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The degree of agreement between a measured value and the true or 
expected value. The equation for accuracy is: 

Amount Found(JOO)
Accuracy(%Recovery) = 

Amount Added 

A measured portion of a sample taken for analysis. 

The specific entity an analysis seeks to determine. 

Ambient signal response recorded by measuring instruments, that is 
independent of radioactivity contributed by the radionuclides being 
measured in the sample. 

A grouping of no more than twenty samples of similar matrix which are 
prepared and analyzed together with the same method and the same lots of 
reagents within the same time frame. A sample may be analyzed in a 
different analytical batch than the one with which it was prepared. 

The deviation of an expected value from a corresponding known or 
expected value. 

A blank is an artificial sample designed to detect and/or monitor the 
contribution ofanalyte and non-analyte contamination, instrumental 
background and sample processing to the measurement system. 

A sample submitted for analysis whose composition is known to the 
submitter but unknown to the analyst. 

The process of establishing the relationship between instrument response 
and known, traceable quantities ofanalytes of interest. 

Stable (non-radioactive) nuclides or chemical analogs of the element 
added to each sample and QC sample. Comparison of the quantity of 
carrier added to that recovered following processing provides the basis 
for calculating chemical yield. 

The fraction of target analyte carried through a radiochemical separation 
or purification process. This value is used to correct radiochemical 
results for acceptable losses occurring during the preparation process. 
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Comparability is a qualitative parameter expressing the confidence with 
which one data set can be compared to another. Comparable data are 
produced through the use of standardized procedures and techniques. 

Measure of the amount of valid data obtained from a measurement system 
compared to the amount that was expected to be obtained under correct 
normal conditions. The equation for completeness is: 

#of valid data points obtained 
% Completeness= # f d . d x 100 

o ata pomts expecte 

The process of analyzing standards periodically to verify the maintenance 
of calibration of the analytical system 

A graphical plot of test results with respect to time or sequence of 
measurement, together with limits within which they are expected to lie 
when the system is in a state of statistical control 

A range within which specified measurement results must fall to signify 
compliance. Control limits may be mandatory, requiring corrective action 
if exceeded, or advisory, requiring that nonconforming data be investigated 
and flagged. 

A statistical estimate of uncertainty in a radiochemical measurement due 
to the random nature of decay. Every radiochemical result is reported 
with an associated counting uncertainty, usually at the 95% confidence 
interval. 

A periodic check of the Continuing Calibration of an instrument used for 
radiochemical measurements. 

The qualitative of quantitative statements that specify the quality of data 
required to support decision for any process requiring chemical or 
physical analysis. 

The minimum concentration of a substance that can be measured and 
reported with 99% confidence that the analyte concentration is greater than 
zero. 

The weight of a sample based on percent solids. The weight after drying in 
an oven at 105 °C. 
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Duplicate 
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Error Ratio 
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A second measurement made on the same sample extract or digestion to 
assist in the evaluation of precision of analysis. 

A measure of precision used to assess agreement between radiochemical 
duplicates (replicates) which compares the discrepancy between two 
measurements to the associated uncertainties. 

A second aliquot of the same sample that is treated the same as the original 
sample in order to determine the precision of the method 

Special type of field blank used primarily as a check on equipment 
decontamination procedures. Laboratory deionized water is passed over 
sampling equipment after decontamination. 

A quality control sample used to assess the contamination effects on 
accuracy due to the combined activities of sampling and analysis. 
Typically, it is composed of a reagent and analyte free matrix (deionized 
water) provided by the laboratory. 

A portion of material received by the laboratory to be analyzed, that is 
contained in single or multiple containers and identified by a unique field 
ID number. 

The elapsed time expressed in days from the date of sample collection by 
the field personnel until the date of its processing/analysis. For the 
Contract Laboratory Program, holding times start at the Verified Time of 
Sample Receipt (VTSR) by the laboratory. Holding time requirements are 
dictated by the method or QAPP. 

The degree to which a property or substance is evenly distributed 
throughout a material. 

The minimum concentration ofa substance that can be measured and 
reported with 99% confidence that the analyte concentration is greater than 
zero. The instrument detection limit is generally lower than the method 
detection limit. 

The process of analyzing standards, prepared at specified concentrations, to 
define the quantitative response, linearity and dynamic range of the 
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instrument to the analytes of interest. Initial calibration is performed 
whenever the results of a continuing calibration do not conform to the re­
quirements of the method in use or at a frequency specified in the method. 

Analytes added to every standard, blank, matrix spike, matrix spike 
duplicate, and sample at a known concentration, prior to analysis. The 
function of an internal standard is to adjust the response factor used in 
quantitating target analytes. Internal standards are used as the basis for 
quantitation of the target compounds, and are generally applicable to or­
ganic analyses. 

A control sample of known composition spiked with a known 
concentration of analytes of interest. Aqueous and solid laboratory control 
samples are analyzed using the same preparation, reagents, and analytical 
methods employed for field samples received. 

Laboratory Information Management System (LIMS) that is used to 
schedule and track work orders and report hardcopy and electronic data. 

A quantity of bulk material of similar composition processed or 
manufactured at the same time. 

The predominant material of which the sample to be analyzed is composed. 

Aliquot of sample fortified (spiked) with known quantities of specified 
compounds and subjected to the entire procedure in order to indicate the 
appropriateness of the method for the matrix by measuring recovery. 

A second aliquot of the sample that is treated the same as the original 
matrix spike sample. The relative percent difference between the matrix 
spike and matrix spike duplicate is calculated and used to assess analytical 
precision. 

An analytical control consisting of all reagents, internal standards 
andsurrogate standards, that is carried through the entire analytical 
procedure. The method blank is used to define the level of laboratory 
contamination and demonstrate that this level does not exceed acceptance 
limits. 

Acceptable levels of contamination are defined by project specific data 
quality objectives. 

The Method Detection Limit (MDL) is defined as the minimum 
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Limit: 
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Activity (Lower 
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Protocol: 
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concentration of a substance that can be measured and reported with 99% 
confidence that the analyte concentration is greater than zero. It may be 
determined using replicate spike samples prepared by the lab and taken 
through all steps of the method. The detection limit is calculated using the 
appropriate student's t-parameter times the standard deviation of a series of 
spiked samples. (Ref. 40 CFR Part 136, Appx. B) 

The amount of radionuclide, which if present in a sample, would be 
detected with a 5% probability of non-detection while accepting a 
probability of 5% of erroneously detecting that radionuclide in a blank 
sample. Often used interchangeably with Minimum Detectable 
Concentration. 

The minimum detectable activity expressed in concentration units. 

A process to evaluate the proficiency of an analyst or laboratory by 
evaluation of the results obtained on known test materials. 

The measurement of agreement of a set of replicate results among 
themselves without any prior information as to the true result. Precision is 
assessed by means of duplicate/replicate sample analysis 

A stated plan that clearly defines the objectives, methods and procedures 
for accomplishing a task. 

A Quality Assurance Project Plan or QAPjP is a project specific document 
that describes the policies, organization, objectives, functional activities, 
and specific QA and QC activities designed to achieve the data quality 
goals of a specific project. 

A system ofpolicies and procedures whose purpose is to ensure, confirm 
and document that the product or service rendered fulfills the requirements 
of Paragon and its client. Quality Assurance includes quality planning, 
quality control, quality assessment (auditing), quality reporting and 
corrective action. 

A system of checks and corrective measures, integrated with the activities 
that directly generate the product or service, that serves to monitor and 
adjust the process to maintain conformance to predetermined requirements. 

A traceable internal standard, usually a unique isotope ofthe element 
being determined, added to each sample in known amount which enables 
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Relative Percent 
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quantitation of analytes of interest independent of external means of 
calibration. 

Multiple aliquots of a sample. 

A measure of precision between two duplicate (replicate) 
resultsexpressed as the percent difference between the results relative to 
the average of the results. 

A second, separate sample collected at the same time, from the same place, 
for the same analysis, as the original sample in order to determine overall 
precision. 

The level at which method, permit, regulatory and client specific objectives 
are met. The reporting limit may never be lower than the statistically 
determined MDL, but may be higher based on any of the above 
considerations. Reporting limits are corrected for sample amounts, 
including the dry weight of solids, unless otherwise specified. 

If the figure following those to be retained is less than 5, the figure is 
dropped, and the retained figures are kept unchanged. As an example, 
11.443 is rounded to 11.44. lfthe figure following those to be retained is 
greater than 5, the figure is dropped, and the last retained figure is raised by 
1. As an example, 11.446 is rounded to 11.45. lfthe figure following 
those to be retained is 5, and ifthere are no figures other than zeros beyond 
the five, the figure 5 is dropped, and the last-place figure retained is 
increased by one if it is an odd number or it is kept unchanged if an even 
number. As an example, 11.435 is rounded to 11.44, while 11.425 is 
rounded to 11.42. If a series of multiple operations is to be performed (add, 
subtract, divide, multiply), all figures are carried through the calculations. 
Then the final answer is rounded to the proper number of significant 
figures. 

Capability of methodology or instrumentation to discriminate between 
samples having differing concentrations or containing differing amounts of 
an analyte. 

A portion or subsample of a total sample obtained in such a manner that is 
not believed to differ significantly from other portions of the same sample. 

A substance or material the properties ofwhich are believed to be known 
with sufficient accuracy to permit its use to evaluate the same property in a 
sample. 
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Standard Operating 
Procedure: 

Standard Reference 
Material: 

Standard (spike) 
Addition 
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Systems Audit: 
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An calibration standard consisting of the same solvent/reagent matrix used 

to prepare the calibration standards without the analytes. It is used to 
construct the calibration curve by establishing instrument background. 

A procedure adopted for repetitive use when performing specific 
measurement or sampling operation. It may be an industry accepted 
standard method or one developed by the user. 

Material characterized by the National Institute of Standards, or 
equivalent recognized body, for the activity ofradionuclides and issued 
with a certificate that gives the results of the characterization. 

In radiochemistry, the addition of a known quantity of a radiotracer to a 
sample and to a split or splits of a sample. Both the sample and split(s) 
are then processed through the method and the difference in response 
between the samples used to correct for overall bias resulting 
measurement bias and from losses during preparation. This method of 
internal calibration is used in radiochemical determinations where 
isotopic differentiation between target analyte and tracer is not possible. 

When employed, these are compounds added to every blank, sample, 
matrix spike, matrix spike duplicate, and standard prior to any processing 
or preparation. These compounds are used to evaluate analytical efficiency 
by measuring recovery. Surrogate compounds are not expected to be 
detected in environmental media, but are similar to the analytes of interest. 
Surrogates are generally utilized for organic analyses. 

An on-site inspection or assessment of a laboratories' quality control 
system. 

The ability to trace the source and accuracy of a material (i.e. standard) to a 
recognized primary reference source such as the National Institute of 
Standards and Technology (NIST) or USEPA. This concept also includes 
the ability to independently reconstruct and review all aspects of the 
measurement system through available laboratory notebooks and 
documentation and reach the same results. 

An estimate of the total error associated with a single radiochemical 
measurement for a single sample. 

This blank is used to detect sample contamination from the container and 
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Validation: 

Warning Limits 

preservative during transport and storage of the sample. A cleaned sample 
container is filled with laboratory pure water; any preservative used in the 
sample is added; and then the blank is stored, shipped, and analyzed with 
its group of samples 

The process by which a sample, measurement, method, or piece of data is 
deemed useful for a specified purpose. 

The limits (typically 2 standard deviations either side of the mean) shown 
on a control chart within which most results are expected to lie (within a 
95% probability) while the system remains in a state of statistical control. 
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1. 	 INTRODUCTION 

1.1 	 STATEMENT OF POLICY 

Paragon Analytics, Inc. (Paragon) is a full service, client-oriented environmental and 

radiochemistry testing laboratory. Paragon offers a wide range of analyses for radioactive, 

hazardous, and mixed waste samples. The management team's integrated approach to 

quality assurance, client service, and operations enables Paragon to provide compliant data 

that meet all technical and service requirements as prescribed by our clients. We perform 

analyses according to various federal and state QA/QC programs and analyze samples in 

strict accordance with promulgated methodologies, including: US EPA SW-846, US EPA 

CLP, Methods for Chemical Analysis ofWater and Wastes (MCAWW), 40CFR, and 

DOE/HASL-300. Paragon specializes in serving the Department of Defense (DOD), the 

Department of Energy (DOE), and engineering/consulting companies. We routinely 

provide validatable data packages, custom reports, and custom electronic deliverables. Our 

strong commitment to producing high quality, compliant data and reporting data on time 

make Paragon a reliable team member. 

1.2 	 CODE OF ETHICS 

Paragon Analytics, Inc. is responsible for creating a work environment that enables all 

employees to perform their duties in an ethical manner. Paragon requires all employees 

to conduct themselves with integrity and honesty at all times. It is Paragon's expectation 

that all employees will exhibit professionalism and respect for clients and each other in 

all interactions and tasks. It is Paragon's expectation that each employee abide by the 

following responsibilities. 

• 	 Each Paragon employee is responsible for the propriety and consequences of his or 

her actions. 

• 	 Each Paragon employee is required to conduct themselves in a professional manner 

toward all clients, regulators, vendors, and other employees. Professional conduct 

relates to honesty, integrity, and tolerance for cultural diversity. 
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• 	 Each Paragon employee will perform all assigned duties in accordance with Paragon's 

established policies and procedures that have been developed in substantial 

conformity with contractual and regulatory requirements. Every employee must 

disclose any instance of noncompliance. Further, Paragon may be obligated to report 

certain noncompliance issues to the client. 

• 	 It is the responsibility of each Paragon employee to report any suspicion of unethical 

conduct to a Manager. 

Strict adherence to Paragon's Code of Ethics is essential to the reputation and continued 

health of the business. All Paragon employees are required to acknowledge their 

responsibility in acting in an ethical manner by attesting (in writing) to their intent to 

adhere to the requirements described above. 

1.3 PURPOSE AND SCOPE 

This document will describes Paragon's minimum QC procedures for sample analysis, as 

well as the administration of the laboratory QA program and the general QA program 

requirements. In the absence of client or project specific requirements, the processes and 

procedures described in this document will be followed by the laboratory for all programs 

in which the laboratory participates. Where client or project specific requirements exist, 

they will modify/supersede the requirements discussed in this LQAP. 

Paragon operates a mobile laboratory that can perform on-site analytical services that may 

be required by a client. Because of the specific and limited nature of requirements that 

apply to the mobile laboratory during its operation, this LQAP will not discuss the 

activities that will be performed while engaged in project support. Before the mobile 

laboratory is placed in service at any project site, a site-specific Quality Assurance Project 

Plan will be developed by Paragon. This document will pertain only to the mobile 

laboratory's operations during its field support activities for the duration of a project. 
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1.4 QUALITY ASSURANCE DOCUMENTS 

To efficiently manage and document its quality assurance program, Paragon generates 

several documents that support this effort. This Laboratory Quality Assurance Plan 

(LQAP), Standard Operating Procedures (SOPs) and Quality Assurance Project Plans 

(QAPjPs) are the key documents to support the overall quality assurance program. The 

sections below will describe in more detail the scope and intended use of these 

documents. 

1.5 QUALITY ASSURANCE DOCUMENT HIERARCHY 

There exists a hierarchy of documents in the quality assurance program implemented by 

Paragon that allows for comprehensive and flexible coverage of all project QA 

requirements. The basic document is the LQAP, which lists the practices followed by 

Paragon in the absence of any other project specific requirements. 

Superseding this document are the individual SOPs detailing specific practices in the 

laboratory. Because the SOPs can be updated more frequently than the LQAP and they 

are more detailed in their discussion of common laboratory practices, where the they 

differ from concepts discussed in the LQAP, the requirements of the SOPs will supersede 

the requirements of the LQAP. 

The last (and highest) documents in this hierarchy are the QAPjP or "Program 

Specifications" used by Paragon for specific projects. The QAPjP is written either by the 

client or Paragon, and describes in detail the specific practices that must be used by 

Paragon for a given project. Program Specifications are generated by Paragon Project 

Managers and summarize project-specific requirements that are different from Paragon's 

normal procedures. Because of the short-term nature of these documents and their finite 

scope, Program Specifications are often extremely detailed in their requirements. As a 

result, when these documents differ in their requirements and those that are present in the 

SOPs and LQAP, Program Specifications will supersede the other two documents. 
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1.5.1 QUALITY ASSURANCE PLAN 

The LQAP is intended to be the basic document that describes the minimum requirements 

for all processes in the laboratory and presents an overview of how the laboratory 

functions in its technical operations. The LQAP is the main guidance document for 

laboratory operations when there exists no other project or program-specific requirements 

to which the laboratory must conform. When appropriate, this LQAP will be filed with a 

client and/or regulatory agency and after approval, may be referenced in lieu of repetitive 

submissions of plans in which only a portion of the information is changed. 

This document will be reviewed and updated at a minimum frequency of once every two 

years, or more frequently if there are significant changes in procedures or capabilities in 

the laboratory. Updates to this document must be reviewed and approved by the 

Laboratory Manager and the Quality Assurance Manager before they are released for 

implementation by Paragon. 

1.5.2 STANDARD OPERATING PROCEDURES 

Standard Operating Procedures (SOPs) are documents that describe in detail how 

laboratory procedures will be performed by the staff. SOPs will be reviewed and updated 

at a minimum frequency of once every two years, or more frequently if there are 

significant changes in procedures (e.g., SW -846 update). A summary of available SOPs 

may be found in Appendix E. The SOPs may be used to describe general procedures that 

apply to all areas of the laboratory (i.e., Chain-of-Custody requirements, documentation 

procedures, health and safety procedures), or may apply only to specific processes and 

analytical procedures (i.e., analysis of pesticides by gas chromatography, digestion of soil 

samples for metals analysis, calibration of analytical balances). In all cases, SOPs 

provide detailed instructions to laboratory personnel that describe how to perform specific 

procedures within the laboratory. 

Because of the technically detailed nature of the SOPs, laboratory staff performing these 

processes are the primary authors of these documents. When new SOPs are created or 

1-4 



Section 1.0 
Rev. 4 

February 1999 

existing SOPs are revised, the laboratory staff will initiate the creation/changes to the 

procedures. After the changes have been completed, the document will be reviewed and 

signed-off by the following personnel: a group leader or other staff member 

knowledgeable in the technical processes described by the SOP, the laboratory QA 

Manager, and the Laboratory Manager. Only after approval of the document by these 

staff members is the document is released for implementation in the laboratory. 

1.5.3 PROJECT QUALITY ASSURANCE MANUALS 

Project Quality Assurance Manuals (also called Quality Assurance Project Plans­

QAPjPs) are similar to the LQAP except that they are limited in scope to cover only those 

processes and procedures that pertain to a specific project. These documents are written 

by the client or Paragon's Quality Assurance Department and are written to meet specific 

project requirements. After completion, these documents will be signed by the QA 

Manager and the Laboratory Manager, and delivered to the client or agency who required 

the QAPjP. After their approval, the document will be released for implementation in the 

laboratory. 

For the duration of a project for which the QAPjP applies, the requirements in this 

document will take precedence over the LQAP (when there are deviations from the 

LQAP) for that project's samples, and for processes applied to those samples. With the 

completion of the project, the LQAP will be removed from service in the laboratory. If 

the duration of the project is long enough, the QAPjP may require periodic updating (as 

specified by the client), and revisions to this document will follow the same authorization 

procedure as was performed for its initial issuance. 

1.5.4 DOCUMENT CONTROL, DISTRIBUTION AND REVISION 

This LQAP will be revised periodically by the Quality Assurance Department as changes 

in procedures become necessary. Changes will be documented by the date and revision 

number of each section. When a section is revised, the revision date will replace the 

original date in the heading in the affected sections and the table of contents will be 

updated. Records of the distribution of the LQAP will be maintained by the QA 

1-5 



Section 1.0 
Rev. 4 

February 1999 

Department to ensure that all copies in the laboratory will be properly updated. If clients 

request copies of this document for review and approval, they will be generally issued as 

uncontrolled documents. 

Project-specific QAPjPs will be distributed to laboratory operations managers when final 

approval from the client has been received. Only those managers whose groups will be 

involved in the analysis of project samples will receive copies ofthe QAPjP. 

Additionally, the laboratory's Project Manager for that project will receive a copy of this 

plan. The QA Manager will retain the original document, and will make additional 

copies available to the laboratory staff as necessary. 

Standard Operating Procedures are controlled documents, and the QA department will 

maintain records of their distribution to the laboratory. The originals will be kept in the 

QA Department's offices, and two full copies of all laboratory SOPs will be placed in 

designated locations in the laboratory. The laboratory copies will be printed on specially 

marked paper that indicates the controlled nature of these documents. Laboratory staff 

are allowed to make additional copies of the SOPs for ready reference in the laboratory, 

but will be required to destroy these extra copies when new revisions are made available. 

The laboratory staff also has access to write-protected electronic copies of the SOPs. 

These electronic documents are marked with special headers to indicate (when printed) 

that these copies are for internal use only. As new SOP revisions are released, the QA 

Department will update the electronic files of all SOPs. 
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2. LABORATORY ORGANIZATION AND RESPONSIBILITIES 

This section gives an overview of the Paragon Analytics, Inc. quality assurance organization 

and states key personnel, their responsibilities, and the lines of communication between 

these persons. In the event of a temporary absence, key personnel shall notify all 

employees of their absence and reassign their duties to another employee (e.g., a Project 

Manager may assign another Project Manager to cover his/her duties; an Operations 

Manager may assign a senior analyst to cover his/her duties; the Laboratory Manager may 

assign the Operations Manager to cover his duties). 

An organizational/chain of command chart is attached as Appendix A. Personnel 

resumes are available upon request. 

2.1 KEY PERSONNEL 

2.1.1 LABORATORYMANAGER 

This person is in charge of all laboratory operations, including business functions such as 

marketing and financial issues, and technical/administrative functions such as sample 

control, inorganic analysis, organic analysis, data management, and QA/QC. The 

Laboratory Manager directs the activity of the personnel in each operational section 

through the supervisors, who ensure that QC procedures are being performed and any out 

of control situations or discrepancies are remedied properly and promptly. 


2.1.2 PROJECT MANAGER 


The Project Manager serves as the primary point of contact between clients and Paragon. 


This person reports directly to the Laboratory Manager. Specific duties for this function 


are as follows: 


1. 	 Manage and coordinate the laboratory's participation from contract award, project 

initiation, sample preparation, sample analysis, report generation and shipment of 

required deliverables to a client. 
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2. 	 Review all final reports for completeness, compliance with project requirements, 

clerical accuracy and reasonableness. 

3. 	 Ensure that all pertinent project information is disseminated to the appropriate 

laboratory personnel so that Data Quality Objectives are achieved. 

4. 	 Monitor holding times (if appropriate) and deliverable deadlines for all project 

sample analyses. 

5. 	 Review any QC deficiencies reported by the Section Managers, and coordinate 

any data changes resulting from review the QA Manager. 

6. 	 Oversee the set-up of the project by opening work order numbers, organizing the 

preparation of sample kits, and collecting all pertinent information to complete the 

project successfully. 

7. 	 Prepare and authorize for transmission of invoices to client for payment of project 

effort. 

8. 	 Maintains continuous contact with clients, and transmits any anomalous situations 

to them for resolution. 

2.1.3 	 QUALITY ASSURANCE MANAGER 

The Laboratory Quality Assurance Manager (LQAM) reports to the Laboratory Manager, 

and has responsibility for monitoring the quality of the laboratory's work, taking 

appropriate actions to ensure that quality standards are being met, to ensure that proper 

notification and data qualifiers are being used, and for stopping the release of data which 

are of suspect quality. The LQAM has a high degree of independence and authority in the 

laboratory's organization. The LQAM may be assisted in carrying out their 

responsibilities by a Laboratory Quality Assurance Specialist (LQAS). The LQAS may 

carry out any of the responsibilities of the LQAM. The LQAS reports to the Laboratory 

Manager and reviews the work of groups and individuals, and is generally independent of 

production pressures. The LQAM has the authority to generate a stop work order when 

systems are sufficiently out of control to compromise the integrity of the data generated 

by the laboratory. 

2-2 



Section 2.0 
Rev. 5 

February 1999 

The LQAM carries out the following activities within the laboratory's operations: 

1. 	 Coordinating the laboratory's certification program participation for all state and 

federal agencies. 

2. 	 Coordinating any on-site QA/QC inspections. 

3. 	 Revising or overseeing the revision of the laboratory QA/QC plan. 

4. 	 Monitoring compliance with the laboratory's QA/QC plan. 

5. 	 Coordinating the laboratory's participation in all relevant Performance Evaluation 

Programs (EPA WP, WS, EML, etc.). 

6. 	 Serving as laboratory point-of-contact for the exchange ofQA/QC information, 

and preparing and approving, along with the laboratory manager, release of 

QAIQC information. 

7. 	 Scheduling the review and maintaining distribution records of controlled 

documents. 

2.1.4 	 INFORMATION SERVICES MANAGER 

This individual reports to the Laboratory Manager, and sets department goals, establishes 

priorities for specific projects, and evaluates performance. The IS manager will plan and 

execute the duties of the position and will keep the laboratory manager informed of all 

important events relating to information services activities. They are responsible for the 

implementation and support of the laboratory information systems to serve the needs of 

the technical, business and management functions ofthe laboratory. Specific duties 

include: 

1. 	 Supervise Information Services staff and management of the laboratory computer 

system. This includes establishing network server structure, security, maintenance, 

and backup procedures. Document operating procedures through SOPs or manuals. 

Serve as a technical resource on computer related issues. 

2. 	 Analyze information flow in the laboratory and suggest the most effective hardware, 

application software, and/or programming changes as solutions to meet long term 

customer requirements. Implement those changes in data by purchase of hardware 
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and applications software; or by software development, using the appropriate tools 

and methodology. 

3. 	 Determine specific customer requirements for electronic data format, and then meet 

the requirements for data submission. 

2.1.5 INORGANIC DEPARTMENT MANAGER 

This staff member reports to the Laboratory Manager, is responsible for all laboratory 

activities relating to the analysis and reporting of inorganic parameters, and is responsible 

for all data generated by the inorganics department. His specific responsibilities include: 

1. 	 Perform and/or supervise inorganic environmental analyses according to appropriate 

current laboratory protocols; including EPA-600, SW-846, and CLP SOW 

procedures. 

2. 	 Assign daily and longer range tasks to analysts and technicians assigned to the 

section; including QC requirements, deadlines, and assignment of personnel to 

maximize staff utilization. 

3. 	 Supervise training of subordinate personnel for new tasks and newly implemented 

methodologies. 

4. 	 Provide input to the overall laboratory coordination effort; including current 

workload deadlines, and requirements for anticipated or prospective work loads. 

5. 	 Control/monitor inventory requirements and evaluate expenditures. 

6. 	 Provide data and methodology input to efforts surrounding new method development 

and/or certifications. 

7. 	 Act as a technical resource for all inorganic staff for the development/performance of 

new or existing analysis methods. 

2.1.6 RADIOCHEMISTRY DEPARTMENT MANAGER 

The Radiochemistry Department Manager reports to the Laboratory Manager, is 

responsible for all laboratory activities relating to the analysis and reporting of 

radiochemistry parameters, and is responsible for all data generated by the radiochemistry 

department. His specific responsibilities are as follows: 
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1. 	 Understand all radiochemical analysis procedures and act as a technical resource 

for the various analysis protocols performed by the laboratory. If new procedures 

are required for a project, they are responsible for the purchase of equipment, 

training of personnel and full implementation of all method requirements. 

2. 	 Supervise and train all radiochemistry analytical staff for all analytical procedures 

they will perform. 

3. 	 Assign job tasks and schedule project effort for all radiochemical analyses, 

keeping track of the following: 

a. 	 Project quality control; 

b. 	 Completion of work assignments to meet project turnaround times; 

c. 	 Assignment of workloads to balance and maximize staff utilization. 

4. 	 Coordinate and control the purchase of reagents, standards, glassware, equipment 

and other material used in the analytical methods, and ensure that they are of 

adequate quality and quantity to meet project goals. 

5. 	 Ensure that all equipment is adequately maintained, properly calibrated and 

correctly used for all project analyses. 

2.1.7 GC/HPLC DEPARTMENT MANAGER 

The GC/HPLC Department Manager reports to the Laboratory Manager, is responsible 

for all laboratory activities relating to the analysis and reporting of organic parameters 

(generated by GC/HPLC instruments), and is responsible for all data generated for the 

GC/HPLC department. His specific responsibilities are as follows: 

1. 	 Understand GC/HPLC procedures and act as a technical resource for the various 

analytical protocols, available instrumentation and methods performed by Paragon. 

This includes methodologies from EPA 600 series, SW-846 and CLP SOW 

procedures. 

2. 	 For new procedure development, responsibilities include the set-up and 

implementation of the new GC/HPLC method, including developing the QA/QC 

requirements that will apply to the new method. 
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3. 	 Supervise and train GC and HPLC operators in the technical procedures performed at 

Paragon. 

4. 	 Assign job tasks and schedule projects for the GC and HPLC personnel, keeping track 

of the following: project quality control, completion of tasks within the required 

deadlines, maximizing staff utilization, and ensuring that all program/project 

requirements are met by the department's staff. 

5. 	 Meet with the Project Management staff and other Department Managers on a weekly 

basis to discuss quality issues, project deadline status, utilization and future 

workloads. 

6. 	 Control material inventory and usage. Anticipate the standards and materials needed 

for projects in advance to avoid "Rush Charges". Evaluate all materials as to 

background problems, prior to routine usage in the laboratory. 

7. 	 Maintain a routine preventive maintenance program on all instruments used in GC 

and HPLC analysis. 

2.1.8 GC/MS DEPARTMENT MANAGER 

The GC/MS Department Manager reports to the Laboratory Manager, is responsible for 

all laboratory activities relating to the analysis and reporting of organic parameters 

(generated by GC/MS instruments), and is responsible for all data generated for the 

GC/MS department. His specific responsibilities are as follows: 

1. 	 Understand GC/MS procedures and act as a technical resource for the various 

analytical protocols, equipment used and methods performed by Paragon. This 

includes EPA 600 series, SW-846 and CLP SOW procedures. 

2. 	 Assign daily and longer range tasks to analysts and technicians assigned to the 

section; including QC requirements, deadlines, and assignment of personnel to 

maximize staff utilization. 

3. 	 Train GC/MS operators in the technical procedures performed at Paragon. 

4. 	 Meet with the Project Management staff and other Department Managers on a weekly 

basis to discuss quality issues, project deadline status, utilization and future 

workloads. 
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5. 	 Maintain a routine preventive maintenance program on all instruments used in 

GC/MS analysis. 

6. 	 Coordinate and control the purchase of reagents, standards, glassware, equipment and 

other material used in the analytical methods, and ensure that they are of adequate 

quality and quantity to meet laboratory requirements. 

2.1.9 INORGANIC ANALYST 

An Inorganic Analyst reports to the Inorganics Section Manager, and their specific 

responsibilities are as follows: 

1. 	 Perform routine inorganic environmental analyses using established methodologies. 

Independently set-up, adjust, calibrate, and operate common laboratory 

instrumentation included in areas of assigned responsibilities. 

2. 	 Perform and/or supervise appropriate sample preparations or extractions prior to 

analysis. Properly prepare and utilize standard reference solutions used in routine 

analyses. 

3. 	 Provide routine maintenance on assigned instrumentation or equipment. Take 

responsibility for the procurement of reagents and expendable supplies pertinent to 

areas of assigned responsibilities. 

4. 	 Generate laboratory-level reports from generated lab data, including preliminary QC 

sample performance evaluations. 

2.1.10 RADIOCHEMISTRY ANALYST 

This individual receives direction from the Radiochemistry Department Manager who 

sets goals, establishes priorities for workload, and evaluates performance. Each 

individual confers with their supervisor for clarification and discusses developments of 

on-going projects. Work is reviewed in terms of effectiveness, timeliness and compliance 

with company policies. 

This position is responsible for several aspects of radiochemical analysis including report 

generation, sample analysis, compliance with standard methods, and meeting all QA/QC 

requirements for legal data quality. Specific responsibilities are as follows: 
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1. 	 Perform routine radiochemical environmental analyses using established 

methodologies. Independently set-up, adjust, calibrate, and operate common 

laboratory instrumentation included in areas of assigned responsibilities. 

2. 	 Verifies that all documents are properly maintained and radiochemistry SOPs are 

followed including: Filling out all logbook pages, documenting all standards that are 

prepared, maintaining records for data archival, etc. 

3. 	 Generates complete reports according to the protocols required. Takes responsibility 

for the quality and accuracy of the report generated. 

4. 	 Assists other members of the radiochemistry group and other members of the 

laboratory as needed and as assigned by the Radiochemistry Department Manager. 

5. 	 Operates and repairs the radiochemistry analysis instrumentation and checks the 

associated QA/QC documentation including: logbooks, calibration, instrument drift, 

QC criterion, blank contamination, etc. Takes corrective action when necessary. 

2.1.11 GC/HPLC ANALYST 

This individual receives direction from the GC/HPLC Department Manager who sets 

goals, establishes priorities and evaluates performance. They plan and execute the duties 

of the position by conferring with their manager for clarification and to keep them 

appraised of developments and the status of on-going work. Work is reviewed in terms 

of effectiveness and timeliness and compliance with guidelines and company policies. 

This position is responsible for several aspects of GC/HPLC analysis including report 

generation, sample analysis, compliance with standard methods, and meeting all QA/QC 

requirements for legal data quality. Specific responsibilities are as follows: 

1. 	 Generates complete reports according to the protocols required. Takes responsibility 

for the quality and accuracy of the reports generated. 

2. 	 Operates and repairs the GC/HPLC systems and checks the associated QA/QC 

documentation including: logbooks, calibration, instrument drift, QC criterion, blank 

contamination, etc. Takes corrective action when necessary. 
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3. 	 Verifies that all documents are properly maintained and the SOPs are followed 

including: filling out all logbook pages, documenting all standards that are prepared, 

maintaining records for data archival, etc. 

4. 	 Verifies standard solutions prior to using them for analysis Tracks the traceability of 

all working standards to independently prepared, or EPA, reference standards. 

5. 	 Checks solvent lots for purity and performs other purity checks as the organic 

extraction group provides material for verification. 

6. 	 Assists other members of the GC/HPLC group and other members of the laboratory as 

needed and as time allows. 

2.1.12 GC/MS ANALYST 

This individual receives direction from the GC/MS Department Manager who sets goals, 

establishes priorities and evaluates performance. Plans and executes the duties of the 

position by conferring with their manager for clarification and to keep them appraised of 

developments and the status of on-going work. Work is reviewed in terms of 

effectiveness and timeliness and compliance with guidelines and company policies. 

This position is responsible for several aspects of GC/MS analysis including report 

generation, sample analysis, compliance with standard methods, and meeting all QA/QC 

requirements for legally defensible data. Specific responsibilities are as follows: 

1. 	 Generates complete reports according to the protocols required. Takes responsibility 

for the quality and accuracy of the reports generated. 

2. 	 Performs mass spectral interpretation/evaluation of the output generated by the 

GC/MS data system. Is expected to exercise sound analytical judgment in 

determining the validity of the mass spectral match proposed by the MS system, and 

is expected to override and correct the output of the instrument when inappropriate 

output from the data system is detected. 

3. 	 Operates and repairs the GC/MS systems and checks the associated QA/QC 

documentation including: logbooks, calibration, instrument drift, QC criterion, blank 

contamination, etc. Takes corrective action when necessary. 
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4. 	 Verifies that all documents are properly maintained and the SOPs are followed 

including: filling out all logbook pages, documenting all standards that are prepared, 

maintaining records for data archival, etc. 

5. 	 Verifies standard solutions prior to using them for analysis Tracks the traceability of 

all working standards to independently prepared, or EPA, reference standards. 

6. 	 Checks solvent lots for purity and performs other purity checks as the organic 

extraction group provides material for verification. 

7. 	 Assists other members of the GC/MS group and other members of the laboratory as 

needed and as time allows. 

2.1.13 SAMPLE CUSTODIAN 

This staff member must maintain the integrity and validity of all samples as they are 

received from the field. This person reports to the Sample Control Leader, who shares 

Program Management responsibilities with oversight of the Sample Custodian's 

activities. Specific duties for the Sample Custodian include: 

1. 	 Inspect all incoming samples and records to verify that they are received in good 

condition and with the proper containers/preservatives (as applicable). Perform 

the necessary screening procedures to verify the activity of the received field 

samples. 

2. 	 Complete field chain-of-custody forms and verify that no discrepancies exist 

between COC documentation and the actual samples received. Fill out and 

complete Paragon's sample receipt documentation. Any discrepancies discovered 

during login process are documented by the Sample Custodian, who will notify 

the appropriate Project Manager of any problems that requires client contact for 

resolution. 

3. 	 Log in samples into the laboratory's LIMS and initiate the notification of receipt 

of samples to all affected analytical sections. Notifies Project Manager of the 

receipt of samples and of requested analyses and required turnaround times for 

analyses. 

4. 	 Prepare sample kits for shipment to the field as required by project. 
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5. Maintain the inventory of sample containers to ensure adequate supplies are on 

hand to meet project needs. 

6. Distribute samples to sample coolers in the laboratory for storage prior to analysis. 

2.2 LABORATORY FACILITIES 

Appendix C contains a diagram of the Paragon laboratory facility. The following 

paragraphs highlight the areas of the laboratory that are involved with sample receipt, 

handling and preparation of field samples. 

2.2.1 SAMPLE RECEIPT AREA 

Paragon's sample receiving area consists of a large dedicated room of more than 500 ft2• 

It contains two fume hoods and radiation survey equipment to safely handle incoming 

radiochemistry and mixed waste samples. There is a direct outside access door to 

facilitate sample delivery, shipping, and sample kit preparation. 

2.2.2 SAMPLE STORAGE AREA 

The laboratory has a large walk-in cooler in the sample receiving area used for centralized 

storage of general project samples. Additionally, there are several sample storage 

locations in various work areas of the laboratory reserved exclusively for the storage of 

samples scheduled for specific analysis groups. Segregated storage is provided for the 

following areas: organic extractions, volatiles analyses, inorganic/metals analyses, fuels 

analyses, and radiochemistry analyses. 

2.2.3 SAMPLE PREPARATION AREAS 

The laboratory has eight sample preparation/extraction/digestion areas divided into six 

radiochemistry preparation areas, one organics extraction lab and one inorganic 

preparation/digestion lab in a total of approximately 4500 ft2 of floor space. Laboratory 

preparation procedures are segregated as much as possible to minimize the potential for 

contamination, maximize processing efficiency, and maintain analytical integrity. 

Rigorous washing/cleaning of glassware and apparatus ensure that cross-contamination is 

kept to a minimum. Each laboratory area is on a dedicated or locally shared HV AC 
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system that continuously exchanges the laboratory air with filtered and conditioned 

outside air. Each sample preparation area has at least one hood that is capable of 

maintaining an average face velocity of 100 feet per minute, and there are a total of 34 

hoods in the eight sample preparation areas. 

2.2.4 DEIONIZED WATER SYSTEM 

Within the laboratory, there are three deionized (DI) water distribution systems available 

for glassware cleaning, bulk reagent preparation (acid and base solutions and other 

aqueous reagents), and general use. DI water is defined as municipal tap water which has 

been treated by passing through a standard resin column and an activated carbon unit, 

with a final "polishing" cartridge as the last unit in the processing chain. This water 

contains no detectable (Paragon's routine reporting limits) heavy metals or inorganic 

compounds of analytical interest, is relatively free of organic compounds, and meets the 

requirements specified for ASTM Type II water (1 0 uohm resistivity or greater). 

Ultra-pure water, used for equipment blanks and standards preparation is defined as DI 

water that has been additionally treated through a Milli-Q (or equivalent) treatment 

system and contains no organic compounds of analytical interest above Paragon's routine 

reporting limits. One Milli-Q system is available at the laboratory, and it is capable of 

continuously delivering water that meets the requirements specified for ASTM Type I 

water (18 uohm resistivity or greater). If clients request that Paragon supply field 

sampling teams with reagent blank water (excluding volatile trip blanks), ultra-pure water 

will be collected and sent to the client. 

Organic-free water, used for volatile trip blanks, GC, and GC/MS volatile instrument 

blanks is prepared by purging ultra-pure water for 24 hours with high-purity nitrogen. 

2.3 ANALYTICAL INSTRUMENTATION 

Appendix B of this LQAP lists all major equipment currently available at this laboratory. 
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3. QUALITY ASSURANCE OBJECTIVES 

The purpose of this Laboratory Quality Assurance Plan (LQAP) is to define procedures 

for the documentation, evaluation, validation, and reporting of data. The objective is to 

provide a uniform basis for sampling, sample handling, instrument maintenance and 

calibration, methods control, performance evaluation, and analytical data generation and 

reporting. Specific, detailed procedures to be used for sampling, chain of custody, 

calibration of instruments, laboratory analysis, reporting, internal quality control, audits, 

preventive maintenance, and corrective actions are described in various sections of this 

plan. 

As stated, Paragon's objective is to provide data of known quality. To accomplish this 

task, Paragon will: 

• 	 Maintain an effective, on-going QA/QC program that measures and verifies 

laboratory performance. 

• 	 Provide a Quality Assurance Department independent of the pressures of 

production schedules that has the responsibility and authority to audit and 

develop corrective action procedures. 

• 	 Provide sufficient flexibility to allow controlled changes in routine 

methodology in order to achieve client-specific data requirements as 

prescribed in project-specific quality plans. 

• 	 Recognize as soon as possible and correct any factors that adversely affect 

data quality. 

• 	 Monitor operational performance of the laboratory on a routine basis and 

provide corrective action as needed. Maintain complete records of sample 

submittal, raw data, laboratory performance, and completed analyses to 

support reported data. 
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3.1 DATA QUALITY OBJECTIVES 

Data quality objectives (DQOs) are qualitative and quantitative statements developed by 

data users that specify the quality of data from field and laboratory data collection 

activities in order to support specific decisions or regulatory actions. The DQOs describe 

what data are needed, why the data are needed, and how the data will be used to address 

the problem being investigated. DQOs also establish numeric limits for the data to allow 

the data user or reviewer determine whether the data are of sufficient quality for their 

intended application. 

A means to measure the attainment of stated DQOs is through the use of five 

characteristics: precision, accuracy, representativeness, completeness, and comparability 

(PARCCs parameters). The sections that follow discuss the definition and application of 

these parameters. The QA protocols used for the majority of analyses performed are 

taken from the following sources: EPA Contract Laboratory Program's Statement of 

Work (Organics and Inorganics), 40 CFR 136 Methodologies, and SW 846 

methodologies that contain detailed descriptions of the quality control measures routinely 

employed. 

3.2 LEVEL OF QA EFFORT 

The reliability of data generated in the laboratory will be evaluated at the 99% confidence 

level (mean± 3 standard deviations) for control and at the 95% confidence level (mean± 

2 standard deviatious) for warning. Precision of analyses will be evaluated using sample 

duplicates and/or matrix spike duplicates. Accuracy will be monitored by calculating the 

recovery of analytes from surrogate spikes, matrix spikes, tracers, EPA reference check 

standards, and Proficiency Testing (PT) standards. 

3.3 PRECISION 

Precision is a statistical measurement of the reproducibility of repetitive measurements. 

It is strictly defined as the degree of mutual agreement among independent measurements 
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as the result of repeated application of the same process under similar conditions. 

Analytical precision is a measurement of the variability associated with duplicate (two) or 

replicate (more than two) analyses ofthe same sample in the laboratory and is determined 

by analysis oflaboratory duplicates. Total precision is a measurement ofthe variability 

associated with the entire sampling and analysis process. It is determined by analysis of 

duplicate or replicate field samples and incorporates variability introduced by both the 

laboratory and field operations. 

Precision data must be interpreted by taking into consideration the possible sources of 

variability. Duplicate (two) samples or spiked samples are analyzed to assess field and 

analytical precision and the results are assessed using the relative percent difference 

(RPD) between duplicate measurements. Precision objectives are presented for each 

analytical method. 

Analytical precision shall be evaluated by using matrix spike/matrix spike duplicates 

(MS/MSD), by LCS p.: i~·s, or by using duplicate samples. Precision is independent of the 

bias (accuracy) of the analyses and reflects only the degree to which the measurements 

agree with one another, not the degree to which they agree with the "true" value of the 

parameter measured. 

Precision is calculated in terms of Relative Percent Deviation (RPD), which is calculated as 

follows: 

RPD(%) 

Where: 

RPD = relative percent different 

X,, Xz =value of sample 1 and sample 2 



Paragon Analytics, Inc. Revision 5 
Laboratory Quality Assurance Plan Section 3 

Page 4 of87 

RPDs are compared to the laboratory-established RPD control limits for the analysis. 

Sample homogeneity/non-homogeneity is an important factor that influences the precision 

of duplicate samples for stable chemistry analyses. 

For radiochemical analyses, precision is measured in terms of Duplicate Error Ratio (DER), 

which is calculated as follows: 

IS- Dl 
DER 

Where: 
DER = Duplicate Error Ratio 
S, D = values of(S)ample and (D)uplicate 
a= One sigma error value associated with sample result 

DERs are compared to the laboratory established control values for the analysis. Sample 

homogeneity/non-homogeneity is an important factor that influences the precision of 

duplicate samples for radiological analyses. 

The analyst, department manager, and/or technical manager must investigate the cause of 

values outside stated acceptance limits. Follow-up action may include: recalibration, 

reanalysis of QC samples, sample reanalysis, or flagging and qualification of the data. 

3.4 ACCURACY 

Accuracy is a statistical measurement of agreement between the measured and known or 

correct value. Accuracy is influenced by random error (variability due to imprecision) and 

systematic error. It therefore reflects the total error associated with a measurement. A 

measurement is accurate when the value reported does not differ from the true value or 

known concentration of the spike or standard. Accuracy is typically measured by 

determining the percent recovery of known target analytes that are spiked into a field 
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sample (a surrogate or matrix spike) or reagent water (laboratory control sample). Surrogate 

compound recovery is reported and is used to assess method performance for each sample 

analyzed for volatile and semivolatile organic compounds. For organic and inorganic 

parameters, the stated accuracy objectives apply to spiking levels at approximately five 

times the method detection limits (MDLs) or at the midpoint of the calibration curve. For 

radiochemical analyses, the spiking levels for the control spikes may vary from five to fifty 

times the method reporting limits. 

Results for blanks, matrix spikes, LCSs, and surrogates will be the primary indicators of 

accuracy. These results will be used to control accuracy by requiring that they meet specific 

criteria. As spiked samples are analyzed, spike recoveries will be calculated and compared 

to pre-established acceptance limits. 

The calculation formula for percent recovery is: 

R(%) 

Where: 

R% =Spike amount recovered 

C1 = Concentration of analyte in spiked sample 

C2 = Concentration of analyte in unspiked sample 

C3 = Concentration of spike added 

Acceptance limits will be based upon previously established laboratory performance for 

similar samples. In this approach, the control limits reflect the minimum and maximum 

recoveries expected for individual measurements for an in-control system. Recoveries 

outside the established limits indicate some assignable cause, other than normal 

measurement error, and possible need for corrective action. This includes recalibration of 

the instrument, reanalysis of the QC sample, reanalysis of the samples in the batch, 
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repreparation of samples in the batch, or flagging and qualifying the data as suspect if the 

problems cannot be resolved. For contaminated samples, recovery of matrix spikes may 

depend on sample homogeneity, matrix interference, and dilution requirements for 

quantitation. 

Both accuracy and precision are calculated for analytical batches, and the associated sample 

results must be interpreted by considering these specific measures. The QA objectives for 

precision and accuracy are to achieve the QC acceptance criteria specified in the proposed 

analytical procedures. For the organic and inorganic procedures, the precision and accuracy 

guideline requirements are specified in the individual methods. 

Field blanks and dupllcates are collected and analyzed to assess field sampling activities. 

The results check procedural contamination and/or ambient conditions at the site. 

Due to the extensive number of organic parameters and potential matrices, the development 

of precision and accuracy objectives and control limits for every matrix is difficult. This is 

typically done with (1) matrix spike and matrix spike duplicate compounds which are added 

to selected samples before extraction and analysis, and/or (2) surrogate spike compounds 

which are added to every sample, before extraction and analysis. Although the surrogate 

and matrix spike analyses do not provide statistically valid statements about precision and 

accuracy for every compound in a sample, they do give the data reviewer enough 

information to make judgments about precision and accuracy on a sample-by-sample basis. 

Inorganic precision a;Y~ accuracy data are determined by using duplicatt: samples or matrix 

spike duplicate samples (precision), matrix spike and laboratory control samples (accuracy). 

The following procedure is used: 

For a duplicate sample analysis, at least one duplicate sample is analyzed per sample matrix 

type (e.g. water, soil) and concentration (e.g. low, medium) per batch of samples or for each 
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20 samples received, whichever is more frequent, or as specified by state/project 

requirements. Samples identified as field blanks can NOT be used for duplicate samples 

analyses. If two analytical methods are used to obtain the reported values for the same 

element for a batch of samples (i.e., ICAP, GF AA), duplicate samples will be run by each 

method. The relative percent difference (RPD) for each component is calculated for later 

use during data assessment. 

Radiochemical precision and accuracy data are generated from the results of duplicate 

samples or matrix spike duplicate samples (precision), laboratory control sample duplicates 

(precision) and laboratory control samples (accuracy). For a duplicate sample analysis, at 

least one duplicate sample is analyzed per sample matrix type (e.g. water, soil) and 

concentration (e.g. low medium) per batch of samples or for each 20 s~~1ples received, 

whichever is more frequent, or as specified by project specific requirements. Samples 

identified as field blanks can NOT be used for duplicate samples analyses. Percent 

accuracy is the most commonly used measure of accuracy in radiochemistry. The most 

commonly used measure of precision in radiochemistry is duplicate error ratio (DER). 

Generally, established QC limits are laboratory specific, having been statistically derived 

from an individual laboratory's data. QC objectives for a specific project will be included 

in a project specific QAPP or for general information as a facility specific addendum to this 

document. QC limits are used to judge acceptability of data generated by the laboratories. 

Where acceptability criteria do not exist for a given method being utilized for the first time, 

the laboratories will establish control limits derived from a minimum of four data points. 

Until verified by a statistically significant data population, the control limits will be 

considered as adviso1~' l1mits only and will not automatically initiate a rerun or reanalysis 

criteria if they are not met. 

The QC limits for accuracy and precision are developed based upon laboratory derived data. 

When applicable, control limits established by the EPA CLP are used to judge acceptability 
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of data generated by the laboratories. Where EPA acceptability criteria does not exist for a 

given method being utilized for the first time, the laboratory will establish control limits 

derived from a minimum of four data points. Until verified by a statistically significant data 

population, the control limits will be considered as advisory limits only and will not 

automatically initiate a rerun or reanalysis criteria if they are not met. 

3.5 REPRESENTATIVENESS 

Representativeness is a qualitative element that is related to the ability to collect a sample 

that accurately reflects the characteristics of that part of the environment that is to be 

assessed. Sample representativeness is dependent on the sampling techniques used and is 

considered individually for each project. It is specifically addressed in the work plan. 

Representativeness is a measure of how closely the measured results reflect the actual 

concentration or distribution of the chemical compounds in the sample. Sample handling 

protocols (e.g., storage, preservation and transportation) have been developed to preserve 

the representativeness of the samples. Proper documentation will establish that protocols 

have been followed and sample identification and integrity ensured. Every attempt will be 

made to ensure that the aliquots taken for analysis are homogeneous and representative of 

the samples received. 

3.6 COMPARABILITY 

Comparability qualitatively expresses the confidence with which one data set can be 

compared to another data set. Comparability is ensured through the use \"lf established, 

standardized, and app:-rwed sample collection techniques and analytical methods, 

consistency in the basis of analysis (wet or dry weight, volume, etc.), consistency in 

reporting units, and analysis of standard reference materials. Organic analysis results will 

be reported in J..Lg/L for water samples and J..Lg/kg for soil samples. Water and soil samples 

analyzed for trace metals and cyanide will be reported in J..Lg/L and mg/kg, respectively. 

Water samples analyzed for miscellaneous water quality parameters will be reported in 
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mg/L. Results for soil samples will usually be reported on a dry-weight basis, except for 

analysis results goiiL? tD those agencies (State or Federal) that accept wet-weight analysis 

results. Additionally, for those methods in which the performance of the procedure 

obviates the need for moisture percent correction (such as explosives in soil by 8330, or 

tritium in soils), the laboratory will report the appropriate units mandated by the method. 

When moisture determinations have been performed, percent moisture results will be 

presented on all forms listing analytical results. 

Radiochemical parameters are generally reported in units of picocuries per liter (pCi/L) 

or picocuries per gram (pCi/g). Kinetic Phosphorescence Analysis of Uranium is usually 

measured and reported in units of ~gig or ~g/L. 

Comparability is also considered during preparation of a site-specific work plan. The 

objective of compara11,Jity is to ensure that results of similar activitie.:- 'onducted by 

different parties are comparable. Paragon uses EPA-approved or other methods and 

procedures to ensure comparability with data from previous or following studies 

(interlaboratory comparability). Paragon participates in external and interlaboratory 

proficiency testing (PT) studies to demonstrate our ability to produce accurate and 

comparable data. 

3.7 COMPLETENESS 

Completeness is a measure of all information necessary for a valid scientific study. For 

completeness, it is expected that the methodology proposed for chemical characterization of 

the samples collected will provide data meeting QC acceptance criteria following standard 

laboratory data review and validation for at least 90-95% of all samples collected. 

Completeness may also be defined as a comparison of the number of tests successfully 

completed (with accr.p1Dble QC) to the number of tests requested. Discrepancy reports are 

completed to provide explanation when QC criteria are not met. 
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Every attempt will be made to generate completely valid data. However, it is recognized 

that some samples will exhibit highly contaminated matrices necessitating multiple analyses 

and/or extensive diluti,ms. As a result of these atypical applications, recoveries and 

MDLs/MDCs may be deemed questionable based on internal QC results by the external 

data validation process. The objective will be to have 90-95% completeness on samples 

unaffected by matrix interferences. For uncontaminated background samples and first time 

samples not showing interferences, completeness should be 100% with a requirement for 

reanalysis of these critical samples mandatory if the objective is not met. 

The equation used to calculated this number is shown below: 

s 
C% R (100) 

Where: 

C = completeness 

S = mn1l,er of successful analyses 

R = 	number of requested analyses 

Successful analyses are defined as those where the samples arrived at the laboratory intact, 

properly preserved, in sufficient quantity to perform the requested analyses, and 

accompanied by a completed chain of custody. Furthermore, the sample must be analyzed 

within the specified holding time (if applicable) and in such a manner that analytical QC 

described in this document are met. 

Factors that adversely affect completeness include: 

• 	 Receipt of samples in broken containers. 

• 	 Receipt of samples in which chain of custody or sample integrity is compromised in 

some way. 
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• 	 Samples received with insufficient volume to perform initial analyses or repeat analyses 

if initial efforts do not meet QC acceptance criteria. 

• 	 Improperly preserved samples. 

• 	 Samples held in the field or laboratory longer than expected, thereby jeopardizing 

holding time requirements. This is defined as samples that arrive at the laboratory after 

50 percent of the regulatory holding time has expired. 

• 	 Samples containing high levels of contamination that can exhibit persistent effects on 

instrumentation t:k~igned for trace-level analyses. 

Completeness for the entire project also involves completeness of field and laboratory 

documentation, whether all samples and analyses specified in the work plans have been 

processed, and the procedures specified in supporting documents (e.g., the QAPjP) have 

been implemented. 

EPA has established that there is a 5% probability that the results obtained for any one 

analyte will exceed the control limits established for the test as a result of random error 

(preamble to 40 CFR Part 136, Vol. 49, No. 209, October 26, 1984). As the number of 

compounds measured increases in a given sample, the probability for realizing statistical 

error also increases. 

The number of compounds present in numerous EPA methods (e.g. GC/MS methods 

8260B and 8270C, metals included in ICAP method 6010B, and gamma spectroscopy 

parameters measured by method 901.1) increases the probability that one or more analytes 

will not meet acceptance criteria to significantly more than the 5% per analyte frequency. 

The number of target analytes included in these tests can be used to show that a minimum 

of four to seven target analytes will exceed the control limits established for these methods 

as a result of the statistical probability for random error. The establishment of QC criteria 

that are not consistent with the measurement of the quality objectives for which they are 

intended should be discouraged. 
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3.8 METHOD DETECTION LIMITS 

The Method Detection Limit (MDL) is defined as the minimum concentration of a 

substance that can be measured and reported with 99% confidence that the analyte 

concentration is greater than zero and is determined from analysis of a sample in a given 

matrix containing the analyte. The MDL is defined as follows in 40 CFR Part 136 

Appendix B: 

MDL= t(n-1, 1-a, = 0 99) X S 

Where: 

MDL = method detection limit; 

S = Standard deviation of the replicate analyses; 

t(n-l, I-a, = o99) = :;;!udent's t-value appropriate to a 99-percent confidence level. 

Paragon performs annual MDL studies for each determinative method, matrix, 

instrument, and analytical column. Paragon performs its MDL studies according to 

40CFR Part 136 Appendix B guidelines. In summary, a minimum of eight (8) replicates 

are spiked with the same concentration of the analytes of interest such that the spike 

concentration is between one (1) and 10 times the calculated MDL ("lOx rule"). Paragon 

requires that the calculated MDL value is at least three times lower than the reporting 

limit ("3x rule"). Paragon will accept marginal sporadic failures for the rules cited. 

MDL values are established for the determinative methods used by Paragon. For some 

methods (e.g., pH, total dissolved solids, total suspended solids, hardness, alkalinity, soil 

permeability, grain size, etc.), the determination of an MDL is not relevant. Reporting 

limits (where applicable) for these parameters are established based on the laboratory's 

knowledge of extraction efficiency, instrument sensitivity, and experience with the 

procedure. 
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3.9 METHOD REPORTING LIMITS 

Paragon defines a method Reporting Limit (RL) as the analyte concentration, at or above 

which, the laboratory's precision and accuracy requirements can be routinely 

demonstrated and achieved. The RL values for most analytes reported by Paragon are 

numbers that are between 3 to 10 times the value of the MDL for those analytes. For 

analyte concentrations that fall between the MDL and the RL, the laboratory is not able to 

maintain the precision and accuracy specified for an analysis technique, and sample 

concentrations in thi~ range are flagged as being estimated. 

3.10 MINIMUM DETECTABLE CONCENTRATION 

The Minimum Detectable Concentration (MDC) is used for radiochemical procedures. It 

is defined as the concentration at which there is a 95 % confidence that an analyte signal 

will be detected, and a 95 % confidence of avoiding reporting a false positive. 

The general formula for calculating the MDC is based on work done by Currie (Currie, 

L.A., "Limits for Qualitative Detection and Quantitative Determination", Analytical 

Chemistry 40(3); pp. 586-693; 1968) and is generally calculated as follows: 

(4.65 X cr h)+ 2.73 
MDC=-----­

T*K 

Where: 

MDC= .v1inimum Detectable Concentration 

crb = Standard deviation of the measurement background; 

T = Sample count time; 

K = Factor incorporating efficiency, abundance, aliquot yield, ingrowth 

and decay, and activity conversion factors. 
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3.11 TOTAL PROPAGATED UNCERTAINTY 

Total Propagated Uncertainty (TPU) is an estimated measure of"total uncertainty" in a 

radiochemical result. Various sources of uncertainty associated with the preparation 

(aliquot yield) and measurement process (efficiency, counting uncertainty) are propagated 

using the law of propagation of uncertainty. The TPU is an integral part of every 

radiochemical result and is reported as ± TPU. 

3.12 TRACEABILITY 

Traceability is the extent to which results can be substantiated by hard-copy documentation. 

Traceability documentation exists in two forms: that which links final numerical results to 

authoritative measurement standards and that which explicitly describes the history of each 

sample from collection to analysis. Refer to the sections on sample custody and records 

management for more information about Paragon's procedures. 

3.13 QUALITY ASSURANCE PROJECT PLAN EXCEPTIONS 

Due to the unknown nature of environmental samples prior to analysis, Paragon has 

minimal control over analytical and quality control complications that arise from unique 

sample matrix conditions. These conditions may include such items as highly concentrated 

samples containing target compounds of interest and/or non-target components; extremes in 

sample pH, viscosity, and solubility; and high organic content (both natural and synthetic). 

Each of these conditicns presents a variety of challenges to the laboratory. 

Most often these extremes in sample matrix require the laboratory to employ dilution 

techniques in order to change the sample state into one that can be analyzed by the desired 

protocol. Unfortunately, dilution techniques raise reporting limits and often adversely 

impact the surrogate standard and matrix spiking acceptance criteria. 

The laboratory has the responsibility to clearly identify cases where matrix interferences 

preclude the generation of "compliant" data. This determination may be made by 
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demonstrating reproducibility (i.e., reanalysis of the affected sample)-- that the quality 

control measurement failure resulted from unique sample matrix conditions beyond the 

control oflaboratory -- and not as a result oflaboratory error. For example, in situations 

which the surrogate standard recoveries fall outside of control limits, samples are re­

extracted and/or re-analyzed. Similar "non-compliant" results in the reanalysis indicate that 

it is something inherent to the sample that prevented the laboratory from reporting results 

deemed method compliant under data validation criteria. 

Analytical projects comaining particularly "dirty" samples (i.e., highly contaminated with 

target compounds and/or matrix co-estractives) will often fail to meet pre-established QA 

completeness goals (set forth in the QAPjP) when prior site history does not reveal the 

potential for excessive values. Again, while the laboratory performs all analytical testing 

and clean up procedures by the prescribed protocols, the results obtained may not meet 

validation criteria as a result of elevated reporting limits or the frequency at which surrogate 

and matrix spikes failed to meet acceptance limits. In cases where the laboratory is unable 

to meet QC criteria because of sample matrix complications beyond their control, results 

which are flagged or "qualified" by data validation guidelines are often still "useable" by the 

end user of the data. 

Paragon is committed to adhering to method requirements and program quality control 

applications as established by our client and will work rigorously to prcvLde data of the 

highest quality possible. Because of the uncertainties associated with environmental 

samples, Paragon will not assume responsibility for conditions beyond our reasonable 

control which directly impact the "validity" versus the usability of the associated analytical 

data generated. 

3.14 SUMMARY OF METHOD OBJECTIVES 

The following tables present Paragon's statements of typical performance for all methods 

routinely performed at this laboratory. Historical Paragon data have been used as the 
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basis for developing acceptance criteria for assessing the precision and accuracy for most 

of the methods presented. In the event that a significant historical collection of data 

generated by Paragon is lacking for an analysis method, default values such as EPA 

precision and accuracy data are presented for the individual methods. Paragon notes 

that the values presented in the following tables are intended to be representative 

and are subject to change. Consult the QA Department and LIMS database for 

current values. 

Representative criteria to be used for assessment of method performance are given in 

Table 3.1 - 3.27. Table 3.28 at the end of this section lists the sample preparation 

methods routinely used by Paragon. 

3.15 DEFINITION OF TERMS 

The following is a brief explanation of the terms that appear in the following tables. 


Items in the tables that are not applicable are denoted by "NA." Note that if both water 


and soil analyses are listed in the tables and only one set of precision and accuracy criteria 


is listed, then the criteria applies to both matrices. 


Reference: The reference to the standard analytical methodology used for each 


procedure. 


Reporting Limit: Paragon's standard value reportable for a given method. Actual 


reporting limits may vary from reporting limits shown in the following tables, depending 


on sample aliquot, cleanup procedures performed, preparatory and/or analytical dilutions 


performed, and current method detection limit (MDL) values. 
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Table 3.1. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR WET CHEMISTRY 

(INORGANIC) ANALYSES -- REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARY) 

Precision Accuracy Reporting Limit 

Parameter Matrix Reference (RPD- %) (%Recovery) 

Ammonia Water EPA 350.3 15 85-115 0.50 mg/L 

Acidity 	 Water EPA 305.1 15 85-115 5.0 mg/L 

Alkalinity (Total) Water EPA 310.1 15 85-115 5.0 mg/L 

Bicarbonate Water EPA 310.1 mod 15 85-115 5.0 mg/L 

Carbonate Water EPA 310.1 mod 15 85-115 5.0 mg/L 

Hydroxide Water EPA 310.1 mod 15 85-115 5.0 mg/L 

5.0 mg/LChloride 	 Water EPA 325.3 15 85-115 

Total Cyanide 	 Water EPA 9010B, 335.3 30 63-131 0.010 mg/L 

Solid EPA 9010B 30 63-131 0.50 mg/kg 

Fluoride 	 Water EPA 340.2 15 85-115 0.50 mg/L 

Hardness (Calculation) 	 Water SM 2340B NA NA 2.50 mg/L 

0.01 mg/LHexavalent Chromium Water EPA 7196A 20 80-120 
Solid EPA 7196A (aqueous 25 75-125 0.50 mg/kg 

leachate) 
Solid EPA 7196A (alkaline 25 75-125 10 mg/kg 

digestion) 

N02+N03 asN Water EPA 353.3 20 80-120 0.050 mg/L 

N03 asN Water EPA 353.3 20 80-120 0.050 mg/L 

N02 as N Water EPA 354.1 20 S0-120 0.010 mg/L 
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Table 3.1. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR WET CHEMISTRY 

(INORGANIC) ANALYSES -- REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARY) 

Precision Accuracy Reporting Limit 

Parameter Matrix Reference (RPD- %) (%Recovery) 

pH Water 	 EPA 9040B, 9045C ±0.1 units "N/A N/A 

EPA 150.1 ±0.1 units N!A N/A 

Ortho Phosphate as P Water EPA 365.2 20 80-120 0.050 mg/L 

Total Phosphorous asP Water EPA 365.2 20 80-120 0.050 mg/L 

Specific Conductivity Water 	 EPA 9050A 10 75-125 1.0 J..Lmho/cm 
EPA 120.1 10 75-125 1.0 J..Lmho/cm 

Sulfate Water 	 EPA 375.4 25 75-125 5.0 mg/L 

Sulfide Water 	 EPA 376.1 20 80-120 5.0 mg/L 

TDS Water EPA 160.1 15 85-115 20 mg/L 

TSS Water EPA 160.2 15 85-115 20 mg/L 

Fluoride Water EPA 300.0, EPA 9056 20 80-120 0.10 mg/L 

Chloride Water EPA 300.0, EPA 9056 20 75-115 0.20 mg/L 

Bromide Water EPA 300.0, EPA 9056 20 85-115 0.20 mg/L 

Nitrate as N Water EPA 300.0, EPA 9056 20 85-115 0.20 mg/L 

Nitrite as N Water EPA 300.0, EPA 9056 20 85-115 0.10 mg/L 

Ortho Phosphate as P Water EPA 300.0, EPA 9056 20 85-115 0.2 mg/L 

Sulfate Water EPA 300.0, EPA 9056 20 85-115 1.0 mg/L 

Reactive Cyanide Solid EPA SW 846 (7) NA N/A 0.10 mg/kg 

Reactive Sulfide Solid EPA SW 846 (7) NA N/A 50 mg/kg 
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Table 3.1. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR WET CHEMISTRY 

(INORGANIC) ANALYSES -­ REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARY) 

Precision Accuracy Reporting Limit 

Parameter Matrix Reference (RPD- %) (% Recovery) 

Total Organic Carbon Water EPA 415.1, EPA 9060 20 80-120 1.0 mg/L 

Total Organic Halides Water EPA 9020B 20 80-120 10 IJ.g/L 

Adsorbab1e Organic Water EPA 1650 20 71-116 20 ~-tg/L 
Halides (AOX) 

Extractable Organic Solid EPA 9023 20 75-125 10 mg/kg 

Halides (EOX) 

Total Halides Oil EPA 9076 20 80-120 25 mg/kg 

Oil & Grease Water EPA 413.2, EPA 418.1 20 70-130 1.0 mg/L 

Solid EPA 413.2 mod, 20 70-130 30 mg/kg 

EPA 418.1 mod 

Note: Precision, accuracy, and reporting limits values shown in the table above are subject to change. Consult the QA Department 

and LIMS database for current values. 
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Table 3.2. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR METALS ANALYSES -­

REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARY) 

Precision Accuracy Reporting Limit 

Parameter Matrix Reference (RPD- %) (% Recovery) 
0.20 mg/LAluminum 	 Water EPA 6010B, 200.7 20 80-120 

Solid EPA 6010B 20 mg/kg 

Antimony 	 Water EPA 6010B, 200.7 20 80-120 0.06 mg/L 

(Radial) 
Water EPA 6010B, 200.7 (Axial) 0.02 mg/L 

Solid EPA 6010B (Radial) 6.0 mg/kg 

Solid EPA 6010B (Axial) 2.0 mg/kg 

Arsenic 	 Water EPA 6010B, 200.7 20 80-120 0.06 mg/L 

(Radial) 
Water EPA 6010B, 200.7 (Axial) 0.01 mg/L 

Solid EPA 6010B (Radial) 6.0 mg/kg 

Solid EPA 6010B (Axial) 1.0 mg/kg 

Barium 	 Water EPA 6010B, 200.7 20 80-120 0.10 mg/L 

Solid EPA 6010B 10 mg/kg 

Beryllium 	 Water EPA 6010B, 200.7 20 80-120 0.005 mg/L 

Solid EPA 6010B 0.50 mg/kg 

Boron Water EPA 6010B, 200.7 20 80-120 0.10 mg/L 

Solid EPA 6010B 10 mg/kg 

Calcium 	 Water EPA 6010B, 200.7 20 80-120 1.0 mg/L 

Solid EPA 6010B 100 mg/kg 
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Table 3.2. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR METALS ANALYSES 

REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARY) 

Precision Accuracy Reporting Limit 

Parameter Matrix Reference (RPD- %) (% Recovery) 

Cadmium Water EPA 6010B, 200.7 20 80-120 0.005 mg/L 

Solid EPA 6010B 0.50 mg/kg 

Chromium 	 Water EPA 6010B, 200.7 20 80-120 0.01 mg/L 

Solid EPA 6010B 1.0 mg/kg 

Cobalt 	 Water EPA 6010B, 200.7 20 80-120 0.01 mg/L 

Solid EPA 6010B 1.0 mg/kg 

Copper Water EPA 6010B, 200.7 20 80-120 0.01 mg/L 

Solid EPA 6010B 1.0 mg/kg 

Iron 	 Water EPA 6010B, 200.7 20 80-120 0.10 mg/L 

Solid EPA 6010B 10 mg/kg 

Lead 	 Water EPA 6010B, 200.7 20 80-120 0.05 mg/L 
(Radial) 

Water EPA 6010B, 200.7 (Axial) 0.003 mg/L 

Solid EPA 6010B (Radial) 5.0 mg/kg 

Solid EPA 6010B (Axial) 0.30 mg/kg 

Lithium 	 Water EPA 6010B, 200.7 20 80-120 0.01 mg/L 

Solid EPA 6010B 1.0 mg/kg 

Magnesium 	 Water EPA 6010B, 200.7 20 80-120 1.0 mg/L 

Solid EPA 6010B 100 mg/kg 
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Table 3.2. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR METALS ANALYSES 

REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARY) 

Precision Accuracy Reporting Limit 

Parameter Matrix Reference (RPD- %) (%Recovery) 

Manganese Water EPA 6010B, 200.7 20 80-120 0.010 mg/L 

Solid EPA 6010B 1.0 mg/kg 

Mercury 	 Water EPA 245.1, 7470 20 80-120 0.0002 mg/L 

Solid EPA 7471,245.5 0.10 mg/kg 

Molybdenum 	 Water EPA 6010B, 200.7 20 80-120 0.010 mg/L 

Solid EPA 6010B 1.0 mg/kg 

Nickel 	 Water EPA 6010B, 200.7 20 80-120 0.020 mg/L 

Solid EPA 6010B 2.0 mg/kg 

Potassium 	 Water EPA 6010B, 200.7 20 80-120 1.0 mg/L 

Solid EPA 6010B 100 mg/kg 

Sodium 	 Water EPA 6010B, 200.7 20 80-120 1.0 mg/L 

Solid EPA 6010B 100 mg/kg 

Selenium 	 Water EPA 6010B, 200.7 20 80-120 0.10 mg/L 
(Radial) 

Water EPA 6010B, 200.7 (Axial) 0.0050 mg/L 

Solid EPA 601 OB (Radial) 10 mg/kg 

Solid EPA 6010B (Axial) 0.50 mg/kg 

Silicon 	 Water EPA 6010B, 200.7 20 80-120 0.050 mg/L 

Solid EPA 6010B 5.0 mg/kg 
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Table 3.2. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR METALS ANALYSES 

REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARY) 

Precision Accuracy Reporting Limit 

Parameter Matrix Reference (RPD- %) (% Recovery) 

Silver Water EPA 6010B, 200.7 20 80-120 0.010 mg/L 

Solid EPA 6010B 	 1.0 mg/kg 

Thallium 	 Water EPA 6010B, 200.7 20 80-120 0.20 mg/L 

(Radial) 
Water EPA 6010B, 200.7 (Axial) 	 0.010 mg/L 

Solid EPA 6010B (Radial) 	 20 mg/kg 

Solid EPA 6010B (Axial) 	 1.0 mg/kg 

Titanium 	 Water EPA 6010B, 200.7 20 80-120 0.020 mg/L 

Solid EPA 6010B 2.0 mg/kg 

Tin 	 Water EPA 6010B, 200.7 20 80-120 0.050 mg/L 

Solid EPA 6010B 5.0 mg/kg 

Vanadium 	 Water EPA 6010B, 200.7 20 80-120 0.010 mg/L 

Solid EPA 6010B 1.0 mg/kg 

Zinc 	 Water EPA 6010B, 200.7 20 80-120 0.020 mg/L 

Solid EPA 6010B 2.0 mg/kg 

Note: Reporting limits listed above are from radially-viewed instrumentation unless otherwise noted. Axially-viewed 

instrumentation can achieve lower reporting limits for selected metals (e.g., arsenic, lead, selenium, thallium). 

Note: Precision, accuracy, and reporting limits values shown in the table above are subject to change. Consult the QA Department 

and LIMS database for current values. 
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Table 3.3. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR TCLP METALS 

ANALYSES -- REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARY) 

Precision Accuracy Reporting Limit 

Parameter Matrix Reference (RPD- %) (% Rec()very) 

Arsenic Leachate EPA 1311/6010B (Axial) 20 80-120 0.10 mg/L 

Barium Leachate EPA 1311/6010B (Axial) 20 80-120 1.0 mg/L 

Cadmium Leachate EPA 1311/601 OB (Axial) 20 80-120 0.050 mg/L 

Chromium Leachate EPA 1311/6010B (Axial) 20 80-120 0.10 mg/L 

Lead Leachate EPA 1311/6010B (Axial) 20 80-120 0.030 mg/L 

Mercury Leachate EPA 1311/7470 20 80-120 0.0020 mg/L 

Selenium Leachate EPA 1311/6010B (Axial) 20 80-120 0.050 mg/L 

Silver Leachate EPA 1311/6010B (Axial) 20 80-120 0.10 mg/L 

Note: Precision, accuracy, and reporting limits values shown in the table above are subject to change. Consult the QA Department 

and LIMS database for current values. 



Revision 5Paragon Analytics, Inc. 
Section 3Laboratory Quality Assurance Plan 

Page 25 of87 

Table 3.4. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR GC VOLATILE 

ORGANICS -- REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARY) 

Precision Accuracy Reporting Limit 

Parameter Matrix Reference (RPD- %) (%Recovery) 

MTBE Water EPA 602, 8021B 20 85-115 0.50 ug/L 

Solid EPA 8021B 	 0.50 ug/kg 

Benzene 	 Water EPA 602, 8021B 20 85-115 0.50 ug/L 

Solid EPA 8021B 0.50 ug/kg 

Toluene 	 Water EPA 602, 8021B 20 85-115 0.50 ug/L 

Solid EPA 8021B 0.50 ug/kg 

Chlorobenzene 	 Water EPA 602, 8021B 20 85-115 0.50 ug/L 

Solid EPA 8021B 0.50 ug/kg 

Ethylbenzene 	 Water EPA 602, 8021B 20 85-115 0.50 ug/L 

Solid EPA 8021B 0.50 ug/kg 

Ortho-xylene 	 Water EPA 602, 8021B 20 85-115 0.50 ug/L 

Solid EPA 8021B 0.50 ug/kg 

Meta, para-xylene 	 Water EPA 602, 8021B 20 85-115 0.50 ug/L 

Solid EPA 8021B 0.50 ug/kg 

1 ,3-Dichlorobenzene 	 Water EPA 602, 8021B 20 85-115 0.50 ug/L 

Solid EPA 8021B 0.50 ug/kg 

Precision and accuracy criteria are the same for water and solid matrices. 1 
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Table 3.4. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR GC VOLATILE 

ORGANICS-- REPRESENTATIVE VALUES 

Parameter Matrix Reference 

(SUBJECT TO UPDATE AS NECESSARY) 

Precision1 

(RPD- %) 
Accuracy 

(%Recovery) 
Reporting Limit 

1,4-Dichlorobenzene Water 
Solid 

EPA 602, 8021B 
EPA 8021B 

20 85-115 0.50 ug/L 
0.50 ug/kg 

1 ,2-Dichlorobenzene Water 
Solid 

EPA 602, 8021B 
EPA 8021B 

20 85-115 0.50 ug/L 
0.50 ug/kg 

Note: Precision, accuracy, and reporting limits values shown in the table above are subject to change. Consult the QA Department 

and LIMS database for current values. 
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Table 3.5. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR TOTAL PETROLEUM 

HYDROCARBONS -­ REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARY) 

Precision Accuracy Reporting Limit 
Parameter M::~trix_ ________ R P-fP-rence_____ _ (RPD- %) (% Recovery) 

TPH's- Gasoline 	 Water SW 8015 mod., CAL LUFT 20 85-115 0.050 mg/L 

Solid SW 8015 mod., CAL LUFT 20 84-115 0.10 mg/kg 

TPH's- Diesel Water SW 8015 mod. 20 76-137 1.0 mg/L 

CALLUFT 0.10 mg/L 

Solid SW 8015 mod., CAL LUFT 20 74-150 5.0 mg/kg 

Note: Precision, accuracy, and reporting limits values shown in the table above are subject to change. Consult the QA Department 

and LIMS database for current values. 
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Table 3.6. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR GC/MS VOLATILE 

ORGANICS -- REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSAR }j 

5 mL PURGE VOLUME FOR WATER MATRIX 

Precision Accuracy Reporting Limit 

Parameter Mat~'ix Reference (RPD- %) (% Recovery) 
-

10 ug/LDichlorodifluoromethane 	 Water EPA 8260B 
Solid EPA 8260B 10 ug/kg 

10 ug/LChloromethane 	 Water EPA 8260B 
Solid EPA 8260B 10 ug/kg 

Vinyl chloride 	 Water EPA 8260B 10 ug/L 

Solid EPA 8260B 10 ug/kg 

Bromomethane 	 Water EPA 8260B 10 ug/L 

Solid EPA 8260B 10 ug/kg 

10 ug/LChloroethane 	 Water EPA 8260B 
Solid EPA 8260B 10 ug/kg 

5.0 ug/LTrichlorofluoromethane 	 Water EPA 8260B 
Solid EPA 8260B 5.0 ug/kg 

15 	 73- 127 5.0 ug/L1,1-Dichloroethene 	 Water EPA 8260B 
Solid EPA 8260B 15 59- 136 5.0 ug/kg 

Trichlorotrifluoroethane 	 Water EPA 8260B 5.0 ug/L 

Solid EPA 8260B 5.0 ug/kg 

Acetone 	 Water EPA 8260B 20 ug/L 
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Table 3.6. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR GC/MS VOLATILE 

ORGANICS -- REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARY) 

5 mL PURGE VOLUME FOR WATER MATRIX 

Parameter 

Iodomethane 

Carbon Disulfide 

Methylene chloride 

trans-1 ,2-Dichloroethene 

1, 1-Dichloroethane 

Methyl-t-butyl-ether 

Vinyl acetate 

cis-1 ,2-Dichloroethene 
(MEK) 

2-8utanone 

Matrix 

Solid 


Water 

Solid 


Water 

Solid 


Water 

Solid 


Water 

Solid 


Water 

Solid 


Water 

Solid 


Water 

Solid 


Water 

Solid 


Water 


Reference 
EPA 82608 

EPA 82608 
EPA 82608 

EPA 82608 
EPA 82608 

EPA 82608 
EPA 82608 

EPA 82608 
EPA 82608 

EPA 82608 
EPA 82608 

EPA 82608 
EPA 82608 

EPA 82608 
EPA 82608 

EPA 82608 
EPA 82608 

EPA 82608 

Precision Accuracy Reporting Limit 
(RPD- %) (%Recovery) 

20 ug/kg 

5.0 ug/L 
5.0 ug/kg 

5.0 ug/L 
5.0 ug/kg 

5.0 ug/L 
5.0 ug/kg 

5.0 ug/L 
5.0 ug/kg 

5.0 ug/L 
5.0 ug/kg 

5.0 ug/L 
5.0 ug/kg 

20 ug/L 
20 ug/kg 

5.0 ug/L 
5.0 ug/kg 

20 ug/L 
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Table 3.6. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR GC/MS VOLATILE 

ORGANICS -- REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSAR l] 

5 mL PURGE VOLUME FOR WATER MATRIX 

Precision Accuracy Reporting Limit 

Parameter Matrix Reference (RPD- %) (%Recovery) 

Solid EPA 8260B 20 ug/kg 

5.0 ug/LBromochloromethane 	 Water EPA 8260B 
Solid EPA 8260B 5.0 ug/kg 

5.0 ug/LChloroform 	 Water EPA 8260B 
Solid EPA 8260B 5.0 ug/kg 

1, 1,1-Trichloroethane 	 Water EPA 8260B 5.0 ug/L 

Solid EPA 8260B 5.0 ug/kg 

5.0 ug/L2,2-Dichloropropane 	 Water EPA 8260B 
Solid EPA 8260B 5.0 ug/kg 

5.0 ug/LCarbon tetrachloride 	 Water EPA 8260B 
Solid EPA 8260B 5.0 ug/kg 

Water EPA 8260B 	 5.0 ug/L 1,1-Dichloropropene 
Solid EPA 8260B 5.0 ug/kg 

5.0 ug/L1 ,2-Dichloroethane 	 Water EPA 8260B 
Solid EPA 8260B 5.0 ug/kg 

84- 119 5.0 ug/LBenzene 	 Water EPA 8260B 15 
Solid EPA 8260B 15 76- 123 5.0 ug/kg 

5.0 ug/LTrichloroethene 	 Water EPA 8260B 15 85 - 121 
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Table 3.6. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR GC/MS VOLATILE 

ORGANICS -- REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARY) 

5 mL PURGE VOLUME FOR WATER MATRIX 

Precision Accuracy Reporting Limit 

Parameter Matrix Reference (RPD- %) (%Recovery) 

Solid EPA 8260B 15 74- 127 5.0 ug/kg 

1 ,2-Dichloropropane Water EPA 8260B 5.0 ug/L 

Solid EPA 8260B 5.0 ug/kg 

Dibromomethane 	 Water EPA 8260B 5.0 ug/L 

Solid EPA 8260B 5.0 ug/kg 

Bromodichloromethane 	 Water EPA 8260B 5.0 ug/L 

Solid EPA 8260B 5.0 ug/kg 

2-Chloroethyl vinyl ether 	 Water EPA 8260B 10 ug/L 

Solid EPA 8260B 10 ug/kg 

cis-1 ,3-Dichloropropene 	 Water EPA 8260B 5.0 ug/L 

Solid EPA 8260B 5.0 ug/kg 

4-Methyl-2-Pentanone Water EPA 8260B 20 ug/L 

(MIBK) Solid EPA 8260B 20 ug/kg 

Toluene 	 Water EPA 8260B 15 83- 123 5.0 ug/L 

Solid EPA 8260B 15 75 - 124 5.0 ug/kg 

trans-1 ,3- Water EPA 8260B 5.0 ug/L 

Dichloropropene Solid EPA 8260B 5.0 ug/kg 

1, 1,2-Trichloroethane 	 Water EPA 8260B 5.0 ug/L 

Solid EPA 8260B 5.0 ug/kg 
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Table 3.6. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR GC/MS VOLATILE 

ORGANICS -- REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARY) 

5 mL PURGE VOLUME FOR WATER MATRIX 

Precision Accuracy Reporting Limit 

Parameter Matrix Reference (RPD- %) (%Recovery) 

2-Hexanone 	 Water EPA 8260B 20 ug/L 

Solid EPA 8260B 20 ug/kg 

T etrachloroethene Water EPA 8260B 5.0 ug/L 

(Perchloroethylene) Solid EPA 8260B 5.0 ug/kg 

1,3-Dichloropropane 	 Water EPA 8260B 5.0 ug/L 

Solid EPA 8260B 5.0 ug/kg 

Dibromochloromethane 	 Water EPA 8260B 5.0 ug/L 

Solid EPA 8260B 5.0 ug/kg 

1 ,2-Dibromoethane 	 Water EPA 8260B 5.0 ug/L 

Solid EPA 8260B 5.0 ug/kg 

Chlorobenzene 	 Water EPA 8260B 15 85 - 119 5.0 ug/L 

Solid EPA 8260B 15 75- 124 5.0 ug/kg 

1,1,1,2- Water EPA 8260B 5.0 ug/L 

Tetrachloroethane Solid EPA 8260B 5.0 ug/kg 

Ethyl benzene 	 Water EPA 8260B 5.0 ug/L 

Solid EPA 8260B 5.0 ug/kg 

m,p-Xylene 	 Water EPA 8260B 5.0 ug/L 

Solid EPA 8260B 5.0 ug/kg 
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Table 3.6. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR GC/MS VOLATILE 

ORGANICS -- REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARY) 

5 mLPURGE VOLUME FOR WATER MATRIX 

Precision Accuracy Reporting Limit 

Parameter Matrix Reference (RPD- %) (% Recovery) 

o-Xylene Water EPA 8260B 5.0 ug/L 

Solid EPA 8260B 5.0 ug/kg 

Styrene Water EPA 8260B 5.0 ug/L 

Solid EPA 8260B 5.0 ug/kg 

Bromoform 	 Water EPA 8260B 5.0 ug/L 

Solid EPA 8260B 5.0 ug/kg 

Isopropylbenzene 	 Water EPA 8260B 5.0 ug/L 

Solid EPA 8260B 5.0 ug/kg 

1 ,2,3-Trichloropropane 	 Water EPA 8260B 5.0 ug/L 

Solid EPA 8260B 5.0 ug/kg 

5.0 ug/L1'1 ,2,2-	 Water EPA 8260B 
5.0 ug/kgT etrachloroethane 	 Solid EPA 8260B 

5.0 ug/LBromobenzene 	 Water EPA 8260B 
Solid EPA 8260B 5.0 ug/kg 

n-Propylbenzene 	 Water EPA 8260B 5.0 ug/L 

Solid EPA 8260B 5.0 ug/kg 

2-Chlorotoluene 	 Water EPA 8260B 5.0 ug/L 

Solid EPA 8260B 5.0 ug/kg 
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Table 3.6. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR GC/MS VOLATILE 

ORGANICS -- REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARY) 

5 mL PURGE VOLUME FOR WATER MATRIX 

Precision Accuracy Reporting Limit 

Parameter Matrix Reference (RPD- %) (% Recovery) 

1 ,3,5-Trimethylbenzene Water EPA 8260B 
---

5.0 ug/L 

Solid EPA 8260B 	 5.0 ug/kg 

5.0 ug/L4-Chlorotoluene 	 Water EPA 8260B 
Solid EPA 8260B 5.0 ug/kg 

tert-Butyl benzene 	 Water EPA 8260B 5.0 ug/L 

Solid EPA 8260B 5.0 ug/kg 

1 ,2,4-Trimethylbenzene 	 Water EPA 8260B 5.0 ug/L 

Solid EPA 8260B 5.0 ug/kg 

sec-Butyl benzene 	 Water EPA 8260B 5.0 ug/L 

Solid EPA 8260B 5.0 ug/kg 

1 ,3-Dichlorobenzene 	 Water EPA 8260B 5.0 ug/L 

Solid EPA 8260B 5.0 ug/kg 

p-Isopropyltoluene 	 Water EPA 8260B 5.0 ug/L 

Solid EPA 8260B 5.0 ug/kg 

1 ,4-Dichlorobenzene 	 Water EPA 8260B 5.0 ug/L 

Solid EPA 8260B 5.0 ug/kg 

n-Butyl benzene 	 Water EPA 8260B 5.0 ug/L 

Solid EPA 8260B 5.0 ug/kg 



Revision 5Paragon Analytics, Inc. 
Section 3Laboratory Quality Assurance Plan 

Page 35 of87 

Table 3.6. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR GC/MS VOLATILE 

ORGANICS -- REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARY) 

5 mL PURGE VOLUME FOR WATER MATRIX 

Parameter 
1 ,2-Dichlorobel!zene 

1 ,2-Dibromo-3­
chloropropane 

1 ,2,4-Trichlorobenzene 

Hexachlorobutadiene 

Naphthalene 

1 ,2,3-Trichlorobenzene 

1-Chlorohexane 

Acrolein 

Acrylonitrile 

Matrix 

Water 

Solid 


Water 


Solid 


Water 

Solid 


Water 

Solid 


Water 

Solid 


Water 

Solid 


Water 

Solid 


Water 

Solid 


Water 

Solid 


Reference 
EPA 8260B 
EPA 8260B 

EPA 8260B 

EPA 8260B 

EPA 8260B 
EPA 8260B 

EPA 8260B 
EPA 8260B 

EPA 8260B 
EPA 8260B 

EPA 8260B 
EPA 8260B 

EPA 8260B 
EPA 8260B 

EPA 8260B 
EPA 8260B 

EPA 8260B 
EPA 8260B 

Precision Accuracy Reporting Limit 

(RPD- %) (% Recovery) 
5.0 ug/L 
5.0 ug/kg 

10 ug/L 

10 ug/kg 

5.0 ug/L 
5.0 ug/kg 

5.0 ug/L 
5.0 ug/kg 

5.0 ug/L 
5.0 ug/kg 

5.0 ug/L 
5.0 ug/kg 

5.0 ug/L 
5.0 uglkg 

50 ug/L 
50 ug/kg 

50 ug/L 
50 uglkg 
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Note: Precision, accuracy, and reporting limits values shown in the table above are subject to change. Consult the QA Department 

and LIMS database for current values. 
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Table 3.7. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR GC/MS VOLATILE 

ORGANICS -- REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARY) 

25 mLPURGE VOLUME FOR WATER MATRIX 

Precision Accuracy Reporting Limit 

Parameter Matrix Reference (RPD- %) (% Recovery) (25 mLpurge 
volume) 

-
Dichlorodifluoromethan Water EPA 8260B 1.0 ug/L 

e 

Chloromethane Water EPA 8260B 1.0 ug/L 

Vinyl chloride Water EPA 8260B 1.0 ug/L 

Bromomethane Water EPA 8260B 1.0 ug/L 

Chloroethane Water EPA 8260B 1.0 ug/L 

Trichlorofluoromethane Water EPA 8260B 1.0 ug/L 

1,1-Dichloroethene Water EPA 8260B 15 73- 127 1.0 ug/L 

Trichlorotrifluoroethane Water EPA 8260B 1.0 ug/L 

10 ug/LAcetone Water EPA 8260B 

lodomethane Water EPA 8260B 1.0 ug/L 

Carbon Disulfide Water EPA 8260B 1.0 ug/L 

Methylene chloride Water EPA 8260B 1.0 ug/L 
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Table 3.7. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR GC/MS VOLATILE 

ORGANICS -- REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARY) 

25 mL PURGE VOLUME FOR WATER MATRIX 

Parameter 

trans-1 ,2-Dichloroethene 

1, 1-Dichloroethane 

Methyl-t-butyl-ether 

Vinyl acetate 

cis-1 ,2-Dichloroethene 

2-Butanone 

Bromochloromethane 

Chloroform 

1,1,1-Trichloroethane 

2,2-Dichloropropane 

Carbon tetrachloride 
1, 1-Dichloropropene 

1 ,2-Dichloroethane 

Matrix 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 
Water 

Water 

Reference 

EPA 8260B 

EPA 8260B 

EPA 8260B 

EPA 8260B 

EPA 8260B 

EPA 8260B 

EPA 8260B 

EPA 8260B 

EPA 8260B 

EPA 8260B 

EPA 8260B 
EPA 8260B 

EPA 8260B 

Precision Accuracy 
(RPD- %) (%Recovery) 

Reporting Limit 
(25 mLpurge 

volume) 

1.0 ug/L 

1.0 ug/L 

1.0 ug/L 

10 ug/L 

1.0 ug/L 

10 ug/L 

1.0 ug/L 

1.0 ug/L 

1.0 ug/L 

1.0 ug/L 

1.0 ug/L 
1.0 ug/L 

1.0 ug/L 
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Table 3.7. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR GC/MS VOLATILE 
ORGANICS -- REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARY) 

25 mL PURGE VOLUME FOR WATER MATRIX 

Parameter 

Benzene 

T richloroethene 

1,2-Dichloropropane 

Dibromomethane 

Bromodichloromethane 

2-Chloroethyl vinyl 
ether 

cis-1 ,3-Dichloropropene 

4-Methyl-2-Pentanone 

Toluene 

trans-1 ,3­

1, 1 ,2-Trichloroethane 
2-Hexanone 

Matrix 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 
Water 

Precision Accuracy Reporting Limit 
Reference (RPD- %) (%Recovery) (25 mLpurge 

volume) 

EPA 8260B 15 84- 119 1.0 ug/L 

EPA 8260B 15 85 - 121 1.0 ug/L 

EPA 8260B 1.0 ug/L 

EPA 8260B 1.0 ug/L 

EPA 8260B 1.0 ug/L 

EPA 8260B 1.0 ug/L 

EPA 8260B 1.0 ug/L 

EPA 8260B 10 ug/L 

EPA 8260B 15 83- 123 1.0 ug/L 

EPA 8260B l.Oug/L 

EPA 8260B 1.0 ug/L 
EPA 8260B 10 ug/L 
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Table 3.7. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR GC/MS VOLATILE 
ORGANICS -- REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARY) 

25 mL PURGE VOLUME FOR WATER MATRIX 

Precision Accuracy Reporting Limit 
Parameter Matrix Reference (RPD- %) (% Recovery) (25 mLpurge 

volume) 

-
Tetrachloroethene Water EPA 8260B 1.0 ug/L 

1 ,3-Dichloropropane Water EPA 8260B 1.0 ug/L 

Dibromochloromethane Water EPA 8260B 1.0 ug/L 

1 ,2-Dibromoethane Water EPA 8260B 1.0 ug/L 

Chlorobenzene Water EPA 8260B 15 85 - 119 1.0 ug/L 

1,1,1,2- Water EPA 8260B 1.0 ug/L 

Ethyl benzene Water EPA 8260B 1.0 ug/L 

m,p-Xylene Water EPA 8260B 1.0 ug/L 

o-Xylene Water EPA 8260B 1.0 ug/L 

Styrene Water EPA 8260B 1.0 ug/L 

Bromoform Water EPA 8260B 1.0 ug/L 

Isopropyl benzene Water EPA 8260B 1.0 ug/L 
1 ,2,3-Trichloropropane Water EPA 8260B 1.0 ug/L 
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Table 3.7. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR GC/MS VOLATILE 

ORGANICS -- REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARY) 

25 mL PURGE VOLUME FOR WATER MATRIX 

Precision Accuracy Reporting Limit 

Parameter Matrix Reference (RPD- %) (% Recovery) (25 mLpurge 
volume) 

1,1,2,2- Water EPA 8260B 1.0 ug/L 

Bromobenzene Water EPA 8260B 1.0 ug/L 

n-Propylbenzene Water EPA 8260B 1.0 ug/L 

2-Chlorotoluene Water EPA 8260B 1.0 ug/L 

1,3,5-Trimethylbenzene Water EPA 8260B l.Oug/L 

4-Chlorotoluene Water EPA 8260B 1.0 ug/L 

tert-Butyl benzene Water EPA 8260B 1.0 ug/L 

1 ,2,4-Trimethylbenzene Water EPA 8260B 1.0 ug/L 

sec-Butyl benzene Water EPA 8260B 1.0 ug/L 

1,3-Dichlorobenzene Water EPA 8260B 1.0 ug/L 

p-Isopropyltoluene Water EPA 8260B 1.0 ug/L 

1.0 ug/L1 ,4-Dichlorobenzene Water EPA 8260B 
n-Butylbenzene Water EPA 8260B 1.0 ug!L 
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Table 3.7. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR GC/MS VOLATILE 
ORGANICS -- REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARY) 

25 mL PURGE VOLUME FOR WATER MATRIX 

Precision Accuracy Reporting Limit 
Parameter Matrix Reference (RPD- %) (%Recovery) (25 mLpurge 

volume) 

1 ,2-Dichlorobenzene Water EPA 8260B 1.0 ug/L 

1 ,2-Dibromo-3- Water EPA 8260B 2.0 ug/L 
chloropropane 

1 ,2,4-Trichlorobenzene Water EPA 8260B 1.0 ug/L 

Hexachlorobutadiene Water EPA 8260B 1.0 ug/L 

Naphthalene Water EPA 8260B 1.0 ug/L 

1 ,2,3-Trichlorobenzene Water EPA 8260B 1.0 ug/L 

1-Chlorohexane Water EPA 8260B 1.0 ug/L 

Acrolein Water EPA 8260B 50 ug/L 

Acrylonitrile Water EPA 8260B 50 ug/L 

Note: Precision, accuracy, and reporting limits values shown in the table above are subject to change. Consult the QA Department 
and LIMS database for current values. 
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Table 3.8. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR TCLP GC/MS 

VOLATILE ORGANICS -- REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARY) 

Precision Accuracy Reporting Limit 

Parameter Matrix Reference (RPD- %) (%Recovery) 

Vinyl chloride Leachate EPA 1311/8260B 20 0.050 mg/L 

I, 1-Dichloroethene Leachate EPA 1311/8260B 20 73- 127 0.025 mg/L 

2-Butanone Leachate EPA 1311/8260B 20 0.10 mg/L 

Chloroform Leachate EPA 1311/8260B 20 0.025 mg/L 

Carbon tetrachloride Leachate EPA 1311/8260B 20 0.025 mg/L 

1 ,2-Dichloroethane Leachate EPA 131118260B 20 0.025 mg/L 

Benzene Leachate EPA 1311/8260B 20 84- 119 0.025 mg/L 

Tetrachloroethene Leachate EPA 1311/8260B 20 76- 123 0.025 mg/L 

Trichloroethene Leachate EPA 1311/8260B 20 85 - 121 0.025 mg/L 

Chlorobenzene Leachate EPA 1311/8260B 20 85- 119 0.025 mg/L 

Note: Precision, accuracy, and reporting limits values shown in the table above are subject to change. Consult the QA Department 

and LIMS database for current values. 
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Table 3.9. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR GC/MS VOLATILE 

ORGANICS (METHOD 624) -- REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARY) 

Precision Accuracy' Reporting Limit 

Parameter Matrix Reference (RPD- %) (%Recovery) 

Chloromethane Water EPA 624 20 D-273 10 flg/L 

Vinyl chloride Water EPA 624 20 D-251 10 flg/L 

Bromomethane Water EPA 624 20 D-242 10 flg/L 

Chloroethane Water EPA 624 20 14-230 10 flg/L 

Trichlorofluoromethane Water EPA 624 20 17-181 5.0 flg/L 

1,1-Dichloroethene Water EPA 624 20 D-234 5.0 flg/L 

Methylene chloride Water EPA 624 20 D-221 5.0 flg/L 

trans-1 ,2-Dichloroethene Water EPA 624 20 54-156 5.0 flg/L 

1,1-Dichloroethane Water EPA 624 20 59-155 5.0 flg/L 

Chloroform Water EPA 624 20 51-138 5.0 flg/L 

1,1,1-Trichloroethane Water EPA 624 20 52-162 5.0 flg/L 

Carbon tetrachloride Water EPA 624 20 70-140 5.0 flg/L 

1 ,2-Dichloroethane Water EPA 624 20 49-155 5.0 flg/L 

Benzene Water EPA 624 20 37-151 5.0 f.tg/L 

Trichloroethene Water EPA 624 20 71-157 5.0 flg/L 

1 ,2-Dichloropropane Water EPA 624 20 D-210 5.0 flg/L 

Bromodichloromethane Water EPA 624 20 35-155 5.0 flg/L 

2-Chloroethyl vinyl ether Water EPA 624 20 D-305 10 flg/L 

cis-1 ,3-Dichloropropene Water EPA624 20 D-227 5.0 flg/L 

Toluene Water EPA 624 20 47-150 5.0 f.tg/L 

trans-1 ,3-Dichloropropene Water EPA 624 20 17-183 5.0 f.tg/L 

1,1 ,2-Trichloroethane Water EPA 624 20 52-150 5.0 f.tg/L 

Tetrachloroethene Water EPA 624 20 64-148 5.0 flg/L 

Dibromochloromethane Water EPA 624 20 53-149 5.0 flg/L 

Accuracy Ranges Source: 40 CFR Part 136, Appendix A, Method 624, Table 5. 1 
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Table 3.9. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR GC/MS VOLATILE 
ORGANICS (METHOD 624) -- REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARY) 

Precision Accuracy1 Reporting Limit 
Parameter Matrix Reference (RPD- %) (% Recovery) 

Chlorobenzene Water EPA 624 20 37-160 5.0 J.lg/L 
Ethyl benzene Water EPA 624 20 r t62 5.0 J.lg/L 
Bromoform Water EPA 624 20 45-i69 5.0 J.lg/L 
1,1 ,2,2-Tetrachloroethane Water EPA 624 20 46-157 5.0 J.lg/L 
1 ,3-Dichlorobenzene Water EPA 624 20 59-156 5.0 J.lg/L 
1,4-Dichlorobenzene Water EPA 624 20 18-190 5.0 J.lg/L 
1 ,2-Dichlorobenzene Water EPA 624 20 18-190 5.0 J.lg/L 

Note: Precision, accuracy, and reporting limits values shown in the table above are subject to change. Consult the QA Department 
and LIMS database for current values. 
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Table 3.10. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR GC/MS VOLATILE 

ORGANICS (METHOD 524.2) -- REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARY) 

Precision Accuracy Reporting Limit 

Parameter Matrix Reference (RPD- %) (%Recovery) 

Dichlorodifluoromethane Water EPA 524.2 20 70-130 0.50 1-lg/L 

Chloromethane Water EPA 524.2 20 70-130 0.50 1-lg/L 

Vinyl Chloride Water EPA 524.2 20 70-130 0.50 1-lg/L 

Bromomethane Water EPA 524.2 20 70-130 0.50 1-lg/L 

Chloroethane Water EPA 524.2 20 70-130 0.50 1-lg/L 

Trichlorofluoromethane Water EPA 524.2 20 70-130 0.50 1-lg/L 

1,1-Dichloroethene Water EPA 524.2 20 70-130 0.50 1-lg/L 

Methylene Chloride Water EPA 524.2 20 70-130 0.50 1-lg/L 

Trans-1 ,2-dichloroethene Water EPA 524.2 20 70-130 0.50 1-lg/L 

1,1-Dichloroethane Water EPA 524.2 20 70-130 0.50 1-lg/L 

Cis-1 ,2-dichloroethene Water EPA 524.2 20 70-130 0.50 1-lg/L 

Bromochloromethane Water EPA 524.2 20 70-130 0.50 1-lg/L 

Chloroform Water EPA 524.2 20 70-130 0.50 1-lg/L 

1,1,1-Trichloroethane Water EPA 524.2 20 70-130 0.50 1-lg/L 

2,2-Dichloropropane Water EPA 524.2 20 70-130 0.50 1-lg/L 

Carbon Tetrachloride Water EPA 524.2 20 70-130 0.50 1-lg/L 

1,1-Dichloropropene Water EPA 524.2 20 70-130 0.50 1-lg/L 

1 ,2-Dichloroethane Water EPA 524.2 20 70-130 

Benzene Water EPA 524.2 20 70-130 0.50 1-lg/L 

Trichloroethene Water EPA 524.2 20 70-130 0.50 1-lg/L 

1 ,2-Dichloropropane Water EPA 524.2 20 70-130 0.50 1-lg/L 

Dibromomethane Water EPA 524.2 20 70-130 0.50 1-lg/L 

Bromodichloromethane Water EPA 524.2 20 70-130 0.50 1-lg/L 

Cis-1 ,3-dichloropropene Water EPA 524.2 20 70-130 0.50 1-lg/L 

Toluene Water EPA 524.2 20 70-130 0.50 1-lg/L 

Trans-1 ,3-dichloropropene Water EPA 524.2 20 70-130 0.50 1-lg/L 
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Table 3.1 0. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR GC/MS VOLATILE 

ORGANICS (METHOD 524.2) -- REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARi) 

Precision Accuracy Reporting Limit 

Parameter Matrix Reference (RPD- %) (%Recovery) 

1,1 ,2-Trichloroethane Water EPA 524.2 20 70-130 0.5 J.tg/L 

Tetrachloroethene Water EPA 524.1 20 70-130 0.5 J.tg/L 

1 ,3-Dichloropropane Water EPA 524.1 20 70-130 0.5 J.tg/L 

Dibromochloromethane Water EPA 524.2 20 70-130 0.5 Jlg/L 

EPA 524.2 20 70-130 0.5 J.tg/L1,2-Dibromoethane (EDB) Water 
20 70-130 0.5 J.tg/LChlorobenzene Water EPA 524.2 

1,1,1,2-Tetrachloroethane Water EPA 524.2 20 70-130 0.5 J.tg/L 

Ethylbenzene Water EPA 524.2 20 70-130 0.5 J.tg/L 

M+P-xylene Water EPA 524.2 20 70-130 0.5 J.tg/L 

0-xylene Water EPA 524.2 20 70-130 0.5 J.tg/L 

Styrene Water EPA 524.2 20 70-130 0.5 J.tg/L 

Bromoform Water EPA 524.2 20 70-130 0.5 J.tg/L 

Water EPA 524.2 20 70-130 0.5 J.tg/LIsopropylbenzene 

1 ,2,3-Trichloropropane Water EPA 524.2 20 70-130 0.5 J.tg/L 

1,1 ,2,2-Tetrachloroethane Water EPA 524.2 20 70-130 0.5 J.tg/L 

Bromobenzene Water EPA 524.2 20 70-130 0.5 J.tg/L 

Water EPA 524.2 20 70-130 0.5 J.tg/LN-propylbenzene 
EPA 524.2 20 70-130 0.5 J.tg/L2-Chlorvtoluene Water 

1,3,5-Trimethylbenzene Water EPA 524.2 20 70-130 0.5 J.tg/L 
70-1304-Chlorotoluene Water EPA 524.2 20 0.5 J.tg/L 

Tert-butylbenzene Water EPA 524.2 20 70-130 0.5 J.tg/L 

1,2,4-Trimethylbenzene Water EPA 524.2 20 70-130 0.5 J.tg/L 

Sec-butylbenzene Water EPA 524.2 20 70-130 0.5 J.tg/L 

1,3-Dichlorobenzene Water EPA 524.2 20 70-130 0.5 J.tg/L 

P-Isopropyltoluene Water EPA 524.2 20 70-130 0.5 Jlg/L 

1A-Dichlorobenzene Water EPA 524.2 20 70-130 0.5 J.tg/L 

N-Butylbenzene Water EPA 524.2 20 70-130 0.5 J.tg/L 
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Table 3.10. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR GC/MS VOLATILE 
ORGANICS (METHOD 524.2) -- REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARY) 

Precision Accuracy Reporting Limit 
Parameter Matrix Reference (RPD- %) (% Recovery) 
1 ,2-Dichlorobenzene Water EPA 524.2 20 70-130 0.5 !Jg/L 
1 ,2-Dibromo-3 -chloropropane Water EPA 524.2 20 70-130 5.0 !Jg/L 
(DBCP) 
1 ,2,4-Trichlorobenzene Water EPA 524.2 20 70-130 0.5 !Jg/L 
Hexachlorobutadiene Water EPA 524.2 20 70-130 0.5 !Jg/L 
Naphthalene Water EPA 524.2 20 70-130 0.5 !Jg/L 
1 ,2,3-Trichlorobenzene Water EPA 524.2 20 70-130 0.5 !Jg/L 

Note: Precision, accuracy, and reporting limits values shown in the table above are subject to change. Consult the QA Department 
and LIMS database for current values. 
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Table 3.11. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR GC/MS SEMI­
VOLATILE ORGANICS -- REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARY) 

Precision Accuracy Reporting Limit 
Parameter Matrix Reference (RPD- %) (% Recovery) 

Pyridine 	 Water EPA 8270C 10 1-Lg/L 
Solid EPA 8270C 330 1-Lg/kg 

n-Nitrosodimethylamine 	 Water EPA 8270C 10 1-Lg/L 
Solid EPA 8270C 330 1-Lg/kg 

Aniline 	 Water EPA 8270C 25 1-Lg/L 
Solid EPA 8270C 830 1-Lg/kg 

Phenol 	 Water EPA 8270C 42 25- 105 10 1-Lg/L 
Solid EPA 8270C 35 25 - 112 330 1-Lg/kg 

bis (2-Chloroethyl) ether 	 Water EPA 8270C 10 1-Lg/L 
Solid EPA 8270C 330 1-Lg/kg 

2-Chloropheno 	 Water EPA 8270C 40 23- 106 10 1-Lg/L 
Solid EPA 8270C 50 28 - 110 330 1-Lg/kg 

1 ,3-Dichlorobenzene 	 Water EPA 8270C 10 1-Lg/L 
Solid EPA 8270C 330 1-Lg/kg 

1 ,4-Dichlorobenzene 	 Water EPA 8270C 28 13-113 10 1-Lg/L 
Solid EPA 8270C 27 27- 104 330 1-Lg/kg 

Source: EPA Contract Laboratory Program, Statement of Work, OLM03.1. 1 
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Table 3.11. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR GC/MS SEMI­
VOLA TILE ORGANICS 

Parameter 

1,2-Dichlorobenzene 

Benzyl alcohol 

Bis(2-chloroisopropyl) 
ether (2,2 '-Oxybis[ 1­
chloropropane]) 

2-Methylphenol 

N-Nitroso-di-n­
propylamine 

4-Methylphenol 

Hexachloroethane 

Nitrobenzene 

-- REPRESENTATIVE VALUES 


Matrix 


Water 

Solid 


Water 

Solid 


Water 

Solid 


Water 

Solid 


Water 

Solid 


Water 

Solid 


Water 

Solid 


Water 

Solid 


Reference 

EPA 8270C 

EPA 8270C 


EPA 8270C 

EPA 8270C 


EPA 8270C 

EPA 8270C 


EPA 8270C 

EPA 8270C 


EPA 8270C 

EPA 8270C 


EPA 8270C 

EPA 8270C 


EPA 8270C 

EPA 8270C 


EPA 8270C 

EPA 8270C 


(SUBJECT TO UPDATE AS NECESSARY) 

Precision Accuracy 
(RPD- %) (%Recovery) 

Reporting Limit 

10 J..tg/L 
330 f.lg/kg 

10 J..tg/L 
330 f.lg/kg 

10 J..tg/L 
330 f.lg/kg 

10 f..tg/L 
330 f..tg/kg 

38 
38 

25- 113 
24- 116 

10 J..tg/L 
330 f.lg/kg 

10 f..tg/L 
330 f.lg/kg 

10 J..tg/L 
330 f..tg/kg 

10 f..tg/L 
330 f..tg/kg 
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Table3.11. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR GC/MS SEMI­
VOLA TILE ORGANICS -- REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARY) 

Parameter 
Isophorone 

Matrix 
Water 
Solid 

Reference 
EPA 8270C 
EPA 8270C 

Precision 
(RPD- %) 

Accuracy 
(% Recovery) 

Reporting Limit 

10 ~-tg/L 
3~0 1-lg/kg 

2-Nitrophenol Water 
Solid 

EPA 8270C 
EPA 8270C 

10 1-1g/L 
330 ~-tglkg 

2,4-Dimethyl phenol Water 
Solid 

EPA 8270C 
EPA 8270C 

10 1-1g/L 
330 1-lg/kg 

bis (2-Chloroethoxy) 
methane 

Water 
Solid 

EPA 8270C 
EPA 8270C 

10 1-1g/L 
330 ~-tglkg 

2,4-Dichlorophenol Water 
Solid 

EPA 8270C 
EPA 8270C 

10 ~-tg/L 
330 ~-tglkg 

Benzoic acid Water 
Solid 

EPA 8270C 
EPA 8270C 

50 1-1g/L 
1700 1-lg/kg 

1 ,2,4-Trichlorobenzene Water 
Solid 

EPA 8270C 
EPA 8270C 

28 
23 

22- 106 
33- 105 

10 1-1g/L 
330 ~-tglkg 

Naphthalene Water 
Solid 

EPA 8270C 
EPA 8270C 

10 1-1g/L 
330 1-lg/kg 

4-Chloroaniline Water 
Solid 

EPA 8270C 
EPA 8270C 

25 1-1g/L 
830 ~-tglkg 

http:Table3.11
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Table 3.11. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR GC/MS SEMI­
VOLA TILE ORGANICS 	-- REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARY) 

Precision1 Accuracy Reporting Limit 
Parameter Matrix Reference (RPD- %) (% Recovery) 
Hexachlorobutadiene Water EPA 8270C 10 flg/L 

Solid EPA 8270C 	 330 flg/kg 

4-Chloro-3- Water EPA 8270C 42 34- 104 10 flg/L 
methyl phenol Solid EPA 8270C 33 31 - 108 330 flg/kg 

2-Methylnaphthalene 	 Water EPA 8270C 10 flg/L 
Solid EPA 8270C 330 flg/kg 

Hexachlorocyclopenta- Water EPA 8270C 10 flg/L 
diene Solid EPA 8270C 330 flg/kg 

2,4,6-Trichlorophenol 	 Water EPA 8270C 10 flg/L 
Solid EPA 8270C 330 flg/kg 

2,4,5-Trichlorophenol 	 Water EPA 8270C 10 flg/L 
Solid EPA 8270C 330 flg/kg 

2-Chloronaphthalene 	 Water EPA 8270C 10 flg/L 
Solid EPA 8270C 330 flg/kg 

2-Nitroaniline 	 Water EPA 8270C 50 flg/L 
Solid EPA 8270C 1700 flg/kg 

Dimethyl phthalate 	 Water EPA 8270C 10 flg/L 
Solid EPA 8270C 330 flg/kg 



Paragon Analytics, Inc. Revision 5 
Laboratory Quality Assurance Plan Section 3 

Page 53 of87 

Table 3.11. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR GC/MS SEMI­
VOLA TILE ORGANICS 	-- REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARY) 

Precision Accuracy Reporting Limit 
Parameter Matrix Reference (RPD- %) (%Recovery) 
2,6-Dinitrotoluene Water EPA 8270C 10 )lg/L 

Solid EPA 8270C 	 330 )lg/kg 

Acenaphthylene 	 Water EPA 8270C 10 )lg/L 
Solid EPA 8270C 330 )lglkg 

3-Nitroaniline 	 Water EPA 8270C 50 )lg/L 
Solid EPA 8270C 1700 )lg/kg 

Acenaphthene 	 Water EPA 8270C 31 24- 110 10 )lg/L 
Solid EPA 8270C 19 33- 102 330 )lglkg 

2,4-Dinitrophenol 	 Water EPA 8270C 50 ).!giL 
Solid EPA 8270C 1700 )lg/kg 

4-Nitrophenol 	 Water EPA 8270C 50 18-114 50 )lg/L 
Solid EPA 8270C 50 21 - 133 1700 )lg/kg 

Dibenzofuran2 	 Water EPA 8270C 10 )lg/L 
Solid EPA 8270C 330 )lg/kg 

2, 4-Dinitroto luene 	 Water EPA 8270C 38 28- 109 10 )lg/L 
Solid EPA 8270C 47 23- 121 330 )lglkg 

Diethyl phthalate 	 Water EPA 8270C 10 )lg/L 
Solid EPA 8270C 330 )lg/kg 
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Table3.11. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR GC/MS SEMI­
VOLATILE ORGANICS 	-- REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARY) 

Precision Accuracy Reporting Limit 
Parameter Matrix Reference (RPD- %) (% Recovery) 
Fluorene Water EPA 8270C 10 11g/L 

Solid EPA 8270C 	 330 llg/kg 

4-Chlorophenyl phenyl Water EPA 8270C 10 11g/L 
ether Solid EPA 8270C 330 llg/kg 

4-Nitroaniline 	 Water EPA 8270C 50 11g/L 
Solid EPA 8270C 1700 ~-tglkg 

Azobenzene 	 Water EPA 8270C 10 11g/L 
Solid EPA 8270C 330 llg/kg 

4,6-Dinitro-2- Water EPA 8270C 50 11g/L 
methyl phenol Solid EPA 8270C 1700 llglkg 

N-Nitrosodiphenylamine 	 Water EPA 8270C 10 11g/L 
Solid EPA 8270C 330 ~-tglkg 

4-Bromophenyl phenyl Water EPA 8270C 10 11g/L 
ether Solid EPA 8270C 330 llg/kg 

Hexachlorobenzene 	 Water EPA 8270C 10 ~-tg/L 
Solid EPA 8270C 330 llg/kg 

Pentachlorophenol 	 Water EPA 8270C 50 23 - 112 50 11g/L 
Solid EPA 8270C 47 11 - 120 1700 llg/kg 

http:Table3.11
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Table 3.11. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR GC/MS SEMI­
VOLA TILE ORGANICS 	-- REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARY) 

Precision Accuracy Reporting Limit 
Parameter Matrix Reference (RPD- %) (% Recovery) 
Phenanthrene Water EPA 8270C 10 f.!g/L 

Solid EPA 8270C 	 330 f.!g/kg 

Anthracene 	 Water EPA 8270C 10 f.!g/L 
Solid EPA 8270C 330 J.!g/kg 

Carbazole 	 Water EPA 8270C 10 f.!g/L 
Solid EPA 8270C 330 f.!g/kg 

Di-n-butyl phthalate 	 Water EPA 8270C 10 f.!g/L 
Solid EPA 8270C 330 f.!g/kg 

Fluoranthene 	 Water EPA 8270C 10 f.!g/L 
Solid EPA 8270C 330 J.!g/kg 

Benzidine 	 Water EPA 8270C 50 f.!g/L 
Solid EPA 8270C 1700 f.!g/kg 

Pyrene 	 Water EPA 8270C 31 23 - 119 10 J.!g!L 
Solid EPA 8270C 36 29- 114 330 J.!g/kg 

Butyl benzyl phthalate 	 Water EPA 8270C 10 f.!g/L 
Solid EPA 8270C 330 f.!g/kg 

Benzo( a )anthracene 	 Water EPA 8270C 10 f.!g/L 
Solid EPA 8270C 330 f.!g/kg 
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Table 3.11. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR GC/MS SEMI­
VOLA TILE ORGANICS 

Parameter 
3,3'-Dichlorobenzidine 

Chrysene 

Bis(2-ethylhexyl) 
phthalate 

Di-n-octyl phthalate 

Benzo(b&k)fluoranthene 

Benzo(a)pyrene 

Indeno(l,2,3-cd)pyrene 

Dibenz( a,h)anthracene 

Benzo(g,h,i)perylene 

-- REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARY) 

Precision1 Accuracy Reporting Limit 
Matrix Reference (RPD- %) (%Recovery) 
Water EPA 8270C 50 f.!g/L 
Solid EPA 8270C 1700 f.!glkg 

Water EPA 8270C 10 f.!g/L 
Solid EPA 8270C 330 f.!g/kg 

Water EPA 8270C 10 f.!g/L 
Solid EPA 8270C 330 f.!g/kg 

Water EPA 8270C 10 f.!g/L 
Solid EPA 8270C 330 f.!g/kg 

Water EPA 8270C 10 f.!g/L 
Solid EPA 8270C 330 f.!g/kg 

Water EPA 8270C 10 f.!g/L 
Solid EPA 8270C 330 f.!g/kg 

Water EPA 8270C 10 f.!g/L 
Solid EPA 8270C 330 f.!g/kg 

Water EPA 8270C 10 f.!g/L 
Solid EPA 8270C 330 f.!g/kg 

Water EPA 8270C 10 f.!g/L 
Solid EPA 8270C 330 f.!g/kg 
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Note: Precision, accuracy, and reporting limits values shown in the table above are subject to change. Consult the QA Department 
and LIMS database for current values. 
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Table 3.12. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR GC/MS SEMI­
VOLATILE ORGANICS (METHOD 625) -- REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARY) 

Precision Accuracy Reporting Limit 
Parameter Matrix Reference (RPD- %) (%Recovery) 

Phenol Water EPA 625 40 5-112 10 flg/L 
bis (2-Chloroethyl) ether Water EPA625 40 12-158 10 flg/L 
2-Chlorophenol Water EPA 625 40 23-134 10 flg/L 
1 ,3-Dichlorobenzene Water EPA 625 40 D-172 10 flg/L 
1 ,4-Dichlorobenzene Water EPA625 40 20-124 10 flg/L 
1 ,2-Dichlorobenzene Water EPA 625 40 32-129 10 flg/L 
bis (2-Chloroisopropyl) Water EPA 625 40 36-166 10 flg/L 
ether 
N-Nitroso-di-n- Water EPA625 40 D-230 10 flg/L 
propylamine 
Hexachloroethane Water EPA 625 40 40-113 10 flg/L 
Nitrobenzene Water EPA 625 40 35-180 10 flg/L 
Isophorone Water EPA 625 40 21-196 10 flg/L 
2-Nitrophenol Water EPA 625 40 29-182 10 flg/L 
2,4-Dimethylphenol Water EPA625 40 32-119 10 flg/L 
bis (2-Chloroethoxy) Water EPA625 40 33-184 10 flg/L 
methane 
2,4-Dichlorophenol Water EPA 625 40 39-135 10 flg/L 
1 ,2,4-Trichlorobenzene Water EPA 625 40 44-142 10 flg/L 
Naphthalene Water EPA625 40 21-133 10 flg/L 
Hexachlorobutadiene Water EPA625 40 24-116 10 flg/L 
4-Chloro-3- Water EPA625 40 22-147 10 flg/L 
methyl phenol 
2,4,6-Trichlorophenol Water EPA625 40 37-144 10 flg/L 

Accuracy Ranges Source: 40 CFR Part 136, Appendix A, Method 625, Table 6. 1 
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Table 3.12. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR GC/MS SEMI­
VOLA TILE ORGANICS (METHOD 625) -- REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSAR iJ 

Precision Accuracy1 Reporting Limit 
Parameter Matrix Reference (RPD- %) (% Recovery) 
2-Chloronaphthalene Water EPA 625 40 60-118 10 J..Lg/L 
Dimethyl phthalate Water EPA 625 40 D-112 10 J..lg/L 
2,6-Dinitrotoluene Water EPA 625 40 50-158 10 J..Lg/L 
Acenaphthylene Water EPA 625 40 33-145 10 J..lg/L 
Acenaphthene Water EPA 625 40 47-145 10 J..Lg/L 
2,4-Dinitrophenol Water EPA 625 40 D-191 50 J..Lg/L 
4-Nitrophenol Water EPA 625 40 D-132 50 J..Lg/L 
2,4-Dinitrotoluene Water EPA 625 40 39-139 10 J..Lg/L 
Diethyl phthalate Water EPA 625 40 D-114 10 J..Lg/L 
Fluorene Water EPA 625 40 59-121 10 J..Lg/L 
4-Chlorophenyl phenyl Water EPA 625 40 25-158 10 J..Lg/L 
ether 
4,6-Dinitro-2- Water EPA 625 40 D-181 50 J..Lg/L 
methyl phenol 
4-Bromophenyl phenyl Water EPA 625 40 53-127 10 J..Lg/L 
ether 
Hexachloro benzene Water EPA 625 40 D-152 10 J..Lg/L 
Pentachlorophenol Water EPA625 40 14-176 50 J..Lg/L 
Phenanthrene Water EPA625 40 54-120 10 J..Lg/L 
Anthracene Water EPA 625 40 27-133 10 J..Lg/L 
Di-n-butyl phthalate Water EPA 625 40 1-118 10 J..Lg/L 
Fluoranthene Water EPA 625 40 26-137 10 J..Lg/L 
Pyrene Water EPA 625 40 52-115 10 J..Lg/L 
Butyl benzyl phthalate Water EPA 625 40 D-152 10 J..Lg/L 
Benzo( a )anthracene Water EPA 625 40 33-143 10 J..Lg/L 
3,3'-Dichlorobenzidine Water EPA 625 40 D-262 50 J..Lg/L 
Chrysene Water EPA 625 40 17-169 10 J..Lg/L 
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Table 3.12. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR GC/MS SEMI­
VOLATILE ORGANICS (METHOD 625) -- REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARY) 

Precision Accuracy1 Reporting Limit 
Parameter Matrix Reference (RPD- %) (% Recovery) 
Bis(2-ethylhexyl) Water EPA 625 40 8-158 10 1-lg/L 
phthalr..te 
Di-n-octyl phthalate Water EPA 625 40 4-146 10 1-lg/L 
Benzo(b&k)fluoranthene Water EPA625 40 24-159 10 1-lg/L 
Benzo( a )pyrene Water EPA625 40 17-163 10 1-!g/L 
Indeno(l ,2,3-cd)pyrene Water EPA 625 40 D-171 10 1-lg/L 
Dibenz( a,h )anthracene Water EPA 625 40 D-227 10 1-lg/L 
Benzo(g,h,i)perylene Water EPA 625 40 D-219 10 1-lg/L 

Note: Precision, accuracy, and reporting limits values shown in the table above are subject to change. Consult the QA Department 
and LIMS database for current values. 



Paragon Analytics, Inc. Revision 5 
Laboratory Quality Assurance Plan Section 3 

Page 61 of87 

Table 3.13. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR TCLP GC/MS SEMI­
VOLATILE ORGANICS -- REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARJ1 

Precision Accuracy Reporting Limit 
Parameter Matrix Reference (RPD- %) (%Recovery) 
1 ,4-dichlorobenzene Leachate EPA 131118270C O.IOmg/L 
2-Methylphenol (o-cresol) Leachate EPA 131118270C 0.10 mg/L 
3-Methylphenol (m- Leachate EPA 1311/8270C 0.10 mg/L 
cresol) 
4-Methylphenol (p-cresol) Leachate EPA 131118270C 0.10 mg/L 
Pyridine Leachate EPA 131118270C 0.10 mg/L 
Hexachloroethane Leachate EPA 1311/8270C 0.10 mg/L 
Nitro benzene Leachate EPA 1311/8270C 0.10 mg/L 
Hexachlorobutadiene Leachate EPA 131118270C 0.10 mg/L 
2,4,6-Trichlorophenol Leachate EPA 131118270C 0.10 mg/L 
2,4,5-Trichlorophenol Leachate EPA 131118270C 0.50 mg/L 
2,4-Dinitrotoluene Leachate EPA 131118270C 38 28- 109 0.10 mg/L 
Hexachlorobenzene Leachate EPA 131118270C 0.10 mg/L 
Pentachlorophenol Leachate EPA 1311/8270C 50 23 - 112 0.50 mg/L 

Note: Precision, accuracy, and reporting limits values shown in the table above are subject to change. Consult the QA Department 
and LIMS database for current values. 
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Table 3.14. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR PESTICIDES/PCB'S -­
REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARY) 

Precision Accuracy Reporting Limit 
Parameter Matrix Reference (RPD- %) (% Recovery) 
alpha- BHC Water EPA 608, 8081A 0.050 11g/L 

Solid EPA 8081A 	 1.7 jlg/kg 

gamma-BHC Water EPA 608, 8081A 20 77- 120 0.050 jlg/L 
(Lindane) Solid EPA 8081A 20 674- 127 1.7 jlg/kg 

Heptachlor 	 Water EPA 608, 8081A 20 66- 135 0.050 jlg/L 
Solid EPA 8081A 20 71 - 140 1.7 jlg/kg 

Aldrin 	 Water EPA 608, 8081A 20 74- 122 0.050 jlg!L 
Solid EPA 8081A 20 70- 127 1.7 jlg/kg 

beta- BHC 	 Water EPA 608, 8081A 0.050 jlg/L 
Solid EPA 8081A 1.7 jlg/kg 

delta- BHC 	 Water EPA 608, 8081A 0.050llg/L 
Solid EPA 8081A 1.7 jlg/kg 

Heptachlor Epoxide 	 Water EPA 608, 8081A 0.050 jlg/L 
Solid EPA 8081A 1.7 jlg/kg 

Endosulfan I 	 Water EPA 608, 8081A 0.050 11g/L 
Solid EPA 8081A 1.7 jlglkg 

Gamma Chlordane 	 Water EPA 608, 8081A 0.050 jlg/L 
Solid EPA 8081A 1.7 jlg/kg 
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Table 3.14. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR PESTICIDES/PCB'S -­
REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSAR}j 

Precision Accuracy Reporting Limit 
Parameter Matrix Reference (RPD- %) (%Recovery) 
Alpha Chlordane Water EPA 608, 8081A 0.050 f.lg/L 

Solid EPA 8081A 	 1.7 f.lg/kg 

4 '4 I- DOE 	 Water EPA 608, 8081A 0.10 f.lg/L 
Solid EPA 8081A 3.3 f.lg/kg 

Dieldrin 	 Water EPA 608, 8081A 20 79- 137 0.10 f.lg/L 
Solid EPA 8081A 20 80- 134 3.3 f.lg/kg 

Endrin 	 Water EPA 608, 8081A 20 75- 136 0.10 f.Lg/L 
Solid EPA 8081A 20 76- 136 3.3 f.Lg/kg 

4 '4 I- DOD 	 Water EPA 608, 8081A 0.10 f.lg/L 
Solid EPA 8081A 3.3 f.lg/kg 

Endosulfan II 	 Water EPA 608, 8081A 0.10 f.lg/L 
Solid EPA 8081A 3.3 f.lg/kg 

4 '4 I- DDT 	 Water EPA 608, 8081A 20 83- 127 0.10 f.lg/L 
Solid EPA 8081A 20 73- 136 3.3 f.lg/kg 

Endrin Aldehyde 	 Water EPA 608, 8081A 0.10 f.Lg/L 
Solid EPA 8081A 3.3 f.lg/kg 

Methoxychlor 	 Water EPA 608, 8081A 0.50 f.lg/L 
Solid EPA 8081A 17 f.lg/kg 
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Table 3.14. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR PESTICIDES/PCB'S -­
REPRESENTATIVE VALUES (SUBJECT TO UP DATE AS NECESSAR }j 

Precision Accuracy Reporting Limit 
Parameter Matrix Reference (RPD- %) (%Recovery) 
Endosulfan Sulfate Water EPA 608, 8081A 0.10 f.!g/L 

Solid EPA 8081A 	 3.3 f,!g/kg 

Endrin Ketone 	 Water EPA 608, 8081A 0.10 f.!g/L 
Solid EPA 8081A 3.3 f.!g/kg 

Toxaphene 	 Water EPA 608, 8081A 5.0 f.!g/L 
Solid EPA 8081A 170 f,!g/kg 

Aroclor 1016 	 Water EPA 608, 8082 1.0 f,!g/L 
Solid EPA 8082 33 f,!g/kg 

Aroclor 1221 	 Water EPA 608, 8082 2.0 f.!g/L 
Solid EPA 8082 67 f.!g/kg 

Aroclor 1232 	 Water EPA 608, 8081A 1.0 f,!g/L 
Solid EPA 8081A 33 f,!g/kg 

Aroclor 1242 	 Water EPA 608, 8082 1.0 f,!giL 
Solid EPA 8082 33 f,!g/kg 

Aroclor 1248 	 Water EPA 608, 8082 l.Of.!g/L 
Solid EPA 8082 33 f,!glkg 

Aroclor 1254 	 Water EPA 608, 8082 l.Of.!g/L 
Solid EPA 8082 33 f,!glkg 
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Table 3.14. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR PESTICIDES/PCB'S -­
REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARY) 

Parameter 
Aroclor 12601 

Matrix 
Water 
Solid 

Reference 
EPA 608, 8082 
EPA 8082 

Precision 
(RPD- %) 

20 
20 

Accuracy 
(% Recovery) 

73- 116 
70 - 118 

Reporting Limit 

1.0 f.lg/L 
33 f,lg/kg 

Aroclor 1268 Water 
Solid 

EPA 608, 8082 
EPA 8082 

1.0 f.lg/L 
33 f.!g/kg 

Note: Precision, accuracy, and reporting limits values shown in the table above are subject to change. Consult the QA Department 
and LIMS database for current values. 

Method Control Analyte when only PCBs are to be reported. 1 
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Table 3.15. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR TCLP PESTICIDES -­
REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARY) 

Parameter 
<4amma-BHC 
(Lindane) 

Matrix 
Leachate 

Reference 
EPA 131118031/1. 

Precision 
(RPD- %) 

20 

Accuracy 
(%Recovery) 

77- 120 

Reporting Limit 

0.050 mg/L 

Heptachlor Leachate EPA131118081A 20 66- 135 0.050 mg/L 

Heptachlor Epoxide Leachate EPA 1311/8081A 0.050 mg/L 

Technical Chlordane Leachate EPA 131118081A 1.0 mg/L 

Endrin Leachate EPA 1311/8081A 20 75- 136 0.10 mg/L 

Methoxychlor Leachate EPA 131118081A 0.50 mg/L 

Toxaphene Leachate EPA 1311/8081A 5.0 mg/L 

Note: Precision, accuracy, and reporting limits values shown in the table above are subject to change. Consult the QA Department 
and LIMS database for current values. 
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Table 3.16. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR EDB & DBCP -­
REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARY) 

Parameter Matrix Reference 
Precision 

(RPD- %) 
Accuracy 

(% Recovery) 
Reporting Limit 

Ethylene dibromide Water EPA 504.1, EPA 8011 40 60- 140 0.020 flg/L 

1,2-Dibromo-3­
chloropropane 

Water EPA 504.1, EPA 8011 40 60- 140 0.020 flg/L 

Note: Precision, accuracy, and reporting limits values shown in the table above are subject to change. Consult the QA Department 
and LIMS database for current values. 
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Table 3.17. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR CHLORINATED 
HERBICIDES -­ REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARY) 

Precision Accuracy Reporting Limit 
Parameter Matrix Reference (RPD- %) (% Recovery) 
Dalapon Water EPA 8151A 4.0 !J.g/L 

Solid EPA 8151A 130 !J.glkg 

Dicamba 	 Water EPA 8151A 0.20 11g/L 
Solid EPA 8151A 6.6!J.glkg 

MCPP 	 Water EPA 8151A 100 !J.g/L 
Solid EPA 8151A 3300 !J.g/kg 

MCPA 	 Water EPA 8151A 100!J.g/L 
Solid EPA 8151A 3300 !J.g/kg 

Dichloroprop 	 Water EPA 8151A l.O!J.g/L 
Solid EPA 8151A 33 !J.glkg 

2 4-D1 	 Water EPA 8151A 20 55-140 l.O!J.g/L' 
Solid EPA 8151A 	 20 50-150 33 !J.g/kg 

2,4,5-TP (Silvex) 	 Water EPA 8151A 20 50-120 0.10 !J.g/L 
Solid EPA 8151A 20 50-150 3.3 !J.glkg 

2,4,5-T1 	 Water EPA 8151A 20 65-120 0.10 !J.g/L 
Solid EPA 8151A 20 50-150 3.3 !J.glkg 

Method Control Analyte. 1 
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Table 3.17. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR CHLORINATED 
HERBICIDES -- REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSAR J] 

Precision Accuracy Reporting Limit 
Parameter Matrix Reference (RPD- %) (%Recovery) 
2,4-DB Water EPA 8151A 1.0 J.tg/L 

Solid EPA 8151A 33 J.tg/kg 

Dinoseb Water EPA 8151A 1.0 J.tg/L 
Solid EPA 8151A 33 Jlglkg 

Note: Precision, accuracy, and reporting limits values shown in the table above are subject to change. Consult the QA Department 
and LIMS database for current values. 
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Table 3.18. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR TCLP CHLORINATED 
HERBICIDES -- REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARY) 

Precision Accuracy Reporting Limit 
Parameter Matrix Reference (RPD- %) (%Recovery) 
2,4-D Leachate EL't\ 131118151A 20 'iS-140 O.lOmg/L 

2,4,5-TP (Silvex) Leachate EPA 1311/8151A 20 50-120 0.010 mg/L 

Note: Precision, accuracy, and reporting limits values shown in the table above are subject to change. Consult the QA Department 
and LIMS database for current values. 
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Table 3.19. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR POLYNUCLEAR 
AROMA TIC HYDROCARBONS -- RFEPRESENTA TIVE VALUES (SUBJECT TO UPDATE AS NECESSARY) 

Precision Accuracy Reporting Limit 
Parameter Matrix Reference (RPD- %) (%Recovery) 

Naphthalene 	 Water EPA 8310 0.50 ~g/L 
Solid EPA 8310 15 ~g/kg 

Acenaphthylene 	 Water EPA 8310 20 36-93 1.0 ~g/L 
Solid EPA 8310 20 27-90 30 ~g/kg 

1-Methylnaphthalene 	 Water EPA 8310 1.0 ug/L 
Solid EPA 8310 30 ug/kg 

2-Methylnaphthalene 	 Water EPA 8310 1.0 ug/L 
Solid EPA 8310 30 ug/kg 

Acenaphthene 	 Water EPA 8310 1.0 ~g/L 
Solid EPA 8310 20 ~g/kg 

Fluorene 	 Water EPA 8310 0.10 ~giL 
Solid EPA 8310 3.0 ~g/kg 

Phenanthrene 	 Water EPA 8310 20 45- 107 0.050 ~g/L 
Solid EPA 8310 20 46-96 2.0 ~g/kg 

Anthracene 	 Water EPA 8310 0.10 ~g/L 
Solid EPA 8310 2.0 ~g/kg 
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Table 3.19. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR POLYNUCLEAR 
AROMA TIC HYDROCARBONS -- RFEPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARY) 

Precision Accuracy Reporting Limit 
Parameter Matrix Reference (RPD- %) (%Recovery) 

Fluoranthrene 	 Water EPA 8310 0.10 flg/L 
Solid EPA 8310 3.0 flg/kg 

Pyrene 	 Water EPA 8310 20 40- 104 0.050 flg/L 
Solid EPA 8310 20 43-96 2.0 flg/kg 

Benzo( a )anthracene 	 Water EPA 8310 0.050 flg/L 
Solid EPA 8310 3.0 flg/kg 

Chrysene 	 Water EPA 8310 0.050 flg/L 
Solid EPA 8310 2.0 flg/kg 

Benzo(b )fluoranthrene 	 Water EPA 8310 0.10 flg/L 
Solid EPA 8310 3.0 flg/kg 

Benzo(k)fluoranthrene 	 Water EPA 8310 20 61 - 126 0.050 flg/L 
Solid EPA 8310 20 66- 115 2.0 flg/kg 

Benzo( a )pyrene 	 Water EPA8310 0.10 flg/L 
Solid EPA 8310 3.0 flg/kg 

Dibenzo( a,h )anthracene 	 Water EPA 8310 20 55 - 113 0.10 flg/L 
Solid EPA 8310 20 20- 133 3.0 flg/kg 
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Table 3.19. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR POLYNUCLEAR 
AROMA TIC HYDROCARBONS -- RFEPRESENT A TIVE VALUES (5;UBJECT TO UP DATE AS NECESSARY) 

Parameter 
Benzo(g,h,i)perylene 

Matrix 
Water 
Solid 

Reference 
EPA 8310 
EPA 8310 

Precision 
(RPD- %) 

Accuracy 
(% Recovery) 

Reporting Limit 

0.10 ~g/L 
2.0 ~g/kg 

Indeno( 1 ,2,3-c,d)pyrene Water 
Solid 

EPA 8310 
EPA 8310 

0.10~g/L 

2.0 ~g/kg 

Note: Precision, accuracy, and reporting limits values shown in the table above are subject to change. Consult the QA Department 
and LIMS database for current values. 
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Table 3.20. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR 
NITROAROMATICS/EXPLOSIVES -- REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARY) 

Precision Accuracy Reporting Limit 
Parameter Matrix Reference (RPD- %) (% Recovery) 
Octahydro-1 ,3,5, 7-tetranitro Water EPA 8330 30 33- 113 1.0 )lg/L 
1,3,5,7-tetrazocine (HMX) Solid EPA 8330 30 61 - 137 2.2 mg/kg 

Hexahydro-1 ,3 ,5-trinitro-	 Water EPA 8330 30 35- 113 0.84 )lg/L 
1,3,5-triazine (RDX) 	 Solid EPA 8330 30 74- 127 1.0 mg/kg 

1,3 ,5-Trinitrobenzene Water EPA 8330 30 27- 104 0.26 )lg/L 
(1,3,5-TNB) Solid EPA 8330 30 79- 117 0.25 mg/kg 

1 ,3-Dinitrobenzene Water EPA 8330 30 35- 106 0.25 )lg/L 
(1,3-DNB) Solid EPA 8330 30 80-132 0.25 mg/kg 

Tetryl (Methyl-2,4,6- Water EPA 8330 30 1.0 )lg/L 
trinitrophenylnitramine) Solid EPA 8330 30 0.65 mg/kg 

Nitrobenzene (NB) 	 Water EPA 8330 30 34-91 1.0 )lg/L 
Solid EPA 8330 30 78- 129 0.26 mg/kg 

2,4,6-Trinitrotoluene Water EPA 8330 30 41 - 107 0.25 )lg/L 
(2,4,6-TNT) Solid EPA 8330 30 82- 126 0.25 mg/kg 

4-Amino-2,6-DNT 	 Water EPA 8330 30 0.25 )lg/L 
Solid EPA 8330 30 0.25 mglkg 

2-Amino-4,6-DNT 	 Water EPA 8330 30 41-111 0.25 )lg/L 
Solid EPA 8330 30 81- 125 0.25 mg/kg 
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Table 3.20. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR 
NITROAROMA TICS/EXPLOSIVES -- REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARY) 

Precision Accuracy Reporting Limit 
Parameter Matrix Reference (RPD- %) (% Recovery) 
2,6-Dinitrotoluene Water EPA 8330 30 0.25 1-1g/L 
(2,6-DNT) Solid EPA 8330 30 0.26 mg/kg 

2,4-Dinitrotoluene Water EPA 8330 30 38- 100 0.25 1-1g/L 
(2,4-DNT) Solid EPA 8330 30 75-130 0.25 mg/kg 

o-Nitrotoluene (2-NT) 	 Water EPA 8330 30 1.0 1-1g/L 
Solid EPA 8330 30 0.25 mg/kg 

p-Nitrotoluene ( 4-NT) 	 Water EPA 8330 30 1.0 1-1g/L 
Solid EPA 8330 30 0.25 mg/kg 

m-Nitrotoluene (3-NT) 	 Water EPA 8330 30 1.0 1-1g/L 
Solid EPA 8330 30 0.25 mg/kg 

Nitroglycerin 	 Water EPA 8330 mod 5.0 ug/L 
Solid EPA 8330 mod 1.8 mg/kg 

PETN 	 Water EPA 8330 mod 5.0 ug/L 
Solid EPA 8330 mod 1.8 mg/kg 

Note: Precision, accuracy, and reporting limits values shown in the table above are subject to change. Consult the QA Department 
and LIMS database for current values. 
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Table 3.21. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR NITROGUANIDINE -­
REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARY) 

Parameter Matrix Reference 
Precision 

(RPD- %) 
Accuracy 

(% Recovery) 
Reporting Limit 

Nitro guanidine Water 
Solid 

PAISOP439 
PAISOP439 

30 
30 

100 ug/L 
6.0 mg/kg 

Note: Precision, accuracy, and reporting limits values shown in the table above are subject to change. Consult the QA Department 
and LIMS database for current values. 
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Table 3.22. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR 
ORGANONITROGEN/ORGANOPHOSPHOROUS PESTICIDES -- REPRESENTATIVE VALUES 
(SUBJECT TO UPDATE AS NECESSARl} 

Parameter Matrix Reference 
Precision 
(RPD- %) 

Accuracy 
(%Recovery) 

Coumaphos Water 
Solid 

EPA 8141A 
EPA 8141A 

Demeton 0 & S Water 
Solid 

EPA 8141A 
EPA 8141A 

Diazinon Water 
Solid 

EPA 8141A 
EPA 8141A 

25 
25 

56-140 
51-123 

Dichlorovos Water 
Solid 

EPA 8141A 
EPA 8141A 

Disulfoton Water 
Solid 

EPA 8141A 
EPA 8141A 

Ethoprop Water 
Solid 

EPA 8141A 
EPA 8141A 

25 
25 

50-123 
49-115 

F ensulfothion Water 
Solid 

EPA 8141A 
EPA 8141A 

Fenthion Water 
Solid 

EPA 8141A 
EPA 8141A 

Revision 5 
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Reporting Limit 

2.0 1-1g/L 
67 1-lg/ kg 

1.0 1-1g/L 
33 1-lg/ kg 

1.0 1-1g/L 
33 1-lg/ kg 

1.0 1-1g/L 
33 1-lg/ kg 

4.0 1-1g/L 
130 1-lg/ kg 

1.0 1-1g/L 
33 1-lg/ kg 

1.0 1-1g/L 
33 1-lg/ kg 

1.0 1-1g/L 
33 1-lg/ kg 
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Table 3.22. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR 
ORGANONITROGEN/ORGANOPHOSPHOROUS PESTICIDES -- REPRESENTATIVE VALUES 
(SUBJECT TO UPDATE AS NECESSARY) 
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Parameter 
~.1erphos A & B 

Methyl Azinophos 

Methyl Parathion 

Mevinphos 

Naled 

Phorate 

Ronnel 

Sulprofos 

Tetrachlorvinphos 

Matrix 

Water 

Solid 


Water 

Solid 


Water 

Solid 


Water 

Solid 


Water 

Solid 


Water 

Solid 


Water 

Solid 


Water 

Solid 


Water 

Solid 


Precision Accuracy Reporting Limit 
Reference (RPD- %) (%Recovery) 
EPA 8141A 2.0 11g/L 
EPA 8141A 67 llg/ kg 

EPA 8141A 2.0 11g/L 
EPA 8141A 67 llg/ kg 

EPA 8141A 25 54-115 1.0 11g/L 
EPA 8141A 25 62-112 33 llg/kg 

EPA 8141A 1.0 11g/L 
EPA 8141A 33 llg/kg 

EPA 8141A 3.0 11g/L 
EPA 8141A 100 llg/kg 

EPA 8141A 1.0 11g/L 
EPA 8141A 33 llg/kg 

EPA 8141A 1.0 11g/L 
EPA 8141A 33 llg/kg 

EPA 8141A 1.0 11g/L 
EPA 8141A 33 !lglkg 

EPA 8141A 1.0 11g/L 
EPA 8141A 33 llg/kg 
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Table 3.22. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR 
ORGANONITROGEN/ORGANOPHOSPHOROUS PESTICIDES -- REPRESENTATIVE VALUES 
(SUBJECT TO UPDATE AS NECESSARY) 

Precision Accuracy Reporting Limit 
Parameter Matrix Reference (RPD- %) (% Recovery) 

Tokuthion 	 Water EPA 8141A 1.0 IJ.g/L 
Solid EPA 8141A 33 IJ.glkg 

Trichloronate 	 Water EPA 8141A 25 50-114 1.0 IJ.g/L 
Solid EPA 8141A 25 54-115 33 IJ.g/kg 

Note: Precision, accuracy, and reporting limits values shown in the table above are subject to change. Consult the QA Department 
and LIMS database for current values. 
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Table 3.23. SUMMARY OF ACCURACY CRITERIA & REPORTING LIMITS FOR ALPHA SPECTROMETRY PARAMETERS 
-- REPRESENTATIVE VALUES 

Accuracy Reporting Limit 
Parameter Matrix Reference (% Recovery) (Default MDC 1 

) 

Isotopic Americium 	 Water SOP 776/778/7801714 79- 118 0.10 pCiiL I isotope 
(241) 	 Solid SOP 721/773/778/780/714 79- 118 0.05 pCi/g I isotope 

Other SOP 721/773/778/780/714 79- 118 0.10 pCi I aliq. I isotope 

Isotopic Curium 	 Water SOP 776/778/780/714 79- 118 0.10 pCiiL I isotope 
(244) 	 Solid SOP 721/773/778/780/714 79- 118 0.05 pCilg I isotope 

Other SOP 721/773/778/780/714 79- 118 0.10 pCi I aliq. I isotope 

Isotopic Plutonium Water SOP 776/777/778/714 82- 118 0.10 pCiiL I isotope 
(238, 239, 240) Solid SOP 721/773/778/714 82- 118 0.05 pCilg I isotope 

Other SOP 721/773/778/714 82- 118 0.10 pCi I aliq. I isotope 

Isotopic Uranium Water SOP 776/778/714 82- 122 0.20 pCiiL I isotope 
(234, 235, 238) Solid SOP 721/773/778/714 82- 122 0.10 pCi/g I isotope 

Other SOP 721/773/778/714 82- 122 0.20 pCi I aliq. I isotope 

Total Uranium Water ASTM 03972-mod; SOP 75- 125 0.50 pCiiL 
776/778/714 

(from Alpha Isotopic) Solid ASTM 03972-mod SOP 75- 125 0.25 pCilg 
721/773/778/714 

Other ASTM 03972-mod SOP 75- 125 0.50 pCi I aliq. 
721/7731778/714 

Polonium- 210 Water EERF 00-03-mod; SOP 83 - 117 0.50 pCiiL I isotope 
719/714 

Solid EERF 00-03-mod; SOP 83 - 117 0.25 pCilg I isotope 
721/719/714 

MDC = Minimum Detectable Concentration. 1 
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Table 3.23. SUMMARY OF ACCURACY CRITERIA & REPORTING LIMITS FOR ALPHA SPECTROMETRY PARAMETERS 
-- REPRESENTATIVE VALUES 

Accuracy Reporting Limit 
Parameter Matrix Reference (%Recovery) (Default MDC1 

) 

Other EERF 00-03-mod; SOP 83 - 117 0.50 pCi I aliq. I isotope 
721/719/714 

Neptunium - 23 7 	 Water SOP 765/714 75- 125 0.20 pCiiL I isotope 
Solid SOP 765/714 75- 125 0.10 pCilg I isotope 
Other SOP 765/714 75- 125 0.20 pCi I a1iq. I isotope 

Isotopic Thorium Water SOP 7761777/782/714 88- 127 0.20 pCiiL I isotope 
(228, 230, 232) Solid SOP 773/777/714 88- 127 0.10 pCilg I isotope 

Other SOP 773/777/714 88- 127 0.20 pCi I aliq. I isotope 
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Table 3.24. SUMMARY OF ACCURACY CRlTERlA & REPORTING LIMITS FOR GAMMA SPECTROMETRY 
PARAMETERS -- REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARY) 

Accuracy Reporting Limit 
Parameter Matrix Reference (%Recovery) (Default MDC) 

Gamma Emitting Water EPA 901.1-mod; SOP 739/713 85 - 115 10 pCiiL (ref. Cs-137) 
Materials Solid EPA 901.1-mod; SOP 739/713 85 - 115 0.50 pCilg (ref. Cs-137) 

Other EPA 901.1-mod; SOP 739/713 85- 115 10 pCi I aliq. (ref. Cs-137) 

Radium -226 Water EPA 901.1(mod Kahn) SOP 706 75- 125 1.0 pCiiL I isotope 
Radium -228 Water EPA 901.1(mod Kahn) SOP 706 75- 125 1.0 pCi!L I isotope 

Radium-2261228 Solid EPA 901.1-mod; SOP 739/713 85 - 115 0.50 pCiiL I isotope 
(Screening) 

Iron- 55 	 Water RESL1 Fe-01-mod 70-130 50 pCiiL 
Solid RESL Fe-01-mod 70- 130 20 pCilg 
Other RESL Fe-01-mod 70-130 50 pCi I aliq. 

Nickel- 59 	 Water RESL Ni-01-mod; SOP 752/713 65 - 135 500 pCi/L 
Solid RESL Ni-01-mod; SOP 752/713 65- 135 100 pCilg 
Other RESL Ni-01-mod; SOP 752/713 65 - 135 500 pCi I aliq. 

Note: Precision, accuracy, and reporting limits values shown in the table above are subject to change. Consult the QA Department 
and LIMS database for current values. 

RESL =Analytical Chemistry Branch Procedures Manual, Radiological and Environmental Sciences Laboratory, Department of Energy, Idaho Operations 
Office 

1 
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Table 3.25. SUMMARY OF ACCURACY CRITERIA & REPORTING LIMITS FOR LIQUID SCINTILLATION COUNTING 
PARAMETERS-- REPRESENTATIVE VALUES (SUBJECTTO UPDATE AS NECESSARY) 


Parameter Matrix 

Carbon -14 Water 
Solid 
Other 

Tritium Water 
Solid 
Other 

Nickel- 63 Water 
Solid 
Other 

Plutonium - 241 Water 
Solid 
Other 

Other beta 
emitters 

Other 

Reference 

EERF C-Ol; SOP 772/704 
EERF C-Ol-mod; SOP 772/704 
EERF C-Ol-mod; SOP 772/704 

906.0; SOP 700/704 
EERF H-01-03; SOP 754/704 
EERF H-01-03; SOP 754/704 

RESL Ni-01; SOP 737/704 
RESL Ni-01; SOP 737/704 
RESL Ni-01; SOP 737/704 

SOP 776/777/782/714/704 
SOP 721/773/777/780/704 
SOP 721/773/777/780/704 

SOP 704 

Accuracy Reporting Limit 
(%Recovery) (Default MDC) 

63- 117 500 pCi/L 
63- 117 100 pCi/g 
63- 117 100 pCi /aliquot 

85- 115 400 pCi/L 
85- 115 1.0 pCi/g 
75- 125 4.0 pCi I aliquot 

70-130 10 pCi!L 
70-130 10 pCi/g 
70- 130 1 0 pCi I aliquot 

65- 135 20 pCi/L 
65- 135 20 pCilg 
65- 135 20 pCi I aliquot 

65- 135 Various 

Note: Precision, accuracy, and reporting limits values shown in the table above are subject to change. Consult the QA Department 
and LIMS database for current values. 
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Table 3.26. SUMMARY OF ACCURACY CRITERIA & REPORTING LIMITS FOR GAS FLOW PROPORTIONAL COUNTING 
PARAMETERS 

Parameter 

Gross Alpha 

Gross Beta 

Gross Alpha 
Coprecipitate 

Radium-228 

Total Alpha Emitting 
Radium 

Iodine- 129 

Lead- 210 

Strontium- 89190 

-- REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSARY) 


Matrix 


Water 

Solid 

Other 


Water 

Solid 

Other 


Water 

Solid 

Other 


Water 

Solid 


Water 

Solid 

Other 


Water 

Solid 

Other 


Water 

Solid 

Other 


Water 

Solid 

Other 


Reference 

EPA 900.019010; SOP 7021724 
EPA 900.0-mod/90 1 0-mod; SOP 7021724 
EPA 900.0-mod/90IO-mod; SOP 7021724 

EPA 900.0190IO; SOP 7021724 
EPA 900.0-mod/90IO-mod; SOP 7021724 
EPA 900.0-mod/90 I 0-mod; SOP 7021724 

SM 7IIOC; SOP 7021724 
SM7110C; SOP 7021724 
SM 7I10C; SOP 702/724 

EPA 904.019320; SOP 7461724 
EPA 904.0-mod/9320; SOP 7461724 

EPA 903.019315; SOP 7121724 
EPA 903.0-mod/9315; SOP 7I21724 
EPA 903.0-mod/9315; SOP 7I21724 

EPA 902.0; SOP 7531724 
EPA 902.0-mod; SOP 7531724 
EPA 902.0-mod; SOP 7531724 

ASTM D58II-95-mod; SOP 7261724 
ASTM D58II-95-mod; SOP 7261724 
ASTM D581I-95-mod; SOP 7261724 

ASTM D58I1-95-mod; SOP 7071724 
ASTM D5811-95-mod; SOP 7071724 
ASTM D5811-95-mod; SOP 7071724 

Accuracy 

(% Recovery) 


70- I30 
70-130 
70- I30 

70- I30 
70- I30 
70- 130 

70- I30 
70- 130 
70- 130 

65- 135 
65- I35 

75- 125 
75- 125 
75- 125 

65- I35 
65-135 
65-135 

70-130 
70- 130 
70- 130 

75- 125 
75- 125 
75- 125 

Reporting Limit 
(Default MDC) 

3.0pCiiL 
3.0 pCilg 

3.0 pCi I aliquot 

4.0pCi!L 
4.0 pCilg 

4.0 pCi I aliquot 

I.OpCiiL 
I.O pCi!g 

I.O pCi I aliquot 

1.0 pCi IL I isotope 
20 pCi lg I isotope 

I.OpCi/L 
20 pCilg 

1.0 pCi I aliquot 

10pCiiL 

10 pCilg 


I 0 pCi I aliquot 


I.OpCiiL 

I.O pCilg 

1.0 pCi I aliquot 

1.0pCi!L 
0.50 pCilg 

I.O pCi I aliquot 
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Table 3.26. SUMMARY OF ACCURACY CRITERIA & REPORTING LIMITS FOR GAS FLOW PROPORTIONAL COUNTING 
PARAMETERS -- REPRESENTATIVE VALUES (SUBJECT TO UPDATE AS NECESSAR }j 

Accuracy Reporting Limit 
Parameter Matrix Reference (% Recovery) (Default MDC) 
Technetium- 99 Water DOE RP 550; SOP 755/724 65- 135 lOpCi/L 

Solid DOE RP 550; SOP 756/724 65- 135 3.0 pCi/g 
Other DOE RP 550; SOP 756/724 65- 135 3.0 pCi I aliquot 

Note: Precision, accuracy, and reporting limits values shown in the table above are subject to change. Consult the QA Department 
and LIMS database for current values. 
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Table 3.27. SUMMARY OF PRECISION AND ACCURACY CRITERIA & REPORTING LIMITS FOR KINETIC 
PHOSPHORESCENCE ANALYSIS PARAMETERS -- REPRESENTATIVE VALUES 
(SUBJECT TO UPDATE AS NECESSARY) 

Precision Accuracy Reporting Limit 
Parameter Matrix Reference _@PD- %) (%Recovery) (Default MDC) 

Total Uranium 	 Water ASTM D-5174-91; SOP 741/747 20% 80- 120 1.0~-Lg/L 

Solid ASTM D-5174-91-mod; SOP 741/747 20% 80- 120 0.10~-Lg/g 

Other ASTM D-5174-91-mod; SOP 741/747 20% 80- 120 2.0 11g I aliquot 

Note: Precision, accuracy, and reporting limits values shown in the table above are subject to change. Consult the QA Department 
and LIMS database for current values. 
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Table 3.28. SAMPLE PREPARATION METHOD SUMMARY 

Sample 
Preparation Description 
Method Number 

EPA 3005 Acid Digestion - HN03 
&HCl 

EPA 3020 Acid Digestion - HN03 

EPA 3050 Acid Digestion - HN03 
&HCl 

EPA 3060 Alkrline Digestion 

EPA 35101 Separatory Funnel 
Liquid-Liquid Extraction 

EPA 3520 Continuous Liquid-
Liquid Extraction 

EPA 3540 Soxhlet Extraction 

EPA 3550 Sonication Extraction 

EPA 5030 Purge-and-Trap 

EPA 3620 Florisil Cleanup 

EPA 3630 Silica Gel Cleanup 

EPA 3640 Gel-Permeation Cleanup 

EPA 3660 Sulfur Cleanup 

EPA 3665 Sulfuric Acid Cleanup 

Matrix 

Water 

Water 

Solid 

Solid 

Water 

Water 

Solid 

Solid 

Water, Solid 

Water, Solid 

Water, Solid 

Water, Solid 

Water, Solid 

Water, Solid 

Sample Preparation for 
Methods 

EPA 6010B 

EPA 7060A, 7421, 7741A, 
7761, 7841 

EPA 6010B, 7060A, 7421, 
7741A, 7761, 7841 

EPA 7196 

EPA 8081A, 8141A, 8270C 

EPA 8081A, 8141A, 8270C, 
8310 

EPA 8081A, 8141A, 8270C, 
8310 

EPA 8081A, 8270C, 8310 

EPA 8021B, 8015-G, 8260B 

EPA 8081A 

EPA 8081A, 8310 

EPA 8081A, 8270C 

EPA 8081A, EPA 8082 

EPA 8082 (PCBs only) 

Not preferred extraction technique. 1 
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4. SAMPLE PRESERVATION, HOLDING TIMES AND HANDLING 

PROCEDURES 

4.1 INTRODUCTION 

Obtaining representative samples and maintaining their integrity are critical elements of any 

monitoring program. Analytical methods have been standardized but the results of analyses 

are only as good as the sampling and the sample preservation methods. Defining the 

magnitude and the nature of an environmental problem requires collecting representative 

samples for laboratory analysis and data evaluation. The careful collection of samples is 

key to obtaining an accurate assessment of the site's environmental impact and to 

developing the appropriate remedial solution. Defining in detail the numerous available 

sampling procedures and their associated quality elements applicable to environmental 

testing is beyond the scope of this document. Quality elements required to meet the DQO's 

for a given sampling event must be contained in a project specific sampling plan or within 

an overall site work plan. The plans should present the best approved techniques currently 

available for sampling and sample preservation. 

In sampling, the objective is to remove a small portion ofan environment that is 

representative of the entire body. After the sample has been taken, the constituents of the 

sample must stay in the same condition as when collected. The length of time that these 

constituents will remain stable is related to their character and the preservation method 

used. As preservation methods relate to the parameters to be analyzed, these techniques are 

classified by parameter. 

4.2 FIELD SUPPORT 

Paragon provides shipping containers, custody documents, custody seals, sample bottles, 

labels, chemical preservatives for water samples, "blue ice" packs to maintain thermal 

preservation, and trip and field blanks to support field sampling events. Table 4-1 

4-1 
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chemical preservative was added is measured (with the exception of sample collected for 

volatile organic compounds) and recorded. A disposable pipette is used to remove an 

aliquot of the sample for the pH check. When deviations from the required chemical or 

thermal preservation are noted, the Project Manager is notified. The Project Manager 

notifies the client immediately of any chain of custody inconsistencies, temperature 

excursions, broken bottles, or preservation issues. 

Water samples for GC and GC/MS volatile aromatics determinations are monitored for 

pH prior to analysis, at which time the pH of each individual sample bottle used is 

checked. The portion of sample used for the analytical determination is removed from 

the vial prior to checking the sample's pH. Sample pH measurements are recorded on 

laboratory chronicles as they are taken. 

Sample holding times begin with the collection of samples and continue until analysis is 

complete. Holding times are presented in Table 4-1 through Table 4-5. 

4.4 SAMPLE CONTAINERS 

Paragon provides precleaned and certified sample bottles in the shipping containers for 

sample collection. Used sample bottles are never reused by the laboratory. Vendor 

prepared I-Chem 200™, 300™, Eagle Pitcher (level3) or equivalent bottles are provided. 

The Sample Control Department maintains certificates of cleanliness. These certificates 

will be provided to the client upon request. Containers are stored in clean areas to 

prevent exposure to fuels, solvents, and other contaminants. 

4.5 SAMPLE RECEIPT SCHEDULE 

Samples are normally delivered to Paragon during business hours within one day 

following field sampling unless different arrangements are made in advance with an 

authorized Paragon representative. Shipping containers received at the laboratory on 

business holidays, weekends or after normal work hours will be placed in the walk-in 
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through 5-5 list sample container types, preservatives and holding times. The laboratory 

may be able to provide pick up and delivery services to clients. 

Upon receipt of the field samples at the laboratory, Paragon laboratory personnel ensure 

that sample bottles are maintained according to preservation requirements and that 

sample storage conditions do not contribute to the presence of test analytes in the 

samples. Separate storage areas are provided for samples to be analyzed for the following 

parameter groups: metals/inorganics, semi-volatile organics, volatile organics and 

radiochemical analyses. Sample segregation in this manner is one way Paragon minimizes 

the chance for cross-contamination of samples. 

Paragon typically uses commercial coolers for the transport of environmental samples 

from the field to the laboratory. Chain-of-custody seals and forms, employed for each 

cooler packed at Paragon, ensure complete documentation and provide evidence of 

unbroken custody of the cooler contents. Coolers meet or exceed all protocol 

requirements (i.e., DOT, USEPA, ASTM) for shipping. Coolers are prepared at the 

laboratory to provide the client with all of the sample containers needed for the analyses 

required by a project. 

4.3 SAMPLE PRESERVATION AND HOLDING TIMES 

Paragon provides the required chemical preservatives for water samples and "blue ice" 

packs, for thermal preservation at 4 ° C ± 2 ° C, in the shipping containers during the 

shipping process. High quality reagent grade chemical preservatives are added to sample 

bottles. The ice packs are supplied at ambient temperatures. It is the responsibility of 

those collecting the samples to properly use these materials and ensure that proper 

preservation techniques (chilling) are performed and preservative (chemical preservation) 

requirements are met. 

Upon receipt of samples at the laboratory, the temperature of each cooler is measured and 

recorded on the chain of custody documents. Similarly, the pH of bottles to which 
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refrigerator and opened on the next regular business day unless prior arrangements are 

made in advance for that day's receipt and log-in. 
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Table 4-1 REQUIRED CONTAINERS, PRESERVATION TECHNIQUES AND 
HOLDING TIMES FOR AQUEOUS INORGANIC TESTS 

3NAME CONTAINER1 PRESERVATION2
' MAXIMUM HOLDING TIME 

Acidity P,G Cool, 4°C 14 days 
Alkalinity P,G Cool, 4°C 14 days 
Ammonia P,G Cool, 4°C, H2S04 to pH<2 28 days 
Biochemical Oxygen P,G Cool, 4°C 48 hours 

Demand (BOD) 
Biochemical Oxygen P,G Cool, 4°C 28 days 

Demand, Carbonaceous 
Bromide P,G None Required 28 days 
Chemical Oxygen Demand P,G Cool, 4°C, H2S04 to pH<2 28 days 

(COD) 
Chloride P,G None Required 28 days 
Chlorine, Total Residual P,G None Required Analyze immediately 
Chromium, Hexavalent P,G Cool, 4°C 24 hours 
Color P,G Cool, 4°C 48 hours 
Cyanide, Total P,G Cool, 4°C, NaOH to pH> 12 14 days 

0.6g ascorbic acid 
Fluoride p None Required 28 days 
Hardness P,G HN03, to pH<2, H2S04 to 6 months 

pH<2 
Nitrogen, Total Kjeldahl P,G Cool, 4°C, H2S04 to pH<2 28 days 
Mercury P,G HN03 topH<2 28 days 
Metals, Except Cr( +6) & Hg P,G HN03to pH<2 6 months 
Nitrate P,G Cool, 4°C 48 hours 
Nitrate +Nitrite P,G Cool, 4°C, H2S04 to pH<2 28 days 
Nitrite P,G Cool, 4°C 48 hours 
Oil & Grease G Cool, 4°C, H2S04 to pH<2 28 days 
Organic Carbon, Total (TOC) P,G Cool, 4°C, H2S04 to pH<2 28 days 
Orthophosphate P,G Filter immediately, 48 hours 

Cool, 4°C 
pH P,G None Required Analyze immediately 
Phenolics G only Cool, 4°C, H2S04 to pH<2 28 days 
Phosphorus, Total P,G Cool, 4°C, H2S04 to pH<2 28 days 
Residue, Total P,G Cool, 4°C 7 days 
Residue, Filterable (TDS) P,G Cool, 4°C 7 days 
Residue, Nonfilterable(TSS) P,G Cool, 4°C 7 days 
Specific conductance P,G Cool, 4°C 28 days 
Sulfate P,G Cool, 4°C 28 days 
Sulfide P,G Cool, 4°C, add zinc acetate & 7 days 

NaOHtopH>9 
Turbidity P,G Cool, 4°C 48 hours 

1 Polyethylene (P) or Glass (G) 
2 Free chlorine must be removed prior to addition ofHCl by the appropriate addition of sodium thiosulfate. 
3Adjust to pH<2 with H2S04, HCI. 
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Table 4-2 REQUIRED CONTAINERS, PRESERVATION TECHNIQUES AND 
HOLDING TIMES FOR AQUEOUS ORGANIC TESTS 

NAME CONTAINER PRESERVATION MAXIMUM HOLDING TIME 
Purgeable Halocarbons G,Teflon-Lined Septum Cool, 4°C 14 days 

NazSz03 
Formaldehyde G Cool, 4°C 3 days until extraction, 3 days after 
(8315, 554) extraction 
Purgeable Aromatic G,Teflon-Lined Septum Cool, 4° C'0.008% 14 days 
Hydrocarbons Na2S203, HCl pH <2 
Acrolein and acrylonitrile G,Teflon-Lined Septum Cool, 4° C'0.008% 14 days 

Na2S203. Adjust pH to 4-5 
Phenols G,Teflon-Lined Septum Cool, 4° C' 0.008% 7 days until extraction, 40 days 

NazSz03 cap after extraction 
Benzidines G,Teflon-Lined Septum Cool, 4° C ·0.008% 7 days until extraction, 40 days 

NazSz03 cap after extraction 
Phthalate esters G,Teflon-Lined Cap Cool, 4° C 7 days until extraction, 40 days 

after extraction 
Nitrosamines G,Teflon-Lined Cap Cool, 4° C, store in dark, 7 days until extraction, 40 days 

0.008%, Na2Sz03 after extraction 
PCBs G,Teflon-Lined Cap Cool, 4° C 7 days until extraction, 40 days 

after extraction 
Nitroaromatics and cyclic G,Teflon-Lined Cap Cool, 4° C, store in dark, 7 days until extraction, 40 days 

ketones 0.008%, NazSz03 after extraction 
Polynuclear aromatic G,Teflon-Lined Cap Cool, 4° C, store in dark, 7 days until extraction, 40 days 

hydrocarbons 0.008%, Na2S203 after extraction 
Haloethers G,Teflon-Lined Cap Cool, 4° C, store in dark, 7 days until extraction, 40 days 

0.008%, Na2S203 after extraction 
Chlorinated Hydrocarbons G,Teflon-Lined Cap Cool, 4° C, store in dark, 7 days until extraction, 40 days 

0.008%, Na2Sz03 after extraction 
Dioxins and Furans G,Teflon-Lined Cap Cool, 4° C, 0.008%, NazSzOJ 7 days until extraction, 40 days 

after extraction 
Pesticides G,Teflon-Lined Cap Cool, 4° C2 7 days until extraction, 40 days 

pH 5-9 after extraction 
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Table 4-3 REQUIRED CONTAINERS, PRESERVATION TECHNIQUES AND 

HOLDING TIMES FOR AQUEOUS RADIOLOGICAL TESTS 


NAME CONTAINER PRESERVATION MAXIMUM HOLDING TIME 
Alpha, Beta, Radium, P,G HN03 <pH2 *180 days 
Gamma,U, Th,Pu,Am,Cm, 
Np,Sr,Tc 
Gross Alpha/Beta p HN03 <pH2 *180 days 
Radium 226/228/Total p HN03 <pH2 *180 days 
Uranium/Plutonium, Thorium, p HN03<pH2 *180 days 
Americium, Neptunium, Curium, 
Strontium 89/90/Total 
Tritium G Cool4° C *180 days 
Tc99 p HN03 < 2 *180 days 
Gamma Spec p HN03 < 2 *180 days 
C-14 G pH>7w/NaOH *180 days 
Radioiodine P,G 0.008% Na2Sz03 *180 days 

*-Paragon mtemal gmdehne; not regulatory. For lodme-131, analyze as soon as possible(< 8 days). 
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Table 4-4 REQUIRED CONTAINERS, PRESERVATION TECHNIQUES, AND 
HOLDING TIMES FOR NON-AQUEOUS LIQUIDS, SOIL OR SOLID MATRICES 

NAME 
Semivolatile 
Organics/Organochlorine 
PesticidesiPCBs and 
Herbicides 

Concentrated waste samples 

SoiUsediments and sludges 

Volatile Organics 
Concentrated waste samples 

Liquid samples, no residual 
Chlorine present 
Liquid samples, residual 
chlorine present 

Acrolein & Acrylonitrile 

SoiUsediments and sludges 

CONTAINER 

8 oz. wide mouth glass 

w/Teflon liner 


8 oz. wide mouth glass 

w/Teflon liner 


8 oz. wide mouth glass 

w/Teflon liner 


3x40 mL vials w/Teflon 

lined septum caps 


3x40 mL vials w/Teflon 

lined septum caps 


3x40 mL vials w/Teflon 
lined septum caps 

4 oz. (120 mL), wide 
mouth glass w/Teflon 
liner or wide mouth 

glass container sealed 
w/a septum 

PRESERVATION 

None 

Cool, 4° C 

None 

Cool, 4° C4 

Collect sample in a 4 oz. 

soil VOA container 

which has been pre­

preserved w/4 drops of 

10% sodium thiosulfate. 


Gently mix sample & 

transfer to a 40 mL VOA 


vial. Cool to 4°C 

Adjust to pH 4-5, Cool 


to 

4° c 


Cool to 4° C 


MAXIMUM HOLDING TIME 

14 days until extraction, 40 days after 

extraction 


14 days until extraction, 40 days after 

extraction 


14 days 


14 days 


14 days 


14 days 


14 days 
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Table 4-5 REQUIRED CONTAINERS, PRESERVATION, AND HOLDING TIMES 
FOR AIR METHODS 

TEST MEDIA PRESERVATION MAXIMUM HOLDING TIME 
T01 Tenax tubes Freezer - 20 o C 14 days 
T02 Carbo Sieve Cool to 4° C 14 days 

VOST Tenax/Tenax-Charcoal Cool to 4° C 14 days 
T04 Puf3" long, 60mm Freezer - 10° C or below Extracted 7 days after collection 

diameter 
TOlO Puf 10 em long, 20 mm Cool to 4° C Extracted 7 days after collection 

diameter 
TOll Absorbent cartridge Cool to 4° C 30 days 
T013 PufXAD/XAD Extracted 7 days after collection 
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5. 	 SAMPLE CUSTODY 

5.1 SAMPLE RECEIPT 

Sample shipments are received at the sample receiving area. Sample custodians verify 

the number of shipping containers received against the numbers listed on the shipping 

manifest/chain-of-custody. Any damage to the shipping containers or other discrepancy 

observed is noted on the chain-of-custody before signing it. 

The external chain-of-custody must be signed by the carrier for relinquishment of samples 

and signed by sample custodian personnel for sample receipt. The actual 

chain-of-custody may be supplied by Paragon, or may be the client's own form. The 

chain-of-custody remains in the project file at all times. 

5.2 CHAIN-OF-CUSTODY AND SAMPLE LABELS 

Chain-of-Custody encompasses three major elements: field sampling, laboratory analysis, 

and final data file. A Chain-of-Custody (COC) document may be the means in some types 

of legal proceedings by which evidence of custody of samples from time of receipt to 

completion of analysis is proved in the courts. The Paragon laboratory has implemented 

standard operating procedures (SOPs) to ensure that sample custody objectives of 

traceability and responsibility are achieved for every project. This section covers quality 

related activities from the receipt of samples at the laboratory through the issuance of final 

analytical data and the storage of data in its final data file. 

The National Enforcement Investigations Center (NEIC) ofEPA defines evidence of 

custody in the following manner: 

• 	 It is in your actual possession, or 

• 	 It is in your view, after being in your physical possession, or 

• 	 It was in your possession and then you locked or sealed it up to prevent tampering, 

or 

• 	 It is in a secure area. 
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Samples may be physical evidence and should be handled according to certain procedural 

safeguards. Field personnel or client representatives complete a Chain-of-Custody Form for 

all samples. Samples are received by the laboratory accompanied by these forms. 

The sampler should provide the following information on the Chain of Custody Form and 

sample label: 

• Client project name 

• Project location 

• Field sample number/identification 

• Date and time of sample collection 

• Sample matrix 

• Container type and number of containers for each sample 

• Preservative 

• Analysis requested 

• Sampler signature 

• Signature of person relinquishing samples 

• Date and time relinquished 

• Sampler remarks 

• Custody Seal Number (if applicable) 

• Designation of MS/MSD 

The record is filled out completely and legibly. Errors are corrected by drawing a single line 

through and initialing and dating the error. The correct information is then recorded with 

indelible ink. All transfers of samples except to and from commercial couriers must be 

recorded on the Chain-of-Custody via the "relinquished" and "received by" sections. All 

information except signatures may be printed. 
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5.3 SAMPLE VERIFICATION 

Upon arrival of a sample shipment and following initial screen for radioactivity, sample 

control personnel perform sample inspection. Paragon's Sample I.D. and Condition 

Sheet (Figure 5-l) serves as a check list of procedures to follow and as documentation of 

the following: 

• 	 Presence/absence of custody seals or tapes of the shipping containers and the 

condition ofthe seals (i.e., intact, broken). 

• 	 Presence/absence of chain-of-custody; (if present, is it complete?) 

• 	 Presence/absence of sample tags; (if present, are they removable?) 

• 	 Agreement/non-agreement between the sample tags, chain-of-custody, and any client 

documentation. 

• 	 Condition of the samples when received, including: 

• 	 Sample temperature 

• 	 Intact, broken/leaking 

• 	 Headspace in VOA vials 

• 	 Sample holding time 

• 	 Sample pH when required completion of radiological screen to ensure compliance 

with DOT regulations 

If discrepancies are found, the Paragon Project Manager is contacted immediately. If the 

Project Manager is not available, the Quality Assurance Manager is contacted for further 

directions. A copy of a Discrepancy Report Form is included in the project file. 

5.4 SAMPLE LOGIN POLICIES 

Upon completing sample receipt/custody procedures, all sample and analysis data must be 

complete and documented on the chain of custody or accompanying forms for input into 

the Laboratory Information Management System (LIMS). 
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Figure 5-1 CONDITION OF SAMPLE UPON RECEIPT FORM 

CLIENT:________ SHIPPING CONTAINER 
#:______ 

WORK ORDER NO. ____ INITIALS: ____ 
DATE· 

1. 	 Does this project require special handling according to NEESA, Level3, Yes No 
or CLP protocols? 
Ifyes, complete a. and b. 
a. Cooler Temperature 
b. Lot No's. 

c. Airbill Number 
2. 	 Are custody seals on the cooler intact? If so, how many I N/A Yes No 
3. 	 Are custody seals on sample containers intact? I N/A Yes No 
4. 	 Is there a Chain of Custody (COC) or other representative documents, Yes No 

letters or shipping memos? 
5. 	 Is the COC complete? I N/A Yes No 

Relinquished: Yes No Requested Analysis: Yes No 
6. 	 Is the COC in agreement with the samples received? Yes No 

No. of Samples: Yes No Sample ID's: Yes No 
Matrix: Yes No No. ofContainers:Yes No 

7. 	 Are the samples requiring acidpreservation preserved correctly? I N/A Yes No 
8. 	 Is there enough sam_Qle? If so, are they in the proper containers? Yes No 
9. 	 Are all samples within holding times for the requested analyses? Yes No 
10. Were the sample received on ice? 	 I N/A Yes No 
II. Were all sample containers received intact? (not broken or leaking, etc.) 	 Yes No 
12. Are samples requiring no headspace, headspace free? 	 I N/A Yes No 
13. Do the samples require quarantine? 	 Yes No 
14. Do samples require Paragon disposal? 	 Yes No 
15. Did the client return any unused bottles? 	 Yes No 

Describe "NO" items (except No's I, 13, &14): 

Was the client contacted? Yes No 

Ifyes, Date: Name of person contacted: 


Describe actions taken or client instructions: 


Group Leader's Signature: 	 Date: 
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Sample and analysis data must include: 

• Client name and contact 

• Client number 

• Paragon Work Order Number 

• Paragon Project Manager 

• Sample descriptions 

• Due date 

• List of analyses requested 

Sample and requested analyses data are then input into the LIMS. All samples received 

before 1200 hours are logged into the LIMS on the day of receipt. Samples received after 

1200 hours are logged in before 1200 hours the following business day. 

A Work Order is generated immediately by the LIMS. The Work Order, Chain-of­

Custody, Condition Upon Receipt form and Program Specifications (if applicable) are 

distributed as follows: 

• To the Paragon Project Manager; 

• To the project file; 

• To each department; and 

• To the client via facsimile. 

Work Order is to be reviewed against the chain of custody by the Project Manager. Any 

discrepancies discovered by the Project Manager will be noted on the Work Order, which 

will be returned to the Sample Receiving Department for correction. After the Project 

Manager approves the Work Order it will distributed as described above. 

Sample containers are labeled with the corresponding Paragon sample ID and the stamped 

date of receipt. After the containers are labeled, samples are ready for storage in the 

appropriate area. 
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5.5 WHEN SAMPLES ARE RECEIVED WITH INADEQUATE DOCUMENTATION 

If delivered by a client: Client is asked if previous arrangements were made for analysis 

(and with whom). The client completes a chain ofcustody and/or request for analysis, 

relinquishes samples to sample custodian personnel, and is given a copy of the C-0-C. 

If received by courier or shipping: 

• 	 Routine Client File is checked 

• 	 Paragon key client contact is consulted 

• 	 General Manager is consulted to determine the designated Paragon Project Manager 

• 	 Information is requested from the Paragon Project Manager 

If analysis information cannot be determined on the day of sample receipt, sample data 

entry personnel proceed to assign sample numbers and put samples on hold. Follow-up 

with Project Manager occurs until the analyses are determined and samples can be properly 

logged in. 

5.6 	 RESPONSIBILITIES FOR SAMPLE LOG IN 

5.6.1 SAMPLE CUSTODIAN 

• 	 Has the primary responsibility ofensuring that sample information is input into the 

LIMS as described in the SOP. 

• 	 Has the responsibility to make recommendations to the Quality Assurance Manager for 

revising the SOP. 

5.6.2 PROJECT MANAGER 

• 	 Has the overall responsibility for ensuring that this procedure is implemented for all 

samples received into the laboratory. 

• 	 Has overall responsibility for ensuring that samples are logged in correctly (given that 

appropriate information has been supplied). 
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5.7 	 SAMPLE STORAGE 


5.7.1 GENERAL PROCEDURES 


Samples are stored immediately upon receipt to prevent sample degradation. 


5.7.2 REFRIGERATED STORAGE AREA MAINTENANCE 


All refrigerated storage areas are maintained at 4°C ± 2°C. The temperature is monitored 


and recorded daily. If the temperature falls outside the limit of2°- 6°C, corrective action 


is to be taken as follows and appropriately documented. 


• 	 Temperature is monitored at 30 minute intervals with the refrigerator door 

closed. 

• 	 Quality Assurance Manager is notified if the problem persists longer than one 

hour. 

• 	 Samples are relocated to a proper storage environment if temperature cannot 

be maintained after corrective actions are implemented. 

5.7.3 ROUTINE SAMPLE STORAGE 

• 	 Samples within each project are stored in sample number order. 

• 	 Waters and soils are generally stored on labeled separate shelves. 

5.7.4 SPECIFIC PROCEDURES 

• Volatiles 

Samples within a project are stored in numerical order in vial containers. The holders are 

then stored where space permits in one of the designated volatile organic refrigerated 

storage areas. 

• Semi-Volatiles 

Samples within a project are stored in numerical order in a designated, refrigerated 

storage area. 

• Hazardous Materials 

Pure product or potentially heavily contaminated samples are tagged as "hazardous" and 

stored within a secured area, separate from other samples. This area is used only for 
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hazardous samples arid is labeled per Occupational Health arid Safety Administration 

(OSHA) requirements. 

• Radiochemistry 

Samples designated for radiochemistry arialyses only are segregated arid maintained at 

ambient temperature. Those samples having suspected activity arid scheduled for 

chemical arialyses are segregated arid refrigerated. Access to this area is limited. 

5.7.5 RESPONSIBILITIES FOR SAMPLE STORAGE 

• 	 Project Manager has overall responsibility for ensuring that the Staridard Operating 

Procedure (SOP) is followed, samples are stored properly upon receipt, arid 

refrigerated storage area temperatures are maintained. 

• 	 Sample custodiaris are responsible for storing all samples upon receipt into the 

appropriate storage area, maintaining high level security for those samples under 

custody, arid for keeping a current custody sample inventory. 

• 	 Analytical personnel have the responsibility of daily sample storage area 

maintenarice, disposal of old samples, arid providing space for incoming samples in 

routine storage areas. 

Assigned individuals are responsible for maintaining arid documenting: (a) refrigerated 

storage area temperatures, arid (b) corrective actions. 

5.8 	 SAMPLE/DATA ACCESS AND INTERNAL CHAIN-OF-CUSTODY 

5.8.1 GENERAL POLICIES AND PROCEDURES 

Paragon has implemented staridard operating procedures to ensure the integrity of 

samples and data so that they are not degraded or disclosed to unauthorized personnel. In 

order to ensure that this policy is maintained, the laboratory facilities are under controlled 

access. Only employees are allowed into the laboratory facilities; visitors must register 

at the front desk. 
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Samples are removed from their proper location by designated personnel and returned to 

the storage area immediately after the required sample quantity has been taken. This 

procedure minimizes unnecessary time spent searching for samples and helps prevent 

matrix degradation from prolonged exposure to room temperature. After the final report 

is sent and clients are allowed adequate time to review the results, the samples are 

properly discarded or returned to the client. 

Upon client request, additional and more rigorous chain-of-custody protocols for samples 

and data can be implemented. For samples involving a high degree of confidentiality or 

potential litigation, Paragon has developed extensive sample and data handling protocols 

to ensure the scientific and legal defensibility of the report submitted. These protocols 

include those specified by the USEP A Contract Laboratory Program. 

Analysts and technicians follow strict internal chain-of-custody procedures to further 

ensure the validity of all data. All samples are signed out in a sample custody log book 

when they are removed for analysis. The sample ID, date, time, analyst, and lab of 

analysis is recorded in the sample custody log or equivalent. Samples are signed back in 

noting date, time, and storage location, upon return. 

5.8.2 RESPONSIBILITIES FOR INTERNAL CHAIN-OF-CUSTODY SOP 

COMPLIANCE 

• 	 The Quality Assurance Manager has the overall responsibility for ensuring that the 

SOP is implemented and followed. 

• 	 The sample custodian personnel have the responsibility for ensuring that the SOP is 

properly followed, and to notify the Quality Assurance Manager of problems. 

• 	 All employees checking out samples are required to follow procedures. 

5.9 	 SUBCONTRACTING ANALYTICAL SERVICES 

Every effort is made to perform analyses within the Paragon laboratory. Should 

subcontracting be necessary, samples are placed at other certified labs -- only after 
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receiving the client's written approval. See SOP 103 for additional information on 

evaluating a subcontract laboratory and data. 

When subcontracting becomes necessary, a preliminary verbal communication with an 

appropriate laboratory is undertaken. Work performed under specific protocols may 

involve special consideration. For instance, work involving AFCEE, NFESC, or USACE 

samples may be subcontracted only to agency-approved laboratories. The contact and 

preliminary arrangements and terms of agreement are made between the Paragon Project 

Manager and the appropriate subcontract laboratory personnel (i.e., laboratory manager, 

customer services contact, or the appropriate laboratory section manager). The specific 

terms of the subcontract laboratory agreement should include (when applicable): 

• 	 Method (EPA or otherwise) of analysis 

• 	 Number and type of samples expected 

• 	 Project specific QA/QC requirements 

• 	 Deliverables required (hardcopy, electronic) 

• 	 Applicable laboratory certification status 

• 	 Price per analysis 

• 	 Turn around time requirements 

Chain-of-Custody forms must be generated for samples which require subcontracting to 

other laboratories. The sample management personnel repackage the samples for shipment, 

create a transfer chain-of-custody form and record the following information: 

• 	 Paragon Work Order Number. 

• 	 Matrix. 

• 	 Requested analysis. 

• 	 Special instructions (quick turn around, required detection limits, anything unusual 

known about the samples or analytical procedure). 

• 	 Signature in "Relinquished By" block of the COC form. 

All subcontracted sample data reports are sent to the Paragon Project Manager. 
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5.10 SAMPLE DISPOSAL 

After completion of sample analysis and submission of the analytical report, unused 

portions of samples are retained by the laboratory for a minimum of 60 days from date of 

invoice. Samples will be disposed ofor returned to the client according to the nature of the 

samples. Samples are considered hazardous waste or mixed waste and are handled by state 

and federally licensed hazardous waste or mixed waste disposal firms. 

5.11 EXCESS SAMPLE DISPOSITION 

Samples not consumed during the analyses are returned to the client or disposed of by 

Paragon. It is the Sample Custodian's responsibility to ensure that proper disposal has taken 

place. 

If samples are to be returned to the client or held longer than 60 days, a sample disposition 

form is generated. Otherwise, samples are disposed of 60 days after invoice. 
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6. ANALYTICAL PROCEDURES 

Paragon is capable of analyzing the full range ofenvironmental samples from all media, 

including surface and groundwater, soil, sediment, tissue, and waste. Methodologies are 

employed with guidance from agencies such as EPA, ASTM, and - in certain instances ­

regulatory agencies. Paragon also develops and validates methodologies which are more 

applicable to a specific problem or objective. 

\ 
Analytical procedures are detailed descriptions ofany and all processing, preparation and 

analysis of samples in the laboratory. In some instances, data format, presentation and 

delivery are also described. All analytical procedures shall be conducted in strict adherence 

with written Standard Operating Procedures manuals which have been reviewed and 

approved by the Department Manager, the Quality Assurance Manager, and Laboratory 

Manager. Documents from which SOPs are developed include the references listed in 

Table 6-3. Additional SOPs may be adapted from other sources or generated in-house as 

project needs require. 

6.1 ANALYTICAL METHODS 

Numerous sources of information are available to offer guidance in analytical methods. 

Selection of the appropriate method is dependent upon data usage and the regulatory 

requirements during the analysis. Table 6-3 describes the analytical references routinely 

used by Paragon. Paragon may modify existing methods based on the following 

considerations: 1) in order to meet project specific objectives; 2) in order to incorporate 

modifications or improvements in analytical technology; 3) in order to comply with 

changing regulations and requirements; 4) in order to address unusual matrices not covered 

in available methods, 5) to provide analytical capabilities for analytes for which there are no 

promulgated methodologies.. Paragon will make every effort to disclose to its clients any 

instances in which modified methods are being used in the analysis of samples. 

The following subsections contain method synopses for representative methods most 

frequently performed at Paragon. For clarity purposes, certain method summaries also 
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contain calibration criteria, several of which are also described in Section 7, Calibration 

Procedures and Frequency. 

6.1.1 COMPLIANCE 

6.1.1.1 DEFINITION 

Compliance is the proper execution ofrecognized, documented procedures which are either 

approved or required. Adherence to these procedures is required in order to provide data 

products acceptable to a regulatory body ofcompetent jurisdiction in a specific regulatory 

context. Compliance is separate from, but not inconsistent with, technical scientific quality. 

Paragon accepts compliance as an integral part ofthe definition ofquality. Paragon 

understands that the expectations ofour clients commonly include the assumption that data 

and reports will satisfy a regulatory purpose and will be found acceptable and compliant 

with regulatory requirements for the performance of tests and generation ofdata. 

6.1.1.2 UNDERSTANDING THE REGULATORY FRAMEWORK 

Compliance is not likely to be achieved in the absence ofan understanding of the regulatory 

framework. Paragon will attempt to ascertain, prior to beginning a project, what regulatory 

jurisdiction (USEPA, NJDEPE, etc.) pertains to a project; within the regulatory jurisdiction, 

what body of regulation is meant to be satisfied (RCRA, SDWA, 21E, etc.); and finally, 

within this context, what protocols are required/expected (CLP, AFCEE, NEESA, USACE, 

etc.). Paragon will work with its clients to achieve a mutual understanding of all 

requirements. 

6.1.1.3 COMMITMENT 

Paragon makes the following commitments to its clients: 

• 	 Paragon will proactively attempt to identify and understand the regulatory context of 

clients' needs. 

• 	 Paragon will strive to be expert in understanding and executing the regulatory 

requirements for compliance. 
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• 	 Paragon will identify and disclose to clients instances of non-compliance in a forthright 

fashion. 

6.1.1.4 RESOLVING COMPLIANCE CONTRADICTIONS AND HIERARCHIES 

It is a common occurrence that multiple regulatory jurisdictions overlap in a specific case. 

This causes uncertainty or even contradictions to arise in a work plan. Paragon will make 

every effort to detect such inconsistencies, and will communicate them to clients so that an 

informed decision can be made by the client regarding execution of the project. Similarly, 

methods and protocols will often be prescribed in a scope of work or QAPP which either 

will not achieve stated or implied DQOs or which are in conflict with the regulatory 

requirements. Paragon will attempt to detect these inconsistencies, and upon detection, 

disclose same to our client. Paragon voluntarily accepts a responsibility to provide advice 

to clients; however, the primary responsibility for resolving inconsistencies with regulators 

remains with the client. 

6.1.1.5 DISCLOSURE OF NONCOMPLIANCE 

As stated, it is Paragon's policy to disclose in a forthright marmer any detected 

noncompliance that may affect the usability of data produced by Paragon. It is not within 

our expertise to predict the marmer in which a specific regulator or regulatory body will 

interpret the rules governing analysis; therefore, Paragon is unable to guarantee compliance. 

It is Paragon's policy that our responsibility begins with a bona fide and competent attempt 

to evaluate potential compliance issues and ends with disclosure ofany findings that may be 

useful to our client in their making the final judgment. 

6.2 NON-STANDARD METHODS VALIDATION 

When non-promulgated methods (i.e. methods other than EPA, NIOSH, ASTM, AOAC, 

etc.) are required for specific projects or analytes of interest, or when the laboratory 

develops a method, the laboratory must establish the validity ofthe method prior to 

applying it to client samples. Method validity is established by meeting criteria for 

precision and accuracy. Method development and validation must include the following: 

MDL study; validated extraction and analytical criteria; SOP generation and approval; and 
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comparison studies on matrix spike samples. The method development study will be 

treated as a work order and all data filed appropriately (see Section 10.7 of the LQAP). 

6.3 SUMMARY OF SAMPLE PREPARATION METHODS 

6.3.1 DIGESTION OF AQUEOUS SAMPLES FOR METALS- METHOD 3005A 

This method is an acid digestion procedure used for the preparation of water samples for 

metals analysis. The digested samples can be analyzed for dissolved and total recoverable 

metals by flame (FLAA) or furnace (GFAA) atomic absorption spectrophotometry or by 

inductively coupled argon plasma emission spectroscopy (ICP). Method 3005 may be used 

to prepare samples for analysis of the following metals: 

Aluminum Cobalt Potassium 
Antimony Copper Selenium 
Arsenic Iron Silver 
Barium Lead Sodium 
Beryllium Magnesium Thallium 
Cadmium Manganese Vanadium 
Calcium Molybdenum Zinc 
Chromium Nickel 

For the analysis of total recoverable metals, the entire sample is acidified at the time of 

collection with nitric (HN03) acid. Sample preparation involves heating the sample with 

nitric acid and concentrating to a specified volume. The sample is not allowed to boil 

because some elements are in a volatile state and may be easily lost. The digestate is then 

filtered (if necessary) and diluted to the desired final volume for analysis. For the analysis 

of dissolved metals in water samples, some analysis methodologies do not require sample 

digestion prior to analysis. If the client clearly identifies samples as dissolved water 

samples, they laboratory may analyze these samples without digestion. 

For the analysis of dissolved metals, the samples are filtered through a 0.45-um filter 

immediately upon collection and prior to acidification with nitric acid. In the lab, the 

sample is heated with acid and the volume is reduced. The digestate is filtered again (if 

necessary) and diluted to volume. 
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6.3.2 DIGESTION OF AQUEOUS SAMPLES FOR METALS- METHOD 3010A 

AND THE CLP SOW 

These methods describe the preparation ofaqueous samples for total metals determination 

by flame atomic absorption spectrophotometry (FLAA) and by inductively coupled argon 

plasma emission spectroscopy (ICP). By Method 3010A, samples are vigorously digested 

with nitric and hydrochlorid acids. 

6.3.3 DIGESTION OF AQUEOUS SAMPLES FOR METALS- METHOD 3020A 

AND THE CLP SOW 

These methods describe the preparation of aqueous samples for total metals determination 

by graphite furnace atomic absorption spectroscopy (GF AA). By Method 3020A, samples 

are vigorously digested with nitric acid and hydrogen peroxide. By CLP protocol, samples 

are digested with a mixture of nitric acid and hydrogen peroxide. 

6.3.4 DIGESTION OF SOLID SAMPLES FOR METALS- METHOD 3050A AND 

THECLP SOW 

These methods are applicable to the preparation of sediment, sludge, and soil samples for 

metals determination by FLAA or GF AA or by ICP. One gram of solid sample is digested 

with nitric acid and hydrogen peroxide. The digestate is then refluxed with nitric or hydro­

chloric acid, depending on the analysis performed. When using hydrochloric acid as the 

final refluxing acid, the digests may not be boiled because antimony is in a volatile state and 

may be easily lost. A separate sample aliquot is dried to determine the percent moisture in 

the sample. 

6.3.5 SEPARATORY EXTRACTION- METHOD 3510C 

Method 3510C is designed to quantitatively extract nonvolatile and semivolatile organic 

compounds from liquid samples using separatory funnel techniques. The sample and 

extracting solvent must be immiscible in order to yield recovery of target compounds. 

Subsequent cleanup and detection methods are described in the organic analytical method 

that will be used to analyze the extract. Samples are pH-adjusted and serially extracted by 

vigorous shaking for 1-2 minutes with the appropriate solvent for the analytical method. 
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Samples are extracted three times, the combined extracts are dried with anhydrous sodium 

sulfate, and concentrated in a Kudema-Danish apparatus. 

6.3.6 CONTINUOUS LIQUID/LIQUID EXTRACTION- METHOD 3520C 

Method 3520C is designed to quantitatively extract nonvolatile and semivolatile organic 

compounds from liquid samples using continuous liquid-liquid extractors. The sample and 

extracting solvent must be immiscible in order to recover target compounds. Subsequent 

cleanup and detection methods are described in the organic analytical method that will be 

used to analyze the extract. Samples are pH-adjusted and extracted with the appropriate 

solvent for the analytical method. Samples are extracted for 18 to 24 hours and the extracts 

dried with anhydrous sodium sulfate and concentrated in a Kudema-Danish apparatus. 

6.3.7 SOXHLET EXTRACTION- METHOD 3540C 

Method 3540C is a procedure for extracting nonvolatile and semivolatile organic com­

pounds from solids such as soils and sludges. The Soxhlet extraction process ensures 

intimate contact of the sample matrix with the extraction solvent. Extraction is accom­

plished by mixing the solid sample with anhydrous sodium sulfate, placing it in an 

extraction thimble or between two plugs ofglass wool, and extracting it with an appropriate 

solvent in the Soxhlet extractor for 18 to 24 hours. The extract is dried and concentrated 

and then treated using a cleanup method or analyzed directly by the appropriate 

measurement technique. 

6.3.8 SONICATION EXTRACTION- METHOD 3550B 

Method 3550B is a procedure for extracting nonvolatile and semivolatile organic com­

pounds from solids such as soils and sludges. The Sonication process ensures intimate 

contact of the sample matrix with the extraction solvent. A weighed sample of the solid 

waste is mixed with sodium sulfate, then dispersed into the solvent using sonication. The 

extract is dried with anhydrous sodium sulfate and concentrated with a Kudema-Danish 

apparatus. The resulting solution may then be cleaned up or analyzed directly using the 

appropriate technique. 
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6.3.9 WASTE DILUTION- METHOD 3580A 

Method 3580A is a technique for solvent dilution ofnon-aqueous waste samples prior to 

sample cleanup and/or analysis. It is designed for wastes that may contain organic 

constituents at concentrations greater than 20,000 ug/kg and that are soluble in the dilution 

solvent. 

6.3.10 PURGE-AND-TRAP SAMPLE INTRODUCTION- METHOD 5030B/5035 

Method 5030B/5035 is used to determine the concentration of volatile organic compounds 

in a variety of liquid and solid waste matrices using a purge and trap gas chromatographic 

procedure. The success ofthis method depends on the level of interferences in the sample. 

Results may vary due to the large variability and complexity of various matrices. 

Inert gas is bubbled through a 5-mL or 25-mL aqueous sample aliquot at ambient 

temperature to transfer the volatile components to the vapor phase. The vapor is swept to a 

sorbent column where the volatile components are trapped. After purging is completed, the 

sorbent column is flash heated and back:flushed with inert gas to desorb and transfer the 

volatile components onto the head ofa GC column. The column is heated to elute the 

volatile components, which are detected by the appropriate detector for the analytical 

method used. 

Solid samples may be analyzed using one of two techniques. For GC and GC/MS analysis, 

5 g of solid sample is dispersed into 5 mL of blank laboratory water and the sample is 

purged as described above. This technique is referred to as the direct purge method. If 

analyte concentrations in the sample are above the upper calibration range, a medium-level 

methanol extraction may be performed. In this procedure, an aliquot of solid sample is 

dispersed in methanol to dissolve the volatile constituents, and a portion of the methanol 

extract is combined with blank purge water and purged as described above. 
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6.3.11 EXTRACTION PROCEDURE TOXICITY TEST (EP-TOX)- METHOD 1310A 

This method is used to determine whether a waste exhibits the characteristics of extraction 

procedure (EP) toxicity. If a representative sample of the waste contains >0.5% solids, the 

solid phase of the sample is ground to pass a 9.5 mm sieve and extracted with deionized 

(DI) water that is pH adjusted with acetic acid. Wastes containing <0.5% solid material are 

extracted and analyzed as a single phase. 

6.3.12 TOXICITY CHARACTERISTIC LEACHING PROCEDURE (TCLP)­

METHOD 1311 

This method is used to determine whether a waste exhibits toxicity leaching characteristics. 

The procedure includes a leaching extraction for semivolatile compounds and metals and a 

zero-headspace extraction for volatile compounds. 

6.3.13 CALIFORNIA ASSESSMENT MANUAL WASTE EXTRACTION TEST 

(CAM WET) 

This waste extraction test, described in the California Administrative Code, Title 22, Article 

11, Section 66700, can be used to determine the amount ofextractable substance in a waste 

or other material. 

6.3.14 PREPARATION OF SAMPLES FOR THE DETERMINATION OF 

ACTINIDES 

Preparation of water samples for actinide analysis begins with generating an iron 

hydroxide co-precipitate. The iron hydroxide precipitate is dissolved in strong acid 

(either HCl or HN03). Purification ofthe various actinides is then accomplished using 

anion exchange procedures. Following anion exchange, the analytes are mounted for 

alpha counting/analysis by forming a lanthanum fluoride co-precipitate and collecting the 

precipitate on a membrane filter. 

Preparation of solid samples for this determination begins with a total dissolution of the 

solid matrix using hydrofluoric, nitric and hydrochloric acids. An initial separation is 

performed by generating an iron hydroxide co-precipitate. The iron hydroxide precipitate 
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is dissolved in strong acid (either HCl or HN03). Purification of the various actinides is 

then accomplished using anion exchange procedures. Following anion exchange, the 

analytes are mounted for alpha counting/analysis by forming a lanthanum fluoride co­

precipitate and collecting the precipitate on a membrane filter. 

6.3.15 PREPARATION OF SAMPLES FOR GROSS ALPHA AND GROSS BETA 

DETERMINATION 

Water samples are prepared for gross alpha and gross beta analysis by evaporation of an 

aliquot on a stainless steel planchet. The samples will be stabilized with acid to 

maximize the solubility of the radionuclides. The aliquot size used for analysis varies 

since the maximum amount of residue permitted for counting is 100 mg. 

Soil samples are prepared for gross alpha and gross beta analysis by leaching the soil with 

a nitric acid solution on a steam bath. An aliquot of the leachate (containing no more 

than 100 mg of solid) is then evaporated on a stainless steel planchet for counting. 

6.3.16 PREPARATION OF SAMPLES FOR THE DETERMINATION OF 

RADIOSTRONTIUM 

The preparation of water samples for radiostrontium analysis begins by concentration of 

the analyte trapping it on a cation exchange column. Strontium (and other cations) are 

then stripped from the column with a nitric acid solution, and the eluent collected. 

Strontium is then further concentrated and purified using ion exchange columns packed 

with a resin that has a high affinity for strontium (Sr- spec). The purified/concentrated 

strontium is then driven off the Sr - spec resin with dilute nitric acid, and the eluent 

collected. This eluted solution is evaporated on a stainless steel planchet for beta 

counting. Chemical yield is determined by Inductively Coupled Argon Plasma analysis 

of the chemical species of stable strontium. 

Analysis of radiostrontium in solids is done by performing a nitric acid leach on the solid 

sample. The leachate is processed to purify strontium following a procedure identical to 

the analysis for radiostrontium in water described above. 
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6.3.17 PREPARATION OF SAMPLES FOR THE DETERMINATION OF TRITIUM 

Water samples are prepared for tritium analysis by distillation. Potassium permanganate 

and sodium hydroxide are added prior to distillation to remove interferences arising from 

organic constituents. An aliquot of the distillate is mixed with a liquid scintillation 

cocktail for beta counting. 

Solid samples are prepared for tritium analysis by distillation of water from the solid 

using a microwave distillation apparatus. If insufficient water is available (dry soil), 

additional water is added and allowed to equilibrate before the distillation is performed. 

An aliquot of the distillate is mixed with a liquid scintillation cocktail for beta counting. 

6.3.18 PREPARATION OF WATER SAMPLES FOR THE DETERMINATION OF 

RADIUM228 

Radium in a water sample is collected by co-precipitation with barium and lead sulfate. 

The precipitate is collected, washed and redigested. Further purification of radium is 

accomplished by reprecipitation of analyte with an ethylenediamine-tetraacetic acid 

(EDTA) solution. Both Ra-226 and Ra-228 are collected in this precipitate. After a 36­

hour ingrowth ofAc-228 (created from the radioactive decay ofRa-228), the Ac-228 is 

co-precipitated with yttrium oxalate, purified and beta counted immediately after final 

collection. 

6.3.19 PREPARATION OF SAMPLES FOR THE DETERMINATION OF TOTAL 

URANIUM BY KINETIC PHOSPHORESCENCE ANALYSIS (KP A) 

Water samples are prepared for KP A analysis by evaporation to dryness followed by 

digestion with nitric acid. after digestion is complete, the samples are restored to their 

original volume. An aliquot is then mixed with URAPLEX complexing reagent prior to 

measurement by KP A. 

Soil samples are prepared for KP A analysis by dissolution using hydrogen peroxide and 

hydrofluoric, hydrochloric, nitric acids. After digestion is complete, the digestates are 
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brought to a known volume. an aliquot of the digestate is then mixed with URAPLEX 

complexing reagent and analyzed in the same manner as water samples by KP A. 

6.3.20 PREPARATION OF SAMPLES FOR THE DETERMINATION OF NI-63 

Nickel-63 is dissolved from solids using a nitric acid leach procedure. Nickel in the 

leachate is purified by formation of a complex with dimethyl glyoxime (Ni - DMG). The 

Ni- DMG is extracted from the sample with chloroform and evaporated to dryness. The 

Ni - DMG is dissolved in concentrated HN03 , diluted with water and mixed with 

scintillation cocktail for beta counting. 

Nickel-63 in water samples is preconcentrated by passing the sample through a cation 

exchange column, which will immobilize the nickel on the resin carrier. Sorbed nickel is 

stripped from the cation exchange column with a nitric acid solution. The collected 

eluent (enriched with Ni-63) is then processed through the Ni-DMG extraction process 

described above for the solid analysis. 

6.3.21 PREPARATION OF SAMPLES FOR THE DETERMINATION OF PB-210 

Lead in solids is solubilized by the total dissolution of the matrix using nitric, 

hydrochloric and hydrofluoric acids. Lead in the solid digestates and water samples is 

preconcentrated by passing the sample through a cation exchange column, which will 

immobilize the lead on the resin carrier. The selected chromatographic resin is chosen to 

have a high affinity for lead, which will allow potentially interfering radionuclides to be 

removed from the sample matrix. Lead is then stripped from the cation exchange column 

with hydrochloric acid. The purified solution containing lead is reduced in volume and 

transferred to a planchet, where it is evaporated to dryness. Lead-21 0 is determined by 

measuring the ingrowth ofbismuth-210 (the radioactive decay product oflead-210). 

Non-radioactive lead is spiked into the samples at the initial stages of processing to 

monitor chemical recovery of the sample preparation process. 
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6.3.22 PREPARATION OF SAMPLES FOR CARBON-14 ANALYSIS 

Carbon is separated from sample matrices by conversion to carbon dioxide with a heated 

potassium permanganate and sulfuric acid digestion. The evolved carbon dioxide gas is 

trapped in a basic water solution. An aliquot of this distillate trap solution is then mixed 

with liquid scintillation cocktail for counting. 

6.3.23 PREPARATION OF SAMPLES FOR TECHNETIUM-99 ANALYSIS 

Technetium-99 is leached from solids with 1 N nitric acid, which will mobilize this 

analyte and bring it into the aqueous phase. Tc-99 is then selectively absorbed onto a 

TEV A-Spec chromatographic resin, which will separate this analyte from potential 

interferents. The analyte is then driven off the resin with 12 N nitric acid, and the eluent 

collected. The eluent is reduced in volume, and transferred to a planchet and evaporated 

to dryness. The dried planchet is then presented to the analytical instrumentation for beta 

counting. 

The processing steps for water samples is identical to the soil procedure except there is no 

need for an initial acid leach. 

6.3.24 PREPARATION OF WATER SAMPLES FOR IODINE-29 ANALYSES 

A stable (non-radioactive) iodate carrier solution is spiked into an acidified water sample. 

The iodate (with I-129) is reduced to the iodide state with sodium sulfate and the iodide is 

precipitated with silver as Agl. The precipitate is filtered, which removes interferents and 

precipitate is dissolved with zinc powder and sulfuric acid. This resolubilizes the iodide, 

which is then reprecipitated as palladium iodide, leaving most of the halide anions in 

solution. The Pdh is then filtered, and the filter submitted to the analytical 

instrumentation for beta counting. 
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6.4 CALIBRATION AND ANALYSIS PROCEDURES FOR ORGANICS 

6.4.1 AROMATIC VOLATILE ORGANICS- METHOD 8021B 

Aromatic volatile organics in water and soil samples are analyzed using Method 8021 B, 

which is a gas chromatography (GC) method using purge and trap sample introduction 

(Method 5030B/5035). Ari inert gas is bubbled through a water matrix to transfer volatile 

aromatic hydrocarbons from the liquid to the vapor phase. Volatile aromatics are collected 

on a sorbent trap, then flash thermally desorbed and transferred to a GC column. Target 

analytes are detected using a photoionization detector (PID). Soil samples are extracted by 

direct purge or with methanol; then an aliquot of sample extract is added to blank reagent 

water for purge and trap GC analysis. 

Positive results are confirmed by GC analysis using a second GC column ofdissimilar 

phase. When second column analysis is performed, peak RTs on both columns must match 

expected RTs within the calculated RT windows. 

Calibration for 8021B- Calibration standards are prepared and analyzed at five 

concentration levels. A linear calibration curve is developed for each analyte of interest. If 

the RSD is less than 20% for that analyte, an average response factor may be calculated and 

used for sample concentration. Otherwise, a linear curve function is used (with a calibration 

correlation coefficient that is~ 0.995) to calculate analyte concentrations. Each working 

day, the calibration is verified with the analysis ofa continuing calibration standard at the 

beginning and end ofthe run sequence and after every 10 analyses. For each analyte of 

interest, the %D of the response in the continuing calibration standard must agree with the 

expected response by ± 15% in order for the run sequence to continue. 

6.4.2 ORGANOCHLORINE PESTICIDES AND PCBS- METHOD 8081A/8082 AND 

THECLPSOW 

Organochlorine pesticides and PCBs are analyzed by gas chromatography following either 

methods 8081A/8082 or the CLP Organic SOW. Each of these analyses involves solvent 
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extraction of the sample followed by analysis by gas chromatography with electron capture 

detection (GC-ECD). 

Confirmatory techniques, such as a dissimilar analytical column, must be used to confirm 

the tentative identification of a peak. For an analyte to be considered confirmed, the peak 

RTs on both columns must match the expected RTs. For analysis by CLP protocol, the 

results are flagged with a "P" if the two quantitations differ by more than 25 %. In addition, 

the breakdown of4,4'-DDT and endrin is monitored. If the breakdown ofeither of these 

compounds is found to be> 15%, the analytical sequence must be discontinued. For 

analysis by CLP protocol, the combined breakdown must not exceed 30 %. 

Calibration for Methods 8081A/8082: Calibration standards are prepared and analyzed at 

five concentration levels for single component pesticides. A single low-point (level 1) 

standard is analyzed for multicomponent standards (a five point curve is acquired if any 

patterns are detected). A linear calibration curve not forced through the origin is developed 

for each analyte of interest. This function is used for the calibration curve if the RSD is less 

than 20% for that analyte. Otherwise, a curve function is used that meets this criterion. 

Each working day, the calibration is verified with the analysis of a continuing calibration 

standard at the beginning and end of the run sequence and after every 10 analyses. For each 

analyte of interest, the %D ofthe response in the continuing calibration standard must agree 

with the expected response by <15% in order for the run sequence to continue. 

Calibration for the CLP SOW- Calibration and analysis are performed in strict accordance 

with the CLP Organic SOW. 

6.4.3 ORGANOCHLORINE HERBICIDES- METHOD 8151A 

Method SW8150 is a GC method for determining selected chlorinated acid herbicides. 

The esters are hydrolyzed and extraneous organic material is removed by a solvent wash. 

After acidification, the acids are extracted with solvent and converted to esters. The 

esters are determined by GC employing an electron capture detector. The results are 
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reported as the acid equivalents. Any compounds identified tentatively in the primary 

analysis are confirmed on a second GC column. 

Calibration for Method 8151 A - Calibration procedures for this method is very similar to 

those described above for methods 8081A/8082. The exceptions are that there are no 

multi-component herbicides, so separate calibrations for these types of materials are not 

required. Additionally, herbicides are not susceptible to breakdown when injected into 

the GC instrumentation, therefore there is no requirement to check for analyte breakdown. 

6.4.4 ORGANONITROGEN/ORGANOPHOSPHOROUS PESTICIDES - METHOD 

8141A 

Method 8141A is a GC method used to determine the concentrations ofvarious 

organophosphorus pesticides. This analytical method involves extraction of the samples. 

An aliquot ofthe extract is then injected into a GC, and compounds in the GC effluent are 

detected with a flame photometric or nitrogen-phosphorus detector. Any compounds 

identified tentatively in the primary analysis are confirmed on a second GC column. 

Calibration for Method 8141A- Calibration procedures for this method is very similar to 

those described above for methods 8081A/8082. The exceptions are that there are no 

multi-component ONOP pesticides, so separate calibrations for these types of materials 

are not required. Additionally, pesticides are not susceptible to breakdown when injected 

into the GC instrumentation, therefore there is no requirement to check for analyte 

breakdown. 

6.4.5 POLYNUCLEAR AROMATIC HYDROCARBONS - METHOD 8310 

Method SW831 0 is used to determine the concentration of ppb levels of selected 

polynuclear aromatic hydrocarbons (P AHs) in groundwater and soils by HPLC. Samples 

are extracted then analyzed by direct injection. Detection is by ultraviolet and fluorescent 

detectors. 
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Calibration for Method 8310 - Calibration standards are prepared and analyzed at a 

minimum of five concentration levels. Calibration data for each analyte will be collected 

from a specific detector (fluorescence or UV-Vis), and this same detector will be used for 

sample quantitation as well. A linear calibration curve is developed for each analyte of 

interest. If the RSD is less than 20% for that analyte, an average response factor may be 

calculated and used for sample concentration. Otherwise, a linear curve function is used 

(with a calibration correlation coefficient that is~ 0.995) to calculate analyte concentrations. 

Each working day, the calibration is verified with the analysis ofa continuing calibration 

standard at the beginning and end ofthe run sequence and after every 10 analyses. For each 

analyte of interest, the %D ofthe response in the continuing calibration standard must agree 

with the expected response by <15% in order for the run sequence to continue. 

6.4.6 VOLATILE ORGANICS - METHOD 8260B AND THE CLP SOW 

Samples may be analyzed for volatile organics by gas chromatography/mass spectrometry 

(GC/MS) following the procedure described in Method 8260B or the CLP Organic SOW. 

Analyte identification and quantitation are accomplished using response factors and 

retention times generated from a (minimum) five-point calibration curve, relative to the 

closest eluting internal standard. The three internal standards used for these methods are: 

• Pentafluorobenzene 

• 1,4-Dichlorobenzene-d4 

• 1 ,4-Difluorobenzene 

• Chlorobenzene-d5 

If requested by the client, non-target analytes are reported as tentatively identified 

compounds (TICs), but only when an acceptable match is obtained between the spectrum of 

the analyte and a spectrum found by library search. Unidentified TICs are labeled 

"unknown". The TICs are quantitated using assumed response factors of 1 relative to the 

nearest eluting internal standards. 
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Instrument Performance Check - The mass spectrometer is tuned daily and after every 12 


hours of operation to yield an acceptable spectrum for bromofluorobenzene (BFB). 


Relative ion abundance criteria for BFB are given in 


Table 6-1. 


Calibration for Method 8260B - After passing the instrument performance check criteria 


and prior to analyzing samples, a 5-point initial calibration is performed. From that 


calibration, the calibration check compounds (CCCs) must meet the RSD criteria of <30% 


and the system performance check compounds (SPCCs) must meet the minimum RRF 


criteria given in the method. A continuing calibration standard is analyzed after every 12 


hours of operation. In that standard, the CCC compounds must meet the %D criteria of 


<20% and SPCC compounds must meet the minimum RRF criteria listed in the method. 


Calibration for the CLP SOW- After passing the instrument performance check criteria 


and prior to analyzing samples, a 5-point initial calibration is performed. From that 
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Table 6-1 BFB KEY ION ABUNDANCE CRITERIA 


Mass Ion Abundance Criteria 


50 
 15 to 40% of mass 95 


75 
 30 to 60% of mass 95 


95 
 Base peak, 100 % relative abundance 


173 Less than 2% of mass 174 


174 Greater than 50 % of mass 95 


175 5 to 9% ofmass 174 


176 Greater than 95% but less than 101 %of mass 174 


177 5 to 9% ofmass 176 


Table 6-2 DFTPP KEY IONS AND ABUNDANCE CRITERIA 


Mass Ion Abundance Criteria 


51 30 to 60% of mass 198 


68 < 2% of mass 69 


70 < 2% of mass 69 


127 40 to 60% of mass 198 


197 < 1 %of mass 198 


198 Base peak, 1 00 % relative abundance 


199 5 to 9% ofmass 198 


275 10 to 30% of mass 198 


365 > 1% ofmass 198 


441 Present but less than mass 443 


442 
 > 40% of mass 198 


443 
 17 to 23% of mass 442 
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calibration, the compounds listed in Table 2 of Exhibit D, Section IV (VOA) of the CLP 

SOW must meet the RSD criteria of <20.5% and the minimum RRF criteria listed in the 

method. A continuing calibration standard is analyzed after every 12 hours of operation. 

In that standard, the Table 2 compounds must meet the %D criteria of<25% and the 

minimum RRF criteria listed in the method. 

6.4.7 SEMIVOLATILE ORGANICS- METHOD 8270C AND THE CLP SOW 

Semivolatile extracts are analyzed by gas chromatography/mass spectrometry following 

Method 8270C or the CLP Organic SOW. All samples are prepared following extraction 

methods described in the applicable protocol. Identification and quantitation is performed 

using response factors and retention times generated from a (minimum) five-point 

calibration curve, relative to the closest eluting of six internal standards. The six internal 

standards are: 

• 1,4-Dichlorobenzene-d4 

• Naphthalene-d8 

• Acenaphthene-d1 0 

• Phenanthrene-d 1 0 

• Chrysene-d12 

• Perylene-d12 

If requested by the client, non-target analytes are reported as tentatively identified 

compounds (TICs), but only when an acceptable match is obtained between the spectrum of 

the analyte and a spectrum found by library search. Unidentified TICs are labeled 

"unknown". The TICs are quantitated using assumed response factors of 1 relative to the 

nearest eluting internal standards. 

Instrument Performance Check- The mass spectrometer is tuned daily and after every 12 

hours ofoperation to give an acceptable spectrum for DFTPP. DFTPP ion abundance 

criteria are given in Table 6-2. 
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Calibration for Method 8270C - After passing the instrument performance check criteria 

and prior to analyzing samples, a 5-point (minimum) initial calibration is performed. From 

that calibration, the CCC compounds must meet the RSD criteria of <30% and the SPCC 

compounds must meet the minimum RRF criteria given in the method. A continuing 

calibration standard is analyzed after every 12 hours ofoperation. In that standard, the CCC 

compounds must meet the %D criteria of <30% and SPCC compounds must meet the 

minimum RRF criteria listed in the method. 

Calibration for the CLP SOW- After passing the instrument performance check criteria and 

prior to analyzing samples, a 5-point initial calibration is performed. From that calibration, 

the compounds listed in Table 5 of Exhibit D, Section IV (SV) of the CLP SOW must meet 

the RSD criteria of <20.5% and the minimum RRF criteria listed in the method. A 

continuing calibration standard is analyzed after every 12 hours of operation. In that 

standard, the Table 5 compounds must meet the %D criteria of <25% and the minimum 

RRF criteria listed in the method. 

6.4.8 PURGEABLE PETROLEUM HYDROCARBONS - METHOD 8015M 

Gasoline and volatile aromatic compounds, including benzene, toluene, ethylbenzene, and 

the xylenes (BTEX), are analyzed by a modified method 8015M using the direct purge 

technique described above for Method 50308/5035. Analysis is performed on a GC 

equipped with a photoionization detector (PID) and a flame ionization detector (FID) 

connected in series. IfBTEX compounds are found without the associated presence of 

gasoline, confirmation analysis is performed with a second GC column of dissimilar phase 

and retention characteristics in accordance with the requirements of Method 8021 B. 

Calibration for 8015M- Calibration standards are prepared and analyzed at five 

concentration levels. A linear calibration curve is developed for each analyte of interest. If 

the RSD is less than 20% for that analyte, an average response factor may be calculated and 

used for sample concentration. Otherwise, a linear curve function is used (with a calibration 

correlation coefficient that is~ 0.995) to calculate analyte concentrations. Each working 
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day, the calibration is verified with the analysis of a continuing calibration standard at the 

beginning and end of the run sequence and after every 10 analyses. For each analyte of 

interest, the %D of the response in the continuing calibration standard must agree with the 

expected response by <15% in order for the run sequence to continue. 

6.4. 9 EXTRACTABLE PETROLEUM HYDROCARBONS - METHOD 80 15M 

Aqueous samples analyzed for diesel, kerosene, jet fuel, and motor oil are prepared using a 

separatory liquid/liquid microextraction. Solid samples are processed with a liquid-solid 

extraction utilizing a wrist action shaker extraction (similar to the California LUFT 

method). One liter of water or 30 grams of soil/sludge are extracted and concentrated to a 

volume of 1 mL. Analysis is performed by a modified method 8015M on a GC equipped 

with a capillary or megabore column and an FID detector. 

Calibration - Calibration standards are prepared and analyzed at five concentration levels. 

A linear calibration curve not forced through the origin is developed for each analyte of 

interest. This function is used for the calibration curve if the RSD is less than 20% for that 

analyte. Otherwise, a curve function is used that meets this criterion. Each working day, 

the calibration is verified with the analysis ofa continuing calibration standard at the 

beginning and end of the run sequence and after every 10 analyses. For each analyte of 

interest, the %D of the response in the continuing calibration standard must agree with the 

expected response by <15% in order for the run sequence to continue. 

6.5 REPRESENTATIVE CALIBRATION AND ANALYSIS PROCEDURES FOR 

INORGANICS 

6.5.1 METALS BY ICP- METHOD 6010B AND THE CLP SOW 

These methods describe the simultaneous or sequential determination of metal elements 

using ICP. The method measures element-emitted light by optical spectrometry. Samples 

are nebulized and the resulting aerosol is passed through a plasma torch. Element-specific 

atomic-line emission spectra are produced which are dispersed by a grating spectrometer 

and monitored for intensity by photomultiplier tubes. 
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Calibration for Method 601 OB - Prior to the analysis of samples, an initial multipoint 

calibration is performed for all elements of interest. The initial calibration is checked with 

an initial calibration verification standard (ICV). For each element, the ICV responses must 

agree with the initial calibration within ±10% for the calibration to be verified. Following 

the ICV and after the analysis of every 10 samples, a continuing calibration verification 

standard (CCV) is analyzed. The response for each element in the CCV must agree within 

+1 0% of the expected value for the analysis to continue. 

Calibration for CLP SOW - The calibration procedure for ICP is detailed in Exhibit D, 

Section IV, Part A of the Inorganic CLP SOW ILM04.0. 

6.5.2 METALS BY GFAA- METHODS 7000 SERIES AND THE CLP SOW 

Graphite furnace atomic absorption (GFAA) techniques may be used for the determination 

of various metals including arsenic, lead, selenium, and thallium. Following sample 

digestion, an aliquot of sample is placed in a graphite tube in the furnace, evaporated to 

dryness, charred, and atomized, where the absorption of light by the atomized metal is 

monitored with a photomultiplier tube. 

Calibration for Methods 7000 Series - Calibration procedures for the GFAA analyses are 

detailed in the respective methods in SW-846. For the element of interest, a multipoint 

initial calibration is performed. The calibration correlation coefficient must be >0.995 to be 

acceptable. The initial calibration is verified by the analysis ofan ICV standard prepared 

from a source independent of the calibration standards. The response ofthe ICV must agree 

with the expected response within + 1 0% in order for the calibration to be verified. A CCV 

check standard is analyzed following the analysis of the rev and after the analysis ofevery 

10 samples. The response ofthe CCV must agree with the expected value within +20% in 

order for the analysis to continue. 
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Calibration for CLP SOW - The calibration procedure for GFAA metals is detailed in 

Exhibit D, Section IV, Part B of the Inorganic CLP SOW ILM04.0. 

6.5.3 MERCURY BY CVAA- METHODS 7470A, 7471A, AND THE CLP SOW 

Cold-vapor atomic absorption (CVAA) techniques are used for the determination of 

mercury. Sample preparation is specified in the method. Following dissolution, mercury in 

the sample is reduced to the elemental state and aerated from solution in a closed system. 

The mercury vapor passes through a cell positioned in the light path ofan atomic absorption 

spectrophotometer. 

Calibration for Methods 7470A and 7471A -The digestion and calibration procedure is 

detailed in SW-846 and the CLP SOW. Prior to the analysis of samples, a multipoint initial 

calibration is performed. The calibration correlation coefficient must be >0.995 to be 

acceptable. The initial calibration is verified by the reanalysis of a calibration standard 

(ICV) response of the ICV must agree with the expected response within +5% in order for 

the calibration to be verified. A CCV check standard prepared from a second source is 

analyzed following the ICV and after the analysis of every 10 samples. The response of the 

CCV must agree with the expected value within ± 20% in order for the analysis to continue. 

Calibration for CLP SOW- The calibration procedure for Mercury analysis by CV AA is 

detailed in Exhibit D, Section IV, Part D of the Inorganic CLP SOW ILM03.0. 

6.5.4 TOTAL AND AMENABLE CYANIDE- METHOD 9010A AND THE CLP SOW 

These methods are used to determine concentrations of both total cyanide and cyanide 

amenable to chlorination in aqueous or solid samples. Cyanide, as hydrocyanic acid (HCN), 

is released by refluxing the sample with strong acid and distilling the HCN into an absorber­

scrubber containing sodium hydroxide solution. The cyanide ion in the absorbing solution 

is then determined by UV spectrophotometry. 

Calibration for Method 901 OA - Prior to sample analysis, a multipoint initial calibration is 

performed. The calibration correlation coefficient must be >0.995 to be acceptable. The 
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initial calibration is verified by the analysis ofan ICV standard prepared from a source 

independent of the calibration standards. The response of the ICV must agree with the 

expected response within +15% for the calibration to be verified. A CCV check standard is 

analyzed following the analysis of the ICV and after the analysis of every 10 samples. The 

response of the CCV must agree with the expected value within +15% for analysis to 

continue. 

Calibration for CLP SOW- The calibration procedure for Cyanide by UV 

spectrophotometry is detailed in Exhibit D, Section IV, PartE of the Inorganic CLP SOW 

ILM03.0. 

6.5.5 ANIONS - METHOD 9056 

Method 9056 is used to analyze anions, including chloride, nitrite, nitrate, a-phosphate, 

fluoride, and sulfate, in aqueous samples by ion chromatography (IC). A volume of sample 

is injected into the ion chromatograph. The anions of interest are separated and measured 

using a chromatography system consisting of a guard column, separator column, suppresser 

device and conductivity detector. Samples must be refrigerated at 4 ° C and analyzed 

within 48 hours of sample collection if nitrate, nitrite, and/or o-phosphate are analyzed, or 

within 28 days of sample collection if chloride, fluoride and/or sulfate are analyzed. 

Calibration - Prior to sample analysis, a multipoint initial calibration is analyzed. The 

calibration correlation coefficient must be >0.995 to be acceptable. The initial calibration is 

verified by the analysis of an ICV standard prepared from a source independent of the 

calibration standards. The response of the ICV must agree with the expected response 

within +10% for the calibration to be verified. A CCV check standard is analyzed and after 

the analysis of every 1 0 samples. The response of the CCV must agree with the expected 

value within +10% for analysis to continue. 
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6.5.6 PH- METHODS 9040B/9045C 

These methods are used to measure the pH of aqueous, multi phase and soil samples. The 

pH of the sample is determined electrometrically using either a glass electrode in 

combination with a reference potential or a combination electrode. 

Calibration - The pH meter is calibrated with three standard buffer solutions. The reading 

must be within +0.05 pH units of the true value of each buffer solution. 

6.5.7 FILTERABLE RESIDUE- METHOD 160.1 


This method is applicable to drinking, surface and saline waters, and domestic and industri­


al wastes. A well mixed sample is filtered through a glass fiber filter. The residue that 


passes through the filter is dried and measured gravimetrically. 


Calibration - The analytical balance must be checked each day ofuse with Class S weights. 

Balance readings must read within +0.001 grams of the true weight. 

6.5.8 NON-FILTERABLE RESIDUE- METHOD 160.2 


This method is applicable to drinking, surface and saline waters, and domestic and industri­


al wastes. A well mixed sample is filtered through a glass fiber filter. The residue on the 


filter is dried and measured gravimetrically. 


Calibration - The analytical balance must be checked each day of use with Class S weights. 

Balance readings must read within +0.001 grams of the true weight. 

6.5.9 NITRATE-NITRITE- METHOD 353.2 

Method 353.2 is used to determine the concentrations of nitrate and nitrite in aqueous 

samples. Nitrite concentration is determined by diazotization with sulfanilamide and 

complexation with N -(1-naphthyl)-ethylenediamine dihydrochloride to form a highly 

colored azo dye which is measured colorimetrically. Combined nitrate-nitrite concentration 

is determined by first carrying out a copper-cadmium reduction step. A filtered sample is 

passed through a column containing granulated copper and cadmium to reduce nitrate to 
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nitrite. Nitrate concentration is determined from the difference of the nitrate-reduced nitrite 

value and the nitrite value. Samples must be preserved with sulfuric acid to pH <2 and 

refrigerated at 4 °C. 

Calibration - Prior to sample analysis, a multipoint initial calibration is analyzed. The 

calibration correlation coefficient must be >0.995 to be acceptable. The initial calibration is 

verified by the analysis of an ICV standard prepared from a source independent of the 

calibration standards. The response of the ICV must agree with the expected response 

within +15% for the calibration to be verified. A CCV check standard is analyzed 

following the analysis of the ICV and after the analysis ofevery 10 samples. The response 

of the CCV must agree with the expected value within +15% for analysis to continue. 

6.5.10 TOTAL ORGANIC CARBON (TOC)- METHODS 9060 AND 415.1 

Methods 9060 and 415.1 are used to determine the concentration or total organic carbon in 

samples. TOC is analyzed by combustion of organic material in the sample to carbon 

dioxide, followed by IR detection of the carbon dioxide. 

Calibration- The instrument is calibrated by analyzing five standards and a blank. The 

initial calibration is verified by the analysis of an ICV standard prepared from a source 

independent ofthe calibration standards. The response of the ICV must agree with the 

expected response within +10 % for the calibration to be verified. A CCV check standard is 

analyzed following the analysis of the ICV and after the analysis ofevery 20 samples. The 

response of the CCV must agree with the expected value within ± 10% for analysis to 

continue. 

6.5.11 OIL AND GREASE- METHODS 9070/9071A AND 413.1 

Methods 9070/9071 A and 413.1 are used to determine the concentration of oil and grease in 

waters and wastes. The aqueous sample is acidified with HCl to pH <2 and extracted with 

methylene chloride in a separatory funnel. Sample extracts are evaporated to dryness and 

measured gravimetrically on an analytical balance. Method 9071A is used to prepare solid 

samples for gravimetric analysis ofoil and grease. By this method, solid samples are 
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Soxhlet extracted with Freon and the extracts are evaporated to dryness and measured 

gravimetrically on an analytical balance. 

Calibration - A balance calibration check is performed at the beginning and end of each 

analytical sequence with 1 g and 100 g Class S weights. Measurements must agree to 

within +0.001 g of the true weight. 

6.5.12 OIL AND GREASE- METHOD 413.2 

This method is used to determine the concentration of oil and grease in waters and wastes. 

Samples are acidified with HCl to pH <2 and extracted with Freon in a separatory funnel. 

Sample extracts are analyzed by infrared spectrometry (IR). 

Calibration - Prior to sample analysis, a multipoint initial calibration is performed. The 

calibration correlation coefficient (r) must be >0.995 for the calibration to be acceptable. A 

continuing calibration standard is analyzed after the analysis ofevery 1 0 samples. The 

continuing calibration must agree with the initial calibration within + 20%. 

6.5.13 TOTAL RECOVERABLE PETROLEUM HYDROCARBONS (TRPH)­

METHOD 418.1 

This method is used to determine the concentration of total petroleum hydrocarbons in 

waters and wastes. The sample is acidified with HCl to pH <2 and extracted with Freon in 

a separatory funnel. Extracts are shaken with silica gel to remove interferences, then the 

extracts are analyzed by infrared spectrometry (IR). 

Calibration - Prior to sample analysis, a multipoint initial calibration is performed. The 

calibration correlation coefficient (r) must be >0.995 for the calibration to be acceptable. 

A continuing calibration standard is analyzed after the analysis of every 10 samples. The 

continuing calibration must agree with the initial calibration within +20%. 
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Table 6-3 ANALYTICAL PROTOCOLS 

• 	 "Guidelines Establishing Test Procedures for the Analysis of Pollutants Under the 
Clean Water Act." Federal Register, 40 CFR Part 136, October 26, 1984. 

• "Test Methods for Evaluating Solid Wastes: Physical/Chemical Methods." SW­
846. 3rd edition (1986) and Final Update III (1996), Office of Solid Waste 
and Emergency Response, U.S. EPA. 

• 	 "Methods for Chemical Analysis of Water and Wastes", EPA 600/4-79-020, 1979 
Revised 1983, U.S. EPA. 

• 	 "Methods for the Determination of Inorganic Substances m Environmental 
Samples," EPA/600/R-931100, August, 1993. 

• 	 U.S. EPA Contract Laboratory Program Statement of Work for Organic Analysis, 
SOW 2/88, OLM01.8, 8/91, OLM02.0, and OLM03.0. 

• 	 U.S. EPA Contract Laboratory Program Statement of Work for Inorganic Analysis, 
SOW ILM03.0. 

• 	 "Standard Methods for the Examination of Water and Wastewater", 18th Edition, 
1992, APHA-AWWA-WPCF. 

• "Annual Book of ASTM Standards", Section 4: Construction, Volume 04.04: Soil 
and Rock; Building Stones, American Society for Testing and Materials, 
1987. 

• 	 "Annual Book of ASTM Standards", Section 11: Water and Environmental 
Technology, American Society for Testing and Materials, 1987. 

• 	 "NIOSH Manual of Analytical Methods", Third Edition, 1984, U.S. Department of 
Health and Human Services, National Institute for Occupational Safety and 
Health. 

• 	 "Methods for the Determination of Organic Compounds in Finished Drinking Water 
and Raw Source Water", U.S. EPA, Environmental Monitoring and Support 
Laboratory - Cincinnati (September 1986). 

• New York State Department of Environmental Conservation. Analytical Services 

Protocol, September, 1989. 
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7. CALIBRATION PROCEDURES AND FREQUENCY 

All instruments and equipment used in the laboratory must follow a well defined calibration 

routine. Calibration may be accomplished by laboratory personnel using certified reference 

materials traceable to NIST, EPA, or equivalent certified materials or by external calibration 

agencies or equipment manufacturers. The discussion presented here is general in nature 

because the requirements for calibration are instrument (or equipment) and method specific. 

Details of calibrations can be found in Paragon Standard Operating Procedures, analytical 

methods, and operations manuals. In addition to the summary calibration information 

pertaining to general analysis categories contained in the following subsections, Table 7-2, 

Table 7-3 and Table 7-4list detailed calibration information for representative methods and 

applications most frequently performed at the Paragon laboratory. 

7.1 EQUIPMENT LIST 

Appendix B of this LQAP lists all major instrumentation currently available at the 

Paragon Analytics laboratory. 

7.2 STANDARDS AND TRACEABILITY 

Analytical standards are prepared from pure compounds or nuclides or mixtures of 

compounds or nuclides or are purchased prepared from reputable vendors, if available. 

NIST certificates (or equivalent) must be supplied by vendors. They are used to prepare 

serial dilutions that are used as calibration and spiking standards. Each department is 

responsible for the preparation, storage and disposal of its standards. The preparation 

information is recorded into section specific Standards Notebooks. The analyst records all 

information needed to maintain traceability in the Standards Notebook. Table 7-1 

summarizes the standard sources and preparation of calibration solutions used for most 

methods implemented at the laboratory. 

Each standard is given an internal identification number. The preparation of all stock 

standards shall be documented in a Standards Notebook which is used to record the date of 
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preparation, the analyst, the source of the reference material, amooots used, final volume, 

etc. and the serial 
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Table 7-1 STANDARD SOURCES AND PREPARATION 

Inst. TYJ1e Std. Source(s) 
ICAP Various 

GFAA EM Sci. & Plasma 
Chern. 

CVAA Various 

IonChrom. Various 

Cyanide Various 

Infared Various 

GC Semi- Various 
Volatiles 

GC Volatiles Various (Ultra & 
Supelco) 

HPLC Various 

GC/MS Various (Ultra, NSI, 
Semivolatiles Restek) 

GC/MS Various (Supelco, 
Volatiles Restek) 

How Received 
1,000 & 10,000 
ppm 
1,000 & 10,000 
ppm 
1,000 ppm 

1,000 ppm 

KCN Solid 

Neat (oil) 

Neat, & Mixed 
Soln's 100 to 
50,000 J.lg/mL 

Neat, & Mixed 
Soln's 2,000 J.lg/mL 

Mixed or Indiv. 
Soln's 1.0 to 2,000 

J.lg/L 

Internal Std's­
2,000 J.lg/mL 
Standards - 200 

J.lg/mL 
Mixed Soln. 2,000 

J.lg/L 

Storage Cond's 
Room Temp. 

Room Temp. 

Room Temp. 

Room Temp. 

Room Temp. 

Chill ( 4 °C). 

Freezer 

Freezer 

Freezer 

Freezer 

Freezer 

Source/Preg'n from Source 

Intermediate (I) 

Working(W) 

Intermediate (I) 

Working(W) 

Intermediate (I) 

Working(W) 

Intermediate (I) 

Working(W) 

Intermediate (I) 

Working(W) 

Intermediate (I) 

Working(W) 

Neat(N) 

Primary (P) 

Intermediate (I) 

Working(W) 

Primary (P) 

Intermediate (I) 

Working(W) 

Neat(N) 

Primary (P) 

Intermediate (I) 

Working(W) 

Intermediate (I) 

Working(W) 


Intermediate (I) 

Working(W) 


Lab Storage 
Room Temp. 

Room Temp. 

Room Temp. 

Room Temp. 

Room Temp. 

Chill ( 4 °C). 

Chill (4 °C) 

Freezer 

Chill (4 °C) 

Freezer 

Freezer 

Pregaration Freguenc;y 
(I) 3 Months 
(W) 3 Months 
(I) 3 Months 
(W) Daily 
(I) 3 Months 
(W) Daily 
(I) 3 Months 
(W) Daily1 

(I) Annually 
(W) Daily 
(I) Annually 
(W) Semiannually 
5 years (N) 
Annually (P) 
Semiannually (All 
others) 
Semiannually (All) 

5 years (N) 
Annually (P) 
Semiannually (I, W) 

Semiannually (I) 
Semiannually (W) 

Quarterly (I) 
Monthly(W) 

1 Initial multi-point calibration and daily one-point calibration standards prepared each day of use. 

2 Organonitrogen/Organophosphorous analytes' initial storage conditions are at room temperature. 
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reference number of that stock solution. All standards shall be labeled with the standard 

serial reference number, with the name, concentration, date of preparation and expiration 

date of the stock standards. All diluted working standards not consumed during an 

analytical session shall be labeled fully, including the serial reference number of any stock 

standard used in its preparation. 

For organic and inorganic standards, if no expiration date has been assigned by the 

manufacturer, then an expiration date of one year from the date ofpreparation (or the date 

first opened in the case of sealed ampoules) is reported unless degradation prior to this date 

is observed. Radiochemical standards are generally assigned expiration dates no longer 

than five radioactive half-lives; longer or shorter expiration dates may be assigned 

following consideration of the chemical stability and availability or cost of the material. A 

short-lived or difficult to obtain standard may be used past five half-lives if there is 

sufficient data to verify the integrity of the standard. 

To help determine if a standard has degraded, one must note inconsistencies. For instance, 

low recoveries from newly prepared quality control spikes or abnormally low instrument 

response to a specific standard are indications ofpossible standard degradation. However, 

for some standards, degradation is more easily noted. For instance 4,4'-DDT breaks down 

to form 4,4'-DDD and 4,4'-DDE. In this example, one can discern, on a chromatogram, the 

degradation of 4,4' -DDT by the increased concentrations of 4,4' -DDD and 4,4' -DDE. If 

degradation is observed before the default expiration date, it should be noted in the Standard 

Notebook for that standard and the standard removed from service. 

Before standards can be utilized in a calibration curve they must be verified by a secondary 

means: 

• Analysis of an EPA QC Check Sample, or 

• Analysis of an independently prepared check standard. 
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7.3 GENERAL CALIBRATION PROCEDURES 

Calibration standards are prepared from materials of the highest available purity. To 

establish instrument calibration, working standards are prepared from more concentrated 

working stock solutions. All organic standards are refrigerated or frozen. Inorganic 

standards are refrigerated as necessary. Radiochemical standards are generally prepared in a 

matrix which recreates the preservation of the primary (or parent) standard. Data regarding 

their preparation is recorded in the each laboratory section's Standards Notebook. 

For most organic and inorganic analyses, calibration standards are chosen to bracket the 

expected concentrations of those parameters in the sample and to demonstrate the 

calibration range of the method and instrument. Samples that fall outside the calibration 

range are diluted until bracketed by the calibration standards. Calibration standards are 

prepared typically at a minimum of three concentration levels (usually chosen at three to 

five times and five to ten times the estimated method detection limit plus a calibration 

blank) with the exception of most organic analyses which do not require a calibration blank. 

Either an internal standard or external standard quantitation technique may be utilized. The 

reporting limit is verified by analyzing a standard at the reporting limit. 

Instrumental responses to calibration standards for each parameter are subjected to an 

appropriate statistical test of fitness (least squares linear regression, quadratic equation, or 

relative standard deviation of response factors) or as required by the method or LQAP. The 

calibration must reflect an acceptable correlation of data points or linearity to be acceptable. 

In cases where the calibration data are outside these criteria, the analyst must reanalyze 

and/or redilute the calibration standards (meeting the same criteria) and change 

instrumental conditions as necessary before acquiring sample data. 

For analyses which are performed frequently and for which substantial calibration data is 

available, a complete recalibration is not required each time an analysis is performed 

providing that the following criterion is met: one calibration standard is analyzed at the 

beginning of the analysis which may vary from the expected response (based on the initial, 
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most recent calibration curve) by no more than +25% or as specified by the method, SOP or 

QAPP. If this criterion is not met, a complete recalibration is necessary. 

During the course of analysis, calibration standards are routinely analyzed to ensure that the 

instrumental response has not changed. Again the criterion stipulated in each method or 

SOP for expected response is used by the analyst to determine whether the instrument must 

be recalibrated or the instrument conditions further optimized. 

The accuracy of prepared standards is periodically checked by comparison with a standard 

from an independent source. In addition, a second source standard (initial calibration 

verification or ICV) is acquired after the initial calibration and the responses of the second 

source and the calibration standards are compared against one another. Method specific 

acceptance criteria must be met for this comparison, or the analysis will be halted, the 

problem identified and corrected, and recalibration of the instrument initiated. 

Certain pieces of equipment such as balances, pH meters, and turbidity meters are calibrated 

daily with NIST traceable standard reference material. 

Radiochemical determinations employ two basic calibration types: external and internal 

calibrations. An instrument is calibrated by external means prior to introduction of the 

sample to be measured. Homogeneous standards prepared in accurately defined geometries 

having exact or acceptably equivalent radiometric characteristics of the sample 

matrix/geometry combination are measured in the instrument to establish response of 

'efficiency' factors. The level of activity of the calibration source should be sufficient to 

minimize uncertainty attributable to background and to counting statistics. The source is 

then measured under conditions equivalent to that being measured in the analysis. 

Wherever feasible, sufficient counts (usually 10000 counts) should be gathered to provide 

for less than one percent counting uncertainty. Once instrument calibration is established, 

an instrument quality control chart may be established, and instrument reliability tests 

performed to demonstrate that the operating or response characteristics of the instrument 
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have remained within accepted tolerances. Re-calibration should only be necessary in the 

event that the instrument has malfunctioned, or the results of QC or daily reliability checks 

indicate that the operating or response characteristics of the instrument have exceed 

acceptable tolerances for the use intended. A quality control chart is used to determine if 

the response of the instrument has changed statistically; the magnitude of the statistical 

change may or may not be significant when compared to the required accuracy and 

precision criteria for the overall technique. 

Numerous radiochemical techniques employ the use of radioisotopic tracers as internal 

standards; for example while alpha spectrometric measurement use an external standard to 

achieve the energy and efficiency calibration of the instrument, actual quantitation requires 

addition of standard radioisotopic tracers to permit measurement of sample activity using 

the method of internal standards ratio. The second type of internal calibration involves 

standard addition of a radioactive tracer or stable carrier to a sample or split of a sample. 

Often, combinations of external and internal standards, and of stable and radioisotopic 

tracers, may be employed in one measurement. Specific requirements for calibration is 

discussed in the specific standard operating procedure for each method. 

Background determinations: Because laboratory instrumentation typically operates over 

several orders of magnitude or more of sample activity, careful control of instrument 

background is an integral part ofthe radiochemistry laboratory's control program. A 

routine program for monitoring of instrumental and extraneous background is conducted to 

ensure that background values used in the calculation of sample results are representative of 

the instrumental background during that measurement. Specific requirements for the 

measurement and application of background measurements are addressed in the specific 

standard operating procedure for each method. 
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7.4 	 RADIOCHEMICAL INSTRUMENT CALIBRATION PROCEDURES 

7.4.1 GAS FLOW PROPORTIONAL COUNTER 

The minimum operations necessary to satisfy analytical requirements associated with the 

detection and measurement of gross alpha and beta emissions from appropriate 

radiochemical sample preparations are listed below. The following operations should be 

performed periodically in the laboratory and carefully documented: 

• 	 Plateau measurement determines operating voltage and discriminator settings 

• 	 Initial calibration is conducted for specific methods according to SOP 

• 	 Daily reliability checks verify Continuing Calibration 

• 	 Daily background measurements verify background integrity and provide data 

for use in background correction calculations. 

Prior to initial calibration of the Gas Flow Proportional Counter, it is necessary to measure 

operating plateaus and establish optimum operating voltages and discriminator settings for 

each detector and each instrument. Procedures, frequency, and tolerances for these 

activities are found in the Instrument Operating Procedure for Proportional Counters and in 

the respective Operating Manual for the Instrument. Following instrument set-up, several 

data points are collected for daily response checks (a+~) and for background counts. The 

data are used to establish interim operating limits for daily reliability checks (mean+/- 2 

and 3 SD). Initial calibrations may then be conducted as described in the specific SOP for 

each method in question (e.g. Gross Alpha, Gross Beta, Radiostrontium, Radium-228, Total 

Radium, Carbon-14, Technetium-99, etc.). Daily reliability checks are run daily when the 

instrument is in use to assess the stability of the instrument prior to analyzing samples. 

When 20-30 checks have been gathered, final operating limits are established and used to 

asses the stability of the instrument prior to analyzing samples. Tolerance limits may also 

be established which may exceed historical operating limits, but are conservative enough to 

ensure that the most conservative project DQO's are met (usually± 15 %). 
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If the daily checks exceed the tolerance limits listed in the Operating Procedure for 

Proportional Coooters, or if other indications of possible instrument malfunction are noted, 

analysis of samples is halted ootil corrective actions have been completed and the daily 

reliability checks and other appropriate measures verify proper operation of the instrument 

and the continuity of instrument response. If following corrective actions, it is determined 

that the instrument response has drifted relative to the point of initial calibration, the daily 

reliability operating limits and specific method calibrations will be repeated prior to analysis 

of further samples. 

7.4.2 GAMMA SPECTROMETER 

The minimum operations necessary to satisfy analytical requirements associated with the 

detection and measurement of gamma spectral analysis on the high purity germanium 

gamma spectrometer from appropriate radiochemical sample preparations are listed below. 

The following operations should be performed periodically in the laboratory and carefully 

documented: 

• 	 Periodic (weekly) backgroood measurements verify backgroood integrity and 

provide data for use in backgroood correction calculations. 

• 	 Initial calibrations are conducted for specific methods according to SOP 

• 	 Daily reliability checks verify Continuing Calibration 

Prior to initial calibration of the HPGe gamma spectrometer, it is necessary to establish the 

instrument internal QC database. Procedures, frequency, and tolerances for these activities 

are foood in the Operating Procedure for Gamma Spectrometers and in the respective 

Operating Manual for the Instrument. 20 data points are collected using a long-lived mixed 

gamma standard. These data are used to establish instrument internal operating limits for 

daily reliability checks (mean+/- 2 and 3 SD). Additionally, a long backgroood cooot is 

conducted. Initial calibrations may then be conducted as described in the specific SOP. 

Reliability checks are fUf1 daily when the instrument is in use to assess the stability of the 

instrument prior to analyzing samples. 
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If the daily checks exceed the tolerance limits listed in the Operating Procedure for Gamma 

Spectrometers, or if other indications of possible instrument malfunction are noted, analysis 

of samples is halted until corrective actions have been completed and the daily reliability 

checks and other appropriate measures verify proper operation of the instrument and the 

continuity of instrument response. If following corrective actions, it is determined that the 

instrument response has drifted relative to the point of initial calibration, the daily reliability 

operating limits and specific method calibrations will be repeated prior to analysis of further 

samples. 

7.4.3 ALPHA SPECTROMETER 

The minimum operations necessary to satisfy analytical requirements associated with the 

detection and measurement of alpha spectral analysis from appropriate radiochemical 

preparations are listed below. The following operations should be performed periodically in 

the laboratory and carefully documented: 

• 	 Weekly background measurements verify background integrity, monthly 

background measurements, and provide data for use in background correction 

calculations. 

• 	 Monthly energy and efficiency calibrations are conducted 

• 	 Initial calibrations are conducted for specific methods according to SOP 

• 	 Daily reliability checks verify Continuing Calibration 

7.4.4 LIQUID SCINTILLATION COUNTER 

The minimum operations necessary to satisfy analytical requirements associated with the 

detection and measurement of alpha spectral analysis from appropriate radiochemical 

preparations are listed below. The following operations should be performed periodically in 

the laboratory and carefully documented: 

• 	 Periodic normalization 

• 	 Daily Instrument Performance Assessment (IPA) verify instrument operation 

and response 
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• 	 Daily background measurements verify background integrity 

• 	 Method specific initial calibrations are conducted for specific methods 

according to SOP 

• 	 Representative backgrounds are counted with each batch of samples and provide 

the basis for background correction of sample results 

7.5 	 INORGANIC INSTRUMENT CALIBRATION PROCEDURES 

7.5.1 INDUCTIVELY COUPLED ARGON PLASMA (ICAP) 

ICAP systems are calibrated at least daily using a calibration blank and one working 

standard (at a minimum). Using linear interpolation, a calibration equation is developed 

from these data points. This information is compared to historical calibration data to verify 

that instrument performance is consistent with past capabilities. If this evaluation shows 

that instrument responses have changed significantly, the analyst will recalibrate the 

instrument by generating an "initial" calibration curve. An initial calibration curve consists 

of analyzing three to five working calibration standards which have been prepared from 

NIST traceable stock solutions. The calibration standards define the working range of the 

system; sample results that are beyond that range must be diluted into the working range. 

Immediately following instrument calibration, the calibration is verified by analysis of a 

second source independent standard which must fall within the acceptance limits prescribed 

by the method or an investigation and corrective action shall be initiated, including 

complete recalibration, if necessary. After instrument calibration has been established and 

independently verified, calibration slope and baseline shall be monitored for drift using 

amid-range standard (CCV) and a calibration blank (CCB), respectively. The CCV and 

CCB shall be analyzed at a 1 0% frequency throughout as well as at the end of the analytical 

run and must fall within the acceptance limits prescribed by the method, or an investigation 

and corrective action shall be initiated, including complete recalibration, if necessary. 

7.5.2 GRAPHITE FURNACE ATOMIC ABSORPTION (GFAA) 

GFAA systems are calibrated each day of use using a calibration blank and three to four 

working calibration standards which have been prepared from NIST traceable stock 
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solutions. The calibration standards define the working range of the system; sample results 

that are beyond that range must be diluted into the working range. Immediately following 

instrument calibration, the calibration is verified by analysis of a second source independent 

standard (ICV) which must fall within the acceptance limits prescribed by the method. If 

this criteria is not met, an investigation and corrective action shall be initiated, including 

complete recalibration, if necessary. 

After instrument calibration has been established and independently verified, calibration 

slope and baseline shall be monitored for drift using a mid-range standard (CCV) and a 

calibration blank (CCB), respectively. The CCV and CCB shall be analyzed between every 

10 field samples (at a minimum) throughout the analysis run sequence as well as at the end 

of the analytical run. The results for these QC check samples must fall within the 

acceptance limits prescribed by the method, or an investigation and corrective action shall 

be initiated, including complete recalibration if necessary. 

7.5.3 COLD VAPOR ATOMIC ABSORPTION 

CVAA systems are calibrated at least daily using a calibration blank and a minimum of five 

working calibration standards which have been prepared from NIST traceable stock 

solutions. The calibration standards define the working range of the system; sample results 

that are beyond that range must be diluted into the working range. Immediately following 

instrument calibration, the calibration is verified by the reanalysis of a calibration standard 

which must fall within the acceptance limits prescribed by the method or an investigation 

and corrective action shall be initiated, including complete recalibration, if necessary. 

Verification of the accuracy of preparation of the calibration standards will be done by 

analyzing a second-source reference standard (CCV), which will also be used to asses 

instrument/detector drift during the analysis sequence. 

After instrument calibration has been established, calibration slope and baseline shall be 

monitored for drift using amid-range standard (CCV) and a calibration blank (CCB), 

respectively. The CCV and CCB shall be analyzed at a 10% frequency throughout as well 
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as at the end of the analytical run and must fall within the acceptance limits prescribed by 

the method, or an investigation and corrective action shall be initiated, including complete 

recalibration, if necessary. 

7.5.4 ION CHROMATOGRAPHY 

The ion chromatograph (IC) is initially calibrated at using a calibration blank and five 

working calibration standards which have been prepared from NIST traceable stock 

solutions. The calibration standards define the working range of the system; sample results 

that are beyond that range must be diluted into the working range. Immediately following 

instrument calibration, the calibration is verified by analysis of a second source independent 

standard (ICV) which must fall within the acceptance limits prescribed by the method. If 

this criteria is not met, an investigation and corrective action shall be initiated, including 

complete recalibration, if necessary. 

Daily calibration of the IC instrument is performed by analyzing a calibration blank and a 

high-level calibration verification standard (ICV). Using the calibration curves generated 

earlier, the concentrations of the target analytes in the ICV, which are compared to the 

known concentrations. ICV concentrations calculated in this manner must agree to within 

10 % of their target values for the analysis to proceed. If this acceptance criteria is not met, 

an investigation and corrective action shall be initiated, including complete recalibration, if 

necessary. 

After instrument calibration has been established and independently verified, instrument 

stability shall be monitored for drift using a mid-range standard (CCV) and a calibration 

blank (CCB), respectively. The CCV and CCB shall be analyzed between every 10 field 

samples (at a minimum) throughout the analysis run sequence as well as at the end of the 

analytical run. The results for these QC check samples must fall within the acceptance 

limits prescribed by the method, or an investigation and corrective action shall be initiated, 

including complete recalibration ifnecessary. 
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7.6 ORGANIC INSTRUMENT CALIBRATION PROCEDURES 

7.6.1 GAS CHROMATOGRAPHY 

Initially, a three or five point calibration curve, consisting ofall compounds of interest plus 

a calibration blank, is established to define the usable range of the instrument. Calibration 

may be accomplished as best-fit line, quadratic equation, or average RF. The curve is 

determined to be linear if the correlation coefficient is> 0.995. Linearity may also be 

determined using response factors. Response factors are calculated for each compound at 

each concentration level. These RF will be averaged to generate the mean RF for each 

compound over the range of the standard curve. The curve is determined to be linear if the 

RSD of the response factors is <20% or as specified by the method. The mean response 

factor will be used to calculate the sample concentration of the compound of interest. 

When sample responses exceed the range of the standard curve, the sample will be diluted 

to fall within the range of the standard curve and be reanalyzed. The results of the daily gas 

chromatography standardization will be tabulated and filed with the corresponding sample 

analyses. Daily full calibration is not necessary if a calibration check standard validates the 

initial calibration curve. If the response to a calibration check standard differs from the 

initial calibration by more than +15% for any analyte being quantitated or as specified by 

the method, then investigation and corrective action will be performed, including complete 

recalibration, if necessary. 

7.6.2 GAS CHROMATOGRAPHY/MASS SPECTROMETRY 

The minimum operations necessary to satisfy analytical requirements associated with the 

determination of organic compounds in water and soil/sediment samples are listed below. 

The following operations should be performed routinely in the laboratory: 

• Documentation of GC/MS mass calibration and abundance pattern 

• Documentation of GC/MS response factor stability 

• Internal standard response and retention time 
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Prior to initiating data collection, it is necessary to establish that a given GC/MS meets the 

standard mass spectral abundance criteria. This is accomplished through the analysis of 

decafluorotriphenylphosphine (DFTPP) for base/neutral and acid (BNA) compounds or p­

bromofluorobenzene (BFB) for volatile compounds. The ion abundance criteria for each 

calibration compound must be met before any samples, blanks, or standards can be 

analyzed. 

Each GC/MS system used for the analysis of semivolatile organic compounds by EPA 

methods must be tuned to meet method or program specific abundance criteria. This criteria 

must be demonstrated as required in the appropriate Paragon semivolatile SOPs. 

Each GC/MS system used for the analysis of volatile organic compounds by EPA methods 

must be tuned to meet method or program specific abundance criteria. The criteria must be 

demonstrated as required in the appropriate Paragon volatiles SOPs. 

Prior to the analysis of samples and after tuning criteria have been met, the GC/MS system 

must be initially calibrated with a minimum of five concentrations ofeach compound being 

analyzed to determine the linearity of response. USEPA and/or QAPP criteria may specify 

both the concentration levels for initial calibration and the specific internal standard to be 

used on a compound-by-compound basis for quantitation. The response factor (RF) for 

each compound at each concentration level is calculated using the following equation: 

Where: 

Ax = area of the characteristic ion for the compound to be 

measured. 

Ais = area of the characteristic ion for the specific internal 

standards. 

Cis= concentration of the internal standard (ng/)lL). 
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Cx = concentration of the compound to be measured 

(ng/J.lL). 

Using the RF from the initial calibration, the percent relative standard deviation (%RSD) for 

compounds identified as Calibration Check Compounds (CCC) is calculated using the 

following equation : 

s 
%RSD==xl00 

X 

Where: 

RSD= relative standard deviation 

S= standard deviation of initial five response factors (per 

compound). 

X= mean of initial five response factors (per compound). 

The %RSD for each individual CCC should be less than 30% for volatile organics and less 

than 30% for semivolatile organics or as specified by the method. This criteria must be met 

for the initial calibration to be valid. 

A calibration check standard containing all compounds of interest as well as all required 

surrogates is analyzed each day ofanalysis. The RF data from the standard is compared 

each day against the average RF from the initial calibration for a specific instrument. If the 

response to a calibration check standard differs from the initial calibration by more than 

±25% for volatile organics and ±30% for semi volatile organics (or as specified by the 

method), then investigation and corrective action must be performed including a complete 

recalibration if necessary before samples are analyzed. 

7.6.3 HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY 

Initially, a five point calibration curve, consisting of all compounds of interest plus a 

calibration blank, is established to define the usable range of the instrument. Calibration 

may be accomplished as best-fit line, quadratic equation, or average RF. The curve is 

determined to be linear if the correlation coefficient is> 0.995. Linearity may also be 
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determined using response factors. Response factors are calculated for each compound at 

each concentration level. These RF will be averaged to generate the mean RF for each 

compound over the range of the standard curve. The curve is determined to be linear if the 

RSD of the response factors is <20% or as specified by the method. The mean response 

factor will be used to calculate the sample concentration of the compound of interest. 

When sample responses exceed the range of the standard curve, the sample will be diluted 

to fall within the range of the standard curve and be reanalyzed. The results of the daily 

HPLC standardization will be tabulated and filed with the corresponding sample analyses. 

Daily full calibration is not necessary if a calibration check standard validates the initial 

calibration curve. If the response to a calibration check standard differs from the initial 

calibration by more than +15% for any analyte being quantitated or as specified by the 

method, then investigation and corrective action will be performed, including complete 

recalibration, if necessary. 

7.7 MISCELLANEOUS INSTRUMENT CALIBRATION PROCEDURES 

7.7.1 ANALYTICAL BALANCES 

Every 12 months, calibration of the entire analytical range shall be checked by a qualified 

service technician. The calibration ofeach balance is checked each day of use using 

weights traceable to the National Institute of Standards and Technology (NIST). 

Calibration weights are Class S or better and are recertified every two years. If balances are 

calibrated by an external agency, verification of their weights shall be provided. All 

information pertaining to balance maintenance and calibration is found in the individual 

balance logbook. 

7.7.2 pH/ELECTROMETER 

The meter is calibrated before use each day and once after each four hours of continuous 

use. At least three fresh buffer solutions are used to calibrate the meter. 
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7.7.3 UVNISIBLEIINFRARED SPECTROPHOTOMETER 

During use, spectrophotometer performance is checked at established frequencies in 

analysis sequences against CCVs and ICVs. The instrument operating capability is also 

evaluated annually by an outside instrument maintenance service. 

7.7.4 TOTAL ORGANIC CARBON ANALYZER 

The TOC instrument is calibrated daily by analyzing five calibration standards plus a 

blank. Instrument responses versus concentrations are modeled using a liner calibration 

curve algorithm. Acceptance criteria for the calibration curve is that the correlation 

coefficient must be~ .995. If this criteria is passed, the analysis may proceed. If this 

criteria is not met, the analysis is halted, the problem of poor curve fit investigated and 

corrected, and the instrument recalibrated. 

After an acceptable calibration curve is generated, an independent calibration verification 

solution (second source) is analyzed. Using the daily calibration curve, the TOC value of 

the calibration verification solution is compared to the target value. The second source 

verification solution's calculated concentration must be within 20% of the expected 

(target) value. If this criteria is met, sample analysis may proceed. If this criteria is not 

met, the analysis is halted, the problem investigated and corrected, and the instrument 

recalibra ted. 

7.7.5 TITRIMETRIC/ELECTROMETRIC METHODS 

For titrimetric analyses (such as alkalinity, sulfide, etc.), titrant solutions are prepared 

from commercially-available reagents. These solutions are prepared initially to target 

concentrations (or normalities) that the laboratory staffhas determined are analytically 

useful over a wide range of expected sample concentrations for the target analyte. High­

purity standardization reference materials are then used to accurately establish the 

normality of the titrant solution. This is done by performing the standardization titration 

in triplicate. The results of the triplicate titration are then averaged, and this value is used 

to calculate the actual concentration of the titrant. 
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With each analysis batch, a reference material will be prepared in the same manner as was 

used to establish the initial normality of the titrant. This check sample (also called a 

Laboratory Control Sample or LCS) will be analyzed with the field samples. Acceptance 

criteria is established for all methods used by the laboratory, and this criteria must be met. 

If the acceptance criteria is not met, the analysis must be halted, the source of the problem 

located and corrected, and the analysis restarted. 

7.7.6 FLASHPOINT TESTER CALIBRATION 

The instrument is calibrated against the flashpoint of p-xylene, which is 27 o C. The 

observed reading from the flashpoint tester should be between 26.0 ° C and 28.0 o C. If 

this criteria is not met, check the condition and operation of the apparatus, especially the 

tightness of the lid, the action of the shutter, and the position of the test flame. After 

adjustment, repeat the test with the p-xylene standard. If the acceptance criteria for the p­

xylene is still not met, replace the instrument's thermometer with another calibrated 

thermometer and repeat the p-xylene calibration procedure. 

7.8 OVEN TEMPERATURE MONITORING 

All ovens in use in the laboratory will use a calibrated laboratory thermometer to monitor 

temperature. The thermometers will be placed in such a fashion so as to continuously 

monitor the interior temperature of the oven. Personnel using the ovens will monitor it's 

temperature, and will ensure that a constant temperature is achieved before using it. For 

ovens operating in a temperature range of 40 ° C to 200 ° C, oven temperature must be 

able to remain within a range of± 5 o C around the setpoint. For ovens whose operating 

range is above 200 ° C, the stability acceptance criteria is ± 20 o C. If the oven is unable 

to maintain a stable temperature within the required range, the oven should be placed out 

of service and the Department Manager to which the unit is assigned notified that the 

oven needs service. 
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7.9 SAMPLE REFRIGERATOR MONITORING 

Sample storage refrigerators will be equipped with a calibrated thermometer that will 

monitor the interior temperature of the storage unit. During every day of business, a 

temperature reading will be made in the refrigerator, and the results of the measurement 

will be entered on a refrigerator temperature log. The date the reading was made, the 

actual reading and the initials of the person making the reading will be entered on the 

temperature log. For environmental samples that must be chilled for proper preservation, 

the storage units must maintain a temperature of 4 ° C ± 2 o C. If the temperature reading 

is above or below the criteria, the Department Manager to which the unit is assigned 

notified that the refrigerator has exceeded the acceptance criteria. 

7.10 THERMOMETER STANDARDIZATION 

Certified, or reference, thermometers are maintained for checking calibration ofworking 

thermometers. Reference thermometers are provided with NIST traceability for initial 

calibration and are recertified every three years with equipment directly traceable to the 

NIST. 

Working thermometers are compared with the reference thermometers every 12 months. 

Each thermometer is tagged and individually numbered. In addition, working thermometers 

are visually inspected by laboratory personnel prior to use. 

Calibration temperatures and acceptance criteria are based upon the working range of the 

thermometer and the accuracy required for its use. Laboratory thermometer inventory and 

calibration data are maintained by the QA department. 
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Table 7-2 SUMMARY OF RADIOCHEMISTRY CALIBRATION REQUIREMENTS 

Instrument 
Gas Flow Proportional Counter 

HPGe Gamma Spectrometer 

Calibration Standards Used, Initial 
and Daily Minimum 
Plateau and Initial Set-up: and 
Operating Voltage and Discriminator 
Settings 

Daily background check 

Daily Reliability Check 
Am-241, SrN-90 

Initial Method Specific Calibration 

Energy and Shape Calibration: 

Efficiency Calibration 

Monthly long background check w/ 
empty chamber 

Daily Reliability Check, Mixed 
Standard 

Initial specific geometry calibration 

Weekly Energy and Efficiency: 

Acceptance Limits 
Slope <2.5%/100V 
a->b crosstalk: <50% 
b-> a crosstalk: 0.1 - 2% 

a< 0.5 cpm 
b <2.5 cpm 

± 5% rel./ monitor historical 
performance for trends 

Meets Criteria in SOP 

To manufacturer's specifications 

Meets criteria in SOP 

To meet sensitivity requirements 

± 10% rel./monitor historical 
performance for trends 

Meets criteria in SOP 

±50 keY and± 20% relative 

Corrective Actions 
1) Recount plateau, reset operating voltage, 
and/or discriminator 
2) Determine cause, repair, repeat set-up 

1.) Clean planchet, sample holder, recount 
2.) determine cause, repair, repeat 
measurement, repeat set-up 

1) Repeat Check 
2) Determine cause, repair, repeat check, repeat 
set-up 

l) Consult with supervisor 

1) Check Detector bias, cables, 
2) Determine cause, repair, Pole-zero, 
recalibrate, repeat calibration 

1) Consult with supervisor 

1) Clean chamber, detector, recount 
2) Determine cause, repair, repeat measurement 

1) Repeat check 
2) Determine cause, repair, repeat check, repeat 
set-up 

1) Consult with supervisor 

l) Repeat measurementAlpha Spectrometer 
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Table 7-2 SUMMARY OF RADIOCHEMISTRY CALIBRATION REQUIREMENTS 

Instrument 

Liquid Scintillation Counter 

Calibration Standards Used, Initial 
and Daily Minimum 
Mixed Alpha Source 

Quarterly Pulser Check 

Weekly long background check 

Daily Vacuum Check 

Periodic normalization and: Daily 
Instrument Performance Assessment 

Daily background check 

Initial specific calibration 

Representative backgrounds with 
each batch 

Acceptance Limits 

FWHM<50keV 

To meet sensitivity requirements 

< 0.1 torr 

Within established control limits 

Within established control limits 

Meets criteria in SOP 

Within established control limits 

Corrective Actions 
2) Determine cause, repair 
3) Repeat measurement 

1) Repeat measurement 
2) Determine cause, repair 
3) Repeat measurement 

1) Clean chamber, detector, recount 
2) Determine cause, repair, repeat measurement 

1) Check/replace seals 
2) Locate and repair leak 
3) Call service 

1) Repeat measurement 
2) Determine cause, repair 
3) Call service 

1) Determine cause, repair 
2) Call service 

1) Consult with supervisor 

1) Repeat measurement 
2) Prepare new bknd sample 
3) Call service 
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Table 7-3 SUMMARY OF GC AND GC/MS CALIBRATION REQUIREMENTS 

Instrument 

GC/MS (8270) 

GC/MS (8240) 

Calibration Standards Used, Initial 

and Daily Minimum 


Tune: DFTPP 


Initial: 5 level 

(20, 50, 80, 120, 160 ppb) 


Daily: 1level (50 ppb) 

(every 12 hours) 


Tune: BFB 


Initial: 5 level 

(1 0, 20, 50, 100, 200 ppb) 


Daily: 1 level (50 ppb) 

(every 12 hours) 


Acceptance Limits 

Meets Criteria 

RSD < 30% for RF's 

RF ~ 0.050 (SPCC) 

% Difference 
<30% of the average five-point RF 
(CCC) 

Meets Criteria 

RSD < 30% for RF's 

RF ~ 0.300 (0.250 for bromoform) 
(SPCC) 

%Difference <25% of the average 
five-point RF (CCC) 

Corrective Actions 

Re-tune instrument 
Repeat DFTPP analysis 

Repeat Calibration 

Evaluate system 
Repeat Calibration 

Evaluate system 
Repeat Calibration 

Re-tune instrument 
Repeat BFB Analysis 
Repeat Calibration 

Repeat Calibration 

Evaluate system 
Repeat Calibration 

Evaluate system 
Repeat Calibration 

Gas Chromatograph (8080) Initial: 5 level (concentration based Std curve or calibration factor (CF) Make new standards or establish new calibration 
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Table 7-3 SUMMARY OF GC AND GC/MS CALIBRATION REQUIREMENTS 

Instrument 

Gas Chromatograph (8150) 

High Performance Liquid 
Chromatograph (831 0) 

Calibration Standards Used, Initial 
and Daily Minimum 
upon instrument response) 

Mid-level DDT!Endrin standard 

Daily: 1 level of check standard 
(mid-range) 

Standard check every 10 samples 

Initial: 5 level (concentration based 
upon instrument response) 

Daily: 1 level of check standard 
(mid-range) 

Standard check every 10 samples 

Initial: 5 level (concentration based 
upon instrument response) 

Daily: 1 level of check standard 
(mid-range) 

Standard check every 10 samples 

Acceptance Limits 
%RSD :,; 20% 

DDT!Endrin breakdown< 20% 

CF ± 15% of initial calibration 

CF ± 15% of initial calibration 
Retention times within R T windows 

Std curve or calibration factor (CF) 
%RSD:,;20% 

CF ± 15% of initial calibration 

CF ± 15% of initial calibration 
Retention times within R T windows 

Std curve or calibration factor (CF) 
%RSD:,;20% 

CF ± 15% of initial calibration 

CF ± 15% of initial calibration 
Retention times within R T windows 

Corrective Actions 
curve 

Reanalyze standard once 
Perform system maintenance 

Repeat initial calibration 

Reanalyze all samples since last acceptable check 
standard 

Make new standards or establish new calibration 
curve 

Repeat initial calibration 

Reanalyze all samples since last acceptable check 
standard 

Make new standards or establish new calibration 
curve 

Repeat initial calibration 

Reanalyze all samples since last acceptable check 
standard 

7-24 



Section 8.0 
Rev. 4 

February 1999 

Table 7-4 SUMMARY OF INORGANIC CALIBRATION REQUIREMENTS 

Instrument 


Ion Chromatograph (9056) 


ICAP (6010) 


GFAA (7000- series methods) 


GFAA(C 

Calibration Standards Used, Initial 
and Daily Minimum 

Initial: Blank + 5 levels 

Daily: 1 level of check standard 
(mid-range) 

Continuing Calibration Verification 
(CCV) between every 10 samples 

Initial: Blank+ 3 standards 

Daily: Initial Calibration 
Verification (I CV) 

Continuing Calibration Verification 
(CCV) between every 10 samples 

Multi-point calibration of four or 
more calibration standards plus 
calibration blank 

Initial Calibration Verification (ICY) 

Continuing Calibration Verification 

Acceptance Limits 

Linear or Polynomial 

ICY 90%- 100% of target value 

CCV 90% - 100% of target value 

Calibration Verification Standard:: 
95%- 105% oftrue value 

ICY: 90%- 110% of true value 

CCV: 90%- 110% oftrue value 

Correlation coefficient:?: 0.995 

ICY: 90%- 110% of true value 

CCV: 80%- 120% oftrue value 

Corrective Actions 

Recalibrate system 

1) Reanalyze ICY once 
2) Regenerate multi-point calibration curve 

1) Reanalyze CCV once 
2) Recalibrate and reanalyze all samples after last 
acceptable CCV 

Recalibrate system 

Recalibrate system 

1) Reanalyze CCV once 
2) Recalibrate and reanalyze all samples after last 
acceptable CCV 

Make new standards or establish new calibration 
curve 

Make new standards or establish new calibration 
curve 

1) Reanalyze CCV once 
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Table 7-4 SUMMARY OF INORGANIC CALIBRATION REQUIREMENTS 

Instrument 
ontinued) 

pH Meter (9040/9045) 

UV-Vis Spectrophotometer 

CV AA (7000- series methods) 

Calibration Standards Used, Initial 
and Daily Minimum 
(CCV) between every 10 samples 

Daily: 3 pH buffer levels 

Acid/Base check solutions between 
every 10 samples 

Daily: five standards plus blank 

Initial Calibration Verification (ICY) 

Mid-range check standard between 
every 10 samples 

Multi-point calibration of four or 
more calibration standards plus 
calibration blank 

Initial Calibration Verification (ICY) 

Continuing Calibration Verification 
(CCV) between every 10 samples 

Acceptance Limits 

±0.05 pH units of target value 

±0.05 pH units of target value 

Correlation coefficient;;:: 0.995 

ICY: 90%- 110% 

CCV: 90% - 110% 

Correlation coefficient;;:: 0.995 

ICY: 90%- 110% of true value 

CCV: 80%- 120% of true value 

Corrective Actions 
2) Recalibrate and reanalyze all samples after last 
acceptable CCV 

Clean or replace electrode; recalibrate 

Clean or replace electrode; recalibrate 

Recalibrate system 

1) Reanalyze ICY once 
2) Recalibrate system 

1) Reanalyze CCV once 
2) Recalibrate and reanalyze all samples after last 
acceptable CCV 

Make new standards or establish new calibration 
curve 

Make new standards or establish new calibration 
curve 

1) Reanalyze CCV once 
2) Recalibrate and reanalyze all samples after last 
acceptable CCV 
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8. 	 PREVENTIVE MAINTENANCE 

The objective of Paragon's preventive maintenance program is to establish a system of 

instrument care that prevents the loss of analytical quality control and results in a minimum 

of lost productivity due to instrument failure. This program includes a system for 

documenting all routine and non-routine instrument maintenance and repairs. Analysts 

maintain calibration and maintenance records of all equipment and instruments that 

generate analytical data. Paragon maintains service contracts for most major analytical 

equipment including: gas chromatographs, mass spectrometers, balances, atomic 

absorption spectrometers, and inductively coupled plasma spectrometers. 

8.1 MAINTENANCE RESPONSIBILITIES 

The Department Manager is responsible for providing technical leadership to all staff 

involved with chemical analysis. This leadership role includes: (1) serving as a technical 

resource to help solve equipment and method problems; (2) evaluating and recommending 

investments in new technologies; (3) improving efficiency; and ( 4) coordinating instrument 

repair and maintenance. 

The primary responsibility for the maintenance of instruments and equipment rests with 

each analytical Department Manager. The Department Manager is further responsible for 

developing procedures and schedules for maintaining each major instrument or piece of 

equipment and for delegating specific maintenance responsibilities to department staff. 

8.2 MAINTENANCE DOCUMENTATION 

All routine and non-routine instrument maintenance is documented in maintenance 

logbooks or in run sequence logbooks assigned to each instrument. To provide a clear and 

complete history of repairs and maintenance associated with each instrument, each entry 

must include the following elements: 

• 	 The reason for the maintenance or repair (e.g., was this action taken to fix a problem or 

was this action routine instrument maintenance); 

• 	 A full description of the maintenance or repair; 
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• 	 A description of how the analyst demonstrated that the analytical system was operating 

in control after completion of the maintenance and before the resumption of sample 

analysis; and 

• 	 The initials of the analyst making the entry, date of entry, and the dates that maintenance 

actions were performed. 

8.3 MAINTENANCE SCHEDULES 

The effectiveness of the maintenance program relies heavily on adherence to prescribed 

schedules for maintaining each instrument or piece ofequipment. A schedule is established 

for all routine maintenance. Other maintenance activities may also be identified as 

requiring attention on an as-needed basis. Manufacturers' recommendations provide the 

primary basis for developing these schedules, and manufacturers' service contracts provide 

primary maintenance for several major instruments (e.g., spectrophotometers, gas 

chromatographs, analytical balances, etc.). 

To minimize downtime and interruption of analytical work, preventive maintenance is 

routinely performed on each analytical instrument. 

SOPs are written for each instrument that cover basic operation and maintenance 

procedures. The following are brief summaries of maintenance for each major instrument. 

This information is also listed by major instrumentation system in Table 8-1. 

8.4 	 RADIOCHEMICAL INSTRUMENT MAINTENANCE PROCEDURES 

8.4.1 GAS FLOW PROPORTIONAL COUNTER 

Regularly performed maintenance includes, but is not limited to, the following for gas flow 

proportional counters: 

• 	 Maintenance of the P-1 0 gas supply; 

• 	 Periodic background checks; 

• 	 Periodic checks of detector stability (efficiency and cross-talk); 

• 	 Detector plateau determinations; 
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• 	 Operating bias adjustment; 

• 	 Discriminator adjustment; 

• 	 Inspection and cleaning of slide and sample holders; 

• 	 Inspection and renewal of detector windows; 

• 	 Inspection and adjustment of electrical connections; 

• 	 Cleaning and checks of system components; 

• 	 Checks, adjustment and repair of automatic sample changer 

components; 

• 	 Maintenance of software, analysis protocols and system backup. 

8.4.2 HIGH PURITY GERMANIUM GAMMA SPECTROMETERS 

Regularly performed maintenance includes, but is not limited to, the following for HPGe 

spectrometers: 

• 	 Maintain Dewar liquid nitrogen level; 

• 	 Periodic resolution checks; 

• 	 Periodic checks of detector stability (energy and efficiency); 

• 	 Pole-zero adjustment and processing adjustments; 

• 	 Inspect and clean detector chamber; 

• 	 Periodic long background counts; 

• 	 Power supply and NIM bin checks; 

• 	 Clean and check system components; 

• 	 Check and adjust electrical connections; 

• 	 Recondition detector as needed (pump and bake); 

• 	 Maintenance of software, analysis protocols and backup data files. 

8.4.3 SURFACE BARRIER ALPHA SPECTROMETER 

Regularly performed maintenance includes, but is not limited to, the following for alpha 

spectrometers: 

• 	 Periodic checks of system stability (efficiency and energy); 

• 	 Periodic energy calibration; 
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• 	 Periodic efficiency calibration; 

• 	 Periodic checks of system integrity (pulser checks); 

• 	 Detector background counts; 

• 	 Detector maintenance and cleaning; 

• 	 Inspection and cleaning of sample holders; 

• 	 Inspection and renewal of sample chamber; 

• 	 Inspection and adjustment of electrical connections; 

• 	 Clean and check system components; 

• 	 Periodic checks of chamber vacuum; 

• 	 Check, adjust and repair vacuum manifold; 

• 	 Change oil, check, repair vacuum pump; 

• 	 Maintenance of software, analysis protocols and system backup. 

8.4.4 LIQUID SCINTILLATION COUNTER 

Regularly performed maintenance includes, but is not limited to, the following for liquid 

scintillation spectrometers: 

• 	 Periodic background checks; 

• 	 Periodic checks of detector stability (C-14 and H-3 efficiency); 

• 	 Periodic detector normalization and voltage adjustments (automatic); 

• 	 Inspection and cleaning of instrument; 

• 	 Periodic cleaning ofPMT's and optical systems; 

• 	 Inspection and adjustment of electrical connections; 

• 	 Inspection and maintenance of refrigeration systems; 

• 	 Cleaning and checks of system components; 

• 	 Checks, adjustment and repair of automatic sample changer 

components; 

• 	 Maintenance of software, analysis protocols and system backup. 

8-4 



Section 8.0 
Rev.4 

February 1999 

8.4.5 ALPHA SCINTILLATION SYSTEM 

Regularly performed maintenance includes, but is not limited to, the following for alpha 

scintillation systems: 

• Periodic dark count background checks; 

• Periodic checks of detector stability; 

• Detector plateau determinations; 

• Threshold adjustment; 

• Operating bias adjustment; 

• Inspection and cleaning of instrument; 

• Periodic cleaning of PMT and optical systems; 

• Inspection and adjustment of electrical connections; 

• Cleaning and checks of system components; 

• Maintenance of printer apparatus; 

• Alpha Scintillation Flask background checks; 

• Alpha Scintillation Flask recalibration; 

• Alpha Scintillation Flask maintenance; 

• Alpha Scintillation Flask scintillation material renewal. 

8.5 INORGANIC INSTRUMENT MAINTENANCE PROCEDURES 

8.5.1 INDUCTIVELY COUPLED ARGON PLASMA (ICAP) 

Regularly performed maintenance includes, but is not limited to, the following for ICAP 

systems: 

• Monitor argon gas tank pressure daily; 

• Replace argon gas tank when contents fall below 1/8 full volume; 

• Clean nebulizer and spray chamber as needed; 

• Replace and realign plasma torch monthly; 

• Clean air filters monthly; 

• Monitor vacuum pump oil level and add oil as needed; 

• Check cooling system water level; 
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• 	 Empty waste reservoir daily; 

• 	 Clean components to prevent acid corrosion as needed; 

• 	 Monitor instrument response daily; 

• 	 Replace peristaltic pump tubing as needed. 

8.5.2 GRAPHITE FURNACE SPECTROPHOTOMETER 

Regularly performed maintenance includes, but is not limited to, the following for graphite 

furnaces: 

• 	 Clean components to prevent acid corrosion as needed; 

• 	 Align source lamps to ensure maximum sensitivity whenever elemental 

emission lamps are changed; 

• 	 Clean and inspect graphite tube sample platform daily and replace it 

when surface appears excessively burned or cracked or a buildup of 

minerals is evident; 

• 	 Clean and inspect contact ring, replacing when excessively worn; 

• 	 Clean optical path of the mirrors and sensors as needed; 

• 	 Check autosampler injector alignment to ensure placement of sample in 

correct location on the graphite tube; 

• 	 Monitor instrument response daily; 

• 	 Replace rinse and waste water as needed; 

• 	 Replace fume extraction water and filter as needed. 

8.5.3 COLD VAPOR SPECTROPHOTOMETER 

Regularly performed maintenance includes, but is not limited to, the following for mercury 

analyzers: 

• 	 Replace drying tube each morning before sample analysis; 

• 	 Replace pump tubing weekly or when deterioration is evident; 

• 	 Replace mercury lamp after ~2000 hr of use (when relative absorbance 

of a standard has changed significantly while the optical cell is clean); 

• 	 Align source lamp as needed; 
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• 	 Remove and clean sample cell and connecting tubes; 

• 	 Clean and lubricate auto sampler to ensure smooth operation of the servo 

mechanisms as needed; 

• 	 Check sparger for proper operation; 

• 	 Clean sample compartment windows. 

8.5.4 ION CHROMATOGRAPH 

Regularly performed maintenance includes, but is not limited to, the following for IC 

systems: 

• 	 Check nitrogen and helium pressure; 

• 	 Check eluent level; 

• 	 Check pump pressure and flow rate; 

• 	 Check retention time for fluoride (earliest) and sulfate (latest); 

• 	 Check for system leaks within column and valve compartment; 

• 	 Rinse off dried eluents and reagents; 

• 	 Check air and liquid transfer lines for discoloration, replace lines if 

discolored; 

• 	 Replace guard column as needed; 

• 	 Replace suppresser as needed. 

If instrument sensitivity has decreased, clean detector with a dilute solution of nitric acid to 

restore the sensitivity of the cell. 

8.6 	 ORGANIC INSTRUMENT MAINTENANCE PROCEDURES 

8.6.1 GAS CHROMATOGRAPHS 

Regularly performed maintenance includes, but is not limited to, the following for GC 

instrumentation: 

• 	 Clip -12 inches from the injection end of the capillary columns as 

needed to remove active sites; 
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• 	 Replace injection port liner as needed to remove active sites; 

• 	 Replace septum as needed when symptoms of septum deterioration are 

noted; 

• 	 Replace carrier and detector gases when the supply of gas in the cylinder 

falls between 400-500 psi to prevent contaminants from reaching the 

column and detector; 

• 	 Leak check instrument after maintenance; 

• 	 Replace molecular sieves and oxygen traps to remove accumulations 

when decline in instrument performance is noted; 

• 	 NRC wipe test ECD (semiannually) to ensure that the housing of the 

radioactive source remains effective in preventing any release of any 

radioactive substance; 

• 	 Replace vent traps (semiannually) to ensure that organic vapors are 

trapped. 

Instrument calibration curves will be monitored and compared to historical performance. 

Excessive noise, low response, and poor precision may be indications of dirty injection 

liners, columns, and/or detectors. Replacing injection liners, clipping the front end of the 

column, and cleaning detectors are activities that may correct some of these problems. 

Spare columns, packing materials, and instrument cables will be available in case of 

breakage or malfunction to minimize instrument downtime. 

8.6.2 GAS CHROMATOGRAPH/MASS SPECTROMETERS 

Regularly performed maintenance includes, but is not limited to, the following for GC/MS 

instrumentation: 

• 	 Hard tune with calibration gas (PFTBA); 

• 	 Clip ~12 inches from the injection end of the capillary columns as 

needed to remove active sites; 

• 	 Replace injection port liner as needed to remove active sites; 
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• 	 Replace septum as needed when symptoms of septum deterioration are 

noted; 

• 	 Replace carrier and detector gases when the supply of gas in the cylinder 

falls between 400-500 psi to prevent contaminants from reaching the 

column and detector; 

• 	 Leak check instrument after maintenance; 

• 	 Replace molecular sieves and oxygen traps to remove accumulations 

when decline in instrument performance is noted; 

• 	 Clean ionizing source as needed to prevent loss of sensitivity; 

• 	 Change vacuum pump oil (semiannually); 

• 	 Replace vent traps (semiannually) to ensure that organic vapors are 

trapped. 

Instrument calibration curves will be monitored and compared to historical performance. 

Excessive noise, low response, and poor precision may be indications of dirty injection 

liners, columns, and/or detectors. Replacing injection liners, clipping the front end of the 

column, and cleaning detectors are activities that may correct some of these problems. 

Spare columns, packing materials, and instrument cables will be available in case of 

breakage or malfunction to minimize instrument downtime. 

8.6.3 HIGH-PERFORMANCE LIQUID CHROMATOGRAPHS 

Regularly performed maintenance includes, but is not limited to, the following for HPLC 

instrumentation: 

• 	 Replace sparging and autosampler gases when the supply of gas in the 

cylinder falls between 400-500 psi to prevent contaminants from 

reaching the solvent reservoirs; 

• 	 Replace pre-column filter and guard column as needed; 

• 	 Replace water every 2 weeks to prevent algae formation; 

• 	 Change the cup filter in the inlet valve when it becomes difficult to 

prime the pump. 
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Instrument calibration curves will be monitored and compared to historical performance. 

Excessive noise, low response, and poor precision may be indications of dirty columns, 

dirty guard columns, and/or dirty detectors. Replacing the column, changing the guard 

column, or rinsing the system with 6 N nitric acid, followed by ultra-pure water are 

activities that may correct some of theses problems. Spar columns, guard columns, and pre­

column filters will be available in case of malfunction to minimize instrument downtime. 

8.7 MISCELLANEOUS INSTRUMENT MAINTENANCE PROCEDURES 

8.7.1 ANALYTICAL BALANCES 

Analytical balances are calibrated annually by a certified technician. A dated sticker, 

certifying the calibration, is placed on each balance. Records for balance 

calibration/servicing are maintained in Paragon QA files. Multi and single point calibration 

checks are regularly performed to ensure the accuracy ofeach balance. The results are 

recorded in dedicated logbooks that are maintained at each balance location. Balances that 

do not satisfy specifications are taken out of service for replacement or repair. Class "S" 

weights must be verified/calibrated every two years. 

8.7.2 LABORATORY OVENS AND REFRIGERATORS 

Refrigerators and ovens are monitored once or twice daily or as used, depending upon the 

function of the unit. Logbooks are maintained to record monitoring and results. For sample 

refrigerators (excluding standards or extract storage refrigerators) the internal temperature 

will be monitored and record every business day. The acceptance criteria for the sample 

storage refrigerators is 4 oC ± 2 oc. For the extract and standards storage refrigerators, 

temperature reading should be 4°C or less. 

If a unit fails acceptance criteria, monitoring is continued until the temperature stabilizes 

within the range or appropriate corrective actions are taken. Monitoring occurs at one (1) 

hour intervals for a maximum four ( 4) hour period; if the reading following the temperature 
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control adjustment is out, the unit is considered "out oforder," and is emptied and serviced. 

It is not put back into service until shown to be stable at the required temperature range. 

When not in use, laboratory ovens and kilns will be turned off and allowed to cool to room 

temperature. Prior to use, ovens will be turned on and given sufficient warm-up time to 

allow them to meet their operating temperature. For kilns used to dry/clean glassware at> 

400 °C, glassware will be loaded in the cool kiln, and power applied to bring the unit to 

final temperature. Ovens used for drying glassware should be maintained at a temperature 

between 105 °C and 200 °C. 

8.7.3 TOTAL ORGANIC CARBON ANALYZER 

Regularly performed maintenance includes, but is not limited to, the following for a total 

organic carbon analyzer: 

• 	 Replace injector septum every 100 injections or whenever leakage is 

observed; 

• 	 Fill reservoir with fresh solution when low; 

• 	 Monitor sparge/carrier gas daily; 

• 	 Inspect tin sample scrubber daily and replace/repack scrubber if color 

change is observed. 

8.7.4 GENERAL LABORATORY AREAS 

• 	 Calibrate automatic pipettes and burettes weekly; 

• 	 Clean, check, calibrate to manufacturer's specifications all pH, DO, 

conductivity and turbidity meters and spectrophotometers semiannually; 

• 	 General housekeeping: keep counter tops, hoods, and floors clean; and 

• 	 Check airflow in hoods quarterly. 

8.8 SPARE PARTS 

An adequate inventory of spare parts is required to minimize equipment downtime. This 

inventory should emphasize those parts and supplies that: 

• 	 Are subject to frequent failure, 
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• Have limited useful lifetimes, or 

• Cannot be obtained in a timely manner should failure occur. 

Department Managers are responsible for maintaining an adequate inventory of necessary 

spare parts for all major instruments and equipment items. Examples of spare parts 

maintained for major instrumentation systems are listed in Table 8-1. 

8.9 CONTINGENCY PLAN 

In the event of a catastrophic instrument failure, every effort will be made to analyze 

samples within holding times by alternate means. If the redundancy in equivalent 

instrumentation is insufficient to handle the affected samples, then the analyst and/or 

Department Manager will notify the Project Manager in a timely fashion (i.e., several days 

before holding times expire) to ensure that the Project Manager has adequate time to notify 

the client and discuss options. 
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Table 8-1 SCHEDULED MAINTENANCE PROCEDURES AND REPRESENTATIVE 

SPARE PARTS FOR MAJOR INSTRUMENTATION 

INSTRUMENT MAINTENANCE PROCEDURE SPARE PARTS 

Gas Chromatograph 1. Change septa and liner 1. Syringes 

Mass Spectrometer 2. Clip column 2. Septa and inserts 

(GC/MS) 3. Replace pump oil 3. GC columns 
4. Change gas line dryers 4. Various electronic components 

5. Clean ionizing source 5. Plumbing supplies - tube 

6. Replace electron multiplier fittings 
7. Replace gases 6. Filaments 
8. Replace vent traps 7. Source parts 

Gas Chromatograph (GC) 1. Change septa and liners 1. Syringes 
2. Clip column 2. Septa and inserts 
3. Change gas line dryers 3. GC columns 
4. Leak check when installing 4. Various electronic components 

new analytical column 5. Plumbing supplies - tube 
5. Replace gases fittings 
6. Replace vent traps 

Purge and Trap Sample 1. Replace trap 1. Spare traps 
Concentrator 2. Decontaminate system as 2. Various electronic components 

required by blank analysis and circuit boards 
3. Leak check system 3. Plumbing supplies -tube 
4. Measure flowrates for each fittings 
sparging position 

Ion Chromatograph (IC) 1. Replace guard column 1. Guard column 
2. Replace separator column 2. Separator column 
3. Replace suppresser 3. Suppresser 
4. Replace valve system 4. Valve 

Inductively Coupled Argon 1. Clean torch assembly and 1. Spare torch and mixing 
Plasma Spectrometer (ICP) mixing chamber when dis- chamber 

colored or after 8 hours of 2. Spare coil 
running high dissolved solids 3. Plumbing supplies -tube 
samples fittings 

Graphite Furnace Atomic 1. Change graphite contact rings 1. Contact rings 
Absorption 2. Graphite cups and electrodes 
Spectrophotometer 2. Clean quartz windows 3. Autosampler tubing 

Hg Analyzer 1. Clean tubing and quartz cell 1. Quartz cells 
2. Clean aspirator 2. Aspirator 
3. Replace drying tube media 3. Plumbing supplies 
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9. QUALITY CONTROL PROCEDURES 

A quality control program is a systematic process that controls the validity of analytical 

results by measuring the accuracy and precision of each method and matrix, developing 

expected control limits, using these limits to detect errors or out-of-control events, and 

requiring corrective action measures to prevent or minimize the recurrence of these 

events. QC procedures are implemented to ensure that sample data meet the quality 

objectives of the laboratory and the client. An effective QC program must be able to 

control the quality ofthe data through the monitoring ofQC indicators. Criteria 

frequently applied to environmental QC data include measurements of accuracy and 

precision. Precision measures the randomness associated with an analytical 

measurement and reflects the inherent variability in that measurement system. Accuracy 

reflects the degree to which the measured value approximates the actual or "true" value 

for a given parameter and reflects the influence of systematic biases in the measurement. 

Thus, the "quality" of QC data can be said to be a measure ofboth the randomness and 

biases in a specific measurement system. 

For all analyses performed by Paragon, the QC checks described in this section are 

mandatory. Table 9-1 through Table 9-4 summarize minimum QC sample requirements. 

Section 3 of this LQAP contains the acceptance criteria that will be used by the laboratory. 

Department Managers are responsible for reviewing QC acceptance criteria for each method 

performed by their department. EPA precision and accuracy data should be used as a basis 

for developing acceptance criteria for assessing the precision and accuracy of generated 

data. However, once an adequate database of analysis batches for a given method has been 

established, the control chart procedure described in Section 9.4 will be used to control the 

analysis. 

9-1 



Section 9.0 
Rev. 5 

February 1999 

Table 9-1 MINIMUM QC SAMPLE REQUIREMENTS FOR METALS AND INORGANICS ANALYSIS 

Analysis 
T~ 

Method 
Blank 

Laboratory Control 
Sample 

Sample 
Replicate 

Sample Matrix Spike/Spike 
Replicate 

Metals Analysis 
(ICAP, GFAA, CV AA) 

Every Batch or 5 % Every Batch or 5 % Every Batch or 5 % 1 Pair Every Batch or 
5 % 

Nonmetallic Inorganics Analysis Every Batch or 5 % Every Batch or 5 % 1 Pair Every Batch or 

(Anions, Autoanalyzer & Colorimetric Methods) 5% 

Cyanide1 Analysis Every Batch or 5 % Every Batch or 5 % Every Batch or 5% 1 MS Every Batch or 
5% 

Nonmetallic Inorganics Analysis Every Batch or 5 % Every Batch or 5 % Every Batch or 5 % 

(Titrimetric Methods) 

Gravimetric Methods Every Batch or 5 % Every Batch or 5 % Every Batch or 5 % 

(TDS, TSS,% Moisture, Oil & Grease, etc.) 

Total Organic Carbon Every Batch or 5 % Every Batch or 5 % 1 MS Every Batch or 
5% 

Electrometric Methods Every Batch or 5 % Every Batch or 5 % Every Batch or 5 % 

TCLP Every Batch or 5 % Every Batch or 5 %2 1 MS Every Batch or 
5%3 

Cyanide analyzed by CLP SOW will follow requirements specified in the SOW. 


2 QC sample is created by spiking appropriate matrix (blank or sample) after TCLP extract generation. 


1 
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Table 9-2 MINIMUM QC SAMPLE REQUIREMENTS FOR GC AND GC/MS ORGANICS ANALYSIS 

Analysis 
Type 

Method 
Blank 

Laboratory Control 
Sample 

Surrogate 
Spike 

Sample Matrix Spike/Spike 
Replicate3 

GCIMS Analyses Every Batch or 5 % Every Batch or 5 % Every Sample 1 Pair Every Batch or 

(VOA's, Semivolatiles) 5 % 

GC/HPLC Analyses Every Batch or 5 % Every Batch or 5 % Every Sample 1 Pair Every Batch or 

(Surrogates A vail.) 5% 

GC/HPLC Analyses Every Batch or 5 % Every Batch or 5 % -­ 1 Pair Every Batch or 

(Surrogates N/A) 5% 

TCLP Every Batch or 5 % Every Batch or 5 %4 Every Sample4 1 MS Every Batch or 
5%4 

3 Client may specify which field samples are to be selected for MSIMSD pairs. If not, laboratory will select field sample. 

4 QC sample is created by spiking appropriate matrix (blank or sample) after TCLP extract generation. 

9-3 



Section 9.0 
Rev. 5 

February 1999 

Table 9-3 MINIMUM QC SAMPLE REQUIREMENTS FOR RADIOCHEMICAL ANALYSES 

Analysis Method Laboratory Control Internal Sample Matrix Sample 

Type Blank Sample Isotopic Tracer Spike Replicate5 

Gas Flow Proportional Every Batch or 5 % Every Batch or 5 % -- -- Every Batch or 
10 %Counting 

Gamma Spectroscopy Every Batch or 5 % Every Batch or 5 %6 Every Batch or 
10% 

Alpha Spectroscopy Every Batch or 5 % Every Batch or 5 % Every Sample Every Batch or 
10% 

Liquid Scintillation Every Batch or 5 % Every Batch or 5 % Every Batch or 
10% 

Every Batch orAlpha Scintillation Every Batch or 5 % Every Batch or 5 % 
10% 

Kinetic Every Batch or 5 % Every Batch or 5 % Every Batch or 5 % Every Batch or 
10%Phosphorescence 

Analysis 

5 Client may specifY which field samples are to be selected for duplicate analyses. If not, laboratory will select field sample. 

6 LCS supplied in instrumentation laboratory. 
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Table 9-4 MINIMUM QC SAMPLE REQUIREMENTS FOR WET CHEMISTRY 

ANALYSES 

Methods 

Ammonia 

Alkalinity (Total) 
Bicarbonate 
Carbonate 

Chloride 

Total Cyanide 
Amenable Cyanide 

Fluoride 

Hexavalent Chromium 

N02+N03 asN 
N03 as N 
N02 as N 

Reactive Cyanide 
Reactive Sulfide 

Ortho Phosphate as P 
Total Phosphate as P 

Sulfate 

Sulfide 

TDS 
TSS 

Ion Chromatography 
Fluoride 
Chloride 
Bromide 
Nitrate as N 
Nitrite as N 
Ortho Phosphate as P 
Sulfate 

Method No. 

350.3 

310.1 
310.1 mod 
310.1 mod 

325.3 

9010 
9010 

340.2 

7196 

353.3 
353.3 
354.1 

sw 846 (7) 
sw 846 (7) 

365.3 
365.3 

375.4 

376.1 

160.1 
160.2 

300 
300 
300 
300 
300 
300 
300 

QC Required7 

MB, LCS, MS/MSD 

MB,LCS,DUP 
MB, LCS, DUP 
MB,LCS,DUP 

MB,LCS,DUP 

MB, LCS, MS/MSD 
MB, LCS, MS/MSD 

MB, LCS, MS/MSD 

MB,LCS,DUP 

MB, LCS, MS/MSD 
MB, LCS, MS/MSD 
MB, LCS, MS/MSD 

MB,LCS,DUP 
MB,LCS,DUP 

MB, LCS, MS/MSD 
MB, LCS, MS/MSD 

MB,LCS,DUP 

MB,LCS,DUP 

MB,LCS,DUP 
MB,LCS,DUP 

MB, LCS, MS/MSD 
MB, LCS, MS/MSD 
MB, LCS, MS/MSD 
MB, LCS, MS/MSD 
MB, LCS, MS/MSD 
MB, LCS, MS/MSD 
MB, LCS, MS/MSD 

Legend: MB = Method Blank; LCS = Laboratory Control Sample; MS/MSD = Matrix Spike/Matrix 

Spike Duplicate; DUP = Sample Duplicate. 

7 
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9.1 DEFINITION OF ANALYSIS BATCH 

For QC purposes, field samples and qc samples processed as a unit constitute a batch. A 

batch may contain as a many as 20 field samples of similar matrix. The field samples 

must be processed with the appropriate qc samples ( eg, method blank, laboratory contorol 

smaples, matrix spike samples, duplicate samples). The number and type of QC samples 

specified in this section will apply to a batch of samples. For example, a group of field 

and qc samples that are extracted on the same day and (if required) undergo concentration 

and clean-up procedures on subsequent days would be considered one batch for QC 

purposes. 

Some analyses (such as volatile organics by GC or GC/MS, anions by ion 

chromatography, etc.) require no preparation before analysis; therefore, the batch 

definition presented above does not apply. For GC/MS volatiles analyses, the 

determination of a batch of samples is further restricted to the number of samples that 

may be analyzed during the 12-hour period that follows the injection of the tuning 

standard, BFB. 

9.2 QC SAMPLE DEFINITION AND USE 

The results of quality control samples created in the laboratory represent estimates of 

accuracy and precision for the preparation and analysis steps of sample handling. This 

section describes the quality control information provided by each of these analytical 

measurements. Information on the procedures to follow in preparation of the samples 

or spiking solutions is described for each method and matrix in the respective 

method's Standard Operating Procedure. 

9.2.1 METHOD BLANK 

A method blank is a volume of deionized, distilled laboratory water for water samples, 

or a purified solid matrix, carried through the entire analytical procedure. The volume 

or weight of the blank must be approximately equal to the sample volume or weight 

processed. Analysis of the blank verifies that method interferences caused by 
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contaminants in solvents, reagents, glassware, and other sample processing hardware 

are known and minimized. Optimally, a method blank should contain less than the 

reporting limit for all parameters unless otherwise specified in the method or this 

LQAP. For radiochemical analyses, a suitable blank solid matrix has not been 

identified; therefore deionized water will be used for the blank matrix for analyses of 

solid matrices. 

9.2.2 LABORATORY CONTROL SAMPLE 

Laboratory Control Samples (LCS) consist of aliquots of ideal matrices (water, sand, 

etc.) spiked with analytes of interest and processed through each sample preparation 

and analysis procedure. (Where sample pretreatment is not required, such as with ion 

chromatography or GC volatiles in water for example, the Initial Calibration 

Verification or other appropriate control standard can be employed as the LCS). LCSs 

for methods with extensive lists of analytes that may interfere with one another may 

include a limited number of analytes, but the analytes included must be representative 

of as many analytes as is practical. In the case of metals analysis, all analytes of 

interest must be included. 

Laboratory pure water is used to prepare most LCSs for methods for analysis of water. 

Highly characterized solids, where available, are used for LCSs for methods for analysis 

of solids. Where no such solid LCS is available, spiked laboratory pure water or spiked 

reagent blanks may be substituted. LCSs provide an estimate of bias based on recovery 

of the compounds from a clean, control matrix. They provide evidence that the laboratory 

is performing the method within accepted guidelines without potential non-matrix 

interferences. 

9.2.3 SAMPLE MATRIX SPIKE/MATRIX SPIKE REPLICATE 

These QC samples are generated in a manner similar to Laboratory Control Samples, 

except that instead of spiking into a well-characterized standard matrix, replicate 

aliquots of field samples are used as the spike matrix. These QC samples incorporate 

sample matrix effects and field conditions. To generate the MS/MSD pairs for any 
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analysis, there must be an adequate volume/weight of field sample available. 

Inadequate sample volumes preclude the possibility of generating this set of QC 

samples. For this reason, it will be necessary for the field sampling contractor to 

designate which samples will be used for MS/MSD analysis, and to ensure that 

adequate sample volumes for the designated samples are collected. 

Note that for some inorganic analysis techniques (such as hardness, alkalinity, TOC, 

etc.) changing the composition of the sample in any way invalidates the analysis 

method to be performed. Under these circumstances, a MS/MSD pair cannot be 

generated. Normally, duplicate sample aliquots are analyzed in order to generate an 

estimate of a method's precision. 

9.2.4 SURROGATE SPIKES 

Surrogates are compounds that exhibit chemical characteristics that are similar to a 

method's target analytes, but are unlikely to be present in actual field samples. They 

provide an estimate of bias based on recovery of similar compounds, for a given 

extraction technique/analysis method combination. These bias estimates will incorporate 

sample matrix effects and field sampling conditions, as well as the variability/bias of the 

laboratory analysis process. When used in the laboratory, surrogate spikes are introduced 

into all field and QC samples in a batch, prior to the commencement of sample processing 

for analysis. 

9.2.5 SAMPLE DUPLICATE 

A Sample Duplicate is a sample that has been split into two equal portions before the 

method sample preparation process. It measures sample precision associated with an 

analysis method from the preparation through final analysis. For organic analyses the 

MS/MSDs fill this function and provide an measure of overall precision. 

9.2.6 CHEMICAL YIELD MONITORS 

This type of QC tool is used primarily for radiochemical analyses, and is similar in 

concept to the surrogate spike discussion above. The primary difference between this QC 
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sample type and surrogates is that sample analysis results are corrected for observed 

chemical yields, and surrogates are not used for this correction. A chemical yield monitor 

is a substance that has similar chemical characteristics as the parameter being measured, 

and is introduced into all field and QC samples in a batch prior to commencing the 

analysis process. Chemical yield monitors also provide information regarding the 

performance of a method on a sample by sample basis. If the yield is outside the 

acceptance requirements of the method, corrective action by the laboratory is mandated. 

9.3 UTILIZATION OF QUALITY CONTROL DATA 

The purpose for preparing and analyzing quality control samples is to demonstrate, 

through the known entities, how accurate and precise the investigative sample data are. 

The tables in Section 3.0 of this LQAP summarize the quality control assessment 

criteria by matrix for the most commonly used methods by Paragon . Different criteria 

may be dictated by different methods or by project QA plans. All assessments of 

quality control data will be performed after all rounding and significant figure 

truncations have been performed. 

9.4 CONTROL CHARTS 

Control charts are a vital tool that can assist the laboratory in evaluating method control 

and assessing trends. Diligent use of control charts by the laboratory analyst can be an 

aid in understanding the routine performance expectations for a method, and can help 

prevent a measurement system from drifting into an out-of-control situation; corrective 

action can be taken before any sample analyses are jeopardized. 

Accuracy and precision control charts are generally maintained for each method that 

utilizes a laboratory control spike as the QC sample for assessment of method control. 

For methods that cannot use LCS samples for method control (such as pH, specific 

conductivity, flashpoint, etc.), other acceptance criteria will be used to assess method 

control. For certain low-volume methods (less than 10 analysis batches performed by 

Paragon in one calendar year) tabulated control limits are used to monitor acceptability 

of quality control measurements instead of control charts. 
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9.4.1 ACCURACY CONTROL CHARTS 

Accuracy (or recovery) control charts will be evaluated by plotting the individual percent 

recovery point for a control analyte on a control chart and comparing its value against the 

current control limits. If the QC spike recovery value for the current analytical batch 

meets the acceptance criteria for that method, the data point will be incorporated into the 

control chart database for that method. This database will be used to calculate and update 

the control limits for the method for each of the control analytes. 

Starting with the 20th analysis batch, the precision data from the previous batches will be 

pooled, and an average precision value will be calculated. Control chart limits will be 

calculated from this average recovery value from the pooled data set, and from the 

standard deviation of the pooled data. The upper and lower warning limits of the control 

chart will be values equal to the average recovery plus or minus two times the standard 

deviation , and the upper and lower control limits of the control chart will be values equal 

to the average recovery plus or minus three times the standard deviation. These four 

limits, plus the average recovery, will be plotted on the control chart, along with the 

individual recoveries for all the analysis batches. 

At this time, the control limits for the parameter will be fixed, and the data points for the 

next 20 analysis lots will be plotted and compared to these fixed control limits. For each 

subsequent set of 20 analysis batches, the precision control limits will be calculated using 

the data from the previous 40 data batches, and the limits will be fixed for the following 

20 batches. 

The frequency of updating control limits may vary somewhat for some very high­

frequency use methods that process high volumes of analysis in short periods of time. 

For these high-use methods, the control limit update frequency may be extended to once 

every 50 or 100 analysis batches. The goal for determining the update frequency of any 

method will be to try to recalculate control charts no more frequently than once every 

three months, but have limits recalculated at least once per year. 
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9.4.2 	 PRECISION CONTROL CHARTS 

Precision control charts will be generated from recovery data from the laboratory control 

sample that will be part of every analysis batch performed at Paragon. The accuracy 

values for the batch currently being evaluated and the last two analysis batches will be 

examined and the highest and lowest values for these three batches will be identified. A 

percent range value will be calculated by subtracting the lowest recovery value from the 

highest recovery value. This range value will be compared to the current control chart 

control limits for that method and that analyte. Since the range value for precision will 

never be less than zero, there will only be an upper control limit for this measurement; 

there is no lower control limit. 

Precision control limits will be calculated using procedures developed by the U.S. 

Environmental Center (Source, USAEC IRPQAP, January, 1990). Starting with the 20th 

analysis batch, the precision data from the previous batches will be pooled, and an 

average precision value will be calculated. The upper control limit (UCL) of the 

precision control chart will be calculated by multiplying the average precision value by 

the factor 2.575. The upper warning limit (UWL) will be calculated by multiplying the 

average precision value by 2.050. At this time, the control limits for the parameter will 

be fixed, and the data points for the next 20 analysis lots will be plotted and compared to 

these fixed control limits. For each subsequent set of20 analysis batches, the precision 

control limits will be calculated using the data from the previous 40 data batches, and the 

limits will be fixed for the following 20 batches. 

9.5 EVALUATION OF CONTROL CHARTS 

Plotting and connecting successive data points on control charts enables the laboratory 

to detect many types of suspicious and out-of-control situations. These events can be 

caught by monitoring the following: outliers, runs, trends, and periodicity. 

There are two types of outliers: any particular point that falls outside the control limits 

or any point that falls outside the warning limits. A point that falls outside the control 
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limits is classified as an out-of-control event; a point that falls outside the warning 

limits is classified as a suspicious event. When two consecutive control chart points 

fall within the same warning limit band, this will be classified as an out-of-control 

event. 

A run is defined as a series of points that line up on one side ofthe central line (the 

mean). Any run that has a length of seven points is indicative of a potential 

abnormality in the process, a suspicious event. A run can suggest several potential 

problems such as a leak in the system, elevated contamination, or incorrect dilutions of 

standards. 

A trend is defined as a series of points that are marked by an unbroken rise or fall. 

Any trend with a length of five points is classified as a suspicious event. A trend may 

indicate a change in instrument sensitivity due to a dirty source or injection port or 

standard degradation, to name a few. 

Periodicity 1s a term used to describe a recurring pattern of change over equal 

intervals. This occurrence may be of any length or amplitude; thus, careful 

observation ofthe control chart is necessary. 

9.5.1 OUTLIER REJECTION 

For the generation of control charts, and with the evaluation of other QC data sets, it is 

important to prevent spurious or erroneous data from being incorporated into the data 

being examined. On occasion it may be necessary to reject data as being an outlier to 

keep it from having an adverse impact on the values being calculated from the data set. 

This is especially true with control chart data, and other data sets from which calculations 

of the laboratory's standard performance for methods and processes. 

For the purposes of statistically determining whether a data point is an outlier or not, 

Paragon will use the procedures discussed in the Dixon Rank Sum Test ("Processing Data 
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for Outliers", by W.J. Dixon, Biometrics, Vol. 9, No. 1, 1953) for the identification of 

outliers in control charts, and other data sets. If a control chart data point is identified as 

an outlier, the following procedure will be followed: 

The data point for that analysis lot will be plotted on the control chart, but will be 

identified (with a flag or notation) as an outlier. The data point will not be incorporated 

into the control chart database when updating limits, nor will it be used to calculate the 3­

day precision values for the following data batches. 

9.5.2 DIXON OUTLIER TEST PROCEDURE 

Dixon's test expresses the gap between an outlier and the nearest value as a fraction of 

the range between the smallest and largest value in the data set being tested. 

The entire data set must be ordered from highest to lowest, with the highest value 

assigned a rank of 1 (XI) and the lowest value a rank ofn (Xn). The test criterion (r) 

varies with sample size, as follows: 

For less than eight measurements, reject Xn (the lowest value) if 

X -X 
~ _;-I) )r(10); 

n I 

For less than eight measurements, reject X1 (the highest value) if 

Xz-XI 
X -X )r(10); 

n I 

Between eight and ten measurements, reject Xn (the lowest value) if 

X -X 
(n-1) )r(11);n 

Xn -Xz 

Between eight and ten measurements, reject X1 (the highest value) if 

Xz-XI 
X(n-1) -XI )r(ll); 

Between eleven and thirteen measurements, reject Xn (the lowest value) if 
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X -X 
n (n-2) )r(21); 
Xn-X2 

Between eleven and thirteen measurements, reject X1 (the highest value) if 

X 3 -X1 )r(21); 
X<n-1) -X~ 

Over thirteen measurements, reject Xn (the lowest value) if 

X -X 
n (n-2) ) r(22); 
Xn -X3 

Over thirteen measurements, reject X1 (the highest value) if 

X 3 -X1 )r(22) 
X<n-2) -X~ 

The critical values for the test statistic at 98 percent confidence level are shown in Table 

9-5. Ifthe test statistic is greater than the critical value from the table, then the data point 

is an outlier. Once adequate data are available, n shall be kept constant at 20, with the 20 

most recent data points being used. 

On occasion, control chart data points may be flagged as an outlier by the laboratory even 

though they do not fail the Dixon outlier test, or may even be within control limits. This 

can be done only when there is a precisely defined cause as to why that data point should 

not be incorporated into the database. The reason that points would be identified in this 
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Table 9-5 CRITICAL VALUES FOR DIXON'S OUTLIER TEST 

Number of Critical Value 
Measurements (n) Criterion ( r) of r 

3 0.976 
4 0.846 
5 rw 0.729 
6 0.644 
7 0.586 
8 0.631 
9 f!I 0.587 
10 0.551 
11 0.638 
12 f2! 0.605 
13 0.578 
14 0.602 
15 0.579 
16 0.559 
17 0.542 
18 0.527 
19 f22 0.514 
20 0.502 
21 0.491 
22 0.481 
23 0.472 
24 0.464 
25 0.457 

Source; USATHAMA IRP Quality Assurance Plan, January, 1990. 
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fashion is to keep control data that is not characteristic of the normal performance of the 

method from being incorporated into the control chart database and improperly biasing 

the control limits. 

An example of this situation might be if the control spike was accidentally prepared at 

twice the normal spiking concentration for the control spike. Even though the spike 

targets could be adjusted to compensate for the increased analyte concentration, it is not 

desirable to include this data into a database that was based on a different analyte target 

concentration. In order to maintain the integrity of the control chart database, this point 

would be flagged as an outlier in order to keep it from being incorporated into the 

database. Other circumstances could take place that could cause manual rejection of 

control data points. In every case, the cause of the outlier rejection must be clearly 

understood, and the Laboratory QA Manager must be informed of and agree to the 

manual rejection of any data point. 

9.6 MINIMUM QUALITY CONTROL- INORGANICS 


The sections that follow summarize the minimum QC procedures that will be followed 


for each inorganics analysis methodology. These sections summarize the minimum QC 


requirements for the methodology; additional QC procedures (such as method of 


standard additions, post-digestion fortification of samples, etc.) may be performed as 


necessary. In the event that EPA Contract Laboratory Program procedures are required 


for a client project, the procedures specified in this program's Statement of Work (SOW) 


will be followed by the laboratory, and will supersede the requirements that follow. 


9.6.1 INDUCTIVELY COUPLED ARGON PLASMA (ICAP) 


For each batch of samples analyzed by ICAP, the following QC checks will apply: 


1. At least one method blank will be analyzed. 


2. At least one LCS (spiked with all reported analytes) will be analyzed. 


3. One MS/MSD pair will be analyzed. 


4. One sample duplicate will be analyzed. 


5. One sample serial dilution (Dilution Factor= 5) will be analyzed. 
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6. 	 An initial multi-point calibration (three to six standards plus a calibration blank) must 

be generated for all methods. The calibration curve correlation coefficient must be 

equal to or greater than 0.995. 

7. 	 A one-point calibration verification standard may be analyzed and compared against 

the initial calibration curve. If the one-point calibration passes acceptance criteria, the 

analysis of samples may proceed, and sample results quantitated against the initial 

calibration curve. 

8. 	 A second-source calibration verification standard will be analyzed. 

9. 	 Two interference check standards will be analyzed, and these checks will be analyzed 

at the beginning and at the end of the analysis rurt. 

10. A drift-check standard will be analyzed between every 10 field samples and at the end 

of the analysis rurt. 

11. A continuing calibration blank will be analyzed between every 10 field samples and at 

the end of the analysis run. 

12. Samples will be diluted as required to keep all analyte concentration ranges in the 

digestates within the calibration range of the initial multi-point calibration curve. 

9.6.2 GRAPHITE FURNACE ATOMIC ABSORPTION (GFAA) 

For each batch of samples analyzed by GF AA, the following QC checks will apply: 

1. 	 At least one method blank will be analyzed. 

2. 	 At least one LCS (spiked with all reported analytes) will be analyzed. 

3. 	 One MS/MSD pair will be analyzed. 

4. 	 One sample duplicate will be analyzed. 

5. 	 A minimum of 3 calibration standards and a blank will be analyzed every day of 

analysis. The correlation coefficient of the calibration curve must be greater than or 

equal to 0.995. 

6. 	 A second-source calibration verification standard will be analyzed. 

7. 	 A drift-check standard will be analyzed between every 10 field samples and at the end 

of the analysis rurt. 
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8. 	 A continuing calibration blank will be analyzed between every 10 field samples and at 

the end of the analysis run. 

9. 	 Samples will be diluted as required to keep all analyte concentration ranges in the 

digestates within the calibration range of the multi-point calibration curve. 

9.6.3 COLD VAPOR ATOMIC ABSORPTION 

For each batch of samples analyzed by CVAA for mercury, the following QC checks will 
apply: 
1. 	 At least one method blank will be analyzed. 

2. 	 At least one LCS will be analyzed. 

3. 	 One MS/MSD pair will be analyzed. 

4. 	 One sample duplicate will be analyzed. 

5. 	 A minimum of 5 calibration standards and a blank will be analyzed every day of 

analysis. The correlation coefficient of the calibration curve must be greater than or 

equal to 0.995. 

6. 	 A second-source calibration verification standard will be analyzed. 

7. 	 A drift-check standard will be analyzed between every 10 field samples and at the end 

of the analysis run. 

8. 	 A continuing calibration blank will be analyzed between every 10 field samples and at 

the end of the analysis run. 

9. 	 Samples will be diluted as required to keep the mercury concentration ranges in the 

digestates within the calibration range of the multi-point calibration curve. 

9.6.4 ION CHROMATOGRAPHY 

For each batch of samples analyzed by ion chromatography for anions, the following QC 

checks will apply: 

1. 	 At least one method blank will be analyzed. 

2. 	 One LCS (spiked at a fixed concentration) will be analyzed. 

3. 	 One MS/MSD pair will be analyzed. 

4. 	 An initial multi-point calibration (minimum of five standards plus a calibration blank) 

must be generated. The calibration curve correlation coefficient must be equal to or 
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greater than 0.995. If this criteria is met, analysis may commence immediately 

following the calibration curve. 

5. 	 A one-point calibration verification standard may be analyzed and compared against 

the latest initial calibration curve. If the one-point calibration passes acceptance 

criteria, the analysis of samples may proceed, and sample results quantitated against 

the initial calibration curve. 

6. 	 A second-source calibration verification standard will be analyzed. 

7. 	 A drift-check standard will be analyzed between every 10 field samples and at the end 

of the analysis rur1. 

8. 	 Samples will be diluted as required to keep the analyte concentration ranges in the 

samples within the calibration range of the multi-point calibration curve. 

9.6.5 AUTOANALYZER METHODS 

For each batch of samples analyzed using an autoanalyzer (such as TOC, TOX, TDC, 

etc.), the following QC checks will apply: 

1. 	 At least one method blank will be analyzed. 

2. 	 One LCS (spiked at a fixed concentration) will be analyzed. 

3. 	 One MS/MSD pair will be analyzed. 

4. 	 A multi-point calibration (minimum of five standards plus a calibration blank) must 

be generated each day of analysis. The calibration curve correlation coefficient must 

be equal to or greater than 0.995. 

5. 	 A drift-check standard will be analyzed between every 10 field samples and at the end 

of the analysis run. 

6. 	 Samples will be diluted as required to keep the analyte concentration ranges in the 

samples within the calibration range of the multi-point calibration curve. 

9.6.6 SPECTROPHOTOMETRIC METHODS 

For each batch of samples analyzed using UV-Visible or other spectrophotometric 

techniques, the following QC checks will apply: 

1. 	 At least one method blank will be analyzed. 

2. 	 One LCS (spiked at a fixed concentration) will be analyzed. 
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3. 	 One sample MS/MSD pair will be analyzed. 

4. 	 A multi-point calibration (minimum of five standards plus a calibration blank) must 

be generated each day of analysis. The calibration curve correlation coefficient must 

be equal to or greater than 0.995. 

5. 	 A drift -check standard will be analyzed between every 1 0 field samples and at the end 

of the analysis run. 

6. 	 A continuing blank check (CCB) will be analyzed between every 10 field samples and 

at the end of the analysis run. 

7. 	 Samples will be diluted as required to keep the analyte concentration ranges in the 

samples within the calibration range of the multi-point calibration curve. 

9.6.7 TITRIMETRIC/ELECTROMETRIC METHODS 

For each batch of samples analyzed for titrimetric parameters, the following QC checks 

will apply: 

1. 	 At least one method blank will be analyzed. 

2. 	 One LCS will be analyzed. 

3. 	 One sample duplicate will be analyzed. 

9.7 MINIMUM QUALITY CONTROL- RADIOCHEMISTRY 

The sections that follow summarize the minimum QC procedures that will be followed 

for each radiochemistry analysis methodology. These sections summarize the minimum 

QC requirements for the methodology; additional QC may be performed as necessary. 

9.7.1 GAS FLOW PROPORTIONAL COUNTING METHODS 

This classification of methods applies to the analysis of the following parameters: Gross 

Alpha and Beta, Radio-Sr, Radium-228, Total Alpha Emitting Radium, Radio-Ph, Radio­

I, C-14, etc. For each batch of samples analyzed for these parameters, the following QC 

checks will apply: 

1. 	 A plateau will be run on a quarterly basis. Slope at operating will be less than 2.5 % I 

100 volts. Discriminator will be set for each detector to optimize beta to alpha 

crosstalk to < 1 %. 
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2. 	 A configuration check will be conducted weekly to verify that instrument set-up is 

intact (software settings, gasflow, etc,) 

3. 	 A test specific initial calibration for efficiency, crosstalk and mass absorption will be 

run yearly, as appropriate. Efficiency calibrations will verify to within 15% of known 

values. Fitted points for absorption curves will fall to within 15% of observed 

values. Fitted points for crosstalk curves will fall to within 25% of observed values. 

4. 	 Instrument Daily Response checks will be run and will fall within 10% tolerance or 

+/- 3 sigma of historical performance for each detector employed each day when 

used. 

5. 	 The weekly 1000 minute background calibration will be current and acceptable (alpha 

< 0.5 cpm, beta< 3 cpm or+/- 3 sigma of historical performance) for each detector 

each day when used. 

6. 	 The daily 60 minute background check will be within+/- 3 sigma of historical 

performance acceptable limits for each detector employed each day when used. 

7. 	 Sample residue mass will be within method prescribed limits, where applicable, and 

within the range of the method calibration. 

8. 	 Sample residue distribution in the planchet will be uniform and representative of the 

calibration geometry applied to analysis (by visual inspection). 

9. 	 Method blanks will be analyzed at one per batch. Results will be less than or equal to 

the MDC, the Required MDC (RMDC) or 1/5 the associated sample activity. 

10. Laboratory Control Samples will be analyzed at one per batch and will be within 

limits defined in Section 3.0. 

11. Duplicate samples (of client samples when available, or LCSD) will be analyzed at 

one per batch or every 10 samples which ever is more frequent and will meet DER 

criteria (3 sigma< 1.43). 

12. For those methods where yield correction is performed (Radiostrontium, Radium-228, 

Total Alpha Emitting Radium, Radiolead, Radioiodine, Carbon-14, etc.), the 

calculated chemical yield must fall in the range of 40 % - 110 %. 
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9.7.2 GAMMA/X-RAY SPECTROSCOPY METHODS 

This classification of methods applies to the analysis of the following parameters: 

Gamma Spec, Fe-55, Ra-226/228, etc. For each batch of samples analyzed for these 

parameters, the following QC checks will apply: 

1. 	 A weekly configuration check will verify that instrument set-up is intact (detector 

bias, gain, software, etc.) and meets expected parameters. 

2. 	 Initial calibrations for Energy and shape and a geometry specific calibration for 

efficiency will have been run within 12 months of detector use. Fitted points verify to 

within 1 keV of observed values for major lines for shape and energy calibrations and 

to within 10% of observed values for efficiency. 

3. 	 Instrument Daily Response Checks will be run and within acceptable limits(+/- 10% 

tolerance or+/- 3 sigma of historical performance) for the detector employed each day 

when used. 

4. 	 The monthly background calibration will be current and acceptable (will meets 

sensitivity requirements or+/- 3 sigma of historical performance) for the detector each 

day when used. 

5. 	 The weekly background check will be run and acceptable(+/- 3 sigma ofhistorical 

performance) for the detector employed each day when used. 

6. 	 The sample geometry is equivalent to calibration geometry to be applied to analysis. 

7. 	 Method blanks will be analyzed at one per batch or 5% which ever is more frequent. 

8. 	 Laboratory Control Samples will be analyzed at one per batch and will be within 

limits defined in Section 3.0. 

9. 	 Duplicate samples (of client samples when available, or LCSD) will be analyzed at 

one per batch or every 10 samples which ever is more frequent and will meet DER 

criteria (3 sigma< 1.43). 

10. For those methods where yield correction is performed (Radium-226/228), the 

calculated chemical yield must fall in the range of 40 % - 110 %. 
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9.7.3 ALPHA SPECTROMETRY METHODS 

This classification of methods applies to the isotopic determination of actinides. For each 

batch of samples analyzed for these parameters, the following QC checks will apply: 

1. 	 A weekly configuration check will be conducted to verify that instrument set-up 

meets expected parameters (bias, energy range, vacuum, pump, etc. ) 

2. 	 The weekly recalibration for energy will be current when detector used.. 

3. 	 An initial calibration for efficiency will be run within 6 months of detector use. 

Points fall within 20% of expected range or+/- 3 sigma ofhistorical performance. 

4. 	 Instrument Weekly Response Checks will be run and within acceptable limits(+/­

20% of calibrated value or +I- 3 sigma of historical performance) for the detector 

employed each day when used. 

5. 	 The weekly background calibration and check will be current and acceptable 

(sufficient to meet sensitivity requirements) for the detector each day when used. 

6. 	 The sample geometry is equivalent to calibration geometry to be applied. geometry 

applied to analysis. 

7. 	 Method blanks will be analyzed at one per batch. Activity will be less than MDC, 

RMDC or 1/5 of associated sample activity. 

8. 	 Laboratory Control Samples will be analyzed at one per batch and will be within 

limits defined in Section 3.0. 

9. 	 Duplicate samples (of client samples when available, or LCSD) will be analyzed at 

one per batch or every 10 samples which ever is more frequent and will meet DER 

criteria (3 sigma< 1.43). 

10. Chemical yield meets acceptance criteria (20-110%). 

11. Regions of Interest correspond to observed spectral peaks, tailing does not 

compromise quantitation. 

12. No significant contaminant peaks are present which may compromise quantification. 

13. Tracer solution used is current and traceable. 
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9.7.4 LIQUID SCINTILLATION METHODS 

This classification of methods applies to the analysis of the following parameters: H-3, C­

14, Ni-63, etc. For each batch of samples analyzed for these parameters, the following QC 

checks will apply: 

1. 	 Quarterly detector 'calibration' (normalization with C-14) will have been run. 

2. 	 A test specific initial calibration for efficiency and quench (where applicable) will be 

run within 12 months of detector use. 

3. 	 Instrument Daily Response checks will be run and within acceptable limits(+/- 15% 

or+/- 3 sigma of historical performance) for the detector employed each day when 

used. 

4. 	 The daily background check will be run and within acceptable limits(+/- 3 sigma of 

historical limits) for the detector employed each day when used. 

5. 	 Sample quench is within the range ofthe method calibration (H# +/- 15). 

6. 	 Method blanks will be analyzed at one per batch. Activity will be < MDC, RMDC or 

1/5 associated sample activity. 

7. 	 Laboratory Control Samples will be analyzed at one per batch and will be within 

limits defined in Section 3.0. 

8. 	 Duplicate samples (of client samples when available, or LCSD) will be analyzed at 

one per batch or every 10 samples which ever is more frequent and will meet DER 

criteria (3 sigma< 1.43). 

9. 	 The reagent blank is entered into control table and is within acceptable limits (where 

applicable). 

10. For those methods where yield correction is performed (Ni-63, etc.), the calculated 

chemical yield must fall in the range of 40 % - 110 %. 

9.7.5 KINETIC PHOSPHORESCENCE ANALYSIS 

This classification ofmethods applies to the determination of total uranium. For each 

batch of samples analyzed for these parameters, the following QC checks will apply: 

1. 	 Instrument configuration will be verified weekly 

2. 	 Reference Cell Solution will provide sufficient intensity (intensity> 10 cts/pulse) 
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3. 	 Daily background calibration will be conducted 

4. 	 A three point calibration will be current for each range used. The correlation 

coefficient of the calibration curve will be> 0.995. 

5. 	 IDLIMDL studies will be run quarterly and to support reporting limits. 

6. 	 Daily Second Source Continuing Calibration Verification is performed for each range 

used. The checks will be within 15 % of the known value. 

7. 	 A CCV and CCB will be run prior to initiation and following completion of an 

analytical run and between each ten client samples and will fall within 15% of the 

known value. 

8. 	 Samples will be diluted as required to maintain analyte concentration within the range 

of the calibration curve. 

9. 	 The SampleR-squared for samples containing measurable uranium will be greater 

than> 0.95 for each acceptable sample result. 

10. The sample lifetime for samples containing measurable uranium will be between 200 

and 350 us. 

11. Method blanks will be analyzed at one per batch. Results will be < RL, <RDL or 115 

associated sample concentration. 

12. Laboratory Control Samples will be analyzed at one per batch and will be within 

limits defined in Section 3.0. 

13. Duplicate samples (client samples where available, or LCS-DUP) will be analyzed at 

one per batch or every 10 samples which ever is more frequent. The RPD will be 

within limits defined in Section 3.0. 

14. Matrix Spike samples will be analyzed at one per batch and matrix type. The MS 


recovery will be within limits defined in Section 3.0. 


9.8 MINIMUM QUALITY CONTROL- ORGANICS 

The sections that follow summarize the minimum QC procedures that will be followed 

for each inorganics analysis methodology. These sections summarize the minimum QC 

requirements for the methodology; additional QC procedures (such as derivitization, 

post-extraction fortification of samples, etc.) may be performed as necessary. 
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9.8.1 GAS CHROMATOGRAPHY 

For each batch of samples analyzed by GC methods, the following minimum 

requirements will apply: 

1. 	 At least one method blank will be analyzed. 

2. 	 At least one control spike in a standard matrix at a preset level will be analyzed. 

3. 	 An initial multi-point calibration (five standards plus a calibration blank) must be 

generated for all methods. The calibration curve correlation coefficient must be equal 

to or greater than 0.995. Samples can be analyzed immediately after this curve is run, 

and quantitated against this curve. 

4. 	 A one-point calibration verification standard (usually a mid-level standard) may be 


analyzed and compared against the initial calibration curve. If the one-point 


calibration passes acceptance criteria, the analysis of samples may proceed, and 


sample results quantitated against the initial calibration curve. 


5. 	 One degradation check standard will be analyzed with every analysis run (pesticides). 

6. 	 Samples will be diluted as required to keep all analyte concentration ranges in the 

extracts within the calibration range ofthe initial multi-point calibration curve. 

7. 	 A mid-level standard will be analyzed between every 10 field samples and at the end 

of the analysis run. Acceptance criteria ofthis drift-check QC sample is method­

specific. 

8. 	 At a minimum, one MS/MSD set will be analyzed with every batch. 

9.8.2 GC DEGRADATION CHECK 

Prior to sample analysis for pesticides, the laboratory will perform a degradation check 

standard analysis to verify that the degree of breakdown of endrin and DDT is within 

acceptance criteria. The degradation check standard will consist of a calibration solution 

that contains only endrin and DDT. This standard will be injected into the GC instrument 

and a chromatogram with peak table generated. 

The percent degradation of endrin will be calculated from the peak areas of endrin, endrin 

aldehyde and endrin ketone using the following equation: 
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Response aldehyde + Response ketoneDegradation(%) endrin =---------~------------X 100
Responseendrin +Response aldehyde+ Response ketone 

The percent degradation of DDT will be calculated from the peak areas of DDT, DDE 


and DDD using the following equation: 


• 	 Response DDE + Response DDD0 	 XDegrada fro n (Yo) DDT = --------..;:;;:._;::;-=-------....:::....:=----- 100
Response DDT+ Response DDE +Response DDD 


9.8.3 GAS CHROMATOGRAPHY/MASS SPECTROMETRY 

For GC/MS analyses the following QC checks will apply: 

1. 	 All samples, method blanks and QC spikes will be spiked with the surrogates. 

2. 	 At least one control spike in a standard (blank) matrix with selected target analytes at 

a preset level will be analyze. The matrix spike compounds for volatiles and 

base/neutral/acids are listed in the appropriate tables in Section 4.0 of this LQAP. 

3. 	 At least one method blank (spiked with all required surrogates) will be analyzed with 

each sample batch. 

4. 	 A continuing calibration check shall be run and checked against criteria for Response 

Factors (RFs) for System Performance Check Compounds (SPCCs) and for RPD 

requirements specified in the appropriate method for Calibration Check Compounds 

(CCCs). The specific compounds and their acceptance criteria are specified in the 

individual method (624, 8270, 524.2, etc.) or in the applicable CLP SOW. 

5. 	 A BFB or DFTPP tune will be performed and be within criteria prior to analysis (see 

specific method or SOW for acceptance criteria). 

6. 	 At a minimum, one MS/MSD set will be analyzed with every batch 

9.8.4 HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY 

For each batch of samples analyzed by HPLC methods, the following minimum 

requirements will apply: 

1. 	 At least one method blank will be analyzed. 

2. 	 At least one control spike in a standard matrix at a preset level will be analyzed. 
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3. 	 An initial multi-point calibration (five standards plus a calibration blank) must be 

generated for all methods. The calibration curve correlation coefficient must be equal 

to or greater than 0.995. Samples can be analyzed immediately after this curve is run, 

and quantitated against this curve. 

4. 	 A one-point calibration verification standard (usually a mid-level standard) may be 

analyzed and compared against the initial calibration curve. If the one-point 

calibration passes acceptance criteria, the analysis of samples may proceed, and 

sample results quantitated against the initial calibration curve. 

5. 	 Samples will be diluted as required to keep all analyte concentration ranges in the 

extracts within the calibration range of the initial multi-point calibration curve. 

6. 	 A mid-level standard will be analyzed between every 10 field samples and at the end 

of the analysis run. Acceptance criteria of this drift-check QC sample is method­

specific. 

7. 	 At a minimum, one MS/MSD set will be analyzed with every batch. 

9.8.5 SECOND COLUMN CONFIRMATION PROCEDURES 

Second column confirmation is performed for a number of GC and HPLC analysis 

techniques. Whenever two different chromatography columns with similar performance 
are available for a given method, the laboratory will perform second column confirmation 
analysis to confirm the identity of target analytes in field samples. When second column 
analysis is performed for any chromatography technique, the following procedures will 

apply: 

1. 	 Every attempt will be made to calibrate the second (confirmatory) column in the same 

manner as the quantitative (primary) column. The same calibration standards, 

calibration check (calibration verification solutions, calibration blanks, etc.) should be 

analyzed on the confirmation column in the same manner as the quantitation column. 

The purpose of this dual calibration requirement is to allow the possibility of 

reporting quantitative results from the confirmation column if interferences on the 
primary column prevent target analyte quantitation. 
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2. 	 Both a method blank and a laboratory control sample must be analyzed with the 

samples that are reanalyzed to confirm tentative identification of target analytes. It is 

not necessary to confirm any MS/MSD samples unless there are special circumstances 

that warrant their reanalysis. Confirmatory analysis of these two QC samples are used 

to verify consistent performance between the two columns, but QC results from the 

confirmation column are not reported in the summary reports in the data deliverable 

packages. 

3. 	 Confirmation ofthe presence oftarget analytes in a sample depends solely on peak 


retention times observed in both primary and secondary chromatograms. If target 


analyte peaks are present at the proper retention times in both confirmation and 


quaititation chromatograms, and both values are above the reporting limits, the 


Paragon will determine this to be a "confirmed" analyte. If either chromatogram has 


target analyte peaks that are below the reporting limit for that parameter, a value of 


"less than" the reporting limit will be reported by the laboratory. 


9.8.6 RETENTION TIME WINDOW DETERMINATION 

Retention time (RT) windows are calculated for each target analyte peak(s) and for each 

GC/HPLC column used for sample analysis. To establish RT windows, the laboratory 

measures the RTs of each analyte peak (or ofeach selected peak for multi-component 

analytes) from three analyses of the continuing calibration standard over a 72-hour period. 

The RT window is determined as ±3 times the standard deviation of the three measured 

RTs. Daily RT windows are established for each analyte peak using the RT in the daily 

calibration verification standard as the centerpoint of the window determined above. In 

successive continuing calibration standards, the RT ofeach analyte peak must fall within 

the prescribed RT window for the analysis sequence to continue. RT windows must be 

recalculated whenever a different GC/HPLC column is installed. 

Because ion chromatography techniques exhibit a strong correlation between analyte 

concentration and retention time, retention times must be determined in a different manner 

than described above. To determine retention time windows for ion chromatography, the 
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laboratory will run a minimum of two calibration curves that span the normal concentration 

range of the method. The analyst will then examine the retention times for all target 

analytes, and will determine the minimum and maximum retention times observed for each 

analyte. This spread in retention times will serve as the basis for determining the retention 

time window for each target analyte. 

Results calculated in the manner(s) described above will be evaluated by the analyst. On 

occasion the retention time windows generated by these statistical processes can be 

unrealistic when assessed against practical experience in analyzing actual field samples. 

The analyst's judgment will be used as necessary to modify the windows generated as 

discussed above prior to their implementation. Once retention time windows are 

established, they will be uniformly applied in the evaluation of chromatographic data. 

9.8.7 EVALUATION OF SURROGATES 

For a number of organic analysis methods (See Table 9-6), the introduction of surrogates 

is mandated by the analysis protocol. Surrogate recoveries in samples will be evaluated 

by the analyst, and will be compared to historical performance data (where available) 

generated by Paragon. If the observed recovery of the surrogate is outside the ranges of 

historical performance for the laboratory, the corrective actions discussed in Section 13 of 

this LQAP will be followed. 

For new methods, or methods in which a significant historical database is not available, 

recovery ranges from published sources will be used by Paragon for the evaluation of 

surrogates. With continued performance of new methods, surrogate recovery information 

will be compiled until such time as laboratory-specific ranges can be calculated and 

implemented at Paragon. For all procedures that require surrogate evaluation, advisory 

ranges will be recalculated incorporating the latest available data, and will be used to 

update the criteria shown in Table 9-6 each time this LQAP is revised. 
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9.9 MANUAL INTEGRATION PROCEDURES 

Many of the data collection systems in use for chromatographic analyses at Paragon allow 

the analyst to post-process chromatograms, and allow for the manual re-integration of 

analyte peaks. Although Paragon will make every attempt to set up the data collection 

systems to correctly process the chromatographic data, manual reprocessing of this data is 

frequently performed by the laboratory staff. To verify that sound analytical judgment 

was used to perform manual integrations, additional documentation is required to be 

generated by the laboratory staff. 

Whenever manual integrations are performed, the analyst performing this process must 

include a display of the area that includes the change. This will usually require the 

generation of an expanded display the integration of the affected peak. If sufficient detail 

is available to allow the expansion of a region where several integrations were manually 

performed, and still allow a subsequent reviewer to verify that sound analytical judgment 

was used in this process, it will be permissible to allow one expanded display to cover 

multiple integrations. This "blow-up" of the affected area will be included in the raw 

data package generated by the laboratory. 

To date, four areas of instrumentation have been identified in the laboratory as having the 

possibility of manual integrations being performed: Gas Chromatography/Mass 

Spectrometry, Gas Chromatography, High Performance Liquid Chromatography and Ion 

Chromatography. The requirements to provide additional documentation for manual 

integrations applies uniformly to all of these instrumentation types. 
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Table 9-6 ORGANIC SURROGATES AND ADVISORY RECOVERY RANGES 

Percent Recovery
Method Surrogate (Water)
Volatiles (GCIMSl Toluene-d(8) 83-118

Bromofluorobenzene 77-131
Dibromofluoromethane 75-128
1,2-Dichloroethane-d(4) 79-114

Fuels (GC)- Diesel/PID8 
Hexacosane 57-125

Volatiles (GC)- BTEX/8021/Gas8 2,3 ,4-Trifluorotoluene 83-119
Semi-Volatiles8 

(GC/MS): Base/Neutrals Nitrobenzene-D(5) 23-109
2-Fluorobiphenyl 24-110
Terphenyl-D(14) 14-129

Acids Phenol-D(5) 14-118
2-Fluorophenol 21-100
2,4,6-Tribromophenol 12-106

Polynuclear Arom. Hydro. (HPLC)8 2-Chloroanthracene 40-115
Carbamate Pesticides8 Neburon 34-114
Explosives8 

1,2-Dinitrobenzene (NG/PETN Only) 31-109
1,4-Dinitrobenzene (Explosives) 31-121

Herbicides9 
Dichlorophenylacetic acid 42-129

Nitrogen/Phosphorous Pesticides9 Triphenyl Phosphate 16-116
Organochlorine Pesticides8 Tetrachlorometaxylene 45-125

Decachlorobiphenyl 34-133 

8 Source: Paragon Analytics historical data. 
9 Recovery limits based on small data set. Larger data set hewing developed 

Section 9.0 
Rev. 3 

Apr./97 

Percent Recovery 

(Soil) 


87-118 

83-119 

81-122 

71-127 

50-152 

69-119 


24-104 

25-112 

21-141 

27-110 

21-100 

20-116 

39-118 


N/A 

56-136 

59-139 

47-154 

5-203 


35-135 

25-143 
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10. DATA REDUCTION, VALIDATION AND REPORTING 

Data transfer and reduction are essential functions in summarizing information to support 

conclusions. It is essential that these processes are performed accurately and, in the case 

of data reduction, accepted statistical techniques are used. 

10.1 CORRECTION OF ERRORS IN DOCUMENTS 

During the course of processing and reviewing sample analysis results, it may be 

necessary to correct documentation errors discovered during this process. To maintain 

the integrity of the documentation generated by the laboratory in order to meet potential 

litigation requirements, changes to documents must be made in the following manner: 

1. A single line will be struck through the entry to be changed; 

2. A new entry with the correct information will be made; 

3. The date the change was made will be recorded; and 

4. The initials of the person making the change will be entered. 

10.2 DATA REDUCTION 

Data reduction is performed by Paragon's individual analysts and consists of calculating 

concentrations in samples from the raw data obtained from the measuring instruments. 

The complexity of the data reduction will be dependent on the specific analytical method 

and the number of discrete operations (e.g., digestions, dilutions, or concentrations) 

involved in obtaining a sample that can be measured. The analyst will reduce or calculate 

all raw data into the final reportable values or enter all necessary raw data into the LIMS 

in order for the data base system to calculate the final reportable values. 

Data reduction calculations used for most projects are typically included in the standard 

operating procedures developed by the laboratory and associated with each individual 

method or groups of methods. The complete calculation procedures used in computer­

based data reduction are based on the calculation procedures specified in each method and 

will not be covered here. 

10-1 



Section 10.0 
Rev.4 

February 1999 

Copies of all raw data and the calculations used to generate the final results, such as hard­

bound laboratory notebooks, spreadsheets, electronic data files and LIMS record files will 

be retained in the project file to allow reconstruction of the data reduction process at a 

later date. 

10.3 DOCUMENTATION OF RAW DATA 

All manual documentation of raw data will be performed on appropriate forms or in 

notebooks. All notebooks used will be hard-bound with pre-numbered pages. All raw 

data entries shall be made in indelible ink. 

Because of the special demands that apply to litigation-defensible documentation, there 

are several minimum requirements that apply to all raw data documents. At a minimum, 

all raw data must display the following information: 

1. 	 The date when the process was performed must be present. 

2. 	 The name of the staff member who performed the process must be present. 

3. 	 All samples or standard solutions that were processed must be clearly identified. 

4. 	 The methodology for which the samples were being processed must be clearly 

indicated. 

10.4 DATA VALIDATION 

The laboratory system for ensuring valid data includes several levels of review. Each 

level commands specific action to prevent the unqualified release of erroneous data and to 

correct any problems discovered during the review process. 

All analytical data generated at Paragon Analytics, Inc. are extensively checked for 

accuracy and completeness. The data validation process consists of data generation, 

reduction, and three levels of review, as described below. 

The analyst who generates the analytical data has the prime responsibility for the 

correctness and completeness of the data. All data are generated and reduced following 
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protocols specified in laboratory SOPs. Each analyst reviews the quality of his or her 

work based on an established set of guidelines. The analyst reviews the data package to 

ensure that: 

• 	 Sample preparation information is correct and complete. 

• 	 Analysis information is correct and complete. 

• 	 The appropriate SOPs have been followed. 

• 	 Analytical results are correct and complete and are compliant with program 

specifications. 

• 	 QC samples are within established control limits; blanks are acceptable. 

• 	 Special sample preparation and analytical requirements have been met. 

• 	 Documentation is complete (e.g., all anomalies in the preparation and 

analysis have been documented; all manual integrations are signed and 

dated and "before and after" plots submitted; out of control forms, if 

required, are complete, holding times are documented, etc.). 

This initial review step, performed by the analyst is designated Level 1 review. The 

analyst then passes the data package to an independent reviewer who performs a Level 2 

review. 

Level 2 review is performed by a group leader or data review specialist whose function is 

to provide an independent review of the data package. This review is structured to ensure 

that: 

• 	 Calibration data are scientifically sound, appropriate to the method, and 

completely documented. 

• 	 QC samples are within established guidelines. 

• 	 Qualitative identification of sample components is correct. 

• 	 Quantitative results are correct. 
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• 	 Documentation is complete and correct (e.g., anomalies in the preparation 

and analysis have been documented, out-of-control forms, if required, are 

complete, holding times are documented, etc.). 

• 	 The data are ready for incorporation into the final report. 

• 	 The data package is complete and ready for data archive. 

Level 2 review is structured so that all calibration data and QC sample results are 

reviewed, and all of the analytical results from 10 percent of the samples are checked 

back to the bench sheet. If no problems are found with the data package, the review is 

considered complete. If any problems are found with the data package, an additionallO 

percent of the samples are checked to the bench sheet. The process continues until no 

errors are found or until the data package has been reviewed in its entirety. Level 2 data 

review is documented and the signature of the reviewer and the date of review recorded. 

The reviewed data are then approved for release and a fmal report is prepared. 

Before the report is released to the client, the Laboratory Project Manager who is 

responsible for interfacing directly with the client reviews the report to ensure that the 

data meets the overall objectives of the project. This review is labeled Level 3 review. 

Each step of this review process involves evaluation of data quality based on both the 

results of the QC data and the professional judgment of those conducting the review. 

This application of technical knowledge and experience to the evaluation of the data is 

essential in ensuring that data are consistently of high quality. 

10.5 	 DATA REPORTING 

Reports will contain final results (uncorrected for blanks and recoveries), methods of 

analysis, level of detection, and method blank data. For solid samples, sample values are 

reported in units of dry weight measure, with the exception of tritium analyses. In 

addition, special analytical problems, and/or any modifications of referenced methods 

will be noted. The number of significant figures reported in a result will be consistent 
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with the limits of uncertainty (reported to two significant figures) inherent in the 

analytical method. Consequently, most analytical results will be reported to no more than 

two or three significant figures. Where EPA Contract Laboratory Program (CLP) 

analyses and procedures are required by the client, the significant figure requirements 

specified in the CLP Statement of Work will be followed by Paragon. 

Standard units of reporting for radiochemical analyses will relate to the level of activity of 

the sample per unit volume or weight. Typical units of reporting for these radioactivity 

measurements are: 

1. Picocuries per gram or picocuries per liter (pCi/g or pCi/L). 

2. Disintegrations per minute per gram or Disintegrations per minute per liter (DPM/g or 

DPMIL) 

3. Becquerels per gram or Becquerels per liter (Bq/g or Bq/L) 

Where: 

1 Curie= 2.22 *1012 DPM 

and 

1 Curie= 3.7 * 1010 Bq 

Standard units of reporting for inorganic analysis will be in terms of units ofmass per 

unit of weight or unit ofvolume. Typical units of reporting for these inorganic 

measurements are: 

1. Milligrams per liter or micrograms per liter (mg/L or J.lg/L) for metals analysis results 

for aqueous samples (the latter units are most common), and milligrams per kilogram 

(mg/Kg) for metals in solid matrices. 

2. Wet chemistry parameters (such as hardness, total organic carbon, total organic 

halides, total cyanide, etc.) are reported in units ofmilligrams per liter for aqueous 

matrices and milligrams per kilogram for solid matrices. 

3. Miscellaneous parameters (such as pH, specific conductivity, flashpoint, etc.) will 

have specific reporting units mandated by their respective analysis technique. 
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Standard units of reporting for organic analysis will be in terms of units of mass per unit 

of weight or unit ofvolume. Typical units of reporting for these inorganic measurements 

are: 

1. 	 For total petroleum hydrocarbons (gasoline and/or diesel), usual reported units of 

measure are milligrams per liter for aqueous matrices and milligrams per kilogram for 

solid matrices. 

2. 	 For all other parameters, the reporting units for these analyses are micrograms per 

liter or micrograms per kilogram (f.lg/L or f.lg/Kg). 

10.5.1 FACSIMILE REPORTS 

For projects which require unusually rapid turnaround of sample analysis results (i.e. 

results are to be reported in one week or less from sample receipt), the laboratory will 

normally provide a facsimile to the client, followed by the full data report at a later date. 

If the analysis results provided by facsimile have undergone the same review/validation 

processes normally followed for the normal data packages, the FAX report will indicate 

that the sample analysis results are final, and will be the same values that will be reported 

in the full data report. 

However, if the accelerated turnaround time requirements preclude a full 

review/validation of the sample data, the report will be marked with a notation that it is 

"PRELIMINARY DATA" and may change as the review process is completed. 

Preliminary data is only reported in this fashion with prior agreement by the client. 

10.5.2 ELECTRONIC DATA DELIVERABLES 

The electronic data deliverables (EDDs) generated by the laboratory will be project­

specific, and will be in a format specified by the project client. The laboratory's LIMS 

can generate a wide variety of formats, and Paragon's Information Services staff can 

create additional EDD formats as desired. All EDDs will be submitted to the client on 

3.5" diskettes, unless a client specifically requests alternative means of transmittal. 

10-6 



Section 10.0 
Rev.4 

February 1999 

The EDD files will be examined to ensure that they are an accurate reflection of the 

analysis data appearing in the hardcopy reports generated by the laboratory. This will be 

done with by reviewing of a printout of the EDD, and comparing it to the associated 

hardcopy reports. This review will be performed either by the laboratory staff that 

generated the analysis results, the Information Services staff or the Project Manager. 

During this process, the reviewer will verify that the information in the EDD matches the 

data reported on the hardcopy, and that the format requirements for the client EDD are 

met. Only after the completion of this review will the EDD be transmitted to the client. 

10.5.3 HARDCOPY DATA PACKAGES 

The format and content of a data report is dependent upon project needs, and it is beyond 

the scope of this document to describe project-specific report requirements. In the 

absence of client-specified data package deliverables, the following sections describe the 

items that must be included in all reports. 

10.5.3.1 COVER LETTER 

The cover letter shall be presented in block letter style and shall include: 

1. 	 Date the report was prepared. 

2. 	 The Paragon name, address, and telephone number. 

3. 	 Client name and address. 

4. 	 A tabular presentation of field/client sample ID, Paragon Sample ID, date received, 

matrix and date collected (presented as an attachment to the cover letter called 

Sample Cross Reference Table). 

5. 	 Discussion of previously submitted or partial reports that pertain to the samples 

discussed in the current report. 

6. 	 Discussion of any procedural anomalies or analytical non-conformances and 

corrective actions. 

7. 	 Signature of the Department Manager or Project Manager. 
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10.5.3.2 ANALYSIS REPORTS 

Analysis reports are presented in tabular format, and consistent significant figures and 

units of measurement shall be used. In each analysis report, the following information 

shall be included: 

1. Each page of data will be identified with the laboratory name, the client name, project 

name or number (if one exists). 

2. Paragon sample ID and client/field sample ID (if different). 

3. Dates that the samples were received, prepared and analyzed. 

4. Sample collection dates (if available). 

5. Sample matrix. 

6. Parameters analyzed, results, units of measurement, and reporting limits. 

7. Footnotes or qualifiers referenced to specific data (if required). 

8. Explanations or keys to flags and abbreviations used. 

9. Surrogate recoveries, where applicable. 

10.5.3.3 QUALITY CONTROL REPORT 

Each final report will include a quality control report which includes results from spike, 

duplicate and blank sample analysis. Additional QC information may be prepared to 

comply with contract or project-specific requirements. 

10.6 DATA QUALIFIERS- FLAGGING CODES 

Whenever the data quality objectives of this LQAP are not met, the associated sample 

results must be flagged with the appropriate flagging codes. These codes will be applied 

only in the event that the laboratory cannot generate (through reanalysis) fully compliant 

data. Additionally, if sample values fall outside the calibration range of the method (are 

below the reporting limit) or unresolvable interferences exist in the sample, descriptive 

flagging codes will be used to indicate the nature of the circumstances affecting sample 

results. 
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Data qualifiers shall be added by the laboratory prior to reporting the analysis results. 

The laboratory shall apply data qualifying flags to each environmental field sample, based 

on an evaluation of all available QC information (e.g., ambient blanks, equipment blanks, 

trip blanks, field duplicates, matrix spike/matrix spike duplicate (MS/MSD) samples, 

laboratory blanks, laboratory control samples, calibration verification check samples, 

etc.). Analytical batch comments shall be added to the narrative section of each data 

report package to explain any non-conformance or other issues. The definitions of the 

data qualifiers used by Paragon are shown in Table 10-1 at the end ofthis section. 

10.7 DATA STORAGE 

All data reports, project files, raw analysis results (initial calibration, continuing 

calibration, standards verification, qc samples, forms, review checklists, etc.), logbooks, 

quality assurance records (e.g., retired SOPs, PE results, audit reports, training records, 

expired LQAPs), and related documentation are retained at the laboratory for a minimum 

of six months after the completion of a project. During this time, documents may be 

removed from the laboratory work areas and placed in a temporary storage location on­

site. Access to these records is restricted to Paragon employees and for specific project or 

client records, designated representatives from the client's firm. 

After the six-month temporary storage period, project documents will be sent off site to a 

record storage contractor employed by Paragon. Storage boxes will be filled with 

laboratory documents, inventoried, and sealed at Paragon. Chain-of-custody seals will be 

applied to the storage boxes when they are sealed, prior to shipment. The contents of 

each box will be entered into a electronic tracking system at Paragon that will facilitate 

retrieval when requested by the client. At the completion of this process, the data storage 

contractor (Data Management Record Services Inc.- DMRS) will be contacted and will 

take the storage boxes and place them in secured fire-proof storage areas at their storage 

facility. Coordination for the storage and retrieval of documents by DMRS is performed 

by Paragon's QA group. 
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DMRS maintains an inventory of all boxes from Paragon stored at their facility, and is 

responsible for the maintenance and protection of those records. Upon request from 

Paragon, DMRS will retrieve any of Paragon's records and deliver them to the laboratory 

on the next business day. As ofthis writing, no provisions have been made to destroy any 

records generated by the laboratory. Should Paragon destroy any records, written 

notification will be provided to all clients affected. At a minimum, records will be 

retained for five years. If a specific contractual requirement, project demand, or 

government regulation requires that records be maintained for a longer period of time, 

project files will be marked for longer retention and kept as required. 

10.8 PROCEDURES FOR HANDLING UNACCEPTABLE DATA 

All QC information will be recorded in the notebooks and printouts in the same format 

used for sample results. It is the analyst's responsibility to check the QC information 

against limits for the analysis. When an analysis of a QC sample (blank, spike, check 

standard, replicate, or similar sample) shows that the analysis of that batch of samples is 

not in control, the analyst will immediately bring the matter to the attention of the group 

leader. The group leader will, if necessary, consult with the Laboratory QA Manager 

and/or the laboratory Project Manager to determine whether the analysis can proceed, or 

if selected samples should be rerun, or specific corrective action needs to be taken before 

analyzing additional samples. Out-of-control analyses must be documented. The analyst 

or group leader will file a "Non-Conformance Report" with the laboratory QA Manager 

for lab analysis out of control events that require documentation. 

If non-compliant data cannot be corrected, the affected results must be flagged as 

discussed in Section 10.6 above. The determination of which data qualifiers to be applied 

to the data will be the primary responsibility of the Project Manager, after consultation 

with the analytical Department Manager and the Laboratory's Quality Assurance 

Manager. 
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10.9 RESPONSE TO INQUIRIES 

In the event that a client needs additional information to supplement the reports delivered 

to them, the Project Manager supporting the client's project will be contacted. It will be 

the project manager's responsibility to determine the client's needs for additional data, 

how to assemble the information, and to allocate laboratory resources to service the 

client's request. If necessary, the Project Manager will coordinate with the QA group to 

retrieve documents stored in the off-site storage facility. 

If the results of the client's inquiry indicates that a new or updated report needs to be 

issued, the Project Manager will be responsible for coordinating and completing this 

effort. If amended analysis reports are to be sent to the client, the same data review and 

validation procedures described earlier in this section will be performed. The transmittal 

correspondence for the updated/revised report will contain all the relevant information as 

described in Section 1 0.5.3, and will clearly indicate whether the new report supersedes 

previous reports, amends them, or contains information that supplements earlier 

submissions. 
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Table 10-1 ORGANIC AND INORGANIC DATA QUALIFIERS 

Qualifier1 Description 
J (0) The analY!_e was positively identified, the quantitation is an estimation. 

u (1, 0) The analyte was analyzed for, but not detected. The associated numerical value is at 
or below the MDL. 

B (0) The analyte was found in an associated blank, as well as in the sample. 
B (I) The reported value was <RL but >MDL 
M (I) Dt1plicate injection_Qrecision was not met 
s (I) The r~orted value was determined by the Method of Standard Additions (MSA) 
N _(I) Spiked sample recovery not within control limits 
E (0) Concentration exceeds upper level of the calibration range of the instrument 

E _(I) The reported value is estimated because of an interference 


D (0) The value reported represents a dilution 

A (0) A tentatively identified compound that is a suspected aldol-condensation product 
w (I) Post-digestion spike for Furnace AA analysis is out of control limits, while sample 

absorbance is <50% of spike absorbance 
I (0) Surrogate recovery is not reported because of the presence of a chromatographic 

interferent, or a sample dilution caused surrogate not to be detected 
I (I) Interference by another parameter caused a dilution to be performed, and reporting 

limit is raised to account for this dilution 

* (I) DllQlicate analysis not within control limits 
+ (I) Correlation coefficient for the Method of Standard Additions (MSA) <0.995 

Legend: I = Qualifier applies to inorganic analyses. 
0 = Qualifier applies to organic analyses. 
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Table 10-2 RADIOCHEMISTRY DATA QUALIFIERS 

Qualifier 
J 

u 

Footnote 
Reported value is greater than the 
Instrument Detection Limit but less than 
the Method Detection Limit. The reported 
result is qualified as an estimation of due 
to additional uncertainty at this level. See 
narrative for discussion. 
Result is less than the sample specific 
minimum detectable activity. 

Bl 

B2 

B3 

YR 

Y2 

Analyte was detected in the associated 
method blank. The sample result is 
greater than 5 times the concentration 
measured in the blank. 
Analyte was detected in the associated 
method blank. The sample result is less 
than 5 times that measured in the blank. 
See narrative for discussion. 
Analyte was detected in the associated 
method blank above the MDC but below 
the requested MDC. 
Chemical yield outside default limits. 
Result rejected. See narrative for 
discussion. 
Chemical yield outside default limits. 
Analyte quantitation is accurate to within 
report uncertainty. 

NH Matrix spike recovery outside default 
limits (high). See narrative for discussion. 

NL Matrix spike recovery outside default 
limits (low). See narrative for discussion. 

SQ Spectral interference prevents accurate 
quantitation. See narrative for discussion. 

SI Identification is tentative due to spectral 
interference. See narrative for further 
discussion. 

RQ Rejected. Result does not meet quality 
control requirements. See narrative for 
discussion. 

Comments 
For KPA Tot U Reporting: when 
analytical result (w/o DL factor) exceeds 
the IDL but is less than the MDL. 

For use in comparing to Currie MDA. 
The MDA should always be reported in 
association with activity and TPU. 
Report for samples which show greater 
than 5 times method blank activity. 
Narrate. Flag affected result. 

Reprep or report result with appropriate 
qualification. Flag affected results. 

Report result. Flag affected results. 

Result unusable by judgment of 
spectroscopist. Must narrate. Flag 
affected result. 
Chemical yield outside control limits; 
spectroscopist determines that the result 
not compromised within stated 
uncertainty. Additional uncertainty may 
be estimated and accounted for. Must 
narrate and document. Flag affected 
result. 
Determine whether cause isolated to one 
sample or matrix. Reprep or flag affected 
results. 
Determine whether cause isolated to one 
sample or matrix. Reprep or flag affected 
results. 
For alpha, beta and gamma spectroscopy 
techniques. Identification is acceptable but 
interference compromises quantitation. 
Flag affected result. 
For alpha, beta and gamma spectroscopy 
techniques. Identification is not possible 
due to spectral interference. Flag affected 
result. 
Result unusable for generally unspecified 
reasons. Must narrate. Flag affected 
result. 
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Qualifier 
R 

Footnote 
Result rejected. 
discussion. 

See narrative for 

TI 

MI 

Nuclide identification is tentative. See 
narrative for discussion. 
Sample result is estimated due to matrix 
interference. See narrative for discussion. 

* 

Sl 

Duplicate analysis not within control 
limits. 
MDC elevated above requested value due 
to matrix interference from sample solids. 

S2 MDC elevated due to matrix interference 
from sample solids. Activity detected 
above achieved MDC. 
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Comments 
Result does not pass QC or is otherwise 

deemed by the laboratory as unusable. 

Flag affected result. 

Tentative ID. Flag affected result. 


Matrix interference has compromised 

quantitation. Note in narrative. Flag 

affected result. 

DER (or RPD) does not meet criteria. 

Flag dup and associated sam_.I)].e. 

For gross alpha and beta: RMDA not met 

due to elevated sample solids. Flag 

affected results. 

For gross alpha and beta: RMDA not met 

due to elevated sample solids but activity 

detected. Flag affected results. 
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11. 	 PERFORMANCE AND SYSTEMS AUDITS 

11.1 INTERNAL AUDITS 

Two types of internal audit procedures will be used to assess and document performance 

of laboratory staff: systems audits and performance evaluation sample audits. These are 

performed at specified intervals under the direction ofthe QA Manager. These audits 

form one of the bases for corrective action requirements and constitute a permanent 

record of the conformance ofmeasurement systems to QA requirements. 

11.1.1 INTERNAL SYSTEMS AUDITS 

This audit is general in nature, and provides an overview of laboratory operations. This 

type of audit must be performed at least once a month unless an external audit is 

performed during the same calendar month. The laboratory QA Manager will perform 

the laboratory system audit in accordance with checklists designed to aid the auditor in 

ensuring all areas of laboratory operations are reviewed. The scope of these audits may 

include the examination of the operations of a specific analytical department or may focus 

on the evaluation of a specific quality-related system as applied throughout the laboratory. 

Examples of system-wide elements that may be audited include: 

• 	 Standard operating procedures, including system of review, issue, filing, maintenance, 

training, understanding, documentation ofdeviations and implementation of SOPs. 

• 	 Adherence to standard operating procedures, the LQAP and regulations. 

• 	 Personnel and training files, including job descriptions, resumes, documented training 

and training file maintenance. 

• 	 General laboratory safety, including appropriate clothing, waste disposal, health and 

safety plan review, obvious safety concerns. 

• 	 Labeling of reagents, solutions, standards, and associated documentation. 

• 	 Equipment and instrumentation documentation, calibration/ 

• 	 maintenance records, operating manuals. 
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• 	 Sample handling, storage and disposal including storage locations, security, 

tracking/chain-of-custody, disposal practices and records, labeling and retention. 

• 	 Documentation of sample analysis, methodologies, quality control requirements. 

• 	 Documentation of discrepancy reports and corrective action. 

• 	 General procedures for data security, review, documentation, reporting and archiving. 

When the operations of a specific department are evaluated, a number of functions are 

reviewed, such as: 

• 	 Documentation of technical training and analyst proficiency 

• 	 Method detection limit studies 

• 	 Internal chain-of-custody documentation 

• 	 Nonconformance documentation 

• 	 Documentation of standard preparations 

• 	 Instrument maintenance documentation 

• 	 Standard operating procedures 

• 	 Control charts 

• 	 Documentation of sample preparation and analysis 

• 	 Documentation ofdata review 

In addition, the QA Manager may monitor analyses randomly to assure adherence to 

approved analytical methods. 

Audit results are reported in writing to responsible management for review and corrective 

action, if necessary. A maximum oftwo weeks is given to respond to the original report. 

The original copy of the completed report, with responses, is kept on file in the QA 

Department. QA personnel follow up by verifying the effectiveness of the implemented 

corrective action. 
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11.1.2 PERFORMANCE EVALUATION SAMPLE AUDITS 

Paragon has utilized commercial third-party vendors of performance evaluation materials 

and has used the products of these vendors as single-blind PE samples. These type of 

performance evaluation samples are purchased in order to demonstrate competency in a 

newly developed method or to demonstrate effective corrective action. The results of 

Paragon's use of these commercial PE programs are evaluated in the same manner as the 

laboratory's participation in the federal PE programs. Deficiencies in the laboratory's 

performance will be addressed and corrected in the same manner as those used for federal 

PE programs. The Laboratory Quality Assurance Manager is responsible for coordinating 

the laboratory's participation in these PE Studies, and will maintain all documentation 

generated as a result of Paragon's participation in these programs. 

11.2 EXTERNAL AUDITS 

External audits may be performed by a state or federal agency or client as part of an on­

going certification process, or as a result of Paragon's participation in specific 

programs/projects that require an external laboratory audit to be performed. External 

laboratory audits generally consist of reviews of analytical capabilities and procedures, 

chain-of-custody procedures, document control, QA/QC procedures, and laboratory 

organization. External audits usually include analysis of blind performance evaluation 

samples. 

11.2.1 EXTERNAL SYSTEMS AUDITS 

In addition to the internal audits described above, Paragon is regularly audited by the 

following agencies 

1. State of Colorado Department of Health; 

2. State of Utah Department of Health; 

3. State of California Department of Health Services; 

4. State ofArizona Department of Health Services; 

5. US Army Corps ofEngineers. 
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11.2.2 PERFORMANCE EVALUATION SAMPLE AUDITS 

The results of interlaboratory studies will be evaluated by the QA Manager as part of the 

performance audits. The interlaboratory performance evaluation programs Paragon is 

currently participating are as follows: 

1. 	 US EPA Water Pollution Study Audit Program (WP). 

2. 	 US EPA Water Supply Study Audit Program (WS). 

3. 	 State of California Department of Health Services Hazardous Waste (HW) PE 

Program. 

4. 	 Department of Energy (DOE), Office of Environmental Management (OEM), Quality 

Assessment Program (QAP). 

5. 	 EPA National Exposure Research Laboratory (NERL), Characterization Research 

Division- Las Vegas (CRD-LV), Performance Evaluation Study. 

6. 	 Department of Energy (DOE), Idaho Operations Office, Mixed Analyte Performance 

Evaluation Program (MAPEP). 

7. 	 Environmental Resource Associates Proficiency Testing Program (quarterly). 

11.3 LABORATORY CERTIFICATIONS 

The following licenses, accreditations, and certifications are held by Paragon: 

1. 	 State of Arizona Department ofHealth Services; 

2. 	 State of Colorado Department of Health; 

3. 	 State of California Department ofHealth Service; 

4. 	 State ofldaho Department ofHealth and Welfare; 

5. 	 State of Kansas Department of Health and Environment; 

6. 	 State ofMassachusetts Department of Health; 

7. 	 State ofNorth Dakota Department of Health and Consolidated Laboratories; 

8. 	 State of Oklahoma Department ofEnvironmental Quality; 

9. 	 State of South Carolina Department ofHealth and Environmental Control; 

10. State ofTennessee Department ofHealth; 

11. State of Utah Department of Health; 

12. State of Washington Department of Ecology. 
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Paragon has been audited for compliance with and/or performs analyses for the following 

federal programs: 

1. US Air Force Center for Environmental Excellence (AFCEE); 

2. US Army Corps of Engineers (USACE MRD); 

3. US Naval Facilities Engineering Service Center (NFESC); 

4. The Program Manager for the Rocky Mountain Arsenal (PMRMA); 

5. US Department of Energy, Rocky Flats Facility; 

The Los Alamos National Laboratory (on behalf of US DOE). 
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12. QUALITY ASSURANCE REPORTS TO MANAGEMENT 

For day-to-day reporting, a Non-Conformance Report (NCR) is initiated for laboratory 

QA situations that require immediate attention. The employee that discovers the 

nonconformance is responsible for initiating the NCR. The Project Manager and QA 

Manager must approve the corrective action proposed. Client's guidance is solicited by 

the Project Manager if appropriate. The Q A Manager distributes completed copies of the 

NCR to the Project Manager, Department Manager, and Operations Manager. 

Quality Assurance Reports (QAR) to laboratory management are compiled and updated 

by the QA Manager every six (6) months. These reports summarize a wide range ofQA 

activities. These activities may include, but are not limited to: 

Performance Evaluation Studies. Results of both external and internal performance 

audits are distributed to laboratory line management for review and action, as appropriate. 

Any required response to deficiencies must be submitted to QA for review. After 

acceptable corrective action responses are received for all noted deficiencies, a summary 

of the results with attached responses is distributed. 

Agency and Client On-Site Audits. On-site evaluations of laboratory facilities and 

procedures are conducted by external auditors to ensure conformance to the requirements 

of their respective programs. These are scheduled and coordinated through the QA 

Department. The summary evaluation received from the agency reporting findings and/or 

recommendations and observations are distributed through the QA Department to 

laboratory line management for review and action, as appropriate. Any required response 

to deficiencies must be submitted to QA for review. After acceptable corrective action 

responses are received for all noted deficiencies, a summary of the results with attached 

responses is distributed. 
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Technical Systems Audits. An assessment of the laboratory data quality objective for 

completeness is performed by QA personnel and evaluated based on reported deliverables 

for data precision, data accuracy, and completeness. 

Management Systems Reviews. Thorough and efficient documented laboratory 

operational procedures and systems facilitate generation of a quality analytical product. 

Audits and surveillances of selected SOPs are conducted on a periodic basis by QA 

personnel to verify conformance. Based on these procedural reviews, a report is issued 

summarizing any findings and recommendations for revision in laboratory procedures to 

improve the analytical systems. 

Employee Orientation and Training Activities. Orientation to Paragon's policies and 
procedures, in-house method training, and employee attendance at outside training 
courses and conferences all contribute toward employee proficiency. Documentation of 
these activities is kept in individual files with the QA Department. 
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13. CORRECTIVE ACTIONS 

Corrective action is necessary when any measurement system fails to follow this LQAP. 

Items which may need corrective action range from a minor problem of an analyst failing 

to sign a data report form to a major problem of an analyst using an improper analytical 

method. For this reason, corrective action protocols must be flexible. 

In general, items needing corrective action fall into two "correction" categories: short­

term and long-term; each requiring different action. 

Short-term Corrective Actions--These actions consist ofminor and major problems which 

can be corrected immediately. Examples include failure to date or sign a form, and errors 

in data entry. Corrective action is initiated by verbally calling attention to the problem 

followed by written notification. 

Long-Term Corrective Actions--The actions consist ofminor and major problems which 

require a series of actions to resolve the problem. The actions to be taken are coordinated 

by the Section Manager or QA Manager, and a Non-Conformance Report (Appendix D) 

is used to document the action. The report will describe the analysis involved, the data, 

analyst, the identification of all affected or suspect samples, probable cause, the 

corrective action measure(s) taken, and the final disposition/resolution of the problem. 

The report is to be signed by the chemist, the Section Manager and the QA Manager. 

A copy of the completed form is retained by the QA Manager, with additional copies 

placed in the laboratory's raw data file and the project file. 

13.1 NON-CONFORMANCE REPORT 

Non-Conformance Reports (NCRs) are controlled documents that are administered by 

Paragon's Quality Assurance Group. These reports are sequentially numbered and 

tracked on a tracking log. When laboratory staff needs to initiate/complete an NCR, they 

will obtain a numbered original and enter pertinent information on the NCR tracking log. 
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The staff member will then complete the form by entering all pertinent information and 

the final disposition required to adequately address the Non-Conformance. Subsequent 

review/approval of the NCR will take place, with analysis group supervisory and QA 

reviews indicated with signatures in the appropriate areas on the form. 

After all authorizations/reviews of the NCR have been completed, copies are made for the 

analytical group's records, and as needed for data package documentation. The original 

NCR form is returned to the Quality Assurance Group, who will log the receipt ofthe 

completed form into the NCR tracking log. The NCRs are then placed in sequential order 

in archive notebooks in the QA Manager's office for long-term storage/archival. 

13.2 RESPONSIBILITIES FOR CORRECTIVE ACTION 

When an out-of-control event is recognized, each individual involved with the analysis in 

question has an interactive role and responsibility. 

13.2.1 ANALYST 

The initial responsibility to monitor the quality of a function or analytical system lies with 

the individual performing the task or test. Quality indicators are evaluated against 

laboratory established or project-specific QA/QC requirements. If the evaluation reveals 

that any of the QC acceptance criteria are not met, the analyst must immediately assess 

the analytical system to correct the problem. When an acceptable resolution cannot be 

met and/or data quality is negatively impacted, the analyst will notify the appropriate 

manager. 

13.2.2 SECTION MANAGER 

This staff member must review all analytical and QC data for reasonableness, accuracy 

and clerical errors. In an out-of-control event, the Section Manager works with the 

analyst and QA Manager to solve the problem and prevent the reporting of suspect data 

by stopping work on the analysis in question (if necessary) and insuring that all results 

that are suspect are repeated (if possible), after the source of the error is determined and 

remedied. 
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13.2.3 QUALITY ASSURANCE MANAGER 

In the event that an out-of-control situation occurs that is unnoticed at the bench or 

supervisory level (e.g., a performance failure on a blind QC sample), the QA Manager 

will notify the Section Manager, help to identify and solve the problem where applicable, 

insure the work is stopped on the analysis and that no suspect data is reported. The QA 

Manager must also notify the appropriate Project Manager of the out-of-control situation. 

13.2.4 PROJECT MANAGER 

This project member must review results, events and their corrective actions for 

reasonableness and correlation to the project requirements, notify the client if an event 

affects the quality of the data, and work with the client to develop acceptable salvage 

alternatives. 

13.3 SUMMARY OF CORRECTIVE ACTION PROCEDURES 

The corrective action procedures that will be taken by the analytical staff following a 

failure to meet criteria specified in this LQAP are summarized in the following tables. 
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Table 13-1 SUMMARY OF CORRECTIVE ACTION PROCEDURES FOR GFAA 

ANALYSES 

Quality Control 	 Acceptance Criteria Corrective Action 
Calibration Blank (ICB) ::; RL 1 listed in Section 3.0 	 Rerun fresh blank solution. If 

still out of control, recalibrate the 
instrument. 

Calibration Curve Correlation ~ 0.995 Rerun calibration standards. If 
Coefficient still out of control, prepare new 

calibration standards and 
recalibrate the instrument or 
narrate why the data are 
acceptable. 

Second source calibration ± 10% oftrue value Rerun standard. If still out of 
verification standard (ICV) control, recalibrate instrument 
Continuing calibration ± 10% oftrue value 	 Rerun standard. If still out of 
verification standard (CCV) 	 control, recalibrate instrument 

and reanalyze samples run since 
last acceptable CCV. 

Continuing calibration blank ::; RL listed in Section 3.0 	 Determine the cause of the blank 
(CCB) 	 problem, reanalyze samples run 

since last acceptable CCB if 
necessary, or narrate why data are 
acceptable 

Method Blank (MB) ::; RL listed in Section 3.0 	 Determine the cause of the blank 
problem, redigest set, if 
necessary, or narrate why data are 
acceptable. 

Laboratory Control Sample See acceptance criteria in Section 	 Determine and correct problem, 
(LCS) 	 3.0 redigest and reanalyze samples, if 

necessary, or narrate why data are 
acce.2_table. 

Sample duplicate (DUP) See precision acceptance criteria If all other QC acceptable, flag 
in Section 3.0 data as a matrix homogeneity 

problem. If there are other QC 
failures, correct as required by 
other_QC samples. 

Sample matrix spike & sample See acceptance criteria in Section 	 If MS/MSD not within limits, 
matrix spike duplicate (MSIMSD) 3.0 generate and analyze a post­
[if required] digestion spike. If spike 

recovery is acceptable, flag data 
as a matrix homogeneity problem. 
If post-spike recovery is not 
acceptable, either dilute samples 
to remove interference, perform 
MSA on samples, or narrate why 
data are acceptable. 

RL = Reporting Limit. 1 
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Table 13-2 SUMMARY OF CORRECTIVE ACTION PROCEDURES FOR CVAA 
ANALYSES 

Quality Control 
Calibration Blank (ICB) 

Calibration Curve Correlation 
Coefficient 

Calibration verification standard 
(ICY) 
Continuing calibration 
verification standard (CCV), 
second source 

Continuing calibration blank 
(CCB) 

Method Blank (MB) 

Laboratory Control Sample 
(LCS) 

Sample matrix spike & sample 
matrix spike duplicate (MS/MSD) 
[if required] 

Acceptance Criteria 


~ RL listed in Section 3.0 


::::0.995 

± 10% oftrue value 

± 20% of true value 

~ RL listed in Section 3.0 

~ RL listed in Section 3.0 

See acceptance criteria in Section 
3.0 

See acceptance criteria in Section 
3.0 

Corrective Action 
Rerun the blank. If still out of 
control, reprocess and reanalyze 
the blank. 
Rerun calibration standards. If 
still out of control, prepare new 
calibration standards and 
recalibrate the instrument or 
narrate why the data are 
acceptable. 
Rerun standard. If still out of 
control, recalibrate instrument 
Rerun standard. If still out of 
control, recalibrate instrument 
and reanalyze samples run since 
last acceptable CCV. 
Determine the cause of the blank 
problem, reanalyze samples run 
since last acceptable CCB if 
necessary, or narrate why data are 
acc~able 

Determine the cause of the blank 
problem, redigest set, if 
necessary, or narrate why data are 
acceptable. 
Determine and correct problem, 
redigest and reanalyze samples, if 
necessary, or narrate why data are 
acceptable. 
If LCS is within acceptance 
criteria, flag data as a sample 
homogeneity problem. If LCS is 
not in control, corrective action as 
listed for LCS. 
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Table 13-3 SUMMARY OF CORRECTIVE ACTION PROCEDURES FOR ICAP 
ANALYSES 

Quality Control 	 Acceptance Criteria Corrective Action 
Calibration Curve Correlation ~ 0.995 Rerun calibration standards. If 

Coefficient still out of control, prepare new 


calibration standards and 

recalibrate the instrument or 

narrate why the data are 

acceptable. 


Initial calibration verification ± 10% oftrue value Rerun standard. If still out of 

standard (ICV), second source 
 control, recalibrate instrument 

Calibration Blank (ICB) ::::; RL listed in Section 3.0 
 Rerun fresh blank solution. If 

still out of control, recalibrate the 
instrument. 

Continuing calibration ± 10% oftrue value Rerun standard. If still out of 

verification standard (CCV) 
 control, recalibrate instrument 

and reanalyze samples run since 
last acceptance CCV. 

Continuing calibration blank ::::; RL listed in Section 3.0 Determine the cause of the blank 
(CCB) problem, reanalyze samples run 

since last acceptable CCB if 
necessary, or narrate why data are 
acceptable 

Interference Check Standards ± 20% of true value Rerun check solution. If still out 
(ICSA!ICSAB) of control, recalibrate instrument, 

or regenerate interelement 
correction factors and reanalyze. 

Method Blank (MB) ::::; RL listed in Section 3.0 	 Determine the cause of the blank 
problem, redigest set, if 
necessary, or narrate why data are 
acceptable. 

Laboratory Control Sample See acceptance criteria in Section Determine and correct problem, 
(LCS) 3.0 	 redigest and reanalyze samples, if 

necessary, or narrate why data are 
acceptable. 

Sample duplicate (DUP) 	 See precision acceptance criteria If all other QC acceptable, flag 
in Section 3.0 	 data as a matrix homogeneity 

problem. If there are other QC 
failures, redigest samples and 
reanalyze. 

Serial Dilution ± 10% ofundiluted sam_Q_le value Note exceedence in narrative 
Sample matrix spike & sample See acceptance criteria in Section Analyze a post-digestion spike.
matrix spike duplicate (MS/MSD) 3.0 If spike recovery is acceptable,
[if required] flag data as a matrix homo­

geneity problem. Ifpost-
digestion spike not acceptable, 
include discussion in narrative. 
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Table 13-4 SUMMARY OF CORRECTIVE ACTION PROCEDURES FOR ION 
CHROMATOGRAPHY ANALYSES 

Quality Control 	 Acceptance Criteria Corrective Action 
Calibration Curve Correlation ;::: 0.995 	 Rerun calibration standards. If 
Coefficient 	 still out of control, prepare new 

calibration standards and 
recalibrate the instrument or 
narrate why the data are 
acceptable. 


Initial calibration verification ± I0 % of true value Rerun standard. If still out of 

standard (ICY) control, recalibrate instrument 

Continuing calibration ± 10% oftrue value Rerun standard. If still out of 

verification standard (CCV) control, recalibrate instrument 


and reanalyze samples run since 
last acceptable CCV. 

Continuing calibration blank ::;; RL listed in Section 3.0 Determine the cause of the blank 
(CCB) problem, reanalyze samples since 

last acceptable CCB if necessary, 
or narrate why data are acceptable 

Method Blank (MB) ::;; RL listed in Section 3.0 	 Determine the cause of the blank 
problem, reanalyze samples if 
necessary, or narrate why data are 
acceQ_table. 

Laboratory Control Sample See acceptance criteria in Section Determine and correct problem, 
(LCS) 3.0 reanalyze samples if necessary, or 

narrate why data are acceptable. 
Sample matrix spike & sample See acceptance criteria in Section If LCS is within acceptance 
matrix spike duplicate (MS/MSD) 3.0 criteria, flag data as a sample 
[if required] 	 homogeneity problem. IfLCS is 

not in control, corrective action as 
listed for LCS. 
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Table 13-5 SUMMARY OF CORRECTIVE ACTION PROCEDURES FOR 
COLORIMETRIC ANALYSES 

Quality Control 
Calibration Curve Correlation 
Coefficient 

Initial calibration verification 
standard (ICV) 

Continuing calibration 
verification standard (CCV) 

Continuing calibration blank 
(CCB) 

Method Blank (MB) 

Laboratory Control Sample 
(LCS) 

Sample Duplicate (DUP) [if 
required] 

Sample matrix spike (MS) [if 
required] 

Acceptance Criteria 

;::: 0.995 

± 15% oftrue value 

± 15% oftrue value 

~ RL listed in Section 3.0 

~ RL listed in Section 3.0 

See acceptance criteria in Section 
3.0 

See acceptance criteria in Section 
3.0 

See acceptance criteria in Section 
3.0 

Corrective Action 
Rerun calibration standards. If 
still out of control, prepare new 
calibration standards and 
recalibrate the instrument or 
narrate why the data are 
acceptable. 
Rerun standard. If still out of 
control, recalibrate instrument 
before sample analysis. 
Rerun standard. If still out of 
control, recalibrate instrument 
and reanalyze samples run since 
last acceptable CCV. 
Determine the cause of the blank 
problem, reanalyze samples since 
last acceptable CCB if necessary, 
or narrate why data are acceptable 
Determine the cause of the blank 
problem, reanalyze samples if 
necessary, or narrate why data are 
acceptable. 
Determine and correct problem, 
reanalyze samples ifnecessary, or 
narrate why data are acceptable. 
If LCS is within acceptance 
criteria, flag data as a sample 
homogeneity problem. IfLCS is 
not in control, corrective action as 
listed for LCS. 
lfLCS is within acceptance 
criteria, qualify the data as a 
sample homogeneity problem. If 
LCS is not in control, corrective 
action as listed for LCS. 
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Table 13-6 SUMMARY OF CORRECTIVE ACTION PROCEDURES FOR 
AUTOANALYZER ANALYSES 


Quality Control 
Calibration Curve Correlation 
Coefficient 

Continuing calibration 
verification standard (CCV) 

Method Blank (MB) 

Laboratory Control Sample 
(LCS) 

Sample Duplicate (DUP) 

Acceptance Criteria 

~ 0.995 

± 10% oftrue value 

::; RL listed in Section 3.0 

See acceptance criteria in Section 
3.0 

See acceptance criteria in Section 
3.0 

Corrective Action 
Rerun calibration standards. If 
still out of control, prepare new 
calibration standards and 
recalibrate the instrument or 
narrate why the data are 
acceptable. 
Rerun standard. If still out of 
control, recalibrate instrument 
and reanalyze samples run since 
last acct::ptable CCV. 
Determine the cause of the blank 
problem, reanalyze samples if 
necessary, or narrate why data are 
acceptable. 
Determine and correct problem, 
reanalyze samples if necessary, or 
narrate why data are acce_l)_table. 
If LCS is within acceptance 
criteria, flag data as a sample 
homogeneity problem. If LCS is 
not in control, corrective action as 
listed for LCS. 
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Table 13-7 SUMMARY OF CORRECTIVE ACTION PROCEDURES FOR 
TITRIMETRIC ANALYSES 

Quality Control Acceptance Criteria Corrective Action 
Method Blank (MB) ::;; RL listed in Section 3.0 Determine the cause of the blank 

problem, reanalyze samples if 
necessary, or narrate why data are 
acceptable. 

Laboratory Control Sample See acceptance criteria in Section Determine and correct problem, 
(LCS) 3.0 reanalyze samples ifnecessary, or 

narrate why data are acceptable. 
Sample Duplicate (DUP) See acceptance criteria in Section If LCS is within acceptance 

3.0 	 criteria, flag data as a sample 
homogeneity problem. IfLCS is 
not in control, corrective action as 
listed for LCS. 
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Table 13-8 SUMMARY OF CORRECTIVE ACTION PROCEDURES FOR GC/MS 
VOLATILES ANALYSES 

Quality Control 
BFB instrument tune 

Initial Calibration 

One-point calibration 

Internal Standards (IS) 

Method Blank (MB) 

Laboratory Control Sample 
(LCS) 

Surrogate 

Sample matrix spike & sample 
matrix spike duplicate (MS/MSD) 
[if required] 

Acceptance Criteria 
Per method requirements 

System Performance Check 
(SPC) and Calibration Check 
(CCC) criteria are met. 
System Performance Check 
(SPC) and Calibration Check 
(CCC) criteria are met. 
50% to 200% of IS responses of 
calibration standard 

::; RL listed in Section 3.0 except 
for MeClz & acetone(::; 5 x RL) 

See acceptance criteria in Section 
3.0 

See acceptance limits in Section 
10.8.7 

See acceptance criteria in Section 
3.0 

Corrective Action 
Retune instrument until within 
criteria. 
Rerun calibration standards. If 
still outside criteria, prepare new 
standards and recalibrate. 
Rerun calibration standard. If 
still out of control, generate new 
initial calibration curve. 
Reanalyze once. If same results 
generated, matrix effect has been 
verified & flag data. If 
acceptable results obtained, report 

reanalysis data. 

Reanalyze blank. If acceptance 

criteria still not met, reanalyze 

samples or narrate why data are 

acceptable. Flag sample data as 

appropriate. 

Determine and correct problem, 

reprepare and reanalyze samples, 

if necessary, or narrate why data 

are acceptable. 

Reanalyze once. If same results 

generated, matrix effect has been 

verified & flag data. If 

acceptable results obtained, report 

reanalysis data. 

IfLCS is within acceptance 

criteria, flag data as a sample 

homogeneity problem. If LCS is 

not in control, corrective action as 

listed for LCS. 
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Table 13-9 SUMMARY OF CORRECTIVE ACTION PROCEDURES FOR GC/MS
SEMI-VOLATILES ANALYSES 

Quality Control Acceptance Criteria Corrective Action
DFTPP instrument tune Per method requirements Retune instrument until within

.criteria.
Initial Calibration System Performance Check Rerun calibration standards. If

(SPC) and Calibration Check still outside criteria, prepare new
(_CCC)_ criteria are met. standards and recalibrate.

One-point calibration System Performance Check Rerun calibration standard. If
(SPC) and Calibration Check still out of control, generate new
(CCC) criteria are met. initial calibration curve.

Internal Standards (IS) 50% to 200% ofiS responses of Reanalyze once. If same results
calibration standard generated, matrix effect has been

verified & flag data. If 
acceptable results obtained, report
reanalysis data.

Method Blank (MB) :<;; RL listed in Section 3.0 except Reextract and reanalyze samples
for phthalates (:<;; 5 x RL) if holding times are not expired.

If acceptance criteria not met, flag
sample data as appropriate.

Laboratory Control Sample See acceptance criteria in Section Determine and correct problem,
(LCS) 3.0 reextract and reanalyze samples if

holding times are not expired. If
acceptance criteria can not be
met, flag data as appropriate. 

Surrogate See acceptance limits in Section Reanalyze once. If same results
10.8.7 	 generated, matrix effect has been

verified & flag data. If
acceptable results obtained, report
reanalysis data.

Sample matrix spike & sample See acceptance criteria in Section If LCS is within acceptance
matrix spike duplicate (MS/MSD) 3.0 criteria, flag the data
[if required] appropriately. IfLCS is not in 

control, corrective action as listed
forLCS. 
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Table 13-10 SUMMARY OF CORRECTIVE ACTION PROCEDURES FOR GC 
SEMI-VOLATILES ANALYSES 


Quality Control 

Calibration Curve Correlation 

Coefficient 


Continuing Calibration 
Verification Standard (ICV) 

Degradation Check (Pesticides 
only) 

Continuing Calibration Check 
Standard (CCV) 

Method Blank (MB) 

Laboratory Control Sample 
(LCS) 

Surrogate (if applicable) 

Sample matrix spike & sample 
matrix spike duplicate (MS/MSD) 
[if required] 

Acc~tance Criteria 

?:.995 

± 15% oftarget values when 
calculated from initial multi-point 
calibration curve 
± 15 % degradation max for 
endrin and DDT individually 
(8081 ); ± 20 % degradation max 
for endrin and DDT individually 
(8080) 
± 15% oftarget values when 
calculated from initial multi-point 
calibration curve 

::; RL listed in Section 3.0 

See acceptance criteria in Section 
3.0 

See acceptance criteria in Section 
10.8.7 

See acceptance criteria in Section 
3.0 

Corrective Action 
Rerun calibration standards. If 
still outside criteria, prepare new 
standards and recalibrate. 
Rerun calibration standard. If 
still out ofcontrol, generate new 
initial calibration curve. 
Reanalyze degradation check. If 
still out of control, trim column, 
replace injection liner, etc., and 
recalibrate and reanalyze all 
samples. 
Rerun check standard. If still out 
ofcontrol, stop analysis, correct 
problem, recalibrate, and 
reanalyze all samples run since 
last compliant CCV. 
Reextract and reanalyze samples 
if holding times are not expired. 
If acceptance criteria not met, flag 
sample data as appropriate. 
Determine and correct problem, 
reextract and reanalyze samples if 
holding times are not expired. If 
acceptance criteria can not be 
met, flag data as appropriate. 
Reanalyze once. If same results 
generated, matrix effect has been 
verified & flag data. If 
acceptable results obtained, report 
reanalysis data. 
If LCS is within acceptance 
criteria, flag the data 
appropriately. IfLCS is not in 
control, corrective action as listed 
forLCS. 
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Table 13-11 SUMMARY OF CORRECTIVE ACTION PROCEDURES FOR GC 
VOLATILES ANALYSES 

Quality Control 	 Acceptance Criteria Corrective Action 
Calibration Curve Correlation ~.995 Rerun calibration standards. If 
Coefficient still outside criteria, prepare new 

standards and recalibrate. 
Continuing Calibration ± 15% oftarget values when Rerun calibration standard. If 
Verification Standard (ICV) calculated from initial multi-point still out of control, generate new 

calibration curve initial calibration curve. 
Continuing Calibration Check ± 15% oftarget values when Rerun check standard. If still out 
Standard (CCV) calculated from initial multi-point of control, stop analysis, correct 

calibration curve 	 problem, recalibrate, and 
reanalyze all samples run since 
last compliant CCV. 

Method Blank (MB) ::::: RL listed in Section 3.0 	 Reextract and reanalyze samples 
if holding times are not expired. 
If acceptance criteria not met, flag 
sample data as appropriate. 

Laboratory Control Sample See acceptance criteria in Section Determine and correct problem, 
(LCS) 3.0 reprepare and reanalyze samples 

if necessary. If acceptance criteria 
can not be met, flag data as 
appropriate and/or narrate why 
data are acceptable. 

Surrogate 	 See acceptance criteria in Section Reanalyze once. If same results 
10.8.7 	 generated, matrix effect has been 

verified & flag data. If 
acceptable results obtained, report 
reanalysis data. 

Sample matrix spike & sample See acceptance criteria in Section If LCS is within acceptance 
matrix spike duplicate (MS/MSD) 3.0 criteria, flag the data 
[if required] appropriately. If LCS is not in 

control, corrective action as listed 
forLCS. 
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Table 13-12 SUMMARY OF CORRECTIVE ACTION PROCEDURES FOR HPLC 
ANALYSES 

Quality Control 
Calibration Curve Correlation 
Coefficient 

Continuing Calibration 
Verification Standard (ICY) 

Continuing Calibration Check 
Standard (CCV) 

Method Blank (MB) 

Laboratory Control Sample 
(LCS) 

Surrogate (if applicable) 

Sample matrix spike & sample 
matrix spike duplicate (MS/MSD) 
[if required] 

Acceptance Criteria 

~.995 

± 15 % of target values when 
calculated from initial multi-point 
calibration curve 
± 15% oftarget values when 
calculated from initial multi-point 
calibration curve 

:S: RL listed in Section 3.0 

See acceptance criteria in Section 
3.0 

See acceptance criteria in Section 
10.8.7 

See acceptance criteria in Section 
3.0 

Corrective Action 
Rerun calibration standards. If 
still outside criteria, prepare new 
standards and recalibrate. 
Rerun calibration standard. If 
still out of control, generate new 
initial calibration curve. 
Rerun check standard. If still out 
of control, stop analysis, correct 
problem, recalibrate, and 
reanalyze all samples run since 
last compliant CCV. 
Reextract and reanalyze samples 
if holding times are not expired. 
If acceptance criteria not met, flag 
sam_j)le data as ap_l)I'opriate. 
Determine and correct problem, 
reextract and reanalyze samples if 
holding times are not expired. If 
acceptance criteria can not be 
met, flag data as appropriate. 
Reanalyze once. If same results 
generated, matrix effect has been 
verified & flag data. If 
acceptable results obtained, report 
reanalysis data. 
IfLCS is within acceptance 
criteria, flag the data 
appropriately. lfLCS is not in 
control, corrective action as listed 
forLCS. 
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Table 13-13 SUMMARY OF CORRECTIVE ACTION PROCEDURES FOR GAS

FLOW PROPORTIONAL ANALYSES 


Quality Control Acceptance Criteria Corrective Action
Plateau Run quarterly, following major Stop analysis; run plateau, reset operating voltage if slope at

maintenance or as indicated by old operating voltage exceeds acceptable limit; or narrate 
change in instrument performance why condition is acceptable

Operating Voltage Slope < 2.5 %I 100 volts at Reset operating voltage according to plateau determination,
operating voltage reset discriminators, recalibrate; Determine and correct

problem; or Narrate why condition is acceptable 
Discriminator Beta to alpha cross talk <1% Optimize crosstalk settings and recalibrate; Determine and
Optimization correct problem; or Narrate why condition is acceptable
Configuration Check gas flow, cables, software Determine and correct problem; or Narrate why condition is

settings, etc. acceptable
Test Specific Initial Run yearly, after major main- Reject outliers, remeasure; Reprepare sources and/or
Efficiency terrance or as indicated by change recalibrate instrument, verify calibration; Determine and

in instrument performance: verifies correct problem; or Narrate why condition is acceptable
at +/-1 0% of expected

Test Specific Initial Run yearly, after major Reject Outliers, remeasure; Reprepare sources and/or
Self-Absorption I maintenance or as indicated by recalibrate instrument, verify calibration; or Narrate why

Crosstalk Calibration change in instrument performance: condition is acceptable

Curves efficiency +/-15% of fitted values;


crosstalk +/- 25% of fitted values.

Daily Response Within +/- 10% tolerance or Check P-10 and source integrity, repeat check; Tag detector
Check +!- 3 sigma of historical off-line; Repeat check following day; Determine and correct

performance. problem, run plateau/set discriminator, reestablish limits,
recalibrate; or Narrate why condition is acceptable

Weekly 1000 minute Current and acceptable (alpha< Replace planchet, check P-1 0, recount; Tag detector off-
background check 0.5 cpm, beta< 3 cpm or +/- 3 line; Repeat check following day; Determine and correct

sigma of historical performance) problem, reestablish limits; or Narrate why condition is
acceptable

Daily 60 minute +1- 3 sigma of historical Replace with clean planchet, check P-1 0, recount; Repeat
background check performance check; Tag detector off-line; Repeat check following day;

Determine and correct problem, reestablish limits; or Narrate
why condition is acceptable 

Sample Residue Gross alpha < 1 00 mg, gross Reprep overweight sources, redistribute or reprep poorly
beta<200 mg, otherwise within distributed sources; or Qualify or narrate why condition is
calibration range acceptable

Method blank One per batch; Activity less than Reprep affected batch or samples; Determine and correct
MDC, RMDC or 115 associated problem; or qualify or narrate why condition is acceptable
sample activity 

Lab Control Sample One per batch; See acceptance Reprep; or Recalibrate and recount; or Qualify or narrate
(LCS) criteria in Section 3.0 why condition is acceptable
Duplicate Sample One per batch or greater than Narrate 2 sigma failure when> 2x MDC; Reprep and/or

every 10 samples: 2 sigma recount affected samples for 3 sigma failure of>80% of
DER<1.42, 3 sigma DER<1.42 nuclides; Determine and correct problem; or Qualify or

narrate why condition is acceptable
Chemical yield 40-110%, where applicable Reprep; Notify client, or Qualify or narrate why condition is

acceptable 
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Table 13-14 SUMMARY OF CORRECTIVE ACTION PROCEDURES FOR

GAMMAIX-RAY SPECTROSCOPY ANALYSES 


Quality Control Acceptance Criteria Corrective Action
Configuration Check bias, gain, etc, weekly Adjust, verify_ calibrations
Inital Energy and Fitted values verity within I keV Check source position, detector configuration, recount and
Shape Calibration ofobserved reprocess; Determine and correct problem; or Narrate why

condition is acceptable
Inital Efficiency Fitted values verity within +/- I 0% Check source position, detector configuration, recount and
Calibration of observed reprocess; Determine and correct problem; or Narrate why

condition is acceptable
Daily Response +1- 10% tolerance or+/- 3 sigma Check source position, detector configuration, recount and
Check of historical performance for all reprocess; Determine and correct problem; or Narrate why

long-lived nuclides. condition is acceptable
Monthly 120000 sec. Satisfactory to meets sensitivity Check shield operation, clean cave, repeat check; Tag
background requirements or+/- 3 sigma of detector off-line; Determine and correct problem, reestablish
calibration historical performance limits; or Narrate why condition is acceptable 
Weekly Satisfactory to meets sensitivity Check shield operation, clean cave, repeat check; Tag
60000 sec requirements or+/- 3 sigma of detector off-line; Determine and correct problem, reestablish
background check historical performance limits; or Narrate why condition is acceptable 
Method blank One per batch or 20 samples; Recount; Reprep and/or recount affected batch or samples;

Activity less than MDC, RMDC or Determine and correct problem; or Quality or narrate why
115 associated sample activity condition is acceptable

Lab Control Sample One per batch in sample geometry; Recount; Reprep and/or recount affected batch or samples;
(LCS) supplied in count room; See Determine and correct problem; or Quality or narrate why

acc~tance criteria in Section 3.0 condition is acceptable
Duplicate Sample One per batch or greater than Narrate 2 sigma failure for nuclides >than 2 X MDC; 

every 10 samples: 2 sigma Reprep and/or recount affected samples for 3 sigma failure
DER<l.42, 3 sigma DER<l.42 for of>80% of nuclides; Determine and correct problem; or
80% of nuclides Quality or narrate why condition is acceptable 

Chemical yield 40-110%, where applicable Reprep; or Quality or narrate why condition is acceptable 
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Table 13-15 SUMMARY OF CORRECTIVE ACTION PROCEDURES FOR ALPHA 
SPECTROSCOPY ANALYSES 


Quality Control Acceptance Criteria 
Configuration Check bias, energy range, pump, etc, 

weekly 
Weekly Energy Slope within expected range 
Calibration 
and Check 
Weekly Fitted values verify within +/- 20% of 
Efficiency expected 
Calibration 
and Check 
Weekly Satisfactory to meets sensitivity 
60000 sec. requirements 
background 
calibration 
Method blank One per batch or 20 samples; Activity 

less than MDC, Required MDC or 1/5 
associated sample activity 

Lab Control One per batch; See acceptance criteria 
Sample (LCS) in Section 3.0 

Duplicate Sample One per batch or greater than every 10 
samples: 2 sigma DER<1.42, 3 sigma 
DER<I.42 

Chemicalyield 20-110% 
Regions of Properly set, tailing does not 
Interest compromise quantitation 

Spectral Interfering activity does not 
Interferences compromise quantitation 

Tracer Solution Current and traceable 

Corrective Action 
Adjust, repair. 

Check source integrity, detector configuration, recount and 
reprocess; Tag detector off-line; Determine and correct 
problem; or Narrate why condition is acceptable 
Check source position and integrity, detector configuration, 
recount and reprocess; Tag detector off-line; Determine and 

correct problem; or Narrate why condition is acceptable 


Replace bkg filter, clean chamber and detector, repeat 

check; Tag detector off-line; Determine and correct 

problem, reestablish limits; or Narrate why condition is 

acceptable 

Recount; Reprep and/or recount affected batch or samples; 

Determine and correct problem; or Qualify or narrate why 

condition is acceptable 

Recount; Reprep and/or recount affected batch or samples; 

Determine and correct problem; or Qualify or narrate why 

condition is acc~table 


Narrate 2 sigma failure for nuclides> than 2 X MDC; 

Reprep and/or recount affected samples for 3 sigma failure; 

Determine and correct problem; or Qualify or narrate why 

condition is acceptable 

RepreQ; or Qualify or narrate why condition is acceptable 

Adjust ROI's to fit identified peaks; For tailing, cleanup or 

reprep and recount affected samples, Consult with 

supervisor of Technical Manager; Correct for tailing; 

Qualify or narrate why condition is acceptable 

Recount; Cleanup, reprep and/or recount affected samples; 

Consult with supervisor or technical manager; Determine 

and correct problem; or Qualify or narrate why condition is 

acceptable 

Replace, recertify 


13-18 




Section 13.0 
Rev. 4 

February 1999 

Table 13-16 SUMMARY OF CORRECTIVE ACTION PROCEDURES FOR LIQUID 
SCINTILLATION ANALYSES 


Quality Control Acct!Qtance Criteria 
Configuration Check bias, energy range, pump, 

software settings, etc. weekly 
Quarterly Current, daily checks verify stability 
normalization 

Daily Response Fitted values verify within+/- 10% of 
Check expected or+/- 3 sigma of historical 

performance 
Yearly Fitted values verify within+/- 10% of 
Efficiency expected 
Calibration 
Daily Satisfactory to meets sensitivity 
background requirements or +/- 3 sigma of 
check historical performance 
Method blank One per batch or 20 samples; Activity 

less than MDC, Required MDC or 115 
associated sample activity 

Lab Control One per batch supplied in count room; 
Sample (LCS) See acceptance criteria in Section 3.0 

Duplicate Sample One per batch or greater than every 10 
samples: 2 sigma DER<l.42, 3 sigma 
DER<l.42 

Chemical yield 40-110%, where applicable 
Reagent Blank Within criteria 

Corrective Action 
Adjust, repair. 

Check source integrity, detector configuration, recount and 
reprocess; Tag instrument off-line; Determine and correct 
problem; or Narrate why condition is acceptable 
Check source integrity, detector configuration, recount and 
reprocess; Tag detector off-line; Determine and correct 
problem; or Narrate why condition is acceptable 
Check source integrity, detector configuration, recount and 
reprocess; Tag detector off-line; Determine and correct 
problem; or Narrate why condition is acceptable 
Clean source, repeat check; Tag detector off-line; Determine 
and correct problem, reestablish limits; or Narrate why 
condition is acceptable 
Recount; Reprep and/or recount affected batch or samples; 
Determine and correct problem; or Qualify or narrate why 
condition is acceptable 
Recount; Reprep and/or recount affected batch or samples; 
Determine and correct problem; or Qualify or narrate why 
condition is acceptable 
Narrate 2 sigma failure for nuclides >than 2 X MDC; 
Reprep and/or recount affected samples for 3 sigma failure; 
Determine and correct problem; or Qualify or narrate why 
condition is acceptable 
Reprep; or Qualify or narrate why condition is acceptable 
Reprep, remeasure, Qualify or narrate why condition is 
acceptable 
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Table 13-17 SUMMARY OF CORRECTIVE ACTION PROCEDURES FOR KINETIC 
PHOSPHORESCENCE ANALYSES 

Quality Control Acceptance Criteria 
Configuration Check, software settings, etc. weekly 
Reference Cell > 10 cts/pulse 
Intensity 

Daily CCV and CCB acceptable 
Background 
Calibration 
Calibration R2>0.995 

IDL/MDLIRL Quarterly 
Continuing +/- 15% 
calibration 
verification 
Continuing <RL 
calibration blank 
R2 >0.95 where uranium present 

Lifetime 200- 350 us where uranium present 

Method blank one per batch or 20 samples; Activity 
less than RL , RDL or 115 associated 
sample concentration 

Lab Control one per batch; See acceptance criteria 
Sample (LCS) in Section 3.0 

Duplicate Sample one per batch or every 10 samples. See 
acceptance criteria in Section 3.0 

Matrix Spike one per batch and matrix type; See 
acceptance criteria in Section 3.0 

Corrective Action 
Adjust. 
Renew solution; Renew Dye in Dye Laser; Replace 
cartridge; Align optics; Determine and correct problem; or 
Narrate why condition is acceQ_table 
Repeat calibration, Clean cuvette and remeasure; Determine 
and correct problem; or Narrate why condition is acceptable 

Recalibrate; Determine and correct problem; or Narrate why 
condition is acceptable 
Perform study, narrate 
Recalibrate; Determine and correct problem; or Narrate why 
condition is acceptable 

Recalibrate; Determine and correct problem; or Narrate why 
condition is acceptable 
Dilute, remeasure; Qualify or narrate why condition is 
acceptable 
Dilute, remeasure; Qualify or narrate why condition is 
acceptable 
Reprep and/or recount affected batch or samples; Determine 
and correct problem; or Qualify or narrate why condition is 
acceptable 
Recount; Reprep and/or recount affected batch or samples; 
Determine and correct problem; or Qualify or narrate why 
condition is acceptable 
Reprep affected batch or Determine and correct problem; or 
Qualify or narrate why condition is acceptable 
Qualify or narrate why condition is acceptable 
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14. PERSONNEL TRAINING 

Qualifications of personnel are based upon education and experience. The selection of 

well-qualified personnel is an important step in the operation of Paragon. In order to 

maintain staff qualification and provide for personnel·advancement within the laboratory, 

Paragon follows a formal documented program or orientation and training. 

14.1 ORIENTATION 

Each new regular employee receives a three part orientation: a human resources orientation, 

a safety orientation, and a department orientation. The human resources orientation involves 

matters of immediate personal concern such as benefits, salary, and company policies. The 

safety orientation is an in-depth examination of the Paragon Chemical Hygiene Plan and 

safety program, which are consistent with the requirements of OSHA's Hazard 

Communication Program (29 CFR 1910.1200), Paragon's Radiation Safety Plan, and the 

Colorado Department ofPublic Health's Rules and Regulations pertaining to Radiation 

Control. The new employee's Department Manager provides the employee with a basic 

understanding of the role of the laboratory within the structure ofParagon and the basic 

elements of that individual's position within the laboratory. The training of a new employee 

concentrates on his/her scientific background and work experience to provide the employee 

with a level ofcompetence so that the individual will be able to function within the defined 

responsibilities of his/her position immediately. 

Temporary employees receive the same orientation as regular staff with the exception of the 

human resources orientation. 

14.2 ANALYTICAL TRAINING 

Analysts/technicians shall be qualified to perform specific analytical procedures and 

methods. The qualification process, at a minimum, is described in the Standard 

Operating Procedure- "Training and Technical Review" and typically consists of 

background/theory, a documented process of on the job training, and a demonstration of 

proficiency. Additional training techniques utilized include: 
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On-the-job training 

Lectures 

Programmed learning 

Conferences and seminars 

Short courses 

Specialized training by instrument manufacturers 

Participation in check-sample or proficiency sample programs 

Department Managers shall be responsible for providing documentation of training and 

proficiency for each employee under their supervision. The files shall also include 

examples demonstrating performance ofpassing QC samples. The QA department shall 

maintain a file for each technical employee. 

14.2.1 ANALYTICAL METHOD TRAINING 

New analytical staff members are trained by the analytical group leaders under the 

following guidelines: 

1. 	 The new employee is taken through (observes) an analytical procedure in which the 

analytical method is demonstrated by trained personnel. Job requirements are 

outlined and quality control measurements are defined. A copy of the method is 

given to the employee for them to review prior to beginning the analysis. 

2. 	 The procedure is performed (on QC samples only) by the trainee who will work under 

the supervision of the analytical group leader or an analyst proficient in that method. 

Results of sample preparation and/or analysis are evaluated and problems or 

corrective actions discussed. 

3. 	 The trainee is then required to perform the procedure on laboratory blanks and 

standard matrix spikes (LCS samples). The results of these samples are reviewed by 

the analytical department leader. If the blank and spike recovery data meets existing 

quality control criteria for that method, the technician or analyst is deemed to have 

demonstrated proficiency and is allowed to work on actual client samples. If values 
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are outside the current acceptartce limits, steps 2 artd 3 are repeated until the trainee 

cart consistently meet the acceptance criteria for the method. After the certification 

process has been successfully completed, the artalytical department leader will 

forward the documentation to the QA group for inclusion into the employee's training 

file. 

All artalysts artd techniciarts are monitored on a continual basis to evaluate performartce. 

Should out of control situations which carmot be readily rectified appear, the laboratory 

martager can, at his discretion, "de-certify" personnel artd require the individual to be 

retrained according to above steps 2 artd 3. 

14.2.2 PROFICIENCY DEMONSTRATION 

Paragon's artalytical staff is continually challenged to demonstrate their proficiency in the 

methods and processes they perform. Other sections of this LQAP describe the routine 

procedures that are followed by the laboratory during the day-to-day processing of 

samples that demonstrate the laboratory is generating artalysis data that meets all 

analytical requirements. However, there are other, non-routine procedures that are 

performed by the laboratory's staff that demonstrates their proficiency in their assigned 

tasks. The following sections describes these non-routine proficiency demonstration 

procedures 

14.2.2.1 METHOD DETECTION LIMITS 

Most artalytical methods require the periodic regeneration of method detection limit data, 

artd this process has been fully described in earlier sections ofthis LQAP. The generation 

of acceptable detection limits by the laboratory requires a thorough understartding of the 

total artalytical process, and is a rigorous test of the proficiency of the artalytical staff who 

perform this analysis. With the permission of the analytical department martager artd the 

Quality Assurartce Martager, art artalyst's or techniciart's performance in a method 

detection limit study (that generates method detection limit values that are consistent with 

past performance) may be used to demonstrate proficiency in the method. This 

information may be used in lieu of other demonstrations ofproficiency, except when a 
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regulatory promulgated method explicitly requires specific procedures to be followed for 

the initial demonstration of proficiency. 

14.2.2.2 PERFORMANCE EVALUATION SAMPLES 

As described in an earlier section of this LQAP (titled "Performance and Systems 

Audits"), Paragon participates in several performance evaluation programs. These 

programs typically submit single-blind samples to the laboratory for analysis and return a 

summary of performance to Paragon after results have been furnished to the sponsoring 

agency. 

The QA Manager distributes Paragon's results to each department for review. For results 

within the defined acceptance limits, no action is required. If results are outside 

acceptance limits, then the appropriate Department Supervisor conducts an investigation 

to determine the root cause of the error. The Department Supervisor summarizes the 

findings and corrective action in a report to the QA Manager. The QA Manager 

summarizes all results for the sponsoring agency. 

The successful participation in these programs by laboratory staff are rigorous tests of the 

staffs ability to perform their analytical procedures. Paragon considers 90% to be a 

minimum acceptable score for each analytical procedure. Records of their successful 

participation in these programs will be placed in the analytical staffs training records, 

and may be used to show that they have been adequately trained in the methods they have 

performed. This information may be used in lieu of other demonstrations of proficiency, 

except when a regulatory promulgated method explicitly requires specific procedures to 

be followed for the initial demonstration of proficiency. 

14.2.2.2 INITIAL DEMONSTRATION OF PROFICIENCY 

A number of promulgated methods performed by Paragon contain sections that explicitly 

state the procedures that are to be followed to verify the capability of the laboratory in 

performing the method, prior to the analysis of actual field samples. Some of these 
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methods require that laboratory staff generate initial proficiency demonstration data 

showing that they can meet specific acceptance criteria for precision and accuracy. This 

initial precision and recovery evaluation (IPR) will be performed initially by any 

laboratory staff as they first begin to perform one of these methods. 

The IPR will be performed by preparing a set of four replicate standard matrix spikes 

(blank spikes) at a concentration in the middle of the reporting range for each parameter. 

For single-component analytes, all target analytes must be tested in the IPR study. Where 

there are multi-component parameters reported by the method (such as PCB's), the 

analytical department leader will determine if it is appropriate to test a subset of the total 

number of parameters reported by the method (e.g., perform an IPR study using PCBs 

1016 and 1260 only). Once these replicate samples are created, they will be processed 

through the entire analysis method, and results generated for all analytes present in the 

samples. Analyte recoveries and precision data (standard deviations) will be calculated 

and compared to Paragon historical data or to criteria appearing in the promulgated 

method. 

If the data generated by the laboratory staff meet the historical or promulgated criteria, the 

analytical staff who participated in the study are deemed to have passed the proficiency 

demonstration, and are judged to be capable ofprocessing field samples. If an evaluation 

of the IPR data indicates that acceptance criteria has not been met by the staff, additional 

IPR studies must be performed until acceptable results have been generated for all target 

analytes. 

With the completion of the IPR study, the analytical department manager will collect the 

data generated and transmit it to the Quality Assurance Manager. After review of this 

information by the QA Manager, the records will be placed in the training file of the 

employees who participated in the study. 
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As long as subsequent analytical effort by the analysts or technicians shows that they have 

maintained their proficiency, there will be no need to perform another IPR study for a 

given method. However, if performance data from routine analyses shows a degradation 

in the skills or capabilities of the laboratory staff performing a method, another IPR study 

may be mandated by the laboratory QA Manager. 

14.3 TRAINING RECORDS 

Training records for all analytical staff members will be maintained by the Paragon 

Quality Assurance Department. Training files may contain (but are not limited to) the 

following information: 

1. Records of academic training pertinent to the employee's work assignment. 

2. Summaries of any training seminars attended while employed at Paragon. 

3. Any test results for examinations taken at Paragon. 

4. Records of any Health & Safety instruction received while at Paragon. 

5. Results of proficiency demonstrations as described in Section 14.2.2 ofthis LQAP. 

6. If available, a current resume ofthe employee. 

14-6 



Section 15.0 
Rev. 4 

February 1999 

15. LABORATORY SAFETY 

15.1 HEALTH AND SAFETY TRAINING 

The goal of Health and Safety (H&S) training is to ensure that the laboratory personnel 

have adequate knowledge to safely perform their assigned duties. This training is 

presented by the laboratory's H&S Officer. 

Health & Safety training is provided to each new employee as soon as possible after 

beginning work. The components of this course include, but are not limited to: 

Laboratory safety and hazard communication videotapes with computer 

based exams. 

An introduction to the Health and Safety Manual, including a discussion of 

required procedures and protocols. 

Information regarding the Hazard Communication Program, including the 


use of Material Safety Data Sheets (MSDS). 


Proper procedures for material handling, storage of chemicals, and use of 


personal protective clothing. 


Emergency procedures for chemical spills, contact, or exposure and other 


potential emergency situations. 


Procedures for disposal of wastes including excess or spent reagents, 


chemical standards, analysis samples or miscellaneous materials. 


Equipment handling and associated safety procedures and precautions. 


An explanation of the Medical Surveillance Program, which includes an 


annual physical examination for all employees engaged in laboratory 


activities. 


Chemical-Specific Hazard Communication training is provided as needed. 


This may be due to the addition of a new analytical procedure, 


modification of a method which requires the use of an additional chemical 


or anticipated receipt of samples potentially containing a known hazard. 
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15.2 RADIOCHEMISTRY HEALTH AND SAFETY 

In general, all sample shipments received by Paragon from the field will be screened for 

surface exposure rates in the Sample Receipt area. Radiation survey meters are 

permanently located in this area for use by the Sample Custodian. If screening with the 

radiation survey equipment indicates that samples in the shipment have a higher external 

radiation exposure rate than expected from previous information received from the client, 

or from Paragon's previous knowledge of the site, the Sample Custodian will 

immediately contact the Health & Safety Officer (HSO) and request guidance for 

handling of the samples. The Safety Officer will use his/her judgment to determine if 

gross alpha/beta screening will be required for the incoming samples or not. 

For many programs, field sampling teams and their engineering firms will generate 

radioactive material screening information in order to determine shipping classification 

for all sample shipments. If this information is provided to Paragon, it may not be 

necessary to screen the received samples for gross alpha/beta/gamma content by 

proportional counter analysis, depending on the HSO's confidence in the data. However, 

if no screening information is provided by the client for a sample shipment, and the 

surface radiation exposure survey at the laboratory indicates that unsuspected radioactive 

material may be present in the samples, Paragon will perform a gross alpha/beta/gamma 

screen by gas flow proportional counting. 

15.3 LABORATORY SAFETY 

Sample receiving areas and laboratories are equipped with suitable hoods, respirators, 

personal protective equipment and eye wear, gloves, barrier creams and or other measures 

to prevent or minimize staff contact with hazardous substances. Safety equipment such as 

eyewash stations, drench showers, spill adsorbents and neutralizers, fire extinguishers, first 

aid materials, and breathing oxygen are available. 

As a matter ofpolicy, Paragon shall not accept known initiator explosives, known dioxin­

contaminated materials or unusual biohazard materials except in cases where the laboratory 
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has been designed to safely handle high hazard samples. Paragon is licensed by the 

Colorado Department of Health to process and handle radioactive materials according to the 

specifications of the Colorado Rules and Regulations Pertaining to Radiation Control. 

Paragon may accept nitroaromatics and nitroamines providing that the client makes 

provisions for disposal of samples with a positive explosive identification. 

15.4 HEALTH AND SAFETY MANAGER 

A laboratory staff member is designated as Health & Safety Manager by the Laboratory 

Manager. The Health & Safety Manager prepares and maintains safety-related SOPs, 

conducts safety and occupational health orientation, training and review sessions as 

required, and maintains up to date familiarity with safety and occupational health issues 

pertinent to the laboratory. 
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16. LABORATORY WASTE DISPOSAL 

16.1 WASTE IDENTIFICATION 

Paragon Analytics Inc. (PAI) utilizes process knowledge plus both chemical and 

radiochemical analyses to identify and characterize our waste streams. The analytical 
data is first used to classify the material as Non Hazardous/Non Radioactive, RCRA, 

TSCA, Low Level Radioactive, or Mixed Hazardous and Radioactive Wastes. The 
analytical data on the material is then reviewed to determine the appropriate waste profile 

to dispose of the material in. 

16.2 WASTE STORAGE 

Paragon is classified as a small quantity generator, and generates between 100 kg and 

1000 kg of waste per month. Because of this rate of waste generation, waste materials 
created at the laboratory may accumulate on site for a maximum of nine months, 

depending upon the location ofthe Temporary Storage and Disposal Facility (TSDF). 

The wastes generated by Paragon Analytics will initially be stored in Satellite 

Accumulation Areas (SAA) in the generating lab. The SAA containers are to be labeled 
with the waste identity, chemical and physical hazards, and spill clean up data. The SAA 
containers will be selected by the Health and Safety Department to provide compatibility, 
containment, easy handling, and to minimize the number of containers utilized. 

The waste containers in the waste accumulation areas will be handled in the following 

manner. All containers used will meet United Stares Department of Transportation 

(USDOT) standards as per 49 CFR Parts 173, 178, & 179. The containers will be labeled 
with a preprinted hazardous waste label with accumulation start date, DOT Hazardous 
Material Warning Label, and orientation labels. The waste containers will be stored in 
such a manner to allow easy access to all containers for servicing or for emergency 

personnel in the event of an accident. Furthermore, all containers with liquids shall be 
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provided with a spill containment system that meets the requirements of Colorado 6 

CCR 1007-3 Part 264.175. 

16.3 WASTE DISPOSAL 

RCRA Hazardous Wastes are disposed of by Paragon by using various hazardous waste 

disposal options. The most common disposal option employed at Paragon is destructive 

incineration at an approved and permitted hazardous waste incinerator. Most of the purely 

hazardous and non radioactive waste are disposed of via incineration at a Chemical Waste 

Management (CWM) facility. Mixed radioactive and hazardous wastes may be handled 

in a variety of methods depending upon composition and available disposal options. 

Disposal of Low Level Radioactive Waste (LLRW) that has not originated from U.S. 

Department of Energy sites will be disposed of at the Benton County Washington Low 

Level Radioactive Waste Disposal Site as mandated by the Rocky Mountain Low Level 

Radioactive Waste Board (RMLLRWB). The disposal of any purely Low Level 

Radioactive Waste from DOE sites will be accomplished at the Barnwell Low Level 

Radioactive Waste Disposal Site in South Carolina. This is due to the fact that the 

RMLLRWB prohibits disposal of any material originating from the Department of 

Energy at the Benton County Washington Low Level Radioactive Waste Disposal Site. 

The following table discusses the disposition of each waste stream on an individual 

basis. 
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Table 16-1 Paragon Analytics Analytical Process Waste Disposal Summary 

Waste Disposal 
Waste Name Waste Type Disposal Disposal Frequency 

Method Subcontractor 
Aqueous Lab RCRA Destructive CWM As Needed 
Waste Incineration 
Halogenated RCRA Destructive CWM As Needed 
Organic Waste Incineration 
NonHalogenated RCRA Destructive CWM As Needed 
Organic Waste Incineration 
Contaminated RCRA Destructive CWM As Needed 
Soils & Solids Incineration 
PCB Extracts RCRA/TSCA TSCA/RCRA CWM As Needed 

Destructive 
Incineration 

Ion Exchange RCRA Destructive CWM As Needed 
Resin Incineration 
Radioactive LLRWOnly Burial at EMCor As Needed 
Solids Barnwell Bionomics 

LLRW 
Disposal Site 

Radioactive LLRWOnly Burial at EMCor As Needed 
Solids from DOE Benton Co. Bionomics 
Sites LLRW 

Disposal Site 
Aqueous LLRW Only Solidification & EMCor As Needed 
Radioactive Burial at Bionomics 
Solutions Barnwell 

LLRW 
Disposal Site 

Aqueous LLRWOnly Solidification & EMCor As Needed 
Radioactive Burial at Bionomics 
Solutions from Benton Co. 
DOE Sites LLRW 

Disposal Site 
Liquid Scint. LLRW Only Incineration EMC& As Needed 
Counting Permafix or 
Wastes(Non DSSI 
Hazardous 
Cocktails) With 
Other Than H-3 & 
C-14 
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Table 16-1 Paragon Analytics Analytical Process Waste Disposal Summary 

Waste Disposal
Waste Name Waste Type Disposal Disposal Frequency

Method Subcontractor
H-3 & C-14 LLRW Only Incineration EMC& As Needed
Liquid Permafix
Scintillation 
Counting 
Wastes(Non 
Hazardous 
Cocktails) 
Mixed Hazardous RCRA/LLRW Encapsulation Permafix, As Needed
Radioactive To Pass TCLP EMC, or
Solids & Burial at Bionomics

Barnwell 
LLRW 
Disposal Site

Halogenated RCRA/LLRW Destructive Permafix, As Needed
Organic Waste Incineration DSSI, &/or 

Bionomics
Non Halogenated RCRAILLRW Destructive Permafix, As Needed
Organic Waste Incineration DSSI, &/or 

Bionomics
Ion Exchange RCRAILLRW Dewater, Scientific As Needed
Resin Encapsulate, Ecology

and Burial at Group,
Barnwell Bionomics
LLRW 
Disposal Site 
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17. PROCUREMENT CONTROL 

17.1 RECEIPTNERIFICATION OF STANDARDS 

In this section, the term standard shall apply to any analyte solution ofknown 

concentration which is traceable to a certified reference material. This includes 

calibration standards, spiking solutions and laboratory control samples. 

Upon receipt, all purchased standard reference materials (neat and stock solutions) are 

recorded into section-specific standard logbooks. Standard logbook entries include 

Paragon unique ID, name of the neat compound or solution, manufacturer, 

manufacturer's lot number, certified purity, expiration date and storage location. 

Subsequent preparations of stock, intermediate, and working solutions are also 

documented in the standard logbooks. These entries must include all discrete 

measurements made during preparation, parent materials, solvent(s) and a Paragon ID 

number. 

All primary reference standard and standard solutions are purchased from reliable 

commercial sources. Standards traceable to NIST are preferred; however, ASTM or 

equivalent specifications are acceptable. Certification records of all standards received 

are retained. 

Second source reference standards and standard solutions are purchased from a 

different supplier than the primary standard. If a second supplier is not available, the 

second source standard can be prepared from a different lot number of the same 

composition from the same supplier. For rare or unusual materials for which an 

alternate lot is not available (and only one vendor supplies the material), a second 

source verification solution can be prepared by an analyst who is different from the 

one who prepared the original stock solution. These two solutions can then be 

compared against one another. 
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Newly prepared standard solutions (surrogate, internal, calibration, spiking) are 

verified against another known standard prepared from another source prior to 

utilization. The verification data is maintained on file in the respective area. 

The maximum deviation allowed between two sources of reference material for GC 

analysis methods is 15 %. The maximum deviation allowed between two sources of 

reference material for GC/MS analysis methods is 25 %. The maximum deviation 

allowed between two sources of reference material for inorganic analysis methods is 

1 0%. The maximum deviation allowed between two sources of reference material for 

radiochemical analysis methods is 1 0 %. 

17.2 RECEIPTNERIFICATION OF SOLVENTS AND ACIDS 

The verification procedure for organic solvents involves taking an initial volume of 

solvent and concentrating it to a reduced final volume. The initial volume used for this 

procedure and its final volume vary depending upon solvent. Not all solvents are 

screened due to initial solvent quality or application (eg., technical grade solvents used 

for rinsing glassware will not be screened for contaminants, acids used solely to soak 

inorganic glassware for cleaning will not be tested). 

Acids are processed through the same procedures for which they will be used during 

routine analysis, only without a sample present in the process. In effect, a method blank 

will be generated and analyzed using the acids under test, and the results of this process 

evaluated. 

After initial screening, the reagent quality is either confirmed or denied. If the solvent 

quality is found to be unacceptable, it shall not be used for production activities. A new 

solvent lot shall be ordered and the screening process repeated until an acceptable lot is 

identified. The records generated by the laboratory from this process will be kept on file 

in the departments that performed the analysis. 
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17.3 RECEIPT OF GENERAL REAGENTS 

Most reagents that are used in the analysis of organic and inorganic methods are initially 

investigated for purity and possible contaminants. These reagents vary in usage, 

depending upon the analysis parameter, and sample integrity is greatly influenced by the 

interaction of components inherent in the reagents. Therefore, the need for overall 

monitoring of reagents is vital. Reagents stored in the laboratory areas must have a date 

recorded on their label. The date may be either the date the material was received from 

the vendor and unpacked from their shipping container, or the date at which the container 

was first opened. Table 17-1 indicates the general handling and storage procedures 

followed by Paragon for its analytical supplies and reagents. 
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Table 17-1 REAGENT STORAGE 

Reagent 

Solvents 

Inorganic Acids 

Organic Acids 

Caustics 

Other Reagents 

Method of Storage 

Stored in original containers in designated storage areas until 
required for use. As needed, laboratory personnel transfer 
solvents from storage areas to ready-use storage cabinets in the 
laboratory area. Note: opened bottles ofmethanol used for 
volatile organic analyses are stored in the GC-volatiles and 
GC/MS-volatiles analysis areas. 

Shipping containers are transferred upon receipt to laboratory. 
Individual bottles are removed from shipping containers and 
placed in ready-use storage cabinets which are designed for 
storage of corrosive acids. 

Upon receipt, acids are distributed directly to the analytical 
department. These acids are stored in designated areas for ready 
use or in cabinets designed for storage of corrosive acids. 

Upon receipt, caustics are distributed directly to the analytical 
department. Caustic containers are stored in the department's 
cabinets designated for caustic reagent storage only. 

Stored in designated cabinets or refrigerators in each 
department. Standards that require storage at 4 °C or below 
freezing are stored in each department's refrigerators or freezers 
(respectively) designated for standards only. 
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HISTORY:  Rev 0, 06/02/97; Rev 1, 04/06/01.  dbh 
 
1.0 SCOPE AND APPLICATION 


This standard operating procedure (SOP) and the Method it references  - USEPA SW846, 
Chapter 7 - describes the determination of reactive cyanide and sulfide in wastes. 


 
2.0 SUMMARY 


Sulfuric acid is added to an aliquot of waste contained within a closed, pressurized, gas 
generation system.  Hydrocyanic acid (HCN) and hydrogen sulfide (H2S) are released as 
gases from the acidified waste and are trapped in a basic scrubber solution.  The cyanide 
trapped by the scrubber solution is developed and measured colorimetrically, and the 
trapped sulfide is measured titrimetrically. 


3.0  RESPONSIBILITIES 
3.1 It is the responsibility of the analyst to perform the analysis according to this SOP 


and to complete all documentation required for review.  
 
3.2 Analysis and interpretation of the results are performed by personnel in the 


laboratory who have demonstrated the ability to generate acceptable results 
utilizing these methods.  This demonstration may come in the form of 
supervisory/training review, results of precision and accuracy tests performed, or 
the successful completion of a proficiency evaluation test. 


 
3.3 Final review and sign off of the data are performed by the department supervisor 


or designee.  Initialing and dating the file indicate that this review for precision, 
accuracy, and completeness and is complete and satisfactory.  Any errors that are 
found require corrective action, which includes notification to the 
technician/analyst who performed the work and documentation of measures taken 
to remediate the data. 


 


PARAGON ANALYTICS, INC. 
STANDARD OPERATING PROCEDURE 1112   REVISION 1 
 
TITLE: DETERMINATION OF REACTIVE CYANIDE AND SULFIDE --  
 EPA METHOD SW846, CHAPTER 7 
 
FORMS:   NONE 
 
APPROVED BY: 
TECHNICAL MANAGER _______________________________________ DATE __________  
QUALITY ASSURANCE MANAGER _____________________________ DATE __________ 
LABORATORY MANAGER ____________________________________ DATE __________ 
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4.0 INTERFERENCES 
Interferences are undetermined. 
 


5.0 APPARATUS AND MATERIALS 
8.2.12 Gas Generation and Trapping System 


5.1.1 Round bottom flask, 500 mL, three-neck with 24/40 ground glass joints. 


5.1.2 Gas scrubber made from a 250 mL side-arm flask and a one-hole stopper.  
A piece of glass tubing is inserted through the stopper.  The glass tubing 
nearly extends to the bottom of the flask when the stopper is in place. 


5.1.3 Addition funnel, 250 mL, equipped with a pressure equalizing tube 
possessing a 24/40 ground glass joint and Teflon sleeve. 


5.1.4 Nitrogen gas provided via two-stage regulation. 


5.1.5 A flow meter for measuring gas flow rate and an in-line needle valve for 
controlling gas flow. 


5.2 Cyanide Determination Equipment 
5.2.1 Sequoia-Turner, Model 340 spectrophotometer or equivalent. 


5.2.2 Optically matched cuvettes, 1 ”. 


8.4.1 Miscellaneous glassware (pipets, beakers, etc.) 


8.4.1 Vortex mixer. 


5.3 Sulfide Determination Equipment 
5.3.1 Magnetic stirring apparatus consisting of a 1.5 ” egg-shaped stirring bar 


and a stirring plate. 


8.4.1 Corning, Model 320 pH meter, or equivalent.  


8.4.1 Analytical balance capable to weighing to the nearest 0.0001 gram. 


5.3.4 Miscellaneous glassware (pipets, beakers, etc.) 


6.0 REAGENTS 


Note: Only ACS grade or better chemicals and reagents may be used. 
 
6.1 Deionized (DI) water, Type II. 
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6.2 Sulfuric Acid (H2SO4), 0.01 N:  Add 2.0 mL of 50% H2SO4 to DI water and dilute 
to 1800 mL.  Stopper and invert carefully several times to mix.  Withdraw 100 mL 
of this solution and dilute to 1 L.  Shelf life = 1 year. 


6.3 Sodium Hydroxide (NaOH), 0.25 N:  Dissolve 10 g NaOH in DI water and dilute 
to 1L.  Shelf life = 1 year. 


 
6.4 Sulfide Spiking Solution, approximately 4000 mg/L sulfide:  Dissolve 15.0 g 


Na2S•9H2O in DI water and bring to 200 mL volume.  Shelf life = 1 year. 
 
6.5 Cyanide Stock Solutions, 1000 mg/L cyanide, (first and second source):  Dissolve 


0.2501 g Potassium Cyanide (KCN) salt into 100 mL of 0.25 N NaOH.  Shelf life 
= 1 year. 


 
6.6 Intermediate Cyanide Standards, 10 mg/L, (first and second source):  Prepare two 


standards by diluting 1.0 mL of each of the purchased Cyanide Stock Solutions to 
a 100 mL final volume using 0.25 N NaOH.  Shelf life = 3 months.. 


 
6.7 KH2PO4 Buffer Solution, 1M:  Dissolve 138 g KH2PO4•2H2O in DI water and 


dilute to 1L.  Shelf life = 1 year.  Refrigerate. 
 


6.8 Chloramine-T Solution:  Dissolve 1.0 g of Chloramine-T in 100 mL of DI water.  
Store at 4° C ± 2 °C.  Shelf life = 1 week. 
 


6.9 Hydrochloric Acid (HCl), 6N:  Dilute 500 mL concentrated HCl to 1L.  Shelf life 
= 1 year. 
 


6.10 Standard Potassium Bi-Iodate Solution, 0.025 N:  Dissolve 0.8124 g Potassium 
Bi-Iodate KH(IO3)2 in DI water and dilute to 1L.  Shelf life = 1 week.  


 
6.11 Standard Sodium Thiosulfate (Na2SO3) Solution, 0.025 N:  Dissolve 3.953 g of 


Na2SO3 and 0.4 g NaOH in about 800 mL of DI water and bring to a final volume 
of 1L.  Shelf life =     Standardize the solution (in duplicate) using the 
Potassium Bi-Iodate Solution as follows: 


 
8.4.1 Dissolve 2 g Potassium Iodide (KI) in a 500 mL erlenmeyer flask using 


150 mL DI water. 


8.4.1 Add a few drops of concentrated Sulfuric Acid (H2SO4). 


8.4.1 Add 10.0 mL of 0.025 N Potassium Bi-Iodate KH(IO3)2 Solution. 


8.4.1 Dilute to about 200 mL with DI water. 
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8.4.1 Titrate with standard  Na2SO3 solution until a pale straw color is 
reached. 


8.4.1 Add a few drops of 2% Starch Indicator Solution and continue titrating 
to the first disappearance of the blue color. 


8.4.1    Determine the normality of the Na2SO3 solution for each titration as  
follows: 


 
(N)(V)  =  (0.025 N)(10.0 mL) 
 
where: 
 
N = Normality of Na2SO3 
V = Volume of Na2SO3 


 
Average the titration results to determine the Na2SO3  normality. 


 
6.12 Starch Indicator Solution, 2%:  Purchase from a vendor or dissolve 2 g laboratory 


grade soluble starch and 0.2 g salicylic acid (as a preservative) in 100 mL hot DI 
water.  Shelf life = 1 year or until deterioration is evident. 
 


6.13 Pyridine-Barbituric Acid Solution:  Place 15 g of Barbituric Acid in a 250 mL 
flask and add a minimal amount of water necessary to wash the sides of the flask 
and wet the acid.  Add 75 mL of Pyridine, stopper, and mix carefully.  Add 15 mL 
of concentrated HCl, mix carefully and allow to cool to room temperature.  Dilute 
to 250 mL with DI water and mix.  Store in an amber glass bottle in a cool dark 
place (may be refrigerated).  Shelf life = 6 months or until a precipitate forms. 
 


6.14 Standard Iodine Solution, approximately 0.025 N:  In a 1L volumetric flask, 
dissolve 20 - 25 g of Potassium Iodide (KI) in about 800 mL DI water.  Add 3.2 g 
of iodine.  After the iodine has dissolved, dilute to volume with DI water.  
Standardize daily against 0.025N Standard Sodium Thiosulfate Solution using 
Starch Indicator Solution as the indicator.  Shelf life = 1 week. 


  
7.0 SAMPLE COLLECTION, PRESERVATION, HANDLING AND HOLDING TIMES 


7.1 All samples must be collected according to an approved sampling plan. 
 
7.2 Containers of samples containing, or suspected to contain sulfide or a 


combination of sulfide and cyanide wastes, should be filled completely, without 
headspace, and capped. 
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7.3 It is suggested that samples containing cyanide wastes be tested as soon as 
possible. 


 
7.4 Water samples can be preserved for reactive cyanide analysis by adjusting the 


sample to pH > 12 using a strong base.  Water samples can be preserved for the 
analysis of reactive sulfide by adding zinc acetate, and adjusting the sample pH to 
> 9.  It should be noted that the addition of preservatives dilutes the sample, 
increases the ionic strength, and possibly changes other physical or chemical 
characteristics of the waste.  These changes may affect the rate of release of HCN 
or H2S. 


7.5 Samples should be stored under refrigeration in the dark until analysis. 
 


8.0 PROCEDURE 
8.1 GAS GENERATION AND TRAPPING 


8.1.1 Prepare one blank, one cyanide Laboratory Control Sample (LCS), one 
sulfide LCS, and one sample duplicate for each batch of 20 samples or 
less. 


 
  The blank consists of 10 mL (g) DI water.  A 10 mL (g) aliquot of the 


1000 ppm Cyanide Spiking Solution is used for the cyanide LCS, and a 
10 mL (g) aliquot of the Sulfide Spiking Solution is used as the sulfide 
LCS. 


 
8.1.2 Add 100 mL 0.25 N NaOH to the scrubber. 


8.1.3 Close the system and adjust the flow of nitrogen using the needle valve.  
Check the flow rate using a flow meter attached to the scrubber outlet.  
The flow rate should be about 60 mL/min. 


 
8.1.4 Add 10 g of sample to the round-bottom flask.  With the nitrogen 


flowing, add 250 mL of 0.01 N H2SO4.  Start the 30 minute test period.  
Begin stirring while the acid is being added.  The stirring speed must 
remain constant throughout the test. 


 
8.4.1   After 30 minutes, close-off the nitrogen flow and disconnect the 


scrubber.   


8.4.1   Determine the amount of reactive cyanide and sulfide trapped in the 
scrubber solution as discussed in the following sections. 
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8.2       DETERMINATION OF CYANIDE IN THE SCRUBBER SOLUTION 
8.4.1 Prepare calibration standards in optically matched cuvettes as shown 


below: 
 


Vol. 10 µg/mL Intermediate 
Std. Used * (mL) 


Vol. 0.25 N NaOH 
Used (mL) 


Final Volume 
(mL) 


Std. Conc. 
(µg/L) 


0 10.0 10.0 0 
0.01 9.98 10.0 20 
0.05 9.96 10.0 40 
0.10 9.90 10.0 100 
0.20 9.80 10.0 200 
0.30 9.70 10.0 300 
0.40 9.60 10.0 400 
0.50 9.50 10.0 500 


0.10 ** 9.90 10.0 100 (ICV) 
* First source  **  Second source 


8.2.2 Place a 10 mL aliquot of each scrubber solution into optically matched 
cuvettes. 


 
Note: The LCS scrubber solutions will need to be diluted 40 fold prior 


to color development.  This is accomplished by placing a 0.25 mL 
aliquot of the LCS scrubber solution into a cuvette, and diluting it 
to 10 mL with 0.25 N NaOH. 


 
8.4.1 To all cuvettes, add 3.0 mL 1M KH2PO4 Buffer Solution; mix well.   
 


Note:  Upon addition of this solution, the cyanide in the sample is no 
longer stable and the color development stages must be 
continued without delay!! 


 
8.2.4 To all cuvettes, add 1.0 mL chloramine-T solution.  Mix well using the 


vortex mixer. 
 
8.2.5 After 1 - 2 minutes, add 1.0 mL Pyridine-Barbituric Acid Reagent to all 


cuvettes, then add 5.0 mL DI water.  Mix well using the vortex mixer. 
 
8.4.1 Use the UV spectrophotometer to read each sample or standard at 578 


nm absorbance within 8 to 15 minutes.  Process the samples in the 
following sequence: 
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Sequence          Scrubber Solution 


1 0 µg/L calibration standard 
2 10 µg/L calibration standard 
3 50 µg/L calibration standard 
4 100 µg/L calibration standard 
5 200 µg/L calibration standard 
6 300 µg/L calibration standard 
7 400 µg/L calibration standard 
8 500 µg/L calibration standard 
9 ICV (100 µg/L second source standard) 
10 ICB (Initial Calibration Blank) 
11 Method (Preparation) Blank 
12 Cyanide LCS 


13 - 22 Up to 10 samples (may include sample dup) 
23 CCV 
24 CCB 


24 - 35 (Repeat steps 10 through 23 until all analyses 
are completed; the analytical sequence must 
end with a CCV/CCB set) 


 


8.4.1 Prepare the standard curve by relating absorbance units (on a scale of 
0.00 to 2.00) vs. CN concentration (on a scale of 0 to 500 µg/L) and 
perform a linear regression analysis.  The linear regression coefficient 
of variance must be > 0.995 for the calibration curve to be accepted. 


8.4.1 Determine the concentration of reactive cyanide in each sample as 
follows: 


 
 (A) x (D) x (V) 


Reactive CN (mg/Kg)    =  W 
 


where: 
 


A   =   µg/L CN in scrubber solution, determined from regression 
analysis 


D   =   dilution factor if dilution was required to produce a response 
within the calibrated range 


V  =  volume of scrubber solution (L); if this SOP is followed 
exactly, V = 0.200 L 


W   =   sample weight (g) 
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8.3 DETERMINATION OF SULFIDE IN THE SCRUBBER SOLUTION  
8.4.1 The amount of scrubber solution available to be analyzed by gravimetric 


titration for reactive sulfide must be accurately known.  Usually 90 mL of 
scrubber solution is available since 10 mL of the 100 mL total scrubber 
solution is used for the cyanide analysis. 


 
8.4.1 Transfer an aliquot (usually 90 mL) of the scrubber solution into a beaker 


of suitable size.  Add a Teflon-coated magnetic star bar and place the 
beaker onto a magnetic stir plate. 


 
8.4.1 The scrubber solution must be acidified to a pH of 2 prior to proceeding 


with the titrimetric determination of sulfide.   
 


Immerse the pH electrode in the scrubber solution and add 6N HCl 
dropwise until the pH drops to below 5.  Remove the pH electrode and 
pipet an additional 2 mL of 6N HCl into the scrubber solution. 


 
8.4.1 Place the beaker on a balance and tare the balance. 


8.4.1 Add Standard Iodine Solution to the beaker in 2.0 mL increments until a 
yellow color persists.  Record the total volume (in mL) of the Iodine 
Solution added.  Retare the balance. 


Note: Both the Standard Iodide Solution and the Standard Sodium 
Thiosulfate Solution must be standardized daily before use. 


8.4.1 Add Standard Sodium Thiosulfate Solution to the beaker dropwise until 
the solution turn to a straw color.  Add 0.5 mL of the 2% starch solution.  
The color should now be blue-black.  If the sample remains straw 
colored or colorless, add an additional 5.0 mL aliquot of the Standard 
Iodine Solution (record).  Retare the balance. 


8.4.1 Add Standard Sodium Thiosulfate Solution dropwise until the blue-black 
color disappears and the sample turns clear.  Record the weight change 
caused by the addition of titrant and calculate the concentration of 
reactive sulfide in the sample as follows: 


 [(A x B)  - (C x D)] x 16,000 
            V 
Reactive Sulfide (mg/Kg)    =  W     x        T 
 
where: 
 
A   =   normality of the iodine solution 
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B   =   volume of iodine used (mL) 
C   =   normality of the sodium thiosulfate solution 
D   =   volume of sodium thiosulfate used (mL) 
W  =   sample weight (g)  
V   =   volume of scrubber solution titrated 
T   =   total volume of scrubber solution 


 
8.4 DETERMINATION OF SULFIDE IN THE SULFIDE SPIKING SOLUTION  


8.4.1 An aliquot of Sulfide Spiking Solution must be analyzed to determine 
the exact concentration of the sulfide LCS prepared at the beginning of 
the sample process.  The salt used in preparing the Sulfide Spiking 
Solution is very hygroscopic and cannot be used as a primary standard. 


.4.1.1   Place a 1.0 mL aliquot of the Sulfide Spiking Solution into a 
beaker and dilute to approximately 100 mL using DI water. 


.4.1.2   Add 6N HCl dropwise until the pH reaches 1, then add an 
additional 2 mL 6N HCl. 


.4.1.3   Place the beaker on a balance and tare the balance.  Add 
approximately 15 mL of Standard Iodine Solution.  The 
beaker’s contents should be yellow.  Record the weight change 
caused by the addition of the Standard Iodine Solution. 


.4.1.4   Titrate with standardized Sodium Thiosulfate Solution until 
the beaker’s contents turns a straw color. 


.4.1.5   Add 2 – 3 drops of the 2% Starch Indicator Solution to the 
beaker.  The beaker’s contents should now be blue-black.  Re-
tare the balance. 


.4.1.6   Add the Sodium Thiosulfate Solution titrant dropwise until the 
beaker’s contents become clear.  Record the total volume of 
titrant used. 


8.4.1 Calculate the concentration of the sulfide in the spiking solution as 
follows: 


 [(A x B)  - (C x D)] x 16,000 
Reactive Sulfide (mg/L)    =          S 


 
where: 
A   =   normality of the iodine solution 
B   =   volume of iodine solution used (mL) 
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C   =   normality of the sodium thiosulfate solution 
D   =   volume of sodium thiosulfate used (mL) 
S   =   volume of Sulfide Spiking Solution 


 
9.0 QUALITY CONTROL (QC) 


9.1 DEFINITION OF ANALYSIS BATCH 
An analysis batch is defined as a group of twenty (20) or less field samples that is 
associated with one unique set of batch QC samples and processed as a unit.  
Batch QC samples are defined as the method blank (MB), laboratory control 
samples (LCSs), and laboratory duplicate.  All QC must be carried through all 
stages of the sample preparation and measurement steps. 


 
9.2 BLANKS 


Method blanks (MBs) are run to demonstrate that interferences from the analytical 
system, glassware, and reagents are under control.  Initial Calibration Blanks 
(ICBs) and Continuing Calibration Blanks (CCBs) are run to demonstrate that the 
analytical system remains free of artifacts and carryover.  All blanks must be free 
of positive analyte results greater than the analyte reporting limit. 


 
9.3 LABORATORY CONTROL SAMPLE 


The laboratory control sample (LCS) is analyzed to measure the accuracy of the 
method.  The results obtained are compared to results expected.  To be acceptable, 
the LCS recovery must be between 80% and 120% of the expected concentration. 
 


9.4 LABORATORY SAMPLE DUPLICATE 
 The laboratory sample duplicate is analyzed as a measure of the precision of the 


analytical results generated.  For this procedure, the Relative Percent Difference 
(RPD) between a sample and its duplicate should not be greater than 20%.  RPD 
is calculated as shown below: 


 
       
   RPD (%) =  | Resultx - ResultDup |      X    100 
        (Resultx + ResultDup)      


             2 
 
Advisory acceptance criteria for all duplicates should be met.  If  RPD criteria are 
not met, check calculations.  Narrate if sample matrix interference is suspected. 


 
10.0 DEVIATIONS  FROM  METHOD 


There are no known deviations from the method. 
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11.0     SAFETY, HAZARDS AND WASTE DISPOSAL 
11.1 SAFETY HAZARDS 


11.1.1 The building is equipped with a safety shower, eyewash station, fire 
extinguisher, fire blanket, as well as a first aid kit.  All laboratory 
personnel must be trained in the use and location of these items. 


 
11.1.2 Read the MSDSs before preparing standards or using any solvents or 


reagents for the first time. 
 
11.1.3 Wear gloves, safety glasses, and lab coat when working with any 


chemical materials (e.g., standards, solvents, reagents, or samples), 
handling materials or equipment potentially contaminated with chemicals 
or within a laboratory area. 


11.1.4 Any chemicals with a Threshold Limit Value (TLV) of less than 50 ppm 
shall be worked with in a laboratory fume hood (e.g., solvents and acids).  
All flammable compounds must be kept away from ignition sources. 


 
11.1.5 Any non-original containers used to hold reagents (e.g., wash bottles or 


automatic dispenser bottles) shall be labeled at a minimum with 
compound name; NFPA Health, Flammability, and Reactivity ratings, 
and date. 


 
11.1.6 Food and drink are prohibited in all lab areas. 


 
11.2 WASTE DISPOSAL 


11.2.1 Solid filtrate residues and any other solid residues shall be disposed of in 
the Contaminated Soils and Solids Waste satellite collection vessel 
(Profile # AK6782). 


 
11.2.2 All empty solvent bottles are disposed of according to the appropriate 


SOPs.  Please note that all labels and markings must be defaced or the 
bottle labeled as empty prior to disposal. 


 
11.2.3 Certain clients may require that the samples and residues from the 


analysis of their samples are segregated and returned to the client’s 
location.  The Health and Safety Officer will provide specific procedures 
and materials for these samples. 


 
12.0 REFERENCES 


12.1 U.S. Environmental Protection Agency, SW846, Test Methods for Evaluating 
Solid Wastes:  Physical/Chemical Methods, 1994.  Chapter 7, “Reactive Cyanide 
and Sulfide”, revision 2, 1994.
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Analytical Method: 
 


EPA SW 846, 
Chapter 7 


Parameter: 
Reactive Cyanide and Sulfide in Wastes 


 


Summary of  Internal Quality 
Control (QC) Procedures and 


Corrective Actions 


Quality Control 
Check 


Frequency Acceptance Criteria Corrective Action 


Initial Calibration; 
minimum 5-point 
(plus blank) 


As needed (i.e., at on-set of 
analyses or  repeated when 
continuing calibration does 
not meet criteria) 


Coefficient of variance (r) for 
linear regression must be > 
0.995  


Check that the calibration standards 
were prepared properly.  Evaluate/ 
correct instrument malfunction and 
reanalyze initial calibration to obtain 
acceptable curve. 


Independent 
Calibration 
Verification (ICV); 
run near to midpoint 
of calibration 


Once after each initial 
calibration 


Response must agree within + 
10% of initial calibration 


Prepare another ICV and analyze.  If 
ICV still fails, system must be 
recalibrated. 


Blanks:  Method 
Blank (MB), Initial 
Calibration Blank 
(ICB) and 
Continuing 
Calibration Blank 
(CCB) 


The MB may be run 
initially as part of the 
calibration curve, the ICB 
is run following the 
calibration curve.  CCBs 
are run following the CCV 
(after every ten samples), 
and to close an analytical 
run sequence 


Analyte content of the blank 
must not exceed the analyte 
reporting limit (RL) 


Check all calculations.  If no 
computation errors are found, prepare a 
fresh blank and analyze.  All samples 
run since the last acceptable blank must 
also be reanalyzed. 


Laboratory Control 
Sample (LCS) 


One LCS must be run per 
20 environmental samples 


Results must agree within + 
20% of expected values 


Check all calculations.  If no 
computation errors are found, prepare a 
fresh LCS and analyze. If criteria are 
still not met, system must be 
recalibrated and all samples run since 
the last acceptable LCS must be 
reanalyzed. 


Continuing 
Calibration 
Verification (CCV); 
run near to midpoint 
of calibration 


Run after every ten 
samples and to end any run 
sequence (must be 
followed by a CCB 
analysis) 


Response must agree within + 
10% of initial calibration 


Check that calculations and preparation 
are correct, evaluate/ correct instrument 
malfunction; reanalyze. 


If CCV still fails, recalibrate system.  
All samples analyzed after the last 
acceptable CCV must be reanalyzed.   


 





		7.1	All samples must be collected according to an approved sampling plan.
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		11.1.3	Wear gloves, safety glasses, and lab coat when working with any chemical materials (e.g., standards, solvents, reagents, or samples), handling materials or equipment potentially contaminated with chemicals or within a laboratory area.
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		11.1.5	Any non-original containers used to hold reagents (e.g., wash bottles or automatic dispenser bottles) shall be labeled at a minimum with compound name; NFPA Health, Flammability, and Reactivity ratings, and date.



		11.2	WASTE DISPOSAL

		12.0	REFERENCES






 
 
 


STANDARD OPERATING PROCEDURE 
TITLE: THE REVIEW, VALIDATION AND REPORTING OF GC-VOLATILE   
FORM NO.:  FRM 402FC 
______________________________________________________________________________ 


ATI SOP 420FC1   
PAGE 1 OF 10 


HISTORY:  Rev 0, 3\06\92;  (Update format, no revisions, 4/4/94;  Rev 1, 5/30/95, PCN #489; 
____________________________________________________________________________________________ 
1.0 SCOPE SUMMARY AND APPLICATION 


1.1 All analytical data generated at Analytical Technologies, Inc. (ATI), Fort 
Collins, Colorado are extensively reviewed before and after report generation to 
assure the validity of the report data.  The data validation processes consist of 
three levels of review; instrumentation, data reporting and final review.  Each 
report folder in the GC-VOA Department includes a data review checklist that 
outlines each level of review. 


 
1.2 A GC-VOA analyst generates and reviews the raw data according to the 


guidelines for raw data review and the instrumentation guidelines.  The 
complete and correct raw data is then compiled into a report format by the data 
reporting section.  When completed and reviewed by the reporter, the report 
folder is forwarded to the supervisor or group designee for the final review in 
the analytical department. 


 
 When the three phases of review have been finalized, the data in the report 


format are sent to the Report Management Department where the client report is 
finalized and reviewed in its entirety following ATI SOP 052FC. 


 
2.0 RESPONSIBILITIES 


2.1 The analyst who generates the raw data has the prime responsibility for the 
correctness and completeness of the data.  This responsibility includes all of the 
raw data generated from the analysis sequence.  The information sent to data 
reporting must be supported by a well documented analysis QC packet including 
continuing calibration standards, calibration curves, etc.  The analyst must 
complete Section I of ATI FRM 402FC. 


 
2.2 The data reporting individual is responsible for the generation of the report 


packet.  This individual must ensure that the spreadsheet used to calculate the 
final results is functioning properly and has been verified.  As the report is being 
generated, Section II of ATI FRM 402FC must be completed. 


 
2.3 The supervisor or designee is responsible for final review of the report generated 


int he GC-VOA Department.  This review assures that the reported data 
coincides with the raw data and that all data is of good quality.  The supervisor 
or designee must complete Section III of ATI FRM 402FC. 


3.0 RAW DATA REVIEW 


PREPARED BY:   Karen Kotz 
APPROVED BY:   TECHNICAL SPECIALIST_______________________________  DATE______________ 
 
                              QA/QC OFFICER______________________________________  DATE______________ 
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3.1 During each phase of the review procedure, the raw data are evaluated utilizing 
the following guidelines. 


 
3.1.1 Calibration data are scientifically sound, appropriate to the method and 


completely documented. 
 
3.1.2 QC samples are within established control limits. 
 
3.1.3 Qualitative identification of the sample components is correct. 
 
3.1.4 Quantitative results are correct. 
 
3.1.5 Documentation is complete and correct. 
 


3.2 The following procedures shall be used in the raw data review. 
3.2.1 All input parameters, calibrations and transcriptions shall be checked 


100 percent. 
 
3.2.2 At least 20 percent of all calculations shall be checked.  Pay special 


attention to positive results in the checking process.  If a calculation 
error is found, 100 percent of all associated calculations shall be 
checked. 


 
4.0 PROCEDURE FOR REVIEW 


4.1 An analyst generated, reduces and reviews their own work based on the 
following set of guidelines. 


 
4.1.1 Sample preparation information is correct and complete. 
 
4.1.2 Analyst information is correct an complete. 
 
4.1.3 The appropriate methods and SOP's have been followed. 
 
4.1.4 Analytical results are correct and complete. 
 
4.1.5 QC Samples are within advisory control limits. 
 
4.1.6 Analytical holding times have been met. 
 
4.1.7 Special sample preparation and analytical requirements have been met. 
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4.1.8 Documentation is complete.  All anomalies in the preparation and 
analysis been documented on corrective action forms. 


 
4.2 The analyst organizes the data into a report folder that is to be forwarded to the 


data reporting personnel.  The analyst must ensure that the following criteria 
have been met before passing the folder on to the data reporters. 


 
4.2.1 The initial standard is in range of ± 50 percent of the daily standard. 
 
4.2.2 All reruns have been done. 
 
4.2.3 Daily blanks and standards are included. 
 
4.3.4 Copy of curve included. 
 
4.3.5 MS/MSD is included. 
 
4.3.6 Chromatograms are present and organized. 
 
4.3.7 Percent Moisture included if required. 
 
4.3.8 All patterns have been accurately evaluated. 
 
 When these criteria have been met, and Section I of ATI FRM 402FC 


has been completed, initialed and dated, the data packet can be 
forwarded to data reporting. 


 
4.3 The data reporting individual assures that the data packet received from the 


analyst is complete and correct.  As the report is being generated, the following 
criteria must be met. 


 
4.3.1 Client ID/s and project numbers are correct. 
 
4.3.2 QC information is correct and within range. 
 
4.3.3 Daily blanks are included. 
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4.3.4 The right side of the spreadsheet has been verified and included. 
 When these criteria have been met, and Section II of ATI FRM 402FC 


has been completed, initialed and dated, the report can be forwarded to 
the supervisor or designee for final review. 


 
4.4 The supervisor or designee reviews the data package and report following these 


guidelines. 
 


4.4.1 Calibration data are scientifically sound, appropriate to the method, 
and completely documented. 


 
4.4.2 QC Samples are within established control limits. 
 
4.4.3 Qualitative identification of the sample components is correct. 
 
4.4.4 Quantitative results are correct. 
 
4.4.5 Documentation is complete and correct. 
 
4.4.6 The data packet is complete and ready for data archive. 
 
4.4.7 At least 20 percent of all calculations shall be checked.  Pay special 


attention to positive results in the checking process.  If a calculation 
error is found, 100 percent of all associated calculations shall be 
checked. 


 
4.5 The supervisor or designee ensures that the report meets the following set of 


criteria before forwarding it to the Report Management Department. 
4.5.1 All requested analyses have been performed. 
 
4.5.2 Client name and ID's are correct. 
 
4.5.3 Chromatograms coincide with report. 
 
4.5.4 Extraction and analysis dates of all QC coincide with samples and 


reports. 
 
4.5.5 The applicable qualifiers or comments have been used. 
 When these criteria have been met and Section III of ATI FRM 402FC 


has been completed, initialed ad dated, the report folder is  
______________________________________________________________________________ 
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Analytical Method: 
SW8080 
 


Parameter: 
Organochlorine Pesticides/PCBs 
 


TABLE 1 SUMMARY OF 
INTERNAL QUALITY CONTROL 


(QC) PROCEDURES 
AND CORRECTIVE ACTIONS 


Quality Control 
Check 


 Frequency  Acceptance Criteria  
Corrective Action 


Initial Calibration 
(minimum 5-point 
plus blank, all 
analytes) 
 


As needed, i.e., when the 
daily calibration does not 
meet criteria 


a)  ±20% RSD for the 
calibration factors (CF) over 
the range; or R≥0.995 for linear 
regression 
 
b)  for quantitation, useRF  if 
RSD <20%; otherwise use 
linear regression 


Reanalyze the initial calibration curve 
and/or evaluate/correct instrument 
malfunction to obtain curve which 
meets criteria.   


Daily Calibration 
(ICV) and  
Continuing 
Calibration 
(CCV) 


At the beginning of the 
daily sequence (when full 
curve not analyzed, all 
analytes); and  
1 CCV every 10 samples 


±15% D in CF (or in %R of the 
target analyte) from the 
corresponding initial curve 
standard on at least one column 
for each target compound; 
 
±15% D in CF (or in %R of the 
target analyte) from the 
corresponding initial curve 
standard on both columns for 
any confirmed compound 


• if more than 10% of the target 
compounds fail this criteria, then the 
daily calibration standard is considered 
to be non-compliant.  Reanalyze ICV.  
 
• if ICV still non-compliant, 
evaluate/correct instrument malfunction 
as needed (e.g., remove 1 meter from 
the guard column of the GC, prepare a 
new standard) 
 
• if ICV still non-compliant, recalibrate 
the instrument with a new curve.   


   • samples analyzed after a failed CCV 
will be reanalyzed. 


   • if a failed CCV (e.g., for an 
autosampler analysis) returns to 
acceptable calibration later in the 
sequence, samples following the 
acceptable CCV will be reported; and 
samples between the failed CCV and 
subsequent compliant CCV will be 
reanalyzed. 


   •  if holding times are an issue, 
complete an SDR and notify the PM for 
sample disposition. 
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Analytical Method: 
SW8080 
 


Parameter: 
Organochlorine Pesticides/PCBs 
 


TABLE 1 SUMMARY OF 
INTERNAL QUALITY CONTROL 


(QC) PROCEDURES 
AND CORRECTIVE ACTIONS 


Quality Control 
Check 


 Frequency  Acceptance Criteria  
Corrective Action 


Retention Time (RT) 
Window  


Whenever a new column is 
installed, based on 3 
injections throughout a 72-
hour period to be more 
representative of daily 
operations 


Column and compound 
specific:  window is ± 3x the 
standard deviation of the 3-
injection avg for the respective 
column, and is used with the 
respective compound in the 
ICV  


•  if zero, substitute window of close 
eluting similar compound 
 
•  wider windows can be used to screen 
for compounds, experience of analyst 
should weigh heavily in interpretation 
of chromatograms (refer to RT Shift)  


Retention Time (RT) 
Shift  


Each CCV analysis, RT of 
analytes in the CCV are 
evaluated against the daily 
ICV 


column and compound specific, 
varies with each ICV 


•  Inspect chromatographic system for 
malfunction; correct identified 
malfunctions, if appropriate 
 
•  Evaluate data based on a comparison 
with other standards run during the 
analytical sequence, consider the RTs 
for the surrogates and spiked 
compounds analyzed before and after 
the sample in question: 


     -  expand the RT windows to 
encompass the shift in compound 
location 


     -  if no peaks are found in the 
expanded window, report the 
compound as non-detect 


     -  if peaks are present, use the 
confirmation column verify 
identification 


Method Blank 1 per each preparation 
batch of ≤20 samples of 
the same matrix 
 


< RL:  The method blank 
should not contain any target 
compounds at or above the 
reporting limit (RL). 


Reanalyze to determine if instrument 
contamination was the cause.  If the 
method blank is still non-compliant, 
initiate corrective action: 
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Analytical Method: 
SW8080 
 


Parameter: 
Organochlorine Pesticides/PCBs 
 


TABLE 1 SUMMARY OF 
INTERNAL QUALITY CONTROL 


(QC) PROCEDURES 
AND CORRECTIVE ACTIONS 


Quality Control 
Check 


 Frequency  Acceptance Criteria  
Corrective Action 


   • if a sample contains target compounds 
at ≥10X amount found in the method 
blank, or if target compounds are not 
detected in the sample, then that sample 
does not require re-extraction and the 
results may be reported without 
qualifications. 


   • if the samples are within the 
extraction holding time, then re-extract 
and reanalyze all associated samples 
containing target compounds at <10X 
amount found in the method blank. 


   • if the samples are outside the 
extraction holding time, then contact 
the project manager using the Sample 
Discrepancy Report (SDR) for sample 
disposition.   


   Unless otherwise directed, samples will 
not be extracted outside of the holding 
time and the data will be submitted 
with appropriate narration. 


Blank Spike 
(Laboratory Control 
Sample or LCS) 


1 for each MS/MSD 
outside control limits 
(extract concurrently; may 
not need to analyze) 


See Laboratory Limits:  The 
recoveries for the spiked 
compounds must be within the 
advisory limits. 


If non-compliant, check calculations 
and spike preparation for documentable 
errors. 
 
If no errors are found, then reanalyze 
the blank spikes to determine if 
instrumental conditions or analytical 
preparation was the cause. 


   If the blank spikes are still non- 
compliant, and the samples are within 
the extraction holding time, then 
request re-extraction using an SDR, and 
reanalyze all associated samples for the 
analyte which does not meet criteria. 
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Analytical Method: 
SW8080 
 


Parameter: 
Organochlorine Pesticides/PCBs 
 


TABLE 1 SUMMARY OF 
INTERNAL QUALITY CONTROL 


(QC) PROCEDURES 
AND CORRECTIVE ACTIONS 


Quality Control 
Check 


 Frequency  Acceptance Criteria  
Corrective Action 


   If the samples are outside the extraction 
holding time, then contact the project 
manager via SDR for sample 
disposition. 


   Unless otherwise directed, samples will 
not be extracted outside of the holding 
time and the data will be submitted 
with appropriate narration. 


Matrix Spike (MS) 1 per batch of samples, not 
to exceed 20 samples of a 
given matrix. 


See Laboratory Limits:  The 
recoveries for the spiked 
compounds should be within 
advisory limits. 


If recoveries for the spiked compounds 
are not within advisory limits, check for 
documentable errors (e.g., calculations 
and spike preparation).   


   Check unspiked sample results and 
surrogate recoveries for indications of 
matrix effects. 


   If no errors are found, and the 
associated blank spikes are within 
advisory limits, then sample matrix 
effects are the most likely cause.  Note 
in narrative. 


Matrix Spike 
Duplicate (MSD) 
or Duplicate 


1 per batch of samples, not 
to exceed 20 samples of a 
given matrix. 


See Laboratory Limits:   See 
Matrix Spike for MSD 
recoveries.  
 
RPD's should be within 
advisory limits. 


See Matrix Spike for recoveries.  
 
If RPDs for the spiked compounds are 
not within advisory limits, check for 
documentable errors (e.g., calculations 
and spike preparation).  Check 
unspiked sample results and surrogate 
recoveries for indications of matrix 
effects. 


   If significant differences (>15%) exist 
between the MS and MSD, reanalysis 
of the sample and spikes may be 
necessary. 
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Analytical Method: 
SW8080 
 


Parameter: 
Organochlorine Pesticides/PCBs 
 


TABLE 1 SUMMARY OF 
INTERNAL QUALITY CONTROL 


(QC) PROCEDURES 
AND CORRECTIVE ACTIONS 


Quality Control 
Check 


 Frequency  Acceptance Criteria  
Corrective Action 


Surrogate Spike All lab and field samples, 
blanks and spikes. 


See Laboratory Limits:  The 
recoveries for the surrogate(s) 
should be within advisory 
limits. 


If non-compliant, check calculations 
and spike preparation for  
documentable errors. 
 
If no errors are found, and the surrogate 
recoveries in the method blank and 
blank spikes are within the advisory 
limits, then sample matrix effects are 
the most likely cause. 


   However, any samples with surrogate 
recoveries significantly below the 
advisory limits, with no visible 
chromatographic cause, should be 
reanalyzed to determine if an injection 
error was the cause for the low 
recovery.   


   If the surrogate recoveries in the 
associated method blank and blank 
spikes are not within advisory limits, 
and the samples are within the holding 
time, then re-extract and reanalyze all 
associated samples. 


   If the samples are outside the holding 
time, then contact the Project Manager 
via an SDR. 


   Unless otherwise directed, samples will 
not be extracted outside of the holding 
time and the data will be submitted 
with appropriate narration. 


Precision and 
Accuracy Study: 
(minimum of 4 
replicate analyses of 
a QC check sample) 


One-time demonstration 
per method 


method specified limits, if 
available (refer to QC 
Acceptance Criteria Table in 
the respective method)  


•  check calculated results for error 
 
•  determine the reason for failure and 
fix problem with system; then repeat 
study for those analytes that did not 
meet criteria 
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Analytical Method: 
SW8080 
 


Parameter: 
Organochlorine Pesticides/PCBs 
 


TABLE 1 SUMMARY OF 
INTERNAL QUALITY CONTROL 


(QC) PROCEDURES 
AND CORRECTIVE ACTIONS 


Quality Control 
Check 


 Frequency  Acceptance Criteria  
Corrective Action 


Method Detection 
Limit (MDL) Study  


Annually Should ≤ the laboratory 
reporting limits 


•  determine the reason for failure and 
fix problem with system; then repeat 
study for those analytes that did not 
meet criteria 
 
•  adjust the laboratory reporting limits, 
if needed 


Practical 
Quantitation Limit 
(PQL) 


With each MDL Study AFCEE: 3.3X MDL= PQL; 
 must be ≤Handbook 


Maximum Allowable 
Quantitation Limit 


•  detection limits that exceed criteria 
must be submitted to AFCEE for 
variance prior to analysis of samples. 
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History:  Rev. 0, 05/29/92;  Rev. 1, 02/21/94;  PCN #140;  Rev. 2, 12/28/94;  Rev. 3, 04/01/96;  Rev. 4, 06/10/96; Rev. 5, 
09/21/97;  Rev. 6, 15/Apr/98;  Rev. 7, 06/15/99; Rev. 8, 10/27/99; Rev 9, 06/14/01.   dbh. 


1. SCOPE AND APPLICATION 


1.1. This standard operating procedure (SOP) and the method it references - Method 
8270C - describe a procedure to determine the concentration of semivolatile 
organic compounds in extracts prepared from all types of solid waste matrices, 
soils, TCLP leachates and ground water.  Direct injection of a sample may be used 
in limited applications.  The body of this SOP specifies the procedures to be used 
for SW-846 Method 8270C.   


1.2. Any additional or contradictory requirements for EPA Method 625 are contained 
in Section 10. 


1.3. The following analytes may be determined by this method: 
 


COMPOUNDS 
 


CAS Noa
 


3510
 


3520 
3540/ 
3541 


 
3550 


 
3580 


Acenaphthene 83-32-9 x x x x x 
Acenapthene-d10 (IS) 15067262 x x x x x 
Acenapthylene 208-96-8 x x x x x 
Aniline 62-53-3 x x ND x x 
Anthracene 120-12-7 x x x x x 
Benzidine 92-87-5 CP CP CP CP CP 
Benzoic acid 65-85-0 x x ND x x 
Benzo(a)anthracene 56-55-3 x x x x x 
Benzo(b)fluoranthene 205-99-2 x x x x x 
Benzo(k)fluoranthene 207-08-9 x x x x x 
Benzo(g,h,i)perylene 191-24-2 x x x x x 
      
COMPOUND CAS No. 3510 3520 3540/ 3550 3580 
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3541 
Benzo(a)pyrene 50-32-8 x x X x x 
Benzyl alcohol 100-51-6 x x ND x x 
Bis(2-chloroethoxy) 
methane 


111-91-1 x x X x x 


Bis(2-chloroethyl)ether 111-4-4 x x X x x 
Bis(2-chloroisopropyl)ether 108-60-1 x x X x x 
Bis(2-ethylhexyl)phthalate 117-81-7 x x X x x 
4-Bromophenyl phenyl ether 101-55-3 x x X x x 
Butyl benzyl phthalate 85-68-7 x x X x x 
4-Chloroaniline 106-47-8 x ND ND ND x 
4-Chloro-3-methylphenol 59-50-7 x x X x x 
2-Chloronaphthalene 91-58-7 x x X x x 
2-Chlorophenol 95-57-8 x x X x x 
4-Chlorophenyl phenyl ether 7005-72-3 x x X x x 
Chrysene 218-01-9 x x X x x 
Chrysene-d12(IS) x x X x x 
Dibenz(a,h)anthracene 53-70-3 x x X x x 
Dibenzofuran 132-64-9 x x ND x x 
Di-n-butyl phthalate 84-74-2 x x X x x 
1,2-Dichlorobenzene 95-50-1 x x X x x 
1,3-Dichlorobenzene 541-73-1 x x X x x 
1,4-Dichlorobenzene 106-46-7 x x X x x 
1,4-Dichlorobenzene-d4(IS) x x X x x 
3,3’-Dichlorobenzidine 91-94-1 x x X x x 
2,4-Dichlorophenol 120-83-2 x x X x x 
Diethyl phthalate 84-66-2 x x X x x 
2,4-Dimethylphenol 105-67-9 x x X x x 
Dimethyl phthalate 131-11-3 x x X x x 
4,6-Dinitro-2-methylphenol 534-52-1 x x X x x 
2,4-Dinitrophenol 51-28-5 x x X x x 
2,4-Dinitrotoluene 121-14-2 x x X x x 
2,6-Dinitrotoluene 606-20-2 x x X x x 
Diphenylamine 122-39-4 x x X x x 
Di-n-octyl phthalate 117-84-0 x x X x x 
Fluoranthene 206-44-0 x x X x x 
Fluorene 86-73-7 x x X x x 
2-Fluorobiphenyl (surr) 321-60-8 x x X x x 
2-Fluorophenol (surr) 367-12-4 x x X x x 


 







PARAGON ANALYTICS, INC. 
SOP 506  REV 9 


PAGE 3 OF 37 
 
 
 


 
CONFIDENTIAL 


 
 
COMPOUNDS 


 
CAS Noa


 
3510 


 
3520 


3540/ 
3541 


 
3550 


 
3580 


Hexachlorobenzene 118-74-1 x x x x x 
Hexachlorobutadiene 87-68-3 x x x x x 
Hexachlorocyclopentadiene 77-47-4 x x x x x 
Hexachloroethane 67-72-1 x x x x x 
Indeno(1,2,3-cd)pyrene 193-39-5 x x x x x 
Isophorone 78-59-1 x X x x x 
2-Methylnaphthalene 91-57-6 x X ND x x 
2-Methylphenol 95-48-7 x ND ND ND x 
3-Methylphenol 108-39-4 x ND ND ND x 
4-Methylphenol 106-44-5 x ND ND ND x 
Naphthalene 91-20-3 x X x x x 
Naphthalene-d8 (IS) x X x x x 
2-Nitroaniline 88-74-4 x X ND x x 
3-Nitroaniline 99-09-2 x X ND x x 
4-Nitroaniline 100-01-6 x X ND x x 
Nitrobenzene 98-95-3 x X x x x 
Nitrobenzene-d5 (surr) 4165-60-0 x X x x X 
2-Nitrophenol 88-75-5 x X x x X 
4-Nitrophenol 100-02-7 x X x x X 
N-Nitrosodimethylamine 62-75-9 x X x x X 
N-Nitrosodiphenylamine 86-30-6 x X x x X 
N-Nitrosodi-n-proplyamine 621-64-7 x X x x X 
Pentachlorophenol 87-86-5 x X x x X 
Perylene-d12(IS) 1520-96-3 x X x x X 
Phenanthrene 85-01-8 x X x x X 
Phenanthrene-d10(IS) 1517-22-2 x X x x X 
Phenol 108-95-2 DC(28) X x x X 
Phenol-d6(surr) DC(28) X x x X 
Pyrene 129-00-0 x X x x X 
Pyridine 110-86-1 ND ND ND ND ND 
Terphenyl-d14(surr) 1718-51-0 x X ND x X 
2,3,4,6-Tetrachlorophenol 58-90-2 x ND ND ND X 
2,4,6-Tribromophenol(surr) 118-79-6 x X x x X 
1,2,4-Trichlorobenzene 120-82-1 x X x x X 
2,4,5-Trichlorophenol 95-95-4 x X ND x X 
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COMPOUND 


CAS Noa
 


3510 
 


3520
3540/ 
3541 


 
3550


 
3580 


2,4,6-Trichlorophenol 88-06-2 x x x x x 
2-Chlorophenol-d4 (surr)      
1,2-Dichlorobenzene-d4 
(surr) 


     


Azobenzene 103-33-3 ND X X X ND 
Carbazole 86-74-8 ND X X X ND 


 
IS    =    This compound may be used as an internal standard. 
surr  =    This compound may be used as a surrogate. 
a      =    Chemical Abstract Service Registry Number 
ND  =    Not Determined 
X     =    Greater than 70 percent recovery by this technique 
CP   =    Nonreproducible chromatographic performance 
DC   =   Unfavorable distribution coefficient (number in parenthesis  


     is percent recovery) 


1.4. Method 8270 can be used to quantitate most neutral, acidic, and basic organic 
compounds that are soluble in methylene chloride and capable of being eluted 
without derivatization as sharp peaks from a gas chromatographic fused-silica 
capillary column coated with a slightly polar silicone.  Such compounds include 
polynuclear aromatic hydrocarbons, chlorinated hydrocarbons and pesticides, 
phthalate esters, organophosphate esters, nitrosamines, haloethers, aldehydes, 
ethers, ketones, anilines, pyridines, quinolines, aromatic nitro compounds, and 
phenols, including nitrophenols.  See Table 1 for a list of compounds and their 
characteristic ions that have been evaluated on the specified GC/MS system. 


1.5. The following compounds may require special treatment when being determined 
by this method.  Benzidine can be subject to oxidative losses during solvent 
concentration.  Also, chromatography is poor.  Hexachlorocyclopentadiene is 
subject to thermal decomposition in the inlet of the gas chromatograph, chemical 
reaction in acetone solution, and photochemical decomposition.  N-
nitrosodimethylamine is difficult to separate from the solvent under the 
chromatographic conditions described.  N-Nitrosodiphenylamine decomposes in 
the gas; chromatographic inlet and cannot be separated from diphenylamine.  
Pentachlorophenol, 2,4-dinitrophenol, 4-nitrophenol , 4,6-dinitro-2-
methylphenol, 4-chloro-3-methylphenol, benzoic acid, 2-nitroaniline, 3-
nitroaniline, 4-chloroaniline, and benzyl alcohol are subject to erratic 
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chromatographic behavior, especially if the GC system is contaminated with high 
boiling material. 


2. SUMMARY 


2.1. Prior to using this method, the samples should be prepared for chromatography 
using the appropriate sample preparation and cleanup methods. 


2.2. The semivolatile compounds are introduced into the GC/MS by injecting the 
sample extract into a gas chromatograph with a narrow-bore fused-silica capillary 
column.  The column is temperature-programmed to separate the analytes, which 
are then detected with a mass spectrometer connected to the gas chromatograph.   


2.3. Analytes eluted from the capillary column are introduced into the mass 
spectrometer via a direct connection.  Identification of target analytes is 
accomplished by comparing their mass spectra with the electron impact spectra of 
authentic standards.  Quantitation is accomplished by comparing the response of a 
major quantitation ion relative to an internal standard using at least a five-point 
calibration curve.  


3. RESPONSIBILITIES 


3.1. It is the responsibility of the analyst to perform the analysis according to this SOP 
and to complete all documentation required for review. 


3.2. Analysis and interpretation of the results are performed by personnel in the 
laboratory who have demonstrated the ability to generate acceptable results 
utilizing this method  This demonstration may come in the form of 
supervisory/training review, precision and accuracy tests, or the successful 
completion of an unknown proficiency evaluation test. 


3.3. Final review and sign off of the data are performed by the department supervisor 
or designee.  Initialing and dating the file indicate that this review for precision, 
accuracy, completeness, and reasonableness is complete and satisfactory.  Any 
errors that are found require corrective action, which includes notification to the 
technician/analyst who performed the work and documentation of measures taken 
to remediate the data. 


3.4. It is the responsibility of all personnel who work with samples involving this 
method to note any anomalies or out-of-control events associated with the analysis 
of the samples.  Any discrepancies must be noted and corrective action taken and 
documented. 
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4. INTERFERENCES 


4.1. Raw GC/MS data from all blanks, samples, and spikes must be evaluated for 
interferences.  Determine if the source of interference is in the preparation and/or 
cleanup of the samples and take corrective action to eliminate the problem.  
Phthalate esters are used in the production of plasticizers and are ubiquitous 
laboratory contaminants.  In particular,  bis(2-ethylhexyl)phthalate is a common 
laboratory contaminant that is detected by gc/ms techniques for semivolatile 
organics.   


4.2. Contamination by carryover can occur whenever high-concentration and low-
concentration samples are sequentially analyzed.  To reduce carryover, the sample 
syringe must be rinsed out between samples with solvent.  Whenever an unusually 
concentrated sample is encountered, it should be followed by the analysis of 
solvent to check for cross contamination. 


5. APPARATUS AND MATERIALS 


5.1. Gas chromatograph/mass spectrometer system 


5.1.1. Gas chromatograph, HP 5890A/6890, Series II or equivalent --- An 
analytical system complete with a temperature-programmable gas 
chromatograph suitable for splitless injection and all required accessories, 
including syringes, analytical columns, and gases.  The capillary column 
should be directly coupled to the source. 


5.1.2. Column - 30 m x 0.25 mm ID (or 0. 32 mm ID) 0.5 µm film thickness 
silicone-coated fused-silica capillary column (J&W Scientific DB-5.625 or 
equivalent).  Other column types or specification can be substituted if all 
QC criteria can be achieved. 


5.1.3. A Mass spectrometer, HP5971/5972/5973 or equivalent  -- - Capable of 
scanning from 35 to 500 amu every 1 sec or less, using 70 volts (nominal ) 
electron energy in the electron impact ionization mode.  The mass 
spectrometer must be capable of producing a mass spectrum for 
decafluorotriphenylphosphine (DFTPP) which meets all of the criteria in 
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Table 2 when 1 µL of the GC/MS tuning standard is injected through the 
GC (50 ng of DFTPP). 


5.1.4. GC/MS interface - Any GC-to-MS interface that gives acceptable 
calibration points at 50 ng per injection for each compound of interest and 
achieves acceptable tuning performance criteria may be used.  For a 
narrow-bore capillary column, the interface is usually capillary-direct into 
the mass spectrometer source. 


5.1.5. Data system - A computer system must be interfaced to the mass 
spectrometer.  The system must allow the continuous acquisition and 
storage on machine-readable media of all mass spectra obtained 
throughout the duration of the chromatographic program.  The computer 
must have software that can search any GC/MS data file for ions of a 
specific mass and that can plot such ion abundances versus time or scan 
number.  This type of plot is defined as an Extracted Ion Current Profile 
(EICP).  Software must also be available that allows integrating the 
abundances in any EICP between specified time or scan-number limits.  
The most recent version of the EPA/NIST Mass Spectral Library should 
also be available (Windows NT software uses NIST 98K library). 


5.2. Syringe - 10 µL, 25 uL, 50 uL, as needed. 


5.3. Volumetric flasks, Class A - Appropriate sizes with ground glass stoppers. 


5.4. Bottles - glass with Teflon-lined screw caps or crimp tops. 


6. REAGENTS 


6.1. Reagent grade inorganic chemicals shall be used in all tests. 


6.2. Organic-free reagent water. 


6.3. Stock standard solutions - Standard solutions are purchased as certified solutions 
from approved vendors. 


 


6.3.1. Stock standard solutions must be stored in the ampule or in bottles with 
teflon lined caps.  Store, protected from light, at -10°C to -20°C or as 
recommended by the manufacturer.  Stock standard solutions should be 
checked frequently for signs of degradation or evaporation. 
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6.3.2. Stock standard solutions expire as specified by the manufacturer or one 
year from receipt.  See SOP 300 for details on expiration dates. 


6.4. Internal standard solutions - The internal standards used are:  1,4-
dichlorobenzene-d4, naphthalene-d8, acenaphthene-d10, phenanthrene-d10, 
chrysene-d12 and perylene-d12 (see Table 5).  These internal standards are 
purchased in a mix with all compounds at a concentration of 1,000 µg/mL.  
Alternative internal standard stock concentrations may be used.  An appropriate 
aliquot of internal standard solution should be added to the sample extract prior to 
analysis so that the resulting concentration is 40 ng/µL of each internal standard.  
Alternative internal standard additions may be made in the event that a sample 
extract requires a dilution (see Section 8.6.3).  The resulting internal standard 
concentration must be at 40 ng/µL.  Store the internal standard solution at -10 °C 
to -20 °C when not being used. 


6.5. GC/MS tuning standard - A methylene chloride solution containing 50 ng/µL of 
decafluorotriphenylphosphine (DFTPP) should be prepared.  The standard should 
also contain 50 ng/µL each of 4,4’-DDT, pentachlorophenol and benzidine to 
verify injection port inertness and GC column performance.  Store at -10 °C to -20 
°C or less when not being used.  Also, it is possible to check the degradation of 
these compounds in the Initial or Continuing Calibration Checks as long as co-
elution with other compounds is not present. 


6.6. Calibration standards - A minimum of five calibration standards must be 
prepared.  One of the calibration standards must be at or below the 
reporting limits.  The others should correspond to the range of concentrations 
found in real samples but should not exceed the working range of the GC/MS 
system.  Each standard should contain each analyte for detection by this method 
(e.g. some or all of the compounds listed in Section 1 may be included). Prior to 
analysis, each calibration standard should be spiked with an appropriate aliquot of 
the internal standard solution resulting in a concentration of 40 ng/µl of internal 
standards. All standards should be stored at -10 °C to -20 °C or less, and should 
be freshly prepared every 6 months, or sooner if check standards indicate a 
problem.  The daily calibration standard should be discarded one week after 
preparation and fresh standard prepared.  The calibration standards needed for 
8270C analysis are discussed in the following sections.  See SOP 300 for details 
on expiration dates.  


6.6.1. The following table is an example of the preparation of a calibration curve 
and continuing calibration standard.   
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BNA Custom 


Calibration mix       
(@ 200 µg/mL) 


Volume used (µL) 


Internal Standard    
(@ 1000 µg/mL) 


Volume (µL) 


 
Final Volume (mL) 


Final Concentration 
(µg/mL) 


800 40 1.0 160 
600 40 1.0 120 
500 40 1.0 100 
400 40 1.0 80 
300 40 1.0 60 
250 40 1.0 50 
100 40 1.0 20 
50 40 1.0 10 


6.7. Surrogate standards - The surrogate standards are:    phenol-d5, 2- fluorophenol, 
2,4,6-tribromophenol, nitrobenzene-d5, 2-fluorobiphenyl, and p-terphenyl-dl4, 2-
chlorophenol-d4, and 1,2-Dichlorobenzene-d4.  See Method 3500 for the 
instructions on preparing the surrogate standards.  


6.7.1. Surrogate Standard Check: Determine what concentration should be in the 
blank extracts after all extraction, cleanup, and concentration steps.  
Compare these concentrations to actual values obtained from analysis of 
the extracts.  Method 8270C recommends that this check is performed 
whenever a new surrogate standard is prepared. 


6.8. Matrix spike standards  --  The list of spiking compounds is determined for each 
client’s program.  See Method 3500 for instructions on preparing the matrix spike 
standard.  Matrix Spike Standard Check:  Determine what concentration should be 
in the blank extracts after all extraction, cleanup, and concentration steps.  
Compare these concentrations to actual values obtained from analysis of the 
extracts.  Method 8270C recommends that this check is performed whenever a 
new matrix spike standard is prepared. 


 
NOTE:   The preparation and storage of standards is dealt with in more detail in Paragon 
Standard Operating Procedure 300 (SOP 300, current revision).  Analysts must refer to this 
document prior to preparing standards. 


6.9. Methylene chloride and appropriate solvents - Pesticide quality or equivalent 


7. SAMPLE COLLECTION, PRESERVATION, AND HANDLING 


7.1. Samples must be collected according to an approved sampling plan. 
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7.2. Aqueous samples must be collected in one liter amber glass bottles with Teflon 
lined caps.  Aqueous samples are not preserved.  Samples are stored at 4 °C. 


7.3. Soil samples must be collected in glass containers with Teflon lined caps.  Soil 
samples are not preserved.  Samples are stored at 4 °C. 


7.4. Aqueous samples must be extracted within 7 days of collection.  Soil samples 
must be extracted within 14 days of collection.  Extracts must be analyzed within 
40 days of extraction. 


8. PROCEDURE 


8.1. A Sample preparation - Samples must be prepared by one of the following 
methods prior to GC/MS analysis. 


 
MATRIX SW-846 METHODS 
Water 3520, 3510 
Soil/Sediment 3540, 3541, 3550 
Waste 3540, 3541, 3580 


 


8.2. Direct injection - In very limited applications direct injection of the non-aqueous 
liquid sample into the GC/MS system with a 10 µL syringe may be appropriate.  
The detection limit is very high (approximately 10,000 µg/L); therefore, it is only 
permitted where concentrations in excess of 10,000 µg/L are expected. 


8.3. Extract cleanup  --  Extracts may be cleaned up using Gel Permeation 
Chromatography (GPC) by Method 3640.  See SOP 641 for GPC procedures. 
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8.4. Initial calibration - Following are typical GC/MS operating conditions: 
Mass Range: 35-500 amu 
Scan Range: 1 sec/scan 
Initial temperature: 60 ° C, hold for 3 minutes 
Temperature program:  65-100 ° C at 10 ° C/min, hold for 1 minute
Temperature program:  100-325 ° C at 25 ° C/min 
Final Temperature: 325 ° C, hold until benzo[g,h,i]perylene 


 has eluted 
Injector temperature: 250 ° C 
Transfer line temperature: 300 ° C 
Source Temperature: According to manufacturer’s specifications
Injector: Grob-type, splitless 
Injection volume:  1-2 µL 
Carrier Gas: Helium at 40 cm/sec 


 
(Split injection is allowed if the sensitivity of the mass spectrometer is sufficient). 


8.4.1. Each GC/MS system must be hardware-tuned to meet the criteria in Table 
2 for a 50 ng injection of DFTPP.  Analyses may not begin until all criteria 
are met.  Acquisition of the mass spectrum of DFTPP must be performed 
as follows:  Three scans (the peak apex scan and the scans immediately 
preceding and following the apex) are acquired and averaged.  Background 
subtraction is required, and must be accomplished using a single scan 
acquired no more than 20 scans prior to the elution of DFTPP.  
Background subtraction should be straightforward and designed only to 
eliminate column bleed or instrument background ions.  Do not subtract 
part of the DFTPP peak.  The GC/MS tuning standard should also be used 
to assess GC column performance and injection port inertness.                                   
Note: All subsequent standards, samples, MS/MSD’s and blanks 
associated with a DFTPP analysis must use the identical mass 
spectrometer instrument conditions.  


8.4.1.1.Also, benzidine and pentachlorophenol should be present at their 
normal responses. The tailing factor of benzidine must be less than 
3.0 and of pentachlorophenol must be less than 5.0 .  The tailing 
factor calculation is performed by the HP software.  


8.4.1.2.Degradation of DDT to DDE and DDD may not exceed 20%. 


8.4.1.3.If degradation is excessive and/or poor chromatography is noted, 
the injection port may require cleaning.  It may also be necessary to 
remove the first 6-12 in. of the capillary column.  The use of a 
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guard column between the injection port and the analytical column 
may help prolong analytical column performance. 


8.4.2.  The internal standards selected in Section 6 should permit most of the 
components of interest in a chromatogram to have retention times of 0.80-
1.20 relative to one of the internal standards.  Use the base peak ion from 
the specific internal standard as the primary ion for quantitation (see Table 
1).  If interferences are noted, use the next most intense ion as the 
quantitation ion (i.e. for 1,4-dichlorobenzene-d4, use 152 m/z for 
quantitation). 


8.4.3. Analyze 1 µL of each calibration standard (containing internal standards) 
and tabulate the area of the primary characteristic ion against concentration 
for each compound.   


8.4.3.1.Each calibration standard should be carefully evaluated before 
inclusion in the calibration curve.   


8.4.3.1.1.The internal standards must be in normal range, 
indicating that a complete injection took place.  The analyst 
must view the standard in the data analysis section of the 
software.  The chromatography of  the standard should be 
checked.  Extra care should be taken with the low and the 
high standards.  Compounds which typically show poor 
chromatography should be checked in each standard.  These 
compounds are:  


pyridine                       
n-nitrosodimethylamine 
aniline                         
phenol  
bis(2-chloroethyl)ether 
benzyl alcohol            
bis(2-chloroisopropyl)ether 
n-nitroso-di-n-propylamine   
2,4-dimethylphenol     
benzoic acid  
2,4,5-trichlorophenol    
4-nitroaniline              
benzo(b) and benzo(k)fluoranthene.   
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Isomeric compounds, and compounds which exhibit similar spectra must be checked in the data 
analysis section of the software and on the quantitation report to ensure that compounds have 
been assigned to the proper peak.  The compounds that should be checked are:  
 


aniline & bis(2-chloroethyl)ether 
the dichlorobenzenes 
benzyl alcohol, 2-methylphenol and 4-methylphenol 
2,4-dimethylphenol & benzoic acid 
naphthalene & 4-chloroaniline 
2,4,6- and  2,4,5-trichlorophenol 
2-, 3- & 4-nitroaniline 
2,6- & 2,4-dinitrotoluene 
fluoranthene and pyrene 
phenanthrene and anthracene 
benzo(a)anthracene and Chrysene 
the phthalates 
3,3’-Dichlorobenzidine, benzo(b) and benzo(k) fluoranthene and 


        benzo(a)pyrene 
indeno(1,2,3-c,d)pyrene & benzo(g,h,i)perylene 
 


8.4.4. Calculate response factors (RFs) for each compound relative to one of the 
internal standards as follows: 


 
RF=(AxCIS)/(AISCx) 


 
where: 
 


Ax     =     Area of the characteristic ion for the compound being measured. 
AIS      =     Area of the characteristic ion for the specific internal standard. 
CIS     =     Concentration of the specific internal standard (ng/µL).   
Cx      =     Concentration of the compound being measured (ng/µL). 
 


8.4.5. A system performance check must be performed to ensure that minimum 
average RFs are met before the calibration curve is used.  For 
semivolatiles, the System Performance Check Compounds (SPCCs) 
are: N-nitroso-di-n-propylamine; hexachlorocyclopentadiene; 2,4-dinitro-
phenol; and 4-nitrophenol (see table 3).  The minimum acceptable average 
RF for these compounds is 0.050. These SPCCs typically have very low 
RFs (0.1-0.2) and tend to decrease in response as the chromatographic 
system begins to deteriorate or the standard material begins to deteriorate.  
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They are usually the first to show poor performance.  Therefore, they must 
meet the minimum requirement when the system is calibrated. 


8.4.5.1.If the minimum response factors are not met, the system must be 
evaluated, and corrective action must be taken before sample 
analysis begins.  Possible problems included standard mixture 
degradation, injection port inlet contamination, contamination at 
the front end of the analytical column, and active sites in the 
column or chromatographic system.  This check must be met 
before sample analysis begins. 


8.4.6. Calibration check compounds (CCCs) are used to evaluate the linearity of 
the curve and the integrity of the system.  Variability for these compounds 
indicates a system leak and/or reactive sites on the column.    The percent 
relative standard deviation (%RSD) should be less than 15% for each 
compound.  However, the %RSD for each individual Calibration Check 
Compound (CCC) (see Table 4) must be less than 30%.   


 


%RSD
SD
RF


x= 100 


 
where: 


RSD=  relative standard deviation 
RF =  mean of all initial RFs for a compound.  
  (minimum, 5-point curve). 
SD  =  standard deviation of average RFs for a compound.   


 


SD
RF RF


N
i


i


N


=
−
−=


( )2


1 1
 


 
where : 


 
RFi   =   RF for each of the calibration levels (minimum, 5-point curve) 
N     =   Number of RF values (i.e., 5) 


 


8.4.6.1.If the %RSD of any CCC is 30% or greater, then the 
chromatographic system is too reactive for analysis to begin.  
Clean or replace the injector liner and/or capillary column, then 
repeat the calibration procedure beginning with Section 8.4.  
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8.4.7. The relative retention times of each compound in each calibration run 
should agree within 0.06 relative retention time units.  Late-eluting 
compounds usually have much better agreement. 


8.4.8. Linearity  -  If the %RSD of any compound is 15% or less, then the 
relative response factor is assumed to be constant over the calibration 
range, and the average relative response factor may be used for 
quantitation (Section 8.7.2).  If the %RSD of any compound is greater than 
15, Method 8000B SW-846 Revision 2 allows several calibration model 
options. 


8.4.8.1.In the preferred model for calibration, the initial calibration may 
still be acceptable if the mean of the RSD values for all analytes in 
the calibration is ≤ 15%.  The mean RSD is calculated by summing 
the RSD value for each analyte and dividing by the total number of 
analytes.  All analytes included in the calibration standard must be 
included in the mean RSD calculation regardless of whether or not 
they are of interest for a specific project.  If these conditions are 
met, then the average response factors may be used for 
quantitation. 


8.4.8.2.Alternatively, least squares regression or a non-linear calibration 
may be used.  If either of these techniques is needed for client 
requirements, consult SW-846 8000B Revision 2 sections 7.5.2 
and 7.5.3 for specific requirements for either of these two 
techniques.  The correlation coefficient must be greater than or 
equal to 0.990  (r ≥ 0.990).  The analyst should select the 
regression order that introduces the least calibration error into the 
quantitation.  The use of calibration curves is a recommended 
alternative to average response factor calibration and a useful 
diagnostic of standard preparation accuracy and absorption activity 
in the chromatographic system.   


8.5. Daily GC/MS calibration  --  Continuing Calibration Verification 


8.5.1. Prior to analysis of samples, the GC/MS tuning standard must be analyzed.  
A 50 ng injection of DFTPP must result in a mass spectrum for DFTPP 
which meets the criteria given in Table 2.  Also, benzidine and 
pentachlorophenol should be present at their normal responses.  The 
tailing factor of benzidine must be less than 3.0 and of pentachlorophenol 
must be less than 5.0 (see Section 8.4.1).  These criteria must be 
demonstrated during each 12 hour shift. 
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8.5.2. A calibration standard(s) at mid-concentration containing all semivolatile 
analytes, including all required surrogates, must be analyzed every 12 
hours prior to sample analysis.  Compare the instrument response factor 
from this calibration check with the SPCC and CCC criteria noted below. 


8.5.3. System Performance Check Compounds (SPCCs): A system performance 
check must be made during every 12 hour shift.  For each SPCC 
compound in the daily calibration a minimum response factor of 0.050 
must be obtained.  This is the same check that is applied during the initial 
calibration.  If the minimum response factors are not met, the system must 
be evaluated, and corrective action must be taken before sample analysis 
begins. Some possible problems are standard mixture degradation, 
injection port inlet contamination, contamination at the front end of the 
analytical column, and active sites in the column or chromatographic 
system.   This criterion must be achieved before analysis begins. 


8.5.4. Calibration Check Compounds (CCCs): After the system performance 
check is met, CCCs listed in Table 4 are used to check the validity of the 
initial calibration. 


 
Calculate the percent difference using: 


 


% Difference = 
RFC RFC


RFC
xI c


I


−
100  


where: 
RFCi=   The average response of check compound in the initial  


calibration. 
RFCc =  RF or CCC in continuing calibration. 


 
 
 
 
 


If a least squares regression is used, the CCC must be evaluated using a  
percent drift calculation.  Calculate the percent drift using: 


 
%Drift  =  CC - TC       x 100 
                     TC 
 


where: 
CC=   Calculated concentration 
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TC =  Theoretical concentration. 
 


8.5.5. If the percent difference (or drift) for each CCC is less than or equal to 
20%, the initial calibration is assumed to be valid.  If the criterion is not 
met (> 20% difference) for any one CCC, corrective action must be taken.  
Problems similar to those listed under SPCCs could affect this criterion.  If 
no source of the problem can be determined after corrective action has 
been taken, a new five-point calibration must be generated.  This criterion 
must be met before sample analysis begins.  If the CCCs are not analytes 
required by the client, then all required analytes must meet the 20% 
difference criterion. 


8.5.6. The internal standard responses and retention times in the calibration 
check standard must be evaluated immediately after or during data 
acquisition.  If the retention time for any internal standard changes by 
more than 30 seconds from that in the midpoint standard level of the most 
recent initial calibration sequence, the chromatographic system must be 
inspected for malfunctions and corrections must be made, as required.  If 
the EICP area for any of the internal standards changes by a factor of two 
(-50% to +100%) from that in the midpoint standard level of the most 
recent initial calibration sequence, the mass spectrometer must be 
inspected for malfunctions and corrections must be made, as appropriate.  
When corrections are made, reanalysis of samples analyzed while the 
system was malfunctioning is required. 


8.6. GC/MS analysis 


8.6.1. Prior to analysis, the sample extract must be brought to room temperature 
and spiked with internal standards.  The entire 1 ml extract may be spiked, 
or an aliquot of the extract may be removed and spiked with an appropriate 
aliquot of the internal standard mixture.  The resulting concentration in the 
extract to be analyzed must be the same as the concentration of the internal 
standards in the calibration standards (usually 40 µg/ml). 


8.6.2. Inject an aliquot of the sample extract in to the GC/MS system, using the 
same operating conditions that were used for calibration. The volume to be 
injected should ideally contain 50 ng of base/neutral and 75 ng of acid  
surrogates (for a 1µL injection).  The injection volume must be the same 
volume used for the calibration standards. 
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8.6.3. If the response for any quantitation ion exceeds the initial calibration curve 
range of the GC/MS system, extract dilution must take place.  Additional 
internal standard must be added to the diluted extract to maintain the 
required 40 ng/µL of each internal standard in the extracted volume. The 
analyst should take care to ensure that extracts are analyzed at the least 
dilution possible without damaging the instrument. 


8.6.3.1.Extracts may be diluted for matrix interferences to a point at which 
the baseline rise is equal to one half the height of the nearest 
internal standard, or non-target compound is the same height or 
greater of the nearest internal standard.  Further, extracts may be 
diluted if, in the opinion of the analyst, the color or viscosity of the 
extract indicates that the matrix will interfere with the instrument’s 
future performance. 


8.6.4. Perform all qualitative and quantitative measurements as described in Sec. 
8.5.  Store the extracts at 4°C, protected from light in screw-cap vials 
equipped with unpierced Teflon lined septa. 


8.7. Data interpretation 


8.7.1. Qualitative analysis 


8.7.1.1.The qualitative identification of compounds determined by this 
method is based on retention time, and on comparison of the 
sample mass spectrum, after background correction, with 
characteristic ions in a reference mass spectrum.  The reference 
mass spectrum must be generated by the laboratory using the 
conditions of this method or be obtained from the NIST mass 
spectral library.  Because close co-elution of compounds 
commonly masks standard spectra and can not be corrected with 
background subtraction, the use of NIST mass spectral library 
spectra, when available, is preferred. The characteristic ions from 
the reference mass spectrum are defined to be the three ions of 
greatest relative intensity, or any ions over 30% relative intensity if 
less than three such ions occur in the reference spectrum.  
Compounds should be identified as present when the criteria below 
are met. 


8.7.1.1.1.The intensities of the characteristic ions of a compound 
maximize in the same scan or within one scan of each 
other.  Selection of a peak by a data system target 
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compound search routine where the search is based on the 
presence of a target chromatographic peak containing ions 
specific for the target compound at a compound-specific 
retention time will be accepted as meeting this criterion.  
Analyst judgment is critical in interpreting spectral data and 
target compound assignment by the software. 


8.7.1.1.2.The RRT of the sample component is within ± 0.06 RRT 
units of the RRT of the standard component. 


8.7.1.1.3.The relative intensities of the characteristic ions agree 
within 30% of the relative intensities of these ions in the 
reference spectrum. (Example: For an ion with an 
abundance of 50% in the reference spectrum, the 
corresponding abundance in a sample spectrum can range 
between 20% and 80%.) 


8.7.1.1.4.Structural isomers that produce very similar mass spectra 
should be identified as individual isomers if they have 
sufficiently different GC retention times.  Sufficient GC 
resolution is achieved if the height of the valley between 
two isomer peaks is less than 25% of the sum of the two 
peak heights.  Otherwise, structural isomers are identified 
as isomeric pairs. 


8.7.1.1.5.Identification is hampered when sample components are 
not resolved chromatographically and produce mass spectra 
containing ions contributed by more than one analyte.  
When gas chromatographic peaks obviously represent more 
than one sample component (i.e., a broadened peak with 
shoulder(s) or a valley between two or more maxima), 
appropriate selection of analyte spectra and background 
spectra is important.  Examination of extracted ion current 
profiles of appropriate ions can aid in the selection of 
spectra, and in qualitative identification of compounds.   


8.7.1.1.6.When analytes coelute (i.e., only one chromatographic 
peak is apparent), the identification criteria can be met, but 
each analyte spectrum will contain extraneous ions 
contributed by the coeluting compound. 
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8.7.1.2.For samples containing components not associated with the 
calibration standards, a library search may be made for the purpose 
of tentative identification.  The necessity to perform this type of 
identification will be determined by the purpose of the analyses 
being conducted.  Computer generated library search routines 
should not use normalization routines that would misrepresent the 
library or unknown spectra when compared to each other.   


8.7.1.2.1.For example, the RCRA permit or waste delisting 
requirements may require the reporting of non-target 
analytes. Only after visual comparison of sample spectra 
with the nearest library searches will the mass spectral 
interpretation specialist assign a tentative identification.  
Guidelines for making tentative identification are: 


 
(1) Relative intensities of major ions in the reference spectrum  
(ions > 10% of the most abundant ion) should be present 
 in the sample spectrum. 


 
(2) The relative intensities of the major ions should agree  
within ± 20%. (Example: For an ion with an abundance  
of 50% in the standard spectrum, the corresponding  
sample ion abundance must be between 30 and 70%.) 


 
(3) Molecular ions present in the reference spectrum  
should be present in the sample spectrum. 
 
(4) Ions present in the sample spectrum but not in the  
reference spectrum should be reviewed for possible  
background contamination or presence of  
coeluting compounds. 


 
(5) Ions present in the reference spectrum but not in  
the sample spectrum should be reviewed for possible  
subtraction from the sample spectrum because of  
background contamination or coeluting peaks.   
Data system library reduction programs can sometimes  
create these discrepancies. 


8.7.2. Quantitative analysis 
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8.7.2.1.When a compound has been identified, the quantitation of that 
compound will be based on the integrated abundance from the 
EICP of the primary characteristic ion. 


8.7.2.2.If the %RSD of a compound's relative response factor is 15% or 
less, or if the mean RSD of the initial calibration is 15% or less, 
then the concentration in the extract may be determined using the 
average response factor (RF ) from initial calibration data (7.4.5.2) 
and the following equation:. 


 


C mg L
A xC
A xRFex


x IS


IS


( / )
( )
( )


=                   


 
where: 


Cex    =     The concentration of the compound in the extract. 
Ax     =     Area of the characteristic ion for the compound being measured. 
AIS      =     Area of the characteristic ion for the specific internal standard. 
CIS     =     Concentration of the specific internal standard (ng/µL).   


 


8.7.2.3.Alternatively, the regression line fitted to the initial calibration may 
be used for determination of the extract concentration.  See method 
8000, Sec. 7.0 for the equations describing internal standard 
calibration and either linear or non-linear calibrations 


8.7.2.4.Compute the concentration of the analyte in the sample using the 
equations in Section 8. 


8.7.2.4.1.The concentration of the analyte in the liquid phase of the 
sample is calculated using the concentration of the analyte 
in the extract and the volume of liquid extracted, as 
follows: 


 


Concentration (ug/L) in liquid( )
( )


µg
C xV


V
ex ex


o
=  


 
 


where: 
 


Vex =extract volume, in mL 
Vo=volume of liquid extracted, in L. 
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8.7.2.4.2.The concentration of the analyte in the solid phase of the 
sample is calculated using the concentration of the analyte 
in the extract and the weight of the solids, as follows: 


 


Concentration in solid( / )
( )


µg kg
C xV


W
ex ex


s
=  


where: 
Vex=extract volume, in mL 
Ws=sample weight, in kg. 


 


8.7.2.5.Where applicable, an estimate of concentration for noncalibrated 
components in the sample should be made.  The formula given 
above should be used with the following modifications: The areas 
Ax and Ais should be from the total ion chromatograms and the RF 
for the compound should be assumed to be 1. The concentration 
obtained should be reported indicating (1) that the value is an 
estimate and (2) which internal standard was used to determine 
concentration.  Use the nearest internal standard free of 
interferences. 


9. QUALITY CONTROL 


9.1. Before processing any samples, the analyst should demonstrate, through the 
analysis of a method blank, that interferences from the analytical system, 
glassware, and reagents are under control.  Each time a batch of 20 or fewer field 
samples is extracted or there is a change in reagents, a method blank should be 
processed as a safeguard against chronic laboratory contamination.  The blanks 
should be carried through all stages of sample preparation and measurement. 


9.2. Each day that analysis is performed, the daily calibration standard should be 
evaluated to determine if the chromatographic system is operating properly.    
Questions that should be asked are:  Do the peaks look normal?; Is the response 
obtained comparable to the response from previous calibrations?  Careful 
examination of the standard chromatogram can indicate whether the column is 
still good, the injector is leaking, the injector septum needs replacing, etc.  If any 
changes are made to the system (e.g. column changed), recalibration of the system 
must take place. 


9.3. Required instrument QC is found in the following sections 
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9.3.1. The GC/MS system must be tuned tomeet the DFTPP specifications in 
Section 8. 


9.3.2. There must be an initial calibration of the GC/MS system as specified in 
Section 8. 


9.3.3. The GC/MS system must meet the SPCC criteria specified in Section 8 
and the CCC criteria in Section 8, each 12 hours. 


9.4. The laboratory must, on an ongoing basis, analyze a method blank, a matrix spike, 
and a matrix spike duplicate for each extraction batch (up to a maximum of 20 
samples/batch) to assess accuracy.  For soil and waste samples where detectable 
amounts of organics are present, replicate samples may be appropriate in place of 
matrix spiked samples. 


9.4.1. For aqueous and soil matrices, laboratory-established surrogate control 
limits should, if applicable, be compared with the control limits listed in 
Table 6. The limits given in Table 6 are multi-laboratory performance-
based limits for soil and aqueous samples, and therefore, the single-
laboratory limits established in Section 8 must fall within those given in 
Table 6 for these matrices. 


9.4.2. If recovery is not within limits, the following procedures are required. 
 


• = Check to be sure there are no errors in calculations, surrogate solutions 
and internal standards.  Also, check instrument performance. 


 
• = Recalculate the data and/or reanalyze the extract if any of the above 


checks reveal a problem. 
 


• = Re-extract and reanalyze the sample if none of the above are a problem 
or flag the data as "estimated concentration". 


10. DEVIATIONS FROM METHOD 


10.1. This SOP meets the requirements of Method 8270C.  The only deviations from 
Method 8270C relate to intermediate solution concentrations and % Drift vs. % 
Difference calculation (software restriction). 


 


10.2. EPA METHOD 625 
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10.2.1. The items contained in this Section describe differences between Method 
8270C and Method 625.   


10.2.2. Method 625 prescribes different surrogates than Method 8270C.  It may be 
permissible to use the same surrogates specified in Method 8270, but only 
with approval from the QA Manager and the Project Manager.  See Table 
8 of Method 625 for a complete list of surrogates. 


 
10.2.3 Surrogate concentration in Method 625 is 100 ug/L.  Paragon will spike 


samples to have a final concentration of 75 ug/L for acid surrogate 
compounds. and 50 ug/L for base/neutral surrogate compounds. 


 
10.2.4 Method 625 lists specific chromatographic columns and conditions (i.e. 


use of a packed column, and scan parameters tailored to the use of a 
packed column) to be used in the execution of the method. Some of these 
materials, apparatus, and conditions have been eclipsed by technology 
described in this SOP.  Section 8.1.2. of Method 625 states that 
technological advances are recognized and allowed for use provided the 
precision and accuracy requirements put forth by the method can be 
achieved (Section 10.2.10. of this SOP).10.2.5. 


10.2.4 Initial Calibration - Although Method 625 permits as few as three points in 
the initial curve.  Paragon will quantitate from a 5-point curve (minimum) 
to meet compliance requirements for 8270C.  This approach is compliant 
with Method 625. 


10.2.5 Method 625 states that if the linearity of a compound is less than 35 
%RSD, an average response factor may be used.  Otherwise, construct a 
linear curve with a correlation coefficient greater than 0.995. 


10.2.7 Method 625 specifies that the DFTPP tune period is 24 hours.  Method 
8270C specifies DFTPP be passed every 12 hours. 


10.2.8. Method 625 specifies that a continuing calibration verification (CCV) 
must be performed every working day (every 24 hours) rather than every 
12 hours.  The response for any parameter must not vary from the 
predicted response by more than 20%.  


10.2.9 Method 625 specifies that a matrix spike and laboratory control spike must 
be performed on every 20 samples.  The sample only needs to be spiked 
once; a matrix spike duplicate is not required.  Also, all matrix spikes and 
blank spikes must contain every analyte of interest and be from a standard 
source independent of the calibration standard.    


10.2.10Method 625 states that a set of 4 QC Check samples must be analyzed by 
an analyst before any samples are processed to demonstrate the ability to 
perform the method.  The concentrations of each compound must be 100 
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µg/L  The results must fall within the acceptance criteria specified in Table 
6 of EPA Method 625.  


10.2.11Method 625 states that the matrix spikes and blank spikes must meet the 
acceptance criteria listed in Table 6 from Method 625.  Note that not all 
compounds have acceptance limits in this table.  For these compounds, the 
recovery must be reported; however, corrective actions based on those 
results are not required.  Paragon will follow qc limits prescribed by our 
clients if requested. 


11. SAFETY HAZARDS AND WASTE 


11.1. LABORATORY SAFETY AND HAZARDS 


11.1.1. Environmental samples may contain unknown hazards. Personal protective 
equipment must be worn at all times.  Personal protective equipment shall 
consist of safety glasses, labcoat, and gloves.  Please consult the MSDS  or 
the Health and Safety Coordinator for more information. 
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12.14. US EPA SW-846, Test Methods For Evaluating Solid Waste Physical/Chemical 
Methods, Method 3540C, Update III, December 1996. 
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TABLE 1 
CHARACTERISTIC IONS FOR SEMIVOLATILE COMPOUNDS (Suggested) 


 
COMPOUND PRIMARY ION SECONDARY ION
Aniline 93 66, 65
Phenol 94 65, 66
Bis(2-chloroethyl) ether 93 63, 95
2-Chlorophenol 128 64, 130
1,3-Dichlorobenzene 146 148, 111
1,4,Dichlorobenzene 146 148, 111
Benzyl alcohol 108 79, 77
1,2-Dichlorobenzene 146 148, 111
Bis(2-chloroisopropyl) ether 45 77, 121
N-Nitrosodi-n-propylamine 70 42, 101, 130
Hexachloroethane 117 201, 199
Nitrobenzene 77 123, 65
Isophorone 82 95, 138
2-Nitrophenol 139 109, 65
2,4-Dimethylphenol 122 107, 121
bis(2-chloroethoxy)ether 93 95, 123
Benzoic acid 122 105, 77
2,4-Dichlorophenol 162 164, 98
1,2,4-Trichlorobenzene 180 182, 145
Napthalene 128 129, 127
Hexachlorobutadiene 225 223, 227
4-Chloro-3-methylphenol 107 144, 142
2-Methylnapthalene 142 141
2-Methylphenol 107 107, 108, 77,  79, 90
Hexachlorocyclopentadiene 237 235, 272
4-Methylphenol 107 107, 108, 77, 79, 90
2,4,6-Trichlorophenol 196 198, 200
3-Methylphenol 107 107, 108, 77, 79, 90
2-Chloronapthalene 162 127, 164
2-Nitroaniline 65 92, 138 
Dimethyl phthalate 163 194, 164
Acenaphthylene 152 151, 153
2,6-Dinitrotoluene 165 63, 89
3-Nitroaniline 138 108, 92
Acenaphthene 154 153, 152
2,4-Dinitrophenol 184 63, 154
2,6-Dinitrophenol 162 162, 164, 126, 98, 63
4-Chloroaniline 127 127, 129, 65, 92
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Dibenzofuran 168 139
2,4-Dinitrotoluene 165 63.89
4-Nitrophenol 109 139, 65
Diethyl phthalate 149 177, 150
Fluorene 166 165, 167
4-Chlorophenyl phenyl ether 204 206, 141
4, 6-Dinitro-2-methylphenol 198 51, 105
N-Nitrosodiphenylamine 169 168, 167
Diphenylamine 169 168, 167
4-Bromophenyl phenyl ether 248 250, 141
2,4,5-Trichlorophenol 196 196, 198, 97, 132, 99
Hexachlorobenzene 284 142, 249
Pentachlorophenol 266 264, 268
4-Nitroaniline 138 138, 65, 108, 92, 80, 39
Phenanthrene 178 179, 176
Anthracene 178 176, 179
Di-n-butyl phthalate 149 150, 104
Fluoranthene 202 101, 203
Benzidine 184 92, 185
Pyrene 202 200, 203
Butyl benzyl phthalate 149  91, 206
Benz(a)anthracene 228 229, 226
3,3’-Dichlorobenzidine 252 254, 126
Chrysene 228 226, 229
Bis(2-ethylhexyl) phthalate 149 167, 279
Di-n-octyl phthalate 149 167, 43
Benzo(b)fluoranthene 252 253, 125
Benzo(k)fluoranthene 252 253, 125
Benzo(a)pyrene 252 253, 125
Indeno(1,2,3-CD)pyrene 276 138, 227
Dibenz(a,h)anthracene 278 139, 279
Benzo(g,h,i)perylene 276 138, 277
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TABLE 2 


DFTPP KEY ION ABUNDANCE CRITERIA 
 


MASS ION ABUNDANCE CRITERIA 
51 30-60% of mass 198 
68 <2% of mass 69 
70 <2% of mass 69 
127 40-60% of mass 198 
197 <1% of mass 198 
198 Base peak, 100% relative abundance 
199 5-9% of mass 198 
275 10-30% of mass 198 
365 >1% of mass 198 
441 Present but less than mass 443 
442 >40% of mass 198 
443 17-23% of mass 442 


 
TABLE 3 


SYSTEM PERFORMANCE CHECK COMPOUNDS (SPCC’s) 
 
N-nitroso-di-n-propylamine 
Hexachlorocyclopentadiene 
2,4-Dinitrophenol 
4-Nitrophenol 
 


TABLE 4 
CALIBRATION CHECK COMPOUNDS (CCC’s) 


 
BASE/NEUTRAL FRACTION ACID FRACTION 
Acenapthene 4-Chloro-3-methyl phenol 
1,4-Dichlorobenzene 2,4-Dichlorophenol 
Hexachlobutadiene 2-Nitrophenol 
Dipphenylamine Phenol 
Di-n-octylphthalate Pentachlorophenol 
Fluoranthene 2,4,6-Trichlorophenol 
Benzo(a)pyrene  
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TABLE 5 
SEMIVOLATILE INTERNAL STANDARDS WITH CORRESPONDING ANALYTES 


ASSIGNED FOR QUANTITATION 
 


1,4-Dichlorobenzene-d8 Napthalene-d8 Acenapthene-d10 
Aniline Benzoic acid Acenapthene 
Benzyl alcohol Bis(2-chloroethoxy)methane Acenapthylene 
Bis(2-chloroethyl) ether 4-chloroaniline 1-chloronapthalene 
Bis(2-chloroisopropyl) ether 4-chloro-3-methylphenol 2-chloronapthalene 
2-chlorophenol 2,4-Dichlorophenol 4-chlorophenyl phenyl ether 
1,3-Dichlorobenzene 2,4-Dimethylphenol Dibenzofuran 
1,4-Dichlorobenzene Hexachlorobutadiene Diethylphthalate 
1,2-Dichlorobenzene Isophorone 2,4 Dinitrophenol 
2-Fluorophenol (surr) 2-Methylnapthalene 2,4-Dinitrotoluene 
Hexachloroethane Napthalene 2,6-Dinitrotoluene 
2-Methylphenol Nitrobenzene Fluorene 
4-Methylphenol Nitrobenzene-d8 (surr) 2-Fluorobiphenyl (surr) 
N-Nitrosodimethylamine 2-Nitrophenol Hexachlorocyclopentadiene 
N-Nitrosodi-n-propylamine 1,2,4-Trichlorobenzene 2-Nitroaniline 
Phenol  3-Nitroaniline 
Phenol-d8 (surr)  4-Nitroaniline 
  4-Nitrophenol 
Phenanthrene-d10 Chrysene-d12 2,4,6-Tribromophenol (surr) 
Anthracene Benzidine 2,4,6-Trichlorophenol 
4-Bromophenyl phenyl ether Benzo(a)anthracene 2,4,5-Trichlorophenol 
Di-n-butyl phthalate Bis(2-ethylhexyl)phthalate Perylene-d12 
4,6-Dinitro-2-methyl-phenol Butyl benzyl phthalate Benzo(b)fluoranthene 
Diphenylamine Chrysene Benzo(k)fluoranthene 
Fluoranthene 3-3’-Dichlorobenzidine Benzo(g,h,i)perylene 
Hexachlorobenzene Pyrene Benzo(a)pyrene 
N-Nitrosodiphenylamine Terphenyl-d14 (surr) Dibenz(a,h)anthracene 
Pentachlorophenol  Di-n-octyl phthalate 
Phenanthrene  Indeno(1,2,3-cd)pyrene 
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TABLE 6 
SURROGATE SPIKE RECOVERY LIMITS FOR WATER  


AND SOIL/SEDIMENT SAMPLES 
 
 LOW/HIGH LOW/HIGH 
SURROGATE COMPOUND (Water) SOIL/SEDIMENT 
Nitrobenzene-d5 34-111 31-106 
2-Fluorobiphenyl 21-106 30-105 
Terphenyl-d14 33-111 18-112 
Phenol-d5 15-104 24-104 
2-Fluorophenol 21-100 25-100 
2,4,6-Tribromophenol 23-100 19-113 
2-chlorophenol-d4 -- -- 
1,2-dichlorobenzene-d4 -- -- 
 
 
 
Note:   Surrogate qc limits 
may be updated periodically.   
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TABLE 7 


Summary of 8270C method requirements 
 
 


Analytical 
Method: 
SW-846 8270C 


Parameter: 
Semi-Volatile Organic Compounds by GC-MS 


TABLE 7.  Semi-Volatiles 
 


Summary of Internal Quality 
Control (QC) Procedures and 


Corrective Action 


QC Check Frequency Acceptance Criteria Corrective Action 


Tuning Criteria Every 12 hour period DFTPP ion ratio criteria 
(Table 2)  


 


 


PCP Tailing < 5  


Benzidine Tailing < 3 


DDT degradation < 20% 


• Retune.  Do not proceed with 
analysis until tune meets criteria.


 


• Perform injection port and 
column maintenance.  Do not 
proceed until tune meets criteria 


Initial 
Calibration 
 


Following major 
instrument 
maintenance. 
 
 
 
When CCCs and 
SPCCs in the daily 
calibration do not 
meet criteria 


CCC:±30% RSD; 
non-CCC:±15% RSD or 
Mean %RSD < 15% 
 
SPCC:      >0.05 
 
Linear regression, r ≥ 
0.990. 
 


• for CCC and SPCC, reanalyze 
the initial calibration curve 
and/or evaluate/correct 
instrument malfunction to obtain 
curve which meets criteria.   
 


Daily Calibration 
(mid-point) 


Every 12 hour period 
following tune  
 
(required for all 
samples analyzed 
during the 12 hour 
sequence) 


CCC:      ±20 % D; 
 
SPCC:      >0.05 


• Reanalyze the daily standard.  
If still out, evaluate/correct 
instrument malfunction as 
needed; initiate a new 
calibration curve.  
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Analytical 
Method: 
SW-846 8270C 


Parameter: 
Semi-Volatile Organic Compounds by GC-MS 


TABLE 7.  Semi-Volatiles 
 


Summary of Internal Quality 
Control (QC) Procedures and 


Corrective Action 


QC Check Frequency Acceptance Criteria Corrective Action 


Instrument Blank Every 12 hour period 
After each calibration.
 
An extraction method 
blank may be used.   
The extraction method 
blank should be 
analyzed with the 
associated samples. 


< RL for all target 
compounds. 


• Reanalyze to determine if 
instrument contamination was 
the cause.  If the instrument 
blank is still non-compliant, 
correct the problem before 
analysis of samples. 


Extraction 
Method Blank 


One per extraction 
batch of samples, not 
to exceed 20 samples 
of a given matrix.  


< RL for all target 
compounds. 
 
Internal Standards within 
50-200% of daily 
calibration standard. 
 
Surrogate recoveries 
within Paragon or client 
specified control limits. 


•Reanalyze to determine if 
outlier was due to 
malfunctioning instrument, 
aliquoting error, or loss of the 
extract prior to analysis.  


 


• If problem is isolated to the 
method blank (associated 
samples meet all IS and SS 
criteria and no target compounds 
are detected above the reporting 
limits), report with non-
conformance report.   


 


• If problem is not isolated to the 
method blank, submit the entire 
batch for re-extraction.   


Matrix Spike & 
Matrix Spike 
Duplicate 
(MS/MSD) 


One per batch of 
samples, not to exceed 
20 samples of a given 
matrix. 


See Laboratory Limits:  
The recoveries for the 
spiked compounds should 
be within advisory limits. 


 


Internal Standards within 
50-200% of daily 
calibration standard. 


• If non-compliant, check 
calculations and spike 
preparation for documentable 
errors  


 


• If significant differences 
(>15%) exist between the MS 
and MSD (or between 
d li t ) l i f th
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Analytical 
Method: 
SW-846 8270C 


Parameter: 
Semi-Volatile Organic Compounds by GC-MS 


TABLE 7.  Semi-Volatiles 
 


Summary of Internal Quality 
Control (QC) Procedures and 


Corrective Action 


QC Check Frequency Acceptance Criteria Corrective Action 


 


Surrogate recoveries 
within Paragon or client 
specified control limits. 


duplicates) reanalysis of the 
sample and spikes may be 
necessary.  


 


• If significant differences 
(>15%) exist between the MS 
and MSD (or between 
duplicates) reanalysis of the 
sample and spikes may be 
necessary. 


Laboratory 
Control Spike & 
Laboratory 
Control Spike 
Duplicates 
(LCS/LCSD) 


One per batch of 
samples, not to exceed 
20 samples of a given 
matrix. 


See Laboratory Limits:  
The recoveries for the 
spiked compounds should 
be within advisory limits. 


 


Internal Standards within 
50-200% of daily 
calibration standard. 


 


Surrogate recoveries 
within Paragon or client 
specified control limits. 


• If non-compliant, check 
calculations and spike 
preparation for documentable 
errors. 
 
• If no errors are found, then 
reanalyze the laboratory control 
spike to determine if 
instrumental conditions or 
extraction preparation was the 
cause.  Notify the Supervisor 
and initiate corrective action 
(NCR).  


Surrogate Spikes Every sample See Laboratory Limits:  
The recoveries for the 
spiked compounds should 
be within advisory limits. 


 


Surrogates will be 
considered diluted out, if 
the resulting dilution of 
the extract, dilutes the 
expected recovery of the 
surrogate below 10ng/µl 
on column. 


• If non-compliant, check 
calculations and spike 
preparation for documentable 
errors. 
 
• Reanalyze sample once (re-
analysis requirements may be 
fulfilled by existing multiple 
extractions, e.g., MS, MSD, 
REP).  If still out, report results 
and note in narrative.  
 
• Submit sample for re-
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Analytical 
Method: 
SW-846 8270C 


Parameter: 
Semi-Volatile Organic Compounds by GC-MS 


TABLE 7.  Semi-Volatiles 
 


Summary of Internal Quality 
Control (QC) Procedures and 


Corrective Action 


QC Check Frequency Acceptance Criteria Corrective Action 
extraction.  If analysis of re-
extracted sample is still out, 
report results and note in 
narrative. 


Internal Standard 
(IS)  


Every sample, 
standard and blank 


EICP area within 
-50% to +100% of 
previous daily calibration 
check standard.   


• Inspect instrument for 
malfunction; correct identified 
malfunctions, then reanalyze 
samples.   
 
• If no instrument malfunction is 
identified, reanalyze. If analysis 
of sample extract is still out, 
report results and note in 
narrative 


     - If obvious matrix effects are 
observed in the sample’s total 
ion chromatogram, reanalysis 
will not be required. 


     - Re-analysis requirements may 
be fulfilled by existing multiple 
analyses (e.g., MS, MSD, REP, 
sample dilutions) 


Retention Time 
Shift 
(RT) 


Every sample, 
standard, and blank 


RT shift <30 seconds 
compared to daily 
standard 


Relative retention time 
(RRT) of sample must be 
± 0.06 RRT units of daily 
calibration check. 


• Inspect chromatographic 
system for malfunction; correct 
identified malfunctions, then 
reanalyze sample. 


Precision and 
Accuracy Study: 
(minimum of 4 
replicate analyses 
of a QC check 
sample) 


One-time 
demonstration per 
method 


Method specified limits, if 
available (refer to QC 
Acceptance Criteria Table 
in the respective method)  


•  Check calculated results for 
error 
 
•  Determine the reason for 
failure and fix problem with 
system; then repeat study for 
those analytes that did not meet 
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Analytical 
Method: 
SW-846 8270C 


Parameter: 
Semi-Volatile Organic Compounds by GC-MS 


TABLE 7.  Semi-Volatiles 
 


Summary of Internal Quality 
Control (QC) Procedures and 


Corrective Action 


QC Check Frequency Acceptance Criteria Corrective Action 
criteria 


Method 
Detection Limit 
(MDL) Study  


Annually Value must be < reporting 
limit. 


 


 


•  Determine the reason for 
failure and fix problem with 
system; then repeat study for 
those analytes that did not meet 
criteria 
•  Adjust the laboratory reporting 
limits, if needed. 


 





		SCOPE AND APPLICATION

		This standard operating procedure (SOP) and the method it references - Method 8270C - describe a procedure to determine the concentration of semivolatile organic compounds in extracts prepared from all types of solid waste matrices, soils, TCLP leachates

		Any additional or contradictory requirements for EPA Method 625 are contained in Section 10.

		The following analytes may be determined by this method:



		SUMMARY

		RESPONSIBILITIES

		INTERFERENCES

		APPARATUS AND MATERIALS

		

		Gas chromatograph, HP 5890A/6890, Series II or equivalent --- An analytical system complete with a temperature-programmable gas chromatograph suitable for splitless injection and all required accessories, including syringes, analytical columns, and gases

		Column - 30 m x 0.25 mm ID (or 0. 32 mm ID) 0.5 (m film thickness silicone-coated fused-silica capillary column (J&W Scientific DB-5.625 or equivalent).  Other column types or specification can be substituted if all QC criteria can be achieved.

		A Mass spectrometer, HP5971/5972/5973 or equivalent  -- - Capable of scanning from 35 to 500 amu every 1 sec or less, using 70 volts (nominal ) electron energy in the electron impact ionization mode.  The mass spectrometer must be capable of producing a

		GC/MS interface - Any GC-to-MS interface that gives acceptable calibration points at 50 ng per injection for each compound of interest and achieves acceptable tuning performance criteria may be used.  For a narrow-bore capillary column, the interface is

		Data system - A computer system must be interfaced to the mass spectrometer.  The system must allow the continuous acquisition and storage on machine-readable media of all mass spectra obtained throughout the duration of the chromatographic program.  The





		REAGENTS

		

		Stock standard solutions must be stored in the ampule or in bottles with teflon lined caps.  Store, protected from light, at -10(C to -20(C or as recommended by the manufacturer.  Stock standard solutions should be checked frequently for signs of degrada

		Stock standard solutions expire as specified by the manufacturer or one year from receipt.  See SOP 300 for details on expiration dates.



		Internal standard solutions - The internal standards used are:  1,4-dichlorobenzene-d4, naphthalene-d8, acenaphthene-d10, phenanthrene-d10, chrysene-d12 and perylene-d12 (see Table 5).  These internal standards are purchased in a mix with all compounds a

		GC/MS tuning standard - A methylene chloride solution containing 50 ng/(L of decafluorotriphenylphosphine (DFTPP) should be prepared.  The standard should also contain 50 ng/(L each of 4,4’-DDT, pentachlorophenol and benzidine to verify injection port in

		Calibration standards - A minimum of five calibration standards must be prepared.  One of the calibration standards must be at or below the reporting limits.  The others should correspond to the range of concentrations found in real samples but should no

		The following table is an example of the preparation of a calibration curve and continuing calibration standard.



		Surrogate standards - The surrogate standards are:    phenol-d5, 2- fluorophenol, 2,4,6-tribromophenol, nitrobenzene-d5, 2-fluorobiphenyl, and p-terphenyl-dl4, 2-chlorophenol-d4, and 1,2-Dichlorobenzene-d4.  See Method 3500 for the instructions on prepar

		Surrogate Standard Check: Determine what concentration should be in the blank extracts after all extraction, cleanup, and concentration steps.  Compare these concentrations to actual values obtained from analysis of the extracts.  Method 8270C recommends



		Matrix spike standards  --  The list of spiking compounds is determined for each client’s program.  See Method 3500 for instructions on preparing the matrix spike standard.  Matrix Spike Standard Check:  Determine what concentration should be in the blan

		Methylene chloride and appropriate solvents - Pesticide quality or equivalent



		SAMPLE COLLECTION, PRESERVATION, AND HANDLING

		Samples must be collected according to an approved sampling plan.

		Aqueous samples must be collected in one liter amber glass bottles with Teflon lined caps.  Aqueous samples are not preserved.  Samples are stored at 4 ˚C.

		Soil samples must be collected in glass containers with Teflon lined caps.  Soil samples are not preserved.  Samples are stored at 4 ˚C.

		Aqueous samples must be extracted within 7 days of collection.  Soil samples must be extracted within 14 days of collection.  Extracts must be analyzed within 40 days of extraction.



		PROCEDURE

		A Sample preparation - Samples must be prepared by one of the following methods prior to GC/MS analysis.

		Direct injection - In very limited applications direct injection of the non-aqueous liquid sample into the GC/MS system with a 10 (L syringe may be appropriate.  The detection limit is very high (approximately 10,000 (g/L); therefore, it is only permitte

		Extract cleanup  --  Extracts may be cleaned up using Gel Permeation Chromatography (GPC) by Method 3640.  See SOP 641 for GPC procedures.

		Initial calibration - Following are typical GC/MS operating conditions:

		Each GC/MS system must be hardware-tuned to meet the criteria in Table 2 for a 50 ng injection of DFTPP.  Analyses may not begin until all criteria are met.  Acquisition of the mass spectrum of DFTPP must be performed as follows:  Three scans (the peak a

		Also, benzidine and pentachlorophenol should be present at their normal responses. The tailing factor of benzidine must be less than 3.0 and of pentachlorophenol must be less than 5.0 .  The tailing factor calculation is performed by the HP software.

		Degradation of DDT to DDE and DDD may not exceed 20%.

		If degradation is excessive and/or poor chromatography is noted, the injection port may require cleaning.  It may also be necessary to remove the first 6-12 in. of the capillary column.  The use of a guard column between the injection port and the analyt



		The internal standards selected in Section 6 should permit most of the components of interest in a chromatogram to have retention times of 0.80-1.20 relative to one of the internal standards.  Use the base peak ion from the specific internal standard as

		Analyze 1 (L of each calibration standard (containing internal standards) and tabulate the area of the primary characteristic ion against concentration for each compound.

		Each calibration standard should be carefully evaluated before inclusion in the calibration curve.

		The internal standards must be in normal range, indicating that a complete injection took place.  The analyst must view the standard in the data analysis section of the software.  The chromatography of  the standard should be checked.  Extra care should





		Calculate response factors (RFs) for each compound relative to one of the internal standards as follows:

		A system performance check must be performed to ensure that minimum average RFs are met before the calibration curve is used.  For semivolatiles, the System Performance Check Compounds (SPCCs) are: N-nitroso-di-n-propylamine; hexachlorocyclopentadiene; 2

		If the minimum response factors are not met, the system must be evaluated, and corrective action must be taken before sample analysis begins.  Possible problems included standard mixture degradation, injection port inlet contamination, contamination at t



		Calibration check compounds (CCCs) are used to evaluate the linearity of the curve and the integrity of the system.  Variability for these compounds indicates a system leak and/or reactive sites on the column.    The percent relative standard deviation (

		If the %RSD of any CCC is 30% or greater, then the chromatographic system is too reactive for analysis to begin.  Clean or replace the injector liner and/or capillary column, then repeat the calibration procedure beginning with Section 8.4.



		The relative retention times of each compound in each calibration run should agree within 0.06 relative retention time units.  Late-eluting compounds usually have much better agreement.

		Linearity  -  If the %RSD of any compound is 15% or less, then the relative response factor is assumed to be constant over the calibration range, and the average relative response factor may be used for quantitation (Section 8.7.2).  If the %RSD of any c

		In the preferred model for calibration, the initial calibration may still be acceptable if the mean of the RSD values for all analytes in the calibration is ( 15%.  The mean RSD is calculated by summing the RSD value for each analyte and dividing by the

		Alternatively, least squares regression or a non-linear calibration may be used.  If either of these techniques is needed for client requirements, consult SW-846 8000B Revision 2 sections 7.5.2 and 7.5.3 for specific requirements for either of these two





		Daily GC/MS calibration  --  Continuing Calibration Verification

		Prior to analysis of samples, the GC/MS tuning standard must be analyzed.  A 50 ng injection of DFTPP must result in a mass spectrum for DFTPP which meets the criteria given in Table 2.  Also, benzidine and pentachlorophenol should be present at their no

		A calibration standard(s) at mid-concentration containing all semivolatile analytes, including all required surrogates, must be analyzed every 12 hours prior to sample analysis.  Compare the instrument response factor from this calibration check with the

		System Performance Check Compounds (SPCCs): A system performance check must be made during every 12 hour shift.  For each SPCC compound in the daily calibration a minimum response factor of 0.050 must be obtained.  This is the same check that is applied

		Calibration Check Compounds (CCCs): After the system performance check is met, CCCs listed in Table 4 are used to check the validity of the initial calibration.

		If the percent difference (or drift) for each CCC is less than or equal to 20%, the initial calibration is assumed to be valid.  If the criterion is not met (> 20% difference) for any one CCC, corrective action must be taken.  Problems similar to those l

		The internal standard responses and retention times in the calibration check standard must be evaluated immediately after or during data acquisition.  If the retention time for any internal standard changes by more than 30 seconds from that in the midpoi



		GC/MS analysis

		Prior to analysis, the sample extract must be brought to room temperature and spiked with internal standards.  The entire 1 ml extract may be spiked, or an aliquot of the extract may be removed and spiked with an appropriate aliquot of the internal stand

		Inject an aliquot of the sample extract in to the GC/MS system, using the same operating conditions that were used for calibration. The volume to be injected should ideally contain 50 ng of base/neutral and 75 ng of acid  surrogates (for a 1(L injection)

		If the response for any quantitation ion exceeds the initial calibration curve range of the GC/MS system, extract dilution must take place.  Additional internal standard must be added to the diluted extract to maintain the required 40 ng/(L of each inter

		Extracts may be diluted for matrix interferences to a point at which the baseline rise is equal to one half the height of the nearest internal standard, or non-target compound is the same height or greater of the nearest internal standard.  Further, extr



		Perform all qualitative and quantitative measurements as described in Sec. 8.5.  Store the extracts at 4(C, protected from light in screw-cap vials equipped with unpierced Teflon lined septa.



		Data interpretation

		Qualitative analysis

		The qualitative identification of compounds determined by this method is based on retention time, and on comparison of the sample mass spectrum, after background correction, with characteristic ions in a reference mass spectrum.  The reference mass spect

		The intensities of the characteristic ions of a compound maximize in the same scan or within one scan of each other.  Selection of a peak by a data system target compound search routine where the search is based on the presence of a target chromatographi

		The RRT of the sample component is within ( 0.06 RRT units of the RRT of the standard component.

		The relative intensities of the characteristic ions agree within 30% of the relative intensities of these ions in the reference spectrum. (Example: For an ion with an abundance of 50% in the reference spectrum, the corresponding abundance in a sample spe

		Structural isomers that produce very similar mass spectra should be identified as individual isomers if they have sufficiently different GC retention times.  Sufficient GC resolution is achieved if the height of the valley between two isomer peaks is les

		Identification is hampered when sample components are not resolved chromatographically and produce mass spectra containing ions contributed by more than one analyte.  When gas chromatographic peaks obviously represent more than one sample component (i.e.

		When analytes coelute (i.e., only one chromatographic peak is apparent), the identification criteria can be met, but each analyte spectrum will contain extraneous ions contributed by the coeluting compound.



		For samples containing components not associated with the calibration standards, a library search may be made for the purpose of tentative identification.  The necessity to perform this type of identification will be determined by the purpose of the anal

		For example, the RCRA permit or waste delisting requirements may require the reporting of non-target analytes. Only after visual comparison of sample spectra with the nearest library searches will the mass spectral interpretation specialist assign a tent





		Quantitative analysis

		When a compound has been identified, the quantitation of that compound will be based on the integrated abundance from the EICP of the primary characteristic ion.

		If the %RSD of a compound's relative response factor is 15% or less, or if the mean RSD of the initial calibration is 15% or less, then the concentration in the extract may be determined using the average response factor (�) from initial calibration data

		Alternatively, the regression line fitted to the initial calibration may be used for determination of the extract concentration.  See method 8000, Sec. 7.0 for the equations describing internal standard calibration and either linear or non-linear calibra

		Compute the concentration of the analyte in the sample using the equations in Section 8.

		The concentration of the analyte in the liquid phase of the sample is calculated using the concentration of the analyte in the extract and the volume of liquid extracted, as follows:

		The concentration of the analyte in the solid phase of the sample is calculated using the concentration of the analyte in the extract and the weight of the solids, as follows:



		Where applicable, an estimate of concentration for noncalibrated components in the sample should be made.  The formula given above should be used with the following modifications: The areas Ax and Ais should be from the total ion chromatograms and the RF







		QUALITY CONTROL

		Before processing any samples, the analyst should demonstrate, through the analysis of a method blank, that interferences from the analytical system, glassware, and reagents are under control.  Each time a batch of 20 or fewer field samples is extracted

		Each day that analysis is performed, the daily calibration standard should be evaluated to determine if the chromatographic system is operating properly.    Questions that should be asked are:  Do the peaks look normal?; Is the response obtained comparab

		Required instrument QC is found in the following sections

		The GC/MS system must be tuned tomeet the DFTPP specifications in Section 8.

		There must be an initial calibration of the GC/MS system as specified in Section 8.

		The GC/MS system must meet the SPCC criteria specified in Section 8 and the CCC criteria in Section 8, each 12 hours.



		The laboratory must, on an ongoing basis, analyze a method blank, a matrix spike, and a matrix spike duplicate for each extraction batch (up to a maximum of 20 samples/batch) to assess accuracy.  For soil and waste samples where detectable amounts of org

		For aqueous and soil matrices, laboratory-established surrogate control limits should, if applicable, be compared with the control limits listed in Table 6. The limits given in Table 6 are multi-laboratory performance-based limits for soil and aqueous sa

		If recovery is not within limits, the following procedures are required.





		DEVIATIONS FROM METHOD

		This SOP meets the requirements of Method 8270C.  The only deviations from Method 8270C relate to intermediate solution concentrations and % Drift vs. % Difference calculation (software restriction).

		EPA METHOD 625

		The items contained in this Section describe differences between Method 8270C and Method 625.

		Method 625 prescribes different surrogates than Method 8270C.  It may be permissible to use the same surrogates specified in Method 8270, but only with approval from the QA Manager and the Project Manager.  See Table 8 of Method 625 for a complete list o





		SAFETY HAZARDS AND WASTE

		LABORATORY SAFETY AND HAZARDS

		Environmental samples may contain unknown hazards. Personal protective equipment must be worn at all times.  Personal protective equipment shall consist of safety glasses, labcoat, and gloves.  Please consult the MSDS  or the Health and Safety Coordinato
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1. SCOPE AND APPLICATION 


1.1. This standard operating procedure (SOP) and the method it references, Method 
8260B, are used to determine volatile organic compounds in a variety of matrices.  
This SOP is applicable to nearly all types of samples, regardless of water content, 
including:  ground water, aqueous sludges, caustic liquors, acid liquors, waste 
solvents, oily wastes, mousses, tars, fibrous wastes, polymeric emulsions, filter 
cakes, spent carbons, spent catalysts, soils, and sediments.  The following 
compounds can be determined by this method: 


 
 The body of this SOP specifies the procedures to be used for SW-846 Method 


8260B.  Any additional or contradictory requirements for EPA Method 624 are 
contained in Section 10. 


 
Parameter CAS No.b Purge-and-Trap Direct Injection
Acetone 67-64-1 pp A 
Acrolein 107-02-8 a A 
Acrylonitrile 107-13-1 a A 
Benzene 71-43-2 a A 
Bromobenzene 108-86-1 a A 
Bromochloromethane  74-97-5 a A 
Bromodichloromethane 75-27-4 a A 
Bromoform 75-25-2 a A 
Bromomethane 74-83-9 a a 
2-Butanone (MEK) 78-93-3 pp a 
n-Butyl Benzene 104-51-8 a a 
sec-Butyl Benzene 135-98-8 a a 
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Parameter CAS No.b Purge-and-Trap Direct Injection
tert-Butyl Benzene 98-06-6 a a 
Carbon tetrachloride 56-23-5 a a 
Carbon disulfide 75-15-0 pp a 
Chlorobenzene 108-90-7 a a 
Chlorodibromomethane 124-48-1 a a 
Chloroethane 75-00-3 a a 
Chlorohexane  a a 
2-Chloroethyl vinyl ether 110-75-8 a a 
Chloroform 67-66-3 a a 
Chloromethane 74-87-3 a a 
2-Chlorotoluene 95-49-8 a a 
Dibromochloromethane 124-48-1 a a 
4-Chlorotoluene 106-43-4 a a 
1,2-Dibromo-3-chloropropane 96-12-8 pp  
1,2-Dibromoethane 106-93-4 a  
Dibromomethane 74-95-3 a  
1,2-Dichlorobenzene 95-50-1 a  
1,3-Dichlorobenzene 541-73-1 a  
1,4-Dichlorobenzene 106-46-7 a  
Dichlorodifluoromethane 75-71-8 a  
1.1-Dichloroethane 75-34-3 a  
1,2-Dichloroethane 107-06-2 a  
1,1-Dichloroethene 75-35-4 a  
cis-1,2-Dichloroethene 156-59-2 a a 
trans-1,2-Dichloroethene 156-60-5 a  
1,2-Dichloropropane 78-87-5 a  
2,2-Dichloropropane 594-20-7 a a 
1,3-Dichloropropane 142-28-9 a a 
1,1-Dichloropropene 563-58-6 a a 
cis-1,3-Dichloropropene 10061-01-5 a  
trans-1,3-Dichloropropene 10061-02-6 a  
Ethylbenzene 100-41-4 a  
Hexachlorobutadiene 87-68-3 a  
2-Hexanone 591-78-6 pp  
lodomethane 74-88-4 a  
Isopropylbenzene 98-82-8 a  
p-Isopropyltoluene 99-87-6 a a 
Methylene chloride (DCM) 75-09-2 a  
4-Methyl-2-pentanone (MIBK) 108-10-1 pp  
Methyl-t-butyl ether (MTBE) 75-97-8 a a 
Naphthalene 91-20-3 a  
n-Propylbenzene 103-65-1 a a 







PARAGON ANALYTICS, INC. 
SOP 525  REV 5 


PAGE 3 OF 41 
 
 
 


 
CONFIDENTIAL 


Parameter CAS No.b Purge-and-Trap Direct Injection
Styrene 100-42-5 a a 
1,1,1,2-Tetrachloroethane 630-20-6 a a 
1,1,2,2-Tetrachloroethane 79-34-5 a a 
Tetrachloroethene 127-18-4 a a 
Toluene 108-88-3 a a 
1,2,4-Trichlorobenzene 120-82-1 a a 
1,2,3-Trichlorobenzene 87-61-6 a a 
1,1,1-Trichloroethane 71-55-6 a a 
1,1,2-Trichloroethane 79-00-5 a a 
Trichloroethene 79-01-6 a a 
Trichlorofluoromethane 75-69-4 a a 
Trichlorotrifluoromethane 76-13-1 a a 
1,2,3-Trichloropropane 96-18-4 a a 
1,2,4-Trimethylbenzene 95-63-6 a a 
1,3,5-Trimethylbenzene 108-67-8 a a 
Vinyl acetate 108-05-4 a a 
Vinyl chloride 75-01-4 a a 
o-Xylene 95-47-6 a a 
m,p-Xylene 108-38-3 a a 


106-42-3   
 


a Adequate response by this technique. 
b Chemical Abstract Services Registry Number. 
pp Poor purging efficiency resulting in high EQLs. 


1.2. Method 8260 is based upon a purge-and-trap GC/MS procedure and can be used 
to quantitate most volatile organic compounds that have boiling points below 
200°C and that are insoluble or slightly soluble in water. Volatile water-soluble 
compounds can be included in this analytical technique. However, for the more 
soluble compounds, quantitation limits are approximately ten times higher 
because of poor purging efficiency.  Such compounds include low molecular-
weight halogenated hydrocarbons, aromatics, ketones, nitrites, acetates, acrylates, 
ethers, and sulfides 


2. SUMMARY 


2.1. The volatile compounds are introduced into the gas chromatograph by the purge-
and-trap method or by direct injection (in limited applications).  Purged sample 
components are trapped in a tube containing suitable sorbent materials.  When 
purging is complete, the sorbent tube is heated and backflushed with helium to 
desorb trapped sample components.  The analytes are desorbed directly onto a 
narrow bore capillary column for analysis.  The column is temperature 
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programmed to separate the analytes, which are then detected with a mass 
spectrometer (MS) interfaced to the gas chromatograph.  Narrow bore capillary 
columns can be directly interfaced to the ion source. 


2.2. If the above sample introduction techniques are not applicable, a portion of the 
sample is dispersed in a solvent, such as methanol, to dissolve the volatile organic 
constituents.  A portion of the solution is combined with organic-free reagent 
water in the purge chamber.  It is then analyzed by purge-and-trap GC/MS 
following the normal water method. 


2.3. Analytes eluted from the capillary column are introduced into the mass 
spectrometer via a direct connection.  Identification of target analytes is 
accomplished by comparing their mass spectra with the electron impact (or 
electron impact-like) spectra of authentic standards.  Quantitation is accomplished 
by comparing the response of a major (quantitation) ion relative to an internal 
standard with the average response factor generated from a multi-point calibration 
curve or a linear regression equation. 


3. RESPONSIBILITIES 


3.1. It is the responsibility of the analyst to perform the analysis according to this SOP 
and to complete all documentation required for review. 


3.2. Analysis and interpretation of the results are performed by personnel in the 
laboratory who have demonstrated the ability to generate acceptable results 
utilizing this method.  This demonstration may come in the form of 
supervisory/training review, precision and accuracy tests, or the successful 
completion of an unknown proficiency evaluation test. 


3.3. Final review and sign off of the data are performed by the department supervisor 
or designee.  Initialing and dating the review sheet indicate that this review for 
precision, accuracy, completeness, and reasonableness is complete and 
satisfactory.  Any errors that are found require corrective action, which includes 
notification to the technician/analyst who performed the work and documentation 
of measures taken to remediate the data. 


3.4. It is the responsibility of all personnel who work with samples involving this 
method to note any anomalies or out-of-control events associated with the analysis 
of the samples.  Any discrepancies must be noted and corrective action taken and 
documented. 


4. INTERFERENCES 
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4.1. Major contaminant sources are volatile materials in the laboratory and impurities 
in the inert purging gas and in the sorbent trap.  The use of non-
polytetrafluoroethylene (PTFE) thread sealants, plastic tubing, or flow controllers 
with rubber components should be avoided since such materials out-gas organic 
compounds which will be concentrated in the trap during the purge operation.  
Analyses of calibration and reagent blanks provide information about the presence 
of contaminants.  When potential interfering peaks are noted in blanks, the analyst 
should change the purge gas source and regenerate the molecular sieve purge gas 
filter. 


4.2. Interfering contamination may occur when a sample containing low 
concentrations of volatile organic compounds is analyzed immediately after a 
sample containing high concentrations of volatile organic compounds.  The 
preventive technique is rinsing of the purging apparatus and sample syringes with 
two portions of organic-free reagent water between samples.  After analysis of a 
sample containing high concentrations of volatile organic compounds, one or 
more calibration blanks should be analyzed to check for cross contamination.  For 
samples containing large amounts of water soluble materials, suspended solids, 
high boiling compounds or high concentrations of compounds being determined, 
it may be necessary to wash the purging device with a soap solution, rinse it with 
organic-free reagent water, and then dry the purging device in an oven at 105°C.  
In extreme situations, the whole purge and trap device may require dismantling 
and cleaning.  


4.2.1. The low purging efficiency of many analytes from a 25 mL sample often 
results in significant concentrations remaining in the sample purge vessel 
after analysis.  After removal of the analyzed sample aliquot the purge 
vessel should be rinsed and baked in a glassware-drying oven prior to the 
analysis of another sample in the same purge vessel to reduce sample to 
sample carryover. 


4.2.2. If carryover contamination is expected (a sample containing high 
concentration levels of volatile compounds is followed by a sample 
containing low levels of the same volatile compounds), all samples that 
may have been affected must be re-analyzed.   Sample analysis may 
continue if a cleanup blank or sample following the high concentration 
sample is free (below the reporting limit) from compounds present over 
the calibration range in the high level sample.  The port containing the 
high level sample must also be shown to be free of contamination before 
analysis can proceed on that port. 


4.2.3. Instrument run logs should indicate if a sample contains possible carryover 
contamination.  If the subsequent rerun of the sample confirms the 
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presence and level of the volatile compounds either analysis may be used.  
If however the rerun shows that the presence of the compounds was 
carryover contamination, only the rerun should be used.  The original 
analysis should be considered non-usable data. 


4.3. Special precautions must be taken to analyze methylene chloride.  The analytical 
and sample storage area should be isolated from all atmospheric sources of 
methylene chloride, or random background levels will result.  Because methylene 
chloride will permeate through PTFE tubing, all gas chromatography carrier gas 
lines and purge gas plumbing should be constructed from stainless steel or copper 
tubing.  Laboratory clothing worn by the analyst should be clean because clothing 
previously exposed to methylene chloride fumes during liquid/liquid extraction 
procedures can contribute to sample contamination. 


4.4. Samples can be contaminated by diffusion of volatile organics (particularly 
methylene chloride and fluorocarbons) through the septum seal into the sample 
during shipment and storage.  A trip blank prepared from organic-free reagent 
water and carried through the sampling and handling protocol serves as a check on 
such contamination. 


4.5. Direct injection - Some contamination may be eliminated by baking out the 
column between analyses.  Changing the injector liner will reduce the potential for 
cross-contamination.  A portion of the analytical column may need to be removed 
in the case of extreme contamination.  Use of direct injection will result in the 
need for more frequent instrument maintenance. 


5. APPARATUS AND MATERIALS 


5.1. List of Instrumentation 


5.1.1. Purge and trap device, OI 4560A Liquid Sample Concentrator equipped 
with VO-Carb 3000 adsorbant trap, or equivalent. 


5.1.2. Autosampler, OI MPM and Tekmar LSC 2000 and Tekmar ALS 2016 16 
port or equivalent. 


5.1.3. Gas chromatograph, HP 5890A or equivalent. 


5.1.4. Capillary column, Restek RTX-624, 60 m, 0.25 mm ID, 1.4 µm film 
thickness (or equivalent) 


5.1.5. Mass spectrometer, HP5971 MSD or HP5972 MSD or equivalent. 
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5.1.6. Mass spectral library, National Bureau of Standards (NBS); 98,000 
compounds.  (Library may vary with instrument.) 


5.2. Gas chromatography/mass spectrometer/data system. 


5.2.1. Gas chromatograph - An analytical system complete with a temperature-
programmable gas chromatograph suitable for splitless injection or 
interface to purge-and-trap apparatus.  The system includes all required 
accessories, including syringes, analytical columns, and gases.  The GC 
should be equipped with variable constant differential flow controllers so 
that the column flow rate will remain constant throughout desorption and 
temperature program operation. 


5.2.2. Gas chromatographic columns 


5.2.2.1.Column 1 - 60 m x 0.25 mm ID capillary column with RTX-VMS 
stationary phase (Restek), 1.4 µm film thickness, or equivalent. 


5.2.2.2.Column 2 - 60 m x 0.25 mm ID capillary column with RTX-VMS 
(Restek), 1.4 µm film thickness, or equivalent.   


5.2.3. Mass spectrometer - Capable of scanning from 35 to 300 amu every 2 sec 
or less, using 70 volts (nominal) electron energy in the electron impact 
ionization mode.  The mass spectrometer must be capable of producing a 
mass spectrum for p-Bromofluorobenzene (BFB) which meets all of the 
criteria in Table 1 when 50ng or less of the GC/MS tuning standard (BFB) 
is injected through the GC.  To ensure sufficient precision of mass spectral 
data, the desirable MS scan rate allows acquisition of at. least five spectra 
while a sample component elutes from the GC. 


5.2.4. GC/MS interface to the mass spectrometer. 


5.2.4.1. Direct coupling by inserting the column into the mass 
spectrometer is generally used for 0.25-0.32 mm id columns. 


5.2.5. Any enrichment device or transfer line can be used if all of the 
performance specifications described in this SOP (including acceptable 
tuning for at 50 ng or less BFB) can be achieved.  GC-to-MS interfaces 
constructed entirely of glass or of glass-lined materials are recommended.  
Glass can be deactivated by silanizing with dichlorodimethylsilane. 
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5.2.6. Data system - A computer system that allows the continuous acquisition 
and storage on machine-readable media of all mass spectra obtained 
throughout the duration of the chromatographic program must be 
interfaced to the mass spectrometer.  The computer must have software 
that allows searching any GC/MS data file for ions of a specified mass and 
plotting such ion abundances versus time or scan number.  This type of 
plot is defined as an Extracted Ion Current Profile (EICP).  Software must 
also be available that allows integrating the abundances in any EICP 
between specified time or scan-number limits.  The most recent version of 
the EPA/NIST Mass Spectral Library should also be available. 


5.3. Microsyringes - 10, 25, 100, 250, 500, and 1,000 µL. 


5.4. Syringe valve - Two-way, with Luer ends (three each), if applicable to the purging 
device. 


5.5. Syringes - 5, 10, or 25 mL, gas-tight with shutoff valve. 


5.6. Balance - Analytical, 0.0001 g, and top-loading, 0.1 g. 


5.7. Glass scintillation vials - 20 mL, with Teflon lined screw-caps or glass culture 
tubes with Teflon lined screw-caps. 


5.8. Vials - 2 mL. 


5.9. Disposable pipets - Pasteur. 


5.10. Volumetric flasks, Class A - 5 mL, 10 mL, and 100 mL, with ground-glass 
stoppers. 


5.11. Spatula - Stainless steel. 


6. REAGENTS 


6.1. Reagent grade chemicals shall be used in all tests. 


6.2. Organic-free reagent water - All references to laboratory-supplied water in this 
method refers to organic-free reagent water. 


6.3. Methanol, CH3OH – Purge & trap quality or equivalent, demonstrated to be free 
of analytes.  Store apart from other solvents.  
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6.4. Hydrochloric acid (1:1 v/v), HCl - Carefully add a measured volume of 
concentrated HCl to an equal volume of organic-free reagent water. 


6.5. Stock solutions - NIST traceable stock solutions are purchased from multiple 
vendors as certified solutions.  Typically, concentrations of stock solutions vary 
from 1,000-2,000 ug/mL. 


6.5.1. Transfer the stock standard solution into a Mininert vial with a Teflon-
lined screw-cap.  Store, with minimal headspace, at -10°C to -20°C and 
protect from light. 


6.5.2. Gas stock solutions expire one week after the ampule has been opened 
and transferred to a Teflon -lined screw cap vial.  Other calibration stock 
solutions expire three months after the ampule has been opened and 
transferred to a Teflon-lined screw cap vial.  See SOP 300 for additional 
information on standards expiration policy.   


6.5.3. DOCUMENTATION 
All standards preparation information is to be fully 
documented in a standards prep logbook.  Information, such 
as manufacturer, compound, analyst, date prepared, solvent 
used, aliquot volume, date received, date opened, and final 
concentration is to be recorded. 
 


6.6. Secondary dilution (working level) standards - Using stock standard solutions, 
prepare in methanol, secondary dilution standards containing the compounds of 
interest, either singly or mixed together.  Secondary dilution standards must be 
stored with minimal headspace and should be checked frequently for signs of 
degradation or evaporation, especially just prior to preparing calibration standards 
from them.  Store standards in a vial with minimal headspace.  The standards 
may be retained as prescribed in SOP 300. 


 


6.7. Surrogate standards - The surrogates used for this method are:  toluene-d8,           
4-bromofluorobenzene, 1,2-dichloroethane-d4, and dibromofluoromethane.  Other 
compounds may be used as surrogates, depending upon the analysis requirements.  
A stock surrogate solution in methanol should be prepared as described above and 
a surrogate standard spiking solution should be prepared from the stock at a 
concentration of 50-250 µg/mL in methanol.  Each water sample undergoing 
GC/MS analysis must be spiked with the surrogate spiking solution prior to 
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analysis.  Typically, 5 µL of solution containing internal standards and surrogate 
standards is added to every sample. 


6.8. Internal standards - The internal standards used for this method are:       
pentafluorobenzene, 1,4-difluorobenzene, chlorobenzene-d5, and 1,4-
dichlorobenzene-d4.  Other compounds may be used as internal standards as long 
as they have retention times similar to the compounds being detected by GC/MS.  
Prepare internal standard stock and secondary dilution standards in methanol 
using the procedures described above.  It is recommended that the secondary 
dilution standard should be prepared at a concentration of 50 mg/L of each 
internal standard compound.  Addition of 5µL of this standard to 5.0mL of sample 
or calibration standard would be the equivalent of 50µg/L. 


6.9. 4-Bromofluorobenzene (BFB) standard - A standard solution containing 50 ng/µL 
of BFB in methanol is be prepared. 


6.10. Calibration standards - calibration standards at a minimum of five concentrations 
should be prepared from the secondary dilution of stock standards.  Prepare these 
solutions in organic-free reagent water.  One of the concentrations should be at a 
concentration less than or equal to the reporting limit.  The remaining 
concentrations should correspond to the expected range of concentrations found in 
real samples but should not exceed the working range of the GC/MS system. 
However, the laboratory shall not report a quantitative result for a target analyte 
that was not included in the calibration standard(s).  Aqueous calibration 
standards must be prepared on the day of loading on the autosampler.    


6.11. Matrix spiking standards - Matrix spiking standards should be prepared from 
volatile organic compounds, which will be representative of the compounds being 
investigated.  At a minimum, the matrix spike will include 1,1-dichloroethene, 
trichloroethene, chlorobenzene, toluene, and benzene. The standard is prepared in 
methanol, with each compound typically present at a concentration of 25 ug/mL. 


6.12. Great care must be taken to maintain the integrity of all standard solutions.   It is 
recommended that all standards in methanol be stored at -10°C to -20°C in 
Mininert vials with Teflon lined screw-caps. 


7. SAMPLE COLLECTION, PRESERVATION AND HANDLING 


7.1. Samples must be collected according to an approved sampling plan. 


7.2. Volatile organic analysis of water and soil samples extracted by Method 5030 
must be performed within 14 days of collection unless otherwise specified by the 
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client.  Water samples are usually preserved by adding approximately four (4) 
drops of concentrated hydrochloric acid to each 40 mL voa vial.  The purpose of 
the hydrochloric acid is to prevent microbial degradation of target compounds.  If 
the water sample is unpreserved, the holding time may be shortened to seven (7) 
days from the date of collection.  Volatile organic analysis of soil samples 
received in EnCore samplers to be extracted by Method 5035 shall be frozen upon 
receipt and performed within 14 days of collection.  Other types of collection and 
preservation techniques may be required by Method 5035 and should be evaluated 
according to on the specific needs of the client. 


7.3. Obtain an aliquot of the aqueous sample.  Measure and record the pH of each 
aqueous aliquot immediately before analysis.  If the pH of the sample is greater 
than 2, then measure the pH of another vial (if available).  Analyze the vial whose 
pH is less than or equal to 2 (if available).  If the vial used to prepare the sample 
has a pH greater than 2, then note the pH excursion in the case narrative. 


7.4. Samples to be extracted by Method 5030 must be collected in glass containers 
with minimal headspace and stored at 4 ± 2°C.  Samples to be extracted by 
Method 5035 should be collected in EnCore sampling devices and stored at           
-15 ± 5°C. 


7.5. To prevent loss of volatile organic compounds, samples must not be opened until 
the time of analysis.  


8. PROCEDURE 


8.1. Five alternate methods are provided for sample introduction.  All internal 
standards, surrogates, and matrix spikes (when applicable) must be added to 
samples before introduction. 


8.1.1. Direct injection - in very limited application, (e.g., volatiles in waste oil or 
aqueous process wastes) direct injection of aqueous samples or samples 
diluted according to Method 3585 may be appropriate.  Direct injection 
has been used for the analysis of volatiles in waste oil (diluted 1:1 with 
hexadecane) and for determining if the sample is ignitable (aqueous 
injection, Methods 1010 or 1020).  Direct injection is only permitted for 
the determination of volatiles at the toxicity characteristic (TC) regulatory 
limits, at concentrations in excess of 10,000 µg/L, or for water-soluble 
compounds that do not purge. 







PARAGON ANALYTICS, INC. 
SOP 525  REV 5 
PAGE 12 OF 41 


 
 
 


 
CONFIDENTIAL 


8.1.2. Purge-and-trap for aqueous samples according to Method 5030. 


8.1.3. Purge-and-trap for solid samples according to Method 5030. 


8.1.4. Purge-and-trap for dilution of solid samples via methanol extraction 
according to Method 5030. 


8.1.5. Purge-and-trap for solid samples according to Method 5035. 


8.2. Recommended instrument conditions  (typical). 


8.2.1. Purge and trap settings for OI 4560A Purge and Trap Device: 
   purge time = 9-11 minutes 
   desorb temperature = 240 °C. 
   desorb time = at least 1.5 minutes. 
   trap bake = at least  4 minutes at 260 °C 


 


8.2.2. Purge ant trap settings for Tekmar LSC 2000: 
   purge time = 9-11 minutes 
   desorb temperature = 250 °C. 
   desorb time = at least 6 minutes. 
   trap bake = at least 4 minutes at 260 °C. 


 


8.2.3. Recommended GC/MS operating conditions: 
 initial temperature = 60 °C. 
 initial time = 0.1 minute. 
 temperature ramp A = 10 °C/minute  . 
 temperature ramp B = 25 °C/minute. 
 final temperature A = 105 °C. 
 final temperature B = 220 °C. 
 final hold time A = 0 minutes. 
 final hold time B = until all compounds elute. 
 transfer line temperature = 120 °C. 
 injection temperature  = 150 °C 
 energy = 70 eV (nominal). 
 mass range = 35 - 260 amu. 
 scan time = 0.6 - 2 seconds per scan. 
 


8.3. Initial calibration of the instrument. 
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8.3.1. Each GC/MS system must be hardware-tuned to meet the criteria in  Table 
1 for a 5-50ng injection or purging of 4-bromofluorobenzene.  A BFB tune 
is performed prior to analysis to demonstrate the ability of the system to 
separate ions and assign proper ratios to fragments.  Analyses must not 
begin until these criteria are met.  Typically, one microliter (1µL) of a 
50ng/µL solution of BFB is analyzed by direct injection. 


8.3.2. Set up the purge-and-trap system as outlined in Method 5030 or Method 
5035 if purge-and-trap analysis is to be utilized.  A set of at least five 
calibration standards containing the method analytes and surrogates is 
needed.  One calibration standard should contain each analyte at a 
concentration approaching but greater than the method detection limit for 
that compound.  The other calibration standards should contain analytes at 
concentrations that define the range of the method.   


8.3.3. Calibration should be done using the sample introduction technique that 
will be used for samples.  The purging efficiency for 5 mL of water is 
greater than for 25 mL.  Therefore, develop the standard curve with 
whichever volume of sample that will be analyzed. 


8.3.3.1.To prepare a calibration standard for purge-and-trap or aqueous 
direct injection, add an appropriate volume of a secondary dilution 
standard solution to an aliquot of organic-free reagent water in a 
volumetric flask.  Use a microsyringe and rapidly inject the 
alcoholic standard into the expanded area of the filled volumetric 
flask.  Remove the needle as quickly as possible after injection.  
Mix by inverting the flask three times only.  Discard the contents 
contained in the neck of the flask.  Aqueous standards are not 
stable and should be prepared daily.  Transfer 5.0 mL (or 25 mL if 
lower detection limits are required) of each standard to a gas tight 
syringe along with 10µL of internal standard.  Then transfer the 
contents to a purging device or syringe.  Perform purge-and-trap or 
direct injection as outlined in Method 5030. 


8.3.3.2.To prepare a calibration standard for direct injection analysis of oil, 
dilute standards in methanol. 


8.3.4. Tabulate the area response of the characteristic ions (see Table 2) against 
concentration for each compound and each internal standard.  Calculate 
response factors (RF) for-each compound relative to one of the internal 
standards.  The internal standard selected for the calculation of the RF for 
a compound should be the internal standard that has a retention time 
closest to the compound being measured.  The RF is calculated as follows: 
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RF = (Ax CIS)/(AISCx) 


where:  
 Ax = Area of the characteristic ion for the compound being measured. 
 AIS  = Area of the characteristic ion for the specific internal standard. 
 CIS = Concentration of the specific internal standard.   
 Cx = Concentration of the compound being measured.   


8.3.4.1.The average RF must be calculated and recorded for each 
compound using at least five RF values calculated for each 
compound from the initial calibration curve.  A system 
performance check should be made before this calibration curve is 
used.  Five compounds (the System Performance Check 
Compounds, or SPCCs) are checked for a minimum average 
relative response factor.  These compounds are chloromethane; 
1,1-dichloroethane; bromoform; 1,1,2,2-tetrachloroethane; and 
chlorobenzene.  These compounds are used to check compound 
instability and to check for degradation caused by contaminated 
lines or active sites in the system.  Examples of these occurrences 
are: 


8.3.4.2.Chloromethane - This compound is the most likely compound to 
be lost if the purge flow is too fast. 


8.3.4.3.Bromoform - This compound is one of the compounds most likely 
to be purged very poorly if the purge flow is too slow.  Cold spots 
and/or active sites in the transfer lines may adversely affect 
response.  Response of the quantitation ion (m/z 173) is directly 
affected by tuning of BFB at ions m/z 174/176.  Increasing the m/z 
175/176 ratio relative to m/z 95 may improve bromoform response.   


8.3.4.4.Tetrachloroethane and 1,1-dichloroethane - These compounds are 
degraded by contaminated transfer lines in purge-and-trap systems 
and/or active sites in trapping materials. 


 
 
 
 
 


8.3.4.5.The minimum relative response factor for volatile SPCCs are as 
follows: 
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Chloromethane 0.1 
1,1-Dichloroethane 0.1 
Bromoform 0.1 
Chlorobenzene 0.3 
1,1,2,2-Tetrachloroethane 0.3 


 


8.3.5. Using the RFs from the initial calibration, calculate and record the percent 
relative standard deviation (%RSD) for all compounds.  The percent RSD 
is calculated as follows: 


      
    %100% x


RF
SDRSD


X


=  


 
where: 
 
RSD = Relative standard deviation 
RFx = mean of 5 initial RFs for a compound 
SD = Standard deviation of the 5 initial RFs for a compound 
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where:  
Rfi = RF for each of the 5 calibration levels  
n = number of RF values (i.e., 5) 
 
The percent relative standard deviation should be less than 15% for 
each compound.  However, the %RSD for each individual 
Calibration Check Compound (CCC) must be less than 30%.  The 
CCCs are: 


1,1-Dichloroethene, 
Chloroform, 
1,2-Dichloropropane, 
Toluene, 
Ethylbenzene, and 
Vinyl chloride. 


8.3.6.  If the %RSD of any compound is greater than 30 percent is measured for 
any CCC, then corrective action to eliminate a system leak and/or column 
reactive sites is required before attempting another calibration. 
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8.3.7. Linearity - If the %RSD of any compound is 15% or less, then the  relative   
response   factor   is  assumed  to   be  constant   over  the calibration 
range, and the average relative response factor may be used for 
quantitation. 


8.3.8. If the %RSD of any compound is greater than 15%, a calibration curve of 
area ratio (A/Ais) versus concentration ratio(C/Cis) using first or higher 
order regression fit of the five or more calibration points may be 
constructed.  The analyst should select the regression order that introduces 
the least calibration error into the quantitation.  The use of calibration 
curves is a recommended alternative to average response factor calibration 
and a useful diagnostic of standard preparation accuracy and absorption 
activity in the chromatographic system. 


8.3.9. In those instances where the RSD for one or more analytes exceeds 15%, 
the use of the average response factor for the initial calibration may still be 
acceptable if the mean of the RSD values for all analtyes in the calibration 
is ≤ 15%.   


8.3.10. These curves are verified each shift by purging a continuing calibration 
standard.  Recalibration is required only if calibration and on-going 
performance criteria cannot be met. 


 


8.4. GC/MS calibration verification  (performed at the beginning of each 12 hour 
sequence) 


8.4.1. Prior to the analysis of samples, inject or purge 5-50 ng of the                    
4-bromofluorobenzene standard following Method 5030 or Method 5035.  
The resultant mass spectra for the BFB must meet all of the criteria given 
in Table 1 before sample analysis begins.  These criteria must be 
demonstrated each 12-hour shift. 


8.4.2. The initial calibration curve for each compound of interest must be 
checked and verified once every 12 hours during analysis with the 
introduction technique used for samples.  This is accomplished by 
analyzing a calibration standard that is at a concentration near the midpoint 
concentration for the working range of the GC/MS by checking the SPCC 
and CCC. 


8.4.3. System Performance Check Compounds ( SPCCs ) - A system 
performance check must be made each 12 hours.  If the SPCC criteria are 
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met, a comparison of relative response factors is made for all compounds.  
This is the same check that is applied during the initial calibration.  If the 
minimum relative response factors are not met, the system must be 
evaluated, and corrective action must be taken before sample analysis 
begins.  Some possible problems are standard mixture degradation, 
injection port inlet contamination, contamination at the front end of the 
analytical column, and active sites in the column or chromatographic 
system. 


8.4.4. Calibration Check Compounds (CCCs) - After the system performance 
check is met, the CCCs listed are used to check the validity of the initial 
calibration.  Calculate the percent difference using the following equation: 


    
% Difference  =  (RF - RF1)/RF x 100 
where: 
 
RF1 = Calibration Check Compound standard response factor. 
RF  =   Average response factor. 
 
 If the percent difference for each CCC is less than 20%, the 


initial calibration is assumed to be valid.  If the criterion is 
not met (> 20% difference), for any one CCC, corrective 
action must be taken.  Problems similar to those listed 
under SPCCs could affect this criterion.  If the source of the 
problem can not be determined after corrective action has 
been taken, a new multi-point calibration must be 
generated.  This criterion MUST be met before quantitative 
sample analysis begins.  If the CCCs are not required 
analytes for all of the samples analyzed on one 12h shift, 
then all required analytes must meet the 20% drift criterion. 


8.4.5. The internal standard responses and retention times in the check 
calibration standard must be evaluated immediately after or during data 
acquisition.  If the retention time for any internal standard changes by 
more than 30 seconds from that in the mid-point standard level of the most 
recent initial calibration sequence, the chromatographic system must be 
inspected for malfunctions and corrections, must be made as required.  If 
the EICP area for any of the internal standards changes by a factor of two 
(-50% to +100%) from that in the mid-point standard level of the most 
recent initial calibration sequence, the mass spectrometer must inspected 
for malfunctions and corrections must be made, as appropriate.  When 
corrections are made, reanalysis of samples analyzed while the system was 
malfunctioning is necessary. 
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8.5. GC/MS analysis. 


8.5.1. BFB tuning criteria and GC/MS calibration verification criteria must be 
met before analyzing samples.All samples and standard solutions must be 
allowed to warm to ambient temperature before analysis.  Set up the 
purge-and-trap system as outlined in Method 5030 or Method 5035 if 
purge-and-trap introduction will be used. 


8.5.2. All samples and standard solutions must be allowed to warm to ambient 
temperature before analysis.  Set up the purge-and-trap system as outlined 
in Method 5030 or Method 5035 if purge-and-trap introduction will be 
used. 


8.5.3. Purge vessel temperature. 


8.5.3.1.For soil analysis, the initial calibration curve, all continuing 
calibration standards, and all field and quality control samples shall 
be heated to 40 °C during the purge. 


8.5.3.2.For aqueous analysis a heated purge is not required.  The same 
purge conditions used for soil analysis may be used for aqueous 
analysis, however, if the initial calibration curve, all continuing 
calibration standards, and all field and quality control samples are 
heated to 40 °C during the purge. 


8.5.3.3.It is recommended that purge volumes of 25 ml should not use a 
heated purge due to the amount of water vapor that may be 
introduced into the purge and trap system.  The initial calibration 
curve, all continuing calibration standards, and all field and quality 
control samples should be left at ambient temperature during the 
purge. 


8.5.4. Aqueous analysis. 


8.5.4.1.The process of taking an aliquot destroys the validity of aqueous 
samples for future analysis; therefore, if there is only one VOA 
vial, the analyst should prepare a second aliquot for analysis at this 
time to protect against possible loss of sample integrity.  This 
second sample is maintained only until such time when the analyst 
has determined that the first sample has been analyzed properly.  
For aqueous samples, filling one 20 mL syringe would require the 
use of only one syringe. If a second analysis is needed from a 
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syringe, it must be analyzed within 24 hours.  Care must be taken 
to prevent air from leaking into the syringe. 


8.5.4.2.Remove the plunger from a 5 mL syringe.  If lower detection limits 
are required, use a 25 mL syringe.  Open the sample or standard 
bottle, which has been allowed to come to ambient temperature, 
and carefully pour the sample into the syringe barrel to just short of 
overflowing.  Replace the syringe plunger and compress the sample 
and vent any residual air while adjusting the sample volume to 5.0 
mL. 


8.5.4.3.Add 5 µL of surrogate and internal standard to each sample.  The 
surrogate and internal standards may be mixed and added as a 
single spiking solution.  The addition of 5 µL of the surrogate and 
internal standard spiking solution to 5 mL of sample is equivalent 
to a concentration of 50 µg/L of each standard. 


8.5.4.4.For matrix spike analysis, add 4 µL of the matrix spike solution to 
the 5 mL of sample to be purged.  Disregarding any dilutions, this 
is equivalent to a concentration of 20 µg/L of each matrix spike 
standard. 


8.5.4.5.The sample is placed in a sparge tube on the autosampler. Proceed 
with purge-and-trap analysis by Method 5030.  If the initial 
analysis of sample or a dilution of the sample has a concentration 
of analytes that exceeds the initial calibration range of the 
instrument, the sample must be reanalyzed at a higher dilution.  
Secondary ion quantitation is allowed only when there are sample 
interferences with the primary ion.  When a sample is analyzed that 
has saturated ions from a compound, this analysis must be 
followed by a blank organic-free reagent water analysis.  If the 
blank analysis is not free of interferences, the system must be 
decontaminated.  Sample analysis may not resume until the blank 
analysis is demonstrated to be free of interferences.  See section 4 
of this SOP for further details. 


8.5.4.6.The following procedure is appropriate for diluting aqueous 
purgeable samples.  All steps must be performed without delays 
until the diluted sample is in a gas-tight syringe. All dilutions 
should keep the response of the major constituents (previously 
saturated peaks) in the upper half of the linear range of the curve. 
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8.5.4.6.1.Sample dilution is based on analyte concentration, 
unknown compound concentration, or the presence of 
surfactants (foaming samples). 


8.5.4.6.2.Dilutions may be made in volumetric flasks (10 to 100 
mL).  Select the volumetric flask that will allow for the 
necessary dilution.  Intermediate dilutions may be necessary 
for extremely large dilutions. 


8.5.4.6.3.Calculate the approximate volume of organic-free reagent 
water to be added to the volumetric flask selected and add 
slightly less than this quantity of organic-free reagent water 
to the flask.   


8.5.4.6.4.Inject the proper aliquot of sample from the syringe into 
the flask.  Aliquots of less than 1 mL are not recommended.  
Dilute the sample to the mark with organic-free reagent 
water.  Cap the flask, invert, and shake three times.  Repeat 
above procedure for additional dilutions. 


8.5.4.6.5.Fill a 5 mL syringe with the diluted sample. 


8.5.4.7.Compositing aqueous samples prior to GC/MS analysis 


8.5.4.7.1.Add 5 mL or equal larger amounts of each sample (up to 
5 samples are allowed) to a 25 mL glass syringe.  Special 
precautions must be made to maintain zero headspace in the 
syringe. 


8.5.4.7.2.The samples must be cooled at 4 °C during this step to 
minimize volatilization losses. 


8.5.4.7.3.Mix well and draw out a 5 mL aliquot for analysis. 


8.5.4.7.4.Follow sample introduction, purging, and desorption 
steps described in Method 5030. 


8.5.4.7.5.If less than five samples are used for compositing, a 
proportionately smaller syringe may be used unless a 25 mL 
sample is to be purged. 
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8.5.4.8.Add 5 µL of surrogate and internal standard to each sample.  The 
surrogate and internal standards may be mixed and added as a 
single spiking solution.  The addition of 5 µL of the surrogate 
spiking solution to 5 mL of sample is equivalent to a concentration 
of 50 µg/L of each surrogate standard. 


8.5.5. Soil Samples by Method 5030. 


8.5.5.1.Homogenize the sample well, taking care to minimize the loss of 
volatile constituents. 


8.5.5.2.Weigh five grams of soil into a 5 mL sparge tube.  The sample is 
placed on the autosampler. 


8.5.5.3.Add 5 uL of internal standard and surrogate solution to 5 mL of 
reagent water.  Inject the reagent water containing the internal 
standard and surrogate into the sparge vessel with the soil aliquot. 
For matrix spike analysis, include 4 µL of the matrix spike solution 
with the 5 mL of reagent water. 


8.5.5.4.The following procedure is appropriate for diluting soil purgeable 
samples.  All dilutions should keep the response of the major 
constituents (previously saturated peaks) in the upper half of the 
linear range of the curve. 


8.5.5.4.1.Soil sample dilution is based on analyte concentration or 
unknown compound concentration. 


8.5.5.4.2.Soil dilutions are made by weighing an aliquot of less 
than 5 grams into the sparge vessel.  No less than 0.5 g of 
soil should be purged.  For reporting purposes a nominal 
amount of 5 grams will be considered the purge amount, 
and amounts less than this will be treated as dilutions.  If a 
dilution greater than can be obtained by 0.5 g of soil is 
required, a medium level extraction must be preformed. 


 


8.5.6. Medium Level Soil Samples (Methanol-Extraction).  
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8.5.6.1.Methanolic extraction/analysis is used for high concentration solid 
samples requiring dilutions greater than that which can be soundly 
achieved using smaller sample volume or for samples which are 
difficult to homogenize. 


8.5.6.2.Homogenize the sample well, taking care to minimize the loss of 
volatile constituents.   


8.5.6.3.Weigh 4.0 g (± 0.01 g) of the sample into a labeled, tared 20 mL 
vial.  Clean the outer lip of the vial with a Kim-Wipe before 
obtaining the final weight.  


8.5.6.4.Add 10 mL MeOH, cap and shake vigorously for 2 minutes.  
Allow solid and MeOH to separate for at least 10 minutes.  Note:  
alternate soil weights and MeOH volumes may be used depending 
upon the level of sample dilution required.  Enough MeOH must 
be added to the vial to completely cover the soil sample. 


8.5.6.5.Calculate the volume of the MeOH extract that when brought to a 
final volume of 5 mL in water will bring the dilution concentration 
into the upper half of the instrument calibration (factor in any 
dilution that may have been made by the initial extraction of the 
sample with MeOH).  A maximum of 100 µL of extract may be 
used.  The dilution is prepared in the syringe used to transfer the 
sample to the purge tube.  Proceed with the analysis as listed for 
aqueous samples above (section 8.4.9). 


8.5.6.6.A medium level blank consisting of 100 uL of methanol and 5 mL 
of water is to be analyzed before the sample extract, to ensure no 
methanol contamination. 


8.5.6.7.An extraction of 4.0 g of sample with 10 mL of methanol, followed 
by analysis of 100 µL of the extract in 5.0 mL of water would 
constitute a 125-fold dilution.  


8.5.7. Soil Samples by Method 5035. 


8.5.7.1.Add the contents of an EnCore soil sampler into a 40 mL voa vial 
containing a magnetic stir bar.  The sample is placed on the 
autosampler. 
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8.5.7.2.Add 5 uL of surrogate solution to5 mL of reagent water.  Inject the 
reagent water containing the surrogate into the voa vial with the 
soil aliquot.  For matrix spike analysis, include 4 µL of the matrix 
spike solution with the 5 mL of reagent water. 


8.5.7.3.Place the voa vial in the Archon autosampler which will 
automatically inject 1 uL of internal standard prior to purging.  The 
auto sampler will stir the contents of the voa vial during the purge 
process. 


8.5.7.4.Soil dilutions are made by weighing an aliquot of less than 5 grams 
from the Encore into the voa vial.  No less than 0.5 g of soil should 
be purged.  For reporting purposes a nominal amout of 5 grams 
will be considered the purge amount, and amounts less than this 
will be treated as dilutions.  If a dilution greater than can be 
obtained by 0.5 g of soil is required, a medium level extraction 
must be preformed by extracting the contents of the EnCore as 
described in the medium level extraction procedure above. 


8.6. Data interpretation. 


8.6.1. Qualitative analysis. 


8.6.1.1.The qualitative identification of compounds determined by this 
method is based on retention time, and on comparison of the 
sample mass spectrum, after background correction, with 
characteristic ions in a reference mass spectrum.  The reference 
mass spectrum must be generated by the laboratory using the 
conditions of this method.  The characteristic ions from the 
reference mass spectrum are defined to be the three ions of greatest 
relative intensity, or any ions over 30% relative intensity if less 
than three such ions occur in the reference spectrum.  Compounds 
should be identified as present when the criteria below are met. 


8.6.1.1.1.The intensities of the characteristic ions of a compound 
maximize in the same scan or within one scan of each 
other.  Selection of a peak by a data system target 
compound search routine where the search is based on the 
presence of a target chromatographic peak containing ions 
specific for the target compound at a compound-specific 
retention time will be accepted as meeting this criterion. 
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8.6.1.1.2.The RRT of the sample component is within ± 0.06 RRT 
units of the RRT of the standard component. 


8.6.1.1.3.The relative intensities of the characteristic ions agree 
within 30% of the relative intensities of these ions in the 
reference spectrum.  (Example:  For an ion with an 
abundance of 50% in the reference spectrum, the 
corresponding abundance in a sample spectrum can range 
between 20% and 80%.)   


8.6.1.1.4.Structural isomers that produce very similar mass spectra 
should be identified as individual isomers if they have 
sufficiently different GC retention times.  Sufficient GC 
resolution is achieved if the height of the valley between 
two isomer peaks is less than 25% of the sum of the two 
peak heights.  Otherwise, structural isomers are identified 
as isomeric pairs.   


8.6.1.1.5.Identification is hampered when sample components are 
not resolved chromatographically and produce mass spectra 
containing ions contributed by more than one analyte.  
When gas chromatographic peaks obviously represent more 
than one sample component (i.e., a broadened peak with 
shoulders or a valley between two or more maxima), 
appropriate selection of analyte spectra and background 
spectra is important.   


8.6.1.1.6.Examination of extracted ion current profiles of 
appropriate ions can aid in the selection of spectra, and in 
qualitative identification of compounds.  When analytes 
coelute (i.e., only one chromatographic peak is apparent), 
the identification criteria can be met, but each analyte 
spectrum will contain extraneous ions contributed by the 
coeluting compound. 


8.6.1.2.For samples containing components not associated with the 
calibration standards, a library search may be made for the purpose 
of tentative identification.  The necessity to perform this type of 
identification will be determined by the type of analyses being 
conducted.  Guidelines for making tentative identification are: 
(1) Relative intensities of major ions in the 


reference spectrum (ions > 10% of the most 
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abundant ion) should be present in the 
sample spectrum. 


(2) The relative intensities of the major ions 
should agree within + 20%. (Example: For 
an ion with an abundance of 50% in the 
standard spectrum, the corresponding 
sample ion abundance must be between 30 
and 70%). 


(3) Molecular ions present in the reference 
spectrum should be present in the sample 
spectrum. 


(4) Ions present in the sample spectrum but not 
in the reference spectrum should be 
reviewed for possible background 
contamination or presence of coeluting 
compounds. 


 (5) Ions present in the reference spectrum but 
not in the sample spectrum should be 
reviewed for possible subtraction from the 
sample spectrum because of  background 
contamination or coeluting peaks.  Data 
system library reduction programs can 
sometimes create these discrepancies. 


 
Computer generated library search routines should 
not use normalization routines that would 
misrepresent the library or unknown spectra when 
compared to each other.  Only after visual 
comparison of sample with the nearest library 
searches will the mass spectral interpretation 
specialist assign a tentative identification.  


8.6.2. Quantitative analysis. 


8.6.2.1.When a compound has been identified the quantitation of that 
compound will be based on the integrated abundance from the 
EICP of the primary characteristic ion.  Quantitation will take place 
using the internal standard technique.  The internal standard used 
shall be the one nearest the retention time of that of a given 
analyte. 
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8.6.2.2.When MS response is linear and passes through the origin, 
calculate the concentration of each identified analyte in the sample 
as follows: 
Water: 


 


 Concentration g L
A I


A RF V
x s


IS o


( / )
( )( )


( )( )( )
µ =   


 
where: 
 Ax = Area of characteristic ion for compound being measured.   
 Is  =  Amount of internal standard injected (ng). 
 AIS = Area of characteristic ion for the internal standard.  
 RF  = Mean relative response factor for compound being measured.   
 Vo = Volume of water purged (mL), taking into consideration any   


 dilutions made.   
 
Sediment/Soil Sludge (on a dry-weight basis) and Waste 
(normally on a wet-weight basis): 
 


Concentration g kg
A I V


A RF V W D
x s t


is i s


( / )
( )( ) )


( )( )( )( )( )
µ =  
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where: 
Ax, Is, Ais, RF  = Same as for water.  
Vt    = Volume of total extract (µL)                                             


       (Use 10,000 µL or a factor of this when dilutions are   
        made).  


Vi    = Volume of extract added (µL) for purging.   
WS    = Weight of sample extracted or purged (g).   
D    =  % dry weight of sample/100, or 1 for a wet-weight      


        basis.   


8.6.2.3.Where requested by the client,  an estimate of concentration for 
noncalibrated components in the sample may be made.  The 
formulae given above should be used with the following 
modifications: The areas Ax and AIS should be from the total ion 
chromatograms, and the RF for the compound should be assumed 
to be 1. The concentration obtained should be reported indicating 
(1) that the value is an estimate and (2) which internal standard was 
used to determine concentration.  Use the nearest internal standard 
free of interferences.   


8.6.2.4.Alternatively, the regression line fitted to the initial calibration may 
be used for determination of analyte concentration. 


9. QUALITY CONTROL 


9.1. Instrument criteria 


9.1.1. The GC/MS system must be tuned to meet the BFB specifications. 


9.1.2. There must be an initial calibration of the GC/MS system. 


9.1.3. The GC/MS system must meet the SPCC criteria and the CCC criteria, 
each 12 hours. 


9.2. Surrogate recovery is monitored to assess method performance the particular 
matrix.  Surrogates are added to all samples and blanks prior to analysis. 
Surrogates are added to all initial and continuing calibration standards.  For 
aqueous and soil matrices, laboratory established surrogate control limits should 
be compared with the control limits listed in Table 3. 


9.2.1. If recovery is not within limits, the following procedures are required. 
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9.2.1.1.Check to be sure that there are no errors in the calculations, 
surrogate solutions or internal standards.  If errors are found, 
recalculate the data accordingly. 


9.2.1.2.Check instrument performance.  If an instrument performance 
problem is identified, correct the problem and re-analyze the 
extract. 


9.2.1.3.If no problem is found, re-extract and re-analyze the sample. 


9.2.1.4.If, upon re-analysis, the recovery is again not within limits, then 
narrate the surrogate discrepancy and submit both sets of data.   


9.2.2. At a minimum, the laboratory should evaluate surrogate recovery limits on 
a matrix-by-matrix basis, annually. 


9.3. BLANK ANALYSIS 


9.3.1. To verify that system interferences are minimized, a reagent blank must be 
analyzed for each 12-hour BFB tune and per batch of 20 or fewer field 
samples.  Target compounds may not be detected above the reporting 
limit.  Common laboratory contaminants, such as acetone, 2-
butanone and methylene chloride, are allowed at levels as high as 
five times the reporting limit.  This laboratory contamination must be 
reported in the case narrative and should be considered a warning for 
laboratory contamination. 


9.3.2. If the method blanks contains target compounds above the reporting limits, 
then the analytical system is considered out of control. Sample analysis 
may not continue until a clean method blank has been acquired. Document 
the situation and its resolution on a corrective action form (NCR). 


9.4. MATRIX SPIKE SAMPLES 


9.4.1. A matrix spike (MS) and matrix spike duplicate (MSD) sample are 
analyzed to evaluate the effect of the matrix.  The frequency of the 
MS/MSD shall be one pair per batch of 20 field samples. 
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10. DEVIATIONS FROM METHOD 


10.1. This SOP meets the requirements of Method 8260B.  There are no known 
deviations from the method. 


10.2. EPA METHOD 624 


10.2.1. The items contained in this Section list differences between Method 
8260B and Method 624.  The issues in this section supersede any 
contradictory requirements set forth in the remainder of this SOP. 


10.2.2. Suggested internal standards and surrogates are listed in Method 624, 
Table 3.  Paragon uses the same internal standards and surrogates for 
Methods 8260B and 624 (internal standards: pentafluorobenzene, 1,4-
difluorobenzene, chlorobenzene-d5, and 1,4-dichlorobenzene-d4; 
surrogates:    toluene-d8, 4-bromofluorobenzene, 1,2-dichloroethane-d4, 
and dibromofluoromethane).  Two of each of the internal standards and 
surrogate standard listed above are included in the table of suggested 
compounds in Method 624. 


10.2.3.  Method 624 states that surrogate standard concentration should be 30 
ug/L in samples, blanks, and spikes.  Paragon will use a surrogate standard 
concentration of 50 ug/L. 


10.2.4.  Method 624 states specific chromatographic columns and conditions, 
adsorbent trap, purge and trap conditions, and mass spectrometer 
conditions (i.e.- specific purge time, use of a packed column, and scanning 
conditions tailored for packed column use) be used in the execution of the 
method. Some of these materials, apparatus, and conditions have been 
eclipsed by the technology listed in this SOP.  Section 8.1.2. of Method 
624 also states that technological advances are recognized and allowed for 
use provided the precision and accuracy requirements put forth by the 
method can be achieved (Section 10.2.10. of this SOP). 


10.2.5. Initial Calibration - Method 624 requires at least three points in the initial 
curve. Paragon will quantitate from a 5-7 point curve to meet compliance 
requirements for 8260B.  This approach also meets compliance 
requirements for Method 624, as more than three points are used to 
calibrate.  
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10.2.6. Method 624 states that if the %RSD of the average response factor is less 
than 35%, then an average response factor may be used.  Otherwise, 
construct a linear curve with a correlation coefficient less that 0.995. 


10.2.7. Method 624 specifies that the BFB tune period is 24 hours.  Method 
8260B specifies BFB be passed every 12 hours. 


10.2.8. Method 624 states that a continuing calibration verification (CCV) must 
be performed every working day (every 24 hours) rather than every 12 
hours.  Also, the results of the CCV must meet the requirements set forth 
by Table 5 in the EPA Method 624. Any compounds without limits in this 
table must have their recovery reported, but corrective actions are not 
required.   


10.2.9. Method 624 states that a matrix spike (MS) and laboratory control spike 
(LCS) must be performed on every 20 samples.  The native sample only 
needs to be spiked once; a matrix spike duplicate (MSD) sample is not 
required.  Also, all matrix spikes and blank spikes must contain every 
analyte of interest and be from a standard source independent of the 
calibration standard.  


10.2.10.Method 624 states that a set of 4 QC Check samples must be analyzed by 
an analyst before any samples are processed to demonstrate the ability to 
perform the method.  The concentrations of each compound must be 20 
ug/L  The results must fall within the acceptance criteria specified in Table 
5 of EPA Method 624.  


10.2.11.Method 624 states that the matrix spikes and blank spikes must meet the 
acceptance criteria listed in the Table 5 copied directly from the Method.  
Note that not all compounds have acceptance limits in this table.  For these 
compounds, the recovery must be reported; however, corrective actions 
based on those results are not required. 


10.3. DEVIATIONS FROM EPA METHOD 624  


10.3.1. Because samples from several sites are usually batched together, only one 
spiking level is used for each compound.  It is impractical to match each 
compound’s spike amount with the amount of the compound in the 
samples chosen for spiking and also matching the spike amount to the 
appropriate regulatory level for each compound.  This difference must be 
stated in the Case Narrative that accompanies each batch of samples. 
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11. SAFETY HAZARDS AND WASTE 


11.1. LABORATORY SAFETY AND HAZARDS 


11.1.1. Environmental samples may contain unknown hazards. Personal protective 
equipment must be worn at all times.  Personal protective equipment shall 
consist of safety glasses, labcoat, and gloves.  Please consult the MSDS or 
the Health and Safety Coordinator for more information. 


11.2. WASTE DISPOSAL 


11.2.1. The aqueous phase of the purge and trap waste shall be disposed on in the 
aqueous lab waste stream.  A satellite waste collection  vessel may be 
obtained from the Waste Disposal Coordinator.  The solid  phase of the 
purge and trap waste shall be disposed of in the contaminates soils and 
solids waste stream.  A satellite waste collection vessel(s) may be obtained 
from the Waste Disposal Coordinator. 


12. REFERENCES 


12.1. Methods for the Determination of Organic Compounds in Finished Drinking 
Water and Raw Source Water Method 524.2; US Environmental Protection 
Agency.  Office of Research Development, Environmental Monitoring and 
Support Laboratory, Cincinnati, OH 1986. 


12.2. 40 CFR, Part 136, Appendix A, 7-1-86 Edition; Method 624. 


12.3. Test Methods for Evaluating Solid Waste Physical/Chemical Methods, SW-846, 
Third Edition, Method 8260B, Volatile Organic Compounds by Gas 
Chromatography/Mass Spectrometry, Revision 2, December 1996.  







PARAGON ANALYTICS, INC. 
SOP 525  REV 5 
PAGE 33 OF 41 


 
 
 


 
CONFIDENTIAL 


TABLE 1  
 


BFB MASS INTENSITY SPECIFICATIONS (4-BROMOFLUOROBENZENE)* 
 


MASS INTENSITY REQUIRED (relative abundance) 
50 15 to 40% of mass 95 
75 30 to 60% of mass 95 
95 base peak,  100% relative abundance 
96 5 to 9% of mass 95 
173 less than 2% of mass 174 
174 greater than 50% of mass 95 
175 5 to 9% of mass 174 
176 greater than 95% but less than 101% of mass 174 
177 5 to 9% of mass 176 


 
* Alternate tuning criteria may be used (e.g. CLP, Method 524.2, or manufacturers’ instructions), 
provided that method performance is not adversely affected. 
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TABLE 2 
 


CHARACTERISTIC MASSES (M/Z) FOR PURGEABLE ORGANIC COMPOUNDS 
 


 
TARGET ANALYTE 


PRIMARY  
CHARACTERISTIC 


ION(S) 


SECONDARY 
CHARACTERISTIC 


ION(S) 
Acetone 43 58 
Acrolein 56 55, 58 
Acrylonitrile 53 52, 51 
Benzene 78 52, 77 
Bromobenzene 77 156, 158 
Bromochloromethane 49 128, 130 
Bromodichloromethane 83 85, 127 
Bromoform 173 175, 254 
Bromomethane 94 96 
2-Butanone 43 72 
n-Butylbenzene 91 92, 134 
sec-Butylbenzene 105 134 
tert-Butylenzene 119 91, 134 
Carbon disulfide 76 78 
Carbon tetrachloride 117 119 
Chlorobenzene 112 77, 114 
Chloroethane 64 66 
2-Chloroethyl vinyl ether 63 65, 106 
Chloroform 83 85 
1-Chlorohexane  91 55, 93 
Chloromethane 50 52 
2-Chlorotoluene 91 126 
4-Chlorotoluene 91 126 
1,2-Dibromo-3-chloropropane 75 155, 157 
Dibromochloromethane 127 129 
1,2-Dibromomethane 107 109, 188 
Dibromomethane 93 95, 174 
1,2-Dichlorobenzene 146 111, 148 
1,3-Dichlorobenzene 146 111, 148 
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TARGET ANALYTE 


PRIMARY  
CHARACTERISTIC 


ION(S) 


SECONDARY 
CHARACTERISTIC 


ION(S) 
1,4-Dichlorobenzene 146 111, 148 
Dichlorodifluoromethane 85 87 
1,1-Dichloroethane 63 65, 83 
1,2-Dichloroethane 62 98 
1,1-Dichloroethene 61 53, 96 
cis-1,2-Dichloroethene 61 96, 98 
trans-1,2-Dichloroethene 61 96, 98 
1,2-Dichloropropane 63 112 
1,3-Dichloropropane 76 78 
2,2-Dichloropropane 77 97 
1,1-Dichloropropene 75 110, 77 
cis-1,3-Dichloropropene 75 77, 39 
trans-1,3-Dichloropropene 75 77, 39 
Ethylbenzene 91 106 
Hexachlobutadiene 225 223, 227 
2-Hexanone 43 58, 57, 100 
Iodomethane 142 127, 141 
Isopropylbenzene 105 120 
p-Isopropyltoluene 119 134, 91 
Methyl-t-butyl ether 73 57 
Methylene chloride 49 86, 84 
4-Methyl-2-pentanone 43 58, 85, 100 
Naphthalene 128  
n-Propylbenzene 91 120 
Styrene 104 78 
1,2,3-Trichlorobenzene 180 182, 145 
1,2,4-Trichlorobenzene 180 182, 145 
1,1,1,2-Tetrachlorobenzene 131 133, 119 
1,1,2,2-Tetrachloroethane 83 131, 85 
Tetrachloroethene 166 129, 131, 164 
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TARGET ANALYTE 


PRIMARY  
CHARACTERISTIC 


ION(S) 


SECONDARY 
CHARACTERISTIC 


ION(S) 
Toluene 91 92 
1,1,1-Trichloroethane 97 99, 61 
1,1,2-Trichloroethane 97 83, 85 
Trichloroethane 95 97, 130, 132 
Trichlorofluoromethane 101 151, 153 
1,2,3-Trichloropropane 75 77 
Trichlorotriflouroethane 101 103, 151, 153 
1,2,4-Trimethylbenzene 105 120 
1,3,5-Trimethylbenzene 105 120 
Vinyl acetate 43 86 
Vinyl chloride 62 64 
o-Xylene 91 106 
m-Xylene 91 106 
p-Xylene 91 106 
 
 
 
INTERNAL STANDARDS (IS) / 
SURROGATES (SS) 


  


1,4-Difluorobenzene     IS 114  
Chlorobenzene-d5      IS 117  
1,4-Dichlorobenzene-d4     IS 152 115,150 
Pentafluorobenzene      IS 168  
Dibromofluorobenzene       SS 113  
Toluene-d8     SS 98  
1,2-dichloroethane-d4     SS 65  
4-Bromofluorobenzene     SS 95 174, 176 
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TABLE 3 


 
SURROGATE SPIKE RECOVERY LIMITS FOR WATER AND SOIL/SEDIMENT 


SAMPLES -- LIMITS FROM METHOD 8260B 
 
 Appropriate Technique 
SURROGATE COMPOUND Low/High Water Low/High Soil/Sediment 
4-Bromofluorobenzenea         86-115 74-121 
Dibromofluoromethanea      86-118 80-120 
Toluene-d8     88-110 81-117 
1,2-Dichloroethane-d4          80-120 80-120 
 
a Single laboratory data, for guidance only 
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Analytical 
Method: 
SW8260B 


Parameter: 
Volatile Organic Compounds 


TABLE 4.  Volatiles 
 


Summary of Internal Quality 
Control (QC) Procedures and 


Corrective Action 
QC Check Frequency Acceptance Criteria Corrective Action 


Tuning Criteria Every 12 hour period BFB breakdown • Retune.  Do not proceed with 
analysis until tune meets criteria.


Initial 
Calibration 
 


When CCCs and 
SPCCs in the daily 
calibration do not 
meet criteria 
 
(mid-point required 
for quantitation of all 
samples analyzed 
during the 12 hour 
sequence) 


CCC:  ±30% RSD; 
non-CCC: ±15% RSD; 
 
SPCC:  
Chloromethane ≥0.10 RF,
1,1DCA ≥=0.10 
Bromoform ≥ 0.10 
Chlorobenzene ≥=0.30  
1,1,22-tetrachloroethane 
≥=0.30  


• for CCC and SPCC, reanalyze 
the initial calibration curve 
and/or evaluate/correct 
instrument malfunction to obtain 
curve which meets criteria.   
 


Daily Calibration 
(mid-point) 


Every 12 hour period 
following tune  
 
(required for 
quantitating all 
samples analyzed 
during the 12 hour 
sequence) 


CCC:     ±20 % D; 
SPCC:  same 


requirements 
as initial 
calibration. 


internal standard retention 
times <30 
seconds drift 
from mid-point 
in most recent 
i-cal. 


internal standard areas -
50-+100% of 
corresponding 
internal 
standard areas 
in the mid-
point of the 
most recent 
calibration. 


 
 


• Reanalyze the daily standard.  
If still out, evaluate/correct 
instrument malfunction as 
needed; initiate a new 
calibration curve.  
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Analytical 
Method: 
SW8260B 


Parameter: 
Volatile Organic Compounds 


TABLE 4.  Volatiles 
 


Summary of Internal Quality 
Control (QC) Procedures and 


Corrective Action 
QC Check Frequency Acceptance Criteria Corrective Action 


Method Blank Every 12 hour period 
After each calibration 
and 1 per batch of  
samples, not to exceed 
20 samples of a given 
matrix. 


< RL for all target 
compounds, except 
common laboratory 
contaminants (methylene 
chloride, acetone, 2-
butanone) 


• reanalyze to determine if 
instrument contamination was 
the cause.  If the method blank is 
still non-compliant, correct the 
problem before analysis of 
samples. 


Matrix Spike 
(MS) 


1 per batch of 
samples, not to exceed 
20 samples of a given 
matrix. 


See Laboratory Limits:  
The recoveries for the 
spiked compounds should 
be within advisory limits. 


• if non-compliant, check 
calculations and spike 
preparation for documentable 
errors. 
 
• if no errors are found, and the 
associated blank spike is within 
control limits, then sample 
matrix effects are the most likely 
cause. 


Matrix Spike 
Duplicate (MSD) 
or Duplicate 


1 per batch of 
samples, not to exceed 
20 samples of a given 
matrix. 


See Laboratory Limits:  
See Matrix Spike for 
recoveries.   
RPD's should be within 
advisory limits. 


• if non-compliant, check 
calculations for documentable 
errors. 
 
• check unspiked sample results 
and surrogate recoveries for 
indications of matrix effects. 


   • if significant differences 
(>15%) exist between the MS 
and MSD (or between 
duplicates) reanalysis of the 
sample and spikes may be 
necessary. 
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Analytical 
Method: 
SW8260B 


Parameter: 
Volatile Organic Compounds 


TABLE 4.  Volatiles 
 


Summary of Internal Quality 
Control (QC) Procedures and 


Corrective Action 
QC Check Frequency Acceptance Criteria Corrective Action 


Blank Spikes 
(BS) 


1 for each MS/MSD 
outside control limits 


See Laboratory Limits:  
The recoveries for the 
spiked compounds should 
be within advisory limits. 


• if non-compliant, check 
calculations and spike 
preparation for documentable 
errors. 
 
• if no errors are found, then 
reanalyze the blank spike to 
determine if instrumental 
conditions or analytical 
preparation was the cause.  
Notify the Supervisor and 
initiate corrective action (NCR).  
 
• reanalyze associated samples, 
if appropriate. 


Surrogate Spikes Every sample See Laboratory Limits:  
The recoveries for the 
spiked compounds should 
be within advisory limits. 


• if non-compliant, check 
calculations and spike 
preparation for documentable 
errors. 
 
• reanalyze sample once (re-
analysis requirements may be 
fulfilled by existing multiple 
analyses, e.g., MS, MSD, REP, 
sample dilutions).  If still out, 
report results and note in 
narrative. 


Internal Standard 
(IS)  


Every sample, 
standard and blank 


Average area within 
-50% to +100% window 
of corresponding daily 
calibration verification 
standard area. 


• inspect instrument for 
malfunction; correct identified 
malfunctions, then reanalyze 
samples.   
 
• if no instrument malfunction 
identified and CLP QC, 
reanalyze 


     - if out-of-limit areas are 
explained by the sample matrix, 
reanalysis will not be required 
(e.g., high hydrocarbon content 
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CONFIDENTIAL 


Analytical 
Method: 
SW8260B 


Parameter: 
Volatile Organic Compounds 


TABLE 4.  Volatiles 
 


Summary of Internal Quality 
Control (QC) Procedures and 


Corrective Action 
QC Check Frequency Acceptance Criteria Corrective Action 


contributes to IS areas) 


     - re-analysis requirements may 
be fulfilled by existing multiple 
analyses (e.g., MS, MSD, REP, 
sample dilutions) 


Retention Time 
Shift 
(RT) 


Every sample, 
standard, and blank 


RT shift <30 seconds 
compared to daily 
standard (STD50) 


Relative retention time 
(RRT) of sample must be 
± 0.06 RRT units of 
standard 


• inspect chromatographic 
system for malfunction; correct 
identified malfunctions, then 
reanalyze sample. 


Precision and 
Accuracy Study: 
(minimum of 4 
replicate analyses 
of a QC check 
sample) 


One-time 
demonstration per 
method 


method specified limits, if 
available (refer to QC 
Acceptance Criteria Table 
in the respective method)  


•  check calculated results for 
error 
 
•  determine the reason for 
failure and fix problem with 
system; then repeat study for 
those analytes that did not meet 
criteria 


Method 
Detection Limit 
(MDL) Study  


Annually Value must be < reporting 
limit 


•  determine the reason for 
failure and fix problem with 
system; then repeat study for 
those analytes that did not meet 
criteria 
 
•  adjust the laboratory reporting 
limits, if needed 


 
 


 





		SCOPE AND APPLICATION

		This standard operating procedure (SOP) and the method it references, Method 8260B, are used to determine volatile organic compounds in a variety of matrices.  This SOP is applicable to nearly all types of samples, regardless of water content, including:

		Method 8260 is based upon a purge-and-trap GC/MS procedure and can be used to quantitate most volatile organic compounds that have boiling points below 200(C and that are insoluble or slightly soluble in water. Volatile water-soluble compounds can be inc



		SUMMARY

		The volatile compounds are introduced into the gas chromatograph by the purge-and-trap method or by direct injection (in limited applications).  Purged sample components are trapped in a tube containing suitable sorbent materials.  When purging is comple

		If the above sample introduction techniques are not applicable, a portion of the sample is dispersed in a solvent, such as methanol, to dissolve the volatile organic constituents.  A portion of the solution is combined with organic-free reagent water in

		Analytes eluted from the capillary column are introduced into the mass spectrometer via a direct connection.  Identification of target analytes is accomplished by comparing their mass spectra with the electron impact (or electron impact-like) spectra of



		RESPONSIBILITIES

		It is the responsibility of the analyst to perform the analysis according to this SOP and to complete all documentation required for review.

		Analysis and interpretation of the results are performed by personnel in the laboratory who have demonstrated the ability to generate acceptable results utilizing this method.  This demonstration may come in the form of supervisory/training review, preci

		Final review and sign off of the data are performed by the department supervisor or designee.  Initialing and dating the review sheet indicate that this review for precision, accuracy, completeness, and reasonableness is complete and satisfactory.  Any e

		It is the responsibility of all personnel who work with samples involving this method to note any anomalies or out-of-control events associated with the analysis of the samples.  Any discrepancies must be noted and corrective action taken and documented.



		INTERFERENCES

		Major contaminant sources are volatile materials in the laboratory and impurities in the inert purging gas and in the sorbent trap.  The use of non-polytetrafluoroethylene (PTFE) thread sealants, plastic tubing, or flow controllers with rubber components

		Interfering contamination may occur when a sample containing low concentrations of volatile organic compounds is analyzed immediately after a sample containing high concentrations of volatile organic compounds.  The preventive technique is rinsing of the

		The low purging efficiency of many analytes from a 25 mL sample often results in significant concentrations remaining in the sample purge vessel after analysis.  After removal of the analyzed sample aliquot the purge vessel should be rinsed and baked in

		If carryover contamination is expected (a sample containing high concentration levels of volatile compounds is followed by a sample containing low levels of the same volatile compounds), all samples that may have been affected must be re-analyzed.   Samp

		Instrument run logs should indicate if a sample contains possible carryover contamination.  If the subsequent rerun of the sample confirms the presence and level of the volatile compounds either analysis may be used.  If however the rerun shows that the



		Special precautions must be taken to analyze methylene chloride.  The analytical and sample storage area should be isolated from all atmospheric sources of methylene chloride, or random background levels will result.  Because methylene chloride will perm

		Samples can be contaminated by diffusion of volatile organics (particularly methylene chloride and fluorocarbons) through the septum seal into the sample during shipment and storage.  A trip blank prepared from organic-free reagent water and carried thro

		Direct injection - Some contamination may be eliminated by baking out the column between analyses.  Changing the injector liner will reduce the potential for cross-contamination.  A portion of the analytical column may need to be removed in the case of e



		APPARATUS AND MATERIALS

		List of Instrumentation

		Purge and trap device, OI 4560A Liquid Sample Concentrator equipped with VO-Carb 3000 adsorbant trap, or equivalent.

		Autosampler, OI MPM and Tekmar LSC 2000 and Tekmar ALS 2016 16 port or equivalent.

		Gas chromatograph, HP 5890A or equivalent.

		Capillary column, Restek RTX-624, 60 m, 0.25 mm ID, 1.4 (m film thickness (or equivalent)

		Mass spectrometer, HP5971 MSD or HP5972 MSD or equivalent.

		Mass spectral library, National Bureau of Standards (NBS); 98,000 compounds.  (Library may vary with instrument.)



		Gas chromatography/mass spectrometer/data system.

		Gas chromatograph - An analytical system complete with a temperature-programmable gas chromatograph suitable for splitless injection or interface to purge-and-trap apparatus.  The system includes all required accessories, including syringes, analytical c

		Gas chromatographic columns

		Column 1 - 60 m x 0.25 mm ID capillary column with RTX-VMS stationary phase (Restek), 1.4 (m film thickness, or equivalent.

		Column 2 - 60 m x 0.25 mm ID capillary column with RTX-VMS (Restek), 1.4 (m film thickness, or equivalent.



		Mass spectrometer - Capable of scanning from 35 to 300 amu every 2 sec or less, using 70 volts (nominal) electron energy in the electron impact ionization mode.  The mass spectrometer must be capable of producing a mass spectrum for p-Bromofluorobenzene

		GC/MS interface to the mass spectrometer.

		Direct coupling by inserting the column into the mass spectrometer is generally used for 0.25-0.32 mm id columns.



		Any enrichment device or transfer line can be used if all of the performance specifications described in this SOP (including acceptable tuning for at 50 ng or less BFB) can be achieved.  GC-to-MS interfaces constructed entirely of glass or of glass-lined

		Data system - A computer system that allows the continuous acquisition and storage on machine-readable media of all mass spectra obtained throughout the duration of the chromatographic program must be interfaced to the mass spectrometer.  The computer mu



		Microsyringes - 10, 25, 100, 250, 500, and 1,000 (L.

		Syringe valve - Two-way, with Luer ends (three each), if applicable to the purging device.

		Syringes - 5, 10, or 25 mL, gas-tight with shutoff valve.

		Balance - Analytical, 0.0001 g, and top-loading, 0.1 g.

		Glass scintillation vials - 20 mL, with Teflon lined screw-caps or glass culture tubes with Teflon lined screw-caps.

		Vials - 2 mL.

		Disposable pipets - Pasteur.

		Volumetric flasks, Class A - 5 mL, 10 mL, and 100 mL, with ground-glass stoppers.

		Spatula - Stainless steel.



		REAGENTS

		Reagent grade chemicals shall be used in all tests.

		Organic-free reagent water - All references to laboratory-supplied water in this method refers to organic-free reagent water.

		Methanol, CH3OH – Purge & trap quality or equivalent, demonstrated to be free of analytes.  Store apart from other solvents.

		Hydrochloric acid (1:1 v/v), HCl - Carefully add a measured volume of concentrated HCl to an equal volume of organic-free reagent water.

		Stock solutions - NIST traceable stock solutions are purchased from multiple vendors as certified solutions.  Typically, concentrations of stock solutions vary from 1,000-2,000 ug/mL.

		Transfer the stock standard solution into a Mininert vial with a Teflon-lined screw-cap.  Store, with minimal headspace, at -10(C to -20(C and protect from light.

		Gas stock solutions expire one week after the ampule has been opened and transferred to a Teflon -lined screw cap vial.  Other calibration stock solutions expire three months after the ampule has been opened and transferred to a Teflon-lined screw cap vi

		DOCUMENTATION



		Secondary dilution (working level) standards - Using stock standard solutions, prepare in methanol, secondary dilution standards containing the compounds of interest, either singly or mixed together.  Secondary dilution standards must be stored with mini

		Surrogate standards - The surrogates used for this method are:  toluene-d8,           4-bromofluorobenzene, 1,2-dichloroethane-d4, and dibromofluoromethane.  Other compounds may be used as surrogates, depending upon the analysis requirements.  A stock su

		Internal standards - The internal standards used for this method are:       pentafluorobenzene, 1,4-difluorobenzene, chlorobenzene-d5, and 1,4-dichlorobenzene-d4.  Other compounds may be used as internal standards as long as they have retention times sim

		4-Bromofluorobenzene (BFB) standard - A standard solution containing 50 ng/(L of BFB in methanol is be prepared.

		Calibration standards - calibration standards at a minimum of five concentrations should be prepared from the secondary dilution of stock standards.  Prepare these solutions in organic-free reagent water.  One of the concentrations should be at a concent

		Matrix spiking standards - Matrix spiking standards should be prepared from volatile organic compounds, which will be representative of the compounds being investigated.  At a minimum, the matrix spike will include 1,1-dichloroethene, trichloroethene, ch

		Great care must be taken to maintain the integrity of all standard solutions.   It is recommended that all standards in methanol be stored at -10(C to -20(C in Mininert vials with Teflon lined screw-caps.



		SAMPLE COLLECTION, PRESERVATION AND HANDLING

		Samples must be collected according to an approved sampling plan.

		Volatile organic analysis of water and soil samples extracted by Method 5030 must be performed within 14 days of collection unless otherwise specified by the client.  Water samples are usually preserved by adding approximately four (4) drops of concentra

		Obtain an aliquot of the aqueous sample.  Measure and record the pH of each aqueous aliquot immediately before analysis.  If the pH of the sample is greater than 2, then measure the pH of another vial (if available).  Analyze the vial whose pH is less th

		Samples to be extracted by Method 5030 must be collected in glass containers with minimal headspace and stored at 4 ( 2(C.  Samples to be extracted by Method 5035 should be collected in EnCore sampling devices and stored at           -15 ( 5(C.

		To prevent loss of volatile organic compounds, samples must not be opened until the time of analysis.



		PROCEDURE

		Five alternate methods are provided for sample introduction.  All internal standards, surrogates, and matrix spikes (when applicable) must be added to samples before introduction.

		Direct injection - in very limited application, (e.g., volatiles in waste oil or aqueous process wastes) direct injection of aqueous samples or samples diluted according to Method 3585 may be appropriate.  Direct injection has been used for the analysis

		Purge-and-trap for aqueous samples according to Method 5030.

		Purge-and-trap for solid samples according to Method 5030.

		Purge-and-trap for dilution of solid samples via methanol extraction according to Method 5030.

		Purge-and-trap for solid samples according to Method 5035.



		Recommended instrument conditions  (typical).

		Purge and trap settings for OI 4560A Purge and Trap Device:

		Purge ant trap settings for Tekmar LSC 2000:

		Recommended GC/MS operating conditions:



		Initial calibration of the instrument.

		Each GC/MS system must be hardware-tuned to meet the criteria in  Table 1 for a 5-50ng injection or purging of 4-bromofluorobenzene.  A BFB tune is performed prior to analysis to demonstrate the ability of the system to separate ions and assign proper ra

		Set up the purge-and-trap system as outlined in Method 5030 or Method 5035 if purge-and-trap analysis is to be utilized.  A set of at least five calibration standards containing the method analytes and surrogates is needed.  One calibration standard shou

		Calibration should be done using the sample introduction technique that will be used for samples.  The purging efficiency for 5 mL of water is greater than for 25 mL.  Therefore, develop the standard curve with whichever volume of sample that will be ana

		To prepare a calibration standard for purge-and-trap or aqueous direct injection, add an appropriate volume of a secondary dilution standard solution to an aliquot of organic-free reagent water in a volumetric flask.  Use a microsyringe and rapidly injec

		To prepare a calibration standard for direct injection analysis of oil, dilute standards in methanol.



		Tabulate the area response of the characteristic ions (see Table 2) against concentration for each compound and each internal standard.  Calculate response factors (RF) for-each compound relative to one of the internal standards.  The internal standard s

		The average RF must be calculated and recorded for each compound using at least five RF values calculated for each compound from the initial calibration curve.  A system performance check should be made before this calibration curve is used.  Five compou

		Chloromethane - This compound is the most likely compound to be lost if the purge flow is too fast.

		Bromoform - This compound is one of the compounds most likely to be purged very poorly if the purge flow is too slow.  Cold spots and/or active sites in the transfer lines may adversely affect response.  Response of the quantitation ion (m/z 173) is dire

		Tetrachloroethane and 1,1-dichloroethane - These compounds are degraded by contaminated transfer lines in purge-and-trap systems and/or active sites in trapping materials.

		The minimum relative response factor for volatile SPCCs are as follows:



		Using the RFs from the initial calibration, calculate and record the percent relative standard deviation (%RSD) for all compounds.  The percent RSD is calculated as follows:

		If the %RSD of any compound is greater than 30 percent is measured for any CCC, then corrective action to eliminate a system leak and/or column reactive sites is required before attempting another calibration.

		Linearity - If the %RSD of any compound is 15% or less, then the  relative   response   factor   is  assumed  to   be  constant   over  the calibration range, and the average relative response factor may be used for quantitation.

		If the %RSD of any compound is greater than 15%, a calibration curve of area ratio (A/Ais) versus concentration ratio(C/Cis) using first or higher order regression fit of the five or more calibration points may be constructed.  The analyst should select

		In those instances where the RSD for one or more analytes exceeds 15%, the use of the average response factor for the initial calibration may still be acceptable if the mean of the RSD values for all analtyes in the calibration is ( 15%.

		These curves are verified each shift by purging a continuing calibration standard.  Recalibration is required only if calibration and on-going performance criteria cannot be met.



		GC/MS calibration verification  (performed at the beginning of each 12 hour sequence)

		Prior to the analysis of samples, inject or purge 5-50 ng of the                    4-bromofluorobenzene standard following Method 5030 or Method 5035.  The resultant mass spectra for the BFB must meet all of the criteria given in Table 1 before sample a

		The initial calibration curve for each compound of interest must be checked and verified once every 12 hours during analysis with the introduction technique used for samples.  This is accomplished by analyzing a calibration standard that is at a concentr

		System Performance Check Compounds ( SPCCs ) - A system performance check must be made each 12 hours.  If the SPCC criteria are met, a comparison of relative response factors is made for all compounds.  This is the same check that is applied during the i

		Calibration Check Compounds (CCCs) - After the system performance check is met, the CCCs listed are used to check the validity of the initial calibration.  Calculate the percent difference using the following equation:

		The internal standard responses and retention times in the check calibration standard must be evaluated immediately after or during data acquisition.  If the retention time for any internal standard changes by more than 30 seconds from that in the mid-po



		GC/MS analysis.

		BFB tuning criteria and GC/MS calibration verification criteria must be met before analyzing samples.All samples and standard solutions must be allowed to warm to ambient temperature before analysis.  Set up the purge-and-trap system as outlined in Metho

		All samples and standard solutions must be allowed to warm to ambient temperature before analysis.  Set up the purge-and-trap system as outlined in Method 5030 or Method 5035 if purge-and-trap introduction will be used.

		Purge vessel temperature.

		For soil analysis, the initial calibration curve, all continuing calibration standards, and all field and quality control samples shall be heated to 40 (C during the purge.

		For aqueous analysis a heated purge is not required.  The same purge conditions used for soil analysis may be used for aqueous analysis, however, if the initial calibration curve, all continuing calibration standards, and all field and quality control sa

		It is recommended that purge volumes of 25 ml should not use a heated purge due to the amount of water vapor that may be introduced into the purge and trap system.  The initial calibration curve, all continuing calibration standards, and all field and qu



		Aqueous analysis.

		The process of taking an aliquot destroys the validity of aqueous samples for future analysis; therefore, if there is only one VOA vial, the analyst should prepare a second aliquot for analysis at this time to protect against possible loss of sample inte

		Remove the plunger from a 5 mL syringe.  If lower detection limits are required, use a 25 mL syringe.  Open the sample or standard bottle, which has been allowed to come to ambient temperature, and carefully pour the sample into the syringe barrel to jus

		Add 5 (L of surrogate and internal standard to each sample.  The surrogate and internal standards may be mixed and added as a single spiking solution.  The addition of 5 (L of the surrogate and internal standard spiking solution to 5 mL of sample is equi

		For matrix spike analysis, add 4 (L of the matrix spike solution to the 5 mL of sample to be purged.  Disregarding any dilutions, this is equivalent to a concentration of 20 (g/L of each matrix spike standard.

		The sample is placed in a sparge tube on the autosampler. Proceed with purge-and-trap analysis by Method 5030.  If the initial analysis of sample or a dilution of the sample has a concentration of analytes that exceeds the initial calibration range of th

		The following procedure is appropriate for diluting aqueous purgeable samples.  All steps must be performed without delays until the diluted sample is in a gas-tight syringe. All dilutions should keep the response of the major constituents (previously sa

		Sample dilution is based on analyte concentration, unknown compound concentration, or the presence of surfactants (foaming samples).

		Dilutions may be made in volumetric flasks (10 to 100 mL).  Select the volumetric flask that will allow for the necessary dilution.  Intermediate dilutions may be necessary for extremely large dilutions.

		Calculate the approximate volume of organic-free reagent water to be added to the volumetric flask selected and add slightly less than this quantity of organic-free reagent water to the flask.

		Inject the proper aliquot of sample from the syringe into the flask.  Aliquots of less than 1 mL are not recommended.  Dilute the sample to the mark with organic-free reagent water.  Cap the flask, invert, and shake three times.  Repeat above procedure f

		Fill a 5 mL syringe with the diluted sample.



		Compositing aqueous samples prior to GC/MS analysis

		Add 5 mL or equal larger amounts of each sample (up to 5 samples are allowed) to a 25 mL glass syringe.  Special precautions must be made to maintain zero headspace in the syringe.

		The samples must be cooled at 4 (C during this step to minimize volatilization losses.

		Mix well and draw out a 5 mL aliquot for analysis.

		Follow sample introduction, purging, and desorption steps described in Method 5030.

		If less than five samples are used for compositing, a proportionately smaller syringe may be used unless a 25 mL sample is to be purged.



		Add 5 (L of surrogate and internal standard to each sample.  The surrogate and internal standards may be mixed and added as a single spiking solution.  The addition of 5 (L of the surrogate spiking solution to 5 mL of sample is equivalent to a concentrat



		Soil Samples by Method 5030.

		Homogenize the sample well, taking care to minimize the loss of volatile constituents.

		Weigh five grams of soil into a 5 mL sparge tube.  The sample is placed on the autosampler.

		Add 5 uL of internal standard and surrogate solution to 5 mL of reagent water.  Inject the reagent water containing the internal standard and surrogate into the sparge vessel with the soil aliquot. For matrix spike analysis, include 4 (L of the matrix sp

		The following procedure is appropriate for diluting soil purgeable samples.  All dilutions should keep the response of the major constituents (previously saturated peaks) in the upper half of the linear range of the curve.

		Soil sample dilution is based on analyte concentration or unknown compound concentration.

		Soil dilutions are made by weighing an aliquot of less than 5 grams into the sparge vessel.  No less than 0.5 g of soil should be purged.  For reporting purposes a nominal amount of 5 grams will be considered the purge amount, and amounts less than this





		Medium Level Soil Samples (Methanol-Extraction).

		Methanolic extraction/analysis is used for high concentration solid samples requiring dilutions greater than that which can be soundly achieved using smaller sample volume or for samples which are difficult to homogenize.

		Homogenize the sample well, taking care to minimize the loss of volatile constituents.

		Weigh 4.0 g (( 0.01 g) of the sample into a labeled, tared 20 mL vial.  Clean the outer lip of the vial with a Kim-Wipe before obtaining the final weight.

		Add 10 mL MeOH, cap and shake vigorously for 2 minutes.  Allow solid and MeOH to separate for at least 10 minutes.  Note:  alternate soil weights and MeOH volumes may be used depending upon the level of sample dilution required.  Enough MeOH must be adde

		Calculate the volume of the MeOH extract that when brought to a final volume of 5 mL in water will bring the dilution concentration into the upper half of the instrument calibration (factor in any dilution that may have been made by the initial extractio

		A medium level blank consisting of 100 uL of methanol and 5 mL of water is to be analyzed before the sample extract, to ensure no methanol contamination.

		An extraction of 4.0 g of sample with 10 mL of methanol, followed by analysis of 100 (L of the extract in 5.0 mL of water would constitute a 125-fold dilution.



		Soil Samples by Method 5035.

		Add the contents of an EnCore soil sampler into a 40 mL voa vial containing a magnetic stir bar.  The sample is placed on the autosampler.

		Add 5 uL of surrogate solution to5 mL of reagent water.  Inject the reagent water containing the surrogate into the voa vial with the soil aliquot.  For matrix spike analysis, include 4 (L of the matrix spike solution with the 5 mL of reagent water.

		Place the voa vial in the Archon autosampler which will automatically inject 1 uL of internal standard prior to purging.  The auto sampler will stir the contents of the voa vial during the purge process.

		Soil dilutions are made by weighing an aliquot of less than 5 grams from the Encore into the voa vial.  No less than 0.5 g of soil should be purged.  For reporting purposes a nominal amout of 5 grams will be considered the purge amount, and amounts less





		Data interpretation.

		Qualitative analysis.

		The qualitative identification of compounds determined by this method is based on retention time, and on comparison of the sample mass spectrum, after background correction, with characteristic ions in a reference mass spectrum.  The reference mass spect

		The intensities of the characteristic ions of a compound maximize in the same scan or within one scan of each other.  Selection of a peak by a data system target compound search routine where the search is based on the presence of a target chromatographi

		The RRT of the sample component is within ( 0.06 RRT units of the RRT of the standard component.

		The relative intensities of the characteristic ions agree within 30% of the relative intensities of these ions in the reference spectrum.  (Example:  For an ion with an abundance of 50% in the reference spectrum, the corresponding abundance in a sample s

		Structural isomers that produce very similar mass spectra should be identified as individual isomers if they have sufficiently different GC retention times.  Sufficient GC resolution is achieved if the height of the valley between two isomer peaks is les

		Identification is hampered when sample components are not resolved chromatographically and produce mass spectra containing ions contributed by more than one analyte.  When gas chromatographic peaks obviously represent more than one sample component (i.e.

		Examination of extracted ion current profiles of appropriate ions can aid in the selection of spectra, and in qualitative identification of compounds.  When analytes coelute (i.e., only one chromatographic peak is apparent), the identification criteria c



		For samples containing components not associated with the calibration standards, a library search may be made for the purpose of tentative identification.  The necessity to perform this type of identification will be determined by the type of analyses be



		Quantitative analysis.

		When a compound has been identified the quantitation of that compound will be based on the integrated abundance from the EICP of the primary characteristic ion.  Quantitation will take place using the internal standard technique.  The internal standard u

		When MS response is linear and passes through the origin, calculate the concentration of each identified analyte in the sample as follows:

		Where requested by the client,  an estimate of concentration for noncalibrated components in the sample may be made.  The formulae given above should be used with the following modifications: The areas Ax and AIS should be from the total ion chromatogram

		Alternatively, the regression line fitted to the initial calibration may be used for determination of analyte concentration.







		QUALITY CONTROL

		Instrument criteria

		The GC/MS system must be tuned to meet the BFB specifications.

		There must be an initial calibration of the GC/MS system.

		The GC/MS system must meet the SPCC criteria and the CCC criteria, each 12 hours.



		Surrogate recovery is monitored to assess method performance the particular matrix.  Surrogates are added to all samples and blanks prior to analysis. Surrogates are added to all initial and continuing calibration standards.  For aqueous and soil matrice

		If recovery is not within limits, the following procedures are required.

		Check to be sure that there are no errors in the calculations, surrogate solutions or internal standards.  If errors are found, recalculate the data accordingly.

		Check instrument performance.  If an instrument performance problem is identified, correct the problem and re-analyze the extract.

		If no problem is found, re-extract and re-analyze the sample.

		If, upon re-analysis, the recovery is again not within limits, then narrate the surrogate discrepancy and submit both sets of data.



		At a minimum, the laboratory should evaluate surrogate recovery limits on a matrix-by-matrix basis, annually.



		BLANK ANALYSIS

		To verify that system interferences are minimized, a reagent blank must be analyzed for each 12-hour BFB tune and per batch of 20 or fewer field samples.  Target compounds may not be detected above the reporting limit.  Common laboratory contaminants, su

		If the method blanks contains target compounds above the reporting limits, then the analytical system is considered out of control. Sample analysis may not continue until a clean method blank has been acquired. Document the situation and its resolution o



		MATRIX SPIKE SAMPLES

		A matrix spike (MS) and matrix spike duplicate (MSD) sample are analyzed to evaluate the effect of the matrix.  The frequency of the MS/MSD shall be one pair per batch of 20 field samples.





		DEVIATIONS FROM METHOD

		This SOP meets the requirements of Method 8260B.  There are no known deviations from the method.

		EPA METHOD 624

		The items contained in this Section list differences between Method 8260B and Method 624.  The issues in this section supersede any contradictory requirements set forth in the remainder of this SOP.

		Suggested internal standards and surrogates are listed in Method 624, Table 3.  Paragon uses the same internal standards and surrogates for Methods 8260B and 624 (internal standards: pentafluorobenzene, 1,4-difluorobenzene, chlorobenzene-d5, and 1,4-dich

		Method 624 states that surrogate standard concentration should be 30 ug/L in samples, blanks, and spikes.  Paragon will use a surrogate standard concentration of 50 ug/L.

		Method 624 states specific chromatographic columns and conditions, adsorbent trap, purge and trap conditions, and mass spectrometer conditions (i.e.- specific purge time, use of a packed column, and scanning conditions tailored for packed column use) be

		Initial Calibration - Method 624 requires at least three points in the initial curve. Paragon will quantitate from a 5-7 point curve to meet compliance requirements for 8260B.  This approach also meets compliance requirements for Method 624, as more than

		Method 624 states that if the %RSD of the average response factor is less than 35%, then an average response factor may be used.  Otherwise, construct a linear curve with a correlation coefficient less that 0.995.

		Method 624 specifies that the BFB tune period is 24 hours.  Method 8260B specifies BFB be passed every 12 hours.

		Method 624 states that a continuing calibration verification (CCV) must be performed every working day (every 24 hours) rather than every 12 hours.  Also, the results of the CCV must meet the requirements set forth by Table 5 in the EPA Method 624. Any c

		Method 624 states that a matrix spike (MS) and laboratory control spike (LCS) must be performed on every 20 samples.  The native sample only needs to be spiked once; a matrix spike duplicate (MSD) sample is not required.  Also, all matrix spikes and blan

		Method 624 states that a set of 4 QC Check samples must be analyzed by an analyst before any samples are processed to demonstrate the ability to perform the method.  The concentrations of each compound must be 20 ug/L  The results must fall within the ac

		Method 624 states that the matrix spikes and blank spikes must meet the acceptance criteria listed in the Table 5 copied directly from the Method.  Note that not all compounds have acceptance limits in this table.  For these compounds, the recovery must



		DEVIATIONS FROM EPA METHOD 624

		Because samples from several sites are usually batched together, only one spiking level is used for each compound.  It is impractical to match each compound’s spike amount with the amount of the compound in the samples chosen for spiking and also matchin





		SAFETY HAZARDS AND WASTE

		LABORATORY SAFETY AND HAZARDS

		Environmental samples may contain unknown hazards. Personal protective equipment must be worn at all times.  Personal protective equipment shall consist of safety glasses, labcoat, and gloves.  Please consult the MSDS or the Health and Safety Coordinator



		WASTE DISPOSAL

		The aqueous phase of the purge and trap waste shall be disposed on in the aqueous lab waste stream.  A satellite waste collection  vessel may be obtained from the Waste Disposal Coordinator.  The solid  phase of the purge and trap waste shall be disposed
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		40 CFR, Part 136, Appendix A, 7-1-86 Edition; Method 624.
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1.0 SCOPE AND APPLICATION 
1.1 The TCLP replaces the EP TOX extraction under EPA requirements.  The 


TCLP is designed to determine the mobility of both organic and inorganic 
analytes present in liquid, solid and multiphasic wastes.  A sanitary landfill 
situation is simulated by maintaining a pH of 5.0 with the addition of an acetic 
acid buffer.  The extraction is performed to analyze the volatile organic 
compounds that could leach from a sample if it were in a landfill site. 


 
1.2 This Standard Operating Procedure (SOP) and the method it references (EPA 


SW-846 Method 1311) are applicable to liquid, solid and multiphasic wastes.  
Application of this method to matrices other than those specified in the 
methodology will be handled individually and appropriately to simulate the 
leaching procedure as best as possible. 


 
2.0 SUMMARY OF METHOD 


2.1 For liquid wastes (i.e., those containing less than 0.5% dry solid material) the 
waste, following filtration through a 0.6 to 0.8 µm glass fiber filter, is defined 
as the TCLP extract. 


 
2.2 For wastes containing greater than or equal to 0.5% solids, the liquid, if any, is 


separated from the solid phase and stored for later analysis; the particle size of 
the solid phase is reduced, if necessary.  The solid phase is extracted with an 
amount of extraction fluid equal to twenty (20) times the weight of the solid 
phase.  The extraction fluid employed is a function of the alkalinity of the 
solid phase of the waste.  A special extractor vessel is used when testing for 
volatile analytes.  Following extraction, the liquid extract is separated from the 
solid phase by filtration through an 0.6 to 0.8 µm filter. 
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2.3 If compatible (i.e., multiple phases will not form on combination) the initial 


liquid phase of the  waste is added to the liquid extract, and these are analyzed 
together.  If incompatible, the liquids are analyzed separately and the results 
are mathematically combined to yield a volume-weighted average 
concentration 


. 
3.0 RESPONSIBILITIES 


3.1 It is the responsibility of the analyst to perform the analysis according to this 
SOP and to complete all documentation required for review. 


 
3.2 Analysis and interpretation of the results are performed by personnel in the 


laboratory who have demonstrated the ability to generate acceptable results 
utilizing this method  This demonstration may come in the form of 
supervisory/training review,  precision, and accuracy tests or the successful 
completion of an unknown proficiency evaluation test. 


 
3.3 Final review and sign off of the data are performed by the department 


supervisor or designee.  Initialing and dating the file indicate that this review 
for precision, accuracy, completeness, and reasonableness is complete and 
satisfactory.  Any errors that are found require corrective action, which 
includes notification to the technician/analyst who performed the work and 
documentation of measures taken to remediate the data. 


 
3.4 It is the responsibility of all personnel who work with samples involving this 


method to note any anomalies or out-of-control events associated with the 
analysis of the samples.  Any discrepancies must be noted and corrective 
action taken and documented. 


 
4.0  INTERFERENCES 


4.1 Major contaminant sources are volatile materials in the laboratory.  Analyses 
of reagent blanks provide information about the presence of contaminants.   
 


5.0 APPARATUS AND MATERIALS 
5.1 Zero-Headspace Extraction Vessel (ZHE).  This device is for use only when 


the waste is being tested for the mobility of volatile analytes.  The ZHE allows 
for liquid-solid separation within the device, and effectively precludes 
headspace.  This type of vessel allows for initial liquid/solid separation, 
extraction, and final extract filtration without opening the vessel (see Section 
5.2). The vessels shall have an internal volume of 500-600 mL and be 
equipped to accommodate a 90-100 mm filter.  The devices contain VITON  
O-rings which should be replaced frequently. 
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 For the ZHE to be acceptable for use, the piston within the ZHE should be 
able to be moved with approximately 15 psi or less.  If it takes more pressure 
to move the piston, the O-rings in the device should be replaced.  If this 
replacing the O-rings does not solve the problem, the ZHE is unacceptable for 
TCLP analyses and the manufacturer should be contacted. 


 
 The ZHE should be checked for leaks after every extraction. If the device 


contains a built-in pressure gauge, pressurize the device to 50 psi, allow it to 
stand unattended for 1 hour, and recheck the pressure.  If the device does not 
have a built-in pressure gauge, pressurize the device to 50 psi, submerge it in 
water, and check for the presence of air bubbles escaping from any of the 
fittings.  If pressure is lost, check all fittings and inspect and replace O-rings, 
if necessary.   Retest the device.  If leakage problems cannot be solved, the 
manufacturer should be contacted. 


 
5.2 Filtration Devices 


 
5.2.1 Zero-Headspace Extractor Vessel (ZHE).  When the waste is evaluated 


for volatiles, the ZHE vessel described in Section 5.1 is used for 
filtration.  The device shall be capable of supporting and keeping in 
place the glass fiber filter and be able to withstand the pressure needed 
to accomplish separation (50 psi). 


 
Note:  When it is suspected that the glass fiber filter has been ruptured, an in-


line glass fiber filter may be used to filter the material within the ZHE. 
 


5.3 pH meter.  Accurate to +  0.05 pH units @ 25°C. 
 


 
5.4 Filter.  Filters shall be made of borosilicate glass fiber, shall contain no binder 


materials and shall have an effective particle size of 0.6 to 0.8 µm.  Pre-filters 
must not be used. When evaluating the mobility of metals, filters shall be acid-
washed prior to use by rinsing with 1.0 N HNO3  followed by three 
consecutive rinses with deionized distilled water (a minimum of 1 L per rinse 
is recommended).  Glass fiber filters are fragile and should be handled with 
care. 


   
5.5 Laboratory balance.  Any laboratory balance accurate to within ± 0.01 grams 


may be used (all weight measurements must be ± 0.1 grams).   
 
5.6 ZHE Extract Collection Devices.  TEDLAR   bags or glass, stainless steel or 


PTFE gas-tight syringes are used to collect the initial liquid phase and the final 
extract of the waste when using the ZHE device.  Following collection, the 
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extract may be transferred to a 40ml ‘VOA’ vial to meet the method 
requirements as stated in SW1311 Section 7.3.11  for storage in minimal 
headspace conditions until time of analysis.  The devices listed are 
recommended for use under the following conditions: 


 
5.6.1 If a waste contains an aqueous liquid phase or if a waste does not 


contain a significant amount of nonaqueous liquid (i.e., < 1% of total 
waste), the TEDLAR   bag or a 600 mL syringe should be used to 
collect and combine the initial liquid and solid extract. 


 
5.6.2 If a waste contains a significant amount of nonaqueous liquid in the 


initial liquid phase (i.e., > 1% of total waste), the syringe or the 
TEDLAR   bag may be used for both the initial solid/liquid 
separation and the final extract filtration. However, analysts should use 
one or the other, not both.   


 
5.6.3 If the waste contains no initial liquid phase (is 100% solid) or has no 


significant solid phase (is 100% liquid), either the TEDLAR  bag or 
the syringe may be used.  If the syringe is used, discard the first 5 mL 
of liquid expressed from the device.  The remaining aliquots are used 
for analysis.  


 
5.6.4 High pressure filtration device (lunar lander). 


  
6.0 REAGENTS 


6.1 Reagent grade chemicals shall be used for all analyses.   
 
6.2 Reagent Water.  Reagent water is defined as water in which an interferant is 


not observed at or above the method’s detection limit of the analyte(s) of 
interest.  Reagent water should be monitored periodically for impurities.   


 
6.3  Glacial Acetic Acid (HOAc). 


 
6.4 1.0 N Sodium Hydroxide (1.0 N NaOH):  Add 4.0 g NaOH to 100 mL reagent 


water mix thoroughly.   
 
6.5 Extraction Fluid #1:  Prepare fluid for each batch.  Add 500 mL or reagent 


water to a 1000 mL container.  Add 5.7 mL HOAc and 64.3 mL 1.0 N NaOH.  
Bring final volume to 1000 mL with reagent water. Mix thoroughly (pH must 
be 4.93 ± 0.05).  
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6.6 1.0 N Hydrochloric acid (1.0 N HCl):  In a 100 mL volumetric flask with 
approximately 50 mL reagent water, add 8.3 mL concentrated HCl, bring to 
volume with reagent water, mix thoroughly.   


 
6.7 1.0 N nitric acid (1.0N HNO3). 


  
7.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 
 


7.1 All samples shall be collected using an appropriate sampling plan.   
 
7.2 The TCLP may place requirements on the minimal size of the field sample, 


depending upon the physical state of the waste and the analytes of concern.  
An aliquot is needed for preliminary evaluation of which extraction fluid is to 
be used for the nonvolatile analyte extraction procedure.  Another aliquot may 
be needed to actually conduct the nonvolatile extraction.  If volatile organics 
are of concern, another aliquot may be needed.  Quality control samples may 
require additional aliquots.  Further, it is always wise to collect additional 
sample in case something goes wrong with the initial attempt to conduct the 
test.   


 
7.3   Preservatives shall not be added to samples before extraction.   
 
7.4 Samples may be refrigerated unless refrigeration results in irreversible 


physical change of the waste.  If precipitation occurs, the entire sample 
(including precipitate) should be extracted.    


 
7.5 When the waste is to be evaluated for volatile analytes, care shall be taken to 


minimize the loss of volatiles.  Samples shall be collected and stored in a 
manner intended to prevent the loss of volatile analytes. Samples should be 
collected in Teflon-lined septum capped vials and stored at 4°C.  Samples 
should only be opened immediately prior to extraction.   


 
7.6 TCLP extracts should be prepared for analysis and analyzed as soon as 


possible following extraction. Extracts or portions of extracts of organic 
analyses shall not be allowed to come into contact with the atmosphere (i.e., 
no headspace allowed) to prevent losses.   


 
8.0 PROCEDURE 


8.1 Sample Preparation for Preliminary Evaluation.  Select samples and record on 
benchsheet.   If sufficient sample is not available, record on benchsheet.  
Perform preliminary TCLP evaluations on a minimum 100 gram aliquot of 
waste.  This aliquot may not actually undergo TCLP extraction.  These 
preliminary evaluations include:  (1)  determination of the percent solids; (2) 
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determination of whether the waste contains insignificant solids and is, 
therefore, its own extract after filtration; and (3) determination of whether the 
solid portion of the waste requires particle size reduction.   


 
8.1.1 Preliminary determination of percent solids:  Percent solids is defined 


as that fraction of a waste sample (as a percentage of the total sample) 
from which no liquid may be forced out by an applied pressure, as 
described below: 


 
8.1.1.1 If the waste will obviously yield no liquid when subjected to 


pressure filtration (i.e., is 100% solids) proceed to Section 
8.1.3. 


 
8.1.1.2 If the sample is liquid or multi-phasic, liquid/solid separation 


to make a preliminary determination of percent solids is 
required.  This involves the filtration devices described in 
Section 5.2. and is outlined in Sections 8.1.1.3 through 
8.1.1.9. 


 
8.1.1.3 Acidify the filter paper with 1.0 N HNO3.  Pre-weigh the 


filter and foil that will receive the filtrate, the beaker and 
spatula.  Record the weights in the appropriate boxes on the 
TCLP % solid benchsheet.  (See Form 637.) 


 
8.1.1.4 Assemble the filtration device and filter following the 


manufacturer’s instructions.  Place the filter on the support 
screen and secure.   


 
8.1.1.5 Weigh out a subsample of the waste (100 gram minimum) 


and record the weight.  If sufficient sample is not available, 
record on benchsheet.   


 
8.1.1.6 Allow slurries to stand to permit the solid phase to settle.  


Wastes that settle slowly may be centrifuged prior to 
filtration.  Centrifugation is to be used only as an aid to 
filtration.  If used, the liquid should be decanted and filtered 
followed by filtration of the solid portion of the waste 
through the same filtration system.   


 
8.1.1.7 Quantitatively transfer the waste sample to the filtration 


device (liquid and solid phases).  Whether vacuum filtration 
or pressure filtration (lunar lander, section 5.6.4) is used will 
be determined by the technician based upon the visual 
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quantity of solid.  If little solid is apparent, then use vacuum 
filtration.  If large amount of solid is apparent, use the lunar 
lander.  Spread the waste sample evenly over the surface of 
the filter.  If  filtration of the waste at 4°C reduces the amount 
of expressed liquid over what would be expressed at room 
temperature, then allow the sample to warm up to room 
temperature before filtering.   


 
 After transferring the waste sample to the filtration device, 


place the spatula in the beaker and record the weight of both 
combined in Box 6 of the TCLP % solid benchsheet.  Then 
continue with the calculations in Boxes 7 and 8 on the TCLP 
% solid benchsheet (See Form 637).  Gradually apply 
vacuum or gentle pressure of a 1-10 psi, until air or 
pressurizing gas moves through the filter.  If gas or air does 
not move through the filter at this range of pressures and if no 
additional liquid has passed through the filter in any 2 minute 
interval, slowly increase the pressure in 10 psi increments to 
a maximum pressure of 50 psi.  If after each incremental 
increase of 10 psi, the pressurizing gas has not moved 
through the filter, and if no additional liquid has passed 
through the filter in any 2 minute interval, proceed to the next 
10 psi increment.  When the pressurizing gas begins to move 
through the filter, or when liquid flow has ceased at 50 psi 
(i.e., filtration does not result in any additional filtrate within 
any 2 minute period), stop the filtration.   


 
NOTE: Instantaneous application of high pressure can degrade the 


glass fiber filter and may cause premature plugging.  
 
8.1.1.8 The material in the filter holder is defined as the solid phase 


of the waste, and the filtrate is defined as the liquid phase.   
 
NOTE: Some wastes, such as oily wastes and some paint wastes, will 


obviously contain some material that appears to be a liquid.  
Even after applying vacuum or pressure filtration as outlined 
in Section 8.1.1.7, this material may not filter.  If this is the 
case, the material within the filtration device is defined as a 
solid.  Do not replace the original filter with a fresh filter 
under any circumstances.  Use only one filter. 


 
8.1.1.9 Determine the weight of the liquid phase by subtracting the 


weight of the filtrate container (see Section 8.1.1.3) from the 







PARAGON ANALYTICS, INC. 
SOP 608  REV 8 


PAGE 8 OF 18 
 
 
 


CONFIDENTIAL 


total weight of the filtrate-filled container.  Determine the 
weight of the solid phase of the waste sample by subtracting 
the weight of the liquid phase from the weight of the total 
waste sample, as determined in Section 8.1.1.5 or 8.1.1.7. 


 
 Record the weight of the liquid and solid phases.  Calculate 


the percent solids as follows: 
 
 Percent Solids = Weight of  solid (Section 8.1.1.9)                  


x 100 
          Total weight of waste (Section 8.1.1.5 or 


8.1.1.7) 
 


8.1.2 If the percent solids determined in Section 8.1.1.9 is equal to or greater 
that 0.5%, then proceed either to Section 8.1.3 to determine whether 
the solid material requires particle size reduction or to Section 8.1.2.1 
if it is noticed that a small amount of the filtrate is entrained in wetting 
of the filter.  If the percent solids determined in Section 8.1.1.9 is less 
than 0.5%, then proceed to Section 8.2 with a fresh portion of the 
waste if the volatile TCLP is to be performed.   


 
8.1.2.1 Remove the solid phase and filter from the filtration 


apparatus. 
 
8.1.2.2 Dry the filter and solid phase at 100 ± 20 °C until two 


successive weighings yield the same value ± 1%.  Record the 
final weight.   


 
NOTE:  Caution should be taken to ensure that the subject solid will 


not flash upon heating.  If it is suspected that the material is 
flammable, drying in the hood overnight is recommended.  
When the filter paper is dry, re-weigh and calculate the % 
solids with the new value.  This step is performed when it is 
suspected that the weight from the moisture in the filter paper 
has caused the % solids value to rise above 0.5%.  Perform 
this step only in borderline cases.  When the % solids value 
has been calculated, proceed as outlined above.   


 
8.1.2.3 Calculate the percent dry solids as follows: 
 
 Percent dry solids = (Wt of dry waste + filter) -  (tared wt. of filter) x 100 
           Initial wt. of waste  (Section 8.1.1.5 or 8.1.1.7) 
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8.1.2.4 If the percent dry solids is less than 0.5 %, then proceed to 
Section 8.2.  If the percent dry solids is greater than or equal 
to 0.5%, and if the nonvolatile TCLP is to be performed, 
return to the beginning of this Section and, with a fresh 
portion of waste, determine whether particle size reduction is 
necessary (Section 8.1.3).  If only the volatile TCLP is to be 
performed, see the note in Section 8.1.4. 


 
8.1.3 Determination of whether the waste requires particle size reduction 


(particle size is reduced during this step):  Using the solid portion of 
the waste, evaluate the solid for particle size.  Particle size reduction is 
required, unless the solid has a surface area per gram of material equal 
to or greater than 3.1 cm2 , or is smaller than 1 cm in its narrowest 
dimension (i.e., is capable of passing through a 9.5 mm (0.375 inch) 
standard sieve).  If the particle size is larger than described above 
prepare the solid portion of the waste for extraction by crushing, 
cutting, or grinding the waste to a surface area or particle size as 
described above.  If the solids are prepared for organic volatiles 
extraction, special precautions must be taken (see Section 8.2.6). 


 
NOTE:  Surface area criteria are meant for filamentous (eg, paper, cloth, and 


similar) waste materials.  Actual measurement of surface area is not 
required, nor is it recommended.  For materials that do not obviously 
meet the criteria sample specific methods would need to be developed 
and employed to measure the surface area.  Such methodology is 
currently not available.   


 
8.1.4 If the solid content of the waste is greater than or equal to 0.5% and if 


the sample will be extracted for volatile organics, then Extraction Fluid  
# 1 will be used. 


 
8.2 ZHE Procedure 
  


8.2.1 Use the ZHE device to obtain TCLP extract for analysis of volatile 
compounds only.  Extract resulting from the use of the ZHE shall not 
be used to evaluate the mobility of nonvolatile analytes (e.g., metals, 
pesticides, semivolatiles) 


 
8.2.2 The ZHE device has approximately a 500 mL internal capacity.  The 


ZHE can thus accommodate a maximum of 25 grams of solid (defined 
as that fraction of a sample from which no additional liquid may be 
forced out by an applied pressure of 50 psi), due to the need to add an 
amount of extraction fluid equal to 20 times the weight of the solid 
phase.   
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8.2.3 Charge the ZHE with sample only once and do not open the device 


until the final extract (of the solid) has been collected.  Repeated filling 
of the ZHE to obtain 25 grams of solid is not permitted.   


 
8.2.4 Do not allow the waste, the initial liquid phase, or the extract to be 


exposed to the atmosphere for any more time than is absolutely 
necessary.  Any manipulation of these materials should be done when 
cold (4 °C) to minimize loss of volatiles.   


 
8.2.5 Pre-weigh the (evacuated) filtrate collection container (See Section 


5.6) and set aside.  If using a TedlarΘ bag, express all liquid from the 
ZHE device into the bag, whether for the initial or final liquid/solid 
separation, and take an aliquot from the liquid in the bag for analysis.  
The containers listed in Section 5.6 are recommended for use under the 
conditions stated in Sections 5.6.1 - 5.6.3.   


 
8.2.6 Place the ZHE piston within the body of the ZHE (it may be helpful 


first to moisten the piston O-rings slightly with extraction fluid).  
Adjust the piston within the ZHE body to a height that will minimize 
the distance the piston will have to move after the ZHE is charged with 
sample (based upon sample size requirements determined from Section 
8.2, Section 8.1.1 and/or 8.1.2).  Secure the gas inlet/outlet flange 
(bottom flange) onto the ZHE body in accordance with the 
manufacturer’s instructions.  Secure the glass fiber filter between the 
support screens and set aside.  Set liquid inlet/outlet flange (top flange) 
aside.  


 
8.2.7 If the waste is 100% solid (see Section 8.1.1), weigh out a subsample 


(25 gram maximum) of the waste, record weight, and proceed to 
Section 8.2.5.   


 
8.2.8 If the waste contains < 0.5% dry solids (Section 8.1.2), the liquid 


portion of waste after filtration, is defined as the TCLP extract.  Filter 
enough of the sample so that the amount of filtered liquid will support 
all of the volatile analyses required.  For wastes containing ≥ 0.5 % dry 
solids (Section 8.1.1. and/or 8.1.2), use the percent solids information 
obtained in Section 8.1.1 to determine the optimum sample size to 
charge into the ZHE.  The recommended sample size is as follows:   
 
8.2.8.1 For wastes containing < 5% dry solids (see Section 8.1.1), 


weigh out a 500 gram subsample of waste and record the 
weight.   
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8.2.8.2 For wastes containing ≥ 5% solids (see Section 8.1.1), 


determine the amount of waste to charge into the ZHE as 
follows:   


 
Weight of waste to charge ZHE = ____________25__________ x 100 
     percent solids (Section 8.1.1)   
 
 Weigh out a subsample of the waste of the appropriate size 


and record the weight.   
 
8.2.8.3 If a particle size reduction of the solid portion of the waste 


was required in Section 8.1.13, proceed to Section 8.2.6.  If 
particle size reduction was not required in Section 8.1.3, 
proceed to Section 8.2.7.   


 
8.2.8.4 Prepare the waste for extraction by crushing, cutting or 


grinding the solid portion of the waste to a surface area or 
particle size as described in Section 8.1.3.  Wastes and 
appropriate reduction equipment should be refrigerated, if 
possible, to 4°C prior to particle size reduction.  The means 
used to effect particle size reduction must not generate heat in 
and of itself.  If reduction of the solid phase of the waste is 
necessary, exposure of the waste to the atmosphere should be 
avoided to the extent possible.   


 
NOTE: Sieving of the waste is not recommended due to the 


possibility that volatiles may be lost.  The use of an 
appropriately graduated ruler is recommended as an 
acceptable alternative.  Surface area requirements are meant 
for filamentous (e.g., paper, cloth and similar waste) 
materials.  Actual measurement of surface area is not 
recommended.   


 
 When the surface area or particle size has been appropriately 


altered, proceed to Section 8.2.7. 
   


8.2.9 Waste slurries need not be allowed to stand to permit the solid phase to 
settle.  Do not centrifuge wastes prior to filtration.  


 
8.2.10 Quantitatively transfer the entire sample (liquid and solid phases) 


quickly to the ZHE.  Secure the filter and support screens onto the top 
flange of the device and secure the top flange to the ZHE body in 
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accordance with the manufacturer’s instructions.  Tighten all ZHE 
fittings and place the device in the vertical position (gas inlet/outlet 
flange on the bottom).  Do not attach the extract collection device to 
the top plate.   


 
NOTE: If waste material (>1% of original sample weight) has 


obviously adhered to the container used to transfer the sample 
to ZHE, determine the weight of this residue and subtract it 
from the sample weight determined in Section 8.2.4 to 
determine the weight of the waste sample that will be filtered.   


 
 Attach a gas line to the gas inlet/outlet valve (bottom flange) and, with 


the liquid inlet/outlet valve (top flange) open, begin applying gentle 
pressure of 1-10 psi (or more if necessary) to force all headspace 
slowly out of the ZHE device into a hood.  At the first appearance of 
liquid from the liquid inlet/outlet valve, quickly close the valve and 
discontinue pressure.  If filtration of the waste at 4 ° C reduces the 
amount of expressed liquid beyond what would be expressed at room 
temperature, then allow the sample to warm up to room temperature 
the device before filtering.  If the waste is 100%  solid (see Section 
8.1.1), slowly increase the pressure to a maximum of 50 psi to force 
most of the headspace out of the device and proceed to  Section 8.2.12.   


 
8.2.11 Attach the evacuated pre-weighted filtrate collection container to the 


liquid inlet/outlet valve and open the valve.  Begin applying gentle 
pressure of 1-10 psi to force the liquid phase of the sample into the 
filtrate collection container.  If no additional liquid has passed through 
the filter in any 2 minute interval, slowly increase the pressure in 10 
psi increments to a maximum of 50 psi.  After each incremental 
increase of 10 psi, if no additional liquid has passed through the filter 
in any 2 minute interval, proceed to the next 10 psi increment.  When 
liquid flow has ceased such that continued pressure filtration at 50 psi 
does not result in any additional filtrate within a 2 minute period, stop 
the filtration.  Close the liquid inlet/outlet valve, discontinue pressure 
to the piston, and disconnect and weigh the filtrate collection 
container.   


 
NOTE: Instantaneous application of high pressure can degrade the 


glass fiber filter and may cause premature plugging.   
 
8.2.12 The material in the ZHE is defined as the solid phase of the waste and 


the filtrate is defined as the liquid phase.   
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NOTE: Some wastes, such as oily wastes and some paint wastes, will 
obviously contain some material that appears to be a liquid.  
Even after applying pressure filtration, this material will not 
filter.  If this is the case, the material within the filtration 
device is defined as a solid and is carried through the TCLP 
extraction as a solid.   


 
 If the original waste contained < 0.5% dry solids (see Section 8.1.2), 


this filtrate is defined as the TCLP extract and is analyzed directly.  
Proceed to Section 8.2.15.   


 
8.2.13 The liquid phase may now be either analyzed immediately (See 


Sections 8.2.13 through 8.2.15) or stored at 4°C under minimal 
headspace conditions until time of analysis.  Transfer of the extract to 
a 40 mL vial is performed if sample is not to be analyzed immediately.  
Determine the weight of extraction fluid # 1 to add to the ZHE as 
follows:  


  
20 x percent solids (Section 8.1.1) x weight 


 of waste filtered (Section 8.2.4 or 8.2.8) 
Weight of extraction fluid = ______________________________________ 
    100 
 
8.2.14 The following Sections detail how to add the appropriate amount of 


extraction fluid to the solid material within the ZHE and agitation of 
the ZHE vessel.  Extraction fluid # 1 is used to all cases ( See Section 
6.5).   


 
8.2.14.1 With the ZHE in the vertical position, attach a line from the 


extraction fluid reservoir to the liquid inlet/outlet valve.  The 
line used shall contain fresh extraction fluid and should be 
preflushed with fluid to eliminate any air pockets in the line.  
Release gas pressure on the ZHE piston (from  the gas 
inlet/outlet valve), open the liquid inlet/outlet valve, and 
begin transferring extraction fluid (by pumping or similar 
means) into the ZHE.  Continue pumping extraction fluid 
into the ZHE until the appropriate amount of fluid has been 
introduced into the device.   


 
8.2.14.2 After the extraction fluid has been added, immediately close 


the liquid inlet/outlet valve and disconnect the extraction 
fluid line.  Check the ZHE to ensure that all valves are  in 
their closed positions.  Manually rotate the device in an end-
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over end fashion 2 or 3 times.  Reposition the ZHE in the 
vertical position with the liquid inlet/outlet valve on top.  
Pressurize the ZHE to 5-10 psi (if necessary) and slowly open 
the liquid inlet/outlet valve to bleed out any headspace (into a 
hood) that may have been introduced due to the addition of 
extraction fluid.  This bleeding shall be done quickly and 
shall be stopped at the first appearance of liquid from the 
valve.  Re-pressurize the ZHE with 5-10 psi and check all 
ZHE fittings to ensure that they are closed.   


 
8.2.14.3 Place the ZHE in the rotary agitation apparatus (if it is not 


already there) and rotate at 30 ± 2 rpm for 18 ± 2 hours.  
Ambient temperature (i.e., temperature of room in which 
extraction occurs) shall be maintained at 23 ± 2 °C during 
agitation.   


 
8.2.15 Following the 18 ± 2 hour agitation period, check the pressure behind 


the ZHE piston by quickly opening and closing the gas inlet/outlet 
valve and noting the escape of gas.  If the pressure has not been 
maintained (i.e., no gas release observed), the device is leaking.  Check 
the ZHE for leaking as specified in Section 4.1, and perform the 
extraction again with a new sample of waste.  If the pressure within the 
device has been maintained, the material in the extractor vessel is once 
again separated into its component liquid and solid phases.  If the 
waste contained  an initial liquid phase, the liquid may be filtered 
directly into the same filtrate collection container (i.e., TEDLARΘ 
bag) holding the initial liquid phase of the waste.  A separate filtrate 
collection container must be used if combining would create multiple 
phases, or there is not enough volume left within the filtrate collection 
container.  Filter through the glass fiber filter, using the ZHE device as 
discussed in Section 8.2.9.  All extract shall be filtered and collected if 
the TEDLARΘ bag is used, if the extract is multiphasic, or if the waste 
contained an initial liquid phase (see Section 5.6 and 8.2.1).   
 
NOTE: An in-line glass fiber filter may be used to filter the material 


within the ZHE if it is suspected that the glass fiber filter has 
been ruptured.   


 
8.2.16 If the original waste contained no initial liquid phase, the filtered liquid 


material obtained from Section 8.2.13 is defined as the TCLP extract.  
If the waste contained an initial liquid phase, the filtered liquid 
material obtained from Section 8.2.13 and the initial liquid phase 
(Section 8.2.9) are collectively defined as the TCLP extract.   
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8.2.17 Following collection of the TCLP extract, immediately prepare the 


extract for analysis and store with minimal headspace at 4 °C until 
analyzed.  Analyze the TCLP extract according to the appropriate 
analytical methods.  If the individual phases are to be analyzed 
separately (i.e., are not miscible), determine the volume of the 
individual phases (to 0.5%), conduct the appropriate analyses, and 
combine the  results mathematically by using a simple volume-
weighted average: 


 
 Final Analyte  =   (V1) (C1) + (V2) (C2)__ 
 Concentration      V1 + V2   
 where: 
 V1 = The volume of the first phases (L). 
 C1 = The concentration of the analyte of concern in the first 


phase (mg/L) 
 V2 = The volume of the second phase (L). 
 C2 = The concentration of the analyte of concern in the 


second phase (mg/L). 
 


9.0 QUALITY CONTROL 
 
9.1 A minimum of one  method blank (MB) (using the same extraction fluid as 


used for the samples) must be analyzed for every 20 extractions that have been 
conducted in an extraction vessel.  No more than 20 field samples may be 
included in a batch.   


 
9.2 A matrix spike (MS) shall be performed for each waste type (e.g., wastewater 


treatment sludge, contaminated soil, etc.).  A minimum of one matrix spike 
must be analyzed for each analytical batch.  Follow the matrix spike addition 
guidance provided in each analytical method.   


 
9.2.1 Matrix spikes are to be added after filtration of the TCLP extract and 


before preservation.  Matrix spikes should not be added prior to TCLP 
extraction of the sample.   


 
9.2.2 In most cases, matrix spikes should be added at a concentration 


equivalent to the corresponding regulatory level.  If the analyte 
concentration is less than one half the regulatory level,  the spike 
concentration may be as low as one half of the analyte concentration, 
but may not be not less than five times the method detection limit.  In 
order to avoid differences in matrix effects, the matrix spikes must be 
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added to the same nominal volume of TCLP extract as that which was 
analyzed for the unspiked sample.   


 
9.2.3 Matrix spike recoveries are calculated by the following formula:   
 %R (% Recovery) = 100 (Xs - Xu)/K 
 
 Where:   
 Xs = measured value for the spike sample,  
 Xu = measured value for the unspiked samples, and  
 K = known value of the spike in the sample. 
 


9.3 All quality control measures described in the appropriate analytical methods 
shall be 


 followed.   
 
 
 
 
 
 
 
 
 
 
 
 
 


9.4 Samples must undergo TCLP extraction within the following time periods 
 


SAMPLE MAXIMUM HOLDING TIMES [Days] 
 From:   


Field  
collection 


From: 
TCLP  
extraction 


From:  
Preparative 
extraction 


 


     
 To:  


TCLP  
extraction 


To: 
Preparative 
extraction 
 


To:  
Determinative  
analysis 


Total  
elapsed 
time 


Volatiles 14 NA 14 28 
Semi-volatiles 14 7 40 61 
Mercury 28 NA 28 56 
Metals, except  
mercury 


180 NA 180 360 
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 From:   
Field  
collection 


From: 
TCLP  
extraction 


From:  
Preparative 
extraction 


 


     
     


 NA=Not Applicable 
 


10.0 DEVIATIONS FROM THE METHOD 
 
 10.1 This SOP meets the requirements of SW-846 Method 1311.  There are no 


known deviations from this method. 
 


11.0 SAFETY AND WASTE DISPOSAL 
 
11.1 Waste Disposal 


 
11.1.1 Unused sample leachate may be disposed of in the Aqueous 


Laboratory Waste profile #AK6966 (otherwise known as the CLLE 
Waste stream).   


 
11.1.2 Unused sample leachate solids may be disposed of in the 


Contaminated Soils and Solids and Solids Waste profile #AK6782. 
 
11.1.3 All empty solvent bottles are disposed of according to the appropriate 


SOPs.  Please note that all labels and markings must be defaced prior 
to disposal.   


 
11.2 Safety and Hazards 


 
11.1.1 Read the MSDS prior to preparing standards or using any solvents or 


reagents. 
 
11.1.2 Wear gloves, safety glasses and lab coat when working with chemical 


materials  (e.g., standards, solvents, reagents, or samples). 
 
11.1.3 Any chemicals with a Threshold Limit Value of less than 50 ppm shall 


be worked with in a laboratory fume hood (e.g., solvents and acids). 
 
12.0 REFERENCES 


 
12.1 Blackburn, W.B. and Show, I. “Collaborative Study of the Toxicity 


Characteristics Leaching Procedure (TCLP).”  Draft Final Report, Contract 
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1.0 SCOPE AND APPLICATION 


1.1 The TCLP replaces the EP TOX extraction under EPA requirements.  The TCLP is designed to 
determine the mobility of both organic and inorganic analytes present in liquid, solid and 
multiphasic wastes.  A sanitary landfill situation is simulated by maintaining a pH of 5.0 with the 
addition of a weak or strong acetic acid buffer.  The extraction is performed to analyze the 
soluble metals and organic compounds that could leach from a sample if it were in a landfill site. 


 
1.2 This Standard Operating Procedure (SOP) and the method it references (EPA SW-846 Method 


1311) are applicable to liquid, solid and multiphasic wastes.  Application of this method to 
matrices other than those specified in the methodology will be handled individually and 
appropriately to simulate the leaching procedure as best possible. 


2.0 SUMMARY OF METHOD 
2.1 For liquid wastes (i.e., those containing less than 0.5% dry solid material) the waste, following 


filtration through a 0.6 to 0.8 µm glass fiber filter, is defined as the TCLP extract. 
 
2.2 For wastes containing greater than or equal to 0.5% solids, the liquid, if any, is separated from 


the solid phase and stored for later analysis; the particle size of the solid phase is reduced, if 
necessary.  The solid phase is extracted with an amount of extraction fluid equal to twenty (20) 
times the weight of the solid phase.  The extraction fluid employed is a function of the alkalinity 
of the solid phase of the waste.  A special extractor vessel is used when testing for volatile 
analytes.  Following extraction, the liquid extract is separated from the solid phase by filtration 
through an 0.6 to 0.8 µm filter. 
 


2.3 If compatible (i.e., multiple phases will not form on combination) the initial liquid phase of the  
waste is added to the liquid extract, and these are analyzed together.  If incompatible, the liquids 
are analyzed separately and the results are mathematically combined to yield a volume-weighted 
average concentration. 
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3.0 RESPONSIBILITIES 


3.1 It is the responsibility of the analyst to perform the analysis according to this SOP and to 
complete all documentation required for review 


 
3.2 Analysis and interpretation of the results are performed by personnel in the laboratory who have 


demonstrated the ability to generate acceptable results utilizing this method  This demonstration 
may come in the form of supervisory/training review, precision and accuracy tests or the 
successful completion of an unknown proficiency evaluation test. 


 
3.3 Final review and sign off of the data are performed by the department supervisor or designee.  


Initialing and dating the file indicates that this review for precision accuracy, completeness, and 
reasonableness is complete and satisfactory.  Any errors that are found require corrective action, 
which includes notification to the technician/analyst ho performed the work and documentation 
of measures taken to remediate the data. 


 
3.4 It is the responsibility of all personnel who work with sample involving this method to note any 


anomalies or out-of-control events associated with the analysis of the samples.  Any 
discrepancies must be noted and corrective action taken and documented. 


 


4.0 APPARATUS AND MATERIALS 
4.1 Agitation apparatus.  The agitation apparatus must be capable of rotating the extraction vessel in 


an end-over-end fashion. 
 
4.2 pH meter.  Accurate to ±  0.05 pH units @ 25°C. 
 
4.3 2000 mL borosilicate glass container with PTFE lined lids. 
 
4.4 Vacuum filtration device or high pressure filtration device (lunar lander). 
 
4.5 Filter.  Filters shall be made of borosilicate glass fiber, shall contain no binder materials and shall 


have an effective particle size of 0.6 to 0.8 µm.  Pre-filters must not be used. When evaluating 
the mobility of metals, filters shall be acid-washed prior to use by rinsing with 1.0 N HNO3  
followed by three consecutive rinses with deionized distilled water (a minimum of 1 L per rinse 
is recommended).  Glass fiber filters are fragile and should be handled with care.   


 
4.6 Bottle extraction vessel.  2 L or larger.  Headspace is allowed in this vessel.  Extraction vessels 


and filtration devices shall be made of inert materials that will not leach of absorb waste 
components.  Glass, polytetrafluoroethylene (PTFE), or type 316 stainless steel equipment may 
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be used when evaluating the mobility of both organic and inorganic components.  Devices made 
of high density polyethylene (HDPE), polypropylene (PP), or polyvinyl chloride (PVC) may be 
used only when evaluating the mobility of metals.  Borosilicate glass bottles are recommended 
for use over types of glass bottles especially when inorganics are analytes of concern.   


 
4.7 Laboratory balance.  Any laboratory balance accurate to within ± 0.01 grams may be used (all 


weight measurements must be ± 0.1 grams).   
 
4.8  Beaker or Erlenmeyer flask, glass 500 mL or 4.5 oz plastic cup.   
 
4.9 Watchglass, appropriate diameter to cover beaker or Erlenmeyer flask or cap for plastic cup.   
 


5.0 REAGENTS 
5.1 Reagent grade chemicals shall be used for all analyses.   
 
5.2 Reagent Water.  Reagent water is defined as water in which an interference is not observed at or 


above the method’s detection limit of the analyte(s) of interest.  For nonvolatile extractions, 
ASTM Type II water or equivalent meets the definition of reagent water.  Reagent water should 
be monitored periodically for impurities.   


 
5.3  Glacial Acetic Acid (HOAc). 
 
5.4 12 N Sodium Hydroxide (12 N NaOH).   
 
5.5 Extraction Fluid #1:  Prepare fluid for each batch. Add 500 mL of reagent water to a 1000 mL 


container. Add 5.7 mL HOAc and 5.4 mL 12 N NaOH.  Bring final volume to 1000 mL with 
reagent water.  Mix thoroughly (pH must be 4.93 ± 0.05).  Volumes of HOAc and NaOH may be 
adjusted for larger volumes and/or higher concentrations of NaOH.   


 
5.6 Extraction Fluid #2:  Prepare fluid for each batch. Add 800 mL of reagent water to a 1000 mL 


container. Add 5.7 mL HOAc.  Bring final volume to 1000 mL with reagent water.  Mix 
thoroughly (pH must be 2.88 ± 0.05).  Volume of HOAc may be adjusted for larger volume. 


 
5.7 1.0 N Hydrochloric acid (1.0 N HCl):  In a 100 mL volumetric flask with approximately 50 mL 


reagent water, add 8.3 mL concentrated HCl, bring to volume with reagent water, mix 
thoroughly.   


 
5.8 1.0N nitric acid (1.0N HNO3). 
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6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 


6.1 All samples shall be collected using an appropriate sampling plan.   
 
6.2 The TCLP may place requirements on the minimal size of the field sample, depending upon the 


physical state of the waste and the analytes of concern.  An aliquot is needed for preliminary 
evaluation of which extraction fluid is to be used for the nonvolatile analyte extraction procedure.  
Another aliquot is required to actually conduct the nonvolatile extraction.  If volatile organics are 
of concern, another aliquot is required.  Quality control samples may require additional aliquots.  
Further, it is always wise to collect additional sample in case something goes wrong with the 
initial attempt to conduct the test.   


 
6.3   Preservatives shall not be added to samples before extraction.   
 
6.4 Samples may be refrigerated unless refrigeration results in irreversible physical change of the 


waste.  If precipitation occurs, the entire sample (including precipitate) should be extracted.    
 
6.5 When the waste is to be evaluated for volatile analytes, care shall be taken to minimize the loss 


of volatiles.  Samples shall be collected and stored in a manner intended to prevent the loss of 
volatile analytes. Samples should be collected in Teflon-lined septum capped vials and stored at 
4°C.  Samples should only be opened immediately prior to extraction.   


 
6.6 TCLP extracts should be prepared for analysis and analyzed as soon as possible following 


extraction.  Extracts or portions of extracts for metallic analyte determinations must be acidified 
with nitric acid to a pH < 2, unless precipitation occurs (see Section 6.4 if precipitation occurs).  
Extracts should be preserved for other analytes according to the guidance given in the individual 
methods.  Extracts or portions of extracts for volatile organic analyses shall not be allowed to 
come into contact with the atmosphere (i.e., no headspace allowed) to prevent losses.   
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7.0 PROCEDURE 


7.1 Sample Preparation for Preliminary Evaluation.  Select samples and record on benchsheet.   If 
sufficient sample is not available, record on benchsheet.  Perform preliminary TCLP evaluations 
on a minimum 100 gram aliquot of waste.  This aliquot may not actually undergo TCLP 
extraction.  These preliminary evaluations include:  (1)  determination of the percent solids; (2) 
determination of whether the waste contains insignificant solids and is, therefore, its own extract 
after filtration; (3) determination of whether the solid portion of the waste requires particle size 
reduction; and (4) determination of which of the two extraction fluids are to be used for the 
nonvolatile TCLP extraction of the waste.   


 
7.1.1 Preliminary determination of percent solids:  Percent solids is defined as that fraction of a 


waste sample (as a percentage of the total sample) from which no liquid may be forced 
out by an applied pressure, as described below: 


 
7.1.1.1 If the waste will obviously yield no liquid when subjected to pressure filtration 


(i.e., is 100% solids) proceed to Section 7.1.3. 
 


7.1.1.2 If the sample is liquid or multi-phasic, liquid/solid separation to make a 
preliminary determination of percent solids is required.  This involves the 
filtration devices described in Section 4.4 and is outlined in Sections 7.1.1.3 
through 7.1.1.9. 


 
7.1.1.3 Acidify the filter paper with 1.0 N HNO3.  Pre-weigh the filter and foil that will 


receive the filtrate, the beaker and spatula.  Record the weights in the appropriate 
boxes on the TCLP % solid benchsheet.  (See Form 637.) 


 
7.1.1.4 Assemble the filtration device and filter following the manufacturer’s instructions.  


Place the filter on the support screen and secure.   
 
7.1.1.5 Weigh out a subsample of the waste (100 gram minimum) and record the weight.  


If sufficient sample is not available, record on benchsheet.   
 
7.1.1.6 Allow slurries to stand to permit the solid phase to settle.  Wastes that settle 


slowly may be centrifuged prior to filtration.  Centrifugation is to be used only as 
an aid to filtration.  If used, the liquid should be decanted and filtered followed by 
filtration of the solid portion of the waste through the same filtration system.   


 
7.1.1.7 Quantitatively transfer the waste sample to the filtration device (liquid and solid 


phases).  Whether vacuum filtration or the pressure filtration unit used will be 
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determined by the technician based upon the visual quantity of solid.  If little solid 
is apparent, then use vacuum filtration.  If large amount of solid is apparent, use 
the lunar lander.  Spread the waste sample evenly over the surface of the filter.  If  
filtration of the waste at 4°C reduces the amount of expressed liquid over what 
would be expressed at room temperature, then allow the sample to warm up to 
room temperature before filtering.   


 
 After transferring the waste sample to the filtration device, place the spatula in the 


beaker and record the weight of both combined in Box 6 of the TCLP % solid 
benchsheet.  Then continue with the calculations in Boxes 7 and 8 on the TCLP % 
solid benchsheet (See Form 637).  Gradually apply vacuum or gentle pressure of a 
1-10 psi, until air or pressurizing gas moves through the filter.  If gas or air does 
not move through the filter at this range of pressures and if no additional liquid 
has passed through the filter in any 2 minute interval, slowly increase the pressure 
in 10 psi increments to a maximum pressure of 50 psi.  If after each incremental 
increase of 10 psi, the pressurizing gas has not moved through the filter, and if no 
additional liquid has passed through the filter in any 2 minute interval, proceed to 
the next 10 psi increment.  When the pressurizing gas begins to move through the 
filter, or when liquid flow has ceased at 50 psi (i.e., filtration does not result in 
any additional filtrate within any 2 minute period), stop the filtration.   


NOTE: Instantaneous application of high pressure can degrade the glass fiber filter and 
may cause premature plugging.  


 
7.1.1.8 The material in the filter holder is defined as the solid phase of the waste, and the 


filtrate is defined as the liquid phase.   
 
NOTE: Some wastes, such as oily wastes and some paint wastes, will obviously contain 


some material that appears to be a liquid.  Even after applying vacuum or pressure 
filtration as outlined in Section 7.1.1.7, this material may not filter.  If this is the 
case, the material within the filtration device is defined as a solid.  Do not replace 
the original filter with a fresh filter under any circumstances.  Use only one filter. 


 
7.1.1.9 Determine the weight of the liquid phase by subtracting the weight of the filtrate 


container (see Section 7.1.1.3) from the total weight of the filtrate-filled container.  
Determine the weight of the solid phase of the waste sample by subtracting the 
weight of the liquid phase from the weight of the total waste sample, as 
determined in Section 7.1.1.5 or 7.1.1.7. 


 
 Record the weight of the liquid and solid phases.  Calculate the percent solids as follows: 
 
 Percent Solids = Weight of  solid (Section 7.1.1.9)                  x 100 
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              Total weight of waste (Section 7.1.1.5 or 7.1.1.7) 
 
7.1.2 If the percent solids determined on Section 7.1.1.9 is equal to or greater that 0.5%, then 


proceed eight to Section 7.1.3 to determine whether the solid material requires particle 
size reduction or to Section 7.1.2.1 if it is noticed that a small amount of the filtrate is 
entrained in wetting of the filter.  If the percent solids determined in Section 7.1.1.9 Is 
less that 0.5%, then proceed to Section 7.2.9 if the nonvolatile TCLP is to be performed 
and to Section 7.3 with a fresh portion of the waste if the volatile TCLP is to be 
performed.   


 
7.1.2.1 Remove the solid phase and filter from the filtration apparatus. 
 
7.1.2.2 Dry the filter and solid phase at 100 ± 20 °C until two successive weighings yield 


the same value ± 1%.  Record the final weight.   
 
NOTE:  Caution should be taken to ensure that the subject solid will not flash upon 


heating.  If it is suspected that the material is flammable, drying in the hood 
overnight is recommended.  When the filter paper is dry, re-weigh and calculate 
the % solids with the new value.  This step is performed when it is suspected that 
the weight from the moisture in the filter paper has caused the % solids value to 
rise above 0.5%.  Perform this step only in borderline cases.  When the % solids 
value has been calculated, proceed as outlined above.   


 
7.1.2.3 Calculate the percent dry solids as follows: 
 
 Percent dry solids = (Wt of dry waste + filter) -  (tared wt. of filter) x 100 
     Initial wt. of waste  (Section 7.1.1.5 or 7.1.1.7) 
 
7.1.2.4 If the percent dry solids is less than 0.5 %, then proceed to Section 7.2.9 if the 


nonvolatile TCLP is to be performed, and to Section 7.3 if the volatile TCLP is to 
be performed.  If the percent dry solids is greater than or equal to 0.5%, and if the 
nonvolatile TCLP is to be performed, return to the beginning of this Section and, 
with a fresh portion of waste, determine whether particle size reduction is 
necessary (Section 7.1.4).  If only the volatile TCLP is to be performed, see the 
note in Section 7.1.4. 


 
7.1.3 Determination of whether the waste requires particle size reduction (particle size is 


reduced during this step):  Using the solid portion of the waste, evaluate the solid for 
particle size.  Particle size reduction is required, unless the solid has a surface area per 
gram of material equal to or greater than 3.1 cm2 , or is smaller than 1 cm in its narrowest 
dimension (i.e., is capable of passing through a 9.5 cm (0.375 inch) standard sieve).  If 
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the particle size is larger than described above prepare the solid portion of the waste for 
extraction by crushing, cutting, or grinding the waste to a surface area or particle size as 
described above. 


 
NOTE: Surface area criteria are meant for filamentous (e.g., paper, cloth, and similar) waste 


materials.  Actual measurement of surface area is not required, nor is it recommended.  
For materials that do not obviously meet the criteria sample specific methods would need 
to be developed and employed to measure the surface area.  Such methods would need to 
be developed and employed to measure the surface area.  Such methodology is currently 
not available.  Sieving of the waste is not normally required unless the waste is 
filamentous.   


 
7.1.4 Determine appropriate extracting fluid for each sample.  If the solid content of the waste 


is greater than or equal to 0.5 %, then determine the appropriate fluid for the nonvolatiles 
extraction as follows:   


 
7.1.4.1 Weigh out a small subsample of the solid phase of the waste, reduce the solid (if 


necessary) to a particle size of approximately 1 mm in diameter or less (it should 
pass through a 1 mm sieve), and transfer 5.0 grams of the solid phase of the waste 
to a 250 mL beaker or 4.5 oz cup. 


 
7.1.4.2 Add 96.5 mL of reagent water to the beaker, cover with a watchglass, and stir 


vigorously for 5 minutes using a magnetic stirrer.  Measure and record the pH.  If 
the pH is < 5.0, use Extraction Fluid # 1.  Proceed to Section 7.2. 


 
7.1.4.3 If the pH is > 5.0, add 3.5 mL 1N HCl, slurry briefly, cover with a watch glass, 


heat to 50°C, and hold at 50°C for 10 minutes.   
 
7.1.4.4 Let the solution cool to room temperature and record the pH.  If the pH is < 5.0, 


use Extraction Fluid # 1.  If the pH is > 5.0, use Extraction Fluid # 2.  Record the 
Extraction Fluid used for each sample in the extractions benchsheet book.  
Proceed to Section 7.2. 


 
7.1.4.5 Label a 2000 mL container with work order number, sample number, and fluid 


number (for metals, rinse the nalgene container with 0.1 N HNO3  followed by a 
rinse with deionized water).  For each reagent blank, label a container with the 
date of tumbling, reagent blank number and fluid number.   


 
7.1.4.5.1 Determine the number of analyses to be performed upon each 


sample.  Herbicides require 100 mL of tumbled fluid, 
organochlorine pesticides require 100 mL of tumbled fluid, semi-
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volatile require 100 mL of tumbled fluid, and metals require 50 
mL of tumbled fluid.  Each analysis also requires one (1) matrix 
spike sample/fluid/day tumbled, so these amounts may be doubled 
to ensure sufficient amount of fluid for all analysis and matrix 
spike.  Each analysis also requires a reagent blank/fluid/day 
tumbled, which consists of the appropriate fluid placed in a 
nalgene container (no solid added) and tumbled with the 
samples.  The reagent blank should also be put on the TCLP 
tumble benchsheet and carried through the tumbling/filtering/ 
extracting (analysis) process.  The amount of fluid added to the 
sample is equal to 20 times the weight of the solid.  (e.g., 20g of 
sample requires 400 mL of fluid).   


 
7.1.5 If the aliquot of the waste used for the preliminary evaluation (Section 7.1.1 - 7.1.4) was 


determined to be 100% solid at Section 7.1.1.1., then it can be used for the Section 7.2 
extraction (assuming 100 grams remain).  If the aliquot was subjected to the procedure in 
Section 7.1.1.7, than another aliquot shall be used for the volatile extraction procedure in 
Section 7.3.  The aliquot of the waste subjected to the procedure in Section 7.1.1.7 might 
be appropriate for use for the Section 7.2 extraction if an adequate amount of solid (as 
determined by Section 7.1.1.9) was obtained.  The amount of solid necessary is dependent 
upon whether a sufficient amount of extract will be produced to support the analyses.  If 
an adequate amount of solid remains, proceed the Section 7.2.10 of the nonvolatile TCLP 
extraction.   


 
7.2 Procedure When Volatiles Are Not Involved 


A minimum sample size of 100 grams (solid and liquid phases) is recommended.  In some cases, 
a larger sample size may be appropriate, depending on the solids content of the waste sample 
(percent solids, See Section 7.1.1), whether the initial liquid phase of the waste will be miscible 
with the aqueous extract of the solid, and whether inorganics, semivolatile organics, pesticides, 
and herbicides are all analytes of concern.  Enough solids should be generated for extraction such 
that the volume of TCLP extract will be sufficient to support all of the analyses required.  If the 
amount of extract generated by a single TCLP extraction will not be sufficient to perform all of 
the analyses, more than one extraction may be performed and the extracts from each combined 
and aliquoted for analysis.   


7.2.1 If the waste will obviously yield no liquid when subjected to pressure filtration (i.e., is 
100% solid, see Section 7.1.1), weigh out a subsample of the waste (100 gram minimum) 
and proceed to Section 7.2.9.  


 
7.2.2 If the sample is liquid or multiphasic, liquid/solid separation is required.  This involves 


the filtration device described in Section 4.3.2 and is outlined in Sections 7.2.3 to 7.2.8.   
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7.2.3 Pre-weigh the container that will receive the filtrate.   
 
7.2.4 Assemble the filter holder and filter following the manufacturer’s instructions.  Place the 


filter on the support screen and secure.  Acid wash the filter if evaluating the mobility of 
metals (see Section 4.5). 


 
Note : Acid washed filters may be used for all nonvolatile extractions even when metals are not 


of concern.   
 
7.2.5 Weigh out a subsample of the waste (100 gram minimum) and record the weight.  If the 


waste contains <0.5% dry solids (Section 7.1.2), the liquid portion of the waste, after 
filtration, is defined as the TCLP extract.  Therefore, enough of the sample should be 
filtered so that the amount of filtered liquid will support all of the analyses required of the 
TCLP extract.  For wastes containing >0.5% solids (Sections 7.1.1 or 7.1.2), use the 
percent solids information obtained in Section 7.1.1 to determine the optimum sample 
size (100 gram minimum) for filtration.  Enough solids should be generated by filtration 
to support the analyses to be performed on the TCLP extract. 


 
7.2.6 Allow slurries to stand to permit the solid phase to settle.  Wastes that settle slowly may 


be centrifuged prior to filtration.  Use centrifugation only as an aid to filtration.  If the 
waste is centrifuged, the liquid should be decanted and filtered followed by filtration of 
the solid portion of the waste through the same filtration system.   


 
7.2.7 Quantitatively transfer the waste sample (liquid and solid phases) to the filter holder. 


Spread the waste sample evenly over the surface of the filter.  If filtration of the waste at 
4°C reduces the amount of expressed liquid over what would be expressed at room 
temperature, then allow the sample to warm up to room temperature in the device before 
filtering.   


 
NOTE:   If waste material (>1% of the original sample weight) has obviously adhered to 


the container used to transfer the sample to the filtration apparatus, determine the weight 
of this residue and subtract it from the sample weight determined in Section 7.2.5, to 
determine the weight of the waste sample that will be filtered.   


 
 Gradually apply vacuum or gentle pressure of 1-10 psi, until air or pressurizing gas moves 


through the filter.  If this point is not reached under 10 psi, and if no additional liquid has 
passed through the filter in any 2 minute interval, slowly increase the pressure in 10 psi 
increments to a maximum of 50 psi.  After each incremental increase of 10 psi, if the 
pressurizing gas has not moved through the filter, and if no additional liquid has passed 
through the filter in any 2 minute interval, slowly increase the pressure in 10 psi 
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increments to a maximum of 50 psi.  After each incremental increase of 10 psi, if the 
pressurizing gas has not moved through the filter, and if no additional liquid has passed 
through the filter in any 2 minute interval, proceed to the next 10 psi increment.  When 
the pressurizing gas begins to move through the filter, or when the liquid flow has ceased 
at 50 psi (i.e., filtration does not result in any additional filtrate within a 2 minute period), 
stop the filtration.   


 
NOTE: Instantaneous application of high pressure can degrade the glass fiber filter and may cause 


premature plugging.   
 
7.2.8 The material in the filter holder is defined as the solid phase of the waste, and the filtrate 


is defined as the liquid phase.  Weigh the filtrate.  The liquid phase may now be either 
analyzed (See Section 7.2.12) or stored at 4°C until time of analysis.   


 
NOTE: Some wastes, such as oily wastes and some paint wastes, will obviously contain some 


material that appears to be a liquid.  Even after applying vacuum or pressure filtration, as 
outlined in the Section 7.2.7, this material may not filter.  If this is the case, the material 
within the filtration device is defined as a solid and is carried through the extraction as a 
solid.  Do not replace the original filter with a fresh filter under any circumstances.  Use 
only one filter.   


 
7.2.9 If the waste contains <0.5% dry solids (see Section 7.1.2), proceed to Section 7.2.13.  If 


the waste contains >0.5% dry solids (see Section 7.1.1 or 7.1.2), and if particle size 
reduction of the solid was needed in Section 7.1.3, proceed to Section 7.2.10.  If the waste 
as received passes a 9.5 mm sieve, quantitatively transfer the solid material into an 
extractor bottle along with the filter used to separate the initial liquid from the solid 
phase, and proceed to Section 7.2.11. 


 
7.2.10 Prepare the solid portion of the waste for extraction by crushing, cutting or grinding the 


waste to a surface area or particle size as described in Section 7.1.3.  When the surface 
area or particle size has been appropriately altered, quantitatively transfer the solid 
material into the extractor bottle.  Include the filter used to separate the initial liquid from 
the solid phase. 


 
NOTE: Sieving of the waste is not normally required.  Surface area requirements are meant for 


filamentous (e.g., paper, cloth) and similar waste materials.  Actual measurement of 
surface area is not recommended.  If sieving is necessary, a Teflon coated sieve should be 
used to avoid contamination of the sample.   
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7.2.11 Determine the amount of extraction fluid to add to the extractor vessel as follows:   
 
   20 x percent solids (Section 7.1.1) weight of waste filtered (Section 7.2.5  


   or 7.2.7) 
Weight of        = _________________________________________ 
extraction fluid    100 
 
 Slowly add this amount of appropriate extraction fluid (see Section 7.1.4) to the extractor 


vessel.  Close the extractor bottle tightly (it is recommended that Teflon tape be used to 
ensure a tight seal), secure in rotary agitation device, and rotate at 30 ± 2 rpm for 18 ± 2 
hours.  Ambient temperature (i.e., temperature of room in which extraction takes place 
shall be maintained at 23 ± 2 °C during the extraction period.   


 
NOTE: As agitation continues, pressure may build up within the extractor bottle for some types 


of wastes  (e.g., limed or calcium carbonate containing waste may evolve gases such as 
carbon dioxide).  To relieve excess pressure, the extractor bottle may be periodically 
vented (e.g., after 15 minutes, 30 minutes, and 1 hour) and vented into a hood.   


 
7.2.12 Following the 18 ± 2 hour extraction, separate the material in the extractor vessel into its 


component liquid and solid phases by filtering through a new glass fiber filter, as outlined 
in Section 7.2.7.  For final filtration of the TCLP extract, the glass fiber filter may be 
changed, if necessary, to facilitate filtration.  Filter(s) shall be acid-washed (see Section 
4.4) if evaluating the mobility of metals.   


 
7.2.13 Prepare the TCLP extract as follows: 
 


7.2.13.1 If the waste contained no initial liquid phase, the filtered liquid material 
obtained from Section 7.2.12 is defined as the TCLP extract.  Proceed to 
Section 7.2.14.   


 
7.2.13.2 If compatible (e.g., multiple phases will not result on combination), 


combine the filtered liquid resulting from  Section 7.2.12 with the initial 
liquid phase of the waste obtained in Section 7.2.7.  This combined liquid 
is defined as the TCLP extract.  Proceed to Section 7.2.14.   


 
7.2.13.3 If the initial liquid phase of the waste, as obtained from Section 7.2.7, is 


not or may not be compatible with the filtered liquid resulting from 
Section 7.2.12, do not combine these liquids.  Analyze these liquids, 
collectively defined as the TCLP extract, and combine the results 
mathematically, as described in Section 7.2.14.   
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7.2.14 Following collection of the TCLP extract, the pH of the extract should be recorded.  


Immediately aliquot and preserve the extract for analysis.  Metals aliquots must be 
acidified with nitric acid to pH <2.  If precipitation is observed upon addition of nitric 
acid to a small aliquot of the extract, then the remaining portion of the extract for metals 
analyses shall not be acidified and the extract shall be analyzed as soon as possible.  All 
other aliquots must be stored under refrigeration (4°C) until analyzed.  The TCLP extract 
shall be prepared and analyzed according to appropriate analytical methods. TCLP 
extracts to be analyzed for metals shall be acid digested except in those instances where 
digestion causes loss of metallic analytes.  If an analysis of the undigested extract shows 
that the concentration of any regulated metallic analyte exceeds the regulatory level, then 
the waste is hazardous and digestion of the extract is not necessary.  However, data on 
undigested extracts alone cannot be used to demonstrate that the waste is not hazardous.  
If the individual phases are to be analyzed separately, determine the volume of the 
individual phases (to ± 0.5%), conduct the appropriate analyses, and combine the results 
mathematically by using a simple volume-weighted average:   


    
           (V1) (C1) + (V2) (C2) 
  Final Analyte Concentration  =            ____________________ 
        V1  + V2  
 where: 
 
 V1 = The volume of the first phase (L). 
 C1 = The concentration of the analyte of concern in the first phase (mg/L). 
 V2 = The volume of the second phase (L). 
 C2 =  The concentration of the analyte of concern on the second phase (mg/L). 
 
7.2.15 Compare the analyte concentrations in the TCLP extract with the levels identified in the 


appropriate regulations.   
 


8.0 QUALITY ASSURANCE 


8.1 A minimum of one blank (using the same extraction fluid as used for the samples) must be 
analyzed for every 20 extractions that have been conducted in an extraction vessel.  No more 
than 20 field samples may be included in a batch.   


 
8.2 A matrix spike shall be performed for each waste type (e.g., wastewater treatment sludge, 


contaminated soil, etc.).  A minimum of one matrix spike must be analyzed for each analytical 
batch.  as a minimum, follow the matrix spike addition guidance provided in each analytical 
method.   
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8.2.1 Matrix spikes are to be added after filtration of the TCLP extract and before preservation.  
Matrix spikes should not be added prior to TCLP extraction of the sample.   


 
8.2.2 In most cases, matrix spikes should be added at a concentration equivalent to the 


corresponding regulatory level.  If the analyte concentration is less than one half the 
regulatory level,  the spike concentration may be as low as one half of the analyte 
concentration, but may not be not less than five times the method detection limit.  In 
order to avoid differences in matrix effects, the matrix spikes must be added to the same 
nominal volume of TCLP extract as that which was analyzed for the unspiked sample.   


 
8.2.3 Matrix spike recoveries are calculated by the following formula:   
 %R (% Recovery) = 100 (Xs - Xu)/K 
 
 Where:   
 Xs = measured value for the spike sample,  
 Xu = measured value for the unspiked samples, and  
 K = known value of the spike in the sample. 
 


8.3 All quality control measures described in the appropriate analytical methods shall be 
 followed.   
 
8.4 The use of internal calibration quantitation methods shall be employed for a metallic contaminant 


if:  (1) Recovery of the contaminant from the TCLP extract is not at least 50% and the 
concentration does not exceed the regulatory level; and (2) The concentration of the contaminant 
measured in the extract is within 20% of the appropriate regulatory level.   


8.4.1 The method of standard additions shall be employed as the internal calibration 
quantitation method for each metallic contaminant.   


 
8.4.2 The method of standard additions requires preparing calibration standards in the sample 


matrix rather that reagent water or blank solution.  It requires taking four identical 
aliquots of the solution an adding known amounts of standard to three of these aliquots.  
The fourth aliquot is the unknown.  Preferably, the first addition should be prepared so 
that the resulting concentration is approximately 50% of the expected concentration of the 
sample.  The second and third additions should be prepared so that the concentrations are 
approximately 100% and 150% of the expected concentration of the sample.  All four 
aliquots are maintained at the same final volume by adding reagent water or a blank 
solution, and may need dilution adjustment to maintain the signals in the linear range of 
the instrument technique.  All four aliquots are analyzed.   
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8.4.3 Prepare a plot, or subject data to linear regression, of instrument signals or external-
calibration-derived concentrations as the dependent variable (y-axis) versus 
concentrations of the additions of standard as the independent variable (x-axis).  Solve for 
the intercept of the abscissa (the independent variable, x-axis) which is the concentration 
in the unknown.   


 
8.4.4 Alternately, subtract the instrumental signal or external-calibration-derived concentration 


of the unknown (unspiked) sample from the instrumental signals or external-calibration 
derived concentrations of the standard additions.  Plot or subject to linear regression of 
the corrected instrument signals or external-calibration derived concentrations as the 
dependent variable versus the independent variable.  Derive concentrations for unknowns 
using the internal calibration curve as if it were an external calibration curve.   


 
8.5 Samples must undergo TCLP extraction within the following time periods 


SAMPLE MAXIMUM HOLDING TIMES [Days] 
 From:   


Field  
collection 


From: 
TCLP  
extraction 


From:  
Preparative 
extraction 


Total  
elapsed 
time 


     
 To:  


TCLP  
extraction 


To: 
Preparative 
extraction 
 


To:  
Determinative  
analysis 


 


Volatiles 14 NA 14 28 
Semi-volatiles 14 7 40 61 
Mercury 28 NA 28 56 
Metals, except  
mercury 


180 NA 180 360 


     
     
NA=Not Applicable 


9.0 SAFETY AND WASTE DISPOSAL 
 


9.1 Waste Disposal 
 


9.1.1 Unused sample leachate may be disposed of in the Aqueous Laboratory Waste profile 
#AK6966 (otherwise known as the CLLE Waste stream).   
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9.1.2 Unused sample leachate solids may be disposed of in the Contaminated Soils and Solids 
and Solids Waste profile #AK6782. 


 
9.1.3 All empty solvent bottles are disposed of according to the appropriate SOPs.  Please note 


that all labels and markings must be defaced prior to disposal.   


9.2 Safety and Hazards 
 


9.1.1 Read the MSDS prior to preparing standards or using any solvents or reagents. 
 
9.1.2 Wear gloves, safety glasses and lab coat when working with chemical materials (e.g., 


standards, solvents, reagents, or samples). 


9.1.3 Any chemicals with a Threshold Limit Value of less than 50 ppm shall be worked  with in 
a laboratory fume hood (e.g., solvents and acids). 
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1. SCOPE AND APPLICATION 


1.1. This standard operating procedure (SOP) describes the electrometric measurement 
of pH in aqueous wastes, soils, and wastes.  The SOP is based on EPA SW-846 
Methods 9040B (aqueous), and 9045C (soils and wastes).   


1.2. Method 9045C is used to analyze waste samples that are solids, sludges, or non-
aqueous liquids.  If water is present, it must constitute less than 20% of volume of 
the sample.   


1.3. Method 9040B is used to measure the pH of aqueous matrices or those multiphase 
wastes where the aqueous phase constitutes at least 20% of the total volume of the 
waste.   


1.4. The corrosivity of concentrated acids and bases, or of concentrated acids and 
bases mixed with inert substance, cannot be measured.  The pH measurement 
requires some water content. 


2.  SUMMARY 


2.1. A  pH meter equipped with a combination pH electrode is used to measure pH.  
The pH is measured directly in water samples (while stirring).  Soils and wastes 
are mixed with water (1:1 ratio) or calcium chloride and the pH of the aqueous 
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suspension is measured.  The measuring device is calibrated with a series of 
standard solutions of known pH. 


3.  RESPONSIBILITIES 


3.1. It is the responsibility of the analyst to perform the analysis according to this SOP 
and complete all documentation required for review. 


3.2. Analysis and interpretation of the results are performed by personnel in the 
laboratory who have demonstrated the ability to generate acceptable results 
utilizing this method.  This demonstration may come in the form of 
supervisory/training review, precision and accuracy tests, or the successful 
completion of an unknown proficiency evaluation test. 


3.3. Final review and sign-off of the data are performed by the department supervisor 
or designee.  Initialing and dating the file indicates that this review for precision, 
accuracy, completeness, and reasonableness is complete and satisfactory.  Any 
errors that are found require corrective action, which includes notification to the 
technician/analyst who performed the work and documentation of measure taken 
to remediate the data. 


3.4. It is the responsibility of all personnel who work with samples involving this 
method to note any anomalies or out-of-control events associated with the analysis 
of the samples.  Any discrepancies must be noted and corrective action taken and 
documented. 


4. INTERFERENCES 


4.1. In general, the glass electrode is not subject to solution interferences from color, 
turbidity, colloidal matter, oxidants, reductants, or moderate salinity (< 0.1 molar 
salinity). 


4.2. Sodium ion is the most likely interference for the pH electrode.  The electrode 
used in this SOP is constructed from a special low sodium glass.  Error due to 
sodium is negligible when measuring pH values less than 12.  


4.3. Temperature difference between calibration buffers and samples could cause 
errors.  If the sample temperature differs by more than ± 2° C from the buffers, it 
is necessary to make corrections for temperature.  The pH meter used in this SOP 
is equipped with an automatic temperature compensator probe which can be used 
to automatically compensate for sample temperature.  For most accurate results it 
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is recommended that the sample temperature be allowed to equilibrate to within  ± 
2° C of the calibration buffer temperature. 


4.4. Errors will occur if the electrode becomes coated.  If the electrode becomes coated 
with an oily material, rinse the electrode with mild detergent or methanol.  If 
inorganic deposits are coating the electrode, soak the electrode in 0.1 M HCl for 
one-half hour, followed by soaking in the electrode storage solution for at least 
one hour.  Refer to the electrode instruction manual for additional information on 
cleaning the electrode. 


4.5. After  use in especially dirty or viscous samples or when electrode response 
becomes sluggish, the electrode junction should be flushed by holding the probe 
and pressing down on the top.  After flushing the junction, the probe should be 
filled with internal filling solution. 


5.  APPARATUS AND MATERIALS 


5.1. pH meter - Fisher Accumet 50 or equivalent. 


5.2. Combination pH electrode - Orion ROSS-SURE FLOW or  equivalent. 


5.3. Automatic temperature compensating probe. 


5.4. 50 mL disposable centrifuge tube. 


5.5. Magnetic stir plate and stirring bars. 


5.6. Analytical balance, capable of weighing ± 0.1 g. 


5.7. Water bath maintained at 25 ± 2 °C.  


6. REAGENTS 


6.1. Reagent grade chemicals shall be used in all tests. 


6.2. Certified standard buffer solutions may be purchased from vendors.  These 
commercially available solutions must be validated by comparison with NIST 
standards. These buffer solutions are purchased at various pH units (4, 5, 7, 9, and 
10). 


6.3. Electrode internal filling solution (3 M KCl ). 
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6.4. Electrode storage solution - pH 7 buffer containing 1g KCl per 200 mL. 


6.5. 1:3 HCl.  Made by adding one part concentrated HCl to 3 parts reagent water. 


6.6. 0.01M CaCl2.  Dissolve 1.47 g CaCl2•2H20 in 800 mL of reagent water.  Bring 
final volume to 1000 mL with reagent water. 


7.  SAMPLE COLLECTION, PRESERVATION AND HANDLING 


7.1. All samples must be collected according to a verified sampling plan.   The 
measurement of pH is intended to be a field parameter, as the buffering capacity 
of a sample may change the pH of the sample.  Although measurement of pH by 
an offsite laboratory may be inaccurate, some clients choose to have the pH 
measured by an offsite laboratory. 


7.2. EPA SW-846 Methods 9040B, 9045A, and 9045C state that “samples should be 
analyzed as soon as possible.”  Paragon interprets this statement to mean that 
analysis should be performed as soon as possible.  Paragon’s internal goal is to 
measure pH within 96 hours of validated time of sample receipt. 


7.3. Samples must be refrigerated at 4 °C until analysis. 


8.  PROCEDURE 


8.1. Calibration 


8.1.1. Over time, a pH electrode’s slope and its zero potential will change.  
Therefore, pH electrodes must be standardized at least daily. Daily 
standardization requires the use of at least three (3) certified buffer 
solutions  (4, 7, and 10 buffers).  Following is the standardization process. 


8.1.2. Clear existing values from previous standardization) 


8.1.2.1.From main screen press channel until the display indicates  
Channel A.   


8.1.2.2.Press pH to select pH measurement mode.   


8.1.2.3.Press standardize.  A menu of standardization options appears.   


8.1.2.4.Press 2 to select Clear Existing Standards.   
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8.1.2.5.The meter returns to the main screen, but with all pH 
standardization points cleared from memory. 


8.1.3. Standardize pH Meter.   


8.1.3.1.Note: The meter has been set up to automatically recognize the 
pH 4, 7, and 10 buffers.  Operator entry of the buffer value is not 
required.   


8.1.3.2.Place fresh aliquots of the pH 4, 7, and 10 buffers in beakers.  
Record lot numbers and expiration dates of the buffers on 
benchsheet.   


8.1.3.3.From the main screen press channel until the display indicates 
channel A.  


8.1.3.4.Press pH to select pH measurement and press meas/monitor key to 
activate continuous monitor mode.  No “key” icon appears in the 
lower right corner of the display in the monitor mode.   


8.1.3.5.Place electrode in pH 7 buffer solution.  Allow display to stabilize 
(no change in pH reading for at least five seconds).   


8.1.3.6.Press standardize.  A menu of standardization options is displayed.   


8.1.3.7.Press 1 to select Update or Add a Standard, then press enter.   


8.1.3.8.The meter returns to the main screen with the added buffer point 
shown.   


8.1.3.9.Record the buffer point on benchsheet.  It should be within ± 0.05 
pH units of the true value.   


8.1.3.10.Repeat the measurement of another portion of the buffer solution.  
The reading must be within ± 0.05 pH units of the expected value.  
Record the buffer point pH value on the benchsheet. 


8.1.3.11.Repeat the above procedure (Steps 8.1.3.4 through 8.1.3.8) for the 
pH 4 and  pH 10 buffers to complete the three point 
standardization.   
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8.2. Analysis 


8.2.1. General Practices 


8.2.1.1.Prior to standardization, the internal filling solution level should be 
checked. The level of filling solution must cover the coil and be at 
least one inch above the sample level. Uncover the filling hole and 
add more internal filling solution if needed. The filling hole must 
remain uncovered during analysis. 


8.2.1.2.Between measurements, rinse the electrode with reagent water and 
then with the next solution to be measured.  Avoid rubbing or 
vigorous wiping of the glass electrode to reduce chance of error 
due to polarization.   


8.2.1.3.Stir all water samples and buffers thoroughly before taking 
measurements.   


8.2.1.4.The electrode is stored by immersing the electrode in storage 
solution.  The filling hole is covered during storage.   


8.2.1.5.Place the pH meter in the Stand By mode when it is not in use.   


8.2.1.6.Press pH and meas/monitor keys to place meter in continuous 
monitor, pH mode.   


8.2.1.7.Immerse pH electrode into sample solution.  Wait until a stable 
reading is achieved (no change in reading for at least five seconds).   


8.2.1.8.Record pH value and Method Reference on benchsheet.   


8.2.2. Analysis of Water Samples (Method 9040B)  
 


Allow the samples to equilibrate to within ± 2 °C of the standardization 
buffer temperature by placing all samples and buffers in a water bath 
maintained at 25 ± 2 °C.  Record the temperature of the buffers and 
samples on the benchsheet.  No additional preparation is performed.  Pour 
an aliquot of the sample into a beaker for analysis. 


8.2.3. Analysis of Soil and Waste Samples (all types, Method 9045C) 
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To 20 g of sample in a 50 mL beaker add 20 mL of reagent water.  Stir the 
suspension for five minutes.  Additional water may be added if the sample 
readily absorbs water and no free aqueous phase is present.  Record the 
soil weight and water volume on the benchsheet.  The temperature of the 
soil-water suspension should be allowed to equilibrate to within ± 2 °C of 
the standardization buffer temperature by placing all samples and buffer 
solutions in a water bath maintained at 25 ± 2 °C.   Allow soil suspensions 
to stand for approximately 1 hour (15 minutes for waste samples) prior to 
determination of pH in the aqueous supernatant phase.  Immerse the glass 
pH electrode just deep enough into the aqueous phase to make electrical 
contact.  Do not push the electrode into the settled solids. The temperature 
of the soil-water suspension should be allowed to equilibrate to within ± 2  
°C of the standardization buffer temperature.  Report the results as “soil 
pH measured in water.”   


9. QUALITY CONTROL 


9.1. Electrodes must be rinsed thoroughly between samples. 


9.2. Initial Calibration Verification (ICV).  Immediately following the initial 
standardization, analyze a second source pH 7 buffer.  This  procedure verifies the 
initial standardization.  The results should agree within ± 0.05 pH units of the 
known value.  Analysis of samples may proceed if the initial standardization is 
verified.  If the initial standardization does not verify, a problem exists and must 
be corrected before restandardizing.   


9.3. At least every ten samples analyze the pH 7 buffer as a calibration verification 
standard.  If the result is within ± 0.05 pH units of the expected value, then the 
instrument has maintained calibration and additional samples may be analyzed.  If 
the result differs from the expected value by more than ±  0.05 pH units, then the 
instrument must be restandardized as described in Section 6.  If the result differs 
from the expected value by more than ± 0.1  pH units, then the instrument must be 
restandardized (Section 6) and previous samples re-analyzed.  Each batch of 
samples must be bracketed with a pH 7 buffer.   


9.4. A duplicate sample should be analyzed at least every ten samples.  For aqueous 
matrices, the replicate analysis criteria is that the two replicate readings should be 
within 0.2 pH units of one another.  For solid matrices, the replicate analysis 
criteria is that the two replicate readings should be within 0.5 pH units of one 
another.  If this criteria is exceeded, the laboratory will investigate the other QC 
samples (the calibration verification standards).  If the other QC samples are 
outside criteria, the analysis will be halted, the problem of inconstant calibration 
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corrected, and all affected samples reanalyzed.  If all other QC samples are within 
acceptance criteria, the laboratory will remark in the case narrative that the 
duplicate precision criteria has been exceeded, and will report the analysis results 
as is. 


9.5. Record the temperature of  buffer solutions and samples on the benchsheet. 


10. DEVIATIONS FROM METHOD 


10.1. This SOP follows the requirements of  Methods 9040B, 9045A, and 9045C.  
There are no known deviations from the methods. 


11. HEALTH, SAFETY AND WASTE 


11.1. Safety and Hazards 


11.1.1. Read the MSDS before preparing standards or using any solvents or 
reagents. 


11.1.2. Wear gloves, safety glasses, and lab coat when working with any chemical 
materials (e.g., standards, solvents, reagents, or samples) or handling 
materials or equipment potentially contaminated with chemicals. 


11.1.3. Any chemicals with a Threshold Limit Value of less than 50 ppm shall be 
worked with in a laboratory fume hood (e.g., solvents and acids). 


11.1.4. Any non original containers used to hold reagents (e.g., wash bottles or 
automatic dispenser bottles) shall be labeled at a minimum with compound 
name, NFPA Health, Flammability, and Reactivity ratings, and date. 


11.2. Waste Disposal 


11.2.1. Used buffer solutions may be disposed of in sanitary sewer system. 


11.2.2. Corrosive only wastes such as glacial acetic acid and sulfuric acid waste 
are disposed of by discharging into the waste water tanks (down the lab 
sink drains).  Those materials that are corrosive only (i.e., no hazardous 
components or characteristics other than corrosivity) may be neutralized in 
our water treatment facility. 
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11.2.3. The aqueous samples or supernatant of solid samples shall be disposed of 
in the Aqueous Laboratory Waste profile # AK6966 (otherwise known as 
the CLE Waste Stream). 


11.2.4. The soil/solid samples and sediments of solid samples shall be disposed of 
in the Contaminated Soils and Solids profile # AK6782. 


11.2.5. All empty solvent bottles are disposed of according to the appropriate 
SOPs.  Please note that all labels and marking must be defaced prior to 
disposal. 


12. REFERENCES 


12.1. EPA SW-846 Third Edition, Volume 1C, Method 9040B, Revision 2, January 
1995. 


12.2. EPA SW-846, Third Edition, Volume 1C, Method 9045A, Revision 1, July 1992. 


12.3. EPA SW-846, Third Edition, Volume 1C, Method 9045C, Revision 3, January 
1995. 


12.4. Fisher Model 50 Accumet pH meter operating instructions.   


12.5. Orion ROSS SURE-FLOW pH electrode instruction manual.   
 





		SCOPE AND APPLICATION

		This standard operating procedure (SOP) describes the electrometric measurement of pH in aqueous wastes, soils, and wastes.  The SOP is based on EPA SW-846 Methods 9040B (aqueous), and 9045C (soils and wastes).

		Method 9045C is used to analyze waste samples that are solids, sludges, or non-aqueous liquids.  If water is present, it must constitute less than 20% of volume of the sample.

		Method 9040B is used to measure the pH of aqueous matrices or those multiphase wastes where the aqueous phase constitutes at least 20% of the total volume of the waste.

		The corrosivity of concentrated acids and bases, or of concentrated acids and bases mixed with inert substance, cannot be measured.  The pH measurement requires some water content.



		SUMMARY

		A  pH meter equipped with a combination pH electrode is used to measure pH.  The pH is measured directly in water samples (while stirring).  Soils and wastes are mixed with water (1:1 ratio) or calcium chloride and the pH of the aqueous suspension is mea



		RESPONSIBILITIES

		It is the responsibility of the analyst to perform the analysis according to this SOP and complete all documentation required for review.

		Analysis and interpretation of the results are performed by personnel in the laboratory who have demonstrated the ability to generate acceptable results utilizing this method.  This demonstration may come in the form of supervisory/training review, preci

		Final review and sign-off of the data are performed by the department supervisor or designee.  Initialing and dating the file indicates that this review for precision, accuracy, completeness, and reasonableness is complete and satisfactory.  Any errors t

		It is the responsibility of all personnel who work with samples involving this method to note any anomalies or out-of-control events associated with the analysis of the samples.  Any discrepancies must be noted and corrective action taken and documented.



		INTERFERENCES

		In general, the glass electrode is not subject to solution interferences from color, turbidity, colloidal matter, oxidants, reductants, or moderate salinity (< 0.1 molar salinity).

		Sodium ion is the most likely interference for the pH electrode.  The electrode used in this SOP is constructed from a special low sodium glass.  Error due to sodium is negligible when measuring pH values less than 12.

		Temperature difference between calibration buffers and samples could cause errors.  If the sample temperature differs by more than ( 2( C from the buffers, it is necessary to make corrections for temperature.  The pH meter used in this SOP is equipped wi

		Errors will occur if the electrode becomes coated.  If the electrode becomes coated with an oily material, rinse the electrode with mild detergent or methanol.  If inorganic deposits are coating the electrode, soak the electrode in 0.1 M HCl for one-half

		After  use in especially dirty or viscous samples or when electrode response becomes sluggish, the electrode junction should be flushed by holding the probe and pressing down on the top.  After flushing the junction, the probe should be filled with inter



		APPARATUS AND MATERIALS

		pH meter - Fisher Accumet 50 or equivalent.

		Combination pH electrode - Orion ROSS-SURE FLOW or  equivalent.

		Automatic temperature compensating probe.

		50 mL disposable centrifuge tube.

		Magnetic stir plate and stirring bars.

		Analytical balance, capable of weighing ( 0.1 g.

		Water bath maintained at 25 ( 2 (C.



		REAGENTS

		Reagent grade chemicals shall be used in all tests.

		Certified standard buffer solutions may be purchased from vendors.  These commercially available solutions must be validated by comparison with NIST standards. These buffer solutions are purchased at various pH units (4, 5, 7, 9, and 10).

		Electrode internal filling solution (3 M KCl ).

		Electrode storage solution - pH 7 buffer containing 1g KCl per 200 mL.

		1:3 HCl.  Made by adding one part concentrated HCl to 3 parts reagent water.

		0.01M CaCl2.  Dissolve 1.47 g CaCl2(2H20 in 800 mL of reagent water.  Bring final volume to 1000 mL with reagent water.



		SAMPLE COLLECTION, PRESERVATION AND HANDLING

		All samples must be collected according to a verified sampling plan.   The measurement of pH is intended to be a field parameter, as the buffering capacity of a sample may change the pH of the sample.  Although measurement of pH by an offsite laboratory

		EPA SW-846 Methods 9040B, 9045A, and 9045C state that “samples should be analyzed as soon as possible.”  Paragon interprets this statement to mean that analysis should be performed as soon as possible.  Paragon’s internal goal is to measure pH within 96

		Samples must be refrigerated at 4 (C until analysis.



		PROCEDURE

		Calibration

		Over time, a pH electrode’s slope and its zero potential will change.  Therefore, pH electrodes must be standardized at least daily. Daily standardization requires the use of at least three (3) certified buffer solutions  (4, 7, and 10 buffers).  Followi

		Clear existing values from previous standardization)

		From main screen press channel until the display indicates  Channel A.

		Press pH to select pH measurement mode.

		Press standardize.  A menu of standardization options appears.

		Press 2 to select Clear Existing Standards.

		The meter returns to the main screen, but with all pH standardization points cleared from memory.



		Standardize pH Meter.

		Note:	The meter has been set up to automatically recognize the pH 4, 7, and 10 buffers.  Operator entry of the buffer value is not required.

		Place fresh aliquots of the pH 4, 7, and 10 buffers in beakers.  Record lot numbers and expiration dates of the buffers on benchsheet.

		From the main screen press channel until the display indicates channel A.

		Press pH to select pH measurement and press meas/monitor key to activate continuous monitor mode.  No “key” icon appears in the lower right corner of the display in the monitor mode.

		Place electrode in pH 7 buffer solution.  Allow display to stabilize (no change in pH reading for at least five seconds).

		Press standardize.  A menu of standardization options is displayed.

		Press 1 to select Update or Add a Standard, then press enter.

		The meter returns to the main screen with the added buffer point shown.

		Record the buffer point on benchsheet.  It should be within ( 0.05 pH units of the true value.

		Repeat the measurement of another portion of the buffer solution.  The reading must be within ( 0.05 pH units of the expected value.  Record the buffer point pH value on the benchsheet.

		Repeat the above procedure (Steps 8.1.3.4 through 8.1.3.8) for the pH 4 and  pH 10 buffers to complete the three point standardization.





		Analysis

		General Practices

		Prior to standardization, the internal filling solution level should be checked. The level of filling solution must cover the coil and be at least one inch above the sample level. Uncover the filling hole and add more internal filling solution if needed.

		Between measurements, rinse the electrode with reagent water and then with the next solution to be measured.  Avoid rubbing or vigorous wiping of the glass electrode to reduce chance of error due to polarization.

		Stir all water samples and buffers thoroughly before taking measurements.

		The electrode is stored by immersing the electrode in storage solution.  The filling hole is covered during storage.

		Place the pH meter in the Stand By mode when it is not in use.

		Press pH and meas/monitor keys to place meter in continuous monitor, pH mode.

		Immerse pH electrode into sample solution.  Wait until a stable reading is achieved (no change in reading for at least five seconds).

		Record pH value and Method Reference on benchsheet.



		Analysis of Water Samples (Method 9040B)

		Analysis of Soil and Waste Samples (all types, Method 9045C)





		QUALITY CONTROL

		Electrodes must be rinsed thoroughly between samples.

		Initial Calibration Verification (ICV).  Immediately following the initial standardization, analyze a second source pH 7 buffer.  This  procedure verifies the initial standardization.  The results should agree within ( 0.05 pH units of the known value.

		At least every ten samples analyze the pH 7 buffer as a calibration verification standard.  If the result is within ( 0.05 pH units of the expected value, then the instrument has maintained calibration and additional samples may be analyzed.  If the resu

		A duplicate sample should be analyzed at least every ten samples.  For aqueous matrices, the replicate analysis criteria is that the two replicate readings should be within 0.2 pH units of one another.  For solid matrices, the replicate analysis criteria

		Record the temperature of  buffer solutions and samples on the benchsheet.



		DEVIATIONS FROM METHOD

		This SOP follows the requirements of  Methods 9040B, 9045A, and 9045C.  There are no known deviations from the methods.



		HEALTH, SAFETY AND WASTE

		Safety and Hazards

		Read the MSDS before preparing standards or using any solvents or reagents.

		Wear gloves, safety glasses, and lab coat when working with any chemical materials (e.g., standards, solvents, reagents, or samples) or handling materials or equipment potentially contaminated with chemicals.

		Any chemicals with a Threshold Limit Value of less than 50 ppm shall be worked with in a laboratory fume hood (e.g., solvents and acids).

		Any non original containers used to hold reagents (e.g., wash bottles or automatic dispenser bottles) shall be labeled at a minimum with compound name, NFPA Health, Flammability, and Reactivity ratings, and date.



		Waste Disposal

		Used buffer solutions may be disposed of in sanitary sewer system.

		Corrosive only wastes such as glacial acetic acid and sulfuric acid waste are disposed of by discharging into the waste water tanks (down the lab sink drains).  Those materials that are corrosive only (i.e., no hazardous components or characteristics oth

		The aqueous samples or supernatant of solid samples shall be disposed of in the Aqueous Laboratory Waste profile # AK6966 (otherwise known as the CLE Waste Stream).

		The soil/solid samples and sediments of solid samples shall be disposed of in the Contaminated Soils and Solids profile # AK6782.

		All empty solvent bottles are disposed of according to the appropriate SOPs.  Please note that all labels and marking must be defaced prior to disposal.





		REFERENCES

		EPA SW-846 Third Edition, Volume 1C, Method 9040B, Revision 2, January 1995.

		EPA SW-846, Third Edition, Volume 1C, Method 9045A, Revision 1, July 1992.

		EPA SW-846, Third Edition, Volume 1C, Method 9045C, Revision 3, January 1995.

		Fisher Model 50 Accumet pH meter operating instructions.

		Orion ROSS SURE-FLOW pH electrode instruction manual.
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HISTORY:  Rev 0, 2\12\92;  Rev 1, 2/11/94, PCN #135; Rev 2, 4/18/95, PCN #441; Rev. 3, 3/15/96, Rev. 4, 
29/Jan/98; Rev 5, 10/25/99. 


1.0 SCOPE AND APPLICATION 


1.1. This standard operating procedure (SOP) describes the procedure used to 
determine ignitability. This SOP is based on EPA SW-846 Method 1010. The 
Pensky-Martens closed-cup tester is used to determine the flash point of various 
liquids (e.g., fuel oils, lube oils) and those that tend to form a surface film under 
test conditions.  Liquids containing non-filterable, suspended solids may also be 
tested using this method.  A modified test for analyzing soils is also included. 


2.0 SUMMARY OF METHOD 


2.1 The sample is heated at a slow, constant rate with continual stirring.  A small 
flame is directed into the cup at regular intervals with simultaneous interruption of 
stirring.  The flash point is the lowest temperature -- corrected to a barometric 
pressure of 101.3 kPa (760 mm Hg)  -- at which application of the test flame 
ignites the vapor above the sample. 


3.0 RESPONSIBILITIES 


3.1 It is the responsibility of the analyst to perform the analysis according to this SOP 
and to complete all documentation required for review. 


3.2 Analysis and interpretation of the results are performed by personnel in the 
laboratory who have demonstrated the ability to generate acceptable results 
utilizing this method. This demonstration may come in the form of 
supervisory/training review, precision and accuracy tests, or the successful 
completion of an unknown proficiency evaluation test. 


3.3 Final review and sign off of the data are performed by the department supervisor 
or designee.  Initialing and dating the file indicates that this review for precision 


PARAGON ANALYTICS, INC. 
STANDARD OPERATING PROCEDURE 629  REVISION 5 
 
TITLE:   DETERMINATION OF IGNITABILITY BY THE PENSKY-MARTENS 


CLOSED-CUP TESTER  --  METHOD 1010 
 
FORMS:  FRM 632 Rev 2 
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TECHNICAL MANAGER _____________________________________ DATE  ___________ 


 
QUALITY ASSURANCE MANAGER  ____________________________ DATE __________   
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accuracy, completeness, and reasonableness is complete and satisfactory.  Any 
errors that are found require corrective action, which includes notification to the 
technician/analyst who performed the work and documentation of measures taken 
to remediate the data. 


3.4 It is the responsibility of all personnel who work with samples involving this 
method to note any anomalies or out-of-control events associated with the analysis 
of the samples.  Any discrepancies must be noted and corrective action taken and 
documented. 


4.0 INTERFERENCES 


4.1 Interferences that may affect flash point values are:  ambient pressure, sample 
homogeneity, drafts, and operator bias.   


4.2 Samples having a pH less than 2 should not be placed in the sample cup as 
corrosion of the brass may occur. 


5.0 APPARATUS AND MATERIALS 


5.1 Pensky-Martens Closed-cup Flash Tester, as described in Annex A1 of ASTM 
Method D93-94. 


5.2 ASTM Pensky-Martens Low Range Thermometer having a range from -5° C to 
110 °C. 


6.0 REAGENTS 


6.1 Calcium chloride. 


6.2 p-Xylene reference standard. 


6.3 Acetone or dichloromethane for cleaning cup between samples. 


7.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 


7.1 All samples must be collected according to an approved sampling plan. 


7.2 Samples must be collected in glass containers and stored at 4 °C. 


7.3 Preservatives shall not be added to samples. 


7.4 EPA SW-846 Method 1010 does not specify a holding time for this analysis.  The 
internal holding time is defined to be 28 days from collection. 
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8.0 PROCEDURE 


8.1 CALIBRATION PROCEDURE 


8.1.1 Thoroughly clean and dry all parts of the sample cup and its accessories 
before starting the test.  Wash the cup with soap and water, rinse 
thoroughly with water, rinse with acetone three times, and then rinse with 
dichloromethane three times.  Place the cup in the hood to air dry.  Be sure 
that the stirrer is in place before beginning calibration. 


8.1.2 After the sample cup is clean and dry, the tester must be calibrated to 
demonstrate that it is in proper working order.  


8.1.3 Fill the cup with p-xylene to the fill line (approximately 75 mL).  Place the 
lid on the cup, making sure the locating device is properly engaged. Turn 
off the fume hood.  Place a small amount of ice in the cooling cup on the 
right side of the apparatus, and gently place the sample cup in the cooling 
cup. 


 Note: After p-xylene has been added to the cup, do not agitate the cup 
excessively.   


8.1.4 Insert the thermometer into the appropriate slot on top of the sample cup.  
When the temperature of the p-xylene has dropped below 15 °C, remove 
the sample cup from the cooling cup, wipe off any excess water from the 
sample cup, and place the sample cup on the stove so that the cup fits 
securely. Attach the stirring probe to the stirrer on top of the sample cup.   


8.1.5 Connect the gas line to the tester.  Turn on the gas valve and apply a 
lighted match to the gas port outlet located on the top front of the sample 
cup.  Adjust the flame to a 3.2 - 4.8 mm diameter. 


 Note: Be sure that all flammable materials are removed from the 
immediate vicinity of the tester before lighting the match and that 
the hood is off.   


8.1.6 Turn on the toggle switch labeled  “ON.”  This switch starts the stirring 
motor. 


8.1.7 the white dial located to the right of the toggle switch turns on the heating 
element. The heating element will not work if the toggle switch is off.  
Turn the white dial to initiate heating at a rate of approximately 2 °C per 
minute.  Usually the first mark on the white dial is sufficient. 


8.1.8 Apply the test flame at intervals of every 1 °C by operating the mechanism 
on the cover which controls the shutter and test flame burner so that the 
flame is lowered into the vapor space of the cup every 0.5 seconds, left in 
its lowered position for 1 second, and quickly raised to its high position. 
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8.1.9 Under normal operating conditions -- at this barometric pressure and 
altitude -- the average corrected flash point for p-xylene should be 27 ± 0.6 
°C.  If the flash is outside this range then re-calibrate. 


8.1.10 A sample is deemed to have a flash point when a large flame appears and 
instantaneously propagates over the surface of the sample.   


 
Note: Occasionally, particularly near the flash point, the application of 


the test flame will cause a blue halo or an enlarged flame; this is 
not a flash point and should be ignored. 


 


8.1.11 Recalibration must be performed after every 10 samples, and after the last 
field sample is analyzed.  See Section 9.3 for acceptance criteria and 
corrective action if this QC check fails. 


8.2 Preparation of Samples:  Samples that do not contain volatile contaminants shall 
be prepared in the following manner. 


  
Note:  If the sample is suspected of containing volatile contaminants, or is a 


soil/solid,  the treatment described in the following sections shall be 
omitted. 


8.2.1 Samples of very viscous materials may be warmed until they are 
reasonably fluid before being tested.  However, no sample should be 
heated more than is absolutely necessary, and no sample should ever be 
heated to a temperature that exceeds 17 °C below the sample’s expected 
flash point. 


8.2.2 Samples containing dissolved or free water may be dehydrated with 
calcium chloride.  Warming the sample is permitted, but it shall not be 
heated for prolonged periods or above a temperature of 17 °C below the 
sample's expected flash point.   


 
NOTE:  If the sample is suspected of containing volatile contaminants, then omit 


Sections 8.2.1 and 8.2.2.   


8.3 TESTING PROCEDURE FOR LIQUIDS 


8.3.1 Follow the cleaning procedure as outlined in Section 8.1.1. 


8.3.2 Fill the sample cup as outlined in Section 8.1.3, replacing the p-xylene 
with prepared sample. 


8.3.3 Follow the procedure outlined in Section 8.1.4, with the exception of 
lowering the temperature of the sample down to a maximum of 4 °C 
before placing the sample cup on the stove. 
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8.3.4 Follow the procedure outlined in Sections 8.1.5 through 8.1.8 and apply 
the test flame every 2 °C, until a flash point has been observed, or until a 
temperature of 96.5 °C is reached. Note:  Occasionally the test flame will 
ignite the vapor in the cup to such an extent that a flame will shoot out of 
the cup, or the test flame will grow very large when the shutter is opened, 
yet the vapors inside the cup do not ignite and propagate across the surface 
of the liquid.  Both of these phenomena are called a vapor flash, and the 
temperature at which this was observed must be noted on the bench sheet, 
but this occurrence is not a flash point. 


8.3.5 Occasionally the test flame will be extinguished as the shutter is opened, 
but before the test flame can be fully lowered into the cup.  The 
temperature at which this is first observed should be noted on the bench 
sheet accordingly: “Non-flammable vapors began extinguishing the test 
flame at X °C.”  When this occurs gas will continue to flow into the 
sample cup, and may ignite the next time the flash point is checked, thus 
giving a false flash point.  Be aware that as soon as the test flame begins to 
be extinguished, the observation of a true flash point is practically 
impossible from that point to the completion of the test.  


8.3.6 After a flash point has been observed or the temperature has reached 96.5 
°C, remove the sample cup from the stove and place in the cooling cup so 
the cup may cool down.  Adding ice to the cooling cup will facilitate this 
step. 


8.3.7 If no flash point is observed, report  “The flash point is >96.5 °°°°C.” 


8.3.8 If a flash point is observed, it must by confirmed by performing the test on 
the sample in question in duplicate.  The original specimen shall be 
discarded, the cup cleaned, and the test repeated with a fresh test 
specimen.  Both values should be within 5 °C of each other.  When 
performing the duplicate analysis, apply the test flame every 2 °C until a 
temperature of 17 °C below the first observed flash point is reached, and 
apply the test flame at intervals of 1 °C.  Record second observed flash 
point.  If the flash point cannot be confirmed, write in the comments 
section that the observed flash point could not be confirmed.  


8.4 DETERMINATION OF THE FLASH POINT OF SUSPENSIONS OF SOLIDS 
AND HIGHLY VISCOUS MATERIALS 


8.4.1 Bring the material to be tested and the tester to a temperature of 15° + 5°C 
or 17°C lower than the estimated flash point, whichever is lower. Turn the 
stirrer to 250 + 10 rpm, stirring in a downward direction.  Raise the 
temperature throughout the duration of the test at a rate of not less than 1 
°C/min. nor more than 1.5 ° C/min.  With the exception of these 
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requirements for rates of stirring and heating, proceed as prescribed in 
Section  8.3. 


8.5 MODIFIED METHOD FOR THE DETERMINATION OF THE FLASH POINT 
OF SOLIDS AND SOIL MATRICES 


8.5.1 Follow the same procedure as for liquids as outlined in Section 8.3 with 
the following exceptions. 


8.5.2 Remove the stirrer from the sample cup; DO NOT STIR SOIL/SOLID 
SAMPLES.  If the stirrer is not removed, either the stirrer will break or 
the thermometer will break when the toggle switch is turned on. 


8.5.3 When non-flammable vapor begins to extinguish the test flame, note in the 
comments section the temperature at which this was first observed.  Water 
vapor will continue to extinguish the test flame as the temperature is 
increased, so increase the rate of heating to a rate of 5 °C per minute, and 
apply the test flame at intervals of every 5 °C. 


8.5.4 Continue testing the sample following the procedure as outlined in Section  
8.3.5-8.3.7 


8.5.5 If a flash point is observed, confirm the flash point by running the analysis 
in duplicate as outlined in Section 8.3.8. 


8.6 CALCULATIONS  


8.6.1 Call the Fort Collins Downtown Airport at 970-484-4186 and record the 
ambient barometric pressure at the time of the test.  When the pressure 
differs from 101.3 kPa (760 mm Hg), corrected the flash point as follows:   


 
  corrected flash point = C+0.25 (101.3-K)  (1) 
  corrected flash point = C+0.033 (760-P)    (2) 


where:   
C= observed flash point, degrees Celsius 
P=  ambient barometric pressure, mm Hg 
K=  ambient barometric pressure, kPa 
 


8.6.2 The barometric pressure used in this calculation is the pressure for the 
laboratory at the time of the test.  Many aneroid barometers, like the ones 
used at weather stations and airports, are precorrected to give sea level 
readings, which would be incorrect for this test.  However, the Fort Collins 
Downtown Airport does not use an aneroid barometer; therefore, its 
readings may be used for this measurement.   


8.6.3 When reporting the corrected flash point on the bench sheet, if the 
barometric pressure is below 101.3 kPa (760 mm Hg), round up the 
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corrected flash point to the nearest 0.5 degrees Celsius.  Round down if the 
pressure is above 101.3 kPa (760 mm Hg).   


9.0 QUALITY CONTROL 


9.1 Method blanks, matrix spike samples, matrix spike duplicate samples, and blank 
spikes samples are not  required for this test. 


9.2 One duplicate sample (on a new test specimen) must be analyzed after every 10 
samples.  If one of the samples analyzed in a batch has a flash point that was 
confirmed, then this sample may be used as the duplicate sample for that batch.  If 
there are no samples in a batch that exhibited a flash point, then any sample in the 
batch may be selected for a replicate analysis.  For this test, replicate analysis of 
the same test sample should have results that agree to within ± 5 °C of one 
another.  In the event that this criteria is exceeded for a sample that does exhibit a 
flash point, the operator should examine the results of the p-xylene calibration 
verifications that preceded and follow the test samples.  If these calibration 
verifications are acceptable, then a non-homogeneous sample matrix is suspected, 
and this conclusion noted in the case narrative. 


9.3 Recalibrate after every 10 samples and after the last sample, as described in 
Section 8.1.1.  The acceptance criteria for these calibration verification QC 
samples is that they must agree to within ± 1 °C of one another.  If this criteria is 
exceeded, the tester should be thoroughly cleaned, dried, and recalibrated.  With a 
successful p-xylene recalibration, all samples analyzed since the last acceptable 
calibration verification shall be reanalyzed. 


10.0 DEVIATIONS FROM METHOD 


10.1 This SOP meets the requirements of SW-846 Method 1010.  Method 1010 directs 
the reader to ASTM Method D93-94 for additional information and those 
requirements have been incorporated into this SOP.  There are no known 
deviations from Method 1010. 


11.0 HEALTH, SAFETY AND WASTE DISPOSAL 


11.1  SAFETY AND HAZARDS 


11.1.1 Read the MSDS before prior to preparing  standards or using any solvents 
or reagents for the first time. 


11.1.2 Wear gloves, safety glasses, and lab coat when working with any chemical 
materials (e.g., standards, solvents, reagents, or samples) or handling 
materials or equipment potentially contaminated with chemicals. 


11.1.3 Any chemicals with a Threshold Limit Value of less than 50 ppm shall be 
worked with in a laboratory fume hood (e.g., solvents and acids). 
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11.1.4 The analyst must try to minimize his/her exposure to p-xylene, since 
prolonged overexposure can adversely affect the central nervous system. 


11.1.5 The analyst must remove all flammable materials from the immediate 
vicinity of the testing apparatus, and make other analysts aware not to 
bring any flammable materials into the vicinity of the apparatus while 
testing is being performed. 


11.1.6 The analyst must exercise and take appropriate safety precautions during 
the initial application of the test flame, since samples containing low flash 
material may give an abnormally strong flash when the test flame is 
applied to the sample. 


11.1.7 Perform this test in a fume hood.  To prevent disturbance of the flame 
when samples are tested, the hood should be turned off so as not to be 
drawing air. 


11.1.8 Any non original containers be used to hold reagents (e.g., wash bottles or 
automatic dispenser bottles) shall be labeled at a minimum with compound 
name, NFPA Health, Flammability, and Reactivity ratings, and date. 


11.2 WASTE DISPOSAL 


11.2.1 Any hexane, acetone, or other nonhalogenated organic solvents may be 
disposed of in the Acetonitrile/Nonhalogenated Waste Profile  


11.2.2 Dichloromethane solutions are disposed of in the Halogenated Organic 
Waste satellite collection vessel (Profile # J20312).  


11.2.3 All empty solvent, reagent, and sample containers are disposed of 
according to the appropriate SOPs.  Please note that all labels and 
markings must be defaced prior to disposal. 


12.0 REFERENCES 


12.1 US EPA SW-846, "Test Methods for Evaluating Solid Waste - Physical/Chemical 
Methods", 3rd Edition, Final Update III, Method 1010 Revision 0, September 
1986. 


12.2 American Society for Testing and Materials, Designation D93-94 vol, 05:01, 093, 
1995 edition.  Refer to D93-77 or D93-80 for more information. 





		1.0	SCOPE AND APPLICATION

		1.1.	This standard operating procedure (SOP) describes the procedure used to determine ignitability. This SOP is based on EPA SW-846 Method 1010. The Pensky-Martens closed-cup tester is used to determine the flash point of various liquids (e.g., fuel oil



		2.0	SUMMARY OF METHOD

		2.1	The sample is heated at a slow, constant rate with continual stirring.  A small flame is directed into the cup at regular intervals with simultaneous interruption of stirring.  The flash point is the lowest temperature -- corrected to a barometric pr



		3.0	RESPONSIBILITIES

		3.1	It is the responsibility of the analyst to perform the analysis according to this SOP and to complete all documentation required for review.

		3.2	Analysis and interpretation of the results are performed by personnel in the laboratory who have demonstrated the ability to generate acceptable results utilizing this method. This demonstration may come in the form of supervisory/training review, pr

		3.3	Final review and sign off of the data are performed by the department supervisor or designee.  Initialing and dating the file indicates that this review for precision accuracy, completeness, and reasonableness is complete and satisfactory.  Any error

		3.4	It is the responsibility of all personnel who work with samples involving this method to note any anomalies or out-of-control events associated with the analysis of the samples.  Any discrepancies must be noted and corrective action taken and documen



		4.0	INTERFERENCES

		4.1	Interferences that may affect flash point values are:  ambient pressure, sample homogeneity, drafts, and operator bias.

		4.2	Samples having a pH less than 2 should not be placed in the sample cup as corrosion of the brass may occur.



		5.0	APPARATUS AND MATERIALS

		5.1	Pensky-Martens Closed-cup Flash Tester, as described in Annex A1 of ASTM Method D93-94.

		5.2	ASTM Pensky-Martens Low Range Thermometer having a range from -5( C to 110 (C.



		6.0	REAGENTS

		6.1	Calcium chloride.

		6.2	p-Xylene reference standard.

		6.3	Acetone or dichloromethane for cleaning cup between samples.



		7.0	SAMPLE COLLECTION, PRESERVATION, AND HANDLING

		7.1	All samples must be collected according to an approved sampling plan.

		7.2	Samples must be collected in glass containers and stored at 4 (C.

		7.3	Preservatives shall not be added to samples.

		7.4	EPA SW-846 Method 1010 does not specify a holding time for this analysis.  The internal holding time is defined to be 28 days from collection.



		8.0	PROCEDURE

		8.1	CALIBRATION PROCEDURE

		8.1.1	Thoroughly clean and dry all parts of the sample cup and its accessories before starting the test.  Wash the cup with soap and water, rinse thoroughly with water, rinse with acetone three times, and then rinse with dichloromethane three times.  Pla

		8.1.2	After the sample cup is clean and dry, the tester must be calibrated to demonstrate that it is in proper working order.

		8.1.3	Fill the cup with p-xylene to the fill line (approximately 75 mL).  Place the lid on the cup, making sure the locating device is properly engaged. Turn off the fume hood.  Place a small amount of ice in the cooling cup on the right side of the appa

		8.1.4	Insert the thermometer into the appropriate slot on top of the sample cup.  When the temperature of the p-xylene has dropped below 15 (C, remove the sample cup from the cooling cup, wipe off any excess water from the sample cup, and place the sampl

		8.1.5	Connect the gas line to the tester.  Turn on the gas valve and apply a lighted match to the gas port outlet located on the top front of the sample cup.  Adjust the flame to a 3.2 - 4.8 mm diameter.

		8.1.6	Turn on the toggle switch labeled  “ON.”  This switch starts the stirring motor.

		8.1.7	the white dial located to the right of the toggle switch turns on the heating element. The heating element will not work if the toggle switch is off.  Turn the white dial to initiate heating at a rate of approximately 2 (C per minute.  Usually the

		8.1.8	Apply the test flame at intervals of every 1 (C by operating the mechanism on the cover which controls the shutter and test flame burner so that the flame is lowered into the vapor space of the cup every 0.5 seconds, left in its lowered position fo

		8.1.9	Under normal operating conditions -- at this barometric pressure and altitude -- the average corrected flash point for p-xylene should be 27 ( 0.6 (C.  If the flash is outside this range then re-calibrate.

		8.1.10	A sample is deemed to have a flash point when a large flame appears and instantaneously propagates over the surface of the sample.

		8.1.11	Recalibration must be performed after every 10 samples, and after the last field sample is analyzed.  See Section 9.3 for acceptance criteria and corrective action if this QC check fails.



		8.2	Preparation of Samples:  Samples that do not contain volatile contaminants shall be prepared in the following manner.

		8.2.1	Samples of very viscous materials may be warmed until they are reasonably fluid before being tested.  However, no sample should be heated more than is absolutely necessary, and no sample should ever be heated to a temperature that exceeds 17 (C bel

		8.2.2	Samples containing dissolved or free water may be dehydrated with calcium chloride.  Warming the sample is permitted, but it shall not be heated for prolonged periods or above a temperature of 17 (C below the sample's expected flash point.



		8.3	TESTING PROCEDURE FOR LIQUIDS

		8.3.1	Follow the cleaning procedure as outlined in Section 8.1.1.

		8.3.2	Fill the sample cup as outlined in Section 8.1.3, replacing the p-xylene with prepared sample.

		8.3.3	Follow the procedure outlined in Section 8.1.4, with the exception of lowering the temperature of the sample down to a maximum of 4 (C before placing the sample cup on the stove.

		8.3.4	Follow the procedure outlined in Sections 8.1.5 through 8.1.8 and apply the test flame every 2 (C, until a flash point has been observed, or until a temperature of 96.5 (C is reached. Note:  Occasionally the test flame will ignite the vapor in the

		8.3.5	Occasionally the test flame will be extinguished as the shutter is opened, but before the test flame can be fully lowered into the cup.  The temperature at which this is first observed should be noted on the bench sheet accordingly: “Non-flammable

		8.3.6	After a flash point has been observed or the temperature has reached 96.5 (C, remove the sample cup from the stove and place in the cooling cup so the cup may cool down.  Adding ice to the cooling cup will facilitate this step.

		8.3.7	If no flash point is observed, report  “The flash point is >96.5 (C.”

		8.3.8	If a flash point is observed, it must by confirmed by performing the test on the sample in question in duplicate.  The original specimen shall be discarded, the cup cleaned, and the test repeated with a fresh test specimen.  Both values should be w



		8.4	DETERMINATION OF THE FLASH POINT OF SUSPENSIONS OF SOLIDS AND HIGHLY VISCOUS MATERIALS

		8.4.1	Bring the material to be tested and the tester to a temperature of 15( + 5(C or 17(C lower than the estimated flash point, whichever is lower. Turn the stirrer to 250 + 10 rpm, stirring in a downward direction.  Raise the temperature throughout the



		8.5	MODIFIED METHOD FOR THE DETERMINATION OF THE FLASH POINT OF SOLIDS AND SOIL MATRICES

		8.5.1	Follow the same procedure as for liquids as outlined in Section 8.3 with the following exceptions.

		8.5.2	Remove the stirrer from the sample cup; DO NOT STIR SOIL/SOLID SAMPLES.  If the stirrer is not removed, either the stirrer will break or the thermometer will break when the toggle switch is turned on.

		8.5.3	When non-flammable vapor begins to extinguish the test flame, note in the comments section the temperature at which this was first observed.  Water vapor will continue to extinguish the test flame as the temperature is increased, so increase the ra

		8.5.4	Continue testing the sample following the procedure as outlined in Section  8.3.5-8.3.7

		8.5.5	If a flash point is observed, confirm the flash point by running the analysis in duplicate as outlined in Section 8.3.8.



		8.6	CALCULATIONS

		8.6.1	Call the Fort Collins Downtown Airport at 970-484-4186 and record the ambient barometric pressure at the time of the test.  When the pressure differs from 101.3 kPa (760 mm Hg), corrected the flash point as follows:

		8.6.2	The barometric pressure used in this calculation is the pressure for the laboratory at the time of the test.  Many aneroid barometers, like the ones used at weather stations and airports, are precorrected to give sea level readings, which would be

		8.6.3	When reporting the corrected flash point on the bench sheet, if the barometric pressure is below 101.3 kPa (760 mm Hg), round up the corrected flash point to the nearest 0.5 degrees Celsius.  Round down if the pressure is above 101.3 kPa (760 mm Hg





		9.0	QUALITY CONTROL

		9.1	Method blanks, matrix spike samples, matrix spike duplicate samples, and blank spikes samples are not  required for this test.

		9.2	One duplicate sample (on a new test specimen) must be analyzed after every 10 samples.  If one of the samples analyzed in a batch has a flash point that was confirmed, then this sample may be used as the duplicate sample for that batch.  If there are

		9.3	Recalibrate after every 10 samples and after the last sample, as described in Section 8.1.1.  The acceptance criteria for these calibration verification QC samples is that they must agree to within ( 1 (C of one another.  If this criteria is exceeded



		10.0	DEVIATIONS FROM METHOD

		10.1	This SOP meets the requirements of SW-846 Method 1010.  Method 1010 directs the reader to ASTM Method D93-94 for additional information and those requirements have been incorporated into this SOP.  There are no known deviations from Method 1010.



		11.0	HEALTH, SAFETY AND WASTE DISPOSAL

		11.1		SAFETY AND HAZARDS

		11.1.1	Read the MSDS before prior to preparing  standards or using any solvents or reagents for the first time.

		11.1.2	Wear gloves, safety glasses, and lab coat when working with any chemical materials (e.g., standards, solvents, reagents, or samples) or handling materials or equipment potentially contaminated with chemicals.

		11.1.3	Any chemicals with a Threshold Limit Value of less than 50 ppm shall be worked with in a laboratory fume hood (e.g., solvents and acids).

		11.1.4	The analyst must try to minimize his/her exposure to p-xylene, since prolonged overexposure can adversely affect the central nervous system.

		11.1.5	The analyst must remove all flammable materials from the immediate vicinity of the testing apparatus, and make other analysts aware not to bring any flammable materials into the vicinity of the apparatus while testing is being performed.

		11.1.6	The analyst must exercise and take appropriate safety precautions during the initial application of the test flame, since samples containing low flash material may give an abnormally strong flash when the test flame is applied to the sample.

		11.1.7	Perform this test in a fume hood.  To prevent disturbance of the flame when samples are tested, the hood should be turned off so as not to be drawing air.

		11.1.8	Any non original containers be used to hold reagents (e.g., wash bottles or automatic dispenser bottles) shall be labeled at a minimum with compound name, NFPA Health, Flammability, and Reactivity ratings, and date.



		11.2	WASTE DISPOSAL

		11.2.1	Any hexane, acetone, or other nonhalogenated organic solvents may be disposed of in the Acetonitrile/Nonhalogenated Waste Profile

		11.2.2	Dichloromethane solutions are disposed of in the Halogenated Organic Waste satellite collection vessel (Profile # J20312).

		11.2.3	All empty solvent, reagent, and sample containers are disposed of according to the appropriate SOPs.  Please note that all labels and markings must be defaced prior to disposal.





		12.0	REFERENCES

		12.1	US EPA SW-846, "Test Methods for Evaluating Solid Waste - Physical/Chemical Methods", 3rd Edition, Final Update III, Method 1010 Revision 0, September 1986.

		12.2	American Society for Testing and Materials, Designation D93-94 vol, 05:01, 093, 1995 edition.  Refer to D93-77 or D93-80 for more information.
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HISTORY:  Rev 0, 9\92;  Rev 1, 3/14/94, PCN #165; Rev 2, 4/18/95, PCN #457; Rev 3, 10/27/99. 
____________________________________________________________________________________________ 
1.0 SCOPE AND APPLICATION 
 


1.1 SCOPE AND APPLICATION 
 This method is used to determine the presence of free liquids in a representative 


sample of waste. 
 
 This method is used to determine compliance with 40 CFR 264.314 and 


265.314. 
 
2.0  SUMMARY 


 
A predetermined amount of material is placed in a paint filter.  If any portion of the 
material passes through and drops from the filter within the 5-minute test period, the 
material is deemed to contain free liquids. 
 
This is a non-destructive test.  Check to ensure sufficient sample remains to perform other 
scheduled tests prior to discarding sample aliquot. 
 


3.0 RESPONSIBILITIES 
 


3.1 It is the responsibility of the analyst to perform the analysis according to this 
SOP and to complete all documentation required for review. 


 
3.2   Analysis and interpretation of the results are performed by personnel in the 


laboratory who have demonstrated the ability to generate acceptable results 
utilizing this method.  This demonstration may come in the form of 
supervisory/training review, precision, and accuracy tests or the successful 
completion of an unknown proficiency evaluation test. 
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3.3 Final review and sign off of the data are performed by the department supervisor 
or designee.  Initialing and dating the file indicate that this review for precision, 
accuracy, completeness, and reasonableness is complete and satisfactory.  Any 
errors that are found require corrective action, which includes notification to the 
technician/analyst who performed the work and documentation of measures 
taken to remediate the data. 


 
3.4 It is the responsibility of all personnel who work with samples involving this 


method to note any anomalies or out-of-control events associated with the 
analysis of the samples.  Any discrepancies must be noted and corrective action 
taken and documented. 


 
4.0 INTERFERENCES 
 


4.1 Filter media can separate from the filter cone on exposure to alkaline materials.  
This development causes no problem if the sample is not disturbed. 


 
4.3 Temperature can affect test results if the test is performed below the freezing 


point of any liquid in the sample.  Tests must be performed above the freezing 
point and can, but is not required to exceed room temperature of 25 °C. 


 
5.0 APPARATUS AND MATERIALS 
 


5.1 Conical paint filter:  Mesh number 60 (fine meshed size). Available at local 
paint stores such as Sherwin-Williams and Glidden. 


 
5.2 Glass Funnel:  If the paint filter, with the waste, cannot sustain its weight on the 


ring stand, then a funnel with a mouth large enough to allow at least 1 inch of 
the filter mesh to protrude should be used to support the filter. 


 
5.3 Ring stand with ring. 
 
5.4 Graduated cylinder or beaker:  100 mL 
 


6.0 REAGENTS 
 
6.1 None. 







PARAGON ANALYTICS, INC. 
SOP 658  REV 3 


PAGE 3 OF 5 
 
 


 


CONFIDENTIAL 


 
7.0 SAMPLE COLECTION, PRESERVATION, AND HANDLING 
 


7.1 A 100 mL or 100 g representative sample is required for the test.  If it is not 
possible to obtain a sample of 100 mL or 100 g that is sufficiently representative 
of the waste, the analyst may use larger size samples in multiples of 100 mL or 
100 g.  However, when larger samples are used, analysts shall divide the sample 
into 100 mL or 100 g portions and test each portion separately. 


 
8.0 PROCEDURE 
 


8.1 Assemble the test apparatus as follows: place ring on ring stand with sufficient 
height as to set a 100 ml graduated cylinder under it.  Place a glass funnel in the 
ring, and the paint filter into the glass funnel.   


 
8.2 Place sample aliquot in the filter.  If the sample is of such light density that it 


overflows the filter, then the sides of the filter can be extended upward by taping 
filter paper to the inside of the filter and above the mesh.  Settling the sample 
into the paint filter may be facilitated by lightly tapping the side of the filter as it 
is being filled. 


 
8.3 In order to ensure uniformity and standardization of the test, material such as 


sorbent pads or pillows that do not conform to the shape of the paint filter 
should be cut into small pieces and poured into the filter.  The particles to be 
tested should be reduced smaller than 1 cm (should be capable of passing 
through a 9.5mm (0.375 inch) standard sieve.  Sample size reduction may be 
accomplished by cutting material with scissors, shears, knife, etc. so as to 
preserve as much integrity of the sample as possible. Grinding sorbent materials 
should be avoided as this may destroy the integrity of the sorbent and produce 
many "fine particles" that would normally not be present.  


 
8.4 For brittle materials larger than 1 cm that do not conform to the filter, light 


crushing to reduce oversize particles is acceptable if it is not practical to cut the 
material.  Materials such as clay, silica gel, and some polymers may fall into this 
category.   


 
8.5 Allow sample to drain for 5 minutes into the beaker. 
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8.6 If any portion of the test material collects in the graduated cylinder in the 5 
minute period, then the material is deemed to contain free liquids for purposes 
of 40 CFR 264.314 and 265.314. 


 
9.0 QUALITY CONTROL 
 


9.1 Duplicate samples should be analyzed with every batch, if additional sample is 
available.   


 
10.0  DEVIATIONS FROM METHOD 
 
 10.1 There are no known deviations to the referenced method. 
 
11.0 HEALTH, SAFETY AND WASTE DISPOSAL 
 


11.1  SAFETY AND HAZARDS 
 


11.1.1  Read the MSDS before prior to preparing standards or using any 
solvents or reagents for the first time. 


 
11.1.2  Wear gloves, safety glasses, and lab coat when working with any 


chemical materials (e.g., standards, solvents, reagents, or samples) or 
handling materials or equipment potentially contaminated with 
chemicals. 


 
11.1.3  Any chemicals with a Threshold Limit Value of less than 50 ppm shall 


be worked with in a laboratory fume hood (e.g., solvents and acids). 
 
11.1.4   Any non original containers be used to hold reagents (e.g., wash 


bottles or automatic dispenser bottles) shall be labeled at a minimum 
with compound name, NFPA Health, Flammability, and Reactivity 
ratings, and date. 


 
11.2  WASTE DISPOSAL 
 


11.2.1  The solid sample residues shall be disposed of in the Contaminated 
Soils and Solids Waste profile # AK6782 
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11.2.2   All empty solvent, reagent, or sample containers are disposed of 
according to the appropriate SOPs.  Please note that all labels and 
markings must be defaced prior to disposal. 


 
12.0 REFERENCES 
 
12.1 US EPA SW-846, "Test Methods for Evaluating Solid Waste - Physical/Chemical 


Methods", 3rd Edition, Final Update III, Method 9095A, December 1996. 
_____________________________________________________________________________ 
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1. SUMMARY, SCOPE AND APPLICATION 


1.1. SCOPE AND APPLICATION 
This procedure describes the steps necessary to perform gamma emissions analysis of 
samples of various media using high resolution intrinsic germanium gamma 
spectrometry. This procedure is applicable to all gamma spectrometry analyses performed 
at PAI's Environmental Radiochemistry Laboratory. 
 


1.2. SUMMARY OF METHOD 
Gamma emissions from radionuclides are detected by a semiconductor germanium 
crystal, which provides a small electronic pulse for each gamma interaction, where the 
pulse height is proportional to the gamma incident energy.  This electronic data is 
converted to digital data by an analog to digital converter (ADC) and stored in a 
multichannel analyzer (MCA).  The data collected by the MCA is subsequently 
interpreted by a complex software program, generating results in units of radioactivity per 
unit sample volume.  The analysis software used by PAI is SEEKER, Gamma 
Spectroscopy Software, Version 2.2., a product of Vertechs Software Solution, Inc..   This 
procedure is a more detailed variant of EPA Procedure 901.1 and DOE/EML Procedure 
4.5.2.3, and incorporates all of the intentions of EPA 901.1 and DOE 4.5.2.3. 
 


2. DISCUSSION/COMMENTS 
PAI's Environmental Radiochemistry Laboratory is utilizing three PC-based MCA's for 
acquisition of gamma spectra from twelve intrinsic germanium spectrometers.  These MCA's 
are controlled by one personal computer, having two half-slot interface cards and MCA 
display and control software.  The MCA operations and subsequent data analysis are 
controlled through a series of menu-driven batch jobs.  
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3. REAGENTS AND APPARATUS 
3.1. REAGENTS 


No reagents are used by this procedure. The operator should be aware, however, that 
water samples are preserved to pH <2 with HNO3.  
 


3.2. APPARATUS 
This procedure is conducted with the use of installed gamma detection and analysis 
equipment consisting of twelve intrinsic germanium gamma spectrometers mounted in 
lead shields for the reduction of ambient background radiation, a personal computer 
analysis system with multichannel analyzer interfaces, three NIM-bin based multichannel 
analyzers, gamma analysis software, and associated nuclear electronics and cabling.  
 


4. PROCEDURE 
4.1. OPERATING CONDITIONS 


The gamma spectrometry systems shall be operating with detector bias as specified by the 
detector manufacturer and amplifier and MCA settings as required to obtain a nominal 
0.5 keV/channel energy calibration across a range of 50 to 2000 keV.  The operating 
conditions shall be verified daily by performance of the daily quality control checks (see 
Section 5.1). 
 


4.2. PROCEDURE 
4.2.1. Spectrum Acquisition 


The detector must be calibrated for the geometry that is being loaded. efficiency 
calibration procedures are defined in Section 5.2. A list of current geometries and 
calibration expiration dates is attached to the top of each detector.  Samples shall be 
placed directly on the detector, inside the lead shield, and should be level and 
centered over the detector. 
After samples have been loaded, start spectrum acquisition by selecting the desired 
detector in the spectral display control menu.  After the detector has been selected, 
choose the appropriate analysis application on the menu bar and select <GO>.  The 
next prompt will ask for the ID and the desired live time for the analysis in seconds.  
.  Sample count times depend on the sample volume, geometry, and the client’s 
required MDC.  The LCS samples are typically counted for 1800 seconds (30 
minutes). 
An outline of the geometries and their respective matrix and/or  volume can be 
found in Appendix C. 
 
Press return after the sample information has been entered to get to the next line. 


Sample Size: Enter the volume, weight, or number of filters, etc. as 
appropriate. Then enter the units (liter, gram, filter, sample or m^3). 
Sample ID: Enter the work order number, followed by a sample number.  
This line should have the following format: YYMMNNN-SS where YY is 
the year, MM the month, NNN the workorder number, and SS the nth 







 
 
 


PARAGON ANALYTICS, INC. 
SOP 713  REV 6 


PAGE 3 OF 11 
 
 
 


 
CONFIDENTIAL 


sample in the workorder. Duplicate samples have the same format, with an 
additional -D# appended to the normal ID, such as -D1, -D2, etc. Blank 
and LCS samples are named as the batch ID, appended with BLK# and 
LCS#, such as GS00123BLK1, GS00456LCS2, etc.   
Efficiency File: This line should be generated automatically by the 
computer and is in the form (Dxx)(ShGG).EFF where xx is the detector 
number, and G the geometry of the sample. 
 


Enter all samples that are analyzed in the Gamma Spectroscopy Logbook, on the 
current page with the date that the sample is being counted.  Ensure that the 
detectors being used have passed the Daily QC checks.  Necessary information 
includes: the PAI sample ID number being analyzed; the detector, geometry and 
duration of the count; the operators initials; and the library being used for analysis 
and spectrum file name. 
 


4.3.2. Spectrum Analysis  
Upon completion of the sample count the data must be transferred to the work 
space(at which time it is saved automatically) and analyzed manually.  This is done 
by selecting <Read MCA> on the menu bar.  By “reading the MCA”, the data 
acquired during the analysis count is transferred to the work space and default 
settings and files from the previously selected analysis application are applied. (i.e.: 
efficiency, library, unit, etc.)  When “Read MCA” is selected the spectrum 
parameters screen is prompted.  At this time the file name is generated and should 
be recorded in the gamma spec. run log.  The analyst also has the opportunity to 
change existing parameters for this particular analysis.  The following parameters 
can be modified.   


Sample Size: Enter the volume, weight, or number of filters as 
appropriate. Then enter the units (liter, gram, filter, sample or m^3). 
Sample ID: Enter the work order number, followed by a sample number, 
as described above. 
Efficiency File: This line should be generated automatically by the 
computer and is in the form (Dxx)(ShGG).EFF where xx is the detector 
number, and G the geometry of the sample. 


 
5. Quality Assurance/Quality Control (QA/QC) 


5.1. QC MONITORING 
Quality Assurance and Quality Control practices will be performed in accordance with 
the procedures set forth in PAI’s Environmental Radiochemistry Quality Assurance Plan.  
Standards for Daily QC Checks shall be traceable to the National Institute for Standards 
and Technology (NIST).  All Daily QC monitoring should be recorded in the gamma 
spectroscopy run log. 
 


5.1.1. Daily QC Energy Calibration Checks 
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A daily QC check involves performing an energy calibration (as well as monitoring 
the resolution and efficiency calibrations) .  Each detector has a labeled calibration 
standard.  Center the appropriate calibration standard on the corresponding detector.  
Close and latch the shields. To start the energy calibration select “Daily Performance 
Check” from the applications menu and then select <GO>, at which time the ADC 
control box is prompted.  The analysis should have some identifier describing the 
count as a daily check for a specific detector(example: Daily Check 6).  A default 
live time of 1200 seconds should appear.  Begin acquiring the spectrum by selecting 
<GO> or <F2>.  When the daily check is completed it should be transferred to the 
work space by selecting <Read MCA> on the menu bar.  The edit parameters screen 
is then prompted.  Select <OK>.  After the desired parameters have been set, select 
<OK>.  On the menu bar select <Pk Search> and then <Calculate>.  Review the 
peaks and then select <Done>.  Next, choose <Q.C.> and then <Detector> at which 
time the calibration parameters screen is prompted.   The energy bullet should be 
selected.  The daily performance check standards file # should be selected.  Select 
<OK>.  Choose the <Merge PSR> option, then select <Curve Fit>.  Then <Save> 
the results.  After the results have been saved the energy calibration is completed 
and the program then compares the results of the energy recalibration to the Q.C. 
parameters (found in the Q.C. editor) established for the specified detector.  Refer to 
PAI’s LQAP for Q.C. setting.    
 


5.1.2. Daily QC failures 
If a detector fails any of the bounds tests corrective action must be taken. The first 
course of action for an energy failure is to re-run the QC check.  If a failure is still 
observed after the second analysis, the procedure is as follows: 


5.1.2.1. Daily Energy Calibration Failures 
If one of the centroids fails the bounds test (i.e. 662 keV), the peak location 
should be adjusted.  This is done by placing a calibration source on the 
detector (preferably a Laboratory Control Sample--LCS) and starting the 
detector through ADC  control. From ADC control, clear the current 
spectrum by typing <F4> (Clear).  The acquisition can then be started by 
typing <F2> .  Move the cursor to the appropriate centroid (i.e. 662 keV) 
and check the actual location.  The peak can be moved by adjusting the 
fine gain, located on the amplifier.  Note that it only requires a minute 
adjustment (one click) to move the peak three to five keV.   
After the peak has been moved to the correct location, re-run the energy 
calibration. 
If the failure includes one of the other parameters (i.e. FWHM or 
efficiency), the Daily QC can be re-run (if the QC fails for a second time 
the detector is taken off-line and the lab supervisor should be contacted). 
Note: A pole-zero adjustment can be conducted in the case of a FWHM 
failure.  1.  Attach a co-axial cable from the “1 Meg” port associated with 
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the vertical input on the oscilloscope to the “uni” output on the amplifier. 
2.  The scope settings should be as follows: 
Volts/Div(Vertical)= 0.1 
Polarity= DC 
Trigger Selector= EXT(-) 
Mode= DC 
Triggering Level=0 
Stability= Preset 
Time/Div= 20µs 
Variable= Calibrated 
3.Place a source on the detector and adjust the signal so that it is as close 
to the baseline as possible by using the “PZ  ADJ” dial found on the 
amplifier. 
The energy calibration can now be run again.  If any parameter still fails, 
tag the detector out of service and notify the lab supervisor. 


 
NOTE: Record all calibration operations in the run log, including fine gain 
adjustments, bounds re-calculations with start and end dates, and calibration re-
runs.  
 


5.2. EFFICIENCY CALIBRATION PROCEDURES 
Standards for calibration shall be traceable to the National Institute for Standards and 
Technology (NIST).  Standards will normally be of the mixed-gamma, multiple-energy 
type available from several commercial suppliers.  The analysis systems shall be 
calibrated for each physical form of sample to be analyzed (e.g., water, soil, filter, etc.) at 
least annually.  A FWHM calibration should also be performed at least annually.  Note 
that there is only one FWHM calibration per detector, and it is not geometry specific.  
Before starting an efficiency calibration, consult with a Senior Instrument Technician.  
All efficiency calibrations should be recorded in the gamma spectroscopy run log.   
5.2.1. Spectrum Acquisition 


5.2.1.1. Place the calibration source for the appropriate geometry on the detector to 
be calibrated. The efficiency calibration will be initiated like that of a sample 
count.  First, an internal workorder number must be obtained from the current 
non-client workorder notebook (located in the radium/strontium lab).  Use this 
workorder number and follow the same procedure used to count a sample. Be 
sure to enter the appropriate dates and time for the calibration standard. (7200 
seconds and/or a duration long enough to acquire 10,000 cts/per energy line 
that will be used in the calibration. 


 
5.2.2. Spectrum Analysis 


5.2.2.1. After the acquisition is complete the sample should be transferred to the 
workspace.  In the edit parameters screen enter the standard calibration origin 
date, and the appropriate volume/sample size.  Select <OK>.  Next, select <Pk 
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Search>, then select <Calibrate>.  The types of calibrations given are: Energy,  
FWHM, and Efficiency, select <Efficiency>.  The calibration parameters 
screen is prompted, at which time the operator must choose the appropriate 
calibration standard, aliquot size and the appropriate fit formula for the 
efficiency curve (exponential fit is used in most cases).   Select <OK>, at 
which time the calibration work space is prompted.  Transfer the peak search 
results with the <Merge PSR> options, then select <Curve fit>.  View the 
results of the calibration.  The % difference for the measured efficiency should 
be less than +/- 10 for all nuclides.  If the measured difference is greater than 
10%, the calibration will have to be redone.  If efficiency limits are met select 
<OK> , and then <Save>.  This calibration should be done annually or when 
extensive maintenance has been conducted on the detector.   


 
5.2.2.3. If the observed efficiencies need to be adjusted to optimize the fit of the 


calibration curve this may be done with the approval of the lab supervisor. DO 
NOT ADJUST THE CS-137 EFFICIENCY.  If the other efficiencies need to 
be adjusted, manually calculate the new efficiency, by either increasing or 
decreasing by a known percentage (usually 5 to 10%). After adjusting a peak 
re-start the calibration process (choose the print to screen option until the 
efficiencies have been accurately adjusted).  Manual adjustments are conducted 
in the calibration work space. 
NOTE: DO NOT MANUALLY ADJUST EFFICIENCIES WITHOUT FIRST 
CONFERRING WITH A SENIOR INSTRUMENT TECHNICIAN. 
In all cases, manual adjustments of peak efficiencies will be noted on the 
calibration output page. 


 
5.2.2.4. After the calibration has been stored, analyze an LCS with the appropriate 


geometry for 1800 sec to verify the calibration. 
 


5.3. Weekly Background Calibration 
A background calibration is performed weekly.  


5.3.1. If this is the first weekly calibration of the month check out an internal work order 
number from the logbook located in the preparation laboratory.  If you are running 
the second set of calibrations since the beginning of the month, add 10, etc. to the 
sample number.  Assume that one set of calibrations has been run since the 
beginning of the month, and the second calibration is about to be started. The counts 
would be named, for example, 98-13-001-11 for detector 1, 98-13-001-12 for 
detector 2, and so on.  


 
5.3.2. Make sure there is no sample in the detector shield.  Consult the Gamma Spec 


Maintenance Logbook to see if the detectors have been cleaned within the past 
month, if not the detectors need to be cleaned as described in Section 5.3.5.  
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5.3.3. Start the counts for 1000 minutes (60000 seconds). Geometry and aliquot are 
irrelevant.  Use the FANP library, which is the default library. 


 
5.3.4. Enter the detector numbers of the detectors to be started. The screen will list the 


detectors that have been started.  Record detectors that have been started in the 
logbook.  If the background level is acceptable the printout at the end of the count 
will say “Pass” on all of the bounds tests.  Record any failures in the run log. 


 
5.3.5. Weekly Calibration Failures 


The inside of the detector must be thoroughly cleaned with a paper towel 
dampened with Radiacwash , or an equivalent EDTA solution.  Then wipe the 
detector with a paper towel dampened with DI water.  Record the cleaning date in 
the Gamma Spec Maintenance Logbook. 
After this has been done, the background calibration can be run again.  If the 
detector fails after cleaning, the lab supervisor must be notified and the detector 
must be tagged out of service until the problem is resolved.  
 


5.4. QC Samples 
5.4.1. Laboratory Control Sample (LCS) and Blanks 


One LCS and blank, per geometry, should be analyzed with every 20 samples.  A 
set of shared QC samples can be used for multiple work orders. 
 


6. INTERPRETATION OF DATA 
6.1.RESULTS INTERPRETATION 


The spectrum analysis capabilities of the analytical software are only as good as the 
software set up. It is essential that appropriate analysis geometries, efficiency files, and 
library file be used to ensure accurate analyses.  Results data must be reviewed as soon 
as it becomes available to ensure that the efficiency file used was appropriate to the 
sample volume and container design, to ensure that all peaks in the spectrum were 
matched to a radionuclide, and that, where applicable, the presence of a given 
radionuclide is supported by the presence of other significant gamma emissions from that 
radionuclide.  All unknown peaks greater than 5 times the listed critical level must be 
accounted for.  
The spectrum must also be reviewed to ensure that characteristic peaks, such as K-40 at 
1460 keV, and the annihilation peak at 511 keV, do not show evidence of a gain shift. A 
gain shift would show up as a secondary peak slightly offset from all the normal 
characteristic peaks in the spectrum. A spectrum that shows evidence of a gain shift must 
be rejected and the sample re-counted. The detector showing the gain shift must have the 
fine gain on the amplifier adjusted. With an LCS on the detector, the fine gain knob is 
adjusted to bring the high energy Co-60 peak (1332 keV) to approximately channel 2664. 
Daily performance checks are then re-run and routine analyses may continue. Finally, a 
note is entered into the maintenance log and the lab supervisor is notified. 
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7. PERIODIC MAINTENANCE 


7.1. Liquid nitrogen 
Each detector has a Dewar filled with liquid nitrogen to keep the germanium detector 
from warming up.  Twice per week, the detector Dewar must be filled with liquid 
nitrogen. Allow 15 minutes after filling before resuming data acquisition.  
If a Dewar runs out of liquid nitrogen between, the red bias display, located on the 
“BIAS SUPPLY” control board, will be shutdown.  If this occurs, tag the detector out of 
service, and do not operate the detector until the Dewar can be re-filled. The detector 
may need to be cycled through ambient room temperature before being re-cooled. The 
lab supervisor must be notified before proceeding. 
 


7.1.1.1. Filling the Dewar 
After the nitrogen lines have been attached to the “LIQUID” output of the 
new tank, flip the “SOLENOID CONTROL” switches to the “ON” 
position.  This switch is located on the “AUTO FILL EXPANSION 
CONTROL” board.  Then depress the red “Manual” fill button on the 
“AUTO FILL CONTROLLER”.  Once the Dewars have been filled, the 
red LED read-out on the “AUTO FILL CONTROLLER” should read 
“168.0”, which indicates the number of hours until the next fill should be 
done. 
If a tank has not been completely filled, an alarm will sound.  To silence 
the alarm, depress the “ALARM RESET” button on the “AUTO FILL 
CONTROLLER”.  Once the alarm is shut off, check the “AUTO FILL 
EXPANSION CONTROL” board to see which detector LED lights are on 
(note that the “SOLENOID CONTROL” switch will still be in the “ON” 
position if a Dewar has not been completely filled).   
To re-fill a partially filled Dewar, the nitrogen lines must be allowed to 
defrost for about 4 hours.  After the lines have defrosted, depress the two 
red “ERROR RESET” buttons on the “AUTO FILL EXPANSION 
CONTROL” board and then depress the “MANUAL” fill button. 
Each detector is equipped with an overflow line.  If this line appears to be 
bleeding an excessive amount of liquid nitrogen, the “SOLENOID 
CONTROL” switch should be turned to the “OFF” position. 
Record all liquid nitrogen fills and re-fills in the “Gamma LN2 Fill” 
logbook. 
 


8. SAFETY, HAZARDS, AND WASTE DISPOSAL 
8.1. SAFETY 


Normal laboratory safety procedures (gloves, safety glasses, and lab coats, where 
necessary) must be complied with during the conduct of this procedure.  No special 
safety requirements are mandated by this procedure. 


8.2. HAZARDS 
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8.2.1 Bias applied to detectors is typically in the range of 1000 to 4000 volts DC.  This 
can result in electric shock if bias cables are disconnected while bias is applied.  
To minimize the possibility of electric shock, bias will be turned off to any 
detector before any cabling is disconnected. 


8.2.2 The liquid nitrogen used to fill the dewars is at -196°C. Exposure to the skin can 
cause severe frostbite. Use insulated gloves when handling frozen lines, valves, 
etc. 


8.2.3 Large spills can displace room oxygen and cause asphyxiation. In case of a large 
spill, open the lab doors and allow the liquid nitrogen to dissipate before re-
entering the lab. 


 
8.3. WASTE DISPOSAL 


The gamma spec instrument technician is responsible for returning the samples to the 
sample custodian or to the sample storage area after analysis. 
Some samples will be returned to the client after analysis.  Samples or sample wastes 
containing radioactive materials, which are not being returned to the client, must be 
disposed of according to PAI's procedures for disposal of radioactive materials. Contact 
the site WDC for more information. 
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APPENDIX A 
 


MINIMUM DETECTABLE ACTIVITY CALCULATION 
 


The equation below is taken from "The Minimum Detectable Activity Concept"(1), and 
implemented by PAI's gamma analysis software. 
 
 MDA = K * (2.71 + 3.29 * Sb), 
 
 where    K = 1/(VATCE e(-λt)); 
 
      A = the fractional abundance of the radiation emission; 
 
      V = the sample volume; 
 
      T = the counting time for the background count; 
 
      C = the conversion from count rate to activity units; 
 
      E = the fractional counting efficiency; 
 
        e(-λt) = the decay correction from sampling to counting; 
 
     Sb = the standard deviation of the background counts. 
 
This equation is fundamentally the same as those offered in references (2) to (4), which represent 
industry standard methodology for analyses of these types. 







 
 
 


PARAGON ANALYTICS, INC. 
SOP 713  REV 6 
PAGE 11 OF 11 


 
 
 


 
CONFIDENTIAL 


 
APPENDIX B 


 
COMMON GAMMA ENERGIES AND CHANNEL LOCATIONS 


 
This section is provided to assist in determining proper channel locations during calibrations and 
QA checks. 
 


NUCLIDE ENERGY (keV) TARGET 
CHANNEL 


Cd-109 88.04 176 
Co-57 122.06 244 
Cs-137 661.65 1323 
Y-88 898.04 1796 
Co-60 1173.22 2346 
Co-60 1332.49 2665 
Y-88 1836.06 3672 


                                          
NOTE: PAI's Environmental Radiochemistry Laboratory uses a 2.0 keV matching tolerance 


for nuclide/energy matching; this will allow up to a 4 channel deviation from target 
channels.  In addition, the QA checks perform energy versus channel calibrations each 
time they are run (normally daily), correcting for small changes in peak channel 
locations. 


 
 
 
 
 


APPENDIX C 
 


GEOMETRY/EFFICIENCY LIST 
 


Geometry 
number 


Geometry Description Default count 
 time (min.) 


Efficiency file 
number 


Standard file 
number 


01 1 liter Marinelli 250 01 01 
02 3.5 liter Marinelli 125 02 02 
07 47 mm  Filter 60 07 07 
13 500 g Solid 30 13 13 
11 100 g Solid 30 11 11 
17 215 g Solid 30 17 17 
26 215 g Solid (Ra-226) 30 26 26 
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History: Rev. 0, 0/0/92;  Rev. 1, 0/27/93;  Rev. 2, 10/15/93;  Rev. 3, 0/17/96;  Rev. 4, 0/0/98;  Rev 5, 10/0/99; Rev 
6, 10/18/01.   dbh 


1. SCOPE AND APPLICATION 


1.1. SCOPE AND APPLICATION 
This procedure describes the steps necessary to perform spectroscopic analysis of 
alpha emissions on samples of various media using high resolution ion implanted 
silicon alpha spectrometry.  The target analytes are routinely separated from 
liquids (primarily aqueous) and solid samples (primarily soils, wastes, filters) 
following equilibration of the sample with a suitable isotopic tracer, and mounted 
by microprecipitation onto 25 mm, 0.1 micron pore sized filters fixed into 1 inch 
stainless steel planchets. Analyte activity is derived from the relative count rates 
of analyte and tracer isotopes and the known activity of tracer added.  When no 
suitable nuclide is available for use as an isotopic tracer (e.g. Np-237), splits of 
each sample are prepared following addition of a known quantity of NIST 
traceable tracer solution of the target analyte.  The chemical yield data generated 
from split sample analysis is used for the calculation of sample results.  This 
procedure is applicable to all alpha spectrometry analyses.  
 


2. SUMMARY 


2.1. Alpha emissions from radionuclides are detected by a semiconductor silicon chip, 
which transfers the energy deposited into a small electronic pulse for each alpha 
interaction, where the pulse height is proportional to the incident alpha energy.  
This electronic data is converted to digital data by an analog to digital converter 
(ADC) and stored in a multi-channel analyzer (MCA).  The data collected by the 
MCA is subsequently interpreted by a complex software program, generating 
count data corresponding to a predefined list of nuclides being sought in the 
sample fraction.  This data is then processed through data reduction and results 
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reporting routines to generate final reports.  This procedure is principally similar 
to DOE/EML 4.5.2.1 and easily meets and exceeds the requirements referenced in 
EPA Procedures 907.0 and 908.0. 


2.2 PAI's Environmental Radiochemistry Laboratory utilizes PC-based MCA’s for 
acquisition of alpha spectra from 600 mm2 ion implanted silicon detectors. The 
detectors are mounted in vacuum chambers and operated at or below 100 microns 
of mercury absolute pressure to minimize loss of alpha particle energy during the 
path from the sample to the detector.  The spectrometers have interlocks between 
the bias and the vacuum system to prevent application of bias during evacuation 
or venting, which could damage the detectors. The MCA's are controlled by a 
personal computer, having a single half-slot interface card and MCA display and 
control software.  The MCA operations and subsequent data analysis are 
controlled through a series of menu-driven batch jobs.  


 


3. RESPONSIBILITIES 


3.1. It is the responsibility of the analyst to perform the analysis according to this SOP 
and to complete all documentation required for review. 


3.2. Analysis and interpretation of the results are performed by personnel in the 
laboratory who have demonstrated the ability to generate acceptable results 
utilizing this method. This demonstration may come in the form of 
supervisory/training review, precision and accuracy tests, or the successful 
completion of an unknown proficiency evaluation test. 


3.3. Final review and sign off of the data are performed by the department supervisor 
or designee.  Initialing and dating the file indicate that this review for precision, 
accuracy, completeness, and reasonableness is complete and satisfactory.  Any 
errors that are found require corrective action, which includes notification to the 
technician/analyst who performed the work and documentation of measures taken 
to remediate the data. 


3.4. It is the responsibility of all personnel who work with samples involving this 
method to note any anomalies or out-of-control events associated with the analysis 
of the samples.  Any discrepancies must be noted and corrective action taken and 
documented. 
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4. INTERFERENCES 


4.1. The presence of excessive precipitate in the final source will lead to degradation 
of spectrum quality due to self-absorption effects.  Excessive tailing, poor peak 
separation or visible evidence of unusual amounts of solids on the final source 
may necessitate clean-up of the sample (by dissolving LaF3 in boric/nitric acid, 
precipitating ferric hydroxide, dissolving FeOH3 in HCl and repeating the 
microprecipitation steps). 


4.2. The levels of activity taken for analysis should be minimized to prevent 
contamination of the detection system and overwhelming the tracer.  Aliquot size 
should be judged according to expected activities for the samples (see screening, 
etc.) and should generally held within the range of less than 30-50 pCi.   


4.3. The minimum detectable concentration formulas referenced in this SOP 
conservatively assume that background count times equal or exceed sample count 
times.  If extended count times are necessary to meet DQO’s, it is advisable that 
dedicated background counts be conducted immediately prior to the count to both 
ensure that count time parity is assured, and to minimize the potential for effect 
for memory effects on the detector (cross-contamination). 


4.4 The presence of significant peak activity in a spectrum other than that expected 
(e.g. thorium peaks in a plutonium spectrum) is significant cause for concern.  Re-
preparation or appropriate sample cleanup may be indicated.  Consult with a 
senior analyst or the Radiochemistry technical manager for advice in such cases. 


 


5. APPARATUS AND MATERIALS 


5.1 This procedure is conducted with the use of installed alpha detection and analysis 
equipment consisting of ion implanted silicon detectors mounted in combination 
vacuum chambers/spectrometers. These spectrometers are controlled by a 
personal computer based analysis system with multi-channel analyzer interface, 
integral multi-channel analyzers, alpha analysis software, and associated cabling. 


 


6. REAGENTS 


6.1. No reagents are used by this procedure 
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7. SAMPLE COLLECTION, PRESERVATION AND HANDLING 


7.1. This is not applicable to the analytical SOP.  Consult with specific pretreatment 
and separations SOP’s for recommendations regarding sampling and preservation 
protocols.  


 


8. PROCEDURE 
 Instructions are given for the AlphaVision Program. 


8.1. OPERATING CONDITIONS 
The alpha spectrometers are operated in a medium vacuum system, normally low 
100 microns of mercury, at detector bias voltages typically 30 volts DC.  The 
operating conditions shall be verified weekly by running energy and background 
calibrations on each detector.  (See section 9.0) 


8.2. SAMPLE PREPARATION 
Samples are prepared by radiochemical separation applicable to the 
radionuclide(s) being evaluated.  Samples are prepared in the actinide preparation 
areas using chemical separation and deposition processes (refer to the 
radiochemistry procedural SOP’s for specific information).  They are received in 
the instrument lab in the form of a filter mounted on a labeled planchet to be 
counted. 
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8.3. DATA ACQUISITION AND ANALYSIS 


8.3.1. Each alpha spec detector is separately contained in a metal housing with 
an O-ring sealed door hinged at the bottom of the housing.  Use gloves and 
forceps to handle planchets.  Load planchets into detectors that are 
calibrated and have passed all control limit checks.  Load planchets for 
Uranium or Thorium analysis in those detectors that are designated for 
U/Th only.  Record detector names in the appropriate place on the 
benchsheet.  To load the planchets into the detectors after the chamber has 
been properly pumped down (see below) and bias light is off: Open the 
door, slide out the tray, place the planchet on the tray, slide the tray back 
in.  Make sure the planchet is centered under the detector.  Close the door.  
Note:  The tray position within the chamber should always be the position 
of the current calibration.  Currently that position is the default (top) 
position in the chamber.   


8.3.2. Record the Sample ID, Filename, Analyst’s Initials, Count Duration, 
Analytical Batch ID, Test Code, Matrix and Detector Number in the 
Alpha Spectroscopy Run Log. 


8.3.3. Before the analysis can be started, the detector chambers must be 
evacuated.  There is one vacuum line connected to each tower.  To 
evacuate a chamber, turn the knob under the door to the ‘Pump’ position.  
Once the chamber is evacuated, the red ‘Bias’ light will come on in the 
upper right corner of the chamber.  However, once the knob has been 
turned to apply vacuum to a chamber, all other chambers that are 
connected to the same vacuum line will temporarily lose vacuum and bias.  
The red bias light will go out when vacuum is lost.  If bias to chambers is 
lost during active counting of samples, the data quality will be 
compromised!   


8.3.3.1. Therefore, before applying vacuum, the data acquisition 
must first be stopped for those chambers containing samples that 
are in the process of counting (assuming that this function is not 
controlled by the AlphaVision software).  For example, to start a 
count in a detector or group of detectors with other samples 
counting in the same tower (and thus sharing the same vacuum 
manifold), the data acquisition must be stopped for detectors 
containing the samples that are already counting. To stop data 
acquisition: Open AlphaVision.  Use the mouse to select the 
detectors to stop data acquisition.  Pressing <Alt-2> will stop data 
acquisition for the selected detectors.  Those detectors for which 
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the data acquisition has been halted will go from yellow to pink on 
the AlphaVision grid. 


8.3.3.2.  Now it is safe to turn the knobs to the right to ‘pump’ to 
evacuate all detectors that have been loaded.  Wait until the red 
bias light is on for all of the chambers that contain samples (just 
loaded and those for which the data acquisition was temporarily 
halted).  The bias light is an indication that the chambers are 
evacuated.   


8.3.3.3. To resume data acquisition for the halted samples, select 
those detectors in the AlphaVision interface and check the sample 
type and the count time for the appropriate analysis being 
performed on the sample in a given detector.  This is very 
important.  Enter the correct count time if necessary.  Depress <Alt 
1> on the keyboard.  Data acquisition will resume and those 
detectors will go from pink to yellow on the AlphaVision grid 
indicating data acquisition has resumed. 


8.3.3.4. After samples have been loaded, and the counting chambers 
evacuated, start spectrum acquisition as follows: 


8.3.3.4.1.  Set the Live Time for the sample type for the 
analysis.  From the AlphaVision menu bar select Options -- 
Sample Types. Select the appropriate Sample Type by 
entering in the first letter of the sample type or by using the 
arrow at the right to scroll down the menu. 


8.3.3.4.2. Enter in the correct Live Time. (Format:  
HH:MM:SS where “H” = hour, “M” = minute, and “S” = 
second). 


• = Method of Analysis -- set to default: “Region of Interest”. 


• = Sample Type Use -- set to default: General Analysis. 
• = Manual Chemical Recovery -- set to default: 100.0%. 
• = Data Directory should be C:\USER\ALPHA\ALPHA 
• = VERY IMPORTANT!!!  No overrides should be 


listed. The program automatically uses the last 
calibration and background files. 


• = To the right of the window click on tracer.  Enter the 
tracer amount (DPM) from the benchsheet.  Choose OK 
and close  this window. 
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8.3.3.4.3 Choose OK to save and close. 
8.3.3.4.4 From this point on, all samples of the type just edited 


will count for the live time set.  If there are more 
samples of the same type which require a different 
count time, it will be necessary to enter the appropriate 
live time before starting the count. 


8.3.3.4.5 To initiate a sample count: 
8.3.3.4.5.1  On the AlphaVision grid, click on the detector 


to select it.  (An entire group of detectors can be 
selected by clicking on the space to the left of 
the detector icons.) 


8.3.3.4.5.2  Depress <Alt 1> 
8.3.3.4.5.3  Enter in the sample number and batch ID from 


the benchsheet using the format: 9805107-1  
ASO2577). 


8.3.3.4.5.4  Enter in the File Name including the ‘.chn‘ 
extension (from the benchsheet) 


8.3.3.4.5.5  Select the Sample Type. 
8.3.3.4.5.6  The Total Volume (sample size) and Aliquot 


Volume (from the benchsheet) need not be 
entered as the RadChem applied these from prep 
data. 


8.3.3.4.5.7  Volume Units are ‘None’. 
8.3.3.4.5.8  Begin. 


8.3.3.5. Leave the AlphaVision program open when samples are 
counting.  The screen can be minimized.  If AlphaVision is not 
open when data acquisition is complete, it will be necessary to 
manually printout the sample results 
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8.3.3.6.  When unloading samples, release the vacuum as slowly as 
possible by turning the knob counterclockwise from hold about 20 
degrees.  After a few minutes, the LED bias should turn off.  Turn 
the knob slowly the rest of the way to vent.  Air should not be 
heard rushing into the detector to any appreciable extent as a air 
current stirs up particles and contaminates the detector and 
chamber. 


8.3.3.7. When removing the samples from the detector chambers, 
verify the position by checking the sample removed from the 
detector against the detector # recorded on the benchsheet.  Any 
discrepancy should be noted on a QASS, the benchsheet and the 
raw data printout. 


8.3.4. SPECTRUM ANALYSIS 


8.3.4.1. Each nuclide emits alpha particles at distinct energies 
characteristic of the decaying species (see section 8.3.5 for a short 
list of energies).  When an alpha particle is incident on the detector, 
an electrical pulse is generated, the signal produced is analyzed 
according to pulse height and stored as a count in the appropriate 
channel of the given MCA buffer, depending on which detector the 
sample is being analyzed.  As the number of counts stored 
increases, peaks for each radionuclide begin to form. 


8.3.4.2. After sample acquisition has been started, it is possible to 
examine the spectrum “live” to make a real-time estimate of 
chemical yield expected for that sample (note that sufficient time 
must have elapsed for the spectrum to be describable, 10-15 
minutes is usually sufficient).  This is most easily accomplished by 
selecting the  detector and choosing view detector.  At this point, 
the chemical yield can be estimated from the net area of the peak.  
Have an experienced technician demonstrate the procedure the first 
few times.  See section 6.0 for the appropriate calculation. 


8.3.4.3. If the tracer yield is below the PAI current control limit or 
the client’s requested yield, an NCR is completed.  In such cases, 
re-extraction will usually be necessary (PAI SOP 715FC). The 
exception to this occurs when a sample is of an uncommon matrix.  
If re-extraction would not be expected to produce improved 
chemical yield or a second extraction of a sample shows repeated 
poor chemical yield (generally an indication of matrix interference) 
a sample may not be subject to re-extraction.  Low yield is always 
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documented in a case narrative, and an explanation is included if 
the sample was not re-analyzed.  Consult with a Senior analyst or 
Radchem Manager, and Project Manager before reporting results 
for a sample which has shown poor yield. 


8.3.4.4. When the preset live time has elapsed, the data in the buffer 
is stored in two files (filename.int and filename.chn). AlphaVision 
is programmed to conduct a region of interest analysis of the 
spectrum from the data gathered during the count and information 
that was previously entered (i.e. tracer DPM, target nuclides and 
relative ROI’s, recovery type, etc.).  The results of the analysis is 
then summarized in a raw data results report and a graphical 
hardcopy printout of the spectrum is produced. The raw data results 
report is also written to a file (filename.rpt). 


8.3.4.5. After samples have finished counting, verify on the raw 
data printout that chemical yield, duplicate error ratio(s) (DER), 
MDA, tracer counts, blank activity, and LCS values all satisfy 
applicable data quality objectives.  Check the spectra for peak 
shifts and peak resolution.  Verify that a raw data printout and 
spectrum is present for all counted samples.  Determine if there are 
samples to be recounted. This will give the preparation group 
adequate time to complete a re-extraction if any of these 
parameters fail to pass acceptance criteria. 


8.3.4.6. DER values can be calculated using the formulas found in 
SOP 715. Blank activities should be compared to established limits 
and, if applicable, to client/project specific data quality objectives.  
LCS results should by compared to the known values for a 
particular radionuclide for appropriate spikes.  The known values 
are found on the bench sheet, which should be cross-checked 
against the standard verification worksheet. 


8.3.4.7. Regions of interest (ROI) are areas which encompass 
spectral peaks.  Default values have been set based on the expected 
energies defining the channels that specific nuclide peaks are 
expected to fall between.  Occasionally, slight adjustment of the 
ROI by a few channels may be necessary to ensure  good fit with 
the acquired data before a final report can be generated.  To adjust 
the ROI, the general guidelines used consist of: 


8.3.4.7.1.  For uranium, set the boundaries for U-238 and U-
234 so that they are the same distance from the centroid as 
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they are for the tracer, U-232.  The area between the right 
boundary of U-238 and the left boundary of U-234 
represents U-235.  The U-238, U-235, and U-234 regions 
should be directly adjacent to each other with no space in 
between. 


8.3.4.7.2.  For Plutonium and Americium, when there are no 
peaks for the nuclides and the tracer peak resolution is 
good, ROI’s are set to correspond to energies listed in 
Radioactive Decay Data Tables, David C. Kocher, for the 
missing nuclides and set the ROI for that nuclide between 
the higher and lower energies. 


8.3.4.7.3.  For Thorium, set the ROI for the blank and LCS 
first.  This defines the shape of the peaks and gives an idea 
of the location and the size of the tracer peak.  Look up the 
energies of the peaks in Radioactive Decay Data Tables, 
David C. Kocher. 


 


8.3.4.8. Open AlphaVision.  From the menu bar, select ‘Analyze’ 
     ‘Interactive from Disk’ 


• = Type in the spectrum file name. 
• = Make any necessary corrections to DPM or volume/aliquot. 
• = Begin. 
• = Click on a peak to select it. 
• = Click on Edit. 
• = Click on up/down arrows in the edit box to move the left and 


right boundaries. 
• = Hit OK when finished. 
• = Click on left/right arrows (right side of screen) to move over to 


another peak. 
• = Repeat the editing process. 
• = When finished adjusting the ROI’s, click on Analyze (right side 


of screen) to save changes and print. 
• = Discard the old spectrum. 


8.3.5. MAESTRO (MCA CONTROL OPTION IN ALPHAVISION) 
Maestro is used to examine a live spectrum (one that is in the process of being 
acquired).  Normally, Maestro for Windows would be used for determining 
recoveries and examining ROI placement, however the “MCA control” menu 
option (which runs the DOS version of Maestro) is more readily accessible and 
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can be used to abort or shorten counts for samples before the live time is reached 
(e.g. to shorten counts due to elevated sample activity).  The “MCA control” can 
be accessed in AlphaVision by selecting the detector on the grid, depress ENTER 
and View Detector. 


8.3.6. Common Energies And Approximate Channel Locations 
This section is provided to assist by providing approximate channel locations 
during calibrations, QA checks and initial for spectral interpretation. 


  
 Nuclide  Energy (keV)  Target Channel 
 Am-241s,t   5485   249 
 Am-243t,s   5275   228 
 Cm-242  6112   311 
 Cm-244t,s  5805   281 
 Pu-242t   4900        190 
 Pu-238   5499     250 
 Pu-239s   5155     216  
 Th-228   5423   242 
 Th-229t   4845   184 
 Th-230s   4687   169 
 Th-232   4010   101 
 U-232t     5320     232  
 U-234s   4775      178  
 U-235   4396      140  
 U-238s   4196      120 


 
 t Tracer - used for calculating chemical yield in each sample 


s Spike - used for determining the quality of data for the analytical batch analysis 
consistency (based on the calculated value compared to a known value). 


  
NOTE:  Actual Target Channels will vary slightly for each detector; peak energy 


and channel matching is done weekly with the energy calibration process 
in AlphaVision. 


8.3.7. DATA REPORTING 
For the final report package, an individual results summary (commonly called a 
Form 1), a QA results summary, and an overall results summary are generated.  
These reports are created in RADCHEM after uploading data from the AV 
database in the R:\USER directory.  Sample reporting requires that the following 
steps be performed:  
  


1) Data Reduction 
2) A report query and an electronic data deliverable (EDD) is made. 
3) A report hardcopy is generated. 
4) A narrative is written. 
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5) Packaged at the appropriate package level 
 


Items 1 and 2 must be done in sequence.  An EDD is not always necessary, 
depending on the client’s requirements. 
 


I. Alpha Spec Data Reduction-data is pulled from the AV database by batch. 
 


• = Launch RadChem System 
• = Select menu option Alpha Spec 


           Data Reduction 
• = Enter Batch Number. 
• = Click on ‘Enter’. 
• = Review for completeness, i.e. all requested samples, correct files for 


recounts or re-extracts.  Check LCS, Blank, and DER for compliance. 
 
II. Report Queries-all data (all analytes and matrices) is queried by workorder 
 


• = Open RadChem 
• = Select menu option Alpha Spec 


    Create EDD/ or Query 
 
• = To build an EDD with a query, first select the client name from the list at 


the left side of the window.  At the top middle of the window, enter the 
workorder #.  All parameters are customizable and the following defaults 
may be overridden to comply with client requests.   
• = The RMDC Seed Value, Sigma Value Report Flags and Rounding 


method will automatically be populated based on the client.  FYI:   
• = The RMDC Seed Value is the Required MDC.   
• = The default Sigma Value is ‘2’.  
• = The report flags box should be checked, Sig Figs should be ‘2’, and  
• = the Rounding Method is ‘ANSI.   


• = After the query is complete, a list of the analytes, matrices, and samples 
queried will be displayed in the center of the screen.  At this point, the EDD 
is made.  A choice can be made about which analytes, matrices, or samples 
are to be reported.  The next screen allows the QC requirements to be edited.  
These are very often client specific; however, the default values will appear. 
Edit the following columns if necessary: Required MDC, YieldSumm/LO , 
DER, and LCS.  Click on ‘Exit’ when finished. 


 
III. Generating Report Forms 
 


• = Open Access Reporting. 
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• = Enter in the work order number (no hyphens). 
• = Click on ‘Import Rad Data’. 
• = Click on ‘NO’ (don’t append). 
• = Select the tests, matrices and samples to report. 
• = Print reports:  
• = Select Reports to print at the right side of the screen.  Consult project 


specs as some clients require a specific MDA or RPD or DL report in 
addition to the default reports.  Default reports include:  ‘Review’, 
‘Calibration,’ and ‘Samples’ under the Summary heading and ‘Samples’, 
‘Blanks’, ‘LCS’, and ‘DUP DER’ under Single heading.  


 
IV.  Electronic Data Deliverables  
 
 Electronic Data Deliverables (EDD) are made in RadChem at the time the 


query is done.  EDDs are printed and provided with the final report.  The 
EDD may be used for review purposes only or it may serve as the report 
depending on the client.  There are client specs for the EDD.  These are 
programmed into the system.  By choosing the client name when running 
the query in the previous section, the specs are in place.  The type of EDD 
file varies with the client.  The files can be  .txt, .dbf., .edd, or .asc files.  
After the edd is printed, in either Windows Explorer or File Manager, 
move the EDD file from the R:\EDD directory to the R:\EDD\<month> 
subdirectory. 


 
 


V.  Narratives 
For most clients, a general narrative template may be used.  Narratives are 
all written using Microsoft Word as follows: 
 
  Under R:\narr\0stdnarr, select the template appropriate for  
  the type of test. 
  Fill in the highlighted areas with text. 
  Save narrative as  10276uw.doc    (example) 
            |     | | 
        work order     |  water (or s=soil, f=filter, etc.) 
                  | 
      test type     
    
  Save under the R:\narr\<month of work order>   
  subdirectory. 
 
Narrative Comments. 
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If a sample was recounted a narrative comment may be required.  Any 
time there is a Non-Conformance Report (NCR), a narrative comment and 
a copy of the NCR is required.  Any time data quality objectives have not 
been met, but the infraction is not great enough to prohibit reporting (i.e., 
activity in the blank, but not greater than the requested MDC; 2 sigma 
DER > 1.42, but 3 sigma DER < 1.42; requested MDC’s not met as a 
result of small sample aliquot size), a narrative comment is required. 
Minor anomalous situations that have no effect on results usually do not 
require a narrative comment, but should have a QASS.  If in doubt, ask a 
supervisor regarding the proper way to narrate an anomalous situation. 
Gross QC failures cannot be narrated!  If any of these types of situations 
are discovered at the time of reporting, notify the supervisor and project 
manager immediately. These types of situations most likely will require a 
re-extraction:  LCS exceeds control limits, activity in blank greater than 
requested MDC for which the sample activity is less than requested MDC, 
DER failure at the 3 sigma level, contamination of the sample, or chemical 
yield exceeds the control limits. 


8.4. CALCULATIONS 
Alpha spectra are interpreted and analyzed by a sophisticated mathematical 
routine which provides for peak identification, peak area analysis and peak 
energy determination.  Details of calculations performed by the AlphaVision 
software can be found in the AlphaVision Software Reference Manual(1).   
 
Routine alpha spectroscopic analysis of samples at PAI’s Environmental 
Radiochemistry Laboratory employ a Region of Interest approach to spectrum 
analysis.   
The following raw data generated by the AlphaVision system are used for 
sample calculations: Analyte and Tracer Net Counts and Count Time, associated 
background counts for each ROI and background count time, detector efficiency.  
Further data (including Sample Aliquot, Split and Dilution data, Percent Solids 
Data, Tracer Concentration and amount added, and estimates of total uncertainty 
as described in PAI SOP743) from the preparation and standards spiking process 
is taken from the electronic benchsheet and merged with the count data during 
the data reduction step during reporting. Total Efficiency calculations assume 
the absence of the tracer nuclide in the sample. 
 
The calculations carried out by the reporting program are presented below: 
 


 Activity
SmplNtCts SmplTime


Denom
=


( / )
 


  
 







PARAGON ANALYTICS, INC. 
SOP 714  REV 6 
PAGE 15 OF 30 


 
 
 


 
CONFIDENTIAL 


Denom TotEff FinalAliquot ActCnv Dec Ing= * * * *  
   


 


FinalAliquot
Size AliqCnv Volume


AliquotVolume
=


* *
 


    
 


SizeotFinalAliquuotTracerAliqTracerConc
SmplTimeTracerNtCtTotEff


/)**(
/=  


 
     


The Total Propagated Uncertainty (TPU) is reported in association with each 
result.  See SOP PAI743 for details regarding determination of the TPU.  The 
TPU is calculated as follows: 


( ) ( )
Counting Unc.


SmplGrCts/SmplTime BkgCts/ BkgTime
Denom


2 2


=
+196. *


 


 
( )( )SmplGrCts SmplNtCts BkgCts* SmplTime / BkgTime= +  


 
In the event that the background and the analyte count rates are near or at zero 
the above uncertainty calculation is not correct. The following calculation should 
be compared to the above. The larger of the two should be used as the counting 
uncertainty for reporting purposes or for the calculation of the TPU. 
 


( ) ( )
Denom


3/BkgTime3/SmplTime*96.1
ZeroUnc


22 +
=  


 
The error term is further modified to estimate the Total Propagated Uncertainty. 
 


( ) ( ) ( ) ( )2222 **10.0*06.0Unc (pCi/unit) TPU ActivityYldUncActivityActivity +++=
 
Where the Unc = the greater of the Counting Unc. and the ZeroUnc. 


For Np-237, where a spiked split is analyzed for yield determinations, the 0.06 
and 0.10 TPU factors should be changed to 0.0849 and 0.1414, respectively, to 
account for duplicate sample measurements and the modified yield 
determination.  
 


The Minimum Detectable Concentration (MDC) and Decision Level (DL) activity 
are calculated as follows: 
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( )
Denom


/3SmplTime/BkgTime/BkgCts*4.65
MDC


SmplTime+
=  


 
( )


Denom
SmplTime/BkgTime/BkgCts*2.33


DL=  


 
Where: Activity = Analyte activity for Target Isotope corrected for decay to date 


of collection  (default units pCi/L, pCi/g (dry weight), or pCi/aliquot) 
 SmplNtCts = Analyte net counts in target ROI (background corrected 


cts) 
 SmplTime = sample count time (min) 
 Denom = Activity calculation denominator 


Counting Unc. = Counting Uncertainty (pCi/L,g,aliquot) 
 
 


SmplGrCts = Analyte gross counts in ROI (cts) 
BkgCts = Background counts in target ROI (cts) 
TotEff = “Total Efficiency” calculated as net tracer cts per dpm added 
(cpm/dpm) 
Final Aliquot = Final dilution/preparation adjusted aliquot (L, g, etc.) 


 ActCnv = Activity conversion factor from DPM to desired units (2.22 
for pCi, 60 for Bq) 


 Dec = decay factor  eλt (fractional) 


Ing = ingrowth factor = 1 - eλt (fractional) 


TracerNtCts = Tracer net counts in target ROI (background corrected) 
(cnt) 
Tracer aliquot = tracer activity in DPM corrected to the standard's 
reference date (DPM):  Note: this activity must be reduced to reflect a 
split in the sample following addition of the tracer 


 Size = size of the initial sample aliquot (L,g,aliquot) 
AliqCnv = Aliquot conversion factor to convert aliquot to desired 
reporting units (e.g. mg to g, wet weight to dry weight, etc.).  This is the 
aliquot into which the tracer volume is added. 
Volume = total volume of intermediate dilution (L,g) 
Aliquot Volume = size of final aliquot taken for analysis 


 ZeroUnc = zero count error (pCi/L,g,aliquot) 
 BkgTime = Background count time (min) 


YldUnc = 2 sigma relative counting uncertainty (i.e., Counting Unc / 
Activity) for the tracer peak (fractional)  


 
For Neptunium-237 (or in cases where no suitable internal tracer isotope is available or the 
absence of the tracer in the sample may not be assumed), the above calculations are modified as 
follows: 
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The denominator is modified as follows:   
 
  Denom = Yield * DetEff * FinalAliquot * ActCnv * Dec * Ing 
 


( ) ( )
( )Yield


SpSmplNtCts / SpSmplT / SpsmplEff / SpSmplAliq SmplNtCts / SmplT / smplEff / SmplAliq
SpDPM / SpSmplAliq


=
−


 
 


Where: 
  


For analysis of radionuclides with relatively short half-lives (less than 1/150 of 
the sample decay period, e.g. 210Po), the data reporting software also modifies 
the reported activity as follows: 
 


  te
ActivityObservedActivityCorrectedDecay λ=  


 
where: λ = - Ln2 / half-life of nuclide in days 


   t = decay time in days from sample collection to counting. 
 
  Sample yield (recovery) is calculated by the following equation: 
 


  
zeAliquot/Si Fomal*AliquotTracer *Conc.Tracer  *Eff.Detector 


imeNtCt/SmplTTracer Recovery=  


 
  DER is calculated as follows: 
 


2s DER S D


S D


= −
+


/ /
*2 2 2σ σ


 


 


 CountingUncSpkSmpl = Count uncertainty for the spiked sample (pCi/aliquot) 
 CountingUncSmpl = Count uncertainty for the sample (pCi/aliquot) 
 YldUnc = 2 sigma relative uncertainty in the yield determination (fractional) 
 SpSmplNtCts = Spiked sample net counts 
 SpSmplT = Spiked sample time (min) 
 SpsmplEff = Spiked Sample detector efficiency 
 SpSmplAliq = spiked sample final aliquot 
 smplEff = sample detector efficiency 
 SpDPM = Spike sample DPM added 
 SpSmplAliq = Spiked sample final aliquot 
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where: S = sample result 
D = duplicate result 
σs = uncertainty of the sample result 
σd = uncertainty of the duplicate result 


 
or: 
 


3s DER
S D


S D


=
−


+


/ /


*3 2 2σ σ
 


 
Total uranium by EPA 908.0 (by alpha isotopic summation) is calculated using 
the isotopic uranium results.  The net counts are summed and the background 
counts are summed for U-234, U-235 and U-238. The above equations are then 
used, substituting the 'summed net counts' for 'net counts' and 'summed 
background counts' for 'background counts', to determine the total uranium (TU) 
results. 
 
 SmplNtCtsTOT = SmplNtCts234 + SmplNtCts235 + SmplNtCts238 
 BkgCtsTOT = BkgCts234 + BkgCts235 + BkgCts238 


8.5. RESULTS INTERPRETATION 
It is essential that appropriate analysis volume and units, tracer information, 
efficiency files and library files be used to ensure accurate analyses.  Results 
must be reviewed to ensure that the library file used was appropriate to the 
analysis type (e.g. Pu, U, Th, etc.) and the report reflects proper sample volume 
and units.   
 
All target analyte peaks in the spectrum must be matched to the appropriate 
radionuclide, and, where applicable, the presence of a given radionuclide should 
be supported by the presence of other significant alpha emissions from that 
radionuclide. 
 
Although most of the analyses are routine it is important to note that each 
radionuclide has a different peak shape.  This is especially evident when dealing 
with high level samples, and radionuclides that do not exhibit clear and defined 
peak shapes.   
 
Peak shape is most often negatively affected by an unusual sample matrix, which 
may contribute to the attenuation of alpha particles.  This attenuation can cause 
the spectrum to be interspersed with small non-descript peaks, which must be 
accounted for when adjusting ROI's.  If there is any question as to the placement 
of ROI's see a senior analyst or the technical manager. 
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The radionuclide of interest can also effect the spectrum.  For example, thorium 
spectra usually exhibit more non-descript peak shapes, especially in the 229Th 
and 230Th ROI’s.  A typical thorium spectrum is included in Appendix D of this 
SOP.  The other radionuclides analyzed by alpha spectrometry exhibit defined 
and similarly shaped peaks (i.e. plutonium, uranium, americium, curium, and 
neptunium), a typical plutonium spectrum is also included. 


8.6. PERIODIC MAINTENANCE 


8.6.1. VACUUM PUMP 
The vacuum pump should be checked weekly.  The pressure of both vacuum 
pumps should be below 60 milliTorr. Note on the Alpha Spec Calibration Log 
Book, the date and pressure of both vacuum pumps.  The pump oil level should 
be above the “MIN” level mark on the pump.  If one or both of the vacuum 
pumps is above 60 milliTorr, inform the senior analyst.  Changing the oil in the 
vacuum pump usually will bring the vacuum pressure down to or below 60 
milliTorr.  The vacuum pump oil should be changed quarterly to prevent any 
unusual wear on the vacuum pump.  Note the oil change date on the Alpha Spec 
Calibration Log Book. 


8.6.2. AIR FILTERS 
Air filters are located at the bottom of the MCB NIMBIN.  The air filters need to 
be cleaned annually by removing and washing with water.  Note the filter 
cleaning date on the Alpha Spec Calibration Log Book. 


8.6.3. DETECTOR AND CHAMBER CLEANING 
The detector and chamber should be cleaned annually or as indicated by the 
results of periodic background measurements.  Periodic cleaning to reduce 
background contamination may be performed at any time.  To clean the detectors 
and chambers, always wear gloves to prevent contamination.  Remove the 
detectors by hand or use a 5/16” open end wrench if the detector cannot be 
removed by hand.  Clean the chamber using a clean cotton ball and iso-propyl 
alcohol.  The connection between the detector and the chamber needs to be 
thoroughly cleaned.  Using a clean cotton ball and iso-propyl alcohol, clean the 
detector window, then the top and sides of the detector.  Clean the connection on 
the top of the detector thoroughly.  The detector background must be recalibrated 
following cleaning of the chamber, sample tray or detector. 


 


9. QUALITY CONTROL 
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9.1. CALIBRATION PROCEDURES 
Note that the procedure for acquiring any calibration spectrum is the same as that 
of a normal sample acquisition.  All calibrations must be documented in the Alpha  
Spec. Calibration Log. 
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9.2. Calibrations for the alpha spec include energy, efficiency, and background 
calibrations done each week. 


9.2.1. Energy and Efficiency Calibrations 


9.2.1.1. Eight electroplated sources are used that consist of Am-241 
and U-234 with a small amount.  The sources are counted for 
approximately 35 minutes.  The sources are rotated through each 
octet.  The naming convention for these sources is PAI source ID 
97-19-103-XX, where XX is equal to source 01, 02, etc..  The 
energy/efficiency calibrations are typically done first, before the 
background checks. When the count is finished, the program will 
compare the locations of the Am-241 and  


9.2.1.2. U-238 peaks to the primary emissions energies and perform 
a linear fit of the energy per channel data. This data will then be 
stored in the appropriate detector file for reference by the analysis 
program during sample analyses. 


9.2.2. Starting Energy/Efficiency Calibrations 


9.2.2.1. Place the plated sources (1 through 8) into octet 1, detectors 
1 through 8.  (After the calibration of the first octet is complete, the 
sources can be rotated to the second octet by placing the source 
from detector 1 into detector 9, the source from detector 2 into 
detector 10, etc.  Likewise, when the sources are moved into the 
third octet, source #1 will go into detector 17, source #2 will go 
into detector 18 and so on until all octets are calibrated.)   


9.2.2.2. Close the doors and apply vacuum to the detectors.            


9.2.2.3. Open AlphaVision.  Using the mouse, select the detector(s) 
which will be started From the menu bar, choose Analyze -- 
Calibration 


9.2.2.4. Enter the filename as follows:     C9MMDD##.CHN 


where: 
C = Calibration 
= last digit of the year (1999) 
MM = month 
DD = day 
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## = detector number 
The source ID should appear in the sample ID field. 


9.2.3. Background Calibrations 


A blank filter paper is placed on a numbered planchet, one for every detector.  The 
filter paper is counted for 1000 minutes, typically following the energy/efficiency 
calibrations. 


9.2.4. Starting Background Calibrations 


9.2.4.1. Place the numbered, detector specific, blank filters into the 
detector chambers. Close the doors and apply vacuum to the 
chambers. 


9.2.4.2. Open AlphaVision.  Using the mouse, select the detector(s) 
which will be started. From the menu bar, choose Analyze -- 
Background 


9.2.4.3. Enter the filename as follows: B9MMDD##.CHN 
Where: 


B = Background 
9 = last digit of the year (1999) 
MM = month 
DD = day 
## = detector number 
The source ID should appear in the sample ID field. 


9.2.4.4. QA Test 


9.2.4.4.1.1. When energy/efficiency/background 
calibrations are completed, a QA test is done. Select 
the detector(s).  From the menu bar, choose QA 
Test 


9.2.4.4.1.2.  DO NOT overwrite the last data point. 


9.2.4.4.1.3.  The program will indicate if the current data 
point is outside the warning or error limit. 
Immediately tag out those detectors which fail. 
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9.2.4.4.1.4.  Record the results of the calibration in the 
Calibration Run Log.  In addition, for those 
detectors tagged out, make a note in the 
Maintenance Log Book under that specific detector. 


9.2.4.4.2.  Control Charts Control charts for energy, 
efficiency, and background are printed for each detector. 


9.2.4.4.2.1.1.  Open AlphaVision.  From the menu 
bar, open AlphaVision Quality Assurance by 
choosing QA Control Charts 


9.2.4.4.2.1.2.  From the AlphaVision Quality 
Assurance menu bar, select a detector by 
choosing Detector. 


9.2.4.4.2.1.3.  From the AlphaVision Quality 
Assurance menu bar, select the type of 
control chart by choosing Plot Variable: 
Background Activity, Calibration Energy, or 
Calibration Efficiency 


9.2.4.4.2.1.4.  From the AlphaVision Quality 
Assurance menu bar, select a plot Scale 
(weekly, monthly, or quarterly) by choosing 
Scale:  Weekly, Monthly, or Quarterly  


9.2.4.4.2.1.5.  Print the Graph: From the 
AlphaVision Quality Assurance menu bar, 
choose File -- Print graph. 


9.2.4.5. BACKGROUND CHECK ACCEPTANCE CRITERIA 
Prior to initial calibration of the alpha spectrometer, it is 
necessary to establish the instrument QC database.  Several long 
background calibration counts are conducted.  These data are 
used to establish baseline data for backgrounds. The background 
level is acceptable if the net counts are below 500 for U/Th 
detectors and below 200 for the non-U/Th detectors or the count 
rates in the ROI’s will allow the particular analysis to meet the 
Requested Detection Limit.  This assessment should be made and 
documented by a senior analyst.  
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If the weekly checks exceed these limits, or if other indications of 
instrument calibration problems are noted, analysis of samples is 
halted until corrective actions have been completed and response 
checks and other appropriate measures verify proper operation of 
the instrument and the integrity and continuity of instrument 
calibration.   


9.2.4.6. BACKGROUND CHECK CORRECTIVE 
ACTIONS 
Note on the periodic weekly checklist the date of background 
determination.  Tag any detectors that do not pass the test.  Most 
frequently, short-lived decay products are responsible for the 
failure.  Cleaning a detector will often help expedite the process 
of returning the backgrounds to normal levels. In some cases, the 
primary alpha spec operator may OK a detector for use even if 
the background counts are elevated and the background peaks do 
not interfere with the analysis performed on that detector.  This 
decision should be clearly documented. Further corrective actions 
are outlined in Section 13 the PAI LQAP. 
 
Since low backgrounds are essential in order to meet low 
detection limits it is important to keep the backgrounds especially 
low on at least one Octete. After identifying a low background 
Octete an effort should be made to avoid counting high activity 
and thorium samples on this Octete. 
 
If following corrective actions, it is determined that the 
instrument response has drifted relative to the point of initial 
calibration, the weekly response operating limits and specific 
method calibrations will be reestablished prior to analysis of 
further samples.  
 


9.2.4.7. ENERGY AND EFFICIENCY CHECK ACCEPTANCE 
CRITERIA 
Prior to initial calibration of the alpha spectrometer, it is necessary 
to establish the instrument QC database.  At least seven data points 
are collected using a mixed alpha calibration standard.  These data 
are used to establish interim operating limits for response checks 
and backgrounds (mean +/- 10% or 2 and 3 SD). Once 20-30 
checks have been gathered, final operating limits are established 
and used to assess the stability of the instrument prior to analyzing 
samples.   
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The tolerance limits of 10% may exceed statistical operating limits 
as long as the instrument operating parameters significantly exceed 
DQO stability requirements.  Tolerances must be tight enough to 
ensure that the most conservative project DQO’s will be met.  
Tolerances may never be set to less than 2 standard deviations in 
the mean of the observed data.  
If the weekly checks exceed the tolerance limits listed in the 
Operating Procedure for Alpha Spectrometers, or if other 
indications of instrument calibration problems are noted, analysis 
of samples is halted until corrective actions have been completed 
and response checks and other appropriate measures verify proper 
operation of the instrument and the integrity and continuity of 
instrument calibration.   
 If following corrective actions, it is determined that the instrument 
response has drifted relative to the point of initial calibration, the 
weekly response operating limits and specific method calibrations 
will be reestablished prior to analysis of further samples.  


9.2.4.8. ENERGY AND EFFICIENCY CHECK CORRECTIVE 
ACTION   
If the weekly checks exceed the tolerance limits listed in the 
Operating Procedure for Alpha Spectrometers, or if other 
indications of instrument calibration problems are noted, analysis 
of samples is halted until corrective actions have been completed 
and response checks and other appropriate measures verify proper 
operation of the instrument and the integrity and continuity of 
instrument calibration.   
If a detector fails the test for energy, record the detector number, 
the parameters that failed, and the parameter value in the Alpha 
Spectroscopy Maintenance Log.  Next, re-run the auto-energy 
calibration.  If fails the second time, tag the detector out of service 
until other action can be taken. Further corrective actions are 
outlined in Section 13 the PAI LQAP.  
If following corrective actions, it is determined that the instrument 
response has drifted relative to the point of initial calibration, the 
weekly response operating limits and specific method calibrations 
will be reestablished prior to analysis of further samples.  


9.3. QC MONITORING  


9.3.1. BLANKS 
Method (or preparation) blanks shall be processed with a 
frequency of 1 per 20 sample prep batch. The sample specific 
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minimum detectable concentration (MDC) or the client 
Requested Detection Limit (RDL) will be used to determine the 
acceptability of blank results. The blank result will be calculated 
using a representative aliquot for the sample batch, usually the 
mean aliquot for the batch.  If the blank activity falls above the 
calculated MDC (or RDL), the effect on the data will be 
assessed.  Any samples showing activity less than 5 times the 
blank activity, and greater than the RDL will be rerun.  Any 
samples showing activity less than the RDL or greater than five 
times the blank activity may be reported as acceptable results.  
Note any actions taken in the narrative. Out of control blank 
results shall be documented on a Non-Conformance Report (PAI 
FM 313). 


9.3.2. Laboratory Control Samples (BLANK SPIKES) 
Laboratory Control Samples (LCS) are prepared and analyzed as a 
measure of process accuracy.   The control limits below represent 
default quality control acceptance limits for cases where historical 
control limits are not available. 
When sufficient data is available, LCS control limits are taken from 
historical data.  Generally, data quality objectives do not require that 
control limits be tighter than +/- 15% from the known value, which 
may be set as a minimum tolerance for most radiochemistry 
methods.  Matrix spike control limits may be taken from method 
experience or drawn from the chart below.  Unless specified by the 
client, control limits for specific analyses are issued by the QA 
Manager and should b consulted when determining the acceptability 
of QC results.   


9.3.3. Duplicates 
Duplicates should be run with a frequency of 1 per 10 samples.  
Acceptability is determined by DER or RPD.  See PAI SOP715 for 
details. 


9.3.4. Chemical Yield 
Sample measurements for Uranium, Thorium, Plutonium, 
Americium, Curium and Polonium are routinely determined by 
internal addition of isotopic tracer to each sample prior to separation. 
Samples are spiked with adequate activity and counted for a 
sufficient period of time such that counting uncertainties of 
approximately 10% (2 sigma) are obtainer for the tacer peak (i.e., 
~400 net counts).  Samples which do not achieve 400 counts may be 
counted longer or reprepared to achieve the target uncertainty.  
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Alternatively, if DQO’s permit, fewer counts may be collected 
assuming that the additional uncertainty is clearly reflected in the 
reported TPU or clearly documented in the case narrative. 
Results are calculated from the observed activities of the tracer 
relative to the analyte species. This calibration method is highly 
accurate and will correct for analyte losses over a wide range of 
chemical yield values irrespective of detector response.  Results are 
accurate to within counting uncertainty and are generally usable until 
the uncertainty in the tracer ROI background activity (attributable 
both to the detector and sample specific backgrounds) becomes 
significant.  
Upper limits for chemical yield (110%) are estimated upper levels 
which would be observed for samples with near-quantitative yield 
assuming ~10% counting uncertainty for the tracer signal.  In cases 
where data quality objectives are not compromised, higher upper 
control limits for chemical yield may be appropriate and should be 
calculated as the sum of the expected upper limit of chemical yield 
and acceptable 2 sigma counting uncertainty for the tracer. 
Sample measurements for Neptunium-237 involve the external 
determination of chemical yield by spike addition of a known 
quantity of Neptunium-237 to a split of each sample which is then 
processed parallel to the associated sample.  The uncertainty for this 
calibration method is typically greater than when an internal tracer is 
used.  Spiking levels should be regulated such that counting 
uncertainty associated with the yield spiked sample is minimized.  
Generally samples should be spiked at levels approximately five to 
ten times above the expected activity for the associated (field or QC) 
samples.  The default lower level for yield spike activity should be 
approximately five–ten times the LCS activity. For example, if the 
LCS is spiked with 4-5 dpm of Np-237 and levels of Np-237 are not 
expected to significantly exceed this level, the yield spike activity 
should routinely be 20-50 dpm (this is added in addition to the 
known activity of Np-237 added during the creation of the LCS).  In 
cases where the sample activity approaches that of the yield spike the 
total uncertainty of the measurement should be evaluated and 
reflected in the sample measurement.  Generally, additional 
uncertainties associated with the yield determination should be 
restricted to less than 25%.  The overall uncertainty can be evaluated 
as follows: 


 


10. DEVIATIONS FROM METHOD 
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10.1. This SOP describes a confidential, proprietary procedure developed by Paragon 
Analytics, Inc.  It is not based on a promulgated method.   


 


11. SAFETY HAZARDS AND WASTE 


11.1. SAFETY 


11.1.1. Normal laboratory safety procedures must be followed during this 
procedure.  No special safety requirements are mandated by this 
procedure. 


11.2. HAZARDS 


11.2.1. There are no special hazards associated with the conduct of this procedure. 


11.3. WASTE DISPOSAL 


11.3.1. All samples should be returned to the client after analysis.  Samples or 
sample wastes containing radioactive materials which are not being 
returned to the client must be disposed of according to PAI's procedures 
for disposal of radioactive materials. Contact the site Radiological Safety 
Officer for more information. 


 


12. REFERENCES 


12.1. AlphaVision Software Reference Manual, Model A-36-BI, Version 1.0, pp. 123-
121. 


12.2. ANSI Standard N42.23 Measurement and Associated Instrumentation Quality 
Assurance for Radioassay Laboratories, Final, February 10, 1995, ANSI P-
N42.23-D2. 


 







PARAGON ANALYTICS, INC. 
SOP 714  REV 6 
PAGE 29 OF 30 


 
 
 


 
CONFIDENTIAL 


 
 


APPENDIX A 
 


SAMPLE SPECTRA 
 


The following three spectra demonstrate a typical uranium, thorium and plutonium spectra.  Note 
that americium, curium, and neptunium spectra are somewhat similar to the plutonium spectrum, 
in relation to their peak shapes. 
 
The thorium spectrum contains four analytes.  The difficulty with the placement of the ROI’s for 
229Th and 230Th should be evident.  This is due to close proximity of the two peaks.  The small 
peaks to the right of the 228Th peak are 228Th daughter products, which are normal. 
 
The plutonium spectrum contains three analytes, with no other obvious peaks present.  Note that 
uranium, americium, curium, and neptunium spectra should also contain no other peaks, other 
than those accounted for by existing ROI’s. 





		1.	SCOPE AND APPLICATION

		1.1.	SCOPE AND APPLICATION



		2.	SUMMARY

		2.1.	Alpha emissions from radionuclides are detected by a semiconductor silicon chip, which transfers the energy deposited into a small electronic pulse for each alpha interaction, where the pulse height is proportional to the incident alpha energy.  Thi

		2.2	PAI's Environmental Radiochemistry Laboratory utilizes PC-based MCA’s for acquisition of alpha spectra from 600 mm2 ion implanted silicon detectors. The detectors are mounted in vacuum chambers and operated at or below 100 microns of mercury absolute



		3.	RESPONSIBILITIES

		3.1.	It is the responsibility of the analyst to perform the analysis according to this SOP and to complete all documentation required for review.

		3.2.	Analysis and interpretation of the results are performed by personnel in the laboratory who have demonstrated the ability to generate acceptable results utilizing this method. This demonstration may come in the form of supervisory/training review, p

		3.3.	Final review and sign off of the data are performed by the department supervisor or designee.  Initialing and dating the file indicate that this review for precision, accuracy, completeness, and reasonableness is complete and satisfactory.  Any erro

		3.4.	It is the responsibility of all personnel who work with samples involving this method to note any anomalies or out-of-control events associated with the analysis of the samples.  Any discrepancies must be noted and corrective action taken and docume



		4.	INTERFERENCES

		4.1.	The presence of excessive precipitate in the final source will lead to degradation of spectrum quality due to self-absorption effects.  Excessive tailing, poor peak separation or visible evidence of unusual amounts of solids on the final source may

		4.2.	The levels of activity taken for analysis should be minimized to prevent contamination of the detection system and overwhelming the tracer.  Aliquot size should be judged according to expected activities for the samples (see screening, etc.) and sho

		4.3.	The minimum detectable concentration formulas referenced in this SOP conservatively assume that background count times equal or exceed sample count times.  If extended count times are necessary to meet DQO’s, it is advisable that dedicated backgroun

		4.4	The presence of significant peak activity in a spectrum other than that expected (e.g. thorium peaks in a plutonium spectrum) is significant cause for concern.  Re-preparation or appropriate sample cleanup may be indicated.  Consult with a senior ana



		5.	APPARATUS AND MATERIALS

		5.1	This procedure is conducted with the use of installed alpha detection and analysis equipment consisting of ion implanted silicon detectors mounted in combination vacuum chambers/spectrometers. These spectrometers are controlled by a personal computer



		6.	REAGENTS

		6.1.	No reagents are used by this procedure



		7.	SAMPLE COLLECTION, PRESERVATION AND HANDLING

		7.1.	This is not applicable to the analytical SOP.  Consult with specific pretreatment and separations SOP’s for recommendations regarding sampling and preservation protocols.



		8.	PROCEDURE

		8.1.	OPERATING CONDITIONS

		8.2.	SAMPLE PREPARATION

		8.3.	DATA ACQUISITION AND ANALYSIS

		8.3.1.	Each alpha spec detector is separately contained in a metal housing with an O-ring sealed door hinged at the bottom of the housing.  Use gloves and forceps to handle planchets.  Load planchets into detectors that are calibrated and have passed all

		8.3.2.	Record the Sample ID, Filename, Analyst’s Initials, Count Duration, Analytical Batch ID, Test Code, Matrix and Detector Number in the Alpha Spectroscopy Run Log.

		8.3.3.	Before the analysis can be started, the detector chambers must be evacuated.  There is one vacuum line connected to each tower.  To evacuate a chamber, turn the knob under the door to the ‘Pump’ position.  Once the chamber is evacuated, the red ‘B

		8.3.3.1.	Therefore, before applying vacuum, the data acquisition must first be stopped for those chambers containing samples that are in the process of counting (assuming that this function is not controlled by the AlphaVision software).  For example, to

		8.3.3.2.	 Now it is safe to turn the knobs to the right to ‘pump’ to evacuate all detectors that have been loaded.  Wait until the red bias light is on for all of the chambers that contain samples (just loaded and those for which the data acquisition was

		8.3.3.3.	To resume data acquisition for the halted samples, select those detectors in the AlphaVision interface and check the sample type and the count time for the appropriate analysis being performed on the sample in a given detector.  This is very imp

		8.3.3.4.	After samples have been loaded, and the counting chambers evacuated, start spectrum acquisition as follows:

		8.3.3.4.1.	 Set the Live Time for the sample type for the analysis.  From the AlphaVision menu bar select Options -- Sample Types. Select the appropriate Sample Type by entering in the first letter of the sample type or by using the arrow at the right to

		8.3.3.4.2.	Enter in the correct Live Time. (Format:  HH:MM:SS where “H” = hour, “M” = minute, and “S” = second).

		Method of Analysis -- set to default: “Region of Interest”.





		8.3.3.5.	Leave the AlphaVision program open when samples are counting.  The screen can be minimized.  If AlphaVision is not open when data acquisition is complete, it will be necessary to manually printout the sample results

		8.3.3.6.	 When unloading samples, release the vacuum as slowly as possible by turning the knob counterclockwise from hold about 20 degrees.  After a few minutes, the LED bias should turn off.  Turn the knob slowly the rest of the way to vent.  Air should

		8.3.3.7.	When removing the samples from the detector chambers, verify the position by checking the sample removed from the detector against the detector # recorded on the benchsheet.  Any discrepancy should be noted on a QASS, the benchsheet and the raw



		8.3.4.	SPECTRUM ANALYSIS

		8.3.4.1.	Each nuclide emits alpha particles at distinct energies characteristic of the decaying species (see section 8.3.5 for a short list of energies).  When an alpha particle is incident on the detector, an electrical pulse is generated, the signal pr

		8.3.4.2.	After sample acquisition has been started, it is possible to examine the spectrum “live” to make a real-time estimate of chemical yield expected for that sample (note that sufficient time must have elapsed for the spectrum to be describable, 10-

		8.3.4.3.	If the tracer yield is below the PAI current control limit or the client’s requested yield, an NCR is completed.  In such cases, re-extraction will usually be necessary (PAI SOP 715FC). The exception to this occurs when a sample is of an uncommo

		8.3.4.4.	When the preset live time has elapsed, the data in the buffer is stored in two files (filename.int and filename.chn). AlphaVision is programmed to conduct a region of interest analysis of the spectrum from the data gathered during the count and

		8.3.4.5.	After samples have finished counting, verify on the raw data printout that chemical yield, duplicate error ratio(s) (DER), MDA, tracer counts, blank activity, and LCS values all satisfy applicable data quality objectives.  Check the spectra for

		8.3.4.6.	DER values can be calculated using the formulas found in SOP 715. Blank activities should be compared to established limits and, if applicable, to client/project specific data quality objectives.  LCS results should by compared to the known valu

		8.3.4.7.	Regions of interest (ROI) are areas which encompass spectral peaks.  Default values have been set based on the expected energies defining the channels that specific nuclide peaks are expected to fall between.  Occasionally, slight adjustment of

		8.3.4.7.1.	 For uranium, set the boundaries for U-238 and U-234 so that they are the same distance from the centroid as they are for the tracer, U-232.  The area between the right boundary of U-238 and the left boundary of U-234 represents U-235.  The U-

		8.3.4.7.2.	 For Plutonium and Americium, when there are no peaks for the nuclides and the tracer peak resolution is good, ROI’s are set to correspond to energies listed in Radioactive Decay Data Tables, David C. Kocher, for the missing nuclides and set t

		8.3.4.7.3.	 For Thorium, set the ROI for the blank and LCS first.  This defines the shape of the peaks and gives an idea of the location and the size of the tracer peak.  Look up the energies of the peaks in Radioactive Decay Data Tables, David C. Kocher



		8.3.4.8.	Open AlphaVision.  From the menu bar, select ‘Analyze’



		8.3.5.	MAESTRO (MCA CONTROL OPTION IN Alphavision)

		8.3.6.	Common Energies And Approximate Channel Locations

		8.3.7.	DATA REPORTING



		8.4.	CALCULATIONS

		8.5.	RESULTS INTERPRETATION

		8.6.	PERIODIC MAINTENANCE

		8.6.1.	VACUUM PUMP

		8.6.2.	AIR FILTERS

		8.6.3.	DETECTOR AND CHAMBER CLEANING





		9.	QUALITY CONTROL

		9.1.	CALIBRATION PROCEDURES

		9.2.	Calibrations for the alpha spec include energy, efficiency, and background calibrations done each week.

		9.2.1.	Energy and Efficiency Calibrations

		9.2.1.1.	Eight electroplated sources are used that consist of Am-241 and U-234 with a small amount.  The sources are counted for approximately 35 minutes.  The sources are rotated through each octet.  The naming convention for these sources is PAI source

		9.2.1.2.	U-238 peaks to the primary emissions energies and perform a linear fit of the energy per channel data. This data will then be stored in the appropriate detector file for reference by the analysis program during sample analyses.



		9.2.2.	Starting Energy/Efficiency Calibrations

		9.2.2.1.	Place the plated sources (1 through 8) into octet 1, detectors 1 through 8.  (After the calibration of the first octet is complete, the sources can be rotated to the second octet by placing the source from detector 1 into detector 9, the source

		9.2.2.2.	Close the doors and apply vacuum to the detectors.

		9.2.2.3.	Open AlphaVision.  Using the mouse, select the detector(s) which will be started From the menu bar, choose Analyze -- Calibration

		9.2.2.4.	Enter the filename as follows:     C9MMDD##.CHN



		where:

		9.2.3.	Background Calibrations



		A blank filter paper is placed on a numbered planchet, one for every detector.  The filter paper is counted for 1000 minutes, typically following the energy/efficiency calibrations.

		9.2.4.	Starting Background Calibrations

		9.2.4.1.	Place the numbered, detector specific, blank filters into the detector chambers. Close the doors and apply vacuum to the chambers.

		9.2.4.2.	Open AlphaVision.  Using the mouse, select the detector(s) which will be started. From the menu bar, choose Analyze -- Background

		9.2.4.3.	Enter the filename as follows: B9MMDD##.CHN

		9.2.4.4.	QA Test

		

		9.2.4.4.1.1.	When energy/efficiency/background calibrations are completed, a QA test is done. Select the detector(s).  From the menu bar, choose QA Test

		9.2.4.4.1.2.	 DO NOT overwrite the last data point.

		9.2.4.4.1.3.	 The program will indicate if the current data point is outside the warning or error limit. Immediately tag out those detectors which fail.

		9.2.4.4.1.4.	 Record the results of the calibration in the Calibration Run Log.  In addition, for those detectors tagged out, make a note in the Maintenance Log Book under that specific detector.



		9.2.4.4.2.	 Control Charts Control charts for energy, efficiency, and background are printed for each detector.

		

		9.2.4.4.2.1.1.	 Open AlphaVision.  From the menu bar, open AlphaVision Quality Assurance by choosing QA Control Charts

		9.2.4.4.2.1.2.	 From the AlphaVision Quality Assurance menu bar, select a detector by choosing Detector.

		9.2.4.4.2.1.3.	 From the AlphaVision Quality Assurance menu bar, select the type of control chart by choosing Plot Variable: Background Activity, Calibration Energy, or Calibration Efficiency

		9.2.4.4.2.1.4.	 From the AlphaVision Quality Assurance menu bar, select a plot Scale (weekly, monthly, or quarterly) by choosing Scale:  Weekly, Monthly, or Quarterly

		9.2.4.4.2.1.5.	 Print the Graph: From the AlphaVision Quality Assurance menu bar, choose File -- Print graph.







		9.2.4.5.	BACKGROUND CHECK ACCEPTANCE CRITERIA

		9.2.4.6.	BACKGROUND CHECK CORRECTIVE ACTIONS

		9.2.4.7.	ENERGY AND EFFICIENCY CHECK ACCEPTANCE CRITERIA

		9.2.4.8.	ENERGY AND EFFICIENCY CHECK CORRECTIVE ACTION





		9.3.	QC MONITORING

		9.3.1.	BLANKS

		9.3.2.	Laboratory Control Samples (BLANK SPIKES)

		9.3.3.	Duplicates

		9.3.4.	Chemical Yield





		10.	DEVIATIONS FROM METHOD

		10.1.	This SOP describes a confidential, proprietary procedure developed by Paragon Analytics, Inc.  It is not based on a promulgated method.



		11.	SAFETY HAZARDS AND WASTE

		11.1.	SAFETY

		11.1.1.	Normal laboratory safety procedures must be followed during this procedure.  No special safety requirements are mandated by this procedure.



		11.2.	HAZARDS

		11.2.1.	There are no special hazards associated with the conduct of this procedure.



		11.3.	WASTE DISPOSAL

		11.3.1.	All samples should be returned to the client after analysis.  Samples or sample wastes containing radioactive materials which are not being returned to the client must be disposed of according to PAI's procedures for disposal of radioactive mater





		12.	REFERENCES

		12.1.	AlphaVision Software Reference Manual, Model A-36-BI, Version 1.0, pp. 123-121.

		12.2.	ANSI Standard N42.23 Measurement and Associated Instrumentation Quality Assurance for Radioassay Laboratories, Final, February 10, 1995, ANSI P-N42.23-D2.
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______________________________________________________________________________ 
 
1.0 SCOPE, APPLICATION AND SUMMARY 


1.1 SCOPE AND APPLICATION 
 This SOP describes the physical procedures used to prepare soil samples for 


various radiochemical analyses. 
 
 This procedure includes removing an appropriate representative aliquot, drying, 


sieving and milling.  This SOP serves as the starting point for nearly all soil 
analyses and is referenced by the SOPs relating to the analysis of individual 
nuclides or other radiochemical tests.   After the soil sample has been physically 
prepared the remainder of the analysis is performed according to the individual 
SOPs.  Paragon reports solid samples on a dry weight basis with the exception 
of biota samples that are reported according to client specification. 


1.2 SUMMARY 
 The preparation steps used on a soil depend on the analyses requested for that 


sample.  The requirements for each analysis are described in the individual 
SOPs. When more than one analysis is requested for a sample, it is possible that 
a sub sample will be aliquoted at various points in the preparations.  If a 
particular analysis requires no preparations, then a sub sample is taken before 
any other preparations are started.  The general sequence of soil preparations 
starts with removing an appropriate representative aliquot followed in turn by 
drying, sieving and milling. 


  
 Soil samples are routinely milled in a half-pint ball mill. By specific request the 


samples may, instead, be milled with a Spex #8500 shatter box miller. 
 
 Solid samples that have been milled in the half-pint ball mill are stored in the 


same clean, labeled containers. The containers are not reusable. 
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 A logbook is maintained to document the sample information like sample ID, date, 


balance number, oven number, milled sample weight, batch ID (page#) for preparation. 
 
2.0 DISCUSSION AND COMMENTS 


2.1 It is important that soil samples for tritium analysis be handled at a minimum so 
as to preserve their original moisture content. If a separate container is not 
provided for tritium analysis, coordinate with the tritium analyst and arrange to 
complete tritium analysis before preparing the sample for other analyses. 
 
2.1.1 For “percent moisture” analysis refer to SOP number 642. If the 


sample volume is very limited, the sample aliquot used for percent 
moisture analysis could subsequently be used for milling. 


 
2.2 Any abnormal conditions encountered during storage/receipt and preparation of 


the samples should be documented on a Quality Assurance Summary Sheet and 
a copy of the sheet should accompany the bench sheet. A copy of the sample 
preparation logbook is also attached to the bench sheet for all analyses that use 
the dried, and milled sample fraction. 


 
3.0 REAGENTS AND APPARATUS 


3.1 REAGENTS 
 No reagents are required. 
3.2 APPARATUS 


3.2.1 Drying oven 
3.2.2 Sieves and #4 (4.75mm), and others, as specified by the client, and 


associated collection pan 
3.2.3 Mortar and Pestle (M/P): 150 ml, 1 L, 4L sizes 
3.2.4 Red-Devil 5400 shaker or Spex #8500 shatter box miller 
3.2.5 Gamma spec containers  (LERMER JARS) and Ra containers (#2 steel 


cans) 
3.2.6 Half-pint steel paint cans 
3.2.7 Tongue depressors, Spatulas, scupulas 
3.2.8 Snap cap vials, 60 ml plastic 
3.2.9 Balance, top loading; readable to 0.1 g 
3.2.10 Aluminum weigh dishes and pans 
3.2.11 1/2” steel ball bearings 
3.2.12 Rubber mallet 
 


4.0 PROCEDURE 
4.1 REVIEW OF WORKORDER 
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4.1.1 Before beginning any actual preparations, the work orders must be 
reviewed to determine whether project instructions indicate non-
routine analytical requirements or special handling due to health and 
safety concerns or sample activity levels (e.g., retaining the “+” 
fraction of a solid matrix, removing organic and metallic debris). This 
may influence the quantity of solid needing to be processed through 
each stage of the preparation sequences.  The sample preparation log 
book is filled out with the work order numbers. 


4.1.2 For each sample, determine the total weight of material required to be 
prepared at each of the stages, (i.e., no-prep, #4 sieve, mill).  Refer to 
Table 1 for a summary of the amount of material and type of 
preparation required for various analyses.  If unsure of the type or 
quantity of required soil preparation, consult the Group Leader or the 
Project Manager 


4.2 DOCUMENT CLIENT SAMPLE ID, LABEL CONTAINERS 
4.2.1 Retrieve the samples from the Sample Storage Unit and complete the 


appropriate Internal Chain of Custody documents. 
4.2.2 Label the necessary drying pans and dishes with the PAI work order 


number. 
4.2.3 Assemble and label the required number of secondary containers for 


each sample.  (Refer to Table 1).  More than one container may be 
needed for each type of preparation if the amount required for the total 
number of analyses will exceed the capacity of the listed container.  
Label the containers with the PAI sample number, type of preparation, 
date and the analyst initials.  If more than one container is needed for a 
given type of preparation, also serialize the containers (e.g., 1 of 3, 2 of 
3, etc.). 


4.2.4 The secondary container may be a LERMER JAR if the only analysis 
requested is a gamma spec. 


4.3 NO-PREP SAMPLES 
4.3.1 Tests such as tritium, C-14, I-129, Tc-99 are analyzed on all “As 


received basis” due to the potential volatility of the analyte. The 
samples should not be dried or milled prior to analysis. These 
samples can be taken directly from the original container with 
minimum handling. Percent moisture results are used to 
subsequently convert for ‘wet weight’ for final reporting dry weight 
results. 


 
4.3.2 Using the minimum handling possible, stir and blend the sample 


with a new tongue depressor before you take your aliquot. Document 
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non-homogeneous, non-stirrable or problematic samples on a quality 
assurance summary sheet. 


4.4 DRYING 
4.4.1 Use labeled Aluminum pans and weighing dishes to dry the samples. 
4.4.2 Add up the total weights required for all preps needing sieving or 


milling.  Weigh out roughly double this amount of sample into the 
drying trays. 


4.4.3 The amount needed for drying will depend on the moisture content of 
the sample.  Extra sample must be dried to account for the weight loss 
expected.  Drier soils may require less and wet soils may require more 
than double the needed dry weight mass.  If the percent moisture has 
already been determined in prescreening, use this value to estimate the 
amount required for drying.  Consult the group supervisor for 
directions especially for wet soils and sludges, or if unsure of how to 
estimate the required amount. 
 
4.4.3.1 If the sample amount required for gamma fraction No.4 


sieving will use up most or the entire sample, notify the 
group supervisor. The γ analysis may have to be completed 
before releasing the sample for the remainder of the soil 
preparations. 


 
4.4.3.2 If the weight needed for drying exceeds the total received 


amount of sample, dry the entire sample immediately. 
Inform the Project Manager of the insufficient sample size. 


4.4.4 Dry the samples in a drying oven set at 105 +/-4°C.  Samples should 
be dried for a minimum of 4 hours or constant weight. Wet samples 
may require drying overnight or until a constant weight is obtained. 


4.4.5 Examine each container as it is removed from the oven.  Return to the 
oven any that still contain moisture until sample is thoroughly dry. 
This can be determined by weighing the sample every hour until 
constant weight is achieved (overnight is generally more convenient) 


4.5 NUMBER 4 SIEVING - If the client requires the inclusion of rocks and large 
material with the final sample aliquot, skip this section and proceed to section 
5.4.6. 
 
4.5.1 If the sample will pass a #4 sieve without further processing, proceed 


to Section 4.5.3. 
 
4.5.2 If the sample requires size reduction before it can pass the #4 sieves 


use a mortar and pestle to break up the sample. 
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4.5.3 Sieve the material, using a #4 sieve, into a clean sieve collection pan.  
Return the unsievable material to an appropriately labeled soil waste 
container if the sample remaining is in excess of what is needed for all 
analyses.  (If the unsievable material must be retained, place it in a new 
appropriately sized container labeled with the sample identification 
and the words “dry, unseivable material”.) 


4.5.4 Remove the amount of #4 sieved material required to the labeled, 
tared, secondary container(s) from Section 4.2.  If only γ analysis was 
requested, or the γ analysis must be completed first due to limited 
sample size, the sieved material may be weighed into a 16 oz 
LERMER JAR. Document the net weight on the secondary container 
as well as the sample preparation log book. 


4.5.5 The remaining sample continues through additional preparation in 
Section 4.6.  If no further preparation is required, the unused portion 
may be disposed of in an appropriately labeled soil waste container. 


4.6 MILLING 
 Milling is accomplished through the use of the Half-pint shaker.  The 


Spex #8500 shatter box is only used when requested by the client or in 
special cases where needed to address particular matrices. 


4.6.1.HALF-PINT SHAKER: Transfer the entire dried sample from the small 
weighing dish into the labeled half-pint steel can.  


4.6.1.1 The maximum level in the paint can should not exceed more than 1/4 
size of the can. If larger quantity of the same sample needs to be 
milled, multiple cans should be used. Add 5 clean and dry half-inch 
steel ball bearings into the can. Cover the can with the lid and tighten it 
using the rubber mallet. The ball bearings stay in the cans and they are 
not reusable. 


4.6.1.2 The paint shaker is equipped with two clamping jaws that can hold up 
to two cans each.  The cans are secured between the jaws by turning 
the clamp handle clockwise.  Care should be taken when tightening the 
clamp handle because excess pressure may damage the can or the 
clamping assembly.   


4.6.1.3 Turn the timer knob to 5 minutes and the paint shaker will begin 
shaking.  The clamping assembly will move quickly in a vertical and 
horizontal motion so caution should be taken when working near the 
shaker.  The operator and anyone else in the room should wear hearing 
protection. 


4.6.1.4 Once the shaker stops, loosen the clamps and remove the cans from the 
clamping jaws. Check the approximate weight of the milled sample by 
tarring a common “empty can with 5 steel ball bearings” as a weight 
for all the empty cans used to mill samples. Document the milled 
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weight on the sample preparation log book. Here the exact weight of 
the milled sample is not required. That is why we just use a common 
can with 5 ball bearings as a common empty weight. 


4.6.2. Spex #8500 Shatter box (by specific client request or the lab 
supervisor’s instructions only):  Note: The shatter box may only be 
operated in an operating fume hood.  The pre-screening data, if 
available, should be reviewed prior to starting.  When feasible, the 
samples should be ground in order of increasing activity to minimize 
the potential for sample cross-contamination. 


4.6.2.1 Load the dry sample aliquot into the outer ring of the puck portion of 
the shatter box ensuring sample does not protrude above neoprene 0-
ring.  The capacity of the mill is up to 100 ml of material with a 
particle size smaller than 1/4” on a side. 


4.6.2.2 Place the cover over the puck making sure a tight seal is made with the 
neoprene O-ring and the lid and place puck on shatter box. Bring the 
damping lever down and tighten the hand knob firmly.  To prevent 
loosening of the knob insert the locking pin in the hole ahead of the 
knob. 


4.6.2.3 Set the timer for one (1) minute by turning the timer switch past five 
minutes first and then turn it back to the one (1) minute position.  
Allow the unit to come to a complete stop after one (1) minute. 


4.6.2.4 Remove the clamping lever.  Remove the puck from the shatter box.  
Remove the cover, and inner puck and ring. 


 
4.6.2.5 Transfer the milled soil to the tared, labeled secondary container from 


Section 4.2.  Use a spatula or small scoop.  Document the weight on 
the container.  Place any unused milled material into an appropriately 
labeled soil waste container. 


4.6.2.6 Replace the inner puck and  ring,  and then cover.  Transfer to a sink 
filled with water and Radiac wash detergent and completely submerse 
puck.  Disassemble under the water and clean appropriately.  


4.6.2.7   Rinse puck with deionized water and dry immediately with hot air 
dryer as the puck rusts easily when exposed to water for any length of 
time.  Proceed to the next sample. 


4.6.2.8 It has been demonstrated that a five minute timed grind using the 
shatter box achieves a nominal 200 mesh particle size. A five minute 
timed grind may be used to meet this requirement, if the client requests 
a mesh size reduction as low as 200 mesh. 


4.7 HOMOGINIZATION OF PREPARED SAMPLE ALIQUOTS 
4.7.1 When multiple grinds are needed to meet a client’s prep requirements 


the individual fractions may be combined into a one quart steel can, 
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with five 1/2” steel ball bearings, and shaken as described in section 
4.6 for five minutes. This will adequately homogenize up to 500 grams 
of ground sample material. 


4.8 STORAGE OF PREPARED SAMPLE ALIQUOTS 
4.8.1 Verify that all containers are labeled properly.  Wipe off the exteriors 


of all containers before taking them to the Sample Storage unit. 
4.8.2 Log all containers into the Internal COC logbook.  For the milled 


samples and gamma containers be sure to create the appropriate 
fractions in the internal chain of custody book.  The sample custodian 
will take the responsibility of checking in all the samples and 
distributing them into the appropriate location. 


4.8.3 The preparation analyst is responsible for logging out the prepared 
samples and gamma containers on behalf of actinides preparation lab 
and Gamma counting lab.  


4.9 EQUIPMENT CLEANING 
4.9.1 Sieves, mortar/pestle, blender parts, mixing pans, hand trowels, 


spatulas and scoops  are thoroughly washed with regular water first to 
remove all gross dirt. Then they are soaked in the sink filled with hot 
water w/approximately 20 oz/gal Radiacwash . 


4.9.2 Mortar/Pestle may be scrubbed with a clean scotch brite pad (or 
equivalent).  Do not use cleansing powders (e.g. Ajax, Comet, etc.) on 
m/p unless authorized to do so by your supervisor. 


5.0 QA/QC 
5.1 Quality assurance for the drying ovens and top loading balances are covered in 


SOP's 320 and 305, respectively. 
5.2 Blank quartz sand is milled for every batch of samples when the shatter-box mill 


is used.  The milled blank sand is labeled with an in-house number and 
documented in the sample preparation log book.  The milled blank sands are 
stored with the client samples.  When a ground fraction of the client samples are 
analyzed, the equipment blank will also be analyzed concurrently.  Detectable 
quantities of man-made radionuclides will be reported to the client as a Non-
Conformance Report and the original sample will be re-ground and re-analyzed.  
Analysis of naturally occurring uranium and thorium isotopes will be evaluated 
against previously measured quantities occurring in the sand material.  


 
6.0 CALCULATIONS 


6.1 Estimated tare weights needed in this SOP may be obtained by weighing another 
dry, empty container of identical kind. 


6.2 Intermediate prep weights may be obtained by zeroing the balance to include the 
clean, dry, empty container. 
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7.0 SAFETY AND HAZARDS 
7.1  Safety and Hazards 


7.1.1  Wear gloves, safety glasses, and lab coat when working with any 
chemical materials (e.g., standards, solvents, reagents, or samples) or 
handling materials or equipment potentially contaminated with 
chemicals. 


 
7.1.2  Any chemicals with a Threshold Limit Value of less than 50 PPM shall 


be worked within a laboratory fume hood ( e.g., solvents and acids).  
All flammable compounds must be kept away from ignition sources. 
 


7.1.3 Loose hair and clothing must be restrained while working with or near 
machinery. 
 
 


7.1.4 Perform any operation that produces noticeable dust in a working fume 
hood (especially sieving and milling). 


 
7.1.5 Wipe down all working areas with damp paper towels whenever dust 


accumulation is evident, even between each sample handling if 
necessary.  Cross contamination of samples with dust can thus be 
avoided.  Wipe down all working areas at the end of the day (or shift), 
even if dust accumulation seems minimal or unnoticeable. 


7.1.6 Hearing protection must be worn during milling. 
7.2 Waste Disposal 


7.2.1  Materials contaminated with dust residues such as paper towels must 
be surveyed prior to disposal in trash.  Materials with no readings 
above background may be disposed of in the sanitary trash.  This 
should include most environmental level soils.  


7.3 Special disposal instructions may be imposed for certain samples with higher 
activity levels, as identified by the RSO through the prescreening process. 


 
 


TABLE 1 
 


    
ANALYSIS * PREPARATION 


TYPE 
MINIMUM 
AMOUNT 
(in grams) 


SECONDARY 
CONTAINERS 


Percent Moisture No-prep  20 60 ml plastic vial/Half-pint 
paint can 
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Tritium No-prep 200 16 oz jar, wide mouth 
Gamma Spec #4 Sieve 100-200 16 oz jar, wide mouth 
Gross A/B Mill  20 Half-pint paint can/60 ml 


plastic vial 
Ra 226/228 No-prep 


(% moist. required) 
varies Ra Geo-17 Aluminum can 


Ra Mill 20 Half-pint paint can/60 Ml 
plastic vial 


Actinides  Mill  20 Half-pint paint can/60 Ml 
plastic vial 


Sr Mill 20 Half-pint paint can/60 Ml 
plastic vial 


C-14 No-pre NA NA 
Po-210 Mill 20 Half-pint paint can/60 Ml 


plastic vial 
other total dissolution Mill 20 Half-pint paint can/60 ml 


plastic vial 
Pb-210 Mill 20 Half-pint paint can/60 ml 


plastic vial 
Fe-55 Mill 20 Half-pint paint can/60 ml 


plastic vial 
I-129 No-prep NA NA 
Tc-99 No-prep NA NA 
* For analyses not listed, consult the appropriate SOP or the Prep Department  Supervisor for 


instructions 
 
8.0 REFERENCE 
 This SOP describes a Paragon in-house procedure. 
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1. SCOPE AND APPLICATION 


1.1. This procedure describes the steps used to prepare soil, water and sludge samples for 
gamma  spec analysis.  Vegetation, air filter and bioassay samples are not addressed in 
this SOP, and must be handled on a case by case basis.  This preparation procedure are 
performed by the Radiochemistry Preparation Group..  The custody of the prepared 
samples then passes to the Instrumentation Group for counting and reporting. 


 


2. SUMMARY 
2.1. Soils and sludges are prepared (i.e., dried and sieved) as per PAI SOP 721Rev7 prior to 


entering this SOP.  Some soils and sludges may omit such preparations if approval is 
given by the Technical Manager or Project Manager.  Waters are either filtered or left 
unfiltered prior to preparation as per workorder or Technical Manager instructions.  
Waters are measured volumetrically or gravimetrically into the appropriately sized 
Marinelli beaker.  Soils are measured gravimetrically into a small Marinelli beaker or 
Lermer jar  or an aluminum can, as appropriate for the sample size and the analyte.  The 
gamma spec containers are sealed with their lids and wiped with a damp paper towel to 
remove potential contamination. 


 


3. RESPONSIBILITIES 
3.1. It is the responsibility of the analyst to perform the analysis according to this SOP and to 


complete all documentation required for review. 


3.2. Analysis and interpretation of the results are performed by personnel in the laboratory 
who have demonstrated the ability to generate acceptable results utilizing this method  
This demonstration may come in the form of supervisory/training review, precision and 
accuracy tests, or the successful completion of an unknown proficiency evaluation test. 
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3.3. Final review and sign off of the data are performed by the department supervisor or 
designee.  Initialing and dating the file indicate that this review for precision, accuracy, 
completeness, and reasonableness is complete and satisfactory.  Any errors that are found 
require corrective action, which includes notification to the technician/analyst who 
performed the work and documentation of measures taken to remediate the data. 


3.4. It is the responsibility of all personnel who work with samples involving this method to 
note any anomalies or out-of-control events associated with the analysis of the samples.  
Any discrepancies must be noted and corrective action taken and documented. 


 


4. DISCUSSION AND COMMENTS 
4.1. Gamma spec samples must be produced only in the specific geometry for which the 


Instrumentation group has calibrated their spectrometers. 


4.2. New containers ordered for gamma  spec must be equivalent to those currently in use.  
The use of alternate containers or supplies must be approved in advance by the 
Instrumentation Group Leader. 


4.3. Gamma spec containers are not reusable due to the possibility of carry-over in the next 
analysis.  Once the analysis is complete, the container is returned to the sample storage 
area. 


4.4. The Internal Chain of Custody (COC) is maintained by the Prep and Instrumentation 
Technicians.  When the original client sample container is taken by a Prep Technician 
from the sample storage area, he/she logs out as normal.  It is important that the 
technician should use the samples that were designated for other analyses. The prep 
analyst is responsible for creating a gamma fraction on the chain of custody. The prep 
analyst logs out the gamma container on behalf of the counting room technician and 
relinquish the sample along with the bench sheet. The gamma spec container will be 
counted in the counting room and the instrument technician would log in the sample in 
the sample storage area by filling out the COC. The original sample container from 
gamma spec preparation is returned to the sample storage area and logged back in as 
normal.  If the aliquot taken for gamma spec is needed for other analyses, log in/log out 
activities are recorded on the chain of custody. 


4.5. The standard filter geometry is a 47 mm diameter filter mounted in a 2" stainless steel 
planchet. For gross gamma analysis on a solid/soil sample the GEO must be 10. For Ra-
226/228 on a solid/soil sample the packing must be done in a can with GEO 17. Usually 
the can packing will be done on an “AS RECEIVED” basis and the %moisture data will 
be provided to report on a dry weight basis. If the sample volume is limited, regular 
Gamma can be packed  with GEO 11 and the “Ra-can” could be packed with the 
available sample. If the can is not filled to the top, the analyst should mark a line outside 
the container indicating the height of the actual sample and write a QASS. This 
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documentation will help the counting technician write a narrative about the unusual 
situation. 


4.6. Filter samples can be digested using SOP 773 and the digestate will be diluted to 1000 
mLmL with DI water and packed for Gamma with the water GEO 1. Samples like 
vegetation, debris, gloves, wipes, iron bar, lead blocks, ashes, fruits, fish, cloth, wood 
chips etc., will be treated with different methods based on the nature of the samples and 
conditions. The samples may be leached using different acids or digested and packed with 
different GEO. However, it will be documented on a QASS and a copy will be attached 
with the bench sheet. 


4.7. The bench sheet will be made electronically using Radchem LIMS. The electronic bench 
sheet has two formats. One is for the soil/solid and the other one is for water. The bench 
sheet can be opened by selecting the Radchem management icon on the screen and double 
clicking the mouse. The bench sheet option will be selected from the menu bar.  When 
you select the ‘gamma spec’ option from the menu bar a drop down list will appear with a 
create/edit bench sheet menu on the top of the drop down list.  Simply select the 
create/edit bench sheet to get the bench sheet template.  The bench sheet template is easy 
to follow with a graphic user interface blocks and items.  Make the selections and type in 
the information for each field on the bench sheet.  Review the bench sheet at the end to 
make sure the data are accurate.  


4.8. Gamma Spectroscopy Tracking Sheet & Data Review Checklist must be completed by 
the Prep analyst and the filled tracking sheet must be attached with the bench sheet. 


 


5. REAGENTS 
5.1. DI water. 


 


 


6. APPARATUS 
6.1. Top loading balance. 


6.2. Scoops, spatulas, and tongue depressors 


6.3. Graduated cylinders, 1 L, type TD (to deliver). 


6.4. Marinelli beakers: 


6.5. 1 (one) L Ga-ma # 138G, or equivalent * 


6.6. 3 (three) L Ga-ma # 438G, or equivalent  * (For milk) 


6.7. Lids for Marinelli beakers, plastic *. 


6.8. LERMER JARS, 16 oz. plastic with 89 mm screw lid * 
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6.9. Large glass/plastic funnel, and qualitative filter papers. 


6.10. Vinyl tape. 
* : equivalent containers require approval by the Instrumentation Group Supervisor. 


 


7. PROCEDURE 
7.1. PROCEDURE FOR WATER SAMPLES 


7.1.1. Do not prepare water samples in the same hood or benchtop where soil samples 
are currently being prepared.  This avoids cross contamination by dust. 


7.1.2. If the work order says “Dissolved” or “Filtered”, filter the sample through a fluted  
filter into a clean 1 L graduated cylinder. Prefiltering may be required for 
especially turbid samples. If the work order says, “Total” or “As Received,” shake 
the sample container and use as it is. 


7.1.3. Measure the appropriate volume in a clean 1 L TD graduated cylinder or 
gravimetrically. The gravimetric method is adapted for normal water samples. If 
the liquid sample is other than water, a graduated cylinder will be used. In order to 
use gravimetric method, the empty Marinelli beaker is placed on the top loading 
balance and tare it. Add the sample slowly in to the Marinelli beaker until the final 
weight is 1000 gm. 


7.1.3.1.Water samples are prepared in 1 L or 3L Marinelli beakers depending on 
the amount of sample and nature of sample (e.g. milk) provided. 


7.1.3.2.Measure 1.00 L or 3.00 L to the nearest 0.01 L (i.e., 10 mlmL).  Tally and 
add up multiple measurements for the 3 L beakers using a lab marker on 
the side of the graduated cylinder. 


7.1.3.3.If the sample volume provided falls short of the desired geometry dilute to 
the appropriate geometry with DI water.  (i.e., dilute 600 mlmL to 1L.) 
Make sure to record  the original volume on the container and on the 
bench sheet. 


7.1.3.4.Batch blank is made by using an empty Marinelli beaker. The aliquot size 
of the blank will be the average volume of the sample volume involved on 
the batch. The collection date for the blank will be the date the samples are 
packed. 


7.1.4. Attach the lid and wipe the exterior of the container with a damp paper towel.  
Seal the lid using vinyl tape.  Label the container with the sample workorder 
number, aliquot size, date of prep and initials. 


7.2. PROCEDURE FOR SOIL AND SLUDGE SAMPLES 







PARAGON ANALYTICS, INC. 
SOP 739   REV 4 


PAGE 5 OF 7 


 
CONFIDENTIAL 


7.2.1. Unless approval to the contrary is given, all soil samples must be dried and sieved 
through  a number 4 sieve prior to preparation for gamma  spec.  Consult PAI 
SOP 721R7 for the drying and sieving procedures.  Containers for gamma  spec 
soils are usually prepared when the soil is being prepared for other analyses under 
PAI SOP 721.  The gamma spec “benchsheet copy” for soils should be filled out 
manually by the prep. technician at the time of packing gamma and the electronic 
bench sheet will be made later on. The hand written copy of the bench sheet will 
be attached with the electronic bench sheet when the sample is relinquished to the 
counting room. 


7.2.2. As the electronic bench sheet provides information about the prep. date, analyst, 
balance number, dry weight, as received, filtered, total etc., a completed bench 
sheet will have all the information about how the sample was packed. Any 
unusual situation will be documented on a QASS. 


7.2.3. When using the lermer jars, fill the container to the appropriate level according to 
the desired geometry.  If enough sample is provided, use geometry 13.  If not, 
reduce the sample volume to geometry 10 or 11. 


7.2.3.1.Sample volumes should be maintained to within ½ cm of the correct 
geometry height in the container. 


7.2.3.2.Zero out the container weight on the balance prior to weighing out a 
sample. 


7.2.3.3.Soil samples should be well settled into their containers by gentle shaking 
with the lids on.  Do not pack or compress soils into the containers. 


7.2.3.4.Consult the Technical Manager/Group Leader if the sample volume 
provided is less than a geometry 1L.  The analysis will usually still be 
conducted, but the Project Manager will  need to be informed because of 
the effects on geometry calibration and detection limits. 


7.2.3.5.For Ra-226/228 the samples will be packed with the GEO -17. Mostly the 
samples will be packed on “As received” basis. The samples will be filled 
into the special aluminum jar to the top. Tap the jar to settle the sample the 
sample down. Fill it again. Do not press the sample to settle down. Cap the 
can with the metal lid and seal the can with the can sealer. 


7.2.4. GAMMA SPEC ANALYSIS WORKSHEET 


7.2.5. Create an electronic worksheet for the prep using Radchem LIMS (see section 
4.7) 


7.2.6. If the water sample was filtered, record under the appropriate area on the 
electronic bench sheet. 
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7.2.7. If a soil/sludge was aliquoted 'As-Received', record under the appropriate area on 
the electronic bench sheet. 


7.2.8. Leave the remainder of the columns blank for the Instrument Group's use. 


7.2.9. Do not 'Z' out unused lines on this form.  The Instrument Group will require 
several lines for their QC samples and will 'Z' out the unused lines once the QC is 
filled in. 


7.2.10. After the preparation and the bench sheet are completed, fill out the tracking sheet 
and attach a copy of the work order(s) with the bench sheet. Take the samples, and 
the paper work to the Instrument Lab and have an instrument technician sign for 
the samples. Have some one other than the person who makes the bench sheet to 
review the bench sheet. 


7.2.11.  Batch LCS needs to be created on the bench sheet for every batch. The LCS 
samples are not physically prepared by the prep. technician during each batch. A 
pre-made LCS will be used by the instrument technician as a LCS. The 
information to be filled in the bench sheet for the LCS varies depends on the GEO 
size and they are as follows: 


GEO NUMBER LCS ALIQ.SIZE (WEIGHT IN GM) 
11 100 GM 
13 500 GM 
1 1000 MLmL 
17 100 GM 


* LCS ID NUMBER will change as the new standard is made. 


1. QUALITY ASSURANCE 


QC samples for gamma spec analysis are handled by the Instrumentation group. 


2. SAFETY, HAZARDS AND WASTE DISPOSAL 
2.1. SAFETY AND HAZARDS 


2.1.1. Read the MSDS before prior to preparing standards or using any solvents or 
reagents for the first time. 


2.1.2. Wear gloves, safety glasses, and lab coat when working with any chemical 
materials (e.g., standards, solvents, reagents, or samples) or handling materials or 
equipment potentially contaminated with chemicals. 


2.1.3. Soil samples should be handled in a hood as much as possible to avoid inhalation 
and cross contamination with dust.  Work spaces should be wiped down with 
damp paper towels whenever dust is evident and always at the end of the shift. 


2.1.4.  Any non original containers be used to hold reagents (e.g., wash bottles or 
automatic dispenser bottles) shall be labeled at a minimum with compound name,  
NFPA Health ,Flammability, and Reactivity ratings, and date. 
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2.2. WASTE DISPOSAL 


2.2.1. All waste materials (e.g., filter papers, paper towels, etc.) shall be surveyed for 
radioactivity and disposed of accordingly. 


2.2.2. All empty solvent bottles are disposed of according to the appropriate SOPs.  
Please note that all labels and markings must be defaced prior to disposal. 


 


3. REFERENCES 
Not applicable,as this is an in-house procedure.   
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History:  Rev. 0,  04/14/95;  PCN #480;  Rev. 1, 09/28/95;  PCN #532;  Rev. 2, 11/14/95;  PCN #561;  Rev. 3, 
09/08/97;  Rev. 4, 03/24/00; , Rev 5, 10/19/00; Rev 6, 10/24/01..    dbh. 


1. SCOPE AND APPLICATION 


1.1. This standard operating  procedure (SOP) describes the total dissolution of solids 
for the quantitative radiochemical measurement of actinides and other non-
volatile constituents.  After dissolution has been completed, is complete the 
analytes are purified and prepared as described in the appropriate standard 
operating procedure: 


1.2. This procedure is also amenable to dissolution of soils, non-soil solids, air filters, 
and materials containing significant organic content (biota, vegetation, oils, etc.). 


2. SUMMARY 


2.1. Samples are dried and ground to a fine particle size.  Filters can be cut up into 
pieces that will fit into the muffling containers.   Where appropriate, organic 
matter is removed by combustion in a muffle furnace.  Tracers are added and 
dissolution is accomplished using nitric, hydrochloric, and hydrofluoric acids.   


2.2. When actinides are being determined, a hydroxide co-precipitation is performed to 
remove constituents that which do not form insoluble hydroxides.  The hydroxide 
precipitate is then re-dissolved and further purification is performed.  For other 
nonvolatile radionuclides, the residue resulting from the digestions are re-
dissolved in acid solution as appropriate for those techniques being conducted.  
All solid samples are reported on a “dry weight” basis unless otherwise requested 
by client. 
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2.3. BecauseSince any solid prepared by SOP 721 is dried prior to sieving and 
grinding, analyses, which employ this dissolution procedure, are automatically 
obtained on a dry weight basis. 


2.4. A reagent blank is prepared with this procedure and used as a method blank in 
subsequent separations. 


3. RESPONSIBILITIES 
 


3.1. 3.1 It is the responsibility of the analyst to perform the analysis according to 
this SOP and to complete all documentation required for review. 


 


3.2. 3.2 Analysis and interpretation of the results are performed by personnel in the 
laboratory who have demonstrated the ability to generate acceptable results 
utilizing this method.  This demonstration may come in the form of 
supervisory/training review, precision and accuracy tests, or the successful 
completion of an unknown proficiency evaluation test. 


 


3.3. 3.3 Final review and sign off of the data are performed by the department 
supervisor or designee.  Initialing and dating the file indicate that this review for 
precision, accuracy, completeness, and reasonableness is complete and 
satisfactory.  Any errors that are found require corrective action, which includes 
notification to the technician/analyst who performed the work and documentation 
of measures taken to remediate the data. 


 


3.4. 3.4 It is the responsibility of all personnel who work with samples involving 
this method to note any anomalies or out-of-control events associated with the 
analysis of the samples.  Any discrepancies must be noted and corrective action 
taken and documented. 


4. INTERFERENCES 


4.1. Combustible materials may flash-ignite during muffling and lead to uncontrolled 
sample loss or sample cross contamination.  A slow ramped  muffling procedure 
can be used to address this problem. 


5. APPARATUS AND MATERIALS 
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5.1. Drying oven. 


5.2. Vycor crucibles or Pyrex glass beakers100 or 250 mL. 


5.3. Muffle furnace. 


5.4. Pipettes, Eppendorf or equivalent. 


5.5. Polypropylene beakers, 250 mL. 


5.6. Polypropylene beakers, 100 mL. 


5.7. Centrifuge bottles, 250 mL. 


5.8. Steam bath constructed to allow immersion of lower half of 250 mL 
polypropylene beaker into steam. 


5.9. Wash bottles. 


5.10. Balance, ± 0.01 g resolution. 


5.11. Centrifuge. 


5.12. Vortex mixer. 


5.13. Volumetric dispensers (Dispensette or equivalent) designed for handling conc. 
HNO3 and conc. HCl. 


5.14. Graduated cylinder, plastic, 25 mL 


5.15. pH indicating paper with pH range of 0-14 pH units in 1 pH unit increments. 


5.16. ‘RADIAC’ liquid cleaning soap. 


5.17. Analytical balance - to calibrate the pipettes. 


5.18. CLEANING GLASSWARE. 


5.18.1. All reusable glassware used in this procedure will be cleaned as specified 
in SOP 720. 


6. REAGENTS 
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6.1. Tracers and Carriers. 


6.1.1. Tracer solutions of the following elements/isotopes.  High purity, 
standardized solutions traceable to NIST, approximately 20 dpm/mL 
activity except for Th (10 dpm/mL). 


6.1.1.1.Pu-242 is the tracer and Pu-239 is the spike for the LCS). 


6.1.1.2.U-232 is the tracer and U-238 is the spike for the LCS). 


6.1.1.3.Am-243 is the tracer and  Am-241 and/or Cm-244 is the spike for 
the LCS). 


6.1.1.4.Th-229 is the tracer and Th-230 is the spike for the LCS). 


6.1.2. Other Tests:  Spikes, tracers and carriers are defined in the applicable 
preparation SOP for the test being performed. 


6.2. Nitric acid, HNO3, 16 N (conc.), reagent grade. 


6.3. Hydrofluoric acid, HF, 29 N (conc.), reagent grade. 


6.4. Hydrochloric acid, HCl, 12 N (conc.), reagent grade. 


6.5. Boric acid, H3BO3, reagent grade. 


6.6. Sodium nitrite, NaNO2, saturated solution. 


6.6.1. Dissolve 85 g of NaNO2 into 100 mL of DI water. 


6.7. Ammonium hydroxide, NH4OH, 15 N (conc.), reagent grade. 


6.8. Ferric chloride carrier, 20 mg Fe3+/mL.  Dissolve 96 g FeCl3•6H2O in one liter of 
0.5 N HCl. 


6.9. Hydrogen peroxide, H2O2, 30%, reagent grade. 


6.10. NaCl, reagent grade. 


6.11. Hydrochloric Acid, HCl, 6N:  Add 500 mL of conc. HCl (12N) in to 500 mL of 
deionized water to make 1 liter volume. 
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6.12. Aqua regia : 3:1 ratio of conc. HCl and conc. HNO3. 


7. SAMPLE COLLECTION, PRESERVATION AND HANDLING 


7.1. The minimum sample size required for this analysis is 30 grams.  If samples 
scheduled for this analysis have a high moisture content (they are very wet or are 
sludge-like materials), more sample (up to 60 grams) may be required to properly 
perform this procedure.  If the analysis procedure requires the generation of 
sample duplicates or sample matrix spikes, additional sample aliquots will be 
needed to generate these QC samples. 


7.2. The sample containers should be clean glass or plastic with a screw-cap top.  They 
should be of adequate size to hold the required sample weight for this procedure. 


7.3. The samples processed through this procedure do not need to be chilled or 
chemically preserved during shipment or storage unless otherwise required by 
project specific requirements. 


7.4. There are no applicable holding times that apply to the samples processed using 
this procedure. 


8. PROCEDURE 


8.1.  Samples thatwhich require grinding, are processed through the grinding steps of 
SOP 721.  According to the analyst’s judgement, samples with high organic 
content may be muffled prior to dissolution.  Solid samples with high organic 
content characteristically are dark in color, are oily or contain visible organic 
material (ie.i.e. vegetation). 


8.2. SAMPLE ALIQUOT 
IMPORTANT:  Before weighing the sample, the Vycor dish or Pyrex brand 


glass beaker the dish number is written in the bench book in 
association with the corresponding sample number. For the 
blank and blank spike an empty Vycor dish will be muffled. 


8.2.1. Weigh up to 10 g aliquot (to the nearest 0.01 g) of the ground sample into 
the corresponding  labeled Vycor evaporating dish.  Filters should be cut  
such that they fit into the bottom of the Vycor dish or other muffling 
container.  Cover the dishes using ribbed watch glasses to protect the 
content from material that could drop into the sample during the muffling. 
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8.2.2. Place the Vycor dish in the muffle furnace and heat at 550- 600o C for at 
least 1 hour after the temperature reachesfrom the point the temp. reached 
600 ºdegree C.  Highly organic materials (or oil matrices) should be 
muffled overnight. 


8.3. SAMPLE DISSOLUTION 


8.3.1. Where applicable, carefully remove dish from the muffle furnace using 
thick furnace gloves and long tongs.  If the sample did not require 
muffling in its preparation, then transfer sample to a 250 mL 
polypropylene beaker as in Section 8.3.2, and continue processing. 


8.3.2. After cooling, wet the sample in Vycor dish using conc. HNO3  to prevent 
any loss of powdered sample during transfer. Transfer the ignited sample 
to a 250 mL polypropylene beaker using a plastic stir rod and about 25 mL 
of conc. HNO3.  For the blank and blank spike the corresponding empty 
Vycor dish will be rinsed with acid just like the samples. 


8.3.3. Consult the Spike/Tracer Data Sheet for information about the 
volume/activity and standard identification to be used.  Add calibrated 
volumes of tracer and spike solutions to samples, blank and blank spike as 
per SOP 766 (Alpha Spectroscopy) or other appropriate SOP. 


    
   NOTE: Some project DQO’s specify spiking of samples prior to muffling. 


8.3.4. Using a plastic graduated cylinder, carefully add 25 mL of conc. HF to 
each beaker.  (dDo not bring HF into contact with any type of 
laboratory equipment made of glass since because HF will dissolve 
glass.).  Add 25 mL of HCl to each beaker using a volumetric dispenser. 


8.3.5. Place a 100 mL polypropylene beaker as a cover onto the 250 mL beaker 
containing the sample. 


8.3.6. Allow the samples to pre-digest about 1 hour at room temperature to allow 
any vigorous reaction to subside. 


8.3.7. Place the beakers on the steam bath and heat for  four (4) hours at 
moderate temperature with the covers in place .  Rinse (with DI water) and 
remove the cover.  A then allow the sample to go dry overnight.  Check 
the container the following day to verify that the soil sample has gone into 
solution.  If significant amounts of solids are observed in the container, 
additional HF/and conc. HNO3  is added and step 8.2.7 is repeated.  
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8.3.8. If actinides are being performed by alpha spectroscopy, continue with 
Section 8.3.98.3.98.3.10.  If other tests such as gamma or non-routine tests 
are to be performed, the solution is taken to dryness, and the appropriate 
SOP must be consulted before continuing with the analysis.  A senior 
analyst may be consulted regarding conversion from the HNO3 HCl HF 
system to other appropriate solutions prior to continuing. 


8.3.9. Remove from the steam bath and add 10 mL conc. HNO3, 100-150 mL DI 
water (to solubilize the solids) and 2 g H3BO3 .  Mix well by  swirling 
contents of beaker.  Return beakers to steam bath for approximately bout 
15 minutes to warm solution and enhance dissolution of salts. 


8.3.10. Transfer sample to 250 mL labeled centrifuge bottle using deionized 
water. 


8.3.11. Add approximately 2 mL of ferric chloride carrier. If the sample size is 
more than 2.0 g the addition of iron carrier may be skipped as the sample 
may have enough iron content to make sufficient amount of precipitate.  


8.3.12. If Pu is to be determined, add approximately  three drops  of saturated 
NaNO2 solution. Mix well by vortexing.    If Pu is to be determined, the 
ion exchange separation performed within the subsequent SOP should be 
carried out within 8 hours or less of performing this step.  (Pu fractionates 
into various oxidations states over time, thereby reducing the chemical 
recovery if not carried out expeditiously.) 


8.3.13. Add 40-50 mL of conc. NH4OH to form Fe(OH)3 precipitate.  Make sure 
that the precipitate forms and that the solution is basic.  If there are any 
doubts, check the solution with pH paper.   Excess NH4OH is tolerated in 
this step.  


8.3.14. Centrifuge the sample for 15 minutes at approximately 3500 rpm.  Avoid 
using the brake of the centrifuge at the “high” setting since the rapid 
deceleration can disturb the precipitate.  Discard the supernatant (avoid 
losing any precipitate).  Further separations are now performed following 
the appropriate separation SOP. 


9. QUALITY CONTROL 


9.1. One reagent blank is is preparedrun per batch of 20 samples or at a 5% frequency. 
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9.2. One sample duplicate is prepared run per batch of 10 samples or at a 10% 
frequency. If the sample is not sufficient for a duplicate, a blank spike will be 
preparedrun. 


9.3. One laboratory control sample (spiked blank) is preparedrun  for each batch of 20 
samples (5% frequency) with a range of 10 to 30 dpm of analyte. 


9.4. The same blank and duplicate may serve for any batch in which multiple analytes 
are being determined. 


9.5. Project specific requirements may supersede default QC requirements. 


10. DEVIATIONS FROM METHOD 


10.1. This is a proprietary procedure developed by Paragon.  Therefore, there are no 
deviations from promulgated methods for this procedure. 


11. SAFETY HAZARDS AND WASTE 


11.1. SAFETY AND HAZARDS 


11.1.1. Read the appropriate MSDS before preparing standards or using any 
reagents. 


11.1.2. Safety glasses, and lab coats must be worn in the radiochemistry prep labs 
at all times. 


11.1.3. Gloves, safety glasses, and lab coats must be worn when working with any 
chemicals (e.g. standards, solvents, reagents, or samples) or when handling 
materials potentially contaminated with chemicals. 


11.1.4. Any chemicals with a Threshold Limit Value of less than 50 ppm shall be 
worked with in laboratory fume hood (e.g. solvents and acids). 


11.1.5. All non-original containers used to hold reagents (e.g. wash bottles or 
automatic dispenser bottles) shall be labeled at a minimum with: 1) the 
compound name, 2) NFPA Health, Flammability and Reactivity ratings, 
and 3) date. 


11.1.6. Use extreme care when using hydrofluoric acid (HF).  Work only in a 
fume hood that has adequate ventilation. and personnel safety features.  
Never inhale or allow skin or clothing to be exposed to HF fumes. 
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11.1.7. Care should be taken when diluting acids.  Always add acids to water, 
NOT water to acid. 


11.2. WASTE DISPOSAL 


11.2.1. Wastes that are “corrosive only,” such as glacial acetic acid and sulfuric 
acid waste, are disposed of by discharging into the PAI waste water 
treatment facility.  These materials that are “corrosive only” (i.e., have no 
hazardous components or characteristics other than corrosivity) may be 
neutralized in the waste treatment facility. 


11.2.2. Hydrofluoric acid at any concentration is collected in a labeled waste 
carboy.  This includes any excess HF from dissolution of samples and all 
solutions remaining from the micro precipitation process.  Notify the 
Waste Disposal Technician for disposal. 


11.2.3. All acid wastes not containing HF that are generated in ion exchange 
operations are disposed of into the waste water tank system (down the 
drain), unless instructed otherwise due to identified or suspected hazards 
in the effluents.  


12. REFERENCES 


12.1. U.S.A.C. Reg. Guide 4.5 “Measurement of Radionuclides in the Environment -
Radiochemical Analysis of Plutonium in Soil.” 





		SCOPE AND APPLICATION

		This standard operating  procedure (SOP) describes the total dissolution of solids for the quantitative radiochemical measurement of actinides and other non-volatile constituents.  After dissolution has been completed, is complete the analytes are purifi

		This procedure is also amenable to dissolution of soils, non-soil solids, air filters, and materials containing significant organic content (biota, vegetation, oils, etc.).



		SUMMARY

		Samples are dried and ground to a fine particle size.  Filters can be cut up into pieces that will fit into the muffling containers.   Where appropriate, organic matter is removed by combustion in a muffle furnace.  Tracers are added and dissolution is a

		When actinides are being determined, a hydroxide co-precipitation is performed to remove constituents that which do not form insoluble hydroxides.  The hydroxide precipitate is then re-dissolved and further purification is performed.  For other nonvolati

		BecauseSince any solid prepared by SOP 721 is dried prior to sieving and grinding, analyses, which employ this dissolution procedure, are automatically obtained on a dry weight basis.

		A reagent blank is prepared with this procedure and used as a method blank in subsequent separations.



		RESPONSIBILITIES

		3.1	It is the responsibility of the analyst to perform the analysis according to this SOP and to complete all documentation required for review.

		3.2	Analysis and interpretation of the results are performed by personnel in the laboratory who have demonstrated the ability to generate acceptable results utilizing this method.  This demonstration may come in the form of supervisory/training review, p

		3.3	Final review and sign off of the data are performed by the department supervisor or designee.  Initialing and dating the file indicate that this review for precision, accuracy, completeness, and reasonableness is complete and satisfactory.  Any error

		3.4	It is the responsibility of all personnel who work with samples involving this method to note any anomalies or out-of-control events associated with the analysis of the samples.  Any discrepancies must be noted and corrective action taken and documen



		INTERFERENCES

		Combustible materials may flash-ignite during muffling and lead to uncontrolled sample loss or sample cross contamination.  A slow ramped  muffling procedure can be used to address this problem.



		APPARATUS AND MATERIALS

		Drying oven.

		Vycor crucibles or Pyrex glass beakers100 or 250 mL.

		Muffle furnace.

		Pipettes, Eppendorf or equivalent.

		Polypropylene beakers, 250 mL.

		Polypropylene beakers, 100 mL.

		Centrifuge bottles, 250 mL.

		Steam bath constructed to allow immersion of lower half of 250 mL polypropylene beaker into steam.

		Wash bottles.

		Balance, ( 0.01 g resolution.

		Centrifuge.

		Vortex mixer.

		Volumetric dispensers (Dispensette(or equivalent) designed for handling conc. HNO3 and conc. HCl.

		Graduated cylinder, plastic, 25 mL

		pH indicating paper with pH range of 0-14 pH units in 1 pH unit increments.

		‘RADIAC’ liquid cleaning soap.

		Analytical balance - to calibrate the pipettes.

		CLEANING GLASSWARE.

		All reusable glassware used in this procedure will be cleaned as specified in SOP 720.





		REAGENTS

		Tracers and Carriers.

		Tracer solutions of the following elements/isotopes.  High purity, standardized solutions traceable to NIST, approximately 20 dpm/mL activity except for Th (10 dpm/mL).

		Pu-242 is the tracer and Pu-239 is the spike for the LCS).

		U-232 is the tracer and U-238 is the spike for the LCS).

		Am-243 is the tracer and  Am-241 and/or Cm-244 is the spike for the LCS).

		Th-229 is the tracer and Th-230 is the spike for the LCS).



		Other Tests:  Spikes, tracers and carriers are defined in the applicable preparation SOP for the test being performed.



		Nitric acid, HNO3, 16 N (conc.), reagent grade.

		Hydrofluoric acid, HF, 29 N (conc.), reagent grade.

		Hydrochloric acid, HCl, 12 N (conc.), reagent grade.

		Boric acid, H3BO3, reagent grade.

		Sodium nitrite, NaNO2, saturated solution.

		Dissolve 85 g of NaNO2 into 100 mL of DI water.



		Ammonium hydroxide, NH4OH, 15 N (conc.), reagent grade.

		Ferric chloride carrier, 20 mg Fe3+/mL.  Dissolve 96 g FeCl3(6H2O in one liter of 0.5 N HCl.

		Hydrogen peroxide, H2O2, 30%, reagent grade.

		NaCl, reagent grade.

		Hydrochloric Acid, HCl, 6N:  Add 500 mL of conc. HCl (12N) in to 500 mL of deionized water to make 1 liter volume.

		Aqua regia : 3:1 ratio of conc. HCl and conc. HNO3.



		SAMPLE COLLECTION, PRESERVATION AND HANDLING

		The minimum sample size required for this analysis is 30 grams.  If samples scheduled for this analysis have a high moisture content (they are very wet or are sludge-like materials), more sample (up to 60 grams) may be required to properly perform this p

		The sample containers should be clean glass or plastic with a screw-cap top.  They should be of adequate size to hold the required sample weight for this procedure.

		The samples processed through this procedure do not need to be chilled or chemically preserved during shipment or storage unless otherwise required by project specific requirements.

		There are no applicable holding times that apply to the samples processed using this procedure.



		PROCEDURE

		Samples thatwhich require grinding, are processed through the grinding steps of SOP 721.  According to the analyst’s judgement, samples with high organic content may be muffled prior to dissolution.  Solid samples with high organic content characteristic

		SAMPLE ALIQUOT

		Weigh up to 10 g aliquot (to the nearest 0.01 g) of the ground sample into the corresponding  labeled Vycor evaporating dish.  Filters should be cut  such that they fit into the bottom of the Vycor dish or other muffling container.  Cover the dishes usin

		Place the Vycor dish in the muffle furnace and heat at 550- 600o C for at least 1 hour after the temperature reachesfrom the point the temp. reached 600 ºdegree C.  Highly organic materials (or oil matrices) should be muffled overnight.



		SAMPLE DISSOLUTION

		Where applicable, carefully remove dish from the muffle furnace using thick furnace gloves and long tongs.  If the sample did not require muffling in its preparation, then transfer sample to a 250 mL polypropylene beaker as in Section 8.3.2, and continue

		After cooling, wet the sample in Vycor dish using conc. HNO3  to prevent any loss of powdered sample during transfer. Transfer the ignited sample to a 250 mL polypropylene beaker using a plastic stir rod and about 25 mL of conc. HNO3.  For the blank and

		Consult the Spike/Tracer Data Sheet for information about the volume/activity and standard identification to be used.  Add calibrated volumes of tracer and spike solutions to samples, blank and blank spike as per SOP 766 (Alpha Spectroscopy) or other app

		Using a plastic graduated cylinder, carefully add 25 mL of conc. HF to each beaker.  (dDo not bring HF into contact with any type of laboratory equipment made of glass since because HF will dissolve glass.).  Add 25 mL of HCl to each beaker using a volum

		Place a 100 mL polypropylene beaker as a cover onto the 250 mL beaker containing the sample.

		Allow the samples to pre-digest about 1 hour at room temperature to allow any vigorous reaction to subside.

		Place the beakers on the steam bath and heat for  four (4) hours at moderate temperature with the covers in place .  Rinse (with DI water) and remove the cover.  A then allow the sample to go dry overnight.  Check the container the following day to verif

		If actinides are being performed by alpha spectroscopy, continue with Section 8.3.98.3.98.3.10.  If other tests such as gamma or non-routine tests are to be performed, the solution is taken to dryness, and the appropriate SOP must be consulted before con

		Remove from the steam bath and add 10 mL conc. HNO3, 100-150 mL DI water (to solubilize the solids) and 2 g H3BO3 .  Mix well by  swirling contents of beaker.  Return beakers to steam bath for approximately bout 15 minutes to warm solution and enhance di

		Transfer sample to 250 mL labeled centrifuge bottle using deionized water.

		Add approximately 2 mL of ferric chloride carrier. If the sample size is more than 2.0 g the addition of iron carrier may be skipped as the sample may have enough iron content to make sufficient amount of precipitate.

		If Pu is to be determined, add approximately  three drops  of saturated NaNO2 solution. Mix well by vortexing.    If Pu is to be determined, the ion exchange separation performed within the subsequent SOP should be carried out within 8 hours or less of p

		Add 40-50 mL of conc. NH4OH to form Fe(OH)3 precipitate.  Make sure that the precipitate forms and that the solution is basic.  If there are any doubts, check the solution with pH paper.   Excess NH4OH is tolerated in this step.

		Centrifuge the sample for 15 minutes at approximately 3500 rpm.  Avoid using the brake of the centrifuge at the “high” setting since the rapid deceleration can disturb the precipitate.  Discard the supernatant (avoid losing any precipitate).  Further sep





		QUALITY CONTROL

		One reagent blank is is preparedrun per batch of 20 samples or at a 5% frequency.

		One sample duplicate is prepared run per batch of 10 samples or at a 10% frequency. If the sample is not sufficient for a duplicate, a blank spike will be preparedrun.

		One laboratory control sample (spiked blank) is preparedrun  for each batch of 20 samples (5% frequency) with a range of 10 to 30 dpm of analyte.

		The same blank and duplicate may serve for any batch in which multiple analytes are being determined.

		Project specific requirements may supersede default QC requirements.



		DEVIATIONS FROM METHOD

		This is a proprietary procedure developed by Paragon.  Therefore, there are no deviations from promulgated methods for this procedure.



		SAFETY HAZARDS AND WASTE

		SAFETY AND HAZARDS

		Read the appropriate MSDS before preparing standards or using any reagents.

		Safety glasses, and lab coats must be worn in the radiochemistry prep labs at all times.

		Gloves, safety glasses, and lab coats must be worn when working with any chemicals (e.g. standards, solvents, reagents, or samples) or when handling materials potentially contaminated with chemicals.

		Any chemicals with a Threshold Limit Value of less than 50 ppm shall be worked with in laboratory fume hood (e.g. solvents and acids).

		All non-original containers used to hold reagents (e.g. wash bottles or automatic dispenser bottles) shall be labeled at a minimum with: 1) the compound name, 2) NFPA Health, Flammability and Reactivity ratings, and 3) date.

		Use extreme care when using hydrofluoric acid (HF).  Work only in a fume hood that has adequate ventilation. and personnel safety features.  Never inhale or allow skin or clothing to be exposed to HF fumes.

		Care should be taken when diluting acids.  Always add acids to water, NOT water to acid.



		WASTE DISPOSAL

		Wastes that are “corrosive only,” such as glacial acetic acid and sulfuric acid waste, are disposed of by discharging into the PAI waste water treatment facility.  These materials that are “corrosive only” (i.e., have no hazardous components or character

		Hydrofluoric acid at any concentration is collected in a labeled waste carboy.  This includes any excess HF from dissolution of samples and all solutions remaining from the micro precipitation process.  Notify the Waste Disposal Technician for disposal.

		All acid wastes not containing HF that are generated in ion exchange operations are disposed of into the waste water tank system (down the drain), unless instructed otherwise due to identified or suspected hazards in the effluents.





		REFERENCES

		U.S.A.C. Reg. Guide 4.5 “Measurement of Radionuclides in the Environment -Radiochemical Analysis of Plutonium in Soil.”
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History:  Rev. 0, 07/10/95;  PCN #506;  Rev. 1, 09/28/95;  PCN #535;  Rev. 2, 09/25/96;  Rev. 3, 07/14/97;  Rev 4, 
01/26/00;  Rev 5, 11/02/00; Rev. 6, 10/24/01.    dbh 


1. SCOPE AND APPLICATION 


1.1. Pretreatment and digestion of solids are described in SOP 721 (Solids 
Preparations For Radiochemistry Analysis) and SOP 773 (Dissolution Of Solids 
For The Determination Of Actinides).  The preparation of waters is described in 
SOP 776.  The procedure for tracing and spiking samples is found in SOP 766.  
At the conclusion of the preceding pretreatment and digestion steps, uranium, 
americium, curium, and plutonium are co-precipitated with ferric hydroxide. 


1.2 This procedure describes the sequential separation and purification of uranium 
(U), and/or plutonium (Pu) using anion exchange and the mounting of these 
analytes for quantitation by alpha spectroscopy.  This procedure also describes the 
initial collection of the Americium/Curium (Am) fraction from ion exchange 
columns.  The separation and mounting of the Americium /Curium fraction 
collected in this procedure may be found in SOP780. 


2. SUMMARY 


 The ferric hydroxide precipitate from previous dissolution SOPs is dissolved in 
hydrochloric acid.  If the ferric hydroxide precipitate is obtained from a water or 
aqueous sample, a small quantity of NaNO2 should be added to the sample solution.  
The sample solution is passed through a column containing anion exchange resin that 
is equilibrated in 9N HCl.  U and Pu are retained by the resin while other sample 
constituents pass through.  The resin is washed with 9N HCl to complete the isolation 
of U and Pu from the sample matrix.  Pu is selectively stripped from the column by 
washing with 9N HCl / (0.73g/100 mL) NH4I solution.  Finally, U is stripped by 
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washing the resin with 0.5N HCl.  The purified U and Pu are co-precipitated with 
lanthanum fluoride and mounted on a filter membrane for quantitation by alpha 
spectroscopy.  Either of the two elements, Pu or U, can be isolated using this 
procedure.  The final steps of collecting rinses from the column are ignored if that 
respective element is not to be isolated for analysis. 


3. RESPONSIBILITIES 


3.1. It is the responsibility of the analyst to perform the analysis according to this SOP 
and to complete all documentation required for review. 


3.2. Analysis and interpretation of the results are performed by personnel in the 
laboratory who have demonstrated the ability to generate acceptable results 
utilizing this method  This demonstration may come in the form of 
supervisory/training review, precision and accuracy tests, or the successful 
completion of an unknown proficiency evaluation test. 


3.3. Final review and sign off of the data are performed by the department supervisor 
or designee.  Initialing and dating the file indicate that this review for precision, 
accuracy, completeness, and reasonableness is complete and satisfactory.  Any 
errors that are found require corrective action, which includes notification to the 
technician/analyst who performed the work and documentation of measures taken 
to remediate the data. 


 It is the responsibility of all personnel who work with samples involving this method 
to note any anomalies or out-of-control events associated with the analysis of the 
samples.  Any discrepancies must be noted and corrective action taken and 
documented. 


4. INTERFERENCES 


4.1. Pu can exist in several different oxidation states in aqueous solutions.  Pu must be 
present as Pu(IV) to be successfully purified by anion exchange as described in 
this procedure.  It is essential that as little time as possible elapse between the 
addition of NaNO2 (in dissolution/concentration procedures) and completion of 
the anion exchange process. 


 In 9N HCl, U and Pu(IV) form negatively charged complexes (anions) with Cl- ions.  
Therefore, in 9N HCl, U and Pu(IV) are retained by the anion exchange resin.  In 9N 
HCl / NH4I, Pu(IV) is reduced to Pu(III) which does not form the anionic                  
complex.  Hence, when the anion exchange column is washed with 9N HCl / NH4I, 
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Pu is eluted while U is retained.  The subsequent washing of the column with 0.5N 
HCl breaks the U chloride complex and the U elutes from the column. 


5. APPARATUS AND MATERIALS 


5.1.  APPARATUS 


5.1.1.       Ion exchange columns, disposable. 


5.1.2.       Filter paper, Whatman 41 or equivalent. 


5.1.3.       Plastic funnel. 


5.1.4.       Glass beads, 3 mm diameter, solid . 


5.1.5.       Suction filter apparatus for 25 mm membrane   . 


5.1.6.       Filter membrane . 


5.1.7.       Stainless steel cupped planchet, 1.25 inch diameter. 


5.1.8.       Drying oven. 


5.1.9.       Pipettes, Eppendorf or equivalent. 


5.1.10.       Wash bottles. 


5.1.11.       Graduated cylinder, plastic, 25 ml. 


5.1.12.       Vortex mixer. 


5.1.13.       Centrifuge bottles, 250 ml disposable, conical . 


5.1.14.      Hot plate, and steam bath 


6. REAGENTS 


6.1. Hydrochloric acid, HCl, conc. (12N), 9N, 1N, 0.5N: 


6.1.1. 9N HCl:  Cautiously add 1500 ml conc. reagent grade HCl to 500 ml DI 
water.   
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6.1.2. 1N HCl:  Cautiously add 166 ml conc. reagent grade HCl to 1834 mL DI 
water.  Mix and allow to cool. 


6.1.3. 0.5N HCl:  Cautiously add 84 ml conc. reagent grade HCl to 1916 ml DI 
water.  Mix and allow to cool. 


6.2. Hydrofluoric acid, HF, 3N:  Dilute 104 mL conc. reagent grade HF to 1 L with DI 
water.  Use plastic graduated cylinder and storage bottle. 


6.3. Ammonium Iodide, NH4I, reagent grade. 


6.4. Titanium Trichloride, TiCl3 , 20% solution, reagent grade. 


6.5. Anion exchange resin, AG 1x8, Bio-Rad or equivalent. 


6.6. Lanthanum carrier: 0.1 mg La3+/mL:  Dissolve 0.078 g high purity 
La(NO3)2•6H2O in 250 mL of 1N HCl. 


6.7. HCl / NH4I Reagent  0.73 grams of NH4I, reagent grade, in 100 mL 9N HCl. 


6.8. HNO3 , conc., reagent grade. 


6.9. Safranine-O, 1% stock solution, reagent grade. 


6.10. Polyethylene glycol, average molecular weight 2000 g/mole(PEG 2000) (0.25 M): 
Dissolve 50 g in 40 mL of DI water and dilute to 100 mL with DI water. 


6.11. DI water. 


6.12. Ascorbic acid (5 mg/mL) solution. 


6.13. Sodium nitrite (NaNO2), saturated: Dissolve 85 g of NaNO2 in 100 mL of DI 
water. 


6.14. Hydrogen Peroxide, H2O2, 30%, reagent grade. 


7. SAMPLE COLLECTION, PRESERVATION AND HANDLING 


7.1. N/A 


8. PROCEDURE 
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8.1. PURIFICATION BY ANION EXCHANGE 
 NOTE:    If the analysis is only for isotopic uranium, 1X2 anion resin is 


recommended. 


8.1.1. Estimate the volume of the ferric hydroxide precipitate in the bottom of 
the conical 250 mL centrifuge bottle.  To dissolve the precipitate, add 
three times the volume of conc. HCl and mix by vortexing.  Add 9N HCl 
to assist in solubilizing any salts that may be present up to a maximum of  
50-200 mL. Final volume depends on the size of ferric hydroxide 
precipitate 


Important: If a foamy “GEL” is floating in the sample solution, a PEG 
treatment should be conducted to avoid unnecessary clogging on 
the column before the sample is poured into the column. Even 
some water samples will have some other constituents that would 
slow down the ion-exchange column. If the floating GEL is not 
visible, you can check the sample by comparing with the QC 
sample. If the sample solution looks significantly thicker or darker 
than the QC samples, it might need the PEG treatment. 


8.1.2. PEG treatment for the “GEL” problem: Add one full transfer pipette  
of 0.25M polyethylene glycol to the to the sample. Vortex to mix and keep 
it for 30 minutes, preferably in the cooler. The foamy “GEL” will be 
trapped by the cheating action of the PEG and slowly it will settle down as 
a glassy precipitate at the bottom of the centrifuge bottle. Spin the sample 
for 5 minutes at 3500 rpm.  


8.1.3. Making the ion-exchange column: Fill the disposable plastic column 
(approximately 15 mm I.D., 18 mL capacity) with AG 1x8 anion exchange 
resin to a settled depth of approximately 7 cm. 


8.1.4. Place a fitted plastic funnel on top of the ion exchange column.  If the 
funnel is not tight enough, a small amount of Parafilm can be wrapped 
around the base of the funnel so that the seal between the funnel and the 
column is tight.  Cover the top of the resin bed with glass beads to a depth 
of approximately 2 cm.  Place regular funnel on the plastic fitted funnel.   
Fold a Whatman 41 filter paper and place it inside the regular funnel.  Wet 
the filter paper with  9N HCl. 


8.1.5. Condition the column with 50 mL of 9N HCl.  Discard the effluent. 


8.1.6. Load the sample solution from step 8.1.2 onto the column through the 
filter.  Pour the sample into the filter in portions until the entire solution 
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has passed through the filter and the resin bed.  If Americium/Curium is to 
be analyzed, collect the effluent from this step and two more rinses from 
the next step (8.1.7) in a beaker labeled with the sample ID and the 
notation “Am” and proceed with SOP 780 to separate “Am”. Otherwise, 
discard the column effluent into the appropriate waste container. 


8.1.7. Rinse the column four times with 20 mL volumes of  9N HCl.  Add the  
first rinse from the centrifuge bottle to the filter (and column).   After the 
solution has passed through, discard the filter.  (Rinsing the filter in a 
beaker of water is a convenient way to dilute the acid on the filter prior to 
disposal.)  Allow the first rinse to pass completely through the column 
before adding the second rinse.  If Americium/Curium is to be analyzed, 
collect the first two rinses, and up to 4 rinses if they will fit, in the “Am” 
beaker.  Rinse the column with a third and fourth 20 mL volume of  9N 
HCl.    Discard the column effluent down the drain with plenty of water 
unless otherwise specified. 


 
  8.1.8  Rinse the column with an additional 80 mL of 9 N HCl, collecting the  
   effluent into a waste cup.  Discard this rinse as waste (down the drain with 
   plenty of water).  This rinse should wash any residual Th (which will  
   cause an interference in the Pu spectra) in the column through the resin  
   bed.  A nitrate column will be run on LOW LEVEL Pu samples, following 
   the chloride column, in order to remove interfereing Th. 


8.1.8. Rinse the resin with three 20 mL portions of HCl / NH4I Reagent.  (Allow 
each rinse to pass completely through the column before adding the next.)  
Rinse the column with two successive 20 mL portions of 9N HCl.  If the 
samples are being analyzed for plutonium, collect the column effluent 
from these rinses in a 100 mL beaker labeled with the sample ID and the 
symbol “Pu”. 


8.1.9. ,Add 10 mL of conc. HNO3 to the Pu fraction colleted from the column.  
Dry the Pu fraction on a steam bath and continue with microprecipitation. 


 
  8.1.10. Rinse the column with 40 mL of 9 N HCl, collecting the effluent into a  
   waste cup.  Discard this rinse as waste (down the drain with plenty of  
   water).  This rinse should wash any residual NH4I through the resin bed. 
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8.1.11. If analyzing for uranium, strip the U by rinsing the resin with 60 mL of 
0.5N HCl.  Collect the column effluent in a 250 mL polypropylene beaker, 
or other suitable container, labeled with the sample ID and the symbol 
“U”. Add 2.5 mL of concentrated HNO3 and 7.5 mL of concentrated HCL 
to the “U” fraction and take it to dryness by heating on a steambath. 


8.1.12.  After drying  the Uranium fraction  by heating on a hot plate or steam bath 
continue with the microprecipitation.  


8.2. PLUTONIUM MICRO-PRECIPITATION 


8.2.1. Add 1 mL conc. HCl to the sample beaker from step 8.1.9. Mix well to 
resolubilize the dried sample. Place the plastic cup on a steam bath for a 
few minutes.  Add 14 mL of DI water and mix well. 


8.2.2. Add 0.5 mL lanthanum carrier and 1.0 mL of H2O2 .  Mix well.  Add 5 mL 
3N HF.  Mix well. 


8.2.3. Allow sample to stand for 15 minutes minimum. 


8.2.4. Place a 25 mm filter membrane on the support screen that sits on the top of 
the tapered funnel system.  Lock the funnel system with 25 mm 
polysulfone filter funnel using twist lock coupling.  


8.2.5. Apply vacuum and rinse with 1-2 mL of methanol (this will make the filter 
less hydrophobic).  Rinse the funnel with DI water after the alcohol rinse. 


8.2.6. Rinse the sample beaker once with 5 mL DI water and add to the filter 
funnel.   After the sample has passed through, rinse the filter with an 
additional 10-15 mL of DI water. 


8.2.7. After filtration, turn the vacuum off. Remove the funnel.  Use a “sharpie” 
marking pen to place a dot on the outside edge of the filter.  Carefully 
remove the filter membrane with a pair of forceps and fix it face up on the 
double sided tape on the planchet. Dry the filter membrane with the 
planchet under the fluorescence light bulb for a minute. DO NOT KEEP 
THE PLANCHET FOR A LONG TIME UNDERNEATH THE LAMP 
AS IT MIGHT MELT THE DOUBLE SIDED TAPE. 


8.2.8. Arrange the planchets in a petri dish and label the petri dish with the 
sample ID and initial with date. 
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8.3. URANIUM MICRO-PRECIPITATION 


8.3.1. Add 1 mL conc. HCl  to the sample beaker from step 8.1.11.  Mix well to 
resolubilize the residue. Place the plastic cup on a steambath for a few 
minutes.  Add 14 mL of DI water and mix well. 


8.3.2. Add 0.5 mL of lanthanum carrier. 


8.3.3. Add ascorbic acid solution dropwise, with swirling, until any yellow color 
from remaining ferric iron disappears.  Add a few drops extra. 


8.3.4. Add one drop of Safranine-O indicator solution to each sample and mix 
thoroughly. 


8.3.5. Add approximately 0.5 mL of TiCl3 and swirl constantly. The solution 
should lose the Safranine-O color and be reasonably colorless.  If the 
Safranine-O color is still present, add more TiCl3 drop wise until the color 
is no longer present.  If it requires more than 10 drops, consult the senior 
analyst or the Technical Manager for further instruction.  


8.3.6. Add 5 mL 3 M HF.  Mix well. 


8.3.7. Allow sample to stand for 15-20 minutes minimum.  If the Safranine-O 
color returns during this period, add additional TiCl3 until the solution is 
again colorless then add a few drops extra.   


8.3.8. Place a 25 mm filter membrane on the support screen that sits on top of the 
tapered funnel stem. Lock the funnel stem with a 25 mm polysulfone filter 
funnel using a twist lock coupling.  Turn the vacuum on. Rinse with 1-2 
mL methanol ( this will make the filter less hydrophobic.)  Rinse further 
with DI water.  


8.3.9. Transfer the coprecipitated sample to the filter apparatus. 


8.3.10 Rinse the sample beaker once with 10 - 15 mL water and add to the filter 
funnel.  


8.3.11. After filtration, turn the vacuum off.  Remove the funnel. Use a “Sharpie” 
marker to place a dot on the outside edge  of the filter.  This helps identify 
the right side of the filter in case the filter flips during the transaction.  
Carefully remove the filter membrane with a pair of forceps and fix it face 
up on the double sided tape that was mounted on the planchet. Dry the 
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filter membrane with the planchet under the fluorescence light bulb for a 
minute. DO NOT KEEP THE PLANCHET FOR A LONG TIME 
UNDERNEATH THE LAMP AS IT MIGHT MELT THE DOUBLE 
SIDED TAPE. 


8.3.12. Arrange the planchets in a petri dish and label the petri dish with the 
sample ID and initial with date. 


9. QUALITY CONTROL 


9.1. Refer to the SOP for the ‘Dissolution of Solids for the Determination of 
Actinides’. 


10. DEVIATIONS FROM METHOD 


10.1. This is a proprietary procedure developed by Paragon Analytics, Inc.  Therefore, 
there are no deviations from a promulgated method. 


11. SAFETY HAZARDS AND WASTE 


11.1. SAFETY AND HAZARDS 


11.1.1. Read the appropriate MSDS before preparing standards or using any 
reagents. 


11.1.2. Safety glasses, and lab coats must be worn in the radiochemistry prep labs 
at all times. 


11.1.3. Gloves, safety glasses, and lab coats must be worn when working with any 
chemicals (e.g. standards, solvents, reagents, or samples) or when handling 
materials potentially contaminated with chemicals. 


11.1.4. Any chemicals with a Threshold Limit Value of less than 50 ppm shall be 
worked with in laboratory fume hood (e.g., solvents and acids). 


11.1.5. All non-original containers used to hold reagents (e.g. wash bottles or 
automatic dispenser bottles) shall be labeled at a minimum with: 1) the 
compound name, 2) NFPA Health, Flammability and Reactivity ratings, 
and 3) date. 
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11.1.6. Use extreme care when using hydrofluoric acid (HF).  Work only in a 
fume hood that has adequate ventilation. and personnel safety features.  
Never inhale or allow skin or clothing to be exposed to HF fumes. 


11.1.7. Care should be taken when diluting acids.  Always add acids to water, 
NOT water to acid. 


11.2. WASTE DISPOSAL 


11.2.1. Wastes that are “corrosive only”, such as glacial acetic acid and sulfuric 
acid waste, are disposed of by discharging into the PAI waste water 
treatment facility.  These materials that are “corrosive only” (i.e., have no 
hazardous components or characteristics other than corrosivity) may be 
neutralized in the waste treatment facility. 


11.2.2. Hydrofluoric acid at any concentration is collected in a labeled waste 
carboy.  This includes any excess HF from dissolution of samples and all 
solutions remaining from the micro precipitation process.  Notify the 
Waste Disposal Technician for disposal. 


All acid wastes not containing HF that are generated in ion exchange operations 
are disposed of to the waste tanks (down the drain) unless otherwise 
specified due to hazardous constituents. 


 


12. REFERENCES 


12.1. USDOE, RESL/ID, Procedure AS-5, 1979 


12.2. USEPA, EMSL/LV, Isotopic Determination of Plutonium, Uranium, and Thorium 
in Water, Soil, Air, and Biological Tissue, March 1979 


 





		1.	SCOPE AND APPLICATION

		1.1.	Pretreatment and digestion of solids are described in SOP 721 (Solids Preparations For Radiochemistry Analysis) and SOP 773 (Dissolution Of Solids For The Determination Of Actinides).  The preparation of waters is described in SOP 776.  The procedur

		1.2	This procedure describes the sequential separation and purification of uranium (U), and/or plutonium (Pu) using anion exchange and the mounting of these analytes for quantitation by alpha spectroscopy.  This procedure also describes the initial colle



		2.	SUMMARY

		The ferric hydroxide precipitate from previous dissolution SOPs is dissolved in hydrochloric acid.  If the ferric hydroxide precipitate is obtained from a water or aqueous sample, a small quantity of NaNO2 should be added to the sample solution.  The sam



		3.	RESPONSIBILITIES

		3.1.	It is the responsibility of the analyst to perform the analysis according to this SOP and to complete all documentation required for review.

		3.2.	Analysis and interpretation of the results are performed by personnel in the laboratory who have demonstrated the ability to generate acceptable results utilizing this method  This demonstration may come in the form of supervisory/training review, p

		3.3.	Final review and sign off of the data are performed by the department supervisor or designee.  Initialing and dating the file indicate that this review for precision, accuracy, completeness, and reasonableness is complete and satisfactory.  Any erro

		It is the responsibility of all personnel who work with samples involving this method to note any anomalies or out-of-control events associated with the analysis of the samples.  Any discrepancies must be noted and corrective action taken and documented.



		4.	INTERFERENCES

		4.1.	Pu can exist in several different oxidation states in aqueous solutions.  Pu must be present as Pu(IV) to be successfully purified by anion exchange as described in this procedure.  It is essential that as little time as possible elapse between the

		In 9N HCl, U and Pu(IV) form negatively charged complexes (anions) with Cl- ions.  Therefore, in 9N HCl, U and Pu(IV) are retained by the anion exchange resin.  In 9N HCl / NH4I, Pu(IV) is reduced to Pu(III) which does not form the anionic



		5.	APPARATUS AND MATERIALS

		5.1.	 APPARATUS

		5.1.1.	      Ion exchange columns, disposable.

		5.1.2.	      Filter paper, Whatman 41 or equivalent.

		5.1.3.	      Plastic funnel.

		5.1.4.	      Glass beads, 3 mm diameter, solid .

		5.1.5.	      Suction filter apparatus for 25 mm membrane   .

		5.1.6.	      Filter membrane .

		5.1.7.	      Stainless steel cupped planchet, 1.25 inch diameter.

		5.1.8.	      Drying oven.

		5.1.9.	      Pipettes, Eppendorf or equivalent.

		5.1.10.	      Wash bottles.

		5.1.11.	      Graduated cylinder, plastic, 25 ml.

		5.1.12.	      Vortex mixer.

		5.1.13.	      Centrifuge bottles, 250 ml disposable, conical .

		5.1.14.	 	   Hot plate, and steam bath





		6.	REAGENTS

		6.1.	Hydrochloric acid, HCl, conc. (12N), 9N, 1N, 0.5N:

		6.1.1.	9N HCl:  Cautiously add 1500 ml conc. reagent grade HCl to 500 ml DI water.

		6.1.2.	1N HCl:  Cautiously add 166 ml conc. reagent grade HCl to 1834 mL DI water.  Mix and allow to cool.

		6.1.3.	0.5N HCl:  Cautiously add 84 ml conc. reagent grade HCl to 1916 ml DI water.  Mix and allow to cool.



		6.2.	Hydrofluoric acid, HF, 3N:  Dilute 104 mL conc. reagent grade HF to 1 L with DI water.  Use plastic graduated cylinder and storage bottle.

		6.3.	Ammonium Iodide, NH4I, reagent grade.

		6.4.	Titanium Trichloride, TiCl3 , 20% solution, reagent grade.

		6.5.	Anion exchange resin, AG 1x8, Bio-Rad or equivalent.

		6.6.	Lanthanum carrier: 0.1 mg La3+/mL:  Dissolve 0.078 g high purity La(NO3)2(6H2O in 250 mL of 1N HCl.

		6.7.	HCl / NH4I Reagent  0.73 grams of NH4I, reagent grade, in 100 mL 9N HCl.

		6.8.	HNO3 , conc., reagent grade.

		6.9.	Safranine-O, 1% stock solution, reagent grade.

		6.10.	Polyethylene glycol, average molecular weight 2000 g/mole(PEG 2000) (0.25 M): Dissolve 50 g in 40 mL of DI water and dilute to 100 mL with DI water.

		6.11.	DI water.

		6.12.	Ascorbic acid (5 mg/mL) solution.

		6.13.	Sodium nitrite (NaNO2), saturated: Dissolve 85 g of NaNO2 in 100 mL of DI water.

		6.14.	Hydrogen Peroxide, H2O2, 30%, reagent grade.



		7.	SAMPLE COLLECTION, PRESERVATION AND HANDLING

		7.1.	N/A



		8.	PROCEDURE

		8.1.	PURIFICATION BY ANION EXCHANGE

		8.1.1.	Estimate the volume of the ferric hydroxide precipitate in the bottom of the conical 250 mL centrifuge bottle.  To dissolve the precipitate, add three times the volume of conc. HCl and mix by vortexing.  Add 9N HCl to assist in solubilizing any sa

		8.1.2.	PEG treatment for the “GEL” problem: Add one full transfer pipette  of 0.25M polyethylene glycol to the to the sample. Vortex to mix and keep it for 30 minutes, preferably in the cooler. The foamy “GEL” will be trapped by the cheating action of th

		8.1.3.	Making the ion-exchange column: Fill the disposable plastic column (approximately 15 mm I.D., 18 mL capacity) with AG 1x8 anion exchange resin to a settled depth of approximately 7 cm.

		8.1.4.	Place a fitted plastic funnel on top of the ion exchange column.  If the funnel is not tight enough, a small amount of Parafilm can be wrapped around the base of the funnel so that the seal between the funnel and the column is tight.  Cover the to

		8.1.5.	Condition the column with 50 mL of 9N HCl.  Discard the effluent.

		8.1.6.	Load the sample solution from step 8.1.2 onto the column through the filter.  Pour the sample into the filter in portions until the entire solution has passed through the filter and the resin bed.  If Americium/Curium is to be analyzed, collect th

		8.1.7.	Rinse the column four times with 20 mL volumes of  9N HCl.  Add the  first rinse from the centrifuge bottle to the filter (and column).   After the solution has passed through, discard the filter.  (Rinsing the filter in a beaker of water is a con

		8.1.8.	Rinse the resin with three 20 mL portions of HCl / NH4I Reagent.  (Allow each rinse to pass completely through the column before adding the next.)  Rinse the column with two successive 20 mL portions of 9N HCl.  If the samples are being analyzed f

		8.1.9.	,Add 10 mL of conc. HNO3 to the Pu fraction colleted from the column.  Dry the Pu fraction on a steam bath and continue with microprecipitation.

		8.1.11.	If analyzing for uranium, strip the U by rinsing the resin with 60 mL of 0.5N HCl.  Collect the column effluent in a 250 mL polypropylene beaker, or other suitable container, labeled with the sample ID and the symbol “U”. Add 2.5 mL of concentrat

		8.1.12.	 After drying  the Uranium fraction  by heating on a hot plate or steam bath continue with the microprecipitation.



		8.2.	PLUTONIUM MICRO-PRECIPITATION

		8.2.1.	Add 1 mL conc. HCl to the sample beaker from step 8.1.9. Mix well to resolubilize the dried sample. Place the plastic cup on a steam bath for a few minutes.  Add 14 mL of DI water and mix well.

		8.2.2.	Add 0.5 mL lanthanum carrier and 1.0 mL of H2O2 .  Mix well.  Add 5 mL 3N HF.  Mix well.

		8.2.3.	Allow sample to stand for 15 minutes minimum.

		8.2.4.	Place a 25 mm filter membrane on the support screen that sits on the top of the tapered funnel system.  Lock the funnel system with 25 mm polysulfone filter funnel using twist lock coupling.

		8.2.5.	Apply vacuum and rinse with 1-2 mL of methanol (this will make the filter less hydrophobic).  Rinse the funnel with DI water after the alcohol rinse.

		8.2.6.	Rinse the sample beaker once with 5 mL DI water and add to the filter funnel.   After the sample has passed through, rinse the filter with an additional 10-15 mL of DI water.

		8.2.7.	After filtration, turn the vacuum off. Remove the funnel.  Use a “sharpie” marking pen to place a dot on the outside edge of the filter.  Carefully remove the filter membrane with a pair of forceps and fix it face up on the double sided tape on th

		8.2.8.	Arrange the planchets in a petri dish and label the petri dish with the sample ID and initial with date.



		8.3.	URANIUM MICRO-PRECIPITATION

		8.3.1.	Add 1 mL conc. HCl  to the sample beaker from step 8.1.11.  Mix well to resolubilize the residue. Place the plastic cup on a steambath for a few minutes.  Add 14 mL of DI water and mix well.

		8.3.2.	Add 0.5 mL of lanthanum carrier.

		8.3.3.	Add ascorbic acid solution dropwise, with swirling, until any yellow color from remaining ferric iron disappears.  Add a few drops extra.

		8.3.4.	Add one drop of Safranine-O indicator solution to each sample and mix thoroughly.

		8.3.5.	Add approximately 0.5 mL of TiCl3 and swirl constantly. The solution should lose the Safranine-O color and be reasonably colorless.  If the Safranine-O color is still present, add more TiCl3 drop wise until the color is no longer present.  If it r

		8.3.6.	Add 5 mL 3 M HF.  Mix well.

		8.3.7.	Allow sample to stand for 15-20 minutes minimum.  If the Safranine-O color returns during this period, add additional TiCl3 until the solution is again colorless then add a few drops extra.

		8.3.8.	Place a 25 mm filter membrane on the support screen that sits on top of the tapered funnel stem. Lock the funnel stem with a 25 mm polysulfone filter funnel using a twist lock coupling.  Turn the vacuum on. Rinse with 1-2 mL methanol ( this will m

		8.3.9.	Transfer the coprecipitated sample to the filter apparatus.

		8.3.10	Rinse the sample beaker once with 10 - 15 mL water and add to the filter funnel.

		8.3.11.	After filtration, turn the vacuum off.  Remove the funnel. Use a “Sharpie” marker to place a dot on the outside edge  of the filter.  This helps identify the right side of the filter in case the filter flips during the transaction.  Carefully rem

		8.3.12.	Arrange the planchets in a petri dish and label the petri dish with the sample ID and initial with date.





		9.	QUALITY CONTROL

		9.1.	Refer to the SOP for the ‘Dissolution of Solids for the Determination of Actinides’.



		10.	DEVIATIONS FROM METHOD

		10.1.	This is a proprietary procedure developed by Paragon Analytics, Inc.  Therefore, there are no deviations from a promulgated method.



		11.	SAFETY HAZARDS AND WASTE

		11.1.	SAFETY AND HAZARDS

		11.1.1.	Read the appropriate MSDS before preparing standards or using any reagents.

		11.1.2.	Safety glasses, and lab coats must be worn in the radiochemistry prep labs at all times.

		11.1.3.	Gloves, safety glasses, and lab coats must be worn when working with any chemicals (e.g. standards, solvents, reagents, or samples) or when handling materials potentially contaminated with chemicals.

		11.1.4.	Any chemicals with a Threshold Limit Value of less than 50 ppm shall be worked with in laboratory fume hood (e.g., solvents and acids).

		11.1.5.	All non-original containers used to hold reagents (e.g. wash bottles or automatic dispenser bottles) shall be labeled at a minimum with: 1) the compound name, 2) NFPA Health, Flammability and Reactivity ratings, and 3) date.

		11.1.6.	Use extreme care when using hydrofluoric acid (HF).  Work only in a fume hood that has adequate ventilation. and personnel safety features.  Never inhale or allow skin or clothing to be exposed to HF fumes.

		11.1.7.	Care should be taken when diluting acids.  Always add acids to water, NOT water to acid.



		11.2.	WASTE DISPOSAL

		11.2.1.	Wastes that are “corrosive only”, such as glacial acetic acid and sulfuric acid waste, are disposed of by discharging into the PAI waste water treatment facility.  These materials that are “corrosive only” (i.e., have no hazardous components or c

		11.2.2.	Hydrofluoric acid at any concentration is collected in a labeled waste carboy.  This includes any excess HF from dissolution of samples and all solutions remaining from the micro precipitation process.  Notify the Waste Disposal Technician for di

		All acid wastes not containing HF that are generated in ion exchange operations are disposed of to the waste tanks (down the drain) unless otherwise specified due to hazardous constituents.





		12.	REFERENCES

		12.1.	USDOE, RESL/ID, Procedure AS-5, 1979

		12.2.	USEPA, EMSL/LV, Isotopic Determination of Plutonium, Uranium, and Thorium in Water, Soil, Air, and Biological Tissue, March 1979
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1. SCOPE AND APPLICATION 
This standard operating procedure (SOP) and the methods it references -- Methods 
3005A, 3010, 3050B, 200.2, 200.7, ILM03.0 and ILM04.0 -- are used to digest and 
prepare liquid and solid samples prior to total or dissolved metals analysis. 


2. SUMMARY OF METHOD 
The purpose of these procedures is to extract metals from the native matrix and hold them 
in a form that is suitable for analysis by inductively coupled argon plasma (ICAP).  The 
extraction is accomplished by refluxing the acidified sample at a suitable temperature for 
a period of time or until the sample is reduced to a desired volume. 
 


3. RESPONSIBILITIES 
3.1 It is the responsibility of the technician to perform these procedures according to 


this SOP and to complete all documentation required for review. 
3.2 Conduct of these procedures are performed by personnel in the laboratory who 


have demonstrated the ability to generate acceptable results using these protocols.  
This demonstration may come in the form of supervisory/training review, results 
of precision and accuracy tests performed, or the successful completion of an 
unknown proficiency evaluation test. 


3.3 Final review and sign-off of the data are performed by the department supervisor 
or designee.  Initialing and dating the file indicates that the data are complete and 
satisfactory.  Any errors that are found require corrective action, which includes 
notification to the technician who performed the work and documentation of 
measures taken to remediate the data. 


STANDARD OPERATING PROCEDURE 806   REVISION 6 
 
TITLE: DIGESTION OF WATERS, SOILS AND WASTES FOR METALS 


ANALYSIS  --  METHODS 3005A, 3010, 3050B, 200.2, 200.7 
 AND CLP SOW ILM03.0 & ILM04.0 
 
FORMS: NONE 
 
APPROVED BY: 
TECHNICAL MANAGER  _____________________________________  DATE  __________  
QUALITY ASSURANCE MANAGER ____________________________  DATE  __________ 
LABORATORY MANAGER  ___________________________________  DATE  __________ 
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3.4 It is the responsibility of all personnel who work with samples involving these 
procedures to note any anomalies or out-of-control events.  Any discrepancies 
must be noted and corrective action taken and documented. 


4. INTERFERENCES 
4.1 In sample preparation, contamination is of prime concern.  The work area, 


including bench top and fume hood should be periodically cleaned in order to 
eliminate environmental contamination. 


4.2 The analyst should be cautioned that these digestion procedures may not be 
sufficiently vigorous to destroy some  metal complexes. 


4.3 Waste samples can contain diverse matrix types, each of which may present its 
own analytical challenge.  Spiked samples and any relevant standard reference 
material should be processed to aid in determining whether method 3050 is 
applicable to a given waste. 


4.4 Chemical interferences are matrix dependent and cannot be documented prior to 
analysis.  Interferences are discussed in the analytical SOPs. 


5. APPARATUS AND MATERIALS 
5.1 Hot plate or Steambath, capable of maintaining a constant temperature of 95 oC + 


2 oC. 
5.2 Beakers and lids, polypropylene, disposable, 100 mL and 200 mL capacity 
5.3 Watchglasses (or equivalent), ribbed and non-ribbed 
5.4 Balance, top loading, able to read  ±0.1 g 
5.5 Membrane filter paper, cellulose acetate, 0.45 µm 
5.6 Glass fiber filter paper, 0.7 µm 
5.7 Buchner funnel and flask, or similar filtration device 
5.8 Volumetric flasks of suitable size and accuracy 
5.9 Volumetric pipets of suitable size and accuracy 
5.10 Scissors 
5.11 15 mL polypropylene autosampler  


6. REAGENTS 
6.1 Hydrochloric Acid (HCl), concentrated, trace metals grade.  Also a diluted (1:1) 


hydrochloric acid solution. 
6.2 Nitric Acid (HNO3), concentrated, trace metals grade.  Also a diluted (1:1) nitric 


acid solution. 
6.3 Reagent Water, double-deionized, obtained from the Milli-Q system 
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6.4 Hydrogen Peroxide (H2O2), 30% 
6.5 SPIKING SOLUTIONS 


Prepared from purchased certified individual elemental standards or analyte 
mixes.  Records of vendor supplied certificates of analysis must be maintained 
by the department.   Undiluted stock solutions may be retained for up to one year, 
replaced sooner if degradation occurs.  Diluted stock solutions may be retained for 
up to 6 months, replaced sooner if degradation occurs. 
  


NOTE: All spiking solutions are prepared, documented, and stored in 
accordance with Paragon SOPs 300, 301 and 304.  All spiking 
solutions are to be contained in fresh (previously unused) 
polypropylene bottles. 


 
6.5.1 Spike Solution Z: 
 
 Element        Concentration (µg/mL) 


Al, Ba, As, Se, Tl, Si    100 
Fe, B, Mo       50 
Sb, Co, Mn, Ni, V, Zn      25 
Ti, Sn, Li, Sr, Pb      25   
Be, Cd          2.5 
Cr        10 
Cu        12.5 


 
6.5.2 Cation Spike Solution:  Contains 2,000 µg/mL Ca, Mg, K, Na. 
 
6.5.3 C Spike:  Contains 10 µg/mL Ag. 
 
6.5.4 CLPP-Spike-1 
  
 Element    Concentration (µg/mL) 
 Al, Ba      2000 
 Fe      1000 
 Co, Mn, Ni, V, Zn    500 
 Cu      250 
 Cr      200 
 Ag, Be      50 
 
6.5.5 CLPP-Spike-4 
 
 Element    Concentration (µg/mL) 
 Sb      100 
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 Cd, Tl      50 
 As      40 
 Pb      20 
 Se      10 
 
6.5.6 Non-Tal Spike 
 
 Element    Concentration (µg/mL) 
 Si      200 


B, Mo      100 
Li, Sr, Sn, Ti     50 
 


NOTE:   CLPP-Spike-1 & CLPP-Spike-4 are mixes prepared and purchased from 
a vendor.  All other spiking solutions listed are prepared from 
commercially purchased single element stock standards. 


 
6.5.7 Be filter spike 


Element  Concentration (ug/mL) 
   Be   1.0 
 


7. SAMPLE COLLECTION, PRESERVATION, HANDLING AND HOLDING TIMES 
7.1 Samples must be collected according to an approved sampling plan. 
7.2 Liquid samples for total or potentially dissolved metals analyses are collected in 


plastic or glass containers and must be chemically preserved with nitric acid to a 
pH < 2.  Samples for dissolved metals analyses should be filtered in the field prior 
to chemical preservation.  Unpreserved samples must be maintained at 4 °C (+ 2 
°C).  Aqueous metals samples must be prepared and analyzed within 180 days of 
collection. 


7.3 Solid samples are collected in plastic or glass containers.  Solid samples are not 
chemically preserved and must be maintained at 4 °C (+ 2 °C) until digestion.  
Solid metals samples must be prepared and analyzed within 180 days of 
collection.  


 


8. PROCEDURE 
8.1 METHOD 3005A, 200.7 - DISSOLVED METALS PREPARATION (ICP) 


8.1.1 Samples to be analyzed for dissolved (soluble) metals are to be filtered 
through a 0.45 µm filter at the time of collection and the liquid phase is 
then acidified at the time of collection with nitric acid. 
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8.1.1.1 If the samples have been filtered prior to entering the lab, the 
digestion personnel should check that the pH of the sample(s) is 
less than 2 and that there are no visible solids or precipitates in 
the sample container. 


 
8.1.1.2 Record on the tracking sheet that the samples were received 


filtered and preserved. 
 
8.1.1.3 If solids or precipitates are noticed in a sample which is filtered 


and preserved, consult project management before continuing 
with the sample preparation. 


 
8.1.1.4 The samples are now ready for digestion. 
 


8.1.2 If the samples have not been filtered or preserved upon entering the lab, 
then they need to be filtered through a 0.45 µm filter and preserved with 
concentrated nitric acid to a pH < 2.   


 
8.1.2.1 A blank, blank spike, and sample duplicate should be prepared 


and carried through these steps at a frequency of at least 1 per 
20 samples of like matrix (see Section 9.0). 


 
8.1.2.2 The filtered and preserved samples (about 100 mL) should be 


collected in properly labeled disposable beakers. 
   
8.1.2.3 All steps must by recorded in the metals digestion logbook 


(FORM 805) and any pertinent comments regarding the samples 
recorded on the tracking sheet to be included with the Order 
Number file. 


 
8.1.2.4 The samples are now ready for digestion. 


 
8.2 FINAL VOLUME ADJUSTMENT 


8.2.1 Final volumes for the digestion procedures described in sections 8.3 
through 8.8 are adjusted by bringing the digestion beaker containing the 
digestate to a predetermined “target weight” by adding reagent (double-
deionized) water after the digestion is completed. 


 
8.9.10 The target weight for water samples is the total weight of the empty 


digestion beaker plus the weight of the desired final volume of digestate. 
 
8.9.11 The target weight for soil samples is the total weight of the empty 
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digestion beaker plus the weight of the soil aliquot plus the weight of the 
desired final volume of digestate. 


 
8.9.12 The weight of the final volume of digestate depends on the acid content of 


the digestate. 
 
8.9.13 Each digestion method results in digestates with slightly different densities 


because the acid concentrations are different. 
 
8.9.14 The weight of the final volume of digestate for the digestion procedures 


described in sections 8.3 through 8.8 has been determined by digesting 
method blanks and weighing the digestates after bring to volume in a 
volumetric flask (Appendix A). 


 
8.9.15 Weight of digestate for each digestion procedure. 


  
SOP 


Section 
Method Final 


Volume (ml) 
Weight of  
digestate (g) 


8.3 SW 3005A 50 51.18 
8.4 SW3010 A 50 52.39 
8.5 EPA 200.2 50 50.38 
8.6 SW 3050B 100 105.11 
8.7 CLP Water 100 100.83 
8.8 CLP Soil 200 206.95 


 
8.9.10 If digestates are to be brought to a final volume not given above, the 


weight of the desired final volume of digestate should be determined by 
digesting a method blank and weighing the digestate after bringing to 
volume in the appropriate volumetric flask. 


 
8.9.11 The empty weight of the disposable polypropylene beakers used for a 


digestion must be determined prior to performing the digestion.  The 
empty beaker weight for each lot of beakers is determined by weighing 10 
beakers and calculating the average. The empty beaker weight data for 
each lot is recorded in the beaker weight logbook. 


 
8.9.12 The formula used for the calculation of the target weight if given below: 
 


T = B + D + S 
    
   Where:  
    T = Target weight (Sec 8.2.9) 
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    B = Empty beaker weight (Sec 8.2.7) 
    D = Weight of final volume of digestate 
    S = Weight of soil aliquot (S = 0 for water samples) 
 


8.9.13 The target weight, empty beaker weight, weight of the final volume of 
digestate and the beaker Lot. number are recorded on the digestion bench 
sheet. 


 
8.3 METHOD 3005A - TOTAL RECOVERABLE METALS DIGESTION OF 


WATERS FOR ICAP ANALYSIS. 
8.3.1 Transfer a 50 mL aliquot of preserved (pH < 2), well-mixed sample to a 


beaker.  
 
8.3.2 Add 1.0 mL of concentrated nitric acid and 2.5 mL of concentrated 


hydrochloric acid. 
   
8.3.3 Cover the beaker with a ribbed watch glass and heat at 95 oC (+ 2 oC) 


without boiling until the volume has been reduced to about 10 mL.   
 
8.3.4 Remove the beaker from the heat and allow to cool.  
  
8.3.5 Wash down the beaker walls and the watch glass with reagent water.   
 
8.3.6 Filter the sample only if necessary.  
 
8.3.7 Adjust the final volume to 50 mL with reagent water (adjust to the 


predetermined target weight as described in Sec 8.2) 
 
8.3.8 The metals digestion logbook (FORM 805) is to be completed in full for 


each digestion batch of twenty or fewer samples. 
 
8.4 METHOD 3010A - TOTAL METALS DIGESTION OF WATERS FOR ICAP 


ANALYSIS. 
8.4.1 Transfer a 50 mL aliquot of preserved (pH < 2), well mixed sample to a 


beaker.   
 
8.4.2 Add 1.5 mL of concentrated nitric acid and cover the beaker with a ribbed 


watch glass.  
 
8.4.3 Heat the sample without boiling until the volume has been reduced to a 


low volume (about 5mL), making sure the sample doesn’t go to dryness. 
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8.4.4 Cool the sample and add another 1.5 mL of concentrated nitric acid.  
 
8.4.5 Heat the sample briefly until the volume has been reduced to a low volume 


(about 5 mL), making sure the sample doesn’t go to dryness.  If 
necessary, continue to repeat the addition of 1.5 mL of concentrated nitric 
acid and heating until the digestion is complete (generally indicated when 
the digestate is light in color or does not change in appearance with 
continued refluxing). 


 
8.4.6 Cool the sample and add 5 mL of 1:1 Hydrochloric Acid.  Heat the sample 


for 15 minutes.  
 
8.4.7 Cool the sample and wash down the beaker walls and watch glass with 


reagent water. 
 
8.4.8 Filter the digestate only if necessary. 
 
8.4.9 Adjust the final volume to 50 mL with reagent water (adjust to the 


predetermined target weight as described in Sec 8.2). 
 
8.4.10 This procedure is used for the digestion of TCLP extracts, initially using a 


5 mL sample aliquot of filtered TCLP leachate and following the steps 
stated above.  


 
8.4.11 The 50 mL final volume results in a 1/10 dilution for TCLP leachates 


during the digestion procedure.   
 
8.4.12 The metals digestion logbook (FORM 805) is to be completed in full for 


each digestion batch of twenty of fewer samples.
 
8.5 METHOD 200.2 - TOTAL RECOVERABLE METALS DIGESTION OF 


WATERS FOR ICAP ANALYSIS 
8.5.1 Transfer a 50 mL aliquot of preserved (pH < 2), well mixed sample to a 


beaker.  
 
8.5.2 Add 2 mL of 1:1 Nitric Acid and 1 mL of 1:1 Hydrochloric Acid. 
 
8.5.3 Cover the beaker with a ribbed watch glass and heat until the volume has 


been reduced to about 20 mL. 
 
8.5.4 Replace the ribbed watch glass with a non-ribbed watch glass and reflux 


the sample for 30 minutes. 
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8.5.5 Cool and adjust the final volume to 50 mL with reagent water (adjust to 


the predetermined target weight as described in Sec 8.2). 
 
8.5.6 The metals digestion logbook (FORM 805) is to be completed in full for 


each digestion batch of twenty or fewer samples.
 
8.6 METHOD 3050B - TOTAL DIGESTION OF WASTES, SEDIMENTS, 


SLUDGES, AND SOILS FOR ICAP ANALYSIS. 
8.6.1 Weigh to the nearest 0.01 g, a 1.00 g sample aliquot.  Before weighing the 


sample, mixing may be necessary to ensure homogeneity. 
 
8.6.2 Add 10 mL of 1:1 Nitric Acid, mix the slurry and cover with a ribbed 


watch glass.  
 
8.6.3 Heat the sample to 95 oC and reflux for 10 to 15 minutes without boiling.   
 
8.6.4 Cool the sample and add 5 mL of concentrated nitric acid, replace the 


watch glass and reflux for 30 minutes. 
 
8.6.5 Cool the sample and add 2 mL of reagent water and 3 mL of 30% 


hydrogen peroxide.  
 
8.6.6 Heat the sample until the effervescence subsides.   
 
8.6.7 Cool the sample and continue to add 30% hydrogen peroxide in 1 mL 


aliquots (up to 10 mL) with heating until the effervescence is minimal or 
until the general sample appearance is unchanged.  Do not add more than 
10 mL of 30% hydrogen peroxide.  


 
8.6.8 Cool and add 10 mL of concentrated hydrochloric acid and 10 mL of 


reagent water. 
 
8.6.9 Heat the sample for 15 minutes. 
 
8.6.10 Cool the sample and filter only if necessary. 
 
8.6.11 Adjust the final volume to 100 mL with reagent water (adjust to the 


predetermined target weight as described in Sec 8.2). 
 
8.6.12 The metals digestion logbook (FORM 805) is to be completed in full for 


each digestion batch of twenty of fewer samples. 
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8.7 CLP ILM03.0 AND ILM04.0 - ACID DIGESTION FOR TOTAL METALS IN 
WATERS (ICAP) 
8.7.1 Shake sample and transfer 100 mL of well-mixed sample to a 250 mL    


beaker, add 2 mL of  1:1 Nitric Acid and 10 mL of 1:1 Hydrochloric Acid 
to the sample. 


 
8.7.2 Cover with watch glass and heat on a steam bath for 2 hours at 95 oC (+ 2 


oC) or until sample volume is reduced to between 25 and 50 mL, making 
certain sample does not boil. 


 
8.7.3 Cool the sample and filter only if necessary.     


   
8.7.4 Adjust sample volume to 100 mL with reagent water (adjust to the 


predetermined target weight as described in Sec 8.2). 
8.7.5 The metals digestion logbook (FORM 805) is to be completed in full for 


each digestion batch of twenty or fewer samples.
 
8.8 CLP ILM03.0 AND ILM04.0 - ACID DIGESTION FOR TOTAL METALS IN 


NON-AQUEOUS SAMPLES (ICAP) 
8.8.1 Weigh to the nearest 0.01g, a 1.00 g sample aliquot.  Before weighing the 


sample, mixing may be necessary to ensure homogeneity. 
 
8.8.2 Add 10 mL of  1:1 Nitric Acid, mix the slurry, and cover with a watch 


glass. 
 
8.8.3 Heat the sample to 95 oC (+ 2 oC) and reflux for 10 minutes without 


boiling. 
 
8.8.4 Allow the sample to cool, add 5 mL of concentrated nitric acid, replace 


the watch glass, and reflux for 30 minutes.  Do not allow the volume to 
be reduced to less than 5 mL while maintaining a covering of solution 
over the bottom of the beaker. 


 
8.8.5 Cool the sample and add 2 mL of reagent water and 3 mL of 30% 


hydrogen peroxide. 
 
8.8.6 Heat the sample until effervescence subsides. 
 
8.8.7 Cool the sample and continue to add 30% hydrogen peroxide in 1 mL 


aliquots (up to 10 mL) with heating until effervescence is minimal or 
until the general sample appearance is unchanged.  Do not add more than 
10 mL of 30% hydrogen peroxide. 
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8.8.8 Add 5mL of 1:1 HCL and 10 mL of reagent water, return the covered 


beaker to the hot plate and heat for an additional 10 minutes. 
  
8.8.9 Cool the sample and filter only if necessary. 
 
8.8.10  Dilute the sample to 100mL with reagent water. 
 
8.8.11  The diluted sample has an approximate acid concentration of 2.5% (v/v)    


HCL and 5.0% (v/v) HNO3.  Dilute the digestate 1:1 (200 mL final  
volume), to the predetermined target weight with acidified water to  
maintain constant acid strength (as described in Sec 8.2).  


  
8.9.10 The metal digestion logbook (FORM 805) is to be completed in full for 


each digestion batch of twenty or fewer samples. 
 


8.9 SPECIAL DIGESTION OF AIR FILTERS FOR BERYLLIUM ANALYSIS 
8.9.1 Cut filters in half using scissors.  Rinse scissors with acetone before 


cutting the filter. 
 
8.9.2 Place one half of filter in 100 mL polypropylene beaker (archive the 


other half in case reanalysis is necessary). 
 
8.9.3 Add 5 mL conc HNO3 and 5 mL conc. HCl. 
 
8.9.4 Heat sample at 95 ºC until dry. 
 
8.9.5 Remover beaker from heat and allow to cool. 
 
8.9.6 Add 10 mL of blank acid (5% HNO3, 2.5% HCl) to beaker using a 


calibrated pipet. 
 
8.9.7 Weigh beaker and record weight. 
 
8.9.8 Heat sample at 95 ºC for 15 minutes.  
 
8.9.9 Remove beaker from heat and allow to cool. 
 
8.9.10 Bring digestate to 10 mL final volume gravimetrically by adding blank 


acid (5% HNO3, 2.5% HCl) to bring beaker weight to the weight recorded 
in step 8.9.7.  Mix thoroughly. 
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8.9.11 Transfer the digestate from the 100 mL beaker to a labeled 15 mL
polypropylene autosampler tube.  Cap with parafilm. 


 
8.9.12 Document information in the metals digestion logbook (Form 815) for 


each digestion batch of twenty or fewer samples.   


9. QUALITY CONTROL 
 


NOTE: A digestion batch shall not contain more than twenty samples. 
 
9.1 Method Blank (MB):  Also referred to as a laboratory reagent blank (LRB) or 


Preparation Blank (PB).  One MB/LRB/PB is prepared per twenty field samples 
of like matrix which are processed as a unit.  The method blank consists of an 
aliquot of reagent water (or TCLP fluid) that has been digested and prepared in the 
same manner as the associated samples.  Quality control criteria for evaluating 
blank results are presented in the analytical SOP. 
 


9.2 Matrix Spike/Matrix Spike Duplicate (MS/MSD):  One matrix spike sample pair 
is prepared per twenty field samples of like matrix that are processed as a unit.  
Sometimes referred to as a laboratory fortified matrix (LFM) sample (Method 
200.7). 


 
NOTE: For samples to be analyzed by 200 series methods (i.e., 200.2, 


200.7, 200.9, etc.), the MS/MSD are prepared with a frequency 
of 1 per 10 samples of like matrix.   


 
The matrix spike samples consist of additional aliquots of a particular field 
sample that are spiked and digested/prepared in the same manner as the associated 
samples.  Quality control criteria for evaluating MS/MSD results are presented in 
the analytical SOP.  Guidance regarding the identity and amount of spike solution 
to be used is presented below: 
 


Procedure / Method 
Spiking Solution 


Used 
Amount of 
Spike Used 


Final Vol. 
of Digestate 


3005A / Total Recoverable 
Metals - ICAP 


Spike Solution Z  
C Spike            


Cation Spike 


1.0 mL   
0.25 mL  
1.0 mL 


50 mL 


 


3010A / Total Metals - ICAP 


 


Spike Solution Z  
C Spike            


Cation Spike 


1.0 mL  
0.25 mL   
1.0 mL 


50 mL 
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Procedure / Method 
Spiking Solution 


Used 
Amount of 
Spike Used 


Final Vol. 
of Digestate 


200.2 / Total Recoverable 
Metals - ICAP (Waters) 


Spike Solution Z  
C Spike         


Cation Spike 


1.0 mL    
0.25 mL 
1.0 mL 


50 mL 


 


3050 / Soils for ICAP 


 


Spike Solution Z  
C Spike         


Cation Spike 


2.0 mL  
0.50 mL  
2.0 mL  


100 mL 


 


CLP 4.0 / for Solid CLP-SPK-1 


CLP-SPK-4 


0.20 mL 


0.20 mL 


200 mL 


 


CPL 4.0 / for Waters 


 


CLP-SPK-1 


CLP-SPK -4 


0.10 mL 


0.10 mL 


100 mL 


 


 
   NOTE: Spikes may vary per client’s request. 
 


9.3 Laboratory Control Sample (LCS):  One laboratory control sample is prepared per 
twenty field samples of like matrix that are processed as a unit.  Referred to as a 
laboratory fortified blank (LFB) in Method 200.7.  The LCS (LFB) sample 
consists of an aliquot of reagent water, TCLP fluid, or a certified, commercially 
prepared, spiked solid that is digested and prepared in the same manner as the 
associated samples. Quality control criteria for evaluating LCS (LFB) results are 
presented in the analytical SOP.  Guidance regarding the identity and amount of 
spike solution to be used is presented below: 


 
 


Procedure / Method 
Spiking Solution 


Used 
Amount of 
Spike Used 


Final Vol. 
of Digestate 


3005A / Dissolved Metals - 
ICAP 


Spike Solution Z  
C Spike         


Cation Spike 


1.0 mL   
0.25 mL  
1.0 mL 


50 mL 


 


200.7 / Dissolved Metals - 
ICAP 


Spike Solution Z  
C Spike         


Cation Spike 


1.0 mL   
0.25 mL  
1.0 mL 


50 mL 


 


3005A / Total Recoverable 
Metals - ICAP 


Spike Solution Z  
C Spike         


Cation Spike 


1.0 mL   
0.25 mL  
1.0 mL 


50 mL 
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Procedure / Method 
Spiking Solution 


Used 
Amount of 
Spike Used 


Final Vol. 
of Digestate 


3010A / Total Metals - ICAP 


 


Spike Solution Z  
C Spike         


Cation Spike 


1.0 mL  
0.25 mL   
1.0 mL 


50 mL 


 


200.2 / Total Recoverable 
Metals - ICAP (Waters) 


Spike Solution Z  
C Spike         


Cation Spike 


1.0 mL    
0.25 mL 
1.0 mL 


50 mL 


 


3050 / Soils for ICAP 


 


Spike Solution Z  
C Spike         


Cation Spike 


2.0 mL  
0.50 mL  
2.0 mL  


100 mL 


CLP 4.0 / for Solid Solid LCS 1.0 g 200 mL 


CLP 4.0 / for Waters 


 


Spike Solution Z  
C Spike         


Cation Spike 


2.0 mL  
0.50 mL  
2.0 mL  


100 mL 


Be Filter Be Filter Spike 
Solution 


0.05 mL 10 mL 


 
NOTE: A commercially prepared solid LCS standard with 


established control limits is used at the client’s request. 
 


9.4 The laboratory duplicate is analyzed as a measure of the precision of the analytical 
results generated.  One duplicate is to be prepared per matrix for each sample 
batch.  Quality control criteria for evaluating laboratory duplicates are presented 
in the analytical SOP. 


 


10. DEVIATIONS FROM THE METHOD 
This SOP meets the requirements of Methods 3005A, 3010, 3020A, 3050B, 200.2, 200.7, 
ILM03.0 and ILM04.0.  There are no known deviations from these methods. 
 


 


11. SAFETY, HAZARDS AND WASTE DISPOSAL 
11.1 SAFETY AND HAZARDS 


11.1.1 The building is equipped with a safety shower, eye wash station, fire 
extinguisher, fire blanket, as well as a first aid kit.  All lab personnel 
must be trained in the use and location of these items. 
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11.1.2 Read the MSDSs before preparing standards or using any solvents or 


reagents for the first time. 
 
11.1.3 Wear gloves, safety glasses, and lab coat when working with any 


chemical materials (e.g., standards, solvents, reagents, or samples), 
handling materials or equipment potentially contaminated with 
chemicals or within a laboratory area. 


 
11.1.4 Any chemicals with a Threshold Limit Value (TLV) of less than 50 ppm 


shall be worked with  in a  laboratory fume hood (e.g., solvents  and 
acids).  All flammable compounds must be kept away from ignition 
sources. 


 
11.1.5  Any non original containers used  to hold reagents (e.g., wash bottles or 


automatic dispenser bottles) shall be labeled at a minimum with 
compound name,  NFPA Health, Flammability and Reactivity ratings, 
and date. 


 
11.1.6 Food and drink are prohibited in all lab areas. 


 
11.2 WASTE DISPOSAL 


11.2.1 The sample digestates shall be disposed of in the Aqueous Laboratory 
Waste (Profile #AK6966). 


 
11.2.2   All empty solvent bottles are disposed of according to the appropriate 


SOPs.  Please note that all labels and markings must be defaced prior 
to disposal. 


 


12. REFERENCES 
12.1 USEPA SW-846, Test Methods For Evaluating Solid Waste - Physical/Chemical 


Methods, 3rd edition, Final Update III, December 1996.  
 
12.2 USEPA 600/R-94/111, Methods for the Determination of Metals in 


Environmental Samples, May 1994. 
 
12.3 USEPA Contract Laboratory Program (CLP) Statement of Work (SOW) for 


Inorganics Analysis (Multi-Media, Multi-Concentration), ILM04.0. 
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Appendix A 
 
 The weight of the final volume of digestate for each digestion procedure was 


determined by digesting 5 method blanks and weighing the digestates after 
bringing to volume in a volumetric flask.  The method blanks were placed in a 
variety of positions on the steam bath.  Results for each digestion method are 
tabulated below. 


 
 Weight of digestate in grams. 


 SW3050 SW3005 SW3010 EPA200.2 CLP H2O CLP Soil 
 104.8 51.15 52.53 50.36 100.83 206.95 
 104.72 51.18 52.32 50.49 100.86 206.83 
 105.05 51.21 52.43 50.34 100.81 206.85 
 105.2 51.18 52.39 50.35 100.88 207.05 
 105.6 51.18 52.28 50.33 100.79 207.08 
 105.38 51.21 52.36 50.38 100.83 206.98 
 105.02 51.16 52.41 50.41 100.84 206.93 
Ave Weight 105.11 51.18 52.39 50.38 100.83 206.95 
%RSD 0.3 .04 .15 .11 .03 .05 
Volume (mL) 100 50 50 


 
50 100 200 
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HISTORY:  Rev 0;  Rev 1, 02/17/94;  Rev 2, 03/25/969;  Rev 3, 10/30/96;  Rev 4, 10/06/99;  Rev 5, 03/07/01.   
dbh 
 
1.0 SCOPE AND APPLICATION 


This standard operating procedure (SOP) and the methods it references -- Methods 
6010B, CLP ILM04.0, and 200.7 (trace ICP) -- are used to determine the concentration of 
total or dissolved metals in prepared liquid and solid samples.  Analytes are viewed 
axially, providing detection limits for many analytes similar to that which can be achieved 
using Graphite Furnace Atomic Absorption (GFAA) analysis. 
 
The following elements are routinely determined using these methods: Al, Sb, As, Ba, 
Be, Cd, Ca, Cr, Co, Cu, Fe, Pb, Mg, Mn, Ni, K, Se, Ag, Na, Tl, V, Zn. 
 


2.0 SUMMARY OF METHOD 
Lquid and solid matrix samples or extracts are digested and prepared prior to analysis in 
accordance with EPA Methods 3005, 3010, 3050, 200.7 or CLP SOW ILM04.0 per 
Paragon SOP 806.  A computer controlled Thermo Jarell Ash Model 61E Inductively 
Coupled Argon Plasma (ICAP) trace analyzer is used to accomplish the analyses.  A 
matrix-matching technique is generally employed where field-filtered, acidified samples 
are not digested prior to analysis. 
 
Samples or sample digestates are aspirated into the ICAP instrument, into a high 
temperature argon plasma stream.  Radio frequencies are generated to induce excitation 
of the plasma stream which causes constituent elements contained in the sample to emit 
light at characteristic wavelengths.  A grating spectrometer is used to disperse the 
resulting spectra.  The light emissions are received using a photomultiplier tube, which in 
turn transmits a signal to the data acquisition system.  The software of the data acquisition 
system interprets the signal by comparing it to a previously calibrated standard curve.  
The data are then further manipulated in the reporting process to incorporate such factors 
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as dilution and percent solids (i.e., dry weight adjustment). 
 


3.0 RESPONSIBILITIES 
3.1 It is the responsibility of the analyst to perform the analysis according to this SOP 


and to complete all documentation required for review. 
 
3.2 Analysis and interpretation of the results are performed by personnel in the 


laboratory who have demonstrated the ability to generate acceptable results 
utilizing this method.  This demonstration may come in the form of 
supervisory/training review, results of precision and accuracy tests performed, or 
the successful completion of an unknown proficiency evaluation test. 


 
3.3 Final review and sign-off of the data are performed by the department supervisor 


or designee.  Initialing and dating the file indicates that this review for precision, 
accuracy, completeness, and reasonableness is complete and satisfactory.  Any 
errors that are found require corrective action, which includes notification to the 
technician/analyst who performed the work and documentation of measures taken 
to remediate the data. 


 
3.4 It is the responsibility of all personnel who work with samples involving this 


method to note any anomalies or out-of-control events associated with the analysis 
of the samples.  Any discrepancies must be noted and corrective action taken and 
documented. 


 
4.0 INTERFERENCES 


4.1 Spectral interferences are caused by: (1) overlap of a spectral line from another 
element at the analytical or background measurement wavelengths; (2) unresolved 
overlap of molecular band spectra; (3) background contribution from continuum 
or recombination phenomena; and (4) stray light from the line emission of high 
concentration elements.  Spectral overlap may be compensated for by computer-
correcting the raw data after monitoring and measuring the interfering element 
(see Section 8.5 for a description of this correction).  Background contribution and 
stray light may usually be compensated for by a background correction adjacent to 
the analyte line. 


 
4.2 Physical interferences are effects associated with the sample nebulization and 


transport processes.  Changes in viscosity and surface tension may cause 
significant inaccuracies, especially in samples containing high dissolved solids or 
high acid concentrations.  If physical interferences are present, then they must be 
reduced by diluting the samples. 


 
4.3 Chemical interferences include molecular compound formation, ionization effects,  
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and solute vaporization effects.  The most significant potential interference in the 
Trace ICP instrument is ionization effects caused by varying levels of easily 
ionized elements in samples and standards.  The ionization effects can be reduced 
by adding a constant amount of an easily ionized element (such as lithium) as an 
“ionization buffer” to all solutions.  The lithium is added using a peristaltic pump 
that delivers a constant flow of lithium solution to the sample delivery tubing 
through a “T” connector. 


 
5.0 APPARATUS AND MATERIALS 


5.1 Autosampler:  Thermo Jarrell Ash Model AS3000 or equivalent. 
 
5.2 ICAP:  An argon plasma trace analyzer (Thermo Jarrell Ash ICAP 61E or 


equivalent), set to simultaneous operating conditions and containing the 
following: 


 
� an axially mounted torch 
 
� an R.F. (radio frequency) generator; set at 27.12 MHz, 2 kW (i.e., 


an inductively coupled argon plasma excitation source) 
 
� holographic grating, 2400 grooves/nm, blazed at 500 nm 


 
� a 0.75 meter Rowland Circle spectrometer (polychromator) or 


equivalent, with Paschen-Runge mount and capable of accepting 
up to 63 channels 


 
� an automated instrument control and data acquisition system (CUI 


486 personal computer or equivalent) capable of providing various 
(i.e., background, interelemental) corrections 


 
�  Thermospec software or equivalent 


 
5.3 Volumetric flasks of suitable precision and accuracy. 


 
 5.4 Volumetric pipets of suitable precision and accuracy. 
 
6.0 REAGENTS 


6.1 Hydrochloric Acid (HCl), concentrated, trace metals grade 
 
6.2 Nitric Acid (HNO3), concentrated, trace metals grade 
 
6.3 Reagent Water, double-deionized, obtained from the Milli-Q system 
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6.4 Liquid Argon, 99.99% pure 
 
6.5 STANDARDS 


 
NOTE: All standard solutions are prepared, documented, and stored in 


accordance with Paragon SOPs 300, 301 and 304.  All standard 
solutions are to be contained in fresh (previously unused) 
polypropylene bottles. 


 
6.5.1 Individual Elemental Standards, 10,000 µg/mL:  First source, purchased as 


certified solutions of 99.99% purity or greater. Records of vendor supplied 
certificates of analysis must be maintained by the department.   
Individual elemental standards may be retained for up to one year, 
replaced sooner if degradation occurs. 


 
6.5.2 Mix 1 Intermediate  (for preparation of Reporting Limit Standard):  Made 


by the dilution of vendor purchased individual elemental standard.  May 
be retained for up to 6 months, replaced sooner if degradation occurs. 


 
6.5.3 Mix 2 Intermediate  (for preparation of Reporting Limit Standard):  Made 


by the dilution of vendor purchased individual elemental standard.  May 
be retained for up to 6 months, replaced sooner if degradation occurs. 


 
6.5.4 Intermediate Mix B Solution:  Made by the dilution of vendor purchased 


individual elemental standard.  May be retained for up to 6 months, 
replaced sooner if degradation occurs. 


 
6.5.5 Mix A High Standard:  Made by the combination and dilution of vendor 


purchased Al, Ca, Mg, Fe, Na and K individual elemental standards.  May 
be retained for up to 6 months, replaced sooner if degradation occurs.  
Contains 500 µg/mL Ca, Mg, Al; 200 µg/mL Fe and 100 µg/mL Na, K. 


 
6.5.6 Mix B High Standard:  Made daily by diluting 5 mL of Intermediate Mix 


B Solution (6.5.4) and 5 mL of Ag Solution (10 µg/L) to 25 mL final 
volume with acidified reagent water.  May be retained for up to 6 months, 
replaced sooner if degradation occurs.  Contains 10 µg/mL Se, As, Zn, Cr, 
Cu, Ni, Tl, Ba, Mn, Cd, Co, V, Be and Pb and 2 µg/mL Ag, Sb. 


 
6.5.7 Calibration Standard Mix A 1/2:  Made daily by diluting 5 mL of the Mix 


A High Standard to 10 mL final volume with acidified reagent water. 
 







PARAGON ANALYTICS, INC. 
SOP 807   REV 5 


PAGE 5 OF 17 
 
 
 


 


 
CONFIDENTIAL 


6.5.8 Calibration Standard Mix A 1/10:  Made daily by diluting 1 mL of Mix A 
High Standard to 10 mL final volume with acidified reagent water. 


 
6.5.9 Calibration Standard Mix A 1/100:  Made daily by diluting 1 mL of 


Calibration Standard Mix A 1/10 to 10 mL final volume with acidified 
reagent water. 


 
6.5.10 Calibration Standard Mix B 1/10:  Made daily by diluting 1 mL of the Mix 


B High Standard to 10 mL final volume with acified reagent water. 
 
6.5.11 Calibration Standard Mix B 1/100:  Made daily by diluting 1 mL of the 


Calibration Standard Mix B 1/10 to 10 mL final volume with acidified 
reagent water. 


 
6.5.12 Reporting Limit Standard: Made daily by diluting 0.5ml of Mix 1 


Intermediate (6.5.2), 0.025ml of Mix 2 Intermediate (6.5.3), and 0.1ml of 
Ag solution (10 µg/mL) to a 100ml final volume with acidified reagent 
water to yield the following: 


 
  Element    Concentration (µg/mL) 
  Ca, Mg, K, Na     1.0 
  Al                 0.2 
  Ba, Fe      0.1 
  Ni, Sb, Zn        0.02 
  Ag, Co, Cr, Cu, Mn, V, As, Tl  0.01 
  Be, Cd, Se        0.005 
  Pb         0.003 
 
6.5.13 Continuing Calibration Verification (CCV) Standard: Second source, 


purchased as certified commercially prepared stock solutions (QC 19, 
QC7) and individual elemental standards, combined and diluted for use to 
yield the following: 


 
  Element    Concentration (µg/mL) 
  Al, Ca, Mg     50.5 
  Fe, Na                 20.5 
  K      20.0 
  Ag, Ba, Be, Cd, Co, Cr, Cu, Mn    0.50 
  Ni, Sb, V, Zn, As, Pb, Se, Tl     0.50 


 
Used as a second source verification standard.  May be retained for up to 6 
months, replaced sooner if degradation occurs.  
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6.5.14 Initial Calibration Verification (ICV) Standard:   Second source, prepared 


by diluting the CCV Standard 1:2 with acidified reagent water. May be 
retained for up to 6 months, replaced sooner if degradation occurs.  


 
6.5.15 Low Concentration Test Solution (CRI Standard):  Prepared at a 


concentration level approximately 2X the analyte reporting limit. 
 
6.5.16 Interelement Interference Check Standard A (ICSA):  Purchased as a 


certified commercially prepared stock solution (records of vendor 
supplied certificates of analysis must be maintained by the department) 
and diluted ten-fold with acidified reagent water to yield the following: 


 
  Element    Concentration (µg/mL) 
  Al, Ca, Mg             500 
  Fe              200 


 
May be retained for up to 6 months, replaced sooner if degradation occurs. 
  


6.5.17 Interelement Interference Check Standard B (ICSAB):  Created by the 
dilution of several purchased commercially prepared certified solutions. 
Diluted for use (as shown) to yield the following: 


 
  Element    Dilution of Stock       Concentration (µg/mL) 
  Al, Ca, Mg      10X         500 
  Fe       10X         200 
  Pb, Cd, Zn, Ni, Ag              100X             1.0 
  Ba, Be, Co, V, Cr, Cu, Mn       100X   0.5 
  Sb, As, Se, Tl         2000X   0.5 


 
May be retained for up to 6 months, replaced sooner if degradation occurs.  
 


6.5.18 Interelement Interference Check Standard B (ICSAB) for ILM04.0:  
Contains As, Sb, Se, Tl, Pb and Ag in concentrations different from the 
standard described above.  Created by the dilution of purchased multi-
elemental intermediate certified solutions. Diluted to yield the following: 


 
  Element      Concentration (µg/mL) 
  Al, Ca, Mg             500 
  Fe              200 
  Cd, Zn, Ni               1.0 
  Ba, Be, Co, V, Cr, Cu, Mn          0.5 
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  Sb          0.6 
  Ag        0.2 
  As, Tl        0.1 
  Pb, Se        0.05 


 
May be retained for up to 6 months, replaced sooner if degradation occurs.  


 
7.0 SAMPLE COLLECTION, PRESERVATION, HANDLING AND HOLDING TIMES 


7.1 Samples must be collected according to an approved sampling plan. 
 
7.2 Liquid samples are collected in plastic or glass containers and must be chemically 


preserved with nitric acid to pH < 2.  Samples for dissolved metals analyses 
should be filtered in the field prior to chemical preservation.  Unfiltered samples 
must be maintained at 4 °C  (+ 2 °C).  Aqueous metals samples must be prepared 
and analyzed within 180 days of collection. 


 
7.3 Solid samples are collected in plastic or glass containers.  Solid samples are not 


chemically preserved and must be maintained at 4 °C (+ 2 °C).  Solid metals 
samples must be prepared and analyzed within 180 days of collection.  


 
8.0 PROCEDURE 


8.1 THERMOSPEC METHOD 
 The instrument is computer controlled.  A method named “6010I” has been 


developed for sample analysis.  A printout with required information in the 
“6010I” method is available in the instrument laboratory.  The “6010I” method 
contains information that is needed to: 


 
   � set the plasma and nebulizer gas flow rate 
   � set the sample pump rate 
   � set the plasma power 
   � calibrate the instrument 
   � perform interelement spectral interference corrections 
   � analyze samples and quantitate concentrations 
   � store data electronically 
 
8.2 OPERATION CHECKLIST 


8.2.1 Press instrument reset button ( front, controller panel) 
 
8.2.2 Turn on monitor, printer, and computer (in that order) and type 1 to enter 


the TJA software 
 
8.2.3 Perform regular maintenance check (see Section 8.7) 







PARAGON ANALYTICS, INC. 
SOP 807   REV 5 


PAGE 8 OF 17 
 
 
 


 


 
CONFIDENTIAL 


 
8.2.4 Connect pump tubing 
 
8.2.5 Turn up “purge optics’ gas flow to approximately 3 L/min. 
 
8.2.6 Access control panel (press Ctrl F6) 
 
8.2.7 Turn on nebulizer gas (set to 25 psi) 
 
8.2.8 Turn on sample pump (set to 125 rpm) 
 
8.2.9 Allow nebulizer and pump to run several minutes 
 
8.2.10 Press “start up” 
 
8.2.11 Press “continue”.  The plasma will start automatically 
 
8.2.12 Set up the autosampler table by selecting “autosampler setup” from the 


operations menu.  Include in the table, all standards, samples and quality 
control samples to be analyzed 


 
8.2.13 Enter “analysis” mode and choose “6010I” as the method 
 
8.2.14 Perform  a polychromator profile using a 1 ppm As solution. Adjust the 


profile if necessary following the on screen instructions 
 
8.2.15 Perform a scan while aspirating a solution containing 1 ppm As and Se..  


Record As and Se signals in maintenance logbook 
 
8.2.16 A multi-point calibration curve consisting of a minimum of three analyte 


concentrations and a calibration blank are used for all elements. 
 


8.2.16.1    Delete the previous calibration data from the 6010CAL file. 
 
8.2.16.2 Using “Calibration Analysis” in the development menu, analyze 


Reporting Limit Standard, Mix A High, Mix A (1/2), Mix A 
(1/10), Mix A (1/100), Mix B High, Mix B (1/10),  Mix B 
(1/100), and STD-Blank. 


 
8.2.16.3   Curve fit each element by selecting “Calibration Curvefit” from 


the development menu and follow on screen instructions. 
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8.2.17 Enter data file name where data is to be electronically stored by selecting 
“Method Info” from the development/methods menu.  The files are 
designated as follows:  TYMMDDA; where T = Trace ICP; Y = last 
number in current year; MM = month; DD = day; A = calibration run of 
the day. 


 
8.2.18 Begin analytical sequence by choosing “Autosampler” from Analysis 


menu and following on-screen instructions. 
 
8.2.19 The typical autosampler analytical sequence is listed below along with 


brief descriptions of each solution. 
 


Autosampler 
Run Number 


Solution 
Name 


 
Description 


1 STD-
Blank 


Low point calibration standard for all elements.  
Cannot contain detections above the analyte reporting 
limit. 


2 Mix B High point calibration standard for Ag, Sb, Ba, Be, 
Cd, Co, Cu, Mn, Ni, V, Zn, As, Pb, Se, Tl.  Other 
calibration standards are analyzed separately before 
the autosampler sequence is initiated. 


3 Mix A High point calibration standard for  Ca, Mg, Al, Fe, 
Na, Cr.  Other calibration standards are analyzed 
separately before the autosampler sequence is 
initiated. 


4 Mix A Reanalysis of the highest calibration standard for Mix 
A elements.  Processed as a sample. 


5 Mix B Reanalysis of the highest calibration standard for Mix 
B elements.  Processed as a sample. 


6 ICV Initial Calibration Verification check standard for all 
elements (second source).  Must yield results within 
90 - 110% of calibration.  This solution is also the 
Instrument Performance Check (IPC) and Quality 
Control Standard (QCS) required by Method 200.7.  
For Method 200.7, results must be within 95 - 105% 
of calibration.  Cause of failure must be determined 
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Autosampler 
Run Number 


Solution 
Name 


 
Description 
and corrected and the instrument recalibrated. 


7 ICB Initial Calibration Blank.  Must be run following the 
multi-point calibration and before any samples are 
analyzed.  Cannot contain analyte concentrations 
above the analyte reporting limit (above the Contract 
Required Detection Limit - CRDL - for ILM04.0 
analyses). 


8 ICSA Interference Check Solution A (contains high 
concentrations of Ca, Mg, Al, Fe).  Results must 
agree within + 20% of true analyte values. 


9 ICSAB Interference Check Solution B (contains high 
concentrations of Ca, Mg, Al, Fe and low 
concentrations of other elements). Results must agree 
within + 20% of true analyte values. 


10 CRI Required by ILM04.0.  Must be analyzed at the 
beginning and end of each run sequence.  Low 
concentration test solution (approximately two times 
the CRDL). 


11 thru 17 Samples Additional Analytical Samples *. 


18 CCV Continuing Calibration Check standard for all 
elements (second source).  Referred to as the 
continuing performance check standard for Method 
200.7.  Must yield results within 90 - 110% of 
calibration.  Cause of failure must be determined and 
corrected and the instrument recalibrated.  Samples 
following the last acceptable CCV must be 
reanalyzed.   


19 CCB Continuing Calibration Blank.  Must follow CCV 
analyses.  Cannot contain analytes above the reporting 
limit (CRDL for ILM04.0 analyses). 


   


The sequence continues with CCV and CCB analyzed after every 10 analytical 
samples.  All samples following the last acceptable ICV or CCV must be 
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Autosampler 
Run Number 


Solution 
Name 


 
Description 


reanalyzed.   


* Analytical samples include all samples analyzed on the instrument except ICV, 
ICB, CCV and CCB.  The CRI, ICSA and ICSAB along with all samples in the 
sequence and any dilutions, post-spikes (see Section 8.3.3), laboratory and matrix 
spikes, duplicates, serial dilutions and method/preparation blanks are all 
considered to be analytical samples. 


The sequence is closed out with the following solutions:  CRI-T, ICSA, ICSAB. 


 


NOTE:    CRI, ICSA and ICSAB are analyzed at the beginning and end of each 
analytical sequence and every eight hours if the analytical sequence is 
longer than eight hours. 


 
8.2.20 After the analytical sequence is complete, a “header and summary” section 


is produced which includes: 
 


� Standard information including standard indentifications, 
expiration dates, elements and concentrations, and preparation 
procedures. 


� Acid lot numbers. 
� Pipet identification numbers. 
� Dilution information and preparation procedures. 
� Analytical spike information and preparation procedures. 
� Daily and monthly maintenance items performed. 
� Summary page with analytical sequence and elements of 


interest 
 


8.2.21 At the completion of the sequence the instrument is shut down from the 
control panel  (Ctrl f^) by pressing “Shutdown”. 


 
8.2.22 Disconnect pump tubing 
 
8.2.23 Lower “purge optics” gas flow to approximately 1 L/min. 
 
8.2.24 Exit the TJA software to the DOS prompt. 


 
8.3 PREPARATION OF QUALITY CONTROL SAMPLES 
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8.3.1 Calibration Blank (STD-Blank):  An aliquot of reagent water is acidified 
in the same manner as the sample digestates.  This calibration blank is 
used as a component in establishing the calibration curve and is also 
analyzed repeatedly throughout the analytical sequence as the Initial 
Calibration Blank (ICB) and Continuing Calibration Blank (CCB).  To be 
acceptable, the calibration blank cannot contain any analyte above the 
analyte reporting limit. 


 
8.3.2 Method Blank (MB):  Required by Method 6010B.  Referred to as a 


laboratory reagent blank (LRB) or Preparation Blank (PB) and required by 
Method 200.7.  One MB/LRB/PB is prepared per twenty field samples of 
like matrix which are processed as a unit.  The method blank consists of an 
aliquot of reagent water TCLP fluid that has been digested and prepared in 
the same manner as the associated samples. To be acceptable, the method 
blank cannot contain any analyte above the analyte reporting limit. 


 
8.3.3 Matrix Spike (MS) and Duplicate:  For Method 200.7, the matrix spike is 


referred to as a laboratory fortified matrix (LFM) and does not have to be 
prepared in duplicate (a field sample duplicate is prepared instead).  LFMs 
and field sample duplicates are prepared with a frequency of one (each) 
per ten field samples.  For Method 6010B and CLP SOW ILM04.0, one 
matrix spike/matrix spike duplicate (MS/MSD) pair is prepared per twenty 
field samples of like matrix that are processed as a unit. 


 
 Matrix spike samples consist of additional aliquots of a particular field 


sample that are spiked, digested and prepared in the same manner as the 
associated samples. 


 
Matrix spike samples are evaluated in terms of recovery, calculated as 
follows: 


 
     ConcentrationFound - ConcentrationSample 


   %R   =                ConcentrationTarget   x       100 
 


 where: 
 


ConcFound   = analyte concentration found in the MS or MSD sample 
ConcSample  = analyte concentration found in the field sample 
ConcTarget   =  target (anticipated) analyte concentration based on amount spiked


 
 The advisory quality control limits for matrix spiked recovery are: 
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   � + 20%   Method 6010B 
   � + 30%   Method 200.7 
   � + 25%   CLP ILM04.0 
 


For Method 200.7, a post-digestion analytical spike (i.e., sample aliquot is 
spiked after digestion) should be performed when the LFM recovery 
criterion is failed.  Post-digestion analytical spikes should yield results 
within + 25% of expected values ( + 15% for 200.7 analyses). If quality 
criteria are not met for the post-digestion spike, the data are flagged to 
indicate the existence of matrix interferences. 
 
Duplicate analyses are performed as a measure of the precision of the 
analytical results generated.  The Relative Percent Difference (RPD) 
between a sample results and that of its duplicate should not be greater 
than 20%.  RPD is calculated as shown below: 


 
       
   RPD (%) =  | Resultx - ResultDup |      X    100 
        (Resultx + ResultDup)      


             2 
 


Advisory acceptance criteria for all spikes and duplicates should be met.  
If matrix spiked recovery or RPD criteria are not met, results of the 
laboratory control sample (LCS) analyses must be carefully considered.  If 
LCS results are acceptable, a sample matrix interference is suspected and a 
notation in the narrative comments is made.  


 
8.3.4 Laboratory Control Sample (LCS):  One laboratory control sample is 


prepared per twenty field samples of like matrix that are processed as a 
unit.  Referred to as a laboratory fortified blank (LFB) in Method 200.7.  
The LCS (LFB) sample consists of an aliquot of reagent water, TCLP fluid 
or a purchased, commercially prepared, spiked solid that is digested and 
prepared in the same manner as the associated samples. 


 
 LCS (LFB) samples are evaluated in terms of recovery (calculated as 


shown above).  The acceptance limits for LCS recoveries are: 
 
  � + 20%   Method 6010B, CLP ILM04.0 (aqueous samples) 
  � + 15%   Method 200.7 
  � vendor-provided Method 6010B, CLP ILM04.0 (solids) 
 All samples associated with a failed LCS must be redigested and 


reanalyzed. 
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8.3.5 Serial Dilution Sample:  A 1:5 serial dilution of an additional sample 
digestate is prepared per twenty field samples of like matrix that are 
processed as a unit.  If analyte concentrations are sufficiently high (at least 
50X the instrument detection limit), the results of the dilution test should 
agree within + 10 % of the undiluted results.  Sample analyte results 
failing this test should be flagged indicating the existence of matrix 
interferences. 


 
8.4 LINEAR RANGE 
 The element concentrations in the Mix A and Mix B High Standards define the 


upper end of the analytical range.  Samples whose concentration exceed the 
calibration range must be diluted to bring their concentrations within the known 
calibration range of the instrument. 


 
8.5 INTERELEMENT SPECTRAL INTERFERENCE CORRECTIONS 


Interelement spectral interferences are determined by analyzing a solution that 
contains a high concentration of a potentially interfering element and observing 
the “apparent” concentration arising from the solution in other element channels.  
Interelement interference correction factors are calculated from these 
observations.  For example:  a 500 ppm Al solution produces an apparent Pb 
concentration of 0.15 ppm.  The interelement correction factor K is calculated as 
follows: 
 


K
Apparent Conc in ppm


Conc of Interfering element in ppm
=


.
.


 


 
In this example, K  =  0.15 / 500  =  0.00030. 
 
The interelement correction factor K is the amount of interference produced by 1 
ppm of the interfering element on the element being interfered with.  Interference 
correction factors are used by the Thermospec software to calculate corrected 
concentrations using the following equations: 


 
( )Corrected Conc ppm Uncorrected Conc ppm K Conc of Interfering Element ppm. ( ) . ( ) * . ( )= −


 
 High concentrations of elements (such as Fe and Al in solid digestates) are the 


most likely sources of significant spectral interferences.  The ICSA and ICSAB 
are analyzed at the beginning and end of each analytical sequence to verify that 
the spectral interferences arising from Al, Fe, Ca, and Mg are being corrected 
properly.  An interelement interference study is conducted every six months by 
analyzing single element solutions of each analyte at high concentrations.  The 
study is used to verify or update interelement interference correction factors.  
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Because the instrument is a direct reading polychromator with fixed detectors, 
interelement interference correction factors usually remain quite constant. 


 
8.6 RUN LOG 
 The following information regarding each day’s analyses is recorded in the 


instrument run logbook: 
 
    � date of analysis 
    � analyst’s initials 
    � work order number 
    � sample ID 
    � data file name 
 
 A section for comments is also provided.  Standard intensities for Ba, Cu and Mn, 


as well as the Hg lamp profile intensity for each sequence, are also be recorded in 
the instrument run logbook.  These recordings are used to verify that operating 
conditions remain the same.  If a variation or trend is noticed in intensity readings, 
the cause should be determined and corrected if necessary. 


 
8.7 REGULAR MAINTENANCE ITEMS 


The following items should be checked prior to each run to ensure the instrument 
is in good working order. 


 
  � check argon level; reorder as needed 
  � check printer, paper supply and ribbon; replace as    


  needed 
  � check filters on rear of instrument and vacuum    


  monthly 
  � check water level in drain bottle and empty if    


  necessary 
  � check pump tubing -- replace when tubing loses    


  or becomes discolored 
  � check that the previous day’s work is properly    


  recorded and processed 
 
 There is a section in the raw data header information where the Regular 


Maintenance items may be initialed as completed. 
 
8.8 MAINTENANCE LOG 
 A maintenance logbook is used to record all information concerning instrument 


maintenance that is not covered by the daily and monthly maintenance items 
described above.  This logbook is used to document all repairs and the symptoms 
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of the problems. 
 
9.0 QUALITY CONTROL 


9.1 Various quality control samples and acceptance criteria are presented in Sections 
8.2 and 8.3. 


 
9.2 A method detection limit (MDL) study consisting of the analysis of a minimum of 


seven replicate aliquots of target analytes at concentration levels 3 - 5 times the 
anticipated detection limit, shall be performed as needed and at a minimum, 
annually. 


 
9.3 Instrument detection limits (IDLs) reflect instrument capability and are 


determined per CLP protocol.  These studies are performed quarterly. 
 
10.0 DEVIATIONS FROM THE METHOD 


This SOP meets the requirements of Methods 6010B, CLP SOW ILM04.0 and 200.7. 
There are no known deviations from these methods. 
 


11.0 SAFETY, HAZARDS AND WASTE DISPOSAL 
11.1 SAFETY AND HAZARDS 


11.1.1 The building is equipped with a safety shower, eye wash station, fire 
extinguisher, fire blanket, as well as a first aid kit.  All lab personnel 
must be trained in the use and location of these items. 


 
11.1.2 Read the MSDSs before preparing standards or using any solvents or 


reagents for the first time. 
 
11.1.3 Wear gloves, safety glasses, and lab coat when working with any 


chemical materials (e.g., standards, solvents, reagents, or samples), 
handling materials or equipment potentially contaminated with 
chemicals or within a laboratory area. 


 
11.1.4 Any chemicals with a Threshold Limit Value (TLV) of less than 50 ppm 


shall be worked with  in a  laboratory fume hood (e.g, solvents  and 
acids).  All flammable compounds must be kept away from ignition 
sources. 


 
11.1.5  Any non original containers used  to hold reagents (e.g., wash bottles or 


automatic dispenser bottles) shall be labeled at a minimum with 
compound name,  NFPA Health, Flammability and Reactivity ratings, 
and date. 


 







PARAGON ANALYTICS, INC. 
SOP 807   REV 5 
PAGE 17 OF 17 


 
 
 


 


 
CONFIDENTIAL 


11.1.6 Food and drink are prohibited in all lab areas. 
 


11.2 WASTE DISPOSAL 
11.2.1 The sample digestates shall be disposed of in the Aqueous Laboratory 


Waste (Profile #AK6966). 
 
11.2.2   All empty solvent bottles are disposed of according to the appropriate 


SOPs.  Please note that all labels and markings must be defaced prior 
to disposal. 


 
12.0 REFERENCES 


12.1 USEPA SW-846, Test Methods For Evaluating Solid Waste - Physical/Chemical 
Methods, 3rd edition, Final Update III, Method 6010B, Revision 2, December 
1996.  


 
12.2 USEPA 600/R-94/111, Methods for the Determination of Metals in 


Environmental Samples, Method 200.7, Revision 4.4, May 1994. 
 
 
12.3 USEPA Contract Laboratory Program (CLP) Statement of Work (SOW) for 


Inorganics Analysis (Multi-Media, Multi-Concentration), ILM04.0. 
 
12.4 Operator’s Manual, ICAP 61, Thermo Jarrell Ash, January 1988. 
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History:   Rev. 0,  3/18/93; Rev. 1, 1/17/94, PCN #84; Rev. 2, 9/26/94, PCN #262; Rev. 3, 1/13/95; Rev. 4, 3/31/96; 
Rev. 5, 5/07/97; Rev. 6, 03/01/99; Rev 7, 03/07/01.   dbh 


1. SCOPE AND APPLICATION 


1.1. This standard operating procedure (SOP) describes the digestion procedures and 
instrument analysis of all matrices for mercury. 


2. SUMMARY 


2.1. Waters analyzed by methods SW-846-7470A, EPA 245.1, CLP 3.0, CLP 4.0, and 
TCLP leachates are digested using the same procedure.   


2.2. A weighed portion of sample is digested using acids, potassium permanganate and 
potassium persulfate for liquid samples and soil CLP samples.  Aqua-regia and 
potassium permanganate are used for digesting SW-846-7471A soil samples.  
After digestion, and the addition of hydroxlyamine sulfate, the digestate is 
analyzed using a cold vapor mercury atomic absorption  spectrometer.  The 
mercury is reduced to the elemental state by the addition of stannous chloride.  
The mercury vapor passes through a cell in the light path of an atomic absorption 
lamp which emits light at 253.7 nm.  The 253.7 nm light is absorbed in proportion 
to the concentration of Hg atoms in the cell.  The absorbance is measured as a 
function of mercury concentration by running a series of standards with each 
batch of samples. 


2.3. The typical reporting limit for this method is 0.0002 mg/L. 
 


PARAGON ANALYTICS, INC. 
STANDARD OPERATING PROCEDURE 812    REVISION 7 
 
TITLE: DETERMINATION OF MERCURY BY COLD VAPOR ATOMIC   
  ABSORPTION SPECTROSCOPY  --  METHODS SW7470A, SW7471A,  
  EPA 245.1, ILMO3.0, ILMO4.0 
 
FORM NUMBERS:     NONE 
 
 
APPROVED BY:    
TECHNICAL MANAGER ____________________________________  DATE ____________   
QUALITY ASSURANCE MANAGER __________________________  DATE ____________ 
LABORATORY MANAGER ________________________________ DATE  ______________ 
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3. RESPONSIBILITIES 


3.1. It is the responsibility of the analyst to perform the analysis according to this SOP 
and to complete all documentation required for review. 


3.2. Analysis and interpretation of the results are performed by personnel in the 
laboratory who have demonstrated the ability to generate acceptable results 
utilizing this method  This demonstration may come in the form of 
supervisory/training review, precision and accuracy tests, or the successful 
completion of an unknown proficiency evaluation test. 


3.3. Final review and sign off of the data are performed by the department supervisor 
or designee.  Initialing and dating the file indicates that this review for precision 
accuracy, completeness, and reasonableness is complete and satisfactory.  Any 
errors that are found require corrective action, which includes notification to the 
technician/analyst who performed the work and documentation of measures taken 
to remediate the data. 


3.4. It is the responsibility of all personnel who work with samples involving this 
method to note any anomalies or out-of-control events associated with the analysis 
of the samples.  Any discrepancies must be noted and corrective action taken and 
documented. 


4. INTERFERENCES 


4.1. Possible interference from sulfide is eliminated by the addition of potassium 
permanganate. Concentrations as high as 20 mg/L or 20 mg/kg of sulfide as 
sodium sulfide do not interfere with the recovery of added inorganic mercury from 
reagent water. 


4.2. Copper has also been reported to interfere; however, copper concentrations as 
high as 10 mg/L or 10 mg/kg had no effect on recovery of mercury from spiked 
samples. 


4.3. Samples that contain relatively high amounts of chlorides or oxidizable organic 
material require additional permanganate (as much as 25 mL in a 100 mL final 
volume) because, during the oxidation step, chlorides are converted to free 
chlorine, which also absorbs radiation at 253.7 nm.  Care must be taken to ensure 
that free chlorine is absent before the mercury is reduced and swept into the cell.  
This may be accomplished by using an excess of hydroxylamine sulfate reagent 
(25 mL). 
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4.4. Certain volatile organic materials that absorb at this wavelength may also cause 
interference.  A preliminary run without reagents should determine if this type of 
interference is present. 


4.5. Low level mercury sample preparation, digestion, and analysis may be subject to 
environmental contamination if performed in areas with high ambient 
backgrounds where mercury was previously employed as an analytical reagent in 
analyses such as total Kjeldahl nitrogen (TKN) or chemical oxygen demand 
(COD). 


5. APPARATUS AND MATERIALS 


5.1. Automated Mercury analyzer PS200, Leeman Labs. 


5.2. Mercury hollow cathode lamp. 


5.3. Drying tube -- 6 inch x 3/4 inch diameter tube containing about 20g of magnesium 
perchlorate. 


5.4. Hot plate or water bath -- capable of maintaining a temperature of 95 °C. 


5.5. Disposable 250 mL polypropylene beakers for soils. 


5.6. Disposable 50 mL centrifuge tubes with caps for waters. 


5.7. Pipette  --   adjustable 0.01-0.1 mL. 


5.8. Pipette  -- adjustable 0.10 -1.0 mL. 


5.9. Pipette  --  adjustable. 1.0-5.0 mL. 


5.10. Balance  -- capable of weighing ± 0.01 g. 


6. REAGENTS 
NOTE:    Metal free acids only;  lot # must be verified by the metals department prior to 


the analysis of samples with any new acids. 


6.1. Reagent water, interference free. 


6.2. Sulfuric Acid, concentrated. 


6.3. Nitric acid, concentrated. 
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6.4. Hydrochloric acid, concentrated.  (10% used for rinse solution) 


6.5. Stannous chloride solution -- (10% solution) (w/v)-- dissolve a ratio of 25g of 
stannous chloride with 25 mL of HCl up to a 250 mL final volume with reagent 
water for a final concentration of 10%. 


6.6. Sodium chloride - hydroxylamine sulfate solution -- (12% solution) (w/v)--  
dissolve a ratio of 12 g of sodium chloride and 12 g of hydroxylamine sulfate in 
reagent water and dilute to 100 mL for a final concentration of 12%.   


6.7. Potassium permanganate, mercury-free  --  5% solution (w/v) -- dissolve a ratio of 
5 g of potassium permanganate in 100 mL of reagent water for a final 
concentration of 5%. 


6.8. Potassium persulfate -- (5% solution) (w/v) -- dissolve a ratio of 5 g of potassium 
persulfate in 100 mL of reagent water for a final concentration of 5%. 


6.9. Aqua regia -- 3 parts conc. HCl to 1 part conc. HNO3 (made immediately before 
using).   


6.10. Mercury stock solution; 1000 ug/mL.  Purchased from two separate sources. 


6.11. 10 ug/mL intermediate mercury standards. 


6.11.1. First source: dilute primary source 1000 ug/mL stock solution 1:100 (1 mL 
stock solution diluted to 100 mL with 10% HNO3). 


6.11.2. Second source: dilute secondary source 1000 ug/mL stock solution 1:100 
(1 mL stock solution diluted to 100 mL with 10% HNO3). 


6.12. Spiking solutions (working standards) 


6.12.1. Spiking solution A: 100 ug/L Hg:  This solution is made fresh daily by 
diluting the first source 10 ug/mL Hg Standard 1:100 with DI water. 


6.12.2. Spiking solution B: 100 ug/L Hg:  This solution is made fresh daily by 
diluting the second source 10 ug/mL Hg standard 1:100 with DI water. 


7. SAMPLE COLLECTION, PRESERVATION, AND HANDLING 


7.1. Samples must be collected according to an approved sampling plan. 
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7.2. All sample containers must be prewashed with detergents, acids, and reagent 
water.  Plastic and glass containers are both suitable. 


7.3. Aqueous samples must be acidified to a pH < 2 with HNO3.  The maximum 
holding time for an aqueous sample is 28 days from collection.  Typically, a 1 L 
sample is collected. 


7.4. Non-aqueous samples are not preserved, but are required to be refrigerated at 4 oC 
until analyzed.  Typically, 200 g of solid or waste is collected. 


8. PROCEDURE 


8.1. DIGESTION LOGBOOK 


8.1.1. Two types of digestion logbooks are used, one for water samples and 
another for soil or solid samples.  The reference number for the soil 
digestion form is Form 808.  The reference number for the water digestion 
form is Form 808. 


8.1.2. Header and footer information -- At the time of digestion, the analyst 
should complete the following information in the digestion logbook:  
Digestion Date, Method Used, Digestion Analyst, Spike Witness, Time On 
and Off, Water Bath Temp., Acid and Reagents lot numbers, Balances and 
Pipettes used.  The Analytical Filename, Date Analyzed and Analyst 
information is completed at the time of analysis.  


8.1.3. Standard information -- The information needed to prepare the standard 
curve is pre-printed in the digestion logbook. The concentrations of these 
calibration standards are:  0,0.2,1.0,2.0,5.0,10.0 ppb. 


8.1.4. Sample/Digestate information --  Samples to be digested are written in the 
digestion logbook with complete workorder number.  Blanks, Blank 
spikes, Laboratory control samples, Duplicates, Matrix spikes and Matrix 
spike duplicates are also recorded in the digestion logbook.  Pre-printed in 
the digestion logbook are the ICV and ICB (initial calibration verification 
and blank), the CRA (low level check standard) and the Laboratory 
Control Sample.  After every ten analytical samples (any sample except a 
calibration verification or calibration blank), include in the digestion 
logbook a CCV and CCB (continuing calibration verification and blank).  
Complete the logbook by filling in the remaining columns (Spike solution 
used, volume of spike used, water added, and sample aliquot). 
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8.2. SAMPLE PREPARATION AND DIGESTION (Soils, Solids, and Wastes) 


8.2.1. Label 250 mL disposable polypropylene beakers with solution ID’s as 
found in the digestion logbook. 


8.2.2. For SW-846-7471A digestions, weigh 0.60 g of sample into the 
appropriately labeled beakers.  For CLP digestions, weigh 0.20 g of 
sample into the appropriately labeled beakers.   


8.2.3. An empty beaker (method blank), containing the same reagents used for 
the samples, will be carried through the digestion procedure.   


8.2.4. For SW-846-7471A digestions, the laboratory control sample (LCS) is a 
beaker with a known amount of spike added.  For CLP digestions, the LCS 
is a beaker containing 0.2 g of a vendor supplied soil standard.  The 
certified values and acceptance criteria for these soil standards are based 
on lot numbers and supplied by the vendor.  Both types of LCS’s are 
treated identically to the samples throughout the digestion procedure.  


8.2.5. Spike the standards, check standards and matrix spike samples as 
described in the digestion logbook (spike solution and volume). 


8.2.6. For SW-846-7471A digestions, add 5.0 mL of DI water and 5.0 mL of 
aqua regia (6.9) to each beaker.  For CLP add 2.5 mL concentrated nitric 
acid and 5 mL concentrated sulfuric acid to each beaker.  Place beakers on 
the pre-heated water bath for 2 minutes.  Remove the beakers and cool to 
room temperature. 


8.2.7. Add 50.0 mL of DI water. 


8.2.8. For SW-846-7471A digestions, add 15 mL of 5% potassium permanganate 
solution (6.7).  For CLP digestions, add 8 mL of 5% potassium persulfate 
solution (6.8) and 15 mL 5% potassium permanganate solution (6.7). 


8.2.9. Loosely cover the beakers with polypropylene lids and mix well.  Return 
the beakers to the water bath for 30 minutes.  Remove the beakers and 
allow to cool. 
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8.2.10. Add 6 mL of 12% sodium chloride hydroxylamine sulfate solution (6.6).  
Mix well until the color from the potassium permanganate has 
disappeared.  Bring all standards and samples to 100 mL with DI water.  
The samples are now ready for analysis and should be analyzed within 24 
hours of the addition of the hydroxylamine sulfate. 


8.3. SAMPLE PREPARATION AND DIGESTION (Aqueous samples) 


8.3.1. Label 50 mL disposable centrifuge tubes with solution ID’s as found in the 
digestion logbook. 


8.3.2. Transfer a 20 g aliquot (or smaller aliquot diluted to 20 mL with DI water) 
into the appropriately labeled tube.  Transfer the required amount of DI 
water, as described in the digestion logbook, into the appropriately labeled 
tubes for standards and QC samples.                                                      


8.3.3. Spike the standards, check standards and matrix spike samples as 
described in the digestion logbook (spike solution and volume). 


8.3.4. Add 1.0 mL of concentrated sulfuric acid to each tube. 


8.3.5. Add 0.5 mL of concentrated nitric acid to each tube. 


8.3.6. Add 3.0 mL of 5% potassium permanganate solution to each tube. 


8.3.7. Add 1.6 mL of 5% potassium persulfate solution to each tube.   


8.3.8. Cap the tubes tightly and mix well making sure purple color persists for at 
least  15 min.  If necessary add equal amounts of permanganate to all tubes 
in the batch until color persists for at least 15 min. or realiquot sample at a 
dilution or realiquot sample and put in separate batch.   


8.3.9. Heat the tubes in a pre-heated (95 ± 2 °C) water bath for 2 hours.  Remove 
the tubes from the water bath and allow to cool. 


8.3.10. Add 1.2 mL of 12% sodium chloride hydroxylamine sulfate solution to 
each tube.  Mix well until the color from the potassium permanganate has 
disappeared.  The samples are now ready for analysis and should be 
analyzed within 24 hours of the addition of the hydroxylamine sulfate. 


8.4. MERCURY ANALYSIS (using Leeman Labs Model PS200 automated mercury 
analyzer) 
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8.4.1. Preparing the system 


8.4.1.1. Turn on the mercury lamp (blue button) to allow it to warm up for 
at least one hour. 


8.4.1.2. Initiate the software by typing PS (enter) at the C:\ICP prompt. 


8.4.1.3. Change the drying tube daily.  Loosely pack a clean dry tube with 
fresh magnesium perchlorate. 


8.4.1.4. The pump line should be in 10% stannous chloride and the rinse 
tank should be filled with 10% Hydrochloric acid about fifteen 
minutes before running analytical sequence.  


8.4.1.5. Turn gas on -- From the main menu select Instrument, Operation, 
Rate, On then turn gas on at main tank                                                                 


8.4.1.6. If the instrument has had power totally shut off (i.e. when it is 
unplugged for any reason) power up all components and perform 
the COLD START macro (see 8.4.2.1). 


8.4.1.7. If the instrument is just in the “sleep mode” (i.e. power is still 
being supplied to the instrument) use the WARM START macro 
(see 8.4.2.2). 


8.4.1.8. Change peristaltic pump tubing as needed and tighten down pump 
clamps. 


8.4.2.  Cold start and warm start procedures 


8.4.2.1.Cold Start -- Press the MACRO key (F2) and type COLDSTRT 
and press enter.  The cold start  procedure takes approximately 2 
and 1/2 hours.  The instrument will display a  “operation complete” 
message when the procedure is over.  The instrument is now ready 
for operation. 


8.4.2.2.Warm Start -- Press the MACRO key (F2) and type WARMSTRT 
and press enter.  The warm start procedure takes 10 to 15 minutes.  
The instrument will display a “system ready” message when the 
procedure is over.  The instrument is now ready for operation. 


8.4.3. Software set-up 
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 Note:  To get back to the Main Menu from anywhere in the software, 
press the MENU key (F1). 


8.4.3.1.Name the protocol (CLPSOIL or CLPWATER).  From the main 
menu, select Protocol and then Get.  Type in the protocol (either 
CLPSOIL or CLPWATER) and hit enter.  The software will ask 
you to enter the folder.  The folder is where all electronic data 
acquired will be stored.  Create a folder name based on the date 
and sample matrix.  For example, soils analyzed on January 12 
would have a folder called 0112SOIL.  If this is a new folder, the 
instrument will say “Folder does not exist create? Y/N”.  Press Y. 


8.4.3.2.Reset the calibration intensity data --  From the main menu select 
Calibration, Reset and New calibration reset.  The question “Reset 
all calibration intensity data? Y/N?” will appear.  Press Y and 
enter. 


8.4.3.3.Setting up the autosampler racks -- From the main menu, select 
Autosampler and then Rack entry.  To edit an existing rack,  type 
in the name of the rack (i.e. RACK-1) and press enter.  Press insert 
and from the digestion logbook, type in all samples and QC checks 
to be analyzed and in what order.  Before exiting to the main menu 
hit the PRINT SCREEN (F3) key to print the racks.  Return to the 
main menu. 


8.4.3.4.Check the aperture -- from the main menu, select Utilities and then 
DiaGnostics.  Arrow down to Aperture.  To run the test hit enter.  
Do this about four times.  The aperture should fall between +/- 
100.  If it does, go back to the main menu.  If the aperture is out of 
range, remove the front panel from the instrument.  Locate the two 
screws to the right of the optical cell.  With a screwdriver tighten 
or loosen either of the screws a very small amount.  Test the 
aperture with each change.  Tighten or loosen these screws until 
the aperture falls within range. 


8.4.4. Calibrating the system 


8.4.4.1.Make sure that the six standards have been loaded into the 
standards rack. 
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8.4.4.2.A calibration macro is preprogrammed into the system.  Press 
MACRO (F2) key and a “macro” prompt will appear at the top of 
the screen.  Type CAL246 and press enter.  The calibration 
procedure will begin. 


8.4.4.3.Calibration results are automatically stored.  To review the 
accuracy of the calibration curve, select Calibration from the main 
menu and then select Line.  The curve for the current calibration 
will be displayed. 


8.4.4.4.Determination of acceptable calibration curve -- A R2 value greater 
than 0.995 is acceptable. 


8.4.4.5.If the curve is acceptable, hit Accept.  The new coefficients will be 
stored and you can begin running samples.  Before exiting to the 
main menu hit the PRINT SCREEN (F3) key to print the 
calibration curve on the raw data.   


8.4.4.6.If the curve is not acceptable, try running the calibration sequence 
again and check to be certain the solutions have been mixed well.  
At times the instrument requires a second calibration sequence to 
allow for warming up time.  The analytical batch must be 
redigested if an acceptable calibration curve cannot be obtained. 


8.4.5. Running Samples 


8.4.5.1.After the samples are loaded into their designated tubes and the 
racks are placed on the autosampler, the instrument can begin 
running samples. 


8.4.5.2.Press the SAMPLE (F8) key.  The autosampler set-up menu will 
appear on the screen.  Press “1” for the first station.  Enter the 
name of the rack to be analyzed and hit enter.  Enter the number of 
the tube to be analyzed first and hit enter.  Enter the number of the 
tube to be analyzed last in the sequence and hit enter. 


8.4.5.3.Press the SAMPLE (F8) key again and the instrument will begin 
running samples.  The instrument will print the results and store 
the data in the folder you already specified. 


8.4.6. Shutdown procedures 
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8.4.6.1.After the sample run is complete, an IDLE message will appear at 
the top of the screen.  Change the pump tubing over to deionized 
water bottle and fill the rinse tank with DI water.  Let the 
instrument run like this for approximately 5 minutes. 


8.4.6.2.Shut the mercury lamp off (blue button). 


8.4.6.3.When the pump has run DI water for 5 minutes, remove all lines so 
that air is pumped through the system for 5 minutes.   Select 
Instrument from the main menu and then Operation.  Turn the 
pump off by selecting Instrument; Operation, Rate, Off. 


8.4.6.4.Turn the gas off at the main tank. 


8.4.6.5.Unclamp the pump tubing 


9. QUALITY CONTROL 


9.1. Calibration curve -- The calibration curve consists of 5 standards and a blank and 
must have a r2 value of 0.995 or greater. 


9.2. ICV -- Analyze an initial calibration verification (ICV) after an acceptable 
calibration.  This is a second source check standard near the mid-point of the 
curve, for all but MCAWW, and percent recovery must be 90-110% of the true 
value.  If samples are being analyzed by method 245.1, percent recovery of the 
ICV must be 95-105%.  Also for method 245.1, a second source check standard 
must be analyzed at least quarterly and percent recovery must be 90-110%.  Cause 
of failure must be determined and corrected and the instrument recalibrated. 


9.3. ICB -- Analyze an initial calibration blank after the ICV.  The calculated result of 
the ICB must be less than the reporting limit.  


9.4. CRA -- Analyze a reporting limit standard after the ICB.  The calculated result of 
the CRA must be at the normal reporting limit.  
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9.5. CCV -- Analyze a continuing second source calibration verification (CCV) after 
every ten analytical samples.  An analytical sample is every solution analyzed on 
the instrument except ICV/CCV or ICB/CCB.  A CCV is also analyzed after the 
last analytical sample.  Percent recovery of the CCV must be 80-120% of the true 
value.  If samples are being analyzed by method 245.1, percent recovery of the 
CCV must by 90-110%.  Cause of failure must be determined and corrected and 
the instrument recalibrated.  Samples following the last acceptable CCV must be 
reanalyzed.   


9.6. CCB -- Analyze a continuing calibration blank after every CCV.  The calculated 
result of the CCB must be less than the reporting limit. 


9.7. LCS -- One laboratory control sample is analyzed with each batch of 20 or fewer 
field samples. Percent recovery of the LCS must be 80-120% unless solid LCS is 
used.  If samples are being analyzed by method 245.1, percent recovery of the 
LCS must be 85-115%.  Samples associated with a failed LCS must be redigested 
and reanalyzed. 


9.8. Duplicate -- One matrix duplicate is analyzed with each batch of 20 or fewer field 
samples.  One in 10 for method 245.1. 


9.9. MS/MSD -- One matrix spike and one matrix spike duplicate are analyzed with 
each batch of 20 or fewer field samples.  One in 10 for method 245.1. 


9.10. TCLP leachates have associated blanks which are carried through the tumbling 
process with designated samples.  These blanks are analyzed as though they are 
samples.  Calculated results for these blanks must be less than the reporting limit. 


9.11. Blank spikes are prepared for TCLP leachate samples using the blanks which were 
carried through the tumbling process.  Two different fluids (determined by pH of 
the sample) may be used for TCLP extraction.  These fluids are termed fluid #1 
and fluid #2.  One TCLP blank spike is analyzed for each fluid type present per 
batch of 20 samples or less.  


9.12.  Matrix spikes (MS) and matrix spike duplicates (MSD) are run with each batch 
of 20 samples or less.  If both fluids are present in the run a MS/MSD is run on 
samples corresponding to both fluids. 


10. DEVIATIONS FROM METHOD 
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10.1. This SOP meets the requirements of Methods SW-846 7470A/7471A,      
MCAWW 245.1 and CLP.  The laboratory performs one known deviation from 
Methods 7471A:  instead of weighing out 0.2 g of soil for triplicate analysis, the 
laboratory weighs out 0.6 g for a single analysis to ensure a representative sample. 


11. SAFETY,  HAZARDS, AND WASTE DISPOSAL 


11.1. SAFETY AND HAZARDS 


11.1.1. Read the MSDS prior to preparing standards or using any solvents or 
reagents. 


11.1.2. Wear gloves, safety glasses, and lab coat when working with any chemical 
materials (e.g., standards, solvents, reagents, or samples). 


11.1.3. Any chemicals with a Threshold Limit Value of less than 50 ppm shall be 
worked with in a laboratory fume hood (e.g., solvents and acids). 


11.1.4. Any non-original containers used to hold reagents (e.g., wash bottles or 
automatic dispenser bottles) shall be labeled at a minimum with compound 
name, NFPA Health, Flammability, Reactivity ratings, and date. 


11.2. WASTE DISPOSAL 


11.2.1. The sample digestates shall be disposed of in the Aqueous Laboratory 
Waste Profile # AK6966 (otherwise known as the CLE Waste stream). 


11.2.2. All empty solvent bottles are disposed of according to the appropriate 
SOPs.  Please note that all labels and markings must be defaced prior to 
disposal. 


12. REFERENCES 


12.1. US EPA SW-846, Test Methods for Evaluating Solid Waste, Physical/Chemical 
Methods,  3rd Edition, Volume 1A, Method 7470A and Method 7471A, Revision 
1, September 1994.   


12.2. USEPA/600/4-91/010, Methods for the Determination of Metals in 
Environmental Samples, June 1991, Method 245.1, Revision 2.3, April 1991.  


12.3. USEPA Contract Laboratory Program, Statement of Work for Inorganics 
Analysis,   Multi-media, Multi-concentration, ILMO 3.0 and 4.0. 





		SCOPE AND APPLICATION

		This standard operating procedure (SOP) describes the digestion procedures and instrument analysis of all matrices for mercury.



		SUMMARY

		Waters analyzed by methods SW-846-7470A, EPA 245.1, CLP 3.0, CLP 4.0, and TCLP leachates are digested using the same procedure.

		A weighed portion of sample is digested using acids, potassium permanganate and potassium persulfate for liquid samples and soil CLP samples.  Aqua-regia and potassium permanganate are used for digesting SW-846-7471A soil samples.  After digestion, and t

		The typical reporting limit for this method is 0.0002 mg/L.



		RESPONSIBILITIES

		It is the responsibility of the analyst to perform the analysis according to this SOP and to complete all documentation required for review.

		Analysis and interpretation of the results are performed by personnel in the laboratory who have demonstrated the ability to generate acceptable results utilizing this method  This demonstration may come in the form of supervisory/training review, precis

		Final review and sign off of the data are performed by the department supervisor or designee.  Initialing and dating the file indicates that this review for precision accuracy, completeness, and reasonableness is complete and satisfactory.  Any errors th

		It is the responsibility of all personnel who work with samples involving this method to note any anomalies or out-of-control events associated with the analysis of the samples.  Any discrepancies must be noted and corrective action taken and documented.



		INTERFERENCES

		Possible interference from sulfide is eliminated by the addition of potassium permanganate. Concentrations as high as 20 mg/L or 20 mg/kg of sulfide as sodium sulfide do not interfere with the recovery of added inorganic mercury from reagent water.

		Copper has also been reported to interfere; however, copper concentrations as high as 10 mg/L or 10 mg/kg had no effect on recovery of mercury from spiked samples.

		Samples that contain relatively high amounts of chlorides or oxidizable organic material require additional permanganate (as much as 25 mL in a 100 mL final volume) because, during the oxidation step, chlorides are converted to free chlorine, which also

		Certain volatile organic materials that absorb at this wavelength may also cause interference.  A preliminary run without reagents should determine if this type of interference is present.

		Low level mercury sample preparation, digestion, and analysis may be subject to environmental contamination if performed in areas with high ambient backgrounds where mercury was previously employed as an analytical reagent in analyses such as total Kjeld



		APPARATUS AND MATERIALS

		Automated Mercury analyzer PS200, Leeman Labs.

		Mercury hollow cathode lamp.

		Drying tube -- 6 inch x 3/4 inch diameter tube containing about 20g of magnesium perchlorate.

		Hot plate or water bath -- capable of maintaining a temperature of 95 (C.

		Disposable 250 mL polypropylene beakers for soils.

		Disposable 50 mL centrifuge tubes with caps for waters.

		Pipette  --   adjustable 0.01-0.1 mL.

		Pipette  -- adjustable 0.10 -1.0 mL.

		Pipette  --  adjustable. 1.0-5.0 mL.

		Balance  -- capable of weighing ± 0.01 g.



		REAGENTS

		Reagent water, interference free.

		Sulfuric Acid, concentrated.

		Nitric acid, concentrated.

		Hydrochloric acid, concentrated.  (10% used for rinse solution)

		Stannous chloride solution -- (10% solution) (w/v)-- dissolve a ratio of 25g of stannous chloride with 25 mL of HCl up to a 250 mL final volume with reagent water for a final concentration of 10%.

		Sodium chloride - hydroxylamine sulfate solution -- (12% solution) (w/v)--  dissolve a ratio of 12 g of sodium chloride and 12 g of hydroxylamine sulfate in reagent water and dilute to 100 mL for a final concentration of 12%.

		Potassium permanganate, mercury-free  --  5% solution (w/v) -- dissolve a ratio of 5 g of potassium permanganate in 100 mL of reagent water for a final concentration of 5%.

		Potassium persulfate -- (5% solution) (w/v) -- dissolve a ratio of 5 g of potassium persulfate in 100 mL of reagent water for a final concentration of 5%.

		Aqua regia -- 3 parts conc. HCl to 1 part conc. HNO3 (made immediately before using).

		Mercury stock solution; 1000 ug/mL.  Purchased from two separate sources.

		10 ug/mL intermediate mercury standards.

		First source: dilute primary source 1000 ug/mL stock solution 1:100 (1 mL stock solution diluted to 100 mL with 10% HNO3).

		Second source: dilute secondary source 1000 ug/mL stock solution 1:100 (1 mL stock solution diluted to 100 mL with 10% HNO3).



		Spiking solutions (working standards)

		Spiking solution A: 100 ug/L Hg:  This solution is made fresh daily by diluting the first source 10 ug/mL Hg Standard 1:100 with DI water.

		Spiking solution B: 100 ug/L Hg:  This solution is made fresh daily by diluting the second source 10 ug/mL Hg standard 1:100 with DI water.





		SAMPLE COLLECTION, PRESERVATION, AND HANDLING

		Samples must be collected according to an approved sampling plan.

		All sample containers must be prewashed with detergents, acids, and reagent water.  Plastic and glass containers are both suitable.

		Aqueous samples must be acidified to a pH < 2 with HNO3.  The maximum holding time for an aqueous sample is 28 days from collection.  Typically, a 1 L sample is collected.

		Non-aqueous samples are not preserved, but are required to be refrigerated at 4 oC until analyzed.  Typically, 200 g of solid or waste is collected.



		PROCEDURE

		DIGESTION LOGBOOK

		Two types of digestion logbooks are used, one for water samples and another for soil or solid samples.  The reference number for the soil digestion form is Form 808.  The reference number for the water digestion form is Form 808.

		Header and footer information -- At the time of digestion, the analyst should complete the following information in the digestion logbook:  Digestion Date, Method Used, Digestion Analyst, Spike Witness, Time On and Off, Water Bath Temp., Acid and Reagent

		Standard information -- The information needed to prepare the standard curve is pre-printed in the digestion logbook. The concentrations of these calibration standards are:  0,0.2,1.0,2.0,5.0,10.0 ppb.

		Sample/Digestate information --  Samples to be digested are written in the digestion logbook with complete workorder number.  Blanks, Blank spikes, Laboratory control samples, Duplicates, Matrix spikes and Matrix spike duplicates are also recorded in the



		SAMPLE PREPARATION AND DIGESTION (Soils, Solids, and Wastes)

		Label 250 mL disposable polypropylene beakers with solution ID’s as found in the digestion logbook.

		For SW-846-7471A digestions, weigh 0.60 g of sample into the appropriately labeled beakers.  For CLP digestions, weigh 0.20 g of sample into the appropriately labeled beakers.

		An empty beaker (method blank), containing the same reagents used for the samples, will be carried through the digestion procedure.

		For SW-846-7471A digestions, the laboratory control sample (LCS) is a beaker with a known amount of spike added.  For CLP digestions, the LCS is a beaker containing 0.2 g of a vendor supplied soil standard.  The certified values and acceptance criteria f

		Spike the standards, check standards and matrix spike samples as described in the digestion logbook (spike solution and volume).

		For SW-846-7471A digestions, add 5.0 mL of DI water and 5.0 mL of aqua regia (6.9) to each beaker.  For CLP add 2.5 mL concentrated nitric acid and 5 mL concentrated sulfuric acid to each beaker.  Place beakers on the pre-heated water bath for 2 minutes.

		Add 50.0 mL of DI water.

		For SW-846-7471A digestions, add 15 mL of 5% potassium permanganate solution (6.7).  For CLP digestions, add 8 mL of 5% potassium persulfate solution (6.8) and 15 mL 5% potassium permanganate solution (6.7).

		Loosely cover the beakers with polypropylene lids and mix well.  Return the beakers to the water bath for 30 minutes.  Remove the beakers and allow to cool.

		Add 6 mL of 12% sodium chloride hydroxylamine sulfate solution (6.6).  Mix well until the color from the potassium permanganate has disappeared.  Bring all standards and samples to 100 mL with DI water.  The samples are now ready for analysis and should



		SAMPLE PREPARATION AND DIGESTION (Aqueous samples)

		Label 50 mL disposable centrifuge tubes with solution ID’s as found in the digestion logbook.

		Transfer a 20 g aliquot (or smaller aliquot diluted to 20 mL with DI water) into the appropriately labeled tube.  Transfer the required amount of DI water, as described in the digestion logbook, into the appropriately labeled tubes for standards and QC s

		Spike the standards, check standards and matrix spike samples as described in the digestion logbook (spike solution and volume).

		Add 1.0 mL of concentrated sulfuric acid to each tube.

		Add 0.5 mL of concentrated nitric acid to each tube.

		Add 3.0 mL of 5% potassium permanganate solution to each tube.

		Add 1.6 mL of 5% potassium persulfate solution to each tube.

		Cap the tubes tightly and mix well making sure purple color persists for at least  15 min.  If necessary add equal amounts of permanganate to all tubes in the batch until color persists for at least 15 min. or realiquot sample at a dilution or realiquot

		Heat the tubes in a pre-heated (95 ( 2 (C) water bath for 2 hours.  Remove the tubes from the water bath and allow to cool.

		Add 1.2 mL of 12% sodium chloride hydroxylamine sulfate solution to each tube.  Mix well until the color from the potassium permanganate has disappeared.  The samples are now ready for analysis and should be analyzed within 24 hours of the addition of th



		MERCURY ANALYSIS (using Leeman Labs Model PS200 automated mercury analyzer)

		Preparing the system

		Turn on the mercury lamp (blue button) to allow it to warm up for at least one hour.

		Initiate the software by typing PS (enter) at the C:\ICP prompt.

		Change the drying tube daily.  Loosely pack a clean dry tube with fresh magnesium perchlorate.

		The pump line should be in 10% stannous chloride and the rinse tank should be filled with 10% Hydrochloric acid about fifteen minutes before running analytical sequence.

		Turn gas on -- From the main menu select Instrument, Operation, Rate, On then turn gas on at main tank

		If the instrument has had power totally shut off (i.e. when it is unplugged for any reason) power up all components and perform the COLD START macro (see 8.4.2.1).

		If the instrument is just in the “sleep mode” (i.e. power is still being supplied to the instrument) use the WARM START macro (see 8.4.2.2).

		Change peristaltic pump tubing as needed and tighten down pump clamps.



		Cold start and warm start procedures

		Cold Start -- Press the MACRO key (F2) and type COLDSTRT and press enter.  The cold start  procedure takes approximately 2 and 1/2 hours.  The instrument will display a  “operation complete” message when the procedure is over.  The instrument is now read

		Warm Start -- Press the MACRO key (F2) and type WARMSTRT and press enter.  The warm start procedure takes 10 to 15 minutes.  The instrument will display a “system ready” message when the procedure is over.  The instrument is now ready for operation.



		Software set-up

		Name the protocol (CLPSOIL or CLPWATER).  From the main menu, select Protocol and then Get.  Type in the protocol (either CLPSOIL or CLPWATER) and hit enter.  The software will ask you to enter the folder.  The folder is where all electronic data acquire

		Reset the calibration intensity data --  From the main menu select Calibration, Reset and New calibration reset.  The question “Reset all calibration intensity data? Y/N?” will appear.  Press Y and enter.

		Setting up the autosampler racks -- From the main menu, select Autosampler and then Rack entry.  To edit an existing rack,  type in the name of the rack (i.e. RACK-1) and press enter.  Press insert and from the digestion logbook, type in all samples and

		Check the aperture -- from the main menu, select Utilities and then DiaGnostics.  Arrow down to Aperture.  To run the test hit enter.  Do this about four times.  The aperture should fall between +/- 100.  If it does, go back to the main menu.  If the ape



		Calibrating the system

		Make sure that the six standards have been loaded into the standards rack.

		A calibration macro is preprogrammed into the system.  Press MACRO (F2) key and a “macro” prompt will appear at the top of the screen.  Type CAL246 and press enter.  The calibration procedure will begin.

		Calibration results are automatically stored.  To review the accuracy of the calibration curve, select Calibration from the main menu and then select Line.  The curve for the current calibration will be displayed.

		Determination of acceptable calibration curve -- A R2 value greater than 0.995 is acceptable.

		If the curve is acceptable, hit Accept.  The new coefficients will be stored and you can begin running samples.  Before exiting to the main menu hit the PRINT SCREEN (F3) key to print the calibration curve on the raw data.

		If the curve is not acceptable, try running the calibration sequence again and check to be certain the solutions have been mixed well.  At times the instrument requires a second calibration sequence to allow for warming up time.  The analytical batch mus



		Running Samples

		After the samples are loaded into their designated tubes and the racks are placed on the autosampler, the instrument can begin running samples.

		Press the SAMPLE (F8) key.  The autosampler set-up menu will appear on the screen.  Press “1” for the first station.  Enter the name of the rack to be analyzed and hit enter.  Enter the number of the tube to be analyzed first and hit enter.  Enter the nu

		Press the SAMPLE (F8) key again and the instrument will begin running samples.  The instrument will print the results and store the data in the folder you already specified.



		Shutdown procedures

		After the sample run is complete, an IDLE message will appear at the top of the screen.  Change the pump tubing over to deionized water bottle and fill the rinse tank with DI water.  Let the instrument run like this for approximately 5 minutes.

		Shut the mercury lamp off (blue button).

		When the pump has run DI water for 5 minutes, remove all lines so that air is pumped through the system for 5 minutes.   Select Instrument from the main menu and then Operation.  Turn the pump off by selecting Instrument; Operation, Rate, Off.

		Turn the gas off at the main tank.

		Unclamp the pump tubing







		QUALITY CONTROL

		Calibration curve -- The calibration curve consists of 5 standards and a blank and must have a r2 value of 0.995 or greater.

		ICV -- Analyze an initial calibration verification (ICV) after an acceptable calibration.  This is a second source check standard near the mid-point of the curve, for all but MCAWW, and percent recovery must be 90-110% of the true value.  If samples are

		ICB -- Analyze an initial calibration blank after the ICV.  The calculated result of the ICB must be less than the reporting limit.

		CRA -- Analyze a reporting limit standard after the ICB.  The calculated result of the CRA must be at the normal reporting limit.

		CCV -- Analyze a continuing second source calibration verification (CCV) after every ten analytical samples.  An analytical sample is every solution analyzed on the instrument except ICV/CCV or ICB/CCB.  A CCV is also analyzed after the last analytical s

		CCB -- Analyze a continuing calibration blank after every CCV.  The calculated result of the CCB must be less than the reporting limit.

		LCS -- One laboratory control sample is analyzed with each batch of 20 or fewer field samples. Percent recovery of the LCS must be 80-120% unless solid LCS is used.  If samples are being analyzed by method 245.1, percent recovery of the LCS must be 85-11

		Duplicate -- One matrix duplicate is analyzed with each batch of 20 or fewer field samples.  One in 10 for method 245.1.

		MS/MSD -- One matrix spike and one matrix spike duplicate are analyzed with each batch of 20 or fewer field samples.  One in 10 for method 245.1.

		TCLP leachates have associated blanks which are carried through the tumbling process with designated samples.  These blanks are analyzed as though they are samples.  Calculated results for these blanks must be less than the reporting limit.

		Blank spikes are prepared for TCLP leachate samples using the blanks which were carried through the tumbling process.  Two different fluids (determined by pH of the sample) may be used for TCLP extraction.  These fluids are termed fluid #1 and fluid #2.

		Matrix spikes (MS) and matrix spike duplicates (MSD) are run with each batch of 20 samples or less.  If both fluids are present in the run a MS/MSD is run on samples corresponding to both fluids.



		DEVIATIONS FROM METHOD

		This SOP meets the requirements of Methods SW-846 7470A/7471A,      MCAWW 245.1 and CLP.  The laboratory performs one known deviation from Methods 7471A:  instead of weighing out 0.2 g of soil for triplicate analysis, the laboratory weighs out 0.6 g for



		SAFETY,  HAZARDS, AND WASTE DISPOSAL

		SAFETY AND HAZARDS

		Read the MSDS prior to preparing standards or using any solvents or reagents.

		Wear gloves, safety glasses, and lab coat when working with any chemical materials (e.g., standards, solvents, reagents, or samples).

		Any chemicals with a Threshold Limit Value of less than 50 ppm shall be worked with in a laboratory fume hood (e.g., solvents and acids).

		Any non-original containers used to hold reagents (e.g., wash bottles or automatic dispenser bottles) shall be labeled at a minimum with compound name, NFPA Health, Flammability, Reactivity ratings, and date.



		WASTE DISPOSAL

		The sample digestates shall be disposed of in the Aqueous Laboratory Waste Profile # AK6966 (otherwise known as the CLE Waste stream).

		All empty solvent bottles are disposed of according to the appropriate SOPs.  Please note that all labels and markings must be defaced prior to disposal.





		REFERENCES

		US EPA SW-846, Test Methods for Evaluating Solid Waste, Physical/Chemical Methods,  3rd Edition, Volume 1A, Method 7470A and Method 7471A, Revision 1, September 1994.

		USEPA/600/4-91/010, Methods for the Determination of Metals in Environmental Samples, June 1991, Method 245.1, Revision 2.3, April 1991.

		USEPA Contract Laboratory Program, Statement of Work for Inorganics Analysis,   Multi-media, Multi-concentration, ILMO 3.0 and 4.0.
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1.0 PURPOSE 


This procedure provides the methods Cabrera Services, Inc. (CABRERA) will 
utilize in retention of records associated with license requirements, projects, 
personnel, and equipment.  Adherence to this procedure will provide reasonable 
assurance that all information will be retrievable when required. 


2.0 APPLICABILITY 


This procedure is intended to ensure that only those persons authorized by 
CABRERA receive this information.  This procedure will be used by CABRERA 
personnel to ensure proper control of information such as company generated 
procedures, reports, personnel medical records, training records and any records 
which may be required to demonstrate compliance with NRC license conditions.   


3.0 PRECAUTIONS, LIMITATION, AND REQUIREMENTS 


3.1 Precautions 


Some of these records may be confidential and access should be limited. 


3.2 Limitations 


Not Applicable 


3.3 Requirements 


Not Applicable 


4.0 REFERENCES 
• CABRERA License Procedures 
• Code of Federal Regulations 
• NRC License Conditions 


5.0 DEFINITIONS AND ABBREVIATIONS 


5.1 Forms – Prepared documentation provided to ensure compliance against 
requirements.  Forms have predefined fields for recording data. 


5.2 Logs – Logs provide day-to-day documentation in a chronological fashion to 
identify what transpired during the execution of a project. 


5.3 Reports – Reports provide a compilation of project data, the analysis of that 
data and the conclusions derived from the data analysis. 
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5.4 Quality Records – Quality Records (Records) shall be recognized as any 
compilation of logs, forms or reports which pertain to a project or to 
regulatory compliance. 


5.5 Receipts – Documentation of transfer of records from one individual or 
organization to another. 


6.0 EQUIPMENT 


None 


7.0 RESPONSIBILITIES 


7.1 Project Manager (PM) – The PM is responsible for furnishing equipment as 
required to enable compliance with this procedure and to ensure that all 
personnel assigned the tasks of producing, validating, transferring, or 
controlling information subject to this procedure is familiar with this 
procedure, adequately trained in the use of this procedure, and maintain 
access to this document control procedure. 


7.2 Radiological Field Supervisor (RFS) – The RFS shall ensure through 
continuous evaluation that all project documentation is collected and 
recorded in accordance with Procedures, Work Plans, Health and Safety 
Plans, and Quality Assurance Program. 


7.3 Radiation Safety Officer (RSO) – The RSO shall ensure all radiation safety 
information is recorded and evaluated to ensure adequate records exist to 
defend the Radiation Safety Program. 


7.4 Record Retention Coordinator (RRC) – The RRC shall ensure that 
documents are issued, maintained, stored, and transferred in accordance 
with this procedure.  Any deviation from compliance will be reported 
immediately to the project manager. 


7.5 Health Physics Technicians (HPT) – The HPT shall ensure documentation 
is recorded neatly and in accordance with applicable procedures. 


8.0 INSTRUCTIONS 


8.1.1 Records Control 


8.1.1.1 Each controlled record shall be stamped on the front page 
with the controlled record number as issued in the controlled 
document log. 
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8.1.2 Records Preparations 


8.1.2.1 Records shall be prepared in dark ink and shall be clear, 
neat, accurate and concise.  Pre-prepared forms shall be 
used whenever available to collect information such as 
survey data or instrument analysis results.  When a 
procedure has defined a form for a specific purpose, the 
project manager may authorize generation of the proper 
method of documentation. 


8.1.3 Record Transfer 


8.1.3.1 Controlled records shall be transferred using the Document 
Distribution Log (DDL), the Document Distribution Record 
(DDR) and the Document Transmittal Record (DTR). 


8.1.3.2 The DDL shall be maintained at the Records Management 
Facility at the CABRERA East Hartford office location and shall 
be used to maintain a log of all transfers of Quality Records. 


8.1.3.3 The DDR shall be used to provide documentation of record 
transmittals. 


8.1.3.4 The DTR shall be used to ensure transfer of records by 
providing a receipt of records transfer. 


8.1.3.5 The DTR shall be returned to the Records Retention 
Coordinator (RCC) upon receipt of the document.  If a DDR 
is not returned to the RRC, the RRC shall contact the 
recipient of the DDR and request a letter of receipt stating 
that status, 


8.1.3.6 All controlled documents issued by CABRERA are the sole 
proprietary property of CABRERA and shall be returned to 
CABRERA upon request from issuees. 


8.1.4 Records Review 


8.1.4.1 Direct supervisors of the record creator shall review all 
controlled records.  This review shall be indicated by full 
signature on the record. 


8.1.5 Record Correction 


8.1.5.1 Drawing a single line through the error and making the 
correction adjacent to the error makes corrections. The line 
out shall be initialed and dated by the corrector. 
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8.1.6 Record Retention 


8.1.6.1 The RFS shall maintain records for the duration of the 
project at the project site. 


8.1.6.2 Upon return to the location of record management, the 
records shall be maintained in a fashion such that they are 
protected from loss or damage.  Record storage shall be in 
accordance with federal regulations or NRC license 
conditions.  This may be dual storage, one copy at both 
CABRERA facilities, and storage in a certified fireproof 
container. 


8.1.6.3 Records shall be retained for a minimum of 10 years from 
the date of creation, for the duration specified in the contract, 
which caused creation of the project, or in accordance with 
Federal or State regulations where applicable. 


9.0 QUALITY ASSURANCE/RECORDS 


9.1 Quality Assurance 


9.1.1 Recorded information shall be legibly written in ink. 


9.1.2 Data shall not be obliterated by erasing, using whiteout, or by any 
other means.  Incorrect entries shall be corrected by striking a single 
line across the entry.  The correction shall be entered, initialed, and 
dated. 


9.1.3 Upon completion of review and approval, applicable forms shall be 
stamped "ORIGINAL" and the photocopies shall be stamped 
"COPY". 


9.1.4 The original(s) shall be submitted to the CABRERA Radiation Safety 
Staff group and a field copy will be maintained on site. 


9.1.5 The RFS shall ensure by continuous supervision and surveillance 
that all quality records are prepared properly, are neat, accurate, 
clear, concise, properly maintained during preparation and are 
periodically reviewed during all project activities. 


9.1.6 The RFS shall ensure that all records are present and accounted for 
at the end of a project and that the records are safely maintained 
during transfer or shipment to the location where they will be 
archived. 
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9.1.7 Records maintained at the project site shall be reviewed periodically 
during a project by the PM to ensure compliance with this procedure. 


9.1.8 The RCC shall report the status of all controlled documents at least 
quarterly to the PM. 


9.2 Records 


9.2.1 Documented information shall be legible written in ink. 


9.2.2 Data shall not be obliterated by erasing or using white-out.  Incorrect 
entries shall be corrected by striking a single line across the entry.  
The correction shall be entered, initialed and dated. 


9.2.3 The HPT shall ensure that the attachments are of the most current. 


9.2.4 The HPT shall review completed attachment forms for accuracy and 
completeness. 


9.2.5 The RSO or duly authorized representative shall review any 
applicable completed forms.  The review shall be for accuracy and 
completeness. 


10.0 ATTACHMENTS 


• AP-001-01 Document Distribution Log (DDL) 


• AP-001-02 Document Distribution Record (DDR) 


• AP-001-03 Document Transmittal Record (DTR) 
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Page ___ of ___ 
 


AP-001-01 
Document Distribution Log 


 
 


Document 
 


 
Version 


 
Location 


 
Sent to: 


 
Date Sent 


 
Sent 
by: 


 
Received 


by: 


 
Date 


Received 
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AP-001-02 


Document Distribution Record 
 


  
 


Name and Title of Recipient 
 


 
 


Date Sent 


 
 


 


 
 


 


 
 


 


 
 


 


 
 


 


 
 


 


 
 


 


 
 


 


 
 


 


 
 


 


 
 


 


 
 


 


 
 


 


 
 


 


 
 


 


 
 


 


 
 


 


 
 


 


 
 


 


 
 


Approved By:________________________________________________________ 


   Name    Title    Date 


 


The above named individual, with signature of authority, as demonstrated by the signed signature 
verifies that the information contained in the distribution package(s) has been properly labeled, and is 
controlled in accordance with the most recent copy of AP-001. 
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AP-001-03 
DOCUMENT TRANSMITTAL RECORD 


 
NAME AND TITLE OF RECIPIENT: 


QTY. DOCUMENT 


TITLE 


DOCUMENT 


NUMBER 


REV. 


NO 


DESCRIPTION CONTROL 
NUMBER 


      


      


      


      


 
DOCUMENT(S) SENT BY: 


 


DOCUMENT(S) SENT TO: 


NAME: 


ADDRESS: 


CITY/STATE/ZIP: 


TELEPHONE: 


 
PLEASE CHECK ONE OF THE FOLLOWING SIGN AND RETURN TO SENDER 


       �      I acknowledge that I received the document(s) or document(s) revision(s) and that I have 


                updated my records. 


       �         I am returning the document(s) with this transmittal record. 


       �         I have destroyed the old document and I am returning only the transmittal record. 


   Signature                                                                                                     Date: 


 
Document Transmittal Record Compete and Approved 


Signature:                                                                                                       Date: 
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		PURPOSE

		APPLICABILITY

		PRECAUTIONS, LIMITATION, AND REQUIREMENTS

		Precautions

		Limitations

		Requirements



		REFERENCES

		DEFINITIONS AND ABBREVIATIONS

		Forms – Prepared documentation provided to ensure

		Logs – Logs provide day-to-day documentation in a

		Reports – Reports provide a compilation of projec

		Quality Records – Quality Records \(Records\) �

		Receipts – Documentation of transfer of records f



		EQUIPMENT

		RESPONSIBILITIES

		Project Manager \(PM\) – The PM is responsible�

		Radiological Field Supervisor \(RFS\) – The RF�

		Radiation Safety Officer \(RSO\) – The RSO sha�

		Record Retention Coordinator \(RRC\) – The RRC�

		Health Physics Technicians \(HPT\) – The HPT s�



		INSTRUCTIONS

		

		Records Control

		Each controlled record shall be stamped on the front page with the controlled record number as issued in the controlled document log.



		Records Preparations

		Records shall be prepared in dark ink and shall be clear, neat, accurate and concise.  Pre-prepared forms shall be used whenever available to collect information such as survey data or instrument analysis results.  When a procedure has defined a form for



		Record Transfer

		Controlled records shall be transferred using the Document Distribution Log (DDL), the Document Distribution Record (DDR) and the Document Transmittal Record (DTR).

		The DDL shall be maintained at the Records Management Facility at the Cabrera East Hartford office location and shall be used to maintain a log of all transfers of Quality Records.

		The DDR shall be used to provide documentation of record transmittals.

		The DTR shall be used to ensure transfer of records by providing a receipt of records transfer.

		The DTR shall be returned to the Records Retention Coordinator (RCC) upon receipt of the document.  If a DDR is not returned to the RRC, the RRC shall contact the recipient of the DDR and request a letter of receipt stating that status,

		All controlled documents issued by Cabrera are the sole proprietary property of Cabrera and shall be returned to Cabrera upon request from issuees.



		Records Review

		Direct supervisors of the record creator shall review all controlled records.  This review shall be indicated by full signature on the record.



		Record Correction

		Drawing a single line through the error and making the correction adjacent to the error makes corrections. The line out shall be initialed and dated by the corrector.



		Record Retention

		The RFS shall maintain records for the duration of the project at the project site.

		Upon return to the location of record management, the records shall be maintained in a fashion such that they are protected from loss or damage.  Record storage shall be in accordance with federal regulations or NRC license conditions.  This may be dual

		Records shall be retained for a minimum of 10 years from the date of creation, for the duration specified in the contract, which caused creation of the project, or in accordance with Federal or State regulations where applicable.







		QUALITY ASSURANCE/RECORDS

		Quality Assurance

		Recorded information shall be legibly written in ink.

		Data shall not be obliterated by erasing, using whiteout, or by any other means.  Incorrect entries shall be corrected by striking a single line across the entry.  The correction shall be entered, initialed, and dated.

		Upon completion of review and approval, applicable forms shall be stamped "ORIGINAL" and the photocopies shall be stamped "COPY".

		The original(s) shall be submitted to the Cabrera Radiation Safety Staff group and a field copy will be maintained on site.

		The RFS shall ensure by continuous supervision and surveillance that all quality records are prepared properly, are neat, accurate, clear, concise, properly maintained during preparation and are periodically reviewed during all project activities.

		The RFS shall ensure that all records are present and accounted for at the end of a project and that the records are safely maintained during transfer or shipment to the location where they will be archived.

		Records maintained at the project site shall be reviewed periodically during a project by the PM to ensure compliance with this procedure.

		The RCC shall report the status of all controlled documents at least quarterly to the PM.



		Records

		Documented information shall be legible written in ink.

		Data shall not be obliterated by erasing or using white-out.  Incorrect entries shall be corrected by striking a single line across the entry.  The correction shall be entered, initialed and dated.

		The HPT shall ensure that the attachments are of the most current.

		The HPT shall review completed attachment forms for accuracy and completeness.

		The RSO or duly authorized representative shall review any applicable completed forms.  The review shall be for accuracy and completeness.





		ATTACHMENTS

		

		AP-001-01Document Distribution Log (DDL)

		AP-001-02Document Distribution Record (DDR)

		AP-001-03Document Transmittal Record (DTR)

		AP-001-01
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Revision 0 Radiological Conditions Awareness Report 


1.0 PURPOSE 


1.1 This procedure provides methods Cabrera Services, Inc. (CABRERA) utilizes to 
document a Radiological Conditions Awareness Report (RCAR), and provide a 
completed evaluation of all situations requiring management recognition. 


2.0 APPLICABILITY 


2.1 Cabrera will use this procedure to alert management to any situation that may 
require them to take some action and provide a response/resolution for which 
they would be held responsible.  The RCAR may be used within the CABRERA 
organizations, on project sites, on transport pickups, etc. 


2.2 This procedure will provide reasonable assurance that CABRERA management 
will be made aware of situations, including positive notations, problem solving 
situations, ideas for improvement in any area of radiation health and safety, 
project progress, and so forth.  The following although not all inclusive, are 
examples of what this document may be used for: 


2.2.1 Industrial Safety 


• Material which may be needed to improve personnel and/or equipment 
safety. 


• Procedural changes which may be needed to improve personnel and/or 
equipment safety. 


• Awareness and/or operation training of personnel to improve personnel 
and/or equipment safety. 


• Special work or situations which may need preplanning. 
2.2.2 Radiation Safety 


• Material which may be needed to improve personnel and/or equipment 
safety. 


• Procedural changes which may be needed to improve personnel and/or 
equipment safety. 


• New techniques, equipment, or procedures which may increase efficiency 
and safety. 


• New techniques, equipment, or procedures which enhance the ALARA 
principles. 


• Training for situations and/or requirements to improve personnel and/or 
equipment efficiency and safety. 


• Special work or situations which may need preplanning. 
2.2.3 Product Improvement 


• New techniques, equipment, or procedures which may increase efficiency. 
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• New ideas which may increase productivity or services available to clients. 
2.3 Quality Assurance 


• Items, equipment, etc. which are noted to be nonconforming to QA 
procedures or practices. 


3.0 PRECAUTIONS, LIMITATIONS, AND REQUIREMENTS 


3.1 Precautions and Limitations 


Not Applicable 


3.2 Requirements 


3.2.1 The RCAR should be used for documentation of all situations requiring 
management recognition. 


3.2.2 All RCARs must be logged into the RCAR logging system upon receipt, except 
events requiring immediate attention for personnel and/or equipment safety.  
In this instance the RCAR will be filed after immediate actions have been 
implemented. 


3.2.3 While on field projects, RCAR accountability will be maintained in the project 
logbook.  The designated project radiation safety person will perform the initial 
evaluation, handle or follow-up on immediate actions and ensure submittal to 
the RSO and/or the RSC. 


3.2.4 Periodic review of the RCAR log will be completed by the RSO or duly 
authorized representative to ensure timely completion of RCAR assignments. 


3.2.5 Final dispositions of the RCAR is to be reviewed and approved by the RSC for 
all RCARs completed. 


3.2.6 Lessons learned through the RCAR program will be shared with all CABRERA 
team members. 


4.0 REFERENCES 


RSP Radiation Safety Program 


5.0 DEFINITIONS AND ABBREVIATIONS 


5.1 Safety – The minimization of danger, risk, or injury. (Note:This definition was 
changed for use at the Shpack Landfill Superfund Site). 
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5.2 Quality Assurance - The entire suite of procedures, practices, documentation, 
and records required to provide confirmation of the accuracy of a measurement 
or of the degree of compliance of an activity with regulations and/or 
specifications. 


5.3 Quality Control - Those actions that control the attributes of the analytical 
process, standards, reagents, measurement equipment, components, system, 
or facility according to predetermined quality requirements. 


5.4 Radiological Awareness Report - A document generated for the purpose of 
obtaining resolution for probe solving or providing information for improvement.  
A copy of the completed RCAR will be provided to the preparer of the RCAR 
upon request. 


5.5 RCAR Log - A system maintained by the RSC, which logs and tracks all RCARs 
from submittal through all reviews and discussions to completion. 


6.0 EQUIPMENT 


None Required 


7.0 RESPONSIBILITIES 


7.1 Project Manager (PM) - The PM is responsible for ensuring that all personnel 
working in radiologically controlled areas are familiar with this procedure, 
adequately trained in the used of the procedure and have access to a copy of 
this procedure. 


7.2 Radiation Safety Officer (RSO) – The RSO is responsible for training of 
personnel working with radioactive material.  The RSO ensures Health Physics 
Technicians are qualified by training and experience to perform the 
requirements of this procedure. 


7.3 Radiological Field Supervisor (RFS) – The RFS is responsible for performing 
the requirements established in this procedure. During field assignments, the 
RFS is responsible for ensuring that this procedure is implemented.  When the 
RSO is not on site, the RFS will act as the RSO’s duly authorized 
representative for radiological issues. 


7.4 Radiation Safety Committee (RSC) - The Radiation Safety Committee is 
responsible for final review, evaluation, and action on RCARs that affect the 
Radiation Safety Program. 


 


AP-003 CABRERA SERVICES, INC. PAGE 3 of 7 


 







Revision 0 Radiological Conditions Awareness Report 


7.5 Health Physics Technicians (HPT) – The HPT includes all personnel that would 
have need or cause to generate a RCAR, and they are responsible to comply 
with the provisions of this procedure. 


8.0 INSTRUCTIONS 


8.1 When a situation has been identified which requires management attention, the 
individual noting such a situation shall obtain a blank RCAR (Form AP-003-02) 
from the RSO or duly authorized representative and fill in the "Submitted By" 
section and mark the box appropriate to the situation. 


8.2 The submitter should describe the situation in as much detail as possible, and 
submit it to the RSO or duly authorized representative for logging and initial 
evaluation for assignment. 


8.3 If the RCAR requires immediate action, those actions shall be performed as 
documented on the form. 


8.4 The RCAR will be assigned by the RSO or duly authorized representative to the 
appropriate person or organization for investigation and resolution forwarded to 
the RSC for assignment and/or investigation. 


8.5 All RCARs must be logged into the RCAR logging system upon receipt by the 
RSO or duly authorized representative, except events requiring immediate 
attention for personnel and/or equipment safety.  In this instance the RCAR will 
be filed after immediate actions have been implemented. 


8.6 A copy of the original RCAR will be reviewed by the RSO or duly authorized 
representative after each action step is completed. 


8.7 When a final resolution of the RCAR situation has been completed by the 
assigned individual, the completed RCAR and all documentation will be 
returned to the RSO or duly authorized representative. 


8.8 The RSC will evaluate the final resolution to the RCAR for completeness and 
acceptability. 


9.0 QUALITY ASSURANCE/RECORDS 


9.1 Quality Assurance 


9.1.1 The RSC will conduct a review of the "Active RCAR" files at least once per 
quarter.  Completed RCAR may be included as an item in an annual audit of 
the Radiation Safety Manual. 
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9.2 Records 


9.2.1 Documented information shall be legibly written in ink. 


9.2.2 Data shall not be obliterated by erasing, using white-out, or by any other 
means.  Incorrect entries shall be corrected by striking a single line across the 
entry.  The correction shall be entered, initialed, and dated. 


9.2.3 The RSO or duly authorized representative shall review any applicable 
completed forms.  The review shall be for accuracy and completeness. 


10.0 ATTACHMENTS 


 AP- 003- 01  Guideline for RCAR Log 


 AP-003- 02  Radiological Condition Awareness Report 
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AP-003-01 – Guideline for RCAR Log 
Serial 
Number 


Submitted 
By 


Assigned 
To 


Date    Category Description Completed
Date 


RSC evaluation 
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AP-003-02 
Radiological Condition Awareness Report 


 


Reportable Condition:  ______________________________________  Number:  ________________ 


Submitted By:  ____________________________________________  Date: ____/____/___ 


Assigned To:  _____________________________________________  Date: ____/____/___ 


 


Industry Safety  �  Radiation Safety �  Other  � 


Product Improvement �  Quality Assurance � 


 


Description: _______________________________________________________________________ 


_________________________________________________________________________________ 


_________________________________________________________________________________ 


 


Immediate Action Taken: _____________________________________________________________ 


_________________________________________________________________________________ 


_________________________________________________________________________________ 


 


Final Resolution: ___________________________________________________________________ 


_________________________________________________________________________________ 


_________________________________________________________________________________ 


 


 


Radiation Safety Officer:  ______________________________________ Date:  ___________ 


 


Radiation Safety Committee:  ______________________________________ Date:  ___________ 
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		PURPOSE

		This procedure provides methods Cabrera Services, Inc. (Cabrera) utilizes to document a Radiological Conditions Awareness Report (RCAR), and provide a completed evaluation of all situations requiring management recognition.



		APPLICABILITY

		Cabrera will use this procedure to alert management to any situation that may require them to take some action and provide a response/resolution for which they would be held responsible.  The RCAR may be used within the Cabrera organizations, on project

		This procedure will provide reasonable assurance that Cabrera management will be made aware of situations, including positive notations, problem solving situations, ideas for improvement in any area of radiation health and safety, project progress, and s

		Industrial Safety

		Material which may be needed to improve personnel and/or equipment safety.



		Radiation Safety

		Product Improvement



		Quality Assurance



		PRECAUTIONS, LIMITATIONS, AND REQUIREMENTS

		Precautions and Limitations

		Requirements

		The RCAR should be used for documentation of all situations requiring management recognition.

		All RCARs must be logged into the RCAR logging system upon receipt, except events requiring immediate attention for personnel and/or equipment safety.  In this instance the RCAR will be filed after immediate actions have been implemented.

		While on field projects, RCAR accountability will be maintained in the project logbook.  The designated project radiation safety person will perform the initial evaluation, handle or follow-up on immediate actions and ensure submittal to the RSO and/or t

		Periodic review of the RCAR log will be completed by the RSO or duly authorized representative to ensure timely completion of RCAR assignments.

		Final dispositions of the RCAR is to be reviewed and approved by the RSC for all RCARs completed.

		Lessons learned through the RCAR program will be shared with all Cabrera team members.





		REFERENCES

		DEFINITIONS AND ABBREVIATIONS

		Safety – The minimization of danger, risk, or inj

		Quality Assurance - The entire suite of procedures, practices, documentation, and records required to provide confirmation of the accuracy of a measurement or of the degree of compliance of an activity with regulations and/or specifications.

		Quality Control - Those actions that control the attributes of the analytical process, standards, reagents, measurement equipment, components, system, or facility according to predetermined quality requirements.

		Radiological Awareness Report - A document generated for the purpose of obtaining resolution for probe solving or providing information for improvement.  A copy of the completed RCAR will be provided to the preparer of the RCAR upon request.

		RCAR Log - A system maintained by the RSC, which logs and tracks all RCARs from submittal through all reviews and discussions to completion.



		EQUIPMENT

		RESPONSIBILITIES

		Project Manager (PM) - The PM is responsible for ensuring that all personnel working in radiologically controlled areas are familiar with this procedure, adequately trained in the used of the procedure and have access to a copy of this procedure.

		Radiation Safety Officer \(RSO\) – The RSO is �

		Radiological Field Supervisor \(RFS\) – The RF�

		Radiation Safety Committee (RSC) - The Radiation Safety Committee is responsible for final review, evaluation, and action on RCARs that affect the Radiation Safety Program.

		Health Physics Technicians \(HPT\) – The HPT i�



		INSTRUCTIONS

		When a situation has been identified which requires management attention, the individual noting such a situation shall obtain a blank RCAR (Form AP-003-02) from the RSO or duly authorized representative and fill in the "Submitted By" section and mark t

		The submitter should describe the situation in as much detail as possible, and submit it to the RSO or duly authorized representative for logging and initial evaluation for assignment.

		If the RCAR requires immediate action, those actions shall be performed as documented on the form.

		The RCAR will be assigned by the RSO or duly authorized representative to the appropriate person or organization for investigation and resolution forwarded to the RSC for assignment and/or investigation.

		All RCARs must be logged into the RCAR logging system upon receipt by the RSO or duly authorized representative, except events requiring immediate attention for personnel and/or equipment safety.  In this instance the RCAR will be filed after immediate a

		A copy of the original RCAR will be reviewed by the RSO or duly authorized representative after each action step is completed.

		When a final resolution of the RCAR situation has been completed by the assigned individual, the completed RCAR and all documentation will be returned to the RSO or duly authorized representative.

		The RSC will evaluate the final resolution to the RCAR for completeness and acceptability.



		QUALITY ASSURANCE/RECORDS

		Quality Assurance

		The RSC will conduct a review of the "Active RCAR" files at least once per quarter.  Completed RCAR may be included as an item in an annual audit of the Radiation Safety Manual.



		Records

		Documented information shall be legibly written in ink.

		Data shall not be obliterated by erasing, using white-out, or by any other means.  Incorrect entries shall be corrected by striking a single line across the entry.  The correction shall be entered, initialed, and dated.

		The RSO or duly authorized representative shall review any applicable completed forms.  The review shall be for accuracy and completeness.





		ATTACHMENTS






 
 
 
 
 


CABRERA SERVICES, INC.


 
 


Radiation Safety Procedure 
 
 
 


For 
 
 
 


Radiological Compliance Audits 
Version for Shpack Landfill Superfund Site 


 
 


AP-004 
 


Revision 0 
 
 
 
 
 
 
 
 
 


Reviewed By:  __________________________________________ Date: ______ 
 David Watters, Radiological Safety Engineer 


 
 
 


Approved By:  ___________________________________________ Date: _______ 
 Steven Masciulli CHP, CSP, Radiation Safety Officer 
 
 
 


Approved By:  ___________________________________________ Date: _______ 
 Henry Siegrist CHP, P.E., Corporate Health Physicist 


 







Revision 0  Radiological Compliance Audits 


1.0 PURPOSE 


The purpose of this procedure is to establish administrative controls and provisions 
relating to management review necessary to ensure safe operations under Cabrera 
Services, Inc. (CABRERA) Nuclear Regulatory Commission Radioactive Materials 
License.  This procedure establishes and defines the requirements for management 
audits of administrative practices and documentation of the radiological training 
program technical operations, and compliance with program policy and procedures.  
In addition, it allows for surveillance on radiological safety equipment, job site work, 
and radiological area access controls. 


2.0 APPLICABILITY 


This procedure will be used by CABRERA to verify by audit that all radiological 
programs or any project, as part of those programs, is in compliance with applicable 
safety controls, and regulatory requirements and standards. 


3.0 PRECAUTIONS, LIMITATIONS AND REQUIREMENTS 


3.1 Precautions 


3.1.1 The auditor must comply with all safety requirements of the facility or 
project being audited. 


3.1.2 The auditor and the audit function should minimize interference of 
operations in the areas being audited. 


3.2 Limitations 


Not Applicable 


3.3 Requirements 


3.3.1 This audit is to be performed by the Corporate Health Physicist 
(CHP) or designee, or an independent Radiation Protection qualified 
auditor.  The steps of this procedure are written assuming that there 
is an auditor in addition to the CHP.  In the event that the CHP is 
conducting the audit, he would assume responsibility for all actions, 
and in many cases, would combine steps.  This is allowed, as the 
CHP will still be held to the basic steps of radiological auditing. 
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3.3.2 Unannounced audits may be performed. 


3.3.3 A minimum of four weeks shall have elapsed since conduct of the 
previous audit. 


3.3.4 Audits shall be conducted such that a comprehensive review and 
inspection of all activities are performed over a period of two (2) 
years. 


4.0 REFERENCES 


• RSM  Radiation Safety Manual 


• 10 CFR 20 Standards for Protection Against Radiation 


• 10 CFR 21 Reporting of Defects and Noncompliance 


• 10 CFR 30 Rules of General Applicability to Domestic Licensing of 
Byproduct Material  


5.0 DEFINITIONS AND ABBREVIATIONS 


5.1 Safety – The minimization of danger, risk, or injury. (Note:This definition 
was changed for use at the Shpack Landfill Superfund Site). 


5.2 Quality Assurance - The entire suite of procedures, practices, 
documentation, and records required to provide confirmation of the 
accuracy of a measurement or of the degree of compliance of an activity 
with regulations and/or specifications. 


5.3 Quality Control - Those actions that control the attributes of the analytical 
process, standards, reagents, measurement equipment, components, 
system or facility according to predetermined quality requirements. 


5.4 Audit - A planned and documented activity performed to determine by 
investigation, examination or evaluation of objective evidence, the 
adequacy of and compliance with established procedures, instructions, 
drawings, and other applicable documents, and the effectiveness of 
implementation.  An audit should not be confused with surveillance or 
inspection activities performed for the sole purpose of process control or 
product acceptance. 


5.5  Observation - A practice or event noticed that needs improvement. 


5.6 Requirement - Identification of the guidance(s) that has been deviated from 
as identified in the observation. 
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5.7 Severity - The problem level of the identified observation: 


• Deficiency (lowest level): an action or situation that is incomplete or 
insufficient. 


• Deviation (median level): an action or situation that minimally differs from 
guidance (license procedure, etc.) given on the subject. 


• Violation (highest level): action or situation in which the guidance 
specification has been omitted or held without regard. 


5.8 Reason - A description of or the rationale for the Observation and its' 
Severity assignment. 


5.9 Recommendation - A suggestion by the auditor for a solution to the 
observation that may bring the action or situation into conformance with the 
Requirement(s) it is required to meet. 


5.10 Response - A statement or statements given with regard to a particular 
audit observations.  These statements should explain the action(s) or fix(es) 
being implement to correct the observation, if required. 


5.11 Good Practice - An instance in which an auditor notes and/or documents an 
action on the part of a auditee that exemplifies a standard or regulation or 
practice (i.e. an ALARA principle). 


6.0 EQUIPMENT 


None Required 


7.0 RESPONSIBILITIES 


7.1 Project Manager - The Project Manager (PM) is responsible for ensuring 
that all personnel understand that they are subject to audit and have read 
and are familiar with this procedure and have access to a copy of this 
procedure. 


7.2 Radiation Safety Officer (RSO) - The RSO is responsible for training of 
personnel in this procedure in addition to being the liaison/interpreter, if 
required, between the audit function and the license. 


7.3 Radiation Safety Committee (RSC) - The Radiation Safety Committee is 
responsible for ensuring that these audits are conducted in a timely 
manner, review and evaluates, and may prescribe action on any issue 
concerning the audit. 
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7.4 Corporate Health Physicist (CHP) - For the purposes of this procedure, the 
CHP or designee is auditor and performs the function of program 
examination. 


7.5 Health Physics Technicians – Health Physics Technicians include all 
personnel that are or may become subject to audit, and they are 
responsible to comply with the provisions of this procedure. 


8.0 INSTRUCTIONS 


8.1 Program and Project Audits 


8.1.1 The audit program is controlled by the Corporate Health Physicist. 


8.1.1.1 The CHP or designee must perform the audits. 


8.1.1.2 Individuals designated by the CHP shall not be associated 
with the project that is being audited. 


8.1.2 The CHP or designee shall schedule audits as described below: 


8.1.2.1 Unannounced audits may be performed, as frequently as, 
semiannually. 


8.1.2.2 A minimum of four weeks shall have elapsed since conduct 
of the previous audit. 


8.1.3 Each audit shall consist of an examination of selected aspects of 
licensee conditions, operational activities, and applicable regulatory 
requirements.  


8.1.3.1 An audit form shall be prepared by the CHP or designee 
using information supplied by the RSO and the Radiological 
Audit Outline (Attachment A) as reference. 


8.1.3.2 Audits shall be conducted such that a comprehensive review 
and inspection of all activities are performed over a period of 
two (2) years. 


8.1.3.3 The audit form shall be prepared using applicable federal 
and state regulations, licenses, and previous audit findings. 


8.1.3.4 Audit forms shall be paginated and dated as to the date of 
preparation. 
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8.1.4 Conduct of Audit 


8.1.4.1 A preaudit interview shall be conducted with the Manager, 
RSO, Department Supervisor(s) and/or designated staff 
representatives to describe purpose and scope of audit, and 
procedure to be followed. 


8.1.4.2 The audit shall consist of items specified on the approved 
audit form and include but not limited to: 


• Review of records 


• Observing operations 


• Review of corrective actions 


• Follow-up audit items, and 


• Interviews with personnel 


8.1.4.3 When necessary, the scope of the audit may be expanded 
by the auditor to fully evaluate a finding or observation. 


• This expansion may be in addition to but not in place of  
items required by the RSO. 


8.1.4.4 Findings must be recorded and be objective, factual and 
verifiable. 


• Copies of nonconforming documents should be made 
when possible. 


• Findings involving a specific procedure shall identify the 
procedure, unless findings are willful violations of 
procedures or license, or a threat to employees, public, 
or environment, individuals will not be identified. 
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8.1.4.5 Those findings which present an imminent radiological 
control and safety threat or hazard shall be identified to the 
Manager, RSO, and staff immediately. 


• The RSO shall be notified as soon as possible if audit is 
performed by designee. 


• Immediate corrective action shall be required to be taken 
by the Manager, RSO, or appropriate staff. 


• If necessary, the auditor shall instruct the Manager to 
stop operations. 


8.1.4.6 Upon completion of the audit, the auditor shall: 


• Conduct a brief summary of findings, observations and 
recommendations, 


• Hold a post-audit interview with the Manager, RSO, 
Department Supervisor(s) and/or designated staff. 


8.1.5 Audit Report 


8.1.5.1 The auditor shall, within 10 working days after completing 
the audit, prepare an audit report and forward it to the CHP, 
if appropriate. 


8.1.5.2 The audit report shall include: 


• A title page to include the project name, date of audit, 
auditor's name and signature and CHP's name and 
signature, if different. 


• An introduction listing the general categories included in 
the audit. 


• A findings section - each finding shall be sequentially 
numbered. 


Note: Copies of documents supporting a finding shall be made a 
part of the audit report when possible 


 


AP-004 CABRERA SERVICES, INC. Page 6 of 21 







Revision 0  Radiological Compliance Audits 


• A recommendations section - each recommendation 
shall be listed numerically. 


Note: Recommendations or comments by the auditor are to 
enhance the project safety program or to prevent potential 
violations of operations requirements of the license or 
regulation. 


8.1.5.3 CHP shall review and approve the final report within five (5) 
days of receipt from the auditor.  


8.1.5.4 The CHP shall forward the audit report to the following: 


• Original to affected Manager; and 


• Copies to the RSO, the appropriate Department 
Supervisor(s), and the Radiation Safety Committee. 


8.1.6 Audit Responses 


8.1.6.1 The Manager or designee shall prepare a formal response to 
each audit finding and recommendation within 10 working 
days of receipt of the audit report.  The responses shall 
correspond to the numerical system used in the audit report 
and shall include the following: 


8.1.6.1.1 Date by which the corrective action was or shall be 
completed; 


8.1.6.1.2 An explanation as to the cause of the deviation and the 
action(s) taken to prevent recurrence; 


8.1.6.1.3 Action taken or to be taken regarding the 
recommendation; and 


8.1.6.1.4 Date by which the action was or is to be completed on a 
recommendation. 


8.1.6.1.5 The distribution shall be as listed in 9.2.3 


8.1.7 Response Review 


8.1.7.1 The CHP and auditor shall review audit responses for 
appropriateness and completeness. 


8.1.7.2 If audit responses are not satisfactory, additional information 
shall be requested in writing. 
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8.1.7.3 If audit responses are satisfactory, the RSO shall issue a 
memo to the Manager closing the audit. 


8.1.7.4 Records shall be closed out and forwarded for retention 
upon completion of all required corrective actions and 
closeout of the audit. 


9.0 QUALITY ASSURANCE/RECORDS 


9.1 Quality Assurance 


9.1.1 The RSO will conduct a review of the audit reports during their 
regular meeting, to verify effectiveness of the audits and corrective 
actions taken. 


9.2 Records 


9.2.1 Records produced as a result of these audits will be filed in the 
permanent project files. 


9.2.2 Audit Report: The original shall be forwarded to the Manager by the 
CHP with copies to the RSO, the Department Supervisor, and the 
Radiation Safety Committee. 


9.2.3 Audit Response: The original shall be forwarded to the CHP by the 
Manager with copies to the RSO, the Department Supervisor, and 
the Radiation Safety Committee. 


9.2.4 Audit Close-Out and Related Correspondence: The original shall be 
forwarded to the Manager by the CHP with copies to the RSO, the 
Department Supervisor, and the Radiation Safety Committee. 


9.2.5 All original audit records shall be maintained by the CHP and/or the 
Manager with copies maintained at appropriate location(s). 


10.0 ATTACHMENTS 


Attachment 1  Radiological Audit Outline 


Attachment 2  Audit Report Format 


Attachment 3 NUREG – 1556, Volume 11, Appendix M, Federal Regulation 
References List 
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Attachment 1 


Radiological Audit Outline 


 
The following outline shall be used as guidance for auditing the adequacy of a radiologically 
licensed program, identify program weaknesses, and allow licensees to take adequate 
corrective actions.  During an audit, the auditor needs to keep in mind not only the 
requirements of NRC regulations, but also the licensee commitments in applications and 
other correspondences with the NRC.  The audit form can be modified as needed to include 
items specific to the licensed program.  The auditor should also evaluate whether the 
licensee is maintaining exposures to workers and the general public as low as is reasonably 
achievable (ALARA) and, if not, make suggestions for improvement. 


Each section of the audit shall be evaluated for applicable license conditions and regulatory 
conformance. 


A. Management Oversight 


 1. Management support to radiation safety 


  a. RSC, RSO 


 2. Program audits  


  a. Annual reviews of program 


  b. ALARA program review  


 3. Control, Authorized users 


 4. Appropriate follow up on events and previous audit/inspection findings 


 


B. Amendments and Program Changes 


 1. Amendments to the license were properly implemented 


 2. Program and procedural changes were approved and implemented in 
accordance with license condition (if applicable) 


 


C. Facilities 


 1. Facilities as described in license 


  a. Uses 


  b. Control of Access 


  c. Engineering Controls 
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  d. Calibration facilities 


  e. Shielding 


  f. Air flow  


D. Equipment and Instrumentation 


 1. Operable and calibrated survey equipment 


 2. Procedures 


 3. Reporting of defects and noncompliance (10 CFR Part 21) 


 


E. Material Use, Control, and Transfer 


 1. Materials and uses authorized 


 2. Security and control of licensed materials 


 3. Procedures for receipt and transfer of licensed material 


 


F. Area Radiation Surveys and Contamination Control 


 1. Radiological surveys 


 2. Air sampling 


 3. Leak tests 


 4. Inventories 


 5. Handling of radioactive materials 


 6. Contamination Controls 


 7. Records 


 8. Public Doses 


 


G. Training and Instructions to Workers 


 1. Training and retraining requirements and documentation 


 2. Interviews and observations of routine work 


 3. Staff knowledge of all routine activities 


 4. 10 CFR Parts 19 and 20 requirements 


 5. Emergency situations 


 6. Supervision by authorized users 
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H. Radiation Protection 


 1. Radiation protection program with ALARA provisions 


 2. External and internal dosimetry 


 3. Exposure evaluations 


 4. Dose and survey records and reports 


 5. Annual notification to workers 


 6. Bulletins 


 7. Other generic communications 


 


I. Radioactive Waste Management 


 1. Storage areas 


 2. Effluent pathways and control  


 3. Disposal 


  a. Compactors 


  b. Incinerators 


  c. Hoods 


  d. Vents 


  e. License conditions for special disposal method 


  f. Transfer 


 5. Packaging 


  a. Control 


  b. Tracking Procedures 


 6. Equipment 


 


J. Decommissioning 


 1. Records relevant to decommissioning 


 2. Decommissioning plan/schedule 


 3. Notification requirements 


 4. Cost Estimates 


 5. Funding methods 


 6. Financial assurance 
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 7. Timeliness Rule requirements 


 8. Changes in radiological conditions since decommissioning plan was submitted 


 


K. Transportation 


 1. Quantities and types of licensed material shipped 


 2. Packaging design requirements 


 3. Shipping papers 


 4. Hazardous materials (HAZMAT) communication procedures 


 5. Return of sources 


 6. Procedures for monitoring contamination levels of packages 


 7. HAZMAT training 


 8. Records and reports 


 


L. Notifications and Reports 


 1. Reporting and follow up of theft/loss incidents and overexposures 


 2. Notification of change in RSO and/or authorized user 


 3. Radiation exposure reports provided to individuals 


 


M. Posting and Labeling 


 1. Notices 


 2. License documents 


 3. Regulations 


 4. Bulletins and generic information 


 5. Posting of radiation areas 


 6. Labeling of containers of licensed material 


 


N. Independent and Confirmatory Measurements 


 1. Areas surveyed, both restricted and unrestricted, and measurements made 


 2. Comparison of data with staff’s results and regulations 
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Attachment 2 


Audit Report Format 


The following format is supplied as an example.  The headings are shown with an italicized 
example after.  An audit format should contain the elements listed in this example. 


 


 
(Facility or Project Name) – (Required Date of Audit – Fist Quarter 1999) – (Type – Radiation Protection Audit) 
(Auditor’s Name(s)), (Date of Audit – January, 1999) 
 
(Observation – Facility Posting and Control – Inadequate Postings) 
 
 
 
 


1. Postings near the south side of the building were down making them partially unidentifiable.  
Also, these auditors found the signs on the postings to be unreadable due to the fading of the 
printing on the signs. 


  
2. Postings around the material on the west side of the yard are in poor condition, and are 
inconsistent.  Three signs on the same rope did not appropriately describe the area. 


 
 3. Posting condition… 
 
 
 
 
 
 
(Requirement – 10 CFR Part 20) 
 
 
(Severity – Violation) 
 
 
(Reason) – Although postings were present in some cases, not all of the postings sited met the intent 
of the requirement which is to provide proper control of the areas posted.) 
 
(Response – Not Required – Action Complete – Areas posted correctly.) 
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Attachment 3 


NUREG – 1556, Volume 11, Appendix M, Federal Regulation References List 


A. Management Oversight 


 1. Radiation Safety Committee 


 Applicable license conditions. 


 2. Radiation Safety Officer 


 Applicable license conditions. 


 3. Audits, Reviews, or Inspections 


 10 CFR 20.1101 Radiation protection programs. 


 10 CFR 20.2102 Records of radiation protection programs. 


 Applicable license conditions. 


 4. ALARA 


 10 CFR 20.1101 Radiation protection programs. 


 5. Authorized Users 


 Applicable license conditions. 


B. Amendments and Program Changes: 


 Applicable license conditions. 


C. Facilities 


 1. Access Control 


 10 CFR 
20.1601,1602 


Control of access to high/very high radiation areas. 


 10 CFR 20.1801 Security of stored material. 


 10 CFR 20.1802 Control of material not in storage. 


 Applicable license conditions. 


 2. Engineering Controls 


 10 CFR 20.1101 Radiation protection programs. 


 10 CFR 20.1701 Use of process or other engineering controls. 
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 Applicable license conditions. 


D. Equipment and Instrumentation 


 1. Survey Instruments 


 10 CFR 20.1501 General. 


 10 CFR 20.1701 Use of Process or Other Engineering Controls. 


 10 CFR 20.2103 Records of Surveys. 


 Applicable license conditions. 


 2. Safety Component Defects 


 10 CFR 21.21 Notification of failure to comply or existence of a defect and its 
evaluation. 


E. Material Use, Control, and Transfer 


 1. License and applicable license conditions. 


 2. Security and Control 


 10 CFR 20.1003 Definitions (restricted area and unrestricted area). 


 10 CFR 20.1801 Security of stored material. 


 10 CFR 20.1802 Control of material not in storage. 


 3. Receipt and Transfer of Licensed Material 


 10 CFR 20.1302 Compliance with dose limits for individual members of the 
public. 


 10 CFR 20.1906 Procedures for receiving and opening packages. 


 10 CFR 20.1501 Surveys. 


 10 CFR 20.2103 Records of surveys. 


 10 CFR 30.41 Transfer of byproduct material. 


 10 CFR 30.51 Records of receipt and transfer. 


F. AREA RADIATION SURVEYS AND CONTAMINATION CONTROL 


 1. Area Surveys 


 10 CFR 20.1302 Compliance with dose limits for individual members of the 
public
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public. 


 10 CFR 20.1501 General. 


 10 CFR 20.2103 Records of surveys. 


 10 CFR 20.2107 Records of dose to individual members of the public. 


 Applicable license conditions. 


 2. Leak Tests and Inventories 


 Applicable license conditions. 


G. TRAINING AND INSTRUCTIONS TO WORKERS 


 1. General 


 10 CFR 19.12 Instruction to workers. 


 Knowledge of 10 CFR Part 20 radiation protection procedures and requirements. 


 Applicable license conditions. 


H. RADIATION PROTECTION 


 1. Radiation Protection Program 


 a. Exposure evaluation 


 10 CFR 20.1501 General. 


 b. Programs  


 10 CFR 20.1101 Radiation protection programs. 


 2. Dosimetry 


 a. Dose Limits 


 10 CFR 20.1201 Occupational dose limits for adults. 


 10 CFR 20.1202 Compliance with requirements for summation of external and 
internal doses. 


 10 CFR 20.1207 Occupational dose limits for minors. 


 10 CFR 20.1208 Doses to an embryo/fetus. 


 b. External  


 10 CFR 20.1203 Determination of external dose from airborne radioactive 
material
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material. 


 10 CFR 20.1501 General. 


 10 CFR 20.1502 Conditions requiring individual monitoring of external and 
internal occupational dose. 


 Applicable license conditions. 


 c. Internal 


 10 CFR 20.1204 Determination of internal exposure. 


 10 CFR 20.1502 Conditions requiring individual monitoring of external and 
internal occupational dose. 


 10 CFR 20, Subpart 
H 


Respiratory protection and controls to restrict internal exposure 
in restricted areas. 


 3. Records 


 10 CFR 20.2102 Records of radiation protection programs. 


 10 CFR 20.2103 Records of surveys. 


 10 CFR 20.2104 Determination of prior occupational dose. 


 10 CFR 20.2106 Records of individual monitoring results. 


I. RADIOACTIVE WASTE MANAGEMENT 


 1. Disposal 


 10 CFR 20.1904 Labeling containers. 


 10 CFR 20.2001 General requirements. 


 10 CFR 20.2103 Records of surveys. 


 10 CFR 20.2108 Records of waste disposal. 


 10 CFR 20.2003 Disposal by release into sanitary sewerage. 


 2. Effluents 


 a. General 


 Applicable license conditions 


 b. Release to septic tanks 


 10 CFR 20.1003 Definitions (sanitary sewerage). 


AP-004-03 CABRERA SERVICES, INC. Page 17 of 21 







Revision 0  Radiological Compliance Audits 


 10 CFR Part 20, App. 
B, Table 2 


Effluent Concentrations. 


 c. Incineration of waste 


 10 CFR 20.2004 Treatment or disposal by incineration. 


 d. Control of air effluents and ashes 


 10 CFR 20.1201 Occupational dose limits for adults. 


 10 CFR 20.1301 Dose limits for individual members of the public. 


 10 CFR 20.1501 General. 


 10 CFR 20.1701 Use of process or other engineering controls. 


 Applicable license conditions 


 3. Waste Management 


 a. General 


 10 CFR 20.2001 General requirements. 


 Information Notice 
(IN) 90-09 


Extended Interim Storage of Low-Level Radioactive Waste by 
Fuel Cycle and Materials Licensees. 


 b. Waste compacted 


 Applicable license conditions. 


 c. Waste storage areas 


 10 CFR 20.1801 Security of stored material. 


 10 CFR 20.1902 Posting requirements. 


 10 CFR 20.1904 Labeling containers. 


 Applicable license conditions. 


 d. Packaging, Control, and Tracking 


 10 CFR Part 20, 
Appendix F 


Requirements for Low-Level Waste Transfer for Disposal at 
Land Disposal Facilities and Manifests. 


 10 CFR 20.2006 Transfer for disposal and manifests. 


 10 CFR 61.55 Waste classification. 
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 10 CFR 61.56 Waste characteristics. 


 e. Transfer 


 10 CFR Part 20, 
Appendix F 


Requirements for Low-Level Waste Transfer for Disposal at 
Land Disposal Facilities and Manifests. 


 10 CFR 20.2001 General requirements. 


 10 CFR 20.2006 Transfer for disposal and manifests. 


 f. Records 


 10 CFR 20.2103 Records of surveys. 


 10 CFR 20.2108 Records of waste disposal. 


J. DECOMMISSIONING 


 10 CFR 30.35 Financial assurance and recordkeeping for Decommissioning. 


 10 CFR 30.36 Expiration and termination of licenses and decommissioning of 
sites and separate buildings or outdoor areas. 


K. TRANSPORTATION 


 1. General 


 10 CFR 71.5 Transportation of licensed material. 


 2. Shippers - Requirements for Shipments and Packaging 


 a. General Requirements 


 49 CFR Part 173, 
Subpart I 


Class 7 (radioactive) materials. 


 49 CFR 173.24 General requirements for packaging and packages. 


 49 CFR 173.448 General transportation requirements. 


 49 CFR 173.435 Table of A1 and A2 values for radionuclides. 


 b. Transport Quantities 


 10 CFR 71.4 Definitions. 


 i. All quantities 


 10 CFR 71.4 Definitions. 
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 49 CFR 173.410 General design requirements. 


 49 CFR 173.431 Activity limits Type A and Type B 


 49 CFR 173.441 Radiation level limitations. 


 49 CFR 173.443 Contamination control. 


 49 CFR 173.475 Quality control requirements prior to each shipment of Class 7 
(radioactive) materials. 


 49 CFR 173.476 Approval of special form Class 7 (radioactive) materials. 


 ii. Limited quantities 


 49 CFR 173.421 Excepted packages for limited quantities of Class 7 
(radioactive) materials. 


 49 CFR 173.422 Additional requirements for excepted packages containing 
Class 7 (radioactive) materials. 


 iii. Type A quantities 


 49 CFR 173.412 Additional design requirements for Type A packages. 


 49 CFR 173.415 Authorized Type A packages. 


 49 CFR 178.350 Specification 7A; general packaging, Type A. 


 iv. Type B quantities 


 49 CFR 173.416 Authorized Type B packages 


 49 CFR 173.467 Package testing 


 v. LSA material and SCO 


 49 CFR 173.403 Definitions. 


 49 CFR 173.427 Transport requirements for low specific activity (LSA) Class 7 
(radioactive) materials and surface contaminated objects 
(SCO). 


 c. HAZMAT Communication Requirements 


 49 CFR 172.200-205 Shipping papers. 


 49 CFR 172.300-338 Marking. 


 49 CFR 172.400-450 Labeling. 


AP-004-03 CABRERA SERVICES, INC. Page 20 of 21 







Revision 0  Radiological Compliance Audits 


 49 CFR 172.500-560 Placarding. 


 49 CFR 172.600-604 Emergency response information. 


 3. HAZMAT Training 


 49 CFR 172.702 Applicability and responsibility for training and testing. 


 49 CFR 172.704 Training requirements. 


 4. Transportation by Public Highway 


 49 CFR 171.15 Immediate notice of certain hazardous materials incidents. 


 49 CFR 171.16 Detailed hazardous materials incident reports. 


 49 CFR 177.800 Purpose and scope of this part and responsibility for 
compliance and training. 


 49 CFR 177.816 Driver training. 


 49 CFR 177.842 Class 7 (radioactive) material. 


L. NOTIFICATIONS AND REPORTS 


 10 CFR 19.13 Notifications and reports to individuals. 


 10 CFR 20.2201 Reports of theft or loss of licensed material. 


 10 CFR 20.2202 Notification of incidents. 


 10 CFR 20.2203 Reports of exposures, radiation levels, and concentrations of 
radioactive material exceeding the constraints or limits. 


 10 CFR 30.50 Reporting requirements. 


M. POSTING AND LABELING 


 10 CFR 19.11 Posting of notices to workers. 


 10 CFR 21.6  Posting requirements. 


 10 CFR 20.1902 Posting requirements. 


 10 CFR 20.1903 Exemptions to posting requirements. 


 10 CFR 20.1904 Labeling containers. 


 10 CFR 20.1905 Exemptions to labeling requirements. 
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		PURPOSE

		APPLICABILITY

		PRECAUTIONS, LIMITATIONS AND REQUIREMENTS

		Precautions

		The auditor must comply with all safety requirements of the facility or project being audited.

		The auditor and the audit function should minimize interference of operations in the areas being audited.



		Limitations

		Requirements

		This audit is to be performed by the Corporate Health Physicist (CHP) or designee, or an independent Radiation Protection qualified auditor.  The steps of this procedure are written assuming that there is an auditor in addition to the CHP.  In the even

		Unannounced audits may be performed.

		A minimum of four weeks shall have elapsed since conduct of the previous audit.

		Audits shall be conducted such that a comprehensive review and inspection of all activities are performed over a period of two (2) years.





		REFERENCES

		DEFINITIONS AND ABBREVIATIONS

		Safety – The minimization of danger, risk, or inj

		Quality Assurance - The entire suite of procedures, practices, documentation, and records required to provide confirmation of the accuracy of a measurement or of the degree of compliance of an activity with regulations and/or specifications.

		Quality Control - Those actions that control the attributes of the analytical process, standards, reagents, measurement equipment, components, system or facility according to predetermined quality requirements.

		Audit - A planned and documented activity performed to determine by investigation, examination or evaluation of objective evidence, the adequacy of and compliance with established procedures, instructions, drawings, and other applicable documents, and th

		Observation - A practice or event noticed that needs improvement.

		Requirement - Identification of the guidance(s) that has been deviated from as identified in the observation.

		Severity - The problem level of the identified observation:

		Reason - A description of or the rationale for the Observation and its' Severity assignment.

		Recommendation - A suggestion by the auditor for a solution to the observation that may bring the action or situation into conformance with the Requirement(s) it is required to meet.

		Response - A statement or statements given with regard to a particular audit observations.  These statements should explain the action(s) or fix(es) being implement to correct the observation, if required.

		Good Practice - An instance in which an auditor notes and/or documents an action on the part of a auditee that exemplifies a standard or regulation or practice (i.e. an ALARA principle).



		EQUIPMENT

		RESPONSIBILITIES

		Project Manager - The Project Manager (PM) is responsible for ensuring that all personnel understand that they are subject to audit and have read and are familiar with this procedure and have access to a copy of this procedure.

		Radiation Safety Officer (RSO) - The RSO is responsible for training of personnel in this procedure in addition to being the liaison/interpreter, if required, between the audit function and the license.

		Radiation Safety Committee (RSC) - The Radiation Safety Committee is responsible for ensuring that these audits are conducted in a timely manner, review and evaluates, and may prescribe action on any issue concerning the audit.

		Corporate Health Physicist (CHP) - For the purposes of this procedure, the CHP or designee is auditor and performs the function of program examination.

		Health Physics Technicians – Health Physics Techn



		INSTRUCTIONS

		Program and Project Audits

		The audit program is controlled by the Corporate Health Physicist.

		The CHP or designee must perform the audits.

		Individuals designated by the CHP shall not be associated with the project that is being audited.



		The CHP or designee shall schedule audits as described below:

		Unannounced audits may be performed, as frequently as, semiannually.

		A minimum of four weeks shall have elapsed since conduct of the previous audit.



		Each audit shall consist of an examination of selected aspects of licensee conditions, operational activities, and applicable regulatory requirements.

		An audit form shall be prepared by the CHP or designee using information supplied by the RSO and the Radiological Audit Outline (Attachment A) as reference.

		Audits shall be conducted such that a comprehensive review and inspection of all activities are performed over a period of two (2) years.

		The audit form shall be prepared using applicable federal and state regulations, licenses, and previous audit findings.

		Audit forms shall be paginated and dated as to the date of preparation.



		Conduct of Audit

		A preaudit interview shall be conducted with the Manager, RSO, Department Supervisor(s) and/or designated staff representatives to describe purpose and scope of audit, and procedure to be followed.

		The audit shall consist of items specified on the approved audit form and include but not limited to:

		When necessary, the scope of the audit may be expanded by the auditor to fully evaluate a finding or observation.

		Findings must be recorded and be objective, factual and verifiable.

		Those findings which present an imminent radiological control and safety threat or hazard shall be identified to the Manager, RSO, and staff immediately.

		Upon completion of the audit, the auditor shall:



		Audit Report

		The auditor shall, within 10 working days after completing the audit, prepare an audit report and forward it to the CHP, if appropriate.

		The audit report shall include:

		CHP shall review and approve the final report within five (5) days of receipt from the auditor.

		The CHP shall forward the audit report to the following:



		Audit Responses

		The Manager or designee shall prepare a formal response to each audit finding and recommendation within 10 working days of receipt of the audit report.  The responses shall correspond to the numerical system used in the audit report and shall include the

		Date by which the corrective action was or shall be completed;

		An explanation as to the cause of the deviation and the action(s) taken to prevent recurrence;

		Action taken or to be taken regarding the recommendation; and

		Date by which the action was or is to be completed on a recommendation.

		The distribution shall be as listed in 9.2.3





		Response Review

		The CHP and auditor shall review audit responses for appropriateness and completeness.

		If audit responses are not satisfactory, additional information shall be requested in writing.

		If audit responses are satisfactory, the RSO shall issue a memo to the Manager closing the audit.

		Records shall be closed out and forwarded for retention upon completion of all required corrective actions and closeout of the audit.







		QUALITY ASSURANCE/RECORDS

		Quality Assurance

		The RSO will conduct a review of the audit reports during their regular meeting, to verify effectiveness of the audits and corrective actions taken.



		Records

		Records produced as a result of these audits will be filed in the permanent project files.

		Audit Report: The original shall be forwarded to the Manager by the CHP with copies to the RSO, the Department Supervisor, and the Radiation Safety Committee.

		Audit Response: The original shall be forwarded to the CHP by the Manager with copies to the RSO, the Department Supervisor, and the Radiation Safety Committee.

		Audit Close-Out and Related Correspondence: The original shall be forwarded to the Manager by the CHP with copies to the RSO, the Department Supervisor, and the Radiation Safety Committee.

		All original audit records shall be maintained by the CHP and/or the Manager with copies maintained at appropriate location(s).





		ATTACHMENTS
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1.0 PURPOSE 


This procedure provides the requirements and methods for conducting As Low 
As Reasonably Achievable (ALARA) reviews and briefings. 


2.0 APPLICABILITY 


This procedure applies to ALARA reviews and briefings conducted by Radiation 
Staff members, including the Radiation Safety Officer (RSO), and includes the 
pre-job, job-in-progress and post job reviews. 


2.1 The following activities are described in Section 8.0 of this procedure: 


• Trigger Levels for Performance of Formal, Documented ALARA 
Reviews and Briefings 


• Conducting ALARA Pre-Job Reviews 


• Conducting Pre-Job Briefings 


• Conducting ALARA Job-In-Progress Reviews 


• Conducting ALARA Post-Job Reviews 


3.0 PRECAUTIONS, LIMITATIONS, AND REQUIREMENTS 


3.1 Precautions 


Not Applicable 


3.2 Limitations 


Not Applicable 


3.3 Requirements 


3.3.1 Current radiological data 


3.3.2 Work control documents to include radiation work permits (RWPs), 
operating procedures (OPs), etc 


3.3.3 ALARA Checklist 


3.3.4 ALARA Briefing Attendance Record 


3.3.5 Dose histories for site workers as appropriate. 
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4.0 REFERENCES 
• 10 CFR 20  Standards for Protection Against Radiation 
• RSP   Radiation Safety Program 
• AP-001  Record Retention 


5.0 DEFINITIONS AND ABBREVIATIONS 


None 


6.0 EQUIPMENT 


None 


7.0 RESPONSIBILITIES 


7.1 Project Manager (PM) – The PM is responsible for ensuring that all 
personnel are familiar with this procedure, are adequately trained in the use 
of this procedure, and have access to a copy of this procedure. 


7.2 Radiation Safety Officer (RSO) – The RSO is responsible for reviewing and 
approving ALARA documents; conducting, reviewing and/or approving 
ALARA reviews and briefings as described in this procedure.  The RSO is 
responsible for training of personnel working with radioactive material.  The 
RSO ensures Health Physics Technicians are qualified by training and 
experience to perform the requirements of this procedure. 


7.3 Radiological Field Supervisor (RFS) – The RFS is responsible for 
performing the requirements established in this procedure.  During field 
assignments, the RFS is responsible for ensuring that this procedure is 
implemented.  When the RSO is not on site, the RFS will act as the RSO’s 
duly authorized representative for radiological issues. 


7.4 Health Physics Technicians (HPT) – The HPT’s are responsible for 
radiation and general safety protection and counseling workers in the 
proper way to maintain ALARA exposure.  The HPT’s are responsible for 
knowing and complying with this procedure. 


8.0 INSTRUCTIONS 


8.1 This procedure sets the minimum standards for performance of ALARA 
reviews and briefings and does not prohibit the performance of any reviews 
by the client Radiation Protection Department that are in addition to those 
established in this procedure. In all cases, project Radiation Staff members: 
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8.1.1 Are expected to discuss with the Project Manager and site workers 
the dose reduction techniques pertinent to the task to be performed 
for those activities not meeting the criteria for the performance of 
formal reviews. 


8.1.2 Are expected to participate in and support the efforts of the project in 
performance of ALARA related activities. 


8.2 Trigger Levels for Performance of Formal, Documented ALARA Reviews 
and Briefings. 


8.2.1 Formal, documented ALARA Pre-Job Reviews shall be conducted 
and documented, using the attached Pre-Job Review Form, if work is 
expected to result in: 


• An individual dose exceeding 100 millirem (mrem). 


• The collective dose for the job exceeding 0.5 person rem. 


• Airborne exposures exceeding 40 DAC-hrs. per person 


• General area dose rates exceeding 1 mrem/hr. 


• Contamination levels exceeding 100 times the values in 
Attachment AP-005-01, Surface Activity Guidelines 


• Use of supplemental engineering controls (HEPA filter systems, 
glove bags, tents, and other similar devices) and TEDE ALARA 
respiratory protection to reduce potential internal exposures. 


• Installation, removal, or modification or temporary shielding. 


8.2.2 Formal, documented pre-job briefings shall be conducted for work 
involving conditions in 8.2.1 noted above. 


• All project personnel expected to participate in the job, the RFS, 
shall attend pre-job briefings, HPT’s, and project Radiation Staff 
members supporting job performance, and the individual 
performing the pre-job review. 


• Pre-job briefings shall be performed and documented using the 
attached ALARA Briefing Record and the ALARA Briefing 
Attendance Record. 
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8.2.3 Pre-job reviews and briefings shall be conducted as indicated below. 
Briefings shall be conducted jointly by designated Radiation Staff 
members and the Project Manager. 


8.2.3.1 Pre-job Review Matrix 


 


 


Conditions 


 


Review 
Conducted By 


Review   
Approved By 


Briefing 
Conducted By 


Conditions listed 
in 8.2.1 


 
Lead HPT RSO/PM Lead HPT 


5X Conditions in 
8.2.1 


 
RSO RSO RSO 


10X Conditions in 
8.2.1 


RSO/Corporate 
CHP 


Radiation Safety 
Committee 


RSO/Corporate 
CHP 


 


8.2.4 ALARA job-in-progress reviews should be performed for any long 
duration work activity (>1 week) for which formal pre-job reviews and 
briefings are required. 


• Job-In-progress reviews should be tentatively scheduled during 
the ALARA pre-job briefings. 


• Job-in-progress reviews should be conducted jointly by the 
Radiation Staff members conducting pre-job briefing, and the 
Project Manager responsible for the job. 


• Job-in-progress reviews shall be conducted and documented 
using the attached ALARA Job-In-Progress Review Form. 
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8.2.5 Post-job reviews shall be conducted for any jobs exceeding the 
criteria in 8.2.1 


• The post-job review should be, if possible, tentatively scheduled 
during the review. 


• Attendance at post-job reviews should include, as a minimum, 
Radiation Staff members knowledgeable of work performance 
and he Project Manager responsible for the job.  The individual 
conducting the post-job review shall be, if practical, the radiation 
safety individual conducting the pre-job review. 


• Document information obtained during the performance of the job 
that could reduce collective or individual dose rates for future 
work performance. This information may be recorded on the post 
review form or on pages attached to the form. 


• Post-job reviews shall be documented on the Post-Job Review 
Form. 


8.3 Conducting the Pre-Job Review 


8.3.1 Obtain all of the documentation required for the pre-job review.  This 
should include the following documents as appropriate. 


• RWP Request and Review Form. 


• Survey records. 


• Records of previous job performance. 


• Technical work control documents. 


8.3.2 Review the work to be performed using criteria on ALARA Pre-Job 
Review Form as a guide. 


8.3.3 Coordinate with the Project Manager, as required, to obtain pertinent 
job information. 


8.3.4 Identify and record dose rate reduction methods to be implemented 
prior to and during job performance. 


8.3.5 Revise initial person-rem estimates and record the estimates in the 
last section of AP-005-02.  


8.3.6 Annotate the basis for any change on the form or on additional 
sheets attached to the review form. 
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8.3.7 Forward the completed review form for approval 


• The designee indicated in Section 8.2.3 should conduct the 
review. 


• The person with approval authority shall return the review form to 
the individual designated to perform the pre-job briefing. 


8.4 Conducting ALARA Pre-Job Briefings 


8.4.1 Pre-job briefings shall be conducted jointly by the designated project 
Radiation Staff members and the Project Manager.  The Project 
Manager shall address the job-specific aspects, and the Radiation 
Staff members shall address radiological concerns. 


8.4.2 Record attendance at the briefing on the ALARA Briefing Attendance 
Record, Form AP-005-06. 


8.4.3 Conduct the briefing using AP-005-02 and recording on AP-005-05. 


8.4.4 If additional ALARA requirements are identified during the briefing, 
add the requirements to the Special Instructions Section of the RWP. 


8.4.5 Forward briefing records, RWP’s, attendance records, and any other 
documentation to the RSO or duly authorized representative and the 
Project Manager for review and approval.    


8.5 Conducting ALARA Job-In-Progress Reviews 


8.5.1 Obtain the ALARA Job-In-Progress Review Form (AP-005-03) 


8.5.2 Obtain and record the collective dose and man hour data. 


8.5.3 Observe the work-in-progress using the review form as a guide. 


8.5.4 Record observations 


8.5.5 Discuss, as appropriate, the ALARA concerns and the work-in 
progress with the Project Manager and Radiation Staff members 
involved with the job-in-progress review. 


8.5.6 Revise the RWP, as appropriate, to correct any deficiencies 
identified. 


8.5.7 Forward the completed review form, indicating any corrective actions 
taken for review and approval in accordance with paragraph 8.2.3. 
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8.6 Conducting ALARA Post-Job Reviews 


8.6.1 Obtain the ALARA Post-Job Review Form (AP-005-04). 


8.6.2 Obtain and record the job-dose and man-hour data. 


8.6.3 Complete the Post-Job Review Form. 


8.6.4 Annotate any additional information obtained from the task workers 
or Radiation Staff members involved with the job performance in the 
Corrective Action Section of the form. 


8.6.5 Forward completed review form to the RSO or duly authorized 
representative and the RFS for review and approval.  Selected items 
may be included in Radiological Conditions Awareness Report 
Forms AP-003-01 and AP-003-02, as appropriate. 


9.0 QUALITY ASSURANCE/RECORDS 


9.1 Quality Assurance 


9.1.1 All work activities performed under this procedure shall be in 
accordance with the HASP and the RSP. 


9.2 Records 


9.2.1 ALARA review and briefing records are generated during the course 
of implementing this procedure.  The original copy is the record copy 
and is forwarded to the RSO OR DULY AUTHORIZED 
REPRESENTATIVE for processing, including arrangement and filing.  
Working copies of the records may be made as required and should 
be disposed of when no longer needed. 


9.2.2 These records are used by project safety personnel to document 
evaluation of working conditions and radiological protection 
requirements associated with work activities. 


9.2.3 The records are stored, arranged, indexed, retrieved, scheduled, 
retained and disposed of in accordance with the Record Retention in 
AP-001. 


9.2.4 All records generated by this procedure are used in the Radiation 
Protection Program to document contamination levels of work areas 
and materials onsite. 


9.2.5 Radiological survey records, routine survey schedules, and tracking 
forms are generated during the performance of this procedure. 
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9.2.6 Documented information shall be legibly written in ink. 


9.2.7 Data shall not be obliterated by erasing, using white-out, or by any 
other means.  Incorrect entries shall be corrected by striking a single 
line across the entry.  The correction shall be entered, initialed, and 
dated. 


9.2.8 The HPT performing the survey shall ensure that this procedure is 
the most current and approved revision. 


10.0 ATTACHMENTS 


AP-005-01 Surface Activity Guidelines 


AP-005-02 ALARA Pre-Job Review 


AP-005-03 ALARA Job-In-Progress Review 


AP-005-04 ALARA Post-Job Review  


AP-005-05 ALARA Briefing Record 


AP-005-06 ALARA Briefing Attendance Record 
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Attachment AP-005-01 


Surface Activity Guidelines 


Allowable Total Residual Surface Activity (dpm/100cm2)1 


Radionuclides(2) Average(3,4) Maximum(4,5) Removable(6) 


Transuranics, I-125, I-129, Ac-227, Ra-226, 
Ra-228, Th-228, Th-230, Pa-231 100 300 20 


Th-natural, Sr-90, I-126, I-131, Ra-223, Ra-
224, U-232, Th-232 1,000 3,000 200 


U-natural, U-235, U-238, and associated 
decay products, alpha emitters 5,000 15,000 1,000 


Beta-gamma emitters7 (radionuclides with 
decay modes other than alpha emission or 
spontaneous fission) except Sr-90 and 
others noted above 


5,000 15,000 1,000 


Notes: 
 


(1) As used in this table, dpm (disintegrations per minute) means the rate of 
emission by radioactive material as determined by correcting the counts per 
minute measured by an appropriate detector for background, efficiency, and 
geometric factors associated with the instrumentation. 


 
(2) Where surface contamination by both alpha and beta-gamma emitting 


radionuclides exists, the limits established for alpha and beta-gamma emitting 
radionuclides should apply independently. 


 
(3) Measurements of average contamination should not be averaged over an area of 


more than one m2 .  For objects of less surface area, the average should be 
derived for each object. 


 
(4) The average and maximum dose rates associated with surface contamination 


resulting from beta-gamma emitters should not exceed 0.2 mrad/hr, respectively, 
at 1 m. 


 
(5) The maximum contamination level applies to an area of not more than 100 cm2 . 
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Surface Activity Guidelines(cont.) 
 


(6) The amount of removable material per 100 cm2 of surface area should be 
determined by wiping an area of that size with dry filter or absorbent paper, 
applying moderate pressure, and measuring the amount of radioactive material 
on the wiping media with an appropriate instrument of known efficiency.  When 
removable contamination on objects of surface area of less than 100 cm2 is 
determined, the activity per unit area should be based on the actual area, and the 
entire surface should be wiped.  It is not necessary to use wiping techniques to 
measure removable contamination levels if detector scan surveys indicate that 
the total residual surface contamination levels are within the limits for removable 
contamination. 


 
(7) This category of radionuclides includes mixed fission products, including Sr-90, 


which has been separated from the other fission products, or mixtures where the 
Sr-90 has been enriched. 
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Attachment AP-005-02 
 


ALARA Pre-Job Review Form 
 
 


RWP #  __________       Project Manager __________________________    Task Location  _____________________ 


 
           Review Criteria Action Comments 


 1.   Are technical work documents that accurately define the work 
available? 


� YES   � NO 
 �  N/A 


 


 2.   Has the procedure been verified through walk-downs or prior 
performance? 


� YES   � NO 
 �  N/A 


 


 3.   Do procedures have approved hold points? � YES   � NO 
 �  N/A 


 


 4.   Are there specific points in the work evolution at which radiological 
conditions are subject to change?  If yes, are these addressed as 
hold points in work documents? 


� YES   � NO 
�  N/A 


 


 5.   Has the work force performed this previously? � YES   � NO 
�  N/A 


 


 6.   Is specific training required prior to job performance? � YES   � NO 
�  N/A 


 


 7.   Are photographs, videos, and or drawings of the areas(s) to be 
worked available? 


� YES   � NO 
�  N/A 


 


 8.   Can mock up training be used? � YES   � NO 
�  N/A 


 


 9.   Has the size of the work crew needed to perform the job been 
evaluated? 


� YES   � NO 
�  N/A 


 


10.  Have all identified support groups been notified of    scheduled work 
and briefing requirements?  


� YES   � NO 
�  N/A 
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ALARA Pre-Job Review Form (continued) 


 
11. Can work be delayed to allow for the decay of short-lived isotopes? � YES   � NO 


�  N/A 
 


12.  Have the primary sources of exposure been identified?  � YES   � NO 
 �  N/A 


 


13.  Any significant increase in airborne radioactive materials likely as a 
result of the work being performed? 


� YES   � NO 
 �  N/A 


 


14.  Have engineering controls including HEPA filtration devices been 
selected to reduce the potential for airborne releases? 


� YES   � NO 
�  N/A 


 


15. If the release of airborne radioactive materials cannot be eliminated 
through the use of engineering and process controls has the use of 
respirators been evaluated in accordance with HASP and TEDE 
ALARA principles?  


� YES   � NO 
�  N/A 


 


16.  Has temporary shielding been evaluated to reduce worker doses? � YES   � NO 
�  N/A 


 


17. Can work be moved to a lower dose rate area? � YES   � NO 
�  N/A 


 


18.  Have ALARA low dose rate areas been identified and their use 
explained to the workers? 


� YES   � NO 
�  N/A 


 


19.  Can flushing of lines, components etc result in lower dose rates? � YES   � NO 
�  N/A 


 


20.  Can components be drained/filled to reduce dose rates? Worker 
doses? 


� YES   � NO 
�  N/A 
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ALARA Pre-Job Review Form (continued) 


 
21. Can decontamination result in lower doses to workers? � YES   � NO 


�  N/A 
 


22.  Can radioactive components be placed in shielded containers to lower 
dose doses?  


� YES   � NO 
 �  N/A 


 


23.  Are stay times appropriate for reduction of individual doses? � YES   � NO 
 �  N/A 


 


24.  Have travel routes to and from work areas been selected and 
discussed with workers? 


� YES   � NO 
�  N/A 


 


25.  Will staging areas be utilized for workers and equipment?   � YES   � NO 
�  N/A 


 


26.  Are required services including electrical and lighting available? � YES   � NO 
�  N/A 


 


27.  Are special communication devices required due to high ambient 
noise levels?  Are these required to reduce collective exposures?  


� YES   � NO 
�  N/A 


 


28.  Can remote tools and/or robotics be utilized? � YES   � NO 
�  N/A 


 


29.  Is any special equipment or procedural restriction required to ensure 
worker safety during work performance including lockout/tagout 
requirements? 


� YES   � NO 
�  N/A 


 


30.  Is heat stress a concern?  Have stay times been evaluated for heat 
stress considerations? 


� YES   � NO 
�  N/A 
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ALARA Pre-Job Review Form (continued) 


 
31. Does the work involve the use or generation of hazardous materials?  


Can this result in additional collective dose? 
� YES   � NO 


�  N/A 
 


32.  Will the work involved result in waste being generated?  Is mixed 
waste a concern?  


� YES   � NO 
 �  N/A 


 


33.  Has the handling and disposal of waste products been determined? � YES   � NO 
 �  N/A 


 


34.  Will liquids be generated, collected, and/or routed to drains?  Have 
necessary permits been obtained including NPDES as necessary? 


� YES   � NO 
�  N/A 


 


35.  Are whole-body thermoluminescent dosimeters (TLD) sufficient to 
monitor potential exposures expected to be encountered?   


� YES   � NO 
�  N/A 


 


36.  Is multi-badging required? � YES   � NO 
�  N/A 


 


37.  Is extremity badging required?  � YES   � NO 
�  N/A 


 


38.  Does the work involve any criticality concerns?  Have controls been 
identified?  


� YES   � NO 
�  N/A 


 


39.  Is neutron monitoring required? � YES   � NO 
�  N/A 


 


40.  Are ARMs or CAMs going to be used during this work evolution? � YES   � NO 
�  N/A 
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ALARA Pre-Job Review Form (continued) 


 
41. Is a bioassay program required during or following the completion of 


work? 
� YES   � NO 


�  N/A 
 


42.  Are any non-routine items of protective clothing required (face shields, 
heavy rubber gloves, bubble hoods, etc.)?  


� YES   � NO 
 �  N/A 


 


43.  Will on-the-job photographs or videos be made to record job 
conditions or step completion? 


� YES   � NO 
 �  N/A 


 


44.  Are administrative control limits in place for workers as required? � YES   � NO 
�  N/A 


 


 


Additional comments may be annotated on additional pages attached to this form and referenced to criteria in the ALARA 
review 


 


 


ALARA Estimates     DDE    CEDE    TEDE 


Original person rem estimate  ________________  _________________ _________________ 


Revised person rem estimate  ________________  _________________ _________________ 


Review performed by:          ________________________________(print and sign)                _____________(date) 


Review approved by RSO    ________________________________(print and sign)                _____________(date) 


Review approved by PM       ________________________________(print and sign)                _____________(date) 
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Attachment AP-005-03 
ALARA Job-in-Progress Review Form  


 
 


RWP #  _______   Revision ______   Start Date _________  Review Date ________  Conducted By ______________ 
 
Task Location_______________________________________________  Task Manager(s) ______________________ 
 
ALARA Estimate (person rem)__________   Actual–To-Date (person rem) ___________   Person-hrs  ___________ 


           Review Criteria Action Comments 
 1.   Is work being performed as required by technical work documents and 


the RWP(s)? 
� YES   � NO 


 �  N/A 
 


 2.   Are all workers at the job site actively participating in work? � YES   � NO 
 �  N/A 


 


 3.   Are workers knowledgeable of radiological conditions and protective 
equipment requirements in the work area? 


� YES   � NO 
 �  N/A 


 


 4.   Are workers aware of their exposure to date? � YES   � NO 
�  N/A 


 


 5.   Are tools and equipment available at the job site adequate for the 
tasks to be performed? 


� YES   � NO 
�  N/A 


 


 6.   Are tagout/lockout procedures being followed? � YES   � NO 
�  N/A 


 


 7.   Were any unanticipated radiological conditions encountered? � YES   � NO 
�  N/A 


 


 8.   Can additional dose reduction measures be applied to further reduce 
worker doses? 


� YES   � NO 
�  N/A 


 


 9.   Is dosimetry being worn and stored properly? � YES   � NO 
�  N/A 


 


10.  Are work area(s) maintained orderly and clean?  � YES   � NO 
�  N/A 
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ALARA Job-in-Progress Review Form (continued) 


 
11. Have workers experienced any difficulties with heat stress? � YES   � NO 


�  N/A 
 


12.  Are any observable safety hazards present?  � YES   � NO 
 �  N/A 


 


13.  Have workers identified any potential difficulties affecting completion 
of work duties? 


� YES   � NO 
 �  N/A 


 


Attach extra pages as necessary with references to criteria number 


Observations/Recommendations  ______________________________________________________________________ 


_________________________________________________________________________________________________ 


_________________________________________________________________________________________________ 


_________________________________________________________________________________________________ 


  


Prepared by      __________________________________(print/sign)    ______________(date) 


RSO approval  __________________________________(print/sign)    ______________(date) 


Task Manager approval __________________________________(print/sign)    ______________(date) 


Project Manager approval __________________________________(print/sign)    ______________(date) 
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Attachment AP-005-04 
ALARA Post-Job Review Form 


 
 


RWP #  _______   Revision ______   Start Date _________  Review Date ________  Conducted By ______________ 
 
Task Location_______________________________________________  Task Manager(s) ______________________ 
 
ALARA Estimate (person-rem)__________   Actual–To-Date (person rem) ___________   Person-hrs  ___________ 
 
ALARA Goals:          person-rem_________       DDE___________      CEDE___________      TEDE______________ 


           Review Criteria Action Comments 
 1.   Were technical work documents and the materials needed for the job 


identified in the procedure? 
� YES   � NO 


 �  N/A 
 


 2.   Were equipment needs and the materials needed for the job identified 
in the procedure? 


� YES   � NO 
 �  N/A 


 


 3.   Were prerequisite activities completed prior to the start of the job? � YES   � NO 
 �  N/A 


 


 4.   Were support groups present when required for the job evolution? � YES   � NO 
�  N/A 


 


 5.   Was job-specific training completed for this job?   Was it adequate for 
the job? 


� YES   � NO 
�  N/A 


 


 6.   Were any unplanned or unanticipated conditions encountered?  If yes, 
explain. 


� YES   � NO 
�  N/A 
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ALARA Post-Job Review Form (cont.) 
 


 7.   Were estimated manpower requirements exceeded?  If yes, explain 
why. 


� YES   � NO 
�  N/A 


 


 8.   Were low dose rate areas and staging used?  If yes, were they 
effective? 


� YES   � NO 
�  N/A 


 


 9.   Were required services available (electrical, ventilation, lights, etc.)? � YES   � NO 
�  N/A 


 


10.  Was temporary shielding used?  Was it adequate?  � YES   � NO 
�  N/A 


 


11.  Were engineering controls used to reduce potential for airborne 
radioactive materials?  Were they effective?  


� YES   � NO 
�  N/A 


 


12.  Were contamination control practices followed?  Were they effective?  � YES   � NO 
�  N/A 


 


13.  Were respirators or other airborne protective equipment utilized?  Did 
they impact job performance?  


� YES   � NO 
�  N/A 


 


14.  Were procedure changes needed during work evolutions to 
accommodate lessons learned?  


� YES   � NO 
�  N/A 


 


15.  Were additional radiological hold points needed during work 
evolutions?  


� YES   � NO 
�  N/A 


 


16.  Are equipment or process changes needed to help reduce exposures 
for the next job performance?  If yes, explain.  


� YES   � NO 
�  N/A 


 


17.  Were person-rem estimates exceeded?  If so, why.  � YES   � NO 
�  N/A 
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ALARA Post-Job Review Form (cont.) 
 


18.  Were man-hour estimates exceeded?  If so, why.  � YES   � NO 
�  N/A 


 


19.  Could activities or scheduled plan of activities been done differently to 
reduce exposures the next time this job is performed?  If so, explain.  


� YES   � NO 
�  N/A 


 


20.  Could actions be taken to improve future performance of this job?  If 
yes, explain.  


� YES   � NO 
�  N/A 


 


Comments may be annotated on attached pages with references to criteria number. 


Corrective Action Section: 


Corrective actions recommended or taken  (specify actions required by Radiation Safety or Operations) 


_________________________________________________________________________________________________ 


_________________________________________________________________________________________________ 


_________________________________________________________________________________________________ 


_________________________________________________________________________________________________ 


 


Prepared by      __________________________________(print/sign)    ______________(date) 


RSO approval  __________________________________(print/sign)    ______________(date) 


Task Manager approval __________________________________(print/sign)    ______________(date) 


Project Manager approval __________________________________(print/sign)    ______________(date) 
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Attachment AP-005-05 


ALARA Briefing Record 


RWP#______ Revision____Task Description______________________ Start Date_______ 


Radiation Safety:___________________________________________________(Print/Sign) 


Project Manager:___________________________________________________(Print/Sign) 


Radiological Field Supervisor:_________________________________________(Print/Sign) 


1.  The Radiological Field Supervisor 
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Attachment AP-005-06 


ALARA BRIEFING ATTENDANCE RECORD 


Date Name (Print/Sign) SSN/ID# Briefing Subject 


     


     


     


     


     


     


     


     


     


     


     


     


     


     


     


     


     


     


 


Comments:_________________________________________________________________


____________________________________________________________________


____________________________________________________________________


____________________________________________________________________ 


Instructor:_________________________________________(Print/Sign)    Date:__________ 
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		PURPOSE

		APPLICABILITY

		The following activities are described in Section 8.0 of this procedure:



		PRECAUTIONS, LIMITATIONS, AND REQUIREMENTS

		Precautions

		Limitations

		Requirements

		Current radiological data

		Work control documents to include radiation work permits (RWPs), operating procedures (OPs), etc

		ALARA Checklist

		ALARA Briefing Attendance Record

		Dose histories for site workers as appropriate.





		REFERENCES

		DEFINITIONS AND ABBREVIATIONS

		EQUIPMENT

		None



		RESPONSIBILITIES

		Project Manager \(PM\) – The PM is responsible�

		Radiation Safety Officer \(RSO\) – The RSO is �

		Radiological Field Supervisor \(RFS\) – The RF�

		Health Physics Technicians \(HPT\) – The HPT’s�



		INSTRUCTIONS

		This procedure sets the minimum standards for performance of ALARA reviews and briefings and does not prohibit the performance of any reviews by the client Radiation Protection Department that are in addition to those established in this procedure. In al

		Are expected to discuss with the Project Manager and site workers the dose reduction techniques pertinent to the task to be performed for those activities not meeting the criteria for the performance of formal reviews.

		Are expected to participate in and support the efforts of the project in performance of ALARA related activities.



		Trigger Levels for Performance of Formal, Documented ALARA Reviews and Briefings.

		Formal, documented ALARA Pre-Job Reviews shall be conducted and documented, using the attached Pre-Job Review Form, if work is expected to result in:

		Formal, documented pre-job briefings shall be conducted for work involving conditions in 8.2.1 noted above.

		Pre-job reviews and briefings shall be conducted as indicated below. Briefings shall be conducted jointly by designated Radiation Staff members and the Project Manager.

		Pre-job Review Matrix



		ALARA job-in-progress reviews should be performed for any long duration work activity (>1 week) for which formal pre-job reviews and briefings are required.

		Post-job reviews shall be conducted for any jobs exceeding the criteria in 8.2.1



		Conducting the Pre-Job Review

		Obtain all of the documentation required for the pre-job review.  This should include the following documents as appropriate.

		Review the work to be performed using criteria on ALARA Pre-Job Review Form as a guide.

		Coordinate with the Project Manager, as required, to obtain pertinent job information.

		Identify and record dose rate reduction methods to be implemented prior to and during job performance.

		Revise initial person-rem estimates and record the estimates in the last section of AP-005-02.

		Annotate the basis for any change on the form or on additional sheets attached to the review form.

		Forward the completed review form for approval



		Conducting ALARA Pre-Job Briefings

		Pre-job briefings shall be conducted jointly by the designated project Radiation Staff members and the Project Manager.  The Project Manager shall address the job-specific aspects, and the Radiation Staff members shall address radiological concerns.

		Record attendance at the briefing on the ALARA Briefing Attendance Record, Form AP-005-06.

		Conduct the briefing using AP-005-02 and recording on AP-005-05.

		If additional ALARA requirements are identified during the briefing, add the requirements to the Special Instructions Section of the RWP.

		Forward briefing records, RWP’s, attendance recor



		Conducting ALARA Job-In-Progress Reviews

		Obtain the ALARA Job-In-Progress Review Form (AP-005-03)

		Obtain and record the collective dose and man hour data.

		Observe the work-in-progress using the review form as a guide.

		Record observations

		Discuss, as appropriate, the ALARA concerns and the work-in progress with the Project Manager and Radiation Staff members involved with the job-in-progress review.

		Revise the RWP, as appropriate, to correct any deficiencies identified.

		Forward the completed review form, indicating any corrective actions taken for review and approval in accordance with paragraph 8.2.3.



		Conducting ALARA Post-Job Reviews

		Obtain the ALARA Post-Job Review Form (AP-005-04).

		Obtain and record the job-dose and man-hour data.

		Complete the Post-Job Review Form.

		Annotate any additional information obtained from the task workers or Radiation Staff members involved with the job performance in the Corrective Action Section of the form.

		Forward completed review form to the RSO or duly authorized representative and the RFS for review and approval.  Selected items may be included in Radiological Conditions Awareness Report Forms AP-003-01 and AP-003-02, as appropriate.





		QUALITY ASSURANCE/RECORDS

		Quality Assurance

		All work activities performed under this procedure shall be in accordance with the HASP and the RSP.



		Records

		ALARA review and briefing records are generated during the course of implementing this procedure.  The original copy is the record copy and is forwarded to the RSO OR DULY AUTHORIZED REPRESENTATIVE for processing, including arrangement and filing.  Worki

		These records are used by project safety personnel to document evaluation of working conditions and radiological protection requirements associated with work activities.

		The records are stored, arranged, indexed, retrieved, scheduled, retained and disposed of in accordance with the Record Retention in AP-001.

		All records generated by this procedure are used in the Radiation Protection Program to document contamination levels of work areas and materials onsite.

		Radiological survey records, routine survey schedules, and tracking forms are generated during the performance of this procedure.

		Documented information shall be legibly written in ink.

		Data shall not be obliterated by erasing, using white-out, or by any other means.  Incorrect entries shall be corrected by striking a single line across the entry.  The correction shall be entered, initialed, and dated.

		The HPT performing the survey shall ensure that this procedure is the most current and approved revision.
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Revision 0   Respiratory Protection Program/Procedure 


1.0 PURPOSE 


This program describes the requirements and Cabrera Services, Inc. (CABRERA) 
policies associated with respiratory protection at CABRERA job sites and during 
any work at customer facilities.  Adherence to this procedure will provide 
reasonable assurance that personnel exposures to airborne radioactive material 
will be below specified limits, personnel will remain free of contamination and 
contamination will not be spread beyond the designated contaminated area. 


2.0 APPLICABILITY 


This procedure will be used to ensure protection of personnel from internal 
exposure to radioactive materials. 


3.0 PRECAUTIONS, LIMITATIONS AND REQUIREMENTS 


3.1 Precautions 


Not Applicable 


3.2 Limitations 


Not Applicable 


3.3 Requirements 


3.3.1 CABRERA Respiratory Protection Policy 
It is CABRERA’s policy to maintain personnel exposures to known or 
suspected airborne radioactive and/or hazardous material as low as 
is reasonable achievable (ALARA) with regulatory guidance. 
The respiratory protection program is an integral part of the Health 
and Safety program.  The primary objective of the respiratory 
protection program is to limit, to the extent practicable, the inhalation 
of airborne radioactive materials and/or hazardous material.  Under 
normal circumstance, this objective shall be achieved by the 
application of practicable engineering controls such as process, 
containment, and ventilation equipment.  When such controls cannot 
be applied or are not feasible, respirators may be used. 
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The management of CABRERA does not consider protection of 
workers from airborne radioactive materials through the use of 
respirators to be a routine operation, and for this reason their use, 
except for emergencies, shall only be authorized pursuant to an 
approved radiation work permit.  The use of respirators as a backup 
system for practicable engineering controls is an acceptable practice 
for routine operations provided an approved radiation work permit 
covers their use. 


Nonroutine operations are those that occur infrequently at irregular 
intervals and for this reason the application of engineering controls 
may be impracticable.  The protection of workers from airborne 
radioactive material and/or hazardous materials by the use of 
respirators during nonroutine operations is acceptable to the 
management of CABRERA provided that such use is authorized 
pursuant to an approved radiation work permit. 


Emergency conditions are unplanned events characterized by the 
need for rapid and aggressive actions to prevent or mitigate the 
effects of rapidly deteriorating conditions.  The use of respirators 
during such is often a reasonable substitute for engineering controls 
that must be assumed to be nonfunctional or ineffective.  The use of 
respiring emergency conditions acceptable. 


The use of respirator subjects the wearer to added stress and some 
discomfort.  For this reason, no specific limits have been placed on 
time duration that a respirator may be worn.  It is the policy of 
CABRERA that a person wearing a respirator may leave the area at 
any time seek relief from its use.  This may be for reasons of 
equipment malfunction, physical or psychological distress, 
procedural or communication failure, significant deterioration of 
operating conditions, or any other condition that might require such 
relief. 


3.3.2 Engineering and process controls shall be used to the extent 
practicable to limit the concentrations of airborne radioactive 
materials to levels less than 10% of Derived Air Concentration (DAC) 
values listed in 10 CFR 20, Appendix B, Table 1, Column 3. 


3.3.3 When it is impractical to use engineering and process controls, or 
while they are being implemented, other precautionary procedures 
such as limiting stay times, increased surveillance and/or the use of 
respiratory protective equipment will be used to limit the intake of 
airborne radioactive materials as far below 40 DAC hours, in seven 
(7) consecutive days, as possible.  A weekly 40 DAC-hour control 
measure based upon 10 CFR 20.1204 will be the internal exposure 
limits. 


 


AP-006 CABRERA SERVICES, INC. Page 2 of 22 







Revision 0   Respiratory Protection Program/Procedure 


3.3.4 Respirators should not normally be used for routine repetitive task 
but may be used for non-routine tasks.  No emergency situations 
involving potential respiratory hazards are expected under use of this 
program.  Periods of respirator use and overall duration of use 
should be kept to a minimum.  Respirator users shall be allowed 
adequate relief from uses (breaks) at reasonable intervals.  The 
variations in job assignments and in the physical and psychological 
capacities and attitudes of the user shall be considered.  The user 
may leave the area at anytime for relief from respirator use in the 
event of equipment malfunction, physical or psychological distress, 
or any other condition, which requires relief. 


3.3.5 The attached procedures of the Respiratory Protection Program shall 
be followed as applicable for any work involving actual or potential 
exposure to airborne hazardous materials. 


3.4 CABRERA Air Sampling Program 


The air sampling program is established to provide adequate identification 
of all respiratory hazards present including radiological, oxygen deficient 
and toxic materials. 


3.4.1 Air sample data will be used to select the proper respirator and 
provide estimates of worker exposure. 


3.4.2 Air samples will be representative of the air being breathed by the 
worker(s). 


3.4.3 CABRERA Bioassay Program 


Measurements of radioactive materials in the body and/or excreted 
from the body will be preformed as necessary for timely detection 
and assessment of individual intakes of radioactive materials.  The 
techniques used, (e.g., whole body counts, urine samples, etc.) will 
be appropriate with respect to the material exposed. 


3.4.3.1 Baseline Bioassay data shall be obtained. 


3.4.3.2 Periodic bioassay samplers will be taken to determine the 
adequacy of the respiratory protection program and will be 
used to determine actual exposures, if any. 


CAUTION: No personnel shall be allowed to wear a respirator without written 
permission from a medical doctor.  This is required to protect workers 
from potential physical harm that may be caused by use of a respirator 
if the individual has difficulty handling the added strain of breathing 
through such a device. 
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3.5 Qualification of Workers 


3.5.1 Personnel will completed baseline bioassay, physical examination, 
and fit test prior to initial use of respirators and at least every twelve 
(12) months thereafter (except fit test).  Re-qualifications/testing 
must occur within the twelve (12) month period. 


3.5.2 Physical Examinations 


3.5.2.1 Personnel will be certified by a licensed physician that the 
individual is physically able to use respiratory protection 
equipment (10 CFR 20.1703).  For radioactive materials and 
hazardous materials (except asbestos), this qualification is 
annuals.  For asbestos, this qualification is every six months, 
in accordance with 29 CFR 1910. 


3.5.3 Training 


3.5.3.1 Personnel shall be trained in respiratory protection.  Training 
will be given to personnel who will wear respirators and to 
those personnel who will direct to work.  The training will be 
based on the hazards to be encountered and the types of 
respirators to be worn.  The training will include the 
following: 


• Discussion of the airborne contaminants against which 
the wearer is to be protected, including their physical 
properties, DAC's, physiological actions, toxicity and 
means of detection; 


• Discussion of the construction, operating principles, and 
the limitations of the respirator and the reasons the 
respirator is the proper type for the particular. 


• Discussion of the reasons for using the respirator and an 
explanation of why engineering or process controls are 
not feasible; 


• Instruction on the proper use of the device, including 
performance of a pre-use inspection and negative 
pressure test; 


• Instruction in the proper maintenance of the respirator; 


• Discussion of the application of available cartridges and 
canisters; 
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•  Instruction in emergency actions to be taken in the event 
of malfunction of the respirator; 


•  Review of radiation and contamination hazards, 
including the use of other protective equipment that may 
be used with the respirator; and 


• Any other special training as needed. 


• The training will be required to properly perform a pre-
use inspection, don, and wear and remove the respirator.  
They will be given ample time to wear the device in an 
uncontaminated atmosphere so as to become familiar 
with its operation. 


• The training shall be given by personnel who have 
practical experience in the selection, use, and 
maintenance of respiratory protection equipment. 


3.5.4 Fit Test 


3.5.4.1 A qualitative or quantitative respirator-fitting test will be 
preformed to determine the ability of each individual wearer 
to obtain a satisfactory fit with a negative pressure respirator.  
The results of the fit test will be used to select types, models, 
and sizes of respirators for each individual user. 


• A quantitative fit test is preferred and, if performed, an 
overall fit factor of at least 100 shall be obtained with a 
full-face negative pressure respirator. 


• A qualitative fit test with a challenge atmosphere is 
acceptable and should be performed according to 
Attachment AP-006-01 "Qualitative Fit Testing".  If the 
wearer is unable to detect penetration of the challenge 
agent, the fit test is satisfactory. 


3.5.5 Respirator Selection 


3.5.5.1 Only respiratory protection equipment approved by 
NIOSH/MSHA shall be used.  The respiratory protection 
equipment shall be selected for use based on the airborne 
hazard identified and DAC-hr limitations. 
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3.5.6 Respirator Maintenance 


3.5.6.1 Respirators shall be maintained to retain their original shape, 
effectiveness and be in the same configuration as required 
by its NIOSH/MSHA approval. 


3.5.6.2 Respirators shall be cleaned, sanitized, and surveyed to 
ensure each worker is provided a clean respirator at all 
times. 


3.5.6.3 Respirators shall be inspected immediately prior to each 
use, after cleaning, and at least monthly when available for 
use. 


3.5.6.4 Replacement of parts or repairs shall be performed only by 
persons trained/experienced in proper respirator assembly.  
Replacement parts will be those designed for the particular 
respirator and designated by the manufacturer. 


3.5.6.5 Respirators shall be stored to protect them against dust, 
sunlight, heat, extreme cold, damaging chemicals or 
excessive moisture.  Respirators shall be stored to prevent 
distortion of rubber parts. 


3.5.6.6 All new respirators shall be cleaned, sanitized, inspected, 
and tagged with an identification number prior to use. 


3.5.7 Effectiveness of the Respiratory Protection Program 


3.5.7.1 Workers shall be periodically observed working in respirators 
to ensure proper equipment functioning and to monitor 
worker stress while working. 


4.0 REFERENCES 
• RSP   Radiation Safety Program 
• AP-001  Record Retention 
• OP-002  Air Sampling and Analysis 
• 10CFR20  Subpart H-Respiratory Protection and Controls to Restrict 


   Internal Exposure in Restricted Areas 
5.0 DEFINITIONS AND ABBREVIATIONS 


None 


6.0 EQUIPMENT 


See Individual Attachments AP-006-01, AP-006-02, and AP-006-04. 
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7.0 RESPONSIBILITIES 


7.1 Project Manager (PM) – The PM is responsible for ensuring that all 
personnel using respirators, are familiar with this procedure, adequately 
trained in the use of respirators, and have access to a copy of this 
procedure.  


7.2 Radiation Safety Officer (RSO) – The RSO is responsible for training of 
personnel using respirators.  The RSO will ensure that workers are qualified 
by training and experience to perform the requirements of this procedure. 


7.3 Radiological Field Supervisor (RFS) – During field assignments, the RFS is 
responsible for ensuring that this procedure is implemented.  When the 
RSO is not on site, the RFS will act as the RSO’s duly authorized 
representative for radiological issues. 


7.4 Health Physics Technicians (HPT) – The HPT are responsible for the 
control of radioactive material, coverage of radiation workers, and to ensure 
that those personnel under their cognizance observe proper respiratory 
protection precautions. 


7.5 All personnel – All personnel shall ensure that respiratory protection 
equipment, under their control, is checked in accordance with the provisions 
of this procedure, are responsible to ensure they are currently qualified by 
medical examination and training before putting on a respirator, and shall 
ensure that all provisions of this procedure are compiled with at all times.  


8.0 INSTRUCTIONS 


CABRERA personnel shall conduct all operations associated with respiratory 
protection in accordance with the following attachments to this procedure: 


• Attachment AP-006-01  Qualitative Fit Testing 


• Attachment AP-006-02  Use of a Full Face Respirator 


• Attachment AP-006-03  Respirator Issue and DAC-Hour Tracking 


• Attachment AP-006-04  Respirator Maintenance 


9.0 QUALITY ASSURANCE/RECORDS 


9.1 Quality Assurance 
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9.1.1 Records of the following shall be maintained for each individual who 
wears respiratory protection devices (other than dust masks) at any 
CABRERA work site. 
• Physical Qualifications 
• Fit Testing 
• Respirator Issue 
• Respirator Maintenance 
• Bioassay Data - Before and after exposure 
• Air Sample Results 


9.2 Records 


9.2.1 Documented information shall be legible written in ink. 


9.2.2 Data shall not be obliterated by erasing or using white-out.  Incorrect 
entries shall be corrected by striking a single line across the entry.  
The correction shall be entered, initialed and dated. 


9.2.3 The HPT shall ensure that the attachments are of the most current. 


9.2.4 The HPT shall review completed attachment forms for accuracy and 
completeness. 


9.2.5 The RSO or duly authorized representative shall review any 
applicable completed forms.  The review shall be for accuracy and 
completeness. 


10.0 ATTACHMENTS 


• AP-006-01 Qualitative Fit Testing 


• AP-006-02 Use of a Full Face Respirator   


• AP-006-03 Respirator Issue and DAC-Hour Tracking 


• AP-006-04 Respirator Maintenance 


• AP-006-05 Respiratory Protection Issue and Use Log 


• AP-006-06 Respiratory Protection Equipment History Record 


 


 


AP-006 CABRERA SERVICES, INC. Page 8 of 22 







Revision 0   Respiratory Protection Program/Procedure 


AP-006-01 


QUALITATIVE FIT TESTING 


1.0 PURPOSE 


This procedure provides instructions for performing qualitative fit testing of 
respirators. 


2.0 EQUIPMENT 


 2.1 Qualitative Fit Test Materials 


  2.1.1 Irritant Smoke Test 


• Ventilation smoke tubes, stannic chloride (MSA Part#  5645 
or equivalent) 


• Aspirator bulb 


• Tubing 


  2.1.2 Isoamyl Acetate Test 


• Isoamyl acetate 


• Tissue, cloth, swab, or brush 


2.2 Respirator, full-face piece, cartridge type, negative pressure, air 
purifying. 


3.0 PRECAUTIONS AND LIMITATIONS 


3.1 Verify that the individual has net the physical and training requirements 
and that the individual has no facial hair that may interfere with the 
proper operation of the respirator. 


3.2 The individual administering the test should avoid breathing the test 
agent. 


3.3 Exercise caution when handling irritant smoke tubes.  Observe the 
precautions listed on the box and do not allow the crystals inside the 
tube to contact skin. 


3.4 Verify that the respirator used for the fit test is in good working 
condition. 
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3.6 Isoamyl acetate shall not be used when only HEPA cartridges are worn. 


3.7 DO NOT direct the test material directly at filters or combination 
cartridges. 


4.0 INSTRUCTIONS 


 4.1 Test Method (perform one of the test below) 


4.1.1 Irritant smoke may be used when either HEPA or combination 
vapor and HEPA cartridge are worn. 


4.1.2 Isoamyl acetate shall not be used when HEPA only cartridges 
are worn. 


 4.2 Irritant Smoke Test 


4.2.1 The test subject will perform a pre-use inspection, don the 
respirator, and perform a negative pressure test. 


4.2.2 IF NOT already done, break off the ends of the smoke tube so 
that a small hole results on each end. 


4.2.3 Attach the smoke tube to the aspirator bulb and a piece of tubing 
to the end of the smoke tube to be directed at the respirator. 


4.2.4 Aspirate s small amount of smoke to check that the assembly 
works. 


4.2.5 Position test subject down wind of the tester. 


4.2.6 Instruct the test subject to close their eyes. 


4.2.7 Aspirate the smoke around the respirator sealing area slowly. 


4.2.8 Instruct the test subject to perform the following exercises (each 
approximately 30 seconds) while continuing to aspirate smoke 
around the sealing surfaces: 


• Normal breathing 


• Deep breathing 


• Move head from side to side 


• Move head up and down 


• Talk 
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• Frown 


• Normal breathing 


4.2.9 If no odor or irritation is detected, the test is satisfactory. 


4.2.10 If leakage is detected (odor or irritation), stop the test.  The 
individual may adjust the fit or obtain another device and repeat 
the test. 


4.3 Isoamyl Acetate 


 4.3.1 Perform Step 4.2.1 


4.3.2 The test should be conducted in an area with a minimum of air 
movement. 


 4.3.3 Saturate a tissue, brush, or piece of cloth with isoamyl acetate. 


 4.3.4 Pass the material around the respirator sealing area slowly. 


4.3.5 If a banana odor is not detected, the test is satisfactorily 


  completed. 


 4.3.6 If leakage is detected (banana odor) then go to step 4.2.10. 
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AP-006-02 


USE OF A FULL FACE RESPIRATOR 


1.0 PURPOSE 


This procedure provides guidelines for the proper use of a full face, air 
purifying respirator meeting OSHA standards. 


2.0 EQUIPMENT 


 2.1 A full face, air purifying respirator meeting OSHA standards 


 2.2 Cartridges 


2.2.1 HEPA filter cartridge or; 


2.2.2 Approved combination cartridge 


3.0 PRECAUTIONS AND LIMITATIONS 


3.1 When wearing this device, personnel are required, a soon as practical, 
to leave areas (removing the respirator, if necessary) in case of 
equipment malfunction, undue physical or psychological stress, 
procedural or communication failure, significant deterioration of 
operational conditions, or any other conditions that might require relief.  
Should such a condition occur, the individual ill informs their supervisor. 


3.2 Follow good work practices when using this device. 


3.3 Any individual may re-wear their assigned respirator during a shift 
provided that the interior of the face piece has no loose surface 
contamination above clean limits, is less than 0.1 mr/hr, and completes 
an additional pre-use inspection each time the device is donned. 


3.4 DO NOT USE THIS DEVICE IN OXYGEN DEFICIENT OR 
IMMEDIATELY DANGEROUS TO LIFE OR HEALTH (IDLH) 
ATMOSPHERES.  THIS DEVICE DOES NOT PROVIDE OXYGEN. 


3.5 Observe any limitations on the cartridge used. 


4.0 INSTRUCTIONS 


 4.1 Obtain the respirator 


 4.2 Ensure the respirator has a current inspection. 


 4.3 Visually inspect the device. 
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  4.3.1 Check that the filter cartridge is correctly installed. 


4.3.2 Check the tightness of connections and the condition of the face 
piece and head harness.  Special attention is to be given to 
rubber or elastomer parts to ensure that they are pliable and 
flexible and not deteriorating. 


4.4 Don the respirator 


 4.4.1 Check that all headband straps are extended. 


Caution: If a surgeons cap or hood is used, ensure it does not protrude into any 
face piece sealing area. 


4.4.2 Insert chin into face piece and pull head harness back over the 
head.  This may be accomplished by either pulling the harness 
over the head while inserting the face or initially placing the 
straps over the lens, inserting the face, then pulling the harness 
over the head. 


 4.5 Adjust the straps as follows: 


  4.5.1 Pull the two chinstraps straight back. 


  4.5.2 Pull the two temple straps straight back. 


4.5.3 Push the headband down on the back of the head, being careful 
not to place it o the neck. 


4.5.4 Re-tighten the chinstraps as necessary. 


4.5.5 Re-tighten the temple straps as necessary. 


4.5.6 Tighten the forehead strap if necessary. 


4.6 Conduct a negative pressure test. 


4.6.1 Place fingers over the filter inlet ports.  If a combination cartridge 
is used, place palm over the inlet port. 


4.6.2 Inhale gently so the mask collapses. 


4.6.3 Hold breath for 5-10 seconds. 


4.6.4 If any leakage is detected, readjust the head harness and face 
piece. 


 4.6.5 Repeat until no leakage is detected. 
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4.6.6 If a satisfactory seal cannot be obtained, the individual shall not 
wear the device and will notify their supervisor of the condition. 


4.7 Note the time of work area entry and exit. 


Caution: DO NOT GRASP THE RESPIRATOR BY THE FILTER CARTRIDGE 
WHEN REMOVING FROM FACE. 


 4.8 Removal 


4.8.1 Remove the respirator by bending forward, grasping the snout 
area, and pulling the face piece out and away from the face. 


4.8.2 Place the respirator into an appropriate container (bag). 


4.8.3 Return the device to the storage area and complete the 
Respirator Issue and Use Log (AP-006-05). 
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AP-006-03 


RESPIRATOR ISSUE AND DAC-HOUR TRACKING 


1.0 PURPOSE 


This procedure provides instruction for issuing respirators and tracking 
Derived Air Concentration-hours (DAC-HRS).  DAC-HRS are a measure of 
exposure to airborne radioactive materials.  One DAC-HR is equal to a CEDE 
of 2.5 millirem. 


2.0 EQUIPMENT 


 A full face, air-purifying respirator meeting OSHA standards equipped with the 
proper purifying filter. 


3.0 PRECAUTIONS AND LIMITATIONS 


3.1 Use of a respirator is required when airborne radioactivity 
concentrations cannot be maintained at less than 25% of DAC values 
(Table 1, Column 3, Appendix B, 10 CFR 20). 


3.2 Personnel shall not exceed 40 DAC-hrs in any seven consecutive days. 


3.3 Calculated DAC-hrs greater than twelve (12) in any seven consecutive 
days shall be recorded.  Exposures exceeding 40 DAC-hr guidelines 
will be evaluated by bioassay.  If the bioassay results indicate; 


3.3.1 A higher value, then the higher value shall be recorded. 


3.3.2 A lower value, then the lower value may be recorded. 


3.4 Periodic surveillance of individual working in respirators will be 
performed to evaluate actual exposures and monitor workers stress and 
equipment performance.  Any problems shall be reported to the job 
supervisor. 


Caution: Contact lenses may be worn while wearing a respirator if the individual 
has successfully performed qualitative fit testing with contact lenses. 


4.0 INSTRUCTIONS 


Note: Before donning a respirator, individuals must have met the physical 
examination, training, and fit test wearing requirements and have no 
facial hair which could interfere with the proper operation of the 
respirator. 
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4.1 Verify that the respirator is required for the work the individual is to 
perform. 


4.2 Issue the respirator and complete the applicable blocks of the 
Respirator Issue and Use Log (AP-006-05). 


4.3 Remind the individual to perform a pre-use inspection, negative 
pressure test, and to keep track of the actual time the respirator was 
worn. 


4.4 At the end of each use period, or not later than the end of the shift, 
completed the remainder of the Respirator Issue and Use Log. 


4.5 As soon as air sample data is available, calculate the DAC-hrs of 
exposure. 


4.5.1 If the DAC-hrs meet the record requirement, then record the 
calculated DAC-hrs.  If not, then N/A the DAC-hrs block. 


4.5.2 DAC-hrs = time in area (hrs) X total DAC fraction 
   Respirator protection factor 


4.5.3 Respirator protection factor for particulate filters (HEPA or 
combination).  Reference 10 CFR 20, Appendix A for additional 
information. 


 4.6 Retain all Respirator Issue/Use Logs 
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AP-006-04 


RESPIRATOR MAINTENANCE 


1.0 PURPOSE 


This procedure provides instruction for the inspection and maintenance of A 
full face, negative pressure air purifying respirators, meeting OSHA standards. 


2.0 EQUIPMENT 


• disinfecting wipes 


• plastic bags 


• tape 


• rags or sponges 


• warm (approximately 1200 F) water 


• spare parts as required by the manufacturers instructions 


• Clorox (or equivalent) 


• cleaner/sanitizer 


• Soft bristle brush 


3.0 PRECAUTIONS AND LIMITATIONS 


3.1 Replace any questionable or faulty parts including rubber components 
that show wear or distortion.  Replacement parts shall be those 
specified by the manufacturer. 


3.2 Respirators will be assigned and tagged with a unique identification 
number.  Do not tag the device in such a manner as to interfere with the 
proper operation. 


3.3 Records will be maintained of all maintenance activities including 
cleaning/sanitizing, inspections, and parts replacement. 


3.4 All respirators shall be cleaned and inspected when new, prior to initial 
issue and monthly at a minimum thereafter. 


3.5 Respirator assigned to specific individuals shall be cleaned, surveyed, 
and inspected at least at the end of each shift, prior to re-use, or more 
often as necessary. 
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4.0 INSTRUCTIONS 


Note: Personnel performing respirator inspections shall be trained in the use 
of this procedure.  No attempt shall be made to conduct repairs beyond 
the scope of the manufacturer's instructions. 


Caution: Be sure to control wash water.  Do not release the water to an 
uncontrolled drain without demonstrating by sample analysis that it 
meets release criteria.  Do not soak or attempt to wash filters. 


 4.1 Cleaning 


  4.1.1 Remove the HEPA cartridge. 


4.1.2 Survey the respirator and cartridge to determine extent of 
contamination.  Respirators with >50,000 DPM/100 cm2 shall be 
soaked prior to cleaning.  (Do not soak filters under any 
circumstances). 


4.1.3 Properly dispose of the cartridge as radioactive waste (if 
required). 


4.1.4 Fill a container with warm water.  Add one package of  
cleaner/sanitizer, or 2 fluid ounces of chlorine bleach per gallon 
of water used. 


4.1.5 Gently scrub the respirator with a soft bristle brush, sponge, or 
cloth for at least two (2) minutes. 


4.1.6 Thoroughly rinse the respirator in warm water and allow it to air 
dry. 


4.1.7 Survey the respirator after it is completely dry for loose and fixed 
contamination.  Respirators which indicate >100,000 DPM/100 
cm2 beta/gamma, >100 DPM/100 cm2 alpha or >0.1 mr/hr fixed 
beta/gamma shall not be used.  Repeat washing as noted above. 


4.1.8 Document the survey results for each respirator. 


4.2 After-use or New Inspection 


 4.2.1 Examine the face piece for dirt, cracks, tears, or distortion. 


4.2.2 Examine the head harness for breaks, tears, and loss of 
elasticity or excessively worn serrations, which might permit 
slippage.  Check that the buckles are operational and free of 
defects. 
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4.2.3 Remove the exhalation valve cover and examine the valve for 
foreign material (dust, hair, and dirt).  Inspect the valve seat for 
cracks, tears, or distortion of the valve material.  Check that the 
valve and seat are properly mounted and replace the valve 
covers. 


4.2.4 Inspect the inhalation valve and seat for damage and foreign 
material.  Inspect valve for cracks, tears, or distortion.  Check 
that the valve and seat are properly mounted and connection is 
tight.  Check that the filter-mounting coupling is not cracked and 
threads are in good working condition. 


4.2.5 Examine clamps and connections and ensure they are tight and 
secure. 


4.2.6 Check that there is gasket in the inlet mounting assembly 
(coupling) and that it is not worn or deteriorated and is properly 
installed. 


4.2.7 Inspect the speaking diaphragm for damage or deterioration. 


4.2.8 Check that the lens is not cracked or badly scratch so as to 
impair visibility.  Check that the lens position sand frame are 
securely mounted and in good condition. 


4.2.9 Install a New HEPA filter cartridge or other cartridge as directed 
by supervision.  Be sure to check for gasket on the cartridge 
when it is installed (if required). 


4.2.10 Check that the face piece is tagged with an identification 
number. 


4.2.11 Lightly disinfect the interior of the face piece with a disinfectant 
wipe. 


4.2.12 Place the respirator in a plastic bag and tape the bag closed. 


4.2.13 Record on the bag the data the respirator was cleaned inspected 
and surveyed and the signature of the person performing as 
noted above. 


4.2.14 Record all maintenance, cleaning, inspections, and repairers on 
the Respirator Equipment History Record, (AP-006-05). 
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 4.3 Monthly Inspections 


4.3.1 Check that all connections are tight including that the filter 
cartridge is securely attached and the mounting assembly is 
secure. 


4.3.2 Check that the filter cartridge is in good condition, no cracks and 
that the label is legible. 


4.3.3 Check that the respirator is not hardening and that rubber and 
elastomer parts are pliable by massaging the respirator. 


4.3.4 Check that the bag is securely closed and labeled including 
dates. 


4.3.5 Record the inspection on the respirator bag and on the 
Respirator Equipment History Record, AP-006-06. 


 4.4 Storage 


4.4.1 Respirators will be stored with the head harness straps fully 
extended and on the inside of the face piece. 


4.4.2 Respirators are to be stored so that they are not damaged by 
adjacent equipment, heat, cold, or chemical or twisted out of 
normal configurations. 


4.4.3 Devices ready for use will be segregated from those not ready 
for use and clearly. 
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AP-006-05 
RESPIRATOR ISSUE AND USE LOG 


 
NAME    SSN RESP. DATE 


TYPE/ID ISSUED 
TIME 
ISSUED 


USED IN: 
AREA/JOB 


DATE 
RET'D 


TIME 
RET'D 


DAC-HRS/ 
CALCS BY 


RECORDS 
UPDATE 
 Y     /    N 


BY DATE
COMP 


             


             


             


             


             


             


             


             


             


             


             


 


 


Reviewed By:  ___________________________________________________                                                   Date:  ________________ 
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AP-006-06 


RESPIRATOR EQUIPMENT HISTORY RECORD 


 


Date:  __________ Respirator Type: _________ Identification No.: _____________ 


Inspection:  NEW   �    INITIAL USE   �  MONTHLY   � 


Maintenance: (Check all that apply or are performed) 


Survey {  } Rinse {  } 


Inspect Respirator {  } Sanitize {  } 


Remove HEPA Cartridge {  } Air Dry/Re-survey {  } 


Scrub {  } New HEPA Filter {  } 


 


Inspection:  Check all that apply or are performed) 


Exhalation Valve {  } Inhalation Valve {  } 


Clamps/Connections {  } Gasket {  } 


Speaking Diaphragm {  } Lens {  } 


Face Piece {  } HD Hardness/Buckle {  } 


Filter Cartridge {  } Rubber/Elastomer {  } 


List all replaced respirator parts:  _______________________________________ 


__________________________________________________________________ 


__________________________________________________________________ 


 


Comments:  ________________________________________________________ 


___________________________________________________________________ 


 
Maintenance Performed By:  _____________________________ Date: _________ 
    Operator  Print/Sign 
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		PURPOSE

		APPLICABILITY

		PRECAUTIONS, LIMITATIONS AND REQUIREMENTS

		Precautions

		Limitations

		Requirements

		Cabrera Respiratory Protection Policy

		Engineering and process controls shall be used to the extent practicable to limit the concentrations of airborne radioactive materials to levels less than 10% of Derived Air Concentration (DAC) values listed in 10 CFR 20, Appendix B, Table 1, Column 3.

		When it is impractical to use engineering and process controls, or while they are being implemented, other precautionary procedures such as limiting stay times, increased surveillance and/or the use of respiratory protective equipment will be used to lim

		Respirators should not normally be used for routine repetitive task but may be used for non-routine tasks.  No emergency situations involving potential respiratory hazards are expected under use of this program.  Periods of respirator use and overall dur

		The attached procedures of the Respiratory Protection Program shall be followed as applicable for any work involving actual or potential exposure to airborne hazardous materials.



		Cabrera Air Sampling Program

		Air sample data will be used to select the proper respirator and provide estimates of worker exposure.

		Air samples will be representative of the air being breathed by the worker(s).

		Cabrera Bioassay Program

		Baseline Bioassay data shall be obtained.

		Periodic bioassay samplers will be taken to determine the adequacy of the respiratory protection program and will be used to determine actual exposures, if any.





		Qualification of Workers

		Personnel will completed baseline bioassay, physical examination, and fit test prior to initial use of respirators and at least every twelve (12) months thereafter (except fit test).  Re-qualifications/testing must occur within the twelve (12) mont

		Physical Examinations

		Personnel will be certified by a licensed physician that the individual is physically able to use respiratory protection equipment (10 CFR 20.1703).  For radioactive materials and hazardous materials (except asbestos), this qualification is annuals. 



		Training

		Personnel shall be trained in respiratory protection.  Training will be given to personnel who will wear respirators and to those personnel who will direct to work.  The training will be based on the hazards to be encountered and the types of respirators



		Fit Test

		A qualitative or quantitative respirator-fitting test will be preformed to determine the ability of each individual wearer to obtain a satisfactory fit with a negative pressure respirator.  The results of the fit test will be used to select types, models

		A quantitative fit test is preferred and, if performed, an overall fit factor of at least 100 shall be obtained with a full-face negative pressure respirator.

		A qualitative fit test with a challenge atmosphere is acceptable and should be performed according to Attachment AP-006-01 "Qualitative Fit Testing".  If the wearer is unable to detect penetration of the challenge agent, the fit test is satisfactory.



		Respirator Selection

		Only respiratory protection equipment approved by NIOSH/MSHA shall be used.  The respiratory protection equipment shall be selected for use based on the airborne hazard identified and DAC-hr limitations.



		Respirator Maintenance

		Respirators shall be maintained to retain their original shape, effectiveness and be in the same configuration as required by its NIOSH/MSHA approval.

		Respirators shall be cleaned, sanitized, and surveyed to ensure each worker is provided a clean respirator at all times.

		Respirators shall be inspected immediately prior to each use, after cleaning, and at least monthly when available for use.

		Replacement of parts or repairs shall be performed only by persons trained/experienced in proper respirator assembly.  Replacement parts will be those designed for the particular respirator and designated by the manufacturer.

		Respirators shall be stored to protect them against dust, sunlight, heat, extreme cold, damaging chemicals or excessive moisture.  Respirators shall be stored to prevent distortion of rubber parts.

		All new respirators shall be cleaned, sanitized, inspected, and tagged with an identification number prior to use.



		Effectiveness of the Respiratory Protection Program

		Workers shall be periodically observed working in respirators to ensure proper equipment functioning and to monitor worker stress while working.







		REFERENCES

		DEFINITIONS AND ABBREVIATIONS

		EQUIPMENT

		RESPONSIBILITIES

		Project Manager \(PM\) – The PM is responsible�

		Radiation Safety Officer \(RSO\) – The RSO is �

		Radiological Field Supervisor \(RFS\) – During�

		Health Physics Technicians \(HPT\) – The HPT a�

		All personnel – All personnel shall ensure that r



		INSTRUCTIONS

		QUALITY ASSURANCE/RECORDS

		Quality Assurance

		Records of the following shall be maintained for each individual who wears respiratory protection devices (other than dust masks) at any Cabrera work site.



		Records

		Documented information shall be legible written in ink.

		Data shall not be obliterated by erasing or using white-out.  Incorrect entries shall be corrected by striking a single line across the entry.  The correction shall be entered, initialed and dated.

		The HPT shall ensure that the attachments are of the most current.

		The HPT shall review completed attachment forms for accuracy and completeness.

		The RSO or duly authorized representative shall review any applicable completed forms.  The review shall be for accuracy and completeness.
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Revision 0   Bioassay Program 


1.0 PURPOSE 


This procedure provides the methods Cabrera Services, Inc. (CABRERA) will use 
to assess inhaled, ingested, or absorbed radioactive materials in order to 
determine internal dose to workers.  To verify that radioactive material controls 
will maintain internal exposures As Low As Reasonable Achievable, ALARA. 


2.0 APPLICABILITY 


This procedure will be used to evaluate the need for bioassay and ensure that 
evaluation of radioactive materials in the bodies of workers is evaluated prior to 
and after jobs involving work with radioactive materials when required. 


3.0 PRECAUTIONS, LIMITATIONS, AND REQUIREMENTS 


3.1 Precautions 


3.1.1 This procedure may cause the generation of reports that should be 
copied for each worker involved.  The reports should be maintained 
as a part of radiation exposure records for each individual. 


3.2 Limitations 


None 


3.3 Requirements 


3.3.1 This procedure shall be reviewed annually to verify compliance with 
license conditions. 


3.3.2 Only qualified Health Physics personnel may perform bioassay. 


4.0 REFERENCES 
• RSP   Radiation Safety Program 
• AP-001  Record Retention 
• OP-001  Radiological Surveys 
• OP-002  Air Sampling and Analysis 
• AP-008  Dosimetry Program 
• OP-021  Alpha-Beta Counting Instrumentation 


5.0 DEFINITIONS 


5.1 Baseline Bioassay – An initial evaluation of the radioactive material in the 
body before start of work will work with radioactive materials. 
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5.2 Bioassay – Any technique to determine a quantity of radioactive material 
within the human body or within organs of the body. 


5.3 Multi-Channel Analyzer (MCA) – A composite of electronic equipment which 
can detect, identify and quantify gamma ray emitting radioactive material. 


5.4 Contractor – A company under contract to CABRERA to conduct analysis of 
bioassay samples. 


5.5 NRC Form 4 – The official record of previous exposure history which 
indicates deep dose, shallow dose, eye dose, the committed dose 
equivalent, the committed effective dose equivalent (CEDE) due to 
internally deposited radionuclides, and the total effective dose equivalent 
(TEDE). 


5.6 Derived Air Concentration (DAC) – That concentration of an airborne 
radionuclide which, if inhaled for 40 hours per week for 50 weeks per year 
will cause a committed effective dose equivalent (CEDE) of 5 rem or a 
committed dose equivalent (CDE) to an organ of 50 rem.  


6.0 EQUIPMENT 


As required by testing. 


7.0 RESPONSIBILITIES 


7.1 Project Manager (PM) – the PM is responsible for ensuring that personnel 
assigned the task of implementing bioassay requirements are familiar with 
this procedure, adequately trained in the use of this procedure, and have 
access to a copy of this procedure. In addition, the PM shall ensure that 
personnel responsible for bioassay actions (scheduling, recording, etc.) are 
familiar with requirements of this procedure. 


7.2 Radiation Safety Officer (RSO) – The RSO is responsible for verifying that 
personnel comply with this procedure and are trained in bioassay actions as 
described in this procedure. The RSO is also responsible for quality audits 
of bioassay records, training of radiation workers, and technical assistants 
who have actions associated with bioassay. The RSO is responsible to 
notify personnel of the need for bioassay and the mechanism to get it done. 


7.3 Radiological Field Supervisor (RFS) – During field assignments, the RFS is 
responsible for ensuring that this procedure is implemented.  When the 
RSO is not on site, the RFS will act as the RSO’s duly authorized 
representative for radiological issues. The RFS will ensure that all 
personnel requiring bioassay sampling get their pre-job samples completed 
prior to allowing them to work at the site. In addition, the RFS is responsible 
to ensure that personnel leave a bioassay sample upon exit from the site.  


 


AP-007 Cabrera Services, Inc. Page 2 of 8 







Revision 0   Bioassay Program 


7.4 Health Physics Technicians (HPT) – The HPT conducting bioassay 
techniques is responsible for knowing and complying with this procedure. 


8.0 INSTRUCTIONS 


8.1 Bioassay Policy 


8.1.1 Bioassay shall be conducted at the following times for workers who 
will be exposed to loose surface radioactive materials: 


8.1.1.1 Upon hire or at the start of a project, perform the following: 


• Determine whether the radiation worker has had previous 
radiation exposure history using the NRC Form 4 or 
equivalent 


• If the worker has a previous history of radiation exposure 
and does not have documentation of internal exposure, 
obtain a urine analysis and/or whole body count, as 
necessary, as described in Section 8.2. 


• Bioassay is not required for individuals with no previous 
radiation exposure history. 


NOTE: Baseline bioassay analysis documents previous radioactive material 
intake prior to the start of the project. 


8.1.1.2 When airborne activity is found during Routine or Non-
Routine Air Samples, perform the following: 


• Air samples are to be taken and analyzed using 
Procedure OP-002.  Air samples that identify activity 
concentrations above RSP, "Action Levels," may require 
additional analysis.  If additional analysis is required, 
determination and quantification of radionuclides on the 
air sample may be accomplished by using historical 
information, absorption methods, multi-channel analyzer, 
etc., to evaluate the extent of the intake. 


• If the air sample quantity is less than 0.10 times the DAC 
value listed in 10 CFR 20, no action is necessary.  If the 
air sample quantity is equal to or greater than 0.10 time, 
but less than 0.5 times the DAC value listed in 10 CFR 20, 
the RSO, or duly authorized representative, shall be 
notified.  The RSO or duly authorized representative will 
instruct personnel on any necessary precautions, 
bioassays to be performed, etc., at his or her discretion. 
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• If an air sample quantity is greater than 0.5 times the DAC 
value listed in 10 CFR 20 before personnel entry, 
engineering controls or, as a last resort, respiratory 
protection equipment as specified in the Radiation Work 
Permit (RWP) and respiratory program may be warranted.  
The decision on which to use will be left to the discretion 
of the RSO or duly authorized representative. 


• If an air sample taken during or after personnel entry into 
a radioactive airborne contamination area reveals an 
activity concentration equal to or greater than 0.5 of the 
DAC value listed in 10 CFR 20, and no respiratory 
protection equipment was used, a bioassay sample 
should be taken if it is likely that 4 DAC hours of exposure 
occurred in a single instance.   


8.2 Routine Bioassay Program 


8.2.1 Routine whole body counts or urine analysis are conducted on 
personnel who will work with radioactive materials in order to verify 
that radiation protection program controls for inhalation of airborne 
radioactive material and ingestion or absorption of radioactive 
materials are working effectively. 


8.2.2 Urine analysis shall be required for all radiation workers entering 
areas controlled due to surface contamination in excess of 
prescribed limits. 


8.2.2.1 Urine samples will normally consist of a 24-hour voiding of 
approximately 500 milliliters, but may be changed dependent 
upon the needs of the testing lab.  Samples for the purpose 
of this procedure shall be taken only for the determination of 
internal radioactive or hazardous materials. 


8.2.2.2 Urine samples shall be labeled on the bottle with, at a 
minimum: 


• The name of the project or facility 


• Indication as to whether it is an entry or exit sample 


• The date of sampling 


• The name of the individual providing the sample 


• The social security number (SSN) of the person providing 
the sample 
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• The date of birth of the person providing the sample 


8.2.2.3 The form shall be attached to the bottle in order to prevent 
samples from being inadvertently exchanged. 


8.2.2.4 Using the Sample Chain of Custody procedure, OP-008, 
record all information to ensure control of a proper analysis 
of the sample(s). 


8.2.3 A whole body count shall be required when working with gamma 
emitters, since urine analysis is a poor indicator of exposure from 
gamma rays. 


8.2.3.1 A whole body count will be conducted, and when the 
radionuclide is known, particular interest will be placed on 
the gamma range of that radionuclide.   


   
8.2.3.2 Results from the whole body count shall include a written 


review by the RSO or duly authorized representative.   


8.3 Emergency Bioassay Procedures 


8.3.1 Immediate Evaluation 


• If there is radioactive material on or around the face, nose or 
mouth, take a nasal smear.    


8.3.1.1 The nasal smear shall be counted on a portable survey 
instrument to determine the extent of contamination, as well 
as, to determine whether the radionuclides are beta, gamma, 
alpha, or a combination thereof, following the methods listed 
in OP-001 and OP-021.   


8.3.1.2 Documentation of bioassay data is critical to ensuring that a 
complete and proper dose analysis can be made.  The 
information must be as accurate as possible.  Following an 
emergency bioassay procedure, the following should be 
recorded: 


• Time and date of the event 


• A discussion of the events leading to the emergency, the 
results of initial and current surveys of the personnel 
involved. 


• The initial levels of contamination, radiation dose, 
chemical exposure, and any information concerning 
decontamination that may be available. 
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8.3.1.3 If the radionuclide(s) are a pure alpha or beta particle 
emitter, a urine analysis is required because these radiations 
are not capable of being detected by whole body gamma 
counting.  


• Collect the required milliliters of urine using the steps 
outlined in Sections 8.2.2.1 through 8.2.2.4. 


• Collect a sample for each effective half-life interval for the 
radionuclides of interest, totaling three consecutive 
effective half-lives.  This collection frequency determines 
radionuclide clearance rate 


• Forward urine samples to an analysis laboratory 
contractor.  Forward all information as stipulated in the 
contract as necessary for the analysis to be completed. 


8.3.1.4 For contamination involving transuranic compounds, a chest 
count in the first twelve hours following the event and a 
subsequent count 24 hours after the initial count will facilitate 
adequate determination of the intake. 


• If contamination is a gamma emitter, analyze the activity 
in the body by performing a whole body count at a 
certified laboratory or contractor. 


• Receive bioassay results from contractor. 


• Place the analysis results, as provided by the laboratory, 
and the calculated committed dose equivalent and 
committed effective dose equivalent in the worker’s 
exposure file. 


• The RSO or duly authorized representative shall review all 
documentation associated with the accidental exposure 
and develop a report for the individual’s file to indicate 
internal and external dose equivalent. 


9.0 QUALITY ASSURANCE/RECORDS 


9.1 Quality Assurance 


9.1.1 Instrumentation used in surveys required by this procedure shall be 
checked with standards daily and verified to have current valid 
calibration. 
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9.1.2 This program shall be reviewed annually to verify compliance with 
license conditions. 


9.1.3 Annually, 10% of CABRERA personnel available who wore respiratory 
protection shall be body counted to verify the adequacy of respiratory 
protection equipment and the respiratory protection program. 


9.1.4 Annually, 10% of CABRERA personnel that may have been exposed 
to loose surface contamination should be evaluated to verify the 
adequacy of CABRERA contamination control techniques.  These 
should not be personnel who wore respiratory protection, if possible. 


9.2 Records 


9.2.1 Documented information shall be legible written in ink. 


9.2.2 Data shall not be obliterated by erasing, using white-out, or by any 
other means.  Incorrect entries shall be corrected by striking a single 
line across the entry.  The correction shall be entered, initialed, and 
dated.   


9.2.3 All records of exposure are legal and personal and must be 
controlled as such. 


9.2.4 All records generated by this procedure may be required to 
demonstrate compliance with state and federal requirements (10 
CFR) and shall be maintained in accordance with these 
requirements. 


9.2.5 The Health Physics Technician using this procedure shall ensure 
that it is the most current and approved revision. 


9.2.6 The Health Physics Technician performing a bioassay shall review 
any applicable forms for accuracy and completeness. 


9.2.7 Entries on any pertinent forms must be dated and initialed by the 
Health Physics Technician performing the activity to be valid. 


9.2.8 The RSO or his designee shall review any applicable completed 
forms for accuracy and completeness. 


9.2.9 Documentation initiated using this procedure will be maintained and 
controlled in accordance with CABRERA procedure AP-001. 


10.0 ATTACHMENTS 


AP-007-01  Bioassay Label  
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BIOASSAY LABEL 


AP-007-01 


 


 
The label affixed to a bioassay sample should be sized to fit the container in 
which the sample is stored and shipped.  This is an example of a 3" x 1.5" 
label, which could be used to identify a 100 ml urine sample 
 


 


 


    


Name: 


Sample Date: 


SSN: DOB: 


Type of Sample: 


 


Entry/Exit/Other: 


Project Name: 


 


Proj. Mgr. 


Result to: 
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		PURPOSE

		APPLICABILITY

		PRECAUTIONS, LIMITATIONS, AND REQUIREMENTS

		Precautions

		This procedure may cause the generation of reports that should be copied for each worker involved.  The reports should be maintained as a part of radiation exposure records for each individual.



		Limitations

		Requirements

		This procedure shall be reviewed annually to verify compliance with license conditions.

		Only qualified Health Physics personnel may perform bioassay.





		REFERENCES

		DEFINITIONS

		Baseline Bioassay – An initial evaluation of the 

		Bioassay – Any technique to determine a quantity 

		Multi-Channel Analyzer \(MCA\) – A composite o�

		Contractor – A company under contract to Cabrera 

		NRC Form 4 – The official record of previous expo

		Derived Air Concentration \(DAC\) – That conce�



		EQUIPMENT

		RESPONSIBILITIES

		Project Manager \(PM\) – the PM is responsible�

		Radiation Safety Officer \(RSO\) – The RSO is �

		Radiological Field Supervisor \(RFS\) – During�

		Health Physics Technicians \(HPT\) – The HPT c�



		INSTRUCTIONS

		Bioassay Policy

		Bioassay shall be conducted at the following times for workers who will be exposed to loose surface radioactive materials:

		Upon hire or at the start of a project, perform the following:

		When airborne activity is found during Routine or Non-Routine Air Samples, perform the following:





		Routine Bioassay Program

		Routine whole body counts or urine analysis are conducted on personnel who will work with radioactive materials in order to verify that radiation protection program controls for inhalation of airborne radioactive material and ingestion or absorption of r

		Urine analysis shall be required for all radiation workers entering areas controlled due to surface contamination in excess of prescribed limits.

		Urine samples will normally consist of a 24-hour voiding of approximately 500 milliliters, but may be changed dependent upon the needs of the testing lab.  Samples for the purpose of this procedure shall be taken only for the determination of internal ra

		Urine samples shall be labeled on the bottle with, at a minimum:

		The form shall be attached to the bottle in order to prevent samples from being inadvertently exchanged.

		Using the Sample Chain of Custody procedure, OP-008, record all information to ensure control of a proper analysis of the sample(s).



		A whole body count shall be required when working with gamma emitters, since urine analysis is a poor indicator of exposure from gamma rays.

		A whole body count will be conducted, and when the radionuclide is known, particular interest will be placed on the gamma range of that radionuclide.

		Results from the whole body count shall include a written review by the RSO or duly authorized representative.





		Emergency Bioassay Procedures

		Immediate Evaluation

		If there is radioactive material on or around the face, nose or mouth, take a nasal smear.

		The nasal smear shall be counted on a portable survey instrument to determine the extent of contamination, as well as, to determine whether the radionuclides are beta, gamma, alpha, or a combination thereof, following the methods listed in OP-001 and OP-

		Documentation of bioassay data is critical to ensuring that a complete and proper dose analysis can be made.  The information must be as accurate as possible.  Following an emergency bioassay procedure, the following should be recorded:

		If the radionuclide(s) are a pure alpha or beta particle emitter, a urine analysis is required because these radiations are not capable of being detected by whole body gamma counting.

		For contamination involving transuranic compounds, a chest count in the first twelve hours following the event and a subsequent count 24 hours after the initial count will facilitate adequate determination of the intake.







		QUALITY ASSURANCE/RECORDS

		Quality Assurance

		Instrumentation used in surveys required by this procedure shall be checked with standards daily and verified to have current valid calibration.

		This program shall be reviewed annually to verify compliance with license conditions.

		Annually, 10% of Cabrera personnel available who wore respiratory protection shall be body counted to verify the adequacy of respiratory protection equipment and the respiratory protection program.

		Annually, 10% of Cabrera personnel that may have been exposed to loose surface contamination should be evaluated to verify the adequacy of Cabrera contamination control techniques.  These should not be personnel who wore respiratory protection, if possib



		Records

		Documented information shall be legible written in ink.

		Data shall not be obliterated by erasing, using white-out, or by any other means.  Incorrect entries shall be corrected by striking a single line across the entry.  The correction shall be entered, initialed, and dated.

		All records of exposure are legal and personal and must be controlled as such.

		All records generated by this procedure may be required to demonstrate compliance with state and federal requirements (10 CFR) and shall be maintained in accordance with these requirements.

		The Health Physics Technician using this procedure shall ensure that it is the most current and approved revision.

		The Health Physics Technician performing a bioassay shall review any applicable forms for accuracy and completeness.

		Entries on any pertinent forms must be dated and initialed by the Health Physics Technician performing the activity to be valid.

		The RSO or his designee shall review any applicable completed forms for accuracy and completeness.

		Documentation initiated using this procedure will be maintained and controlled in accordance with Cabrera procedure AP-001.
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1.0 PURPOSE 


This procedure provides instructions for monitoring personnel for exposure to 
radiation in the workplace. Adherence to this procedure will provide reasonable 
assurance that exposures to radiation will be properly monitored enabling 
exposure to be controlled to As Low As Reasonably Achievable (ALARA). 


2.0 APPLICABILITY 


External radiation monitoring shall be conducted when it is likely that an adult will 
exceed 10% of the annual limits listed in 10 CFR 1201(a) or at a more 
conservative limit chosen by the RSO or duly authorized representative. 


This procedure will be used for monitoring of all personnel for exposure to 
radiation.  Monitoring will be provided as described in the site specific work plan 
for the job to be accomplished.  


3.0 PRECAUTIONS, LIMITATIONS AND REQUIREMENTS 


3.1 Precautions 


Not Applicable 


3.2 Limitations 


Not Applicable 


3.3 Requirements 


3.3.1 Site Registration Form 


3.3.1.1 All new personnel and visitors required to enter a RCA must 
complete a Site Registration Form (AP-008-01) prior to 
starting work at a facility. 


3.3.1.2 Complete Site Registration Form will be retained with the 
individual personnel exposure file.  Site Registration Forms 
for CABRERA personnel will be updated annually or earlier if 
existing information is known to be incorrect. 


3.3.2 Occupational Radiation Exposure History 


3.3.2.1 An NRC Form 4 or equivalent must be completed by each 
individual and reviewed by the RSO or duly authorized 
representative prior to the individual being permitted to work 
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in a radiological controlled area (RCA) where a dose of more 
than 25 mrem could be received. 


3.3.3 Dosimetry Assignment 


3.3.3.1 The Thermoluminescent Dosimeter (TLD) badge number, 
name, social security number, whether or not a worker has a 
completed NRC Form 4 or equivalent, the monitoring period 
(date from...to) and the individuals date of birth shall be 
recorded on OP-008-01, for each individual monitored on a 
project.  The original form will be maintained as a permanent 
record of the project monitoring.  A copy will be maintained 
in the CABRERA, East Hartford office. 


3.3.4 Occupational Exposure Limits & Administrative Control Levels. 


3.3.4.1 Nuclear Regulatory Commission limits per calendar year: 


• Whole Body (TEDE)    5 Rem 


• Lens Dose Equivalent (LDE)   15 Rem 


• Shallow Dose Equivalent (SDE)   50 Rem 
(Skin or Extremity)     


• Organ Dose (CDE)     50 Rem 


3.3.4.2 Administrative Control Levels (per quarter) 


• Whole Body (TEDE)    1.25 Rem 


• Lens Dose Equivalent (LDE)   3.75 Rem 


• Shallow Dose Equivalent (SDE)   12.5 Rem  
(Skin or Extremity) 


• Organ Dose (CDE)     12.5 Rem 


3.3.4.3 The CABRERA RSO or duly authorized representative shall 
authorize exposure above the Quarterly Administrative 
Control Levels. 


3.3.5 Radiological Control Areas 


3.3.5.1 An RCA is considered to be any portion of a facility, plant, 
vehicle or project for which restrictions apply for purposes of 
occupational radiation exposure control.  Radiation 


 


AP-008 CABRERA SERVICES, INC. Page 2 of 16 







Revision 0   Dosimetry Program 


 


exposures received within the boundary of a restricted area 
are occupational exposures.  As described in the applicable 
Project Detail Work Procedure, RCAs will be established to 
provide the specific radiological controls necessary for the 
completion of the work scope and the protection of all project 
personnel.  The following guidelines apply: 


3.3.5.2 An RCA is always located within a restricted area as defined 
by 10 CFR 20.  Each radiation area, high radiation area, 
airborne radioactivity area and contaminated area shall be 
contained within an RCA. 


3.3.5.3 Personnel and casual visitors within an RCA will be provided 
with appropriate dosimetry and monitored for radiation 
exposure when appropriate. 


3.3.6 Radiation Work Permits 


3.3.6.1 Personnel working in an RCA must be assigned to a specific 
RWP applicable to the job being performed. 


3.3.6.2 Personnel performing work requiring a DRD shall sign in on 
Form AP-008-06, DRD Dose Tracking Log, prior to the start 
of work indicating the time of entry, starting DRD dose, and 
DRD serial number.  Upon completion of the work or at the 
end of shift, personnel shall sign out on the DRD Dose 
Tracking Log, indicating the time out and the current DRD 
dose.  


3.3.6.3 A weekly accumulated estimated exposure report, based 
upon Direct Reading Dosimeter (DRD) results, will be 
maintained and posted for employee review at the start of 
each workweek.  This report will reflect a running total of 
exposure available for the current calendar quarter.  The 
beginning quarterly available exposure will be 1250 mrem for 
the individuals with a completed and signed Occupational 
Exposure History Form. 


3.3.7 Occupational Radiation Exposure History Request 


3.3.7.1 An Occupational Radiation Exposure Request, AP-008-05 
will be completed for all personnel for whom permanent 
exposure results have been obtained.  Copies of this letter 
will be sent to the individual, and maintained in the 
individual’s personnel exposure file by the CABRERA 
Radiation Safety Office, East Hartford. 
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3.3.7.2  Any time CABRERA is required to report an individual’s 
exposure to the Nuclear Regulatory Commission or other 
regulatory agency, a copy of the report will be sent to the 
individual. 


3.3.8 Project Records / Documentation 


3.3.8.1 Upon completion of the project, it will be the responsibility of 
the RFS or designee to forward all project records, logs, and 
communications regarding personnel exposure, exposure 
records, dosimetry records, and all other pertinent 
information about personnel dosimetry and individual 
radiation protection for RSO or duly authorized 
representative review, and filing in anticipation of NRC 
review. 


4.0 REFERENCES 


• RSP  Radiation Safety Program 


• AP-001 Record Retention 


• AP-012 Radiation Work Permits 


• OP-001 Radiation and Contamination Surveys 


• AP-009 Training Program 


5.0 DEFINITIONS AND ABBREVIATIONS 


5.1 Monitoring – Measurement of radiation exposure to evaluate potential dose 
equivalent to the individual. 


5.2 Dosimetry – Devices worn on the body (TLD or DRD) to measure the 
radiation dose received by the exposed individual. 


5.3 Dose – The deposition of energy in matter.  Equivalent to the radiation dose 
times the quality factor for the type of radiation. 


5.4 Quality Factor – The factor, which is radiation dependent and identifies the 
relative biological effectiveness of a radiation type and energy.  The quality 
factor is multiplied times the Dose to yield the Dose Equivalent. 


5.5 TEDE – The Total Effective Dose Equivalent – The sum of the Deep Dose 
Equivalent (external dose) and the Committed Effective Dose Equivalent 
(internal dose). 
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5.6 CDE – Committed Dose Equivalent – The dose equivalent to organs or 
tissues that will be received from an intake of radioactive material by an 
individual during the 50-year period following the intake. 


5.7 CEDE – Committed Effective Dose Equivalent – The sum of the products of 
all organs or tissues with CDE and their respective weighting factors. 


5.8 SDE – Shallow Dose Equivalent – Applies to the skin and to any extremity, 
it is used for external radiation which cause primary energy deposition in 
the first 0.007 cm of tissue averaged over one square centimeter. 


5.9 LDE- Eye Dose Equivalent – The dose delivered to the lens of the eye at a 
tissue depth of 0.3 centimeters. 


5.10 DDE – Deep Dose Equivalent – The dose equivalent delivered by external 
radiation to tissue at a depth of 1 centimeter. 


5.11 TLD – Thermoluminescent Dosimeter – A device which provides passive 
measurement of DDE, SDE, and/or LDE. 


5.12 DRD – Direct Reading Dosimeter – A self indicating, integrating radiation 
exposure measuring device, (e.g. pocket ion chamber). 


6.0 EQUIPMENT  


None 


7.0 RESPONSIBILITIES 


7.1 Project Manager (PM) – The PM is responsible for ensuring that personnel 
assigned the tasks using radioactive or hazardous materials are properly 
trained in their use and the necessity that they be monitored for exposure to 
radiations and hazardous materials as described in the site specific work 
plan. 


7.2 Radiation Safety Officer (RSO) – The RSO is responsible for verifying that 
personnel comply with this procedure and are trained in the use of personal 
monitoring devices for radiation and hazardous materials. 


7.3 Radiological Field Supervisor (RFS) – During field assignments, the RFS is 
responsible for ensuring that this procedure is implemented.  When the 
RSO is not on site, the RFS will act as the RSO’s duly authorized 
representative for radiological issues. 
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7.4 Health Physics Technicians (HPT) – The HPT are responsible for 
performing the surveys described in the site specific work plan and ensuring 
the proper use of monitoring devices by workers.  


7.5  Workers – All personnel are required to wear their dosimerty as required by 
the RWP and to maintain their exposure to radiation ALARA. 


8.0 INSTRUCTIONS 


8.1 Radiation Dosimetry – TLD 


8.1.1 At a minimum, TLD’s provided by a NVLAP certified vendor for the 
exposure period, will be used to monitor all personnel who could 
potentially receive 10% or more of the permissible dose limit for 
external radiation exposure.  Personnel working in areas with dose 
rates above 5 mrem/hour, will wear a TLD and a low range Direct 
Reading Dosimetry (DRD).  Other appropriate radiation exposure 
monitors will be assigned accordingly (e.g., extremity dosimetry) at 
the discretion of the RSO or duly authorized representative.   


8.1.2 TLD’s are the permanent record of an individual’s occupational 
radiation exposure.  Upon receipt of project dosimetry, TLD’s and 
extremity dosimetry shall be stored in a low background area inside 
the project main office or in other designated storage locations when 
not in use.  A (TLD) control badge shall be kept where the assigned 
badges are stored when they are not in use.  All CABRERA personnel 
entering a RCA where 25 mrem could be received will be issued, at 
a minimum, a TLD. 


8.1.3 The individual’s name, social security number, issue date, and date 
of return will be recorded on form AP-008-03. 


8.1.4 The TLD, which monitors DDE, SDE, and/or LDE, shall be worn on 
the front torso in the region of the torso, expected to receive the 
highest dose.  In cases where other areas of the body may receive a 
higher dose, the HPT shall evaluate and formally require (by 
specification on the RWP) that the dosimetry be worn at that body 
location.  Multibadging may be utilized in certain situations as 
deemed appropriate by the RSO/RFS. 


8.1.5 Extremity monitoring shall be provided when necessary as described 
by the specific site work plan, or at the discretion of the RSO/RFS. 


8.2 Direct Reading Dosimeters 
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8.2.1 Personnel working in a RCA may be issued/monitored by a DRD.  
DRD’s may either be issued for an individual or group depending on 
the type and duration of work to be performed.  The RFS or RSO will 
determine if it will be necessary to issue individual or group DRD’s.  
The DRD’s used for general radiation work will have a range of 0 to 
200 millirem.  DRD’s will be reset to zero (0) at the start of each work 
shift. 


8.3 Visitors/Group Monitoring 


8.3.1 A casual visitor is any person touring or visiting the RCA on an 
infrequent basis, escorted while in the restricted area and not 
performing or supervising hands on work. 


8.3.2 Visitors will be issued a TLD on a case by case basis depending on 
the type and duration of the job.  The RFS or RSO shall determine if 
a TLD is to be issued to a visitor.  TLD’s will always be issued to 
contractors expected to exceed 500 mrem.  A visitor expected to 
receive in excess of 25 mrem shall be trained and provided 
dosimetry. 


8.4 Visitor RCA Conditions 


8.4.1 A visitor may be escorted into a RCA provided that: 


8.4.1.1 No entries into a high radiation areas, surface contamination 
areas, or airborne radioactivity areas shall be allowed, 


8.4.1.2 External radiation exposure is limited to 50 mrem per year, 
or 10 mrem per entry. 


8.4.1.3 The visitor is furnished with dosimetry, when appropriate. 


8.5 Visitor Dosimetry 


8.5.1  Visitors within an RCA shall receive, as a minimum, a low range 0-
200 mR Direct Reading Dosimeter (DRD) 


8.5.2 Visitor TLD results are recorded on form AP-008-01, which is 
maintained at the facility.  When a visitor is issued a TLD, the 
individual’s, name, social security number, issue date, and date of 
return will also be recorded on form AP-008-03. 


8.6 Lost, Damaged or Questionable Dosimetry 


8.6.1 In the event of a Lost, Damaged or Questionable TLD or DRD, the 
RFS or RSO shall be notified immediately.  A Lost, Damaged or 
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Questionable Dosimetry Report, (AP-008-02) will be completed and 
filed in the individual’s exposure file.  The dose estimated from all 
exposure received while the individual was in an exposure situation 
must be determined and recorded in the individual’s dose record. 


8.6.2 In the event of multiple occurrences, the RSO or duly authorized 
representative shall be notified immediately. 


8.7 Dropped or Off-Scale Personal Ion Chambers 


8.7.1 If a DRD is dropped or if it’s hairline is no longer visible (off-scale), 
the response of this device may no longer be valid and an estimate 
of the dose received by an individual must be made based on; dose 
rates and time in the work area, typical dose received on that type of 
job, or the dose received by another person doing the same type of 
work in the same area.  Form AP-008-02 shall be used to document 
this type of situation.  The dose determined shall be added to the 
dose record at the discretion of the RSO.  The RSO or duly 
authorized representative shall review, approve, and maintain all 
completed dose estimates. 


8.8 Project Dosimetry Issuance/Control 


8.8.1 Prior to project commencement, the RFS and/or the RSO will 
determine the appropriate radiation monitoring dosimetry required 
based upon the radionuclides and activity present at the work area.  
The RFS will contact the RSO to provide the following information: 


• CABRERA Project Name and Account Number 


• Project start date and project duration 


• Suggested dosimetry required for project, including radiation type 
to monitor for 


• Quantity of dosimeters requested on a quarterly basis including 
controls 


• Name, address, social security, birth date of project personnel to 
be monitored. 


• Address dosimetry is to be shipped to. 
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8.8.2 Personnel assigned to projects will wear the appropriate dosimetry 
for no more than one quarter or the duration of the project, whichever 
is shortest. 


8.8.2.1 It will be the responsibility of the RFS or RSO to return 
dosimetry to the vendor for processing at the end of each 
quarterly monitoring period. 


8.8.2.2 If the original projected project duration is extended, the RFS 
or designee shall inform the RSO so that the proper 
arrangements can be made to supply additional dosimetry 
from the vendor. 


8.8.2.3 The quarterly issue period may be extended at the discretion 
of the RSO or duly authorized representative.  Extensions 
shall be “with cause” actions and documented by memo, at a 
minimum. 


8.8.2.4 Dosimetry shall be maintained on site in a low dose rate 
area with control(s), when not being worn by personnel. 


8.8.3 Dosimetry Processor (Vendor) 


8.8.3.1 The dosimetry vendor must be NVLAP certified in 
accordance with the project Health and Safety Plan and 10 
CFR 20.1501. 


8.8.3.2 Upon receiving project dosimetry, the RFS or designee shall 
verify that the dosimetry received meets the requirements of 
the project.  Any problems should be reported to the 
CABRERA RSO or duly authorized representative for 
immediate attention and resolution.  All documentation 
received with dosimetry will be filled out completely.  When 
all required preliminary training documentation has been 
completed as described in the project Detail Work 
Procedure, dosimetry will be issued to project personnel. 


8.9 It is the responsibility of the RFS or designee to ensure that AP-008-03 is 
completed at the time of dosimetry issuance and a copy is sent to the 
CABRERA East Hartford Office location. 


9.0 QUALITY ASSURANC/RECORDS 


9.1 Quality Assurance 
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9.2 Records 


9.2.1 Documented information shall be legibly written in ink. 


9.2.2 Data shall not be obliterated by erasing, using white-out, or by any 
other means.  Incorrect entries shall be corrected by striking a single 
line across the entry.  The correction shall be entered, initialed, and 
dated. 


9.2.3 The health physics technician using this procedure shall ensure that 
it is the most current and approved revision. 


9.2.4 The health physics technician shall review Forms AP-008-01 through 
AP-008-04 for accuracy and completeness. 


9.2.5 Entries on Forms AP-008-01 through AP-008-04 and any other 
pertinent forms must be dated and initialed by the health physics 
technician performing the inventory to be valid. 


9.2.6 The RSO or duly authorized representative shall review completed 
forms.  The review shall be for accuracy and completeness. 


10.0  ATTACHMENTS 


• AP-008-01 Site Registration Form 


• AP-008-02 Lost, Damaged or Questionable Dosimetry Report 


• AP-008-03 Radiation Dosimetry Issue Log 


• AP-008-04 Radiation Exposure Report 


• AP-008-05 Occupational Exposure History Request NRC Form 4 


• AP-008-06 DRD Dose Tracking Log 
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AP- 008-01 
Site Registration Form 


 
 
 
 


ADMINISTRATIVE INFORMATION 


Name:                                                               Date: 


Social Sec. No.:                                                Date of Birth: 


Permanent Address: 


Employer’s Name: 


Employer’s Address: 


CABRERA  Project Name/No.: 


Project Contact: 


Signature:                                                        Date:


DOSIMETRY USE ONLY 


DRD No.:                                                            DRD Reading:_______________mrem 


TLD Badge No.:                                               TLD Badge Results_____________mrem 


RADIATION SAFETY OFFICER APPROVAL 


This person has met the requirements for radiation work as specified in the CABRERA  Radiation Safety Manual:  Yes  �   No  �


This person meets the requirements for radiation work with consideration of the notes below:                                Yes �   No  � 


Notes: 


 


CABRERA  RSO Signature: 
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AP-008-02 
Lost, Damaged or Questionable Dosimetry Report 


ADMINISTRATIVE 


Report Date/Time: 


Project Name/No.: 


Project Manager/Contact: 


Individual’s Name/SSN: 


Badge No.: 


Date/Time of Incident: 


Location if known: 


Applicable RWP No.: 


Date Badge was Issued: 


DOSE CALCULATION 


1.  Dose from dosimeter readings                        (Total from date issued) thru__________(Date) = _______mrem 


2.  Current dosimeter reading                          (If more than one dosimeter, use highest reading) =________mrem 


3.  If individual was not wearing a dosimeter, or lost the dosimeter, assign highest exposure received by workers 
in the same area .  If none, use dose rate x time in area for the same period. 


                                  Dose Rate_______________(mrem/hour) x Time_____________(hours) = ________mrem 


Total estimated exposure to be assigned:                                                                                      =________mrem 


THE METHOD USED TO ESTIMATE MY EXPOSURE HAS BEEN EXPLAINED TO ME, 
AND THE ESTIMATE DOSE ASSIGNED TO MY RECORD IS ACCEPTABLE FOR THIS 
EVENT. 


Individual’s Signature:___________________________  Date:______________ 


DOSE RECORD AUTHORIZATION 


Dose Estimate Calculations By:___________________________ Date:______________ 


Dose Estimate Reviewed By:(RSO)________________________ Date:______________ 


Dose Estimate Posted By:_______________________________ Date:______________ 
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AP-008-03 
Radiation Dosimetry Issue Log 


 
Project/Location:_________________________________  Badge Series No.:___________ 


TLD# Name SSN Form 4 
(Y/N)


Dates    
(From/To) 


DOB 


      


      


      


      


      


      


      


      


      


      


      


      


      


      


      


      


      


      


      


Reviewed by:_______________________________  Date:______________ 
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AP-008-04 
Radiation Exposure Record 


 
Name:                                                              SSN: 


Birth Date: 


TLD Badge No.: 


Quarterly Whole Body Dose:  1st_________ 2nd_________ 3rd_________ 4th_________ 


Lifetime Whole Body Dose Equivalent:___________(Rem)    Monitoring Year:________ 


Monitoring 
Period 


Whole 
Body 
(DDE) 


Shallow 
Dose 
(SDE) 


Extremity 
Dose 
(SDE) 


Lens 
Dose 
(LDE) 


Organ 
Dose 
(CDE) 


Internal 
Effective 
Dose 
(CEDE) 


Total Effective Dose 
Equivalent – Rem 
(DDE+CEDE) 
TEDE/Cumulative 


January         


February         


March         


April         


May         


June         


July         


August         


September         


October         


November         


December         


Yearly Totals         


Notes: 


N/M = Not Monitored 


 
Reviewed:______________________________  Date:____________ 
 
RSO:__________________________________  Date:____________ 
 


AP-008 CABRERA SERVICES, INC. Page 14 of 16 







Revision 0   Dosimetry Program 


 


AP-008-05 
OCCUPATIONAL RADIATION EXPOSURE HISTORY 


 
Name:                                                           SSN: 


Address: 


Date of Birth: 


The above individual was monitored by:  TLD:  �       Direct Reading Dosimeter:  � 


This is a:      Record: � Estimate: � 


Monitoring Device Number:______________ 


The monitoring period was:    From:_______________  To:_______________ 


The Occupational Radiation Exposure was received during: 


Assignment for:   ____________________      License No.: ____________________ 


Address: __________________________ 


City/State/ZIP: ______________________ 


Telephone: ________________________ 


RADIATION EXPOSURE RESULTS 


Deep Dose Equivalent for the period stated above:  ___________Rem (DDE) 


Shallow Dose (skin) for the period stated above:  ___________Rem (SDE) 


Extremity Dose for the period stated above:   ___________Rem (SDE) 


Eye Dose Equivalent for the period stated above:  ___________Rem (LDE) 


Committed Effective Dose Equivalent (Internal):  ___________Rem (CEDE) 


Total Effective Dose Equivalent (DDE + CEDE):  ___________Rem (TEDE) 


 


This report is furnished to you under the provisions of Nuclear Regulatory Commission Regulation 10 
CFR Part 20 titled “Standards for Protection Against Radiation”.  You should preserve this report for 
further reference. 


 


Radiation Safety Officer:______________________________ Date:________________ 
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AP-008-06  


DRD Dose Tracking Log 


 


Name Date DRD Serial 
No. 


Time 
In 


Dose 
In 


Time 
Out 


Dose 
Out 


Net 
Dose 


        


        


        


        


        


        


        


        


        


        


        


        


        


        


        


        


        


        


        


        


        
 
Reviewed:______________________________  Date:____________ 
 
RSO:__________________________________  Date:____________ 
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		PURPOSE

		APPLICABILITY

		PRECAUTIONS, LIMITATIONS AND REQUIREMENTS

		Precautions

		Limitations

		Requirements

		Site Registration Form

		All new personnel and visitors required to enter a RCA must complete a Site Registration Form (AP-008-01) prior to starting work at a facility.

		Complete Site Registration Form will be retained with the individual personnel exposure file.  Site Registration Forms for Cabrera personnel will be updated annually or earlier if existing information is known to be incorrect.



		Occupational Radiation Exposure History

		An NRC Form 4 or equivalent must be completed by each individual and reviewed by the RSO or duly authorized representative prior to the individual being permitted to work in a radiological controlled area (RCA) where a dose of more than 25 mrem could b



		Dosimetry Assignment

		The Thermoluminescent Dosimeter (TLD) badge number, name, social security number, whether or not a worker has a completed NRC Form 4 or equivalent, the monitoring period (date from...to) and the individuals date of birth shall be recorded on OP-008-0



		Occupational Exposure Limits & Administrative Control Levels.

		Nuclear Regulatory Commission limits per calendar year:

		Administrative Control Levels (per quarter)

		The Cabrera RSO or duly authorized representative shall authorize exposure above the Quarterly Administrative Control Levels.



		Radiological Control Areas

		An RCA is considered to be any portion of a facility, plant, vehicle or project for which restrictions apply for purposes of occupational radiation exposure control.  Radiation exposures received within the boundary of a restricted area are occupational

		An RCA is always located within a restricted area as defined by 10 CFR 20.  Each radiation area, high radiation area, airborne radioactivity area and contaminated area shall be contained within an RCA.

		Personnel and casual visitors within an RCA will be provided with appropriate dosimetry and monitored for radiation exposure when appropriate.



		Radiation Work Permits

		Personnel working in an RCA must be assigned to a specific RWP applicable to the job being performed.

		Personnel performing work requiring a DRD shall sign in on Form AP-008-06, DRD Dose Tracking Log, prior to the start of work indicating the time of entry, starting DRD dose, and DRD serial number.  Upon completion of the work or at the end of shift, pers

		A weekly accumulated estimated exposure report, based upon Direct Reading Dosimeter (DRD) results, will be maintained and posted for employee review at the start of each workweek.  This report will reflect a running total of exposure available for the 



		Occupational Radiation Exposure History Request

		An Occupational Radiation Exposure Request, AP-00

		Any time Cabrera is required to report an individ



		Project Records / Documentation

		Upon completion of the project, it will be the responsibility of the RFS or designee to forward all project records, logs, and communications regarding personnel exposure, exposure records, dosimetry records, and all other pertinent information about per







		REFERENCES

		DEFINITIONS AND ABBREVIATIONS

		Monitoring – Measurement of radiation exposure to

		Dosimetry – Devices worn on the body \(TLD or DR

		Dose – The deposition of energy in matter.  Equiv

		Quality Factor – The factor, which is radiation d

		TEDE – The Total Effective Dose Equivalent – The 

		CDE – Committed Dose Equivalent – The dose equiva

		CEDE – Committed Effective Dose Equivalent – The 

		SDE – Shallow Dose Equivalent – Applies to the sk

		LDE- Eye Dose Equivalent – The dose delivered to 

		DDE – Deep Dose Equivalent – The dose equivalent 

		TLD – Thermoluminescent Dosimeter – A device whic

		DRD – Direct Reading Dosimeter – A self indicatin



		EQUIPMENT

		RESPONSIBILITIES

		Project Manager \(PM\) – The PM is responsible�

		Radiation Safety Officer \(RSO\) – The RSO is �

		Radiological Field Supervisor \(RFS\) – During�

		Health Physics Technicians \(HPT\) – The HPT a�

		Workers – All personnel are required to wear thei



		INSTRUCTIONS

		Radiation Dosimetry – TLD

		At a minimum, TLD’s provided by a NVLAP certified

		TLD’s are the permanent record of an individual’s

		The individual’s name, social security number, is

		The TLD, which monitors DDE, SDE, and/or LDE, shall be worn on the front torso in the region of the torso, expected to receive the highest dose.  In cases where other areas of the body may receive a higher dose, the HPT shall evaluate and formally requir

		Extremity monitoring shall be provided when necessary as described by the specific site work plan, or at the discretion of the RSO/RFS.



		Direct Reading Dosimeters

		Personnel working in a RCA may be issued/monitore



		Visitors/Group Monitoring

		A casual visitor is any person touring or visiting the RCA on an infrequent basis, escorted while in the restricted area and not performing or supervising hands on work.

		Visitors will be issued a TLD on a case by case b



		Visitor RCA Conditions

		A visitor may be escorted into a RCA provided that:

		No entries into a high radiation areas, surface contamination areas, or airborne radioactivity areas shall be allowed,

		External radiation exposure is limited to 50 mrem per year, or 10 mrem per entry.

		The visitor is furnished with dosimetry, when appropriate.





		Visitor Dosimetry

		Visitors within an RCA shall receive, as a minimum, a low range 0-200 mR Direct Reading Dosimeter (DRD)

		Visitor TLD results are recorded on form AP-008-0



		Lost, Damaged or Questionable Dosimetry

		In the event of a Lost, Damaged or Questionable T

		In the event of multiple occurrences, the RSO or duly authorized representative shall be notified immediately.



		Dropped or Off-Scale Personal Ion Chambers

		If a DRD is dropped or if it’s hairline is no lon



		Project Dosimetry Issuance/Control

		Prior to project commencement, the RFS and/or the RSO will determine the appropriate radiation monitoring dosimetry required based upon the radionuclides and activity present at the work area.  The RFS will contact the RSO to provide the following inform

		Personnel assigned to projects will wear the appropriate dosimetry for no more than one quarter or the duration of the project, whichever is shortest.

		It will be the responsibility of the RFS or RSO to return dosimetry to the vendor for processing at the end of each quarterly monitoring period.

		If the original projected project duration is extended, the RFS or designee shall inform the RSO so that the proper arrangements can be made to supply additional dosimetry from the vendor.

		The quarterly issue period may be extended at the

		Dosimetry shall be maintained on site in a low dose rate area with control(s), when not being worn by personnel.



		Dosimetry Processor (Vendor)

		The dosimetry vendor must be NVLAP certified in accordance with the project Health and Safety Plan and 10 CFR 20.1501.

		Upon receiving project dosimetry, the RFS or designee shall verify that the dosimetry received meets the requirements of the project.  Any problems should be reported to the Cabrera RSO or duly authorized representative for immediate attention and resolu





		It is the responsibility of the RFS or designee to ensure that AP-008-03 is completed at the time of dosimetry issuance and a copy is sent to the Cabrera East Hartford Office location.



		QUALITY ASSURANC/RECORDS

		Quality Assurance

		DRD’s shall be calibrated by a certified laborato



		Records

		Documented information shall be legibly written in ink.

		Data shall not be obliterated by erasing, using white-out, or by any other means.  Incorrect entries shall be corrected by striking a single line across the entry.  The correction shall be entered, initialed, and dated.

		The health physics technician using this procedure shall ensure that it is the most current and approved revision.

		The health physics technician shall review Forms AP-008-01 through AP-008-04 for accuracy and completeness.

		Entries on Forms AP-008-01 through AP-008-04 and any other pertinent forms must be dated and initialed by the health physics technician performing the inventory to be valid.

		The RSO or duly authorized representative shall review completed forms.  The review shall be for accuracy and completeness.
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1.0 PURPOSE  


1.1 This procedure establishes the Cabrera Services Inc., (CABRERA) Training 
Program that, upon satisfactory completion, will allow individuals to enter 
and perform work with US NRC licensed radioactive material.  


1.2 Adherence to this procedure along with site specific guidance will provide 
reasonable assurance that personnel will be aware of their surroundings, 
the hazards associated with the type of material in the work area, and the 
type of work conducted. 


2.0 APPLICABILITY 


2.1 This procedure will be used for all CABRERA project work involving licensed 
radioactive materials. 


3.0 PRECAUTIONS, LIMITATIONS AND REQUIREMENTS 


3.1 Precautions 


3.1.1 No individual shall be allowed to work with licensed radioactive 
materials without training qualification and documentation under this 
program. 


3.2 Limitations 


3.2.1 Any person successfully completing this program shall be qualified 
for a period of one year.  Annual refresher training is required to 
maintain training qualifications. 


3.3 Requirements 


3.3.1 Records of training shall be maintained.  Documentation of previous 
training for which credit is being given shall include: individual’s 
name, date of training, topics covered, and name of the certifying 
individual. 
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3.3.2 The training program for employees and contractors, requiring 
access to licensed radioactive material shall ensure, at a minimum, 
that the following regulatory requirements are met: 


3.3.2.1 10 CFR Part 19.12 - States the training requirements for 
workers who in the course of employment are likely to 
receive in a year an occupational dose in excess of 100 
mrem (1 mSv):  


At a minimum, 4 hours of Radiation Safety Training will be 
required for subcontracted personnel and any worker 
meeting the condition stated in CFR 19.12(a).  This 4 hour 
training shall cover the topics required in CFR 19.12 (a)(1) 
through (a)(6), as well as any pertinent information in 10 
CFR parts 19 and 20 and the Site’s NRC license and 
standard operating procedures. It is mandatory that any 
females participating in this program receive specific training 
on prenatal radiation exposure (Reference 4.).  An annual 
refresher course in Radiation Safety will also be required, 
and as be such provided and documented. 


 


3.3.2.2 29 CFR 1910.120 - Contains the minimum training 
requirements for hazardous waste operations and 
emergency response personnel, supervisors, and 
management: 


  All workers shall be required to possess, and provide 
documentation of, a current 40-hour EPA Hazardous Waste 
Operations and Emergency Response (HAZWOPER) 
Training Certificate.  In addition, site specific HAZWOPER 
training shall be performed to complete the requirements of 
29 CFR 1910.120. The site specific HAZWOPER training 
shall also cover the content of the Emergency Plan, and 
provide detailed instruction on response to site emergency 
events.  







Revision 0  Training 


 


AP-009 CABRERA SERVICES, INC. Page 3 of 46 


3.3.3 Individuals performing a specific limited task, or requiring access for 
observation or similar purposes, shall be exempt from the 
requirements in Section 3.3.2, and may be allowed on-site if the 
following requirements are met:   


3.3.3.1 Prior to entry, the individual shall have, or be given, the 
appropriate radiation, hazardous operations, right to know, 
and other site specific information necessary for the 
radiological and other hazardous conditions expected to be 
encountered.  


3.3.3.2 The individual shall have approval of the RSO or duly 
authorized representative to enter the site.  The RSO or duly 
authorized representative shall document this approval by 
co-signing the individuals entry in the site access log.  


3.3.3.3 Such persons shall also have a continuous escort by, or be 
within continuous view of, a fully trained site representative 
(e.g. RSO, RFS, HPT).  


4.0 REFERENCES 


• NRC Regulatory Guide 8.29   "Instruction Concerning Risks From 
  Occupational Radiation Exposure” 


• Draft Regulatory Guide DG-8012  "Instruction Concerning Risks From 
      Occupational Radiation Exposure" 12/94 


• NRC Regulatory Guide 8.13  "Instruction Concerning  Prenatal Radiation  
      Exposure" 


• INPO 93-009     Guidelines for General Employee Training 


• RSP     Radiation Safety Program 


• RSTM      Radiation Safety Training Manual 


• 10 CFR  Part 19    Code of Federal Regulations 


• 10 CFR  Part 20    Code of Federal Regulations 
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5.0 DEFINITIONS AND ABBREVIATIONS 


5.1 Procedure – A logical, concise document describing the general 
requirements and methods to be used regarding a specific topic. 


5.2 Training – The transfer of information by instruction to ensure 
knowledgeable personnel. 


6.0 EQUIPMENT 


None Required 


7.0 RESPONSIBILITIES 


7.1 Project Manager (PM) – The PM is responsible for ensuring that personnel 
assigned the task of training are familiar with this procedure, adequately 
trained in the use of this procedure, and have access to a copy of this 
procedure. 


7.2 Radiation safety Officer (RSO) – The RSO is responsible for verifying that 
personnel comply with this procedure and are trained in implementing 
actions described in this procedure. 


7.3 Radiological Field Supervisor (RFS) – During field assignments, the RFS is 
responsible for ensuring that this procedure is implemented.  The RFS is 
responsible for identifying training needs. When the RSO is not on site, the 
RFS will act as the RSO’s duly authorized representative for radiological 
issues. 


7.4 Health Physics Technicians (HPT) – Health Physics Technicians are 
responsible for radiation and general safety protection and counseling 
workers in the proper way to protect themselves. The HPT performing 
requirements of this procedure is responsible for knowing and complying 
with this procedure.  


7.5 All Other Personnel – All CABRERA personnel are responsible to ensure 
their training needs are met to ensure safe and efficient completion of 
projects. 
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8.0 INSTRUCTIONS 


8.1 This program is designed to include approximately 4 hours of classroom 
instruction, practical training as necessary, and three hours to complete a 
50 question multiple choice exam (see Attachment B).  Each individual will 
be required to achieve, at a minimum, a passing score of 80%.  Any 
individual that scores below 80% but greater than 65% will be allowed to 
take the test over after completing the 4 hour course.  Additional site-
specific HAZWOPER training will also be required as necessary.  The 
course instructor should use training aids, which include, but not be limited 
to slides, handouts, instruments, etc. to increase trainee understanding of 
the material being presented. 


 Note: It is mandatory that any females that are participating in this 
program and/or allowed access to a licensed site receive specific 
training on prenatal radiation exposure (see Section 4.0). 


8.2 Four Hour Radiation Worker Training 


8.2.1 Attachment 1 is an outline of topics to be covered in the 4 hour 
radiation worker training.  This outline shall serve as a general 
curriculum for instructors. 


8.3 HAZWOPER Site Specific Training 


8.3.1 The required 40 hour Hazardous Waste Operations and Emergency 
Response (HAZWOPER) training shall be supplemented with any 
site specific information which is required by 29 CFR 1910.120, and 
is pertinent to worker safety at the licensed site.  At a minimum, the 
following information shall be covered: 


• Names of personnel and alternates responsible for site safety and 
health; 


• Safety, health and other hazards present on site; 


• Site Emergency Response Plan; 


• Use of site-specific personal protective equipment; 


• Work practices by which the employee can minimize risks from hazards; 


• Safe use of engineering controls and equipment on-site 
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• Medical surveillance requirements, including recognition of symptoms 
and signs which might indicate overexposure to hazards; 


• Site decontamination procedures; and 


• Confined space entry procedures. 


8.4 Procedures for operation of instruments, methods of job completion, 
information important to emergency response, and methods of personnel 
protection will be discussed with all personnel prior to their job assignments 
which involve these activities. 


8.5 An individual training record shall be maintained for each individual 
assigned to work at CABRERA work sites. 


8.6 A course attendance record shall be prepared by the instructor for each 
class given. 


8.7 A review of personnel qualifications shall be completed by the individual 
and reviewed by the project manager for each individual hired to perform a 
specific job function at the project site. 


8.8 On-The-Job training is as important as other types of training and should be 
documented when it occurs.  An instructor shall validate on-the-job training  
as it occurs.  The project manager may provide this validation in the 
absence of an instructor. 


9.0 QUALITY ASSURANCE/RECORDS 


9.1 Quality Assurance 


9.1.1 Each individual will be required to achieve at a minimum a passing 
score of 80%.  Any individual that scores below 80% but greater than 
65% will be allowed to take the test over after completing the 4 hour 
course.  Additional site-specific HAZWOPER training will also be 
required as necessary.  The course instructor should use training 
aids, which include, but not be limited to slides, handouts, 
instruments, etc. to increase trainee understanding of the material 
being presented. 


9.2 Records 


9.2.1 Documented information shall be legibly written in ink. 


9.2.2 Data shall not be obliterated by erasing or using white-out.  Incorrect 
entries shall be corrected by striking a single line across the entry.  
The correction shall be entered, initialed, and dated. 
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9.2.3 The RSO or duly authorized representative shall ensure that the 
Training procedure is the most current revision number. 


9.2.4 The RSO or duly authorized representative shall review the Training 
examination for accuracy and completeness. 


9.2.5 Student taking the exam must date and sign the exam for it to be 
valid. 


9.2.6 The exam shall be kept in the students file folder by the RSO at the 
site office.  The RSO’s file cabinet shall be kept locked when 
unattended. 


10.0 ATTACHMENTS 


Attachment 1   Radiation Worker Training Instructor Outline 


Attachment 2   Guideline for Examination 
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Attachment 1 
 


Radiation Worker 
Training Instructor Outline
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INSTRUCTORS OUTLINE 


 


A.  INTRODUCTION 


1. Goal 


Upon successful completion of this program, the individual shall have sufficient 


understanding of licensed Site procedures and basic principles of radiation 


protection. 


2. Health Physics 


a. State the purpose of Health Physics "To protect people and their 


environment from the harmful effects of ionizing radiation” 


b. Present a description of the Health Physics Department including the 


basic responsibilities of: 


   i. Radiation Safety Officer (RSO) 


   ii. Radiological Field Supervisor (RFS) 


   iii.  Health Physics Technicians 


3.  Site history 


 a. Give a brief description of the history of the Site including: 


      i. chronological history 


   ii known hazardous materials 


   iii. locations of buried materials 


4.  Scope of current activities and licensed operations 


a. Give a brief presentation of current activities and licensed activities 
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involving radioactive material on the site.  Present general information 


on the current status of accessible (above ground if any) site 


contamination.  Describe any other hazards that workers may 


encounter during present and upcoming activities.   


 


  B.  RADIATION PROTECTION 


1.  Atomic Structure 


 a.  Atom; Describe the basic structure of the atom 


i. Proton - Relative size 1 AMU  Positive (+) electrical 


charge  # of protons determines element 


ii. Neutron - Relative size 1 AMU,  No electrical charge 


Protons & Neutrons reside in the Nucleus 


iii.  Electron - Relative size 1/2000 AMU Negative (-) electrical 


charge Orbits Nucleus 


b.  A standard atom has equal number of protons and electrons for neutral 


electrical charge 
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c.  Proton to Neutron ratio equal to 1 in lighter atoms.  As atoms get 


heavier additional neutrons > 1/1 ratio are required for the nucleus to 


maintain internal balance (stable). 


Example: 


   Hydrogen 1 Proton 0 Neutrons 


   Oxygen 8 Protons 8 Neutrons 


   Potassium 19 Protons 20 Neutrons 


   Iron  26 Protons 30 Neutrons 


   Lead  82 Protons 126 Neutrons 


Thorium 90 Protons 142 Neutrons 


d. Isotope; Family of atoms within an element where the nuclei have the 


same number of protons but differing number of neutrons.  


  Example:    


Element: Thorium, Isotopes: Th-230, Th-232 


    Th-230:  90 Protons  140 Neutrons 


    Th-232:  90 Protons  142 Neutrons 


e. Imbalance in neutron / proton ratio causes atom to be unstable i.e. 


RADIOACTIVE. 


f. Nature strives to be in balance, to stabilize an unbalanced atom emits 


radiation. 
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2. Radioactive Material 


An unstable atom or group of atoms who in an effort to become stable emit 


ionizing radiation. 


 a. Radioactive Contamination: 


i. Radioactive atoms on the surface of non-radioactive 


material (loose or fixed) 


   ii. Radioactive material where we don't want it. 


 b  Nuclear Activation: 


i. Material not originally radioactive, but activated by 


exposure to a Nuclear Reactor Core, neutron source, etc. 


    Example: 


 Co60 


 c. Naturally occurring: 


   i.  Radioactive atoms occurring in nature.   


3.  Radiation  


In an effort to balance N/P ratio radioactive isotopes emit ionizing radiation. 


Ionization - The removal of an orbiting electron from its parent atom. 


There are 4 types of ionizing radiation emitted from unstable atoms.  This lecture will 


deal only with only the 3 natural types of ionizing radiation. 
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 a.  Alpha Particles 


   i. 2 protons (++) 2 neutrons, no electrons (Helium nucleus). 


   ii. Emitted from nucleus of heavy isotopes. 


iii Ionizes by electrical attraction of electrons (-) by protons 


(++) in the Alpha particle. 


iv. Moves at 1/20 the speed of light (slow by nuclear 


standards). 


v.  Ionizes very readily due to slow speed and high electrical 


(++) charge stopped by sheet of paper. 


vi. Hazard to body only if taken internally.  Dead layer of skin 


protects from external sources. 


vii. Alpha radiation is greatest internal hazard of the 


radiation’s emitted by isotopes of thorium. 


 b.  Beta Particle 


   i. Particle emitted from the nucleus of unstable isotope. 


   ii Generally (-) electrical charge. 


iii Generated in the nucleus by transformation of a neutron 


into (+) proton and (-) Beta. 


   iv.  Ionizes by electrical repulsion (-) beta repels electrons. 


   v.  Moves 1/10 the speed of light. 


vi.  Due to the smaller electrical charge than Alpha, Beta 


penetrates deeper into materials. 







Revision 0  Training 


 


AP-009 CABRERA SERVICES, INC. Page 14 of 46 


   vii. Shielded by 1/4 to 1/2 inch of most solid materials. 


   viii. External hazard to skin and eyes. 


   ix.  Internal hazard 


c.  Gamma Ray 


i. Packet of energy, no mass (other examples light, radiant 


heat, radio). 


   ii. No electrical charge, moves at the speed of light.  


   iii Emitted in conjunction with beta radiation’s. 


iv. Ionizes by other indirect methods based on energy (offer 


to discuss after class). 


v.  Very high penetrating power due to no electrical 


interaction. 


vi. Major external radiation hazard with some internal hazard 


also. 


Note: Ensure students understand difference between radiation and 


radioactive material. 


4.  Units 


a.  rem - The unit of measurement for reporting biological damage to 


humans from radiation energy absorbed in human tissue.  


   i.  Generally reported in fractions of a rem or millirem. 


    1000 millirem = 1 rem. 


   ii. Used to report total dose 
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   iii. Used to report dose rate (2 rem/hour = 2000 mrem/hr) 


Note: Ensure students have firm understanding of dose and dose rate 


concepts. 


b.  DPM - Disintegration Per Minute (Unit of activity) 


i. A disintegration is the spontaneous emission of particles 


(and associated gamma rays) from an unstable nuclei. 


     ii. DPM - Disintegration Per Minute 


5.  Measurement 


a.  TLD 


   i.  Used to measure total external dose (Deep, Skin, Eye) 


ii.  Demonstrate how worn (Whole Body, Wrist,  Finger 


Rings) 


   iii. What to do when lost or damaged. 


   iv. What to do when not in use (storage). 


   v.  Used to determine legal external dose 


vi Used to comply with 10 CFR 19 and 20 


b.  Personnel Friskers 


   i.  Used to measure contamination.  


ii. Demonstrate instrument and show proper frisking  


techniques. 


iii. Show how to determine background and readings greater 


than background 
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c.  Radiation Survey Meter 


   i.  Demonstrate general use of dose rate survey meter. 


ii. Compare dose rate reading with total dose reading from 


TLD. 


d.  Breathing Zone Air Sampler 


   i.  Demonstrate proper use of BZ. 


ii.  Discuss basic principles of airborne monitoring (DAC) 


hours. 


e.  Whole Body Counter / Bioassay 


i. Explain basic principles of whole body counting (Analysis 


of gamma rays emitted by RAM in the body). 


ii. Discuss Allowable Limit of Intake (ALI-maximum allowable 


amount of RAM taken inside the body in one year). 


   iii. Mention other types of BIOASSAY (urine, fecal analysis). 


f.  Smear Survey 


i.  Used for determining levels of loose surface 


contamination. 


   ii.  Explain units DPM/100 cm2. 


   iii. Demonstrate smear technique. 


   iv. Loose surface contamination limits (clean): 


    <20 DPM/100 cm2 Alpha 


<1000 DPM/100 cm2 Beta/Gamma 
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g.  Fixed Contamination Survey 


   i.  Demonstrate fixed contamination survey. 


   ii.  Limit for fixed surface:  


100 DPM/100 cm2 Alpha 


5000 DPM/100 cm2 Beta/Gamma 


Note: Ensure that all students know that only radiation protection staff 


may perform radiation and contamination surveys (only 


exception personnel frisking of body and clothes). 


 6.  Background Radiation 


a.  Natural sources 


i. Radon approximately 200 mrem/year  (Rn220 from Th232, 


Rn222 from U238).  Top 12" in 1 mile2 average in USA 2000 


lbs U, 6000 lbs Th 


   ii.  Other than Radon approximately 100 mrem/year 


         (Cosmic, K40) 


b.  Man made 


i. Medical, approximately 53 mrem/yr (39mrem diagnostic x-


rays, 14mrem nuclear medicine) 


   ii.  Fallout < 4.0 mrem/yr (historical bomb testing) 


iii.  Nuclear fuel cycle <0.1 mrem/yr (U mining, transportation, 


Nuc. plants, waste disposal). 
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Note:  Maximum allowable public exposure from licensed operations is 


100 mrem/yr. 


iv.  Consumer Products <10.0 mrem/yr (tobacco products, 


building materials, smoke detectors, drinking water, 


natural gas) 


The average person by age 50 will have a total dose of 18 rem 


(18000 mrem) from all sources 


The total average dose for all people is 360 mrem/year.  This 


total is based on the total exposure for all Americans divided by 


population.  An individuals dose is dependent on factors such as 


geographic location and medical history. 


7. Occupational Dose 


 1992:  250,000 Individuals monitored for occupational exposure 


  125,000 no measurable exposure 


  125,000 average exposure of 300 mrem  


  8.  Biological Effects 


a.  Radiation effects on cells of the body. 


   i. Cell will die. 


   ii. Cell will repair it self. 


   iii.  No damage. 


   iv.  Cell is damaged, survives, cannot reproduce. 


v. Cell genetic material is damaged, damage is passed on to 


next generation (mutation). 
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b.  Acute vs Chronic Exposure 


   i  Acute Exposure - High dose in short period. 


   ii  Acute effects 


    <25 rem no readily detectable effects 


    >25 rem exposure slight changes in blood (MD) 


    >100 rem  vomiting, diarrhea, loss of hair 


    450 rem LD-50 with no medical intervention 


    600 rem LD-100 with no medical intervention 


c.  Chronic exposure - Low dose over long period of time. 


  Chronic exposure is the basis for our Radiation Program. 


d.  Stochastic Damage (Cancer) 


i. A particular cells level of cancer risk is dependent on how 


fast the cells reproduce themselves. "Radiosensitivity" 


ii. Cancer Statistics, 20% of all adults will develop a fatal 


cancer from all possible causes. 


In a group of 10,000 workers, 2000 will die from cancer.  


Expose this same group to 1 rem of ionizing radiation 


(DDE) statistically 4 additional cancers will result (2000 - 


2004).  For 100 rem 400 additional cancers.  
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   iii. Relative Risk Table: 


    Hazard   Est. of days lost 


    Pack of Cigarettes/day  2370 days 


    20% overweight               985 days 


    Home accidents                95 days 


    1 rem lifetime exposure    1 day 


Note: Other statistics are available in reg guide 8.29 


iv. Somatic Effects - Effects that appear in the exposed 


individual  


v. Genetic Effects - Effects that appear in the exposed  


individuals offspring 


Note: There is no statistical evidence of genetic effects appearing in 


humans. Genetic effects have been observed in laboratory 


animals at very high doses. 


  9.  Exposure Limits 


a.  External Dose Limits 


   i.  Skin SDE 50 rem/Yr. 


   ii  Max. Extremity 50 rem/Yr. 


   iii.  Eyes LDE 15 rem/Yr (Cataracts). 
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b.  Total Effective Dose Equivalent TEDE 


Limit based on total dose to the body from external sources (Deep 


Dose [gamma] Equivalent) and doses to the body from internal sources. 


   TEDE = DDE + CEDE 


   CEDE = %ALI, 1 ALI = 5 rem CEDE  


   2000 DAC hours = 1 ALI 


   TEDE Limit -  5 rem/Yr. NRC 


          


c.  Declared Pregnant Woman (Dose to Embryo/Fetus) 


   500 mrem TEDE for duration of pregnancy. 


   Low limit due to high radiosensitivity of all developing cells. 


  10 Exposure Control 


 a.  Basic concepts for reducing exposure. 


   i.  Time 


   ii. Distance 


   iii Shielding 


   iv.  Source Reduction 


b.  Radiation Work Permit (RWP) 


   i. Required for all work with RAM. 


   ii Must be modified if work scope changes. 







Revision 0  Training 


 


AP-009 CABRERA SERVICES, INC. Page 22 of 46 


iii Must be authorized to work under RWP, authorized 


personnel must be trained. 


iv.  Contact Radiation Protection to initiate or to add names to 


an existing RWP. 


 c.  ALARA  As Low As is Reasonably Achievable 


   i. Discuss concept of ALARA principle. 


ii. Management’s responsibility to provide adequate work 


facilities and provide training. 


   iii.  Health Physics responsibilities: 


    - Awareness of jobs in progress 


    - Perform proper surveys 


    - Surveillance of work areas 


iv.  Workers responsibilities: 


    - Proper knowledge of job requirements 


    - Inform HP of work scope and changes 


    - Follow all rules & procedures 


Note: Important to stress to all radiation workers that nobody 


has better control over your actions than yourself. every 


rad worker has final responsibility for ensuring a safe 


working environment. 
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  11.  Posting 


Discuss standard posting procedures, include Tri-foil symbol, standard 


yellow & magenta colors, Rad rope and step off pads. 


 a.  Radioactive Material 


i. RAM posting indicates the presence of Radioactive 


Material within the posted area. 


 b.  Radiation Area 


i. Indicates that within the posted area radiation dose rates 


are greater than or equal to 5.0 mrem/hr at 30 centimeters 


from the radiation source or any surface that the radiation 


penetrates. 


 c.  Contaminated Area. 


i. Indicates that within the posted area loose surface 


contamination may exist with levels in excess of 20 


DPM/100 cm2 α or 200 DPM/100 cm2 β, γ. 


ii.  Requirements for entry into a contaminated area are: 


1)  Protective Clothing 


2)  RWP [or HP permission]. 


  12.  MISC. Practical Information 


 a. RAD Waste. 


  The cost of waste storage for potential disposal is very high 


  every effort shall be made to limit the generation waste. 







Revision 0  Training 


 


AP-009 CABRERA SERVICES, INC. Page 24 of 46 


 b.  Airborne Contamination.  


i. One potential for unnecessary radiation exposure working 


at a radiologically contaminated site comes from breathing 


contaminated air. 


   ii. Sources of airborne contamination: 


    - Equipment dissemble & repair 


    - Decontamination operations 


    - Filing & Grinding 


    - Mechanical Shock 


    - Routine equipment operations 


iii.  It is very important that HP be notified anytime unplanned 


operations are taking place that could create an airborne 


situation. 


 c.  Pathways for internal contamination 


   i.  Inhalation 


   ii. Oral ingestion 


   iii. Cuts or other skin openings 
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d.  Protective Clothing 


i. Display and discuss standard protective clothing, to 


include: 


    - Coveralls 


    - Lab Coat 


    - Hood 


    - Shoe Covers  


    - Gloves (plastic, latex, cloth) 


    - Safety Glasses 


ii.  Using a working copy of an RWP select one student to 


demonstrate proper dressing. 


iii. Review other types of protective clothing such as plastic 


(tyvek) suites, and face shield. 


 e.  Emergencies 


   i.  For medical emergencies: 


    - For minor illness leave the area & report to the HSA. 


- If minor cuts occur, contact HP prior to reporting to       


medical. 


Note:  All cuts, scratches, or other skin openings must be checked by 


HP prior to entry into any contaminated area, or working with 


radioactive materials. 
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Note: If major illness or injury occurs DO NOT remove the individual, if 


qualified perform first aid, if not get help. 


The time utilized in removing an individual from a radiological 


control area during a medical emergency will have a much 


greater effect on that persons health than any negative effects of 


treating the individual within the radiological controlled area. 


 13.  Workers Rights & Responsibilities 


a.  NRC Form 3 


i. Show copy of Form 3, discuss.  Give the locations found. 


 How to report potential violations to the NRC.  Rights to obtaining exposure 


history.  Protection from discrimination. 


 b.  Workers responsibilities 


i. Stress to all students that they have the greatest 


responsibility in ensuring a safe working environment. 


ii. All persons working with RAM have a legal  responsibility 


to comply with all RWPs, procedures, license 


requirements and NRC regulations. 


Note: Individuals willfully violating safety requirements can be 


held criminally liable. 


c.  House Keeping 


i. All persons working inside any HP restricted area is 


responsible for general cleanliness in addition to 


radiological responsibilities. 
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14.  Facilities Tour & Practical Training 


a.  All persons unfamiliar with the Site shall have a tour of the work areas 


and a review of the following. 


   i. Entry and exit requirements including Personnel frisking. 


   ii Discussion of contaminated areas including: 


    Step Off Pads - Posting - Waste Containers 


   iii. Protective Clothing & Dress out area 


   iv. Health Physics Office    


   v. Right to Know Information Center
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RADIATION WORKER 


QUALIFICATION EXAM 


 


NAME                                       SS#       -      -            


 


GRADE:                               GRADED BY                      ________  RETRAIN DATE                    


 


 


 


 


I HAVE REVIEWED THIS EXAM AND ALL QUESTIONS ANSWERED 
INCORRECTLY HAVE BEEN REVIEWED BY THE INSTRUCTOR. I HAVE BEEN 
GIVEN THE OPPORTUNITY TO ASK QUESTIONS REGARDING THIS EXAM OR 
OTHER MATERIAL PRESENTED IN THIS COURSE. 


 


 


 


 


SIGNATURE                                               DATE                         
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This exam contains 50 multiple choice questions, there is only one correct answer for 
each question. Circle the answer you think is correct. If you decide to change an 
answer put a line through and initial the answer you are changing and circle your new 
choice. There is a three hour time limit for this exam. GOOD LUCK 


 


1. A radiation worker who has satisfactorily completed this course in radiation 
protection will be able to__________. 


 


  a. Approve Radiation Work Permits 


  b. Protect themselves from Radiation hazards they may encounter 


  c. Enter all posted areas without HP approval 


  d. All of the above 


 


2. You have the primary responsibility for radiation protection. 


 


  a. All the time 


  b. Only when HP is not in the work area 


  c. When your supervisor puts you in charge 


  d. Never (Management responsibility) 


 


3. What three primary components make up an atom ? 


 


  a. Alpha, Beta & Gamma 


  b. Electron, Neutron & Proton 


  c. Radiation, Contamination & Ionization 


  d. Nucleus, X-Ray & Cosmic 
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4. An example of Radioactive Material is___________. 


 


  a. A wrench with fixed contamination 


  b. A frisker check source 


  c. A smear reading 20,000 DPM/100 cm2 


  d. All of the above 


 


5. An example of a type of radiation is ______________. 


 


  a. Gamma ray 


  b. Isotope Thorium-232 


  c. Nucleus 


  d. A wrench with fixed contamination 


 


6. Safety Glasses protect your eyes from ____________. 


 


  a. Gamma radiation 


  b. Radioactive Waste 


  c. Beta Radiation 


  d. Radon Gas 
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7. rem is the unit used to measure ________________. 


 


  a. Loose surface contamination 


  b. Radiation dose to human tissue 


  c. The number of unstable atoms in one gram of soil 


  d. Levels of airborne contamination 


 


8. How many millirem (mrem) equals one rem ? 


 


  a. 10 


  b. 100 


  c. 1000 


  d. 100,000 


 


9. Your legal whole body dose (TEDE) is measured by ___________. 


 


  a. TLDs, Bioassay, & B-Z Air Sampler 


  b. Frisking 


  c. Health Physics survey 


  d. RWP 
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10. The two types of Radiation of primary concern emitted by thorium isotopes are: 


 


  a. Alpha & Beta 


  b. Beta & Gamma    


  c. Alpha & Gamma 


  d. Alpha & X-Rays 


 


11. The type of Radiation that will not penetrate a persons dead layer of skin is? 


 


  a. Alpha 


  b. Beta 


  c. Gamma 


  d. X-ray 


 


12. A Breathing Zone air sampler (BZ) is used to measure_________ 


 


  a. Gamma radiation dose to the whole body 


  b. Surface contamination in work areas 


  c. Airborne contamination in work area 


  d. All of the above 
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13. What instrument is used to measure radioactive material inside 


 the body ? 


 


  a. Hand held frisker 


  b. TLD 


  c. Whole body counter 


  d. Pocket dosimeter 


 


14. A Smear survey is used to determine ___________ 


 


  a. Fixed surface contamination 


  b. Loose surface contamination 


  c. General area dose rates 


  d. Skin contamination on personnel 


 


15. Who is allowed to perform smear surveys ? 


 


  a. Only trained radiation workers 


  b. Outage services personnel 


  c. Health Physics staff 


  d. Only personnel listed on the NRC license 
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16. The average dose received by people in the United States from natural and 
man-made sources is 


 


  a. 1-5 mr/year 


  b. 10-50 mr/year 


  c. 100-500 mr/year 


  d. 1000-5000 mr/year 


 


17. The highest dose from man-made sources to the general public comes from 


 


  a. Medical industry 


  b. Nuclear Power 


  c. Television Sets 


  d. Microwave ovens 


 


18. Will human body cells repair themselves after radiation exposure typically 
received by radiation workers ? 


 


  a. Never 


  b. Usually 


  c. Always 


  d. Unknown 
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19. The major concern for individuals receiving occupation radiation exposure is 
_____________. 


 


  a. Hair loss & Sterility 


  b. Increased possibility of developing cancer 


  c. Reduced resistance to colds & viruses 


  d. No concerns for exposures below NRC limits 


 


20. Women require special training in radiation protection because 


      ____________________. 


 


  a. Women are more susceptible to radiation damage 


  b. A developing fetus is more susceptible to radiation damage 


  c. Women will require more time in restricted areas to perform their work 


  d. All of the above 


 


21. The least risk to your health is _________________. 


 


  a. An exposure to 1 rem of whole body radiation 


  b. Home accidents 


  c. Overweight by 20% 


  d. Smoking 1 pack of cigarettes a day 
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22. Which of the following exposures has the greatest potential to effect your  
health ? 


 


  a. 10 rem exposure to the whole body 


  b. 10 rem exposure to the skin of the body 


  c. 10 rem exposure to your hands & forearms 


  d. All of the above are equal risk 


 


23. The NRC occupational limit for TEDE (Total Effective Dose Equivalent)? 


 


  a. 1.0 rem / Year 


  b. 2.5 rem / Quarter 


  c. 5.0 rem / Year 


  d. 50 rem / Year 


 


24. The NRC Whole Body dose limit (TEDE) for declared pregnant females is? 


 


  a. 4.5 rem / Quarter 


  b. 2.5 rem during pregnancy 


  c. 500 mrem during pregnancy 


  d. Not allowed to receive exposure 
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25. The concept of ALARA is to _____________ 


 


  a. Keep accurate records on personnel exposure 


  b. Spread exposure among all radiation workers 


  c. Develop methods to reduce overall exposure 


  d. Limit work with Radioactive Material to 40 hrs/week 


 


26. Who has the greatest responsibility for maintaining a successful ALARA  
program ? 


 


  a. Health Physics 


  b. Management 


  c. Radiation Workers 


  d. All of the above 


 


27. What are the standard radiation warning colors ? 


 


  a. Yellow & Magenta 


  b. Black & White 


  c. Red & White 


  d. Black & Magenta 


 







Revision 0  Training 


 


AP-009 CABRERA SERVICES, INC. Page 39 of 46 


28. Body Cells that reproduce the most rapidly tend to be... 


 


  a. The least sensitive to Radiation. 


  b. The most sensitive to Radiation. 


  c. Sensitivity is unrelated to reproduction rate. 


  d. None of the above. 


 


29. Before entering an area posted "CONTAMINATED AREA" you must: 


 


  a. Obtain an RWP  


  b. Put on Lab Coat & Gloves 


  c. Notify your supervisor 


  d. No requirements for contaminated areas 


 


30. On a radiologically contaminated site, a significant potential for radiation 
exposure comes from? 


 


  a. Breathing Radioactive Material 


  b. Wearing contaminated protective clothing 


  c. Instrument check sources 


  d. TV monitors 
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31. A standard method of reducing your potential exposure to radiation is? 


 


  a. Covering the site with plastic sheeting 


  b. Using protective clothing for all jobs 


  c. Building shielding around all sources 


     d. Time, distance, and shielding 


 


32. Step off pads are considered to be ... 


 


  a. Activated 


  b. Clean 


  c. Contaminated 


  d. Useless 


 


33. The TEDE (Total Effective Dose Equivalent) is the sum of. 


 


  a. Deep Dose + Skin Dose 


  b. Deep Dose + Internal Dose 


  c. Deep Dose + Eye Dose 


  d. Skin Dose + Internal Dose 
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34. The unit that applies to surface contamination is.. 


 


  a. rem 


  b. mR/hr 


  c. DPM/100 cm2 


  d. DAC hour 


 


35. The unit that applies to airborne exposure is.. 


 


  a. rem 


  b. mR/hr 


  c. DPM/100 cm2 


  d. DAC hour 


 


36. If your supervisor tells you to add your name to an RWP and help complete a job 
for a co-worker, you should ___________. 


 


  a. Add your name and follow all instructions on the RWP 


  b. Sign into the work area using your co-workers name 


  c. Tell your supervisor he must add your name to the RWP 


  d. Contact Health Physics to add your name 


 







Revision 0  Training 


 


AP-009 CABRERA SERVICES, INC. Page 42 of 46 


37. While working inside a contaminated area you get a small tear in the sleeve of 
your coveralls you should _________________. 


 


  a. Put tape over the tear and continue working 


  b. Leave the area and perform a whole body frisk 


  c. Continue working and frisk when job is completed 


  d. Leave the area and notify Health Physics 


 


38. While working inside a controlled area you puncture your glove and receive a 
small cut on your hand you should ____________. 


 


  a. Replace the glove and continue working 


  b. Leave the area and frisk your hand, if clean 


     return to work 


  c. Leave the area and contact Health Physics 


  d. Leave the area, frisk and report to the RFS. 


 


39. While performing a whole body frisk, when should you notify  


 Health Physics of possible contamination ? 


 


  a. Any sustained frisker reading above background 


  b. Any sustained reading of 100 cpm above background 


  c. When the frisker alarm sounds 


  d. If the contamination cannot be easily removed 
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40. The legal requirements for radiation protection are established by 
_____________. 


 


  a. Nuclear Regulatory Commission (NRC) 


  b. International Atomic Energy Agency (IAEA) 


  c. Environmental Protection Agency (EPA) 


  d. Occupational Safety & Health Agency (OSHA) 


 


41. Ensuring that workers receive adequate training in radiation protection is the 
responsibility of _______________. 


 


  a. Each worker 


  b. The license holder 


  c. Department supervisors 


  d. OSHA 


 


42. Where is the NRC Notice to employees (NRC form-3) listing your rights as 
radiation workers available ? 


 


  a. Nailed to a tree on the south end of the site 


  b. Posted inside each Contaminated Area 


  c. In the Emergency Operations Program 


  d. Clearly posted in all buildings on site 
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43. While working in a highly contaminated area your co-worker receives a severe 
cut on the arm. what should you do first ? 


 


  a. Move the individual to a non-contaminated area. 


  b. Call for help and try to stop the bleeding (If qualified) 


  c. Help him walk to the first aid station. 


  d. Contact Health Physics 


 


44. At your supervisors direction you dump a drum of potentially contaminated trash 
into the dumpster.  The result of this action can be ____________________. 


 


  a. The company is fined by the NRC 


  b. You can be fired 


  c. You can be held criminally liable 


  d. All of the above 


 


45. After completing a job inside a contaminated area you need to bring your tools 
outside the contaminated area, you should __________________. 


 


  a. Wipe down the tools and contact Health Physics 


  b. Wipe down the tools and frisk them when you leave 


  c. Leave the tools in the area and obtain a new set 


  d. Smear the tools and check the smear with a frisker 
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46. You find a container marked Radioactive Material inside the office spaces you 
should. 


 


  a. Move the container into a Contaminated Area 


  b. Quickly move the container outside 


  c. Warn people in the area and contact the NRC 


  d. Warn people in the area and contact Health Physics 


 


47. When can you enter a contaminated area without personal protective 
equipment? 


 


  a. When a health physics representative approves 


  b. When told to by your supervisor 


  c. Never 


  d. When no one is looking 


 


48. Why should liquids never be put into a Rad Waste bag? 


 


  a. Liquids add excessive weight to the waste container 


  b. Liquids can leak out and spread contamination 


  c. Liquids can cause the waste to rot 


  d. Liquids can evaporate and cause airborne contamination 
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49. Which of the following would be an effective way to reduce radioactive waste ? 


 


  a. Do not take packing material into a contaminated area 


  b. Plan jobs to prevent unnecessary trips into the area 


  c. Whenever possible use tools and equipment already in the area 


  d. All of the above 


 


50. When may a worker with a cut, scratch, or sore be allowed to enter a Health 
Physics Contaminated area ? 


 


  a. After a proper bandage is applied 


  b. Only with site medical approval 


  c. No cuts scratches or sores allowed in restricted areas 


d. After Health Physics has checked the injury and given specific 
approval. 





		PURPOSE

		This procedure establishes the Cabrera Services Inc., (Cabrera) Training Program that, upon satisfactory completion, will allow individuals to enter and perform work with US NRC licensed radioactive material.

		Adherence to this procedure along with site specific guidance will provide reasonable assurance that personnel will be aware of their surroundings, the hazards associated with the type of material in the work area, and the type of work conducted.



		APPLICABILITY

		This procedure will be used for all Cabrera project work involving licensed radioactive materials.



		PRECAUTIONS, LIMITATIONS AND REQUIREMENTS

		Precautions

		No individual shall be allowed to work with licensed radioactive materials without training qualification and documentation under this program.



		Limitations

		Any person successfully completing this program shall be qualified for a period of one year.  Annual refresher training is required to maintain training qualifications.



		Requirements

		Records of training shall be maintained.  Documen

		The training program for employees and contractors, requiring access to licensed radioactive material shall ensure, at a minimum, that the following regulatory requirements are met:

		10 CFR Part 19.12 - States the training requirements for workers who in the course of employment are likely to receive in a year an occupational dose in excess of 100 mrem (1 mSv):

		29 CFR 1910.120 - Contains the minimum training requirements for hazardous waste operations and emergency response personnel, supervisors, and management:



		Individuals performing a specific limited task, or requiring access for observation or similar purposes, shall be exempt from the requirements in Section 3.3.2, and may be allowed on-site if the following requirements are met:

		Prior to entry, the individual shall have, or be given, the appropriate radiation, hazardous operations, right to know, and other site specific information necessary for the radiological and other hazardous conditions expected to be encountered.

		The individual shall have approval of the RSO or duly authorized representative to enter the site.  The RSO or duly authorized representative shall document this approval by co-signing the individuals entry in the site access log.

		Such persons shall also have a continuous escort by, or be within continuous view of, a fully trained site representative (e.g. RSO, RFS, HPT).







		REFERENCES

		DEFINITIONS AND ABBREVIATIONS

		Procedure – A logical, concise document describin

		Training – The transfer of information by instruc



		EQUIPMENT

		RESPONSIBILITIES

		Project Manager \(PM\) – The PM is responsible�

		Radiation safety Officer \(RSO\) – The RSO is �

		Radiological Field Supervisor \(RFS\) – During�

		Health Physics Technicians \(HPT\) – Health Ph�

		All Other Personnel – All Cabrera personnel are r



		INSTRUCTIONS

		This program is designed to include approximately 4 hours of classroom instruction, practical training as necessary, and three hours to complete a 50 question multiple choice exam (see Attachment B).  Each individual will be required to achieve, at a m

		Four Hour Radiation Worker Training

		Attachment 1 is an outline of topics to be covered in the 4 hour radiation worker training.  This outline shall serve as a general curriculum for instructors.



		HAZWOPER Site Specific Training

		The required 40 hour Hazardous Waste Operations and Emergency Response (HAZWOPER) training shall be supplemented with any site specific information which is required by 29 CFR 1910.120, and is pertinent to worker safety at the licensed site.  At a mini



		Procedures for operation of instruments, methods of job completion, information important to emergency response, and methods of personnel protection will be discussed with all personnel prior to their job assignments which involve these activities.

		An individual training record shall be maintained for each individual assigned to work at Cabrera work sites.

		A course attendance record shall be prepared by the instructor for each class given.

		A review of personnel qualifications shall be completed by the individual and reviewed by the project manager for each individual hired to perform a specific job function at the project site.

		On-The-Job training is as important as other types of training and should be documented when it occurs.  An instructor shall validate on-the-job training  as it occurs.  The project manager may provide this validation in the absence of an instructor.



		QUALITY ASSURANCE/RECORDS

		Quality Assurance

		Each individual will be required to achieve at a minimum a passing score of 80%.  Any individual that scores below 80% but greater than 65% will be allowed to take the test over after completing the 4 hour course.  Additional site-specific HAZWOPER train



		Records

		Documented information shall be legibly written in ink.

		Data shall not be obliterated by erasing or using white-out.  Incorrect entries shall be corrected by striking a single line across the entry.  The correction shall be entered, initialed, and dated.

		The RSO or duly authorized representative shall ensure that the Training procedure is the most current revision number.

		The RSO or duly authorized representative shall review the Training examination for accuracy and completeness.

		Student taking the exam must date and sign the exam for it to be valid.

		The exam shall be kept in the students file folde





		ATTACHMENTS
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1.0 PURPOSE 


This procedure provides the methods Cabrera Services Inc. (CABRERA) uses to 
wear and remove protective clothing while working in and exiting from 
contaminated areas as well as the need for protective equipment.  Adherence to 
this procedure will provide reasonable assurance that personnel will remain free 
of contamination and contamination will not be spread beyond the designated 
contamination area. 


2.0 APPLICABILITY 


This procedure will be used by CABRERA personnel to enter, work with, and exit 
from areas contaminated with radioactive materials. 


3.0 PRECAUTIONS, LIMITATIONS AND REQUIREMENTS 


3.1 Precautions  


Not Applicable 


3.2 Limitations 


This procedure is limited to the donning and doffing of personnel protective 
clothing.  Any usage instructions for personnel protective equipment used 
for particular contaminants at work sites shall be covered in the site specific 
training program implementation for each particular site. 


3.3 Requirements 


ALARA practices shall still be upheld when using personnel protective 
equipment. 


4.0 REFERENCES 
• RSP   Radiation Safety Program 
• AP-001  Record Retention 
• OP-001  Radiological Surveys 
• OP-020  Operation of Contamination Survey Meters 


5.0 DEFINITIONS AND ABBREVIATIONS 


5.1 Restricted Area – An area to which access is controlled to protect 
individuals against undue risks from exposure to radiation and radioactive 
materials. 


5.2 Contamination Survey – A survey technique to determine fixed and 
removable radioactive contamination on components and facilities. 
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5.3 Radiation Survey – is defined as an evaluation of the radiological conditions 
and potential hazards incident to the production, use, transfer, release, 
disposal, or presence of radioactive material or other sources of radiation. 


5.4 ALARA – (acronym for “as low as is reasonably achievable”) An approach 
to radiation exposure control to maintain personnel radiation exposures as 
far below the federal limit as technical, economical and practical 
considerations permit. 


6.0 EQUIPMENT 


Personnel Protective Equipment will be selected based on job specific 
requirements and the Radiation Work Permit and will be identified in the Site 
Specific Work Plan. 


7.0 RESPONSIBILITIES 


7.1 Project Manager (PM) – the PM is responsible for ensuring that personnel 
assigned the task of working in contaminated areas are familiar with this 
procedure, adequately trained in the use of this procedure, and have 
access to a copy of this procedure. 


7.2 Radiation Safety Officer (RSO) – The RSO is responsible for training of 
personnel in the selection, use, and removal of protective clothing and 
equipment.  The RSO is also responsible for training personnel in proper 
personnel survey techniques when exiting a contaminated area.  


7.3 Radiological Field Supervisor (RFS) – During field assignments, the RFS is 
responsible for ensuring that this procedure is implemented.  When the 
RSO is not on site, the RFS will act as the RSO’s duly authorized 
representative for radiological issues. 


7.4 Health Physics Technicians (HPT) – The HPT using protective clothing are 
responsible for complying with the provisions of this procedure. 


8.0 INSTRUCTIONS 


8.1 Selection and Methods of Dressing in Protective Clothing 


NOTE: Dress/ undress instructions are based on the assumption of 
using zippered or buttoned protective clothing. 


8.1.1 Protective clothing is selected to provide a barrier between personnel 
clothing / skin and radioactive materials that exist in a contaminated 
area as defined in the Radiation Safety Program. 
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8.1.2 Boots or over shoes are used to prevent contamination beyond the 
designated contamination area. 


8.1.3 Cloth, vinyl coveralls are used to intercept contamination before 
contacting personnel clothing and skin. 


8.1.4 Cotton, vinyl, or latex gloves are used to prevent contamination from 
adhering to hands while handling contaminated surfaces and items 
in a contaminated area. 


8.1.5 Cloth or vinyl caps or hoods are worn to prevent contamination from 
overhead surfaces from contaminating hair and exposed skin while 
working in contaminated areas. 


8.1.6 Plan work activities before putting on protective clothing and obtain 
all necessary supplies, instruments, and tools to be used in work 
activities.  This equipment is placed at the entrance to the 
contaminated area so it can be taken into the area when entry is 
made.  Instrumentation should be placed at the exit or be available 
for personal surveys when exiting the area. 


8.1.7 All protective clothing is selected and donned before entering the 
contaminated area. 


8.1.8 First put on coveralls and close flaps provided on the coveralls.  If 
specified on the Radiation Work Permit (RWP) place a strip of 2-inch 
masking tape over pocket openings and front zipper or button flaps.  
Fold over the tape at one end to provide a tab for easier removal of 
the tape when exiting the area. 


8.1.9 Put cloth or plastic booties on over personnel shoes, overshoes over 
booties and place coverall pant legs over the overshoe tops.  Tape 
the overall pant legs to the bootie tops leaving a tape tab for easy 
removal of bootie top. 


8.1.10 Place cloth cap or hood on head.  If using a hood, tape flap to 
outside of coveralls.  If wearing a respirator, ensure hood is taped to 
respirator. 


8.1.11 Put on gloves with coverall sleeves over the gloves.  Tape coverall 
cuffs to gloves to provide a seal at the joints.  Leave tab at the end of 
tape for easy removal.  If high levels of contamination are 
anticipated, a second pair of gloves may be worn under the taped 
pair. 


8.1.12 After entering the contaminated area, a complete survey of clothing 
must be made as described in section 8.3 before exiting the area. 
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8.1.13 If light work activities (such as surveys) are performed in the 
contaminated area, taping coverall sleeves, cuffs, and flaps is not 
required. 


8.2 Work Techniques and Contamination Area Hygiene 


8.2.1 All surfaces and items located in a contaminated area are 
considered contaminated and contact with surfaces and items will 
transfer contamination to protective clothing.  While working in a 
contaminated area, minimize contact with surfaces and items to the 
extent possible. 


8.2.2 While in the contaminated area, do not touch face, glasses, or 
exposed skin with gloves or other protective clothing. 


8.2.3 If clothing became torn or ripped during work activities, cover 
opening with 2-inch masking tape to prevent contamination from 
further penetration of protective clothing. 


8.2.4 Avoid work activities to the extent possible, which will create airborne 
activity. 


8.2.5 Workers shall not eat, drink, chew, or smoke while wearing 
protective clothing in a contaminated area. 


8.3 Procedures for exiting a contaminated area 


8.3.1 Tools and equipment used in a contaminated area shall be surveyed 
and decontaminated as necessary before release to unrestricted 
areas. 


8.3.2 Protective clothing is removed when exiting a contaminated area in 
such a manner as to control contamination from spreading beyond 
the designated boundary of the contaminated area. 


8.3.3 If a second set of gloves is used, the outer set of gloves are removed 
before starting the unsuiting procedure. 


8.3.4 Remove hood coveralls cuffs, and coverall pant legs if used. 


8.3.5 Remove hood or cap by handling external surfaces and place in a 
protective clothing receptacle. 


8.3.6 Remove overshoe by handling external surfaces and place in a 
protective clothing receptacle.  With the overshoes removed, retain 
plastic booties and remain inside the area to continue removing 
protective clothing. 
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8.3.7 Undo the coveralls flap and remove by handling external surfaces of 
the coveralls.  Slip coverall pant legs over booties and place in a 
protective clothing receptacle. 


8.3.8 With your back toward the step off pad, remove the plastic booties 
and step off pad with personnel shoes on. 


8.3.9 While standing on the step off pad remove the gloves by handling 
external surfaces and deposit in a protective clothing receptacle. 


8.3.10 Perform personnel survey by first surveying hands with an alpha 
and/or beta survey meter.  After determining hands are free of 
contamination, pick up instrument and survey shoes, personnel 
clothing, face, and hair with a survey meter to determine if surfaces 
are contaminated.  If contamination is found above limits in the 
Radiation Safety Program, contact RSO or duly authorized 
representative at the site for decontamination instruction. 


9.0 QUALITY ASSURANCE/RECORDS 


9.1 Quality Assurance 


None  


9.2 Records 


9.2.1 Documented information shall be legibly written in ink. 


9.2.2 Data shall not be obliterated by erasing, using white-out, or by any 
other means.  Incorrect entries shall be corrected by striking a single 
line across the entry.  The correction shall be entered, initialed, and 
dated. 


9.2.3 The health physics technician will ensure that this procedure is the 
most current and approved revision. 


9.2.4 Record results of equipment surveys on survey form.  If 
contamination is found on personnel following exiting contaminated 
area, record levels found before and after decontamination on the 
personnel contamination worksheet. 


10.0 ATTACHMENTS 


None 





		PURPOSE

		This procedure provides the methods Cabrera Services Inc. (Cabrera) uses to wear and remove protective clothing while working in and exiting from contaminated areas as well as the need for protective equipment.  Adherence to this procedure will provide



		APPLICABILITY

		This procedure will be used by Cabrera personnel to enter, work with, and exit from areas contaminated with radioactive materials.



		PRECAUTIONS, LIMITATIONS AND REQUIREMENTS

		Precautions

		Limitations

		Requirements



		REFERENCES

		DEFINITIONS AND ABBREVIATIONS

		Restricted Area – An area to which access is cont

		Contamination Survey – A survey technique to dete

		Radiation Survey – is defined as an evaluation of

		ALARA – \(acronym for “as low as is reasonably a



		EQUIPMENT

		RESPONSIBILITIES

		Project Manager \(PM\) – the PM is responsible�

		Radiation Safety Officer \(RSO\) – The RSO is �

		Radiological Field Supervisor \(RFS\) – During�

		Health Physics Technicians \(HPT\) – The HPT u�



		INSTRUCTIONS

		Selection and Methods of Dressing in Protective Clothing

		Protective clothing is selected to provide a barrier between personnel clothing / skin and radioactive materials that exist in a contaminated area as defined in the Radiation Safety Program.

		Boots or over shoes are used to prevent contamination beyond the designated contamination area.

		Cloth, vinyl coveralls are used to intercept contamination before contacting personnel clothing and skin.

		Cotton, vinyl, or latex gloves are used to prevent contamination from adhering to hands while handling contaminated surfaces and items in a contaminated area.

		Cloth or vinyl caps or hoods are worn to prevent contamination from overhead surfaces from contaminating hair and exposed skin while working in contaminated areas.

		Plan work activities before putting on protective clothing and obtain all necessary supplies, instruments, and tools to be used in work activities.  This equipment is placed at the entrance to the contaminated area so it can be taken into the area when e

		All protective clothing is selected and donned before entering the contaminated area.

		First put on coveralls and close flaps provided on the coveralls.  If specified on the Radiation Work Permit (RWP) place a strip of 2-inch masking tape over pocket openings and front zipper or button flaps.  Fold over the tape at one end to provide a t

		Put cloth or plastic booties on over personnel shoes, overshoes over booties and place coverall pant legs over the overshoe tops.  Tape the overall pant legs to the bootie tops leaving a tape tab for easy removal of bootie top.

		Place cloth cap or hood on head.  If using a hood, tape flap to outside of coveralls.  If wearing a respirator, ensure hood is taped to respirator.

		Put on gloves with coverall sleeves over the gloves.  Tape coverall cuffs to gloves to provide a seal at the joints.  Leave tab at the end of tape for easy removal.  If high levels of contamination are anticipated, a second pair of gloves may be worn und

		After entering the contaminated area, a complete survey of clothing must be made as described in section 8.3 before exiting the area.

		If light work activities (such as surveys) are performed in the contaminated area, taping coverall sleeves, cuffs, and flaps is not required.



		Work Techniques and Contamination Area Hygiene

		All surfaces and items located in a contaminated area are considered contaminated and contact with surfaces and items will transfer contamination to protective clothing.  While working in a contaminated area, minimize contact with surfaces and items to t

		While in the contaminated area, do not touch face, glasses, or exposed skin with gloves or other protective clothing.

		If clothing became torn or ripped during work activities, cover opening with 2-inch masking tape to prevent contamination from further penetration of protective clothing.

		Avoid work activities to the extent possible, which will create airborne activity.

		Workers shall not eat, drink, chew, or smoke while wearing protective clothing in a contaminated area.



		Procedures for exiting a contaminated area

		Tools and equipment used in a contaminated area shall be surveyed and decontaminated as necessary before release to unrestricted areas.

		Protective clothing is removed when exiting a contaminated area in such a manner as to control contamination from spreading beyond the designated boundary of the contaminated area.

		If a second set of gloves is used, the outer set of gloves are removed before starting the unsuiting procedure.

		Remove hood coveralls cuffs, and coverall pant legs if used.

		Remove hood or cap by handling external surfaces and place in a protective clothing receptacle.

		Remove overshoe by handling external surfaces and place in a protective clothing receptacle.  With the overshoes removed, retain plastic booties and remain inside the area to continue removing protective clothing.

		Undo the coveralls flap and remove by handling external surfaces of the coveralls.  Slip coverall pant legs over booties and place in a protective clothing receptacle.

		With your back toward the step off pad, remove the plastic booties and step off pad with personnel shoes on.

		While standing on the step off pad remove the gloves by handling external surfaces and deposit in a protective clothing receptacle.

		Perform personnel survey by first surveying hands with an alpha and/or beta survey meter.  After determining hands are free of contamination, pick up instrument and survey shoes, personnel clothing, face, and hair with a survey meter to determine if surf





		QUALITY ASSURANCE/RECORDS

		Quality Assurance

		Records

		Documented information shall be legibly written in ink.

		Data shall not be obliterated by erasing, using white-out, or by any other means.  Incorrect entries shall be corrected by striking a single line across the entry.  The correction shall be entered, initialed, and dated.

		The health physics technician will ensure that this procedure is the most current and approved revision.

		Record results of equipment surveys on survey form.  If contamination is found on personnel following exiting contaminated area, record levels found before and after decontamination on the personnel contamination worksheet.
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1.0 PURPOSE 


This procedure provides instructions for internal Cabrera Services, Inc. 
(CABRERA) notification to emergency personnel.  It is the policy of CABRERA to 
provide whatever response is necessary in order to protect the health of our 
workers and all others at or in the immediate area of the CABRERA work site.  It is 
important for all CABRERA employees to recognize that response to emergency 
situations must be prompt and accurate in order to maximize our efficiency to 
deal with potential insults to the working population or members of the general 
public. 


2.0 APPLICABILITY 


CABRERA personnel to ensure communication of emergency conditions and 
actions taken in the immediate phase of an emergency will use this procedure. 


3.0 PRECAUTIONS, LIMITATIONS, AND REQUIREMENTS 


3.1 Precautions 


3.1.1 All personnel to maintain safety and to maintain chemical and radiological 
exposure should take necessary precautions as low as reasonably achievable 
(ALARA). 


3.2 Limitations 


3.2.1 No personnel shall perform emergency rescue or aid beyond the training and 
ability of that employee. 


3.3 Requirements 


3.3.1 CABRERA personnel at the work site shall be familiar with this plan so that 
participation in an emergency response would ensure minimal chance of 
expansion of the emergency conditions at the site. 


3.3.2 Emergency Response shall not be performed without procedural guidance. 


3.3.3 Records and documentation shall be kept for all emergency response 
activities. 


4.0 REFERENCES 


• RSP   Radiation Safety Program 


• NUREG-1556 Consolidated Guidance About Material Licenses (Vol 11) 
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5.0 DEFINITIONS AND ABBREVIATIONS 


None 


6.0 EQUIPMENT 


6.1 Emergency Equipment 


6.1.1 Spill Kits – Spill kits are made available to support procedures for handling 
spills and should not be used for other purposes.  In addition, spill kits should 
be monitored periodically to verify inventory as prescribed by the Radiation 
Safety Officer. Spill kits are designed and stocked as directed by the RSO or 
duly authorized representative in regard to expected radiological emergency 
conditions and work activities.  As an example, spill kits may contain the 
following: 


• Disposable chemical resistant gloves (e.g., surgeons latex) 
• Neoprene rubber gloves 
• Disposable “Tyvek” or equivalent suits 
• Anti- Contamination cloth coveralls 
• Disposable head coverings 
• Cloth hoods 
• Disposable plastic booties 
• Disposable shoe covers 
• Rubber overshoes 
• Rubber boots 
• Face shield 
• Poly waste bags 
• Duct and/or masking tape 
• Boundary tape, rope, ribbon etc. 
• Absorbent towels 
• Smears (swipes), masslinn cloth and air filters 
• Instructions for “Emergency Procedures”  
• Site specific emergency  instructional documents when applicable 
• Spill kit inventory sheet as required 
• Writing pad, pen, pencils, indelible markers etc. 
• Appropriate survey instrumentation. 
• Respiratory protective equipment 


7.0 RESPONSIBILITIES 


7.1 Project Manager (PM) – The PM is responsible for ensuring that all personnel 
assigned the task at a CABRERA work site are familiar with this procedure, 
adequately trained in the use of this procedure, and have access to a copy of 
this procedure. 
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7.2 Radiation Safety Officer (RSO) – The RSO is responsible for coordinating the 
response of the emergency response team.  The RSO ensures that all 
members of the emergency response team are qualified by training and 
experience to perform the requirements of this procedure. 


7.3 Health Physics Technician (HPT) – The HPT’s are responsible for radiation and 
general safety protection and counseling workers in the proper way to protect 
themselves.  The HPT performing requirements of this procedure is responsible 
for knowing and complying with this procedure. 


8.0 INSTRUCTIONS 


8.1 Emergency Response/Contingency Plan and Procedure 


This section describes contingencies and emergency planning procedures, and 
personnel who must be notified.  This procedure is to be implemented at each 
CABRERA work site. 


8.1.1 Pre-Emergency Planning 
During the site briefings held periodically, all employees will be trained in and 
reminded of provisions of the site specific emergency response plan, 
communication plan, and evacuation routes. 


8.1.2 Personnel Roles and Lines of Authority 


The Project Manager has primary responsibility for responding to and 
correcting emergency situations.  This includes taking appropriate measures 
to ensure the safety of site personnel and the public.  Possible actions may 
involve evacuation of personnel from the site area.  He/she is additionally 
responsible for ensuring that corrective measures have been implemented, 
appropriate authorities notified, and follow-up reports completed.  The RSO or 
duly authorized representative may be called upon to act on behalf of the 
Project Manager, and will direct response to medical emergencies. 


The Project Manager will notify CABRERA management personnel of 
emergencies involving chemicals or radioactive material as soon as practical 
after the occurrence or after the situation is stable. 


8.1.3 Emergency Recognition/Prevention 


The site Health and Safety plan provides a listing of the physical hazards on-
site.  Personnel will be familiar with techniques of hazard recognition from pre-
assignment training and site specific briefings.  The RSO or duly authorized 
representative is responsible for ensuring that prevention devices or 
equipment is available to personnel. 
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8.1.4 Evacuation Routes/Procedures 


In the event of an emergency, which necessitates an evacuation of the site, 
the following alarm procedures will be implemented: Three Horn Blasts. 


Personnel will be expected to proceed to the closest exit with their buddy, and 
mobilize to the safe distance area associated with the evacuation route.  
Personnel will remain at that area until an authorized individual provides 
further instructions. 


The site Health and Safety Plan provides a map depicting evacuation routes 
for the site and immediate area. 


8.1.5 Emergency Contact and Notification System 


The Site Health and Safety Plan provides names and telephone numbers for 
common emergency contact personnel for the work site.  In the event of a 
medical emergency, personnel will take direction from the RSO or duly 
authorized representative and notify the appropriate site emergency 
organization.  In the event of a fire or spill, the supervisor will notify the 
appropriate facility, local, state, and federal agencies. 


8.1.6 Emergency Medical Treatment Procedure 


Any person who becomes ill or injured in the Restricted Zone must be “frisked” 
to the maximum extent possible without causing further injury or causing delay 
of any medical function.  If the injury or illness is minor, full decontamination 
should be completed and first aid administered prior to transport.  If the 
patient’s condition is serious (or may become serious), decontamination may 
be delayed, but emergency response personnel must be notified of the 
situation.  First aid should be administered while awaiting an ambulance or 
paramedics.  All injuries must be immediately reported to the Project Manager. 


Any person being transported to a clinic or hospital for treatment should take 
with them information on the materials they may have been exposed to at the 
site.  The RSO or duly authorized representative or a CABRERA HPT will 
accompany an injured person to the clinic or hospital. 


Any vehicle used to transport contaminated personnel will be treated and 
cleaned as necessary. 
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8.1.7 Fire or Explosion 


In the event of a fire or explosion, the local fire department should be 
summoned immediately.  Upon their arrival, the Project Manager or 
designated alternate will advise the Fire Marshall of the location, nature, and 
identification of the hazardous material on site. 


If it is safe to do so, site personnel may: 


• Use fire fighting equipment available on site to extinguish incipient stage 
fires; and,  


• Remove or isolate flammable or other hazardous materials, which may 
contribute the fire. 


8.1.8 Minor Spills or Leaks of Liquids and Solids 


In the event of a spill or a leak, site personnel will: 


• Locate the source of the spill and STOP the flow if it can be done safely. It 
may be as simple as returning a container to its upright storage position or 
closing a mechanical valve to stop a leak. 


• WARN others in the area that the spill has occurred. 


• ISOLATE the affected area to prevent inadvertent personnel entry as well 
as the spread of contamination. Securing area entryways by closing doors 
or installing boundary tape help to prevent inadvertent personnel access. 
The use absorbent material may assist to contain liquid.  


• MINIMIZE personal exposure utilizing Time, Distance, and Shielding 
techniques as applicable. Obtain survey measurements to determine the 
extent of radiological conditions. 


• Notify Supervision. 


• Begin recovery of the spilled materials and area decontamination. 


• Clean-up the spill, wearing disposable gloves and by using absorbent 
towels. 


• Place absorbent material in a plastic bag for transfer into an approved 
waste container. Place contaminated disposable protective clothing and 
any other disposable material in the bag. 
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• Survey the area with an appropriate survey instrument or other appropriate 
technique. Survey adjacent area location as required to determine the 
extent of existing radiological conditions. All findings shall be documented 
as necessary. 


• Perform a whole body contamination survey. 


• Report the incident to the RSO or duly authorized representative promptly. 


• Restrict personnel access into the affected area(s) unless authorization is 
granted by the RSO or duly authorized representative. 


• Cooperate with the instructions of the RSO or duly authorized 
representative and/or the RSO’s assigned staff (e.g., root cause analysis, 
fact finding for incident report, completion of requested bioassay samples). 


• Follow the instructions of the RSO or duly authorized representative and/or 
the RSO’s staff. 


Reminders for the RSO 


• Ensure that all required spill follow-up actions are completed and the 
results documented. 


• As required, determine the root cause and corrective actions required; 
consider bioassays, if there may be a potential for internal exposure. 


• If required, notify the Nuclear Regulatory Commission (NRC). 


8.1.9 Major Spills of Liquids and Solids 


Instructions to workers: 


• STOP. Clear the affected area. If appropriate, conduct a survey of all 
personnel NOT involved in the spill and immediately vacate the room or 
area. 


• Attempt to WARN others in adjacent areas. 


• ISOLATE the area. 


• MINIMIZE your exposure. 


• Notify RSO or duly authorized representative immediately. 


• Survey all personnel who may have been contaminated. If required, 
Radiation Safety Staff will exercise Personnel Decontamination procedures 
and instructions. 
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• Restrict personnel access into the affected area(s) unless authorization is 
granted by the RSO or duly authorized representative. 


• Cooperate with the instructions of the RSO or duly authorized 
representative and/or the RSO’s assigned staff (e.g., root cause analysis, 
fact finding for incident report, completion of requested bioassay samples). 


• Follow the instructions of the RSO or duly authorized representative and/or 
the RSO’s staff. 


Reminders for the RSO 


• Confirm decontamination of personnel. If initial decontamination is 
unsuccessful, consider additional techniques such as inducing perspiration 
followed by a wash of the affected area to remove any contamination 
released by perspiration. 


• Supervise decontamination efforts and ensure that the results are 
documented. 


• Ensure that all required spill follow-up actions are completed and the 
results documented. 


• As required, determine the root cause and corrective actions required; 
consider bioassays, if there may be a potential for internal exposure. 


• If required, notify the NRC. 


8.1.10 Incidents Involving Radioactive Dusts, Fumes, Mists, Vapors, and Gases. 


Instructions to Workers: 


• WARN all area occupants to vacate the area location immediately.  


• If possible, ISOLATE area VENTILATION system unless it has been 
determined that the area ventilation system needs to remain operable to 
filter the air for area access purposes. 


• ISOLATE THE AFFECTED AREA. Seal the area location if possible. 


• NOTIFY the RSO or duly authorized representative immediately. 


• Ensure that all area access doors to the area are closed and posted with 
radiological area warning signs, or post qualified (trained) guards at all 
access doors to prevent inadvertent opening of doors to include 
unauthorized personnel access into the affected area location(s). 
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• Survey all personnel who could have possibly been contaminated. 
Decontaminate as directed by CABRERA operating procedures or as 
directed by the RSO or duly authorized representative. 


• Immediately report suspected personal intakes of licensed material to the 
RSO or duly authorized representative. 


• Decontaminate the area only when advised and/or supervised by the RSO 
or duly authorized representative. 


• The RSO or duly authorized representative shall approve area re-
occupancy for resumption of work. 


• Cooperate with the instructions of the RSO or duly authorized 
representative and/or the RSO’s assigned staff (e.g., root cause analysis, 
fact finding for incident report, completion of requested bioassay samples). 


• Follow the instructions of the RSO or duly authorized representative and/or 
the RSO’s staff.  


Reminders for the RSO 


• Supervise decontamination efforts and ensure that the results are 
documented. 


• Perform airborne radioactivity sampling followed by analysis to understand 
airborne radioactivity concentrations prior to resumption of work with 
licensed materials. 


• Provide written directions to potentially contaminated personnel in regard 
to the submission and collection of bioassays (urine, breath, blood, blood 
or fecal samples, etc.). 


• Consider the need for personnel medical examination and/or whole body 
count prior to granting work (with licensed material) authorization to 
suspect individuals.  


• Determine the root cause and corrective actions required and consider the 
need for bioassays if licensed material is suspected to have been ingested, 
inhaled, or absorbed through or injected sunder the skin. Document all 
findings. 


• If required, notify the NRC. 
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8.1.11 Minor Fires 


Instruction to Workers: 


• Attempt to extinguish the fire by approved methods (e.g., use of approved 
fire extinguisher) if other fire or radiation hazards are not present. 


• WARN all area occupants to vacate the area location and immediately 
notify the RSO or duly authorized representative and fire department (as 
instructed by the RSO or duly authorized representative). 


• Once the fire is out, isolate the area as required to prevent the spread of 
possible radioactive material contamination. 


• Survey all participating fire fighting personnel for contamination. 


• Decontaminate personnel as directed by CABRERA operating procedures 
and instructions or as directed by the RSO or duly authorized 
representative. 


• In consultation with the RSO or duly authorized representative (including all 
staff), determine a contingency plan for area decontamination, protective 
devices, and survey instrumentation required to decontaminate the area. 


• The RSO or duly authorized representative shall approve area re-
occupancy for resumption of work. 


• Cooperate with the instructions of the RSO or duly authorized 
representative and/or the RSO’s assigned staff (e.g., root cause analysis, 
fact finding for incident report, completion of requested bioassay samples). 


• Follow the instructions of the RSO or duly authorized representative and/or 
the RSO’s staff. 


Reminders for the RSO: 


• Supervise decontamination efforts and ensure that the results are 
documented. 


• Confirm decontamination of personnel. If initial decontamination is 
unsuccessful, consider additional techniques such as inducing perspiration 
followed by a wash of the affected area to remove any contamination 
released by perspiration. 
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• If required, notify the NRC. 


8.1.12 Fires, Explosions, or Major Emergencies 


Instruction to Workers: 


• NOTIFY all persons in the area to leave immediately. 


• NOTIFY the fire department. 


• NOTIFY the RSO or duly authorized representative and other facility safety 
personnel. 


• Upon arrival of the fire fighting team, inform the captain or designate of the 
location where radioactive materials are stored or where radioisotopes 
were being used; inform them of the present location of licensed material 
and the best possible route of entry to the radiological area, as well as any 
precautions aimed to prevent the spread of radioactive material 
contamination by the use of high pressure water and other fire fighting 
actions. 


•  The RSO or duly authorized representative shall approve area re-
occupancy for resumption of work. 


• Cooperate with the instructions of the RSO or duly authorized 
representative and/or the RSO’s assigned staff (e.g., root cause analysis, 
fact finding for incident report, completion of requested bioassay samples). 


• Follow the instructions of the RSO or duly authorized representative and/or 
the RSO’s staff. 


Reminders for the RSO 


• Coordinate activities with the facility’s Industrial Hygienist or Environmental 
Health and Safety Office, and with the local Fire Department. 


• Consult with the fire fighting personnel and set up a controlled area where 
the fire fighters can be surveyed for contamination of their protective 
clothing and equipment after the fire is extinguished. 


• Once the fire is extinguished, advise the fire fighters not to enter potentially 
contaminated areas or areas where radioactive sources may be present 
until a thorough evaluation and radiological survey is performed to 
determine the extent of the damage to the licensed material use and 
storage areas. 
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• Perform thorough contamination surveys of the fire fighters and their 
equipment before they leave the controlled area and implement 
decontamination procedure instructions if required. 


• Consider bioassays if licensed material is suspected to have been 
ingested, inhaled, or absorbed through or injected under the skin.  
Document the results. 


•  If required, notify the NRC. 


9.0 QUALITY ASSURANCE/RECORDS 


9.1 Quality Assurance 


Not Applicable 


9.2 Records 


9.2.1 Results of emergency response and notification shall be kept to ensure 
recreation of the limit, date of emergency actions, and when personnel were 
notified.  


9.2.2 Documented information shall be legibly written in ink. 


9.2.3 Data shall not be obliterated by erasing, using white-out, or by any other 
means.  Incorrect entries shall be corrected by striking a single line across the 
entry.  The correction shall be entered, initialed, and dated. 


9.2.4 Record results of equipment surveys on survey form.  If contamination is found 
on personnel following exiting contaminated area, record levels found before 
and after decontamination on the personnel contamination worksheet. 


10.0   ATTACHMENTS 


AP-011-01  Personnel Notification List 
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AP-011-01 


Personnel Notification List 


 


Name Position Business 
Phone 


Home Phone Additional 
Information 
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		PURPOSE

		APPLICABILITY

		PRECAUTIONS, LIMITATIONS, AND REQUIREMENTS

		Precautions

		All personnel to maintain safety and to maintain chemical and radiological exposure should take necessary precautions as low as reasonably achievable (ALARA).



		Limitations

		No personnel shall perform emergency rescue or aid beyond the training and ability of that employee.



		Requirements

		Cabrera personnel at the work site shall be familiar with this plan so that participation in an emergency response would ensure minimal chance of expansion of the emergency conditions at the site.

		Emergency Response shall not be performed without procedural guidance.

		Records and documentation shall be kept for all emergency response activities.





		REFERENCES

		DEFINITIONS AND ABBREVIATIONS

		EQUIPMENT

		Emergency Equipment

		Spill Kits – Spill kits are made available to sup





		RESPONSIBILITIES

		Project Manager \(PM\) – The PM is responsible�

		Radiation Safety Officer \(RSO\) – The RSO is �

		Health Physics Technician \(HPT\) – The HPT’s �



		INSTRUCTIONS

		Emergency Response/Contingency Plan and Procedure

		Pre-Emergency Planning

		Personnel Roles and Lines of Authority

		Emergency Recognition/Prevention

		Evacuation Routes/Procedures

		Emergency Contact and Notification System

		Emergency Medical Treatment Procedure

		Fire or Explosion

		Minor Spills or Leaks of Liquids and Solids

		Major Spills of Liquids and Solids

		Incidents Involving Radioactive Dusts, Fumes, Mists, Vapors, and Gases.

		Minor Fires

		Fires, Explosions, or Major Emergencies





		QUALITY ASSURANCE/RECORDS

		Quality Assurance

		Records

		Results of emergency response and notification shall be kept to ensure recreation of the limit, date of emergency actions, and when personnel were notified.

		Documented information shall be legibly written in ink.

		Data shall not be obliterated by erasing, using white-out, or by any other means.  Incorrect entries shall be corrected by striking a single line across the entry.  The correction shall be entered, initialed, and dated.

		Record results of equipment surveys on survey form.  If contamination is found on personnel following exiting contaminated area, record levels found before and after decontamination on the personnel contamination worksheet.
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1.0 PURPOSE 


This procedure describes the circumstances when a Radiation Work Permit 
(RWP) is required on Cabrera Services Inc. (CABRERA) Projects and addresses 
the requirements for planning, developing, issuing, using, modifying and 
terminating RWP's.  The RWP provides a complete document addressing 
existing radiological conditions, work scope, radiological limitations, specific 
protective requirements, ALARA considerations and instructions to radiation 
workers.  Adherence to this procedure will provide reasonable assurance that 
personnel exposures will be below specified limits, personnel will remain free of 
contamination and radioactive material contamination will not be spread beyond 
the designated contamination area location. 


2.0 APPLICABILITY 


This procedure will be used at the discretion of the Health Physics Technician or 
Project Manager to initiate an RWP prior to jobs where CABRERA personnel enter 
areas where contamination is present above the limits specified in the Radiation 
Safety Program (RSP), when radiation exposure rates classify the work area as a 
radiation area, and when air concentrations could exceed 10% of the Derived Air 
Concentration (DAC).  This procedure describes the radiological surveys 
required to generate an RWP and provides guidelines to specific protective 
measured required based upon the radiological conditions in the work area. 


3.0 PRECAUTIONS, LIMITATIONS AND REQUIREMENTS 


3.1 Precautions 


3.1.1 No work shall be performed involving radioactive material without 
initiation of an RWP unless otherwise directed by the RSO or duly 
authorized representative.  


3.2 Limitations 


Not Applicable 


3.3 Requirements 


3.3.1 All work activities performed under this procedure shall be in 
accordance with Specific Project Health and Safety Plan (HASP) and 
the RSP. 
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3.3.2 The RWP requirements may be upgraded by the RSO or duly 


authorized representative.  RWP requirements may not be 
downgraded except as described in paragraph 8.3. 


3.3.3 Whenever practical, airborne radioactivity shall be controlled by the 
use of engineering controls.  Engineering controls include, but are 
not limited to, decontamination, HEPA vacuums, ventilation, and 
containment. 


3.3.4 A control point shall be set up at the discretion of the RSO or duly 
authorized representative at the location of entrance/exit to a 
contaminated area.  At this control point, anyone exiting the 
contaminated area shall frisk all materials, including hands and feet, 
and notify the HPT if activities are above the levels presented in 
Table I of the Radiation Safety Program.  


4.0 REFERENCES 
• RSP  Radiation Safety Program 
• OP-001 Radiological Surveys 
• OP-002 Air Sampling and Analysis 
• OP-019 Radiological Posting 
• OP-020 Operation of Contamination Survey Meters 
• OP-021 Alpha-Beta Counting Instrumentation 
• OP-022 Operation of Ionization Chambers 
• OP-023  Operation of Micro-R Meters 
• OP-024 Direct Reading Dosimeters 
• AP-001 Record Retention 
• AP-005 ALARA – As Low As is Reasonably Achievable 
• AP-010 Personnel Protective Equipment 


5.0 DEFINITIONS AND ABBREVIATIONS  


5.1 Airborne Radioactivity Area – A room, enclosure or area in which 
radioactive material is dispersed in the air in the form of dusts, fumes, 
particulates, mists, vapors, or gases and the concentration of the dispersed 
radioactive material is in excess of: 


5.1.1 The derived air concentrations (DAC’s) specified in Table 1, column 
3 of Appendix B, Title 10 Part 20 of the Code of Federal Regulations. 


5.1.2 Concentrations such that an individual present in the area without 
respiratory protective equipment could exceed, during the hours the 
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individual is present in a week, an intake of 0.6% of the annual limit 
on intake (ALI) or 12 DAC-hours.  


5.2 Contaminated Area –A restricted area that has radioactive materials above 
the limits specified in the RSP in the form of dusts, particulates, and sorbed 
contaminants that could adhere to personnel clothing and skin while 
working in the area. 


5.3 Radiation Area – Any area accessible to personnel in which there exists 
ionizing radiation at dose rates such that an individual could receive a deep 
dose equivalent in excess of 5 millirems in 1 hour at 30 centimeters from 
the radiation source or from any surface that the radiation penetrates. 


5.4 Restricted Area – An area to which access is controlled to protect 
individuals against undue risks from exposure to radiation and radioactive 
materials. 


5.5 Personnel Survey – A survey with radiation detection instrumentation that 
measures the amount of radioactive materials on personnel clothing or skin 
surfaces. 


5.6 Lens Dose Equivalent (LDE) – Exposure to the lens of the eye taken as the 
dose equivalent at a tissue depth of 0.3 centimeters. 


5.7 Shallow Dose Equivalent (SDE) – External exposure of the skin or extremity 
taken at a tissue depth of 0.007 cm and averaged over an area of 1 cm2. 


5.8 Total Effective Dose Equivalent (TEDE) – TEDE is the sum of the deep 
dose equivalent (external dose) and the committed effective dose 
equivalent (internal dose). 


5.9 Total Organ Dose Equivalent (TODE) – TODE is the sum of the external 
component (deep dose equivalent) and the internal component (committed 
dose equivalent to an organ or tissue). 


6.0 EQUIPMENT 


None Required 


7.0 RESPONSIBILITES 
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7.1 Project Manager (PM) - The PM is responsible for ensuring that all 


necessary personnel are familiar with this procedure, adequately trained in 
the used of the procedure, and have access to a copy of this procedure. 


7.2 Radiation Safety Officer (RSO) - The RSO is responsible for monitoring 
compliance with this procedure and training of personnel working with this 
procedure.  The RSO ensures the HPT are qualified by training and 
experience to perform the requirements of this procedure.  The RSO is 
responsible for issue, control, and termination of RWP’s. 


7.3 Radiological Field Supervisor (RFS) – During field assignments, the RFS is 
responsible for ensuring that this procedure is implemented.  When the 
RSO is not on site, the RFS will act as the RSO’s duly authorized 
representative for radiological issues. 


7.4 Health Physics Technicians (HPT) – The HPT are responsible for 
performing the necessary surveys in support of RWP’s, and job coverage of 
RWP’s.  The HPT has the responsibility to stop work if any unsafe condition 
exists in the work area, non-compliance with procedural requirements 
occurs, or significant changes in radiological conditions occur. 


7.5 Radiation Workers – Radiation Workers are responsible to read, 
understand, sign, and comply with the provisions of the RWP. 


8.0 INSTRUCTIONS 


8.1 Conditions Requiring an RWP 


8.1.1 Work involving radioactive material shall require a RWP unless 
otherwise directed by the RSO or duly authorized representative. 


8.1.2 Listed below are examples of jobs that require a RWP.  If there is 
any question whether a job requires a RWP, the final determination 
will be made by the RSO or duly authorized representative. 


8.1.2.1 Work on or with material having total fixed activity in excess 
of 1000 dpm/100 cm2 β, γ and/or 100 dpm/100 cm2 α. 


8.1.2.2 Work on or with material having loose surface activity in 
excess of 20 dpm/100 cm2 α and/or 200 dpm/100 cm2 β, γ to 
1000 dpm/100cm2 β, γ depending on the nuclide(s) present. 
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8.1.2.3 Filter changeouts of contaminated or potentially 


contaminated systems (i.e., Pre-filter, HEPA filters). 


8.1.2.4 Work on any contaminated or potentially contaminated 
ventilation system where the integrity of the system may be 
breached or the interior accessed. 


8.1.2.5 When air operated tools are to be used in a manner that is 
likely to generate airborne contamination. 


8.1.2.6 Any job requiring welding, grinding or burning on 
contaminated material or equipment. 


8.1.2.7 Work in a posted Airborne Radioactivity Area. 


8.1.2.8 Work in a posted Radiation Area. 


8.1.2.9 Work in a posted Contaminated Area. 


8.1.3 Direct surveillance by qualified RSO or duly authorized 
representative may be used in lieu of a RWP in an emergency 
situation.  The RSO or duly authorized representative have the 
authority to direct all matters associated with radiation protection and 
shall specify the radiological requirements to control personnel 
exposure to radiation. 


8.2 RWP Initiation 


8.2.1 RWPs are initiated by the cognizant individual responsible for the 
task.  The initiator shall complete the location of work, detailed 
description of work, and job supervisor on Attachment 1.  A RWP 
addition sheet (AP-012-02) shall be used as needed and attached to 
the RWP. 


8.2.2 Work to be performed shall be clearly described. 


8.2.3 The RSO or duly authorized representative shall approve the RWP.  
The RWP will not be approved unless the detailed description of 
work can be clearly understood. 


8.2.4 The RSO or duly authorized representative may request that a 
detailed procedure be prepared if, in his/her opinion, the description 
of the work to be performed is unclear or the safety risks are 
considered to be high. 
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8.2.5 RWP numbers consist of a year prefix followed by the next available 


sequential number.  Record the RWP number in the RWP Log sheet 
(AP- 012- 03) with a brief description of the description of work and 
on AP-012- 01 in the RWP “No.”  box. 


8.2.6 The RSO or duly authorized representative shall complete the 
summary of radiological conditions and required radiological control 
sections of AP-012-01.  Historical and/or pre-job surveys should be 
used for the radiological condition section.   


8.2.7 The RSO or duly authorized representative shall review and approve 
the RWP prior to implementation. 


8.2.8 An RWP may remain in effect for the duration of the job.  However, 
RWPs authorizing work for periods anticipated to be greater than 
one month should be reviewed and re-authorized on a monthly 
basis. 


8.3 RWP Implementation 


8.3.1 Individuals authorized to work on the RWP shall print and sign their 
name on the original copy of the RWP, indicating that they have read 
and understand the RWP requirements.  The RSO or duly authorized 
representative is responsible for ensuring the proper implementation 
of the RWP. 


8.3.2 A copy of the RWP should be kept at the job site. 


8.3.3 Individuals may be added to a non-terminated RWP and are required 
to sign both the original and working copy. 


8.3.4 Changes made to a non-terminated RWP shall be authorized by the 
by the RSO or duly authorized representative.  The changes shall be 
made to both the original and the job site copy. 


8.3.4.1 Initial and date any changes made. 


8.3.5 If the scope of worker conditions (scope of work or radiological 
conditions) are significantly different than those expected when the 
RWP was generated, the RWP shall be terminated and a new one 
issued.  


8.4 RWP Termination 
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8.4.1 A RWP may be terminated by the RSO or duly authorized 


representative for any of the following reasons: 


8.4.1.1 Work is complete 


8.4.1.2 Work scope or radiological conditions significantly different 
from the RWP. 


8.4.1.3 At the discretion of the RSO or duly authorized 
representative. 


8.4.2 The terminated RWP package shall consist of the following: 


• Pre-job survey(s) and/or historical information 


• Post-job survey (if applicable) 


• All copies of the RWP 


• Copies of air sample results from individuals working under the 
RWP (if applicable).  


8.4.3 The RWP package shall be reviewed and terminated by the RSO or 
duly authorized representative. 


9.0 QUALITY ASSURANCE/RECORDS 


9.1 Quality Assurance 


9.1.1 Individual(s) working under a RWP shall be trained in the 
requirements of this procedure. 


9.1.2 Individual(s) working under a RWP shall ensure that this procedure 
and associated attachments are the most current revision. 


9.1.3 Information documented on any of the attachments shall be legibly 
written in ink.  Drawing a line through the error and initialing the 
change shall make any corrections. 


9.1.4 The terminated RWP package shall be kept by the RSO or duly 
authorized representative for future review. 


9.2 Records 
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9.2.1 Records of work performed under a RWP and records directly 


related to the RWP shall be kept by the RSO or duly authorized 
representative. 


9.2.2 The original copy of the RWP shall be kept by the RSO or duly 
authorized representative. 


10.0 ATTACHMENTS 


• AP-012-01  Radiation Work Permit 


• AP-012-02  Additional RWP Sign-In Sheet 


• AP-012-03  Radiation Work Permit Log 
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AP-012-01 
RADIATION WORK PERMIT 


 
Job Supervisor  Date 


 
 No.  


 
Location of Work : 
Description of Work : 
  


SUMMARY OF RADIOLOGICAL CONDITIONS 
Location Contamination Levels Radiation Levels Airborne Concentrations 


 
 


   


 
 


   


 
 


   


REQUIRED RADIOLOGICAL CONTROLS 
  Coveralls  Glove Liners  Lapel Air Sampler 
  Hood  Plastic Shoe Covers  Lab Coat 
  Surgeons Cap  Rubber Shoe Covers  Pre-Job Meeting 
  Surgeons Gloves  Tape Gloves to Sleeves  Continuous HP 


Coverage 
  Rubber Gloves  Plastic Suit  TLD 
  Trained Radiation Worker(s)     
SPECIAL INSTRUCTIONS : 
 
 
 
SIGNATURE INDICATES THAT YOU HAVE READ AND UNDERSTAND THE RADIOLOGICAL CONDITIONS AND 


CONTROLS 
Name Signature Name Signature 


    


    


    


    


 
 


APPROVED BY:                                                        DATE:                           
 


REAPPROVED BY:                                                          DATE:                            
 


RWP TERMINATED BY:                                                       DATE:______________ 
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AP-012-02  
RADIATION WORK PERMIT  
ADDITION SHEET - RWP #  


 
N A M E  


 
SIGNATURE 


 
N A M E  


 
SIGNATURE 
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Reviewed By: ___________________________   Date: ____________ 
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AP-012-03 
RADIATION WORK PERMIT LOG SHEET 


RWP 
# 


General Description Date Issued Date  
Terminated
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Reviewed by:  _______________________________________ Date:  ______________  
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		PURPOSE

		APPLICABILITY

		PRECAUTIONS, LIMITATIONS AND REQUIREMENTS

		Precautions

		No work shall be performed involving radioactive material without initiation of an RWP unless otherwise directed by the RSO or duly authorized representative.



		Limitations

		Requirements

		All work activities performed under this procedure shall be in accordance with Specific Project Health and Safety Plan (HASP) and the RSP.

		The RWP requirements may be upgraded by the RSO or duly authorized representative.  RWP requirements may not be downgraded except as described in paragraph 8.3.

		Whenever practical, airborne radioactivity shall be controlled by the use of engineering controls.  Engineering controls include, but are not limited to, decontamination, HEPA vacuums, ventilation, and containment.

		A control point shall be set up at the discretion of the RSO or duly authorized representative at the location of entrance/exit to a contaminated area.  At this control point, anyone exiting the contaminated area shall frisk all materials, including hand





		REFERENCES

		DEFINITIONS AND ABBREVIATIONS

		Airborne Radioactivity Area – A room, enclosure o

		The derived air concentrations \(DAC’s\) speci�

		Concentrations such that an individual present in the area without respiratory protective equipment could exceed, during the hours the individual is present in a week, an intake of 0.6% of the annual limit on intake (ALI) or 12 DAC-hours.



		Contaminated Area –A restricted area that has rad

		Radiation Area – Any area accessible to personnel

		Restricted Area – An area to which access is cont

		Personnel Survey – A survey with radiation detect

		Lens Dose Equivalent \(LDE\) – Exposure to the�

		Shallow Dose Equivalent \(SDE\) – External exp�

		Total Effective Dose Equivalent \(TEDE\) – TED�

		Total Organ Dose Equivalent \(TODE\) – TODE is�



		EQUIPMENT

		RESPONSIBILITES

		Project Manager (PM) - The PM is responsible for ensuring that all necessary personnel are familiar with this procedure, adequately trained in the used of the procedure, and have access to a copy of this procedure.

		Radiation Safety Officer (RSO) - The RSO is responsible for monitoring compliance with this procedure and training of personnel working with this procedure.  The RSO ensures the HPT are qualified by training and experience to perform the requirements o

		Radiological Field Supervisor \(RFS\) – During�

		Health Physics Technicians \(HPT\) – The HPT a�

		Radiation Workers – Radiation Workers are respons



		INSTRUCTIONS

		Conditions Requiring an RWP

		Work involving radioactive material shall require a RWP unless otherwise directed by the RSO or duly authorized representative.

		Listed below are examples of jobs that require a RWP.  If there is any question whether a job requires a RWP, the final determination will be made by the RSO or duly authorized representative.

		Work on or with material having total fixed activity in excess of 1000 dpm/100 cm2 (, ( and/or 100 dpm/100 cm2 (.

		Work on or with material having loose surface activity in excess of 20 dpm/100 cm2 ( and/or 200 dpm/100 cm2 (, ( to 1000 dpm/100cm2 (, ( depending on the nuclide(s) present.

		Filter changeouts of contaminated or potentially contaminated systems (i.e., Pre-filter, HEPA filters).

		Work on any contaminated or potentially contaminated ventilation system where the integrity of the system may be breached or the interior accessed.

		When air operated tools are to be used in a manner that is likely to generate airborne contamination.

		Any job requiring welding, grinding or burning on contaminated material or equipment.

		Work in a posted Airborne Radioactivity Area.

		Work in a posted Radiation Area.

		Work in a posted Contaminated Area.



		Direct surveillance by qualified RSO or duly authorized representative may be used in lieu of a RWP in an emergency situation.  The RSO or duly authorized representative have the authority to direct all matters associated with radiation protection and sh



		RWP Initiation

		RWPs are initiated by the cognizant individual responsible for the task.  The initiator shall complete the location of work, detailed description of work, and job supervisor on Attachment 1.  A RWP addition sheet (AP-012-02) shall be used as needed and

		Work to be performed shall be clearly described.

		The RSO or duly authorized representative shall approve the RWP.  The RWP will not be approved unless the detailed description of work can be clearly understood.

		The RSO or duly authorized representative may request that a detailed procedure be prepared if, in his/her opinion, the description of the work to be performed is unclear or the safety risks are considered to be high.

		RWP numbers consist of a year prefix followed by 

		The RSO or duly authorized representative shall complete the summary of radiological conditions and required radiological control sections of AP-012-01.  Historical and/or pre-job surveys should be used for the radiological condition section.

		The RSO or duly authorized representative shall review and approve the RWP prior to implementation.

		An RWP may remain in effect for the duration of the job.  However, RWPs authorizing work for periods anticipated to be greater than one month should be reviewed and re-authorized on a monthly basis.



		RWP Implementation

		Individuals authorized to work on the RWP shall print and sign their name on the original copy of the RWP, indicating that they have read and understand the RWP requirements.  The RSO or duly authorized representative is responsible for ensuring the prop

		A copy of the RWP should be kept at the job site.

		Individuals may be added to a non-terminated RWP and are required to sign both the original and working copy.

		Changes made to a non-terminated RWP shall be authorized by the by the RSO or duly authorized representative.  The changes shall be made to both the original and the job site copy.

		Initial and date any changes made.



		If the scope of worker conditions (scope of work or radiological conditions) are significantly different than those expected when the RWP was generated, the RWP shall be terminated and a new one issued.



		RWP Termination

		A RWP may be terminated by the RSO or duly authorized representative for any of the following reasons:

		Work is complete

		Work scope or radiological conditions significantly different from the RWP.

		At the discretion of the RSO or duly authorized representative.



		The terminated RWP package shall consist of the following:

		The RWP package shall be reviewed and terminated by the RSO or duly authorized representative.





		QUALITY ASSURANCE/RECORDS

		Quality Assurance

		Individual(s) working under a RWP shall be trained in the requirements of this procedure.

		Individual(s) working under a RWP shall ensure that this procedure and associated attachments are the most current revision.

		Information documented on any of the attachments shall be legibly written in ink.  Drawing a line through the error and initialing the change shall make any corrections.

		The terminated RWP package shall be kept by the RSO or duly authorized representative for future review.



		Records

		Records of work performed under a RWP and records directly related to the RWP shall be kept by the RSO or duly authorized representative.

		The original copy of the RWP shall be kept by the RSO or duly authorized representative.





		ATTACHMENTS
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Revision 0   Packaging Radioactive Material 


1.0 PURPOSE 


This procedure describes the methods used by trained Cabrera Services, Inc., 
(CABRERA) employees at customer facilities to package material for disposal as 
radioactive waste.  Adherence to this procedure will provide reasonable 
assurance that personnel exposures will be ALARA, personnel will remain free of 
contamination, and contamination will not be spread beyond the designated 
contaminated area. 


2.0 APPLICABILITY 


This procedure will be used to ensure packaging of radioactive waste meets 
Federal, State, Customer, and Waste Site requirements. 


3.0 PRECAUTIONS, LIMITATIONS, AND REQUIREMENTS 


3.1 Precautions 


3.1.1 Protective Equipment (e.g., gloves, coveralls, etc.) will be used if 
required during the handling of radioactive material. 


3.2 Limitations 


3.2.1 If loose surface contaminated material is to be handled, ensure the 
evolution is set up in an approved area and that the ventilation 
system for the area is in operation and respiratory protection 
requirements have been determined and specified in the RWP. 


3.3 Requirements 


3.3.1 Ensure that a Radiation Work Permit (RWP) has been issued to 
control the evolution.  The RWP may be written to govern multiple 
tasks. 


3.3.2 All personnel packaging waste shall comply with RWP requirements. 


3.3.3 The Attached Container Checklist, AP-013-01 will be used during the 
packaging is materials. 


4.0 REFERENCES 
• RSP   Radiation Safety Program 
• AP-001  Record Retention 
• AP-010  Personnel Protective Equipment 
• AP-012  Radiation Work Permit 
• AP-015  Radioactive Materials Brokering 
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• AP-016  Radioactive Material Tracking 
• OP-001  Radiological Surveys 
• OP-019  Radiologically Restricted Areas 
• OP-020  Operation of Contamination Survey Meters 
• OP-021  Alpha-Beta Sample Counting Instrumentation 
• OP-023  Operation of Micro-R Survey Meters 
• OP-022  Operation of Ionization Chambers 
• NUREG-1556 Consolidated Guidance About Material Licenses - Vol. 11


  
5.0 DEFINITIONS AND ABBREVIATIONS 


5.1 No detectable freestanding liquid – As little liquid as reasonable achievable, 
but in no case shall the liquid exceed 0.5% of the waste volume. 


5.2 Sorbent Material – Sorbent material approved by applicable regulatory body 
for use at designated disposal site.  Approved sorbents are listed in the 
applicable disposal facility license. 


5.3 Strong Tight Container – Container capable of transporting radioactive 
material to the disposal facility without loss of material. 


5.4 Heavy Duty Closure Ring – Closure ring for drums of 55-gallons or larger 
capacity secured by a both having a 5/8" or larger diameter. 


5.5 Container – Outer package which meets strong tight criteria.  Containers 
are most commonly steel drums of 55-gallons capacity or larger. 


6.0 EQUIPMENT 


• Appropriate containers 


• Packaging materials, as needed 


• Tools for securing containers 


7.0 RESPONSIBILITIES 


7.1 Project Manager (PM) – The PM is responsible for ensuring that all 
personnel assigned the task of packaging containers of radioactive material 
are familiar with this procedure and are adequately trained in the use of this 
procedure, and have access to a copy of this procedure. 


7.2 Radiation Safety Officer (RSO) – The RSO is responsible for training of 
personnel working with radioactive material.  The RSO ensures HPT are 
qualified by training and experience to perform the requirements of this 
procedure. 
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7.3 Radiological Field Supervisor (RFS) – During field assignments, the RFS is 
responsible for ensuring that this procedure is implemented.  When the 
RSO is not on site, the RFS will act as the RSO’s duly authorized 
representative for radiological issues. 


7.4 Health Physics Technicians (HPT) – The HPT are responsible for control of 
radioactive material. 


8.0 INSTRUCTIONS 


8.1 The RFS or RSO will initiate a RWP describing the work to be done.  The 
HPT will perform all required surveys and prescribe requirements as 
specified in procedure AP-012. 


8.2 Packaging Dry Material 


8.2.1 Ensure container: 


• Has a heavy closure ring, which is free of defects. 


• Exhibits no holes, damage, or deformation, which renders the 
container non-strong tight. 


• Gasket exhibits no apparent damage. 


• Ensure the package meets the appropriate performance testing 
criteria for the material being packaged per Title 49 of the Code 
of Federal Regulations. 


8.2.2 Place a thin layer of approved sorbent material in the bottom of the 
container. 


8.2.3 Place pellets or other material into the container, filling as much of 
the volume as practical. 


8.2.4 Fill void spaces within the container with dry material to the 
maximum extent practical. 


8.2.5 Ensure the container contains no detectable freestanding liquid. 


8.2.6 Install lid and fasten closure ring securely.  Tap the closure ring with 
a hammer around the edges while tightening the closure ring bolt. 


8.2.7 Ensure drainage/sample bung is closed securely and cover bung 
joint with waterproof caulk. 


8.2.8 Weigh the completed container. 
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8.2.9 Provide tracking information as required by AP-016. 


8.2.10 Label container with following information. 


• Radioactive Material 


• Container identification number 


• Gross weight 


8.2.11 Complete Container Checklist, AP-013-01. 


8.2.12 Have health physics personnel perform dose rate survey of 
completed containers. 


8.3 Packaging Biological Material (excluding animal carcasses) 


Warning: Containers with biological, pathologic, or infections materials or 
equipment used in handling of such material shall be kept sealed 
except when an appropriate work area has been established and 
specific procedures are written to repackage the material. 


8.3.1 Ensure that the shipper has provided certification to ensure the 
following: 


• Each received container meets DOT 7A Performance 
Specifications or was manufactured to DOT 17H Specifications. 


• Each received container is lined with a sealed plastic liner, 
minimum 4 mil-thickness. 


8.3.2 Select a container with a capacity of at least. 


• 40% greater than the received container for disposal in 
Washington. 


• 50% greater than the received container for disposal in South 
Carolina. 


8.3.3  Ensure the outer container. 


• Meets DOT 7A Performance Specifications and test records are 
on file. 


• Has a heavy-duty closure ring, which is free of defects. 


• Exhibits no holes, damage, or deformation, which renders the 
container non-strong tight. 
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• Has a gasket, which exhibits no damage. 


• Ensure the package meets the appropriate performance testing 
criteria for the material being packaged per Title 49 of the Code 
of Federal Regulations. 


8.3.4 Place a layer of approved sorbent material in the bottom of the outer 
container. 


8.3.5 Place received container into the outer container. 


8.3.6 Fill void spaces within the container with approved sorbent material, 
and ensure there is no detectable freestanding liquid. 


8.3.7 Install lid and fasten closure ring securely. 


8.3.8 Ensure drainage/sample dung is closed securely, and cover bung 
joint with waterproof caulk. 


8.3.9 Weigh the completed container. 


8.3.10 Provide tracking information as required by AP-016. 


8.3.11 Label container with the following information: 


• Radioactive Material 


• Container identification number 


• Gross weight 


8.3.12  Complete Disposal Container Checklist. 


8.3.13  Place the completed container in an appropriate storage area. 


8.4 Packaging Bulk Dry Material 


Note: This section is intended for use in preparing large containers (50 ft3 or more) 
for disposal.  Items, which can be placed in drums, should be packaged as 
described in Section 8.2. 


8.4.1 Inspect container to be sued as a burial container to ensure: 


• No holes damage, or deformation, which renders the container 
non-strong tight. 


• Lid gasket exhibits no apparent damage. 
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• Closure devices are free of defects. 


• Ensure the package meets the appropriate performance testing 
criteria for the material being packaged per Title 49 of the Code 
of Federal Regulations. 


8.4.2 Place waste material inside the container, filling as much of the 
volume as practical. 


8.4.3 Ensure the container has no detectable freestanding liquid. 


8.4.4 Install lid and fasten securely using one or more of the following: 


• Clips 


• Mechanical fasteners 


• Clamping rings 


• Metal banding 


8.4.5 Ensure drainage/sample plug is closed securely and cover drain plug 
with weatherproof caulk. 


8.4.6 Determine the completed container weight. 


8.4.7 Provide tracking information as required by AP-016. 


8.4.8 Label container with following information. 


• Radioactive Material 


• Generator(s) identification and receipt number(s) 


• Container identification number 


• Gross weight 


8.4.9 Complete Container Checklist, AP-013-01. 


8.4.10 Have Radiation Staff Members perform dose rate survey of 
completed containers. 


8.4.11 Place completed container in appropriate storage area. 


8.5 Packaging Solidified or Stabilized Liquid 


Note: This section does not constitute a solidification or stabilization process plan.  
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This section is provided to ensure proper packaging for disposal of liquids, 
which have been stabilized/solidified in accordance with an approved 
procedure.  This section may be performed concurrent with the 
stabilization/solidification process. 


8.5.1 Review process information and maintain records to ensure: 


• Liquid was rendered non-corrosive (4<Ph<11). 


• Liquid has been acceptable stabilized or solidified using material 
authorized in applicable disposal facility license. 


8.5.2 Ensure container. 


• Has a heavy closure ring, which is free of defects. 


• Exhibits no holes, damage, or deformation, which renders the 
container non-strong tight. 


• Gasket exhibits no apparent damage. 


• Ensure the package meets the appropriate performance testing 
criteria for the material being packaged per Title 49 of the Code 
of Federal Regulations. 


8.5.3 Fill container with material to be stabilized or solidified. 


8.5.4 Fill void spaces within the container with sorbent material, and 
ensure there is no detectable freestanding liquid.  Void space shall 
be less than 15% of container volume. 


8.5.5 Install lid and fasten closure ring securely. 


8.5.6 Ensure drainage/sample bung is closed securely and cover bung 
joint with waterproof caulk. 


8.5.7 Determine the completed container weight. 


8.5.8 Provide tracking information as required by AP-016. 


8.5.9 Label container with following information. 


• Radioactive Material 


• Container identification number 


• Gross weight 
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8.5.10 Complete Container Checklist, AP-013-01. 


8.5.11 Have Radiation Staff Members perform dose rate survey of 
completed containers. 


8.5.12 Place completed containers in an appropriate storage area. 


8.6 Packaging Sorbed Liquid 


Note: This section does not constitute a sorption process plan.  This section is 
provided to ensure proper packaging for disposal of liquids, which have been 
sorbed in accordance with an approved procedure.  This section may be 
performed concurrent with the sorption process.  For disposal at other than the 
Barnwell site. 


8.6.1 Review process information and maintain records to ensure: 


• Liquid was rendered non-corrosive (4<Ph<11). 


• Liquid has been acceptable stabilized or solidified using material 
authorized in applicable disposal facility license. 


• Liquid is contained in enough sorbent material to sorb at least 
twice the volume of the liquid content. 


• Volume and weight of unprocessed liquid has been recorded. 


8.6.2 Ensure container. 


• Has a heavy closure ring, which is free of defects. 


• Exhibits no holes, damage, or deformation, which renders the 
container non-strong tight. 


• Gasket exhibits no apparent damage. 


• Meets DOT 7A Performance specifications and test records are 
on file. 


8.6.3 Line the container with a minimum 4-mil plastic liner unless liquid has 
been sorbed in Petroset, Aquaset, or equivalent. 


8.6.4 Fill container with sorbed material as fully as possible. 


8.6.5 Fill void spaces within the container with sorbent material and ensure 
there is no detectable freestanding liquid. 


8.6.6 Close plastic liner. 
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8.6.7 Install lid and fasten closure ring securely. 


8.6.8 Ensure drainage/sample bung is closed securely and cover bung 
joint with waterproof caulk. 


8.6.9 Weigh completed container. 


8.6.10 Provide tracking information as required by AP-016. 


8.6.11 Label container with following information. 


• Radioactive Material 


• Container identification number 


• Gross weight 


8.6.12 Complete Container Checklist, AP-013-01. 


8.6.13 Have Radiation Staff Members perform dose rate survey of 
completed containers. 


8.6.14 Place completed container in an appropriate storage area. 


9.0 QUALITY ASSURANCE/RECORDS 


9.1 Quality Assurance 


9.1.1 Quality Control verification of packaging activities will be performed 
on a recurring surveillance basis and will be documented on a QA 
Surveillance Report. 


9.1.2 Surveillance may be performed during packaging or by opening and 
inspecting previously packaged material 


9.1.3 Instrumentation used for measurements required by this procedure 
will be checked with standards and verified to have current 
calibration. 


9.2 Records 


9.2.1 Documented information shall be legible and written in ink. 


9.2.2 Data shall not be obliterated by erasing or using white-out.  Incorrect 
entries shall be corrected by striking a single line across the entry.  
The correction shall be entered, initialed, and dated. 


9.2.3 The HPT shall ensure that the attachments are of the most current. 
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9.2.4 The HPT shall review completed attachment forms for accuracy and 
completeness. 


9.2.5 Entries on forms must be dated and initialed by the HPT to be valid. 


9.2.6 The RSO or duly authorized representative shall review any 
applicable completed forms.  The review shall be for accuracy and 
completeness. 


10.0   ATTACHMENTS 


AP-013-01  Disposal Container Checklist 
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Disposal Container Checklist 
AP-013-01 


Container Number: ______________________________________________________ 


Container Description:  ___________________________________________________ 


Generator(s): ___________________________________________________________ 


Receipt No.(s): __________________________________________________________ 


           SAT N/A 


1)  Container Proper for Contents        �     � 
2)  Container Has: 


  - No Holes, Damage, or deformation       �     � 
   rendering it non-strong tight 
  - Acceptable Closure Equipment       �     � 
  - Acceptable Closure Gasket        �     � 
3)  No Free-Standing Liquid         �     � 


4)  Container Closure Hardware Installed Securely      �     � 


5)  Container Labeled With Following:        �     � 
  - Radioactive Material         �     � 
  - Generator Identifications        �     � 
  - Container identification Number       �     � 
  - Gross Weight          �     � 
 
 
 
Completed By: _________________________________________ Date: __________ 
     Operator Signature 
 
 
Reviewed By:  __________________/_______________________ Date:  __________ 
     Print/Sign 
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		PURPOSE

		APPLICABILITY

		PRECAUTIONS, LIMITATIONS, AND REQUIREMENTS

		Precautions

		Protective Equipment (e.g., gloves, coveralls, etc.) will be used if required during the handling of radioactive material.



		Limitations

		If loose surface contaminated material is to be handled, ensure the evolution is set up in an approved area and that the ventilation system for the area is in operation and respiratory protection requirements have been determined and specified in the RWP



		Requirements

		Ensure that a Radiation Work Permit (RWP) has been issued to control the evolution.  The RWP may be written to govern multiple tasks.

		All personnel packaging waste shall comply with RWP requirements.

		The Attached Container Checklist, AP-013-01 will be used during the packaging is materials.





		REFERENCES

		DEFINITIONS AND ABBREVIATIONS

		No detectable freestanding liquid – As little liq

		Sorbent Material – Sorbent material approved by a

		Strong Tight Container – Container capable of tra

		Heavy Duty Closure Ring – Closure ring for drums 

		Container – Outer package which meets strong tigh



		EQUIPMENT

		RESPONSIBILITIES

		Project Manager \(PM\) – The PM is responsible�

		Radiation Safety Officer \(RSO\) – The RSO is �

		Radiological Field Supervisor \(RFS\) – During�

		Health Physics Technicians \(HPT\) – The HPT a�



		INSTRUCTIONS

		The RFS or RSO will initiate a RWP describing the work to be done.  The HPT will perform all required surveys and prescribe requirements as specified in procedure AP-012.

		Packaging Dry Material

		Ensure container:

		Place a thin layer of approved sorbent material in the bottom of the container.

		Place pellets or other material into the container, filling as much of the volume as practical.

		Fill void spaces within the container with dry material to the maximum extent practical.

		Ensure the container contains no detectable freestanding liquid.

		Install lid and fasten closure ring securely.  Tap the closure ring with a hammer around the edges while tightening the closure ring bolt.

		Ensure drainage/sample bung is closed securely and cover bung joint with waterproof caulk.

		Weigh the completed container.

		Provide tracking information as required by AP-016.

		Label container with following information.

		Complete Container Checklist, AP-013-01.

		Have health physics personnel perform dose rate survey of completed containers.



		Packaging Biological Material (excluding animal carcasses)

		Ensure that the shipper has provided certification to ensure the following:

		Select a container with a capacity of at least.

		Ensure the outer container.

		Place a layer of approved sorbent material in the bottom of the outer container.

		Place received container into the outer container.

		Fill void spaces within the container with approved sorbent material, and ensure there is no detectable freestanding liquid.

		Install lid and fasten closure ring securely.

		Ensure drainage/sample dung is closed securely, and cover bung joint with waterproof caulk.

		Weigh the completed container.

		Provide tracking information as required by AP-016.

		Label container with the following information:

		Complete Disposal Container Checklist.

		Place the completed container in an appropriate storage area.



		Packaging Bulk Dry Material

		Inspect container to be sued as a burial container to ensure:

		Place waste material inside the container, filling as much of the volume as practical.

		Ensure the container has no detectable freestanding liquid.

		Install lid and fasten securely using one or more of the following:

		Ensure drainage/sample plug is closed securely and cover drain plug with weatherproof caulk.

		Determine the completed container weight.

		Provide tracking information as required by AP-016.

		Label container with following information.

		Complete Container Checklist, AP-013-01.

		Have Radiation Staff Members perform dose rate survey of completed containers.

		Place completed container in appropriate storage area.



		Packaging Solidified or Stabilized Liquid

		Review process information and maintain records to ensure:

		Ensure container.

		Fill container with material to be stabilized or solidified.

		Fill void spaces within the container with sorbent material, and ensure there is no detectable freestanding liquid.  Void space shall be less than 15% of container volume.

		Install lid and fasten closure ring securely.

		Ensure drainage/sample bung is closed securely and cover bung joint with waterproof caulk.

		Determine the completed container weight.

		Provide tracking information as required by AP-016.

		Label container with following information.

		Complete Container Checklist, AP-013-01.

		Have Radiation Staff Members perform dose rate survey of completed containers.

		Place completed containers in an appropriate storage area.



		Packaging Sorbed Liquid

		Review process information and maintain records to ensure:

		Ensure container.

		Line the container with a minimum 4-mil plastic liner unless liquid has been sorbed in Petroset, Aquaset, or equivalent.

		Fill container with sorbed material as fully as possible.

		Fill void spaces within the container with sorbent material and ensure there is no detectable freestanding liquid.

		Close plastic liner.

		Install lid and fasten closure ring securely.

		Ensure drainage/sample bung is closed securely and cover bung joint with waterproof caulk.

		Weigh completed container.

		Provide tracking information as required by AP-016.

		Label container with following information.

		Complete Container Checklist, AP-013-01.

		Have Radiation Staff Members perform dose rate survey of completed containers.

		Place completed container in an appropriate storage area.





		QUALITY ASSURANCE/RECORDS

		Quality Assurance

		Quality Control verification of packaging activities will be performed on a recurring surveillance basis and will be documented on a QA Surveillance Report.

		Surveillance may be performed during packaging or by opening and inspecting previously packaged material

		Instrumentation used for measurements required by this procedure will be checked with standards and verified to have current calibration.



		Records

		Documented information shall be legible and written in ink.

		Data shall not be obliterated by erasing or using white-out.  Incorrect entries shall be corrected by striking a single line across the entry.  The correction shall be entered, initialed, and dated.

		The HPT shall ensure that the attachments are of the most current.

		The HPT shall review completed attachment forms for accuracy and completeness.

		Entries on forms must be dated and initialed by the HPT to be valid.

		The RSO or duly authorized representative shall review any applicable completed forms.  The review shall be for accuracy and completeness.
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Revision 0   Classifying Radioactive Waste 


1.0 PURPOSE 


The purpose of this procedure is to establish instructions by Cabrera Services, 
Inc. (CABRERA) used to classify waste for disposal; complete shipment manifest; 
and verifies waste receipt criteria.  Adherence to this procedure will provide 
reasonable assurance that waste will be properly classified pursuant too 10 CFR 
61. 


2.0 APPLICABLITY 


2.1 This procedure will be used to classify wastes pursuant to 10 CFR 61.  
Waste classification considerations for disposal at a licensed facility require: 


2.1.1 Consideration must be given to the concentration of long-lived 
radionuclides (and their shorter-lived precursors). 


2.1.2 Consideration must be given to the concentration of shorter-lived 
radionuclides for which requirements on institutional controls, waste, 
form, and disposal methods are effective. 


2.2 Description of Procedures 


2.2.1 Use of this procedure will demonstrate the methodology for 
determining: 


• If the waste is acceptable for near-surface disposal. 


• It the waste is acceptable for near-surface disposal, whether the 
waste is classified as Class A, Class B, or Class C waste. 


2.2.2 Using this procedure CABRERA personnel will be able to determine 
whether the waste complies with any additional waste form, package 
or content requirement, which may be in place at the particular 
disposal facility to which the waste is to be shipped. 


3.0 PRECAUTIONS, LIMITAITONS, AND REQUIREMENTS 


3.1 Minor differences may exist between individual disposal facilities and the 
Waste Class tables presented in this procedure.  ALWAYS classify waste 
per the destined facilities criteria. 


3.2 The Barnwell facility has a Class C determination form that must be 
completed and forwarded with the shipment. 


3.3 US Ecology facility has a NARM determination required to be completed 
before shipment. 
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3.4 Certain waste streams such as filter resins etc. also require isotopic 
analysis to be completed before shipment. 


4.0 REFERENCES 


• 10 CFR Part 61 


• CNSI Barnwell Waste Management Facility License 


• US Ecology Hanford License 


• Envirocare Utah Department of Environmental Quality Radioactive Material 
License 


5.0 DEFINITIONS AND ABBREVIATIONS 


5.1 Class A Waste – Class A waste is waste that is usually segregated from 
other waste classes at the disposal site.  The physical form and waste 
characteristics of Class A waste must meet the minimum requirements set 
forth in 10 CFR 61.56(a).  If Class A waste also meets the stability 
requirements set forth in 10 CFR 61.56(b), it is not necessary to segregate 
the waste for disposal. 


5.2 Class B Waste – Class B waste is waste that must meet more rigorous 
requirements on waste from to ensure stability after disposal.  The physical 
form and characteristics of Class B waste must meet both the minimum and 
stability requirements set forth in 10 CFR 61.56. 


5.3 Class C Waste – Class C waste is waste that not only must meet more 
rigorous requirements on waste from to ensure stability but also requires 
additional measures at the disposal facility to protect against inadvertent 
intrusion.  The physical form and characteristics of Class C waste must 
meet both the minimum and stability requirements set forth in 10 CFR 
61.56. 


6.0 EQUIPMENT 


None 


7.0 RESPONSIBLITES 


7.1 Project Manager (PM) – The PM is responsible for ensuring that all 
personnel assigned the task of waste classification are familiar with this 
procedure and are adequately trained in the use of this procedure, and 
have access to a copy of this procedure. 
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7.2 Radiation Safety Officer (RSO) – The RSO is responsible for quality audits 
of waste classification performed by the Waste Broker. 


7.3 Waste Broker – The Waste Broker is responsible to collect all required 
information about the waste and classifying the waste as outlined in this 
procedure. 


8.0 INSTRUCTIONS 


8.1 Procedural determination of concentration may be made by using the 
following individually or in combination. 


8.1.1 Compliance through materials accountability, a given quantity (and 
resulting concentration) of radioactive material may be known to be 
contained within a given waste or may be inferred through 
determining the difference between the quantity of radioactive 
material entering and exiting a given process. 


8.1.2 Classification by source is similar to the above method of materials 
accountability and involves determining the radionuclide content and 
classification of waste through knowledge and control of the source 
of the waste. 


8.1.3 Gross radioactivity measurements is an acceptable method for all 
classes of waste provided that: 


• The gross radioactivity measurements are correlated on a 
consistent basis with the distribution of radionuclides within the 
particular waste stream analyzed, and 


• The radionuclide distributions are initially determined and 
periodically verified by direct measurement techniques. 


8.1.4 Measurements of specific radionuclides may establish an inferential 
measurement program whereby concentrations of radioisotope 
which cannot be readily measured (through techniques such as 
gamma-spectral analysis) are projected through rationing to 
concentrations of radioisotopes which can be readily measured. 


8.1.5 The concentration of a radionuclide may be averaged over the 
volume of the waste or weight of the waste if the units are expressed 
as nanocuries per gram (using NRC Branch Technical Position 
Paper on Waste Classification current revision).  For double 
packaged containers, only the inner package volume may be used 
for classification. 
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8.2 Preferred Waste Classification Procedure 


 This algorithm for waste classification is performed using a computer when 
available.  When using a computer ensure data entry is accurate.  Waste 
classification is to be performed by the Waste Broker with quality review 
performed by the RSO or duly authorized representative. 


8.2.1 Classification determined by long-lived radionuclides.  If the waste 
contains only radionuclides listed in Table I classification is be 
determined as follows: 


• If the concentration does not exceed 0.1 times the value in Table 1, 
the waste is Class A. 


• If the concentration exceeds 0.1 times the value in Table 1, but does 
not exceed the value in Table 1, the waste is Class C. 


• If the concentration exceeds the value in Table 1, the waste is not 
generally acceptable for near-surface disposal. 


• For waste containing mixtures of radionuclides listed in Table 1, the 
total concentration shall be determined by the sum of fractions rule. 


• Site-specific variations to Tables 1 and 2 may exist.  Prior to 
classifying waste, verify that correct numbers are being used for the 
planned disposal facility. 
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Table 1 


Radionuclides Concentration 
Curies/Cubic Meter 


C-14 8


C-14 in activated metal 80


Ni-59 in activated metal 220


Nb-94 in activated metal 0.2


Tc-99 3


I-129 0.08


 


Alpha emitting transuranic radionuclides with T1/2 
>5 years 


1001 


Pu-241 3,5001


Cm-242 20,0001


Ra-226 1001


 1  Units are in nanocuries per gram; to convert to becquerels (Bq) per gram multiply by 
37, to convert from curies to gigabecquerels (GBq) multiply by 37.  Specific approval 
of SCDHEC (South Carolina) is required for disposal of these radionuclides if their 
concentration is greater than ten percent of the Table 1 values. 


8.2.2 Classification determined by short-lived radionuclides.  If the waste 
does not contain any of the radionuclides listed in Table 1, 
classification shall be determined based on the concentration shown 
in Table 2.  If the radioactive waste does not contain any 
radionuclides listed in either Table 1 or 2 its is Class A. 


8.2.2.1 If the concentration does not exceed the value of Column 1, 
the waste is Class A. 


8.2.2.2 If the concentration value exceeds the value in Column 1, 
but does not exceed the value in Column 2, the waste is 
Class B. 


8.2.2.3 If the concentration value exceeds the value in Column 2, 
but does not exceed the value in Column 3, the waste is 
Class C. 
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8.2.2.4 If the concentration value exceeds the value in Column 3, 
the waste is not generally acceptable for near-surface 
disposal. 


8.2.2.5 For waste containing mixtures of the radionuclides listed in 
Table 2, the total concentration shall be determined by the 
sum of fractions rule. 


8.2.2.6 Site-specific variations to Table 2 may exist.  Prior to 
classifying waste, verify that correct numbers are being used 
for the planned disposal facility. 


Table 2 


Radionuclide Concentration Curies/Cubic 
Meter 


 Column 1 Column 2 Colum
n 3 


Total of all radionuclides with T1/2 <5 years 700 (*) (*)


H-3 40 (*) (*)


Co-60 700 (*) (*)


Ni-63 3.5 70 700


Ni-63 in activated metal 35 700 7000


Sr-90 0.04 150 7000


Cs-137 1 44 4600


(*) There are no limits established for these radionuclides in Class B or C wastes.  
Practical consideration such as the effects of external radiation and internal heat 
generation on transportation, handling, and disposal will limit the concentrations for 
these wastes.  These wastes are Class B unless the concentration of other 
radionuclides in Table 2 determine the waste to be Class C independent of there 
radionuclides.  Specific approval of SCDHEC is required prior to packaging of Class B 
tritium waste. 


8.2.3 Classification determined by both long-lived and short-lived 
radionuclides.  If the waste contains a mixture of radionuclides some 
of which are listed in Table 1 and some of which are listed in Table 2 
classification shall be determined as follows. 


• If the concentration of a radionuclide listed in Table 1 is less than 
0.1 times the value listed in Table 1 the class shall be that 
determined by concentration of radionuclides listed in Table 2.   
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• If the concentration of a radionuclide listed in Table 1 exceeds 0.1 
times the value listed in Table 1 the waste shall be Class C provided 
the concentration of radionuclides listed in Table 2 does not exceed 
the value shown in Column 3 of Table 2. 


8.2.4 Classification of waste with radionuclides other than those listed in 
Tables 1 and 2.  If the waste does not contain any radionuclides 
listed in either Table 1 or 2, its is Class A. 


8.2.5 The sum of fractions rule for mixtures of radionuclides.  For 
determining classification for waste that contains a mixture of 
radionuclides, it is necessary to determine the sum of fractions by 
dividing each radionuclides concentration by the appropriate limit 
and adding the resulting values.  The appropriate limits must all be 
taken from the same column of the same table.  The sum of the 
fractions for the column must be less than 1.0 if the waste class is to 
be determined by that column. 


Example: A waste contains Sr-90 in a concentration of 50 Ci/m3 and 
Cs-137 in a concentration of 22 Ci/m3.  Since the 
concentrations both exceed the values in Column 1, Table 
2, they must be compared to Column 2 values.  For Sr-90 
fraction, 50/150 = 0.33; for Cs-137 fraction, 22/44 = 0.5; 
the sum of the fractions = 0.83.  Since the sum is less 
than 1.0, the waste is Class B. 


8.2.6 Determine package type in accordance with 49 CFR 173.431, 
173.433, and 173.435. 


8.2.7 Determine if R.Q. marking is required using 49 CFR 172.101 
Appendix Table 2. 


8.2.8 Verify LSA concentrations with 49 CFR 173.403(N). 


8.2.9 Any items exceeding a destination facility license shall not be 
shipped refer to destination facility license.  If material does not 
comply with license for the facility, the shipment ID going to the 
waste will not be accepted. 


9.0 QUALITY ASSURANCE/RECORDS 


9.1 Quality Assurance 


9.1.1 Instrumentation used in the surveys will be checked with standards 
daily and verified to have current valid calibration. 
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9.1.2 Waste classification will be documented on AP Form 014-01 or may 
be computer generated. 


9.1.3 Waste classification will be documented when shipping radioactive 
material to the burial site in accordance with waste broker standard 
procedures. 


9.2 Records 


9.2.1 Documented information shall be legibly written in ink or equivalent 
computer generated form. 


9.2.2 Data shall not be obliterated by erasing, using white-out, or by any 
other means.  Incorrect entries shall be corrected by striking a single 
line across the entry.  The correction shall be entered, initialed, and 
dated. 


9.2.3 The individual determining the classification shall review Form AP-
014 and any other applicable forms for accuracy and completeness. 


9.2.4 Entries on Form AP-014-01 and any other pertinent forms must be 
dated and initialed by the individual determining the classification to 
be valid. 


9.2.5 The RSO or duly authorized representative shall review any 
applicable completed forms.  The review shall be for accuracy and 
completeness. 


10.0 ATTACHMENTS 


AP-014-01  Waste Classification Form 
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WASTE CLASSIFICATION WORKSHEET 


Form AP-014-01 


 


Generator:  ________________________________________________________ 


Container Number:  _________________________________________________ 


Container Weight:  __________________________________________________ 


Container Volume:  __________________________________________________ 


Package Type:  _____________________________________________________ 


Type A Fraction:  ____________________________________________________ 


RQ Labeling:  _______________________________________________________ 


LSA Concentration:  __________________________________________________ 


Table 1 Class:  ______________________________________________________ 


Table 2 Class:  ______________________________________________________ 


RADIONUCLIDE QUANTITIES IN THIS CONTAINER (mCi) 


___________________________________________________________________ 


___________________________________________________________________ 


___________________________________________________________________ 


___________________________________________________________________ 


 


Totals:  ______________________ Weight of Waste:  _________________ LBS 


 


Performed By:  _____________________________________ Date:  ________ 


 


Reviewed By:  _____________________________________ Date:  ________ 
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		PURPOSE

		APPLICABLITY

		This procedure will be used to classify wastes pursuant to 10 CFR 61.  Waste classification considerations for disposal at a licensed facility require:

		Consideration must be given to the concentration of long-lived radionuclides (and their shorter-lived precursors).

		Consideration must be given to the concentration of shorter-lived radionuclides for which requirements on institutional controls, waste, form, and disposal methods are effective.



		Description of Procedures

		Use of this procedure will demonstrate the methodology for determining:

		Using this procedure Cabrera personnel will be able to determine whether the waste complies with any additional waste form, package or content requirement, which may be in place at the particular disposal facility to which the waste is to be shipped.





		PRECAUTIONS, LIMITAITONS, AND REQUIREMENTS

		Minor differences may exist between individual disposal facilities and the Waste Class tables presented in this procedure.  ALWAYS classify waste per the destined facilities criteria.

		The Barnwell facility has a Class C determination form that must be completed and forwarded with the shipment.

		US Ecology facility has a NARM determination required to be completed before shipment.

		Certain waste streams such as filter resins etc. also require isotopic analysis to be completed before shipment.



		REFERENCES

		DEFINITIONS AND ABBREVIATIONS

		Class A Waste – Class A waste is waste that is us

		Class B Waste – Class B waste is waste that must 

		Class C Waste – Class C waste is waste that not o



		EQUIPMENT

		RESPONSIBLITES

		Project Manager \(PM\) – The PM is responsible�

		Radiation Safety Officer \(RSO\) – The RSO is �

		Waste Broker – The Waste Broker is responsible to



		INSTRUCTIONS

		Procedural determination of concentration may be made by using the following individually or in combination.

		Compliance through materials accountability, a given quantity (and resulting concentration) of radioactive material may be known to be contained within a given waste or may be inferred through determining the difference between the quantity of radioact

		Classification by source is similar to the above method of materials accountability and involves determining the radionuclide content and classification of waste through knowledge and control of the source of the waste.

		Gross radioactivity measurements is an acceptable method for all classes of waste provided that:

		Measurements of specific radionuclides may establish an inferential measurement program whereby concentrations of radioisotope which cannot be readily measured (through techniques such as gamma-spectral analysis) are projected through rationing to conc

		The concentration of a radionuclide may be averaged over the volume of the waste or weight of the waste if the units are expressed as nanocuries per gram (using NRC Branch Technical Position Paper on Waste Classification current revision).  For double 



		Preferred Waste Classification Procedure

		Classification determined by long-lived radionuclides.  If the waste contains only radionuclides listed in Table I classification is be determined as follows:

		Classification determined by short-lived radionuclides.  If the waste does not contain any of the radionuclides listed in Table 1, classification shall be determined based on the concentration shown in Table 2.  If the radioactive waste does not contain

		If the concentration does not exceed the value of Column 1, the waste is Class A.

		If the concentration value exceeds the value in Column 1, but does not exceed the value in Column 2, the waste is Class B.

		If the concentration value exceeds the value in Column 2, but does not exceed the value in Column 3, the waste is Class C.

		If the concentration value exceeds the value in Column 3, the waste is not generally acceptable for near-surface disposal.

		For waste containing mixtures of the radionuclides listed in Table 2, the total concentration shall be determined by the sum of fractions rule.

		Site-specific variations to Table 2 may exist.  Prior to classifying waste, verify that correct numbers are being used for the planned disposal facility.



		Classification determined by both long-lived and short-lived radionuclides.  If the waste contains a mixture of radionuclides some of which are listed in Table 1 and some of which are listed in Table 2 classification shall be determined as follows.

		Classification of waste with radionuclides other than those listed in Tables 1 and 2.  If the waste does not contain any radionuclides listed in either Table 1 or 2, its is Class A.

		The sum of fractions rule for mixtures of radionuclides.  For determining classification for waste that contains a mixture of radionuclides, it is necessary to determine the sum of fractions by dividing each radionuclides concentration by the appropriate

		Determine package type in accordance with 49 CFR 173.431, 173.433, and 173.435.

		Determine if R.Q. marking is required using 49 CFR 172.101 Appendix Table 2.

		Verify LSA concentrations with 49 CFR 173.403(N).

		Any items exceeding a destination facility license shall not be shipped refer to destination facility license.  If material does not comply with license for the facility, the shipment ID going to the waste will not be accepted.





		QUALITY ASSURANCE/RECORDS

		Quality Assurance

		Instrumentation used in the surveys will be checked with standards daily and verified to have current valid calibration.

		Waste classification will be documented on AP Form 014-01 or may be computer generated.

		Waste classification will be documented when shipping radioactive material to the burial site in accordance with waste broker standard procedures.



		Records

		Documented information shall be legibly written in ink or equivalent computer generated form.

		Data shall not be obliterated by erasing, using white-out, or by any other means.  Incorrect entries shall be corrected by striking a single line across the entry.  The correction shall be entered, initialed, and dated.

		The individual determining the classification shall review Form AP-014 and any other applicable forms for accuracy and completeness.

		Entries on Form AP-014-01 and any other pertinent forms must be dated and initialed by the individual determining the classification to be valid.

		The RSO or duly authorized representative shall review any applicable completed forms.  The review shall be for accuracy and completeness.





		ATTACHMENTS
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1.0 PURPOSE 


This procedure provides the methods and procedures Cabrera Services Inc. 
(CABRERA) utilizes in shipping radioactive materials.  Adherence to this procedure 
will provide reasonable assurance that radioactive materials will be shipped in 
accordance with applicable regulations. 


2.0 APPLICABILITY 


This procedure will be used by CABRERA to prepare required shipping papers, 
secure loads, and ship radioactive materials. 


2.1 Types of radioactive material shipments covered by this procedure. 


2.1.1 Shipment of Limited Quantities of radioactive materials. 


2.1.2 Shipments of Low Specific Activity (LSA) radioactive materials. 


2.1.3 Shipment of Surface Contaminated Objects (SCO). 


2.1.4 Shipment of radioactive materials in Type A and Type B packages. 


2.1.5 Shipment of Highway Route Controlled Quantities or radioactive 
materials. 


2.1.6 Shipment of empty packages. 


3.0 PRECAUTIONS, LIMITATIONS AND REQUIREMENTS 


3.1 Precautions 


3.1.1 Transportation of radioactive materials by passenger carrying aircraft 
is not allowed. 


3.2 Limitations 


Not Applicable 


3.3 Requirements 


3.3.1 Shipping requirements are presented in section 8.0.  
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4.0 REFERENCES 


• 49 CFR Parts 172 to 178 DOT Transportation Regulations 


• 10 CFR Part 71.  NRC Packaging and Transportation of Radioactive 
Material. 


• RSP    Radiation Safety Program 


• OP- 020   Operation of Contamination Survey Meters 


• OP- 021   Alpha-Beta Sample Counting Instrumentation 


• OP- 023   Operation of Micro-R Survey Meters 


• OP- 001   Radiological Surveys 


• AP- 010   Personal Protective Equipment   


5.0 DEFINITIONS AND ABBREVIATIONS 


5.1.1 A1 Activity - The maximum activity of special form Class 7 
(radioactive) materials permitted in a Type A package. 


5.1.2 A2 Activity - The maximum activity of Class 7 (radioactive) materials, 
other than special form. LSA or SCO permitted in a Type A package. 


5.1.3 Carrier - Any individual or organization engaged in the transportation 
of passengers or property. 


5.1.4 Closed Transport Vehicle - A transport vehicle or conveyance 
equipment with a securely attached exterior that during normal 
transport restricts the access of unauthorized persons to the cargo 
space containing Class 7 (radioactive) materials. The enclosure may 
be either temporary or permanent and in the case of packaged 
materials, may be of the "see-through" type, and must limit access to 
the top, sides and bottom. 


5.1.5 Consignee - Any individual or organization that receives the material 
from a carrier. 


5.1.6 Consignor - Any individual or organization that furnishes material to a 
carrier for transportation. 


5.1.7 Depleted Uranium - Uranium containing less uranium-235 than the 
naturally occurring distribution of uranium isotopes. 
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5.1.8 Exclusive Use - The sole use of a conveyance by a single consignor 
and for which all initial, intermediate, and final loading and unloading 
are carried out in accordance with the direction of the consignor or 
consignee. Any loading or unloading must be performed by 
personnel having radiological training and resources appropriate for 
safe handling of the consignment. Specific instructions for 
maintenance of exclusive use shipment controls must be issued in 
writing and included with the shipping paper information provided to 
the carrier by the consignor. Also referred to as Sole Use or Full 
Load.   


5.1.9 Fissile Material - Any material consisting or containing one or more 
fissile radionuclides. Fissile radionuclides are plutonium-238, 
plutonium-239, plutonium-241, uranium 233, and uranium-235. 
Neither natural nor depleted uranium are fissile material. Fissile 
materials are classified according to the controls needed to provide 
nuclear criticality safety during transportation, as provided in 49 CFR 
173.455. 


5.1.10 Freight Container – A reusable container having a volume of 1.81 
cubic meters (64 cubic feet) or more, designed and constructed to 
permit being lifted with its contents intact and intended primarily for 
containment of packages in unit form during transport. A small freight 
container is one which has either one outer dimension less than 1.5 
meters (4.9 feet) or an internal volume of not more than 3.0 cubic 
meters (106 cubic feet). All others are designated as large freight 
containers. 


5.1.11 Highway route controlled quantity (HRCQ) – The quantity of 
radioactive material within a single package which exceeds the 
following: 


5.1.11.1 The quantity of radioactive material is 3,000 times the A1 
value of the radionuclides for special form Class 7 
(radioactive) material. 


5.1.11.2 The quantity of radioactive material  is 3,000 times the A2 
value for normal form Class 7 (radioactive) material 


5.1.11.3 The quantity of radioactive material is equal to or exceeds 
27,000 Curies, whichever is least. 
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5.1.12 Limited Quantity of Class 7 (radioactive) Material (LQ) – A quantity of 
Class 7 (radioactive) material not exceeding the materials package 
limits specified in 49 CFR 173.425 and which conform with the 
requirements specified in 49 CFR 173.421. 


5.1.13 Low Specific Activity Materials (LSA) – LSA material means Class 7 
(radioactive) material with limited specific activity which satisfies the 
descriptions and limits set forth below. Shielding materials 
surrounding the LSA material may not be considered in determining 
the estimated average specific activity of the package contents. LSA 
material must be in one of the three groups: 


LSA-I 


5.1.13.1 Ores containing only naturally occurring radionuclides (e.g., 
uranium and thorium) and uranium and thorium 
concentrates os such ores; or 


5.1.13.2 Solid non-irradiated natural or depleted uranium or natural 
thorium. 


5.1.13.3 Class 7 (radioactive) material, other than fissile material, for 
which the A2  value is unlimited; or 


5.1.13.4 Mill tailings, contaminated earth, concrete, rubble, other 
debris, and activated material in which the Class 7 
(radioactive) material is essentially uniformly distributed 
and the average specific activity does not exceed 10-6 A2/g. 


LSA-II 


5.1.13.5 Water with tritium concentration up to 20 curies per liter; or 


5.1.13.6 Material in which the Class 7 (radioactive) material is 
essentially uniformly distributed and the average specific 
activity does not exceed 10-4 A2/g for solids and gases, and 
10-5 A2/g for liquids. 


LSA-III Solids (e.g., consolidated wastes, activated materials) that 
meet the requirements of 49 CFR 173.468 and which: 


5.1.13.7 The Class7 (radioactive) material is essentially uniformly 
distributed throughout a solid or a collection of solid 
objects, or is essentially uniformly distributed in a solid 
compact binding agent (such as concrete, bitumen, 
ceramic, etc.); and 
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5.1.13.8 The Class 7 (radioactive material) is relatively insoluble, or 
it is intrinsically contained in a relatively insoluble material, 
so that, even under loss of packaging, the loss of Class 7 
(radioactive) materials per package by leaching when 
placed in water for seven days would not exceed 0.1 A2; 
and 


5.1.13.9 The average specific activity of the solid does not exceed 
2X10-3 A2/g. 


5.1.14 Non-Fixed Radioactive Contamination – Radioactive contamination 
that can be readily removed from a surface by wiping with an 
absorbent material. Non-fixed (removable) radioactive contamination 
is not significant if it does not exceed the limits specified in 49 CFR 
173.443 and in table A, section 8.2 of this procedure. 


5.1.15 Normal Form Radioactive Material – Radioactive material which has 
not been demonstrated to qualify as special form radioactive 
material. 


5.1.16 N.O.S. – Abbreviation denoting “Not Otherwise Specified” which is 
used on shipping papers to generic describe radioactive materials. 


5.1.17 Radioactive Material – Materials having a specific activity greater 
than 0.002 microcuries per gram (uCi/g). 


5.1.18 Special Form Radioactive Material – Radioactive material which 
satisfies the following conditions: 


5.1.18.1 It is either a single solid piece or is contained in a sealed 
capsule that can be opened only by destroying the capsule; 


5.1.18.2 The piece or capsule has at least one dimension not less 
than 5 millimeters (0.197 inches); and 


5.1.18.3 It satisfies the test requirements of 49 CFR 173.469. (Also 
see special requirements in 49 CFR 173.389) 


5.1.19 Specific Activity – The activity of the radionuclide per unit mass of 
that nuclide. The specific activity of a material in which the 
radionuclide is essentially uniformly distributed is the activity per unit 
mass of the material. 
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5.1.20 Surface Contamination Object (SCO) – A SCO means a soled object 
which is not itself radioactive but which has Class 7 (radioactive) 
materials distributed on any of its surfaces. SCO must be in one of 
two groups with surface activity not exceeding the following limits: 


SCO-1. A solid object on which: 


5.1.20.1 The non-fixed contamination on the accessible surface 
averaged over 300 cm2 (or the area of the surface if less 
than 300 cm2) does not exceed 10-4 microcurie/cm2 for beta 
and gamma and low toxicity alpha emitters, or 10-5 
microcuries/cm2 for alpha emitters. 


5.1.20.2 The fixed contamination on the accessible surface 
averaged over 300 cm2 (or the area of the surface if less 
than 300 cm2) does not exceed 1.0 microcurie/cm2 for beta 
and gamma and low toxicity alpha emitters, or 0.1 
microcuries/cm2 for all other alpha emitters; and  


5.1.20.3 The non-fixed contamination plus the fixed contamination 
on the accessible surface averaged over 300 cm2 (or the 
area of the surface if less than 300 cm2) does not exceed 
1.0 microcurie/cm2 for beta and gamma and low toxicity 
alpha emitters, or 0.1 microcuries/cm2 for all other alpha 
emitters. 


SCO-2 A solid object on which the limits for SCO-1 are exceeded 
and on which: 


5.1.20.4 The non-fixed contamination on the accessible surface 
averaged over 300 cm2 (or the area of the surface if less 
than 300 cm2) does not exceed 10-2 microcurie/cm2 for beta 
and gamma and low toxicity alpha emitters, or 10-3 
microcuries/cm2 for alpha emitters. 


5.1.20.5 The fixed contamination on the accessible surface 
averaged over 300 cm2 (or the area of the surface if less 
than 300 cm2) does not exceed 20 microcurie/cm2 for beta 
and gamma and low toxicity alpha emitters, or 2 
microcuries/cm2 for all other alpha emitters; and  


5.1.20.6 The non-fixed contamination plus the fixed contamination 
on the accessible surface averaged over 300 cm2 (or the 
area of the surface if less than 300 cm2) does not exceed 
20 microcurie/cm2 for beta and gamma and low toxicity 
alpha emitters, or 2 microcuries/cm2 for all other alpha 
emitters. 
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5.1.21 Transport Index – A dimension less number (rounded up to the first 
decimal place) placed on the label of a package to designate the 
degree of control to be exercised by the carrier during transportation. 
The transport index is determined as follows: 


5.1.21.1  A number expressing the maximum radiation level in 
millirem per hour at one meter (3.3 ft.) from the external 
surface of the package; or 


5.1.21.2 For Fissile Class packages, the number expressing the 
maximum radiation level at one meter (3.3 ft.) from the 
external surface of the package, or the  number obtained 
by dividing 50 by the allowable number of packages which 
may be transported together, whichever is larger. 


5.1.22 Type A Package – A Type A packaging that, together with its 
radioactive contents limited to A1 or A2 as appropriate, meets the 
requirements of 49 CFR 173.410 and 173.412 and is designed to 
retain the integrity of the containment and shielding required by this 
part under normal conditions of transport as demostrated by test set 
forth in 49 CFR 173.465 and 173.466, as appropriate. A Type A 
package does not require competent authority approval. 


5.1.23 Type B Package – A Type B packaging together with its radioactive 
contents, is designed to retain the integrity of containment and 
shielding required by this part when subjected to the normal 
transport and hypothetical accident test conditions set forth in 10 
CFR Part 71. 


5.1.23.1 Type B(U) package – Means a Type B packaging that, 
together with its radioactive contents, for international 
shipments requires unilateral approval only of the package 
design and of any stowage provisions that may be 
necessary for heat dissipation. 


5.1.23.2 Type B(M) package – Means a Type B packaging that, 
together with its radioactive contents, for international 
shipments requires multilateral approval of the package 
design and may require approval of the conditions of 
shipment. 


5.1.24 Type A Quantities – A quantity of Class 7 (radioactive) material, the 
aggregate radioactivity which does not exceed A1 for special from 
Class 7 (radioactive) material or A2 for normal form Class 7 
(radioactive) material. 
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5.1.25 Type B Quantities – Means a quantity of material greater than Type 
A quantity. 


6.0 EQUIPMENT 


None Required 


7.0 RESPONSIBILITIES 


7.1 Project Manager – The Project Manager is responsible for ensuring that 
personnel assigned the task of shipping radioactive materials are familiar 
with this procedure, adequately trained in appropriate regulations and have 
access to a copy of this procedure. 


7.2 Radiation Safety Officer (RSO) – The RSO is responsible for training of 
personnel working with radioactive material. 


7.3 Waste Broker – The waste broker is responsible for the waste 
characterization, negotiations with carriers, packaging of waste and 
negotiations with disposal facilities.  


7.4 Technicians – Technicians shipping radioactive materials are responsible to 
comply with the provisions of this procedure.  


8.0 INSTRUCTIONS 


8.1 Determining the Type of Shipment 


8.1.1 Determine the radionuclide(s) and quantity of activity to be shipped.  


8.1.2 Determine the radiation level which will be present at the external 
surface of the package. (See CRP-OP-1.0 for Survey Procedures) 


8.1.3 Determine if material is special or normal form (see definitions in 
section 2.1 of this procedure). 


8.1.4 Determine the A1 or A2 values for the radionuclides to be shipped. A 
partial list of A1 and A2 values commonly encountered is present in 
table 1 of the appendix to this procedure. If the radionuclide is not 
found in Table 1, refer to 49 CFR 173.434 to obtain values. If there is 
a mixture of radionuclides use  formulas present in 49 CFR 173.433 
to determine the A1 or A2 values. 


8.1.5 Use figures 1 through4 found in the appendix of this procedure to 
determine the type of shipment required for the material being 
shipped. 
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8.2 Shipping Limited Quantity of Radioactive Materials 


8.2.1 Prior to consigning radioactive material for transport, have the RSO 
or Waste Broker verify that the receiver possesses a license issued 
by the NRC or licensing agency of an agreement state to take 
possession of the type, form, and quantity of material to be 
transferred. Written confirmation shall be received by the RSO or 
Waste Broker prior to shipment. 


8.2.2 Materials must be packaged in a strong, tight package that will not 
leak any of the radioactive materials during conditions normally 
incident to transportation. 


8.2.3 The radiation level at any point on the external surface of the 
package must be less than or equal to 0.5 millirem per hour. 


8.2.4 The non-fixed (removable) radioactive surface contamination on the 
external surface of the package shall not exceed the limits specified 
in table A. (see CRP-OP-1.0 for survey procedure). 


 


                             Table A 


Maximum Permissible Surface Contamination 


 


Contaminant 


 


 


Maximum Limits 


dpm/100 cm2 


Beta-gamma emitting nuclides: all radionuclides with half-lives less than ten 
days; natural uranium; natural thorium; uranium-235; uranium-238; thorium-
232; thorium-228; and thorium-230; when contaminated in ores or physical 
concentrates.  


 


2200 


 


All other alpha emitting radionuclides. 


 


 


220 


 


8.2.5 The outside of the inner packaging or if there is no inner packaging 
the outside of the packaging itself must bear the marking 
"Radioactive". 
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8.2.6 The package must contain less than 15 grams of uranium-235 
unless it is an expected article or instrument containing natural 
uranium. 


8.2.7 Any package, which has a gross weight in excess of 110 pounds, 
shall be plainly marked with the package weight. 


8.2.8 Packages which contain liquid radioactive materials with a liquid 
volume not to exceed 50 cubic centimeters, must include a plastic or 
leak resistant inner container and be surrounded by sufficient 
absorbent material to absorb at least twice the volume of liquid 
containing the radioactive material. The absorbent material shall be 
compatible with the package contents. 


8.2.9 Verify all closure devices (including gaskets) are properly installed 
and free of defects. 


8.2.10 Complete the "Shipping Report" (CSI Form15-1) and enclose the 
report with packaging papers of shipment. Retain a copy of the 
"Shipping Report" for the home office files. 


8.2.11 Complete the "Limited Quantity Certification" (CSI Form 15-2) and 
enclose the form with the packing papers of the shipment. Retain a 
copy of the "Limited Quantity Certification" for the home office files. 


8.3 Shipping Low Specific Activity Materials and Surface Contaminated Objects 
as Mixed Lading by Common Carrier. 


8.3.1 Prior to consigning radioactive material for transport, have the RSO 
or Waste Broker verify that the receiver possesses a license issued 
by the NRC or licensing agency of an agreement state to take 
possession of the type, form, and quantity of material to be 
transferred. Written confirmation shall be received by the RSO or 
Waste Broker prior to shipment. 


8.3.2 Materials must be packaged in a DOT Specification 7A Type A 
package, NRC regulated LSA-II, LSA-III and SCO-II must be 
packaged in a "Type B" package. 


8.3.3 The non-fixed (removable) radioactive surface contamination on the 
external surface of the package shall not exceed the limits specified 
in table A. (see CRP-OP-1.0 for survey procedure). 
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8.3.4 The radiation level at any point on the external surface of the 
package at a distance of one meter must conform with the radiation 
level requirements shown in table B. The table also specifies the 
labeling requirements for packages. Each package must have two 
labels attached to the opposite sides of the package. The shipping 
label is completed by entering the name of the radionuclide(s), the 
quantity of the activity and the transport index on the label using a 
durable weather resistant means of marking. 


                            


                                                       Table B 


                                           Radiation Levels and Labeling requirements for 


         LSA-1, LSA-II, LSA-III, SCO-I and SCO-II shipments by common carrier. 


 


 


Radiation Levels 


 


 


Label 


Requirements 


 


Radiation levels are ≤ 0.5 mrem/hr anywhere on external surface of package 


 


 


Radioactive 


(White)-1 


Radiation levels are > 0.5 mrems/hr but are ≤ 50 mrems/hr anywhere on 
external surface of package, and are ≤ 1.0 mrems/hr at one meter from the 


external surface of the package. 


Radioactive 


(Yellow) -II 


Radiation levels are > 50 mrems/hr but are ≤ 200 mrems/hr anywhere on 
external surface of package, and are ≤ 10 mrems/hr at one meter from the 


external surface of the package. 


Radioactive 


(Yellow) - III 


 


 


Radiation Levels are > 200 mrems/hr. 


 


 


Not Allowed 


 


8.3.5 Any package which has a grass weight in excess of 110 pounds 
shall be plainly marked with the package weight. 
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8.3.6  Each package must be marked with the Consignee's name and 
address. 


8.3.7 Verify all closure devices (including gaskets) are properly installed 
and free of defects. 


8.3.8 Complete the "Shipping Report"(CSI From 15-1) and enclose the 
report with the packing papers of the shipment. Retain a copy of the 
"Shipping Report" for the home office files. 


8.3.9 Complete the transport carriers bill of lading. Retain a copy of the bill 
of lading for the East Hartford office files. 


8.3.10 The sum of the transport index from the individual packages must be 
less than 50 for a single carrier. 


8.3.11 The transport vehicle must be posted with a "Radioactive" placard if 
the shipment contains Radioactive (Yellow) - III labeled packages. 


8.4 Shipping Low Specific Activity Materials and Surface Contaminated Objects 
in Exclusive Use Vehicles. 


8.4.1 Prior to consigning radioactive material for transport, have the RSO 
or Waste Broker verify that the receiver possesses a license issued 
by the NRC or licensing agency of an agreement state to take 
possession of the type, form, and quantity of material to be 
transferred. Written confirmation shall be received by the RSO or 
Waste Broker prior to shipment. 


8.4.2 Materials must be packaged in strong tight packages such that there 
will be no leakage of radioactive contents under normal conditions of 
transport. Typical containers include B-6 boxes, B-12 boxes and 55 
gallon drums. For bulk shipments the freight container can be the 
package. NRC regulated LSA-II, LSA-III and SCO-II must be 
packaged in a "Type A" package. 


8.4.3 The non-fixed (removable) radioactive surface contamination on the 
external surface of the package shall not exceed the limits specified 
in table A. (see CRP-OP-1.0 for survey procedure). 


8.4.4 The radiation level at any point on the external surface of the 
package at a distance of one meter must conform with the radiation 
level requirements shown in table B. The table also specifies the 
labeling requirements for packages. Each package must have two 
labels attached to the opposite sides of the package. The shipping 
label is completed by entering the name of the radionuclide(s), the 
quantity of the activity and the transport index on the label 
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             Radiation Levels and Labeling requirements for LSA shipment by Exclusive Use Vehicle 


Radiation Levels on Package Radiation Levels on/in Transport Vehicle  Type of 
Shipment 


Package Label 
Requirements 


Radiation levels are ≤200 
mrems/hr anywhere on external 
surface of package, and are ≤10 
mrems/hr at 1 meter from the 
external surface of the package. 


≤ 10 mrems/hr at 2 meters from the verticle 
planes projected from the outer edges of transport 
vehicle. ≤ 2 mrems/hr in any normally occupied 
position in the transport vehicle. 


Package 
Shipment in 
Open 
Transport 
Vehicle 


Radioactive LSA or 
Radioactive SCO 


Radiation levels are ≤ 1000 
mrems/hr anywhere on the 
external surface of the package. 
(SEE NOTE 1 BELOW) 


≤ 10 mrems/hr at 2 meters from the verticle 
planes projected from the outer edges of transport 
vehicle. ≤ 200 mrems/hr at any point on the outer 
surface of the vehicle. ≤ 2 mrems/hr in any 
normally occupied position in the transport 
vehicle. 


Package 
Shipment in 
Closed 
Transport 
Vehicle 


Radioactive LSA or 
Radioactive SCO 


Radiation levels are ≤ 200  
mrems/hr anywhere on the 
external surface of the package 


≤ 10 mrems/hr at 2 meters from the verticle 
planes projected from the outer edges of transport 
vehicle. ≤ 200 mrems/hr at any point on the outer 
surface of the vehicle. ≤ 2 mrems/hr in any 
normally occupied position in the transport 
vehicle. 


Bulk 
Shipments in 
Closed 
Transport 
Vehicle 


Radioactive LSA or 
Radioactive SCO 
on transport 
container 


Note 1. The package must be secured so its position remains fixed during transport. There will be no loading or unloading 
operations between the beginning and end of transport. 


 


8.4.5 Any package which has a gross weight in excess of 110 pounds 
shall be plainly marked with the package weight. 


8.4.6 Packages, with a capacity of 110 gallons or less, that contain a 
hazardous substance, must be stenciled or otherwise marked with 
the letters “RQ” in addition to the “Radioactive LSA” or “Radioactive 
SCO” label. 


8.4.7 The shipment must be braced so as to prevent shifting of lading 
under conditions normally incident to transportation. Shipments of 55 
gallon drums are secured by nailing 2” by 4” by 8” lumber to the floor 
of the vehicle bed between each row of floor and come-along over 
the boxes. 


8.4.8 Shipments must be loaded by consignor and unloaded by consignee 
from the conveyance or freight contained in which originally loaded. 


8.4.9 Verify all closure devices (including gaskets) are properly installed 
and free of defects. 


8.4.10 Complete the “Shipping Report” (CSI Form 15-1) and enclose the 
report with the packaging papers of the shipment. Retain a copy of 
the “SHIPPING REPORT” for home office files. 
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8.4.11 Complete the carriers bill of lading. Retain a copy of the bill of lading 
for the home office files.  


8.4.12 Complete the “DRIVER INFORMATION” (CSI Form 15-3) and 
“SPECIFIC INSTRUCTIONS FOR MAINTENANCE OF EXCLUSIVE 
USE SHIPMENTS” (CSI Form 15-4). Explain the conditions on the 
forms to the driver and enclose these forms with the packaging 
papers of the shipment. Retain a copy of the forms for the home 
office files.  


8.4.13 The transport vehicle must be posted with a “RADIOACTIVE “ 
placard. (Shipments of un-concentrated uranium or thorium ores are 
exempt from the “Radioactive” placard requirement.) 


8.5 Shipping Type A and Type B Packaged Radioactive Materials as Mixed 
Lading by Common Carrier. 


8.5.1 Prior to consigning radioactive material for transport, have the RSO 
or Waste Broker verify that the receiver possesses a license issued 
by the NRC or licensing agency of an agreement state to take 
possession of the type, form, and quantity of material to be 
transferred. Written confirmation shall be received by the RSO or 
Waste Broker prior to shipment. 


8.5.2 Materials must be packaged in a DOT Specification 7A Type A 
package. If the quantities of the activity requires a Type A package, 
each package shall not contain a quantity of material greater than 
the A1 for special form radioactive materials and greater than A2 for 
normal form radioactive materials. If the quantity of the radioactivity 
exceeds the A1 or A2 quantities a Type B package is required. The 
exterior of the packages which conform to the requirements for Type 
A and Type B packaging must be marked (using at least ½ “ high 
lettering) “Type A” or “Type B”. 


8.5.3 The non-fixed (removable) radioactive surface contamination on the 
external surface of the package shall not exceed the limits specified 
in table A of section 8.2 (See OP-001 for survey procedure) 


8.5.4 The radiation level at any point on the external surface of the 
package and at a distance of one meter must conform with the 
radiation level requirements shown in Table D. The table also 
specifies the labeling requirements for packages. Each package 
must have two labels attached to opposite sides of the package. The 
shipping label is completed by entering the name of radionuclide(s), 
the quantity of activity and the transport index on the label using a 
durable weather resistant means of marking. 
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Radiation Levels and Labeling requirements for Type A and Type B package 


shipment by common carrier 


Radiation Levels Fissile Class Restrictions Label 
Requirements 


Radiation levels are < 0.5 mrems/hr anywhere 
on external surface of package 


Package does not contain Fissile Class II or III 
materials. Packages can contain Fissile Class I 
materials. 


Radioactive 
(White) – 1 


Radiation levels are > 0.5 mrems/hr but are ≤ 
50 mrems/hr anywhere on external surface of 
package, and are ≤ 1.0 mrems/hr at one meter 
from the external surface of the package. 


Package does not contain Fissile Class III 
materials. Packages can contain Fissile Class I 
or II materials having a transport index of 1.0 or 
less. 


Radioactive 
(Yellow) - II 


Radiation levels are > 50 mrems/hr but are ≤ 
200 mrems/hr anywhere on external surface of 
package, and are ≤ 10 mrems/hr at one meter 
from the external surface of the package. 


Package can contain Fissile Class II or III 
materials having a transport index > 1.0 but  ≤ 
10 


Radioactive 
(Yellow) - III 


8.5.5 Any package which has a gross weight in excess of 110 pounds 
shall be plainly marked with the package weight. 


8.5.6 Each package must be marked with the Consignee’s name and 
address. 


8.5.7 Verify all closure devices (including gaskets) are properly installed 
and free of defects. 


8.5.8 Complete the “Shipping Report” (CSI Form 15-1) and enclose the 
report with the packaging papers of the shipment. Retain a copy of 
the “SHIPPING REPORT” for home office files. 


8.5.9 Complete the carrier’s bill of lading. Retain a copy of the bill of lading 
for the home office files.  


8.5.10 The sum of the transport index from the individual packages must be 
less than 50 for a single carrier (See additional restrictions in 10 CFR 
173.417 for Fissile Class shipments). 


8.5.11 The transport vehicle must be posted with a “RADIOACTIVE “ 
placard if the shipment contains Radioactive (Yellow) – III labeled 
packages. 


8.6 Shipping Type A and Type B Packaged Radioactive Materials by Exclusive 
Use Vehicle. 
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8.6.1 Prior to consigning radioactive material for transport, have the RSO 
or Waste Broker verify that the receiver possesses a license issued 
by the NRC or licensing agency of an agreement state to take 
possession of the type, form, and quantity of material to be 
transferred. Written confirmation shall be received by the RSO or 
Waste Broker prior to shipment. 


8.6.2 Materials must be packaged in a DOT Specification 7A Type A 
package. If the quantities of the activity requires a Type A package, 
each package shall not contain a quantity of material greater than 
the A1 for special form radioactive materials and greater than A2 for 
normal form radioactive materials. If the quantity of the radioactivity 
exceeds the A1 or A2 quantities a Type B package is required. The 
exterior of the packages which conform to the requirements for Type 
A and Type B packaging must be marked (using at least ½ “ high 
lettering) “Type A” or “Type B”. 


8.6.3 The non-fixed (removable) radioactive surface contamination on the 
external surface of the package shall not exceed the limits specified 
in table A of section 8.2 (See OP-001 for survey procedure) 


8.6.4 The radiation level at any point on the external surface of the 
package and at a distance of one meter must conform with the 
radiation level requirements shown in Table D. The table also 
specifies the labeling requirements for packages. Each package 
must have two labels attached to opposite sides of the package. The 
shipping label is completed by entering the name of radionuclide(s), 
the quantity of activity and the transport index on the label using a 
durable weather resistant means of marking. 
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                                      Table E 


Radiation Levels and Labeling requirements for Type A and Type B Packages 
in Exclusive Use Shipments 


Radiation Levels on Package Radiation Levels on/in Transport Vehicle  Type of 
Shipment 


Package Label 
Requirements 


Radiation levels are ≤ 0.5 
mrems/hr anywhere on external 
surface of package. 


≤ 10 mrems/hr at 2 meters from the verticle 
planes projected from the outer edges of transport 
vehicle. ≤ 2 mrems/hr in any normally occupied 
position in the transport vehicle. 


Package 
Shipment in 
Open 
Transport 
Vehicle 


Radioactive I 


Radiation levels are ≤ 50 
mrems/hr anywhere on the 
external surface of the package, 
and are ≤ 1.0 mrems/hr at one 
meter from the external surface of 
the package. 


≤ 10 mrems/hr at 2 meters from the verticle 
planes projected from the outer edges of transport 
vehicle. ≤ 2 mrems/hr in any normally occupied 
position in the transport vehicle. 


Package 
Shipment in 
Open 
Transport 
Vehicle 


Radioactive II 


Radiation levels are ≤ 200  
mrems/hr anywhere on the 
external surface of the package, 
and are ≤ 1.0 mrems/hr at one 
meter from the external surface of 
the package. 


≤ 10 mrems/hr at 2 meters from the verticle 
planes projected from the outer edges of transport 
vehicle. ≤ 2 mrems/hr in any normally occupied 
position in the transport vehicle. 


Package 
Shipment in 
Open 
Transport 
Vehicle 


Radioactive III 


Radiation levels are ≤ 1000  
mrems/hr anywhere on the 
external surface of the package. 
(See note 1 below) 


≤ 10 mrems/hr at 2 meters from the verticle 
planes projected from the outer edges of transport 
vehicle. ≤200mrems/hr at any point on the outer 
surface of the vehicle. ≤ 2 mrems/hr in any 
normally occupied position in the transport 
vehicle. 


Package 
Shipment in 
Closed 
Transport 
Vehicle 


Radioactive III 


Note 1. The package must be secured so its position remains fixed during transport. There will be no loading or unloading 
operations between the beginning and end of transport. 


 


8.6.5 Any package which has a gross weight in excess of 110 pounds 
shall be plainly marked with the package weight. 


8.6.6 Verify all closure devices (including gaskets) are properly installed 
and free of defects. 


8.6.7 The shipment must be braced so as to prevent shifting of lading 
under conditions normally incident to transportation. 


8.6.8 Complete the “Shipping Report” (CSI Form 15-1) and enclose the 
report with the packaging papers of the shipment. Retain a copy of 
the “SHIPPING REPORT” for home office files. 


8.6.9 Complete the carrier’s bill of lading. Retain a copy of the bill of lading 
for the home office files.  
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8.6.10 Completed the “DRIVER INSTRUCTIONS” (CSI Form 15-3) and 
“SPECIFIC INSTRUCTIONS FOR MAINTENANCE OF EXCLUSIVE 
USE SHIPMENTS” (CSI Form 15-4). Explain the conditions on the 
forms to the driver and enclose these forms with the packaging 
papers of the shipment. Retain a copy of the forms for the home 
office files. 


8.6.11 The transport vehicle must be posted with a “RADIOACTIVE “ 
placard if the shipment contains Radioactive (Yellow) – III labeled 
packages. 


8.7 Highway Route Controlled Quantity Shipment 


8.7.1 Prior to consigning radioactive material for transport, have the RSO 
or Waste Broker verify that the receiver possesses a license issued 
by the NRC or licensing agency of an agreement state to take 
possession of the type, form, and quantity of material to be 
tranferred. Written confirmation shall be received by the RSO or 
Waste Broker prior to shipment. 


8.7.2 If the quantity of the radioactivity exceeds 3000 times the A1 or A2 
value of the radionuclides for Special Form Class 7 (radioactive) 
material or the quantity of radioactive material is equal to or exceeds 
27,000 Cuires, which ever is least, the material must be shipped as a 
Highway Route Controlled Quantity. Materials must be packaged in a 
DOT Specification Type B package. The exterior of the packages 
which conform to the requirements for Type A and Type B packaging 
must be marked (using at least ½ “ high lettering) “Type A” or “Type 
B”. 


8.7.3 The non-fixed (removable) radioactive surface contamination on the 
external surface of the package shall not exceed the limits specified 
in table A of section 8.2 (See OP-001 for survey procedure) 


8.7.4 The radiation level at any point on the external surface of the 
package, the transport vehicle, and at a specified distance must 
conform with the radiation level requirements shown in Table F. The 
Table also specifies the labeling requirements for packages. 
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Table F 


Radiation Levels and Labeling requirements for Highway Route 
Controlled Quantity shipment (exclusive use vehicle) 


Radiation Levels on Package Radiation Levels on/in Transport Vehicle  Type of 
Shipment 


Package Label 
Requirements 


Radiation levels are ≤ 1000  
mrems/hr anywhere on the 
external surface of the package. 
(See note 1 below) 


≤ 10 mrems/hr at 2 meters from the verticle 
planes projected from the outer edges of transport 
vehicle. ≤200mrems/hr at any point on the outer 
surface of the vehicle. ≤ 2 mrems/hr in any 
normally occupied position in the transport 
vehicle. 


Package 
Shipment in 
Exclusive Use 
Vehicle 


Radioactive III 


Note 1. The package must be secured so its position remains fixed during transport. There will be no loading or unloading 
operations between the beginning and end of transport. 


8.7.5 Any package which has a gross weight in excess of 110 pounds 
shall be plainly marked with the package weight. 


8.7.6 Verify all closure devices (including gaskets) are properly installed 
and free of defects. 


8.7.7 The shipment must be braced so as to prevent shifting of lading 
under conditions normally incident to transportation. 


8.7.8 Shipments must be loaded by consignor and unloaded by consignee 
from the conveyance or freight contained in which originally loaded. 


8.7.9 Complete the “Shipping Report” (CSI Form 15-1) and enclose the 
report with the packaging papers of the shipment. The shipping 
report must be marked with “HIGHWAY ROUTE CONTROLLED 
QUANTITY”. Retain a copy of the “SHIPPING REPORT” for home 
office files. 


8.7.10 Complete the carriers bill of lading. Retain a copy of the bill of lading 
for the home office files.  


8.7.11 Completed the “DRIVER INSTRUCTIONS” (CSI Form 15-3) and 
“SPECIFIC INSTRUCTIONS FOR MAINTENANCE OF EXCLUSIVE 
USE SHIPMENTS” (CSI Form 15-4). Explain the conditions on the 
forms to the driver and enclose these forms with the packaging 
papers of the shipment. Retain a copy of the forms for the home 
office files. 


8.7.12 The transport vehicle must be posted with a “RADIOACTIVE “ 
placard on a SQUARE BACKGROUND as specified in 49 CFR 
172.527. 
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8.8 Shipping Empty Packages 


8.8.1 Prior to transport, any packaging, container or accessory which has 
been used for shipment of radioactive materials and contains 
residual amounts of material must be adequately sealed to prevent 
leakage of radioactive material during transport. 


8.8.2 The non-fixed (removable) radioactive surface contamination on the 
external surface of the package shall not exceed the limits specified 
in Table A of section 8.2 (See OP-001 for survey procedure). 


8.8.3 The radiation level on the external surface of the package must be 
equal to or less than 0.5 mrems/hr. 


8.8.4 The residual amounts of radioactive materials must not exceed 100 
times the limits specified in table A of section 8.2. 


8.8.5 Remove, obliterate or cover any labels previously applied and apply 
an “EMPTY” label. 


8.8.6 The outside of the inner packaging or if there is no inner packaging, 
the outside of the packaging itself must bear the marking 
“Radioactive”. 


8.8.7 Complete the “SHIPPING REPORT” (CSI Form 15-1) and enclose 
the report with the packaging papers of the shipment. Retain a copy 
of the “SHIPPING REPORT” for home office files. 


9.0 QUALITY ASSURANC/RECORDS 


9.1 Quality Control 


9.1.1 Instruments used for measurements required by this procedure shall 
be checked with standards and verified to have current calibration. 


9.2 Records 


9.2.1 A copy of all radiation surveys, contamination surveys and shipping 
documents will be obtained in shipment specific files. The basic 
records which would be included in a shipping file include: 


• CRP Form 1-1   Radiological Survey Report 


• CRP Form 1-2  Radiation and Contamination Survey 


• CRP Form 1-3  Radiation and Contamination Survey 
Results 
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• CRP Form 15-1 Shipping Report 


• Shipment Manifest Carries bill of lading 


10.0 ATTACHMENTS 


Figure 1   Shipping category for special form materials 


Figure 2   Shipping category for normal form solids 


Figure 3   Shipping category for normal form liquids and gases 


Figure 4   Type A and Type B shipments 


Appendix A   Specific Shipping Requirements/Barnwell 


Appendix B   Specific Shipping Requirements/Hanford 


Appendix C   Specific Shipping Requirements/EnviroCare 


Appendix D   Copy of Distribution Checklist 


Appendix E   CWB Work Forms 


Appendix F   Shipping papers and supporting documents 


Appendix G   Packaging Pyrophoric Materials  


Appendix H   Packaging Biological Waste 


Appendix I   Packaging Scintillation Liquids 


Appendix J   Encapsulation of Sources 


Appendix K   Prepackaged Waste Certification 


AP-16-1   Shipping Report 
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		PURPOSE

		APPLICABILITY

		Types of radioactive material shipments covered by this procedure.

		Shipment of Limited Quantities of radioactive materials.

		Shipments of Low Specific Activity (LSA) radioactive materials.

		Shipment of Surface Contaminated Objects (SCO).

		Shipment of radioactive materials in Type A and Type B packages.

		Shipment of Highway Route Controlled Quantities or radioactive materials.

		Shipment of empty packages.





		PRECAUTIONS, LIMITATIONS AND REQUIREMENTS

		Precautions

		Transportation of radioactive materials by passenger carrying aircraft is not allowed.



		Limitations

		Requirements

		Shipping requirements are presented in section 8.0.





		REFERENCES

		DEFINITIONS AND ABBREVIATIONS

		

		A1 Activity - The maximum activity of special form Class 7 (radioactive) materials permitted in a Type A package.

		A2 Activity - The maximum activity of Class 7 (radioactive) materials, other than special form. LSA or SCO permitted in a Type A package.

		Carrier - Any individual or organization engaged in the transportation of passengers or property.

		Closed Transport Vehicle - A transport vehicle or conveyance equipment with a securely attached exterior that during normal transport restricts the access of unauthorized persons to the cargo space containing Class 7 (radioactive) materials. The enclos

		Consignee - Any individual or organization that receives the material from a carrier.

		Consignor - Any individual or organization that furnishes material to a carrier for transportation.

		Depleted Uranium - Uranium containing less uranium-235 than the naturally occurring distribution of uranium isotopes.

		Exclusive Use - The sole use of a conveyance by a single consignor and for which all initial, intermediate, and final loading and unloading are carried out in accordance with the direction of the consignor or consignee. Any loading or unloading must be p

		Fissile Material - Any material consisting or containing one or more fissile radionuclides. Fissile radionuclides are plutonium-238, plutonium-239, plutonium-241, uranium 233, and uranium-235. Neither natural nor depleted uranium are fissile material. Fi

		Freight Container – A reusable container having a

		Highway route controlled quantity \(HRCQ\) – T�

		The quantity of radioactive material is 3,000 times the A1 value of the radionuclides for special form Class 7 (radioactive) material.

		The quantity of radioactive material  is 3,000 times the A2 value for normal form Class 7 (radioactive) material

		The quantity of radioactive material is equal to or exceeds 27,000 Curies, whichever is least.



		Limited Quantity of Class 7 \(radioactive\) Ma�

		Low Specific Activity Materials \(LSA\) – LSA �

		Ores containing only naturally occurring radionuclides (e.g., uranium and thorium) and uranium and thorium concentrates os such ores; or

		Solid non-irradiated natural or depleted uranium or natural thorium.

		Class 7 (radioactive) material, other than fissile material, for which the A2  value is unlimited; or

		Mill tailings, contaminated earth, concrete, rubble, other debris, and activated material in which the Class 7 (radioactive) material is essentially uniformly distributed and the average specific activity does not exceed 10-6 A2/g.

		Water with tritium concentration up to 20 curies per liter; or

		Material in which the Class 7 (radioactive) material is essentially uniformly distributed and the average specific activity does not exceed 10-4 A2/g for solids and gases, and 10-5 A2/g for liquids.

		The Class7 (radioactive) material is essentially uniformly distributed throughout a solid or a collection of solid objects, or is essentially uniformly distributed in a solid compact binding agent (such as concrete, bitumen, ceramic, etc.); and

		The Class 7 (radioactive material) is relatively insoluble, or it is intrinsically contained in a relatively insoluble material, so that, even under loss of packaging, the loss of Class 7 (radioactive) materials per package by leaching when placed in

		The average specific activity of the solid does not exceed 2X10-3 A2/g.



		Non-Fixed Radioactive Contamination – Radioactive

		Normal Form Radioactive Material – Radioactive ma

		N.O.S. – Abbreviation denoting “Not Otherwise Spe

		Radioactive Material – Materials having a specifi

		Special Form Radioactive Material – Radioactive m

		It is either a single solid piece or is contained in a sealed capsule that can be opened only by destroying the capsule;

		The piece or capsule has at least one dimension not less than 5 millimeters (0.197 inches); and

		It satisfies the test requirements of 49 CFR 173.469. (Also see special requirements in 49 CFR 173.389)



		Specific Activity – The activity of the radionucl

		Surface Contamination Object \(SCO\) – A SCO m�

		The non-fixed contamination on the accessible surface averaged over 300 cm2 (or the area of the surface if less than 300 cm2) does not exceed 10-4 microcurie/cm2 for beta and gamma and low toxicity alpha emitters, or 10-5 microcuries/cm2 for alpha emit

		The fixed contamination on the accessible surface averaged over 300 cm2 (or the area of the surface if less than 300 cm2) does not exceed 1.0 microcurie/cm2 for beta and gamma and low toxicity alpha emitters, or 0.1 microcuries/cm2 for all other alpha 

		The non-fixed contamination plus the fixed contamination on the accessible surface averaged over 300 cm2 (or the area of the surface if less than 300 cm2) does not exceed 1.0 microcurie/cm2 for beta and gamma and low toxicity alpha emitters, or 0.1 mic

		The non-fixed contamination on the accessible surface averaged over 300 cm2 (or the area of the surface if less than 300 cm2) does not exceed 10-2 microcurie/cm2 for beta and gamma and low toxicity alpha emitters, or 10-3 microcuries/cm2 for alpha emit

		The fixed contamination on the accessible surface averaged over 300 cm2 (or the area of the surface if less than 300 cm2) does not exceed 20 microcurie/cm2 for beta and gamma and low toxicity alpha emitters, or 2 microcuries/cm2 for all other alpha emi

		The non-fixed contamination plus the fixed contamination on the accessible surface averaged over 300 cm2 (or the area of the surface if less than 300 cm2) does not exceed 20 microcurie/cm2 for beta and gamma and low toxicity alpha emitters, or 2 microc



		Transport Index – A dimension less number \(roun

		A number expressing the maximum radiation level in millirem per hour at one meter (3.3 ft.) from the external surface of the package; or

		For Fissile Class packages, the number expressing the maximum radiation level at one meter (3.3 ft.) from the external surface of the package, or the  number obtained by dividing 50 by the allowable number of packages which may be transported together,



		Type A Package – A Type A packaging that, togethe

		Type B Package – A Type B packaging together with

		Type B\(U\) package – Means a Type B packaging�

		Type B\(M\) package – Means a Type B packaging�



		Type A Quantities – A quantity of Class 7 \(radi

		Type B Quantities – Means a quantity of material 





		EQUIPMENT

		RESPONSIBILITIES

		Project Manager – The Project Manager is responsi

		Radiation Safety Officer \(RSO\) – The RSO is �

		Waste Broker – The waste broker is responsible fo

		Technicians – Technicians shipping radioactive ma



		INSTRUCTIONS

		Determining the Type of Shipment

		Determine the radionuclide(s) and quantity of activity to be shipped.

		Determine the radiation level which will be present at the external surface of the package. (See CRP-OP-1.0 for Survey Procedures)

		Determine if material is special or normal form (see definitions in section 2.1 of this procedure).

		Determine the A1 or A2 values for the radionuclides to be shipped. A partial list of A1 and A2 values commonly encountered is present in table 1 of the appendix to this procedure. If the radionuclide is not found in Table 1, refer to 49 CFR 173.434 to ob

		Use figures 1 through4 found in the appendix of this procedure to determine the type of shipment required for the material being shipped.



		Shipping Limited Quantity of Radioactive Materials

		Prior to consigning radioactive material for transport, have the RSO or Waste Broker verify that the receiver possesses a license issued by the NRC or licensing agency of an agreement state to take possession of the type, form, and quantity of material t

		Materials must be packaged in a strong, tight package that will not leak any of the radioactive materials during conditions normally incident to transportation.

		The radiation level at any point on the external surface of the package must be less than or equal to 0.5 millirem per hour.

		The non-fixed (removable) radioactive surface contamination on the external surface of the package shall not exceed the limits specified in table A. (see CRP-OP-1.0 for survey procedure).

		The outside of the inner packaging or if there is no inner packaging the outside of the packaging itself must bear the marking "Radioactive".

		The package must contain less than 15 grams of uranium-235 unless it is an expected article or instrument containing natural uranium.

		Any package, which has a gross weight in excess of 110 pounds, shall be plainly marked with the package weight.

		Packages which contain liquid radioactive materials with a liquid volume not to exceed 50 cubic centimeters, must include a plastic or leak resistant inner container and be surrounded by sufficient absorbent material to absorb at least twice the volume o

		Verify all closure devices (including gaskets) are properly installed and free of defects.

		Complete the "Shipping Report" (CSI Form15-1) and enclose the report with packaging papers of shipment. Retain a copy of the "Shipping Report" for the home office files.

		Complete the "Limited Quantity Certification" (CSI Form 15-2) and enclose the form with the packing papers of the shipment. Retain a copy of the "Limited Quantity Certification" for the home office files.



		Shipping Low Specific Activity Materials and Surface Contaminated Objects as Mixed Lading by Common Carrier.

		Prior to consigning radioactive material for transport, have the RSO or Waste Broker verify that the receiver possesses a license issued by the NRC or licensing agency of an agreement state to take possession of the type, form, and quantity of material t

		Materials must be packaged in a DOT Specification 7A Type A package, NRC regulated LSA-II, LSA-III and SCO-II must be packaged in a "Type B" package.

		The non-fixed (removable) radioactive surface contamination on the external surface of the package shall not exceed the limits specified in table A. (see CRP-OP-1.0 for survey procedure).

		The radiation level at any point on the external surface of the package at a distance of one meter must conform with the radiation level requirements shown in table B. The table also specifies the labeling requirements for packages. Each package must hav

		Any package which has a grass weight in excess of 110 pounds shall be plainly marked with the package weight.

		Each package must be marked with the Consignee's name and address.

		Verify all closure devices (including gaskets) are properly installed and free of defects.

		Complete the "Shipping Report"(CSI From 15-1) and enclose the report with the packing papers of the shipment. Retain a copy of the "Shipping Report" for the home office files.

		Complete the transport carriers bill of lading. Retain a copy of the bill of lading for the East Hartford office files.

		The sum of the transport index from the individual packages must be less than 50 for a single carrier.

		The transport vehicle must be posted with a "Radioactive" placard if the shipment contains Radioactive (Yellow) - III labeled packages.



		Shipping Low Specific Activity Materials and Surface Contaminated Objects in Exclusive Use Vehicles.

		Prior to consigning radioactive material for transport, have the RSO or Waste Broker verify that the receiver possesses a license issued by the NRC or licensing agency of an agreement state to take possession of the type, form, and quantity of material t

		Materials must be packaged in strong tight packages such that there will be no leakage of radioactive contents under normal conditions of transport. Typical containers include B-6 boxes, B-12 boxes and 55 gallon drums. For bulk shipments the freight cont

		The non-fixed (removable) radioactive surface contamination on the external surface of the package shall not exceed the limits specified in table A. (see CRP-OP-1.0 for survey procedure).

		The radiation level at any point on the external surface of the package at a distance of one meter must conform with the radiation level requirements shown in table B. The table also specifies the labeling requirements for packages. Each package must hav

		Radiation Levels on Package

		Radiation Levels on/in Transport Vehicle

		Type of Shipment

		Package Label Requirements

		Radiation levels are (200 mrems/hr anywhere on external surface of package, and are (10 mrems/hr at 1 meter from the external surface of the package.

		( 10 mrems/hr at 2 meters from the verticle planes projected from the outer edges of transport vehicle. ( 2 mrems/hr in any normally occupied position in the transport vehicle.

		Package Shipment in Open Transport Vehicle

		Radioactive LSA or Radioactive SCO

		Radiation levels are ( 1000 mrems/hr anywhere on the external surface of the package. (SEE NOTE 1 BELOW)

		( 10 mrems/hr at 2 meters from the verticle planes projected from the outer edges of transport vehicle. ( 200 mrems/hr at any point on the outer surface of the vehicle. ( 2 mrems/hr in any normally occupied position in the transport vehicle.

		Package Shipment in Closed Transport Vehicle

		Radioactive LSA or Radioactive SCO

		Radiation levels are ( 200  mrems/hr anywhere on the external surface of the package

		( 10 mrems/hr at 2 meters from the verticle planes projected from the outer edges of transport vehicle. ( 200 mrems/hr at any point on the outer surface of the vehicle. ( 2 mrems/hr in any normally occupied position in the transport vehicle.

		Bulk Shipments in Closed Transport Vehicle

		Radioactive LSA or Radioactive SCO on transport container

		Note 1. The package must be secured so its position remains fixed during transport. There will be no loading or unloading operations between the beginning and end of transport.

		Any package which has a gross weight in excess of 110 pounds shall be plainly marked with the package weight.

		Packages, with a capacity of 110 gallons or less,

		The shipment must be braced so as to prevent shif

		Shipments must be loaded by consignor and unloaded by consignee from the conveyance or freight contained in which originally loaded.

		Verify all closure devices (including gaskets) are properly installed and free of defects.

		Complete the “Shipping Report” \(CSI Form 15-1\�

		Complete the carriers bill of lading. Retain a copy of the bill of lading for the home office files.

		Complete the “DRIVER INFORMATION” \(CSI Form 15-

		The transport vehicle must be posted with a “RADI



		Shipping Type A and Type B Packaged Radioactive Materials as Mixed Lading by Common Carrier.

		Prior to consigning radioactive material for transport, have the RSO or Waste Broker verify that the receiver possesses a license issued by the NRC or licensing agency of an agreement state to take possession of the type, form, and quantity of material t

		Materials must be packaged in a DOT Specification 7A Type A package. If the quantities of the activity requires a Type A package, each package shall not contain a quantity of material greater than the A1 for special form radioactive materials and greater

		The non-fixed (removable) radioactive surface contamination on the external surface of the package shall not exceed the limits specified in table A of section 8.2 (See OP-001 for survey procedure)

		The radiation level at any point on the external surface of the package and at a distance of one meter must conform with the radiation level requirements shown in Table D. The table also specifies the labeling requirements for packages. Each package must

		Any package which has a gross weight in excess of 110 pounds shall be plainly marked with the package weight.

		Each package must be marked with the Consignee’s 

		Verify all closure devices (including gaskets) are properly installed and free of defects.

		Complete the “Shipping Report” \(CSI Form 15-1\�

		Complete the carrier’s bill of lading. Retain a c

		The sum of the transport index from the individual packages must be less than 50 for a single carrier (See additional restrictions in 10 CFR 173.417 for Fissile Class shipments).

		The transport vehicle must be posted with a “RADI



		Shipping Type A and Type B Packaged Radioactive Materials by Exclusive Use Vehicle.

		Prior to consigning radioactive material for transport, have the RSO or Waste Broker verify that the receiver possesses a license issued by the NRC or licensing agency of an agreement state to take possession of the type, form, and quantity of material t

		Materials must be packaged in a DOT Specification 7A Type A package. If the quantities of the activity requires a Type A package, each package shall not contain a quantity of material greater than the A1 for special form radioactive materials and greater

		The non-fixed (removable) radioactive surface contamination on the external surface of the package shall not exceed the limits specified in table A of section 8.2 (See OP-001 for survey procedure)

		The radiation level at any point on the external surface of the package and at a distance of one meter must conform with the radiation level requirements shown in Table D. The table also specifies the labeling requirements for packages. Each package must

		Radiation Levels on Package

		Radiation Levels on/in Transport Vehicle

		Type of Shipment

		Package Label Requirements

		Radiation levels are ( 0.5 mrems/hr anywhere on external surface of package.

		( 10 mrems/hr at 2 meters from the verticle planes projected from the outer edges of transport vehicle. ( 2 mrems/hr in any normally occupied position in the transport vehicle.

		Package Shipment in Open Transport Vehicle

		Radioactive I

		Radiation levels are ( 50 mrems/hr anywhere on the external surface of the package, and are ( 1.0 mrems/hr at one meter from the external surface of the package.

		( 10 mrems/hr at 2 meters from the verticle planes projected from the outer edges of transport vehicle. ( 2 mrems/hr in any normally occupied position in the transport vehicle.

		Package Shipment in Open Transport Vehicle

		Radioactive II

		Radiation levels are ( 200  mrems/hr anywhere on the external surface of the package, and are ( 1.0 mrems/hr at one meter from the external surface of the package.

		( 10 mrems/hr at 2 meters from the verticle planes projected from the outer edges of transport vehicle. ( 2 mrems/hr in any normally occupied position in the transport vehicle.

		Package Shipment in Open Transport Vehicle

		Radioactive III

		Radiation levels are ( 1000  mrems/hr anywhere on the external surface of the package. (See note 1 below)

		( 10 mrems/hr at 2 meters from the verticle planes projected from the outer edges of transport vehicle. (200mrems/hr at any point on the outer surface of the vehicle. ( 2 mrems/hr in any normally occupied position in the transport vehicle.

		Package Shipment in Closed Transport Vehicle

		Radioactive III

		Note 1. The package must be secured so its position remains fixed during transport. There will be no loading or unloading operations between the beginning and end of transport.

		Any package which has a gross weight in excess of 110 pounds shall be plainly marked with the package weight.

		Verify all closure devices (including gaskets) are properly installed and free of defects.

		The shipment must be braced so as to prevent shifting of lading under conditions normally incident to transportation.

		Complete the “Shipping Report” \(CSI Form 15-1\�

		Complete the carrier’s bill of lading. Retain a c

		Completed the “DRIVER INSTRUCTIONS” \(CSI Form 1

		The transport vehicle must be posted with a “RADI



		Highway Route Controlled Quantity Shipment

		Prior to consigning radioactive material for transport, have the RSO or Waste Broker verify that the receiver possesses a license issued by the NRC or licensing agency of an agreement state to take possession of the type, form, and quantity of material t

		If the quantity of the radioactivity exceeds 3000 times the A1 or A2 value of the radionuclides for Special Form Class 7 (radioactive) material or the quantity of radioactive material is equal to or exceeds 27,000 Cuires, which ever is least, the mater

		The non-fixed (removable) radioactive surface contamination on the external surface of the package shall not exceed the limits specified in table A of section 8.2 (See OP-001 for survey procedure)

		The radiation level at any point on the external surface of the package, the transport vehicle, and at a specified distance must conform with the radiation level requirements shown in Table F. The Table also specifies the labeling requirements for packag

		Table F

		Radiation Levels on Package

		Radiation Levels on/in Transport Vehicle

		Type of Shipment

		Package Label Requirements

		Radiation levels are ( 1000  mrems/hr anywhere on the external surface of the package. (See note 1 below)

		( 10 mrems/hr at 2 meters from the verticle planes projected from the outer edges of transport vehicle. (200mrems/hr at any point on the outer surface of the vehicle. ( 2 mrems/hr in any normally occupied position in the transport vehicle.

		Package Shipment in Exclusive Use Vehicle

		Radioactive III

		Note 1. The package must be secured so its position remains fixed during transport. There will be no loading or unloading operations between the beginning and end of transport.

		Any package which has a gross weight in excess of 110 pounds shall be plainly marked with the package weight.

		Verify all closure devices (including gaskets) are properly installed and free of defects.

		The shipment must be braced so as to prevent shifting of lading under conditions normally incident to transportation.

		Shipments must be loaded by consignor and unloaded by consignee from the conveyance or freight contained in which originally loaded.

		Complete the “Shipping Report” \(CSI Form 15-1\�

		Complete the carriers bill of lading. Retain a copy of the bill of lading for the home office files.

		Completed the “DRIVER INSTRUCTIONS” \(CSI Form 1

		The transport vehicle must be posted with a “RADI



		Shipping Empty Packages

		Prior to transport, any packaging, container or accessory which has been used for shipment of radioactive materials and contains residual amounts of material must be adequately sealed to prevent leakage of radioactive material during transport.

		The non-fixed (removable) radioactive surface contamination on the external surface of the package shall not exceed the limits specified in Table A of section 8.2 (See OP-001 for survey procedure).

		The radiation level on the external surface of the package must be equal to or less than 0.5 mrems/hr.

		The residual amounts of radioactive materials must not exceed 100 times the limits specified in table A of section 8.2.

		Remove, obliterate or cover any labels previously

		The outside of the inner packaging or if there is

		Complete the “SHIPPING REPORT” \(CSI Form 15-1\�





		QUALITY ASSURANC/RECORDS

		Quality Control

		Instruments used for measurements required by this procedure shall be checked with standards and verified to have current calibration.



		Records

		A copy of all radiation surveys, contamination surveys and shipping documents will be obtained in shipment specific files. The basic records which would be included in a shipping file include:
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Revision 0   Radioactive Material Tracking 


 


1.0 PURPOSE 


This procedure describes the requirements associated with tracking radioactive 
material at Cabrera Services, Inc. (CABRERA) job sites and during any work at 
customer facilities where procedures for radioactive material tracking are not 
available in the customer’s radioactive material license.  Adherence to this 
procedure will provide reasonable assurance that personnel exposures will be 
below specified limits, personnel will remain free of contamination, and 
contamination will not be spread beyond the designated contaminated area. 


2.0 APPLICABILITY 


This procedure will be used to ensure tracking of radioactive material is done in 
accordance with State, Federal, and Licensee requirements. 


3.0 PRECAUTIONS, LIMITATIONS, AND REQUIREMENTS 


3.1 Precautions 


3.1.1 Accurate and timely handling of all documentation, including 
inventory updates, are essential to maintaining radioactive material 
tracking. 


3.2 Limitations 


3.2.1 No material may be placed within 10 feet of a Radiological Control 
Area (RCA) boundary. 


3.2.2 Material may not be placed such that exposure rates at the restricted 
area boundary exceed 100 µR/hr. 


3.3 Requirements 


3.3.1 Ensure receipt documents have been reviewed and shipments to be 
received have been approved by the RSO or duly authorized 
representative prior to initiation of unloading. 


3.3.2 Inform the RSO or duly authorized representative any time the site 
inventory exceeds or potentially may exceed the limits in the facility 
license. 


3.3.3 If any material is found or moved that does not have legible 
identification contact material controllers or the RSO or duly 
authorized representative immediately. 
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3.3.4 All forms and attachments may be computer files and reports. 


4.0 REFERENCES 
• RSP   Radiation Safety Program 
• AP-001  Record Retention 
• OP-001  Radiological Surveys 
• OP-020  Operation of Contamination Survey Meters 
• OP-021  Alpha-Beta Counting Instrumentation 
• NUREG-1556 Consolidated Guidance About Material Licenses (Vol.11) 


5.0 DEFINITIONS AND ABBREVIATIONS 


None 


6.0 EQUIPMENT 


None 


7.0 RESPONSIBILITIES 


7.1 Project Manager (PM) – The PM is responsible for ensuring that all 
personnel assigned the tasks of control and tracking of radioactive material 
are familiar with this procedure, adequately trained in the use of this 
procedure, and have access to a copy of this procedure. 


7.2 Radiation Safety Officer (RSO) – The RSO is responsible for training of 
personnel working with radioactive material.  The RSO ensures HPT are 
qualified by training and experience to perform the requirements of this 
procedure. 


7.3 Radiological Field Supervisor (RFS) – During field assignments, the RFS is 
responsible for ensuring that this procedure is implemented.  When the 
RSO is not on site, the RFS will act as the RSO’s duly authorized 
representative for radiological issues. 


7.4 Health Physics Technicians (HPT) – The HPT is responsible for control of 
radioactive material. 
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8.0 INSTRUCTIONS 


8.1 Tracking and Movement of Radioactive Material 


8.1.1 Anytime licensed radioactive material is moved, the person who 
performed the operation or directed the operation shall ensure 
completion of the Material Tracking Documentation, Form AP-016-
01. 


8.1.2 The following are requirements for Material Tracking: 


8.1.2.1 Refer any questions to the material controller or RSO or duly 
authorized representative. 


8.1.2.2 Any item moved out of a radiological contamination 
boundary is surveyed and the survey documented. 


8.1.2.3 All forms should be returned to material controllers by the 
end of each workday. 


8.1.2.4 For material transferred to another area such as another 
work zone or facility, a copy of the Material Tracking 
document shall be sent to the supervisor of that area. 


8.1.2.5 An item generated from another item such as a large 
container into smaller boxes should be numbered with the 
original number followed by a dash (-) and a sequential 
number. 


8.1.2.6 Any item, which cannot be easily numbered, shall be 
referred to the material controller for resolution as soon as 
possible. 


8.1.2.7 Any item for disposable or returned shall be documented. 


8.1.2.8 The inventory system should be updated within 48 hours of 
any changes. 


8.2 This procedure shall be in effect at all CABRERA work sites where: 


• The total activity of any source is greater than 10 mCi unless the source is of a 
volumetric nature (i.e. soil), in which case the volumetric activity concentration 
must exceed 1000 pCi/gram;  


• The PM determines that tracking is needed. 
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9.0 QUALITY ASSURANCE/RECORDS 


9.1 Quality Assurance 


9.1.1 Instruments used for measurements required by this procedure shall 
be checked with standards and verified to have current calibration. 


9.1.2 Surveillance shall be performed at least annually to verify that 
operations are within the guidelines of this procedure. 


9.1.3 A current radionuclide inventory record shall be produced monthly. 


9.1.4 Record results of equipment surveys on survey forms in accordance 
with appropriate survey form. 


9.1.5 Maintain AP-016-01 tracking forms for at least three months after the 
material has been shipped from the work site. 


9.2 Records 


9.2.1 Documented information shall be legibly written in ink. 


9.2.2 Data shall not be obliterated by erasing, using white-out, or by any 
other means.  Incorrect entries shall be corrected by striking a single 
line across the entry.  The correction shall be entered, initialed, and 
dated. 


9.2.3 The HPT performing the tracking shall ensure that this procedure is 
the most current and approved revision. 


9.2.4 The HPT performing the tracking shall review Form AP-016-01 for 
accuracy and completeness. 


9.2.5 Entries on Form AP-016-01 and any other pertinent forms must be 
dated and initialed by the HPT performing the tracking to be valid. 


9.2.6 The RSO or duly authorized representative shall review completed 
forms.  The review shall be for accuracy and completeness. 


10.0 ATTACHMENTS 


AP-016-01  Material Tracking Form 
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AP-016-01 


Material Tracking Form 
 


To prevent the loss of control of radioactive material, note any movement of 
radioactive material on the site on this form. 


ITEM 
NUMBER 


ITEM NAME ORIGINAL LOCATION CURRENT LOCATION 


    


    


    


    


    


    


    


    


    


    


    


    


    


    


    


    


 


Performed by: ______________________________________ Date: _____________ 


 


Reviewed by: _______________________________________ Date: _____________ 
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		PURPOSE

		This procedure describes the requirements associated with tracking radioactive material at Cabrera Services, Inc. (Cabrera) job sites and during any work at customer facilities where procedures for radioactive material tracking are not available in the



		APPLICABILITY

		This procedure will be used to ensure tracking of radioactive material is done in accordance with State, Federal, and Licensee requirements.



		PRECAUTIONS, LIMITATIONS, AND REQUIREMENTS

		Precautions

		Accurate and timely handling of all documentation, including inventory updates, are essential to maintaining radioactive material tracking.



		Limitations

		No material may be placed within 10 feet of a Radiological Control Area (RCA) boundary.

		Material may not be placed such that exposure rates at the restricted area boundary exceed 100 (R/hr.



		Requirements

		Ensure receipt documents have been reviewed and shipments to be received have been approved by the RSO or duly authorized representative prior to initiation of unloading.

		Inform the RSO or duly authorized representative any time the site inventory exceeds or potentially may exceed the limits in the facility license.

		If any material is found or moved that does not have legible identification contact material controllers or the RSO or duly authorized representative immediately.

		All forms and attachments may be computer files and reports.





		REFERENCES

		DEFINITIONS AND ABBREVIATIONS

		EQUIPMENT

		RESPONSIBILITIES

		Project Manager \(PM\) – The PM is responsible�

		Radiation Safety Officer \(RSO\) – The RSO is �

		Radiological Field Supervisor \(RFS\) – During�

		Health Physics Technicians \(HPT\) – The HPT i�



		INSTRUCTIONS

		Tracking and Movement of Radioactive Material

		Anytime licensed radioactive material is moved, the person who performed the operation or directed the operation shall ensure completion of the Material Tracking Documentation, Form AP-016-01.

		The following are requirements for Material Tracking:

		Refer any questions to the material controller or RSO or duly authorized representative.

		Any item moved out of a radiological contamination boundary is surveyed and the survey documented.

		All forms should be returned to material controllers by the end of each workday.

		For material transferred to another area such as another work zone or facility, a copy of the Material Tracking document shall be sent to the supervisor of that area.

		An item generated from another item such as a large container into smaller boxes should be numbered with the original number followed by a dash (-) and a sequential number.

		Any item, which cannot be easily numbered, shall be referred to the material controller for resolution as soon as possible.

		Any item for disposable or returned shall be documented.

		The inventory system should be updated within 48 hours of any changes.





		This procedure shall be in effect at all Cabrera work sites where:

		The total activity of any source is greater than 10 mCi unless the source is of a volumetric nature (i.e. soil), in which case the volumetric activity concentration must exceed 1000 pCi/gram;

		The PM determines that tracking is needed.



		QUALITY ASSURANCE/RECORDS

		Quality Assurance

		Instruments used for measurements required by this procedure shall be checked with standards and verified to have current calibration.

		Surveillance shall be performed at least annually to verify that operations are within the guidelines of this procedure.

		A current radionuclide inventory record shall be produced monthly.

		Record results of equipment surveys on survey forms in accordance with appropriate survey form.

		Maintain AP-016-01 tracking forms for at least three months after the material has been shipped from the work site.



		Records

		Documented information shall be legibly written in ink.

		Data shall not be obliterated by erasing, using white-out, or by any other means.  Incorrect entries shall be corrected by striking a single line across the entry.  The correction shall be entered, initialed, and dated.

		The HPT performing the tracking shall ensure that this procedure is the most current and approved revision.

		The HPT performing the tracking shall review Form AP-016-01 for accuracy and completeness.

		Entries on Form AP-016-01 and any other pertinent forms must be dated and initialed by the HPT performing the tracking to be valid.

		The RSO or duly authorized representative shall review completed forms.  The review shall be for accuracy and completeness.





		ATTACHMENTS

		ITEM NUMBER

		ITEM NAME

		ORIGINAL LOCATION

		CURRENT LOCATION
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1.0 PURPOSE 
This procedure provides the requirements to ensure the proper management of IDW. 
 
2.0 APPLICABILITY 
 
This procedure applies to onsite collection and documentation of investigation derived 
waste (IDW) at sites where hazardous materials could be encountered; it does not apply 
to specific disposal options or to the specific analytical requirements for waste 
characterization.  Management of IDW from field programs is very specific to state 
regulatory requirements, program requirements, or client requirements.   
 
This procedure will be used by CABRERA personnel to ensure proper control of IDW such 
as soil cuttings, drilling fluids, purged groundwater, and decontamination fluids. 
 
3.0 PRECAUTIONS, LIMITATIONS AND REQUIREMENTS  
 


3.1 Precautions 
 


• Understand the range of site safety hazards.   
• Know project-specific scope of investigation.   
• Management of IDW from field programs is very specific to state 


regulatory requirements, program requirements, or client 
requirements.   


• Be sure to consult the project work plan and senior staff before 
making decisions.   


 
3.2 Limitations 


 
This procedure is limited to the management if IDW and does not cover 
requirements for other types of waste. 
 


3.3 Requirements 
 


• Understand the type and quantity of IDW generated 
• Understand Project Health and Safety Procedures  
• Oversee and Document Subcontractor Activities 
• Compliance with ARARs 


 
4.0 REFERENCES 
 
ASTM D 5092-90; Standard Practice For Design and Installation of Groundwater 


Monitoring Wells in Aquifers 
USEPA, 1992, Guide to Management of Investigation-Derived Wastes, EPA 9345.3-03FS 
Site Specific Health and Safety Plan 
USEPA, 1991.  Management of Investigation-Derived Wastes During Site Inspections.  


EPA/540/G-91/009. 
 
5.0 EQUIPMENT 
 


• PID for screening according to project specific workplan. 
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• Pumps 
• Bailers 
• 55-Gallon drums for IDW collection 


 
6.0 RESPONSIBILITIES 


Project Manager (PM) – the PM is responsible for ensuring that personnel are 
familiar with this procedure, adequately trained in the use of this procedure, and 
have access to a copy of this procedure. 
Field Operations Leader (FOL) – The FOL is responsible for monitoring compliance 
with this procedure and training personnel in the use of IDW management. 
Field Geologist/Scientist – During field assignments, the field geologist/scientist is 
responsible for ensuring that this procedure is implemented.  


 
7.0 INSTRUCTIONS 
Management of IDW can fall into five categories:   


(1) soil cuttings (solids);  
(2) liquids from drilling (drilling water/mud);  
(3) liquids from monitoring well development and purging;  
(4) decontamination fluids; and  
(5) solid waste consisting of personal protective equipment and trash. 


 
Soil cuttings, drilling water/mud, or development water treated as IDW should be 
segregated by “area of contamination” (AOC), which is typically the well or boring 
location, or location of a specific well cluster. 
 


7.1 Management of Soil Cuttings IDW from Drilling Program 
If appropriate, spread plastic sheeting on ground for collection of soil 
cuttings. 
 
Screen the soil cutting (auger cuttings or soil from drive and wash or mud 
tub) with field instrumentation (i.e., PID, radiation meter, field gas 
chromatograph) as stated in the project work plan. 
 
If soil cuttings do not pass the screening procedures mentioned above, 
collect and containerize soil cuttings (auger cuttings or soil from a drive and 
wash or mud tub) in 55-gallon drums. 
 
Label and transport drums or roll offs to a central temporary storage area.  
For large piles of soil cutting, collect appropriate composite samples and 
cover with plastic sheeting to avoid erosion. 
 
Document the collection of soil cuttings in field notes.  Record all pertinent 
data including location, physical characteristics of material (texture, water 
content, odor, field instrumentation readings associated with material, etc.).  
Record the number of drums or estimated volume of IDW in field notes. 
 
Oversee physical transfer of the cuttings to drums by drilling subcontractor.  
Supervise workers to assure that proper health and safety and 
containerization procedures are being followed.   
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Label individual drums with site name, location identification, description of 
contents, field instrument readings, and any appropriate labeling required for 
transport include the following: 
• Type of waste (i.e. soil, water, decontamination fluids 
• Point of origin (i.e. boring or well number) 
• Site name 
• Job number 
• Screening results 
• Date 


 
If more than one drum is needed per AOC, label drums sequentially (i.e. 1 of 
3, 2 of 3, etc.). 
 
Assure and document that drums are sealed and that material is transported 
to a safe staging area (identified by regulatory agency and/or client) that is 
restricted from all unauthorized access upon completion of the IDW 
containment. 
 
Screen ground surface under former soil cuttings to confirm that no residual 
contamination remains.  If residual contamination is observed, remove and 
place in IDW soil drums generated from this AOC. 
 
Document proposed final disposition of IDW. Document client contact who 
has been informed of IDW disposal procedures. 
 


 
7.2 Management of Drilling Water/Mud and Development Water IDW 


Drilling water/mud consisting of water/bentonite and suspended solids from 
drilling, at a specific AOC, can be containerized in drums or pumped into a 
tank for transfer to a larger tank or treatment system.  Development water 
that is collected as wells are pumped or surged can be collected in the same 
manner mentioned above.  Normally drilling fluids and development water 
from a specific AOC do not have to be segregated from one another.  
Development water should be pumped directly into 55-gallon drum or tank 
and a screening sample should be collected once the container is full. 
 


• Containerize development water. 
• Document in field log book all pertinent data related to volume, 


physical characteristics of material, odors, field instrumentation 
readings, etc. 


• Label drums according to procedure described in 7.1 above. 
 


 
7.3 Management of Decontamination Fluids IDW 
All liquid from drilling equipment and decontamination should flow to a sump from 
where it can be pumped out and containerized in the appropriate manner.  Solids 
should be shoveled from the equipment pad into 55-gallon drums for screening 
prior to disposal.  Decontamination fluids from sampling activities should also be 
collected and containerized at a central location for sampling and/or disposal. 
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Normally decontamination fluids are not segregated by AOC, except in cases 
where specific AOCs are known to be highly contaminated.  Documentation and 
containerization of the decontamination fluids should proceed in the same 
manner as described in preceding discussions. 
 


• Collect and contain all fluids and solids from the decon operations at a 
central area. 


• Document handling of decontamination fluids. 
• Label drums of decon fluids as in section 7.1 above. 


EOP-002 Cabrera Services, Inc. Page 4 of 4 





		Project Manager \(PM\) – the PM is responsible�

		Field Operations Leader \(FOL\) – The FOL is r�

		Field Geologist/Scientist – During field assignme






 
 
 
 
 
 
 


Environmental Operating Procedure 
 
 
 


For 
 
 
 


VOC Measurement with Photo-ionization Detector 
 
 


EOP-003 
 


Revision 0 
 
 
 
 
 
 
 
 
 
 


Reviewed By:  __________________________________________ Date: ______ 
 Lisa Routhier, Senior Environmental Engineer 


 
 
 


Approved By:  ___________________________________________ Date: _______ 
 Steven Masciulli CHP, CSP, Radiation Safety Officer 
 
 
 


Approved By:  ___________________________________________ Date: _______ 
 Bill Sharkey, General Manager


CABRERA SERVICES, INC. 







Revision 0                                           DRAFT                                    VOC measurement with PID 


EOP-003 Cabrera Services, Inc. Page 1 of 2 


1.0 PURPOSE 
 
This Procedure ensures proper measurement of volatile organic compounds (VOCs) in 
air with a photoionization detector (PID).  This procedure provides the requirements for 
the field measurement of VOCs.   
 
2.0 APPLICABILITY 
 
This procedure will be used by CABRERA personnel to ensure proper use of field 
detectors, PIDs, during environmental assessments. 
 
3.0 PRECAUTIONS, LIMITATIONS AND REQUIREMENTS  
 


3.1 Precautions 
 


• Use Health and Safety precautions as prescribed in the SSHP.   
• Volatile organic compounds are a health and safety danger in high 


concentrations.  
• Most VOCs are combustible. 


 
3.2 Limitations 


 
• Must know the ionization potential (IP) of the compounds being 


monitored.  If the IP is greater than the PID light source, it will not be 
detected.   


• Know the relative response of the instrument to the compounds being 
monitored. 


 
3.3 Requirements 


 
• Understand Project SSHP.  
• General knowledge of Use of Electronic Equipment. 
• Calibration and Maintenance of  PIDs.  


 
4.0 REFERENCES 
 
CABRERA SOP EOP-004 Monitoring Well Installation, Rev 0 
Site Specific Health and Safety Plan 
 
5.0 EQUIPMENT 
 


• PID  
• Instrument Manual(s). 


 
6.0 RESPONSIBILITIES 


Project Manager (PM) – the PM is responsible for ensuring that personnel are 
familiar with this procedure, adequately trained in the use of this procedure, and 
have access to a copy of this procedure. 
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Field Operations Leader (FOL) – The FOL is responsible for monitoring compliance 
with this procedure and training personnel in the use of field equipment. 
Field Geologist/Scientist – During field assignments, the field geologist/scientist is 
responsible for ensuring that this procedure is implemented.  


 
7.0 INSTRUCTIONS 
 
Follow calibration and operations procedures as stated in manual.  For a positive 
response check, use the cap of an indelible pen or other similar source.  Use calibration 
gas provided by the manufacturer, and use the instrument response factors for the 
compounds being monitored relative to the supplied calibration gas.  Be certain not to 
draw water or other foreign matter into the instrument as that can cause internal 
drainage.  Make sure you know what the action limit is for VOCs at the project site.  
Consult the SSHP. 
 


• Calibrate PID with proper calibration gas every day before use. 
• Document calibration in the project logbook and the project’s calibration log 


notebook. 
• Perform a positive response check a minimum of twice a day to ensure the PID is 


functioning properly. 
• Verify PID is turned on and functioning properly. 
• Establish ambient air (background) VOC reading and record. 
• Place the intake port of the PID/FID near the source from which you want to take 


a reading (e.g., wellhead, open split spoon, etc.) 
• A VOC value will appear as a number in parts per million (PPM) on display of 


meter. 
• Record PID/FID reading in Field Log Book and on other appropriate forms. 





		Project Manager \(PM\) – the PM is responsible�

		Field Operations Leader \(FOL\) – The FOL is r�

		Field Geologist/Scientist – During field assignme
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1.0 PURPOSE 


The purpose of this procedure is to establish the framework and to define the 
requirements for Cabrera Services, Inc., (CABRERA) personnel performing 
radiological surveys. Adherence to this procedure will provide reasonable 
assurance that the radiological surveys performed maintain reproducible results. 
In addition, adherence to this procedure will provide adequate control of radiation 
exposures As Low As Reasonably Achievable (ALARA). 


2.0 APPLICABILITY 


This procedure provides the requirements for identifying, scheduling, and 
performing routine, clean area, radiation, contamination, and airborne surveys by 
radiation safety personnel.  All remediation and facility areas that are 
radiologically controlled as well as non-radiologically controlled areas containing 
fixed contamination and areas adjacent to contaminated areas are within 
consideration for routine survey performance.  This procedure does not include 
survey requirements for radiation generating devices and survey requirements 
specified in radiation work permits (RWP’s). 


This procedure will be also used by CABRERA personnel to perform radiation and 
contamination surveys at customer facilities.  The following types of surveys may 
be performed using this procedure.  


• Surveys performed for shipping radioactive materials. 


• Surveys performed to characterize facilities, sites, and items contaminated 
with radioactive materials. 


• Surveys performed to provide direction in decontamination and 
decommissioning facilities and sites. 


3.0 PRECAUTIONS, LIMITATIONS AND REQUIREMENTS 


3.1 Precautions 


3.1.1 Instruments used to perform routine surveys shall be operated in 
accordance with the respective operating procedure. 


3.1.2 Large area smears may be used to augment (but not replace) the 
100 cm2 smear survey.  Large area wipes may be counted with the 
Ludlum Model-3 or equivalent.  Large area smears are used to 
obtain immediate information concerning loose contamination for the 
purpose of radiological protection and to minimize time spent 
performing disc smears on an item easily identified as contaminated. 
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3.1.3 Personnel performing routine surveys shall be logged in on a 


Radiation Work Permit in accordance with AP-012 (if applicable). 


3.1.4 Audible response instruments should be used during direct scan 
surveys. 


3.1.5 The instruments used for routine surveys shall be within current 
calibration and shall have had a performance test check performed 
daily or before use in accordance with the instrument’s operating 
procedure. 


3.2 Limitations 


3.2.1 The maximum probe speed during direct scan surveys of surfaces 
shall be 3 cm/sec. 


3.2.2 The probe face shall be held within ¼ inch of the surface being 
surveyed for alpha radiation, and within ½ inch of the surface being 
surveyed for beta-gamma radiation. 


3.2.3 If an instrument used to perform routine surveys fails any operational 
check, it shall be removed from service.  All data collected during the 
period of instrument failure must be evaluated by the RSO or duly 
authorized representative. 


3.2.4 Posting of radiological control areas shall be performed in 
accordance with OP-019. 


3.3 Requirements 


3.3.1 Obtain and review any previous surveys performed in the area to 
determine radiation conditions which will be encountered. 


3.3.2 Before performing any survey using this procedure, the HPT shall be 
trained.  The training shall allow the HPT to perform surveys 
independently. 


3.3.3 To ensure achieving the required sensitivity of measurements, 
survey samples will be analyzed in a low-background area. 


3.3.4 Dose rate surveys, at a minimum, should be performed in locations 
where workers are exposed to radiation levels that might result in 
radiation doses in excess of 10% of the occupational dose limits or 
where an individual is working in a dose rate area of 2.5 mrem/hr or 
more. 
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3.3.5 If contamination is found in unrestricted areas, prevent access to the 


area and immediately notify the RSO or duly authorized 
representative. 


4.0 REFERENCES 
• 10 CFR 20, Subpart E Radiological Criteria for License Termination 
• 10 CFR 20, Subpart F Surveys and Monitoring 
• 10 CFR 20.2103  Records of Surveys 
• RSP    Radiation Safety Program 
• AP-001   Record Retention 
• AP-010   Personnel Protective Equipment 
• OP-020   Operation of Contamination Survey Meters 
• OP-021   Alpha-Beta Counting Instrumentation 
• OP-022   Operation of Micro-R Meters 
• OP-023   Operation of Ionization Chambers 
• NUREG-1556  Consolidated Guidance About Material Licenses  


(Vol.11) 


5.0 DEFINITIONS AND ABBREVIATIONS 


5.1 Restricted Area – An area to which access is controlled to protect 
individuals against undue risks from exposure to radiation and radioactive 
materials. 


5.2 Contamination Survey – A survey technique to determine fixed and 
removable radioactive contamination on components and facilities. 


5.3 Radiation Survey – is defined as an evaluation of the radiological conditions 
and potential hazards incident to the production, use, transfer, release, 
disposal, or presence of radioactive material or other sources of radiation. 


5.4 ALARA – (acronym for “as low as is reasonably achievable”) An approach 
to radiation exposure control to maintain personnel exposures as far below 
the federal limits as technical, economical and practical considerations 
permit. 


6.0 EQUIPMENT 


All instruments used to perform routine surveys shall be used in accordance with 
the applicable CABRERA administrative and operational procedures.  Authorized 
suppliers of properly calibrated and maintained equipment will supply all 
instruments. 
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Radiation and Contamination survey meters will be selected based on job 
specific requirements and will be identified in the Site Specific Work Plan. 
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7.0 RESPONSIBILITIES 


7.1 Project Manager (PM) – the PM is responsible for ensuring that personnel 
assigned the task of performing routine surveys are familiar with this 
procedure, adequately trained in the use of this procedure, and have 
access to a copy of this procedure. 


7.2 Radiation safety Officer (RSO) – The RSO is responsible for monitoring 
compliance with this procedure and training personnel in performing 
radiation and contamination surveys.  The RSO can also assist in the 
interpretation of the results obtained during surveys. 


7.3 Radiological Field Supervisor (RFS) – During field assignments, the RFS is 
responsible for ensuring that this procedure is implemented.  When the 
RSO is not on site, the RFS will act as the RSO’s duly authorized 
representative for radiological issues. 


7.4 Health Physics Technicians (HPT) – The HPT performing radiation and 
contamination surveys are responsible for knowing and complying with this 
procedure. 


8.0 INSTRUCTIONS 


8.1 Safety Considerations 


The safety requirements specified in the job specific HASP and Work Plans, 
along with the Radiation Safety Program, and other safety documentation 
must be adhered to when performing surveys. 


8.2 Initial Preparations 


Obtain and review any previous surveys performed in the area to determine 
radiation conditions, which will be encountered. 


8.2.1 Obtain appropriate survey instruments and prepare the instruments 
for use. 


8.2.2 Obtain necessary forms, smears, and protective clothing, which will 
be used during the survey. 


8.2.3 Plan the strategy for performing the survey before entering the area 
to reduce exposure time within the area. 


8.2.4 If smearable contamination is expected to be above allowable 
limits, set up an anticipate entry into the area which will prevent the 
spread of contamination in the area. 
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8.3 Radiation Surveys 


8.3.1 If radiation levels are unknown or previous surveys remain in 
question, first measure general area radiation levels using a Micro-
R Meter or equivalent dose rate meter to determine if elevated 
radiation levels exist in the survey area. 


8.3.2 Small Areas/Items/Waste Containers – This survey technique is 
used to establish exposure rates from small areas, items, or 
containers, which contain radioactive materials. 


8.3.2.1 Scan the entire surface area of the area, item, or container 
with a Micro-R or equivalent meter and record locations and 
readings on OP-001-02 or equivalent form. 


8.3.2.2 Measure the exposure rate at 30 centimeters from all 
surfaces or sides of the area, item, or container and record 
the location and readings on OP-001-02 or equivalent form. 


8.3.3 Facility Surveys – This survey technique is used to release facilities 
(buildings etc.) to “unrestricted” status or determine status of 
facilities requiring decontamination and decommissioning.  Final 
release of a facility will be established using MARSSIM guidance.    


8.3.3.1 Establish a 1 meter by 1 meter grid system of the facility 
surfaces using a marking system that assigns a unique 
number/letter system to the center of each grid.  Graphically 
illustrate the location of the grid system on OP-001-02 or 
equivalent form. 


8.3.3.2 Using a Micro-R Meter, obtain radiation levels at 1 meter 
from the grid center point and at contact with the grid center 
point.  Record reading on OP-001-02 or equivalent Form.  If 
elevated readings are noted, scan the surface of the grid 
and note location of any elevated readings with a marker 
and on OP-001-02 or equivalent Form. 


8.3.3.3 Obtain 4 Micro-R readings from locations surrounding the 
facility or within the facility, which do not contain activity.  
This establishes a background level for comparison to the 
reading taken in step 8.2.3.2 above. 


8.3.4 Area Surveys – This survey technique is used to release land 
masses to “unrestricted” status or determine status of areas requiring 
decontamination before release.  Final release of a site area will be 
established using MARSSIM guidance 
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8.3.4.1 Establish a 10 meter by 10 meter grid system of the area to 


be surveyed using surveyor stakes or equivalent, which are 
numbered with a unique number/letter system to identify the 
center of each grid.  List the locations of the “gridded” 
system on OP-001-02 or equivalent form. 


8.3.4.2 Using a Micro-R meter, obtain radiation levels at 1 meter 
from the grid corner point and at contact with the surface of 
the ground.  Record all readings on OP-001-02 or 
equivalent Form. 


8.3.4.3 Survey the remainder of the grid at the surface using an “S” 
walking pattern.  If elevated readings are noted above or 
below the grid center point reading, subdivide the grid into 9 
subgrids (3 subgrids X 3 subgrids) and obtain readings at 1 
meter above the ground surface, and obtain contact 
readings in the center of the each subgrid.  Record all 
readings on OP-001-02 or equivalent. 


8.4 Contamination Surveys 


8.4.1 If removable contamination is suspected or previous surveys are in 
question, first scan likely contaminated area with an α and/or β probe 
to determine if elevated areas of contamination exists.  Obtain smear 
samples from any elevated areas and count smears in sample 
counter.  If smearable contamination is found, use appropriate 
protective clothing and entry control techniques to prevent the 
spread of contamination. 


8.4.2 Small Areas/Items/Waste Containers – This survey technique is 
used to establish contamination levels on small areas, items, or 
containers, which contain radioactive materials. 


8.4.2.1 If the area, item, or waste container contains alpha activity, 
scan the area with an alpha probe at ¼ inch above the 
surface.  Note readings on OP-001-02 or equivalent Form. 


8.4.2.2 If the area, item, or waste container contains beta activity, 
scan the area with a beta probe at approximately ½ inch 
above the surface to be surveyed and obtain reading 
following meter stabilization.  Record meter reading on OP-
001-02 or equivalent form.  The surface of the waste 
container can be surveyed for beta activity only if the 
radiation level from the container does not elevate the beta 
probe background.  If the background level is below 200 
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CPM, scan the surface of the container and note readings on 
appropriate survey form. 


8.4.2.3 To determine the removable surface contamination on area 
or items, first take a large area smear (LAS) using a paper 
hand towel or Masslin cloth and count the smear in a low 
background area using the alpha and beta probes.  If no 
contamination is found on the LAS, take 100 cm2 smear for 
every 2 square foot of surface area and count smears for 
alpha and beta activity.  Record results on OP-001-02 or 
equivalent form. 


8.4.2.4 For waste containers, a LAS should be taken from the 
bottom, top, and sides of the container.  If no contamination 
is found on the LAS, take 300 cm2 smears for every 2 square 
foot of surface area and count smears for alpha and beta in 
a sample counter.  Take one smear each from the container 
sealing area, lid, and container contact points with ground or 
floor.  Record all results of smear activity on OP-001-02 or 
equivalent Form.  If contamination levels are above limits, 
decontaminate the surface of the container and repeat 
survey.  


8.4.2.5 Facility Surveys – This survey technique is used to aid in the 
release of facilities (buildings etc.) to “unrestricted” status or 
determine status of facilities requiring decontamination and 
decommissioning. 


8.4.2.6 The grid system established in section 8.3.3.1 will also be 
utilized for contamination surveys. 


8.4.2.7 Hold the beta probe at approximately ½ inch above the grid 
center point and obtain reading following meter stabilization.  
Record the meter reading on OP-001-02 or equivalent form. 


8.4.2.8 If the readings are at background levels, randomly scan the 
remainder of the grid, concentrating on cracks, floor/wall 
joints, top of horizontal surfaces, ventilation ducts and grills, 
and other areas that might collect radioactive materials.  
Mark any locations above the release criteria on OP-001-02 
or equivalent form. 


8.4.2.9 If readings are at or near the release levels, scan grid 
surface and identify portion of the grid that is above the 
release criteria.  Note these areas on the survey form and 
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mark the area of the grid with spray marker (or equivalent) 
on OP-001-02 or equivalent form. 


8.4.2.10 Repeat steps 8.4.2.7 through 8.4.2.9 with an alpha probe 
at ¼ inch above the grid center point.  If sufficient 
documentation of previous history is known about the 
facility, the alpha survey may not be required if: 


• The alpha contamination is known not to be present, 
or 


• The alpha measurements can be randomly taken of 
every 10th grid. 


8.4.2.11 One smear sample from a 100cm2 area will be taken in 
each grid.  If the above survey found no elevated readings 
in the grid, the smear sample will be taken in the center of 
the grid.  If elevated levels readings are identified the 
smear sample will be taken from the area where the 
highest reading was obtained. 


8.4.2.12 Each smear sample will be labeled with the grid location 
and counted for alpha and beta activity in the sample 
counter.  The smear sample results will be recorded on 
OP-001-02 or equivalent Form. 


8.4.3 Area Surveys – This survey technique is used to aid release of land 
masses to “unrestricted” status or determine status of area requiring 
decontamination before release. 


8.4.3.1 The grid system established in section 8.2.4, step 8.2.4.1 will 
also be utilized for contamination surveys. 


8.4.3.2 Hold the beta probe at ½ inch above the grid center point 
and obtain reading following meter stabilization.  Record the 
meter reading on OP-001-02 or equivalent form. 


8.4.3.3 If readings are at background levels, randomly scan the 
remainder of the grid.  Mark any locations above release 
criteria on OP-001-02 or equivalent form. 


8.4.3.4 If readings are at or near the release levels scan the grid 
surface and identify portion of the grid that is above release 
criteria.  Note these areas on OP-001-02 or equivalent form. 


8.4.3.5 Areas contaminated with radioactive materials may require 
soil sample analysis to determine the activity concentration.  
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The quantity and location of samples will be determined on a 
case-by-case basis. 


8.5 Frequency and Requirements for Routine Surveys 


Appropriate routine radiological surveys shall be performed at the following 
frequencies as a minimum: 


8.5.1 Radiation Surveys 


� Upon initial entry after extended periods of closure  


� Daily, at contamination control points, where the potential exists 
for personnel to be exposed to radioactive contamination 


� Daily, during continuous operation, and when levels are 
expected to change in High Radiation Areas 


� Weekly, in routinely occupied areas adjacent to radiological 
control areas 


� Weekly for operating HEPA-filtered ventilation units 


� Weekly, for any temporary Radiation Area boundaries to ensure 
that the Radiation Areas do not extend beyond posted 
boundaries 


� Monthly, or upon entry if entries are less than monthly, for 
Radioactive Material Storage Areas 


� Monthly, for potentially contaminated ducts, piping, and hoses in 
use outside the radiological facilities  


8.5.2 Contamination Surveys 


� Daily, at contamination control points, personnel protective 
equipment change out areas, or step-off pads, when in use or 
once per shift in high use situations 


� Daily, in office spaces located in the radiological control areas 


� Daily, in lunchrooms or eating areas adjacent to radiological 
control areas 


� Weekly, for all designated lunchrooms supporting the project 


� Weekly, in routinely occupied locker rooms or the shower areas 
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adjacent to radiological control areas 


� Weekly, or upon entries, if entries are less frequent, in 
radiological control areas 


� Weekly, or upon entries, if entries are less frequent, in the areas 
where radioactive materials are handled or stored 


� Weekly for all project offices on site 


� Monthly, in areas with fixed contamination 


8.5.3 Airborne Surveys: 


Airborne survey frequency, locations, and methods are determined 
by the radiation work permits (RWP’s) and by the RSO. 


8.6 Identifying and Scheduling Routine Radiological Surveys 


8.6.1 The RSO or duly authorized representative shall identify and 
schedule routine surveys as required by the radiological conditions 
and work activities. 


8.6.2 Routine Survey Schedules shall be developed using a standard 
system for designating surveys as follows: 


Frequency of Survey 


• Daily    D 
• Weekly    W 
• Monthly    M 
• Quarterly    Q 
• Semi-Annually   S 
• Annually    A 
• Upon Entry   U 


Type of Survey 


• Radiation    R 
• Contamination   C 
• Area TLD    T 
• Air Sample   A 


 
Example: DRC-1 
Where: 
 D: is the survey frequency (Daily in this example) 


 R: is the type of survey (Radiation in this example) 
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 C:  is a type of survey (Contamination) 
1 corresponds to the numerical sequence of the 


survey 
8.6.3 Routine survey schedules shall be submitted to and approved by the 


RSO or duly authorized representative. 


8.6.4 Prepare routine survey tracking forms using the approved routine 
survey schedules. 


8.6.5 Changes to any routine survey schedule shall be submitted to and 
approved by the RSO or duly authorized representative. 


8.6.6 Routine Survey Schedules should be indicated on form OP-001-01or 
equivalent form.  Task Leaders may elect alternate forms of 
containing, as a minimum, the information included on the OP-001-
01 form. 


8.7 Using As Low As is Reasonably Achievable (ALARA) Principles for 
Scheduling and Performing Surveys 


8.7.1 Routine surveys should not be performed in High Radiation Areas 
unless other work necessitates entry.  Boundary verification surveys 
would be appropriate if an entry is not required. 


8.7.2 Routine surveys should be performed in conjunction with other work 
surveys as much as practicable. 


8.8 Performance of Routine Surveys  


8.8.1 HPT’s shall perform routine surveys in accordance with the 
applicable operational procedure. 


8.8.2 Upon completion of a routine survey, the HPT shall initial the 
appropriate Routine Survey Tracking Form. 


8.9 Periodic Evaluation of Routine Surveys 


8.9.1 Routine survey schedules shall be reviewed and updated periodically 
to ensure that all areas within the project boundaries are receiving 
the appropriate routine survey coverage. 


8.9.2 Changes of conditions within the project area will be reported to the 
RSO or duly authorized representative and may require a 
modification of the routine radiological survey schedule. 


8.10 Management Notification 
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8.10.1 The RSO shall be notified, in writing by the project manager, of any 


failure to complete a routine survey as scheduled.  The missed 
survey will be completed within 24 hours of discovering the 
inconsistency. 


9.0 QUALITY ASSURANCE/RECORDS 


9.1 Quality Assurance 


9.1.1 Instruments used to perform routine radiological surveys will be 
inspected for serviceability each day and checked against check 
sources to verify they are in proper working condition per the 
applicable Operational Procedure. 


9.1.2 Radiation and Contamination surveys will be reviewed by the RSO or 
duly authorized representative for accuracy and completeness. 


9.2 Records 


9.2.1 At a minimum, each survey record should include the following: 


• A diagram of the area surveyed, if applicable. 


• A list of items and equipment surveyed. 


• Specific locations on the survey diagram where wipe test were 
taken. 


• Ambient radiation levels with appropriate units. 


• Contamination levels with appropriate units. 


• Make and model number of instruments used. 


• Background levels, if applicable. 


• Name of the person making the evaluation and recording the 
results and date. 


9.2.2 Radiological Survey Records, routine survey schedules, and tracking 
forms are generated during the performance of this procedure. 


9.2.3 Documented information shall be legibly written in ink. 


9.2.4 Data shall not be obliterated by erasing, using white-out, or by any 
other means.  Incorrect entries shall be corrected by striking a single 
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line across the entry.  The correction shall be entered, initialed, and 
dated. 


9.2.5 The health physics technician performing the survey shall ensure 
that this procedure is the most current and approved revision. 


9.2.6 The health physics technician performing the survey shall review 
Forms and any other applicable forms for accuracy and 
completeness. 


9.2.7 Entries on Forms and any other pertinent forms must be dated and 
initialed by the health physics technician performing the survey to be 
valid. 


9.2.8 The RSO or duly authorized representative shall review any 
applicable completed forms.  The review shall be for accuracy and 
completeness. 


10.0 ATTACHMENTS 


• OP-001-01  Routine Survey Schedule 


• OP-001-02  Survey Form 
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OP-001-01 


ROUTINE SURVEY SCHEDULE 
 


Survey Designation Location of Survey 


  


  


  


  


  


  


  


  


  


  


  


  


  


  


  


  


  


 


Prepared By:  _____________________________  Date:  ____________ 


 


Reviewed By:  _____________________________  Date:  ____________ 
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OP-001-02   Radiological Survey Sheet 
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Location: RWP# Survey # Survey Type:
pg. 1 of 1


 
No. α β No. α β


1 26
2 27
3 28
4 29
5 30
6 31
7 32
8 33
9 34


10 35
11 36
12 37
13 38
14 39
15 40
16 41
17 42
18 43
19 44
20 45
21 46
22 47
23 48
24 49
25 50


Comments


Surveyed By: Date: Instrument Serial # α Eff. β Eff. α Bkg. β Bkg Cal. Due
Smear *-* Boundary
Dose Rate mr/hr A/S Location


Reviewed By: Date: * Direct Reading 
DPM/100 cm^2
Grab Sample


Key


Smear Results
DPM/100cm^2





		PURPOSE

		The purpose of this procedure is to establish the framework and to define the requirements for Cabrera Services, Inc., (Cabrera) personnel performing radiological surveys. Adherence to this procedure will provide reasonable assurance that the radiologi



		APPLICABILITY

		This procedure provides the requirements for identifying, scheduling, and performing routine, clean area, radiation, contamination, and airborne surveys by radiation safety personnel.  All remediation and facility areas that are radiologically controlled



		PRECAUTIONS, LIMITATIONS AND REQUIREMENTS

		Precautions

		Instruments used to perform routine surveys shall be operated in accordance with the respective operating procedure.

		Large area smears may be used to augment (but not replace) the 100 cm2 smear survey.  Large area wipes may be counted with the Ludlum Model-3 or equivalent.  Large area smears are used to obtain immediate information concerning loose contamination for 

		Personnel performing routine surveys shall be logged in on a Radiation Work Permit in accordance with AP-012 (if applicable).

		Audible response instruments should be used during direct scan surveys.

		The instruments used for routine surveys shall be



		Limitations

		The maximum probe speed during direct scan surveys of surfaces shall be 3 cm/sec.

		The probe face shall be held within ¼ inch of th�

		If an instrument used to perform routine surveys fails any operational check, it shall be removed from service.  All data collected during the period of instrument failure must be evaluated by the RSO or duly authorized representative.

		Posting of radiological control areas shall be performed in accordance with OP-019.



		Requirements

		Obtain and review any previous surveys performed in the area to determine radiation conditions which will be encountered.

		Before performing any survey using this procedure, the HPT shall be trained.  The training shall allow the HPT to perform surveys independently.

		To ensure achieving the required sensitivity of measurements, survey samples will be analyzed in a low-background area.

		Dose rate surveys, at a minimum, should be performed in locations where workers are exposed to radiation levels that might result in radiation doses in excess of 10% of the occupational dose limits or where an individual is working in a dose rate area of

		If contamination is found in unrestricted areas, prevent access to the area and immediately notify the RSO or duly authorized representative.





		REFERENCES

		DEFINITIONS AND ABBREVIATIONS

		Restricted Area – An area to which access is cont

		Contamination Survey – A survey technique to dete

		Radiation Survey – is defined as an evaluation of

		ALARA – \(acronym for “as low as is reasonably a



		EQUIPMENT

		RESPONSIBILITIES

		Project Manager \(PM\) – the PM is responsible�

		Radiation safety Officer \(RSO\) – The RSO is �

		Radiological Field Supervisor \(RFS\) – During�

		Health Physics Technicians \(HPT\) – The HPT p�



		INSTRUCTIONS

		Safety Considerations

		Initial Preparations

		Obtain appropriate survey instruments and prepare the instruments for use.

		Obtain necessary forms, smears, and protective clothing, which will be used during the survey.

		Plan the strategy for performing the survey before entering the area to reduce exposure time within the area.

		If smearable contamination is expected to be above allowable limits, set up an anticipate entry into the area which will prevent the spread of contamination in the area.



		Radiation Surveys

		If radiation levels are unknown or previous surveys remain in question, first measure general area radiation levels using a Micro-R Meter or equivalent dose rate meter to determine if elevated radiation levels exist in the survey area.

		Small Areas/Items/Waste Containers – This survey 

		Scan the entire surface area of the area, item, or container with a Micro-R or equivalent meter and record locations and readings on OP-001-02 or equivalent form.

		Measure the exposure rate at 30 centimeters from all surfaces or sides of the area, item, or container and record the location and readings on OP-001-02 or equivalent form.



		Facility Surveys – This survey technique is used 

		Establish a 1 meter by 1 meter grid system of the facility surfaces using a marking system that assigns a unique number/letter system to the center of each grid.  Graphically illustrate the location of the grid system on OP-001-02 or equivalent form.

		Using a Micro-R Meter, obtain radiation levels at 1 meter from the grid center point and at contact with the grid center point.  Record reading on OP-001-02 or equivalent Form.  If elevated readings are noted, scan the surface of the grid and note locati

		Obtain 4 Micro-R readings from locations surrounding the facility or within the facility, which do not contain activity.  This establishes a background level for comparison to the reading taken in step 8.2.3.2 above.



		Area Surveys – This survey technique is used to r

		Establish a 10 meter by 10 meter grid system of t

		Using a Micro-R meter, obtain radiation levels at 1 meter from the grid corner point and at contact with the surface of the ground.  Record all readings on OP-001-02 or equivalent Form.

		Survey the remainder of the grid at the surface u





		Contamination Surveys

		If removable contamination is suspected or previous surveys are in question, first scan likely contaminated area with an ( and/or ( probe to determine if elevated areas of contamination exists.  Obtain smear samples from any elevated areas and count sm

		Small Areas/Items/Waste Containers – This survey 

		If the area, item, or waste container contains al

		If the area, item, or waste container contains be

		To determine the removable surface contamination on area or items, first take a large area smear (LAS) using a paper hand towel or Masslin cloth and count the smear in a low background area using the alpha and beta probes.  If no contamination is found

		For waste containers, a LAS should be taken from the bottom, top, and sides of the container.  If no contamination is found on the LAS, take 300 cm2 smears for every 2 square foot of surface area and count smears for alpha and beta in a sample counter.

		Facility Surveys – This survey technique is used 

		The grid system established in section 8.3.3.1 will also be utilized for contamination surveys.

		Hold the beta probe at approximately ½ inch abov�

		If the readings are at background levels, randomly scan the remainder of the grid, concentrating on cracks, floor/wall joints, top of horizontal surfaces, ventilation ducts and grills, and other areas that might collect radioactive materials.  Mark any l

		If readings are at or near the release levels, scan grid surface and identify portion of the grid that is above the release criteria.  Note these areas on the survey form and mark the area of the grid with spray marker (or equivalent) on OP-001-02 or e

		Repeat steps 8.4.2.7 through 8.4.2.9 with an alph

		One smear sample from a 100cm2 area will be taken in each grid.  If the above survey found no elevated readings in the grid, the smear sample will be taken in the center of the grid.  If elevated levels readings are identified the smear sample will be ta

		Each smear sample will be labeled with the grid location and counted for alpha and beta activity in the sample counter.  The smear sample results will be recorded on OP-001-02 or equivalent Form.



		Area Surveys – This survey technique is used to a

		The grid system established in section 8.2.4, step 8.2.4.1 will also be utilized for contamination surveys.

		Hold the beta probe at ½ inch above the grid cen�

		If readings are at background levels, randomly scan the remainder of the grid.  Mark any locations above release criteria on OP-001-02 or equivalent form.

		If readings are at or near the release levels scan the grid surface and identify portion of the grid that is above release criteria.  Note these areas on OP-001-02 or equivalent form.

		Areas contaminated with radioactive materials may require soil sample analysis to determine the activity concentration.  The quantity and location of samples will be determined on a case-by-case basis.





		Frequency and Requirements for Routine Surveys

		Radiation Surveys

		Contamination Surveys

		Airborne Surveys:



		Identifying and Scheduling Routine Radiological Surveys

		The RSO or duly authorized representative shall identify and schedule routine surveys as required by the radiological conditions and work activities.

		Routine Survey Schedules shall be developed using a standard system for designating surveys as follows:

		Routine survey schedules shall be submitted to and approved by the RSO or duly authorized representative.

		Prepare routine survey tracking forms using the approved routine survey schedules.

		Changes to any routine survey schedule shall be submitted to and approved by the RSO or duly authorized representative.

		Routine Survey Schedules should be indicated on form OP-001-01or equivalent form.  Task Leaders may elect alternate forms of containing, as a minimum, the information included on the OP-001-01 form.



		Using As Low As is Reasonably Achievable (ALARA) Principles for Scheduling and Performing Surveys

		Routine surveys should not be performed in High Radiation Areas unless other work necessitates entry.  Boundary verification surveys would be appropriate if an entry is not required.

		Routine surveys should be performed in conjunction with other work surveys as much as practicable.



		Performance of Routine Surveys

		HPT’s shall perform routine surveys in accordance

		Upon completion of a routine survey, the HPT shall initial the appropriate Routine Survey Tracking Form.



		Periodic Evaluation of Routine Surveys

		Routine survey schedules shall be reviewed and updated periodically to ensure that all areas within the project boundaries are receiving the appropriate routine survey coverage.

		Changes of conditions within the project area will be reported to the RSO or duly authorized representative and may require a modification of the routine radiological survey schedule.



		Management Notification

		The RSO shall be notified, in writing by the project manager, of any failure to complete a routine survey as scheduled.  The missed survey will be completed within 24 hours of discovering the inconsistency.





		QUALITY ASSURANCE/RECORDS

		Quality Assurance

		Instruments used to perform routine radiological surveys will be inspected for serviceability each day and checked against check sources to verify they are in proper working condition per the applicable Operational Procedure.

		Radiation and Contamination surveys will be reviewed by the RSO or duly authorized representative for accuracy and completeness.



		Records

		At a minimum, each survey record should include the following:

		Radiological Survey Records, routine survey schedules, and tracking forms are generated during the performance of this procedure.

		Documented information shall be legibly written in ink.

		Data shall not be obliterated by erasing, using white-out, or by any other means.  Incorrect entries shall be corrected by striking a single line across the entry.  The correction shall be entered, initialed, and dated.

		The health physics technician performing the survey shall ensure that this procedure is the most current and approved revision.

		The health physics technician performing the survey shall review Forms and any other applicable forms for accuracy and completeness.

		Entries on Forms and any other pertinent forms must be dated and initialed by the health physics technician performing the survey to be valid.

		The RSO or duly authorized representative shall review any applicable completed forms.  The review shall be for accuracy and completeness.





		ATTACHMENTS
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1.0 PURPOSE 


This procedure provides the methods Cabrera Services, Inc. (CABRERA) uses in 
operation of air samplers and calculation of radioactive particulate activity in air 
sample.  This procedure describes the methods used to calculate Derived Air 
Concentration (DAC) DAC-hour exposures to workers.  Adherence to this 
procedure will provide reasonable assurance that the surveys performed have 
accurate and reproducible results. 


2.0 APPLICABILITY 


This procedure will be used by CABRERA personnel to operate air samplers during 
surveys and work activities at customer facilities, calculate, and record DAC-Hour 
exposures to workers.  Air samples are performed when the average alpha and 
beta contamination on facility surfaces, equipment and waste packages exceed 
the contamination limits specified in Table 1 of the Radiation Protection Manual 
(RPM) and included as Attachment OP-002-03 of this procedure.  Air monitoring 
shall be performed in areas where there exists potential to exceed 10 percent of 
any DAC. 


3.0 PRECAUTIONS, LIMITATIONS AND REQUIREMENTS 


3.1 Precautions 


Not Applicable 


3.2 Limitations 


Not Applicable 


3.3 Requirements 


3.3.1 Air samplers should only be operated in temperatures between –40 F 
to 1220 F. 


3.3.2 Air sampler inspections shall be performed by qualified Health 
Physics personnel. 


4.0 REFERENCES 
• RSP    Radiation Safety Program 
• AP-001   Record Retention 
• OP-021   Alpha-Beta Sample Counting Instrumentation 
• Reg Guide 8.25  Air sampling in the Workplace 
• NUREG-1556 Consolidated Guidance About Material Licenses (Vol.11) 
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5.0 DEFINITIONS AND ABBREVIATIONS 


5.1 Restricted Area – An area, access to which is limited by the licensee for the 
purpose of protecting individuals against undue risks from exposure to 
radiation and radioactive materials.  Restricted area does not include areas 
used as residential quarters, but separate rooms in a residential building 
may be set apart as a restricted area. 


5.2 Smear Sample Survey – A survey technique using filter paper smears to 
determine quantities of alpha and beta emitting radioactive material which 
can be removed from facility surfaces and waste packages. 


5.3 Air Sample Survey – A survey technique which collects particulates from a 
known volume of air and determines the concentrations of radioactive 
materials associated with the airborne particulates. 


5.4 Annual Limit on Intake (ALI) – The annual limit on intake (ALI) of radioactive 
materials is the smaller amount of radioactive material taken into the body 
of an adult worker by inhalation or ingestion in a year (40 hours per week 
for 50 weeks) that would result in a committed effective dose equivalent 
(CEDE) of 5 rem or a committed dose equivalent (CDE) of 50 rems to any 
individual organ or tissue. 


5.5 Derived Air Concentration (DAC) – Derived air concentration is the 
concentration of a given radionuclide in air which, if breathed by “reference 
man” for a working year (40 hours per week for 50 weeks) under the 
conditions of light work (inhalation rate of 1.2 cubic meters of air per hour), 
results in an air intake of one ALI. 


5.6 DAC-Hour – The product of the concentration of radioactive material in air 
(expressed as a multiple of the derived air concentration for each nuclide) 
and the time of exposure to that nuclide, in hours, 2000 DAC-Hours 
represents one ALI. 


5.7 Airborne Radioactivity Area – A room, enclosure or area in which the 
radioactive material is dispersed in the form of dusts, fumes, mists, 
particulates, vapors and the concentration of the dispersed radioactive 
materials in excess of: 


5.7.1 The derived air concentrations (DAC’s) specified in Table 1, column 
3 of Appendix B, Title 10 Part 20 of the Code of Federal Regulations, 
or 


5.7.2 Concentrations such that an individual present in the area without 
respiratory protective equipment could exceed, during the hours the 
individual is present in a week, an intake of 0.6 percent on the 
annual limit on intake (ALI) or 12 DAC-hrs. 
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6.0 EQUIPMENT 


6.1 None 


7.0 RESPONSIBILITIES 


7.1 Project Manager (PM) – the PM is responsible for ensuring that personnel 
assigned the task of air sampling and air sampling analysis are familiar with 
this procedure, adequately trained with the specific instrument being used 
to perform surveys. 


7.2 Radiation Safety Officer (RSO) – The RSO is responsible for monitoring 
compliance with this procedure and training personnel in the use of the air 
sampling and air sampling analysis.  The RSO can also assist in the 
interpretation of the results obtained during surveys. 


7.3 Radiological Field Supervisor (RFS) – During field assignments, the RFS is 
responsible for ensuring that this procedure is implemented.  When the 
RSO is not on site, the RFS will act as the RSO’s duly authorized 
representative for radiological issues. 


7.4 Health Physics Technicians (HPT) – The HPT performing air sampling and 
air sampling analysis are responsible for knowing and complying with this 
procedure. 


8.0 INSTRUCTIONS 


8.1 Initial Preparation 


8.1.1 Select the air sampler to be used for the type of sample to be used 
and verify that the instrument has a currently valid calibration.  If the 
work area contains radioiodine or tritium, contact the radiation safety 
officer for special sampling procedures before proceeding. 


8.1.1.1 Area air samples are normally collected with a low volume 
air sampler having normal airflow of 1 CFM to 5 CFM. 


8.1.1.2 Breathing zone air samples are normally collected using 
lapel air samplers, which have a normal airflow of 1 to 5 
liters per minute. 


8.1.1.3 All air sampling devices shall be calibrated to ensure 
accurate sample volumes are collected.  The frequency of 
calibration shall not exceed one (1) year. 
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8.1.2 Attach the air sampling head to the intake of the low volume sample 
pump or to the tygon tubing of the Lapel sampler. 


8.1.3 Obtain the filter paper to be used in the sample and mark the 
backside of the filter with a unique number, which will represent the 
sample.  During the collection and handling of air sample filter 
papers, caution must be used to prevent the samples from being 
contaminated by other radioactive materials. 


8.1.4 Place the filter paper in the holder and position the sampler as 
indicated below. 


8.1.4.1 Area air samples are collected by placing the sample head 
at a distance of 3 to 6 feet above the floor and as close to 
the work area as practical.  If there is airflow in the work 
area, the sampler should be placed “down wind” of the area 
where workers will be resuspending radioactive particulates 
into the workers atmosphere. 


8.1.4.2 Lapel air samples are collected from workers breathing 
zone.  The sample head is attached to the shoulder of the 
worker with the sample head facing forward.  The tygon 
tubing connecting the sample head to the pump is run down 
the back of the worker with the sample pump attached to the 
workers belt. 


8.2 Collecting the sample 


8.2.1 When the sample head is in position, start the sample pump and 
adjust the flow rate to the highest flow rate, which can be maintained 
without flow rate fluctuations. 


8.2.2  Record the time the sample was started and the initial flow rate of 
the sample pump on Form OP-002-01, Air Sample Data Sheet. 


8.2.3 If possible, identify the radionuclides, which will be encountered in 
the work area and record the radionuclides along with the DAC for 
each radionuclide in the space provided on the Air Sample Data 
sheet.  If a mixture of radionuclides is present, the DAC used in the 
calculations of DAC-Hours will be the most restrictive concentration. 


8.2.4 Collect the sample for the maximum time possible, which represents 
the exposure encountered by the worker. 


8.2.5 At the end of the collection period, note the flow rate of the sample 
pump and record this flow rate and the time, which the sampling 
stopped on the Air Sample Data sheet. 
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CAUTION: Be sure not to remove activity from the sample surface.  Handle the 
filter with care. 


8.2.6 Remove the sample filter and place the filter in an individual 
envelope or poly bag to ensure no possibility of contamination by 
other sources of radioactivity. 


8.2.7 Record the names of workers who were in the area and the time 
spent in the work area on the Air Sample Data sheet. 


8.2.8 Determine the average sample flow rate by adding the initial sample 
flow rate and the final sample flow rate and dividing by 2.  Record the 
average flow sample flow rate in the space provided on the Air 
Sample Data sheet. 


8.2.9 Calculate the total air volume sampled by multiplying the average 
flow rate in cubic centimeters per minute by the total minutes the 
sampler operated using the indicated spaces on the Air Sample Data 
sheet. 


8.3 Determining minimum detectable activity (MDA) – During calculations or air 
concentrations in the following sections, the MDA for each analysis is 
calculated to determine the statistical significance of the calculated air 
concentrations. 


8.3.1 For each air concentration calculation (alpha and beta) in the 
following sections, calculate the MDA using the following formula: 
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Where: 


 E = Counter efficiency in CPM/DPM 


 Rb = Background Count Rate in CPM 


 Tb = Background Counting Time in Minutes 


 Ts+b = Sample Counting Time in Minutes 


 V = Sample Volume in cm3 
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kα =  1.645 for a confidence level of 95% and 1.96 for a 
confidence level of 99% 


8.3.2 If the MDA is larger than 10% of the Derived Air Concentration, 
recount the background for a longer time and/or increase the sample 
count time to lower the MDA.  (The maximum count time should not 
exceed 1 hour for background and 30 minutes for the sample).  Enter 
the MDA for each air concentration calculated in the space provided 
on the Air Sample Data sheet. 


8.4 Initial Air Sample Analysis – The initial analysis of air sample provides the 
air concentrations for short-lived radionuclides and a first estimate of the 
long-lived air concentrations.  In situations where there is a potential for 
worker intakes to exceed 40 DAC-Hours in a week or if the radionuclides of 
interest are short-lived, air samples should be available before work 
resumes the following day. 


8.4.1 Air particulate samples are to be analyzed as a minimum for gross 
alpha and gross beta activity using a Ludlum Model 2929 Dual 
Channel Scaler or equivalent. 


8.4.2 Place the air sample collection media in the sample counter with the 
upstream collection side toward the detector.  Count the air sample 
and calculate the sample activity and record results on appropriate 
form(s). 


8.4.3 Record the Alpha and Beta sample DPM results in the Air Sample 
Data sheet. 


8.4.4 Calculate the alpha and beta air concentrations using the following 
formula.  Adjustment due to alpha self absorption are made as 
appropriate. 
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8.4.5 Enter the alpha and beta air concentrations on the Air Sample Data 
sheet in the space provided for the initial air concentrations. 


NOTE: If the air sample concentration is greater than 10% of the DAC value, 
notify the RSO or duly authorized representative for further instructions. 


8.4.6 If the air concentration is less than 10 percent of the most restrictive 
DAC, no further analysis of the air sample is required.  If the air 
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concentration exceeds 10% of the DAC concentration, proceed with 
the analysis in section 8.5. 


8.5 Air sample analysis for long-lived radionuclides – This analysis allows for 
decay of naturally occurring radionuclides and provides for correcting air 
concentrations for naturally occurring radionuclides. 


8.5.1 Air particulate samples are analyzed following 12 hour decay, and 
again at 72 hours if necessary to allow for decay of radon, for gross 
alpha and gross beta using a Ludlum Model 2929 Dual Channel 
Scaler or equivalent. 


8.5.2 Place the air sample in the sample counter with the collection side 
toward the detector.  Count the air sample and calculate the sample 
activity and record results on appropriate form(s). 


8.5.3 Record the Alpha and Beta sample DPM results in the Air Sample 
Data sheet. 


8.5.4 Calculate the alpha and beta air concentrations using the following 
formula.  Adjustments due to self absorption are made as 
appropriate. 
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8.5.5 Enter the alpha and beta air concentrations on the Air Sample Data 
sheet in the space provided for the 12-hour decay concentrations.  If 
the 12-hour decay air concentrations is below 10% of the DAC no 
further analysis is required. 


8.5.6 If the 12-hour air concentration is above 10% percent of the DAC 
value, recount the air sample following 72 hours of decay from the 
time the sample was stopped.  Calculate the air concentration using 
the formula in step 8.5.4 and record the air concentrations in the 
space provided for the 72-hour decay air concentration on the Air 
Sample Data sheet.  If the 72-hour air concentration is below 10% of 
the DAC value, no further analysis is required.  


8.5.7 If the air concentrations exceed 10% of the DAC values, notify the 
RSO or duly authorized representative for further instructions.  Save 
the air sample for possible further analysis.  For air samples, which 
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exceed 10% of the DAC values, an exposure is assigned to the 
workers residing in the area where the sample was taken. 


8.6 Assignment of DAC-Hour exposures to workers 


8.6.1 For air samples which exceed 10% of the DAC values, calculate the 
workers DAC-Hour exposure using the following  formula: 


Exposure in DAC-Hours = 
C
BA×  


   Where: 


   A = Area or Lapel air sample concentration in uCi/cm3 


   B = Hours worker was in the calculated air concentration 


   C = DAC air concentration in uCi/cm3 from regulatory reference. 


8.6.2 Enter the DAC-Hour exposure on the column provided on the Air 
Sample Data sheet.  If respiratory protection was used during the 
exposure period, contact the RSO or duly authorized representative 
for the protection factor used to adjust DAC-Hour exposure. 


9.0 QUALITY ASSURANCE/RECORDS 


9.1 Quality Assurance 


9.1.1 The alpha and beta counter used to count air samples will be 
calibrated daily when in with a known radioactive source with activity 
traceable to the National Institute of Standards and Technology 
(NIST). 


9.2 Records 


9.2.1 Documented information shall be legibly written in ink. 


9.2.2 Data shall not be obliterated by erasing, using white-out, or by any 
other means.  Incorrect entries shall be corrected by striking a single 
line across the entry.  The correction shall be entered, initialed, and 
dated. 


9.2.3 The health physics technician performing air sampling and analysis 
shall ensure that this procedure is the most current and approved 
revision. 
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9.2.4 The health physics technician performing air sampling and analysis 
shall review all applicable forms for accuracy and completeness. 


9.2.5 Entries on and any other pertinent forms must be dated and initialed 
by the health physics technician performing the air sampling and 
analysis to be valid. 


9.2.6 The RSO or duly authorized representative shall review any 
applicable completed forms.  The review shall be for accuracy and 
completeness. 


10.0 ATTACHMENTS 


OP-002-01   Air Sample Data Sheet 


OP-002-02  Daily Air Sample Record 


OP-002-03  Contamination Limits 
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OP-002-01 
Air Sample Data Sheet 


 
Sample # ___________________                                 Date ____________________ 


Description: ______________________________________________________________ 


Radionuclides: _____________________ DAC value: _________________________ 


  _____________________ DAC value: _________________________ 


  _____________________ DAC value: _________________________ 


Initial sample flow rate: _____________ Time sampler on: _____________________ 


Final sample flow rate: _____________ Time sampler off: _____________________ 


Average sample flow rate: __________ Total sample time:________________ hours 


Total sample volume: ______________ cm3      


Initial Air Concentration: 


 Alpha = ____________ µCi α/cm3                               Beta = ___________ µCi β/cm3                                                                                                 


 MDA  = ____________ µCi α/cm3                               MDA = ___________ µCi β/cm3 


 


 


12 Hour Decay Air Concentration: 


 Alpha = ____________ µCi α/cm3                               Beta = ___________ µCi β/cm3                                                                                                


 MDA  = ____________ µCi α/cm3                               MDA = ___________ µCi β/cm3 


 


 


72 Hour Decay Concentration: 


 Alpha = ____________ µCi α/cm3                               Beta = ___________ µCi β/cm3                                                                                                 


 MDA  = ____________ µCi α/cm3                               MDA = ___________ µCi β/cm3 


 


 


 


Performed By:  ___________________________ Date:  _________________________ 
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OP-002-02 
Daily Air Sample Record 


 


Worker Name Sample 


Date 


Final 


Count 


Date 


Time 


In 


Time 


out 


Total 


time 


(Hrs.) 


Concentration 


(uCi/cm3) 


DAC-Hour 


Exposure 
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OP-002-03 


Contamination Limits from Table 1 of RPM 


ALLOWABLE SURFACE 


CONTAMINATION 


(DPM/100 CM2) 


 


 


RADIONUCLIDE 


 


 


 


 


 


REMOVABLE 


FIXED + 


REMOVABLE 


 


Transuranics, Ra-226, Ra-228, Th-230, 
Pa-231, Ac-227, I-125, I-129 


 


20 100 


Th-Natural, Th-232, Sr-90, Ra-223     
Ra-224, U-232, I-126, I-131, I-133 


 


200 1000 


U-Natural, U-235, U-238, and associated 
Decay products 


 


1000 5000 


Beta-Gamma emitters (radionuclides 
with decay modes other than alpha 
emission or spontaneous fission) except 
Sr-90 and others noted above. 


1000 5000 
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		PURPOSE

		APPLICABILITY

		PRECAUTIONS, LIMITATIONS AND REQUIREMENTS

		Precautions

		Limitations

		Requirements

		Air samplers should only be operated in temperatu

		Air sampler inspections shall be performed by qualified Health Physics personnel.





		REFERENCES

		DEFINITIONS AND ABBREVIATIONS

		Restricted Area – An area, access to which is lim

		Smear Sample Survey – A survey technique using fi

		Air Sample Survey – A survey technique which coll

		Annual Limit on Intake \(ALI\) – The annual li�

		Derived Air Concentration \(DAC\) – Derived ai�

		DAC-Hour – The product of the concentration of ra

		Airborne Radioactivity Area – A room, enclosure o

		The derived air concentrations \(DAC’s\) speci�

		Concentrations such that an individual present in the area without respiratory protective equipment could exceed, during the hours the individual is present in a week, an intake of 0.6 percent on the annual limit on intake (ALI) or 12 DAC-hrs.





		EQUIPMENT

		None



		RESPONSIBILITIES

		Project Manager \(PM\) – the PM is responsible�

		Radiation Safety Officer \(RSO\) – The RSO is �

		Radiological Field Supervisor \(RFS\) – During�

		Health Physics Technicians \(HPT\) – The HPT p�



		INSTRUCTIONS

		Initial Preparation

		Select the air sampler to be used for the type of sample to be used and verify that the instrument has a currently valid calibration.  If the work area contains radioiodine or tritium, contact the radiation safety officer for special sampling procedures

		Area air samples are normally collected with a low volume air sampler having normal airflow of 1 CFM to 5 CFM.

		Breathing zone air samples are normally collected using lapel air samplers, which have a normal airflow of 1 to 5 liters per minute.

		All air sampling devices shall be calibrated to ensure accurate sample volumes are collected.  The frequency of calibration shall not exceed one (1) year.



		Attach the air sampling head to the intake of the low volume sample pump or to the tygon tubing of the Lapel sampler.

		Obtain the filter paper to be used in the sample and mark the backside of the filter with a unique number, which will represent the sample.  During the collection and handling of air sample filter papers, caution must be used to prevent the samples from

		Place the filter paper in the holder and position the sampler as indicated below.

		Area air samples are collected by placing the sam

		Lapel air samples are collected from workers breathing zone.  The sample head is attached to the shoulder of the worker with the sample head facing forward.  The tygon tubing connecting the sample head to the pump is run down the back of the worker with





		Collecting the sample

		When the sample head is in position, start the sample pump and adjust the flow rate to the highest flow rate, which can be maintained without flow rate fluctuations.

		Record the time the sample was started and the initial flow rate of the sample pump on Form OP-002-01, Air Sample Data Sheet.

		If possible, identify the radionuclides, which will be encountered in the work area and record the radionuclides along with the DAC for each radionuclide in the space provided on the Air Sample Data sheet.  If a mixture of radionuclides is present, the D

		Collect the sample for the maximum time possible, which represents the exposure encountered by the worker.

		At the end of the collection period, note the flow rate of the sample pump and record this flow rate and the time, which the sampling stopped on the Air Sample Data sheet.

		Remove the sample filter and place the filter in an individual envelope or poly bag to ensure no possibility of contamination by other sources of radioactivity.

		Record the names of workers who were in the area and the time spent in the work area on the Air Sample Data sheet.

		Determine the average sample flow rate by adding the initial sample flow rate and the final sample flow rate and dividing by 2.  Record the average flow sample flow rate in the space provided on the Air Sample Data sheet.

		Calculate the total air volume sampled by multiplying the average flow rate in cubic centimeters per minute by the total minutes the sampler operated using the indicated spaces on the Air Sample Data sheet.



		Determining minimum detectable activity \(MDA\�

		For each air concentration calculation (alpha and beta) in the following sections, calculate the MDA using the following formula:

		�

		If the MDA is larger than 10% of the Derived Air Concentration, recount the background for a longer time and/or increase the sample count time to lower the MDA.  (The maximum count time should not exceed 1 hour for background and 30 minutes for the samp



		Initial Air Sample Analysis – The initial analysi

		Air particulate samples are to be analyzed as a minimum for gross alpha and gross beta activity using a Ludlum Model 2929 Dual Channel Scaler or equivalent.

		Place the air sample collection media in the sample counter with the upstream collection side toward the detector.  Count the air sample and calculate the sample activity and record results on appropriate form(s).

		Record the Alpha and Beta sample DPM results in the Air Sample Data sheet.

		Calculate the alpha and beta air concentrations using the following formula.  Adjustment due to alpha self absorption are made as appropriate.

		Enter the alpha and beta air concentrations on the Air Sample Data sheet in the space provided for the initial air concentrations.

		If the air concentration is less than 10 percent of the most restrictive DAC, no further analysis of the air sample is required.  If the air concentration exceeds 10% of the DAC concentration, proceed with the analysis in section 8.5.



		Air sample analysis for long-lived radionuclides �

		Air particulate samples are analyzed following 12 hour decay, and again at 72 hours if necessary to allow for decay of radon, for gross alpha and gross beta using a Ludlum Model 2929 Dual Channel Scaler or equivalent.

		Place the air sample in the sample counter with the collection side toward the detector.  Count the air sample and calculate the sample activity and record results on appropriate form(s).

		Record the Alpha and Beta sample DPM results in the Air Sample Data sheet.

		Calculate the alpha and beta air concentrations using the following formula.  Adjustments due to self absorption are made as appropriate.

		Enter the alpha and beta air concentrations on the Air Sample Data sheet in the space provided for the 12-hour decay concentrations.  If the 12-hour decay air concentrations is below 10% of the DAC no further analysis is required.

		If the 12-hour air concentration is above 10% percent of the DAC value, recount the air sample following 72 hours of decay from the time the sample was stopped.  Calculate the air concentration using the formula in step 8.5.4 and record the air concentra

		If the air concentrations exceed 10% of the DAC values, notify the RSO or duly authorized representative for further instructions.  Save the air sample for possible further analysis.  For air samples, which exceed 10% of the DAC values, an exposure is as



		Assignment of DAC-Hour exposures to workers

		For air samples which exceed 10% of the DAC values, calculate the workers DAC-Hour exposure using the following  formula:

		Enter the DAC-Hour exposure on the column provided on the Air Sample Data sheet.  If respiratory protection was used during the exposure period, contact the RSO or duly authorized representative for the protection factor used to adjust DAC-Hour exposure.





		QUALITY ASSURANCE/RECORDS

		Quality Assurance

		The alpha and beta counter used to count air samples will be calibrated daily when in with a known radioactive source with activity traceable to the National Institute of Standards and Technology (NIST).



		Records

		Documented information shall be legibly written in ink.

		Data shall not be obliterated by erasing, using white-out, or by any other means.  Incorrect entries shall be corrected by striking a single line across the entry.  The correction shall be entered, initialed, and dated.

		The health physics technician performing air sampling and analysis shall ensure that this procedure is the most current and approved revision.

		The health physics technician performing air sampling and analysis shall review all applicable forms for accuracy and completeness.

		Entries on and any other pertinent forms must be dated and initialed by the health physics technician performing the air sampling and analysis to be valid.

		The RSO or duly authorized representative shall review any applicable completed forms.  The review shall be for accuracy and completeness.





		ATTACHMENTS
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1.0 PURPOSE 


The purpose of this procedure is to specify requirements for releasing material 
from controlled areas and to minimize the potential for unintentionally releasing 
contaminated items to uncontrolled areas in accordance with the provisions 
stated in Section 4.0, References.  This procedure sets forth the specific 
requirements for release of materials from controlled areas applicable to Cabrera 
Services, Inc. (CABRERA) field projects. 


2.0 APPLICABILITY 


2.1 This procedure provides instructions for CABRERA personnel while 
performing release surveys of items controlled as contaminated or 
potentially contaminated with radioactive materials. 


2.2 The procedure will be used to ensure by survey that materials released 
from contaminated or potentially contaminated areas will meet the release 
criteria applicable to the license conditions, facility requirements, or as 
specified in regulations or guidance provided by applicable regulatory 
agencies of the federal or state government. 


3.0 PRECAUTIONS, LIMITATIONS AND REQUIREMENTS 


3.1 Precautions 


3.1.1 Instruments used to perform release surveys shall be operated in 
accordance with the respective operating procedure. 


3.1.2 Large area smears may be used to augment (but not replace) the 
100 cm2 smear survey.  Large area wipes may be counted with the 
Ludlum Model-3 or equivalent.  Large area smears are used to 
obtain immediate information concerning loose contamination for the 
purpose of radiological protection and to minimize time spent 
performing disc smears on an item easily identified as contaminated. 


3.1.3 A release document package, at a minimum, shall include the 
following forms: 


3.1.3.1 The Health Physics daily log. 


3.1.3.2 Material Release Log. 


3.1.3.3 Radiation and Contamination Survey or an Unconditional 
Release of Equipment or Items Survey and/or Sample 
Calculation Worksheet. 
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3.1.3.4 Daily Instrument Calibration Log. 


3.1.4 The release document shall include the following information: 


3.1.4.1 The date of the release survey. 


3.1.4.2 The number of the release survey. 


3.1.4.3 A description or identification of the item. 


3.1.4.4 The identity of the Health Physics Technician performing the 
release survey. 


3.1.4.5 The evaluator of the material for release. 


3.1.4.6 The release approval of the RSO or duly authorized 
representative. 


3.1.5 Surveys performed for the release of material shall be documented 
on a Radiation and Contamination Survey and/or on an 
Unconditional Release of Equipment or Items Survey. 


3.1.6 Radiation/contamination surveys shall be performed in accordance 
with OP-001. 


3.1.7 Items identified as radioactive during the release survey shall be 
controlled in accordance with OP-019. 


3.1.8 Personnel performing release surveys shall be logged in on a 
Radiation Work Permit in accordance with AP-012 (if applicable). 


3.1.9 Audible response instruments must be used during direct scan 
surveys. 


3.1.10 The instruments used for release surveys shall be within current 
calibration and shall have had a response check performed daily or 
before use in accordance with the instrument’s operating procedure. 


3.1.11 Items presented for release shall be direct scanned in an area of low 
background. 


3.2 Limitations 


3.2.1 The maximum probe speed during direct scan surveys of surfaces 
shall be 3 cm/sec. 
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3.2.2 A response check shall be performed at the completion of the 
workday for instruments used for direct scan surveys in accordance 
with the instruments operating procedure. 


3.2.3 The probe face shall be held within ¼ inch of the surface being 
surveyed for alpha radiation, and within ½ inch of the surface being 
surveyed for beta-gamma radiation. 


3.2.4 If an instrument used to perform release surveys fails any 
operational check, it shall be removed from service.  All data 
collected during the period of instrument failure must be evaluated by 
the RSO or duly authorized representative. 


3.2.5 Posting and access control of controlled areas shall be performed in 
accordance with OP-019. 


3.3 Requirements 


None 


4.0 REFERENCES 
• 10 CFR 20  Standards for Protection Against Radiation 
• AP-001  Record Retention 
• AP-010  Personnel Protective Equipment 
• AP-012  Radiation Work Permits 
• OP-001  Radiological Surveys 
• OP-009  Use and Control of Radioactive Check Sources 
• OP-019  Radiological Posting 
• OP-020  Operation of Contamination Survey Meters 
• OP-021  Alpha-Beta Counting Instrumentation 
• OP-023  Operation of Micro-R Survey Meters 
• NUREG-1556 Consolidated Guidance About Material Licenses (Vol.11) 
• Reg 1.86  Termination of Operating Licenses for Nuclear Reactors 


5.0 DEFINITIONS AND ABBREVIATIONS 


5.1 Activity – The rate of disintegration (transformation) or decay of radioactive 
material.  The units of activity for the purpose of this procedure are 
Becquerel (Bq) or micro-Curies (µCi). 


5.2 Contamination – Deposition of radioactive material in any place where it is 
not desired.  Contamination may be due to the presence of alpha particle, 
beta particle or gamma ray emitting radionuclides. 
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5.3 Restricted Area – An area to which access is controlled to protect 
individuals against undue risks from exposure to radiation and radioactive 
materials. 


5.4 Fixed Contamination – Radioactive contamination that is not readily 
removed from a surface by applying light to moderate pressure when wiping 
with a paper or cloth disk smear, or masslinn. 


5.5 Minimum Detectable Activity (MDA) – For purposes of this procedure, MDA 
for removable radioactive contamination is defined as the smallest amount 
of sample activity that will yield a net count with a 95% confidence level 
based upon the background count rate of the counting instrument used. 


5.6 Release for Unconditional Use – A level of radioactive material below which 
it is acceptable for use without restrictions.  Under normal circumstances, 
authorized limits for residual radioactive material are set equal to, or below, 
the values specified in Regulatory Guide 1.86, Termination of Operating 
Licenses for Nuclear Reactors. 


5.7 Survey – is defined as an evaluation of the radiological conditions and 
potential hazards incident to the production, use, transfer, release, disposal, 
or presence of radioactive material or other sources of radiation. 


5.8 Survey Exempt Materials – The contents of sealed containers which remain 
unopened while in a controlled area are exempt, the outside surfaces are 
not exempt. 


6.0 EQUIPMENT 


None 


7.0 RESPONSIBILITIES 


7.1 Project Manager (PM) – the PM is responsible for ensuring that personnel 
assigned the task of surveying materials are familiar with this procedure, 
adequately trained in the use of this procedure, and have access to a copy 
of this procedure. 


7.2 Radiation safety Officer (RSO) – The RSO is responsible for verifying that 
personnel comply with this procedure and are trained in the use of 
contamination survey meters described in this procedure. 


7.3 Radiological Field Supervisor (RFS) – During field assignments, the RFS is 
responsible for ensuring that this procedure is implemented.  When the 
RSO is not on site, the RFS will act as the RSO’s duly authorized 
representative for radiological issues. 
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7.4 Health Physics Technicians (HPT) – The HPT are responsible for 
performing the surveys described in this procedure. 


8.0 INSTRUCTIONS 


8.1 Release Limits for Gross Activity (Unknown Isotopes) 
 


EMISSION REMOVABLE
dpm/100 cm2 


TOTAL (Fixed and Removable)
dpm/100 cm2 


       Alpha              20                  100 
   Beta-Gamma             200                 1000 


 
NOTE: If all of the constituents of the contamination are known and documented on 


the release documents, the release limits of Table 1 of Regulatory Guide 1.86, 
Termination of Operating Licenses for Nuclear Reactors applies. 


8.2 Inaccessible Surfaces 


8.2.1 Items with inaccessible surfaces should be disassembled as 
completely as possible to facilitate release surveys.  Items with 
inaccessible surfaces will not be unconditionally released unless 
evaluated by a designated evaluator who authorizes and documents 
the release. 


8.2.2 The following guidance will be used when performing evaluations: 


8.2.2.1 A history of the item should be reviewed. 


8.2.2.2 The actual release survey shall be reviewed. 


8.2.2.3 Determination of the radiological conditions in the area the 
item has been used or stored shall be reviewed. 


8.2.2.4 Use of gamma radiation sensitive detectors such as NaI(TI) 
or equivalent should be considered.  (These detectors may 
indicate internal contamination that a beta sensitive detector 
may not detect due to the beta detector’s lack of sensitivity 
to photon emissions as well as the inability of beta emissions 
to penetrate through many surfaces). 


8.3 Materials considered dangerous, fragile, or not readily smearable due to 
their physical or chemical nature shall not be unconditionally released 
unless evaluated on a case by case basis for release in a manner 
consistent with Section 8.2.2.  Evaluation for release shall be performed by 
a designated evaluator only. 
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8.4 Survey Exempt Materials 


8.4.1 Items such as briefcases, pens, papers, personal clothing, etc., are 
exempt from the Health Physics release survey requirements of this 
procedure, unless deemed appropriate by the HPT. 


8.4.2 Individuals shall survey the exempt items in the same manner as a 
whole body frisk when leaving a controlled area or have a Health 
Physics Technician perform the survey. 


8.5 Survey Procedure 


8.5.1 Upon receipt of an item presented for release, attempt to determine 
the history: 


8.5.1.1 Purpose of item. 


8.5.1.2 The current and past use of the item. 


8.5.1.3 The location(s) in which the item was used or stored. 
8.5.1.4 If the item was ever used for work with radioactive material 


or used in an area where radioactive material was used or 
stored. 


NOTE: This knowledge of the item history should provide the surveyor with 
information helpful in performing the release survey. 


8.5.2 Using protective clothing such as gloves, perform large area smears 
of 100% of the accessible surfaces of the item using large area 
wipes (e.g. masslinn). 


8.5.2.1 Determine if transferable (loose) radioactive material is 
present by measuring the amount of activity on the surface 
of the cloth. 


8.5.2.2 If the presence of radioactive material is indicated by a count 
rate above background, the item shall be treated as 
contaminated until the results of the disc smear survey are 
obtained and determination is made concerning the actual 
100 cm2 loose contamination levels.  The material shall be 
controlled in accordance with OP-019. 


8.5.3 Perform a direct scan of 100% of all accessible areas of the item, in 
accordance with the instrument’s operating procedure, and OP-001. 


NOTE: Items presented for release shall be direct scanned in an area of low 
background.  Preferably ≤ 100 CPM.  The Health Physics Technician 
performing the release survey shall determine if the background is 
acceptable for direct scan of the item. 
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8.5.4 If the scan indicates radioactive material on the surface of the item is 
less than the limits of release for total activity, proceed to 8.5.10. 


8.5.5 If the scan indicates radioactive material on the surface is greater 
than regulatory limits for total activity, the item cannot be released. 


8.5.6 During the direct scan of the accessible surfaces of the item, a static 
measurement shall be taken: 


8.5.6.1 If an increase in the audible count rate is detected. 


8.5.6.2 After each minute of scanning. 


8.5.6.3 When the Health Physics Technician determines that an 
indication of fixed activity in an area less than ten square 
centimeters may be present. 


8.5.6.4 During the static measurement, the meter probe shall be 
held at the proper distance from the surface being surveyed 
for the proper response period to allow the meter reading to 
stabilize, in accordance with the instrument’s operating 
procedure. 


8.5.7 Perform disc smears which are representative of 100% of the 
effective surface area. 


8.5.7.1 100% of the effective accessible surface means performing 
a 100 cm2 disc smear on all accessible areas of the item 
suspected of being contaminated. 


8.5.8 Count the smears in accordance with reference OP-001 and/or OP-
021 as appropriate. 


8.5.8.1 Record smear data on the Radiation and Contamination 
Survey. 


8.5.8.2 If the smear results indicate transferable activity below the 
release limits, proceed to Step 8.5.10 


8.5.8.3 If the smear results indicated transferable activity above the 
release limits, the item cannot be released 


8.5.9 If item has internal or inaccessible surfaces, CABRERA personnel will 
disassemble the item and repeat Steps 8.5.2 through 8.5.5 or have 
the item evaluated for release by a designated evaluator. 
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8.5.10 If the item meets the release limits or is evaluated as meeting the 
unconditional release criteria, complete form OP-004-01.  The RSO 
or duly authorized representative must review the release documents 
and approve the release before allowing the item to leave the 
controlled area. 


8.5.11 If items are identified as radioactive during the release survey, 
contact the RSO or duly authorized representative. 


8.6 Action level 


8.6.1 If direct frisk beta-gamma instrument readings exceed 100 cpm 
above background (with background less than 200 cpm) or 25 cpm 
alpha, those areas shall be surveyed as follows: 


8.6.1.1 Perform a smearable contamination survey using 100 cm2 of 
affected areas, and count the smears for beta-gamma and 
alpha contamination to determine if contamination is “fixed” 
or “removable.” 


8.6.2 Any vehicle with removable contamination exceeding the site limits 
listed below shall be brought to the attention of the RSO or duly 
authorized representative and handled appropriately. 


8.6.3 Any vehicle with removable contamination exceeding the DOT limits 
listed below shall be brought to the attention of the RSO or 
authorized representative for release or acceptance approval. 


8.6.3.1 2,200 dpm/100 cm2 beta-gamma 


8.6.3.2 220 dpm/100 cm2  alpha.   


8.6.4 Dose rate surveys, which exceed 0.2 mR/hr, shall be brought to the 
attention of the RSO or duly authorized representative for release or 
acceptance approval. 


8.7 The results of the survey shall be documented on Radiation and 
Contamination surveys. 


9.0 QUALITY ASSURANCE/RECORDS 


9.1 Quality Assurance 


9.1.1 Instrumentation used for surveys will be checked with standards 
each day prior to use and verified to have current valid calibration. 
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representative to ensure by second check that no radioactive 
material has been released to the public or the environment. 


9.1.3 The health physics technician performing the survey shall review 
Form OP-004-01 and any other applicable forms for accuracy and 
completeness. 


9.2 Records 


9.2.1 Documented information shall be legibly written in ink. 


9.2.2 Data shall not be obliterated by erasing, using white-out, or by any 
other means.  Incorrect entries shall be corrected by striking a single 
line across the entry.  The correction shall be entered, initialed, and 
dated. 


9.2.3 The health physics technician performing the survey shall ensure 
that this procedure is the most current and approved revision. 


9.2.4 Entries on Form OP-004-01 and any other pertinent forms must be 
dated and initialed by the health physics technician performing the 
survey to be valid. 


9.2.5 The RSO or duly authorized representative shall review any 
applicable completed forms.  The review shall be for accuracy and 
completeness. 


10.0 ATTACHMENTS 


OP-004-01  Unconditional Release of Equipment or Items Report 
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OP-004-01 
UNCONDITIONAL RELEASE OF EQUIPMENT AND ITEMS LOG 


 
 


Project Name _________________________________Project Number_______________ 
 


Item/ 
Equipment Released 


                        Comments Survey #  Date 


 
 


   


 
 


   


 
 


   


 
 


   


 
 


   


 
 


   


 
 


   


 
 


   


 
 


   


 
 


   


 
 


   


 
 


   


 
 


   


 
 


   


 
 


   


 
 


   


 
 


   


 
 


   


 
 


   


 
 


Reviewed By:  ______________________________  Date:  ________ 
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		PURPOSE

		APPLICABILITY

		This procedure provides instructions for Cabrera personnel while performing release surveys of items controlled as contaminated or potentially contaminated with radioactive materials.

		The procedure will be used to ensure by survey that materials released from contaminated or potentially contaminated areas will meet the release criteria applicable to the license conditions, facility requirements, or as specified in regulations or guida



		PRECAUTIONS, LIMITATIONS AND REQUIREMENTS

		Precautions

		Instruments used to perform release surveys shall be operated in accordance with the respective operating procedure.

		Large area smears may be used to augment (but not replace) the 100 cm2 smear survey.  Large area wipes may be counted with the Ludlum Model-3 or equivalent.  Large area smears are used to obtain immediate information concerning loose contamination for 

		A release document package, at a minimum, shall include the following forms:

		The Health Physics daily log.

		Material Release Log.

		Radiation and Contamination Survey or an Unconditional Release of Equipment or Items Survey and/or Sample Calculation Worksheet.

		Daily Instrument Calibration Log.



		The release document shall include the following information:

		The date of the release survey.

		The number of the release survey.

		A description or identification of the item.

		The identity of the Health Physics Technician performing the release survey.

		The evaluator of the material for release.

		The release approval of the RSO or duly authorized representative.



		Surveys performed for the release of material shall be documented on a Radiation and Contamination Survey and/or on an Unconditional Release of Equipment or Items Survey.

		Radiation/contamination surveys shall be performed in accordance with OP-001.

		Items identified as radioactive during the release survey shall be controlled in accordance with OP-019.

		Personnel performing release surveys shall be logged in on a Radiation Work Permit in accordance with AP-012 (if applicable).

		Audible response instruments must be used during direct scan surveys.

		The instruments used for release surveys shall be

		Items presented for release shall be direct scanned in an area of low background.



		Limitations

		The maximum probe speed during direct scan surveys of surfaces shall be 3 cm/sec.

		A response check shall be performed at the completion of the workday for instruments used for direct scan surveys in accordance with the instruments operating procedure.

		The probe face shall be held within ¼ inch of th�

		If an instrument used to perform release surveys fails any operational check, it shall be removed from service.  All data collected during the period of instrument failure must be evaluated by the RSO or duly authorized representative.

		Posting and access control of controlled areas shall be performed in accordance with OP-019.



		Requirements



		REFERENCES

		DEFINITIONS AND ABBREVIATIONS

		Activity – The rate of disintegration \(transfor

		Contamination – Deposition of radioactive materia

		Restricted Area – An area to which access is cont

		Fixed Contamination – Radioactive contamination t

		Minimum Detectable Activity \(MDA\) – For purp�

		Release for Unconditional Use – A level of radioa

		Survey – is defined as an evaluation of the radio

		Survey Exempt Materials – The contents of sealed 



		EQUIPMENT

		RESPONSIBILITIES

		Project Manager \(PM\) – the PM is responsible�

		Radiation safety Officer \(RSO\) – The RSO is �

		Radiological Field Supervisor \(RFS\) – During�

		Health Physics Technicians \(HPT\) – The HPT a�



		INSTRUCTIONS

		Release Limits for Gross Activity (Unknown Isotopes)

		Inaccessible Surfaces

		Items with inaccessible surfaces should be disassembled as completely as possible to facilitate release surveys.  Items with inaccessible surfaces will not be unconditionally released unless evaluated by a designated evaluator who authorizes and document

		The following guidance will be used when performing evaluations:

		A history of the item should be reviewed.

		The actual release survey shall be reviewed.

		Determination of the radiological conditions in the area the item has been used or stored shall be reviewed.

		Use of gamma radiation sensitive detectors such a





		Materials considered dangerous, fragile, or not readily smearable due to their physical or chemical nature shall not be unconditionally released unless evaluated on a case by case basis for release in a manner consistent with Section 8.2.2.  Evaluation f

		Survey Exempt Materials

		Items such as briefcases, pens, papers, personal clothing, etc., are exempt from the Health Physics release survey requirements of this procedure, unless deemed appropriate by the HPT.

		Individuals shall survey the exempt items in the same manner as a whole body frisk when leaving a controlled area or have a Health Physics Technician perform the survey.



		Survey Procedure

		Upon receipt of an item presented for release, attempt to determine the history:

		Purpose of item.

		The current and past use of the item.

		The location(s) in which the item was used or stored.

		If the item was ever used for work with radioactive material or used in an area where radioactive material was used or stored.



		Using protective clothing such as gloves, perform large area smears of 100% of the accessible surfaces of the item using large area wipes (e.g. masslinn).

		Determine if transferable (loose) radioactive material is present by measuring the amount of activity on the surface of the cloth.

		If the presence of radioactive material is indicated by a count rate above background, the item shall be treated as contaminated until the results of the disc smear survey are obtained and determination is made concerning the actual 100 cm2 loose contami



		Perform a direct scan of 100% of all accessible a

		If the scan indicates radioactive material on the surface of the item is less than the limits of release for total activity, proceed to 8.5.10.

		If the scan indicates radioactive material on the surface is greater than regulatory limits for total activity, the item cannot be released.

		During the direct scan of the accessible surfaces of the item, a static measurement shall be taken:

		If an increase in the audible count rate is detected.

		After each minute of scanning.

		When the Health Physics Technician determines that an indication of fixed activity in an area less than ten square centimeters may be present.

		During the static measurement, the meter probe sh



		Perform disc smears which are representative of 100% of the effective surface area.

		100% of the effective accessible surface means performing a 100 cm2 disc smear on all accessible areas of the item suspected of being contaminated.



		Count the smears in accordance with reference OP-001 and/or OP-021 as appropriate.

		Record smear data on the Radiation and Contamination Survey.

		If the smear results indicate transferable activity below the release limits, proceed to Step 8.5.10

		If the smear results indicated transferable activity above the release limits, the item cannot be released



		If item has internal or inaccessible surfaces, Cabrera personnel will disassemble the item and repeat Steps 8.5.2 through 8.5.5 or have the item evaluated for release by a designated evaluator.

		If the item meets the release limits or is evaluated as meeting the unconditional release criteria, complete form OP-004-01.  The RSO or duly authorized representative must review the release documents and approve the release before allowing the item to

		If items are identified as radioactive during the release survey, contact the RSO or duly authorized representative.



		Action level

		If direct frisk beta-gamma instrument readings exceed 100 cpm above background (with background less than 200 cpm) or 25 cpm alpha, those areas shall be surveyed as follows:

		Perform a smearable contamination survey using 10



		Any vehicle with removable contamination exceeding the site limits listed below shall be brought to the attention of the RSO or duly authorized representative and handled appropriately.

		Any vehicle with removable contamination exceeding the DOT limits listed below shall be brought to the attention of the RSO or authorized representative for release or acceptance approval.

		2,200 dpm/100 cm2 beta-gamma

		220 dpm/100 cm2  alpha.



		Dose rate surveys, which exceed 0.2 mR/hr, shall be brought to the attention of the RSO or duly authorized representative for release or acceptance approval.



		The results of the survey shall be documented on Radiation and Contamination surveys.



		QUALITY ASSURANCE/RECORDS

		Quality Assurance

		Instrumentation used for surveys will be checked with standards each day prior to use and verified to have current valid calibration.

		When releasing a large volume of materials, a program may be established under the discretion of the RSO or duly authorized representative to ensure by second check that no radioactive material has been released to the public or the environment.

		The health physics technician performing the survey shall review Form OP-004-01 and any other applicable forms for accuracy and completeness.



		Records

		Documented information shall be legibly written in ink.

		Data shall not be obliterated by erasing, using white-out, or by any other means.  Incorrect entries shall be corrected by striking a single line across the entry.  The correction shall be entered, initialed, and dated.

		The health physics technician performing the survey shall ensure that this procedure is the most current and approved revision.

		Entries on Form OP-004-01 and any other pertinent forms must be dated and initialed by the health physics technician performing the survey to be valid.

		The RSO or duly authorized representative shall review any applicable completed forms.  The review shall be for accuracy and completeness.





		ATTACHMENTS
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1.0 PURPOSE 


This procedure establishes the requirements Cabrera Services, Inc. (CABRERA) 
implements for the collection of volumetric and material samples for analysis. 


2.0 APPLICABILITY 


The applicability of this procedure is limited to collecting volumetric and material 
samples on CABRERA field projects.  It also applies to volumetric samples taken 
for the purpose of analysis for radioactivity. This procedure is applicable to all 
volumetric and material samples taken by CABRERA to fulfill a requirement for 
sampling.  


3.0 PRECAUTIONS, LIMITATIONS AND REQUIREMENTS 


3.1 Precautions 


3.1.1 Special situations such as evaluating trends or airborne deposition, 
determining contamination profiles, and measuring non-radiological 
contaminants, necessitates special sampling procedures.  These 
special situations are evaluated and incorporated into site specific 
survey plans as the need arises. 


The shipping container (e.g., box, cooler, or equivalent) should be 
lined with plastic and approved absorbent material prior to placing 
samples inside the shipping container if the samples are to be 
shipped for analysis.  A load rating stamped o the bottom of the 
shipping container should be noted. This rating shall not be 
exceeded to prevent degradation of the box during shipment. The 
PM or designee shall approve packaging material and method. 


3.2 Limitations 


3.2.1 Do not exceed load rating for containers when shipping samples to 
prevent degradation of the container during shipping. 


3.3 Requirements 


3.3.1 Direct surface radiation measurements are to be performed at each 
location before initiating sampling.  This may identify the presence of 
gross contamination, which may require that samples and equipment 
be treated as radioactive and handled in accordance with 
appropriate procedures. 
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3.3.2 Material sampling requires documentation as follows: 


• Record forms 


• Sample Chain of Custody forms 


• Field Sample Logbook 


4.0 REFERENCES 
• RSP   Radiation Safety Program 
• SHSP   Site Health and Safety Plan 
• SWP   Site Work Plan 
• NUREG/CR-5512 Residual Radioactive Contamination from 


Decommissioning 
• 40 CFR 192 Code of Federal Regulations 
• AP-001  Record Retention 
• OP-008  Chain of Custody 
• MARSSIM  Multi-Agency Radiation Survey and Site Investigation 


Manual              


5.0 DEFINITIONS AND ABBREVIATIONS 


5.1 Sediment – Sediment is solid material that has settled to the bottom of a 
liquid, usually water (MARSSIM). 


5.2 Surface Soil – The top layer of soil that is available for direct exposure, 
growing plants, re-suspension of particles for inhalation, and mixing from 
human disturbances (MARSSIM).  Surface soil may also be defined as the 
thickness of soil that can be measured using direct measuring techniques 
(MARSSIM).  Typically, this layer is represented as the top 15 cm (6 inches) 
of soil (40 CFR 192). 


5.3 Subsurface Soil – Subsurface soil is any soil not considered surface soil, 
typically anything greater than 15 cm (6 inches) below the ground surface 
(MARSSIM). 


5.4 Volumetric Sample – A sample of material, taken for the purpose of 
determining the radioactivity content in units of activity per unit volume or 
mass.  This does not apply to loose surface material sampled using a cloth 
smear/swipe, or to activity present only on the surface of solid materials.  
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6.0 EQUIPMENT 


6.1 Volumetric Sampling 


The following is a list of the minimum equipment required to perform field 
volumetric sampling under this procedure. 


• A Lietz level log book 8152-50 or the equivalent; 


• Survey map(s); 


• Chain of Custody and Record Forms; 


• Decontamination detergent (e.g., Alconox); 


• Sample Containers; 


• Indelible marker; 


• Distilled Water; 


• Clean towels (paper); 


• Brushes for decontamination; 


• Sample location markers; and  


• Digging implement: garden trowel, shovel, spoons, post-hole digger, etc. 


• Special sampling apparatus (cup cutter, shelby tube, etc.) as required 


• Plastic bags, approximately 10 cm diameter x 30 cm long 


• Cardboard “ice cream” containers (1 quart size) or geology sample bags 


• Twist-ties 


• Masking or duct tape 


• Record forms 


• Labels and security seals 


• Applicable sample collection equipment. 
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For collecting water samples, the following may also be required: 


• pH meter; and  


• Nitric acid preservative. 


For sample packing and shipping, at a minimum, the following may be 
required: 


• Box, Coolers, or the equivalent; 


• Clear packing tape; 


• Zipper locking plastic bags; 


• Packaging material ( vermiculite or use preformed poly-foam liner or 
equivalent) 


• Self adhesive labels; 


• “Fragile” and “This Side Up” stickers; 


• Chain of Custody and Record Forms as required; 


• Ice and; 


• Mailing labels. 


Equipment is chosen based on the type of material to be sampled.  The 
following list represents some possibilities: 


• Paint sampling:   heat gun, paint stripper solution, hammer 
and chisel 


• Drains or pipes:    plumber’s snake, swabs 


• Residues:    trowels, scoops 


• Concrete or asphalt:  core boxes, hammer, and chisel 


• Metals:     emery cloth or scraping tool 


• Dusts:    scraping tool and plastic bags 
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7.0 RESPONSIBILITIES 


7.1 Project Manager (PM) – The PM is responsible for ensuring that personnel 
assigned the task of collecting volumetric and material samples are familiar 
with this procedure, adequately trained in the use of this procedure, and 
have access to a copy of this procedure. 


7.2 Radiation safety Officer (RSO) – The RSO is responsible for verifying that 
personnel comply with this procedure and are trained in obtaining material 
samples described in this procedure. 


7.3 Radiological Field Supervisor (RFS) – During field assignments, the RFS is 
responsible for ensuring that this procedure is implemented.  When the 
RSO is not on site, the RFS will act as the RSO’s duly authorized 
representative for radiological issues. 


7.4 Health Physics Technicians (HPT) – The HPT collecting volumetric and/or 
material samples is responsible for knowing and complying with this 
procedure. 


7.5 Sample Collectors - Sample Collectors are responsible to follow the 
instructions of the RFS and Health Physics technicians and to ensure 
compliance with this procedure. 


8.0 INSTRUCTIONS 


8.1 General - Collection of Samples 


This section is applicable to surface subsurface, sediment, surface water, 
ground water, and other sample collections. 


8.1.1 Survey maps shall be used to document soil sample location, and 
any survey results related to the particular sample (i.e. loose surface 
activity of sample container or sampling equipment). 


8.1.2 Sample locations should be clearly identified with a stake or other 
appropriate marker, and labeled with a corresponding sample 
number when available. 


8.1.3 Ensure that the sample container is of adequate type and size prior 
to collecting a sample. The sample size may depend on the type of 
analysis being performed, and the desired detection sensitivity. 
Consult with the laboratory performing the analysis for proper sample 
container type and size. 
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8.1.4 If multiple samples are taken, bring appropriate cleaning materials 
along for cleaning the sampling equipment.  Refer to the applicable 
section of this procedure for instructions regarding sampling 
equipment decontamination.  


8.1.5 A field-sampling logbook shall be used to document pertinent 
information about the sampling event. Note any significant 
observations during the sampling event in the field-sampling 
logbook. 


8.1.6 Seal the container with a tamper proof seal. The sampling technician 
shall initial and date the seal. 


8.1.7 Initiate the sample chain of custody record for the sample. 


8.1.8 Identify the sample location with a stake or other appropriate marker. 
Document the sample location on a survey in such a manner that the 
location can be easily and accurately re-identified. 


8.1.9 Clean the sampling equipment prior to collecting another sample in 
accordance with requirements of this procedure. 


8.1.10 Survey sampling equipment to ensure no removable contamination 
exists, which could result in cross-contamination of samples. 


8.1.10.1 Samples that require gamma, beta, or alpha spectroscopy 
or isotopic discrimination of any type shall be sent to an 
approved laboratory for analysis. 


8.1.10.2 Samples that can fit into a 1/8” x 2” planchette that require 
gross alpha and/or beta/gamma results may be counted in 
a Ludlum 2929 or equivalent.Ensure that minimum 
counting system sensitivity requirements are met by 
calculating MDA values for alpha and beta, as applicable. 


8.1.10.2.1 Place the sample into a planchette with the surface to be 
measured facing upward. 


8.1.10.2.2 Count sample for an appropriate length of time. 


8.1.10.2.3 Record count and counting time data, and calculate 
activity estimates.  Record information and data on 
appropriate Survey Form. 
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8.1.11 If the collected sample is suspected to contain radioactivity above 
background levels, survey the sampling equipment for loose surface 
activity prior to using the equipment to collect another sample. 
Document the results on a survey map. 


8.2 Collection of Surface Samples 


8.2.1 Surface Soil Samples shall be collected using appropriate equipment 
(stainless-steel hand auger, post-hole digger, shovel, etc.) 


8.2.2 Ensure that the sampling equipment which makes contact with the 
soil (i.e. split-spoon sampler, shovels, post-hole digger, sieves, 
sample containers, etc.) is free from radioactive material 
contamination. Perform a loose surface activity survey of the 
sampling equipment if necessary. Document the results on the 
survey map corresponding to the sample. 


8.2.3 Fill the sample container to the top with surface soil. 


8.2.4 Remove large rocks, vegetation, and foreign objects (these items 
may also be collected as separate samples, if directed). It may be 
necessary to use a sieve or screen to remove large objects. 


8.2.5 Assign a unique sample identification number to the sample. For 
surface samples, the identifier shall begin with “SS” followed by a 
series of numbers, where “SS” indicates surface soil as the sample 
matrix. Additional numerical/alphanumerical designators will be 
added to indicate the sampling location and number. Label the 
sample container with the sample number using a permanent 
marker. 


8.2.6 Ensure that the sample is properly labeled and secure the sample 
container. 


8.3 Collection of Subsurface Samples 


8.3.1 Subsurface Soil Samples shall be collected using appropriate 
equipment (stainless-steel hand auger, post-hole digger, shovel, 
etc.) 


8.3.2 Ensure that the sampling equipment which makes contact with the 
soil (i.e. split-spoon sampler, shovels, post-hole digger, sieves, 
sample containers, etc.) is free from radioactive material 
contamination. Perform a loose surface activity survey of the 
sampling equipment if necessary. Document the results on the 
survey map corresponding to the sample. 
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8.3.3 Fill the sample container to the top with surface soil. 


8.3.4 Remove large rocks, vegetation, and foreign objects (these items 
may also be collected as separate samples, if directed). It may be 
necessary to use a sieve or screen to remove large objects. 


8.3.5 Assign a unique sample identification number to the sample. For 
surface samples, the identifier shall begin with “SS” followed by a 
series of numbers, where “SS” indicates surface soil as the sample 
matrix. Additional numerical/alphanumerical designators will be 
added to indicate the sampling location and number. Label the 
sample container with the sample number using a permanent 
marker. 


8.4 Collection of Sediment Samples 


8.4.1 Sediment samples shall be collected using the appropriate 
equipment (i.e. stainless steel Ponar dredge, sample containers, 
etc.).  


8.4.2 Ensure that the sampling equipment which makes contact with the 
sediment (i.e. stainless steel Ponar dredge, sample containers, etc.) 
is free from radioactive material contamination. Perform a loose 
surface activity survey of the sampling equipment if necessary. 
Document the results on the survey map corresponding to the 
sample. 


8.4.3 It is important to minimize disturbance of the sediment caused by 
sampling activities. Move slowly when approaching the sample 
location. Approach the sampling location from downstream (for 
moving water) and downwind (for stationary water). 


8.4.4 Remove the sediment slowly and gently from the water using the 
appropriate sampling equipment. Fill the sample container. 


8.4.5 Remove large rocks, vegetation, and foreign objects (these items 
may also be collected as separate samples, if directed). It may be 
necessary to use a sieve or screen to remove large objects. 


8.4.6 Assign a unique sample identification number to the sample. For 
surface samples, the identifier shall begin with “SS” followed by a 
series of numbers, where “SS” indicates surface soil as the sample 
matrix. Additional numerical/alphanumerical designators will be 
added to indicate the sampling location and number. Label the 
sample container with the sample number using a permanent 
marker. 







Revision 0   Volumetric and Material Sampling 


 


 


OP-005 CABRERA SERVICES, INC. Page 9 of 16 


8.5 Collection of Surface Water Samples 


8.5.1 Surface water samples shall be collected using the appropriate 
equipment (i.e. ladle, scoop, pond sampler, funnel, etc.) or by 
submerging the sample container.   


8.5.2 Ensure that the sampling equipment which makes contact with the 
surface water (i.e. ladle, scoop, pond sampler, funnel, etc.) is free 
from radioactive material contamination. Perform a loose surface 
activity survey of the sampling equipment if necessary. Document 
the results on the survey map corresponding to the sample. 


8.5.3 It is important to minimize disturbance of the sediment caused by 
sampling activities. Move slowly when approaching the sample 
location. Approach the sampling location from downstream (for 
moving water) and downwind (for stationary water). 


8.5.4 Rinse the sampling equipment and sampling container with distilled 
water, or in the same water to be sampled if possible. Remove the 
water slowly and gently using the appropriate sampling equipment, 
and fill the sample container. If the water is deep enough, surface 
water samples can be collected by dipping the polyethylene sample 
container directly into the water body. 


8.5.5 Test the pH of the water sample. If the pH is greater than 2.0, add 
nitric acid to reduce the pH to 2.0 or less. 


8.5.6 Assign a unique sample identification number to the sample. For 
surface samples, the identifier shall begin with “SS” followed by a 
series of numbers, where “SS” indicates surface soil as the sample 
matrix. Additional numerical/alphanumerical designators will be 
added to indicate the sampling location and number. Label the 
sample container with the sample number using a permanent 
marker. 


8.6 Collection of Ground Water Samples 


8.6.1 Ground water samples shall be collected using the appropriate 
equipment (i.e. peristaltic pump, bailer, etc.).   


8.6.2 Ensure that the sampling equipment which makes contact with the 
surface water (i.e. tubing, sample containers, pH probe, etc.) is free 
from radioactive material contamination. It may be helpful to dedicate 
sampling equipment, such as Teflon tubing, to each monitoring well. 
Perform a loose surface activity survey of the sampling equipment if 
necessary. Document the results on the survey map corresponding 
to the sample. 
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8.6.3 It is important to minimize disturbance of the sediment caused by 
sampling activities. Use a low flow peristaltic pump, or slowly sample 
with a bailer, to avoid increased sample turbidity. 


8.6.4 Rinse the sampling equipment and sampling container with distilled 
water. 


8.6.5 Purge standing water in the well until flow from the surrounding 
aquifer is established. Draw water into an intermediate container and 
test periodically for pH, conductivity, and temperature during the 
purging. 


8.6.6 Repeat step 8.6.5 until the pH, conductivity, and temperature 
readings are within ± 10% of the previous reading for three 
consecutive measurements. 


8.6.7 When the criteria in Step 8.6.6 are met, the sample container can be 
filled. 


8.6.8 Test the pH of the water sample. If the pH is greater than 2.0, add 
nitric acid to reduce the pH to 2.0 or less. 


8.6.9 Assign a unique sample identification number to the sample. For 
surface samples, the identifier shall begin with “SS” followed by a 
series of numbers, where “SS” indicates surface soil as the sample 
matrix. Additional numerical/alphanumerical designators will be 
added to indicate the sampling location and number. Label the 
sample container with the sample number using a permanent 
marker. 


8.7 Collection of Other Samples 


8.7.1 For the purposes of this procedure, “other” refers to any type of 
sample not previously defined in this document. 


8.7.2 Other samples shall be collected using the appropriate equipment 
(i.e. peristaltic pump, bailer, etc.).   


8.7.3 Consult with the analytical laboratory, and the responsible 
radiological engineer, prior to collecting the sample, for specific 
instructions on taking any other sample types. 


8.7.4 Ensure that the sampling equipment which makes contact with the 
media is free from radioactive material contamination. Perform a 
loose surface activity survey of the sampling equipment if necessary. 
Document the results on the survey map corresponding to the 
sample. 
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8.7.5 Obtain the sample using appropriate techniques. Transfer the 
sample to the appropriate sample container. 


8.7.6 Foreign objects, which are not representative of the desired sample 
matrix, or which may effect the laboratory analysis, shall be removed 
from the sample. 


8.7.7 Assign a unique number to the sample. The unique sample number 
shall identify the media sampled, the location, and the number as 
appropriate. Label the sample container with the sample numbers 
using a permanent marker. 


8.8 Material Sampling 


Methods for collecting miscellaneous samples should be determined based 
upon the characteristics of the sample media.  Care should be taken to limit 
the potential for spreading contamination during sample collection.  Sample 
quantities should be determined based upon the following: 


8.8.1 Type of analyses required 


8.8.2 Number of analyses requested 


8.8.3 Detection sensitivity required of analytical result 


8.8.4 Estimated activity level of material 


8.8.5 Consult with the analytical laboratory, and the responsible 
radiological engineer, prior to collecting the sample, for specific 
instructions on taking any other sample types. 


8.8.6 Ensure that the sampling equipment which makes contact with the 
media is free from radioactive material contamination.  Perform a 
loose surface activity survey of the sampling equipment if necessary. 
Document the results on the survey map corresponding to the 
sample. 


8.8.7 Remove material to be sampled by using the tools required and 
contamination control techniques to prevent loss of material from the 
sampled area.   


8.8.8 Assign a unique number to the sample. The unique sample number 
shall identify the media sampled, the location, and the number as 
appropriate. Label the sample container with the sample numbers 
using a permanent marker. 
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8.8.9 Clean all sampling tools before proceeding to the next sampling 
location. 


8.9 Sample Equipment Decontamination 


8.9.1 Sample equipment must be clean before use. Used sample 
equipment must be decontaminated before a sample is taken to 
prevent cross contamination between samples. Perform the following 
steps, in order, to properly decontaminate sampling equipment. 


8.9.1.1 Remove loose debris from the subject sampling equipment. 


8.9.1.2 Wash the sample equipment with an inert detergent solution 
such as Alconox or the equivalent. 


8.9.1.3 Rinse the sample equipment several times with distilled 
water.  


8.9.1.4 Allow the sample equipment to dry prior to use. Perform a 
loose surface activity survey of the sampling equipment if 
necessary. Document the results on the survey map 
corresponding to the sample. 


8.9.1.5 Collect the rinsate in a drum or authorized container. Label 
the drum or container “Rinsate-Awaiting Sampling Results” 
and “Possible Internal Contamination”. 


8.10 Sample Packing and Shipping 


8.10.1 Sample Labeling Instructions 


8.10.1.1.1 Place self-adhesive labels on appropriate sample 
containers. 


8.10.1.2 Record sample identification, date, and time of sample 
collection on label. 


8.10.1.3 If sample containers contain water (e.g., preserved with 
ice) place clear plastic tape around the label. 


8.10.1.4 Collect sample as per appropriate section of this 
procedure. 


8.10.1.5 If necessary, wipe the outside of the sample container to 
decontaminate prior to packing. 
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8.11 Packaging and Shipping 


8.11.1 Prepare coolers for shipment as follows: 


8.11.1.1 Tape container openings such as box seams and cooler 
drains (when used) shut. 


8.11.1.2 Affix “This Side Up” labels on all four sides, and “Fragile” 
labels on at least two (2) sides of each shipping container. 


8.11.1.3 Place mailing label with laboratory address on the top of 
container(s). 


8.11.1.4 Fill bottom of container(s) with about three inches of 
absorbent material (e.g.,Vermiculite) or use preformed 
poly-foam liner or an equivalent and authorized packing 
material. 


8.11.2 Arrange decontaminated sample containers in groups by sample 
number. 


8.11.3 Arrange samples in shipping containers so that they do not touch 
and the potential for motion is minimized. 


8.11.4 If ice is required to preserve the samples, cubes should be 
repackaged in double zipper locking bags and placed on and around 
the sample containers. 


8.11.5 Fill remaining spaces with absorbent material. 


8.11.6 Sign chain-of-custody form (or obtain signature) and indicate air bill 
number if applicable. 


8.11.7 Separate copies of forms. Seal proper copies in large zipper lock 
plastic bags and tape to the inside of the appropriate container top or 
lid as necessary. 


8.11.8 If a cooler serves as the shipping container, close the lid and secure 
latch. 


8.11.9 Tape the container shut on both ends, making several complete 
revolutions with strapping tape. 


8.11.10 Relinquish samples to the shipper. 


8.11.11 Sample collection and shipment documentation is kept for the 
project file. 
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8.12 Shipment of Samples 


Shipments of samples containing potentially hazardous or radioactive 
materials may require specific packaging and shipping precautions not 
specified above. Consult the RSO or duly authorized representative, the 
analytical laboratory, or other pertinent resources for instruction when 
shipping these samples. 


NOTE:   Do not exceed load rating for containers when shipping samples 
to prevent degradation of the container during shipping. 


CAUTION: Samples should be contained within an outer protective cover to 
prevent cross-contamination of samples.  


9.0 QUALITY ASSURANCE/RECORDS 


9.1 Quality Assurance 


9.1.1 Instruments used for measurements required by this procedure shall 
be checked with standards and verified to have current calibration. 


9.1.2 Surveillance of this procedure (in use) shall be performed at least 
annually to verify that operations are within the guidelines of this 
procedure.  Any time this procedure is in effect, the PM should 
ensure by personal observation that samples are collected and 
controlled appropriately. 


9.2 Records 


9.2.1 Documented information shall be legible written in ink. 


9.2.2 Data shall not be obliterated by erasing or using white-out.  Incorrect 
entries shall be corrected by striking a single line across the entry.  
The correction shall be entered, initialed and dated. 


9.2.3 The HPT shall ensure that the attachments are of the most current. 


9.2.4 The HPT shall review completed attachment forms for accuracy and 
completeness. 


9.2.5 Entries on forms must be dated and initialed by the HPT to be valid. 


9.2.6 The RSO or duly authorized representative shall review any 
applicable completed forms.  The review shall be for accuracy and 
completeness. 
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10.0 ATTACHMENTS 


OP-005-01  Sample Status Log 
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OP-005-01 


Sample Status Log 


Project/Location:_____________________________________________________ 


Sample 


ID # 


Sampling Location Date and Time 
Sample Was 


Obtained 


Requested 
Analysis 


Technician 
Initials 


Sample 
Status 


      


      


      


      


      


      


      


      


      


      


      


      


      


      


      


      


      


      


      


 
Reviewed By:  _____________________________________________________________ 
   Name    Title    Date 





		PURPOSE

		APPLICABILITY

		PRECAUTIONS, LIMITATIONS AND REQUIREMENTS

		Precautions

		Special situations such as evaluating trends or airborne deposition, determining contamination profiles, and measuring non-radiological contaminants, necessitates special sampling procedures.  These special situations are evaluated and incorporated into



		Limitations

		Do not exceed load rating for containers when shipping samples to prevent degradation of the container during shipping.



		Requirements

		Direct surface radiation measurements are to be performed at each location before initiating sampling.  This may identify the presence of gross contamination, which may require that samples and equipment be treated as radioactive and handled in accordanc

		Material sampling requires documentation as follows:





		REFERENCES

		DEFINITIONS AND ABBREVIATIONS

		Sediment – Sediment is solid material that has se

		Surface Soil – The top layer of soil that is avai

		Subsurface Soil – Subsurface soil is any soil not

		Volumetric Sample – A sample of material, taken f



		EQUIPMENT

		Volumetric Sampling

		Paint sampling: heat gun, paint stripper solution, hammer and chisel



		RESPONSIBILITIES

		Project Manager \(PM\) – The PM is responsible�

		Radiation safety Officer \(RSO\) – The RSO is �

		Radiological Field Supervisor \(RFS\) – During�

		Health Physics Technicians \(HPT\) – The HPT c�

		Sample Collectors - Sample Collectors are responsible to follow the instructions of the RFS and Health Physics technicians and to ensure compliance with this procedure.



		INSTRUCTIONS

		General - Collection of Samples

		Survey maps shall be used to document soil sample location, and any survey results related to the particular sample (i.e. loose surface activity of sample container or sampling equipment).

		Sample locations should be clearly identified with a stake or other appropriate marker, and labeled with a corresponding sample number when available.

		Ensure that the sample container is of adequate type and size prior to collecting a sample. The sample size may depend on the type of analysis being performed, and the desired detection sensitivity. Consult with the laboratory performing the analysis for

		If multiple samples are taken, bring appropriate cleaning materials along for cleaning the sampling equipment.  Refer to the applicable section of this procedure for instructions regarding sampling equipment decontamination.

		A field-sampling logbook shall be used to document pertinent information about the sampling event. Note any significant observations during the sampling event in the field-sampling logbook.

		Seal the container with a tamper proof seal. The sampling technician shall initial and date the seal.

		Initiate the sample chain of custody record for the sample.

		Identify the sample location with a stake or other appropriate marker. Document the sample location on a survey in such a manner that the location can be easily and accurately re-identified.

		Clean the sampling equipment prior to collecting another sample in accordance with requirements of this procedure.

		Survey sampling equipment to ensure no removable contamination exists, which could result in cross-contamination of samples.

		Samples that require gamma, beta, or alpha spectroscopy or isotopic discrimination of any type shall be sent to an approved laboratory for analysis.

		Samples that can fit into a 1/8” x 2” planchette 

		Place the sample into a planchette with the surface to be measured facing upward.

		Count sample for an appropriate length of time.

		Record count and counting time data, and calculate activity estimates.  Record information and data on appropriate Survey Form.





		If the collected sample is suspected to contain radioactivity above background levels, survey the sampling equipment for loose surface activity prior to using the equipment to collect another sample. Document the results on a survey map.



		Collection of Surface Samples

		Surface Soil Samples shall be collected using appropriate equipment (stainless-steel hand auger, post-hole digger, shovel, etc.)

		Ensure that the sampling equipment which makes contact with the soil (i.e. split-spoon sampler, shovels, post-hole digger, sieves, sample containers, etc.) is free from radioactive material contamination. Perform a loose surface activity survey of the 

		Fill the sample container to the top with surface soil.

		Remove large rocks, vegetation, and foreign objects (these items may also be collected as separate samples, if directed). It may be necessary to use a sieve or screen to remove large objects.

		Assign a unique sample identification number to t

		Ensure that the sample is properly labeled and secure the sample container.



		Collection of Subsurface Samples

		Subsurface Soil Samples shall be collected using appropriate equipment (stainless-steel hand auger, post-hole digger, shovel, etc.)

		Ensure that the sampling equipment which makes contact with the soil (i.e. split-spoon sampler, shovels, post-hole digger, sieves, sample containers, etc.) is free from radioactive material contamination. Perform a loose surface activity survey of the 

		Fill the sample container to the top with surface soil.

		Remove large rocks, vegetation, and foreign objects (these items may also be collected as separate samples, if directed). It may be necessary to use a sieve or screen to remove large objects.

		Assign a unique sample identification number to t



		Collection of Sediment Samples

		Sediment samples shall be collected using the appropriate equipment (i.e. stainless steel Ponar dredge, sample containers, etc.).

		Ensure that the sampling equipment which makes contact with the sediment (i.e. stainless steel Ponar dredge, sample containers, etc.) is free from radioactive material contamination. Perform a loose surface activity survey of the sampling equipment if 

		It is important to minimize disturbance of the sediment caused by sampling activities. Move slowly when approaching the sample location. Approach the sampling location from downstream (for moving water) and downwind (for stationary water).

		Remove the sediment slowly and gently from the water using the appropriate sampling equipment. Fill the sample container.

		Remove large rocks, vegetation, and foreign objects (these items may also be collected as separate samples, if directed). It may be necessary to use a sieve or screen to remove large objects.

		Assign a unique sample identification number to t



		Collection of Surface Water Samples

		Surface water samples shall be collected using the appropriate equipment (i.e. ladle, scoop, pond sampler, funnel, etc.) or by submerging the sample container.

		Ensure that the sampling equipment which makes contact with the surface water (i.e. ladle, scoop, pond sampler, funnel, etc.) is free from radioactive material contamination. Perform a loose surface activity survey of the sampling equipment if necessar

		It is important to minimize disturbance of the sediment caused by sampling activities. Move slowly when approaching the sample location. Approach the sampling location from downstream (for moving water) and downwind (for stationary water).

		Rinse the sampling equipment and sampling container with distilled water, or in the same water to be sampled if possible. Remove the water slowly and gently using the appropriate sampling equipment, and fill the sample container. If the water is deep eno

		Test the pH of the water sample. If the pH is greater than 2.0, add nitric acid to reduce the pH to 2.0 or less.

		Assign a unique sample identification number to t



		Collection of Ground Water Samples

		Ground water samples shall be collected using the appropriate equipment (i.e. peristaltic pump, bailer, etc.).

		Ensure that the sampling equipment which makes contact with the surface water (i.e. tubing, sample containers, pH probe, etc.) is free from radioactive material contamination. It may be helpful to dedicate sampling equipment, such as Teflon tubing, to 

		It is important to minimize disturbance of the sediment caused by sampling activities. Use a low flow peristaltic pump, or slowly sample with a bailer, to avoid increased sample turbidity.

		Rinse the sampling equipment and sampling container with distilled water.

		Purge standing water in the well until flow from the surrounding aquifer is established. Draw water into an intermediate container and test periodically for pH, conductivity, and temperature during the purging.

		Repeat step 8.6.5 until the pH, conductivity, and temperature readings are within ( 10% of the previous reading for three consecutive measurements.

		When the criteria in Step 8.6.6 are met, the sample container can be filled.

		Test the pH of the water sample. If the pH is greater than 2.0, add nitric acid to reduce the pH to 2.0 or less.

		Assign a unique sample identification number to t



		Collection of Other Samples

		For the purposes of this procedure, “other” refer

		Other samples shall be collected using the appropriate equipment (i.e. peristaltic pump, bailer, etc.).

		Consult with the analytical laboratory, and the responsible radiological engineer, prior to collecting the sample, for specific instructions on taking any other sample types.

		Ensure that the sampling equipment which makes contact with the media is free from radioactive material contamination. Perform a loose surface activity survey of the sampling equipment if necessary. Document the results on the survey map corresponding to

		Obtain the sample using appropriate techniques. Transfer the sample to the appropriate sample container.

		Foreign objects, which are not representative of the desired sample matrix, or which may effect the laboratory analysis, shall be removed from the sample.

		Assign a unique number to the sample. The unique sample number shall identify the media sampled, the location, and the number as appropriate. Label the sample container with the sample numbers using a permanent marker.



		Material Sampling

		Type of analyses required

		Number of analyses requested

		Detection sensitivity required of analytical result

		Estimated activity level of material

		Consult with the analytical laboratory, and the responsible radiological engineer, prior to collecting the sample, for specific instructions on taking any other sample types.

		Ensure that the sampling equipment which makes contact with the media is free from radioactive material contamination.  Perform a loose surface activity survey of the sampling equipment if necessary. Document the results on the survey map corresponding t

		Remove material to be sampled by using the tools required and contamination control techniques to prevent loss of material from the sampled area.

		Assign a unique number to the sample. The unique sample number shall identify the media sampled, the location, and the number as appropriate. Label the sample container with the sample numbers using a permanent marker.

		Clean all sampling tools before proceeding to the next sampling location.



		Sample Equipment Decontamination

		Sample equipment must be clean before use. Used sample equipment must be decontaminated before a sample is taken to prevent cross contamination between samples. Perform the following steps, in order, to properly decontaminate sampling equipment.

		Remove loose debris from the subject sampling equipment.

		Wash the sample equipment with an inert detergent solution such as Alconox or the equivalent.

		Rinse the sample equipment several times with distilled water.

		Allow the sample equipment to dry prior to use. Perform a loose surface activity survey of the sampling equipment if necessary. Document the results on the survey map corresponding to the sample.

		Collect the rinsate in a drum or authorized conta





		Sample Packing and Shipping

		Sample Labeling Instructions

		

		Place self-adhesive labels on appropriate sample containers.



		Record sample identification, date, and time of sample collection on label.

		If sample containers contain water (e.g., preserved with ice) place clear plastic tape around the label.

		Collect sample as per appropriate section of this procedure.

		If necessary, wipe the outside of the sample container to decontaminate prior to packing.





		Packaging and Shipping

		Prepare coolers for shipment as follows:

		Tape container openings such as box seams and cooler drains (when used) shut.

		Affix “This Side Up” labels on all four sides, an

		Place mailing label with laboratory address on the top of container(s).

		Fill bottom of container(s) with about three inches of absorbent material (e.g.,Vermiculite) or use preformed poly-foam liner or an equivalent and authorized packing material.



		Arrange decontaminated sample containers in groups by sample number.

		Arrange samples in shipping containers so that they do not touch and the potential for motion is minimized.

		If ice is required to preserve the samples, cubes should be repackaged in double zipper locking bags and placed on and around the sample containers.

		Fill remaining spaces with absorbent material.

		Sign chain-of-custody form (or obtain signature) and indicate air bill number if applicable.

		Separate copies of forms. Seal proper copies in large zipper lock plastic bags and tape to the inside of the appropriate container top or lid as necessary.

		If a cooler serves as the shipping container, close the lid and secure latch.

		Tape the container shut on both ends, making several complete revolutions with strapping tape.

		Relinquish samples to the shipper.

		Sample collection and shipment documentation is kept for the project file.



		Shipment of Samples



		QUALITY ASSURANCE/RECORDS

		Quality Assurance

		Instruments used for measurements required by this procedure shall be checked with standards and verified to have current calibration.

		Surveillance of this procedure (in use) shall be performed at least annually to verify that operations are within the guidelines of this procedure.  Any time this procedure is in effect, the PM should ensure by personal observation that samples are col



		Records

		Documented information shall be legible written in ink.

		Data shall not be obliterated by erasing or using white-out.  Incorrect entries shall be corrected by striking a single line across the entry.  The correction shall be entered, initialed and dated.

		The HPT shall ensure that the attachments are of the most current.

		The HPT shall review completed attachment forms for accuracy and completeness.

		Entries on forms must be dated and initialed by the HPT to be valid.

		The RSO or duly authorized representative shall review any applicable completed forms.  The review shall be for accuracy and completeness.
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1.0 PURPOSE 


The purpose of this procedure is to establish administrative controls for transfer 
of samples collected for characterization to a subcontractor laboratory for 
analysis.  Adherence to this procedure will provide reasonable assurance that 
there will not be a disassociation between the sample taken and the documented 
analysis of that sample. 


2.0 APPLICABILITY 


This procedure will be used at all Cabrera Services, Inc. (CABRERA) work sites 
which require sample analysis to facilitate collection of data to be used in the 
official evaluation of the radionuclide or hazardous material content of the 
sample. 


3.0 PRECAUTIONS, LIMITATIONS AND REQUIREMENTS 


3.1 Precautions 


3.1.1 Samples sent to an off-site laboratory for analysis shall be returned 
to the site after processing for disposal if this is the condition of the 
laboratory contract.  There may be occasions where the laboratory 
will hold and/or dispose of the samples. 


3.2 Limitations 


None 


3.3 Requirements 


None 


4.0 REFERENCES 


RSP Radiation Safety Program 


5.0 DEFINITIONS AND ABBREVIATIONS 


None 


6.0 EQUIPMENT 


Security Seals 
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7.0 RESPONSIBILITIES 


7.1 Project Manager (PM) – the PM is responsible for ensuring that personnel 
assigned the task of control and tracking of samples for survey data 
collection, are familiar with this procedure, adequately trained in the use of 
this procedure, and have access to a copy of this procedure. 


7.2 Radiation Safety Officer (RSO) – The RSO is responsible for training of 
personnel working with radioactive material.  The RSO ensures that health 
physics technicians are qualified by training and experience to perform the 
requirements of this procedure or provide coverage to those workers who 
will collect the samples. 


7.3 Radiological Field Supervisor (RFS) – During field assignments, the RFS is 
responsible for ensuring that this procedure is implemented.  When the 
RSO is not on site, the RFS will act as the RSO’s duly authorized 
representative for radiological issues. 


7.4 Health Physics Technicians (HPT) – The HPT are responsible for the 
control of radioactive material, coverage of radiation workers, and to ensure 
that personnel under their cognizance observe proper precautions. 


7.5  Sample Collectors are responsible to follow the instructions of the RFS 
supervisor and HPT and to ensure compliance with this procedure. 


8.0 INSTRUCTIONS 


8.1 The sample collector must initiate a chain of custody form by filling in the 
requested information.  Identifying data for the sample must also be entered 
into the sample log in accordance with the sampling/work plan for the job. 


8.1.1 The Chain of Custody / Analysis Record must be completed in its 
entirety as follows: 


8.1.1.1 Project Number – A unique number, which associates the 
project to the specific records of analysis.  This is assigned 
by the Project Manager. 


8.1.1.2 Project Name – Name of the facility and the type of project. 


8.1.1.3 Samplers (Print Name) – Name of individual(s) collecting the 
sample. 


8.1.1.4 Project Manager- The Project Manager described in step 
7.1. 
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8.1.1.6 Radiological Survey Performed- A yes or no answer is 
required indicating whether or not a radiological survey was 
performed on the package. 


8.1.1.7 Prepared By – The person preparing the chain of custody 
record (Form OP-008-01). 


8.1.1.8 Form checked before shipping by – The individual reviewing 
the form for completeness. 


8.1.1.9 Status of radiological survey- Indicate the current status of 
the radiological survey (e.g., complete). 


8.1.1.10 Sample ID # - The unique number recorded on the status 
log (Form OP-008-02), on the sample and on the chain of 
custody for a sample. 


8.1.1.11 Check Sample Type – Water or soil as appropriate.  
Basically this answers the question, what is it a sample of? 


8.1.1.12 Total Number of containers collected- Record the total 
number of samples collected. 


8.1.1.13 Date Collected– The date the sample was collected. 


8.1.1.14 Time Collected-The time the sample was collected. 


8.1.1.15 Release Name / Signature – The person releasing the 
sample.  To be filled out as appropriate.   


8.1.1.16 Date – The date the sample was released.  To be filled 
out as appropriate. 


8.1.1.17 Fed Ex. Tracking No. – The Fed Ex or equivalent shippers 
tracking number. 


8.1.1.18 Received By – Name/Signature of Personnel – The 
person receiving the sample. 


8.1.1.19 Remarks - Any other information for the laboratory.  If 
there is a need for a verbose note, place a circled number in 
this box and attach an addendum with the note written in 
detail prefaced with the circled number. 


8.1.1.20 In the blank spaces provided immediately to the right of 
Total No. of containers, fill out the following, as appropriate: 
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• Container Type – Describe the sample container such as; 
glass jar, Marinelli Beaker, Petri Dish, plastic bag, etc. 


• Volume – Record the volume and the units of the volume such 
as; 1000 ml, 2.0 L, 5ea cc, 1 gal.  etc. 


• Analysis Required – Indicate the desired type of analysis for 
the laboratory to conduct. 


• Check all sample characteristics that apply to this sample.  
For example, a sample may be Flammable, Hazardous, Liquid 
and Radioactive. 


8.2 Proper chain of custody is maintained when the sample is controlled under 
the direct surveillance of an individual; in a controlled access facility, or the 
sample is in tamper proof container. 


8.3 If the sample is to be transported by any means other than hand delivered 
by the custodial individual, security seals must be used.  Log the seal 
number in the sample log and include a copy of the sample chain of 
custody form with the sample container. 


8.4 Upon transfer of the samples to another individual, that individual shall sign 
as recipient.  A copy of the chain of custody form will be maintained for 
record keeping purposes while the original will remain with the sample.  


8.5 Upon arrival of the sample at the laboratory, the laboratory recipient shall 
inspect the sample for signs of tampering.  If indication of tampering is 
noted, the laboratory shall notify site personnel who will collect another 
sample. 


8.6 Once the sample is in the custody of the laboratory, it shall be maintained in 
accordance with the laboratory’s chain of custody and quality assurance 
procedures.  


8.7 Samples sent to an off-site laboratory for analysis shall be returned to the 
site after processing for disposal if this is the condition of the laboratory 
contract.  There may be occasions where the laboratory will hold and/or 
dispose of the samples. 


9.0 QUALITY ASSURANCE/RECORDS 


9.1 Quality Control 


9.1.1 Instruments used for measurements required by this procedure shall 
be checked with standards and verified to have current calibration. 
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9.1.2 Surveillance shall be performed at least annually to verify that 
operations are within the guidelines of this procedure.  Any time this 
procedure is in effect, the field supervisor should ensure by personal 
observation that samples are collected and controlled appropriately. 


9.2 Records 


9.2.1 Documented information shall be legibly written in ink. 


9.2.2 Data shall not be obliterated by erasing, using white-out, or by any 
other means.  Incorrect entries shall be corrected by striking a single 
line across the entry.  The correction shall be entered, initialed, and 
dated. 


9.2.3 The health physics technician completing the form(s) shall ensure 
that this procedure is the most current and approved revision. 


9.2.4 The health physics technician completing the form(s) shall review 
Form OP-008-01 and any other applicable forms for accuracy and 
completeness. 


9.2.5 Entries on Form OP-008-01 and any other pertinent forms must be 
dated and initialed by the health physics technician performing the 
survey to be valid. 


9.2.6 The RSO or duly authorized representative shall review any 
applicable completed forms.  The review shall be for accuracy and 
completeness. 


10.0 ATTACHMENTS 


OP-008-01  Chain of Custody / Analysis Record 


OP-008-02  Chain of Custody and Sample Tracking Log 
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OP-008-01 
Chain of Custody / Analysis Record 
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Sam plers (print nam es):


Rem arks: (com posite, etc)


 


Release Nam e / S ignature -
   


Release Nam e / S ignature - 
 


Release Nam e / S ignature -


Phone: (860) 289-1885
     Fax: (860) 289-2261


East Hartford , CT 


Radiological Volumetric Sam pling


Received By - Nam e / S ignature of personnelFed Ex. Tracking No.


Prepared by:Project M anager:


Form  checked before shipping by:M anager's Phone No.:


06108


Received By - Nam e / S ignature of personnel


Fed Ex. Tracking No.


Fed Ex. Tracking No.


Date


Date


Date


Received By - Nam e / S ignature of personnel


809 M ain Street


Status of radiological survey:Radiological survey perform ed?  (Yes/No):
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OP-008-02 
Chain of Custody and Sample Tracking Log 


Sample 
ID# 


Type    Project
Name 


Project 
Number 


Project 
Manager


Sampler Laboratory Container Analysis
Req’d 


Collection 
Date 


Send 
Date 


Req’d 
Report 
Date 


Report 
Received 


Comments: 


 


             


             


             


             


             


             


             


             


             


             


 


 


OP-008  CABRERA SERVICES, INC.      Page 7 of 7 





		PURPOSE

		APPLICABILITY

		PRECAUTIONS, LIMITATIONS AND REQUIREMENTS

		Precautions

		Samples sent to an off-site laboratory for analysis shall be returned to the site after processing for disposal if this is the condition of the laboratory contract.  There may be occasions where the laboratory will hold and/or dispose of the samples.



		Limitations

		Requirements



		REFERENCES

		DEFINITIONS AND ABBREVIATIONS

		EQUIPMENT

		Security Seals



		RESPONSIBILITIES

		Project Manager \(PM\) – the PM is responsible�

		Radiation Safety Officer \(RSO\) – The RSO is �

		Radiological Field Supervisor \(RFS\) – During�

		Health Physics Technicians \(HPT\) – The HPT a�

		Sample Collectors are responsible to follow the instructions of the RFS supervisor and HPT and to ensure compliance with this procedure.



		INSTRUCTIONS

		The sample collector must initiate a chain of custody form by filling in the requested information.  Identifying data for the sample must also be entered into the sample log in accordance with the sampling/work plan for the job.

		The Chain of Custody / Analysis Record must be completed in its entirety as follows:

		Project Number – A unique number, which associate

		Project Name – Name of the facility and the type 

		Samplers \(Print Name\) – Name of individual\�

		Project Manager- The Project Manager described in step 7.1.

		Manager’s Phone No.-The Project Managers phone nu

		Radiological Survey Performed- A yes or no answer is required indicating whether or not a radiological survey was performed on the package.

		Prepared By – The person preparing the chain of c

		Form checked before shipping by – The individual 

		Status of radiological survey- Indicate the current status of the radiological survey (e.g., complete).

		Sample ID # - The unique number recorded on the status log (Form OP-008-02), on the sample and on the chain of custody for a sample.

		Check Sample Type – Water or soil as appropriate.

		Total Number of containers collected- Record the total number of samples collected.

		Date Collected– The date the sample was collected

		Time Collected-The time the sample was collected.

		Release Name / Signature – The person releasing t

		Date – The date the sample was released.  To be f

		Fed Ex. Tracking No. – The Fed Ex or equivalent s

		Received By – Name/Signature of Personnel – The p

		Remarks - Any other information for the laboratory.  If there is a need for a verbose note, place a circled number in this box and attach an addendum with the note written in detail prefaced with the circled number.

		In the blank spaces provided immediately to the right of Total No. of containers, fill out the following, as appropriate:

		Container Type – Describe the sample container su

		Volume – Record the volume and the units of the v

		Analysis Required – Indicate the desired type of 

		Check all sample characteristics that apply to this sample.  For example, a sample may be Flammable, Hazardous, Liquid and Radioactive.





		Proper chain of custody is maintained when the sample is controlled under the direct surveillance of an individual; in a controlled access facility, or the sample is in tamper proof container.

		If the sample is to be transported by any means other than hand delivered by the custodial individual, security seals must be used.  Log the seal number in the sample log and include a copy of the sample chain of custody form with the sample container.

		Upon transfer of the samples to another individual, that individual shall sign as recipient.  A copy of the chain of custody form will be maintained for record keeping purposes while the original will remain with the sample.

		Upon arrival of the sample at the laboratory, the laboratory recipient shall inspect the sample for signs of tampering.  If indication of tampering is noted, the laboratory shall notify site personnel who will collect another sample.

		Once the sample is in the custody of the laborato

		Samples sent to an off-site laboratory for analysis shall be returned to the site after processing for disposal if this is the condition of the laboratory contract.  There may be occasions where the laboratory will hold and/or dispose of the samples.



		QUALITY ASSURANCE/RECORDS

		Quality Control

		Instruments used for measurements required by this procedure shall be checked with standards and verified to have current calibration.

		Surveillance shall be performed at least annually to verify that operations are within the guidelines of this procedure.  Any time this procedure is in effect, the field supervisor should ensure by personal observation that samples are collected and cont



		Records

		Documented information shall be legibly written in ink.

		Data shall not be obliterated by erasing, using white-out, or by any other means.  Incorrect entries shall be corrected by striking a single line across the entry.  The correction shall be entered, initialed, and dated.

		The health physics technician completing the form(s) shall ensure that this procedure is the most current and approved revision.

		The health physics technician completing the form(s) shall review Form OP-008-01 and any other applicable forms for accuracy and completeness.

		Entries on Form OP-008-01 and any other pertinent forms must be dated and initialed by the health physics technician performing the survey to be valid.

		The RSO or duly authorized representative shall review any applicable completed forms.  The review shall be for accuracy and completeness.





		ATTACHMENTS





