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DISCLAIMER

This document is a document prepared under a federal administrative order on consent and revised

based on comments received from the U.S. Environmental Protection Agency (USEPA). This
document has been approved by USEPA, and is the final version of the document
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SECTION A - PROJECT MANAGEMENT

A1 Introduction

In April 2004, the United States Environmental Protection Agency (USEPA) and the Respondents
(Brown Inc., Ddalt Corp., Bulk Transport Corp., and Northern Indiana Public Service Company
(NIPSCO)) signed an Administrative Order on Consent (AOC II) (Docket No. V-W-'04-C-784) to
conduct a Remedial Investigation and Feasibility Study (RI/FS) at the Pines Area of Investigation, or
Area of Investigation as set forth in Exhibit I to AOC II located in the environs of the Town of Pines,
Indiana. AOC II (Section VII. 20) and the Statement of Work (SOW) (Task 2.1), which is provided as
an attachment to AOC II, require the Respondents to develop an RI/FS Work Plan. The RI/FS Work
Plan has been developed in seven volumes, as follows:

. • Volume 1 - Work Plan Overview.

• Volume 2 - Field Sampling Plan (FSP).

• Volume 3 - Quality Assurance Project Plan (QAPP).

• Volume 4 - Health and Safety Plan (HASP).

• Volume 5 - Human Health Risk Assessment (HHRA) Work Plan.

• Volume 6 - Ecological Risk Assessment (ERA) Work Plan.

• Volume 7 - Quality Management Plan (QMP).

This document provides the QAPP for the Pines Area of Investigation, and serves as Volume 3 of the
RI/FS Work Plan. The QAPP has been prepared to follow the requirements in AOC II and the SOW,
as well as to be compliant with the National Contingency Plan (NCP) (USEPA, 1990). The QAPP
incorporates the FSP (Volume 2 of the RI/FS Work Plan) by reference.

This QAPP presents the organization, objectives, planned activities, and specific quality
assurance/quality control (QA/QC) procedures associated with the RI/FS. Specific protocols for
sampling, sample handling and storage, chain-of-custody, and laboratory and field analyses are
described. All QA/QC procedures are structured in accordance with applicable technical standards,
USEPA's requirements, regulations, and guidance. This QAPP has been prepared in accordance with
the USEPA QAPP policy as presented in the Region 5 Instructions on the Preparation of a Superfund
Division Quality Assurance Project Plan (USEPA, 2000a).

AOC II - Docket No. V-W-'04-C-784 - RI/FS WP - V3 QAPP September 16. 2005



Section: A
QUALITY ASSURANCE PROJECT PLAN Date: January2005
REMEDIAL MVESTIGATION/FEASBUTY STUDY Revision: 0
PMESAREAOFMVESTIGATON Page 2 of 24

A2 Project Schedule

The project schedule is presented in Volume 1 Section 5.0 of the RI/FS Work Plan.

A3 Distribution List

The QAPP. and any subsequent revisions, will be distributed to the personnel shown on the

Distribution List that immediately follows the approval page.

A4 Project/Task Organization

The Ines of authority and communication specific to the Quality Assurance (QA) program for this

Remedial Investigation (Rl) are presented in Figure A-1. The responsfcftties of key personnel are
described below.

A4.1 Management Responsibilities

USEPA Region 5 Remedial Project Manager (RPM)

The USEPA Region 5 RPM. Timothy Drexler. has the overall responsibilty for al phases of the
investigation.

Respondents'Protect Managers

The Project Managers for the individual Respondents are Dan Sufevan of MSource and Val

Blumenfeld of Brown Inc They wiH be responsible for project direction and decisions concerning

technical issues and strategies, budget and schedule.

ENSR Project Manager

ENSR Corporation (ENSR) is retained by the Respondents and has been approved by USEPA as the

environmental consultant conducting the remedial investigations, risk analysis and the feasibility study

for the Pines Area of Investigation. The ENSR Project Manager, Lisa JN Bradley, will be responsible

for technical, financial, schedufng matters and for timely delivery of ad products/results pertaining to

the RI/FS- The ENSR Project Manager also wHI be responsible for project coordination between the
Respondents and USEPA as required

AOC •- Docket Mo V-W-04-C-784 WFSVW> V3 QAPP September 16. 2005
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ENSR Rl Task Manager

The ENSR Rl Task Manager, Elizabeth Perry, will have the overall responsibility for implementing the
sampling activities described in this RI/FS Work Plan and for reporting these activities in the Rl Report.
Specific responsibilities of the ENSR Rl Task Manager will include, but not be limited to, the following:

• Providing personnel and equipment for investigation activities;

• Ensuring that ENSR's associates perform their designated duties in accordance with the FSP
and the HASP (Volume 4 of this RI/FS Work Plan);

• Ensuring required QA/QC procedures are properly implemented and documented;

• Ensuring that sampling activities are properly carried out and completed within the approved
schedule;

• Communicating any request for modifications, if necessary, to the approved FSP to the ENSR
Project Manager; and

• Promptly notifying the ENSR Project Manager if unforeseen field conditions and/or analytical
issues are encountered that affect achievement of the project data quality objectives (DQOs).

Ms. Perry is also a Professional Geologist licensed to practice in Indiana. All geologic-related work
(e.g., logging, well installation) will be performed under her direction. While she may not be in the field
directly conducting the work, she must review and approve all such work.

ENSR Health and Safety Manager

The ENSR Regional Health and Safety Manager, Joseph Sanders, will be responsible for ensuring the
objectives of ENSR's corporate health and safety program are carried out. The ENSR Regional Health
and Safety Manager will also be responsible for the coordination and communication of health and
safety issues for field personnel.

AOC II - Docket No. V-W- 04-C-784 - RI/FS WP - V3 QAPP September 16, 2005



QUALITY ASSURANCE PROJECT PLAN
REMEDIAL INVESTCATONfFEASBIJTY STUDY
PMES AREA OF MVESTIGATION

Section: A
Date: May 2005
Revision: 1
Page 4 of 24

A4.2 Quaity Assurance Responsibilities

ENSR Project QA Officer

The ENSR Project QA Officer. Debra McGrath. has the overal responsHty for quafcty assurance.

The ENSR Project QA Officer communicates directly to the ENSR Project Manager on matters
pertaining to QA, data vafdation. and laboratory analyses. Specific responsibttes include:

• Reviewing and approving theQAPP;

• Reviewing and approving QA procedures, including any medications to existing approved

procedures;

• Ensuring that QA audfts of the various phases of the project are conducted as required by this
QAPP;

• Providng technical assistance to project staff:

• Ensuring that data vafcdabon/data assessment is conducted in accordance with the QAPP; and

• Reporting on the adequacy and efficiency of the QA Program to the ENSR Project Manager
and recommencing corrective actions, if necessary

ENSR Data Vaidator

The ENSR Data Vaidator reports to the ENSR Project QA Officer. The Data Validator is responsible
for vaEdating the analytical data in accordance with the QAPP

USEPA Region 5 Quaitv Assurance Plan Reviewer

The USEPA Region 5 Quality Assurance Plan Reviewer. Warren Layne. has the responsibility to
review and approve an QAPPs Additional USEPA responsibilities include:

• Conducting external performance and system audits of the selected laboratory;

• Evaluating results of performance evaluation sample data; and

• Reviewing and evaluating analytical field and laboratory procedures.

AOCI-Docket No V-W-04-C7&4 RITSWP V3QAPP September 16 2005
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A4.3 Laboratory Responsibilities

Columbia Analytical Services (CAS), located in Rochester, NY, will perform the chemical analyses of
all groundwater, surface water, suspected CCB materials, sediment, and private well water samples
with the exception of the radionuclide analyses, and the sediment grain size distribution and bulk
density tests, which will be performed by General Engineering Laboratories LLC (GEL), located in
Charleston, SC.

Laboratory Director

The Laboratory Directors are ultimately responsible for the data produced by their laboratories.
Specific responsibilities include:

• Resources are adequately allocated to specific projects and that sufficient staffing, equipment,
and support are provided.

(JLJr • Overseeing the technical operations' Section Managers and the Laboratory QA Manager.

Mike Perry is the CAS Laboratory Director. Carey Bocklet serves in this role for GEL.

Section Manager

The individual Laboratory Section Managers report to the Laboratory Director. Specific responsibilities
include:

• Supervision of employees within their specific analytical area;

• Overseeing and supporting the development, implementation, and operation of analytical
technical programs;

• Coordinating sample flow and for implementing QA and QC activities in their area of authority;
and

• Working in conjunction with the Laboratory QA Manager to ensure that QA/QC
recommendations are reviewed and that corrective actions are implemented and effective.

AOC II - Docket No. V-W-04-C-784 - RI/FS WP - V3 QAPP September 16, 2005
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LaboratoiYQA Manager
•

The Laboratory QA Manager reports to the Laboratory Director. Specific responstAbes include:

• Monitoring the QA and QC activities of the laboratory to ensure conformance with authorized
poicies, procedures, and good laboratory practices, and recommending improvements as
appropriate;

• Informing specific Section Managers of noncompliance with the approved QA/QC criteria;

• Ensuring that al records, logs. Standard Operating Procedures (SOPs), project plans, and
analytical resuts are maintained in a retrievable fashion; and

• Ensuring that SOPs and other controlled documents are distributed to aH appropriate
laboratory personnel for use in the project

Lisa Reyes is the CAS QA Manager. Robert Pullano is the GEL QA Manager.

Laboratory Project Manager

The Laboratory Project Manager is ultimately responsible for aH laboratory analyses and is the primary
point of contact for issues surrounding this QAPP. including resolving technical problems,
moolficabons to SOPs. etc. The Laboratory Project Manager is responsible for the coordination of
routine day-to-day project activities including project initiation, status tracking, data review and
requests, inquiries and general communication related to the project Rnal approval of data packages
is the responsHty of the Laboratory Project Manager.

The Laboratory Project Manager is the primary point of contact between the laboratory and ENSR.
Specific responsiAbes of the Laboratory Project Manager include:

• Monitoring analytical and QA project requirements for a specified project;

• Acting as a Eaison between ENSR and the laboratory staff,

• Reviewing project data packages for completeness and compliance to ENSR needs;

• Monitoring, reviewing, and evaluating the progress and performance of projects: and

• Providmg all analytical defcverabtes to ENSR in a timely manner.

AOC •-Docket No V-W04-C 784-RKFSVWPV3 QAPP September 16. 2005
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The Laboratory Project Managers are Janice Jaeger (CAS) and Edith Kent (GEL).

Laboratory Staff

Laboratory staff includes the Laboratory Director, the Laboratory Supervisor, Section Managers, Group
Leaders, Chemists, and Technicians. These individuals are responsible for the actual preparation,
analysis, reporting, and reviewing of the analytical information. The analysts are responsible for
understanding and implementing SOPs and for conformance with the Quality Assurance Program.
Analysts are also responsible for the initial review of data that they generate during the analytical
process and the identification of nonconforming events within their scope of concern. These
individuals, in conjunction with laboratory management and the laboratory QA Manager, may also be
responsible for implementing corrective actions.

Sample Receipt Personnel

Sample receipt personnel, or sample custodians, are responsible for the initial assessment of samples,
including documentation of sample conditions upon receipt, and accuracy and clarity of requests on
the Chain-of-Custody (COC) forms that accompany the samples. Sample receipt personnel, along with
laboratory management, are responsible for the resolution and documentation of any issues
associated with the initial assessment of the sample integrity on arrival. Resolution may include
discussions with laboratory personnel, client contacts, and/or laboratory management.

Following the initial assessment, sample receipt personnel are responsible for the accurate input of
sample information into the data management system and the assignation of laboratory batch
identification and individual sample identifiers. Sample receipt personnel also initiate the internal COC
process and begin laboratory tracking.

Sample custodians for CAS and GEL are Greg Esmerian and Pete Wilber, respectively.

A4.4 Field Responsibilities

ENSR Field Operations Leader

The ENSR Field Operations Leader (to be determined-TBD) has overall responsibility for completion of
all field activities in accordance with the FSP and QAPP and is the communication link between the
ENSR Rl Task Manager and the field team. Specific responsibilities of the ENSR Field Operations
Leader include:

AOC II - Docket No. V-W-04-C-784 - RI/FS WP - V3 QAPP September 16, 2005
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• Coonfnating activities in the field;

• Assigning specific duties to field team members;

• Mobbing and demobSzing of the field team and subcontractors to and from the Area of
Investigation;

• Directing the activities of subcontractors at the Area of Investigation;

• Resolving any logistical problems that could potentiaty hinder field activities, such as

equipment malfunctions or avatabftty, personnel conflicts, or weather dependent working
corefbons; and

• Implementing field QC including issuance and tracking of measurement and test equipment;
the proper labeling, hanolng. storage, shipping, and COC procedures used at the time of

sampfing; and control and cotection of aH field documentation.

ENSR Fdd Staff

The field staff reports dvectty to the ENSR Field Operations Leader. The responstofities of the field

staff include:

• Cotectang samples, conducting field measurements, and decontaminating equipment

according to documented procedures stated in the FSP;

• Ensuring that field instruments are property operated, caftrated, and maintained, and that

adequate documentation is kept for aH instruments,

• Cdecting the required QC samples and thoroughly documenting QC sample cofection;

• Ensuring that field documentation and data are complete and accurate; and

• Communicating and documenting any nonconformance or potential data quality issues to the

ENSR Field Operations Leader as well as documenting subsequent corrective action and
effectiveness of corrective action.

Subcmdi actors

ENSR subcontractors wtf perform drittng and surveying, activities among others. The subcontractors

are responsfcte for conducting the work in accordance with the project plans and contractual

AOCI-DodketNo V-W-04-C-784 RlfSWP V3QAPP September 16. 2005
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agreements and for communicating any issues concerning the budget, schedule, or achievement of
the technical specifications to the ENSR Field Operations Leader.

AS Problem Definition and Background

A5.1 Site Background and Description

Between 2000 and 2004, the Indiana Department of Environmental Management (IDEM) and USEPA
responded to homeowners by conducting sampling of private water supply wells in a portion of the
Town of Pines. In some of these samples, boron (B) and molybdenum (Mo) were detected at
concentrations above USEPA's Removal Action Levels (RALs) (USEPA, 1998). These concentrations
in groundwater are suspected by the USEPA to be derived from coal combustion by-products (CCBs).
CCBs have been disposed at a permitted Restricted Waste Facility known as Yard 520, and CCBs are
suspected to have been used as fill in areas within the Area of Investigation outside of Yard 520. Yard
520 is operated by Brown Inc., and most of the CCBs at Yard 520 were generated during combustion
of coal at NIPSCO's Michigan City Generating Station.

To address the boron and molybdenum detections above the USEPA RALs, the Respondents agreed
to extend the municipal water service from Michigan City to selected portions of the Town of Pines.
This agreement was documented in an Administrative Order on Consent, referred to as AOC I.
Additional sampling of other private wells indicated some concentrations near or exceeding USEPA
RALs. To address this, the Respondents voluntarily approached the USEPA to discuss extending the
municipal water service to a larger area under an amendment to AOC I.

The Respondents also signed AOC II to conduct an RI/FS for the Area of Investigation, as identified in
the Order. Under the SOW, Task 1 is the preparation of a Site Management Strategy (SMS). A draft
SMS document, which outlined a preliminary conceptual model, data gaps, and the strategy tor certain
elements of the RI/FS, was submitted in June 2004. The SMS was conditionally approved by USEPA
in November 2004. Task 1 of the SOW was completed with the submission of the Final SMS in
January 2005 (ENSR, 2005a). The SMS serves as the basis for development of the RI/FS work plans
prepared under Task 2 of the SOW, including this QAPP.
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A&2 Problem Definition

The overal objectives of the RUFS for the Pines Area of Investigation are as Mows:

(a) To detemiine the nature and extent of constituents in the Area of Investigation and any threat

to the pubic health, welfare, or the environment caused by releases or threatened releases of

constituents related to CCBs at or from the Area of Investigation by conducting a Rl.

(b) TO cofect data necessary to adequately characterize, for the purpose of developing and

evaluating effective remedral alternatives, the following:

0 Whether the water service extension instated pursuant to AOC I and AOC I as

amended is sufficiently protective of current and reasonable future drinking water use

of groundwater in accordance with Federal, State, and local requirements;

i) Whether there are significant human health risks at the Area of Investigation

associated with exposure to CCBs; and

1) Whether CCB-derived constituents may be causing unacceptable risks to ecological

receptors.

(c) To determine and evaluate alternatives for remedial action to prevent, mitigate, control or

eiminate risks posed by any release or threatened release of constituents related to CCBs at

or from the Area of Investigation, by conducting an FS.

Implementation of the Rl wl provide the data necessary to conduct the HHRA and ERA to

appropriately evaluate potential current and reasonably forseeabte future risks to human health and

ecological receptors. If an unacceptable risk is identified, the FS w* evaluate the alternative remedial

actions to address the risk.

A6 Project/Task Description

As noted above, the purpose of the Rl is to obtain the data necessary to appropriately evaluate

potential current and reasonably foreseeable future risks to human health and ecological receptors.

The QA/QC procedures specified in this QAPP are intended to meet these objectives, including

addressing the general data gaps and strategy items identified in the SMS (ENSR, 2005a). As

discussed in detail in the FSP. the Rl will include the following components:
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• Characterization of potential sources, including distribution of CCBs;

• Geologic/hydrogeologic characterization, including conducting fate and transport analyses of
CCB-derived constituents;

• Characterization of groundwater/surface interactions;

• Characterizing the nature and extent of CCB-derived constituents in groundwater and other
media; and

• Characterization of ecosystems/habitats.

The work to be performed for each of these evaluations is discussed in detail in Section 2 of the FSP
and summarized below.

A6.1 Evaluation of CCBs as Potential Sources

CCBs have been identified as potential sources within the Area of Investigation including CCBs
deposited at Yard 520 and the potential presence of CCBs used as fill outside of Yard 520. The
chemical and physical characteristics of these CCBs will be evaluated through implementation of two
previously-submitted sampling plans: the Municipal Water Service Extension (MWSE) Sampling and
Analysis Plan (SAP) (ENSR, 2004) and Yard 520 SAP (ENSR, 2005b). Additional investigation
activities for CCBs under the FSP include a visual inspection program to determine where suspected
CCBs are present outside Yard 520; laboratory verification (both chemical and physical) will be used to
determine whether the suspected CCBs are CCBs or another type of material. Based on these
evaluations, the need for further information regarding the nature or extent of CCBs will be determined
and follow up work implemented if necessary.

Suspected CCBs will be evaluated for both chemical and physical characteristics. Suspected CCB
sampling will be conducted under the proposed MWSE SAP (ENSR, 2004a) and the proposed Yard
520 SAP (ENSR, 2005b). These SAPs were submitted to USEPA in advance of this RI/FS Work Plan.
Sampling was conducted under the MWSE SAP from September through December of 200-4 and will
continue in 2005. The Yard 520 SAP work will be implemented upon USEPA's approval of that SAP.
These two SAPs were developed primarily to characterize the chemical composition and physical
characteristics of CCBs both outside of Yard 520 and at Yard 520.

The data obtained will be compared to the preliminary human health and ecological screening levels
(see Appendix A of this QAPP and Volumes 5 and 6 of this RI/FS Work Plan for further detail on these
screening levels). These data will be used to determine if direct contact to CCBs by either human or
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ecological receptors poses potential risks above USEPA target risk levels and/or whether

concentrations are consistent with background levels. In addfton, these data wM be used in
conjunction with groundwater quafty data to assess the extent to which the CCBs may be contributing

to the presence of boron and molybdenum, and/or other constituents above appropriate screening

levels in groundwater.

After suspected CCB cotection and investigation activities detailed in the SAPs (and the FSP) are

completed, the need for a additional data collection activity wiD be considered.

In addtton. geologic conottions in the south portion of the Area of Investigation wM be evaluated by

researching the presence or absence of a surficjal aquifer in this area. Acconfng to studies conducted
by the U.S. Geological Survey (USGS) (e.g.. Shedtock et al. 1994), a surfirial aquifer may not be

present in this area, or may not be present with sufficient capacity to support a drinking water supply.
If either of these is true, further investigation of CCB-related constituents in groundwater in this area is

not wan anted.

A&2 Geotogy/Hydrogeotogy Characterization

The objectives of the characterization of geology and hydrology are to provide geologic information to
refine the prefminary Conceptual Site Model (CSM); collect groundwater elevation data to determine

groundwater flow, directions (both horizontal and vertical), and seasonal variabtty. characterize the
hydrogeology for calculating groundwater flow and migration rates; and evaluate fate and transport of

constituents in groundwater and potential impacts to surface water. The data wl be collected by

insiafcng monitoring wefts, logging the geologic materials encountered, coftecting groundwater and
surface water level measurements from wefts and staff gauges on a seasonal basis, and conducting

hydraufc testing (i.e.. slug tests) A numerical groundwater flow model wl be constructed to quantify

the Direction and rates of groundwater flow based on the hydrogeotogic data coftected. The results of

these investigations wiN be evaluated to determine whether additional information would be needed
from an additional phase of investigation

A6.3 Groundwater - Surface Water Interactions

The interaction between groundwater and surface water wiH be evaluated to understand where and

how much groundwater discharges/recharges to Brown Ditch, the rates of surface water flow in Brown

Ditch, and seasonal changes Data coftection includes the installation of piezometers adjacent to staff

gauges and measurements of flow in Brown Ditch The groundwater and surface water flow rates will

also be measured. If indicated by the results of the initial groundwater investigation, these interactions
wl be evaluated for additional water bodies in an additional phase of investigation.
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A6.4 Nature and Extent of CCB-Derived Constituents in Groundwater and the
Environment

During the Rl, samples of groundwater, surface water, sediment, and CCBs will be collected and
analyzed for chemical and physical characteristics. This sampling and analysis will be the basis for
evaluating the presence of CCB-derived constituents in these media, to developing an understanding
of the environmental chemistry of CCB-derived constituents versus constituents present in
groundwater due to other potential sources, and evaluating the fate and transport of CCB-derived
constituents in the environment. Depending on the information then available, an additional phase of
sampling may be warranted.

Groundwater quality. Information pertaining to groundwater quality will be gathered for three key
areas:

1. The area directly north of Yard 520 (labeled South Area on Figure 1-1 in the FSP) where
municipal water has been provided;

2. The area northeast of Yard 520 (labeled North Area on Figure 1-1 in the FSP) where municipal
water has been provided, and

3. The remainder of the Area of Investigation, primarily where there is no municipal water service.

The nature and extent of CCB-derived constituents in groundwater in these areas will be determined to
the extent necessary to adequately evaluate potential current and reasonably foreseeable future risks.
This includes developing an understanding of general groundwater quality conditions in these areas as
well as upgradient concentrations through the sampling and analysis of groundwater. Four seasonal
sampling events will be conducted for groundwater quality. Geochemical conditions affecting migration
will also be evaluated. The need for any additional sampling activities will be determined after the data
are evaluated.

Surface water and sediment quality. Data on surface water and sediment quality is necessary to
support the evaluation of the potential human health and ecological risk associated with CCB-derived
constituents in Brown Ditch. Investigations evaluating surface water and sediment quality include
synoptic surface water samples and sediment samples in the various branches of Brown Ditch, and in
background areas. It is anticipated that an additional investigation would be needed for further surface
water and/or sediment quality only if groundwater containing CCB-derived constituents is found to
discharge to other surface water bodies or wetlands, or if there is significant downstream transport of
CCB-derived constituents in Brown Ditch.
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A6.5 Ecological Setting/Habitat

Habiat identification and assessment wM be conducted to support aquatic and terrestrial

investigations, as wel as to support the ERA. Initial work wil focus on evaluating aquatic habitats,
such as benthic and fish communities potentiaty found in the drainage dMches and other relevant

water bodes as wel as terrestrial habitats located in areas potentialy affected by CCBs placed as fill.

General ecological habitats w* be identified from a combination of maps, aerial photographs, previous

surveys and inventories (induing those provided by National Park Service) and other available

iterature sources. Based on this information, a preliminary ecological habitat map will be prepared,
which wl be ground-truthed by field reconnaissance. It is anticipated that additional investigations,

consisting of an evaluation of additional wetland or terrestrial habitats, would be conducted only if
necessary based on the results of the evaluation of potential sources and the groundwater

investigation.

A6.6 ProjectTTask Summary

The number of field and QC samples that wil be collected for each analytical parameter is presented in
Table A-1. A summary of analytical parameters by medium is presented in Table A-2. Target

compounds and analytical parameters for all matrices are presented with their respective laboratory

reporting fimits. method detection Imits, and data quality levels in Tables A-3 (sedbnent), Table A-4
(suspected CCB materials) and A-5 (aqueous materials).

Al data generated through field activities or through the analytical program wil be reviewed internally

through a tiered review process and vafidated prior to reporting. Al of the data wil be validated, either
as ful or femited vaidation. The data wHI be validated using USEPA and Department of Energy (DOE)

guidance in conjunction with ENSR data validation protocols (provided as an attachment). The

USEPA and DOE guidance wl be modified to reflect any differences in analytical methodology and to

incorporate the project-specific acceptance criteria defined in Section A7 of this QAPP or the method
criteria, whichever is more stringent A complete description of the data verification and data validation

procedures to be used is included in Section D1 of this QAPP.

ENSR's Project QA Officer and/or ReM Operations Leader will be responsible for internal technical
system audits (TSAs) to verify that field sampling procedures and field sampling measurements are

properly folowed. Additionaly. laboratory TSAs are conducted periodicaly by ENSR's Project QA

Officer or other qualified pesormel. TSAs are conducted at project start up and then periodically while

the project is under way A detailed discussion of the QA assessments that will be performed during

the course of the project is provided in Section C1 of this QAPP
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Validated project data will be compared to the project measurement criteria (Relative Percent
Difference (RPD) values for precision, for example). Sensitivity, representativeness, and
completeness assessments will also be performed. A complete description of how validated data will
be reconciled with DQOs and how the overall assessment of the data will be performed is included in
Section D3 of this QAPP.

QA reports will be generated by the ENSR Project QA Officer on an as-needed basis. A complete
listing and description of all documents and reports that will be generated and maintained in the project
files is included in Section A9 of this QAPP.

A7 Quality Objectives and Criteria for Measurement Data

A7.1 Data Quality Objectives

The Rl will consist of a sampling program and chemical analyses of groundwater, suspected CCB
materials, sediment, surface water, and private well water. The field investigation is designed to
provide information on the presence of CCB-derived constituents in these media, to develop an
understanding of the environmental chemistry related to CCBs and to other potential sources, and to
evaluate fate and transport of CCB-derived constituents in the environment. Therefore, the sampling
and analysis program incorporates the following QA elements:

• A sampling program designed to obtain sufficient data to determine levels of constituents in
media of interest,

• The use of sample collection and handling procedures that will ensure the representativeness
and integrity of the samples,

• An analytical program designed to generate definitive data of sufficient quality and sensitivity to
meet the project objectives (see Section A5.2), and

• Data deliverables that will allow verification and validation of the data and reproducibility of the
reported results.

At the completion of the work outlined in the FSP, it is possible that additional information may be
needed to meet Rl objectives. At this time, it is not possible to anticipate what additional work may be
needed, as it is dependent on the results of the activities proposed. AOC II allows for additional
phases of work. If needed, a memorandum documenting the need for additional data will be submitted
to USEPA, per AOC II Section VIII. 32.
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The design of the Rl was based on the DQO process (USEPA. 2000), a multi-step, iterative process

that ensures that the type, quantity, and quality of environmental data used in decision-making is

appropriate for Ms intended application This process is summarized below.

DQO Stop
Slate the

Irim f̂ir tkn

Identify Inputs
toneueasm

Define Study
Boundaries
Develop a
Decision Rule

Specify
Deoson Error
1 •wdc

Uptrrue tne
Study Design

Description
The disposal of CCBs at a permited Restricted Waste FadHy known as Yard 520. and the
fwyc<t>A» IKO rrfr/^Be as fl m areas uiMwi the Area rrf linn" Ibi <••! m4wtortf Yarrl *»9f) mau haup

resmcu *i me release 01 cco-oenvea consuiuetHs 10 me ernnroranenL

future based on a human heaRh risk assessment and ecological risk assessment
A Remedial Investigation (Rl) wil be conducted to coBect the data necessary to support the risk
assessmeiis. As piesented n the FSP. the Rl ndudes cnaracteiiujnon ot Ine physical systems
(geology, groundwater. habitats) and constituent concei Nations in enwomieiMal meolal. Specific
nformafcon to be coiected deludes.

• Coft&Mueii concentrations •< suspecleo CCBs.
• PresenceAocaten of suspected CCBs:
• CodsMueirt concentratioiis *\ native sois.
• Geology and gioundwotui data to evaluate dvections and rates of flow and migration.

• RechargeAdscharge relationships to evaluate interactions between groundwater and
surface water, ndudng seasonaSty;

• Constiuent cuncenti atiotts in gioundwater, ndudng upgradenl (ocabons.
• Coi&Muent uuncenliduuiis •) smfctce water and sedinenL iiduulng itteience locations,
• Potential contributions from sources other than CCBs (e.g.. septic systems, municipal

III ••» llCfa 1 -IfutlanoiBS). ana
• Physical and geocnemcal conditions affecting fate and transport of CCB-derived

uwbtAucnts in emnronrnertal media.
Pines Area of Investigation, as identified in the attachment to AOC II.

Constituents present above the risk-based screening levels and backgiound wl be identified as
Constituents of Potential (Ecological) Concern (COPCs/COPECs). These COPCs/COPECs wM
be evaluated in quantitative risk assessments, as described in the HHRA and ERA Work Plans.
If target risk levels and background are exceeded, then remeda! actions may be proposed.
together with fuller study to support those actions, if necessary.
A formal statistical design w* not be developed for the RUFS. However, the data will be
considered a"-*tAatlto' if ftey are coiected according to the RI/FS Work Plan and they meet the

point concentrations (EPCs) for the risk assessments
oHiCc a Kjtuiai swmmxii OeSiyii cS iKM oeifig UUueu, Uie maabnv DrOCeSS KM Ufjuik^KHj Ilic

sample design wfl not be used As appropriate during implementation of the RWFS. a decision
rule based on a more foonal statistical design may be considered in consutabon with the USEPA
RPM
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A7.2 Data Quality Objectives for Measurement Data

The principal objectives of the QAPP pertain to the collection of data that are sufficient to evaluate the
possible presence of CCB-derived constituents in the media of interest. Therefore, the quality of the
data gathered in this project can be defined in terms of the following elements: precision, accuracy,
completeness, sensitivity, and representativeness. These elements are discussed below.

Precision

Precision is a measure of the degree to which two or more measurements are in agreement. Field
precision is assessed through the collection and measurement of field duplicates at a rate of one
duplicate per ten field samples. Precision will be measured through the calculation of relative percent
difference (RPD). The objectives for field precision RPDs are 25% RPD for aqueous samples and 30%
RPD for solid samples.

Precision in the laboratory is assessed through the calculation of RPD for duplicate samples, either as
matrix spike/matrix spike duplicates (MS/MSDs) or as laboratory duplicates, depending on the method.
Precision control limits for laboratory analyses are provided in Table A-6.

Accuracy

Accuracy is the degree of agreement between the observed value and an accepted reference or true
value. Accuracy in the field is assessed through the use of equipment blanks and through the
adherence to all sample handling, preservation, and holding time requirements. Field rinsate blanks
will be collected at a rate of one per ten samples (or less) collected per sampling event. The objectives
for equipment blanks are shown in Table A-6.

Laboratory accuracy is assessed through the analysis of MS/MSDs, laboratory control samples
(LCSs), and the subsequent determination of percent recoveries (%Rs). Accuracy control limits are
given in Table A-6.

Completeness

Completeness is a measure of the amount of valid data obtained from a measurement system
compared to the amount that was expected to be obtained under normal conditions. "Normal
conditions" are defined as the conditions expected if the sampling plan was implemented as planned.
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Field completeness is a measure of the amount of vafd samples obtained during al sampling for the

project The field completeness objective is greater than 90 percent

Laboratory completeness is a measure of the amount of vafd measurements obtained from al the

measurements taken in the project The laboratory completeness objective is greater than 95 percent

Representativeness

Representativeness is the extent to which the sampling design adequately reflects the environmental
condttons of the site. The data w* be considered representative of the site tf al sampling and analysis
activities are conducted acconfng to the project FSP and QAPP.

Sensitivitv

Sensitivity of analytical data is demonstrated by the laboratory reporting imits. The target reporting

bnte for the constituents to be analyzed are presented in Tables A-3 (sedvnent), A-4 (suspected CCB

materials) and A-5 (aqueous matrices). These tables also contain the data quaHy levels (DQLs),

which were developed using human health and ecological risk screening levels, including Maximum
Contaminant Levels (MCLs). USEPA Region 9 Preliminary Remediation Goals (PRGs), USEPA RALs,

Ambient Water Quafty Criteria (AWQC). USEPA Region 5 Ecological Screening Levels (ESLs),
Irvfeana Water QuaSty Criteria (WQC). and Oak Ridge National Laboratory (ORNL) Phytotoxicity

Screening Values (Attachment A). The target reporting limits were selected in part by consideration of

the DQLs to be achieved and in part by consideration of the HkeShood of detectable concentrations
above the DQL as in the case of several of the metals, the actual ablly of the laboratory to attain

reporting imits at the DQLs and the cost-effectiveness of implementing additional, more sensitive

methods in the initial stage of the investigation The laboratories wiN use their most recent detection

imit study results to report analytical results.

Alternative analytical methods w* be evaluated if the need arises, and the QAPP wi* be amended, if
necessary.

A8 Special Training/Certification

A8.1 Training

ReU personnel wl be experienced in the groundwater. suspected CCB materials, surface water,

sedvnent and private well water sampling techniques proposed in the FSP. Data validators will be
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familiar with the USEPA and DOE validation guidelines. Additionally, prior to starting work, personnel
will be given instruction specific to the project, covering the following areas:

• Organization and lines of communication and authority;

• Overview of the FSP;

• QAPP requirements;

• QA/QC requirements;

• Documentation requirements; and

• Health and safety requirements.

Instructions will be provided and documented by the ENSR Project Manager, ENSR Rl Task Manager,
ENSR Field Operations Leader, ENSR Health and Safety Officer, and ENSR Project QA Officer.

Personnel responsible for shipping samples will also be trained in the appropriate regulations, e.g.,
Department of Transportation (DOT), International Civil Aviation Organization (ICAO), and International
Air Transport Association (IATA).

A8.2 Certifications

Laboratories utilized for routine testing of groundwater, soils/solid matrices, surface water, sediment,
and private well water will have appropriate certification for the test methods.

The Rl Task Manager, Ms. Perry, is a Professional Geologist licensed to practice in Indiana. This
certification will be maintained throughout the project.
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A9 Documents and Records

A9.1 Project Fles

The project fles wil be the central repository for al documents which consttute evidence relevant to
sampfng and analysis activities as described in this QAPP. ENSR is the custodian of the project files

and wl maintain the contents of the project files for the investigation, ndudkig al relevant records,
reports, logs, field notebooks, pictures, subcontractor reports, and data reviews in a secured, limited
access area and under custody of the ENSR Project Manager

The project fles wM include at a minimum:

• Field logbooks:

• Field data and data defverabtes;

• Photographs;

• Drawings;

• Sample cofection logs;

• Laboratory data defcverabtes:

• Data vafidation reports;

• Data assessment reports:

• Progress reports. QA reports, interim project reports, etc.; and

• AJ custody documentation (COC forms, airbills, etc)

Electronic versions of correspondence, reports, drawings, and statistical analyses wil be stored in the
project-specific network file The original electronic data deliverables (EDDs) received from the

laboratories, and the project database, wil also be stored on the network, which is backed up daily and
periodKaty archived off-site in accordance with ENSR Information Management poficy.

Records associated with this sampling wil be retained with al the project records for the duration of

AOC II and for a minimum of 10 years after its termination USEPA, NIPSCO and Brown Inc. will be

notified in writing 90 days prior to destruction of the records (per AOC II Section XIII. 44.).
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A9.2 Field Records

Field logbooks will provide the primary means of recording the data collection activities performed
during the sampling activities. As such, entries will be described in as much detail as possible so that
persons going to the field could reconstruct a particular situation without reliance on memory.

Field logbooks will be bound field survey books or notebooks. Logbooks will be assigned to field
personnel, but will be stored in the project files when not in use. Each logbook will be identified by a
project-specific document number.

Entries into the logbook will contain a variety of information. At the beginning of each entry, the date,
start time, weather, names of all sampling team members present, and the signature of the person
making the entry will be entered. The names of visitors to the work location, and the purpose of their
visit, will also be recorded in the field logbook.

Measurements made and samples collected will be recorded. All entries will be made in permanent
ink, signed, and dated and no erasures or obliterations will be made. If an incorrect entry is made, the
information will be crossed out with a single strike mark and the correct entry will be made, signed and
dated by the person making the correction. Whenever a sample is collected, or a measurement is
made, a detailed description of the sampling location, which includes compass and distance
measurements, or latitude and longitude information (e.g., obtained by using a Global Positioning
System (GPS)) unit will be recorded. All equipment used to make measurements will be identified,
along with the date of calibration. The coordinate system that the GPS unit displays will be recorded.

Information specific to sample collection will include:

• Sample identification number;

• Time and date of sample collection;

• Sample description (color, texture, etc.);

• Samplers' initials;

• Requested analyses;

• Depth of sample interval below ground surface (bgs) or below water surface, as measured with
a steel measuring tape; and
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• Location (GPS coordriates and description)

To sheaniine data recording, information wil be recorded on standardized forms when this approach

is logical. Examples of these forms are presented in the field SOPs included in Attachment B.

Descriptions of geologic materials and CCBs will be logged in accordance with Indiana guidance

(IDEM. 1988).

Representative photographs of sample locations wiN be taken with a digital camera and the camera
picture frame number, date, dvecbon facing, and subject wil also be recorded in the logbook.

COC forms wfl be maintained as part of the field records as described in Section B3.3.1.

A9.3 Laboratory Records and Ddrverables

Laboratory data reduction procedures wil be performed according to the following protocol. All
information related to analysis wil be documented in controlled laboratory logbooks, instrument

printouts, or other approved forms. Al entries that are not generated by an automated data system will
be made neatly and legfcry in permanent waterproof ink. Information will not be erased or obliterated.

Corrections wi be made by drawing a single line through the error and entering the correct information

adjacent to the cross-out. Al changes wffl be initialed, dated, and. if appropriate, accompanied by a
brief explanation. Unused pages or portions of pages wil be crossed out to prevent future data entry.
Analytical laboratory records w* be reviewed by the supervisory personnel on a regular basis, and by
the Laboratory QA Manager perkxficaMy. to verify adherence to documentation requirements.

Data deSverabtes wil be provided within standard turnaround time (21 calendar days for chemical

analyses and 28 days for radiological analyses) The laboratory wffl provide at least one copy of a

hard copy report and one copy of an EDO. The format of the EDO is discussed in Section B11. The

hard copy data package w* be equivalent to a Contract Laboratory Program (CLP) deliverable, i.e.,

consisting of al the information presented in a CLP package, including CLP-fcke summary forms. This

information is summarized below:

• Analytical report

• Chain of custody information.

• Notes concerning special dent requests and telephone records;
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• I nstrument raw data;

• Standards information;

• Preparation information;

• Sample results, including units;

• Detection limits and reporting limits, including units;

• Results for MS/MSDs, method or preparation/calibration blanks, LCSs, laboratory duplicates,
inductively coupled plasma (ICP) serial dilutions, and ICP interference check samples; and

• Raw data for samples and laboratory QC samples, including labeled and dated
chromatograms/spectra.
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SECTION B - MEASUREMENT/DATA ACQUISITION

B1 Sampling Process Design

The rationale for the sample design is provided in Section 2.0 of the FSP.

B2 Sampling Methods Requirements

B2.1 Field Measurements

Field measurements will be taken in conjunction with groundwater, surface water, and private well
water sampling. Water level measurements will be conducted as described in Section 3.3.9 of the FSP
and ENSR SOP No. 101 Pines - Water Level Measurements (Attachment B). Measurement of water
quality parameters during groundwater, private well water, and surface water sampling will be
performed as described in FSP Sections 3.3.4, 3.3.10 and 3.3.15.1, respectively, and in the following
ENSR SOPs: No. 108Pines - Field Measurement of Turbidity and No. 105Pines - Operation and
Calibration of the YSI 6920 Multi-Parameter Water Monitor (Attachment B). Surveying information is
presented in Sections 3.2.8 and 3.2.9 of the FSP.

B2.2 Sampling Procedures

The SOPs that will be utilized for sampling of groundwater, surface water, sediment, suspected CCB
materials, and private well water are listed below and provided in Attachment B.

• ENSR SOP No. 10SPines - Surface Water and Sediment Sample Collection

• ENSR SOP No. 7130Pines - Groundwater Sample Collection from Monitoring Wells

• ENSR SOP No. 106Pines - Sample Collection from Private Wells

• ENSR SOP No. 104Pines - Temporary Monitoring Well Installation and Groundwater
Sampling by HydroPunch® Technology

• ENSR SOP No. 7116Pines - Subsurface Soil Sampling by GeoProbe™ Methods
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B2-2.1 Groundwater Sampling

Groundwater samples wl be cotected in accordance with Sections 3.3.10 (groundwater purging and
sampfng) and 3.3.16 (HydroPunch® groundwater sampling) of the FSP.

Samples wl be cotected by fiBng each of the appropriate sample containers in rapid succession,
without pre-rinsing the containers with sample The bottle wil be held under the sample stream without

alowing the mouth of the bottle to come in contact with the tubing and fled completely, and the cap
securely tightened. Sample cotection wM proceed as fotews: metals, cations/anions, and

radnnucfides. Al dssorved constituents, if collected, wM be cotected after the unfltered samples and
wfl proceed as fotows: DOC. metals, and phosphate. Al sample labels wl be checked for

completeness, sample custody forms completed and a description of the sampfng event recorded in
the field notebook.

B2-2.2 Surface Water Sampling

Surface water samples wl be cotected in accordance with Section 3.3.15.1 of the FSP.

B2.2.3 Sedmtent Sampling

Sedvnent samples wi be cotected in accordance with Section 3.3.15.2 of the FSP.

B2.2.4 Private WeN Sampling

Private we! samples wl be cotected in accordance with Section 3.3.4 of the FSP.

B2.2.5 CCB Sampling

Suspected CCB materials w* be cotected in accordance with Section 3.3.5 of the FSP.

B2.3 Cleaning and Decontamination of Equipment/Sample Containers

Guidance on equipment decontamination is included in Attachment B, ENSR SOP No. 7600Pines. In

general, equipment used wil be decontaminated using the following procedure:

• Tap water rinse to remove gross contamination;
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• Non-phosphate, non-borate detergent (e.g., DETERGENTS®) and water rinse;

• Tap water rinse;

• Distilled/deionized water rinse ;

• 10% nitric acid rinse;

• Distilled/deionized water rinse; and

• Air dry or wrap in aluminum foil for later use.

If sample collection tools consist entirely of disposable or dedicated implements and bowls, then no
equipment decontamination is necessary for these items. See Section 3.2.7 of the FSP for information
on how to dispose of these supplies.

Non-disposable and non-dedicated sampling equipment will be decontaminated prior to initial use and
between samples. The effectiveness of the decontamination procedures is measured by collecting
and analyzing equipment blank samples.

Sample containers will be purchased new. Specifications for these containers are addressed in
Section B3.1.

B2.4 Inspection and Acceptance Requirements for Supplies/Sample Containers

For this project, critical supplies for field activities will be tracked through ENSR's system in the
following manner.

Critical Supplies and
Consumables

Sample bottles

Chemicals and reagents

Sampling equipment

Field measurement equipment

Inspection Requirements
and Acceptance Criteria

Visually inspected upon receipt for cracks, breakage,
and cleanliness. Must be accompanied by certificate
of analysis.
Visually inspected for proper labeling, expiration
dates, appropriate grade.
Visually inspected for obvious defects, damage, and
contamination.
Functional checks to ensure proper calibration and
operating capacity.

Responsible •
Individual

Field Operations
Leader

Field Operations
Leader
Field Operations
Leader
Field Operations
Leader
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Supples and consumables not meeting acceptance criteria wl ntiate the appropriate corrective

action. Corrective measures may indude repair or replacement of measurement equipment and/or
notification of vendof and subsequent replacement of defective or inappropriate materials. AJ actions
wfl be documented in the project files

The laboratory system of inspection and acceptance of supplies and consumables is documented in

the laboratory QA Manuals The pertinent sections of the QA Manuals are included in Attachment C.

A description of the procedures and documentation activities employed to ensure field and sampling

equipment are available in working order when needed is provided in Section B6 of this QAPP.

B3 Sample Handling and Custody

B3.1 Sample Containers, Preservation, and Holding Times

Sample bottles and chemical preservatives wil be provided by the laboratory. The containers will be
cleaned by the manufacturer (to be determined) to meet or exceed al anatyte specifications
estabfished in the latest USEPA's Specifications and Guidance for Contaminant-Free Sample

Containers (USEPA. 1992). Certificates of analysis wiB be provided with each lot of containers and

maintained on file to document conformance to USEPA specifications. Al sample bottles and
chemical preservatives provided by the laboratory will be shipped with a custody seal affixed to the

outside of the cooler. The laboratory wiH be responsible for maintaining the certificates of analysis for

the bottleware and for tracking which lot number of containers were provided with each shipment

A summary of sample container, preservation, and holding time requirements is presented in Table
B-1

B3.2 Sample Labeling

Immediately upon cofection. each sample will be labeled with an adhesive label. Samples will be

assigned unique sample identifications (IDs) based on an alphanumeric code that identifies the matrix,
location, date, and type of sample, as described below.

• Name of location in five digits (e.g.. MW001. TP002. etc.). These location names will

correspond to weft/boring logs if appropriate, as well as sample locations posted on maps.
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• Single letter signifying depth of sample (A, B, C, etc. for subsequent soil samples, S or D for
shallow/deep monitoring wells, X if this field is not being used). The actual depth measured in
the field in feet will be recorded in the field records.

• Two letters signifying the sample matrix: GW - groundwater, SW - surface water, SD -
sediment, PW- private well water, and CB for known or suspected CCBs).

• Sampling date consisting of the number corresponding to the month (2 digits), day (2 digits),
and year (2 digits), for example, 061204 for samples collected on June 12, 2004.

• Letter denoting the type of sample. Codes for this field include: S - sample; D - field duplicate;
R - equipment rinse blank.

• Letter (F) denoting if an aqueous sample has been filtered.

No dashes will be used to separate fields. An example sample ID for the sediment sampling would be:
SD011BSD070404D indicating a sediment sample collected at location SD011 on July 4, 2004. This
sample is a duplicate, and collected at depth greater than another sample at the same location.

Samples designated as MS/MSDs will be noted as such in the comments field of the COC form.

The sample identification code will be recorded on the label, in the field logbook, on the COC form, and
will be carried through the analytical process to reporting. An example of a sample label is included as
Figure B-1.

B3.3 Custody Procedures

Custody is one of several factors that are necessary for the admissibility of environmental data as
evidence in a court of law. Custody procedures help to satisfy the two major requirements for
admissibility: relevance and authenticity. Sample custody is addressed in two parts: field sample
collection and laboratory analysis.

A sample is considered to be under a person's custody if:

• The item is in the actual possession of a person;

• The item is in the view of the person after being in actual possession of the person;
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• The tern was in the actual physical possession of the person but is locked up to prevent

tampering; and

• The item is in a designated and identified secure area.

B3.3.1 Field Custody Procedures

The field sampler (to be determined) is personally responsible for the care and custody of the samples

until they are transferred or olspatched property. Reid procedures have been designed such that as

few people as possible wfl handte the samples.

Ai sample containers w* be identified by the use of adhesive sample labels (Figure B-1) which will

include sample numbers, project identification (i.e.. ENSR project number), date/time of collection,

preservation, sampler's initials, and type of analysis. The sample numbering system is presented in

Section B.3.2 of the QAPP Sample labels wiH be completed for each sample using waterproof ink

unless prohibited by weather conditions. For example, a logbook notation would explain that a pencil

was used to ffl out the sample label because the pen would not function in freezing weather.

Samples wM be accompanied by a properly completed COC form. The sample numbers and locations

wil be isted on the COC form. When transferring the possession of samples, the individuals

reinquishing and receiving wfl sign, date, and note the time on the record. This record documents the

transfer of custody of samples from the sampler to another person, to the permanent laboratory, or

to/from a secure storage location. ENSR SOP No. 1007Pines - Chain-of-Custody Procedures

(Attachment B) includes additional information. An example COC form is presented as Figure B-2.

AI sample shipments wiH be accompanied by the COC record identifying the contents. The original

record and a copy wil accompany the shipment, and a copy will be retained by the sampler and placed

in the project fites

Samples wl be properly packaged on ice at 4 ± 2;C for shipment and dispatched to the appropriate

laboratory for analysis, with a separate signed custody record enclosed in and secured to the inside

top of each sample box or cooler. Shipping containers wiH be locked and secured with strapping tape

and custody seals for shipment to the laboratory The custody seals wil be attached to the front right

and back left of the cooler and covered with dear plastic tape after being signed by field personnel.

The cooler wfl be strapped shut with strapping tape in at least two locations. ENSR SOP No.

7510Pines - Packaging and Shipment of Environmental Samples (Attachment B) includes a detailed

description of these procedures
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If the samples are sent by common earner, the waybill will be retained as part of the permanent
documentation. Commercial carriers are not required to sign off on the custody forms since the
custody forms will be sealed inside the sample cooler and the custody seals will remain intact.

Whenever possible, samples will be transported to the laboratory the same day the samples are
collected in the field by overnight carrier.

B3.3.2 Laboratory Custody Procedures

Samples will be received and logged in by a designated sample custodian or his/her designee. Upon
sample receipt, the sample custodian will:

• Examine the shipping containers to verify and document that the custody tape is intact;

• Examine all sample containers for damage;

• Determine if the temperature required for the requested testing program has been maintained
during shipment and document the temperature on the COC form;

• Compare samples received against those listed on the COC;

• Verify that sample holding times have not been exceeded;

• Examine all shipping records for accuracy and completeness;

• Determine sample pH (if applicable) and record acceptability of pH on the sample receipt
records;

• Sign and date the COC immediately (if shipment is accepted) and attach the waybill (if
possible);

• Note any problems associated with the coolers and/or samples on the cooler receipt form and
notify the Laboratory Project Manager, who will be responsible for contacting the client;

• Attach laboratory sample container labels with unique laboratory identification and test; and

• Place the samples in the proper laboratory storage.

Following receipt, samples will be logged in according to the following procedure:

• The samples will be entered into the laboratory information management system (LIMS). At a
minimum, the following information will be entered: project name or identification, unique
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• sample numbers (both dent and internal laboratory), type of sample, required tests, date and

time of laboratory receipt of samples, and field ID provided by field personnel.

• The appropriate laboratory personnel wi be notified of sample arrival.

• The completed COC, waybls. and any additional documentation wl be placed in the project
fite.

Specific detais of laboratory custody procedures for sample receiving, sample identification, sample

control, record retention, and data purging to the final evidence file are described in the laboratory

SOPs (Attachment D).

B4 Analytical Methods

Groundwater, surface water, sediment suspected CCB materials, and private wel water samples will
be analyzed by CAS for the majority of analyses:

Columbia Analytical Services Inc.

1 Mustard Street Suite 250
Rochester. NY 146094)859

Phone: (585)288-5380

Groundwater. sediment and private wel water samples wrtl be analyzed by GEL for radiochemistry

arid physical testing parameters:

General Engineering Laboratories. LLC

2040 Savage Road

Charleston. SC 29417

Phone: (843) 556-8171

B4.1 Field Analytical Procedures

There are no field analyses associated with this project
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B4.2 Laboratory Analytical Procedures

The laboratories named above will implement the project-required SOPs. These laboratory SOPs for
sample preparation and analysis are based primarily on SW-846 Third Edition, November 1986
(including all final updates through Final Update III, June 1997) and USEPA Methods for Chemical
Analyses of Water and Wastes. These SOPs provide sufficient detail and are specific to the analyses
to be performed for this investigation. Attachment D of the QAPP contains the laboratory SOPs.
Laboratory Instrument Detection Limits (IDLs) and Method Detection Limits (MDLs) are listed in Tables
A-3 (sediment), A-4 (suspected CCB materials) and A-5 (aqueous). The CAS laboratory SOP for
performing MDL studies is included in Attachment D-1; no SOP for MDL studies is included for GEL as
MDL studies are not applicable to the parameters being analyzed by GEL. A list of the laboratory
SOPs included in Attachment D is provided in the Table B-2.

Table B-2 summarizes the analyte groups of interest, appropriate laboratory SOP number, and
reference method for the organic (e.g., total organic carbon (TOC)/dissolved organic carbon (DOC))
and inorganic analytes evaluated in the investigation.

B4.3 List of Project Target Constituents and Detection Limits

A complete listing of project target constituents and reporting limits for each analyte group listed in
Table B-2 can be found in Tables A-3 (sediment), A-4 (suspected CCB materials), and A-5 (aqueous)
of this QAPP.

B4.4 List of Associated Quality Control Samples

The analytical laboratory SOPs listed in Table B-2 includes a QC section which addresses the
minimum QC requirements for the analysis of specific analyte groups. Section B5 of this QAPP
contains a complete list of the associated QC samples for every analyte group.

65 Quality Control

QC is the overall system of technical activities that measure the attributes and performance of a
process, item or service against defined standards to verify that they meet the stated requirements.
Acceptable limits of performance are defined for each QC check and sample used in the project.
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B5.1 Field

QC samples wfl include equipment blanks, field dupficates, and MS/MSDs. These samples will be
colected as described below:

B5.1.1 Equipment Blanks

Equipment blanks wfl be prepared by routing laboratory grade and organic free water (provided by the

laboratory) through norMfsposabie or non-dedicated sampling equipment after equipment

decontamination and before field sample collection Equipment blanks wi be colected for aH aqueous

and sofid samples coBected with non-dKposabte or non-dedicated equipment and wfl be colected at a

frequency of one per 10 samples colected using a particular type of equipment Equipment blanks will

be analyzed for the same parameters as their associated samples, except that they wffl be limited to

metals. suMur, and raciochemistry analyses only.

B5.1.2 Reid Duplicates

Field dupficates wfl be collected at a frequency of one field duplicate for every 10 or less investigative

samples of each rnedkmi Field dupficates wfl be coBected by alternately filing two sets of identical

sample containers from the interim container used to collect the sample. Al field duplicates will be

analyzed for the same parameters as their associated samples, except that they wil be fimited to

metals, sulfur, and radiochemistry analyses only. Whenever possible, collection of field duplicate

samples wfl occur at locations where detectable concentrations of target anatytes are expected.

B5.1.3 MSJMSDs

MS/MSD or MS/dupficate samples wfl be collected at a frequency of one for every 20 or less

Investigative samples. For those samples designated as MS/MSDs or MS/dupticates, sufficient

addttonal volume (based on the individual laboratory's requirements) wfl be collected.

B5.2 Analytical Quality Control Checks

Each laboratory has a QC program in place to ensure the refiabifity and vafidity of the analysis

performed at the laboratories Al analytical procedures are documented in writing as SOPs and each

SOP includes a QC section which addresses the minimum QC requirements for the procedure. The

internal QC checks differ slightly for each individual procedure but in general the QC requirements

include the folowing: .L J)

AOCH-Docket No V-W- 04-C-7W - Rt<FS VW» - V3 QAPP September 16. 2005



Section: B
QUALITY ASSURANCE PROJECT PLAN Date: May 2005
REMEDIAL INVESTIGATION/FEASIBILITY STUDY Revision: 1
PINES AREA OF INVESTIGATION Page 11 of 15

• Method blanks

• Reagent/preparation blanks (inorganic parameters)

• Instrument blanks

• MS/MSDs

• Laboratory duplicates

• LCSs

• ICP serial dilutions

• ICP interference check samples

Table B-3 summarizes the QC for each method.

B6 Instrument/Equipment Testing, Inspection, and Maintenance

This section describes the procedures used to verify that all instruments and equipment are maintained
in sound operating condition and in working order when needed.

B6.1 Field Instrument Maintenance

The field equipment for this project includes an electronic water level indicators and water quality
meters (pH, specific conductivity, dissolved oxygen [DO], temperature, turbidity, oxidation-reduction
potential [ORP]). Specific preventative maintenance procedures to be followed for field equipment are
based on those recommended by the manufacturer. Field instruments will be checked and 'calibrated
daily before use and periodically throughout the day as specified in Section B8.1. The maintenance
schedule and trouble-shooting procedures for field instrument are indicated in Table B-4. Critical spare
parts will be kept on site to reduce potential downtime. Backup instruments and equipment will be
available on site or within 1-day shipment to avoid delays in the field schedule.

B7 Laboratory Instrument Preventative Maintenance

As part of their QA manual, a routine preventative maintenance program is conducted by the
laboratories to minimize the occurrence of instrument failure and other system malfunctions.
Designated laboratory employees regularly perform routine scheduled maintenance and repair of (or
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coonfnate with the vendor for repair of) aN instruments. Al mainlenance that is performed is

documented in the laboratories' operating record. AD laboratory instruments are maintained in
accordance with manufacturer's specifications Table B-5 provides the frequency with which

components of key analytical instruments wil be serviced. Table B-6 provides a summary of the
monitoring of laboratory equipment

B8 Instrument/Equipment Caibration and Frequency

Cafbration is required to ensure that field and laboratory analytical systems are operating correctly and

functioning at the proper sensitivity to meet established detection limits.

B8.1 Field

The field instrumentation wfl include electronic water level indicators and water quality meters.

CaHxabon of these instruments wfl be performed according to the manufacturer's instructions and the

SOPs included as Attachment B. A summary of calibration procedures and frequencies is provided as
Table B-7 Al cafbration procedures wfl be documented in the field records. Caibration records will

include the date/time of caftrabon. name of the person performing the catenation, reference standard
used, and the results of the caibration.

B8.2 Analytical Instrumentation

CaKbrabon procedures for laboratory instruments win consist of initial caibrabons, initial calibration

verifications, and continuing caibration verification. The SOP for each analysis performed in the

laboratory describes the cattxabon procedures, their frequency, acceptance criteria, and the

condMions that wfl require recaferabon. This information is summarized in Table B-8. The SOPs are
included as Attachment D.

The laboratory maintains documentation for each instrument which includes the folowing information:

instrument identification, serial number, date of calibration, analyst. caHxabon solutions, and the

samples associated with these calibrations

B9 Inspection/Acceptance of Supplies and Consumables

Inspection and acceptance procedures for field materials are discussed in Section B2.4.
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The laboratory system of inspection and acceptance of supplies and consumables is documented in
the laboratory QA Manuals. Pertinent sections of the laboratories' QA Manuals are included as
Attachment C.

B10 Non-Direct Measurements

The suitability of use of non-direct data (historical reports, maps, literature searches, previously
collected analytical data) will be evaluated and limitations potentially placed on its use . The data
necessary to meet the objectives specified in Section A7 of the QAPP will be generated during the
RI/FS and will come from the following sources:

• Field records (sample locations, sample observations);

• Field measurements (water quality measurements, water levels, hydraulic conductivity
measurements);

• Analytical results for chemical testing of sediment, suspected CCB materials, surface water,
private well water, and groundwater; and

• Ecological assessment.

The data collected under this QAPP have been designed to be of sufficient quality to meet the program
objectives.

A summary of the data usability criteria and potential limitations on use in the RI/FS is presented
below:

Type

A

A

B

Data Usability

Qualified for use in the RI/FS

Qualified for use in the RI/FS

Qualified for some uses in the
RI/FS

Description

Data collected per the approved RI/FS Work Plan, maintaining consistency with approved
SOPs, QAPPs, and DQOs. SOPs, QAPP, and DQOs are specifically developed to meet
RI/FS objectives including use in risk assessment. Specific data uses are presented in
work plans.

Data collected by others under a documented QA program. QA program, field and
laboratory methods are available and equivalent to the RI/FS. Appropriate documentation
is available. If all conditions are consistent with those presented in the RI/FS, then these
data are qualified for uses detailed in the RI/FS.

Non-chemical data, such as geology, hydrology, physical data, not collected under the
approved work plans, but which was collected by equally qualified personnel using
methods that are no different than in the plans (e.g., USGS geology, geology from Yard
520, water levels, well construction information, etc.)
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Typ«
c

o

DatoUsatfMy
fht^btft fiv hî il iirm n tfu»

RVFS

t** tiJ-Jthi frw iKn m PUT*;

DgsoipUmi

to be dMerenl from approved RI/FS work plans. QA ptoyans and/or field/laboratory
ineHmUs known to be drffeient so resutong date e> hiiuwi lo be nul uxifiaiabte. Not to be
combined iMBi RI/FS data Appropriate uses to be dtifciiiaiud by profe&&Mnaljud<jrncnt

fie tndenbfeed samplers, methodologies, locations), from locations that were not
piuperty reooided or are now destiuyvd.

B11 Data Management

Data management operations include data recording, validation, transformation, transmittal, reduction,
analysis, tracking, storage and retrieval.

Ai data w* be entered into an EQulS database system. EQulS is a software product of Eartnsoft, is

widely used in the industry, and has proven to be a reliable and robust data management tool. EDDs
provided by the laboratories w* be in an EQulS-compatibte format that w« minimize manipulation of

the data.

Upon receipt from the laboratory, hard copy and EDO wiH be assigned a unique identifier, which allows

the data to be tracked from receipt through validation, to data loadmg and storage. The electronic
data vtnl be imported into the EQulS database system concurrent with the data validation process.

Data quatters generated during data validation will be entered manuafly. Definitions of an qualifiers

are maintained within the database structure and electronic versions of the data vaidation reports are
stored in the project fites maintained on the network drive. Data collected in the field win also be
entered into the system and integrated with laboratory data

As data are loaded into the system, a variety of quality checks are performed to ensure data integrity.
These checks include:

• AudMs to ensure that laboratories reported all requested analyses;

• Checks that al anaryles are consistently and correctly identified;

• Reviews to ensure that units of measurement are provided and are consistent;

• Queries to determine that any codes used in the database are documented property;

• Reports to review sample definitions (depths, dates, locations);

AOC •-Docket No V-W-04-C-784 - RITS VUP - V3 QAPP September 16. 2005



Section: B
QUALITY ASSURANCE PROJECT PLAN Date: May 2005
REMEDIAL INVESTIGATION/FEASIBILITY STUDY Revision: 1
PINES AREA OF INVESTIGATION Page 15 of 15

• Proofing manually entered data against the hard-copy original; and

• Reports to review groupings of sampling locations and coordinate systems.

Records of the checks are maintained on file.

At a minimum, the database will contain the following fields:

Sample identifier;
Sample location;
Sample media type;
Sampling date;
Analysis date;
Laboratory analysis identifier (test method);
Analyte name;
Concentration value;
Quantitation limits;
Measurement units; and
Data qualifiers.

Data will be loaded into a "temporary" database until data validation is complete, at which time the
database will be finalized. Any changes made to the database after finalization will be documented,
including a description of the change, date of change, person responsible, and reason for change.

Once all data quality checks are performed, the data will be exported to a variety of formats to meet
project needs. Cross-tab tables showing concentrations by sample location will be prepared.
Statistical analyses will be performed as required. Data can be accessed by a variety of mapping and
visualization tools.

The project database will be maintained on a secure network drive which is backed up regularly.
Access to the database will be limited to authorized users and will be controlled by password access.
Data will be retained in accordance with the requirements stated in Section A9.1 of this QAPP.
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SECTION C - PROJECT ASSESSMENT/OVERSIGHT

C1 Assessment and Response Actions

This section identifies the number, frequency, and type of planned assessment activities that win be

performed for the project

C1.1 Assessments

C1.1.1 Field Sampling Technical System Audit

The USEPA is responsible for the external TSAs of field activities, including field sampling and

measurements, for compliance of requirements specified for this project

The Project QA Officer and/or Field Operations Leader of ENSR wil be responsible for periodic
internal TSAs to verify that field samping procedures and field samping measurements are property

fblowed. The TSAs wl include examination of

• Field samping records;

• Field measurement results:

• Field instrument operating and calibration records;

• Sample ccJection. hanolng. and packaging procedures;

• QA procedures;

• Chain-of-custody; and

• Sample documentation, etc.

An example of the checklist used during the internal field TSAs is included as Figure C-1. Results of
internal field TSAs wil be documented in the QA reports to management (Section C2)
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C1.1.2 Fixed Laboratory Technical System Audits

The USEPA is responsible for the external TSAs of laboratory activities for compliance of requirements
specified for this project.

System audits are performed as described in the laboratory QA manual for internal auditing or as
required by accreditation authorities.

Laboratory TSAs are conducted at project start up and then periodically as the project progresses, by
ENSR or another qualified party, as part of their analytical subcontractor monitoring program. The
laboratory TSA includes a review of the following areas:

• QA organization and procedures;

• Personnel training and qualifications;

t J • Sample log-in procedures;

• Sample storage facilities;

• Analyst technique;

• Adherence to laboratory SOPs and project QAPP;

• Compliance with QA/QC objectives;

• Instrument calibration and maintenance;

• Facility security;

• Bottleware preparation;

• Waste management;

• Data archival;

• Data recording, reduction, review, and reporting; and

• Cleanliness and housekeeping.

An example of the laboratory TSA checklist is included as Figure C-2.
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Prefcrinaiy results of Ihe systems audi wl be discussed with the Laboratoiy Dvector, Laboratory
Project Manager, and Laboratory QA Manager. A written report that summarizes audit findings and
recommends corrective actions wi be prepared and submitted to the Laboratory Director for response,
and to the ENSR Project Manager. The results of the audit including resolution of any deficiencies,
wl be included in the QA reports to management as described in Section C.2.

C1.1.3 Performance Evaluation Sample Assessment

Continuous performance audting is accomplished through the regular use of LCS. matrix spike
samples, dupfcate samples, QC samples, proficiency testing, and through continuing calibration
verification samples. Federal and State agencies may administer the proficiency testing.

Prior to the initiation of this project the results of recent (within 6 months of the start of the program)
Performance Evaluation (PE) samples analyzed by the laboratories wHI be reviewed and evaluated to
ensure the acceptabUy of resuRs for the parameters and matrices of interest In the event that PE
resuts are not current not acceptable, or are not available for the target parameters. PE samples will
be purchased from a commercial vendor and submitted to the laboratories for analysis prior to the start
of the analytical program. The results of the PE samples analyzed by CAS and GEL wil be reviewed
by the ENSR Project QA Officer. Any deficiencies wl be communicated to the ENSR Project
Manager, the laboratory, and to the USEPA RPM. Corrective actions, which may include internal
laboratory actions, the analysts of additional PE samples, or selection of another analytical
subcontractor, wil be documented in the QA reports to management (Section C2).

C1.1.4 Data Validation Technical System AudHs

Data vafdation and verification wl be performed as described in Section D.2. In summary, a subset of
data received wl be subjected to a fui data validation. The remainder of the data wl receive a limited
data vaidation. Data wl be quaffied and the results of the validation wl be summarized in a validation
memo. Each data validation technical systems audit will be reviewed by a vaEdator other than the one
performing the vaidation. This review wl verify that the analytical defverable package was complete

and that any missing information requested from the laboratory was suppfied. that validation
worksheets were filed out accurately and completely, that validation actions were consistent with the
vaidation guidelines estabished for this program and/or best professional judgment and that the
vaidation reports and data quaffiers accurately reflect the validation actions as documented on the
worksheets.
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C1.1.5 Data Package Technical System Audits

Audits of analytical data packages will be conducted for 100% of the packages received as part of the
data validation process (Section D.1). The review will include an evaluation of the package to ensure
that (1) all required deliverables are provided, (2) each package contains the information necessary to
reproduce the reported results, and (3) the QC acceptance criteria specified in the QAPP were met.
Any deficiencies will be communicated to the laboratory and documented in the data validation reports.

C1.1.6 Management System Review (MSR)

On a quarterly basis, at a minimum, all projects within ENSR are reviewed. The review includes the
following elements:

• Progress towards completion of the scope of work;

• Schedule versus approved plan;

• Costs and invoicing versus approved plan, including adherence to purchasing policy;

• Project task structure and associated budgets;

• Senior review assignments and documentation;

• Compliance with hard copy and electronic file management requirements;

• Client relationship development; and

• Future needs.

Documentation of the review will be maintained with the project files.

C1.2 Assessment Findings and Corrective Action Responses

Corrective action is the process of identifying, recommending, approving, and implementing measures
to counter unacceptable procedures or out-of-limit QC performance that can affect data quality.
Corrective action can occur during field activities, laboratory analyses, data validation, and data
assessment. All corrective action proposed and implemented should be documented in the QA reports
to management (Section C.2). Corrective action should only be implemented after approval by the

-^ ENSR Project Manager, or their designee.

\J
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C1.2.1 HeU Corrective Action

Corrective action in the field may be needed when the sample frequency is changed fl.e., more/fewer

samples, sample locations other than those specified in the QAPP, etc.). or when samping procedures

and/or field analytical procedures require modification, etc. due to unexpected condHions. The field

team may identify the need for corrective action. The Field Operations Leader wM approve the

corrective action and notify the Project Manager The Project Manager wl approve the corrective

measure. The Field Operations Leader w* ensure that the field team implements the corrective action.

Refer to ENSR No. SOP lOOPines - Field Change Order Procedures (Attachment B) for further

dBcussion of field corrective actions.

Corrective action resuKng from internal field audits will be implemented immeolately if data may be

adversely affected due to unapproved or improper use of approved methods. The QA audttor will

identify deficiencies and recommend corrective action to the Field Operations Leader. The Field

Operations Leader and field team wii perform implementation of corrective actions. Corrective action

wil be documented in QA reports to the project management team (Section C2).

Corrective actions wil be implemented and documented in the field record book. Documentation will

include:

• A description of the circumstances that initiated the corrective action;

• The action taken in response:

• The final resolution;

• Any necessary approvals; and

• Effectiveness of corrective action.

No staff member wil initiate corrective action without prior communication of findings through the

proper channels.

If at any time a corrective action issue is identified which directly impacts the project DQOs, the

USEPA RPM wl be notified
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C1.2.2 Laboratory Corrective Action

Corrective action in the laboratory is specified in laboratory SOPs and may occur prior to, during, and
after initial analyses. A number of conditions such as broken sample containers, multiple phases,
low/high pH readings, and potentially high concentration samples may be identified during sample log-
in or analysis. Following consultation with laboratory analysts and supervisory personnel, it may be
necessary for the Laboratory QA Manager to approve the implementation of corrective action. If the
nonconformance causes project objectives not to be achieved, the ENSR Project QA Officer will be
notified, who will in turn notify the ENSR Project Manager, who will communicate with the Respondent
Project Managers and other members of the project team, as necessary. The USEPA RPM will also
be notified in those cases where the nonconformance affects the achievement of the project DQOs.

These corrective actions are performed prior to release of the data from the laboratory. The corrective
action will be documented in both the laboratory's corrective action files, and in the narrative data
report generated by the laboratory. If the corrective action does not rectify the situation, the laboratory
will contact the ENSR Project QA Officer, who will determine the action to be taken and inform the
appropriate personnel.

C1.2.3 Corrective Action During Data Validation and Data Assessment

The need for corrective action may be identified during either data validation or data assessment.
Potential types of corrective action may include resampling by the field team or reinjection/reanalysis of
samples by the laboratory. These actions are dependent upon the ability to mobilize the field team and
whether the data to be collected are necessary to meet the required QA objectives. If the data validator
or data assessor identifies a corrective action situation that impacts the achievement of the project
objectives, the ENSR Project Manager will be responsible for informing the appropriate personnel,
including the USEPA RPM.

C2 Reports to Management

QA reports will be prepared by the ENSR Project QA Officer and submitted on an as-needed basis to
the ENSR Project Manager. QA reports will document any problems identified during the sampling and
analysis programs and the corrective measures taken in response. The QA reports will include:

• All results of field and laboratory audits;

• Problems noted and actions taken during data validation and assessment; and
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o
• Significant QA/QC problems, recommended corrective actions, and the outcome of corrective

actions.

A summary of QA issues, audit findings, and significant nonconfbnnances wl be included in the status

reports to the USEPA. A complete listing and description of al documents and reports that will be

maintained in the project files is included in Section A9 of this QAPP.
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SECTION D - DATA VALIDATION AND USABILITY

This element details the QA activities that will be performed to ensure that the collected data are
scientifically defensible, properly documented, of known quality, and meet project objectives. Two
steps are completed to ensure that project data quality needs are met:

• Data Verification/Validation

• Data Usability Assessment

D1 Data Review, Verification, and Validation

All data generated through field activities or through the analytical program, will be reduced and
validated prior to reporting. No data will be disseminated until it has been subjected to the procedures
summarized below.

D1.1 Field Data Review

The field data verification includes verification of sampling design, sample collection procedures and
sample handling. Field data will be reviewed daily by the Field Operations Leader to ensure that the
records are complete, accurate, and legible and to verify that the sampling procedures are in
accordance with the protocols specified in the FSP and QAPP (refer to Section D2.1 for the specific
elements reviewed).

D1.2 Internal Laboratory Review

Prior to the release of any data from the laboratory, the data will be reviewed and approved by
laboratory personnel. The review will consist of a tiered approach (Section D2.2) that will include
reviews by the person performing the work, by a qualified peer, and by supervisory and/or QA
personnel.

D1.3 Validation of Analytical Data

Analytical data validation includes the verification and validation of analytical procedures, QC,
calibration, and data reduction. Validation of the laboratory deliverables will be performed by ENSR.
One hundred percent of the analytical data will receive validation, either as full or limited validation.
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Ten percent of the data wfl be subjected to fuR vafdabon and the remainder wfl receive limited

vafdation. The ten percent of data selected for full validation wfl be representative of al matrices and

analyses. It is expected that Kfl vafdation win occur early in the vafdation process to identify any
potential systematic problem and then wfl be performed periodically as needed.

For fifl vafdation. the data wfl be reviewed for the following, where appfcable to the method:

• Completeness of deliverable;

• Technical hokfing times and sample preservation;

• Laboratory and field blank contamination:

• Field and laboratory dupicates;

• MS/MSO recoveries and RPDs:

• Post-dkjestion spice recoveries:

• LCS recoveries;

• Initial and continuing cafbrations;

• ICP serial dilution results:

• ICP interference check sample results; and

• Calculation and transcription verifications (ie, verifying summary data against raw data).

Limited vafdation wfl be limited to information presented on summary forms and wiB include the
fblowing:

• Completeness of deliverable:

• Technical hokfing times and sample preservation:

• Laboratory and field blank contamination:

• Field and laboratory dupicates;

• MS/MSO recoveries and RPDs: and

• LCS recoveries.
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The discovery of significant anomalies or discrepancies during validation using the summary forms
may result in an in-depth review of the raw data and the incorporation of additional review elements
into the validation of all data.

D2 Validation and Verification Methods

D2.1 Field Data Verification

Field records will be reviewed by the Field Operations Leader to ensure that:

• Logbooks and standardized forms have been filled out completely and that the information
recorded accurately reflects the activities that were performed.

• Records are legible and in accordance with good recordkeeping practices, i.e., entries are
signed and dated, data are not obliterated, changes are initialed, dated, and explained.

• Sample collection, handling, preservation, storage, and shipping procedures were conducted in
accordance with the protocols described in the FSP and QAPP, and that any deviations were
documented and approved by the appropriate personnel.

D2.2 Laboratory Data Verification

Prior to being released as final, laboratory data will proceed through a tiered review process. Data
verification starts with the analyst who performs a 100 percent review of the data to ensure the work
was done correctly the first time. The data reduction and initial verification process must ensure that:

• Sample preparation and analysis information is correct and complete;

• Analytical results are correct and complete;

• Reporting limits are correct;

• The appropriate SOPs have been followed and are identified in the project records;

• Proper documentation procedures have been followed; and

• All nonconformances have been documented.

Following the completion of the initial verification by the analyst performing the data reduction, a
systematic check of the data will be performed by an experienced peer or supervisor. This check will
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be performed to ensure that initial review has been completed correctly and thoroughly and will include

a review of

• Adherence to the requested analytical method SOP;

• Correctness of numerical input when computer programs are used (checked randomly);

• Correct identification and quantitation of constituents with appropriate quaifiers;

• Numerical correctness of calculations and formulas (checked randomly);

• Acceptably of QC data;

• Documentation that instruments were operating acconfng to method specifications

(caBxations. performance checks, etc.);

• Documentation of dfcjtion factors, standard concentrations, etc.; and

• Sample holding time assessment

A third-level review wM be performed by the Laboratory Project Manager before results are submitted

to cSentS- This review serves to verify the completeness of the data report and to ensure that project
requirements are met for the analyses performed A narrative to accompany the final report will be

prepared by the Laboratory Project Manager.

D2.3 Validation of Analytical DeKverabtes

Vafidation w* be performed as described in Section D 1 3 of the QAPP using the 'Contract Laboratory

Program National Functional Guidefnes for Inorganic Data Review" (USEPA, 2004) and "Evaluation of

RarJochemical Data Usabflry (DOE. 1997) in conjunction with ENSR data vaidation protocols. The
ENSR data vaidation protocols are provided in Attachment E. These guidelines will be modified to

reflect any differences in analytical methodology and to incorporate the project-specific acceptance
criteria defined in Section A.7 of this QAPP or the method criteria, whichever is more stringent

Upon completion of the vafedation. a report will be prepared. This report wM summarize the samples

reviewed, elements reviewed, any nonconformances with the established criteria, and validation

actions (including application of data quafifiers) Data qualifiers will be consistent with the USEPA
guidelines as shown below
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• J - The result is an estimated quantity; the associated numerical value is the approximate
concentration of the analyte in the sample.

• J+ - the result is an estimated quantity, but the result may be biased high (this qualifier will be
used only for metals data).

• J- - The result is an estimated quantity, but the result may be biased low (this qualifier will be
used only for metals data).

• UJ - The analyte was not detected above the sample reporting limit; and the reporting limit is
approximate.

• U - The analyte was analyzed for, but was not detected above the sample reporting limit.

• R - The data are unusable. The sample result is rejected due to serious deficiencies. The
presence or absence of the analyte cannot be verified.

D2.4 Verification during Data Management

Data provided electronically used to facilitate data handling will be verified against the hard copy data
report during data validation.

D3 Usability/Reconciliation with Data Quality Objectives

This element describes how the verified/validated project data will reconcile with the project DQOs,
how data quality issues will be addressed and how limitations on the use of the data will be reported
and handled. The purpose of this section is to indicate the methods by which it will be ensured that the
data collected for this investigation falls in line with the DQOs as described in Sections A. 7 of this
QAPP. To meet these DQOs, a combination of statistical procedures and qualitative evaluations will be
used to check the quality of the data. These procedures will be used by the laboratory, in generating
the data, and by the Data Validator, in the evaluation of the data for ultimate use in accordance with
the RI/FS Work Plan.

The data generated must meet the data user's needs as defined in the project DQOs in Sections A.7
of this QAPP. The primary objectives for assessing the usability of the data are to ensure (1) data are
representative of conditions in the Area of Investigation; (2) data meet the project reporting limit
requirements; and (3) data are of the quality needed in order to meet the overall objective of the RI/FS.
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ResuRs for QC samples, inducing field and laboratory blanks, spikes, and dupfcates wffl be evaluated
using the equations described below to determine the vaWrty and usabAy of the data In addition, the

data wl be reviewed for incications of interferences to results caused by sample matrices,
contamination during samping, contamination in the laboratory, and sample preservation and storage

anomaies (i.e.. sample hokfng time or analytical instrument problems).

Data wl be quaffed for precision and accuracy by the Data Vafdator. The Data Validator will apply
the standard data vafdation quafners to data to indicate the level of uncertainty in the associated

resut. In general, data that are left unquaified, data qualified 'IT (non-detected), data qualified "J (+/-)'
(detected as an estimated result), and data qualified *UJ* (non-detected at an estimated detection

reporting frrit) are considered vaid and usable for project objectives. Data that are quaified *R*

(rejected), due to severe exceedances of QC requirements, wil be considered invalid and unusable for
making project decisions.

D3.1 Comparison to Measurement Criteria

D3.1.1 Precision Assessment

The RPD. as a measure of variabtty between the matrix spike and matrix spice duplicate or sample
and matrix dupfcate (laboratory dupfcates). and field duplicates, wl be calculated to compare to

precision and representativeness DQOs The RPD of duplicate measurements is calculated according
to the foiowing formula:

RPD = IResuM in Sample 1 - Result in Sample 21 x 100
Average (Result in Sample 1 and Result in Sample 2)

where:

Sample 1 = Initial sample or spiked sample result

Sample 2 = Duplicate sample or duplicate spiked sample result

In the event of precision results that do not meet the measurement performance criteria established for

this project the resuts will be inspected to determine if the reduced precision can be attributed to

samping techniques (field dupfcates) or sample contamination (field and laboratory blanks). If

precision has been determined to be affected by sampling or contamination the data users must

decide how to use data near the project action limits that may be affected. Data of reduced precision
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might be usable with appropriate acknowledgement of the uncertainty associated with results that are
near action levels.

D3.1.2 Accuracy Assessment

Accuracy, as a measure of bias, will be evaluated based on the percent recoveries (%Rs) of the matrix
spike sample, matrix spike duplicate sample, LCS, and initial and continuing calibration check
samples. These QC results will be compared to the project measurement performance criteria for
accuracy.

The increase in concentration of the analyte observed in the spiked sample, due to the addition of a
known quantity of the analyte, compared to the reported value of the same analyte in the unspiked
sample determines the %R.

Percent recoveries for spiked samples and QC are determined using the following equation:

% R = (Result in Spiked Sample - Result in Original Unspiked Sample) x 100
Known Amount of Spike Added

Percent recoveries for LCS are determined using the following equation:

% R = Result for constituent in LCS x 100
Verified amount of constituent in LCS from vendor information

Additionally, field and laboratory blanks will be used to evaluate whether field or laboratory procedures
represent a possible source of contamination in the samples. Unmonitored contamination can allow
false positive results to be reported and treated as true sample components when, in fact, they are not.
This type of error will adversely affect the accuracy of the reported results. Several types of blanks,
including field blanks, method blanks, and instrument blanks, will be used in this project as described in
Section B.5.B.

Specific DQOs for blanks have been defined for this program in Sections B.5.B. In general, the
procedure for assessing blank samples for potential contamination is as follows.

• Tabulate blank constituent results.

• Identify blank samples for which constituents are reported above the method detection limits.

AOC II - Docket No. V-W-'04-C-784 - RI/FS WP - V3 QAPP September 16,2005



QUALITY ASSURANCE PROJECT PLAN
.MVESTlGATIOM/FEASIHLfTY STUDY

PMES AREA OF MVESTIGAT1ON

Section: D
Date: JanuaryZOOS
Revision: 0
Page 8 of 10

• If no constituents are delected above the instrument or method detection limits in any blanks,

the associated data are reported unqualified and no blank actions are taken.

• If consitituents are detected above instrument or method detection fmjts in the blanks, the

associated sample constituent results may be quafified during data validation. This

quaification may result in the negation of results at raised reporting finite due to blank actions.

Thus potential false results wff be reported with elevated reported knits. These elevated fimrts wiH be

recognized in the data available for the end user. Bias that does not meet the limits of the

measurement criteria objectives wfl be indicated by the results of LCS. MS, and cafibration analyses.

Bias indicated by these measurement criteria objectives wM need to be evaluated to determine the

effect on the use of the data High bias on nondetect results, results that are wel below action levels,

or wel over action levels may have fttte effect on the use of the data. Low bias for results that are well

below the action levels or well over the action levels may have little effect on the use of the data. For

resuts near the action levels with a high or low bias or indeterminate bias, the data wffl need to be

reviewed carefufy to establish if the data is usable for the intended purposes. Sample reanalysis,

analysis of archived material, and/or recollection of the sample may be appropriate depending on

cribcalness of the missing data, logistical constraints, cost, and schedule

D3.1.3 Completeness Assessment

Completeness is the ratio of the number of valid sample results to the total number of results planned

for cofection. The goal of this program is to generate vafid, usable data. However, in environmental

sampfng and analysis, some data may be lost due to sampling location logistics, field or laboratory

errors, or matrix effects that may cause the rejection of results for some consitituents. The overall

completeness goal of cdecton of valid data is 90% for the field and 95% for analytical data. The Data

Vaidator wl assess the completeness of the overal data generation against the project goals of a

minimum of 90% as vafid and usable results Valid and usable results are defined as those that are not

rejected during vafidation (eg. due to severe holding time or spice recovery noncompSances) or

during the overall assessment (eg. improper sampling technique). Following completion of the

sampling, analysis, and data validation, the percent completeness wfl be calculated and compared to

the project objectives stated in Section A7.2 using the following equation.

% Completeness = Number of valid/usable results obtained x 100

Number of vabd/usabte results planned

If this goal is not met. data gaps may exist that will require evaluation to determine the effect on the

intended use of the data Sample reanalysis. analysis of archived material, and/or recollection of the
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sample may be appropriate depending on criticalness of the missing data logistical constraints, cost,
and schedule.

D3.1.4 Sensitivity

Sensitivity is evaluated by verifying that laboratory reporting limits meet the target reporting limits
stated in Tables A-3 and A-4. The failure to calibrate with a standard at the laboratory reporting limit or
the presence of excessive dilutions may result in elevated detection limits. The effect of these elevated
limits will need to be reviewed in light of the historical data and project action levels to determine if
adequate information is available to satisfy the DQOs.

D3.1.5 Representativeness

Representativeness expresses the degree to which data accurately and precisely represent a
characteristic of a population, parameter variations at a sampling point, a process condition, or an
environmental condition within a defined spatial and/or temporal boundary.

Measures to Ensure Representativeness of Field Data

Representativeness is dependent upon the proper design of the sampling program and will be satisfied
by ensuring that the FSP and QAPP are followed and that proper sampling techniques are used. In
designing the sampling program, media of interest have been specified.

Measures to Ensure Representativeness of Laboratory Data

Representativeness in the laboratory is ensured by using the proper analytical procedures, appropriate
methods, meeting sample holding times, and analyzing and assessing field duplicate samples. The
sampling network was designed to provide data representative of the Area of Investigation. During
development of this network, consideration was given to past facility processes, existing analytical
data, physical setting and processes, and media of interest. The rationale of the sampling network is
discussed in detail in Section 2.0 of the FSP.

D3.2 Overall Assessment of Environmental Data

Data assessment will involve data evaluation and usability to determine if the data collected are of the
appropriate quality, quantity, and representativeness to the project decision. This evaluation will be

j) performed by the Project Manager in concert with other users of the data. The QC results associated
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win each analytical parameter for each matrix type wi be compared to the objectives presented in this
QAPP. Data generated in association with QC results meeting these objectives and/or the data
vafdation criteria wi be considered usable. Data that does not meet the objectives and/or the data
vaidabon criteria might stii be usable. This assessment may require various statistical procedures to
estabish cutters, correlations between data sets, adequate sampling location coverage, etc.. in order
to assess the effect of quaffication or rejection of data. The effect of the qualification of data or loss of
data deemed unacceptable for use, for whatever reason, wiU be discussed and decisions made on
corrective action for potential data gaps.
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Figure A-1 Project Organization Chart

Indiana Department of
virormiental Management

USEPA Region V
ni'diai Proiect Manager

Respondents'
Project Managers

Dan Sullivan/NiSource
Val BlumenfeW I Brown Inc

Mike Perry, CAS
Carey Booklet GEL

Janice Jaeger. CAS
Edith Ken I. GEL

Lisa Reyes, CAS
Robert Pullano, GEL

Line of Authority

Line of Communications

Laboratory Operations SlaH
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Figure B-1 Exan t̂e of Sample Label

I-CHEM

cou-nr
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Figure B-2 Example Chain-of-Custody Record

CHAIN OF CUSTODY RECORD

Oanl/Piojacl Name

Project Numbor

Signature

RaHnquWiad by: (PiMHMw)

Signature:

RaHnquWiad by: (MrtN

Signature:

Raanqunhed by. IM xn)

Signatura:

Piojad Location: AnalyliaRaquaalad

7
Chain a Cuatody Tapa No.:

Sand RaauNa/Rapoit to:

Daw:

Tim.:

Date:

Tima:

Date:

Time:

IUMII.IUIBI.EIC.)

Racelvad by: IPIM Mnw)

Slgnalura:

Recafvad by: iPm* NMM)

Slgnalura:

Racahrad by: IPIM N>nl

Signalura:

Data:

Tirna:

Data:

Time:

Data:

Time:

Analytical Labonkxy (DetSnatai):

ENSR
4303W. LaPorteAve.
Fort Collins. CO 80521
(970)416-0916
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Figure C-1 Example of Internal Field ISA Checklist

^^HtX^^A*rrufoci.

1. V^ project-specific training held?

2. Afe copies of project plan (FSP. QAPP) on site and avaiabte to personnel?

3. Are samples being cofected in accordance with the project plan?

4. Do toe numbers and tocafensof samples confcinn to the project plan?

5. Are: abore atod or olhenMise marked?

6. Are samples labeled in < »dance with tie project plan?

7. Is equipment decontamination in accordance with the project plan?

8. Is field ins* being operated and caHxated in accordance witti tie project plan'

9. Are samples being preserved and containerized in accordance with the project plan?

10. Are QC samples in accordance witti the types, colecbon procedures, and frequencies specified
in the project plan̂

11. Are chanofrcustody procedures and documents n conformance with the project plan?

12. Are field records compMe. accurate, up-to-date, and in conformance to good recordkeeping
procedures?

13. Are mcxfficabons to tie project plan being communicated, approved, and documented
appropriately?

ArtdMonal Comments:

AudHor Date:
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Figure C-2 Example of Laboratory Audit Checklist

Project:

Facility Location:

Auditor:

Is there a written QA Program Plan/Manual?

Is there a designated QA Officer?

Are facilities and equipment adequate to perform the analyses of interest?

Review procedures and engineering controls for minimizing cross contamination.

Review most recent interiaboratory PE sample results and recent Agency audits.

Review SOP system. Review techniques for conformance to approved SOPs.

Are personnel qualified and trained? Is there a formal training program and are records of training and proficiency
maintained?

Is there a designated sample custodian? Is there a sample inspection checklist? Are sample log-in procedures defined
in an SOP?

Is the laboratory area secure?

Review internal chain-of-custody procedures.

Are instruments operated and calibrated in accordance with SOPs? Are records of calibration maintained?

Is equipment maintained according to written protocols? Are routine and non-routine maintenance procedures
documented?

Are samples being analyzed in conformance to the cited methods?

Are QC samples and checks being performed at the frequencies stated in the cited methods?

Are records complete, accurate, up-to-date, and in conformance to good recordkeeping procedures?

How are project-specific requirements communicated to the bench level?

Review data reduction, review, and reporting processes.

Review data archival process (paper and electronic).

Review audit and corrective action program.

Additional Comments:

Auditor: Datq:
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Table A-1 Sample Summary

NO. OF
LOCATONS

ANALYHCM. PARAMTTBtS BLANKS1
nsr

pHspedfc
oondueKfly.
DO

aftuiutfn. amrnoraa.
Muidb fluoride,

crtoftasphale. s*ca
(MBAS) DOC

2pairs

OHP
pHspeofc
conducMy.
DO

Ltiun. U-23« U 735 U-238 Ra-226
Ra-228

OHP
51
W samples

PH
conducMy
DO

Boron, motytxjenxn

UtrttyOBP
PH
con
DO

. sfcontun ammoraa.
fanoe ftuonde

Itasphat
(MBASt DOC

ORP

6mches) per dens*»
TOC gran see bufc 1par

6 tocaftons
Usamftep.
locatory

Uetab . s>*f TOC gran see tufc
densty

1par

CCSs
ipar

Swtaoe pH
oar
DO

DOC.

anvnoraa
fluoride. i

ska sUMe a*de
TSS

2pair

OHP
an«nc bamm bcrox cadrnun, catoun. cfvomun copper von lead, magnesunt rranganese, mdylxlaun. ndd. polasaun.

siccfx soduii itHilun. varodtfiv art znc
CflVftnuix dtonuix ooppei* lead n&d 9def«ufi\. and znc ml be coiccicd as Meted and wittered soiiflijfcs

BUrtis wrii be ootoded vtvn non-tfapocaUe or ̂ HXMfrtft-ĵ iyf *?Qiap>nPf^ is used,
arthnony. bonum berytbivn bonvi catimffn. calouii. ctvonMTi. oLibtfH, ^x î̂ f̂ 1*̂ ^ vDn. lead, ntaajncsunv imnyBiMLJif'. mercury,

taasun. setenvr sioon sKer sodun. toivn. vanadun and znc
be nta-rvd by .tie Wxraio.> fcv

Ndit SaBBpJcfMiittfisareestnqies acfcd fi\ff<ie»& «•! be based on fcnai sanyie runbers and JeMoondBons
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Table A-2 Laboratory Parameters by Sample Medium

Parameter

Ammonia

Bicarbonate

Bulk Density

Chloride

DOC

Fluoride

Grain Size

U-234, U-235, U-238

Ra-226 and Ra-228

Hardness

Lithium

Metals1

Nitrate

Percent Moisture

Ortho-Phosphate

Silica

Strontium

Sulfate

Sulfide

Sulfur

Surfactants (MBAS)

TOC

TSS

Media

Sediment

X

X

X

X

X3

X

X

Groundwater

X

X

X

X

X

X

X

X

X2

X

X

X

X

X

X

X

Surface Water

X

X

X

X

X

X •

X

X

X

X

X

X

X

X

Private Well
Water

X

X

X

X

X

X

X

X

X

X

X

X

X

Suspected
CCB

X4

X

X3

X

'Aluminum, arsenic, barium, boron, cadmium, calcium, chromium, copper, iron, lead, magnesium, manganese,
molybdenum, nickel, potassium, silicon, selenium, sodium, thallium, vanadium, and zinc.
2 Select groundwater samples (those from HydroPunch® locations) will be analyzed only for boron and molybdenum.
3 The sediment and suspected CCB sulfate results will be used only to report sulfur, by calculation.

Antimony, beryllium, cobalt, mercury, and silver will also be analyzed.
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TabteA-3 Target Anatytes, Reporting Limits, and Data Quality Levels for Sedment

r
MvMXnVftg)

Afamnun

Arsenic

Barium
f>Horon

Cadmium

Calcium

Chromun (total)

Copper

Iron

Lead

Magnesun

Manganese
ft&^Jwf^MMMOW•Kvyoocnuni

Nickel

PbtassMn

Sefcrnum

Steon

Sodun

Thafjum

Vanadun

Zinc

CAS No. DUMDL RL OQL
Hunttn HtsMi

DQL Selected DQL

7429-90-5

7440-38-2

7440-39-3

7440-«2^

744O-43-9

7440-70-2

7440-47-3

7440-50-8

7439-89-6

7439-92-1

7439-95-4

7439-96-5

7439-97-7

7440-02-0

74404)9-7

7782-49-2

7631^6-9

7440-23-5

7440-28-0

7440-62-2

744O-66-6

5.1

025

056

168

007

376

006

019

005

016

381

006

017

0 19

752

043

649

531

013

015

006

10

1

2

20

05

50

1

2

10

05

50

1

1

4

200

05

100

50

1

5

2

25.500

9.79

NS

NS

099

NS

43.4

316

20.000

35.8

NS

460

NS

16

NS

029

NS

NS

NS

50

121

76.000

0.38

5.400

16.000

37

NS

210

3.100

NS

400

NS

1.800

390

1.600

NS

390

NS

NS

5^

78

23.000

25.500

0.39

5.400

16.000

0.99

NS

43.4

31.6

20.000

35.8

NS

460

390

16

NS V

029

NS

NS

5.2

50

121

Other (mglkg)

su**
TOC

Gram Soe Dsmbubon

But Density

7704-34-9

C-012

-

-

Notes
UtooiJloryRLsandCLs/MDLsareonan-as-recEivwf bass Aduald
•XsMDLs are updated periodcaly the currer* OLsMDls at the bme

1219

625

NA

NA

20

300

NA

NA

NS

NS

NS

NS

NS

NS

NS

NS

ry weigh) hrms wfl vary based on percent iimisliMi of the
of anatyses w* be used OLs w* be utfeed for metals; 1

NS

NS

NS

NS

samples.
UOLsforthe

Araemc and sdemum w* be reported as nondeted at the OL
CAS - Chemical Abstracts Sennce
OQL- Data Ouatty Level Refer to Aaactwnent A for scxnes Refer to Section A72fwadisajssionofttesensaMyoflteproposedmethods
and jLlwvuiiwiri of ffie OQLs.
•X - nstruncnl Detecbon Unl
MOL - Method Daecbon Umd
NA-NotApptcabte
NS- None Speeded
RL - Reportng l*m

J
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Table A-4 Target Analytes, Reporting Limits, and Data Quality Levels for Suspected CCB Materials

Parameter CAS No. IDUMDL RL
Ecological

DQL
Human Health

DQL Selected DQL
Metals (mg/kg)

Aluminum

Antimony

Arsenic

Barium

Beryllium

Boron

Cadmium

Calcium

Chromium (total)

Cobalt

Copper

Iron

Lead

Magnesium

Manganese

Mercury

Molybdenum

Nickel

Potassium

Selenium

Silicon

Silver

Sodium

Thallium

Vanadium

Zinc

7429-90-5

7440-36-0

7440-38-2

7440-39-3

7440-41-7

7440-42-8

7440-43-9

7440-70-2

7440-47-3

7440-48-4

7440-50-8

7439-89-6

7439-92-1

7439-95-4

7439-96-5

7439-97-6

7439-97-7

7440-02-0

7440-09-7

7782-49-2

7631-86-9

7440-22-4

7440-23-5

7440-28-0

7440-62-2

7440-66-6

5.1

0.29

0.25

0.56

0.01

1.68

0.07

3.76

0.06

0.12

0.19

0.05

0.16

3.81

0.06

0.003

0.17

0.19

7.52

0.43

6.49

0.071

5.31

0.13

0.15

0.06

10

6

1

2

0.5

20

0.5

50

1

5

2

10

0.5

50

1

0.03

1.0

4

200

0.5

100

1

50

1

5

2

50

0.29

5.7

330

36

0.5

0.38

NS

0.4

13

5.4

NS

16

NS

500

0.1

2

30

NS

0.028

NS

4.0

NS

0.057

1.6

6.6

76,000

31

0.39

5,400

150

16,000

37

NS

210

900

3,100

NS

400

NS

1,800

23

390

1,600

NS

390

NS

390

NS

5.2

78

23,000

50

0.29

0.39

330

150

0.5

0.38

NS

0.4

13

5.4

NS

16

NS

500

0.1

2

30

NS

0.028

NS

4.0 •

NS

0.057

1.6

6.6

Other (mg/kg)

Sulfur 7704-34-9 12.19 20 NS NS NS

Notes:
Laboratory RLs and IDLs/MDLs are on an "as-received" basis. Actual dry weight limits will vary based on percent moisture of the samples.
IDLs/MDLs are updated periodically; the current IDLs/MDLs at the time of analyses will be used. IDLs will be utilized for metals; MDLs for the
remaining parameters.
Antimony, arsenic, boron, cadmium, chromium, selenium, thallium, and vanadium will be reported as nondetect at the IDL.
CAS - Chemical Abstracts Service
DQL - Data Quality Level. Refer to Attachment A for sources. Refer to Section A.7.2 for a discussion of the sensitivity of the proposed methods
and achievement of the DQLs.
IDL - Instrument Detection Limit
MDL - Method Detection Limit
NS - None Specified
RL - Reporting Limit
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Tabte A-5 Target Analytes, Reporting Units, and Data Qualrty Levels for Groundwater, Surface
Water, and Private Wei Water (Page 1 of 2)

Vanadun

P^mtar
«•«•<««.)

Ahmnm

Anenc

Barium

Bonn

Cadmium

Calcium

Ownun (totaO

Copper

Iran

Lead

Uhum

NbgnBStVTi

Manganeje
>*„> a, ,i a, .MOqooenim

McM

Pttassun

ScAcfHun

CAS No.

742940-5

7440-38-2

7440-39-3

7440-42-8

7440-43-9

7440-70-2

7440-47-3

7440-50-8

7439-S9*

743942-1

7439-93-2

7439-95-4

7439-96-5

7439-97-7

7440-02-0

744O-09-7

DUMOU
MDA Rt

Ecotoycal (Human ttoaUil
OQL | DQL | Selected DQL

509

25

56

168

07

376

06

19

52

16

239

381

06

1 7

1 9

752

7782-49-2 4 3

100

10

20

50

5

500

10

20

100

5

100

500

10

10

40

2000

5

Sfcon 7440-21-3 649 1000

87

150

4

16

025

NS

11

896

1000

25

NS

NS

120

370

52

NS

461

NS

Sodun 7440-23-5 531 500 NS

Strontium 7440-24^ 842 100 1500

IhaBum 7440-28-0 1 48 10 12

36,000

0045

2000

900

5

NS

100

1330

NS

15

NS

NS

880

10

500

NS

50

NS

NS

22,000

87

0.045

4

16

025

NS

11

8.96

1000

25

NS

NS

120

10

52

NS

461

NS

NS

1500

2 2

7440-62-2 1 5 50 20 36

Zinc 7440-6^6 06 20 118 3000

20

118
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Table A-5 Target Analytes, Reporting Limits, and Data Quality Levels for Groundwater, Surface
Water, and Private Well Water (Page 2 of 2)

W

Parameter CAS No.

IDU
MDU
MDA RL

Ecological
DQL

Human Health
DQL Selected DQL

Other (mg/L)

Ammonia

Bicarbonate

Chloride

DOC

Fluoride

Nitrate

Ortho-Phosphate

Silica

Sulfate

Sulfide

Surfactants (MBAS)

TSS

Hardness

Radionuclides (pCi/L)

Radium-226

Radium-228

Uranium-234

Uranium-235

Uranium-238

7664-41-7

71-52-3

16887-00-6

763-69-9

16984-48-8

14797-55-8

14265-44-2

7631-86-9

14808-79-8

18496-25-8

-

C-009

-

13982-63-3

15262-20-1

13966-29-5

15117-96-1

7440-61-1

0.010

0.75

0.05

0.09

0.03

0.04

0.00078

0.0012

0.132

0.977

0.007

NA

NA

1

1

0.6

0.6

0.6

0.05

2.0

0.20

1.0

0.10

0.05

0.002

0.01

0.20

1.00

0.02

1.0

NA

1

1

0.6

0.6

0.6

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

0.00082

0.0458

0.674

0.684

0.744

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

0.00082

0.0458

0.674

0.684

0.744

Notes:
Laboratory IDLs/MDLs are updated periodically; the current IDLs and MDLs will be used at the time of analyses.
DQL - Data Quality Level. Refer to Attachment A for sources. Refer to Section A.7.2 for a discussion of the sensitivity
of the proposed methods and achievement of the DQLs.
Aluminum, arsenic, barium, boron, cadmium, selenium, thallium, and vanadium will be reported as nondetect at the IDL.
Uranium will be reported as U-233/234, U-235/236, and U-238.
IDL - Instrument Detection Limit (metals)
MDL - Method Detection Limit
MDA - Minimum Detectable Activity (radionuclides only). MDAs are estimated; actual MDAs are sample-specific.
NA- Not Applicable
NS - None Specified
RL - Reporting Limit

\J>
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Table AV6 Quafity Control Performance Criteria (page 1 of 2)

Compound

FwU
and Lab
Blanks

FwM
Dupicate
%RPDf

LCS
%R

Water Soid

XR

Water Sold
Dupicate
%RPD2

Mrtate by SW-846 6010B/7000 series
Aluminum
Antimony
Arsenic
Bariun
Beryfeum
Boron
Cadmium
Cakaun
Chromun
Cobat
Copper
Iron
Lead
UHum
Magnesium
Manganese
Mercury
Molybdenum
Ncfcel
Pdtassun
Selenium
SOcon
Siver
Sodun
Strontium
Thaffum
Vanadium
Zinc

<RL
<RL
<RL
<RL
<RL
<RL
<RL
<RL
<RL
<RL
<RL
<RL
<RL
<RL
<RL
<RL
<RL
<RL
<RL
<RL
<RL
<RL
<RL
<RL
<RL
<RL
<RL
<RL

25%
(aqueous);
30% (sold)

80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120

CofA
CofA
CofA
CofA
CofA
CofA
CofA
CofA
CofA
CofA
CofA
CofA
CofA

NA
CofA
CofA
CofA
CofA
CofA
CofA
CofA
CofA
CofA
CofA

NA
CofA
CofA
CofA

75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125

75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125

NA
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125
75-125

NA
75-125
75-125
75-125

20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20

Other
Ammoraa
Bcarbonate
Chtohde
DOC
Fboride
Nfeate
Ortno-
Phosphate
Ra-226
Ra-228
Sfca
Sufate
Sufur

<RL
<RL
<RL
<RL
<RL
<RL
<RL

<MDA
<MOA
<RL
<RL
<RL

NA I 90-110
MA 92-109
NA 90-110
NA j 80-114
NA j 90-110
NA
NA

25%
25%
25%
NA

30%

90-110
90-110

75-125
75-125
90-118
90-110

NA

NA
NA
NA '•
NA !
NA
NA
NA

NA
NA
NA
NA

80-120

64-122
85-119
74-119
63-133
66-137
86-107
76-117

75-125
75-125
81-122
69-120

NA

NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA

70-130

20%
20%
20%
20%
20%
20%
20%

20%
20%
20%
20%
NA
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Table A-6 Quality Control Performance Criteria (page 2 of 2)

Compound

Sulfide

Surfactants (MBAS)

TOC

TSS

U-234, U-235, U238

Grain Size Distribution

Bulk Density

Hardness

Field
and Lab
Blanks

<RL

<RL

<RL

<RL

<MDA

NA

NA

NA

Field
Duplicate
•/oRPD1

NA

NA

NA

NA

25%

NA

NA

NA

LCS
%R

Water

44-102

58-122

NA

80-120

75-125

NA

NA

NA

Solid

NA

NA

79-116

NA

NA

NA

NA

NA

Matrix Spike
%R

Water

30-101

NA

NA

NA

75-125

NA

NA

NA

Solid

NA

NA

28-160

NA

NA

NA

NA

NA

Duplicate
% RPD 2

20%

20%

30%

20%

20%

NA

25%

NA
1 RPD criteria when results are less than 5x RL = 100%
2 RPD criteria applies to both aqueous and solid samples

MDA - Minimum Detectable Activity

NA- Not Applicable

C of A - The limits on the Certificate of Analysis supplied by the vendor will be utilized

RPD - Relative Percent Difference

% - Percent Recovery

LCS - Laboratory Control Sample

RL - Reporting Limit
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Table B-1 Summary of Sample Container, Preservation, and HoMng Time Requirements

Pa Minimi Contaner Preservation HoMbigTme9

A4H«tmT

Metals* and hardness
Metab". dissolved

SuMate. chloride, luoride.
nilrate
^ r̂fB»_n-jJl_n_li -j Jl_i JJ'Lm»iupnoa|jnate
H ,

/VnTnOTBa

Bicartionate
Sufcte

TSS
DOC
Sfca
Surfactants (MBAS)
Ra-226. Ra-228. U-234.
U-235.U-236

500-rrt ptefc bottle
500-mlplasbcbotHe

500-rrt plastic bottte

SOOfrtpbslicboOte
Ptosfc or glass bottte3

Plastic boaje
500-rol ptasbc bottte

Pljiifc. orfl^a&& bottte
40-rrt glass botUe5

1L ptesbc bottte
igalon pta&lM, cuManer

HMOs to pH < 2. CooU°C
HN03topH<2. FiterinfeU
prior to preservation. Cod
4°C
Cool40C

Cool4DC
HfeSOu to pH < 2. Cool 4°C
Cool4'=C
2N Zinc acetate & 2-3 petets
sodurn hydroxxte. Cool 4°C
Cool4'C
Cool4<:C
CooU0C
Coot4-C
1NHN03topH<2.

180 days
180 days

28 days (48 hours for
nirate)
48 hours
28 days
14 days
7 days

7 days
28 days
28 days
48 hours
6 months

SoH
Metals*

Suft*

Grain Size Distribution
Bi* Denary

TOC

WWe-ma* 500-mL
Ptasbcpr6

Wide-mouth 500-mL
ftesfcfar
VMde-mouBi glass
500-ml plastic or glass
iar5

Glass jar*

Cool4'C

Cod4^C

CooU'C
Coot4rC

Cool4rC
1 Addttkmal volume w* be cofected for MS/USD samples.

iMfhodflnd sNow the col
^ llnlrfBnn IIHI • >>«•«••* fc-n_iiOHBng unift DVQNIS iro
4 Refer to Table A-2 lor fe
5 /^f_MM r n .,* .?_, n _ - - ?•• »,„Glass conumers Mmi be
6 M «Ĵ .. -̂ .̂J .̂̂ .. __ .

tecuoii of sufficient vohmi
m djte and tnw of sample
it of specific anarytes by n
placed in zipper-lock bag

m^mt il ••Ma^t KA *̂ *m11tl*l

IB iu jjeinjiiii uie «n«iy3te».

'collection,
oedia.
s prior to shipping.

180 days; 28 days for
mercury
28 days

t

None
None

14 days

requirements of the

DOC - Dissolved Organic Carbon
TOC • Total Organic Carbon
TSS-Total Suspended Soids
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Table B-2 Analytical Methodologies (Page 1 of 2)

Analyte
Group1

Laboratory
SOP Number2

Equivalent
Method Number3

Aqueous Samples

Metals (except as noted
below)

Thallium

Sulfate, chloride,
fluoride, nitrate

Ortho-Phosphate

Hardness

Surfactants (MBAS)

Ammonia

Bicarbonate

DOC

Ra-226

Ra-228

Sulfide

Silica

TSS

U-234, U-235, U-238

MET-3010A Rev. 4

MET-6010Bpines Rev. 1

MET-3020A, Rev. 3

MET-GFAA, Rev. 3

MET-ICSPines Rev. 0

GEN-300.0 Rev. 1 Pines

GEN-opo4

GEN-2340B

GEN-425.1 Rev. 3

GEN-350.1 Rev. 3

GEN-310.1 Rev. 3

GEN-415.1/9060Rev. 5

GL-RAD-A-008, Rev. 8

GL-RAD-A-009, Rev. 11

GEN-9030B/9034 Rev. 1

GEN-370.1 Rev. 1

GEN-160.2 Rev.3

GL-RAD-A-011,Rev. 14

USEPA SW-846 Method 301 OA

USEPA SW-846 Method 601 OB

USEPA SW-846 Method 3020A

USEPA SW-846 Method 7841

USEPA SW-846 Method 300.0

EPA 365.1

SM 2340B (calculation)

EPA 425.1

EPA 350.1

EPA 310.1

EPA 415.1

EPA 903.1

EPA 904.0

SW-8469030B/9034

EPA 370.1

EPA 160.2

HASL 300

Solid Samples

Metals

Mercury

Thallium

TOG

Sulfur

Grain Size

MET-3050Pines Rev.O

MET-6010Bpines Rev. 1

MET-7471Apines

MET-3050B, Rev. 3

MET-GFAA, Rev. 3

GEN-TOCLK/9060 Rev. 2

MET-ICSPines Rev. 0

GEN-300Pines Rev. 1

GL-GC-E-119Rev. 0

USEPA SW-846 Method 3050B

USEPA SW-846 Method 601 OB

USEPA SW-846 Method 7471A

USEPA SW-846 Method 3050B

USEPA SW-846 Method 7841

USEPA Lloyd Kahn Method

EPA 300.0

ASTM D422-63
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Tabte B-2 Analytical Methodologies (Page 2 of 2)

«naryn
Group1

Bull Denary

LaDOfaBOfj

SOP Number2

GL-GC-E-064 Rev. 3

tquvawm
Method Number3

ASTMD5057

See Tables A-3. A-4. and A-5 for the compounds in each anaiyle group
*The version of IK SOP tiat is current at Ihe time of sample analysis wfl be utftzed Any mooDication to the
approved SOP Mi require USEPA noiicabort and concurrence.
References: refer to Section A10
SOP-Standard Operating Procedure
DOC - Dissolved Organic Carbon
TOC - Total Organic Carbon
TSS - Total Suspended Soids
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Table B-3 Analytical Quality Control Checks (Page 1 of 6)

Parameter/
Method

Metals 6010B

Mercury 7471A

Thallium 7841

QC Check
Reagent/prep/
ICBK blanks

MS samples

Duplicate
samples

LCS

Dilution test

Interference
check
Reagent/prep
blanks

MS samples

Duplicate
samples

LCS

Reagent/prep
blanks

MS samples

Duplicate
samples

LCS

Frequencies1

One per
preparation batch

One per
preparation batch

One per
preparation batch

One per
preparation batch

One per
preparation batch

Beginning of each
analytical run
One per analytical
batch of 20
samples or less
One per analytical
batch of 20
samples or less
One per analytical
batch of 20
samples or less
One per analytical
batch of 20
samples or less
One per analytical
batch of 20
samples or less
One per analytical
batch of 20
samples or less
One per analytical
batch of 20
samples or less
One per analytical
batch of 20
samples or less

Control Limits
No analytes above RL

75-1 25% R

RPD < 20

Vendor limits

Within 10% of original
sample results

20% of true values

Not detected above MRL

75-1 25%R (lab limits)

RPD <20

ERA Vendor listed limits.

Not detected above MRL

75-1 25%R (lab limits)

RPD <20

ERA Vendor listed limits.

Laboratory Corrective Actions
Repreparation/reanalysis of
entire prep batch

Analyze post-digestion spike

Check analytical system, flag
results

Repreparation/reanalysis of
entire prep batch

Flag results

Recalibrate and reanalyze any
sample with interfering elements
Repreparation/reanalysis of
entire batch

Repreparation/reanalysis of
entire batch

Check analytical system, flag
results

Repreparation/reanalysis of
entire batch

Repreparation/reanalysis of
entire batch

Repreparation/reanalysis of
entire batch

Check analytical system, flag
results

Repreparation/reanalysis of
entire batch
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Tabte B-3 Analytical QuaMy Control Checks (Page 2 of 6)

POTMM
•••too

OlAf Tldh^T

UBUlUe, •MUG.

3000

!

*^rffcfc»

9034

Of fliar t

R»l_MMMjfcMiM>

blanks

MS samples

fkaiKr-M^IM**""*
samples

LCS

nwMMHMAMji*i

nams

MS samples

Dupicate
samples

f

prepdfdDOn uwCn

One per
ii »n n i i i^n n a,, j, j,pfEparaoon DaKfi

r̂ «A MATuneper
^-^^ T_f jJlJXJX ll Jl ilpreptfaDOn DaKfi

pffpjr jtton batch

One per
piepdidbon DaKJi

One per
pfeparabon batch

fVw^ny 1 •••§«

hVrf/̂ 4M-inr1 irfwwttRI

Control ferrats fested n
Tabte A- 5

port *-of\

Tabte A-5

Mrrf riptertoH ̂ vw^ Rl

30-101 %R

RPO<20

Check LCS. fag resute

fesuts

eiMpe batch

Check LCS. flag resute

Check analytical system, flag
tesuRs

Amnono

•uni

uvx>

Reagent/prep
blanks

v^eper
piepdldlkMI DdlCn

One per
preparation batch

**-iUi **v

Not detected above RL

ei4iie L^Auli

RepreparafeonAeanalysis of
enbre batch

MS samples One per 64-122 %R
pieparadon batch
of 10

Check LCS. flag resute

Duplcate
samples

One per
batch

olio

RPO<20 Check analytical system, flag
fesute

CC8K Every 10 samples Not detected above RL
and endng

Check analytical system,
reanalyze associated samples

LCS One per 90-110
piepafalion batch

RepreparabonAreanalysis of
entre batch
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Table B-3 Analytical Quality Control Checks (Page 3 of 6)

Q

Parameter/
Method

Bicarbonate

310.1

TSS

160.2

DOC

415.1

QC Check

Reagent/prep
blanks

MS samples

CCBK

Duplicate
samples

LCS

Reagent/prep
blanks

Duplicate
samples

LCS

Reagent/prep
blanks

MS samples

CCBK

Duplicate
samples

LCS

Frequencies1

One per
preparation batch

One per
preparation batch

Every 10 samples
and ending

One per
preparation batch
of 10

One per
preparation batch

One per
preparation batch
of 10

One per
preparation batch
of 10

One per
preparation batch

One per
preparation batch

One per
preparation batch

Every 10 and
ending

One per
preparation batch
of 10

One per
preparation batch

Control Limits

Not detected above RL

85-11 9 %R

Not detected above RL

RPD <20

92-1 09 %R

Not detected above RL

RPD <20

80-120 %R

Not detected above RL

63-1 33 %R

Not detected above RL

RPD <20

80-1 14 %R

Laboratory Corrective Actions

Repreparation/reanatysis of
entire batch

Repeat analysis, flag results

Check analytical system,
reanalyze associated samples

Repeat analysis, flag results

Repreparation/reanalysis of
entire batch

Repreparation/reanalysis of
entire batch

Repeat analysis, flag results

Repreparation/reanalysis of
entire batch

Repreparation/reanalysis of
entire batch

Check LCS, flag results

Repreparation/reanalysis of
entire batch

Check analytical system, flag
results

Repreparation/reanalysis of
entire batch
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Table B-3 Analytical Quafty Control Checks (Page 4 of 6)

"SET*
Ra.73R

9031

Ra-228

9040

QC Check

imqjUiaVlNClJ

blanks

MS samples

Duptcale
samples

Reagettf/iNep
blanks

Tracer

MS samples

f^w^br-^n

samples

LUo

Frequencies*

pfepaiMOII IMKJ)

One per
piVfMidlKNi bakJi

One per
plUpdldUOfl Ddtuk

piepuiidion iMtdi

One per
pie|Mi Jkoii (MkJi

Added tod

One per
pivpjfdbuii baicii

preparation batch

One per
preparaton batch

Control LMIMS

75-125% R

RPD<20

Not detected above RL

25-125% R

75-125% R

RPO f*>n

laboratory Corrective Actions

enure DdKn

Check LCS. flag resute

Check jnolybcal system, flag
lesuvb

enoieDaKfi

Repreparalion/reanatysis of

Re-extract and reanalyze

uiicftt

Check LCS. flag resUb

rest*s

entire batch

Isotope Uranun Reagent/prep

HASL300 "***
Tracer

MS samples

Dupfecate
samples

LCS

Surfactants Reagent/prep
(MBAs) blanks

4251 Duptcale
samples

LCS

One per
p»H»B <ii>n bdkJi

Added to ai
samples

One per
piepjij>uii UdkJi

One per
preparation batch

One per
piepdiatiNi batch

One per
pfepai aton batch

One per
preparation batch

One per
preparabon batch

Not detected above RL RepreparaSon/reanarysts of
entitflMKn

15-125% R Re-extract and reanalyze
samples w*h tracer %Rs outside

75-125% R Check LCS. flag resuls

RPO <20 Check analytical system. Rag
rea*s

75-125% R Repreparatnrtfreartarysis of
entire batch

not oeiecieo above KL Kepiepaiaoorwieanaiysis 01
uAim batch

RPO < 20 Check analytical system, flag
resuts

I**- 1 z<?% R Keprepaiauof i/ieai ujtysis of
eiOe batch
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Table B-3 Analytical Quality Control Checks (Page 5 of 6)

Parameter/
Method

Silica

370.1

Ortho-Phosphate

365.1

Grain Size
Distribution

ASTM D422-63

Bulk Density

ASTM D5057

Hardness

SM 2340B

QC Check

Reagent/prep
blanks

MS samples

CCBK

Duplicate
samples

LCS

Reagent/prep
blanks

MS samples

Duplicate
samples

LCS

NA

Duplicate
Samples

NA (calculation
method)

Frequencies1

One per
preparation batch

One per batch of
10

Every 10 and
ending

One per
preparation batch
of 10

One per
preparation batch

One per
preparation batch

One per
preparation batch

One per
preparation batch

One per
preparation batch

NA

One every 10
samples

NA

Control Limits

Not detected above RL

81-1 22 %R

Not detected above RL

RPD <20

90-1 18 %R

Not detected above RL

76-11 7 %R

RPD <20

90-1 10%R

NA

RPD < 25

NA

Laboratory Corrective Actions

Repreparation/reanarysis of
entire batch

Check LCS, flag results

Repreparation/reanarysis of
entire batch

Check analytical system, flag
results

Repreparation/reanalysis of
entire batch

Repreparation/reanarysis of
entire batch

Check LCS, flag results

Check analytical system, flag
results

Repreparation/reanalysis of
entire batch

NA

Check analysis system, flag
results

NA
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Table B-3 Analytical Quaity Control Checks (Page 6 of 6)

QC Check FraquMKi**1 Coirtiol LJUHI& Laboratory Corrective Actions

TOO

Lloyd Kahn

One per

MS samples

CC8K

Duptcate
samples

LCS

One per
batch

10 samples
and ending

One per
ration batch

batch
One per

Not detected above RL

75-125% R

Not detected above RL

RPO<30

80-120% R

Repreparafarrfreanatysis of
entire batch

Check LCS. Hag resute

Check atatfaat system,
reanalyze associated samples

Check analytical system, tag
resitfs

i'i of

of a siniar mafci* unless

LCS > Ub

AOCI-OocketNo V-W-W-C-T84 RITSWWP V3C1APP September 16 2005



QUALITY ASSURANCE PROJECT PLAN
REMEDIAL INVESTIGATION/FEASIBILITY STUDY
PINES AREA OF INVESTIGATION

Section: Tables
Date: September 2005
Revision: 2
Page 18 of 28

Table B-4 Maintenance Procedures and Schedule for Field Instruments

Instrument
Water Quality Meters

Turbidity Meter

Electronic water-level
indicator

^Maintenance Procedures/Schedule
DO probe- Change KCI and Teflon, membrane prior to
deployment or when (1) bubbles are visible under the
membrane, (2) significant deposits of dried electrolyte are
visible on the membrane or o-ring, (3) probe gives unstable
readings or malfunctions.

Conductivity/temperature probe - Clean openings to
conductivity probe prior to initial use.

pH probe - Clean probe with dean water and clean cloth if
deposits or contaminants are visible on probe.

All meters - Check the battery daily and recharge if
necessary.
Clean the outside of all sample and standard tubes prior to
placing in the instrument with a clean, lint-free absorbent
wipe until the tube is dry and smudge-free.

Check the battery daily and recharge if necessary.
Check instrument operation by submerging in a bucket of
water.

Check the battery daily and recharge if necessary.

Spare Parts in Stock

Battery charger
Reagents
Extra probes, cables

Batteries
Reference standards
Sample tubes
Clean lint-free wipes

Battery charger
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TabteB-5 Mainta dures and Schedule for Analytical Instruments (Page 1 of 2)

toSHUM*

ICP(SW-846
Meffnd 60106)

CVAAS(SW-846
Metnd 7471A)

GFAAS(SW-846
Meflwd7841)

pH probe
PLJlJlal.- — .Jj«-HiuanMjndH:
Metmd (310.1)

ion t̂ lWOiiidlugiapn
Mefhod(3000)

Spare
Parts

Gases
O-rings
Tubing

Tubing
Lamps

Tubing
Lamps

Electrode
Bngsolubon

Activity
r^fwk /CT*gf-r

Check argon tank pressure
Check aspiration tubing
Check vacuum pump gauge
Check cooing water system
Check nebufzer
Check caplary tubing
Check peristatec pump tubing
Check high voltage switch
Check exhaust screens
Check torch, glassware, aerosol
injector tube, bonnet
Clean plasma torch assembly
Clean nebufzer and drain chamber
Clean fliers
Replace tubing
Check o-rings
Check tubtng«change tubing
Check gas pressure
Clean optical tubes
Check Her membrane for moisture
Check tubing/change tubing
Check gas pressure
Clean optical tubes
Check Hter membrane for moisture
unange "•ng m ui ion glass DUD pri
probe
Clean electrode with mid soap and
water solution
Rinse 1C pump and valves
Lubricate pump

Gas Evolution Leak-check connections
Apparatus
SuMde Method
(9030B/9034)

Frequency
Daly

Da*
Daly
Da*
Daly
Daiy
Daiy
Daiy
Daiy
Daiy
Daiy

Monthly or as needed
Monthly or as needed
Monthly or as needed
Monthly or as needed
Monthly or as needed
As needed
As needed
As needed
As needed
As needed
As needed
As needed
As needed
Weekly

Weekly

Weekly
Every 6 months
Daiy

Sample and
disposable cups
Ammonia Method
(3501)

Rinse with D I. water and dry
Change pump tubes

Daiy
As needed

Lachat Quicfcem IV
SOca Method
pTOI) and Ortho-
Phosphate Method
(3651)

Rinse with DI water and dry
Change pump tubes

Daiy
As needed

Vacuum pump
TSS Method
(1602)

Addoi As needed
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Table B-5 Maintenance Procedures and Schedule for Analytical Instruments (Page 2 of 2)

Instrument
DOC Analyzer
DOC Method
(415.1)
Gamma
Spectrometer
(Ra-228)

Gas Flow
Proportional
Counter
(Ra-228)

Alpha
Spectrometer
(Isotopic U)

Spectrophotometer
Surfactants (MBAs)
(425.1)
Hydrometer
Grain Size
Distribution
ASTM D422-63
TOC Analyzer with
Boat Module
TOC Method
(Lloyd Kahn)

Spare
Parts

Gases

Activity
Check D.I water flask to be sure it is
full and being purged
Leak-check system
Energy and FWHM calibration
Efficiency calibration
Instrument Check
Background
Liquid Nitrogen Fill
Software Backups
Filter Cleaning
Efficiency calibration
Daily Background and efficiency
Weekly Background
Software Backup
Sample Changer Cleaning
Gas Supply Change
Pulser Check
Efficiency Calibration (Energy,
FWHM, efficiency)
Background Check
Software Backup
Vacuum Pump Oil Changed
Filter Cleaning
Calibrate

NA

Replace Cu/Sn scrubber if clogged
Replace gas cylinder if necessary
Leak-check carrier gases
Replace boat module's combustion
tube and cobalt oxide catalyst

Frequency
Daily

AS nGGQ6Ci

Annual
Annual
Daily
Weekly
Weekly
Monthly
Quarterly
Annual
Daily
Weekly
Monthly
Periodically
At or near depletion of gas supply
Daily
Monthly

Weekly
Monthly
Semi-annually
Quarterly
Every 6 months

NA

Daily
Weekly
Weekly
Every 2 weeks
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Tat* B-6 Laboratory Equipment Monitoring

Equipment Type

Ovens

Refrigerators

Balances

High-purity water system

Activity

Temperature monitoring

Electronics serviced

Temperature monitoring

Refrigerant system and
electronics serviced

Calibration

Manufacturer cleaning and
servicing

Conductance monitoring

Frequency

Daiy

As needed

Twice daiy

As needed

Daiy or before use

Armualy

Daiy
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Table B-7 Field Instrument Calibration (Page 1 of 2)

Parameter

PH

Specific
conductivity

DO

Turbidity

Temperature

Calibration
Frequency

Initial: Each time
instrument is turned
on or if the
instrument gives
erratic results

Check: Every 15
samples and at the
end of the day

Initial: Each time
instrument is turned
on or if the
instrument gives
erratic results

Check: Every 15
samples and at the
end of the day

Initial: Each time the
instrument is turned
on or if the
instrument gives
erratic results

Check: Every 15
samples and at the
end of the day

Initial: Each time the
instrument is turned
on or if the
instrument gives
erratic results

Check: Every 15
samples or if
instrument gives
erratic results

Initial: Factory
calibrated annually;
no field calibration
required.

Check: Prior to use
in field

Calibration Standards

Two reference buffers
which bracket expected
sample values

pH 7 reference buffer
(difference source as initial
calibration buffer)

One reference standard
close to expected sample
values

Initial reference standard

Moist air

Moist air

Two standards, 0.0 NTU
and 100 NTU

100 NTU standard

NA

NIST-traceable
thermometer

Acceptance Criteria

Within <0.1 pH unit of true value

Within <0.1 pH unit of true value
or instrument will be recalibrated

Within 5% of true value

Within 5% of true value or
instrument will be recalibrated

Within 5% of true value (based on
altitude and temperature)

Within 5% of true value or
instrument will be recalibrated

Within 10% of true value

Within 10% of true value or
instrument will be recalibrated

NA

Within 10% of NIST-traceable
thermometer or instrument will be
replaced
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Tabte B-7 Field Instrument CaHxation (Page 2 of 2)

Parameter

ORP

Water tevel

CaBmbon
Frequency

Inibat: Each tone the
instrument is turned
on or If the
nstrument gmes
erratic resuts

Check: Every 15
samples and at tie
end of the day

(rife* Phorto
program use.

Check: At end of
program or if
nslrunieiA utidbc
resuMs

CdBLi jUun Standants

Two standards wnch
bracket expected sample
concentrations

Reference standard from a
dMerent source than nbal
standard

Steel tape or another
water level indicator

Steel tape or another
water level inolcator

Acceptance Criteria

VMhii 169-177 mV or instrument
wB be replaced.

WRNn 169-177 mV or instrument
wl be replaced.

VvWvi 10% or instrument wi be
replaced

Within 10% or nstrument wl be
replaced
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Table B-8 Analytical Instrument Calibration (Page 1 of 5)

Instrument and
Method

ICP Metals by SW-
846 601 OB

Mercury by SW-846
7471A

Thallium by SW-846
7841

Sulfate, sulfur,
chloride, fluoride,
nitrate by Method
300.0

Calibration
Frequency

Initial: Daily

Continuing: Every 10
samples

Ending

Initial: Daily and/or
after recalibration

Continuing: Every 10
samples

Ending

Initial: Daily and/or
after recalibration

Continuing: One per
10 analyses

Calibration Standards

Initial: Per
manufacturer's
instructions. Minimum of
one standard and
calibration blank and
instrument blank.

Mid-level of each meta
and instrument blank

Mid-level of each metal
and instrument blank

Six standards plus blank

Initial Mid-Level standard

Mid-level standard

Mid-level standard

Initial: Minimum of three
standards and calibration
blank.

Mid-level

Ending Mid-level standard

Initial: Every 6 3 standards plus blank
months or as needed

Continuing: Every 10 Mid-level plus blank
samples .

Ending Mid-level plus blank

Acceptance Criteria1

Initial: Highest standard within
10% of true value.

% RSD 20

< Ri-

ll 0% of true value

% RSD 20

<RL

±10% of true value

% RSD 20

<RL

r> 0.995

ICV ±10% of true value

±10% of true value of original
prepared standard

±10% of original prepared
standard

Initial: r> 0.995

ICV < 10% D

±1 0% of true value of original
prepared standard

±10% of true value of original
prepared standard

R £ 0.995

±10% of true value

Not > RL

±10% of true value

Not > RL

±10% of true value

Not > RL
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J
TaMe B-« Analytical Instrument CaHwation (Page 2 of 5)

MMhod

BKartxmateby
Method 310.1

SuHeby SW-840
Method 9030B/9034

Ammonia by Method
350.1

SOcabyMetnd
3701

TSS by Method
1602

CaBntion
riuipMiwy

nfcal Daly

lAnuung. tvtay tu
samples

Endng

Nut app*caute—
KXfmekic tftafeon

Intel Daly

Coiuwng. Every 10
samples

Endng

InttaHDaiy

LXXnIMMig. tVeiy 1U

samples

Endng

Not apptcane —
weight method

p jaM jiim Sl-M|iLMiK

MkWevel plus blank

ilvi L-HM-J nLir Kl~v^

Mid-level plus Uank

Not appfecatHe

3-point caHxation plus
mid-tevel and blank

MK>-tevei pus DtanK

Mid-level pus Mank

8-point cafcration plus
mid-level pus blank

MW-leVel plUS ulaiiK

Mid-level pus Mank

Not appbcaote

Afwx^anro rritoria1

±10%ofkuevaue

Not>RL

±10% of nue value

Not>RL

±10%oftnjevaue

Not>RL

NotappKaue

r 2 0.997

±10% of frue value

Not>RL

±10% of taie value

Not>RL

±10%offeuevahje

Not>RL

r s 0.997

±10%oflruevaue

Not>RL

liTn 01 DU6 V3U6

Not>RL

± 10%oftnjevaue

Not>RL

Notappfcable
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Table B-8 Analytical Instrument Calibration (Page 3 of 5)

Instrument and
Method

Ortho-Phosphate by
Method 365.1

Surfactants (MBAS)
by Method 425.1

Grain Size
Distribution by ASTM
422-63

Bulk Density by
ASTM D5057

DOC by Method
415.1

Calibration
Frequency

Initial: Daily

Continuing: Every 10
samples

Ending

Initial: Every 6
months, or as needed

Continuing: Every 10
samples

Ending:

NA

NA

Initial: As needed

Continuing: Every 10
samples

Ending

Calibration Standards

8-point calibration plus
mid-level plus blank

Mid-level plus blank

Mid-level plus blank

10- point calibration

Mid-level calibration

Mid-level calibration

NA

NA

4-point calibration plus
blank

Mid-level plus blank

Mid-level plus blank

Acceptance Criteria1

r !> 0.997

±10% of true value

Not>RL

±10% of true value

Not > RL

±10% of true value f

Not > RL

r> 0.995

80-120% true value

80-1 20% true value

NA

NA

r> 0.997

±15% of true value

Not > RL

±1 5% of true value

Not > RL

±15% of true value

Not > RL
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Table B-8 Analytical Instrument CaHwation (Page 4 of 5)

ranuiMntana
M t̂tvwf

IT i TTfi 1 m MnltMMl

9O3.1

Ra-228 by Method
SIM U

Isotope Uranium by
Method HASL 300

Hdidriessuy OM
TOiflR fr2 î£rivYri

uaMnoon

î a -̂a- Fifc-Mw

cdiuduon (annual or
when daiy check not

•n •))•&)

Venfcafen

Davy feisliuiienl
PufuiiiidiKji! Ch ĉk

Background count for
each Lucas eel to be
used before every
umMauannni
venbcaoon

Annual enuyy and
eimency coUduuii

Daiy efficiency
uuHxalioii clieck

WteeWy Background

DaiyPuteer Check
(peak centroid. puteer
count rate, peak
FWHM)

Monthly Efnoency
CaB>rabon (enerov
and efficiency)

Weekly Background

NA

r»iliKr;Jtnji Ctanrfanlc

MÎ T Tr-w«v*tl«

Standards

NIST Traceable
Standards

NIST Traceable Source

MIST Traceable
ou«iuc4aS

NIST Traceable
Standards

NIST Traceable
standards

NIST Traceable
standards

NA

Ai-*-ar*̂ t>-o f̂ rilaria1

conslaiM average

75-125%R

Wavi 2-3 sHjma of rasloncal
•MS

Record count for each Lucas eel
in a logbook, must be less than
0.267 com

Mnmum of 10.000 counts

WWwi 2-3 Sigma control imfts

Wttw 2-3 Sigma control limits

Wvwi 2-3 sqma control imits

VWhii 2-3 sigma control Krnts

NA
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Table B-8 Analytical Instrument Calibration (Page 5 of 5)

Instrument and
Method

TOC by Lloyd Kahn
Method

Calibration
Frequency

Initial: As needed

Continuing: Every 10
samples

Ending

Calibration Standards

1 pt calibration checked
by 6 concentrations
covering range of
analysis

1 pt calibration checked
by 6 concentrations
covering range of
analysis

1 pt calibration checked
by 6 concentrations
covering range of
analysis

Acceptance Criteria1

±15% of true value

Not > RL

±15% of true value

Not > RL

±15% of true value

Not > RL

1= If criteria are not met, corrective actions as specified in the laboratory SOPs (Attachment D), are taken.

NA = Not Applicable
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QAPP ATTACHMENT A

This appendix provides the human health and ecological risk-based data quality levels
(DQLs) that were used by the laboratories to identify the methods appropriate for analysis of
each environmental medium/constituent combination. Based on the work proposed in the
Field Sampling Plan (FSP), DQLs are provided for inorganics in water (Table A-1),
inorganics in sediment (Table A-2), radionuclides in water (Table A-3), and inorganics in
solid matrices (Table A-4).
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Attachments^,'
Table A-1
Human Health and Ecological
Data Quality Levels (DQL) for Inorganics in Water
Pines Area of Investigation

Constituent

Aluminum
Arsenic
Barium
Boron
Cadmium
Calcium
Chromium
Copper
Iron
Lead
Magnesium
Manganese
Molybdenum
Nickel
Potassium
Selenium
Sodium
Strontium
Thallium
Vanadium
Zinc

CAS
Number

7429-90-5
7440-38-2
7440-39-3
7440-42-8
7440-43-9
7440-70-2
7440-47-3
7440-50-8
7439-89-6
7439-92-1
7439-95-4
7439-96-5
7439-97-7
7440-02-0
7440-09-7
7782-49-2
7440-23-5
7440-24-6
7440-28-0
7440-62-2
7440-66-6

Human Health
Tapwater
PRG (a)

(ug/L) Basis

3.60E+04 NC
4.50E-02 C
2.60E+03 NC
7.30E+03 NC
1.80E+01 NC

EN
1.10E+02 (b) NC
1.50E+03 NC

EN
NA
EN

8.80E+02 NC
1.80E+02 NC
7.30E+02 NC

EN
1.80E+02 NC

EN
2.20E+04 NC
2.40E+00 NC
3.60E+01 NC
1.10E+04 NC

MCL (c)
(ug/L)

NA
1.00E+01
2.00E+03

NA
5.00E+00

EN
1.00E+02
1.30E+03

EN
1.50E+01

EN
NA
NA
NA
EN

5.00E+01
EN
NA

2.00E+00
NA
NA

RAL (d)
(ug/L)

NA
5.00E+01
2.00E+03
9.00E+02
5.00E+00

EN
2.00E+02
1.30E+03

EN
3.00E+01

EN
NA

1.00E+01
5.00E+02

EN
2.00E+02

EN
2.50E+04
2.00E+00
2.50E+02
3.00E+03

Selected Human
Health DQL(e)

(ug/L)

3.60E+04
4.50E-02
2.00E+03
9.00E+02
5.00E+00

EN
1 .OOE+02
1.30E+03

EN
1.50E+01

EN
8.80E+02
1.00E+01
5.00E+02

EN
5.00E+01

EN
2.20E+04
2.00E+00
3.60E+01
3.00E+03

Ecological
Federal

AWQC (f)
(ugL)

8.70E+01
1.50E+02
4.00E+00

NA
2.46E-01

EN
1.10E+01
8.96E+00
1.00E+03
2.52E+00

EN
1.20E+02

NA
5.20E+01

EN
4.61 E+00

EN
NA

1.20E+01
2.00E+01
1.18E+02

Indiana
WQC (g)

(ugL)

NA
NA
NA
NA

2.20E+00
EN

1.10E+01
9.00E+00

NA
3.00E+00

EN
NA
NA

5.20E+01
EN

5.00E+00
EN
NA
NA
NA

1.20E+02

Region S
ESL (h)
(ug/L)

NA
1.47E+02
2.20E+02

NA
1.50E-01

EN
4.20E+01
1.58E+00

NA
1.17E+00

EN
NA
NA
NA
EN

5.00E+00
EN
NA

1.00E+01
1.20E+01
6.57E+01

Secondary Chronic
Value (1)

(ug/L)

NA
3.10E+00
4.00E+00
1.60E+00

NA
EN
NA
NA
NA
NA
EN

1.20E+02
3.70E+02

NA
EN
NA
EN

1.50E+03
1.20E+01
2.00E+01

NA

Selected
Ecological DQL (J)

(ug/L)

8.70E+01
1.50E+02
4.00E+00
1.60E+00
2.46E-01

EN
1.10E+01
8.96E+00
1.00E+03
2.52E+00

EN
1.20E+02
3.70E+02
5.20E+01

EN
4.61 E+00

EN
1.50E+03
1.20E+01
2.00E+01
1.18E+02

Final
Selected

Water DQL (K)
(ug/L)

8.70E+01
4.50E-02
4.00E+00
1.60E+00
2.46E-01

EN
1.10E+01
8.96E+00
1.00E+03
2.52E+00

EN
1.20E+02
1.00E+01
5.20E+01

EN
4.61 E+00

EN
1.50E+03
2.00E+00
2.00E+01
1.18E+02

NA - Not Available.
NC - Noncarcinogenic effects.
PRG - Preliminary Remediation Goal.
RAL - Removal Action Level.
SCV - Secondary Chronic Value.
WQC - Water Quality Criteria.

Notes:
AWQC - Ambient Water Quality Criteria.
C - Potentially carcinogenic effects.
CAS - Chemical Abstracts Service.
DQL - Data Quality Level.
EN - Essential nutrient.
ESL - Ecological Screening Level.
MCL - Maximum Contaminant Level.
(a)-USEPA. 2004a. USEPA Region 9 PRG Table. October 2004. Value for tapwater.
(b) - PRG for hexavalent chromium (no total chromium 1:6 ratio value available for tapwater).
(c) - USEPA. 2004b. Drinking Water Standards and Health Advisories. Winter 2004.
(d) - USEPA. 1998. Resubmittal of the Latest Superfund Removal Action Levels. Office of Solid Waste and Emergency Response. USEPA. November 10,1998.
(e) - Lower of PRG/MCL/RAL.
(f) - Chronic freshwater AWQC obtained from USEPA National Recommended Water Quaility Criteria: 2002. Dissolved criteria presented if applicable.
(g) - Indiana Administrative Code. Title 327, Article 2, Rule 1.5-8 Water Quality Standards Applicable to All State Waters

Within the Great Lakes System. Minimum Surface Water Quality Criteria. Table 8-1 Water Quality Criteria for the Protection of Aquatic Life,
(h) - USEPA. 2003. USEPA Region 5 Ecological Screening Level for water. Updated August 22, 2003. (http://www.epa.gov/reg5rcra/ca/ESL.pdf)
(i) - Secondary chronic value obtained from lexicological Benchmarks for Screening Contaminants of Concern for Effects on Aquatic Biota (Suter and Tsao, 1996).
(j) - Selected according to the following hierarchy: lower of the AWQC and Indiana WQC, then ESL, SCV.
(k) - Lower of human health and ecological DQLs.
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TabtoA-2

Data QuaBy Lwwls (DQL) for
Pirns ATM of

o

Aluminum
Arsenic
Barium
Boron
Cadmium
Calcium
Chromium (total)
Copper
Iron
Lead
Magnesium

Molybdenum
Nkfcel
Potassium
Setenum
Sodium
Thafeum
Vanadun
Zinc

Moles:

CAS- Chemical Ate*
DDL -Data QuaBy Le
EN - Essenhal nutrien
ER-L - Effects Range-
ESL - Ecological Sere
LEL - Lowest Effect U
MA - Not Avaftabte
NC- Noncananogenic
NOAA- National OOK
PRG - Prefmnary Re
(a) - USEPA. 2004a
(b)- PRG for total chn
(c) PRG for lead is b
(d)- USEPA. 2003. U

1 Kin f/iininif nm «•

CAS

7429-90-5
7440-38-2
7440-39-3
7440-42-8
7440-43-9
7440-70-2
7440-47-3
7440-508
7439-89-6
7439-92-1
743945-4
743946-5
7439-97-7
7440-02-0
7440-09-7
7782-49-2
7440-23-5
7440-28-0
7440-62-2
7440-6^6

acts Service.
veL
L
Low.
ening Level
•vet.

effects.
mc and Alma
fnedebonGoa
USEPA Regjo
xnum(1:6rat

SEPA Region
»«JbvwvC»w*«kIr»»i

(e) - LELs from Ontario Mnstry of Iti
(0 - Value from NCAA's Screening C
(g) - Gofcctod acoofdmg to the foftoi
(h) . i O«P«- of PROsflteclert ecrAx*,,,,

Human HMtti
f+ t^m »j— »
KivSMNffmi

Sol PRG (a)
(mota)

7.60E+04
3.90E-01
5.40E*03
1.606*04
3.70E*01

EN
210E*O2 (b)
310E*03

EN
4.00E+02

EN
180E+O3
3.90E+02
1.60E+03

EN
3.90E*02

EN
5.20E«00
780E*01
Z30E+04

sphenc AdmiiBsliatJu
1.
n 9 PRG Table. Octal
n hexavatenHnvateni
vrvw^w pfbvte dp

5 Ecotogcal Screenr
ESLpdf)
e Environment (Peres
hack Reference Table
ving hierarchy ESU I
-jrv-u

Basis

NC
C

NC
NC
NC

C
NC

NC(C)

NC
NC
NC

NC

NC
NC
NC

C*v̂ bM k̂» Ĵ

Regions
ESL(d)
(mg/kg)

NA
9.79E+00

NA
NA

9.90E-01
EN

434E+01
3.16E+01

NA
358E+01

EN
NA
NA
NA
EN
NA
EN
NA
NA

1.21E+02

Other Ecological
Screening V»lue«

(mo*a)

255E+O4 (!)
NA
NA
NA
NA
NA
NA
NA

200E+04 (e)
NA
NA

460E+O2 (e)
NA

160E+01 (e)
NA

290E-01 (f)
NA
NA

500E+01 (0
NA

SMfenentDOLfo)
(n*B*a)

2.55E^04
9.79E+00

NA
NA

9.90E-01
EN

4.34E+01
3.16E+01
2.00E+04
3.58E+01

EN
460E+02

NA
1.60E+01

EN
2-90E-01

EN
NA

5.00E+01
1.21 E+02

.

ber2004 Value for residential soil.
)-
vetoped using and mtegraled exposure model (USEPA. 1996).
tg Level for sediment Updated August 22, 2003.

Hid. etal. 1996)
(Buchman. 1999)
EL. ER-L Screening Quick Reference Table value.

Final
Selected
DQLfh)
(mg/kg)

2.55E+04
3.90E-01
5.40E+03
1.60E+04
9.90E-01

EN
4.34E+01
3.16E+01
2.00E+04
3.58E+01

EN
4.60E+02
3.90E+02
1.60E+01

EN
2.90E-01

EN
5.20E+00
5.00E+01
1.21E+0 ^

•• 4j
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o
Attachment A
Table A-3
Human Health Data Quality Levels (DQL) for Radionuclides in Water
Pines Area of Investigation

Isotope
Ra-226
Ra-228
U-234
U-235
U-238

Element
(Atomic Number)

Radium (88)
Radium (88)
Uranium (92)
Uranium (92)
Uranium (92)

Tapwater
PRG (a)
(pCi/L)
0.00082
0.0458
0.674
0.684
0.744

Notes:
(a) - Radionuclide Toxicity and Preliminary Remediation Goals (PRGs) for Superfund.

August 4, 2004. (http://epa-prgs.ornl.gov/radionuclides/).
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7429-90-S
744O-36-0
7440-3R-2
7440-»3
M4D-4V7
744O-42-4
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7440-47-3
744O-W-I
M40404
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EM

EN

MoPHG

EN
7440-2M
74400-7

NC
MC
C
NC
NC
NC
NC

C
MC
NC

NCM

NC
MC
NC
IMC

NC
•NC
NC

039
NA
130

038
EN

EN
MA

EN

NA
S7

NA
NA

EN
04

S4

01

NA

NA

EN

00776
NA

•I CM
EN

00569
159
f G?

05
NA
EN

EN

2
30
EM

EM

SO
029
i.7

OS
0-38
EN
04
13
S4

EM
SOO
01
2
30
EM

0021
NA
40
EM

00569
1.6
66
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ATTACHMENT B

FIELD STANDARD OPERATING PROCEDURES
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1 .0 SCOPE AND APPLICABILITY

This Standard Operating Procedure (SOP) describes field change order (FCO) procedures
applicable to ENSR sampling and analysis programs.

2.0 SUMMARY OF METHOD

Procedural changes in the field can be needed when the sample network is changed (i.e., fewer
or more samples, adjustments to locations) or when field procedures require modification due to
unexpected conditions. Changes made in the field will be documented on an FCO form (see
Figure 1).

3.0 HEALTH AND SAFETY WARNINGS

Not applicable.

4.0 INTERFERENCES

Not applicable.

5.0 PERSONNEL QUALIFICATIONS

Individuals responsible for completing FCO documentation must be personnel working on the
specific field program for which the change is necessary, have read this SOP, and have worked
under the oversight of experienced personnel.

6.0 EQUIPMENT AND SUPPLIES

General field supplies include the following items:

• FCO Form (Figure 1)

• Field project logbook/pen

• Approved plans (e.g., FSP, QAPP, HASP)
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7.0 METHODS

7.1 Field Change Order

7.1.1 The field personnel and/or the Field Operations Leader wiH recommend a

change in consultation with the ENSR Project Manager, the ENSR Remedial

Investigation (Rl) Task Manager, and/or the ENSR Project Quality Assurance
(QA) Officer. The ENSR Project Manager, Rl Task Manager, or QA Officer will

approve the change, which will be implemented by the field personnel.
Approval may initially be received verbally or electronically, but will be

documented on the FCO, as detailed below.

7.1.2 The following information shall be completed on the FCO form (Figure 1):

• Date

• Project name

• Project number

• Description of change and reason and justification for change, including

reference to section(s) of Work Plan(s) affected

• Field personnel or Field Operations Leader signature and date

• Project Manager, Rl Task Manager, or QA Officer signature and date

7.1.3 Field changes will be implemented and documented in the field logbook. No
field personnel will initiate field changes without prior communication of findings

through the proper channels. Thus, communication will be documented in the

field logbook and FCO form.

8.0 DATA AND RECORDS MANAGEMENT

The records generated in this procedure will become part of the permanent record supporting
the associated field work. AH documentation will be retained in the project files following project

completion.
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9.0 QUALITY CONTROL AND QUALITY ASSURANCE

Quality control will consist of implementing the field change process as described above,
including the appropriate approval process.

10.0 REFERENCES

Not applicable.

o
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FIGURE 1 - Example Reid Change Order Form

FleW Change Order (FCO)

DATE:
PROJECT NAME: Pirns RVFS

PROJECT NUMBER: 01776-020

DESCRIPTION OF CHANGE AND RATIONALE

SIGNATURE APPROVALS

IN THE FIELD

M4NAGEIIEM

DATE

DATE

' > c •*• F " wl Ut »v>* ^iff-r 'Jn>>- .v .:
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1.0 SCOPE AND APPLICABILITY

This Standard Operation Procedure (SOP) describes the methods to be used for measuring
depth to groundwater levels and total depth of groundwater monitoring wells and piezometers.

Similar procedures will also be used to measure the depth to water in surface water bodies from

fixed structures such as bridges or culverts.

Water level and well depth measurements collected from monitoring wells or piezometers are

used to assess:

• The horizontal hydraulic gradient and the direction of groundwater flow;

• The vertical hydraulic gradient, if well nests are used (i.e., the direction of groundwater
flow in the vertical plane): and

• The calibration of a numerical groundwater flow model.

This information, when combined with other location-specific information, such as hydraulic ^
conductivity or transmissivity. may be used to estimate the rate of constituent movement, etc. \̂ i

Total wel depth measurements are also collected as an indicator of siltation within the well

column, and to calculate wel volumes if necessary.

2.0 SUMMARY OF METHOD

Measurements wiH involve measuring the depth to water or total well depth to the nearest 0.01
foot using an electronic probe (water level meter). The depths within wells will be measured

from the top of the inner casing at the surveyed elevation point as marked on the top of the
inner casing. Depths to surface water will be measured from a mark placed on the fixed

structure (e.g.. bridge, culvert) by the surveyor.

3.0 HEALTH AND SAFETY WARNINGS

Collecting water level measurements may involve chemical hazards associated with materials in

the water being in contact with the water level measurement equipment. When collecting water

level measurements, adequate health and safety measures must be taken to protect field

personnel. These measures are addressed in the project Health and Safety Ran (HASP). All

work will be conducted in accordance with the HASP

\J*
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4.0 INTERFERENCES

Potential interferences could result in inaccurate readings if the sensor on the water level meter
is wet or dirty, or if the cable cannot be kept vertically upright (for example, from a bridge in the
wind). Care shall be taken to keep the probe clean. If wells are not installed plumb, the probe
may rest against the side of the well, which may be wet. Care shall be taken in measuring
water levels to reduce these interferences. If there is any concern that a particular reading may
not be accurate, this shall be noted in the field log book.

5.0 PERSONNEL QUALIFICATIONS

Collecting water level measurements is a relatively simple procedure requiring minimal training
and a relatively small amount of equipment. It is recommended that the collection of water level
measurements be initially supervised by more experienced personnel.

Field personnel must be health and safety certified as specified by the Occupational Safety and
Health Administration (OSHA) (29 CFR 1910.120(e)(3)(i)) to work on sites where hazardous
waste materials may be present.

It is the responsibility of the field personnel to be familiar with the procedures outlined within this
SOP and health and safety requirements outlined within the Field Sampling Plan (FSP) and
HASP. Field personnel are responsible for the proper use, maintenance, and decontamination
of all equipment used for obtaining water level measurements, as well as proper documentation
in the field logbook or field forms (if appropriate).

6.0 EQUIPMENT AND SUPPLIES

6.1 Electronic Water Level Meter

Electronic water level meters consist of a spool of small-diameter cable (or tape) with a
weighted probe attached to the end. The cable (or tape) is marked with measurement
increments in feet (accurate to 0.01 feet), with the zero point being the tip of the probe.
When the probe comes in contact with the water, an electrical circuit is closed, and a
light and/or buzzer within the spool will signal the contact. The probe shall be tested at
the start of the field program to ensure proper operation.
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6.2 Other Materials

Other materials that may be required:

• Health and safety supplies (as required by the HASP)

• Equipment decontamination materials (as required by ENSR SOP No. 7600Pines
- Decontamination of Field Equipment)

• Plastic sheeting or bucket for resting instrument off the ground

• Water level field form (if applicable)

• Well construction records

• Approved plans (e.g.. FSP, QAPP. HASP)

• Field project logbook/pen

7.0 METHODS

7.1 General Preparation

7.1.1 Well Records Review: WeH completion diagrams should be reviewed to

determine wed construction characteristics. Historic static water level
measurements and survey information should also be reviewed.

7.1.2 Water Level/Wed Depth Measurement: The water level and well depth should

be measured with a water level meter and written in the field logbook or field

form. This information is used to calculate groundwater elevations. All data will
be maintained in the project files.

7.1.3 Equipment Decontamination: All equipment should be decontaminated prior to
use and between well locations in accordance with ENSR SOP No. 7600Pines
- Decontamination of Field Equipment.

7.2 Measurement Procedures

7.2.1 At each location (well, piezometer, staff gauge, etc.). determine the location of

the surveyed elevation mark. For wells, general markings include either a
notch in the riser pipe or a permanent ink (generally black ink) mark on the riser
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pipe. For monitoring surface water levels, there may be a painted mark on an
existing structure or the reference point must be known if not painted.

7.2.2 To obtain a water level measurement, lower the probe of a water level meter
down into the water until the audible sound of the unit is detected or the light on
an electronic sounder illuminates. In wells, the probe shall be lowered slowly
into the well to avoid disruption of formation water and creation of turbulent
surface water within the well. At this time, the precise measurement should be
determined (to nearest 0.01 feet) by repeatedly raising and lowering the tape to
converge on the exact measurement. Obtain the reading from the surveyed
elevation mark.

7.2.3 Record the water level measurement as well as the location identification
number, measuring point (surveyed elevation point), date, time, and weather
conditions in the field logbook and/or field form.

7.2.4 To measure the total depth of a well, lower the probe (turn down signal as
appropriate) slowly to the bottom of the well. The depth may be difficult to
determine for wells with "soft" or silty bottoms. It may be helpful to lower the
probe until there is slack in the tape, and gently pull up until it feels as if there is
a weight at the end of the tape. Observe the measurement (to the nearest 0.01
foot) of the tape against the surveyed elevation mark.

7.2.5 Record the total well depth in the field logbook and/or field form.

7.2.6 The meter will be decontaminated in accordance with ENSR SOP No.
7600Pines - Decontamination of Field Equipment. Generally, only that portion
of the tape that enters the water table needs to be decontaminated. It is
important that the measuring tape is never placed directly on the ground
surface or allowed to become kinked.

8.0 DATA AND RECORDS MANAGEMENT

All field information will be recorded in the field logbook or on a field collection form by field
personnel. In addition, a field project logbook will be maintained detailing any problems or

\ unusual conditions that may have occurred during the measurement process.
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The records generated in this procedure win become part of the permanent record supporting
the associated field work. Al documentation will be retained in the project files following project

completion.

9.0 QUALITY CONTROL AND QUALITY ASSURANCE

Field personnel win follow specific quality assurance guidelines as outlined in the Quality

Assurance Project Plan (QAPP) and/or FSP. Where measured depths are not consistent with
we! records or previously measurements, the depths should be re-measured and verified.

10.0 REFERENCES

ENSR SOP No. 7600Pines - Decontamination of Field Equipment. Revision 3.0.
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1.0 SCOPE AND APPLICABILITY

This Standard Operating Procedure (SOP) describes the procedures for conducting in-situ rising
head and faffing head hydraulic conductivity tests (slug tests). Slug tests are performed to

assess the hydraulic conductivity of the soil or rock surrounding the tested monitoring well.

Hydraulic conductivity values are used:

• To estimate rates of groundwater flow;

• To estimate responses of aquifers to applied stresses, such as pumping;

• To estimate the rate of movement of various chemicals in subsurface zones; and

• To construct and calibrate groundwater flow models.

In-situ tests to determine hydraulic conductivity can be conducted in open boreholes or in
monitoring weds and they can be variable-head tests or constant-head tests. The change in

water levels can be produced by displacing a known volume of water using a slug. The -v

response of water levels to the test can be monitored using a water level tape or with v r
computerized data loggers. Data loggers are preferred because they can collect many

measurements in a short period of time, which is important for evaluating the early-time
response of the aquifer to the slug. For the purpose of this SOP and the field program outlined

in the Field Sampling Plan (FSP). the method to perform a variable-head test in a monitoring
well using a computerized data logger will be outlined.

2.0 SUMMARY OF METHOD

Hydraulic conductivity is a measure of the ease of flow of water through a specific porous

medium. Variable-head tests are performed by causing a sudden (instantaneous) rise or drop

of the static water level in a well. Water levels are monitored and recorded until the water level
has returned to static conditions or sufficient data is collected to perform the hydraulic

conductivity calculations.

3.0 HEALTH AND SAFETY WARNINGS

Hydraulic conductivity testing may involve chemical hazards associated with exposure to
groundwater and the testing equipment that comes in contact with the groundwater. When

conducting hydraulic conductivity tests, adequate health and safety measures must be taken to
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protect field personnel. These measures are addressed in the project Health and Safety Plan
(HASP). All work will be conducted in accordance with the HASP.

4.0 INTERFERENCES

There are many potential interferences in the performance and analysis of slug tests. For this
reason, appropriately trained personnel shall perform the tests in the field and conduct the data
analysis. Data and analysis will be reviewed by a geologist licensed to practice in Indiana.

One of the primary interferences is due to well construction. For wells screened across the
water table, falling head tests may not provide accurate measures of hydraulic conductivity.
Therefore, while falling head tests may be conducted in such wells, their results will not be used
quantitatively unless the data analysis indicates that an accurate measurement of hydraulic
conductivity has been obtained.

5.0 PERSONNEL QUALIFICATIONS

Field personnel conducting permeability tests should be experienced geologists familiar with the
theory and practice of aquifer testing and analysis, as well as with all necessary equipment and
software. Geologists or personnel with geologic experience should supervise hydraulic
conductivity testing. The geologic work performed under this SOP will be conducted under the
direction of a professional geologist licensed to practice in Indiana.

Field personnel must be health and safety certified as specified by the Occupational Safety and
Health Administration (OSHA) (29 CFR 1910.120(e)(3)(i)) to work on sites where hazardous
materials may be present.

It is the responsibility of the field personnel to be familiar with the hydraulic conductivity testing
procedures outlined within this SOP, quality assurance, and health and safety requirements
outlined within the FSP, the Quality Assurance Project Plan (QAPP), and the HASP. Field
personnel are responsible for the proper testing procedures, decontamination of equipment, as
well as proper documentation in the field logbook or field forms (if appropriate).

6.0 EQUIPMENT AND SUPPLIES

General field supplies include the following items:
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• Boring logs (if available)

• Well construction diagrams (if available)

• Well development logs (if available)

• Hydraulic Conductivity Test Log (Figure 1)

• Water level meter

• Slugs

• Nylon string

• Tape measure

• Pressure transducers)

• Dataloggers)

• Computer with appropriate software

• Plastic sheeting

• Equipment decontamination materials (as required by ENSR SOP No. 7600Pines -
Decontamination of Field Equipment)

• Health and safety supplies (as required by the HASP)

• Approved plans (e.g.. HASP. FSP. QAPP)

• Field project logbook/pen

7.0 METHODS

7.1 General Preparation

The monitoring wells to be tested should have been previously developed and had

sufficient time to equilibrate before the testing process proceeds. Well construction
diagrams are necessary to determine the depth of the monitoring well and the screened
interval.

The static water level in the well will be measured and recorded in the field logbook or

field form. The slug diameter and length to be used in the wed will be determined based

on the diameter of the well and the length of the water column. In general, the larger the

volume of the slug, the greater the displacement of head and the better the definition of
response in the resulting data. However, the slug must be short enough to be

completely submerged beneath the static water level, and there must be room beneath
the bottom of the slug for the transducer Therefore, a minimum of 7 feet of water within

the well is typically necessary for conducting the test. The slug length and diameter will

be recorded in the field logbook or field form for use in the data analysis.



SOP NUMBER: 102Pines

In-Situ Hydraulic Conductivity Testing - Date: May 2005
_. . j •- II- 11 j r» i_-i-j_ T j. Revision Number: 2.0Rising and Falling Head Permeability Tests Page: 6of ^

Either a pressure transducer connected to a data logger or a programmable down-hole
data logger will be used to record the changes in water level during the test. The
transducer must be set at least one slug length below the water surface so the slug does
not disturb the transducer. Several feet deeper is preferable, if possible. After the water
level has equilibrated to the static level, the data logger will be programmed according to
manufacture's instructions. The data logger will be programmed to record water levels
at logarithmically increasing intervals, because early-response data is important for the
data analysis.

A measured length of nylon string will be tied to the slug. The line will be of a length that
will allow the top of the slug to be submerged beneath the static water level without
touching the transducer.

7.2 Falling Head Test

The slug will be lowered part way into the well so that the bottom of the slug is just
above the water surface. The data logger will be started and the slug will be
simultaneously lowered into the water, so that the top of the slug is below the static
water level. Care will be taken to lower the slug fast enough to produce as close to an
instantaneous rise in the water level as possible, but not so fast as to produce a wave
when the slug enters the water.

When the water level returns to the static level, the falling head test is complete and the
rising head test can be started. The data should be saved and a new test set up on the
data logger.

If the hydraulic conductivity is low, it may take hours (or more) for the water level to
return to static conditions. In this situation, the project hydrogeologist should determine
a maximum duration for each test (typically 30 minutes).

The falling head test may not be accurate for wells with screens that bracket the
stabilized water table. These tests may be performed in water table wells, but the
results will not be used quantitatively unless the data analysis indicates that an accurate
measurement of hydraulic conductivity has been obtained.
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7.3 Rising Head Test

After the data logger is reset following the fading head test, the test wil be started by
activating the logger and simultaneously removing the slug. The slug will be quickly
removed from the water so that an instantaneous drop in the water level will occur, but it

wil be done smoothly enough to not disturb the transducer when removing the slug.

When the water has returned to a static condition or the maximum duration of time has
elapsed (typicaWy 30 minutes), the test will be terminated.

7.4 Data Download

At the completion of the test(s). the data from the slug tests will be downloaded to a
laptop computer. If feasible, this data will be plotted on a graph of time versus water
level to see if it is acceptable (i.e., adequate water level displacement, sufficient number

of data points, a straight-line fit to data, no extraneous fluctuations resulting from
inadvertent slug movement and/or pressure waves). If the data are not acceptable, the
test(s) Witt be repeated once water levels have stabilized.

7.5 Equipment Decontamination

AH equipment that comes into contact with groundwater (e.g.. slugs, transducer, and
water level meter) wil be decontaminated in accordance with ENSR SOP No. 7600Pines

- Decontamination of Field Equipment before moving to the next location. The string
should be property discarded and disposed of.

8.0 DATA AND RECORDS MANAGEMENT

8.1 Data Analysis

Several methods are available for analyzing data obtained from in-situ hydraulic

conductivity tests. Most methods incorporate graphical techniques, such as semi-log

and log-log plots, to evaluate the data and select values for the calculations.

Inherent in the analytical methods are several simplifying assumptions concerning the

aquifer properties and test methods. When selecting a particular analytical method, it is

important to consider the basic assumptions that underlie the mathematical expressions.

In many cases, it may be advisable to evaluate the data using several methods and
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examine the range of hydraulic conductivity values that are obtained. For this project, it
is expected that the data will be analyzed using appropriate methodologies (e.g., Bouwer
and Rice, 1976; Kansas Geological Survey methods (Hyder, et al., 1994); Cooper, et al,
1967).

8.2 Records Management

The Hydraulic Conductivity Test Log (Figure 1) will be completed by the field personnel
conducting the slug testing. Background information such as well diameter, depth, and
screened interval will be provided from existing monitoring well construction logs. These
data will be used in the calculation of hydraulic conductivity, based on the test data. The
slug length, slug diameter, water level, well identification number, test type (rising or
falling), file name, and time will also be recorded. The actual data of time versus water
level will be recorded on the data logger and transferred to a laptop computer. In
addition, a field project notebook should be maintained detailing any problems or
unusual conditions that may have occurred during the testing process.

The records generated in this procedure will become part of the permanent record
supporting the associated field work. All documentation will be retained in the project
files following project completion.

9.0 QUALITY CONTROL AND QUALITY ASSURANCE

Quality assurance requirements typically suggest the collection of both the rising head and
falling head data. Rising head data are preferred for wells screened across the water table
because the hydraulic conductivity of the saturated portion of the aquifer is reflected, whereas
falling head data may reflect the hydraulic conductivity of the unsaturated zone and capillary
fringe.

For quality control purposes, the transducer data logging will be started immediately prior to
lowering or removing the slug. The transducer should be activated approximately 1 second
prior to ensure that the transducer is recording water level changes and that the transducer is
taking readings at frequent intervals during the early part of the well response curve. Care must
be taken when lowering or removing the slug to avoid splashing or generating wave effects that
would obscure the early-time data.
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Data from the rising and fating head tests should be inspected in graphical format to ensure that
adequate water level displacement was achieved for both tests, that the data logger recorded all

data from the test, and that no fluctuations exist in the data due to violent slug movement.

Both rising and falling head tests may be conducted to help draw attention to any

inconsistencies in the data. If the rising and falling head results are not comparable, the data
should be investigated to assess which test may more accurately reflect the hydraulic properties

of the aquifer, or whether the pressure transducer recorded accurate data. Knowledge of the

boring logs is essential to assessing whether the measured response is consistent with the
expected response. If a consistent response is not obtained, the tests should be run again.

The geologic work performed under this SOP wiH be conducted under the direction of a
professional geologist licensed to practice in Indiana. Data and analysis will be reviewed by the

licensed Indiana geologist.
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FIGURE 1 - EXAMPLE HYDRAULIC CONDUCTIVITY TEST LOG (PAGE 1}

Well ID:

HYDRAULIC CONDUCTIVITY TEST LOG
Client
Project No:
Site Location-.
Weather Conds:

Date:

Tester (s):

Time: Start
Finish

am/pm
am/pm

1. WELL INFORMATION

a Ref. Point Elev

b Static Depth to GW

c Time of GW reading

d. Static GW Elev (Ho)

e Total Wen Depth

f. Gravel Pack Diameter

g. Water Column Height

(a-b) h Casing Diameter

i Screen Length

j. Geology of Screened Interval

(e-b)

2. SLUG INFORMATION (see back for volume calculation)

a Slug Length

b Slug Diameter

3. DATA COLLECTION
a Method of Data Collection

b Transducer Information
Make
Model
Serial Number
Offset
Linearity
Scale
Coefficient
Diameter/Length

Manual Electronic
(see DacK;

c Data Logging Information
Make
Model "
Senal Number
Mode \
Ref Point (designation) "
Ref Point value (if elev )

(linear or logarithmic)
(TOC, Ground Surface, actual elev)

4. HYDRAULIC TEST INFORMATION

Start Tim* Test Type (rising, falling) Electronic File Name

Positive numbers indicate increase or decrease in water level
(circle one)

Comments End Time

5. MANUAL WATER LEVEL READINGS (as needed for control)

Time Location Depth to Water Time Location

Signature_

Depth to Water

Date
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FIGURE 1 - EXAMPLE HYDRAULIC CONDUCTIVITY TEST LOG (PAGE 2)

*. EXPECTED WATER LEVEL DOPLACEMEMT CALCULATION (optorM

a OURde of Skjg 1*1
b length tf Slug itt
c voferme.lnear f of Sua <goM l-cm crart!
3 vcftjmc of SVig Igaf.
e Dimeter of vWt ;n;
f acAmeliear K <y >"•«•' 93**! borr ctan!
Q E«t»ct«ICnange r .

^weet CCIWTTT -wet
rwr irdrsduor *̂ gt

7. HMWAL WMTBI LEVEL

'-ij5: DP s-e

Voh*ne / Lmear R
Dam (m) Oiilon UK?

025 00025 00097
00057 OQ217
001O2 00386
00229 00869
004D8 01544
OOS37 02413
00918 03475
0163? 06178

D375
05
075

1
125
15
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LIST OF ACRONYMS

DO Dissolved Oxygen

FSP Field Sampling Plan

HASP Health and Safety Plan

MS/MSD Matrix Spike/Matrix Spike Duplicate

ORP Oxygen Reduction Potential

OSHA Occupational Safety and Health Administration

QAPP Quality Assurance Project Plan

QC Quality Control

SOP Standard Operating Procedure

USEPA United States Environmental Protection Agency
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1.0 SCOPE AND APPLICABILITY

This Standard Operating Procedure (SOP) describes the basic techniques and general

considerations to be followed for the collection of surface water and sediment quality samples

from streams and ponds. The specific details of actual sample collection are highly dependent

upon local conditions as well as the purpose of the sampling.

2.0 SUMMARY OF METHOD

Surface water sample collection generally involves collection of a representative water sample

from a water body (e.g., stream or pond) into an appropriate container. Specific field conditions

such as water depth and location are recorded. Field parameters (e.g., pH, specific conductivity)

are typically monitored as wel.

Sediment sample collection generally involves collection of sediment via an apparatus (e.g.,

spatula, sediment oorer, dredge, etc.) at the desired location and depth. The contents from the

apparatus used to retrieve the sediment sample are typically de-watered to minimize the

amount of water in the sample. The sample is then transferred to appropriate bottleware.

Specific field conditions such as sediment description and depth and surface water depth are

recorded.

3.0 HEALTH AND SAFETY WARNINGS

Surface water and sediment sampling may involve physical and/or chemical hazards associated

with exposure to water, sediment or materials in contact with either water or sediment. When

surface water and sediment sampling is performed, adequate health and safety measures must

be taken to protect field personnel. These measures are addressed in the project Health and

Safety Plan (HASP). AH work wiR be conducted in accordance with the HASP.

4.0 INTERFERENCES

Potential interferences could result from cross-contamination between sample locations or

entrainment of non-target material in the samples. Minimization of the cross-contamination will

occur through the following:
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Collection of samples from downstream to upstream locations.
Collection of surface water samples prior to sediment samples at individual locations.
The use of clean, decontaminated sampling tools at each location.
Avoidance of material (e.g., re-suspended solids) that is not representative of the medium to
be sampled.

5.0 PERSONNEL QUALIFICATIONS

Surface water and sediment sample collection is a relatively involved procedure requiring formal
training and a variety of equipment. It is recommended that initial sampling be supervised by
more experienced personnel.

Field personnel must be health and safety certified as specified by the Occupational Safety and
Health Administration (OSHA) (29 CFR 1910.120(e)(3)(i)) to work on sites where hazardous
materials may be present.

It is the responsibility of the field personnel to be familiar with the sampling procedures outlined
within this SOP, with specific sampling, quality assurance, and health and safety requirements
outlined within the Field Sampling Plan (FSP), Quality Assurance Project Plan (QAPP), and
HASP. Field personnel are responsible for collecting samples, decontamination of equipment,
and proper documentation in the field logbook or field forms (if appropriate).

6.0 EQUIPMENT AND SUPPLIES

General field supplies include the following items:

• Surface Water and Sediment Sample Collection Record (Figure 1)
• Supplies for field filtration, if necessary (as required by ENSR SOP NO. 7131 Pines - Field

Filtration of Water Samples for Inorganic Constituents)
• Sample Chain-of-Custody forms (as required by ENSR SOP No. 1007Pines - Chain-of-

Custody Procedures)
• Sample packaging and shipping supplies (as required by ENSR SOP No. 7510Pines -

Packaging and Shipment of Environmental Samples)
• Equipment decontamination supplies (as required by ENSR SOP No. 7600Pines -

Decontamination of Field Equipment)
• Health and safety supplies (as required by the HASP)
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• Waterproof marker pens

• Indhridual or multi-parameter meter(s) to measure temperature, pH, specific conductance,
dissolved oxygen (DO) oxidation reduction potential (ORP), and/or turbidity

• Instrument cafibration solutions

• Sample kit (i.e.. bottles, labels, preservatives, custody records and tape, cooler, ice)

• Approved plans (e.g.. HASP. FSP, QAPP)

• Field notebook/pen

7.0 METHODS

7.1 Access to Sample Locations

Sample locations are presented in the FSP. Where samples are located at bridges or

piers, these structures provide convenient access to for sampling. A boat may be

needed to sample locations on ponds, as well as those on larger rivers. Frequently,
however, a boat will take longer to cross a water body and wMI hinder manipulation of the
sampling equipment. When boats are used for sampling, health and safety procedures
as described in the HASP must be followed. Wading for samples wiH be used where

water levels are appropriate (i.e.. shallow) and there are no bridges or culverts nearby. If
it is necessary to wade into the water body to obtain a sample, the sampler shall be

careful to minimize disturbance of bottom sediments and must enter the water body
downstream of the sampling location. If necessary, the sampfing technician shall wait for

the sediments to settle before taking a surface water sample.

Under ideal and uniform constituent dispersion conditions in a flowing stream, the same

concentration of each constituent would occur at all points along the cross section. This

situation is most likely downstream of areas of high turbulence. Careful selection of the
sample collection location is needed in order to ensure, as nearly as possible, that

samples are taken where uniform flow or dispersion and good mixing conditions exist.

7.2 Surface Water Sampling

7.2.1 General Procedures

Surface water samples from streams and ponds will be collected by filling a

container at the desired depth. The sealed sample container is placed beneath ( j

the water surface at the desired depth. The sample container lid is then removed
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and allowed to fill with water. Once filled, the lid is then placed back on the
container and then brought above the water surface.

In cases where sample bottles contain preservatives and the sample cannot be
taken without potential loss or dilution of the preservative (e.g., shallow or low-
flow conditions), a separate clean container (without preservatives) will be used
for sampling and the contents carefully decanted into the final sample jar (with
preservatives). The transfer container will be made of the same material as the
final sample jar; in particular, no containers of glass will be used on this project
due to potential interferences, unless they are guaranteed boron and silicon free.
The transfer bottle may be submitted to the laboratory for other (unpreserved)
analytes or disposed of after each sample. It will not be re-used at other sample
locations.

Unless otherwise specified in the FSP, samples from streams should be
collected at mid-depth in the mid-stream section or deepest flow channel of the
stream that can be safely accessed. If a mid-stream position cannot be reached
due to depth or other unsafe conditions, a water sample will be taken as close to
mid-stream as can be safely reached from shore or shallower depths.

Water in ponds may be incompletely mixed especially if thermal stratification is
present. Single samples can only represent the specific spot from which they
were obtained. Therefore, more than one sample may be collected from different
depths at each sample location within a pond, depending on the presence of
thermal stratification.

Samples will be collected farthest downstream first, moving upstream so as to
minimize the potential influence on water quality caused by disturbance within
the water body.

At each sample location, measurements for pH, specific conductivity,
temperature, DO, ORP, and/or turbidity will be collected using either an individual
or a multi-parameter meter (e.g., ENSR SOP No. 105Pines - Operation and
Calibration of the YSI Multi-Parameter Water Quality Monitor; ENSR SOP No.
108Pines - Field Measurement of Turbidity). The depth of water, depth of sample
collection, and visual observations of the location will be recorded on the Surface
Water and Sediment Collection Form (Figure 1) and/or field logbook. A
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qualitative estimate of stream flow rate wiH also be recorded when sampling

surface water.

A portion of the water sample may be filtered in the field prior to preservation for

analysis in the laboratory of dissolved fractions (e.g., selected metals). Filtration
of water samples will follow the procedures outlined in ENSR SOP No.

7131 Pines - Reid Filtration of Water Samples for Inorganic Constituents.

7.2.2 Sample Handing and Preservation

• Once each sample container is filled, dean the rim and threads of the sample
container by wiping with a paper towel.

• Cap and label the container with (at a minimum) the sample identifier and

sampling date and time. Additional information such as preservation

information and analytical tests may also be added to the sample label as
appropriate. Sample labeling will be conducted per the FSP and QAPP.

• Place the sample containers into a cooler and maintain on ice.

• Complete sample chain-of-custody and other documentation per ENSR SOP
No. 1007Pines - Chain-of-Custody Procedures.

• Package the samples for shipment to the laboratory per ENSR SOP No.

7510Pines - Packaging and Shipment of Environmental Samples.

7.2.3 Equipment Decontamination

No equipment is necessary other than the sampling bottteware for sample
collection. Therefore, no decontamination is necessary for surface water

sampling.

7.3 Sediment Sampling

7.3.1 General Procedures

Sediment sampling may be accomplished by a variety of methods. Typical

sediment sampling apparatus in shallow freshwater waterbodies includes

sampling spatulas, sediment corers, and dredges, with the particular selection of

apparatus dictated by the volume, depth, and nature of the sediments to be
sampled.
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The primary sediment sampling device will be a Russian peat borer (USEPA,
1 999) that is designed to collect relatively uncompressed sediment samples. The
components of the borer include a stainless steel, chambered core tube;
extension rods; a stainless steel turning handle; and a core head and bottom
point that support a stainless steel cover plate. The cover plate is curved and
sharpened to minimize disturbance when the sampler is driven into the sediment.
Once driven to the target depth, the core tube is rotated clockwise to fill the tube
by cutting out a segment of sediment (USEPA, 1999). It can be used in both
wadeable streams or in deeper waterbodies (using extensions) up to 10 feet
deep in water depth.

The peat borer will be used to collect sediment samples from the stream bottom
where sediments are 3 inches or greater. At shallower sediment depths (<3
inches), other means (e.g., stainless steel spatula) will be used to collect
sediments.

Sediment samples are preferably located in areas of sediment depositional areas
(e.g., pools, sand bars, debris dams) where finer-grained materials are more
likely to settle out. Alternatively, deeper sections of ponds are areas where finer
grained material would be expected to accumulate. A sketch or photograph of the
sediment sampling location may be made to document its location relative to the
stream channel or pond shoreline.

The method of sample collection in shallow, wadeable water bodies is
accomplished by reaching over or wading into the water body and, while facing
upstream (into a current, if it exists), using the sampling apparatus to obtain a
sample from the upper 0 to 12 inches from the sediment horizon. Care should be
taken to disturb the stratigraphy of the sediments as little as possible when
sampling.

In deeper waters, lakes, reservoirs or impoundments, sampling will be conducted
from a boat or overhanging structure (e.g., bridge). Sampling apparatus (e.g.,
corer, dredge) will be carefully lowered over the side of boat or structure until it
reaches the bottom and the sample is obtained. Care should be taken during
retrieval of the sample apparatus to prevent loss or disturbance of the sediments
in the sampler during vertical transit upwards. Overlying water depth should be
noted for deep water samples.
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Samples wil be collected farthest downstream first, moving upstream so as to

minimize disturbance from within the water body. In cases, where no current is

obvious (e.g.. pond), samples may be taken systematically, provided sufficient

distance is afforded to prevent re-suspended materials from early sampling
efforts from influencing subsequent samples.

7.3.2 Sediment De-watering

Sediments with a high silt, day or organic content or a flocculent appearance

should be de-watered. Present U.S. Environmental Protection Agency (USEPA)
analytical methods for sediment analysis are based on soil samples with percent
moistures of less than 10%; whereas typically, sediments average 80% moisture.

The increased percent moisture in sediments requires a larger wet weight

sample size to obtain valid dry weight adjusted data. To address this issue,
USEPA Region 1 recommends decanting all standing water from a sample prior
to sample homogenization (USEPA, 1998). Decanting standing water should not

include decanting of dispersed fine sediments. The sample may be further de-
watered by lining a decontaminated stainless steel colander with Whatman #4
paper (or equivalent) and spreading the sediment in a thin layer on the filter

paper for five to ten minutes. Additional sheets of filter paper may be necessary
to sufficiently de-water the sample.

The de-watered sediment samples will then be placed into a decontaminated

plastic mixing bowl. Each sample will be examined for physical characteristics

such as composition, layering, odor, and discoloration. Descriptions will be
recorded on the Surface Water and Sediment Sample Collection Record (Figure
1) and/or in the field logbook.

Following the examination of the sample for these physical features, the sample

will be homogenized in the mixing bowl and placed into appropriate sample
containers.

7.3.3 Sample Handling and Preservation

Once each sample container is filled, dean the rim and threads of the sample
container by wiping with a paper towel.
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• Cap and label the container with (at a minimum) the sample identifier and
sampling date and time. Additional information such as preservation
information and analytical tests may also be added to the sample label as
appropriate. Sample labeling will be conducted per the FSP and QAPP.

• Place the sample containers into a cooler and maintain on ice.
• Complete sample chain-of-custody and other documentation per ENSR SOP

No. 1007Pines - Chain-of-Custody Procedures.
• Package the samples for shipment to the laboratory per ENSR SOP No.

7510Pines - Package and Shipment of Environmental Samples.

7.3.4 Equipment Decontamination

All equipment that comes into contact with sediments or surface water (e.g.,
scoops) should be decontaminated in accordance with ENSR SOP No.
7600Pines - Decontamination of Equipment protocol before moving to the next
location. Dedicated or disposable equipment does not need to be
decontaminated.

8.0 DATA AND RECORDS MANAGEMENT

Specific information regarding sample collection should be documented in several areas: the
sample chain-of-custody record, sample collection record, field logbook, and sample labels.
Additional information regarding each form of documentation is presented in the following
paragraphs:

8.1 Sample Chain-of-Custody Record

This standard form requires input of specific information regarding each collected
sample for laboratory analytical purposes, as specified in ENSR SOP No. 1007Pines -
Chain-of-Custody Procedures and ENSR SOP No. 751 OPines- Packaging and
Shipment of Environmental Samples.

8.2 Sample Collection Record

This form (Figure 1) requires input of specific information regarding the collection of each
individual sample including sample identification, water quality parameters, collection
method, and containers/preservation requirements.
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8.3 FieM Logbook

This logbook should be dedicated to the project and should be used by field personnel to
maintain a general log of activities throughout the sampling program. This logbook
should be used in support of. and in combination with, the sample collection record.

Documentation within the logbook should be thorough and sufficiently detailed to present

a concise, descriptive history of the sample collection process.

8.4 Sample Labels

Sample labels shall be completed at the time each sample is collected and attached to

each sample container. Labels may include the information listed below.

• Project number (not project name)

• Sample number

• Sample designation

• Analysis type

• Preservative

• Sample collection date

• Sample collection time

• Sampler's name

The records generated in this procedure will become part of the permanent record supporting

the associated field work. Al documentation will be retained in the project files following project
completion.

9.0 QUALITY CONTROL AND QUALITY ASSURANCE

Field personnel should foHow specific quality assurance guidelines as outlined in the QAPP
and/or FSP.

Quality assurance requirements typically suggest the collection of a sufficient quantity of quality

control (QC) samples such as field duplicate, equipment and/or field blanks and matrix

spike/matrix spike duplicate (MS/MSD) samples. These requirements should be outlined in the
QAPP and FSP. Additional information regarding quality assurance sample collection relevant

to surface water and sediment sampling is described below.
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9.1 Field Blank/Equipment Blank Sample Collection

Field blank samples serve as a quality assurance check of equipment and field
conditions at the time of sampling. Field blank samples are usually prepared by
transferring analyte-free water into a clean set of sample containers, then analyzing it as
a sample. Sometimes, the analyte-free water is transferred over or through the sampling
device before it is placed into the sample containers. This type of field blank sample is
known as an equipment blank. The FSP and QAPP contain specific information
regarding the type and number of field blanks or equipment blanks required for
collection.

9.2 Field Duplicate Sample Collection

Field duplicate samples are collected for the purpose of providing two sets of results for
comparison. These samples are used to assess precision. To the extent possible
based on available information, field duplicates will be selected at locations with the
likelihood of detectable concentrations of constituents. Duplicate samples are usually
prepared by splitting the sample into two sets of sample containers, then analyzing each
set as a separate sample. The QAPP contains specific information regarding the type
and number of duplicate samples for collection.

9.3 Matrix Spike/Matrix Spike Duplicate (MS/MSD) Sample Collection

MS/MSDs provide information about the effect of the sample matrix on digestion and
measurement methodology. For samples submitted for MS/MSD analysis, triple sample
volume is generally required. The QAPP contains specific information regarding the
frequency of MS/MSD samples.

10.0 REFERENCES

Code of Federal Regulations. Chapter 40 (Section 261.4(d)).

ENSR SOP No. 105Pines - Operation and Calibration of the YSI Multi-Parameter Water Quality

Monitor.

ENSR SOP No. 108Pines- Field Measurement of Turbidity.
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ENSR SOP No. 1007Pines - Chain-of-Custody Procedures.

ENSR SOP No. 7131 Pines - Field Filtration of Water Samples for Inorganic Constituents.

ENSR SOP No. 7510Pines - Packaging and Shipment of Environmental Samples.

ENSR SOP No. 7600Pines - Decontamination of Field Equipment Revision 3.0.

USEPA. 1998. Sediment Sampling Guidance. USEPA, Region I. Quality Assurance Unit Staff.
Office off Environmental Measurement and Evaluation. Draft September 1998.

USEPA. 1999. Innovative Technology Verification Report: Sediment Sampling Technology,
Aquatic Research Instruments Russian Peat Borer, EPA/6007R-01/010. Office of Research and
Development
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FIGURE 1 - EXAMPLE SURFACE WATER AND SEDIMENT SAMPLE COLLECTION
RECORD

FIELD LOO SHEET
Remedial Investigation - Pines Area of Investigation; Pines. IN

AOC II - Docket No V-W-W-C-784

Date
Time
Staff

Weather

Site IO

Northing
Easting

Site Conditions

Description (include channel dCKupnonnvidltv % overhead canopy % coverage by m-siream vtg ):

I Data
Meter Type: Meter ID:

Surface Bottom
Depth (ft)
Temperature (deg. C)
Sp. Conductance (uS/cm)
Dissolved Oxygen (mg/L)
Dissolved Oxygen (% sat)
pH (S.U.)
Other: Color/turbidity

Surface water sample collection:
Type of Sample Grab_
Sample depth (cm):
No. of samples collected:
No. of samples rejected:

Pump Other

Rationale:

Sheen Yes / No Odor Yes / No
Sample description (mdudewatei appearance color tmbidity organr <iebu& biota presence):

Sediment collection:
Grab penetration depth (cm):
RPD depth (cm):
Number of grabs collected:
Number of grabs rejected: Rationale

Sheen Yes ,' No Odor Yes No
Grab description (include sediment type texture cr.e- layering ontrat-ecl delyr.
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1.0 SCOPE AND APPLICABILITY

This Standard Operating Procedure (SOP) describes the methods available for installing
temporary monitoring wells by HydroPunch® technology (or other similar vendor). The use of
this technology can be used for purposes such as:

• Determining the presence/absence and extent of constituents in groundwater;
• A field screening tool to aid in the placement of permanent monitoring wells; and
• Temporary placement of wells for the collection of groundwater samples and estimating

groundwater flow directions.

This SOP covers groundwater sampling from temporary monitoring wells using HydroPunch®
technology. Use of this sampling equipment requires use of a hydraulically-powered
percussion/probing machine or a conventional drilling rig. HydroPunch® technology is usually
performed by subcontractors, although rental equipment is available for use by trained
operators. Equivalent methods of sampling may be used with other direct-push sampling
equipment.

The HydroPunch® technology methods are applicable to unconsolidated soil/fill materials. The
approximate sample depth must be known prior to installation.

2.0 SUMMARY OF METHOD

Installation of temporary monitoring wells using the HydroPunch® technology requires use of a
hydraulically-powered percussion/probing machine. The percussion/probing machine is
typically mounted onto the bed of a pickup truck or van so that a stable working platform is
established. The percussion/probing machine, through its hydraulic operation, pushes and
hammers the temporary well equipment vertically into the ground within the targeted sampling
interval. The approximate sample depth must be known prior to installation, and is specified in
the Field Sampling Plan (FSP). Once the desired depth is reached, the push rods are retracted
exposing the filter screen allowing groundwater to infiltrate the sampling equipment (see Figure
1). At this time a groundwater sample can be collected from the temporary monitoring well.
This SOP assumes yields and recharge to the sampling points are sufficient to readily yield
groundwater samples.
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3.0 HEALTH AND SAFETY WARNINGS

The instalation of temporary monitoring wells may involve chemical hazards associated with
exposure to materials in the groundwater being investigated and physical hazards associated

with driKng equipment and instaHation methods. When the installation of temporary monitoring

weds is performed, adequate health and safety measures must be taken to protect field
personnel. These measures win be addressed in the project Health and Safety Plan (HASP).

Ai work wil be conducted in accordance with the HASP.

4.0 INTERFERENCES

The direct push technologies have limited downward pressure for pushing, so they cannot be
used in rock or where soils are too dense. Because multiple water samples may be collected
from the same borehole, there is a potential for cross-contamination between samples,

especialy for oily or organic constituents (not expected for this project).

Potential interferences could also result from cross-contamination between sample locations.
Minimization of the cross-contamination will occur through the use of dean sampling tools at

each location, which wil require decontamination of sampling equipment as per ENSR SOP No.

7600Pines - Decontamination of Field Equipment.

There may also be potential interferences between the HydroPunch® sampling equipment and
the samples themselves. Because the constituents to be monitored are metals and/or

inorganics, plastic materials wiH be used in lieu of metal where possible. Glass materials will not

come into contact with the samples, unless the glass is guaranteed boron and silicon free.

5.0 PERSONNEL QUALIFICATIONS

Reid and subcontractor personnel wiH be health and safety certified as specified by the

Occupational Safety and Health Administration (OSHA) (29 CFR 1910.120(e)(3)(i)) to work on

sites where hazardous materials may be present. Geologists or personnel with geologic
experience should supervise the temporary well installation. The geologic work performed

under this SOP will be conducted under the direction of a professional geologist licensed to

practice in Indiana.
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It is the responsibility of field personnel to install temporary monitoring wells in a manner
consistent with this SOP, with specific sampling, quality assurance, and health and safety
requirements outlined within the FSP, Quality Assurance Project Plan (QAPP), and the HASP.
Field personnel are responsible for collecting samples, decontamination of equipment, as well
as proper documentation in the field logbook or field forms (if appropriate). It is also the field
personnel's responsibility to indicate the specific targeted sampling depth or sampling interval to
the subcontractor (specific sampling depths are indicated in the FSP).

It will be the responsibility of the subcontractor to provide a trained operator and the necessary
HydroPunch® equipment for obtaining groundwater samples. This generally includes the truck-

or all terrain vehicle (ATV)-mounted percussion/probing machine and one or more
HydroPunch® samplers in good operating condition, appropriate drive points/filter screens, and
other necessary equipment for installation and sampling.

6.0 EQUIPMENT AND SUPPLIES

In addition to those materials provided by the subcontractor, other field supplies may include:

• Groundwater sampling supplies (as required by ENSR SOP No. 7130Pines -
Groundwater Sample Collection from Monitoring Wells)

• Sample kit (i.e., bottles, labels, preservatives, custody records and tape, cooler, ice)

• Sample Chain-of-Custody forms (as required by ENSR SOP No. 1007Pines - Chain-of-
Custody Procedures)

• Sample packaging and shipping supplies (as required by ENSR SOP No. 7510Pines -
Packaging and Shipment of Environmental Samples)

• Equipment decontamination supplies (as required by ENSR SOP No. 7600Pines -
Decontamination of Field Equipment)

• Health and safety supplies (as required by the HASP)

• Approved plans (e.g., QAPP, FSP, HASP)

• Field project logbook/pen

o
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7.0 METHODS

7.1 General Method Description

HydroPunch® sampling methods generally involve collection of groundwater samples by

driving the sampling tool directly into the ground using the percussion/probing machine

and without the aid of hollow-stem augers or other casing-installed drilling methods. The

sampler consists of a metal tube of seamless construction that can not be split apart like

spit-spoons. A disposable poly vinyl chloride (PVC) screen with steel drop off tip is

threaded to the end of the sampling device.

The sampling device operates by being directly pushed/hammered into the ground by

the percussion/probing machine. The sampling device is advanced to the desired depth

within the groundwater table. The push rods are then retracted exposing the filter screen

aHowing groundwater to infiltrate the sampler. Where samples are to be collected from

multiple depths, the sampling device continues to be advanced to the next deeper

sampling interval after the collection of each sample. When the sampling device is

retrieved from the ground, the push rods and sampler are retrieved, leaving the screen

and steel drop off tip in the ground.

7.2 Sampling Procedures

(Note: This SOP assumes that the down-hole equipment will be handled by the

subcontractor therefore, detailed procedures regarding sample acquisition are not

provided.)

7.2.1 Assemble the HydroPunch® sampler by placing the screen with steel drop off tip

on the end of the sampler.

7.2.2 Thread the sampler onto the drive head.

7.2.3 Using the percussion/probing machine, drive the sampler into the ground until the

drive head reaches the desired depth and is within the groundwater table.

7.2.4 Retract the push rods to expose the Tiller screen, allowing groundwater to

infiltrate the screen.
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7.2.5 Either the subcontractor or the field personnel will set up a peristaltic pump to
extract groundwater from the screen. The intake point on the tubing will be set
within but near the top of the screen. The pump will be operated at a relatively
slow rate (less than 0.5 L/min) to minimize formation disturbance and reduce the
amount of particulate material in the collected sample. A minimum of three well
volumes of water will be removed from the down-hole sampler to flush any
stagnant or residual water. Because screening-level data are being collected,
formal purging (parameter stabilization) is not required.

7.2.6 Connect the discharge of the peristaltic pump to a flow-through cell equipped
with sensors to record temperature, specific conductance, dissolved oxygen
(DO), oxygen reduction potential (ORP), and pH (see ENSR SOP No. 105Pines -
Operation and Calibration of the YSI Multi-Parameter Water Quality Monitor).
Measure the turbidity (see ENSR SOP No. 108Pines - Field Measurement of
Turbidity).

7.2.7 Disconnect the flow-through cell and collect groundwater samples from the
discharge of the peristaltic pump according to the procedures contained in ENSR
SOP No. 7130Pines - Groundwater Sample Collection from Monitoring Wells.

7.2.8 If the depth to groundwater is too deep for operation of a peristaltic pump,
samples may be collected using a bailer.

7.2.9 Advance the sampler to the next deepest sample interval, if appropriate.

7.2.10 Use the machine hydraulics to pull the sampler from the ground. Only the push
rods and sampler will be removed, leaving the screen and drive tip in the ground.

7.3 Equipment Decontamination

All equipment that comes into contact with soil and/or groundwater (e.g., push rods, etc.)
will be decontaminated in accordance with ENSR SOP No. 7600Pines -
Decontamination of Field Equipment prior to use and between locations.
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8.0 DATA AND RECORDS MANAGEMENT

The field logbook is kept as a general log of activities and should maintain details of the
HydroPunch® well installation. Sample collection will be documented in accordance with ENSR

SOP No. 7130Pines - Groundwater Sample Collection from Monitoring Wells.

The records generated in this procedure wiH become part of the permanent record supporting

the associated field work. Al documentation will be retained in the project files following project
completion.

9.0 QUALITY CONTROL AND QUALITY ASSURANCE

Field personnel should follow specific quality assurance guidelines as outlined in the QAPP
and/or FSP.

Quality assurance requirements typically suggest the collection of a sufficient quantity of quality

control (QC) samples such as field duplicate, equipment and/or field blanks and matrix

spike/matrix spike duplicate (MS/MSD) samples. These requirements are outlined in the FSP
and QAPP. Additional information regarding quality assurance sample collection relevant to

groundwater sampling is described below.

9.1 Field Blank/Equipment Blank Sample Collection

Field blank samples serve as a quality assurance check of equipment and field

conditions at the time of sampling. Field blank samples are usually prepared by
transferring analyte-free water into a dean set of sample containers, then analyzing it as

a sample. Sometimes, the analyte-free water is transferred over or through the sampling

device before it is placed into the sample containers. This type of field blank sample is

known as an equipment blank. The FSP and QAPP contains specific information

regarding the type and number of field blanks or equipment blanks required for
coOection.

9.2 Field Duplicate Sample Collection

Field duplicate samples are collected for the purpose of providing two sets of results for
comparison. These samples are used to assess precision. To the extent possible
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based on available information, field duplicates will be selected at locations with the
likelihood of detectable concentrations of constituents. Duplicate samples are usually
prepared by splitting the sample into two sets of sample containers, then analyzing each
set as a separate sample. The QAPP contains specific information regarding the type
and number of duplicate samples for collection.

9.3 Matrix Spike/Matrix Spike Duplicate (MS/MSD) Sample Collection

MS/MSDs provide information about the effect of the sample matrix on digestion and
measurement methodology. For samples submitted for MS/MSD analysis, triple sample
volume is generally required. The QAPP contains specific information regarding the
frequency of MS/MSD samples.

10.0 REFERENCES

ENSR SOP No. 105Pines - Operation and Calibration of the YSI Multi-Parameter Water Quality
Monitor.

ENSR SOP No. 108Pines - Field Measurement of Turbidity.

ENSR SOP No. 1007Pines - Chain-of-Custody Procedures.

ENSR SOP No. 71 SOPines - Groundwater Sample Collection from Monitoring Wells.

ENSR SOP No. 7510Pines - Packaging and Shipment of Environmental Samples.

ENSR SOP No. 7600Pines - Decontamination of Field Equipment. Revision 3.0.

Gregg Drilling, www.greqgdrilling.com. "Groundwater Sampling (GWS)".
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FIGURE 1 - HYDROPUNCH® GROUNDWATER SAMPLER
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1.0 SCOPE AND APPLICABILITY

This Standard Operating Procedure (SOP) describes the procedure that will be followed by field
staff tor measuring water quality characteristics using a YSI-6920 or similar multi-parameter
water quality meter.

Several YSI multi-parameter meters are available, including models such as 6920, 610XL and
610XLM. AN are calibrated and used in the same manner. The model used for the purposes of
this SOP is model YSI 6920. and equivalent procedures may be used to operate similar
instruments. The multi-parameter meters are equipped with sensors for the measurement of
dissolved oxygen (DO), specific conductance, temperature, pH, and oxidation-reduction
potential (ORP). Data can be viewed in real-time using a hand-held data logger.

2.0 SUMMARY OF METHOD

The multi-parameter meter is used to measured water quality parameters in the field, including
DO. specific conductance, temperature, pH, and ORP. These may be used to establish the
sufficiency of purging prior to collecting groundwater samples from monitoring wells, or to

document water quality conditions in groundwater, surface water, and/or private well water.

The multi-parameter meter may be set directly into a water body, or within a flow-through cell or
other container into which the water is placed or pumped. The instrument readings are
displayed on a hand-held data logger. These readings may be recorded electronically by the
datalogger or transcribed to the field log book or appropriate field data form.

3.0 HEALTH AND SAFETY WARNINGS

Measuring water quality parameters may involve chemical hazards associated with materials in
the water being monitored and instrument calibration solutions, and physical hazards associated
with general field work. When measuring water quality parameters, adequate health and safety
measures must be taken to protect field personnel. These measures are addressed in the
project Health and Safety Plan (HASP). All work will be conducted in accordance with the
HASP.
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4.0 INTERFERENCES

Potential interferences will be controlled through appropriate calibration of the instruments, and
decontamination between sample locations.

5.0 PERSONNEL QUALIFICATIONS

To properly calibrate the instrument and perform water quality measurements, the field
personnel must be familiar with the calibration and measurement techniques stated in this SOP.
The field personnel must also be experienced in the operation of the meter.

Field personnel must be health and safety certified as specified by the Occupational Safety and
Health Administration (OSHA) (29 CFR 1910.120(e)(3)(i)) to work on sites where hazardous
waste materials may be present.

It is the responsibility of the field personnel to be familiar with the procedures outlined within this
SOP and health and safety requirements outlined within the Field Sampling Plan (FSP) and
HASP. Field personnel are responsible for the proper use, maintenance, and decontamination
of all equipment used in the calibration and operation of the multi-parameter meter, as well as
proper documentation in the field logbook or field forms (if appropriate).

6.0 EQUIPMENT SUPPLIES

6.1 YSI 6920 Multi-Parameter Meter

The following materials are necessary for calibration and operation of this instrument:

• YSI 6920 or equivalent multi-parameter meter with hand-held datalogger
• Calibration Standards

• pH 4.0, 7.0, and 10.0 standard buffer solutions
• Conductivity standard appropriate for field conditions expected
• ORP calibration solution (e.g., Zobell solution)

• YSI transport cup
• YSI probe guard
• Chemical-free paper towels
• YSI DO calibration kit (electrolyte solution and Teflon® membranes)
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• Ring stand and damps suitable for holding YSI unit during calibration

• Barometer

• Calibration Form (Figure 1)

6.2 Other Required Materials

Other materials that may be required to facilitate use of the instruments in the field

include:

YSI flow-through eel. bucket, or other containers)

Tubing to connect multi-parameter meter to pumps (as necessary)

Replacement batteries for the datalogger display unit

Health and safety supplies (as required by the HASP)

DistiHed/deionized water supply

Deionized water dispenser bottler

Equipment decontamination materials (as required by ENSR SOP No. 7600Pines -
Decontamination of Field Equipment)

Approved plans (e.g.. HASP. FSP. QAPP)

Field project logbook/pen

7.0 METHODS

7.1 General Preparation

Calibration of the YSI-6920 is required to assure performance of the meter. Specific

calibration solutions are use for the calibration of specific conductance, pH, and ORP.

Water is used for the calibration of DO. Temperature is not calibrated but may be
checked against a secondary thermometer, if necessary.

7.2 Calibration

The YSI-6920 (or equivalent) will be calibrated daily prior to use according to the

requirements of the QAPP and manufacturer's specifications. It will also be checked
daily with the calibration solutions at the end of use of the equipment (post-calibration).

Calibration records shall be recorded in the field logbook or Calibration Form (Figure 1).
The required calibration procedures are summarized below.
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All instruments except temperature may require calibration. During calibration, ensure
that all sensors are immersed in the standard solutions. Use recommended volumes
when performing calibrations.

Rinse the probes between calibration solutions using clean ambient temperature
deionized water. For maximum accuracy, follow up by pre-rinsing the probes with a
small amount of the calibration solution required for the next calibration.

Have clean, absorbent, lint-free, paper towels to dry the probes between rinses and
calibration solutions. It is important to remove as much residual liquid as possible from
the probes after each rinse. Drying the probes in this way reduces carry-over
contamination of calibration solutions and increases the accuracy of the calibration.

After powering up the YSI-6920, the Main Menu will be displayed on the data logger. To
access the calibration menu select option "2-Calibrate" from the Main Menu, the unit will
display all the installed sensors which necessitate a pre-calibration prior to deployment
and data acquisition (i.e., specific conductance, DO, pH, and ORP). The calibration
procedure for each of the sensors is explained individually below.

7.2.1 Specific Conductance Sensor

Place enough specific conductance calibration solution in the YSI transport cup
so that the probe will be entirely submerged in the solution.

Select the conductivity sensor off the Calibrate Menu to access the conductivity
calibration procedure, then select SpCond to access the specific conductance
calibration procedure.

Enter the calibration value of the standard you are using (mS/cm at 25 °C) and
press ENTER. The current values of all enabled sensors will appear on the
screen and will change with time as they stabilize.

Observe the readings under SpCond and when no significant change occurs in
the display for approximately 30 seconds, record the initial temperature and
value in the field logbook or Calibration Form (Figure 1). Then press ENTER.
The screen will indicate that the calibration has been performed successfully.
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Now record the temperature, calibration value as well as date and time the

caibratkxi was performed in the field logbook or Calibration Form (Figure 1).

After the appropriate data has been recorded, the data logger will prompt you

to press ENTER to return to the Calibrate Menu.

Rinse the probes in dean, deionized water and thoroughly dry.

DO Sensor

Place approximately 1/8" (3 mm) of water into the YSI transport cup and

engage 1 or 2 threads on the probe. Make certain that the DO and

temperature probes are not immersed in the water. Do not tighten; a loose

connection which allows the transport cup to freely vent to the atmosphere is

required to property complete this calibration step. Wait approximately 10

minutes for the air in the calibration cup to become water saturated and for the

temperatures of the thermistor and the oxygen probe to equilibrate.

Select 2-Dissorved Oxy from the Calibrate Menu, then select 1-DO% to access

the DO% calibration procedure. Enter the current local barometric pressure in

mm Hg (inches Hg x 25.4 = mm Hg). Do not use barometer readings

obtained from meteorological reports, these are corrected to sea level and will

produce an inaccurate calibration.

A countdown timer will be displayed on the lower left of the screen that allows

for the proper warm up time for the DO sensor. Wait for the countdown to be

completed before proceeding. A message that indicates to press ENTER to

continue wiH appear. Pressing ENTER will return the display to the DO

calibration. When the DO% values reach a stabilized value, record the initial

temperature and value in the field logbook or Calibration Form (Figure 1). Then

press ENTER to accept the calibration.

The temperature, calibration value as well as date and time the calibration was

performed should be recorded in the field logbook or Calibration Form (Figure

1)



SOP NUMBER: 105Pines

Operation and Calibration of the YSI Multi- Date: Januarv2005

n j. lai *. st I-*. •• -j. Revision Number: 1.0Parameter Water Quality Monitor Page: 8 of 11

NOTE: Calibration of the DO sensor following the DO% procedure will
simultaneously achieve calibration in the DO mg/L mode and vice versa.

7.2.3 pH Probe (3-Point Calibration)

Place the appropriate volume of pH 7.0 standard buffer solution into a pre-
rinsed transport cup and allow 1 minute for temperature equilibration before
proceeding. From the Calibrate Menu, select 4-ISE1 pH to access the pH
calibration procedure and select 3-3-point. Press ENTER and input the value
of the buffer (7.0) at the prompt. Press ENTER and the current values received
from the sensors will be displayed. When the unit has stabilized and there are
no significant changes for approximately 30 seconds, record the initial
temperature and value in the field logbook or Calibration Form (Figure 1). Then
press ENTER to accept this calibration step. Now record the temperature,
calibration value as well as date and time the calibration was performed in the
field logbook or Calibration Form (Figure 1).

Press ENTER to continue with the second point in the calibration procedure.
Rinse the probe in water and dry thoroughly before proceeding. Select the pH
4.0 standard buffer solution and place the appropriate volume into pre-rinsed
transport cup. Press ENTER and input the value of the second buffer at the
prompt. Following the same procedure as above, press ENTER and the
current values received from the sensors will be displayed. When the unit has
stabilized and there are no significant changes for approximately 30 seconds,
record the initial temperature and value in the field logbook or Calibration Form
(Figure 1). Then press ENTER to accept and complete this calibration step.
Now record the temperature, calibration value as well as date and time the
calibration was performed in the field logbook or Calibration Form (Figure 1).

Thoroughly rinse the probe and the calibration container in water and
thoroughly dry. Repeat this procedure with the pH 10,0 standard solution.

Note that once field conditions are known, it may be possible to perform a 2-
point calibration using the 4.0 to 7.0 or 7.0 to 10.0 range, ensuring that the
expected range of field conditions is captured.
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7.2.4 ORP

Calibration is not usually required for the ORP sensor. However, for some
older probes, there may be deviation from the theoretical ORP value. To check
for functionality, the ORP probe is placed in Zobell solution. If the probe is
functioning property, the reading should be within the range of 221 to 241 at
normal ambient temperatures. If the reading is outside this range, the probe

should be calibrated.

To calibrate, select ISE2-Orp from the calibrate menu. Immerse the probe into
the Zobell solution and press ENTER. Enter in the Zobell solution value.
Press ENTER and monitor the stabilization of the ORP and temperature
readings. After no significant change occurs for approximately 30 seconds,
record the initial temperature and value in the field logbook or Calibration Form
(Figure 1). Then press ENTER to confirm the calibration. Now record the
temperature, calibration value as well as date and time the calibration was
performed in the field logbook or Calibration Form (Figure 1).

7.3 Collection of Measurements

Attach the field cable to the probe and hand tighten - DO NOT use tools! Make sure all
port plugs are instaled in all port connections where probes are not installed, it is

extremely important to keep these electrical connections dry. Immerse the multi-
parameter meter into the water being monitored. Ensure that the YSI data logger is

properly connected and in RUN mode displaying data.

MOTE: Do not collect data until the sensor display has stabilized, particularly the
parameters of DO and pH. Allow the DO sensor to warm up from 40 to 180
seconds after being immersed on station, depending on the water temperature.

Record the displayed data on a field log sheet or in the field logbook.

7.4 Equipment Decontamination

The YSI-6920 multi-parameter meter should be decontaminated in accordance with
ENSR SOP No. 7600Pines - Decontamination of Field Equipment between each sample

location. Dedicated or disposable equipment does not need to be decontaminated.
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Where the multi-parameter meter is used to monitor stabilization of parameter values
during well purging, decontamination between locations is not needed as the purging
process will effectively decontaminate the instruments as verified when parameters are
stabilized.

8.0 DATA AND RECORDS MANAGEMENT

Calibration records will be recorded in the field logbook or appropriate field form. All field
information will be recorded in the field logbook or on a field collection form by field personnel.
In addition, a field project logbook will be maintained detailing any problems or unusual
conditions that may have occurred during the calibration process.

The records generated in this procedure will become part of the permanent record supporting
the associated field work. All documentation will be retained in the project files following project
completion.

9.0 QUALITY CONTROL AND QUALITY ASSURANCE

Field personnel will follow specific quality assurance guidelines as outlined in the Quality
Assurance Project Plan (QAPP) and/or FSP.

10.0 REFERENCES

ENSR SOP No. 7600Pines - Decontamination of Field Equipment. Revision 3.0.

YSI 6920 Multi-Parameter Water Quality Monitor Operations and Instructions Manual.
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LIST OF ACRONYMS

DO Dissolved Oxygen

FSP Field Sampling Plan

HASP Health and Safety Plan

MS/MSD Matrix Spike/Matrix Spike Duplicate

ORP Oxygen Reduction Potential

OSHA Occupational Safety and Health Administration

QAPP Quality Assurance Project Plan

QC Quality Control

SOP Standard Operating Procedure
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1.0 SCOPE AND APPLICABILITY

This Standard Operation Procedure (SOP) describes the method for coRecting valid and
representative samples from private water supply wells, typically domestic wells at residential

households.

2.0 SUMMARY OF METHOD

Sampling of private wells generaiy involves opening an existing spigot or tap on the water
distribution system within a residence. Prior to sample collection, the water should be run for

several minutes to flush stagnant water from the system.

3.0 HEALTH AND SAFETY WARNINGS

Although there are no unusual hazards associated with sampling private wells, all work will be

conducted in accordance with the project Health and Safety Ran (HASP).

4.0 INTERFERENCES

Potential interferences could result when the groundwater pumped from the subsurface by the

household pump comes in contact with the distribution system, including any treatment. These

potential interferences wil be minimized by allowing water to run prior to sample collection,
selection of a sampling location that minimizes contact with the distribution system, and

ensuring that samples are collected prior to any treatment system. If a sample cannot be

collected prior to a treatment system, no sample will be collected.

5.0 PERSONNEL QUALIFICATIONS

Collecting private well samples is a relatively simple procedure requiring minimal training and a

relatively small amount of equipment. It is recommended that the personnel collecting private

weds samples have some previous experience in this activity or be supervised by more
experienced personnel.

Field personnel must be health and safety certified as specified by the Occupational Safety and

Health Administration (OSHA) (29 CFR 1910.120(e)(3)(i)) to work on sites where hazardous

materials may be present. >L ._/
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It is the responsibility of the field sampling personnel to be familiar with the sampling procedures
outlined within this SOP, and with specific sampling, quality assurance, and health and safety
requirements outlined in the Field Sampling Plan (FSP), Quality Assurance Project Plan
(QAPP), and HASP. Field personnel are responsible for collecting private well samples,
decontamination of equipment (as appropriate), as well as proper documentation of sampling
activities in the field logbook or field forms (as appropriate).

6.0 EQUIPMENT AND SUPPLIES

General field supplies include the following items:

• Field Instruments - Individual or multi-parameter meter(s) to measure temperature, pH,
specific conductance, dissolved oxygen (DO) oxidation reduction potential (ORP), and/or
turbidity

• Hose or tubing
• Sample Collection Records (Figure 1)
• Sample kit (i.e., bottles, labels, preservatives, custody records and tape, cooler, ice)
• Sample Chain-of-Custody forms (as required by ENSR SOP No. 1007Pines - Chain-of-

Custody Procedures)
• Sample packaging and shipping supplies (as required by ENSR SOP No. 7510Pines -

Packaging and Shipment of Environmental Samples)
• Waterproof marker or paint
• Distilled/deionized water supply
• Deionized water dispenser bottler
• Buckets
• Instrument calibration solutions
• Paper towels
• Trash bags
• Zipper-lock bags
• Equipment decontamination supplies (as required by ENSR SOP No. 7600Pines -

Decontamination of Field Equipment)
• Health and safety supplies (as required by the HASP)
• Approved plans (e.g., HASP, QAPP, FSP)
• Field logbook/pen



Sample Collection From Private Wells
Revision Number

Page:

May 2005
2.0
5 of 12

7.0 METHODS

7.1 Instrument Calibration

Field instruments w* be calibrated daily according to the requirements of the
manufacturer's specifications for each piece of equipment (e.g.. ENSR SOP No.
105Pines - Operation and Calibration of the YSI Multi-Parameter Water Quality Monitor).

Equipment will also be checked daily with the calibration solutions at the end of use of
the equipment. Calibration records shall be recorded in the field logbook or appropriate

field form.

7.2 Access and WeN Information

Private wells are owned and maintained by individuals on property not under control of
the Respondents. It is the responsibility of the Remedial Investigation Task Manager to

ensure that permission for sampling of private wells has been received from the property
owner or other responsible party, and that the owner has been contacted concerning the

proposed date and time of the sampling It is the responsibility of the field personnel to
verify this information prior to sampling, and to contact the owner if the sampling

schedule is changed.

Prior to sampling at each location, a formal well survey will be conducted. The well
owner will be interviewed to obtain any available information about well location, depth,
and construction, and information about the water distribution in the house so that an

appropriate sample location can be selected. The results of the well survey will be

documented on the Sample Collection Form (Figure 1) and/or in the field logbook.

7.3 Selection of Sample Point

Within the residence, a location along the existing water distribution system must be
selected from which the sample will be collected. All taps or spigots are potential

sampling locations. The sample location will be selected at the spigot within the house
as dose to the wellhead as possible. Ideally, the first tap or spigot will be located on the
system as soon as the piping enters the house If this is not possible, the following

criteria will be considered:
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• In no case will the sample be collected from the hot water piping (i.e., after a hot-
water heater or other heating system).

• In no case will the sample be collected after a treatment system.

• Locations at spigots in the piping are preferred over taps at sinks, as many taps may
include aeration, filters, or other features. If possible, these may be removed prior to

sampling. An outdoor spigot or utility sink is less likely to have these features.

• As the water will be run for several minutes prior to sampling, a location near a sink

or drain is more convenient (but not required).

If a sample location meeting these criteria cannot be identified, then no sample will be
collected. The location of the selected sample point will be documented in the field
logbook. If no sample is collected from a particular private well, the reason must be
documented on a Field Change Order (see ENSR SOP No. 100 - Field Change Order

Procedures).

7.4 Well Purging

Prior to sample collection, the water will be run for approximately 15 minutes to flush
stagnant water out of the piping. The water may be run from the sampling point directly
into a sink or drain, or piped to a sink or drain using hose or tubing. If there is no drain
or sink convenient to the sample location, the water can be run from any tap in the
house. The well owner's convenience should be consulted about this process.

The purging process, including duration and estimated rate of flow, will be documented
on the Sample Collection Form (Figure 1) and/or in the field logbook. Flow rates will be
estimated by measuring the amount of water discharged over 1 minute into a marked

flow-cup.

7.5 Measurement of Field Parameters

At the completion of the purging process, field parameters of the pumped water will be
measured. Parameters will be measured at the sample point by pumping water from the

sampling point into a flow-cup or other decontaminated, plastic container. The following
parameters will be measured: pH, specific conductivity, temperature, DO, and ORP.
These parameters will be measured with a water quality meter, calibrated according to
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the manufacturer's specifications (e.g.. ENSR SOP No. 105Pines - Operation and
Caibration of the YSI Multi-Parameter Water Quality Monitor). Turbidity will be

measured separately with a nephetometer, also calibrated to the manufacturer's

specifications (see ENSR SOP No. 108Pines - Field Measurement of Turbidity). The
results wit be documented on the Sample Collection Form. For private well sampling, it
is not necessary to estabfish stabilization of these parameters.

Water from the flow-cup may be discharged directly to a nearby sink or drain. If there is

no sink or drain convenient to the sample location, the discharge water will be contained
in a bucket and carried to a sink at the completion of sampling.

7.6 Sample Collection

Once the field parameters are measured and recorded, water from the sampling point
wil be used to fill the appropriate bottleware supplied by the laboratory. Water will
continue to be run from the sampling point continuously, without turning off the water

between bottles. It may be convenient for this to take place over a sink, drain, or bucket.

7.7 Sample Handling and Preservation

• Once each sample container is filled, dean the rim and threads of the sample
container by wiping with a paper towel.

• Cap and label the container with (at a minimum) the sample identifier and sampling
date and time. Additional information such as preservation information and analytical

tests wiH also be added to the sample label as appropriate. Sample labeling will be

conducted per the FSP and QAPP

• Place the sample containers into a cooler and maintain on ice.

• Complete sample chain-of-custody and other documentation per ENSR SOP No.
1007Pines - Chain-of-Custody Procedures.

• Package the samples for shipment to the laboratory per ENSR SOP No. 7510Pines
— Packaging and Shipment of Environmental Samples.

7.8 Equipment Decontamination

Typically, no equipment decontamination is needed after private well sampling, because

aR materials are disposable or dedicated (eg., the household water distribution system).
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However, any necessary decontamination will be performed in accordance with ENSR
SOP No. 7600Pines - Decontamination of Equipment.

8.0 DATA AND RECORDS MANAGEMENT

Specific information regarding sample collection should be documented in several areas: the
sample chain-of-custody record, field logbook, and sample labels. Additional information
regarding each form of documentation is presented in the following paragraphs:

8.1 Sample Chain-of-Custody Record

This standard form requires input of specific information regarding each collected
sample for laboratory analytical purposes, as specified in ENSR SOP No. 1007Pines -
Chain-of-Custody Procedures and ENSR SOP No. 7510Pines - Packaging and
Shipment of Environmental Samples.

8.2 Sample Collection Record

This form (Figure 1) requires input of specific information regarding the collection of each
individual sample including sample identification, water quality parameters, collection
method, and containers/preservation requirements.

8.3 Field Logbook

This logbook should be dedicated to the project and should be used by field personnel to
maintain a general log of activities throughout the sampling program. This logbook
should be used in support of, and in combination with, the sample collection record.
Documentation within the logbook should be thorough and sufficiently detailed to present
a concise, descriptive history of the sample collection process.
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8.4 Sample Labels

Sample labels shall be completed at the time each sample is collected and attached to

each sample container per the FSP and QAPP. Labels may include the information

isted below.

• Project number (not project name)

• Sample number

• Sample designation

• Analysis type

• Preservative

• Sample collection date

• Sample collection time

• Sampler's name

The records generated in this procedure will become part of the permanent record supporting

the associated field work. AR documentation will be retained in the project files following project

completion.

9.0 QUALITY CONTROL AND QUALITY ASSURANCE

Field personnel should follow specific quality assurance guidelines as outlined in the QAPP

and/or FSP.

Quality assurance requirements typically suggest the collection of a sufficient quantity of quality

control (QC) samples such as field duplicate, equipment and/or field blanks and matrix

spice/matrix spike duplicate (MS/MSD) samples. These requirements are outlined in the FSP

and QAPP. Additional information regarding quality assurance sample collection relevant to
groundwater sampling is described below.

9.1 Field Blank/Equipment Blank Sample Collection

Field blank samples serve as a quality assurance check of equipment and field

conditions at the time of sampling. Field blank samples are usually prepared by

transferring analyte-free water into a clean set of sample containers, then analyzing it as

a sample. Sometimes, the analyte-free water is transferred over or through the sampling ,, ft
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device before it is placed into the sample containers. This type of field blank sample is
known as an equipment blank. The FSP and QAPP contain specific information
regarding the type and number of field blanks or equipment blanks required for
collection.

9.2 Field Duplicate Sample Collection

Field duplicate samples are collected for the purpose of providing two sets of results for
comparison. These samples are used to assess precision. To the extent possible
based on available information, field duplicates will be selected at locations with the
likelihood of detectable concentrations of constituents. Duplicate samples are usually
prepared by splitting the sample into two sets of sample containers, then analyzing each
set as a separate sample. The QAPP contains specific information regarding the type
and number of duplicate samples for collection.

9.3 Matrix Spike/Matrix Spike Duplicate (MS/MSD) Sample Collection

MS/MSDs provide information about the effect of the sample matrix on digestion and
measurement methodology. For samples submitted for MS/MSD analysis, triple sample
volume is generally required. The QAPP contains specific information regarding the
frequency of MS/MSD samples.

10.0 REFERENCES

Code of Federal Regulations. Chapter 40 (Section 261.4(d)).

ENSR SOP No. lOOPines - Field Change Order Procedures.

ENSR SOP No. 105Pines - Operation and Calibration of the YSI Multi-Parameter Water Quality
Monitor.

ENSR SOP No. 108Pines - Field Measurement of Turbidity

ENSR SOP No. 1007Pines - Chain-of-Custody Procedures.

ENSR SOP No. 7510Pines - Packaging and Shipment of Environmental Samples.

ENSR SOP No. 7600Pines - Decontamination of Field Equipment. Revision 3.0.
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FIGURE 1 - EXAMPLE OF PRIVATE WELL QUESTIONNAIRE AND SAMPLE FORM
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PRIVATE WELL QUESTONAIRE AND SAMPLE FORM
Remedial Investigation • Pines Area of Investigation. Pines. IN

AOC II - Docket No V-W-'01-C-784

Date:

Weather:
Location/Address:

Time: Staff:

Other observations and notations:

Sample Collection
Field Testing Equipment: Make Model Seriel Number

Time
pH

(su)
Temp

(C)
Spec Cond

(uS/cm)
DO

(mg/L)
ORP

(millivolts)
Turbidity
(NTU) Color Other

Sample Location:

Estimated flow rate: Duration of purging: _

Sample ID Container Type
No of

Containers Preservation Analysis Date Time

Signature: Date:

Pane 2 of 1
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1.0 SCOPE AND APPLICABILITY

This Standard Operating Procedure (SOP) provides basic instructions for routine calibration and
operation of nephelometers or turbidity meters to measure turbidity (e.g., such as the HF
Scientific Model DFT 15CE). This SOP is designed specifically for the measurement of turbidity
in accordance with U.S. Environmental Protection Agency (USEPA) Method 180.1 and
Standard Methods 2130 B which address turbidity measurements for drinking water, surface
water and groundwaters, and saline waters.

2.0 SUMMARY OF METHOD

Turbidity is a measure of the clarity of the water being monitored. Turbidity data can be used to
establish sufficiency of well purging prior to groundwater sampling, or provide general water
quality information for any water being monitored.

For this project, turbidity will be measured in a separate container, not using a multi-parameter
meter placed in a flow-through cell.

3.0 HEALTH AND SAFETY WARNINGS

Measuring turbidity may involve chemical hazards associated with materials in the water being
monitored and instrument calibration solutions, and physical hazards associated with general
field work. The health and safety considerations will be addressed in the site-specific Health
and Safety Plan (HASP). All work will be conducted in accordance with the HASP.

4.0 INTERFERENCES

Potential interferences will be controlled through appropriate calibration of the instruments, and
decontamination between samples.

5.0 PERSONNEL QUALIFICATIONS

To properly perform turbidity measurements, the analyst must be familiar with the calibration
and measurement techniques stated in this SOP. The analyst must also be experienced in the
operation of the meter.
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Field personnel must be health and safety certified as specified by the Occupational Safety and
Health Administration (OSHA) (29 CFR 1910.120(e)(3)(i)) to work on sites where hazardous

waste materials may be present-

It is the responsibility of the field personnel to be familiar with the procedures outlined within this

SOP and within the Field Samping Plan (FSP), the Quality Assurance Project Ran (QAPP) and
the health and safety requirements outlined HASP. Field personnel are responsible for the
proper use. maintenance, and decontamination of all equipment used in the calibration and

operation of the turbidity meter, as well as proper documentation in the field logbook or field

forms (if appropriate).

6.0 EQUIPMENT SUPPUES

6.1 Nephelometer/turbidity meter

The following materials are necessary for this procedure:

• Turbidity meter

• Turbidity meter manufacturer's instruction manual

• Turbidity-free water

• dean, scratch-free sample tubes

• Formazin or polymer-based calibration standards

• Lint-free tissues

• National Institute of Standards and Technology (NIST)-traceable check standard

• Calibration/field data sheets and/or field logbooks/pen

6.2 Other Required Materials

Other materials that may be required to facilitate use of the instruments in the field
include:

• Flow cup. bucket, or other container(s)

• Replacement batteries

• Health and safety supplies (as required by the HASP)

• Distilled/deionized water supply

• Deionized water dispenser bottler
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• Equipment decontamination materials (as required by ENSR SOP No. 7600Pines -
Decontamination of Field Equipment)

• Approved plans (e.g., HASP, FSP, QAPP)
• Field project logbook/pen

7.0 METHODS

7.1 Calibration Procedures

7.1.1 The turbidity meter must be calibrated daily before any analyses are
performed. The check standard reading should be within the acceptance limits
specified in the QAPP. It will also be checked daily with the calibration
solutions at the end of use of the equipment (post-calibration).

Calibration records shall be recorded in the field logbook or a calibration form.
Calibration documentation must be maintained in a thorough and consistent
manner. At a minimum, the following information must be recorded:

• Date and time of calibration
• Signature or initials of person performing the measurement
• Instrument identification number/model
• Expiration dates and batch numbers for all standards
• Reading for calibration standard before and after meter adjustment
• Comments

7.1.2 Follow the manufacturer's operating instructions for calibrating the turbidity
meter.

7.1.3 Place check standards into clean, scratch-free sample tubes. Wipe the tube
with a lint-free cloth and insert the tube into the analysis chamber.

7.1.4 Follow the manufacturer's operating instructions for reading samples.

7.1.5 Verify the calibration at the end of the day with a check standard (post-
calibration). The check standard reading should be within the acceptance
limits specified in the QAPP.
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7.2 Collection of Measurements

7.2.1 Follow the manufacturer's operating instructions for operating the turbidity

meter.

Place water samples into dean, scratch-free sample tubes. Wipe the tube with

a lint-free doth and insert the tube into the analysis chamber.

7.2.3 Follow the manufacturer's operating instructions for reading samples.

7.2.4 Sample turbidity results in Nephelometric Turbidity Units (NTUs) will be

recorded on the appropriate field data sheets or logbooks. Turbidity readings
should be recorded as follows:

TurbtdHy Range
NTU
0-1.0
1-10
10-40

40-100
100-400

400-1000
>1000

Report to the
Nearest NTU

0.05
0.1
1
5
10
50
100

7.2.5 Documentation for recorded data must indude a minimum of the following

• Date and time of analysis

• Signature or initials of person performing the measurement

• Instrument identification number/model

• Sample identification/station location

• Comments

7.3 Equipment Decontamination

The turbidity meter should be decontaminated in accordance with ENSR SOP No.

7600Pines - Decontamination of Field Equipment between each sample. Dedicated or

disposable equipment does not need to be decontaminated.
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8.0 DATA AND RECORDS MANAGEMENT

Calibration records will be recorded in the field logbook or appropriate field form. All field
information will be recorded in the field logbook or on a field collection form by field personnel.
In addition, a field project logbook will be maintained detailing any problems or unusual
conditions that may have occurred during the calibration and measurement process.

The records generated in this procedure will become part of the permanent record supporting
the associated field work. All documentation will be retained in the project files following project
completion.

9.0 QUALITY CONTROL AND QUALITY ASSURANCE

Field personnel will follow specific quality assurance guidelines as outlined in the QAPP and/or
FSP.

10.0 REFERENCES

ENSR SOP No. 7600Pines - Decontamination of Field Equipment. Revision 3.0.

Standard Methods for the Examination of Water and Wastewater, 17th Edition, 1989.

Methods for the Chemical Analysis of Water and Wastes, EPA 600/4-79-020, Revised 1983.

Q
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1.0 SCOPE AND APPLICABILITY

This Standard Operating Procedure (SOP) describes the methods used to obtain subsurface
soil samples for geologic logging and physical characterization. Subsurface soil samples are
obtained in conjunction with soil boring programs, and provide information on the physical
and/or chemical makeup of the subsurface environment.

The purpose of this SOP is to provide a description of a specific method or procedure to be
used in the collection of subsurface soil samples. Subsurface soil is defined as unconsolidated
material that may consist of one or a mixture of the following materials: sand, gravel, silt, clay,
peat (or other organic soils), and/or fill material. Subsurface soil sampling conducted in
accordance with this SOP will promote consistency in sampling and provide a basis for sample
representativeness.

This SOP covers subsurface soil sampling by split-spoon only.

2.0 SUMMARY OF METHOD

Split-spoon subsurface soil sampling generally requires use of a drilling rig and, typically, the
hollow-stem auger or other common drilling method to generate a borehole in which to use the
split-spoon sampler. The split-spoon sampler is inserted through the augers (or other type of
drill casing) and then driven into the subsurface soil with a weighted hammer. The sampler is
then retrieved and opened to reveal the recovered soil sample. Soil samples may be collected
at continuous intervals or at pre-selected vertically spaced intervals within the borehole.

3.0 HEALTH AND SAFETY WARNINGS

Subsurface soil sampling may involve chemical hazards associated with exposure to the
constituents potentially present in the subsurface and physical hazards associated with use of
drilling equipment. When subsurface soil sampling is performed, adequate health and safety
measures must be taken to protect field personnel. These measures are addressed in the
project Health and Safety Plan (HASP). All work will be conducted in accordance with the
HASP.
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4.0 INTERFERENCES

Potential interferences coutd result from cross-contamination between samples or sample

locations. Minimization of the cross-contamination will occur through the use of dean sampling

tools at each location, which wiH require decontamination of sampling equipment as per ENSR

SOP No. 7600Pines - Decontamination of Field Equipment

5.0 PERSONNEL QUALIFICATIONS

Soi sampling by split-spoon requires a moderate degree of training and experience as

numerous drilling situations may occur that will require field decisions to be made. It is

recommended that inexperienced personnel be supervised for several drilling locations before

working on their own. Geologists or personnel with geologic experience should supervise drilling

activities. The geologic work performed under this SOP wiH be conducted under the direction of

a professional geologist licensed to practice in Indiana.

Field and subcontract personnel will be health and safety certified as specified by the

Occupational Safety and Health Administration (OSHA) (29 CFR 1910.120(e)(3)(i» to work on

sites where hazardous materials may be present.

It wfl be the responsibility of field personnel to ensure that subsurface soil sampling is

conducted in a manner that is consistent with this SOP. Field personnel will observe all

activities pertaining to subsurface soil sampling to ensure that the SOP is followed, and to

record all pertinent data onto a boring log and/or field logbook. It is also the field personnel's

responsibiity to indicate the specific targeted sampling depth or sampling interval to the drilling

subcontractor. Field personnel are also responsible for preparing a geologic description of the

sois once the sampling device has been retrieved and opened. Field personnel are responsible

for compiling a detailed log of the geologic materials encountered.

It will be the responsibility of the drilling subcontractor to provide a trained operator and the

necessary materials for obtaining subsurface soil samples. This generally includes one or more

split-spoon samplers in good, operating condition. It is the drilling subcontractor's responsibility

to provide and maintain their own boring logs if desired.
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6.0 EQUIPMENT AND SUPPLIES

In addition to those materials provided by the subcontractor, other field supplies include:

• Boring Log Forms (Figure 1)

• Plastic sheeting

• Trash bags

• Folding rule or tape measure

• Utility knife

• Equipment decontamination materials (as required by ENSR SOP No. 7600Pines -
Decontamination of Field Equipment)

• Health and safety supplies (as required by HASP)

• Approved plans (e.g., HASP, FSP, QAPP)

• Field project logbook/pen

7.0 METHODS

y ^ General Method Description

Split-spoon sampling devices are typically constructed of steel and are most commonly
available in lengths of 18 and 24 inches and diameters of 1.5 to 3 inches. The split-
spoon consists of a tubular body with two halves that split apart lengthwise, a drive head
on the upper end with a ball-check valve for venting, and a hardened steel cutting shoe
at the bottom. The soil sample enters the split-spoon through the cutting shoe as the
device is driven into the ground. A replaceable plastic or metal basket is often inserted
into the shoe to assist with retaining samples. Once the sampler is retrieved, the drive
head and cutting shoes are removed and the split-spoon halves are then separated,
revealing the sample.

Sample depth intervals are defined in the Field Sampling Plan (FSP). For this project,
continuous split-spoon samples will be collected to enable development of detailed

geologic boring logs.
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General Procedures - Borehole Preparation

7.2.1 Advancing Casing/Augers

Soil borings that are completed for soil sampling purposes are typically advanced
using hoBow-stem augers and sometimes drive-and-wash or other casing

methods, operated by a qualified subcontractor. The casing/augers must be of

sufficient diameter to allow for soil sampling at a minimum. If hollow-stem augers
are used, a temporary plug shall be used in the lead auger to prevent the auger

from becoming filed with drill cuttings while drilling is in progress.

7.2.2 Obstructions

For those borings that encounter obstructions, the casing/augers will be
advanced past or through the obstruction if possible. Caution should be

exercised when obstructions are encountered and an effort made to identify the
obstruction before drilling is continued. If the obstruction is not easily drilled

through or removed, the boring should be relocated to an adjacent location, in
consultation with the ENSR Remedial Investigation (Rl) Task Manager. Such

changes will be documented in accordance with ENSR SOP No. lOOPines -
Field Change Order Procedures.

7.2.3 Use of Added Water

The use of added or recirculated water during drilling is permitted when

necessary, for example, to control running sands. Based on previous experience
at Yard 520. running sands, when encountered, are typically controlled by

maintaining a head of water in the augers. Use of extraneous water should be

minimized or avoided if possible because it may impact sample quality. Only

potable water wiR be used, and water usage should be documented in the field

logbook. Sampling and analysis of added or recirculated water may be required
for quality assurance purposes. If a well is installed within the completed

borehole, removal of the added water through weH development is required (refer

to ENSR SOP No. 7221 Pines - Monitoring Well Development).
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7.3 Split Spoon Sampling Procedure

7.3.1 Standard Penetration Test

The drilling subcontractor will lower the split-spoon into the borehole. Samples
are generally obtained using the Standard Penetration Test (SPT) in accordance
with American Society for Testing and Materials (ASTM) standards (ASTM D
1586-84). Following this method, the sampler will be driven using the 140-pound
hammer with a vertical free drop of 30 inches using two turns of the rope on the
cathead (or equivalent). The number of hammer blows required for every 6
inches of penetration will be recorded on the boring log by the field personnel.
Blowcount information is used as an indicator of soil density for geotechnical as
well as stratigraphic logging purposes. Once the split-spoon has been driven to
its fullest extent, or to refusal, it will be removed from the borehole.

7.3.2 Sample Recovery

Sample recovery will be determined by field personnel who will examine the soil
core once the sampler is opened. The length of sample shall then be measured
with a folding rule or tape measure and recorded in the field logbook or boring
log. Any portion of the split-spoon contents that are not considered part of the
true sample (e.g., heaved soils) will be discarded.

7.4 Sample Logging

Geologic materials recovered from boreholes will be logged in accordance with the
Unified Soil Classification System (USCS) protocols (see, for example, USEPA, 1991).
Geologic descriptions will be entered on a boring log (see Figure 1 ). Specific information
to be recorded on the log may include:

• Location identification and/or description

• Drilling subcontractor

• Geologist/field personnel name

• Drilling date

• Drilling equipment

• Split-spoon sample interval

• Blow counts

|L /) • Total depth of boring
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Additional geologic description information to be recorded may include:

• Moisture content

• Color

• Grain-size

• Sorting

• Density

• Plasticity

• Other relevant observations

In accordance with Indiana Department of Environmental Management (IDEM) guidance

(IDEM. 1988). additional information may also be recorded, such as U.S. Department of

Agriculture (USDA) soil classification, rounding, effervescence, mineralogy, and bedding.

Additional information concerning geologic logging protocols is attached to this SOP.

7.5 Equipment Decontamination

All equipment that comes into contact with soil and/or groundwater (e.g., drill rig, split-

spoon) will be decontaminated in accordance with ENSR SOP No. 7600Pines -

Decontamination of Reid Equipment before moving to the next location.

8.0 DATA AND RECORDS MANAGEMENT

Specific information regarding the split spoon sample collection should be documented in the

boring log and field logbook. Additional information regarding each form of documentation is

presented in the following paragraphs:

8.1 Boring Log

This form (Figure 1) wil be used to record the geologic description of the split spoon

samples collected. Logging protocols are attached to this SOP. Geologic logs will be

reviewed by a geologist licensed to practice in Indiana.
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8.2 Field Logbook

This logbook should be dedicated to the project and should be used by field personnel to
maintain a general log of activities throughout the sampling program. This logbook
should be used in support of, and in combination with, the sample collection record.
Documentation within the logbook should be thorough and sufficiently detailed to present
a concise, descriptive history of the sample collection process.

The records generated in this procedure will become part of the permanent record supporting
the associated field work. All documentation will be retained in the project files following project
completion.

9.0 QUALITY CONTROL AND QUALITY ASSURANCE

Field personnel should follow specific quality assurance guidelines as outlined in the QAPP
and/or FSP.

The geologic work performed under this SOP will be conducted under the direction of a
professional geologist licensed to practice in Indiana. Boring logs will be reviewed by the
licensed Indiana geologist.

10.0 REFERENCES

ASTM D 1586-84. 1992. "Test Method for Penetration Test and Split-Barrel Sampling of Soils".

ENSR SOP No. lOOPines - Field Change Order Procedures.

ENSR SOP No. 7221 Pines - Monitoring Well Development.

ENSR SOP No. 7600Pines - Decontamination of Field Equipment. Revision 3.0.

IDEM. 1988. Technical Guidance Document, Volume 1 - Requirements for Describing
Unconsolidated Deposits. Indiana Department of Environmental Management. Draft, Revised
November 18, 1988.

USEPA. 1991. Description and Sampling of Contaminated Soils: A Field Pocket Guide.
EPA/625/12-91/002. November 1991.
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FIGURE 1 - EXAMPLE SUBSURFACE SOIL BORING LOG
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1.0 SCOPE AND APPLICABILITY

This Standard Operating Procedure (SOP) describes chain-of-custody (COC) procedures

appfcable to ENSR sampling and analysis programs.

2.0 SUMMARY OF METHOD

The National Enforcement Investigations Center of the U.S. Environmental Protection Agency

(USEPA) defines custody of evidence in the following manner

• It is in your actual possession;

• It is in your view, after being in your physical possession;

• It was in your possession and then you locked or sealed it up to prevent tampering; or

• It is in a secure area.

Samples are physical evidence and should be handled according to certain procedural

safeguards described in of this SOP.

3.0 HEALTH AND SAFETY WARNINGS

Not applicable.

4.0 INTERFERENCES

Not applicable.

5.0 PERSONNEL QUALIFICATIONS

Individuals responsible for completing COC documentation must be personnel working on the

specific field program, have read this SOP, and have worked under the oversight of experienced
personnel.

6.0 EQUIPMENT AND SUPPLIES

General field supplies include the following items:

• Sample Labels
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• COC Form (Figure 1)
• COC Tape (Figure 2)
• Field project logbook/pen

7.0 METHODS

7.1 Field Custody

7.1.1 The field personnel is required to complete the following information on the COC
form (Figure 1):

• Project Number (not project name)
• Project Location
• Field Sample Identification Number
• Date and Time of Sample Collection
• Sample Matrix
• Preservative
• Analysis Requested
• Sampler's Signature
• Signature of Person Relinquishing Sample Custody
• Date and Time Relinquished
• Sampler Remarks
• COC Tape Number

7.1.2 The COC must be filled out completely and legibly in ink. Corrections will be
made, if necessary, by drawing a single line through and initialing and dating the
error. The correct information is then recorded with indelible ink. All transfers
from field personnel to laboratory personnel are recorded on the COC form in the
"Relinquished By" and "Received By" sections.

7.1.3 If samples are to be shipped by overnight commercial courier (e.g., Federal
Express), the field personnel must complete a COC form for each package (e.g.,
cooler) of samples and place a copy of each completed form inside the
associated package before the package is sealed. Each completed COC form
must accurately list the sample identification numbers of the samples with which
it is packaged, and must contain the identification number of the COC tape on

kJ the package. It is not necessary for the shipping company to sign the COC.
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Sample packaging will be conducted in accordance with ENSR SOP No.
7510Pines - Packaging and Shipment of Environmental Samples.

7.1.4 If samples are hand carried to a laboratory, the person hand carrying the
samples is the sample custodian. If the carrier is a different person than the one

who filled out the COC form and packaged the samples, then that person must

transfer custody to the carrier by signing and dating each form in the

"Relinquished By" section. The carrier must then sign and date each form in the

adjacent "Received By" section. When the carrier transfers the samples to the
laboratory, he or she must sign and date each form in the next "Relinquished By"
section, and the laboratory sample custodian must sign and date each form in

the adjacent "Received By" section.

7.2 Laboratory Sample Receipt and Inspection

7.2.1 Upon sample receipt the coolers or packages are inspected for general condition
and the condition of the COC tape. The coolers or boxes are then opened and

each sample is inspected for damage.

7.2J2 Sample containers are removed from packing material and sample label field

identification numbers are verified against the COC form.

7.2.3 The following information is recorded in the laboratory's records:

• AirbiM Number

• Presence/absence of COC forms and COC tape

• Condition of samples

• Discrepancies noted

• Holding time and preservatives

• Sample storage location

7.2.4 The COC form is completed by signing and recording the date and time of

receipt.

7.2.5 The ENSR Project Manager or designate must be notified of any breakage,
temperature exceedances. or discrepencies between the COC paperwork and

the samples.
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8.0 DATA AND RECORDS MANAGEMENT

The records generated in this procedure will become part of the permanent record supporting
the associated field work. All documentation will be retained in the project files following project
completion, and in the files of the laboratories that have performed the sample analyses.

9.0 QUALITY CONTROL AND QUALITY ASSURANCE

The records generated in this procedure are subject to review during data validation, in
accordance with the Quality Assurance Project Plan (QAPP).

10.0 REFERENCES

ENSR SOP No. 7510Pines - Packaging and Shipment of Environmental Samples.
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FIGURE 1 EXAMPLE CHAIN OF CUSTODY FORM
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FIGURE 2 EXAMPLE CHAIN OF CUSTODY TAPE
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1.0 SCOPE AND APPLICABILITY

This Standard Operating Procedure (SOP) describes the methods available for collecting
subsurface soil samples using commercially available Geoprobe™ Systems (or other similar
vendor) soil probing equipment. Subsurface soil samples may be obtained using this system for
purposes of observing subsurface soil conditions and for obtaining soil samples for physical
and/or chemical evaluation.

The purpose of this SOP is to provide a description of a specific method or procedure to be
used in the collection of subsurface soil samples using the Geoprobe™ system. Subsurface soil
is defined as unconsolidated material which may consist of one or a mixture of the following
materials: sand, gravel, silt, clay, peat (or other organic soils), fill material, and coal combustion
by-products (CCBs). Subsurface soil sampling, conducted in accordance with this SOP will
promote consistency in sampling and provide a basis for sample representativeness.

This SOP covers subsurface soil sampling using Geoprobe™ Systems equipment; specifically,
the Macro-Core Sampler for soil. Use of this sampling equipment requires use of the
Geoprobe™ hydraulically-powered percussion/probing machine. Geoprobe™ sampling is
usually performed by subcontractors, although rental equipment is available for use by trained
operators. Equivalent methods of sampling may be used with other direct-push sampling
equipment.

The Geoprobe™ sampling methods covered in this SOP are applicable to unconsolidated soil/fill
materials and to a maximum recommended depth of approximately 30 feet. Sampling depths
are greatly dependent upon soil density as the hydraulically-powered probing unit has power
limitations. Sample recovery is also somewhat dependent on grain size as very coarse gravel,
cobbles, and boulders will occasionally cause premature refusal of the sampler.

2.0 SUMMARY OF METHOD

Soil sampling using the Geoprobe™ System requires use of the hydraulically-powered
percussion/probing machine and the Macro-Core Soil Sampler sampling devices. The
percussion/probing machine is typically mounted onto the bed of a pickup truck or van so that a
stable working platform is established. The percussion/probing machine, through its hydraulic
operation, pushes and hammers the soil sampling equipment (Macro-Core Sampler) vertically
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into the ground within the targeted sampling interval. The soil sampler is then extracted from
the ground to recover the sample.

The Macro-Core Sampler (Figure 1) consists of a 45-inch long by 1.5-inch diameter open-ended

steel sampling tool with liners made of Teflon®. The tool is designed for use in a continuous

sampfng capacity in an open borehole up to depths of approximately 30 feet The borehole
walls are required to stay open in order to collect a sample from the next depth interval. Once
the sampling tool is removed from the ground, the inserted liner containing the soil sample is

removed from the tool. The soi sample is then cut from or extracted from the liner. This
sampling tool is most often used for soil profiling and collection of larger volume soil samples

(1.300ml).

3.0 HEALTH AND SAFETY WARNINGS

Subsurface soi sampling may involve chemical exposure hazards associated with the type of

constituents present in subsurface soil. When subsurface soil sampling is performed, adequate
Health and Safety measures must be taken to protect sampling personnel. These measures will
be addressed in the project Health and Safety Plan (HASP). All work wiH be conducted in

accordance with the HASP.

4.0 INTERFERENCES

Potential interferences could result from cross-contamination between samples or sample
locations. Minimization of the cross contamination will occur through the following:

• The use of dean sampling tools at each location as necessary.

• Avoidance of material that is not representative of the media to be sampled. Material that
has been in contact with the Geoprobe™ will not be sampled.

5.0 PERSONNEL QUALIFICATIONS/RESPONSIBILT1ES

Sampling personnel will be health and safety certified as specified by OSHA (29 CFR

1910.120(eX3)(i)) to work on this project in accordance with the HASP.

It will be the responsibility of the project geologist/sampling engineer to conduct subsurface soil

sampling in a manner which is consistent with this SOP. The project geologist/sampling

engineer will observe all activities pertaining to subsurface soil sampling to ensure that the SOP
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is followed, and to record all pertinent data onto a boring log and/or field logbook. It is also the
project geologist/sampling engineer's responsibility to indicate the specific targeted sampling
depth or sampling interval to the drilling subcontractor. The project geologist/sampling engineer
is also responsible for the collection of representative environmental or stratigraphic
characterization samples once the sampling device has been retrieved and opened. Additional
sample collection responsibilities include labeling, handling, and storage of samples until further
chain-of-custody procedures are implemented.

It will be the responsibility of the drilling subcontractor to provide the necessary Geoprobe™
equipment for obtaining subsurface soil samples. This generally includes the truck or ATV-
mounted percussion/probing machine and one or more Macro-Core Samplers in good operating
condition, appropriate liners, and other necessary equipment for borehole preparation and
sampling. It is the drilling subcontractor's responsibility to provide and maintain their own boring
logs if desired. Equipment decontamination materials should also be provided by the
subcontractor and should meet project specifications.

6.0 EQUIPMENT AND SUPPLIES

In addition to those materials provided by the subcontractor, the project geologist/sampling
engineer will require:

• - Boring Logs .
• Spoons or scoops
• Sample kit (bottles, labels, custody records and tape, cooler, ice)
• Sample collection pan
• Folding rule or tape measure
• Utility knife
• Equipment decontamination materials (as required by ENSR SOP 7600Pines -

Decontamination of Field Equipment)
• Health and safety equipment (as required by HASP)
• Field project notebook/pen

Sampling equipment which comes in direct contact with environmental samples during sample
collection under the Yard 520 Sampling and Analysis Plan (SAP) should be constructed of
Teflon®. Other plastics and metal are to be avoided to minimize potential artifacts in the
analyses.
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7.0 METHODS

7.1 General Method Description

Geoprobe™ soil sampling methods generally involve collection of soil samples by driving

the sampling tool directly into the ground using the percussion/probing machine and

without the aid of hollow-stem augers or other casing-installed drilling methods. The
Macro-Core Sampler consists of a metal tube of seamless construction which can not be
split apart like spfit-spoons. Liner/sleeve inserts are required in order to extract an intact
soil core/sample from the sampling device.

The sampling device operates by being directly pushed/hammered into the ground by
the percussion/probing machine. The borehole is created as the sampling device is
advanced downward. The Macro-Core Sampler collects samples continuously and
requires that an open borehole be maintained for efficient sample recovery.

When the soil sampling device is retrieved from the borehole, the drive head, cutting
shoe and/or piston assembly is removed, and the liner insert with sample is removed

from the sampling device. The project geologist/sampling engineer is then given access
to the sample for whatever purpose is required.

Table 1 summarizes the construction characteristics and sampling attributes for the
Macro-Core Sampler.

7.2 Equipment Decontamination

Equipment decontamination procedures are specified within the project-specific work

plan as well as in the ENSR SOP 7600Pines - Decontamination of Field Equipment.

7.3 Sampling Procedures - Macro-Core Sampler

(Note: These procedures are excerpted from Geoprobe™ Systems literature (1993).

This SOP assumes that the subcontractor will perform sampling; therefore, detailed
procedures regarding sample acquisition are not provided.)
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7.3.1 Sampler Preparation

• Decontaminate the sampler parts (cutting shoe, sample tube) before
assembly.

• Assemble the sampler by first placing the liner over the inside end of the
cutting shoe, then inserting the liner/shoe assembly into the sample tube,
and then finally threading the cutting shoe into the sample tube. Tighten
the cutting shoe with the shoe wrench.

• Thread the sampler onto the drive head.

7.3.2 Sampling

• Using the percussion/probing machine, drive the sampler into the ground
until the drive head reaches the ground surface.

• For deeper samples, the borehole walls must remain stable. The cutting
shoe is designed with a tapered surface to limit sidewall scraping. Add
additional probe rods until the sampler reaches the targeted sample
interval, and then drive the sampler through the desired sample interval.

• Use the machine hydraulics to pull the sampler from the borehole.

7.3.3 Sample Recovery

• Once the sampler has been removed from the borehole, the sampler
must be unthreaded from the drive head, the cutting shoe unthreaded
from the sampler, and the liner/shoe assembly removed from the sample
tube.

• Disconnect the cutting shoe from the liner which contains the soil sample.
The recovered soil sample may now be viewed, logged, and extracted
from the liner for analysis.

7.4 Sample Containment

7.4.1 General

• The soil sample can be removed from the liner following viewing and/or
logging. Non-segmented Teflon® liners should be cut with a utility knife
into approximate 6-inch lengths to facilitate sample extraction or to isolate
specific sample zones targeted for analysis.
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• Once the liner has been separated, the sol sample may be extracted
from the individual liner segments with a spoon or spatula. The soil
sample should be placed into a Teflon® sample collection pan and
homogenized.

• The appropriate sample containers should be filled with sort from the
collection bowl. A clean Teflon® spoon or spatula may be needed to fill
the sample bottles as necessary. Use of fingers/hands to fiH or pack
sample containers is not allowed.

• AH sampling equipment that is to be re-used should be decontaminated
prior to reuse and investigation-derived waste (IDW) should be properly
contained before leaving the area (see ENSR SOP No. 7600Pines -
Decontamination of Field Equipment).

• The sample hole should be backfilled to eliminate any surface hazard.
The project-specific work plan may indicate the requirements for
backfilling of the sample hole.

7.5 Sample Handling and Preservation

• Once each sample container is filled, clean the rim and threads of the sample
container by wiping with a paper towel.

• Cap and label the container with the sample identifier, sampling date and time,
preservation information, and analytical tests

• Place the sample containers into a cooler and maintain on ice.

• Complete sample chain-of-custody and other documentation per SOP 1007Pines.

• Package the samples for shipment to the laboratory per SOP 7510Pines.

8.0 DATA AND RECORDS MANAGEMENT

Various forms are required to ensure that adequate documentation is made of the sample
oolection activities. These forms may include:

- Boring logs

- Field log books

- Sample collection records

Chain-of-custody forms

- Shipping labels
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Boring logs (Figure 2) will provide visual and descriptive information for samples collected at
each soil boring and are often the most critical form of documentation generated during a soil
sampling program. The field log book is kept as a general log of activities and should not be
used in place of the boring log. Occasionally, sample collection records are used to supplement
boring logs, especially for environmental samples which have been collected for laboratory
analysis. Chain-of-custody forms are transmitted with the samples to the laboratory for sample
tracking purposes. Shipping labels are required if sample coolers are to be transported to the
laboratory by a third party (courier service). Original copies of these records should be
maintained in the appropriate project files.

9.0 QUALITY CONTROL AND QUALITY ASSURANCE

Collection of representative samples will be ensured through adherence to the procedures in
this SOP and the sampling strategy outlined in the project-specific work plan. The field quality
control samples identified in the project-specific work plan must be collected. These samples
may include field duplicates, equipment rinsate blanks, and matrix spike/matrix spike duplicates
(MS/MSDs).

10.0 REFERENCES

SOP 1007Pines - Chain-of-Custody Procedures. Revision 2.0.

SOP 7510Pines - Packaging and Shipment of Environmental Samples. Revision 2.0.

SOP 7600Pines - Decontamination of Field Equipment. Revision 1.0.

Geoprobe™ Systems, August 1993, "1993-94 Equipment and Tools Catalog".
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TABLE 1 - Geoprobe™ System So* Sampler Characteristics

Type

Macro-Cote

Length
("-)

45

Dfameter
(in.)

1.5

Volume
(ml)

1.300

Sleeve Uner
Type

Acetate
Stainless Steel

Teflon

SwtaMHy1

Soi
Logging

A
B
A

in,,.aj, ,ji iiy&iidi
Testing

A
A
A

2££
A
B
A

Chenucal-
Onjanks

B
A
A
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FIGURE 1 Soil Sampling Tools - Macro-Core Sampler - Parts

SOIL SAMPLING TOOLS - Macro-Core Sampler - Parts

Macro-Core Sampler
AT-720 Series
The sampler features a nickel-plated sample tube that is 48" long x 2.0* in
diameter, a hardened tool steel cutting shoe that has a 1.5" diameter
opening, and a tapered drive head that fits standard Geoprobe probe rods.
The overall length assembled is 51.25". Sample recovery is 45* long x
1.50* diameter (1302 ml) in a PETC liner.

PARTS

AT-720 MC Cutting Shoe
AT-721 MC Drive Head
AT-722 MC Sample Tube
AT-725 MC PETG (clear plastic) Liner
AT-726 MC Vinyl End Cap
AT-727 MC Shoe Wrench

KITS

Assembled Macro-Core Sampler*
Part No. AT-720K
Includes the following parts:
(1) AT-720 MC Cutting Shoe
(1) AT-721 MC Drive Head
(1) AT-722 MC Sample Tube
"kit does not include liners and end caps

LINERS

AT-725K MC PETG Liners (pro-flared,
dear plastic) Box ot 66 only

AT-726K MC Vinyl End Caps (fit
AT-725 liners) Box of 66
pairs (66 red/66 black)

Macro-Core Parts AT-721

Hie Tools lor Site investigation 4.16
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FIGURE 2 Boring Log
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LIST OF ACRONYMS

DO Dissolved Oxygen

FSP Field Sampling Plan

HASP Health and Safety Plan

IDEM Indiana Department of Environmental Management

L/min Liter per minute

MS/MSD Matrix Spike/Matrix Spike Duplicate

NTU Nephelometric Turbidity Units

OLQ Office of Land Quality

ORP Oxygen Reduction Potential

OSHA Occupational Safety and Health Administration

QAPP Quality Assurance Project Plan

QC Quality Control

SOP Standard Operating Procedure

TOC Top of Casing

USEPA United States Environmental Protection Agency



SOP NUMBER: 7130Pines

Groundwater Sample Collection From
Monitoring Wells

Date:
Revision Number

May 2005
2.0
3of17

J

1.0 SCOPE AND APPLICABILITY

This Standard Operation Procedure (SOP) describes the method for collecting valid and
representative samples of groundwater from monitoring wells. This SOP is written such that

consideration of different sampling equipment may be used in different instances for collecting

representative groundwater samples.

2.0 SUMMARY OF METHOD

Groundwater sample collection generally involves purging the stagnant water from a well while
monitoring field parameters. After field parameters have stabilized, groundwater samples are
then colected into the appropriate bottleware

3.0 HEALTH AND SAFETY WARNINGS

Groundwater sampling may involve chemical hazards associated with exposure to materials in

the groundwater being investigated and physical hazards associated with groundwater sampling
equipment When groundwater sampling is performed, adequate health and safety measures

must be taken to protect field personnel. These measures will be addressed in the project
Health and Safety Plan (HASP) All work will be conducted in accordance with the HASP.

4.0 INTERFERENCES

Potential interferences could result from cross-contamination between samples and sample
locations. Minimization of the cross-contamination will occur through the use of dean sampling

tools at each location, which will require decontamination of sampling equipment as per ENSR

SOP No. 7600Pines - Decontamination of Field Equipment.

5.0 PERSONNEL QUALIFICATIONS

Groundwater sample collection is a relatively involved procedure requiring formal training and a

variety of equipment. It is recommended that initial sampling of groundwater wells be

supervised by more experienced personnel.
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Field personnel must be health and safety certified as specified by the Occupational Safety and
Health Administration (OSHA) (29 CFR 1910.120(e)(3)(i)) to work on sites where hazardous
materials may be present.

It is the responsibility of the field sampling personnel to be familiar with the sampling procedures
outlined within this SOP, and with specific sampling, quality assurance, and health and safety
requirements outlined in the Field Sampling Plan (FSP), Quality Assurance Project Plan
(QAPP), and HASP. Field personnel are responsible for collecting groundwater samples,
decontamination of equipment, as well as proper documentation of sampling activities in the
field logbook or field forms (as appropriate).

6.0 EQUIPMENT AND SUPPLIES

General field supplies include the following items:

• Purging and Sampling Pumps
- Peristaltic pumps

Grundfos Redi-flo2™ submersible pumps
Bladder pumps (if necessary)

• Field Instruments
- Individual or multi-parameter meter(s) to measure temperature, pH, specific

conductance, dissolved oxygen (DO), oxidation reduction potential (ORP), and/or
turbidity

- Water level meter
• Sample Collection Records (Figure 1)
• Sample kit (i.e., bottles, labels, preservatives, custody records and tape, cooler, ice)
• Filtration equipment (if necessary)
• Sample Chain-of-Custody forms (as required by ENSR SOP No. 1007Pines - Chain-of-

Custody Procedures)
• Sample packaging and shipping supplies (as required by ENSR SOP No. 7510Pines -

Packaging and Shipment of Environmental Samples)
• Waterproof marker or paint
• Distilled/deionized water supply
• Deionized water dispenser bottler
• Flow measurement cup or bucket
• Buckets
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• Instrument calibration solutions

• Power source (generator or 12-volt marine battery)

• Paper towels

• Plastic sheeting

• Trash bags

• Zipper-lock bags

• Equipment decontamination supplies (as required by ENSR SOP No. 7600Pines -
Decontamination of Field Equipment)

• Health and safety supplies (as required by the HASP)

• Approved plans (eg, HASP. FSP, QAPP)

• Field project logbook/pen

7.0 METHODS

7.1 Instrument Calibration

w'
Field instruments wW be calibrated dairy according to the requirements of the QAPP and
manufacturer's specifications for each piece of equipment (e.g.. ENSR SOP No.
105Pines - Operation and Calibration of the YSI Multi-Parameter Water Quality Monitor).
Equipment will also be checked dairy with the calibration solutions at the end of use of
the equipment. Calibration records shall be recorded in the field logbook or appropriate
field form.

7.2 WeH Security and Condition

At each monitoring well location, observe the conditions of the well and surrounding
area. The following information may be noted on the Groundwater Sample Collection
Record (Figure 1) or in the field logbook:

• Condition of the well's identification marker

• Condition of the weM lock and associated locking cap

• Integrity of the wed - protective outer casing, obstructions or kinks in the well casing
presence of water in the annular space, and the top of the interior casing

• Condition of the general area surrounding the well
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7.3 Measuring Point Determination

Before collecting a water level measurement, check for an existing measuring point
(notch, or other visible mark) established either at the time of well installation or by the
latest survey. Generally, the measuring point is referenced from the top of the well
casing (TOC), not the protective casing. If no measuring point exists, a measuring point
should be established, clearly marked, and identified on the Groundwater Sample
Collection Record (Figure 1) or the field logbook. The same measuring point should be
used for subsequent sampling events.

7.4 Water Level Measurement

Water level measurements should be collected in accordance with ENSR SOP No.
101 Pines - Water Level Measurements. The water level measurement should be
entered on the Groundwater Sample Collection Record (Figure 1) or in the field logbook.

7.5 Purge Volume Calculation

Wells designated for sampling require purging to remove stagnant water in the well. A
single casing volume of groundwater will be calculated after measuring the length of the
water column and checking the well casing diameter. The Groundwater Sample
Collection Record (Figure 1) provides information used to compute the casing volume,
which includes a diagram, a numerical conversion table, and the standard calculation.
The volume of standing water in the well (i.e., one purge volume) should be entered on
the Groundwater Sample Collection Record (Figure 1).

7.6 Well Purging Methods and Procedures

7.6.1 Objectives

Prior to sample collection, purging must be performed for all groundwater
monitoring wells to remove stagnant water from within the casing and gravel
pack and to ensure that a representative groundwater sample is obtained.

All groundwater samples will be collected using low stress (low-flow) purging and

sampling procedures according to the United States Environmental Protection
Agency (USEPA) Region 1 SOP titled "Low Stress Purging and Sampling
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Procedure for the Collection of Groundwater Samples from Monitoring Wells",
Revision 2. Jury 1996 (USEPA, 1996) and Indiana Department of Environmental

Management (IDEM) Office of Land Quality (OLQ) Geological Services Technical
Memorandum titled 'Micro-Purge Sampling for Monitoring Wells" dated January

8, 2003 (IDEM. 2003). The low-flow method emphasizes the need to minimize
water level drawdown and low groundwater pumping rates to collect samples

with minimal alterations to groundwater chemistry.

During weH purging, the water level will be measured with a water level meter in

accordance with ENSR SOP No. 101 Pines - Water Level Measurement. Water
level drawdown and flow rate will be recorded on the Groundwater Collection

Record (Figure 1). A final purging rate will be selected that does not exceed 0.5
liters per minute (L/min) (typically between 0.1 L/min and 0.3 L/min), and results

in a stable drawdown, ideally less than 0.3 feet.

The general types of non-dedicated equipment used for well purging include

surface pumps and down-well pumps. The purge method and equipment
selected is specified in the FSP. For this project, peristaltic pumps will be used

where depths to water are sufficiently shallow, and submersible pumps used
where depths to water are too great for peristaltic pumps.

Purge water wifl be pumped through a flow-through cell and the following

parameters wiH be measured. pH, specific conductivity, temperature. DO, and
ORP. These parameters will be measured with a water quality meter, calibrated

according to the manufacturer's specifications (see ENSR SOP No. 105Pines -
Operation and Calibration of the YSI Multi-Parameter Water Quality Monitor).

Turbidity will be measured separately with a nephekxneter, also calibrated to the

manufacturer's specifications (see ENSR SOP No. 108Pines - Field

Measurement of Turbidity). A round of parameter measurements will be
recorded after the flow-through cell is full, approximately 10 minutes after the

flow-through ceR is full, and then approximately every 5 minutes thereafter, until
parameter values have stabilized.

Purging is considered complete and sampling may begin when all parameter

values have stabilized and turbidity is below 5 Nephekxnetric Turbidity Units

(NTU). Stabilization is considered to be achieved when three consecutive

readings, taken at 3- to 5-mmute intervals, are within the following limits:
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• Turbidity: less than 5 NTU or ±10%

• DO : ± 10%
• Specific Conductance : ± 3%

• Temperature : ± 3%

• pH : ± 0.1 standard units

• ORP : ± 10 millivolts

Every effort will be made to lower the turbidity to less than 5 NTU before
sampling. If the turbidity cannot be reduced to below 5 NTU, the pumping rate
should be reduced. If turbidity still cannot be reduced below 5 NTU, samples may
be collected if all other parameters are stable and the turbidity is stable, that is,
not improving. The condition will be noted on the field form or in the logbook.

If low-flow purging cannot be achieved for a particular well (typically due to
insufficient yield to establish a stable drawdown), the well may be purged dry,
then sampled when sufficient water has recharged. The condition will be noted
on the field form or in the logbook.

7.6.2 Surface Pumps

General

Well purging using pumps located at the ground surface can be performed with a

peristaltic pump if the water level in the well is within approximately 20 feet of the
top of the well.

Peristaltic pumps provide a low rate of flow typically in the range of 0.02-0.2
gallons/minute (gal/min) (0.075-0.750 L/min). Peristaltic pumps are suitable for
purging situations where disturbance of the water column must be kept minimal
for particularly sensitive analyses and where volatile organic compounds are not
being analyzed.

Peristaltic Pump Procedure

Attach a new suction and discharge line to the peristaltic pump. Silicon tubing
must be used through the pump head and must meet the pump head
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specifications. A second type of tubing (e.g.. polyethylene) may be attached to
the silicon tubing for use as the suction and discharge fines. The suction line

must be long enough to extend to the static groundwater surface and reach
further should drawdown occur during pumping.

Measure the length of the suction line and lower it down the monitoring well until

the end is located at the midpoint of the saturated screen and at least 2 feet
above the bottom of the well to preclude excess turbidity from the bottom of the

well. Start the pump and direct the discharge into a graduated bucket Adjust the
pumping rate with the speed control knob so that a smooth flowing discharge is

attained.

Measure the pumping rate by recording the time required to fill a flow
measurement cup or bucket. The pumping shall be monitored to assure

continuous discharge. If drawdown causes the discharge to stop, the suction line
wiH be lowered very slowly further down into the weN until pumping restarts. The ~x

pumping rate wil be adjusted so that drawdown is stabilized, ideally at a level \ f
less than 0.3 feet

7.6.3 Down-Well Pumps

General

Groundwater withdrawal using non-dedicated down-wed pumps may be

performed with a submersible pump or a bladder pump.

Electric submersible pumps provide an effective means for well purging and in
some cases sample collection. Submersible pumps are particularly useful for

situations where the depth to water table is greater than 20 feet and where the
depth or diameter of the well requires that a large purge volume be removed

before sample collection.

A commonly available submersible pump, the Grundfos Redi-Flo2™ pump, is

suited for operation in 2-inch or larger internal diameter wells. Pumping rates are

adjusted to low-flow levels by adjusting the current to the pump motor rather than
using a flow valve.
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As an alternative method to using the submersible pump, bladder pumps may
also be used. Bladder Pumps usually consist of a stainless steel pump housing
with an internal Teflon® or polyethylene bladder. Discharge and air line tubing is
connected to the bladder pump to the air compressor and control unit. The pump
is operated by lowering it into the water column within the well screen, then
pulsing air into the bladder from the air compressor and pump controller unit.
Pumps and controllers are often not interchangeable between manufacturers;
therefore, it is usually necessary to have both items provided by the same
manufacturer. Pump bladders are generally field-serviceable and replaceable.

A check of well condition may be required prior to inserting any down-well pump
if the well has not been sampled for some time or if groundwater quality
conditions are not known. The well condition check should include a check of
casing plumbness as a bent well casing could cause a pump to get stuck.
Casing plumbness can be checked by lowering a clean cylindrical tube with the
approximate pump dimensions into the well. If the well casing is not plumb then
an alternative purging method should be used.

Submersible pumps (i.e., Grundfos Redi-Flo2™) will generally be used in wells
where water levels are too deep to allow use of a peristaltic pump.

Electric Submersible Pump Procedure

Slowly lower the submersible pump with attached discharge line into the
monitoring well taking notice of any roughness or restriction within the well riser
pipe. The pump should be placed in the uppermost section of the static water
column of the monitoring well. The power cord should be attached to the
discharge line with an inert material (i.e., zip-ties) to prevent the power cord from
getting stuck between the pump, discharge line, and the well casing. Secure the
discharge line and power cord to the well casing, using tape or a clamp, taking
care not to crimp or cut either the discharge line or power cord.

Connect the power cord to the power source (i.e., rechargeable battery pack,
auto battery, or generator) and turn the pump on. Voltage and amperage meter
readings on the pump controller (if provided) should be monitored closely during
purging. The operations manual for the specific pump used should be reviewed
regarding changes in voltage/amperage and the potential impacts on pump
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integrity. The pumping rate will be adjusted so that drawdown is stabilized,
ideally at a level less than 0.3 feet. Pumping should be discontinued if warning

conditions occur and/or if the well is pumped to where drawdown falls below the

pump's intake level.

Bladder Pump Procedure

As an alternative method to the submersible pump, bladder pumps may be used.

To operate the bladder pump system, the pump and discharge line should be
lowered into the well dose to the bottom of the well screen, then secured to the

well casing with a damp. The air compressor should then be turned on to
activate pumping. The pump controller is used to vary the discharge rate to the
required flow. The pumping rate will be adjusted so that drawdown is stabilized,

ideally at a level less than 03 feet.

7.7 Sample Collection Methods and Procedures

7.7.1 Objectives

Groundwater samples can be collected using similar methods employed for
purging. In most cases during sampling, groundwater win be transferred to the

appropriate containers directly from the discharge source. It is important that the
tubing from the pump to the flow-through cell be disconnected prior to sample
collection. During transfer, discharge tubing and other equipment shall not

contact the inside of the sample containers.

Groundwater samples that may require filtration (e.g.. due to elevated turbidity),

will be filtered m accordance with ENSR SOP No. 7131 Pines - Field Filtration of

Water Samples for Inorganic Constituents.

7.7.2 Surface Pumps

The methods and procedures described in Section 7.7.2 for peristaltic pumps
also appty to groundwater sample collection.
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Sample bottles shall be filled directly from the pump's discharge line (after tubing
has been disconnected from the flow-through cell) and care shall be taken to
keep the discharge tube from contacting the sample container.

7.7.3 Down-Well Pumps

Using the pump methods described in Section 7.6.3, groundwater samples can
be collected from either the electric submersible or bladder pump directly from
the discharge line (after tubing has been disconnected from the flow-through
cell). Sample bottles will be filled directly from the discharge line of the pump.

7.8 Sample Handling and Preservation

• Once each sample container is filled, clean the rim and threads of the sample
container by wiping with a paper towel.

• Cap and label the container with (at a minimum) the sample identifier and sampling
date and time. Additional information such as preservation information and analytical
tests may also be added to the sample label as appropriate.

• Place the sample containers into a cooler and maintain on ice.
• Complete sample chain-of-custody and other documentation per ENSR SOP No.

1007Pines - Chain-of-Custody Procedures.
• Package the samples for shipment to the laboratory per ENSR SOP No. 7510Pines

- Packaging and Shipment of Environmental Samples.

7.9 Equipment Decontamination

All equipment that comes into contact with groundwater (e.g., submersible pumps)
should be decontaminated in accordance with ENSR SOP No. 7600Pines -
Decontamination of Equipment protocol before moving to the next location. Dedicated
or disposable equipment does not need to be decontaminated.

8.0 DATA AND RECORDS MANAGEMENT

Specific information regarding sample collection should be documented in several areas: the
sample chain-of-custody record, sample collection record, field logbook, and sample labels or
tags. Additional information regarding each form of documentation is presented in the following
paragraphs:
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8.1 Sample Chain-of-Custody Record

This standard form requires input of specific information regarding each collected

sample for laboratory analytical purposes, as specified in ENSR SOP No. 1007Pines -

Chain-of-Custody Procedures and ENSR SOP No. 751 OPines- Packaging and

Shipment of Environmental Samples.

8.2 Sample Collection Record

This form (Figure 1) requires input of specific information regarding the collection of each

individual sample including sample identification, water quality parameters, collection
method, and containers/preservation requirements.

8.3 Field Logbook

This logbook should be dedicated to the project and should be used by field personnel to
maintain a general log of activities throughout the sampling program. This logbook

should be used in support of. and in combination with, the sample collection record.
Documentation within the logbook should be thorough and sufficiently detailed to present
a concise, descriptive history of the sample collection process.

8.4 Sample Labels

Sample labels shall be completed at the time each sample is collected and attached to

each sample container. Sample labeling will be conducted per the FSP and QAPP.

Labels may include the information listed below

• Project number (not project name)

• Sample number

• Sample designation

• Analysis type

• Preservative

• Sample collection date

• Sample collection time

• Sampler's name
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The records generated in this procedure will become part of the permanent record supporting
the associated field work. All documentation will be retained in the project files following project
completion.

9.0 QUALITY CONTROL AND QUALITY ASSURANCE

Field personnel should follow specific quality assurance guidelines as outlined in the QAPP
and/or FSP.

Quality assurance requirements typically suggest the collection of a sufficient quantity of quality
control (QC) samples such as field duplicate, equipment and/or field blanks and matrix
spike/matrix spike duplicate (MS/MSD) samples. These requirements are outlined in the FSP
and QAPP. Additional information regarding quality assurance sample collection relevant to
groundwater sampling is described below.

9.1 Field Blank/Equipment Blank Sample Collection

Field blank samples serve as a quality assurance check of equipment and field
conditions at the time of sampling. Field blank samples are usually prepared by
transferring analyte-free water into a clean set of sample containers, then analyzing it as
a sample. Sometimes, the analyte-free water is transferred over or through the sampling
device before it is placed into the sample containers. This type of field blank sample is
known as an equipment blank. The FSP and QAPP contains specific information
regarding the type and number of field blanks or equipment blanks required for
collection.

9.2 Field Duplicate Sample Collection

Field duplicate samples are collected for the purpose of providing two sets of results for
comparison. To the extent possible based on available information, field duplicates will
be selected at locations with the likelihood of detectable concentrations of constituents.
These samples are used to assess precision. Duplicate samples are usually prepared
by splitting the sample into two sets of sample containers, then analyzing each set as a
separate sample. The QAPP contains specific information regarding the type and
number of duplicate samples for collection.
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9.3 Matrix Spike/Matrix Spike Duplicate (MS/MSO) Sample Collection

MS/MSDs provide information about the effect of the sample matrix on digestion and

measurement methodology. For samples submitted for MS/MSD analysis, triple sample
volume is generaMy required. The QAPP contains specific information regarding the

frequency of MS/MSD samples.

10.0 REFERENCES

Code of Federal Regulations. Chapter 40 (Section 261 4(d)).

ENSR SOP No. 105Pines - Operation and Calibration of the YSI Multi-Parameter Water Quality
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ENSR SOP No. 101 Pines - Water Level Measurements.

ENSR SOP No. 108Pines - Field Measurement of Turbidity.

ENSR SOP No. 1007Pines - Chain-of-Custody Procedures.

ENSR SOP No. 7131 Pines - Field RHration of Water Samples for Inorganic Constituents.

ENSR SOP No. 751 OPines - Packaging and Shipment of Environmental Samples.

ENSR SOP No. 7600Pines - Decontamination of Field Equipment. Revision 3.0

IDEM. 2003. OLQ Geologic Services Technical Memorandum - Micro-Purge Sampling for

Monitoring Wells. Indiana Department of Environmental Management Office of Land Quality.
January 8. 2003.

USEPA. 1996. Low Stress (low flow) Purging and Sampling Procedure for the Collection of

Ground Wafer Samples From Monitoring Wells. Revision 2. U.S. Environmental Protection

Agency. Region 1. July 30.1996.
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FIGURE 1 - EXAMPLE GROUNDWATER SAMPLE COLLECTION RECORD

EIKR
Low Flow Ground Water Sample Collection R

Client: Date: Time
Project No:
Site Location:
Weather Conds: Collector(s).

Well ID:

ecord
: Start am/pm

Finish am/pm

1 . WATER LEVEL DATA: (measured from Top of Casing)
a. Total Well Length c. Length of Water Column (a-b) Casing Diameter/Material

b. Water Table Depth d. Calculated System Volume (see back)

2. WELL PURGE DATA
a. Purge Method:

b. Acceptance Criteria defined (see workplan)
-Temperature 3% -D.O. 10%
-pH +.1.0 unit -ORP ±10mV
- Sp. Cond. 3% - Drawdown < 0.3'

c. Field Testing Equipment used: Make Model

Volume
Time Removed Temp. pH Spec. Cond.
(24hr) (Liters) CC) <nS/cm)

DO ORP Turbiditv Flow Rate|j
(mg/l) (mV) (MTU) (ml/mm)

d. Acceptance criteria pass/fail Yes No N/A
Has required volume been removed CD CD CD
Has required turbidity been reached CD CD CD
Have parameters stabilized CD CD CD

If no or N/A - Explain below.

Serial Number

Drawdown Color/Odor
(leel)

(continued on back)

3. SAMPLE COLLECTION: Method:

Sample ID Container Type No. of Containers Preservation Analysis Req. Time

Comments

Signature Date
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Plage Volume Catadattoi

1"
r

/•/•
/

!/ / /

Volume / Linear FL of Pipe
ID (in)

025
0375

05
075

1
125

1.5
2

2.5
3
4
6

Galon
0.0025
O.O057
0.01O2
O.O229
O.O4O8
0.0637
0.0918
0.1632
0.2550
0.3672
0.6528
1.4688

Liter
O.OO97
O.O217
0.0386
O.O869
O.1544
0.2413
0.3475
0.6178
0.9653
1.3900
2.4711
5.5600

rcj
SfWLCond DO

(mgrt.)
ORP Turtmtty FtonrRatt
(roV) (NTU) (mlftiwi)
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LIST OF ACRONYMS

FSP Field Sampling Plan

HASP Health and Safety Plan

OSHA Occupational Safety and Health Administration

QAPP Quality Assurance Project Plan

QC Quality Control

SOP Standard Operating Procedure
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1.0 SCOPE AND APPLICABILITY

This Standard Operating Procedure (SOP) is concerned with the field filtration of water samples
for inorganic analyses. The specific analyses that require filtration will be defined in each

project-specific work plan. The most common parameters requiring filtration, however, are

dissolved metals and orthophosphate.

2.0 SUMMARY OF METHOD

Field fiftration of water samples typically involves passing water from a sampling point through a

filtration system to remove solids and other large diameter impurities. Generally, a pump and

in-line disposable filter cartridge is used to filter the sample. Filtering can be accomplished
directly from the sampNng point or via some type of intermediate storage container. The

resulting filtrate is discharged into approved sample containers, preserved (if required by the
method), and submitted for analysis.

Prior to the advent of disposable filter cartridges, sample filtration was often accomplished using
a tripod filter stand containing replaceable filter membranes that were under pressure. Use of

the tripod filter stand was generally time consuming because it required decontamination after
each use. frequent filter membrane changes, and use of compressed nitrogen gas. This SOP
no longer promotes use of this system although it may still be considered suitable for use as a

backup system should fitter cartridges be unavailable.

If a pump is being used to collect the sample, for example, from a monitoring well, that pump

should also be used for filtration. That is. the in-line disposable filter cartridge should be placed

along the pump discharge hose. Where this is not possible or if a pump is not being used for

sample collection, it is recommended that a peristaltic pump be used to pass the water through
the fitter. The peristaltic is the pump of choice over other pumping systems for filtering because
back pressure caused by gradual filter dogging will not affect the pump's integrity.

3.0 HEALTH AND SAFETY WARNINGS

Sample filtration may involve chemical hazards associated with exposure to materials in the

water being investigated When conducting field filtering, adequate health and safety measures

must be taken to protect field personnel. These measures are addressed in the project Health

and Safety Plan (HASP) All work will be conducted in accordance with the HASP.
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4.0 INTERFERENCES

The presence of suspended sediment or particulates in water samples may lead to bias in the
analysis and interpretation of the results. Filtering is used to remove these particles from the
sample prior to analysis. However, filtering will only remove those particles larger than the size
of the filter. This should be considered in evaluating data from filtered samples, as appropriate.

Once samples are collected (i.e., removed from their native environment), chemical changes
occur. This is particularly true for groundwater samples, where the subsurface is not in
equilibrium with atmospheric conditions. These chemical changes can result in precipitation of
metals from solution, which will change both the chemistry of the water and the nature of the
suspended particulates. Therefore, filtering will be conducted as soon as feasible once a
sample is collected.

New filters will be used for each sample that is to be filtered to avoid the potential for cross-
contamination.

5.0 PERSONNEL QUALIFICATIONS

Sample filtration is a relatively simple procedure requiring minimal training and a minimal
amount of equipment. It is recommended that initial attempts be supervised by more
experienced personnel.

Field personnel must be health and safety certified as specified by the Occupational Safety and
Health Administration (OSHA) (29 CFR 1910.120(e)(3)(i)) to work on sites where hazardous
waste materials may be present.

It is the responsibility of the field personnel to be familiar with the procedures outlined within this
SOP and Field Sampling Plan (FSP), and quality assurance and health and safety requirements
outlined within the Quality Assurance Project Plan (QAPP) and HASP. Field personnel are
responsible for field filtration being conducted in a manner consistent with this SOP, that proper
decontamination procedures are followed, as well as proper documentation in the field logbook
or field forms (if appropriate).

6.0 EQUIPMENT AND SUPPLIES

' General field supplies include the following items:
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• Peristaltic pump (or other pump) with 12v power supply (if necessary)

• Siicone pump tubing (for peristaltic pumps - approximately 2 feet per sample)

• Polyethylene, or other type of influent/discharge tubing (optional)

• Disposable 0.45-micron filter cartridges (high-capacity and/or low-capacity)

• Small hose damps/screwdriver

• Intermediate sample containers

• Sample kit (i.e.. bottles, labels, preservatives, custody records and tape, cooler, ice), if

needed

• Sample Chain-of-Custody forms (as required by ENSR SOP No. 1007Pines - Chain-of-

Custody Procedures)

• Sample packaging and shipping supplies (as required by ENSR SOP No. 7510Pines -

Packaging and Shipment of Environmental Samples)

• Health and safety supplies (as required by the HASP)

• Approved plans (e.g.. HASP. FSP, QAPP)

• Sample Collection Records \_ /j

• Field project logbook/pen

7.0 METHODS

7.1 General Preparation

Sample filtration should be conducted in as dean an environment as possible but can be

accomplished almost anywhere induding at the sampling point, the field vehide. and/or

at a remote or centralized sample handling area (i.e.. the field trailer). The sample

should be filtered as soon as possible after sample collection, before the sample

chemistry changes, and prior to sample preservation (if required).

Prior to start of sample filtration, if the sampling pump is not being used, field personnel

wil set the equipment up and check that everything is operational. Set-up indudes

establishing the filtering location, hooking up the peristaltic pump to a power supply (if no

internal battery supply is available), feeding a short length of pump tubing through the

pump head, and attaching a filter cartridge with discharge arrow pointing in the direction

of sample discharge. Additional information on pump set-up appears in the following

section.
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7.2 Pump Set-up (if applicable)

7.2.1 Place the pump on a stable surface and connect it to the available power supply
(if required). Turn the pump on and vary the speed control knob to check that the
pump is operational. The roller assembly should visibly change its rate of
rotation as the speed control knob is turned. Keep the speed control knob set
fairly low to install pump tubing. Switch the pump off.

7.2.2 Cut an approximate 2-foot length of clean silicone pump head tubing from the
tubing roll. Loosen the 3 adjusting screws on the pump head assembly and pull
the front cover forward to make it easier to feed the pump tubing. The
cover/screws do not need to be removed completely.

7.2.3 Insert one end of the pump tubing into the pump head assembly until it contacts
the first roller. Switch the pump on so that the rollers turn in the direction that the
tubing is being fed. The tubing should feed through the pump head assembly by
itself; however, pushing on it slightly will help. Shut off the pump when the tubing
is threaded through a sufficient length to allow the influent end to reach the
intermediate sample container and the discharge end to reach the final sample
bottle.

7.2.4 Tighten the screws on the pump head assembly.

7.3 Filtration Procedure

7.3.1 Filtration from Intermediate Containers

• Obtain a representative water sample following standard sample
collection procedures and place it into an intermediate sample container.
This container should be of similar type and size as the final sample
container. Depending on the final sample volume that is required, it may
be necessary to collect excess sample volume for filtering. The container
should be unpreserved. Cap the container and bring it to the sample
filtration area.

• Select a new low-capacity or high-capacity filter cartridge based on the
sample turbidity (if the sample is nearly clear, a low-capacity filter may
suffice). Remove the filter from its wrapper and attach it to the discharge
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end of the pump tubing. Make sure that the fitter flow direction, usually
indicated by an arrow, points in the intended flow direction.

• Obtain a new sample bottle and place it on a stable platform. Check the

tubing lengths on either side of the pump head assembly at this time and
adjust them as necessary by loosening the pump head assembly screws
and puling on the tubing.

%

• Remove the cap from both containers then insert the influent end of the
pump head tubing (i.e., intake line) into the intermediate sample container

so that it is at least one-third of the way into the container. Pumping from

the upper third of the intermediate container, then gradually lowering the
intake line into the container, will help extend the life of the filter.

• Start the pump with the speed control knob set to a fairly low speed and

observe the rate of flow through the tubing. Allow 50 to 100 milliliters of
water to pass through the filter into a waste container. This will flush any
residual water from the manufacturing process through the filter.

• Transfer the discharge end of the filter cartridge to the top of the final
sample container. As filtration proceeds, gradually lower the intake line

until the sample has been filtered. Replace the filter if necessary at any
time during the filtration procedure (see Section 7.4). Fill the final
container to the desired level.

7.3.2 Surface Water Sample Filtration

If surface water sample collection and filtration is performed using a peristaltic
pump, the apparatus and procedures are the same as for other samples. The

only significant difference is that when collecting a surface water sample in this
manner, field personnel must be sure that the pump intake line is positioned at

the desired location and depth within the surface water body. It may be

necessary to collect subsurface water samples at specific depths in this manner;

however, it may be easier to collect surface water samples into intermediate

sample containers than to obtain a filtered sample directly from the surface water
body. Collection of surface water samples is detailed in ENSR SOP No.

103Pines - Surface Water and Sediment Sample Collection.
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7.3.3 Filtration of Samples from Wells

If a submersible pump is being used for sample collection, the in-line filter
cartridge can be attached to the pump discharge line or an alternate method may
be used to collect the sample using intermediate sample containers. The
peristaltic pump has a suction limit of approximately 20 feet. If the water level in
the well is below that limit, a peristaltic pump cannot be used to collect samples.
Collection of surface water samples is detailed in ENSR SOP No. 71 SOPines -
Groundwater Sample Collection from Monitoring Wells.

7.4 Filter Replacement

High sample turbidity may cause clogging of the filter membranes, a decrease in
filtration efficiency/rate, and occasionally, such a high pressure that the filter cartridge is
prematurely released from the pump head tubing. If the rate of flow is observed to
decrease substantially, then it is recommended that the filter be replaced. In order to do
this safely, the following steps should be followed.

7.4.1 Remove the discharge end of the tubing from the sample container. Turn the
pump off, and then reverse the pump head rotation direction by using the
forward/reverse switch. Turn the pump back on to release backpressure from
the filter and tubing. Turn the pump off again and remove the old filter.

7.4.2 Obtain a new filter and install it as indicated in Section 7.3 including pumping 50
to 100 milliliters of sample water through the filter into a waste container.
Resume filtering.

7.5 Sample Handling and Preservation

• Once each sample container is filled, clean the rim and threads of the sample
container by wiping with a paper towel.

• Cap and label the container with (at a minimum) the sample identifier and sampling
date and time. Additional information such as preservation information and analytical

tests may also be added to the sample label as appropriate.

• Place the sample containers into a cooler and maintain on ice.

• Complete sample chain-of-custody and other documentation per ENSR SOP No.
1007Pines - Chain-of-Custody Procedures.



[SOP NUMBER: 71 31 Pines

Field Filtration of Water Samples for Inorganic Date: *** 2005

Revision Number 1.0
<J

Page: 9 of 11

• Package the samples for shipment to the laboratory per ENSR SOP No. 7510Pines
- Packaging and Shipment of Environmental Samples.

8.0 DATA AND RECORDS MANAGEMENT

Specific information regarding filtered water sample collection wiU be documented on the
sample collection record and the field project logbook.

8.1 Sample Collection Record

This form requires input of specific information regarding the collection of each individual

sample including sample identification, sample type, collection method, containers,
parameters to be analyzed, sample preservation method, sample collection time, time of

sample filtration, and type, size and number of filters used. Any deviations from the
approved work plan or this SOP must be documented on the sample collection record or

in the field logbook.

•
8.2 Field Logbook

The logbook wifl be dedicated to the project and will be used by sampling personnel to

maintain a general log of activities throughout the sampling program. This logbook

should be used in support of. and in combination with, the sample collection record.

Documentation within the logbook should be thorough and sufficiently detailed to present
a concise, descriptive history of the sample collection process including specific

information regarding the sample filtration equipment used.

The records generated in this procedure will become part of the permanent record supporting
the associated field work. All documentation will be retained in the project files following project
completion.

9.0 QUALITY CONTROL AND QUALITY ASSURANCE

Field personnel should follow specific quality assurance guidelines as outlined in the QAPP

and/or FSP. Quality assurance requirements typically suggest the collection of a sufficient

quantity of quality control (QC) samples such as equipment blanks and field duplicate samples.

These requirements are outlined in the FSP and QAPP. Field duplicates must be filtered if their
parent samples are also filtered. , 4)
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APPENDIX - GLOSSARY

Filer Cartridges - In-line 0.45-micron disposable filter cartridges are commercially available as a
substitute to the former filter stand apparatus with replaceable filter membranes. The cartridges
contain an inert filter membrane material sealed within a polyethylene case. The influent and
effluent ports contain fittings for tubing attachment. Two types of cartridges are available, a low-
capacity cartridge with 20 cm2 of effective filtration area, and a high-capacity cartridge with 700 cm2

of filtration area. Low-capacity cartridges are effective only with low to no-visible turbidity within the
sample. High-capacity cartridges, which are more expensive, are suitable for a wide range of
sample turbidity. Larger pore size filter cartridges are also commercially available. These should
not be used unless specifically required in the sampling plan.

Influent/Discharge Tubing - Silicone pump tubing is generally too expensive to use for influent
and/or discharge tubing if. for instance, pumping the sample directly from a well is required.
Polyethylene tubing of a slightly narrower outside diameter than the silicone tubing may be used for
influent/discharge tubing, if necessary. The two types of tubing can usually be joined without
clamps as silicone tubing is very flexible and sticky. ^ j)

Intermediate Sample Containers - Intermediate sample containers generally consist of a dean
unpreserved sample container of equal or larger volume and type which is used to temporarily store
the sample until it is filtered. The sample is usually filtered directly from the intermediate containers
into the final sample container. Intermediate sample containers should be disposed of after each
use. An adequate supply of sample containers should be available to meet project requirements.

Peristaltic Pump - This type of pump is a low volume pump which operates by progressively
squeezing the water sample through a silicon tube by means of 3 rollers which revolve within a
housing. The advantage of this type of pump is that the sample never contacts any mechanical
parts of the pump.

Pump Tubing - The pump tubing is made of silicone with a specific inside and outside diameter that
matches the pump head design. Be sure to check the pump head number against the tubing
number. These numbers should be the same and are located on the pump roller housing and on
the tubing package respectively. Use of the wrong tubing will either diminish the effectiveness of
the pump or will cause it to stop operating entirely.
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LIST OF ACRONYMS

FSP Field Sampling Plan

HASP Health and Safety Plan

IDW Investigation Derived Waste

OSHA Occupational Safety and Health Administration

PVC Poly Vinyl Chloride

QAPP Quality Assurance Project Plan

SOP Standard Operating Procedure
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1.0 SCOPE AND APPLICABILITY

This Standard Operating Procedure (SOP) provides guidance for installing groundwater
monitoring wefe. Monitoring wefts may be installed to monitor the depth to groundwater, to
measure aquifer properties, and to obtain samples of groundwater for chemical analysis.

This SOP is applicable to installation of single monitoring wells within a borehole. The
construction and installation of nested, multilevel or other special wed designs is not proposed in
the Field Sampling Plan (FSP). nor are the methods covered within this SOP.

2.0 SUMMARY OF METHOD

Monitoring we! construction and installation generally involves drilling a borehole using
conventional drilling equipment, installing commercially available well construction and
filter/seafing materials, and development of the well prior to sampling. This SOP covers well
construction and installation methods only. Well development methods are covered under
ENSR SOP No. 7221 Pines - Monitoring Well Development.

3.0 HEALTH AND SAFETY WARNINGS

Monitoring wefl installation may involve chemical hazards associated with exposure to materials
in the groundwater being investigated and physical hazards associated with drilling equipment
and installation methods. When monitoring wells are installed, adequate health and safety
measures must be taken to protect field personnel. These measures are addressed in the
project Health and Safety Plan (HASP). All work will be conducted in accordance with the
HASP.

4.0 INTERFERENCES

Potential interferences could result from cross-contamination between borehole locations.
Minimization of the cross-contamination will occur through the use of dean sampling tools at
each location, which will require decontamination of sampling equipment as per ENSR SOP No.
7600Pines — Decontamination of Field Equipment.

Other potential interferences may be due to the well materials, or to interactions between well
materials and the formation. Because the constituents being monitored for this project are jfr
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primarily metals and inorganics, well materials in contact with groundwater to be sampled will be
constructed of plastics and not metals. The process of installing a well necessarily disturbs the
geologic formation. Wells will be developed appropriately as described in ENSR SOP No.
7221Piness - Monitoring Well Development. The wells will be allowed to stabilize a minimum of
two weeks after development before a well is sampled.

Cross-contamination may result when surface water runoff or other materials enter the well from
the ground surface. To minimize this, wells will be installed with stick-up casings wherever
possible. Where such wells may be at risk of damage from traffice (i.e., near roadways),
bumpers may be placed around the well to prevent them from being hit. Where flush-mount
well completions are necessary, appropriate steps will be taken to reduce the potential for
infiltration into the well as described below.

5.0 PERSONNEL QUALIFICATIONS

Well construction and installation requires a moderate degree of training and experience as
numerous drilling situations may occur that will require field decisions to be made. It is
recommended that inexperienced personnel be supervised for several well installations before
working on their own. Geologists or personnel with geologic experience should supervise well
installation. The geologic work performed under this SOP will be conducted under the direction
of a professional geologist licensed to practice in Indiana.

Field and subcontract personnel must be health and safety certified as specified by the
Occupational Safety and Health Administration (OSHA) (29 CFR 1910.120(e)(3)(i)) to work on
sites where hazardous materials may be present.

It is the responsibility of the field personnel to directly oversee the construction and installation
of the monitoring well by the drilling subcontractor to ensure that the well installation
specifications defined in the FSP are adhered to. It is also the responsibility of the field
personnel to be familiar with the procedures outlined within this SOP, quality assurance, and the
health and safety requirements outlined within the FSP, Quality Assurance Project Plan
(QAPP), and HASP. Field personnel are responsible for monitoring wells being installed in a
manner consistent with this SOP, that proper decontamination procedures are followed, as well
as proper documentation in the field logbook or field forms (if appropriate).
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It wfl be the responsfttfty of the drilling subcontractor to provide a trained operator and the
necessary equipment for wel construction and installation. WeN construction materials should

be consistent with project requirements as specified in the FSP.

It is the responsibility of the surveying subcontractor to provide one or more of the following well

measurements as specified in the FSP: ground surface elevation, horizontal well coordinates,
top of weN casing elevation (i.e.. top-of-casing, or measuring point elevation), and/or top of

protective casing elevation.

6.0 EQUIPMENT AND SUPPUES

6.1 Wefl Construction Materials

WeR construction materials are usually provided by the drilling subcontractor. For this
project, because the primary constituents to be analyzes are metals, the wells will

consist of commercially available flush-threaded well screen and riser pipe constructed

of poly vinyl chloride (PVC) with a minimum 2-inch inside diameter as specified in the
.FSP.

6.2 Well Completion Materials

Well completion materials include silica sand, bentonite. cement, protective casings, and

locks. Completion materials are generally provided by the drilling subcontractor.

6.3 Other Required Materials

Other required materials include the following:

• Monitoring Well Construction Diagrams (Figure 1)

• Potable water supply

• Plastic sheeting

• Trash bags

• Paper towels

• Water level meter

• Waterproof marker or paint (to label wells)

• Equipment decontamination supplies (as required by ENSR SOP No. 7600Pines - .|

Decontamination of Field Equipment)
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• Health and safety supplies (as required by the HASP)
• Appropriate containers and materials to manage investigation-derived waste (IDW)

(as specified in the FSP)
• Approved plans (e.g., HASP, FSP, QAPP)
• Field project logbook/pen

7.0 METHODS

7.1 General Preparation

7.1.1 Borehole Preparation

Standard drilling methods should be used by the drilling subcontractor under the
supervision of field personnel to achieve the desired drilling/well installation
depths specified in the FSP.

The diameter of the borehole must be a minimum of 2 inches greater than the
outside diameter of the well screen or riser pipe used to construct the well. This
is necessary so that sufficient annular space is available to install filter packs,
bentonite seals, and grout seals. For this project, 2-inch diameter PVC well
materials will be installed inside 6-inch diameter augers as specified jn the FSP.

7.1.2 Well Material Decontamination

New well materials (well screen and riser pipe) generally arrive at the site boxed
and sealed within plastic bags, so decontamination prior to use is not anticipated.
However, well materials should be inspected by the field personnel upon delivery
to check cleanliness. If the well materials appear dirty, then they should be
decontaminated prior to use. Well casing and riser may be decontaminated by
steam-cleaning by the drilling subcontractor in accordance with ENSR SOP No.
7600Pines - Decontamination of Field Equipment. For smaller materials such as
caps, they may be decontaminated using detergent and water in accordance with
ENSR SOP No. 7600Pines - Decontamination of Field Equipment.
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7.2 Wed Construction Procedure

7.2.1 Depth Measurement

Once the target drilling depth has been reached, the drilling subcontractor will
measure the total open depth of the borehole with a weighted tape measure.

Adjustments of borehole depth can be made at this time by drilling further or

installing a small amount of sand filter material to achieve the desired depth. The
water table depth may also be checked with a water level indicator if this

measurement cannot be obtained with the weighted tape.

7.2.2 Well Construction

The weU screen and riser pipe generally are assembled by hand as they are

lowered into the borehole through the hollow-stem augers. Before the well
screen is inserted into the borehole, the full length of the slotted portion of the

well screen as well as the unslotted portion of the bottom of the screen should be '-
measured with a measuring tape. These measurements should be recorded on
the well construction diagram.

After the above measurements have been taken, the drilling subcontractor may
begin assembling the well. As the assembled well is lowered, care should be

taken to ensure that it is centered in the hole. The well should be temporarily
capped or covered before filter sand and other annular materials are installed.

The well should be set at the base of the borehole, and this should be confirmed
by observation or measurement at the time of installation.

7.2.3 Filter Sand Installation

The drilling subcontractor should fill the annular space surrounding the screened

section of the monitoring well to at least 1 foot above the top of the screen with

an appropriately graded, dean sand or fine gravel. In general, the filter pack
should not extend more than 3 feet above the top of the screen to limit the

thickness of the monitoring zone. If coarse filter materials are used, an additional

1-foot thick layer of fine sand should be placed immediately above the filter pack

to prevent the infiltration of sealing components (bentonite or grout) into the filter

pack. As the filter pack is placed, a weighted tape should be lowered into the
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annular space to verify the depth to the top of the layer. Depending upon depth,
some time may be required for these materials to settle. If necessary, to
eliminate possible bridging or creation of voids, placement of the sand pack may
require the use of a tremie pipe. Tremie pipe sandpack installations are
generally suggested for deep water table wells and for wells that are screened
some distance beneath the water table. The augers should be gradually
removed from around the well as the sand pack is being installed.

7.2.4 Bentonite Seal Installation

A minimum 2-foot thick layer of bentonite pellets or slurry seal will be installed by
the drilling subcontractor immediately above the well screen filter pack in all
monitoring wells. The purpose of the seal is to provide a barrier to vertical flow of
water in the annular space between the borehole and the well casing. Bentonite
is used because it swells significantly upon contact with water. Pellets or chips
generally can be installed in shallow boreholes by pouring them very slowly from
the surface. If they are poured too quickly, they may bridge at some shallow,
undesired depth. As an option, powdered bentonite may be mixed with water
into a thick slurry and a tremie pipe can be used to inject the material at the
desired depth. The bentonite materials will be hydrated by adding water to them
after they have been placed in the borehole.

*

7.2.5 Annular Grout Seal Installation

The remainder of the annular space between the bentonite seal and the ground
surface will be filled with grout. This grout seal should consist of a
bentonite/cement mix with a ratio of bentonite to cement of between 1:5 and
1:20. The grout ratio should be chosen by the drilling subcontractor based on
site conditions with a higher percentage of bentonite generally used for
formations with higher porosity. The grout material will be mixed with water and
placed into the borehole using a tremie pipe.

The borehole annulus will be grouted with seal materials to within 3 feet of the
ground surface. Drill cuttings will not be used as backfill material.
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7.2.6 Wed Completion

The drilling subcontractor will cut the top of the we! to the desired height and

install a locking cap. WeH casings are usually cut to be a certain height above

ground surface (typically 2.5 to 3 feet) or are cut to be flush with the ground

surface, depending on the well location.

73.7 Protective Casing/Concrete Pad Installation

The drilling subcontractor will install a steel guard pipe on the well as a protective

casing. A 2-foot by 2-foot cement apron will be installed to hold the protective

casing (i.e.. road boxes or stand up casing) in place. The surface of the concrete

pad wiN be sloped so that drainage occurs away from the weH. Flush-mount

protective casings may not require an extensive concrete pad and should be

completed such that they are slightly mounded above the surrounding surface to

prevent surface water from running over or ponding on top of the casing. It

should be noted that in areas subject to snowfall, flush-mount casings may have

to be installed so that they are entirely flush with the ground surface as they may

be damaged by snow plows.

Above-ground protective casings should also be vented or should have non-air

tight caps. Road box installations should not be vented. Installation of additional

guard pipes may be necessary around above-ground well completions in traffic

areas. Al new monitoring wells will include a locking well cap with locks that are

keyed alike.

7.2.8 Well Numbering

The field personnel will number each well casing with an indelible marker or paint

to identify the weH. This is particularly important with nested or paired wells to

distinguish between shallow and deep wells. The well should be labeled on both

the outside of the protective casing and inside beneath the protective casing lid.

Well identification numbers will be as specified in the FSP.
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7.2.9 Measuring Point Identification

The project field personnel will mark the measuring point from which water level
measurements will be made at the upper edge of the well casing. PVC wells can
easily be notched with a pocket knife or saw, or can be marked with a waterproof
marker on the outside of the well casing with an arrow pointing to the measuring
point location. The measuring point is the point that will require surveying during
the well elevation survey task.

7.2.10 Well Measurements

Upon completion, the following well measurements should be taken by field
personnel and recorded on the Monitoring Well Construction Diagram (Figure 1):

• Depth to static water level if water level has stabilized (refer to ENSR SOP
No. 101 Pines - Water Level Measurements),

• Total length of well measured from top-of-well casing (refer to ENSR SOP
No. 101 Pines - Water Level Measurements),

• Height of well casing above ground surface,

• Height of protective casing above ground surface,

• Depth of bottom of protective casing below ground surface (may be
estimated).

Well screen filter pack, bentonite seal and annular seal thicknesses and depths
should also be recorded on the Monitoring Well Construction Diagram (F:igure 1).

7.2.11 Disposal of Drilling Wastes

Drill cuttings and other disposable materials must be properly contained and
disposed of. Site-specific requirements for collection and removal of these waste
materials are outlined in the FSP. Containment of these materials should be
performed by the drilling subcontractor.
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7.2.12 Well Development

At some point after installation of a well and prior to use of the well for water level

measurements or collection of water quality samples, development of the well

shaH be undertaken in accordance with ENSR SOP No. 7221 Pines - Monitoring

Well Development.

7.2.13 Well Elevation Survey

At the completion of the well installation program. aH monitoring wells will be

surveyed to provide, at a minimum, the location (x and y coordinates), and the

top-of-casing measuring point elevation for water level monitoring purposes.

Other surveyed points required by the FSP include ground surface elevation, top

of protective casing elevation, and well coordinate position. Well elevation

surveys wiH be conducted by a surveying subcontractor in accordance with the

FSP.

8.0 DATA AND RECORDS MANAGEMENT

All field information wiH be recorded in the field logbook or on a field collection form by field

personnel. In addition, a field project logbook will be maintained detailing any problems or

unusual conditions that may have occurred during the well drilling and installation process.

The records generated in this procedure will become part of the permanent record supporting

the associated field work. AH documentation will be retained in the project files following project

completion.

9.0 QUALITY CONTROL AND QUALITY ASSURANCE

Field personnel should follow specific quality assurance guidelines as outlined in the QAPP

and/or FSP.

Certain quality control measures should be taken to ensure proper well completion.

• The borehole wril be checked for total open depth, and extended by further drilling or

shortened by backfilling, if necessary, before any well construction materials are placed. ^
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• The water level will be checked during well installation to ensure that the positions of
well screen, sand pack, and seal relative to water level conform to project requirements.

• The depth to the top of each layer of packing (i.e., sand, bentonite, grout) will be verified
and adjusted if necessary to conform to project requirements before the next layer is
placed.

• If water or other drilling fluids (for example, to control running sands) have been
introduced into the boring during drilling or well installation, samples of these fluids may
be required for analysis of chemical constituents of interest.

10.0 REFERENCES

ENSR SOP No. 101 Pines - Water Level Measurements.

- ..) ENSR SOP No. 7221 Pines - Monitoring Well Development.

ENSR SOP 7600Pines - Decontamination of Field Equipment. Revision 3.0.
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FIGURE 1 - Example Monitoring Well Construction Detail

WELL**

MOMTORMG WELL CONSTRUCTION DETAIL
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APPENDIX - GLOSSARY

Annulus: The measured width between the borehole wall and the outside of the well screen or riser
pipe.

Bentonite Seal: A granular, chip, or pellet-size bentonite material that is often used to provide an
annular seal above the well screen filter pack. This seal is typically installed dry followed by in-
place hydration with or without the addition of water. Hydrated bentonite is sometimes used as a
grout seal.

Bottom Cap/Plug: Threaded or slip-on cap placed at the bottom of the well prior to installation.
Often serves as a sump for accumulation of silt which settles within the well. The measured length
from the lowermost well screen slot to the bottom of the bottom cap is known as the sump or tail
pipe portion of the well.

Centralizers: Stainless steel expansion clamps which, when fitted to well screens or riser pipe,
expand to contact the borehole walls positioning the well centrally within the open borehole.
Centralizers assist with even positioning and distribution of filter pack and sealant materials and
assist with maintaining well plumbness.

Expansion Cap/Well Cap: Cap used to cover the opening at the top of the well riser pipe.
Expansion caps are equipped with a rubber gasket and threaded wing nut which, when turned,
provides a watertight seal. Expansion caps may also be locked, and generally are recommended
for use with flush-constructed wells where road box protective casings are also used. Other well
caps may include slip-on or threaded caps made of the same material as the well casing.

Filter Pack: A well-graded, clean sand or gravel placed around the well screen to act as a filter in
preventing the entry of very fine soil particles into the well.

Grout Seal: A cement/bentonite mixture used to seal a borehole that has been drilled to a depth
greater than the final well installation depth or to seal the remaining borehole annulus once the well

has been installed. Occasionally, pure cement or pure bentonite is used as a grout seal.

Measuring Point: A selected point at the top of the well casing (riser pipe) used for obtaining
periodic water-level measurements. The measuring point should consist of either a notch or

indelibly marked point on the upper surface of the casing. Typically, the highest point on the casing
(if not level) is used as the measuring point. The measuring point is also the point that is surveyed

when well elevation data is obtained.



[SOPMUMBER: 7220Pines

Monitoring Well Construction and Installation Date: January 2005
Revision Number 1.0

Page: 15 of 15

Protective Casing: A locking metal casing, placed around that portion of the wel riser pipe that

extends above the ground surface. The protective casing is generally cemented in place when the

concrete pad is constructed around the well.

Riser Pipe: The section of unperforated well casing material used to connect the well screen with
the ground surface. Frequently, it is made of the same material and has the same diameter as the
well screen. Riser pipe is typically available pre-cleaned and pre-threaded for immediate use.

Road Box: A protective casing that is flush-mounted with the ground around a weH installation.

Road boxes are used in areas where the monitoring well cannot extend above the ground surface
for traffic or security reasons. Road boxes usually require a special key to open.

Tremie Pipe: A smaH diameter pipe which fits in the open borehole annulus and is used to inject

filter sands or hydrated seal materials under pressure.

Wed Screen: That portion of the weN casing material that is perforated in some manner so as to
provide a hydraulic connection to the aquifer. Typically a well screen is purchased pre-slotted, pre-

cleaned. and pre-threaded for immediate use.

Vent Hole: Small diameter hole drilled in the upper portion of the weH riser pipe which provides
atmospheric venting of the weH. Allows for constant equilibration of the water level with changing

atmospheric conditions. In flood-prone areas, or with flush-mount wells, vent holes should not be
used.
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LIST OF ACRONYMS

FSP Field Sampling Plan

HASP Health and Safety Plan

IDW Investigation Derived Waste

OSHA Occupational Safety and Health Administration

QAPP Quality Assurance Project Plan

SOP Standard Operating Procedure
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1.0 SCOPE AND APPLICABILITY

This Standard Operating Procedure (SOP) describes the methods used for developing newly
instaBed monitoring weds and/or existing wells that may require redevelopment/rehabilitation.

This SOP is appficable to any weds that require development in accordance with the Field
Sampling Plan (FSP).

Monitoring well development and/or redevelopment is necessary for several reasons:

• To improve/restore hydraulic conductivity of the surrounding formations as they have
Skery been disturbed during the drilling process, or may have become partially plugged

with silt;

• To remove drilling fluids (water, mud), when used, from the borehole and surrounding

formations; and

To remove residual fines from weH filter materials and reduce turbidity of groundwater,
therefore, reducing the chance of chemical alteration of groundwater samples caused by

suspended sediments and provide representative groundwater samples.

2.0 SUMMARY OF METHOD

Well development generally involves withdrawal of an un-specified volume of water from a well
using a pump, surge block or other suitable method such that, when completed effectively, the

well is in good or restored hydraulic connection with the surrounding water bearing unit and is

suitable for obtaining representative groundwater samples or for other testing purposes.

3.0 HEALTH AND SAFETY WARNINGS

Monitoring weH development may involve chemical hazards associated with exposure to

materials in the groundwater being investigated and physical hazards associated with use of

we! development equipment. When well development is performed, adequate health and safety

measures must be taken to protect field personnel. These measures are addressed in the

project Health and Safety Plan (HASP). All work will be conducted in accordance with the

HASP.



SOP NUMBER: 7221 Pines

} Monitoring Well Development Date: Mav2005

' *" r Revision Number: 2.0
Page: 4 of 14

4.0 INTERFERENCES

Potential interferences could result from cross-contamination between sample locations.
Minimization of the cross-contamination will occur through the use of clean tools at each
location, which will require decontamination of sampling equipment as per ENSR SOP No.
7600Pines - Decontamination of Field Equipment.

The process of installing a well necessarily disturbs the geologic formation. Wells will be
developed appropriately as described in this SOP. The wells will be allowed to stabilize a
minimum of two weeks after development before a well is sampled. In no cases will methods
using air (e.g., air jetting) be used for well development on this project as they have a high
potential to change geochemical conditions in the vicinity of the well.

5.0 PERSONNEL QUALIFICATIONS

Well development procedures vary in complexity. It is recommended that initial development
JL_..j) attempts be supervised by more experienced personnel.

Field personnel must be health and safety certified as specified by the Occupational Safety and
Health Administration (OSHA) (29 CFR 1910.120(e)(3)(i)) to work on sites where hazardous
waste materials may be present.

It is the responsibility of the field personnel to be familiar with the procedures outlined within this
SOP, quality assurance, and health and safety requirements outlined within the FSP, Quality
Assurance Project Plan (QAPP), and HASP. Field personnel are responsible for proper well
development, decontamination of equipment, as well as proper documentation in the field
logbook or field forms (if appropriate).

6.0 EQUIPMENT AND SUPPLIES

Well development can be performed using a variety of methods and equipment. The specific
method chosen for development of any given well is governed by the purpose of the well, well
diameter and materials, depth, accessibility, geologic conditions, static water level in the well,
and type of constituents present, if any.

The following list of equipment, each with their own particular application, may be used to
develop and/or purge monitoring wells. In no cases will methods using air (e.g., air jetting) be
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used on this project as they have a high potential to change geochemical conditions in the

vicinity of the weH.

6.1 Bafler Purging

A baier is used to purge silt-laden water from wells after using other devices such as a

surge block. In some situations, the bailer can be used to develop a weH by bailing and
surging, often accompanied with pumping. A bailer can be used for purging in situations

where the depth to static water is greater than 25 feet and/or where insufficient hydraulic
head is available for use of other development methods.

6.2 Surge Block Development

Surge blocks are commercially available for use with Waterra™-type pumping systems

or may be manufactured using a "plunger" attached to a rod or pipe of sufficient length to

reach the bottom of the weH. Well drillers usually can provide surge blocks if requested.
A recommended design is shown in Figure 1.

6.3 Pump Development

A pump is often necessary to remove large quantities of silt-laden ground water from a

weH after using the surge block. In some situations, the pump alone can be used to
develop the weH and remove the fines by overpumping. Because the purpose of well

development is to remove suspended solids from a well and the surrounding filter pack,

the pump must be capable of moving some solids without damage. The preferred pump
is a submersible pump, which can be used in both shallow and deep ground water

situations. A centrifugal pump may be used in shallow wells, but wiH work only where

the depth to static ground water is less than approximately 25 feet Pumping may not be

successful in low-yielding aquifer materials or in wells with insufficient hydraulic head.

6.4 Other Required Materials:

• Well Development Records (Figure 2)

• Boring and well construction logs (if available)

• Utility knife

• Plastic sheeting

• Buckets
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• Paper towels
• Trash bags
• Power source (generator or 12-volt marine battery)
• Water level meter and/or well depth measurement device
• Water quality instrumentation to measure turbidity (i.e., nephelometer)
• Instrument calibration solutions
• Equipment decontamination supplies (as required by ENSR SOP No. 7600Pines -

Decontamination of Field Equipment)
• Health and safety supplies (as required by the HASP)
• Appropriate containers and materials to manage investigation-derived waste (IDW)

(as specified in the FSP)
• Approved plans (e.g., HASP, QAPP, FSP)
• Field project logbook/pen

7.0 METHODS

|kkj|) 7.1 General Preparation

Well completion diagrams should be reviewed to determine well construction
characteristics. Formation characteristics should also be determined from review of
available boring logs.

Well development, similar to groundwater sampling, should be conducted in as clean an
environment as possible. This usually requires, at a minimum, placing sheet plastic on
the ground to provide a clean working area for development equipment.

Provisions should be in place for collection and management of IDW, specifically well
.,. development water and miscellaneous expendable materials generated during the

• development process. The collection of IDW in drums or tanks may be required
depending on project-specific requirements. The FSP specifies the requirements for
IDW containment.

The water level and well depth should be measured in accordance with ENSR SOP No.
101 Pines - Water Level Measurements and written on the Well Development Record
(Figure 2). This information is used to calculate the volume of standing water (i.e.,. the
well volume) within the well.
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Doling fluids such as mud or water, if used during the driKng and well installation

process, should be removed during the well development procedure. It is recommended

that a minimum of 3 times the volume of added fluid be removed from the well during

development If the quantity of added fluid is not known or cannot be reasonably

estimated, removal of a minimum of 20 well volumes of water is recommended during

the development procedure.

7.2 Development Procedure

7.2.1 Development Method Selection

The construction details of each well shall be used to define the most suitable

method of wed development. Some consideration should be given to the

potential concentrations of constituents in each well as this will impact IDW

containment requirements.

The criteria for selecting a well development method include well diameter, total

well depth, static water depth, screen length, the likelihood and potential

concentrations of constituents, and characteristics of the geologic formation

adjacent to the screened interval.

The limitations, if any, of a specific procedure are discussed within each of the

following procedures.

7.2.2 General Water Quality Measurements (optional)

Measurements for water quality parameters such as specific conductance may

be monitored periodically during development using the available water quality

instruments (e.g.. ENSR SOP No. 105Pines - Operation and Calibration of the

YSI 6920 Multi-Parameter Water Quality Monitor). These measurements may be

used to determine whether or not well development is proceeding efficiently,

determine whether or not the development process is effective with any given

well and. potentially, may identify well construction irregularities (i.e., grout in

well, poor well screen slot-size selection). Water quality parameters will be

recorded on the Well Development Record (Figure 2).
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7.2.3 Turbidity

Turbidity will be monitored during well development to monitor the progress of
development. Visual observations on turbidity, such as silty or cloudy water,
should be noted in the Well Development Record (Figure 2). Turbidity should
also be measured quantitatively using a nephelometer. Turbidity should be
measured a minimum of three times during development, including at the
completion of development. All turbidity readings will be recorded in the Well
Development Record (Figure 2).

7.2.4 Bailer Procedure

As stated previously, bailers shall preferably not be used for well development
but may be used in combination with a surge block to remove silt-laden water

from the well.

• When using a bailer to purge well water; select the appropriate bailer, then
tie a length of bailer cord onto the end of it.

• Lower the bailer into the screened interval of the monitoring well. Silt, if
present, will generally accumulate within the lower portions of the well
screen.

• The bailer may be raised and lowered repeatedly in the screened interval to
further simulate the action of a surge block and pull silt through the well
screen.

• Remove the bailer from the well and empty it into the appropriate storage
container.

• Continue surging/bailing the well until sediment-free water is obtained. If
moderate to heavy siltation is still present, the surge block procedure
should be repeated and followed again with bailing. If it is not possible to
further reduce the visible turbidity, the well will be purged a maximum of

four hours.

I '.\ • Check turbidity and any other water quality parameters, periodically.
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7.2.5 Surge Stock Procedure

A surge block effectively develops most monitoring wells. This device first

forces water within the well through the well screen and out into the formation,

and then putts water back through the screen into the wed along with fine soil

particles. Surge blocks may be manufactured to meet the design criteria

shown in the example (Figure 1) or may be purchased as an adaptor to fit

commercially available well purging systems such as the Waterra™ system.

• Insert the surge block into the well and lower it slowly to the level of static

water. Start the surge action slowly and gently above the well screen using

the water column to transmit the surge action to the screened interval. A

slow initial surging, using plunger strokes of approximately 3 feet, will allow

material that is blocking the screen to separate and become suspended.

• After 5 to 10 plunger strokes, silt-laden water wiH be removed from the well

using a pump integrated with the surge block, or removing the surge block

to purge the well using a pump or bailer. The returned water should be

heavily laden with suspended silt and day particles. Discharge the purged

water into the appropriate storage container.

• Repeat the process. As development continues, slowly increase the depth

of surging to the bottom of the well screen. For monitoring wells with long

screens (greater than 10 feet) surging should be undertaken along the

entire screen length in short intervals (2 to 3 feet) at a time. Continue this

cycle of surging and purging until the water yielded by the well is free of

visible suspended material If it is not possible to further reduce the visible

turbidity, the weN will be purged a maximum of four hours.

• Check turbidity and any other water quality parameters periodically.

7.2.6 Pump Procedure

Well development using only a pump is most effective in monitoring wells that

will yield water continuously. Theoretically, pumping will increase the hydraulic

gradient and velocity of groundwater near the well by drawing the water level

down. The increased velocity will move residual fine soil particles into the well 1
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and clear the well screen of this material. Effective development cannot be
accomplished if the pump has to be shut off to allow the well to recharge.

• When using a submersible pump or surface pump, set the intake of the
pump or intake line in the center of the screened interval of the monitoring
well.

• Pump a minimum of three well volumes of water from the well and raise
and lower the pump line through the screened interval to remove any
silt/laden water.

• Continue pumping water from the well until sediment-free water is obtained.
This method may be combined with the manual surge block method if well
yield is not rapid enough to extract silt from the surrounding formations. If it
is not possible to further reduce the visible turbidity, the well will be purged

a maximum of four hours.

• Check turbidity and any other water quality parameters periodically.

7.3 Equipment Decontamination

All equipment that comes into contact with groundwater (e.g., surge block) will be
decontaminated in accordance with ENSR SOP No. 7600Pines - Decontamination of
Field Equipment before moving to the next location. The bailer should be properly
discarded and disposed of in accordance with procedures for managing IDW outlined in
the FSP.

8.0 DATA AND RECORDS MANAGEMENT

All field information will be recorded in the field logbook or on a field collection form by field
personnel. In addition, a field project logbook will be maintained detailing any problems or
unusual conditions that may have occurred during the development process.

The records generated in this procedure will become part of the permanent record supporting
the associated field work. All documentation will be retained in the project files following project

completion.
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9.0 QUALITY CONTROL AND QUALITY ASSURANCE

Field personnel should follow specific quality assurance guidelines as outlined in the Quality
Assurance Project Plan (QAPP) and/or FSP.

A we! wil have been successfully developed when one or more of the following criteria are met:

• The sediment load in the weH has been eliminated or greatly reduced. Use of a
nephelometer is required during the well development procedure to measure water turbidity
if meeting a specific turbidity value is required by the FSP. Attaining low turbidity values in

fine-grained formations may be difficult to achieve.

• If it is not possible to reduce turbidity to acceptable levels, the well wiH be developed for a
maximum of four hours.

10.0 REFERENCES

ENSR SOP No. 105Pines - Operation and Calibration of the YSI 6920 Multi-Parameter Water
Quafty Monitor.

ENSR SOP No. 101 Pines - Water Level Measurements.

ENSR SOP No. 7600Pines - Decontamination of Field Equipment Revision 3.0.
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FIGURE 1 - RECOMMENDED SURGE BLOCK DESIGN
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FIGURE 2 - EXAMPLE WELL DEVELOPMENT RECORD
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APPENDIX A - GLOSSARY
•

Bridging: A condition within the filter pack outside the well screen whereby the smaller particles are
wedged together in a manner that causes blockage of pore spaces.

Hydraulic Conductivity: a characteristic property of aquifer materials which describes the
permeability of the material with respect to flow of water.

Hydraulic Connection: A properly installed and developed monitoring well should have good
hydraulic connection with the aquifer. The well screen and filter material should not provide any
restriction to the flow of water from the aquifer into the well.

Permeability Test: Used to determine the hydraulic conductivity of the aquifer formation near a well
screen. Generally conducted by displacing the water level in a well and monitoring the rate of
recovery of the water level as it returns to equilibrium. Various methods of analysis are available to
calculate the hydraulic conductivity from these data.

Static Water Level: The water level in a well that represents an equilibrium or stabilized condition,
usually with respect to atmospheric conditions in the case of monitoring wells.

Well Surging: That process of moving water in and out of a well screen to remove fine sand, silt
and clay size particles from the adjacent formation.

Well Purging: The process of removing standing water from a well to allow surrounding formation
water to enter the well.

Well Screen: That portion of the well casing material that is perforated in some manner so as to

provide a hydraulic connection to the aquifer. The perforated, or slotted, portion of a well is also
known as the screened interval.
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UST OF ACRONYMS

COC Chain-of-Custody

DOT Department of Transportation

HASP Health and Safety Plan

OSHA Occupational Safety and Health Adminstration

QA Quality Assurance

QAPP Quality Assurance Project Plan

RCRA Resource Conversation and Recovery Act

Rl Remedial Investigation
\J

SOP Standard Operating Procedure

USEPA United States Environmental Protection Agency
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1.0 SCOPE AND APPLICABILITY

This Standard Operating Procedure (SOP) describes the procedures associated with the
packaging and shipment of environmental samples consisting of water, soil, and sediment
submitted for routine environmental testing. Environmental samples are not considered a
Resource Conservation and Recovery Act (RCRA) classified hazardous waste by definition;
therefore, more stringent RCRA and Department of Transportation (DOT) regulations regarding
sample transportation do not apply. Environmental samples do, however, require fairly stringent
packaging and shipping measures to ensure sample integrity as well as safety for those
individuals handling and transporting the samples.

This SOP is designed to provide a high degree of certainty that environmental samples will
arrive at their destination intact. This SOP assumes that samples will often require shipping
overnight by a commercial carrier service; therefore, the procedures are more stringent than
may be necessary if a laboratory courier is used or if samples are transported directly to their
destination by a field personnel. Should either of the latter occur, the procedures may be
modified to reflect a lesser degree of packaging requirements.

2.0 SUMMARY OF METHOD

Sample packaging and shipment involves the placement of individual sample containers into a
cooler or other similar shipping container and placement of packing materials and coolant in
such a manner as to isolate the samples, maintain the required temperature, and to limit the
potential for damage to sample containers when the cooler is transported.

3.0 HEALTH AND SAFETY WARNINGS

Sampling personnel should be aware that packaging and shipment of samples involves
potential exposure and physical hazards primarily associated with handling of occasional broken
sample containers and lifting of heavy objects. Adequate health and safety measures must be
taken to protect field personnel. These measures are addressed in the project Health and
Safety Plan (HASP). All work will be conducted in accordance with the HASP.
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4.0 INTERFERENCES

Sample containers with presumed high constituent concentrations should be isolated within their
own cooler with each sample container placed into a zipper-lock bag.

5.0 PERSONNEL QUALIFICATIONS

Sample packaging and shipment is a relatively simple procedure requiring minimal training and
a minimal amount of equipment It is recommended that initial attempts be supervised by more
experienced personnel.

Field personnel should be health and safety certified as specified by the Occupational Safety
and Health Administration (OSHA) (29 CFR 1910 120(e)(3)(i)) to work on sites where

hazardous waste materials may be present.

It is the responsibility of the field personnel to be familiar with the procedures outlined within this
SOP. quality assurance, and health and safety requirements outlined within the FSP. Quality
Assurance Project Plan (QAPP), and HASP. Field personnel are also responsible for proper
documentation in the field logbook.

6.0 EQUIPMENT AND SUPPLIES

General field supplies include the following items:

• Sample coolers

• Sample containers

• Shipping labels

• Chain-of-custody (COC) form (Figure 1)

• Custody tape (Figure 2)

• Bubble wrap

• VermicuIHe (granular), or styrofoam pellets

• Ice

• Temperature blank

• Transparent tape, or rubber bands

• Fiber tape

• Duct tape
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• Utility knife
• Zipper-lock plastic bags
• Trash bags
• Health and safety supplies (as required by the HASP)
• Field project logbook/pen

7.0 METHODS

7.1 Preparation

The extent and nature of sample containerization will be governed by the type of sample, and
the most reasonable projection of the sample's hazardous nature and constituents. U.S.
Environmental Protection Agency (USEPA) regulations (40 CFR Section 261.4(d)) specify that
samples of solid waste, water, soil or air, collected for the sole purpose of testing, are exempt
from regulation under RCRA when any of the following conditions are applicable:

• Samples are being transported to a laboratory for analysis;

• Samples are being transported to the collector from the laboratory after analysis;

• Samples are being stored (1) by the collector prior to shipment for analyses, (2) by the
analytical laboratory prior to analyses, or (3) by the analytical laboratory after testing but
prior to return of sample to the collector or pending the conclusion of a court case.

7.1.1 Laboratory Notifications

Prior to sample collection, the ENSR Remedial Investigation (Rl) Task Manager
or designee must notify the laboratory project manager of the number, type, and
approximate collection and shipment dates for the samples. If the number, type,
or date of sample shipment changes due to program changes that may occur in
the field, the ENSR Rl Task Manager or alternate must notify the laboratory of
the changes. Additional notification from the field is often necessary when
shipments are scheduled for weekend delivery.

7.1.2 Cooler Inspection and Decontamination

Laboratories will often re-use coolers. Every cooler received at a project location
should be inspected for condition and cleanliness. Any coolers that exhibit
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cracked interiors or exterior linings/panels or hinges should be discarded
because the insulating properties of the coolers would be considered

compromised. Any coolers missing one or both handles should also be
discarded if replacement handles (i.e., knotted rope handles) can not be

fashioned in the field.

The interior and exterior of each cooler should be inspected for cleanliness

before using it. Excess strapping tape and old shipping labels should be

removed. If the cooler interior exhibits visible contamination or odors it should
not be used. Drain plugs should be sealed on the inside with duct tape.

7.2 Sample Packaging

7.2.1 Place plastic bubble wrap matting over the base of each cooler or shipping

container as needed. A 2- to 3-inch thick layer of vermiculite may be used as a

substitute base material.

7^2 Insert a dean trash bag into the cooler to serve as a liner.

7.2.3 Check that each sample container is sealed, labeled legibly, and is externally

dean. Re-label and/or wipe bottles dean if necessary. Clear tape should be
placed over the labels to protect them and keep them from falling off the

container. Wrap each sample bottle individually with bubble wrap secured with
tape or rubber bands. For aqueous samples in glass containers, each sample
should be sealed in a 2ipper-k>ck bag to prevent leakage and cross-

contamination in the case of breakage. Place bottles into the cooler in an upright

single layer with approximately one inch of space between each bottle. Do not
stack bottles or place them in the cooler lying on their side. If plastic and glass

sample containers are used, alternate the placement of each type of container

within the cooler so that glass bottles are not placed side by side.

7.2.4 Insert the cooler temperature blank supplied by the laboratory into each cooler (if
any).

7.2.5 Place additional vermiculite. bubble wrap, and/or styrofoam pellet packing
material throughout the voids between sample containers within each cooler to a
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level that meets the approximate top of the sample containers. Packing material
may require tamping by hand to reduce the potential for settling.

7.2.6 Double bag cubed ice in heavy duty zipper-lock plastic bags, close the bags, and
distribute the bagged ice in a layer over the top of the samples. Loose ice should
never be used. Cold packs should be used only if the samples are chilled before
being placed in the cooler.

7.2.7 Add additional bubble wrap/styrofoam pellets or other packing materials to fill the
balance of the cooler or container.

7.2.8 Obtain two pieces of COC tape as shown in Figure 2 and enter the custody tape
numbers in the appropriate place on the COC form (Figure 1). Sign and date the
COC tape.

7.2.9 Complete the COC form per ENSR SOP No. 1007Pines - Chain-of-Custody
Procedures. If shipping the samples involves use of a third party commercial
carrier service, sign the COC record thereby relinquishing custody of the
samples. Shippers should not be asked to sign COC records. If a laboratory
courier is used, or if samples are transported to the laboratory by field personnel,
the receiving party should accept custody and sign the COC records. Remove
the last copy from the multi-form COC and retain it with other field notes. Place
the original (with remaining copies) in a zipper-lock plastic bag and tape the bag
to the inside lid of the cooler or shipping container.

7.2.10 Close the lid of the cooler or the top of the shipping container.

7.2.11 Place the COC tape at two different locations (i.e., one tape on each side) on the
cooler or container lid and overlap with transparent packaging tape.

7.2.12 Packaging tape should be placed entirely around the sample shipment
containers. A minimum of two full wraps of packaging tape will be placed at least
two places on the cooler/container.

7.2.13 Repeat the above steps for each cooler or shipping container.
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7.3 Sample Stepping

Transport the cooler/container to the package delivery service office or arrange for

package pick-up at the site. FW out the appropriate shipping form or airbill and affix it to

the cooler/container. Some courier services may use multi-package shipping forms

where only one form needs to be filled out for all packages going to the same

destination. If not. a separate shipping form should be used for each cooler/container.

The receipt for package tracking purposes should be kept in the project files, in the event

a package becomes lost.

Each cooler/container also requires a shipping label that indicates point of origin and

destination. This wM aid in recovery of a lost cooler/container if a shipping form gets

misplaced.

Never leave coolers/containers unattended while waiting for package pick-up.

Airbus or waybills wiH be maintained as part of the custody documentation in the project

files.

7.4 Sample Receipt

Upon receipt of the samples, the analytical laboratory will open the cooler or shipping

container and wril sign 'received by laboratory" on each COC form. The laboratory will

verify that the COC tape has not been broken previously and that the tape number

corresponds with the number on the COC record. The laboratory wiH note the condition

of the samples upon receipt and wiN identify any discrepancies between the contents of

the cooler/container and COC. The analytical laboratory will then forward the back copy

of the COC record to the project Quality Assurance (QA) Officer to indicate that sample

transmittal is complete.

8.0 DATA AND RECORDS MANAGEMENT

Documentation supporting sample packaging and shipment consists of COC records and

shipping records. All documentation will be retained in the project files following project

completion.
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9.0 QUALITY CONTROL AND QUALITY ASSURANCE

The potential for samples to break during transport increases greatly if individual containers are
not snugly packed into the cooler. Packed coolers may be lightly shake-tested to check for any
loose bottles. The cooler should be repacked if loose bottles are detected.

Environmental samples are generally shipped so that the samples are maintained at a
temperature of approximately 4°C. Temperature blanks may be required for some projects as a
quality assurance check on shipping temperature conditions. These blanks usually are supplied
by the laboratory and consist of a 40-ml vial or plastic bottle filled with tap water. Temperature
blanks should be placed near the center of the cooler.

10.0 REFERENCES

ENSR SOP No. 1007Pines - Chain-of-Custody Procedures.
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FIGURE 1 - Example Chain of Custody Form

CHAM OF CUSTODY RECORD

v;

ENSR
4303W LaPorteAve
Fat Cofcns. CO 80521
(970)416-0916

^



Packaging and Shipment of
Environmental Samples

Date:
Revision Number:

Page:

September 2005
4.0
11 of 11

FIGURE 2 - Example Chain of Custody Tape
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1.0 SCOPE AND APPLICABILITY

This Standard Operating Procedure (SOP) describes the methods to be used for the
decontamination of field equipment used in the collection of environmental samples. Field
equipment for decontamination may include a variety of items used in the field for monitoring or
for collection of soil, sediment, and/or water samples, such as water level meters, water quality
monitoring meters (turbidity meter, multi-parameter meter), split-spoon samplers, trowels,
scoops, spoons, and pumps. Heavy equipment such as drill rigs also requires decontamination,
usually in a specially constructed temporary decontamination area.

Decontamination is performed as a quality assurance measure and a safety precaution.
Improperly decontaminated sampling equipment can lead to misinterpretation of environmental
data due to interference caused by cross-contamination between samples or sample locations
through use of contaminated equipment. Decontamination also protects field personnel from
potential exposure to hazardous materials on equipment.

This SOP emphasizes decontamination procedures to be used for decontamination of reusable
field equipment. Dedicated or disposable equipment will not need to be decontaminated.

2.0 SUMMARY OF METHOD

Decontamination is accomplished by manually scrubbing, washing, or spraying equipment with
detergent solutions, tap water, distilled/deionized water, and/or solvents.

Generally, decontamination of equipment is accomplished at each sampling site between
collection points. Waste decontamination materials such as spent liquids and solids will be
collected and managed as investigation derived waste (IDW) for later management and/or
disposal (refer to procedures outlined in the Field Sampling Plan (FSP)). All decontamination
materials, including wastes, should be stored in a central location so as to maintain control over
the materials used or produced throughout the investigation program.

3.0 HEALTH AND SAFETY WARNINGS

Decontamination procedures may involve chemical exposure hazards associated with exposure
to soil, water, or sediment and may involve physical hazards associated with decontamination
materials. When decontamination is performed, adequate health and safety measures must be

|L_J'' taken to protect field personnel. These measures are addressed in the project Health and
Safety Plan (HASP). All work will be conducted in accordance with the HASP.
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4.0

Equipment decontamination should be performed a safe distance away from the sampling area
so as not to interfere with sampling activities, but dose enough to the sampling area to maintain

an efficient working environment.

5.0 PERSONNEL QUALIFICATIONS

Decontamination of field equipment is a relatively simple procedure requiring minimal training. It

is recommended that the initial decontamination of field equipment be supervised by more
experienced personnel. Field personnel must be health and safety certified as specified by the
Occupational Safety and Health Administration (OSHA) (29 CFR 1910.120(eH3)(i)) to work on

sites where hazardous materials may be present.

It is the responsibility of field personnel to be familiar with the decontamination procedures
outlined within this SOP. qualty assurance, and health and safety requirements outlined within

FSP. Quality Assurance Project Ran (QAPP). and HASP. Field personnel are responsible for
decontamination of field equipment and for proper documentation in the field logbook.

6.0 EQUIPMENT AND SUPPLIES

General field supplies include the following items:

• Decontamination agents (which are specified in the FSP):
DETERGE NT8€>. or other non-phosphate and non-borate biodegradable
detergent;

Tap water
Distilled/deionized water and/or

10% nitric acid solution.

• Health and safety supplies (as required by the HASP)

• Chemical-free paper towels

• Waste storage containers: drums. 5-galkxi buckets with covers, plastic bags

• Cleaning containers: plastic buckets or tubs

• Cleaning brushes

• Pressure sprayers

• Squeeze bottles
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• Plastic sheeting
• Aluminum foil
• Zipper-lock bags
• Approved plans (e.g., HASP, QAPP, FSP)
• Field project logbook/pen

7.0 METHODS

7.1 General Preparation

7.1.1 New materials, such as well materials, are generally assumed to be clean and
decontamination is not anticipated. However, they should be inspected and if
they appear to be dirty, should be decontaminated.

Field equipment that is not frequently used should be wrapped in aluminum foil,
shiny side out, and stored in a designated "clean" area. Small field equipment
can also be stored in zipper-lock plastic bags to eliminate the potential for
contamination. Field equipment should be inspected and decontaminated prior
to use if the equipment appears dirty.

7.1.2 Heavy equipment (drill rigs, Geoprobes®, excavators) should be decontaminated
upon arrival at the Area of Investigation, prior to beginning any work.

7.1.2 A decontamination station will be established within an area that is convenient to
each sampling location. If single samples will be collected from multiple
locations, then a centralized decontamination station or a portable
decontamination station may be established.

7.1.3 One or more IDW containment stations should be established at this time also.
In general, decontamination solutions are discarded as IDW between sampling
locations.
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7.2 Decontamination for Inorganic (Metals) Analyses

7.2.1 This procedure applies to equipment used in the collection of environmental

samples submitted for inorganic constituent analysis. Examples of relevant items

of equipment include split-spoons, trowels, scoops/spoons, and other small

items. Submersible pump decontamination procedures are outlined in Section

7.4.

7.2.2 Decontamination is to be performed before sampling events and between

sampling points, unless otherwise noted in the FSP.

7.2.3 After a sample has been collected, remove all gross contamination from the

equipment or material by brushing and then rinsing with available tap water. This

initial step may be completed using a 5-gallon bucket filled with tap water. A

water pressure sprayer may also be used to remove solids and/or other

contamination.

7.2.4 Wash the equipment with a non-phosphate and non-borate detergent and tap

water solution. This solution should be kept in a 5-gallon bucket with its own

brush.

7.2.5 Rinse with tap water or distilled/deionized water until all detergent and other

residue is washed away. This step can be performed over an empty bucket

using a squeeze bottle or pressure sprayer.

7.2.6 Rinse with 10% nitric acid.

7.2.7 Rinse with distilled/deionized water to remove any residual acid.

7.2.8 Allow the equipment to air-dry in a dean area or blot with chemical-free paper

towels before reuse. Wrap the equipment in aluminum foi with the shiny side out

and/or seal it in a zipper-lock plastic bag if it will not be reused immediately.

7.2.9 Dispose of soiled materials and spent solutions in the designated IDW disposal

containers.
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7.3 Decontamination of Submersible Pumps

7.3.1 This procedure will be used to decontaminate submersible pumps before and
between groundwater sample collection points. This procedure applies to both
electric submersible and bladder pumps. This procedure does not apply to
discharge tubing if it will be reused between sampling points (see section 7.3.8
below).

7.3.2 Prepare the decontamination area if pump decontamination will be conducted
next to the sampling point. If decontamination will occur at another location, the
pump may be removed from the well and placed into a clean trash bag for
transport to the decontamination area. Pump decontamination is easier with the
use of 3-foot tall pump cleaning cylinders (i.e., Nalgene cylinder) for the various
cleaning solutions, although the standard bucket rinse equipment may be used.

7.3.3 Once the decontamination station is established, the pump should be removed
from the well and the discharge tubing and power cord coiled by hand as the
equipment is removed. If any of the equipment needs to be put down
temporarily, place it on a plastic sheet (around well) or in a clean trash bag. If a
disposable discharge line is used it should be removed and discarded at this
time.

7.3.4 As a first step in the decontamination procedure, use a pressure sprayer with tap
water to rinse the exterior of the pump and power cord as necessary. Collect the
rinsate and handle as IDW.

7.3.5 Place the pump into a pump cleaning cylinder or bucket containing a detergent
solution (phosphate-free, borate-free detergent in tap water). Holding the power
cord, pump solution through the pump system. A minimum of one gallon of
detergent solution should be pumped through the system. Collect the rinsate
and handle as IDW.

7.3.6 Remove the pump from the cylinder/bucket and if the pump is reversible, place
the pump in the reverse mode to discharge all removable water from the system.
If the pump is not reversible the pump and discharge line should be drained by
hand as much as possible. Collect the rinsate and handle as IDW.
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7.3.7 Using a pressure sprayer with distilled/deionized water, rinse the exterior of the
pump and power cord thoroughly, shake all excess water, then place the pump

system into a dean trash bag for storage. If the pump system wH not be used

immediately, the pump itself should be wrapped with aluminum foil before placing

it into the bag.

7.3.8 If tubing wiN be reused between locations, the tubing will also need to be
decontaminated. The tubing will remain attached to the pump and the
decontamination steps (7.3.4 through 7.3.7) above wHI be followed. Additional

volume of rinsate and distilled/deionized water will be used to compensate for the

volume within the tubing. At a minimum, the volume of rinsate should be three
times the capacity of the tubing.

7.4 Decontamination of Large Equipment

7.4.1 A temporary decontamination pad may be established for decontamination of
heavy equipment This pad may include a membrane-lined and bermed area
large enough to drive heavy equipment (e.g., drill rig. backhoe) onto with enough

space to spread other equipment and to contain overspray. Usually a small
sump is necessary to collect and contain rinsate (a pump is used to remove

these wastes from the sump). A water supply and power source is also
necessary to run steam cleaning and/or pressure washing equipment.

7.4.2 Upon arrival at the Area of Investigation, all heavy equipment (such as drill rigs)

should be thoroughly cleaned. This can be accomplished by steam cleaning or
high pressure water wash and manual scrubbing.

Between each sample location (i.e., between boreholes), heavy equipment that

has been in the ground must be cleaned by steam cleaning or high pressure
water wash and manual scrubbing. This may be performed at the

decontamination pad or in the vicinity of the drilling location.

8.0 DATA AND RECORDS MANAGEMENT

Specific information regarding decontamination procedures should be documented in the
project-specific field logbook. Documentation within the logbook should thoroughly describe the

construction of any decontamination facility and the decontamination steps implemented in
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order to show compliance with the FSP. Decontamination events should be logged when they
occur with the following information documented:

• Date, time, and location of each decontamination event

• Equipment decontaminated

• Method

• Solvents and/or acids used

• Notable circumstances

• Identification of equipment rinsate blanks

• Management of decontamination fluids

• Method, date, and time of equipment blank collection

• Disposition of IDW

Repetitive decontamination of small items of equipment does not need to be logged each time
the item is cleaned.

The records generated in this procedure will become part of the permanent record supporting
the associated field work. All documentation will be retained in the project files following project
completion.

9.0 QUALITY CONTROL AND QUALITY ASSURANCE

General guidelines for quality control check of field equipment decontamination usually require
the collection of quality control (QC) samples such as equipment rinsate blanks. These
requirements should be outlined in the QAPP and FSP.

Equipment rinsate blanks are generally made by pouring laboratory-supplied deionized water
into, over, or through the freshly decontaminated sampling equipment and then transferring this
water into a sample container. Equipment rinsate blanks should then be labeled as a sample
(as per the QAPP and FSP) and submitted to the laboratory to be analyzed for the same
parameters as the associated sample, or an appropriate subset thereof. Equipment rinsate
blank sample numbers, as well as collection method, time and location should be recorded in
the field logbook.

10.0 REFERENCES

Not applicable.



ATTACHMENT C

LABORATORY INSPECTION OF SUPPLIES

AOC •- Docket No V-W-"04-C-784 - Rl/FS WP - V3 QAPP September 16. 2005



! General Engineering Laboratories. LLC
i Revision 16 Effective January 2004

Quality Assurance Plan
GL-QS-B-001 Revision 16

Pa«e 1 of 130

GENERAL ENGINEERING LABORATORIES, LLC

QUALITY ASSURANCE PLAN

(GL-QS-B-001 REVISION 16)

PROPRIETARY INFORMATION

Tliis document, contains proprietary information that is the exclusive property of General Engineering
Laboratories, LLC (GEL;. No contents of this document may be reproduced or otherwise used for the
benefit of others except by express written permission of GEL.

Quality Assurance Plan Approval Signatures:

—• GtL's Document Control

Officer certifies this

document to be a true copy

of the fully executed

original. IAEJ

"repaid hy:
'"ij.'-.r.;T;. n.^r.ecrini; Lunonnonoi. LLC



Qua!:l-
3 Gcjxrai Engineering Laboratories LLC
' Revision 16 Eftixiivo J-niiiir. ZlXU

GL-QS-B-OGl Revision 16 i
Page 21 of 130 j

GuKfefines for the required cafibrabcn and
evaluation of this equipment are discussea in Section 7.

We perform radnchemicaf and bwassay analytical
sconces in accordance with the tfsstrumentanon and
reference methods approved by the Department of
Energy (DOE), the Environmental Measurements Lab
(EMU. the Environmental Protection Agency (EPA).
ASTM. and Los Alamos Health and Environmental
Chemsstry (LAHEC). Modrfcatefs to these memoes
may be appropriate as a result of Performance Based
Measurement Systems (PBMS

SOPs are used to descnbe cor procedures for aS
routine analyses performed icy our tabs. These
procedures induce step-by-steo instructions for sample
colection, storage, preparation analysis. instrument
calibration, quafity control. dtsposaL and data report™

SJ3 Procurement and Control of Purchased Kerns

Materials and services that affect the quality of our
products are designated as QuaEty Materais anc
Services and are only purchased 'nxr apprcvec
suppliers. We approve anc rJccrrert suoolsers
acccrrinG to GL-OS-E-00.1 fcr ̂  CorxJud c-' Quality

At GEL we mantam docuneniabon of sceofc cuai-ty
-equiraments fcr Guafiry Ma;erais anc Services. Recorcs
irrat <Jco.tretffi tfse cuafity c1 a ptxuc; 3: ser.ice .ray
jndude:

• ceitficaies of anaiys^ a".c
• vefiScsiXtt cf cherrica!
• rsEecicrs cf ecc^prren: c- ,r̂ :6r«ls
• venncattGrs cr anspeaxsts "f venoor proa;-

Oir prccedune fcr requs.r<yi.«r
. ecupcnen: arc cir:er ccnaror use inatena. s

%scrtoe<! in GL-RC-E-CQ2 fcr Malera! Recus'ticr. Trgse
'eouests typcafy

• Account, depanment, project number to which the
material is to be bled

• Recommended suppter or vendor
• Additional mtbrmation necessary to expedite the

purchase request
• Specifications thai could affect the quality of

products and services
• Vendors material part number
• Amours of rnsiensl needed
• Description oJ ratere!
• CosJ per unit
• Perscffs) authcfizag the purchase
• Time frame in which the material is needed

The ecuipmenL instruments and reference matenals
v;e purxt.ase are inspected upon receipt in accordance
with GL-RC-E-001 S>r !he Receipt and Inspection of
Material and Services. This inspector, is tc verify that
procured terns meet the acceptance criteria cefinerj in
;he prccL-renent documenta'Jon. Staff oerfcrming initial
inspeaicr rcufirely:

• Cper, srci inspect af Serris fcr damage

Co-care Uie .te.r̂  with fie issued purchase order
or ccfrjad for caiaiog or pan nunoer, description or
orocurement specfcator :uai!y 'ecu'rremenL anc
acoeptsnoe crten^

LsSe! ;:e:ris witr, a limged sneif ife •«:&• :lne Gale
•ccei/ec

Ceterrr.ine a ±e Aems ccarcnr. :c fre specifications

i and
ree ".
:ers

-:ci'vicijal responsiiie xriT
cf the :iem proviioes praxir
'̂ivir t̂ £ prcper

TCI to coriorm ;c cuafcy standarcs are
:c the supplier, identified as ncnccrformLnc c-

: spcse: scorers to *"e esiactsne^ prccecures in GL-

• The aate ««•: lanre cf ;̂ ser 5 ' r=~ues?".-:
- . , . _ _ • _ ,.-.. P" ,- — ~.-^- '»•."-•. •* *• -. -~ - -._-" ,.'



Section No. 1.0
Revision No. 14
Date: July 9.2004
Page I ofl

Columbia
Analytical
ServicesINC

An employee • Oivnea Company

QUALITY ASSURANCE MANUAL

©Columbia Analytical Services, Inc.

1 Mustard St. Suite 250

Rochester, NY 14609

Phone: (585) 288-5380

Fax: (585) 288-8475

July 9. 20G4

Approved by:

Laboratory Manager:

Quality Assurance Program Manager:

f-'/A£t?U^

Mike Perry /•
*/.-•'

Annua l revic-v. ol 'his > . ; . ' • • . i :"•.:' :-•-:.
artcilie QAM stii: rev.cc'.-; •.r.o-;v;:

:.:™~i

ZLJ



Section No. A
Revision No. 9.0
Date: July 9, 2004
Page 3 ol" 7 i £

laboratory has been reviewed and approved by the Laboratory Director, the
Quality Assurance Program Manager and in most cases, the appropriate laboratory
supervisor. The document control process associated with an SOP ensures that
only the most currently prepared version of an SOP is being used for guidance and
instruction. In addition to SOPs, each laboratory supervisor maintains a current
file of all the promulgated methodology used to perform analyses. This file is
accessible to all laboratory staff regardless of discipline. Laboratory notebook
entries have been standardized following the guidelines in the Making Emries into
Logbooks and onto Benchsheets SOP (SOP No. ADM-DATANTRY). The
entries made into laboratory notebooks are reviewed and approved by the
appropriate supervisor at a. regular interval (e.g. weekly, monthly, etc...)

4.2.3 Standard Reference Materials

All analytical measurements generated at CAS are performed using materials
and/or processes that are traceable to a Standard Reference Material (SRJVI).
Metrology equipment (analytical balances, thermometers, etc...) is calibrated using
SRMs traceable to the National Institute of Standards and Technology (N1ST).
Consumable SRMs routinely purchased by the laboratories (e.g. primary stock
standards) are purchased from nationally-recognized, reputable vendors. Most
vendors have fulfilled the requirements for ISO 9001 certification and/or arc
accredited by A:LA. Traceability throughout the laboratory is accomplished by
following the guidelines set in the SOP, Making Enrries Into Logbooks and Onto
Benchsheets (ADM-DATANTRY).

All sampling containers provided to the client by the laboratory arc purchased as
precleaned (Level 1) containers, with certificates of analysis available for each
bottle type. Certifications of Analysis provided by the vendors of reference
materials and bottles arc kept on file by the -laboratory.

4.2.4 Operational Assessments

There are a number of methods used to assess the laboratory and its daily
operations. In addition to the routine quality control (QC) measurements used by
a laboratory to measure quality, the senior laboratory management staff 21 CAS
examine a number of other performance indicators lo more accurately assess the
overall abil i ty of t!:o !;ibor:ifory ;o succor fil l ; ; ; periOiTH liiiab-ses for its ciic;:;^.
Un-timc pcrlurn'i;.,iiCt;. An^yucai Report dcfeci rave 3i',6 Customer LIT, oicc de!.cet
jTitt: arc a frvv o; ihe. measuremunis performed at C.vS that arc used to assets
performance frcrn an c::ic;na! perspective (i .e. dieni satisfaction). A frequem,
routine asscssirurn: r-us' >.'so be made of the iabor3i.oiys fac i l i t ies and resources
;n anticipation or aceepiuiu; an adoiiionai or increase.: workload. CAS utilizes a
••jumixr of dif;~;\,.';i. ;:;e:h^ut, ;o .'nsuro ' • ' • : •{ aoecuaie resources src- ava i lab le ;;;
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COLUMBIA ANALYTICAL SERVICES, INC.

STANDARD OPERATING PROCEDURES

Metals Digestion. Waters for ICP Analysis

Metals Digestion, Soils, Sediments, and Sludge for ICP Analysis for the
Pines Indiana Site

Determination of Metals and Trace Elements by Inductively Coupled
Plasma Atomic Emission Spectrometry (ICP) for hxEana Pines Site

Determination of Mercury in Solid or Semisolid Waste by Cold Vapor
Atomic Absorption Spectrometry

Metals Digestion, Waters for GFAAS Analysis

Metals Digestion, Soils, Sediments, and Sludge for ICP and GFAA
Analysis

Determination of Trace Metals by Graphite Furnace Atomic Absorption
Spectrometry (GFAAS)

Total Sulfur for Ion Chromatography for ndfena Pines Site

Determination of Anions Using ton Chromatography for Indian Pines Sr

Total Hardness by Calculation (To be provided)

Determination of Surfactants or Methylene Blue Active Substances
(NBAS)

Ammonia by Flow Injection Analysis

THrametric Determination of Total Alkalinity

Total Organic Carbon in Water

Determination of Suhldes by Distillation and fodometric THration

Cotorimetric Determination of Silica in Water

Total Suspended Solids (TSS)

Metals Digestion, Soils, Sediments, and Sludges for ICP Analysis for
mduna Pines Site

Total Organic Carbon in Soils

The Determination of Method Detection Limits

Sample Receiving

Orthophosphate, Cdorimetric Determination Using EPA 365.1

0
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acid digestion procedure used to prepare aqueous samples, TCLP and
and wastes that contain suspended solids for analysis by ICP or

for total metals.

Nitric acid
repeated until
has been brou

3. DEFINITIONS

a representative aliquot of sample and refluxed in a beaker. This step is
digestate/fe'ligbt in color or until the color has stabilized. After the digestate

<g ajo^volurpe/it is refluxed with HCI and brought to volume.

3.1.

3.2.

3.3.

Laboratory CfepTimtes^T-wo aligaots of the same sample taken in the laboratory and
analyzed separatejy^amidentiettf'procedures. Analyses of duplicates and indicates precision
associated with laHoratory f̂a*£rdtrfes, but not with sample collection, preservation, or
storage procedures. -*f/s^/r/ --^ -

,X/x>-:""^
Laboratory Control Sample/(LCS) - .An aliquot of to which known quantities of the
method analytes are added in the laboraldry. The LCS is analyzed exactly like a sample, an
its purpose is to determine wftethffr »He irtemodology is in control and whether the laborau
is capable of making accurate and precise measurements.

Matrix Spike - An aliquot of an environfnental sample to which known quantities of the
method analytes are added in the laboratory. The matrix spike is analyzed exactly like a
sample, and its purpose is to determine whether the sample matrix contributes bias to the
analytical results.

3.4.

4.

Preparation Blank (PB) - An aliquot of resfgeifl water/pf other blank matrices that are
treated exactly as a sample including exposure to all̂ ktss\vare, equipment, solvents,
reagents, and internal standards that are used with omer samplesrThe PB is used to determine
if method analytes or other interferences are present in thVlaboratoty environment, reagents,
or apparatus. ^ •.-•---=

xx

Digestion Batch - A digestion batch is no more than (̂Ksamples of the same matrix
digested as a unit per day. ••'/ ,- '

INTERFERENCES

See appropriate analytical SOP for applicable interferences
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\c Acid are extremely corrosive. Care should be taken while working with
lonal protective equipment will include safety glass (with side shields),

ERVATION AND STORAGE

\
jlastic sample containers are acceptable. Sample volume should be
acid to pH <2. Samples are analyzed within 6 months of sample

ling, storage, and custody procedures are discussed in SMO-

Environmental Express, LTD.
:rew caps or snap down caps.

7. APPARATUS AND E

<
7.1. 250 ml or 100 ml
7.2. Ribbed watch gla
7.3. Hot plates
7.4. Graduated cylinders
7.5. Eppendorf Pipettors
7.6. Hot Block digester with
7.7. G raduated block di gest
7.8. Block digester ribbed watch glas:
7.9. Filter paper
7.10. Repipetor
7.11. Block Digester Filters
7.12. Hot Block digester - CPI MOD Bloc

8. PREVENTIVE MAINTENANCE

All hoods in the Metals Prep Lab are wiped
digestion hot plates are wiped down daily.

9. STANDARDS AND REAGENTS

9.1. ASTM Type II water

9.2. Concentrated nitric acid (Baker Instra-Analyzed
Store at room temperature in the dark. Expires as per
years from receipt, whichever is sooner.

with Dl water. The tops of all

commercially,
ions or 3

.-.- >

9.3. Concentrated hydrochloric acid (Baker Instra-Analyzed 36.5-3$%) - purchased
commercially. Store at room temperature. Expires as per manufacturer's indications or 3
years from receipt, whichever is sooner.
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ing solutions- See Table I - expires as per manufacturer's indications or
receipt, whichever is sooner.

10.

It is the.
all doc
by personnel
utilizing
ordesignee.

PROCEDURE

10.1. HOTPLA

analyst to perform the analysis according to this SOP and to complete
required for data review. Analysis and interpretation of the results are performed
lalx$ato*yVho have demonstrated the ability to generate acceptable results

nal revi^vr and sign-off of the data is performed by the department supervisor

K a 50 ml aliquot using a graduated cylinder into a 250
cylinder three times with DI water to ensure

>Je«- AJI rinses should be added to the beaker for digestion.
plpet to add the appropriate spiking solutions (Table 1)

led spike sample prior to addition of water or other reagents.

10.1.1. Shake the
mLor 100
quantitative
At this point
directly onto the

10.1.2. Using a repipetor, adtH^^bf cpntentrated HMO; and 5 ml of 1:1 HCI to sample.
Place beaker on hot plate aitt£eCaporate U»*a low volume (5 ml), making certain the
sample does not boil aritf ttiat no porjktotTf the bottom of the beaker is allowed to go
dry. Cool the beaker. Usinga repjpefor, add another 1.5 ml portion of HNO:,, cover
with a watch glass and heaHoihat a genU<rcflux action occurs. (CAUTION: Do not
allow sample to go dry. Should this octofTdis^afrfsample and reprepare.) Continue
refluxing until digestion is compi€ie^( Additiorakacid may be required). Digestion is
complete when the digestate is light in colpr^r'when the color has stabilized

x>'">'' /•/
10.1.3. For ICP analyses, reduce the sampleVolume^l&o ml. Remove the beaker from the hot

plate and allow to cool. For TCLP analyses, add 7.5^^eohcentrated HCI using a
repipetor and allow to cool. //

10.1.4. Rinse down the sides of the beaker and the watch glass wraTDl water and transfer the
digestate to a graduated cylinder. Dilute to a Gnal/vdfumeof 50mls. Pour the 50 ml
digestate into a labelled B-cup. Transfer the digestate betweeVthe B-cup and
graduated cylinder at least once to mix digestate.,AHew digestaies to settle before
analysis. If immediate analysis is necessary the digestates maybe filtered or
centrifuged to remove insoluble material. All filtersfrmst be rinsed with k I nitric
acid then DI water before use.
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10.2.3

temperature on the Block Digester to a temperature that brings the sample
: to 90-95°C without boiling.

Hot Block is on a timer which can be set to turn on and off whenever necessary,
i the timer button and choose the days M-F (Monday through

Jloose the hour and minutes to start and stop the Block Digestor.

digest
leand

appropn
additio
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:or sample cups with appropriate sample ID's for
measure 50ml aliquot into the designated graduated

At this point use a calibrated eppendorf pipet to add the
(Table 1) directly into the designated spike sample prior to

10.2.4.

10.2.5

Using
Cover
Block
mL).

CAUTION: Do not

Digestion is complete
stabilized

10.2.6. For ICP analyses, reduce
hot block and allow to cool,
a repipetor and allow to cool.

'oncentrated HNO.^ and 5 mL of 1:1 HC1 to sample,
ribbed watch glass or reflux cap and place in
ie volume has been reduced to a low volume (5

ly lost by volatilization.
i

light in color or when the color has

Remove the beaker from the
7.5 mL concentrated HC1 using

10.2.7. Cool the sample and dilute sampl
cup. Cover with screw cap and m x

(graduatedjiot block digestor sample
iwcap.

10.2.8. Insoluble material is allowed to settle overnight, of the digjsJate=may be centrifuged or
filtered. All filters must be rinsed with 1:1 nitric acid^trjefrDTwat^r before use.
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12.3. Di
batcfi,
mLsDJ

IENTS

iture of samples during digestion. Record in digestion log.

laboratory control sample with each batch. Use the appropriate
Sf metals spike solution (see Table 1).

't

jblank per matrix. Each day, prepare one blank per digestion
per EPA SDG group, whichever is more frequent. Use 50

jtine digestion procedures.

12.4. Digest one
one duplica
whichever is
spikes dependin
volume of spikin

12.5. See appropriate
applicable QC limits

13. DATA REDUCTION AND RE

•Spiked sample with each sample matrix. Each day, prepare
per each digestion batch, or per twenty samples

. specific samples will be assigned as duplicates of
ents. Water spikes are prepared by the appropriate
A).

^
dix C of the Quality Assurance Manual for

•<s13.1. Digestion logs are used to feoord all sarfiple volumes, spike volumes, etc. The
Manufacturer's lot number for th^reagpflfs used aje added to the digestion log. The
temperature of the samples during*dig€stion is pecorded on the prep sheet approximately
1.5 hours into the digestion. See attached d^ig^rfon Jo^benchsheet.

13.2. Data review policies and procedures are discu

14. METHOD PERFORMANCE

Reporting limits are based upon an MDL study performed a
the MDL binders in the QA office.

ssed>£AfSM-DREV.

to ADM-MDL and filed in

f. "\

mm sample

15. WASTE MANAGEMENT AND POLLUTION PREVE!
i

15.1. Reagents are prepared upon an as-needed basis in small quanttrie
volumes are used during analysis. ^

"^ jf'_/•

15.2. Acidic waste is poured down the drain with copious amounts of water.
_,x".. "

15.3. Samples with analyte concentrations exceeding TCLP regulatory limits are disposed of as
hazardous waste, see SMO-SPLDIS
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17.

18.

20.

CTIONS FOR OUT-OF-CONTROL DATA
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CON
DATA

If data is prod,
restrictions,
the Quality Assu

REFERENCES

|t is out of control, the samples are to be re-analyzed with in-control QA
See corrective actions in Section 12 of this SOP and in the applicable

: Quality Assurance Manual.

FOR HANDLING OUT OF CONTROL OR UNACCEPTABLE

control and is not to be re-analyzed due to sample volume
Controls can not be met, follow the procedures in Section 15 of

"Test Methods For Eval
Edition, July 1992.

19. TRAINING OUTLINE

19.1. Read current SOP and ap^l^able rnj
of the methodology and cheq|hr

Physical/Chemical Methods," EPA SW-846, 3rd

:s. Demonstrate a general understanding
K)licies in ADM-TRANDOC.

19.2. Observe Sample Preparation, ^plfow TrainJHfipPfan Form.

19.3. Participate in the methodology, do^^fe^tation,^Btf^ita\reduction with guidance.

19.4. Perform an Initial Demonstration SpC^pability UPCjjj by performing the analysis
independently and analyzing a know^sVndard^^^T^lirries. Recovery must be within
acceptable limits. Complete summary spre';|ds|je€t, IDt? certification form and Training
Plan Form and file forms with QA.

21.

19.5. Continuing capability shall be demonstrated annually/lking ariKkitside PE source, an
LCS, an internal unknown, or a new 4 replicate study. _ ,̂- , ^

METHOD MODIFICATIONS

HC1 is added at the beginning of preparation rather than the erM Iff avoid IbSs of Sb and Ag
(10.2.4)

INSTRUMENT-SPECIFIC ADDENDUM

Not Applicable
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23. CHANGES/FRO

oncentrations for LCS and MS Samples
_ 10A Flow Chart
B^hsheet

S REVISION

^specific about what temperature to set the digester and more
tofthe samples

Added ne«J to piti£nfar'»KfpJe£ during digestion and record on prep sheet (13.1 and 12.1)
Changed anafphfnen^-ofjdfgestibjtjog benchsheet to include DLM 4.1
Added slorage^andx^iratjflfpo'teagents (9)
Added Section/14, I^^Mxi 2^for NELAP compliance
Added references^^ADM^^^^DOC and the Training Plan Form to the Training
Section (19)
Referenced AppendilC<^oj> '̂Qua!t6'̂ 5^Jrance Manual in QA/QC (12)

X
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Table 1 Sp tions for LCS and MS Samples

0.500ml Spk A to Final Volume of
50mL

Cone. (ug/mL)

SPIKE SOLUTION B ' /£• ,XX/A 0.500ml Spk B to Final Volume of
^"^^^^^/^^ 50mL

Metal
SB

MO

Cone. (ug/mJJ^^
50 ^f<f
50 \\

^Metal
.x^x^ TI

"^ j\

Cone. (ug/mL)
50
-

INDIVIDUAL O.OSOmL Spk. to Final
METALS Volume of 50mL

Metal
SE

Cone. (ug/mL)
1000

<X" INDIVIJMflLL 0.25mL Spk. to Final
v\ M^^lsi Volume of 50mL

V^x^^^\\ -J®*
Cone. (ug/mL)

1000

SPIKE #4
Furnace Spike

Metal
AS
PB
SE

Cone. (ug/mL)
4
2
1

O.SOtjml Spk J^te^inal Volume of
/ | x^^^?W,

MMal//
SB(( '
TL'V^^<

^^

/ / Cone. (ug/mL)
y^^\ 5
^/^ ';x \ 5^ ;S _* ;; . J

...X
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SW846 Method 3010A
Flow Chart

X
Dirrvjtoiirine Water and TCLP Digestions

>Ji&£arnple. Transfer 50mL of
/^Jnriple to beaker and add

HNO? and
5jmLl:l HCL.

Gently reflux. Evaporate to
approximately 5mL.

•— --, * - v'' Add ImL

TCLP

I
Add 5.0 mL
Concentrated HCI

1

Did the sample fume \vTrn
lhe4ay acid addition

Type of Digest

X •"'

* uiiute to DU mL witn
Dl water, rinsing the
sides of the beaker.

HI

r. J

^JOj

f

ICP

^}

s
•- _^-''"'x
- _j- " x

=%"

If particulates. filter or
allow to settle overnight

and decant.
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Prep Method:
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Spk Witnaaa:

Report Type: Routine // ASP // PkgS

Initlil // Redtgeatof: Approval:
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Final
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Color /Clarity
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Final
Color /Clarity

ItetaJ*

lolor / Clarity Key-
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Vol (ml)
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SCOPE AND APPLICABILITY

This SOP uses EPA SW-846 Method 3050B for the digestion of soils, sludges, or sediments for
analysis by ICP. As stated in the EPA method, "this method is not a total digestion technique for
roost samples. It is a very strong acid digestion that will dissolve almost all elements that could
become environmentally available." By design, elements bound in silicate structures are not
normally dissolved by this procedure as they are not usually mobile in the environment." This
SOP was written specifically for the Indiana Pines Site.

SUMMARY OF METHOD

A representative aliquot of sample is digested in nitric acid and hydrogen peroxide. Hydrochloric
acid is used as a final reflux acid.

DEFINITIONS

3.1 Laboratory Duplicates - Two aliquots of the same sample taken in the laboratory and
analyzed separately with identical procedures. Analyses of duplicates indicates precision
associated with laboratory procedures, but not with sample collection, preservation, or
storage procedures.

3.2 Laboratory Control Sample Soil (LCSS) - An aliquot of a soil to which known quantities
of the method analytes are added. The LCSS is analyzed exactly like a sample, and its
purpose is to determine whether the methodology is in control and whether the laboratory is
capable of making accurate and precise measurements.

33 Matrix Spike - An aliquot of an environmental sample to which known quantities of the
method analytes are added in the laboratory. The matrix spike is analyzed exactly like a
sample, and its purpose is to determine whether the sample matrix contributes bias to the
analytical results.

3.4 Preparation Blank (PB) - An aliquot of reagent water or other blank matrices that are
treated exactly as a sample including exposure to all glassware, equipment, solvents,
reagents, and internal standards that are used with other samples. The PB is used to
determine if method analytes or other interferences are present in the laboratory
environment, reagents, or apparatus.

3.5 Digestion Batch - A digestion batch is no more than 20 samples of the same matrix
digested as a unit per day.

HEALTH AND SAFETY WARNINGS

Nitric and Hydrochloric acids are extremely corrosive. Care should be taken while working with ,(J
these chemicals. Personal protective equipment including safety glasses (with side shields).
gloves, and lab coat shall be worn when handling samples or reagents.
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5 CAUTIONS

Antimony is easily lost by volatilization. Do not boil the digestate.

6 INTERFERENCES

Use more sample for those samples with high moisture content to meet detection limits.

7 PERSONNEL QUALIFICATIONS

At a minimum, personnel must have attained at least a 2-year degree in a science-related field
and have successfully completed an Initial Demonstration of Capability and the Training Plan
Form (attached). Training and Demonstration of Capability are in accordance with NELAC
2002 standard.

8 EQUIPMENT AND SUPPLIES

8.1 Eppendorf Pipettors
8.2 Funnels
8.3 Mortar and pestle
8.4 Tongue depressors
8.5 Filter paper
8.6 Hot Block Digestor with ETR-3200 Controller by Environmental Express, LTD.
8.7 Graduated block digestor cups
8.8 Block Digestor Filters.
8.9 CPI MOD Block Digestor

8.10 Reagent water - ASTM Type II deionized water.

8.11 Concentrated nitric acid (Baker Instra-Analyzed 69-70%): Store at room temperature in
the dark in the original container or in glass. Expires per manufacturer's indications or
one year from receipt if no indication is given.

8.12 Concentrated hydrochloric acid (Baker Instra-Analyzed 36.5-38%): Store at room
temperature in the original container or in glass. Expires per manufacturer's indications
or one year from receipt if no indication is given.

8.13 Hydrogen peroxide (30%) - H2O2. Purchased commercially. Should be demonstrated to be
free of impurities at levels which would interfere with sample determinations. Store at
room temperature in the original container. Expires upon manufacturer's indications or 1
year from receipt if no indication is given.

8.14 ERA Soil Laboratory Control Sample (LCSS) - Concentrations and Performance
Acceptance Limits distributed through vendor. Store at room temperature. Expires upon
manufacturer's indications or 1 year from receipt if no indication is given.
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8.15 Metals spiking solutions - Purchased commercially. See Table 1. Store at room
temperature. Stocks expire upon manufacturer's indications or 1 year from receipt,
whichever is sooner. Solutions prepared from stocks expire 6 months from preparation.

PROCEDURES

9.1 Sample CoUeetion - Collect samples in purchased, certified clean glass or plastic.

9.2 Sample Handling and Preservation - Analyze samples within 6 months of sample
collection. Store samples in a refrigerator or at room temperature. Sample receiving,
handling, storage, and custody procedures are in accordance with NELAC 2002
Standard.

9J Sample Preparation

9.3.1 Set the temperature on the Block Digester to a temperature that brings the sample
temperature to 90-95°C without boiling.

933. The Hot Block is on a timer which can be set to turn on and off whenever
necessary. To set timer press the timer button and choose the days M-F (Monday
through Friday). Then choose the hour and minutes to start and stop the Block
Digester.

9.33 Label graduated hot block digester sample cups with appropriate sample IDs for
digestion.

9 J.4 Mix the sample thoroughly to achieve homogeneity using a tongue depressor or the
mortar and pestle.

9.3.5 Weigh (to the nearest 0.01 g) I .OOg to 1 .50g of sample into labeled digester sample
cup. For sludges and sediments that have a high moisture content, use more
sample. The goal is to use about 1 g of dry weight sample. At this point add the
appropriate spiking solutions (see Table 1) directly onto the designated spike
sample prior to addition of reagents.

9.3.6 Unless otherwise specified by project requirements, the addition of acid should be
as follows: Add 10ml of 1:1 HNO, and 1.5 mL of 1:1 HCl, cover with reflux cap
and reflux for 1 5 minutes. The sample temperature should be 90-95°C. Allow the
sample to cool, then add 5ml of concentrated HNO,, cover and reflux for 30
minutes. Repeat the addition of 5ml of HMO- and reflux to 5 mLs. Do not allow
the sample to go to dryness. CAUTION: Do not boil. Antimony is easily lost by
volatilization.
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9.3.7 Cool the sample and add 2ml of DI and 3ml of 30% H2O2. Cover and heat to start
the peroxide reaction. Care must be taken to ensure that losses do not occur due to
excessive effervescence. Heat until effervescence subsides and cool the sample
cup.

9.3.8 If the effervescence does not subside, add 3 mLs of hydrogen peroxide with
warming to each of the samples (including blanks and LCSs) in the batch. If
necessary, continue to add 30% H2O2 in 1ml aliquots with warming until the
effervescence is minimal, or until the general sample appearance is unchanged. Do
not add more than 10ml of 30% H2O2.

9.3.9 AddlOmLl: lHCL.

9.3.10 Cover and reflux the samples for 15 minutes without boiling. Allow to cool.

9.3.11 Rinse filters with 1:1 nitric acid and DI.

9.3.12 All samples are diluted to 100 mLs with DI. Quantitatively transfer the digestate to
a graduated cylinder by pouring the sample through a prepared filter into the
cylinder and rinsing the beaker and reflux cap with DI into the filter. Rinse the
filter with DI. Bring to volume with DI. Pour into a labeled B-cup.

9.4 Sample Analysis - Give digested samples and a copy of the prep sheet to the ICP analyst.
Analyze according to MET-6010Bpines.

9.5 Troubleshooting - All hoods in the Metals Prep Lab are wiped down once a week with
DI water. The tops of all digestion hot plates are wiped down daily.

9.6 Data Acquisition, Calculations and Data Reduction Requirements

Digestion logs are used to record all sample volumes, spike volumes, etc. The
Manufacturer's lot number for the reagents used are added to the digestion log (see
attached digestion log benchsheet).

10 DATA AND RECORDS MANAGEMENT

10.1 Responsibilities - It is the responsibility of the analyst to perform the analysis according to
this SOP and to complete all documentation required for data 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 SOP. Final review and
sign-off of the data is performed by the department supervisor or designee.

10.2 Data will be reviewed after ICP analysis according to MET-601 OBpines.
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11 QA7QC REQUIREMENTS

11.1 Each day, digest one laboratory control sample (LCS) per digestion batch, or per 20
samples, or per EPA SDG group, whichever is more frequent. Use the appropriate solid
laboratory control sample (LOSS) for soils analysis.

11.2 Each day, digest one blank per digestion batch, or per 20 samples, or per EPA SDG
group, whichever is more frequent. Use D.I. water and follow the digestion procedures.

11.3 Each day, prepare one duplicate and one spiked sample with each digestion batch, or per
twenty samples, or per EPA SDG group, whichever is more frequent At times, specific
samples will be assigned as duplicates of spikes depending on client requirements.

11.4 Matrix spikes are prepared by adding the appropriate volume of spiking solution (See
Table 1).

11.5 See MET-6010Bpines for applicable QC limits and corrective action.

12 REFERENCES

Test Methods For Evaluating Solid Waste. Physical'Chemical Methods". EPA SW846, Third
Edition, December 1996.

NELAC, 2002 Standard.
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Table 1 Spiking Concentrations for LCS and MS Samples

SPIKE SOLUTION A 1 .00ml Spk A to Final Vol of 100ml
Metal

AL
AS
BA
BE
CD
CR
CO
CU
FE
PB
MN

Cone. (ug/mL)
200
4

200
5
5
20
50
25
100
50
50

Metal
NI
SE
AG
TL
V

ZN
B

CA
MG
NA
K

Cone. (ug/mL)
50
1
5

200
50
50
100
200
200
2000
2000

SPIKE SOLUTION B 1 .00ml Spk B to Final Vol of 1 00ml
Metal

SB
MO

Cone. (ug/mL)
50
50

Metal
TI
-

Cone. (ug/mL)
50
-

INDIVIDUAL 0.1 Oml Spk. to Final INDIVIDUAL 0.5ml Spk. to Final
METALS Volume of 100ml METALS Volume of 1 00ml

Metal
SE

Cone. (ug/mL)
1000

Metal
SN

Cone. (ug/mL)
1000

\J
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1. SCOPE AND APPLICABILITY

1.1. This SOP uses EPA SW-846 Method 601 OB for the determination of trace elements,
including metals, in solution using Inductively coupled plasma-atomic emission
spectrometry (ICP-AES). The method is applicable to all of the elements listed in Table
1. All matrices, including ground water, aqueous samples, TCLP and EP extracts,
industrial and organic wastes, soils, sludges, sediments, and other solid wastes, require
digestion prior to analysis.

1.2. Detection limits, sensitivity, and the optimum and linear concentration ranges of the elements
can vary with the wavelength, spectrometer, matrix and operating conditions. The Method
Reporting Limits (MRL) are listed in Table 1. The reported MRL may be adjusted if required
for specific project requirements, however, the capability of achieving other reported MRLs
must be demonstrated. Results may be reported to the Instrument Detection Limits (IDLs)
upon request.

1.3. This SOP was modified specifically for the Indiana Pines site project.

2. SUMMARY OF METHOD

2.1. Samples are digested according to one of the proper metals digestion methods listed in SW-
846.

2.2. This method describes multielemental determinations by ICP-AES using sequential or
simultaneous optical systems and axial or radial viewing of the plasma. The instrument
measures characteristic emission spectra by optical spectrometry. Samples are nebulized
and the resulting aerosol is transported to the plasma torch. Element-specific emission
spectra are produced by a radio-frequency inductively coupled plasma. The spectra are
dispersed by a grating spectrometer, and the intensities of the emission lines are monitored
by photosensitive devices. Background correction is required for trace element
determination. Background must be measured adjacent to analyte lines on samples during
analysis. The position selected for the background-intensity measurement, on either or both
sides of the analytical line, will be determined by the complexity of the spectrum adjacent to
the analyte line. In one mode of analysis the position used should be as free as possible from
spectral interference and should reflect the same change in background intensity as occurs at
the analyte wavelength measured. Background correction is not required in cases of line
broadening where a background correction measurement would actually degrade the
analytical result. The possibility of additional interferences (discussed later) should also be
recognized and appropriate corrections made.
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3. DEFINITIONS

3.1. Calibration Blank • A volume of reagent water acidified with the same acid matrix as in
the calibration standards. The calibration blank is a zero standard and is used to calibrate
the ICP instrument.

3.2. Calibration Standard (CAL) - A solution prepared from the dilution of stock standard
solutions. The CAL solutions are used to calibrate the instrument response with respect to
analyte concentration

3.3. Dissolved Analyte - The concentration of analyte in an aqueous sample mat will pass
through a 0.45 urn membrane filter assembly prior to sample acidification.

3.4. Instrument Detection Limit (IDL) - The concentration equivalent to the analyte signal
which is equal to three times the standard deviation of a series of 10 replicate
measurements of the calibration blank signal at the same wavelength.

3.5. Initial/Continuing Calibration Verification Solution (ICV/CCV) - A solution of method
analytes, used to evaluate the performance of the instrument system with respect to a
defined set of method criteria. \ j^

3.6. Internal Standard • Pure analyte(s) added to a sample, extract, or standard solution in
known amount(s) and used to measure the relative responses of other method analytes
that are components of the same sample or solution. The internal standard must be an
analyte that is not a sample component

3.7. Laboratory Duplicates - Two aliquots of the same sample taken in the laboratory and
analyzed separately with identical procedures. Analyses of duplicates and indicates
precision associated with laboratory procedures, but not with sample collection,
preservation, or storage procedures.

3.8. Laboratory Control Sample (LCS) - An aliquot of to which known quantities of the
method analytes are added in the laboratory. The LCS is analyzed exactly like a sample.
and its purpose is to determine whether the methodology is in control and whether the
laboratory is capable of making accurate and precise measurements.

3.9. Matrix Spike - An aliquot of an environmental sample to which known quantities of the
method analytes are added in the laboratory. The matrix spike is analyzed exactly like a
sample, and its purpose is to determine whether the sample matrix contributes bias to the
analytical results.
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3.10. Preparation Blank (PB) - An aliquot of reagent water or other blank matrices that are
treated exactly as a sample including exposure to all glassware, equipment, solvents,
reagents, and internal standards that are used with other samples. The PB is used to
determine if method analytes or other interferences are present in the laboratory
environment, reagents, or apparatus.

3.11. Linear Range - The concentration range over which the instrument response to an analyte
is linear.

3.12. Method Detection Limit (MDL) - The minimum concentration of an analyte thai can be
identified, measured, and reported with 99% confidence that the analyte concentration is
greater than zero.

3.13. Plasma Solution - A solution that is used to determine the optimum height above the
work coil for viewing the plasma.

3.14. Interference Check Solution (ICS) - A solution of selected method analytes of higher
concentrations which is used to evaluate the procedural routine for correcting known
interelement spectral interferences with respect to a defined set of method criteria.

3.15. Method Reporting Limit Standard (MRL) - Standard prepared with a known
concentration of elements to check accuracy at the low end of the curve.

3.16. HLCCV1 - A standard prepared at the bench at a high concentration to encompass the
range of the samples being analyzed. This standard is used to assess accuracy at the high
end of the linear range.

3.17. HLCCV2 - A standard prepared slightly higher than the calibration range for metals.

3.18. Batch - a group of no more than 20 field samples digested or analyzed together on the
same day with the same reagents.

4. HEALTH AND SAFETY WARNINGS

4.1. Corrosives - Because all samples and standards are diluted in 2% HNOj and 5% HC1, there
is a danger of exposure to corrosives, sufficient care must be taken in handling these
solutions. Safety glasses must be worn while preparing and handling the solutions.

4.2. High Voltage - The power unit supplies high voltage to the RF generator which is used to
form the plasma. The unit should never be opened. Exposure to high voltage can cause
injury or death.
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43. UV Light - The plasma when lit is a very intense light, and must not be viewed with the
naked eye. Protective lenses are in place on the instrument Glasses with special protective
lenses are available.

4.4. When the nature of the sample is either unknown or is known to be hazardous, acidification
should be done in a well ventilated area or fume hood

5. INTERFERENCES

There are several types of interferences by the ICP's: Spectral interferences can be from an
overlap of spectral lines, background points or background from line emissions of high
concentration elements. Physical interferences are effects associated with the sample
introduction process, example high dissolved solids buildup on the nebulizer tip. Chemical
interferences caused by the sample matrix itself. lEC's aid in eliminating some of these
interferences. lECs are interelernent correction factors that the instrument uses to compensate
for spectral overlap when analyzing samples with complex spectra. Refer to Method 601 OB
Section 3.0 or Method 200.7 Section 4.0 for more detail and suggested procedures to correct and
adjust the instrument due 10 interferences.

6. PERSONNEL QUALIFICATIONS

At a minimum, personnel must have attained at least a 4-year degree (or 2-yr degree plus one
year experience) in a science-related field and have successfully completed an Initial
Demonstration of Capability and the Training Plan Form (attached). Training and
Demonstration of Capability are in accordance with NELAC 2002 standard.

7. EQUIPMENT AND SUPPLIES

7.1. ICP- Perkin Elmer Optima 3000XL - Inductively coupled argon plasma emission
spectrometer (ICP) equipped with the following:

7.1.1. Computer-controlled emission spectrometer with background correction.

7.1.2. Mass flow controller for argon nebulizer gas supply.

7.1.3. Peristaltic pump.

7.1.4. Autosampler.

7.1.5. Argon gas supply - high purity'.
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7.2. Volumetric flasks, class A.

7.3. Trace metals grade chemicals shall be used in all tests.

7.3.1. Hydrochloric acid (cone), HC1. Purchased commercially. Store at room temperature.
Expires three years from receipt or upon manufacturer's indications, whichever is
sooner.

7.3.2. Hydrochloric acid (1:1), HC1. Add 500 mL concentrated HC1 to 400 mL water and
dilute to 1 liter in an appropriately sized beaker. Store at room temperature. Expires
one year from preparation.

7.3.3. Nitric acid (cone), HNO3. Purchased commercially. Store at room temperature.
Expires three years from receipt or upon manufacturer's indications, whichever is
sooner.

7.3.4. Nitric acid (1:1), HNO3. Add 500 mL concentrated HNO3 to 400 mL water and dilute
to 1 liter in an appropriately sized beaker. Store at room temperature. Expires one
year from preparation.

7.4. Reagent Water. All references to water in the method refer to DI Type II water unless
otherwise specified. Reagent water will be interference free.

7.5. All standards are prepared from NIST traceable stock standard solutions. Manufacturers
expiration dates are used to determine viability of standards. Preparatory procedures for
standards and QC solutions vary between instruments due to the working ranges. All
preparatory information for the QA/QC samples are provided in Appendix I.

7.5.1. Mixed Calibration Standards are prepared by combining appropriate volumes of the
stock solutions in volumetric flasks. Matrix match with the appropriate acid and dilute
to 100ml with water. Calibration standards should be verified using a second source
quality control sample (LCS, ICV, or CCV). Calibration standards should be stored at
room temperature in glass volumetric flasks with a shelf-life of 7 days.

7.5.2. Initial and Continuing Calibration Verification (ICV and CCV) Standards are prepared
by combining compatible analytes at concentrations equivalent to the midpoint of their
respective calibration curves. The ICV and CCV standards should be prepared from a
separate source independent from that used in the calibration standards. ICV / CCV
standards should be stored at room temperature in glass volumetric flasks with a shelf-
life of 48 hours.
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7.53. MRL Standards are prepared to contain known concentrations of elements at or near the
Method Reporting Limit. MRL standards should be stored in plastic containers with a
shelf-life of 6 months.

7.5.4. Interference Check Solutions A and AB are prepared to contain known concentrations of
interfering analytes that will provide an adequate test of the correction factors. ICSA /
ICSAB standards should be stored in plastic containers with a shelf-life of 6 months.

7.5.5. Laboratory Control Sample and Matrix Spike are purchased as custom mixes stored in
plastic containers with a shelf-life of 6 months at the concentrations recommended in the
method. Certificates of analysis are attached in Appendix I. Each sample, up to 100 mL,
is spiked with 1.0 ml of spike solution.

7.6. Blanks

7.6.1. Method Blanks must contain all the reagents and in the same volumes as used in the
preparation of samples. The method blanks must be carried through the complete
procedure and contain the same acid concentration in the final solution as the samples.

7.6.2. The Calibration Blank is prepared by acidifying reagent water to the same \t i)
concentrations of acid found in the standards and samples.

7.7. Reagent Receiving Log

The manufacturer, lot number, standard /reagent name, concentration, date received and
expiration date are recorded in a reagent log.

8. PROCEDURE

8.1. Calibration and Standardization

Calibration is accomplished daily using 3 calibration standards and a blank for each element
using the internal standard technique. See Sample Analysis section for more information.

8.2. Sample Collection

Containers may be glass or plastic. Samples are cooled with ice to be shipped to the
laboratory.
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8.3. Sample Handling and Preservation

ll^j)

8.3.1. Solid samples require no preservation prior to analysis other than storage at 0-6°C.
Samples are analyzed within 6 months of collection.

8.3.2. Aqueous samples are acid preserved with (1+1) nitric acid to pH <2. Samples are
analyzed within 6 months of sample collection.

8.3.3. Samples are checked upon receipt for all the elements listed in the Sample
Acceptance Policy found in NELAC 2002 Standard.

8.3.4. For the determination of the dissolved elements, filter the sample through a 0.45 um
pore diameter membrane filter at the time of collection or as soon thereafter as
practically possible. (Glass or plastic filtering apparatus are recommended to avoid
possible contamination. Only plastic apparatus should be used when the
determinations of boron and silica are critical.) Use a portion of the filtered sample to
rinse the filter flask, discard this portion and collect the required volume of filtrate.
Acidify the filtrate with (1+1) nitric acid immediatelyfollowing filtration to pH <2.

Note: When the nature of the sample is either unknown or is known to be hazardous,
acidification should be done in a well ventilated area or fume hood.

8.3.5. Samples received by the ICP lab as digestates contain nitric and hydrochloric acid.
Digestates are stored at room temperature in plastic B-cups.

8.3.6. Following analysis, digestates are stored until all results have been reviewed. Digestates
are diluted and disposed of through the sewer system in approximately 90 days after
receipt of sample.

8.4. Sample Preparation

8.4.1. Digest samples prior to analysis. Refer to the following Metals Methods found in
SW-846:

• 3005A Metals Digestion, Waters, Total Recoverable and Dissolved for ICP
• 301OA Metals Digestion, Waters for ICP
• 3020A Metals Digestion, Waters for GFAA
• 3050B Metals Digestion, Soils, Sediments and Sludges for ICP and GFAA
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&5. Sample Analysis

8.5.1. Set up the L nstrument with proper operating parameters established as detailed
below. The instrument must be allowed to become thermally stable before
beginning (^usually requiring at least 45 minutes of operation prior to calibration).
Operating conditions - The analyst should follow the instructions provided in
Table 3.

8.5.2. Before using this procedure to analyze samples, there must be data available
documenting initial demonstration of performance. The required data documents
the selection criteria of background correction points; linear ranges, and the upper
limits of th ose ranges; the method and instrument detection limits; and the
determination and verification of interelement correction equations or other
routines fov correcting spectral interferences. This data must be generated using
the same instrument operating conditions and calibration routine to be used for
sample anau lysis. These documented data must be kept on file and be available for
review by the data user or auditor.

8.5.3. Turn on po» wer supply for the instrument, computer, printer and light the plasma.
Allow instrument to warm-up for 45-60 minutes before operation. The cooling
water and the argon are on when the instrument are on.

8.5.4. Profile the instrument on a daily basis, and when maintenance is done to align it
optically for both horizontal and vertical optimization in either mode. Aspirate a
10 ppm source of manganese (as recommended by the manufacturer). Choose the
Tools men~u/Spectrometer Control/Optimize X&Y. The instrument
automaticallly adjusts the torch viewing position for maximum intensity.

8.5.5. Pour the 3 calibration standards, ICV/CCV standards, MRL, 1CSA, and 1CSAB
up to 40 m L in 50 mL centrifuge tubes and add 0.80 mL of the internal standard
solution. F^our all other samples, preparation blanks and laboratory control
samples up> to 10 mL in 15 mL centrifuge tubes and add O.20 mL of internal
standard solution. This gives an apparent concentration of 1.00 mg/L Yttrium.
The Yttriurrn intensity is used by the instrument to ratio the analyte intensity
signals for both calibration and quantitation. Cesium is used only as a stabilizer.

8.5.6. Internal standards can be added via pump and mixing block. This technique uses
a solution of 10 mg L Y and 10 mg/L Cs.
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8.5.7. Following the calibration, analyze in the following sequence:

• ICV; ICB; MRL; ICSA; ICSAB; CCV; CCB;
• 10 environmental samples (including PBs and LCSs); CCV; CCB; repeat to the

end of the run
• Last 10 samples; CCV; CCB, MRL, ICSA, ICSAB; HLCCV1; HLCCV2; CCV;

CCB.

8.5.8. Rinse the system with the calibration blank solution before the analysis of
each sample for one minute.

8.5.9. Samples which exceed the linear range of the instrument must be diluted and
reanalyzed.

8.5.10. Method detection limits must be established for all wavelengths utilized for each
type of matrix commonly analyzed. The matrix used for the MDL calculation
must contain analytes of known concentrations within 3-5 times the anticipated
detection limit. See Table 2 for approximate wavelengths. See 40 CFR Part 136
Appendix B for more information.

8.6. Troubleshooting

8.6.1. All maintenance activities are recorded in a maintenance logbook kept for each
instrument. Most routine maintenance and troubleshooting is performed by CAS
staff. Other maintenance or repairs may, or may not require factory service,
depending upon the nature of the task. Record the analytical run filename of the
first acceptable run after major maintenance in the maintenance log book.
Typical preventive maintenance measures include, but are not limited to, the
following items:

• Cleaning the pump tubing as needed
• Empty waste container, as needed
• Cleaning the nebulizer, spray chamber, and torch, as needed
• Replace water and vacuum filters, as needed



SOP NO.: MET-6010BPINES
Revision: 1

Date: 9/29/04
Page: 12 of 37

8.7. Data Acquisition, Calculations, and Data Reduction Requirements

8.7.1. Calculations: If dilutions were performed, the appropriate factors must be applied to
sample values. All results should be reported with up to three significant figures.

8.7.2- Sample Calculation (water)

Cone. (mg/L) =Instrument Reading (mg/L) x Final digestion volume (L)
Initial volume (L)

8.73. Sample Calculation (soils)

Cone, (mg/g) = Instrument Reading (mg/L) x Final digestion volume (L)
Initial mass (g) x Percent Solids expressed as a decimal

8.7.4. Matrix Spike Recovery is calculated to determine accuracy for matrix and blank
spikes using the following equation:

Accuracy (%REO = A - B x 100
C

Where
A = Analyte total concentration from spiked sample
B = Analyte concentration from unspiked sample
C = Concentration of spike added

8.7.5. Precision is measured through the use of replicate sample analyses within the same
batch and is expressed as the relative percent difference (RPD) between the replicate
measurements.

RPD= | Dl - D2 i xlOO
(D1-D2V2

Where
Dl = Original Result
D2 = Duplicate Result

Report each analyte concentration to the proper significant figures in mg/L orfig/L
as required.
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8.8. Computer Hardware and Software

Each ICP uses a Gateway GP5-233 running the ICP WinLab v.l .42.
Metals Analytical Review and Reporting System (MARRS) v.3.2.44
StarLIMS v.6. 11. a

9. DATA AND RECORDS MANAGEMENT

9.1. Responsibilities - It is the responsibility of the analyst to perform the analysis according to
this SOP and to complete all documentation required for data 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 SOP. Final review and
sign-off of the data is performed by the department supervisor or designee.

9.2. Data Flow - Samples are entered by the Project Manager into StarLIMS on a Personal
Computer running on a Novell Network. On the day that the samples are received the samples
appear on a daily log printed from this computer system. The Metals Prep analyst prepares a
benchsheet, digests the samples and turns the samples and digest sheet over to the ICP analyst.
The samples are analyzed for metals of interest using ICP software. The results are transferred
to MARRS (for reporting package work) and StarLIMS for validation, reporting, and
invoicing.

9.3. Data Review - Data will be reviewed by the ICP analyst and a qualified peer using a Data
Review Checklist (attached) and validated by a supervisor.

10. QUALITY CONTROL AND QUALITY ASSURANCE

1 0. 1 . Instrument values are based on duplicate readings. Precision between the emission readings
shall not exceed 20 %RSD. If RSD values exceed 20%, the sample reanalyzed and reported.

10.2. Preparation Blanks must be analyzed at least one PB with each batch of 20 or fewer
samples of the same matrix. PB values must not exceed the MRL. Fresh aliquots of the
samples must be prepared and analyzed again for affected analytes after the source of the
contamination has been corrected and acceptable PB values have been obtained. If
detections are greater than the MRL, the batch needs to be redigested if sample
concentration is less than 5 times the concentration found in the prep blank. If the sample
concentration is less than the MRL the sample does not require redigestion.

10.3. HLCCV1 - High standard used in curve and analyzed once during daily analysis. Should
agree within 10% of the true value. If HLCCV1 is > 10% different the analysis is judged
to be out of control and the source of the problem should be identified and resolved before
continuing analysis.
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10.4. HLCCV2 - standard slightly higher than calibration for some metals. Analyzed once
during daily analysis. Should agree within 10% of the true value. If out of control, client
data above the HLCCV1 should be re-analyzed.

10.5. ICV/CCV - Calibration Verification Standards must immediately follow each calibration,
after every tenth sample, and at the end of the sample run. Initial Calibration Verification
must verify that the instrument is within 10%. Continuing Calibration Verification
standards must confirm the calibration within ± 10% throughout the analyses. If the
recovery of an analyte falls outside the required control limits, the analysis is judged to be
out of control, and the source of the problem should be identified and resolved before
continuing analysis. Recalibrate the instrument.

10.6. The results of the calibration blank (CCB) must be less than the MRL. If not, terminate
the analysis, correct the problem, recalibrate, and reanalyze the samples effected.

10.7. Dilute and reanalyze samples that exceed the linear calibration range or use an alternate,
less sensitive line for which quality control data is already established.

10.8. Analyze matrix spiked and duplicate samples at a frequency of one per matrix batch (max. y J,
20 samples). Matrix spiked and duplicate samples are brought through the entire sample
preparation and analytical process.

10.8.1. The spiked sample or spiked duplicate sample recovery is to be within ± 25% of the
actual value or within the documented historical acceptance limits for each matrix.
Sample concentrations greater than four times the spike concentration are not valid
and shall not be evaluated. If the matrix spike does not meet these criteria, analyze a
Post Digestion Spike.

10.8.2. A control limit of ± 20% RPD shall be used for original and duplicate samples
greater than or equal to 5X the CRDL. A control limit of ± the CRDL shall be used if
either the sample or duplicate value is less than 5 times the CRDL. CRDL values are
given in Table 1.

10.9. Laboratory Control Sample - verify sample preparation and analysis using reagent water
spiked with a known amount of analytes of interest. Results should be within ± 20%.
Outlying recoveries may indicate loss of analyte due to digestion procedures or laboratory
contamination. If an LCS is found to be out of the specified limits, recalibrate and
reanalyze. If the LCS remains out of the specified limits, redigestion of the entire batch
should occur if the recovery is less than 80°o. If the LCS recovery is greater than 120%
rcdiaest all positive results (creater than the MRL).
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10.10. MRL standard- A standard at or near the MRL is analyzed at the beginning and end of each
analytical run but not before the ICV. There are no limits in the 601 OB method, but the CAS
guideline used is +/- 50% of the true value. If the limits are not met the analysis is stopped
and the instrument is recalibrated.

10.11. Interference Check Samples- The ICSA and ICSAB need to be run consecutively at the
beginning and end of each analytical run. Results from the ICSA solution shall be monitored
for false positive detections of analytes not present in the mix. The analyte recoveries for the
AB solution must fall within 20% of the true value otherwise the run must be stopped,
recalibrated and reanalyzed unless analytes are not detected in the associated samples or
interferent elements are not present.

10.12. Serial Dilution Test If the analyte concentration is sufficiently high (minimally, a factor
of 50 times above the IDL), an analysis of a 1:5 dilution should agree within ± 10% of the
original determination. If not, a chemical or physical interference effect should be
suspected and data may be flagged accordingly.

10.13. Post Digestion Spike Addition: Typically if a matrix spike does not yield acceptable
results, a post-digestion spike may be added to a portion of a prepared sample, or its
dilution, and should be recovered to within 75% to 125% of the known value. The spike
addition should produce a minimum level of 10 times and a maximum of 100 times the
IDL. If the spike is not recovered within the specified limits, a matrix effect has been
confirmed.

10.14. Instrument Performance

• InterElement Correction Factors (IEC) are analyzed annually, or as needed.
• Linear Ranges (LR) are run biannually and must be ±5% of true value.
• Instrument Detection Limits (IDL) are analyzed quarterly, or as needed.
• Method Detection Limits (MDL) are analyzed annually.

11. REFERENCES

• Test Methods For Evaluating Solid Waste. Physical/Chemical Methods. USEPA SW-846, 3rd
Edition, December 1996.

• Methods For the Determination of Metals in Environmental Samples Supplement I.
USEPA/600/R-94/111, May 1994.

• 40 CFR Parti36 Appendix B
• NELAC 2002 Standard
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Analyte

Silver
Aluminum
Arsenic
Boron
Barium
Beryllium
Calcium
Cadmium
Cobalt
Chromium
Copper
Iron
Potassium
Lithium
Magnesium
Manganese
Molybdenum
Sodium
Nickel
Lead
Antimony
Selenium
Silicon
Strontium
Tin
Titanium
Thallium
Vanadium
Zinc

TABLE 1

MRL
Water
mg/L
0.010
0.100
0.0100
0.200
0.0200
0.0050
0.500
0.0050
0.0500
0.0100
0.0200
0.100
2.00
0.200
0.500
0.0100
0.0250
0.500
0.0400
0.00500
0.0600
0.00500

1.00
0.100
0.500
0.0500
0.0100
0.0500
0.0200

MRL
Soil
ug/g
1.00
10.0
50.0
20.0
2.00

0.500
50.0

0.500
5.00
1.0

2.00
5.00
100
20.0
50.0
1.0

2.50
50.0
4.00
5.00
10.0
50.0
100
10.0
100
5.00
30.0
5.00
1.0

Typical L

ug/L
0.632
6.57
6.89
37.3
12.2
0.26
167

0.489
3.03
1.81
3.02
44.1
857
23.9
124
1.78
3.08
193
3.92
1.29
3.72
12.5
68.7
5.38
15.8
3.15
7.77
2.74
2.47

\
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Table 2

Recommended Wavelengths and Instrument Specifications

Suggested wavelengths are listed below:

Analyte
Ag Silver
Al Aluminum
B Boron
Ba Barium

j Be Beryillium
Ca Calcium
Cd Cadmium
Co Cobalt
Cr Chromium
Cu Copper
Fe Iron
Li Lithium
Mg Magnisium
Mn Manganese
Mo Molybdenum
Na Sodium
Ni Nickel
Pb Lead
Sb Antimony
Si Silicon
Sn Tin

Wavelength
328.068
308.215
249.773
233.527
234.861
430.253
226.5O2
228.616
267.716
324.754
238.863
610.364
279.079
257.610
202.030
330.237
231.6O4
220.353
206,833
252.851
189.933

Sr Strontium 421.552
Ti Titanium 334.941
V Vanadium 292.4O2
Zn Zinc 206 191
Y Yittrium 371.030

Other wavelengths may be substituted if they can provide the needed sensitivity and are
corrected for spectral interference. Because of differences among various makes and models of
spectrometers, specific instrument operating conditions cannot be provided. The instrument
operating conditions herein are recommended based upon manufacturer's instrument manuals.
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Table 3
Operating Conditions

Current Method Operating Conditions are as follows, these conditions may vary to optimize the
instrument for different analyses:

Parameter
Resolution
Purge Gas Flow
Read Time (min/max sec.)
Replicates
Plasma (L/min)
Aux. (L/min)
Nebulizer Flow (L/min)
Power (watts)
Viewing Height (mm)

Radial Plasma
Fixed
Normal
5/20
2
15
0.5
0.72
1300
15

Axial Plasma
Fixed
Normal
5/50
2
15
0.3
0.56
1450
15
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RADIAL OPTIMA #1 CALIBRATION STANDARD #1 (Standard is prepared weekly or as necessary)
1 i 1 i I J i

HI L SH
I

FQL SlJ

Si-t/r at

Mclal

AL

BE

CO
MC
SE
V

SB
CD
CU

SIN
AG
ZN
AS

CA
FE
NI

NA
I_BA_

CR
PB
K
TL
B

MO

SN
TI

PB
AS
SE
TL
SR

CAS Lot #

1/10-

Conc.
(ppm)

200

5
SO

5000
5
50

60
5
25

15
10
20

10

5000

100
40

5000

200
10

5
5000

10
200

25
soo
50
100

1000

1000

1000

1000

Vol. Final
(mis) Vol.

<mW
0.100 100

0.100

0.050

0.010

0.010

0.010

0.010

Final
Cone,
(ppm)
0.200

0.0050

0.0500

5.00
BEIXW

0.0500

0.0600
0.0050
0.0250

0.0150

0.0100
0.0200
BF.1.OW

5.00

0.100

0.0400

5.00

0.200

0.0100
DELOW

5.00
BELOW

0.200

0.0250

0.500

0.0500

0.055

0.110

0.105

0.110

0.100

Matrix

2V.HNO3

S"/.HC1

Analyst/
Date

Letter
ID

A

B
C
D
E
F
G
H
I
J
K
L
M
N
O
P

Q
R
S
T
U
V
w

X
Y

Z
AA
BB
CC
DD
EE

Nitric Acid
Lot*

Hydrochloric
Acid
Lot*

Expiration
Date

Pipct
ID

!?0

$

m

§

g- en



RADIAL OPTIMA (HI' CALIBRATION STANDARD *3 / HLCCV1 (Standard It prepared wnkly or at neceteary)
(CALIBRATION STANDARD *2 IS A1/5 DILUTION OF THIS STANDARD)

•IMI

l/.tlrf)

•1 M 1

•tixm

A'lfillt

Mruli

M«Ul

'~CA~

MG
K

NA
AG
CR
MN
M
/.N
At.

IIA

HF

f()

ci;
FK
V

AS

CD
I'U
SK
TL
SU
SN
It

MO
Tl
SK

CAS Ml H Cone,
(ppm)

5000

5000

5000

5000

100
100
ISO
400
200

2000

2000

50
500
250
1000

500
100

50
50
SO
100

1000
1000

1000

i 1000
1000

1000

Vol.
(roll)

4700

2.00

2.00

8.00

2.00
2.00

1.00

1.00
1.00

1.00

Flnil
Vol.
law
200

Final
Cone.

JH>H»L
too
100
100
too
1.00
1.00
1.50
4.00
2.00
20.0
20.0

0.500
5.00
2.50
10.0
5.00
4.00
2.00
2.00
3,00
4.00
10.0
(0.0
S.OO
S.OO
5.00
5.00

Matrix

2%HNO3

5%HCI

Anilyit/
D«l«

Umr
lit

A

R

C

D

P.

F

G
II

1

J

K

L

M

N

O

P

Q
R

S

T

U

V

w
X

Y

Z

AA

Nitric Add
Lot*

Hydrochloric
Acid
Lot*

Kiplrtlton
n«<« Plpot

ID
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RADIAL OPTIMA #1 ICV/CCV STANDARD (Standard Is prepared daily.)

CalStdl

CalStd2

CalStdS

CalSld4

Single

Elements

Metal

CA
MG

K
NA

AG
CR
MN
Ml
ZN
AL

BA
BE
CO
CU
FE
V

AS

CD
PB
SE

r TL
SD
SN
B

MO
Tf

SU

CAS Lot # Cone,
(ppm)

5000

5000

5000

5000

100
100
150
400
200
2000

2000

50
SOO
250
1000

500
100

50
50
50

100
1000

1000

1000

1000

1000

1000

Vol.
(mis)

2.00

1.00

1.00

4.00

1.00

1.00

0.500

0.500

0.500

0.500

Final
Vol.
(mis)
200

Final
Cone,
(ppm^
50.0

50.0

50.0

50.0

0.500

0.500

0.750

2.00

1.00

10.0

10.0

0.250

2.50

1.25

5.00

2.50

2.00

1.00

1. 00

1.00

2.00

5.00

5.00

2.50

2.50

2.50

2.50

Matrix

2%HNO3

5%HC1

Analyst/
Date

Letter
ID

A
D
C
D
E
F
G
H
I
J
K
L
M
N
O
P

Q
R
S
T
V
V

w
X
Y
z

AA

Nitric Acid
Lot*

Hydrochloric
Acid
Lot*

Pipet
ID

00

59

1

2

J
n o
<. 05

— oo
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RADIAL OPTIMA l»1 • HLCCV2 (Standard li prepared weekly or as neceiiary.)

r«i an i

I'tl Mi .1

Mnuli

Men)

ACT

CK

"MN"
"Nf"

Al.

IIA

ccT
'('I!

._..._

MO
PH

I I

CAS I xil • Cone,
(ppm)

100
100
ISO
400

200

2000

2000

SO

SOO

2SO

1000

SOO

1000

1000

1000

Vol.
(mil)

2.00

2,00

1.00
CL^yyiWUvv

1.00

Final
Vol.
(rob)
100

1.00

rin»i
Cone,
(ppm)
2.00

2.00

3.00

8.00

4.00

40.0

40.0

1.00

10.0

S.OO

20.0

10.0

10.0

10.0

10.0

Matrix

2HHNO.
JV4ICI

Anilyit/
!>•!•

t*utr
ID

A

n
r
i>
K
F
G
n
i
j
K
I
M

N

O

P

Q
R
S

T

U
V
w
X
Y
z

Nitric Add
UlN

Hydrochloric
Acid
Ut»

KiplrtllM
Dili

rip«t
ID

1

97

C C J
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RADIAL OPTIMA #1 CRI STANDARD

... .1

Element

CRDL

STI)
AC

AS

BE

CD

CR

CO

CU

MN

NI

PB

SB

SE

TL

V

ZN

AS

PB

SE.

TL

CAS Lot # Cone,

(ppm)

Multi

20

20

10

10

20

1 1 0 0

50

30

80

6

120

10

20

too
40

1000

1000

WOO

1000

Vol.
(mis)

O.SOO

0.050

0.050

0.050

0.050

Final

Vol.
(mis)
500

Final

Cone,

(ppm)
Multi

0.0200

BELOW

•AMP"

0.0100

0.0100

0.0200

0.100

0.0500

0.0300

0.0800

BELOW

0.120

BELOW

BELOW

0.100

0.0400

0.120

0.106

0.110

0.120

Matrix

5% HCL
2V.HN03

Analyst/

Date

ID
Letter

A

B

C

D
E

F
G

U
I
J

K
L

M
N
O
P

Q
R
S

T

Nitric Acid

Lot*

Hydrochloric

Acid

Lot*

Expiration

Date

Plpet

ID

.

C/3
O
13

1
OS

116
3 2 - E 3



Klemont

Ini. A Sol'n

Al.
CA

FK

MC

Ini. H Sol'n

AC!

rn
"co"

MN

rn

7,N

CAS I

I I I I I I I I I I I I I J i I I I I J

RADIAL OPTIMA Ml ICSAB STANDARD

I I J I - I I I I t

»r« Cone,
(ppm)

Multi

5000

5000

2000

5000

Mull)

100
50
50
100

50
50
50
50
ion
100
SO
too

Vol.
(mil)

100

10.0

Final
Vol.
(mil)
1000

Final
Cone,
(ppm)
Multi
500
500
200
500

Mulli

t.OO

0.500

0.500

1.00

0.500

0.500

0.500

0.500

1.00

1.00

0.500

1.00

Matrli Analyit/
Date

ID
Lttter

A
B
C
D
E
F
G
H
I
J

K
L
M

N
0
P

Q
R
S
T
U

Nitric Acid
Lot*

Hydrochloric
Acid
Lot*

Expiration
Dili

Plp.1
ID

*

§

127 s, a I's
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RADIAL OPTIMA #1 MRL STANDARD

Cal

#1

Cal

#2

Cal

M

Cal

#4

HQL

n

Single

Stds

K.lemcnt

Ca

K

Mg

Na

Cr

AS
Mn

Zn

Nl

Al

Ba

Fc

Co

V

Cu

Be

Cd

As.TI

Pb.Se

B

Mo

Sn

Tl

Sb

Sr

Tl

A;

Sc

I'll

CAS Lot * Cone,
(ppm)

5000

5000

5000

5000

100

100

ISO

200

400

2000

2000

1000

500

500

250

50

50

100

50

200

25

500

SO

1000

1000

1000

1000

1000

1000

Vol.
(mis)

0.20

0.10

0.10

0.10

1.00

0.060

0.100

0.300

0.500

0.500

0.050

Final
Vol
(mb)
1000

Final Cone,
(ppm)

1.00

1.00

1.00

1.00

0.0100

0.0100

0.0150

0.0200

0.0400

0.200

0.200

0.100

0.050

0.050

0.025

0.00500

0.0050

BELOW

BELOW

0.200

0.0250

0.500

0.050

0.060

0.100

0.310

0.510

0.505

0.055

Matrix

5% I1CL

2V.HNO3

Analyst/
Date

ID
Letter

A

B

C

D

E

F

G

I!

1

J

K

L

M

N

O

t

Q
R

S

T

U

V

w
X

Y

Z

Nitric Acid
Lot*

Hydrochloric
Acid
Lot*

Exp.
Date

Plpet
ID

156
3?

00
O
"0

O

H

•8 f»2
O

S- CD
52 "9

— C/3



AXIAL OPTIMA #2 CALIBRATION STANDARD 01 (Standard It prepared wMkly or as nectaiary)

FQt,
W/

r-«
am 4

/'(?'•

sni :

M«i»l

AL

BE
CO
M<;
SK
V

SU
c'i)
Ctl
MN
AC
7,N
AS

TA"'
FE
N!
MA
IIA
CR

j^n
K

TL
AS
CD

SE
rn
TL ,

II
MO

SN

Tl

CAS Lot *

_..,

*

Cone,
(ppm)

200

9
50

MOO
5
50
M
S
IS
15
10
10
10

5000

100
40

5000

200
10
s

5000

10
too
50

50
50

100

200

25
500

50

Vol.
(mil)

0.100

0.010

0.100

Flnil
Vol.
(mil)
100

Final
Cone.

(PPmL
0.200

0.0050
0.0500

5.00
HCLUW

0.0900

0.0600
ntixiw

0.0150

0.0150

0.0100

0.0100
nriow

5.00

0.100

0.0400

5.00

0.200
0.0100
nr.i.ow

5.00
BKLOW

0.0200

0.0100

0.0100

0.0100

0.0200

0.200

0.0250

0.500

0.0500

Mitrli

2HHNOJ

5HIICI

AntlyiC/
Dill

UMir
ID

A

B
C
D
I
r
G
II
1
J
K
L
M
N

O
P

Q
K
S
T
U
V

w
X
Y
7.

AA

DD
CC
DD
EK

Nitric Add
Lot*

Hydrochloric
Acid
Lot*

KxptriiUm
Dtlt

Plptl
ID ,

.

W—

Iit
•

U)
~1

C
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AXIAL OPTIMA #2- CALIBRATION STANDARD ttTtlLCCVI (Standard fs'preparod weekly or as necessary)* ""*
(CALIBRATION STANDARD #2 IS A 1/5 DILUTION OF THIS STANDARD)

i J

CalSlil 1

CalXlJ}

rnlSHJ

Cat Sill i

Singlt

Metal,

Metal

CA
MG

K
I N A

AG
CR

MN
NI
ZN

AL

BA
nc
CO
CT!
FE
V

AS
CD

ru
SE
TJ.
SB

SN
1)

MO
TI

CAS Lot # Cone,
(ppm)

5000

5000
5000

5000

100
100
150
400
200

2000

2000

50
500
250
1000
500
100
50
50
50
100

1000

1000

1000

1000

1000

Vol.
(mis)

2.00

2.00

2.00

4.00

2.00

2.00

1.00
1.00

1.00

Final
Vol.
(mis)
200

Final
Cone,
(ppm)
50.0

50.0
50.0

50.0

1.00

1.00

1.50

4.00

2.00

20.0

20.0

0.500
5.00

2.50
10.0

5.00

2.00

1.00
1.00

1.00

2.00

10.0

10.0

5.00

5.00

5.00

Matrix

2%HN03

5%HCJ

Analyst/
Date

Letter
ID

A

B
C
D
E
F
G
H
I
J
K
L
M
N
O
P

Q
R
S
T
U
V
\V

X
Y
Z

Nitric Acid
Lot*

Hydrochloric
Acid
Lot#

Expiration
Dtte

Pipot
ID

33

P D•

C/3
O
•fl

O

2;i
-• 05
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AXIAL OPTIMA #2 ICV/CCV STANDARD (Standard it pr«p«r»d dally.)

CalSidl

CalXitiJ

CalXtJ.1

CalSltlJ

Single

U

n

13

14

t
lit

M»r»i

CA
MG

K
NA
AC
( R
MN
Nl
7.N
AL
HA
lit.
CO
cu
KK
V

AS
CD

rn
SE
TL
SB
SN
n

MO
TI

CAS Lot » Cone,
(ppm)

5000

5000

5000

5000

100
100
1.10

400
200

2000

2000

SO
500
250
1000

, 500

too
50
SO

50
100

1000

1000

1000

1000

1000

VOL
(mil)

1.00

1.00

1.00

2.00

1.00

1.00

0.500

0.500

0.500

Final
Vol.
(mil)
200

Final
Cone,
(ppm)

25.0

25.0

25.0

25.0

0.500

0.500

0.750

2.00

1.00

10.0

10.0

0.250

2.50

1.25

5.00

2.50

1.00

0.500

0.500

0.500

1.00

5.00

5.00

2.50

2.50

2.50

Matrix

5KHCI

Analytl/
Date

Utltr
ID

A
B
C
D
F.
F
G
II
1
J

K
L
M
N
O
P

Q
R
S

T
U
V
w
X
Y
Z

NHrtc Add
UMf

Hydrochloric
AeM
Lot*

IMp«t
ID

,

63

C CJ
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AXIAL OPTIMA #2- HLCCV2 (Standard is prepared weekly or as necessary)

CalSlil

GrtSulJ

C*IS«I4

Single

Kleteli

Metal

AC;
cu
MN
NI
ZN
AL
BA
BE
CO
CU
FE
V

AS
CD
PB
SE

TL
MO

PB

CAS Lot # Cone,
(ppm)

100
100
150

400
200

2000

2000

50
500

250
1000
500
100
50
50
50
100

1000

1000

Vol.
(mis)

2.00

2.00

4.00

1.00

0.800

Final
Vol.
(mis)
100

Final
Cone,
(ppm)
2.00

2.00

3.00

8.00

4.00
40.0

40.0
1.00

10.0

5.00

20.0
10.0

4.00

2.00
below

2.00

4.00

10.0

10.0

Matrix

2%HNO3

5%HC1

Analyst/
Rate

Utter
ID

A
B
C
D
E
F
G
H
I

J
K
L
M

N
0
P

Q
R

S
T
U
V

W
X
Y
Z

Nitric Acid
Lot*

Hydrochloric
Acid
u>t#

Expiration
D»u

Ptpet
ID

*

99

C/)
O
•o
Z
O

2m

i
O

•• tn— co



AXIAL OPTIMA « CW STANDARD

Element

CR1M.
STI)

\C,

AS

UK

CD

CK

CO

CIJ

MN

Nl

r«
SH
SE

TL

V

ZN

CAS Lt»t « Cone,
(ppm)

Mulli

20

20

in
10

20

100

so
30

HO

6

120

10

20

100

40

Vol.
(mil)

0.500

Klnil
Vol.

<mU)
500

Final
Cone,
(ppm)
Multi

0.0200

0.0200

0.0100

0.0100

0.0200

0.100

o.osoo
0.0300

O.OHOO

0.00600

0.120

0.0100

0.0200

0.100

0.0400

Matrix

5KHCL
2KHNO)

Analyst/
Date

ID
Letter

A

B
C
D

E

F

G

H

I

J

K

L

M

N
O
P

Q

Nitric Acid
Lot*

Hydrochloric
Acid
Lot*

Expiration
Date

Plpet
ID

•

117
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ICSA STANDARD

Element

Int. A Sol'n

AL

CA
FE

MG

CAS Lot # Cone,
(ppm)

Multi

5000

5000

2000

5000

Vol.
(mis)

100

Final
Vol.
(mis)
1000

Final
Cone,
(ppm)
Multi

500

500

200

500

Matrix

5% HCL

2%HN03

Analyst/
Date

ID
Letter

r A
B

C

D

E

F

G

H

I

J

K

L

M

N

O

P

Q
R

S

T

U

V

Nitric Acid
Lot*

Hydrochloric
Acid
Lot*

Expiration
Date

Pipet
ID

00I

128
a ffi
— Cfl
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AXIAL OPTIMA « ICSAD STANDARD

Element

Int. A Soi'n

AS
SU
SF,
Tl,

CAS Ul * Cone,
(ppm)

Multi
sooo
5000
2000
5000
Mulli

20
50

SO
100
50
50

50
50
100
5

, 50

100

10
60
s
10

Vol.
(mix)

Too

10.0

Ftntl
Vol.

Into)
1000

Flnil
Cone.
(ppm)
Multl
500
500
200
500

Mulli
0.200
0.500
0.500
1.00

0.500
0.500
0.500
0.500
1.00

0.0500
0.500
1.00

0.100
0.600
0.0500
0.100

Matrix Anilytt/
Dal*

ID
Utter

A

B

C

1)

E

F

G

H
I

J

K

1.

M

N

O

P

Q
R
S
T
U
V

Nltrtc Add
Ul*

Hydrochloric
Acid
U<*

Expiration
Dili

Plp«t
ID

•

137
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OPTIMA INTERNAL STANDARD

Element

Y
Cs

CAS Lot # Cone,

(ppm)

1000

1000

Vol.

(mis)

50.0

50.0

Final

Vol.
(mis)
500
500

Final
Cone,
(ppm)

100
too

Matrix

2V.HN03

5% HCL

Analyst/
Date

ID
Letter

A
B

C

D

E
F

G

H

I

J

K

L

M

N

O
P

Q
R

S

Nitric Acid

Lot*
Hydrochloric

Acid
Lotff

Expiratio

n
Date

Pipet
ID

V)

Z
P

tn

148
TO » * 2
™ P. n O
<*> vo 5. 03
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AXIAL OPTIMA «1 MRL STANDARD

Oil

r.i
•i

C.I

l-gf,

Sinylo

Sldi

KUmtnl

C»

K

MB

Ni

0

*l

Ml

7.B

NI

At

Bi

ft

Co

V

Cii

Be

Ol

An.TI

Pb.Si

B

Mo

Sn

Tl

Sb 1

CAS U»l *
(ppm)

5000

5000

5000

5000

100

100

ISO

200

400

1000

2000

1000

soo
500

250

50

SO

100

50

100

15

500

90

1000

(mil)

0.10

0.10

0.10

0.10

1.00

0.060

(mil)

1000

(ppm)

1.00

1.00

1.00

1.00

0.0100

A.OIOO

0.0150

0,0100

0,0400

0.200

0.100

0.100

0.050

O.OJO

0.025

0.00500

0.0100

0.0200

0.0100
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I. SCOPE AND APPLICABILITY

This SOP uses EPA SW-846 Method 7471A to determine the concentration of mercury in soils,
sediments, bottom deposits and sludge-type materials. The range of the method is 0.2 to 10 ug/L.
The range may be extended above or below the normal range by increasing or decreasing the sample
size. This SOP was modified specifically for the Indiana Pines site project

2. SUMMARY OF METHOD

A known portion of a soil sample is transferred to a hot block cup. It is digested in diluted
potassium permanganate solution and oxidized for thirty minutes at 95°C. Mercury in the digested
water sample is reduced with stannous chloride to elemental mercury and measured by the
conventional cold vapor atomic absorption technique.

3. DEFINITIONS

3.1. Calibration Blank - A volume of reagent water acidified with the same acid matrix as in the
calibration standards. The calibration blank is a zero standard and is used to auto-zero the
instrument

3.2. Calibration Standard - A solution prepared from the dilution of stock standard solutions. The
CAL solutions are used to calibrate the instrument response with respect to analyte
concentration.

3.3. Laboratory Duplicates - Two aliquots of the same sample taken in the laboratory and analyzed
separately with identical procedures. Analyses of duplicate sample indicates precision
associated with laboratory procedures, but not with sample collection, preservation, or storage
procedures.

3.4. Laboratory Control Sample (LCS) - An aliquot of an ERA soil sample with a known
concentration. The LCS is analyzed exactly like a sample, and its purpose is to determine
whether the methodology is in control and whether the laboratory is capable of making accurate
and precise measurements.

3.5. Matrix Spike (MS) - An aliquot of an environmental sample to which a known quantity of the
method analyte is added in the laboratory. The MS is analyzed exactly like a sample, and its
purpose is to determine whether the sample matrix contributes bias to the analytical results. The
background concentrations of the analytes in the sample matrix must be determined in a
separate aliquot and the measured values in the LFM corrected for background concentrations.

3.6. Preparation Blank (PB) - An aliquot of reagent water or other blank matrices that are treated
exactly as a sample including exposure to all glassware, equipment, solvents, reagents, and
internal standards that are used with other samples. The PB is used to determine if the method
analyte or other interferences are present in the laboratory environment reagents, or apparatus.
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3.7. Linear Dynamic Range (LDR) - The concentration range over which the instrument response
to an analyte is linear.

3.8. Method Detection Limit (MDL) - The minimum concentration of an analyte that can be
identified, measured, and reported with 99% confidence that the analyte concentration is greater
than zero.

3.9. Standard Addition - The addition of a known amount of analyte to the sample in order to
determine the relative response of the detector to an analyte within the sample matrix. The
relative response is then used to assess either an operative matrix effect or the sample analyte
concentration.

3.10. Batch - Unit of samples prepared together on the same day, not to exceed 20 samples.

4. HEALTH AND SAFETY WARNINGS

The toxicity and carcinogenicity of each reagent used in this method has not been fully established.
Each chemical should be regarded as a potential health hazard and exposure to these compounds
should be minimized by good laboratory practices. Normal accepted laboratory safety practices
should be followed during reagent preparation and instrument operation. Always wear safety
glasses or full-face shield for eye protection when working with these reagents.

All contact with mercury should be avoided. Mercury vapor is especially toxic, causing severe
respiratory tract damage. Chronic exposure to mercury through any route can produce central
nervous system damage. May cause muscle tremors, personality and behavior changes, memory
loss, metallic taste, loosening of the teeth, digestive disorders, skin rashes, brain damage and kidney
damage. Can cause skin allergies and accumulate in the body. Repeated skin contact can cause the
skin to turn gray in color. A suspected reproductive hazard; may damage the developing fetus and
decrease fertility in males and females.

5. CAUTIONS

• Because of the extreme sensitivity of the analytical procedure and the presence of mercury in
a laboratory environment, care must be taken to avoid extraneous contamination. Sampling
devices, sample containers and plastic items should be determined to be free of mercury; the
sample should not be exposed to any condition in the laboratory that may result in
contamination from airborne mercury vapor.

• Samples with high organic content may required additional permanganate. Shake and add
additional permanganate solution, if necessary, until the purple color persists for at least 15
minutes. Ensure that equal amounts of permanganate are added to all samples, standards and
blanks
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6. INTERFERENCES

6.1. Interferences have been reported for soils containing sulfide, chloride, copper and tellurium.
Organic compounds, which have broad band UV absorbance (around 253.7 nm), are confirmed
interferences. The concentration levels for interferants are difficult to define.

62. Low level mercury sample preparation, digestion, and analysis may be subject to environmental
contamination if preformed m areas with high ambient backgrounds where mercury was
previously employed as an analytical reagent in analyses such as chemical oxygen demand
(COD).

7. PERSONNEL QUALIFICATIONS

At a minimum, personnel must have attained at least a 2-year degree in any subject and have
successfully completed an Initial Demonstration of Capability after training using the Training Plan
Form (found on the CAS Intranet). Training and Demonstration of Capability are in accordance
with NELAC 2002 Standard.

8. EQUIPMENT AND SUPPLIES

8.1. Perkin Elmer FIMS - Atomic Absorption Spectrophotometer equipped with a vapor generator,
quartz absorption cell and mercury hollow cathode lamp.

8.2. 50mL hot block cups and caps

8.3. lOOmLB-Cupsandcaps

8.4. Hot Block capable of maintaining a digestion temperature of 90-95°C.

8.5. Pipettes and graduated cylinders.

8.6. Mercury stock solution (1.000 mg/L) - Purchased. Store at room temperature. Dispose per
manufacturer's expiration date.

8.7. Intermediate Stock Solution (10 mg/L) - Prepare a 1/100 dilution of the lOOOmg/L Stock
Solution hi a volumetric flask and dilute with DI water. Acidify with 0.5 ml of concentrated
HNO,. Store at room temperature for up to 1 week.

8.8. Working Solution (100 ug/L) - Prepare a 1 100 dilution of the lOmg/L Intermediate Stock
Solution in a volumetric flask and dilute with DI water. Acidify with 0.5 ml of concentrated
HNO,. Prepare fresh each day analysis is performed.

8.9. Calibration Standards - Prepare 0. 0.2. 0.5, 1.0. 2.0, 5.0. 10.0 ug/L calibration curve. Transfer 0,
O.I, 0.25, 0.5, 1.0. 2.5, 5.0 mL aliquots of the 100 ug L working solution to a series of labeled
hotblock cups. Add the appropriate amount of reagent water to bring each cup to a final volume
of 5 ml. Add 5 ml of aqua regia. Loosely cap each cup. Prepare 2 blank standards to ensure
sufficient volume for ihe analysis. The CRDL standard is prepared as the 0.2 standard.
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8.10. ASTM Type II water

8.11. Concentrated Nitric Acid - Metals Grade, purchased commercially. Expires as per
manufacturer's indications.

8.12. Concentrated Sulfuric Acid - Metals Grade, purchased commercially. Expires as per
manufacturer's indications.

8.13. Aqua regia: Prepare immediately before use by carefully adding three volumes of
concentrated HC1 to one volume of concentrated HNO3

8.14. 5% w/v Potassium Permanganate Solution - Dissolve 50 g of KMnO4in 1 L of reagent water.
Store at room temperature for up to 6 months.

8.15. 12% w/v Sodium chloride-hydroxylamine chloride solution - Dissolve 120 g of NaCl and 120
g of hydroxylamine hydrochloride (NH2OH*HC1) in 1 L of reagent water. (Hydroxylamine
sulfate (NH2OH)2 H2SO4 may be used in place of hydroxylamine hydrochloride.) Store at
room temperature for up to 6 months.

8.16. 1.1% Stannous chloride + 3% HC1 solution - Add 11.0 g of SnCI2*2H2O to 1 L of 3% HC1.
Prepare daily.

8.17. The calibration blanks (ICB and CCB), prepared daily, must contain all reagents in the same
concentrations and in the same volume as used in preparing the calibration solutions.

8.18. The preparation blank (PB) is prepared in the same manner as the calibration blank and is
carried through the entire preparation scheme with each batch of samples to be analyzed.

8.19. With each batch of samples to be analyzed, prepare a laboratory control sample (LCS) by
weighing a 0.60g portion of an ERA soil standard and place in the bottom of a 50 mL
hotblock cup. The LCS must be carried through the entire sample preparation scheme.

8.20. Initial / Continuing Calibration Verification Standard (ICV/CCV) 3.0 ug/L - Prepare an
intermediate stock solution and working solution of 10 mg/L and 100 |ig/L using a different
stock source than the calibration standards. Transfer 1.5 ml of 100 ug/L solution (prepared
daily) to a 50 ml hotblock cup. Add 3.5 ml of reagent water and 5 ml of aqua regia. Prepare
2 CCVs to ensure sufficient volume for the analysis.

8.21. The matrix spike sample (MS) is prepared by fortifying a 0.6g sample with 0.5 ml of 100
Hg/L CCV standard in a hotblock cup. Carry through the entire digestion and instrument
procedure as a routine sample.
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9. PROCEDURE }

9.1. Calibration and Standardization

Calibration Standards for the initial calibration must be prepared with each daily analysis. A
blank and 5 standards is required. The correlation coefficient for each calibration must >0.995.

9.2. Sample Collection

Samples are to be collected in purchased, certified clean glass or plastic sample jars.

93. Sample Handling and Preservation

93.1. Maintain at 0-6°C from receipt until analysis.

93.2. Digested and analyze samples within 28 days of collection. Once digested, samples are
analyzed as soon as possible.

933. Sample handling, storage, and custody procedures are in compliance with NELAC 2002
Standard.

9.4. Sample Preparation

9.4.1. Weigh 0.6g portion of a representative sample (approx. 0.2g portions from three areas of
the sample) and place in the bottom of a hot block cup. Add 5 ml of reagent water and 5
ml of aqua regia. Loosely cap the sample cup.

9.4.2. Heat in the hotblock for 2 minutes at 95°C. Cool, then add 25 ml of reagent water and 15
ml of 5% potassium permanganate solution. Mix thoroughly and place in the hotblock
for 30 minutes at 95°C.

9.4.3. Note: Samples with high organic content may required additional permanganate. Shake
and add additional permanganate solution, if necessary, until the purple color persists
for at least 15 minutes. Ensure thai equal amounts of permanganate are added to all
samples, standards and blanks.

9.4.4. Cool and add 3.0 ml of 12% sodium chloride/hydroxylamine hydrochloride solution.
Add 25 ml of reagent water and the samples are now ready to be analyzed. The stannous
chloride solution is added automatically by the vapor generator.

9.5. Sample Analysis

9.5.1. Analyze the standards and samples using the Perkin Elmer Flow Injection Mercury
System. See Operations Manual for details.
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9.5.2. Sample concentrations exceeding the Linear Range require sample dilution. Dilutions
should be performed so that the instrument concentration will fall in the mid-range of the
calibration curve.

9.6. Troubleshooting

All maintenance activities are recorded in a maintenance logbook kept for each instrument.
CAS staff performs most routine maintenance and troubleshooting. Other maintenance or
repairs may, or may not require factory service, depending upon the nature of the task. Typical
preventive maintenance measures include, but are not limited to, the following items:

• Check gases and tubing, daily
• Check optic tubes and filter membrane for moisture before analysis

9.7. Data Acquisition, Calculations, and Data Reduction Requirements

Calculations:

From the prepared calibration curve compute sample values by comparing response with the
standard curve. Calculate the mercury concentration in the sample in mg/Kg by using the
formula:

mg/Kg = Vol. (ml)/sample Wt(g) x 1 mg/1 OOOug x 1 L/l 000ml x 1 OOOg/1 Kg x C x dilution

C = concentration of Hg in digestate, in ug/L

9.8. Computer Hardware and Software

• Personal Computer running Perkin Elmer AA Winlab for Window v.2.50
• Metals Analytical Review and Reporting System (MARRS) v.3.2.44
• StarLIMSv.6.11.a

10. DATA AND RECORDS MANAGEMENT

10.1. Repsonsibilities - It is the responsibility of the analyst to perform the analysis according to
this SOP and to complete all documentation required for data 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 SOP. Final review and
sign-off of the data is performed by the department supervisor or designee.

10.2. Data Flow - Samples are entered by the Project Manager into StarLIMS on a Personal Computer
running on a Novell Network. On the day that the samples are received the samples appear on a
daily log printed from this computer system. The Metals Prep analyst prepares a benchsheet,
digests the samples and turns the samples and digest sheet over to the ICP analyst. The samples
are analyzed for metals of interest using AA software. The results are transferred to MARRS (for
reporting package work) and StarLIMS for validation, reporting, and invoicing.
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10.3. Data Review - Data will be reviewed by the instrument analyst and a qualified peer using a ^**^
data review checklist (attached).

11. QUALITY CONTROL AND QUALITY ASSURANCE

11.1. Preparation Blanks must be analyzed at least once per batch of 20 or fewer samples. PB
values must not exceed the MRJL (method reporting limit). If the PB is out of control, fresh
aliquots of the samples must be prepared and analyzed again for affected analytes after the
source of the contamination has been corrected and acceptable PB values have been
obtained.

11.2. Laboratory Control Samples assess laboratory performance against the required control
limits. The control limit range is specific for each lot and is recorded on a certificate from
the manufacturer. If the recovery of mercury falls outside the required control limits, the
analysis is judged to be out of control, and the source of the problem should be identified and
resolved before continuing analysis. Redigestion and analysis is required until acceptable
LCS recovery is performed.

11.3. Calibration Verification Standards must immediately follow each calibration, after every
tenth sample, and at the end of the sample run. Initial Calibration Verification must verify
that the instrument is within ±10%. Continuing Calibration Verification standards must
confirm the calibration within ± 10% throughout the analyses. If the recovery of mercury
falls outside the required control limits, the analysis is judged to be out of control, and the
source of the problem should be identified and resolved before continuing analysis.
Reanalysis of any samplers) associated with the outlying ICV or CCV standards is required.
All samples must be bracketed with acceptable ICV and CCV standards.

11.4. Sample Matrix Accuracy and Precision are assessed based upon MS and Duplicated
performance. Refer to Appendix C of the Quality Assurance Manual for frequency and QC
criteria per method of analysis. If the MS is out of control and the LCS is in control, assume
matrix interference and flag the associated data.

11.5. Method Detection Limit (MDL) - A mercury MDL must be determined annually using 7
replicates of a fortified blank solution at a concentration of 2-3 times the estimated detection
limit Practical Quantitation Limits (PQLs) are calculated from the MDL by multiplying the
MDL by a factor of at least 3. The PQLs are generally used as CAS Reporting Limits. To
determine the MDL, refer to 40 CFR Part 136 Appendix B.
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Metals Instrument Analysis Training Plan

Procedure:

SOP: Revision: Date:

Trainee:

1. Read SOP Trainer Trainee: Date:

2. Demonstrated understanding of the scientific basis of the analysis including:
-the chemical and physical principals behind the measurement by the instrument

Trainer: Trainee: Date:

3. Demonstrated familiarity with related SOPs
-ADM-BATCHSEQ -ADM-PCAL -ADM-SIGFIG
-ADM-DATAENTRY -ADM-DIL -ADM-SPSR
-ADM-MDL -ADM-DREV -ADM-TRANDOC

Trainer: Trainee: Date:

4. Observe performance of SOP
-standard and reagent prep and documentation - including pipet used
-instrument power up and warm-up
-instrument set-up, daily maintenance and checks
-use and loading of autosampler
-sample analysis including:

-calibration
-sample dilution
-software command of instrument
-use of QC samples and QC criteria
-common troubleshooting

-instrument logbook use
-data reduction, reporting, and review

Trainer: Trainee: Date:

5. I have read, understood and agree to perform the most recent version of rhe SOP:

Signature: Date:

6. Perform SOP with supervision
- including all items in 4.

Trainer. Trainee: Date;

7. Independent performance of the SOP
-all of the item listed in 4
-IDC (4 mid-range standards performed before client samples are analyzed)
-attach IDC certificate, raw data, and summary spreadsheet.

Trainer: Trainee: Date:
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A
used as the

DEFINITIONS

3.1 Laboratory
analyzed separately
associated with I
storage procedures.

le is digested in nitric acid and hydrogen peroxide. Nitric Acid is
Graphite Furnace analyses.

alujuots of the same sample taken in the laboratory and
ticalfifocedures. Analyses of duplicates and indicates precision

urps, but not with sample collection, preservation, or

3.2 Laboratory Control iter (LCSW) - An aliquot of reagent water to which known
quantities of the methodanalVtes are added. The LCSW is analyzed exactly like a sample,
and its purpose is to deterrninewtjelher fhelpethodology is in control and whether the k J|
laboratory is capable of maldng actunrte and precise measurements.

3.3 Matrix Spike - An aliquot of an environmental sample to which known quantities of the
method analytes are added in the Ia6br&tory. The matrix spike is analyzed exactly like a
sample, and its purpose is to determine whether the sample matrix contributes bias to the
analytical results. ^ ' s'

3.4 Preparation Blank (PB) - An aliquot of reagent <yafer or other blank matrices that are
treated exactly as a sample including exposure to all glassware, equipment, solvents,
reagents, and internal standards that are used with other sampJesrThe PB is used to determine
if method analytes or other interferences are present in the laboratory environment, reagents,
or apparatus.

3.5 Digestion Batch - A digestion batch is no more than 2&samples of the same matrix
digested as a unit per day. >-y ,

INTERFERENCES ^ 1

See appropriate analytical SOP for applicable interferences —-"--_

SAFETY \
t jf/
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vdrochloric acids are extremely corrosive. Care should be taken while working
Wiicals. Personal protective equipment, including safety glasses (with side

lab coat shall be worn when handling samples or reagents.
K)N, PRESERVATION AND STORAGE

or plastic sample containers are acceptable. Sample volume should
jitric acid to pH<2. Samples must be analyzed within 6 months of

sample handling policies and procedures are discussed in SMO-

7.1
7.2
7.3
7.4
7.5
7.6
7.7
7.8
7.9
7.10

250ml or
Ribbed watch
Hot plates
Graduated cylind
Eppendorf Pipettors
Class A Volumetric
Hot Block digester wit
Graduated block digest
Block digester ribbed watch
CP1 MOD Block Digester.

by Environmental Express, LTD.
caps or snap down caps.

with DI water. The tops of all

PREVENTIVE MAINTENANCE

All hoods in the Metals Prep Lab are wi
digestion hot plates are wiped down daily. \

STANDARDS, REAGENTS, AND CONSU

9.1 Reagent Water - ASTM Type II water

9.2 Concentrated nitric acid (Baker Instra-Analyzed 69-7Q%£ Acid should be analyzed prior
to use to demonstrate the acid is free of impurities. Sftye at rojpn-fJecmSisrature in the dark.
Expires upon manufacturer's indications or three yea|rs\fron^e'ceipt, whichever is sooner.

9.3 Hydrogen Peroxide (30%) -. H2O2 should be demonJBtir^ted^
Purchased commercially. Store at room temperature>
indications or three years from receipt, whichever is sooner.^

impurities,
facturer's

9.4 Metals spiking solutions - See Table 1- purchased commercialism-Expires as per
manufacturer's indications or 3 years from receipt, whichever occursfoolier.
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ibility of the analyst to perform the analysis according to this SOP and to
mentation required for data review. Analysis and interpretation of the

by personnel in the laboratory who have demonstrated the ability to
Its utilizing this SOP. Final review and sign-off of the data is

it supervisor or designee.

PROCED

11.1 HOTPLA

11.1.1 For non-<kPnirTiae<Xater5, shake the samples and measure a 50 mL aliquot into
Rinse the cylinder three times to ensure quantitative

this point use a calibrated eppendorf pipet to add the
fsee Table 1) directly onto the designated spike sample

a 250
transfer
appropriate spi
prior to addi

11.1.2 Add3mLofc

11.1.3 Heat on a hot plate

CAUTION: Do not boil. Antimo

1 1 . 1 .4 Remove the beaker from tre ot plate
the beaker and the watch glaas^irfjih' Dl vwrt
graduated cylinder. Dilute to fraafvolume o

1 1 . 1 .5 Allow digestates to settle before anal

1 1.2 HOT BLOCK DIGESTOR

1 1.2.1 Set the temperature on the Block Digest or to a tempera tu^ that brings the sample
temperature to 90-95°C without boiling. S/

.; and I ijrj/of 30% H;O;. Cover with a watch glass.
' '"

ntil theyolume has been reduced to 1 5-20 mL.
s^,

"
ly lost by volatilization.

cool. Rinse down the sides of
transfer the digestate to a

11.2.2 The Hot Block is on a timer which can be ietjojurrpoti and off whenever
necessary. To set timer press the timer burton ari&=ehoose tffe'ejays^MrF (Monday
through Friday). Then choose the hour and minutes to SiinT affd stop the Block
Digester. ' . TlX

11.2.3 Label graduated hot block digester sample cups with appropriate sample ID's for x
digestion. Shake the sample and measure 50 mL aliquot into the designated '̂ JF
graduated hot block digestor sample cup. At this point use a calibrated eppendorf
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add the appropriate spiking solutions (Table 1) directly into the designated
iple prior to addition of reagents.

fail of cone. HNO3 and 1.0 mL of 30% H2O2. Cover the sample with a
watch glass and place in Block Digester at 90 to 95°C until the

fame hasoeen reduced to 15-20 mL.

lot boil. Antimony is easily lost by volatilization.

11.2.5 dilute sample, to 50ml in the graduated hot block digestor
screw cap and mix well. Place label on screw cap.

12 QA/QC REQUIR

12.1 Each day, dige~
samples, or per
dilution of metals spike

trol sample (LCS) per digestion batch, or per 20
hichever is more frequent. Use the appropriate
ablel) .

12.2 Each day, prepare one^«fhk^ef"digestibri batch, or per 20 samples, or per EPA SDG
group, whichever is mdre frequent. Utyf 5ft, mLs D.I. water and follow the digestion
procedures. ( ^ ^ -"*

12.3 Each day, prepare one duplicat
samples, or per EPA SDG group, whiche
will be assigned as duplicates of
are prepared by adding the appropriate

12.4 Monitor sample temperature once
digestion) and record on the digestion log.,

'

:r each digestion batch, or per twenty
'more frequent. At times, specific samples

jient requirements. Matrix spikes
^solution (See Table 1).

digestionXjkpproxirnately 1.5 hours into the

12.5 See appropriate analytical SOP and Appendix.G^Fthe QyaHty^Assurance Manual for
applicable QC limits and corrective action. """̂

DATA REDUCTION AND REPORTING

13.1 Digestion logs are used to record all sample volumes^ "spike vqjairtes^ sample batch
temperature etc. The Manufacturer's lot number for the jea^ent^'ttsed^Sre added to the
digestion log (see attached). %* -= '̂ tll«^' „*.

13.2 Data Review policies and procedures are discussed in ADM-DREV. , 1^.

14 METHOD PERFORMANCE
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based upon an MDL study performed according to ADM-MDL and filed in
QA office.

AND POLLUTION PREVENTION

prepared upon an as-needed basis in small quantities. Minimum sample
are usedJJuoflK analysis.

15.3 SamplesSvith-ati;
hazardous

the drain with copious amounts of water.

lions exceeding TCLP regulatory limits are disposed of as
itflDIS.

CORRECTIVE ACTONS

If data is produced that rrlxit oLeoam
whenever possible. See cpraetiW/dctiorjs,
Figures in Section 12 of the 0uali^A

CONTROL DATA

iples are to be re-analyzed with in-control QA
in Section 12 of this SOP and in die applicable

(anual.

17 CONTINGENCIES FOR HANDLING OUP^F CONTROL OR UNACCEPTABLE DATA

If data is produced that is out of contrtjHpKf is not Jjxbe re-analyzed due to sample volume
restrictions, holding times, or QC conffoKcan not belnel, follow the procedures in Section 15 of
the Quality Assurance Manual.

REFERENCES

18.1 "Test Methods For Evaluating Solid Waste
Third Edition, Julv 1992.

^"" C/l
'aste. PhysicalOe^hical Methods". EPA SW846,

ii,|My
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P and applicable methodologies. Demonstrate a general understanding
and chemistry. Follow policies in ADM-TRANDOC.

19.4 Perforn fen Initi
indepen
acceptable limj
Plan Form.

19.5 Continuing
internal unknow;

eparation. Follow Training Plan Form.

, documentation, and data reduction with guidance.

stration of Capability (IDC) by performing the analysis
^a known standard four times. Recovery must be within

imary spreadsheet, IDC certification form, and Training

mstrated annually using an outside PE source, an

METHOD MODIFICATI

Hydrogen peroxide has been
digestion.

'ration procedure to provide a more complete

21 INSTRUMENT-SPECIFIC ADDE

Not Applicable

22 ATTACHMENTS

• Table 1 Spike Concentrations
• Digestion Log Benchsheet
• SW846 Method 3020 Flow Chart
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PREVIOUS REVISION

plate
Chan]
focused

CSW (3.2) since this is a prep method for waters,
ipirarion to reagents (9) where needed.

olume' which the samples are to be reduced to before removing from the hot
5-25 to>$=2<fegiL.
1.2^KJo*rc less)specific about what temperature to set the digester and more
Ufefemperaturyof the samples.

Added referee toj^frtoftofaof the QAM in QA/QC (12)
Added need* to jjwrtttofjgjr^le^temperature during digestion and record on the prep sheet
(13.1 and I2.4)^X> .//x^
Added Sections 14. \fyA3"md 20-fgr NELAP compliance.
Added references't$£'ADM^FRANDO£ and the Training Plan Form to the Training Section
(19)
Changed attachment ofdigesuerM^rbelicJisheet to include ILM 4.1.

X-
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tions for LCS and MS Samples

0.500ml Spk #4 to Final Volume of
50ml

Metal
SB
TL

Cone. (ug/mL)

w
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SW846 Method 3020
Flow Chart

on-CLP Furance Waters

brSample.
mL of sample
ir and add

confuHNO3

watch glass.

Page: 10 of 11 ^

Reflux gemly and
evaporate to approximately

l5-20nii.

Cool the beaker

Dilute to 50mL with Dl
water, rinsing the sides

of the beaker.
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CAS-Rochester GFAA Water Digestion Log

Analyst:

Prep Method: 3020 modified // CLP

Date:

6010B/846 // 200.7/136 // ASP/CLP4.1

Spk Witness:

Report Type: Routine // ASP // PkgS

Digest: Inltl.l II Redlgestof: Approval:

1
2
3

4

5

6
7

8

9
10
11

12

13
14

15
16

17

18
19
20

21

22

23
24

Submission /
Order *

PH Initial
Vol (ml)

Spiking Standards / Reaaent Lot #:
Spi

HN

Ke4:

03: H202:

Final
Vol (ml)

Initial
Color / Clarity

Final
Color /Clarity

Metals

Celery Clarty Kav;

Spike
Vol (ml)

Color: C- Colorless ;YBYeUow;B°Brown
BL« Black ;0 -Grey

Clarity: CDY <• Cloudy ; CLR » Clear ; OP « Opaque

C/3

Comments:

( a wn s £^ r>. <

o
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ALS DIGESTION,
UDGE FOR ICP AND GFAA ANALYSIS

b.: MET-3050B

_.- ••' s
Supervisor Date

QA Coordinatet <,

Laboratory Manacer

Date

Date

C Columbia Analytical Sen-ices. Inc.. 2003 ,
I Mustard Sireet. Suite 250 ,

Rochester. New York 14609

Annual review of this SOP has been performed
and the SOP slill reflects current practice .

Initials: Date:
Initials: Date:
Initials: Date:

DOCUMENT CONTROL

NUMBER:

Initials: Date:



SICATION

A represent!
acid is used as
most Graphite

DEFINITIONS

3.1

"licidjdigestion procedure used to prepare matrices such as soils, sludges, or
or graphite furnace atomic absorption.

le is digested in nitric acid and hydrogen peroxide. Hydrochloric
ICP analyses. Nitric Acid is used as the final reflux acid for

SOPNO.:MET-3050B
Revision: 3

Date: 1/15/03
Page: 2 of 12

3.2

3.3

Laboratory Ddpl
analyzed separat
associated with laboratj
storage procedures.

Laboratory Control Saimj
of the method analytes
sample, and its purpose is
the laboratory is capable of maji

Matrix Spike - An aliquot of an
method analytes are added in the
sample, and its purpose is to determif
analytical results.

of the same sample taken in the laboratory and
ures. Analyses of duplicates and indicates precision

but not with sample collection, preservation, or

aliquot of a soil to which known quantities
tijjfcgJiaVvendor. The LCSS is analyzed exactly like a
Atffiether thxe methodology is in control and whether

fccurate ajacfSrecise measurements.

which known quantities of thef\ <\
it$x ^)ike is analyzed exactly like a

f,matrix contributes bias to the

3.4 Preparation Blank (PB) - An aliquot of re^g^rif wate/^r other blank matrices that are
treated exactly as a sample including exposure te^t^glasswajserequjpment, solvents,

3.5

reagents, and internal standards that are used wifrTother
if method analytes or other interferences are present in d
or apparatus. • .:•

Digestion Batch - A digestion batch is no more tffan
digested as a unit per day. \

les.TJJe PB is used to determine
laboratory environment, reagents,

same matrix

5

INTERFERENCES

4.1 See appropriate analysis SOP for applicable interferences

SAFETY
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|oric acids are extremely corrosive. Care should be taken while working with
protective equipment including safety glasses (with side shields),

it>H|ll be worn when handling samples or reagents.

, PRESERVATION AND STORAGE

For
within 6
SMO-GEN

APPARATUS

or plastic sample containers are acceptable. Samples are analyzed
lection. Additional sample handling policies and procedures are in

•vii .grapcn.0 J- .T **~r

t^vtogS s//^

7.1
7.2
7.3
7.4
7.5
7.6
7.7
7.8
7.9
7.10
7.11
7.12
7.13

8 PREVENTIVE MAINTENANCE

8.1 All hoods in the Metals Prep Lab are wtpe«J.
of all digestion hot plates are wiped down daily:' yV

9 STANDARDS, REAGENTS, AND CONSUMABLtrfflATE

9.1

9.2

Hot plates
Graduated
Eppendorf Pipettors
Funnels
Mortar and pestle
Tongue depressors
Filter paper :=_^,--> XXX
Hot Block Digestor with ET1^42e<rg0fiiar6ller by Environmental Express, LTD.
Graduated block digester ribbed^, wjjicfi glasses
Block Digestor Filters.
CP1 MOD Block Digestor

a week with DI water. The tops

Reagent water - ASTM Type II deionized water. Reagent water f£0isOte interference free.

Concentrated nitric acid (Baker Instra- Analyzed 69-70%^ Acid
to be free of impurities at levels which would interfere witft
at room temperature in the dark. Expires per manufactur^^ i
receipt, whichever is sooner.

9.3

demonstrated
tions. Store

s^Qt-one year from

*^ s.f "~^=~
Concentrated hydrochloric acid (Baker Instra- Analyzed 36.5-38%); 'Acid should be
demonstrated to be free of impurities at levels which would- interfere with sample
determinations. Store at room temperature. Expires per manufacturer's indications or one
year from receipt, whichever is sooner.
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sxide (30%) - HaO2. Purchased commercially. Should be demonstrated to be
at levels which would interfere with sample determinations. Store at

kture. Expires upon manufacturer's indications or 1 year from receipt,

10

9.5 ERA
Acceptance^nmns di
maniHactdper's indie

(T
9.6 Metals

temperature,
whichever iSjadoner,

RESPONSIBILITY

Control Sample (LCSS) - Concentrations and Performance
>uted through vendor. Store at room temperature. Expires upon

is or 1 year from receipt, whichever is sooner.

-purchased commercially. See Table 1. Store at room
>n manufacturer's indications or 1 year from receipt,

tions]pffcpared from stocks expire 6 months from preparation.

11

10.1 It is the responsibility
complete all docum
results are performed
generate acceptable res'
performed by the departm

perform the analysis according to this SOP and to
:a review. Analysis and interpretation of the

la)>oratory who have demonstrated the ability to
P.^Final review and sign-off of the data is

gnee.

PROCEDURES

11.1 HOTPLATE

> \

11.1.1 Mix the sample thoroughly to\jilhj;
mortar and pestle.

;using a tongue depressor or the

11.1.2 Weigh (to the nearest 0.0Ig) l.OOg VlJMg of^mple into a 250 or 100 mL beaker.
For sludges and sediments that have aVhigb*ifj#ifture cpjrfefl^ use more sample. The
goal is to use about Ig of dry weighVsample. AOhlir point add the appropriate
spiking solutions (see Table 1) directly onto the designated spike sample prior to
addition of reagents. ,; , "^C '

••̂ f f f
11.1.3 Unless specified by project or state requirements, 'the addition* of acjd should be as

follows: Add 10ml of 1:1 HNO^, cover with a rifbbgd waterj'gfa>s;and reflux for 15
minutes. The sample temperature should be 90-95^& Attdw tile^ampJe Jo cool, then
add 5ml of concentrated HMO;,, cover and reflux J0TJ3& miniftesT Repeat the

"^ /S^ -—-'

addition of 5ml of HNO.^ and reflux to 5 mLs. Do nfbt allow the sailjpleltp go to
dryness. CAUTION: Do not boil. Antimony is easily lost by volatilization.
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11.1.6

11.1.7 Cover

sample and add 2ml of DI and 3ml of 30% H^. Cover and heat to start
xide reaction. Care must be taken to ensure that losses do not occur due to

effervescence. Heat until effervescence subsides and cool the beaker.

=^
"etyescence does not subside, add 3 mJLs of hydrogen peroxide with

the samples (including blanks and LCSs) in the batch. If
to add 30% H;O: in 1ml aliquots with warming until the

minimal, or until the general sample appearance is unchanged. Do
10mlof30%HiO2.

prepared for analysis by ICP, add 10 mL 1:1 HCL. If the
for analysis by Graphite Furnace no HCI is added.

Samples for 15 minutes without boiling. Allow to cool.

11.1.8 Prepare fi

1 1 . 1 .9 All samples ar^il
a graduated
cylinder and rinsin
filter with DI. Bring to vojyjw^th &

" " '

1:1 nitric acid and DI.

with DI. Quantitatively transfer the digestate to
ring the sample through a prepared filter into the

beaker>pd watch glass with DI into the filter. Rinse the

112 HOT BLOCK DIGESTOR

I U.I Set the temperature on the^eletde Digestor^to^ temperature that brings the sample
temperature to 90-95°C without boilings^ >

11.2.2 The Hot Block is on a timer which" can be set jerornjon and off whenever necessary.
To set timer press the timer buttor^nd-^n(5ose the days M-F (Monday through
Friday). Then choose the hour and mifiirtes to son and stop the Block Digester.

• '•**' r*^

11.2.3 Label graduated hot block digester sample cups,
digestion.

iate sample IDs for

11.2.4 Mix the sample thoroughly to achieve homogeneiry^ming a tongue depressor or the
mortar and pestle. ' '

11.2.5 Weigh (to the nearest 0.01 g) l.OOg to I.50g of samplefllfQ^befeddigpstor sample
cup. For sludges and sediments that have a high moistjur^rfrtrrc use more sample.
The goal is to use about I g of dry weight sample. At this point add the appropriate
spiking solutions (see Table I) directly onto the designated spike sample prior to
addition of rea»ents.
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specified by project or state requirements, the addition of acid should be as
Add 10ml of 1:1 HNO3 and for ICP only add 1.5 mL of 1:1 HC1, cover

Jux cap and reflux for 15 minutes. The sample temperature should be 90-
"Ajlpw the sample to cool, then add 5ml of concentrated HNOs, cover and

[ minutes. Repeat the addition of 5ml of HNOs and reflux to 5 mLs. Do
; sample to go to dryness. CAUTION: Do not boil. Antimony is easily

jtion.

/and add 2ml of DI and 3ml of 30% H2O2. Cover and heat to start
Care must be taken to ensure that losses do not occur due to

Heat until effervescence subsides and cool the sample cup.

12.1

11.2.8 If
warmi
necessa
efferveso
not add more thj

<
11.2.9 If the sample i

sample is being

11.2.1 OCover and reflux the"

11.2.11 Prepare filters by rinsin

not subside, add 3 mLs of hydrogen peroxide with
pies (including blanks and LCSs) in the batch. If

% H2O2 in 1ml aliquots with warming until the
1 the general sample appearance is unchanged. Do

H202.

f&lanalysis by ICP, add 10 mL 1:1 HCL. If the
Graphite Furnace no HC1 is added.
k

or 15 minutes without boiling. Allow to cool.

^^"acid and DI.

11.2.12 All samples are diluted to ll
a graduated cylinder by poi
cylinder and rinsing the beaker i
with DI. Bring to volume with Dl

titatively transfer the digestate to
gh a prepared filter into the

1 into the filter. Rinse the filter
ed B-cup.

12 QA/QC REQUIREMENTS

Each day, digest one laboratory control sample (LQSXper digestion batch, or per 20
samples, or per EPA SDG group, whichever is more/ frequen^JBj£J|fi«appropriate solid
laboratory control sample (LCSS) for soils analysis.

12.2 Each day, digest one blank per digestion batch, or
group, whichever is more frequent. Use D.I. water and fbt

per EPA SDG
procedures.

12.3 Each day, prepare one duplicate and one spiked sample witr/leach digestiqB*batS3hi or per
twenty samples, or per EPA SDG group, whichever is more frequentx^k-Himes, specific
samples will be assigned as duplicates of spikes depending on clien;£r€quirements.
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are prepared by adding the appropriate volume of spiking solution (See

analysis SOP for applicable QC limits and corrective action.
*?•

ON MD REPORTING

re used to record all sample volumes, spike volumes, etc. The
lot ndoiber for the reagents used are added to the digestion log (see

estionxJdg>ejici>sheet)

1 3.2 Reporting
review is d

14 METHOD PERFO

Reporting limits are based u
the MDL binders in the QA

inance is discussed in the appropriate analysis SOP. Data

performed according to ADM-MDL and filed in

15 WASTE MANAGEMENT AND POLLUTION PREVENTION

15.1 Reagents are prepared upon an asrieeded'basis in small quantities. Minimum sample
volumes are used during analysis. ,-

15.2 Acidic waste is poured down the drain wrfh copious almounts of water.

15.3 Samples with analyte concentrations exceeding TCLP regulatory limits are disposed of as
hazardous waste. Others are dumped down the drain with plenty of water. See SMO-
SPLD1S. ""•"

16 CORRECTIVE ACTION FOR OUT OF CONTROL DATA _,—

If data is produced that is out of control, the samples are to be re-analyzed with in-control QA
whenever possible. See corrective actions in Section 12 of this SOPJTafkl in the applicable
Figures in Section 12 of the Quality Assurance Manual. /-" -

17 CONTINGENCIES FOR HANDLING OUT OF CONTROL OR UNAC^BfPABLE DATA
- _ =**' ,f^ •*' ^.

If data is produced that is out of control and is not to be re-analyzed>duetol3mpJe volume
restrictions, holding times, or QC controls can not be met. follow the procedures ip Section 15 of
the Quality Assurance Manual.

18 REFERENCES
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ivaluating Solid Waste, Physical/Chemical Methods". EPA SW846, 'Third

19.2

19.3 Particip

19.4 Complete a'

and applicable methodologies. Demonstrate a general understanding
1 chemistry. Follow policies in ADM-TRANDOC.

documentation, and data reduction with guidance,

the procedure.

lity (IDC) by independently preparing and digesting
:o the test method either concurrently or over a

acceptable limits, complete IDC certification form,
. Continued capability shall be demonstrated
la new 4 replicate study.

19.5 Show Initial Demon
four LCSs, or e<
period of days. If
and Training Plan
annually using PE resu

METHOD MODIFICATIONS f

None

INSTRUMENT-SPECIFIC ADDEND"

Not Applicable

ATTACHMENTS

Table 1 Spike Concentrations
Digestion Log Benchsheets
SW846 Method 3050 Flow Chart

CHANGES FROM PREVIOUS REVISION

• Added Hot Block digestion procedures (11) and associated^
Equipment (7) v

• Added sections 14, 16,17, and 20 for NELAP compliance
• Changed the amount of time to reflux sample from 10-15 minutes to just 15 mifJutes-Tiiter the

first addition of acid (11). .S'S*

aratus and
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Table 1 s for LCS and MS Samples

AS //
BA

BE
CD i » .
CR
CO
CU
FE
PB
MN

(ug/mL)
200

1.00ml Spk A to Final Vol of 100ml

NI
SE
AG
TL

ZN
B

CA
MG
NA

Cone. (ug/mL)
50

200
50
50
100
200
200
2000
2000

SPIKE SOLUTION B ^ // y/ l.OOmlSpkB to Final Vol of 1 00ml 1
Metml

SB
MO

Cone. (ug(i*L)
50 ^^>
50 ^jx

V
x^
X'

V; Metal
x TI

^y"
'*" ."-̂  ~

Cone. (ug/mL)
50 S

1

INDIVIDUAL 0. 1 Oml Spk. to Final INDIVIDUAL 0.5ml Spk. to Final
METALS Volume of 1 00ml y ^-> MBrA^S Volume of 1 00ml

Metml
SE

Cone. (ug/mL)
1000

Mefc
> /:$*:

Cone. (ug/mL)
1000

SPIKE #4 1 .OOoiJSpk #4, ** F'"3' Vo1 of 1 00ml
Farnace Spike

Metal
AS
PB
SE

Cone. (ug/mL)
4
2
1

Metal >
SB /.'
TL
CU — J

Cone. (ug/mL)
10

-V • 5
0.5

_ - - .-^ '
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Analyst: Date:

Prep Method: SW846 3050 // CLP

Digest: Initial // Redlgestof:

1

2

3
4

5

6
7

8

9

10

11

12

13
14

15

16

17

18

19

20

21

22

23

24

Submission /
Order #

Spjkina Standards / Reaaent Lol
Spi
TCI
Se
HN
H2(

Initial
Wgt. (9)

A
ke A.B: Spike #4:

Final
Vol (ml)

Initial
Color /Texture

.P Sok: TCLP Ba:
Std: Sn Std:
03: HCL:
32: LCSS:

Final
Color /Clarity

Spike Witness / Lot Approval:

Report Type: Routine // ASP // PkjjS

Metals

color / ciqrjty Kpy;
Color: C * Colorless ; Y = Yellow ; B = Brown

BL = Black ; G = Grey ; W = White
Clarity: COY = Cloudy ; CLR = Clear ; OP = O
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1.0 SCOPE AND APPLICATION

1.1 This procedure describes the procedure for the analysis of soil, stodge and water
digestates by graphite furnace atomic absorption (GFAA) spectrometry. Typically, this
procedure is applicable to the analytes and EPA methods listed in Table 1. Other
elements may be determined when reference is made to the applicable published method.
All analytical methods used are in accordance with EPA methods from SW-846 and EPA
200 Series, the EPA Contract Laboratory Program (CLP) statement of work (SOW), and
the NYSDEC Analytical Services Program (ASP).

12 The Practical Quantitation Limits (PQL) are listed in Table 1. The reported PQL may be
adjusted if required for specific project requirements, however, the capability of
achieving other reported PQLs must be demonstrated. Results may be reported to the
Instrument Detection Limits (IDLs) upon request. IDLs are updated quarterly. The
Method Detection Limits (MDLs) are updated annually and are available upon request.

2.0 METHOD SUMMARY

2.1 Prior to analysis, samples must be digested using appropriate sample preparation
methods. A representative aliquot of sample is prepared as described in the applicable
digestion SOP. Refer to the following Metals Digestion SOPs:

MET-3005A Metals Digestion, Waters. Total Recoverable and Dissolved for ICP
MET-3010A Metals Digestion, Waters for ICP
MFT-3020A Metals Digestion, Waters for GFAA
MET-3050B Metals Digestion. Soils. Sediments and Sludges for ICP and GFAA
MET-CLP Metals Digestion, Waters and Soils for CLP

2.2 The digestate is analyzed for the element(s) of interest, using GFAA conditions (See
Instrument Specifications by Metal Manual in the GFAA lab) for the element to be
determined. Absorbance is measured as a function of element concentration.

2.3 For GFAA analyses by CLP procedures, see the applicable CLP SOW or ASP.

3.0 DEFINITIONS

3.1 Analytical Sequence • Samples are analyzed in a set referred to as an analytical
sequence. The sequence begins with instrument calibration followed by analysis of
sample digestates interspersed with analysis of calibration verification standards.

3.2 Initial Calibration Verification (ICV) - 1CV solutions are made from a stock solution
which is different from the stock used to prepare calibration standards and is used to
verifv the validiiv of the standardization.
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3.3 Matrix Spike (MS) - In the matrix spike analysis, predetermined quantities of standard
solutions of certain analytes are added to a sample matrix prior to sample digestion and
analysis. The purpose of the matrix spike is to evaluate the effects of the sample matrix
on the methods used for the analyses. Percent recoveries are calculated for each of the
analytes detected.

3.4 Duplicate Sample (DUP) - A laboratory duplicate. The duplicate sample is a separate
field sample aliquot that is processed in an identical manner as the sample proper. The
relative percent difference between the samples is calculated and used to assess analytical
precision.

3.5 Method Blank - The method blank is an artificial sample designed to monitor
introduction of artifacts into the process. The method blank is carried through the entire
analytical procedure.

3.6 Continuing Calibration Verification Standard (CCV) - A standard analyzed at
specified intervals and used to verify the ongoing validity of the instrument calibration.

3.7 Instrument Blank (CCB) - The instrument blank (also called continuing calibration
blank) is a volume of blank reagent of composition identical to the digestates. The
purpose of the CCB is to determine the levels of contamination associated with the
instrumental analysis.

4.0 INTERFERENCES

Interferences are dealt with through the use of matrix modifiers (commonly Ni and Pd) and post
digestion spikes. Detailed discussion of interferences may be found in the applicable EPA
method.

Interferences from contaminated reagents must be eliminated. The purity of acids must be
established by the laboratory as being high enough to eliminate the introduction of contamination
above the Method Detection Limit.

5.0 SAFETY

Normal precautions as per the CAS EH&S Manual are to be followed. In addition, because acids
are used in the procedure, there is a danger of exposure to corrosives. Sufficient care must be
taken in handling acidic solutions. Safety glasses must be worn while preparing and handling the
solutions. Gloves and a laboratory coat should be worn while handling samples, acids, and
sample digestates.
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6.0 SAMPLE COLLECTION, CONTAINERS, PRESERVATION, AND STORAGE

6.1 Either glass or plastic sample containers may be used.

6.2 All aqueous samples are preserved with nitric acid to a pH of <2.

6.3 Soil and aqueous samples for GFAA analyses by CLP procedures are stored at 0-6 °C.
from time of receipt until digestion. Soil and aqueous samples for GFAA analyses by
other procedures are stored at ambient temperature from time of receipt until digestion.

6.4 Holding time for samples for GFAA analyses is 6 months (sample collection to
digestion).

6.5 Samples are received in the GFAA analysis laboratory as 0.5% nitric acid digestates.
Sample digestates are stored in labeled plastic B-cups or Hot Block digestion vessels.

7.0 APPARATUS AND EQUIPMENT ~>

7.1 Graphite furnace atomic absorption spectrophotometer (AAS). See Appendix A for
element-specific instrument parameters.

7.2 Hollow Cathode Lamp (HCL) or Electrodeless Discharge Lamp (EDL) for each metal
analyzed by this procedure.

7.2.1 Electrodeless Discharge Lamp power supply.

7.3 IOO-1000uL Eppendorfs

7.4 2 ml Beaker cups compatible with the AAS aulosampler.

7.5 Volumetric flasks of suitable precision and accuracy.

8.0 PREVENTIVE MAINTENANCE

All maintenance activities are recorded in a maintenance logbook kept for each instrument. Most
routine maintenance and troubleshooting is performed by CAS staff. Other maintenance or
repairs may, or may not require factory service, depending upon the nature of the task. Typical
preventive maintenance measures include, but are not limited to, the following items:

• Cleaning the quartz windows
• Changing the graphite tubes
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• Cleaning the capillary tube
• Change filter in Separator Trap annually or if necessary
• Inspection and cleaning of electrodes, shroud, and cells as needed.

9.0 STANDARDS, REAGENTS, AND CONSUMABLE MATERIALS

9. 1 Concentrated Nitric Acid - Metals Grade or higher to eliminate the introduction of
contamination above the method detection limit.

9.2 Matrix Modifiers

Palladium Modifier Dilute 10 mis Palladium Nitrate (1%) plus 1.0 ml Magnesuim Nitrate
(2%) with 1 00.0 ml DI. Expires within 6 months at room temperature. Used for arsenic,
selenium, and thallium.

Ammonium Dihydrogen Phosphate (purchased) Dilute 1.0 g to 100 mis DI. Expires 6
months at room temperature. Used for lead analysis.

9.3 Standards

9.3.1 1000 ppm Stock Standards (AA Grade) - Commercially available certified
solutions.

9.3.2 The GFAA Calibration Stock Standard is made by pipetting the volume of the
1000 ppm As, Pb, Se, and Tl stock standards shown in the table below, plus 0.50
ml of concentrated nitric acid into a 100 ml volumetric flask and diluting to
volume with DI water. Prepare Calibration Stock Standard weekly.

Analyte ml of Stock Std. Add 0.50 ml cone. Final Concentration
(1000 ppm) HNO, and dilute to (mg/L)

Arsenic 0.50 100ml 5.0
Lead 0.45 100ml 4.5
Selenium 0.50 100ml 5.0
Thallium 0.50 100ml 5.0
Lead-DW 0.30 100ml 3.0

9.3.3 The GFAA Calibration Working Standard is prepared by diluting 1 .0 ml of the
GFAA Calibration Stock Standard and 0.5 ml of concentrated nitric acid to 100
ml with DI water. Final concentrations range from 0.030 to 0.050 mg/L. Prepare

, . i . v : - ^ calibration working standard fresh each day.
' T <

9.3.4 The GFAA Initial and Continuing Calibration Verification (ICV andCCV) Stock
Standard is made by pipetting the volume of the 1000 ppm As, Pb, Se, and Tl



9.3.3 Continued...
"Prepare the calibration working standard fresh each day." This standard is loaded into
the antosampler (typically location 38) so that the instrument may auto-dilute the working
standard to prepare the calibration standards at four concentration levels intended for the
initial curve (blank and 4 standards). The instrument makes the following dilutions
according to the analyte being analyzed:

Element

Anode

Lead

Antimony

Sffr«iM"«

ThaBhun

Copper

Working
Standard

(•fcVL)
50
50
50
50

30
30
30
30

50
50
50
50

Volume of
WorUng
Sid. (oL)

4
8
12
20

3
9
15
30

6
12
18
30

50 3
50 i 9
50 j 18
50 30

I
50
50
50
50

10
10
10
10

4
8
12
20

4
8

Final
Volume

(•L)
20
20
20
20

30
30
30
30

30
30
30
30

30
30
30
30

20
20
20
20

20

Final
Concentration

(•e/L)
10
20
30
50

3
9
15
30

10
20
30
50

5
15
30
50

10
20
30
50

2
20 4

12 20 6
20 20 10
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stock standards shown in the table below, plus 0.50 ml of concentrated nitric acid
into a 100 ml volumetric flask and diluting to volume with DI water. Prepare the
ICV / CCV Stock Standard from a second source, weekly.

Analyte ml of Stock Std. Add 0.50 ml cone. Final Concentration
(1000 ppm) HNO3 and dilute to (mg/L)

Arsenic 0.25 100ml 2.5
Lead 0.20 100ml 2.0
Selenium 0.25 100 ml 2.5

Thallium 0.25 100ml 2.5
Lead-DW 0.14 100ml 1.4

9.3.5 The GFAA CCV Working Standard is prepared by diluting 1.0 ml of the GFAA
CCV Stock Standard and 0.5 ml of concentrated nitric acid to 100 ml with DI
water. Final concentrations range from 0.014 to 0.025 mg/L. Prepare CCV
working standard fresh each day.

9.3.6 The Continuing Calibration Blank (CCB) is prepared by diluting 5.0 ml of
concentrated HNO3 to 1000 ml with DI water.

10.0 RESPONSIBILITIES

It is the responsibility of the analyst to perform the analysis according to the instructions in this
SOP and to complete all documentation required for data review. Analysis and interpretation of
the results are only to be performed by personnel in the laboratory who have demonstrated the
ability to generate acceptable results utilizing this SOP. This demonstration is in accordance
with the training program of the laboratory. Final review and sign-off of the data is performed
by the department supervisor/manager or designee.

11.0 PROCEDURE

11.1 Instrument Operation and Data Acquisition Procedure

11.1.1 Instrument performance specifications are specified in the operations manual
located in the GFAA Lab. Refer to these when setting the parameters for
acquisition and select the set of parameters applicable to the element being
measured. For Arsenic, Lead, Selenium, and Thallium, the gas type is 95%
argon-5% hydrogen. The modifiers used are 500 ppm Pd and 500 ppm Mg(NO3),o
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11.1.4 Turn on computer and instrument. Install appropriate HCL or EDL lamp and turn
on by going to the Align Lamps screen. Allow the Hollow Cathode Lamp to
warm up atleast 15 minutes and the Electrodeless Discharge Lamp atleast one
hour. This warm up time is used to insure maximium optimization is achieved.

11.1.5 Wipe down the autosampler tip before each analysis. Inspect and clean, if
necessary, the electrodes, shroud, lens and cells. If the instrument has a fume
extractor be sure the Separator Trap is filled with deionized water.

1 1 . 1 .6 Select Automatic Run and choose the appropriate piogiam for analysis.

1 1 .1 .7 Go to Align Lamp screen and optimize lamp alignment

11.1.8 Insert sample analysis sequence into Instrument Run Log. Create Sample
Information File (sample labels) from logbook. Open the Method Editor and go
to the Checks page. Assign a post digestion spike to the proper samples by setting
parameters where is asks "Perform Recovery Measurements".

1 1 . 1 .9 Load autosampler wheel with standards, blank, modifier, and sample digestates
being analyzed, being sure to identify samples by their autosampler position in the
instrument log book.

1 1.1.10 Start automatic run.

11.1.11 Monitor the analytical run for calibration and sample abnormalities.

11.1.12 Dilutions for samples with results over the calibration range are to be made
manually and added to the autosampler.

11.2 Calibration

1 1 .2. 1 The analysis begins with the analysis of calibration standards. Analyze an
instrument blank and four calibration standards. The correlation coefficient for
each calibration shall be checked to determine that the coefficient is equal to or
greater than 0.99S.

1 1 .2.2 Following calibration, analyze an ICV standard. The resulting value must be
within 95-105% of the true value for 200 Series metals and 90-1 10% of the true
value for S W-846 and ASP / CLP4. 1 . I f not, prepare new standards and
recalibrate the system.

1 1 .3 Sample Analysis ^ \
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11.3.1 Following calibration, analyze samples and QC samples in ah analytical sequence.
Refer to the SOP for Analytical Batches and Analytical Sequences.

11.3.2 Prepare and analyze post-digestion spiked samples. For ASP / CLP4.1 analyses,
all samples must be post-spiked and analyzed. For routine analyses, one sample
per submission /job number is spiked and evaluated. If the spike recovery is
outside the control limits of 85-115%, all the samples in the batch are post-spiked
and analyzed. If spike recoveries are within the acceptable limits, analysis is
continued with no further spiking. If the post-digestion spike is <40% recovery
the sample is diluted by a factor of 5-10 and reanalyzed. If the post-digestion
spike is between 40-85% and the sample concentration is less than half of the
spike the data is reported. For CLP4.1 a "W" flag will be on the Form I when this
occurs.

11.3.3 Method of Standard Additions (MSA) analysis is required when an outlying post-
digestion spike recovery is between 40-85% or >115% AND the sample
absorbance or concentration is less than 50% of the spike. Quantitation is bias to
some unknown interference that has been confirmed and dilution and reanalysis
does not improve performance, therefore MSA must be performed by analyzing
the sample plus 3 spikes at 50,100, and 150% of the sample concentration (single
injection is only required). Plot a linear regression curve of concentration vs.
absorbance and quantitate sample concentration from the curve. Refer to the CLP
SOW or NYSDEC ASP for proper qualifications of sample data.

12.0 QA/QC REQUIREMENTS

12.1 All GFAA sample analyses shall be performed with duplicate burns and the average
reported. Duplicate burns should not exceed 20%RSD to maintain precision throughout
the run. If RSD exceeds 20%, reanalyze once; if continues to be >20%, dilute 1:2 and
reanalyze to avoid interference.

12.2 The correlation coefficient for each calibration must be equal to or greater than 0.995.
The software produces the calibration curve point by point and does not reject a
calibration that has a correlation coefficient < 0.995. The run must be stopped by the
operator if the correlation coefficient fails.

12.3 Analyze CCV standards and CCBs no less frequently then every ten samples in the
analytical sequence.

12.3.1 For CCVs, the resulting value must be 90-110% of the true value for CLP.
analyses and 80-120% for routine analyses. If not, recalibrate the system and
reanalyze samples run since the last acceptable CCV.
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123.2 For CCBs, the resulting value must be less than the PQL. Check the CCB result
for carryover. Re-analyze if the CCB result is above the PQL.

1 2.4 Each sample preparation batch must have a method blank associated with it The method
blank result should be < PQL. If not, redigest the batch of samples.

1 2.5 A laboratory control sample (LCS) is digested one per batch, or per 20 samples. The
LCS recovery criteria is listed in Appendix C of the Quality Assurance Manual. If the
LCS fails the acceptance criteria, redigest the batch of samples.

12.6 Post-digestion spike recovery acceptance limits are 85- 11 5%. If outside these limits for
the Preparation Blank stop analysis, correct problem and reanalyze. If routine sample
recovery fails all samples in the corresponding submission /job # must be spiked. If post-
spike recovery is > 40%, samples may be run by the method of standard additions to
prevent further dilution see sections 1 1 .3.2 and 1 1 .3.3.

1 2.7 A duplicate sample is digested one per batch, or per 20 samples (one per 1 0 if 200 Series
is requested). Frequency and QC criteria are listed in Appendix C of the Quality
Assurance Manual. Mf the RPD is greater than the limit, determine if the sample is non-
homogenous. Redigest if necessary, otherwise data may be flagged with a "*" for job
specific QC samples.

1 2.8 A matrix spiked sample is digested one per batch, or per 20 samples. Frequency and QC
criteria are listed in Appendix C of the Quality Assurance Manual. If outside acceptance
limits, redigest if necessary, otherwise the data may be flagged with a "NT for job
specific QC samples. If the sample concentration is >4x the spike level, no action is
required.

12.9 Additional QC measures include annual determination of method detection limits. Refer
to ADM-MDL for procedure and requirements.

13.0 DATA REDUCTION AND REPORTING ijj*. h> f\W\- D&V &Z, ol*f*L /u?</'

1 3. 1 Results for aqueous samples are calculated as follows and are reported in mg/L:

mg/L (sample) = C * x (Digestion Dilution Factor) x (Post- Digestion Dilution Factor) •£• 1000

13.2 Results for soil and solid samples are calculated as follows and are reported in mg/Kg.

v ,c , , ^ n r,- ,v, - r- Digestion Vol. (ml) Img 1L lOOOgmg ; Kg (Sample) = C * Post Digestion Dilution Factor x - JT - jc - x — = —
Sample wt. (g) lOOOg 1000ml \

'ii^— I"

where C * is the concentration of the analyte as measured at the instrument in jig/L.
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14.0 WASTE MANAGEMENT AND POLLUTION PREVENTION

14.1 It is the laboratory's responsibility to comply with all federal, state, and local regulations
governing waste management, particularly the hazardous waste identification rules and
land disposal restrictions, and to protect the air, water, and land by minimizing and
controlling all releases from fume hoods and bench operations. Compliance with all
sewage discharge permits and regulations is also required.

14.2 Excess, unused sample and testing byproducts are disposed following the procedures in
the SOP for Waste Disposal.

15.0 REFERENCES

Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, EPA SW-846, 3rd
Edition; (September 1986) and Updates I (July 1992), II (September 1994), IIA (August 1993),
IIB (January 1995), III (December 1996).

Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-020, (Revised March
1993).

Methods for the Determination of Metals in Environmental Samples, EPA/600/4-91/010 (June
1991) and Supplement I, EPA/600/R-94/111 (May 1994).

EPA Contract Laboratory Program, Statement of Work for Inorganic Analysis, SOW No.
ILM04.0.

Analytical Services Protocol (ASP), New York State Department of Environmental
Conservation, December 1995.

16.0 TRAINING OUTLINE

16.1 Read current SOP and applicable methodologies. Demonstrate a general understanding
of the methodology and chemistry.

16.2 Observe Sample Preparation and Analysis.

16.3 Participate in the methodology, documentation, and data reduction with guidance.

16.4 Instrument Operation and Maintenance, if applicable.

16.5 Demonstrate Competency by performing the analysis independently. Analyze a known
proficiency or standard four times to establish Initial Demonstration of Capability. If recovery is
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within acceptable limits, complete training form and certificate and file with QA. Continuing
Demonstration of Capability is required on an annual basis, refer to ADM-TRANDOC.

17.0 INSTRUMENT-SPECIFIC ADDENDUM

See Operations Manual in GFAA Lab.

18.0 ATTACHMENTS

Table 1 Summary of Parameters, Methodology, and Reporting Limits

19.0 CHANGES FROM PREVIOUS REVISION

• Added reference to the Instrument Speci fications per Metal Manual to Section 2.2.
• Changed Independent to Initial in Section 3.2
• Added reference to Hot Block digestion vessels in Section 6.5
• Added EDL Lamp and EDL power supply to Section 7
• Inserted how often the Calibration and 1CV / CCV Standard Stocks should be prepared in

Section 9.3.2 and 9.3.4
• Sections 11.0,12.0 of previous SOP were revised to include more detail and referenced

Appendix C of Quality Assurance Manual for QC criteria and frequency requirements.
• Deleted all references to analyzing Antimony by GFAA.
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Table 1

Parameters, Methodology, and Reporting Limits

Parameter

Arsenic

Lead

Lead

Lead in Drinking Water

Selenium

Thallium

Methology

206.2/7060A/CLP

239.2/7421

CLP

239.2

270.2/7740/CLP

279.2/7841/CLP

Practical Quantitation
Limit (PQL)

Water (mg/L) Soil I ug/g)

0.0050

0.0050

0.50

0.50

0.0030

0.0010

0.0050

0.010

0.30

0.50

1.0

*Contract Laboratory Program (CLP) references refer to ILM04.1 and/or 6010B-CLPM
(ASP 1995).
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MEMO

From the QA Department

To: Department Supervisor
From: Lisa Reyes / Vicky Collom
Date:
RE: SOP Annual Review/ Newly Revised SOP

SOP for _
SOP number
Revision number
Date:

MS

D It has been about a year since this SOP was last reviewed and it now needs to be reviewed
again. Please review the SOP with your staff and complete the applicable section below.

is SOP has been revised to include the changes summarized in Section 19.0. Please
/review this SOP with your staff and complete the section below.

D I have reviewed this SOP with the following personnel and it still reflects current practice.

Signature (supervisor): _ Date: _

We have read, understood, and agree to perform the most recent version of this SOP or test
method.

Signature /Date Signature Date

//-6/-0/

// / /o i

O

D This SOP needs to be revised and updated to reflect current practices. This will be
completed by .

(date)

Signature (supervisor): Date:

Please indicate the outcome of your review and return this memo to me within 5 working days.
Thank you for your help!!

P :qaqc/sop/re vmem. doc
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1. SCOPE AND APPLICABILITY

This procedure is used to determine the concentration of oxidizable sulfur in a sample using peroxide
digestion and ion chromatogiaphy. This SOP describes the sample preparation step for the analysis
and refers to the determinative procedure used for ion chromatography. The procedure is applicable
to most sample matrices including water, wastewater, soils, and miscellaneous solids. The PQL for
soils is 200 mg/Kg. This SOP was modified specifically for the Indiana Pines site project.

2. SUMMARY OF METHOD

A portion of the sample is digested using a heated peroxide solution. The resulting digestate is filtered
and analyzed for sulfate using ion chromatography. The sulfate result is converted to concentration of
sulfur.

3. DEFINITIONS

3.1. Laboratory Control Sample (LCS): A laboratory blank that has been fortified with target
anaryte and used to determine that the analysis is in control.

3.2. Matrix Spike (MS) Analysis • In the matrix spike analysis, a predetermined quantity of target
anaryte is added to a sample matrix prior to sample preparation and analysis. The percent
recovery is calculated. The MS is used to evaluate the effects of the sample matrix on the
method used for the analysis

3J. (Duplicate Sample (DUP) - A laboratory duplicate. The duplicate sample is a separate field
sample aliquot that is processed in an identical manner as the sample proper. The relative
percent difference between the samples is calculated and used to assess analytical precision.

3.4. Method Blank / Preparation Blank (MB) - The method blank is an artificial sample composed
of analyte-free water or solid matrix and is designed to monitor the introduction of artifacts
into the analytical process. The blank is carried through the entire analytical procedure.

3.5. Batch - Up to 20 samples of the same matrix digested together on the same day.

4. HEALTH AND SAFETY WARNINGS

The toxicity or carcinogenicity of each reagent used in this method has not been precisely determined;
however, each chemical and sample should be treated as a potential health hazard. Exposure should
be reduced to the lowest possible level. The laboratory maintains a compilation of Material Safety
Data Sheets in binders the conference room. Always wear safety glasses or a shield for eye
protection, and protective clothing, and observe proper mixing when working with these reagents.
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5. CAUTIONS

Boiling samples to dryness may cause combustion

6. INTERFERENCES

Samples impervious to peroxide digestion will yield results of low bias. Samples with high
organic content may require additional digestions.

7. PERSONNEL QUALIFICATIONS

At a minimum, personnel must have attained at least a 2-year degree in a science-related field and
have successfully completed an Initial Demonstration of Capability and the Training Plan Form
(attached). Training and Demonstration of Capability are in accordance with NELAC 2002
standard.

8. EQUIPMENT AND SUPPLIES

8.1. 50ml Digestion Vessel for Hot Block

1^ jj 8.2. 250 mL glass beaker and ribbed watch glasses

8.3. Hotplate capable of maintaining a digestion temperature of 90-95°C.

8.4. Hot Block Digestor- Environmental Express

8.5. Filter Mate 2u filter paper and plunger for Environmental Express Digestion Vessel.

8.6. Dionex Ion Chromatograph Series 4000i, as described in GEN-300.0 SOP.

8.7. 10 N Sodium Hydroxide (NaOH): Dissolve 400g sodium hydroxide in distilled water, cool
and dilute to 1 liter. Store at room temperature for up to 1 year.

8.8. 30% peroxide; purchased solution. Store at room temperature. Expires upon manufacturer's
indications or in 1 year, whichever is sooner.

8.9. Laboratory D.I. water

8.10. Granular sodium sulflte, Na2SO3 anhydrous FW=126.04. 254390 mg/Kg (25.4%) sulfur. To
be used for the LCS and for spiking the MS.
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PROCEDURE

9.1. Sample Collection

9. 1 . 1 . Samples are to be collected in purchased, precleaned, certified sample containers -
(plastic, glass, etc). Samples are to be cooled upon collection and shipment to lab.

9. 1 2. The amount of sample collected should be 3 times the analytical aliquot, at a
minimum.

9.2. Sample Handling and Preservation

92. 1 . Maintain samples at 0-6 °C upon receipt until analysis.

922. No specific holding time applies.

92.3. For further sample handling, storage, and custody procedures, see SMO-GEN.

9J. Sample Preparation

9.3.1 . Aqueous samples: Measure a 50 ml sample aliquot into a digestion vessel. Record j|
the volume. ^**

9.3.2. Soil samples: weigh out 0.5-5g of sample into a digestion vessel. Record the weight.

933. Add 2 drops of 10 N NaOH to each vessel, or until the sample is basic in nature.

93.4. Add appropriate standard to matrix spike and LCS aliquots.

93.5. Add 3 mL 30% peroxide to each vessel.

93.6. Bring each vessel to 50 ml with D.I. water.

93.7. Place digestion vessel in hotblock digester OR transfer contents of digestion vessel to
a beaker and place on a hotplate.

93.8. Digest each sample until digestate is clear, or three times. Bring the volume of the
digestate to - 5 - 10 mL each time taking care to not evaporate the samples to dryness.
BOILING SAMPLE TO DRYNESS MAY CAUSE COMBUSTION.

93.9. Allow samples to cool. Bring soil and water samples to a final volume of 20.0 mL in
the digestion vessel. Record the final volume. If particulates are present in the
sample, filter using 2u FilterMate filter for Environmental Express digestion vessels. If i
one sample is filtered, the entire batch is to be filtered, including the MB and LCS. ^"*
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9.3.10. Give the batch of samples and a copy of the digest sheet to Wetchem for analysis.
Document custody transfer.

9.4. Sample Analysis

The extract is analyzed for sulfate by ion chromatography (1C) using SOP GEN-300. Refer to
that SOP for specific analysis instructions.

9.5. Troubleshooting and Preventive Maintenance - Wipe down all hoods in the Metals Prep
Lab once a week with DI water.

9.6. Data Acquisition, Calculations, and Data Reduction Requirements

9.6.1. The PeakNet software will multiply the solution result by any dilution made at the
1C and by the final volume. Divide by the initial volume or weight.

9.6.2. The 1C sulfate result will be multiplied by 0.3338 to obtain the concentration of the
sulfur (S is 33.38% of SO4 by atomic weight).

10. DATA AND RECORDS MANAGEMENT

10.1. Responsibilities - It is the responsibility of the analyst to perform the analysis according to
this SOP and to complete all documentation required for data 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 SOP. This
demonstration is in accordance with the training program of the laboratory. Final review
and sign-off of the data is performed by the department supervisor/manager or designee.

10.2. Data Flow - Samples are entered by the Project Manager into StarLIMS v.6.11 .a on a
Personal Computer running on a Novell Network. On the day that the samples are received
the samples appear on a daily log printed from this computer system. The Metals Prep analyst
prepares a benchsheet (attached), digests the samples and turns the samples and digest sheet
over to the 1C analyst. The samples are analyzed for sulfate using Dionex PeakNet 5
Chromatography software and the results are transferred into the StarLIMS computer system
for final calculation, validation, reporting, and invoicing.

10.3. Data Review - Data will be reviewed by the 1C analyst and a qualified peer using a Data
Review Checklist (attached to GEN-300) and validated by a supervisor.

\J
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1 1. QUALITY CONTROL AND QUALITY ASSURANCE

11.1. Method Blank

11.1.1. Frequency - Prepare one method blank per batch of 20 samples.

1 1.1.2. Acceptance Criteria - The result of the method blank must be less than die reporting
limit. If there is method blank contamination, samples which have results less than the
reporting limit may be reported.

11.13. Corrective Action - If there is method blank contamination, attempt to find the source
of the contamination, correct the problem, and re-digest me batch (with the exception
of the samples accepted as above).

112. LCS-

1 1.2.1. Frequency - one per batch of 20 or fewer samples.

1 1.2.2. Acceptance criteria - The result of the LCS must be within 80-120% of the true value.

1 123. Corrective action - If the LCS is out of control limits, find and correct the problem a n o V j l
re-digest the batch. ^

11J. Matrix Spike

1 13.1. Frequency - one per batch of 20 or fewer samples of the same matrix.

1 1 32. Acceptance criteria - The result of the MS should be within 70-130% of the true
value.

1 133. Corrective Action - If the MS is out of control limits, and the LCS is compliant,
assume matrix interference and report. If the MS is out of control and the LCS is out
of control, find the problem and redigest the batch.

1 1 A. 1C QC Requirements arc outlined in Section 1 2 of GEN-300.

12. REFERENCES

NELAC, 2002 Standard
CAS SOP for Ion Chromatography. GEN-300.
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SCOPE AND APPLICABILITY

1.1 This SOP uses Method 300.0 for the analysis of anions by Ion Chromatography in water
samples and soil extracts. Sulfur may be determined in soil samples prepared by alkaline
digestion according to MET-ICS.

1.2 Range

Using the settings and calibration techniques outlined in this SOP, the upper range (solution
concentration) for fluoride, nitrate and orthophosphate is 5 ppm. The upper range for
chloride and sulfate is 10 ppm. Higher concentrations of anions may be determined using
appropriate dilutions. Review current calibration for specific ranges.

1.3 The PQL (solution concentration) for the current system is:

Analyte
Fluoride
Chloride
Nitrate-N
Orthophosphate
Sulfate

PQL(mg/L)
0.10
0.20
0.05
0.10
0.20

SUMMARY OF METHOD

Sulfur in Soil - Sample digested by alkaline digestion. The extract is filtered and injected into an
ion chromatograph (Dionex Series 4000i). Sulfate is chromatographically separated and measured
with a conductivity detector. Suppression is accomplished using an ion exchange membrane. It is
assumed that all of the sulfur is converted to sulfate during the digestion. The sulfate results are
converted by calculation to concentration of sulfur in the original soil sample.

Anions in soil - Sample is extracted by a simple shake with DI. The extract is filtered and injected
onto an ion chromatograph (Dionex Series 4000i). Anions are chromatographically separated and
measured with a conductivity detector. Suppression is accomplished using an ion exchange
membrane. The detection limits are 100 times those listed in 1.3.

Anions in water - The sample is filtered and injected onto an ion chromatograph (Dionex Series
4000i). Anions are chromatographically separated and measured with a conductivity detector.
Suppression is accomplished using an ion exchange membrane.
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DEFINITIONS

3.1 Initial Calibration - analysis of analytical standards for a series of different specified
concentrations: used to define the linearity and dynamic range of the response of the
system.

3.2 Independent Calibration Verification (ICV) - ICV solutions are made from a stock
solution which is different from the stock used to prepare calibration standards and is
used to verify the validity of the standardization. The ICV is analyzed immediately
following the calibration standards.

3.3 Relative Percent Difference (RPD) - The absolute value of the difference of two values
divided by the average of the same two values. Used to compare the precision of the
analysis. The result is always a positive number.

3.4 Batch - Samples processed together as a unit, not to exceed 20 investigative samples.

3.5 Method Detection Limit (MDL): a statistically derived value representing the lowest
level of target analyte that may be measured by the instrument with 99% confidence that
the value is greater than zero

3.6 Method Reporting Limit (MRL): The minimum amount of a target analyte that can
measured and reported quantitatively. The MRL is equivalent to Practical Quantitation
Level (PQL) and Estimated Quantitation Level (EQL). Typically, the MRL is calculated
as five times the MDL (although this is a rule of thumb and not intended to be a strict
policy of establishing the MRL for a compound).

3.7 QA/QC Samples: Samples added to a sample preparation batch, or an analytical batch to
provide quality assurance checks on the analysis.

3.7. 1 Matrix Spike (MS) - In the matrix spike analysis, predetermined quantities of
standard solutions of certain analytes are added to a sample matrix prior to
analysis. The purpose of the matrix spike is to evaluate the effects of the sample
matrix on the methods used for the analyses. Percent recoveries are calculated for
the analyte detected. In this method, spikes are very useful in determining proper
retention times when a low concentration of an analyte is detected or expected to be
adjacent to a large concentration of analyte. When a spike is used to verify retention
lime, calculation of recovery is not necessary.

3.7.2 Duplkate Sample (DUP) - A laboratory duplicate. The duplicate sample is a
separate field sample aliquot that is processed in an identical manner as the
sample proper. The relative percent difference between the samples is calculated -
and used to assess analytical precision.
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3.7.3 Continuing Calibration Verification Standard (CCV) - A standard analyzed at
specified intervals and used to verify the ongoing validity of the instrument
calibration.

3.7.4 Instrument Blank (ICB/CCB) - The instrument blank (also called initial or
continuing calibration blank) is a volume of blank reagent of composition
identical to the samples (ie. not chemically preserved). The purpose of the
ICB/CCB is to determine the levels of contamination associated with the
instrumental analysis. The ICB is performed once, immediately after the ICV.

3.7.5 Laboratory Control Standard (LCS) - In the LCS or blank spike analysis,
predetermined quantities of standard solutions of certain analytes are added to a
blank prior to sample analysis. Percent recoveries are calculated for the analyte
detected.

4 HEALTH AND SAFETY WARNINGS

• Take all appropriate safety precautions for handling reagents and samples when
performing this procedure. This includes the use of personnel protective equipment, such
as safety glasses, lab coat and the correct gloves.

^•^ • Handle chemicals, reagents and standards as described in the CAS safety policies,
approved methods and in MSDSs where available.

• The use of pressurized gases is required for this procedure. Exercise care when moving
cylinders. All gas cylinders must be secured to a wall or an immovable counter with a
chain or a cylinder clamp at all times. Sources of flammable gases (e.g., pressurized
hydrogen) should be clearly labeled.

• When releasing the cap on the suppressor reagent, wear a face shield and exercise
caution. The container is pressurized and the reagent will emit a fine mist. Turn the cap
slowly.

5 INTERFERENCES

5.1 Interferences can be caused by substances with retention times that are similar to and
overlap those of the anion of interest. Large amounts of an anion can interfere with the peak
resolution of an adjacent anion. Sample dilution and/or spiking can be used to solve most
interference problems. The most common examples of this are:

5.1.1 High levels of chloride can interfere with the detection of nitrate.

5.1.2 Sulfite will interfere with the sulfate peak.

5.1.3 Thiosulfate can interfere if the run time of the entire chromatogram is too short.



SOP No.: GEN-300Pines
Revision No. 1
Date: 12/14/04

Page 6 of '"-

PERSONNEL QUALIFICATIONS

At a minimum, personnel must have attained at least a 4-year degree (or 2-yr degree plus one
year experience) in a science-related field and have successfully completed an Initial
Demonstration of Capability and the Training Plan Form (attached). Training and
Demonstration of Capability are in accordance with NELAC 2002 standard.

EQUIPMENT AND SUPPLIES

7. 1 Analytical Balance, capable of accurately weighing to the nearest 0.0001 g.

12 Anion guard column: A protector of the separator column. If omitted from the system the
retention times will be shorter. Dionex lonpac AG4A-SC 4x50 mm (P/N 43 1 75)

7.3 Anion separator column: Dionex AS 1 4 4x250 (P/N 046124). Expires when separation
between the anions of interest is no longer acceptable or upon manufacturer's indications,
whichever occurs first.

7.4 Anion suppressor device: Dionex anion micro membrane suppressor (P/N 53946).

7.5 Detector-Conductivity Cell: approximately 1 .25 uL internal volume.

7.6 Dionex PeakNet 5. 1 Chromatography Workstation software or equivalent Personal
computer connected to network, capable of running the PeakNet software.

7.7 Calibrated MicroPipettor and tips.

7.8 Calibrated repipettor.

7.9 Dionex System 4000i with an automated sampler, analytical gradient pump, conductivity
detector, 50 uL sample loop and separator column (Dionex ASH 4x250mm P/N
046124) running with a pump rate of 2.0 mL/min.
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7.10 Standards Preparation General Information

• Bring any cooled parent stocks to room temperature before use.

• All standards and reagents are to be tightly capped when not in immediate use.
Protect standards and reagents from light whenever possible.

7.11 Reagent water: Distilled or deionized water, free of the anions of interest.

7.12 Stock Eluent solutions for AS 14 column

7.12.1 0.5 M Sodium Carbonate Concentrate- Dissolve 26.49g Na2CO3 in 400 mLs DI.
Bring to volume in a 500 mL volumetric flask. Expires one year. Store at room
temperature.

7.12.2 0.5M Sodium Bicarbonate Concentrate - Dissolve 21.00 g of NaHCO,, in 400 mL
DI. Dilute to a final volume of 500 mLs with DI. Store at room temperature.
Expires in one year.

7.13 Working Eluent Solution for AS 14 Column - 3.5 mM Sodium Carbonate /1.0 mM
Sodium Bicarbonate - Filter a sufficient volume of each of the 2 eluent reagents through 0.2
um syringe filters into separate djspo cups. Pipette 7.0 mL of 0.5 M Na2CO, and 2.0 mL of
0.5 M NaHCCX, into a 2 Liter volumetric flask. Dilute to volume with DI. Degas for 5
minutes with ultra high purity Helium at a rate of 1 -5 bubbles per second. Store at room
temperature. Expires in 1 week.

7.14 Regeneration solution (micro membrane suppressor): Sulfuric acid 0.1N. Dilute 5.6 mL of
cone, sulfuric acid (H2SO4) to 2L with reagent grade water. Degas for 5 minutes with ultra
high purity Helium at a rate of 1-5 bubbles per second. This solution is stable for one week
from date of preparation. Store at room temperature in plastic.
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7.1 5 Stock standard solutions: Stock standards are made in house or purchased commercially and
expire within the vendor's recommended expiration date or one year from receipt,
whichever is sooner. Currently, the lab makes or purchases these standard solutions at 1 000
uig/L for all analytes. Certificates of analysis of purchased solutions are held in the lab
until the standard is no longer used and then they are archived by QA. Stocks made in the
lab are from ACS reagent grade materials. The materials are dried at 103-105°C for 30
mins and stored in a glass beaker covered in foil in a desiccator. All in-house prepared
stocks are stored in amber glass.

7. 1 5. 1 Chloride (CT) 1 000 mg/L : Dissolve 1 .648 g prepared (as above) sodium chloride
(NaCI) in reagent water and dilute to 1 L. Store at room temperature for up to 1
year.

7.15-2 Fluoride (F) 1000 mg/L Purchased commercially. Store at 0-6°C. Expires upon
manufacturer's indications or 1 year, whichever is sooner.

7.15.3 Nitrate NO\-N) 1000 mg/L: Dissolve 122 g prepared (as above) potassium nitrate
(KNOr) in reagent water in a I L volumetric flask. Add 1 .0 mL chloroform and
dilute to 1 L with DI. Store at room temperature for up to 6 months.

7.15.4 Phosphate (PO>P) 1000 mgO.: Dissolve 4.394 g prepared (as above) potassium
phosphate (KH,PO4) in reagent water and dilute to 1 L. Store at 0-6°C for up to 1
year.

7. 1 5.5 Sulfate (SO,T 1 000 mg/L: Dissolve 1 .479 g prepared (as above) sodium sulfate
(Na,SO4) in reagent water and dilute to 1 L. Store at 0-6°C in amber glass for up to
I year.

7.16 Intermediate Calibration Standards -

7.16.1 Routine Intermediate Stock - Store at 0-6°C in plastic. Expires in 6 months. Also
used as LCS and MS Intermediate stock.

Analyte:
Stock Cone (mg/L):
mLs Stock:
Final Vol (mLs):
Int. Stock Cone (mg-'L):

F
1000
10.0
200.0
50.0

Cl
1000
20.0
200.0
100.0

NO,
1000
10.0
200.0
50.0

OPO,
1000
10.0
200.0
50.0

SO4
1000
20.0
200.0
100.0

'Of
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Calibration Standards - prepared in 100 mL volumetric flask as follows: record the pipette
ID used in the reagent prep logbook. Make fresh weekly. Store at 0-6°C in glass or plastic.

Std#

9
8
7
6
5
4
3
2
1

mLsof
Intermed

Calibration
Stock

10
8.0
5.0
2.0
1.0
0.5
0.2
0.1
0.0

Final Standard Concentration

F

5.0
4.0
2.5
1.0

0.50
0.25
0.10
0.05
0.00

Cl

10.0
8.0
5.0
2.0
1.0

0.50
0.20
0.10
0.00

NO.,

5.0
4.0
2.5
1.0

0.50
0.25
0.10
0.05
0.00

OP04

5.0
4.0
2.5
1.0

0.50
0.25
0.10
0.05
0.00

SO4

10.0
8.0
5.0
2.0
1.0

0.50
0.20
0.10
0.00

Reference Standard Stocks: Reference stocks are made in house or purchased commercially
and expire within the vendor's recommended expiration date or one year from receipt,
whichever is sooner. Certificates of analysis are held in the lab until the stock is no longer
used and then they are archived by QA. Stocks prepared in the lab are made from ACS
reagent grade materials. The materials are dried at 103-105°C for 30 mins and stored glass
beaker covered in foil in a desiccator. All in-house prepared stocks are stored in amber
glass.

7.18.1 Fluoride (F) 1000 mg/L: Purchased commercially. Store at 0-6°C for up to 1 year.

7.18.2 Chloride (Cl) 650 mg/L: Dissolve 1.070 g NaCl Crystals in reagent water and dilute
to 1 L. Store at room temperature for up to 1 year.

7.18.3 Nitrate (NOyN) 180 mg/L: Dissolve 1.300 g KNO, crystals in reagent water. Add
1 mL chloroform and dilute to 1 L. Store at room temperature for up to 6 months.

7.18.4 Phosphate (OPCyP) 180 mg/L: Dissolve 0.7909 g KH,PO4 crystals in reagent
water and dilute to 1 L. Store at 0-6°C for up to 1 year.

7.18.5 Sulfatc (SO4.) 3200 mg/L: Dissolve 5.80g prepared (as above) K,SO4 in reagent
water and dilute to 1 L. Store at 0-6 °C in amber glass for up to 1 year.
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Intermediate CCV stock solution - prepared by diluting die following volumes of reference
stocks for each anion in I liter of reagent grade water

Anion

Fluoride

Chloride

Nitrate

Qrthophosphate

Sulfate

Stock
Cone.
(me/L)

1000

650

180

180

3200

Volume
Stock (mL)

4.0

20.0

40.0

40.0

4.0

Final Cone.
(m«/U

4.0

13.0

7.2

7.2

12.8

NOTE: The CCV intermediate stock solution expires 6 months from date of
preparation. Store at 0-6 ° C in plastic.

The 1CV/CCV is then prepared by diluting the CCV intermediate stock solution with equal
parts water in small quantity (about 30 mLs Dl and 30 mLs intermediate stock solution).
The resulting concentrations are hal f o f those of the intermediate solution. Prepare fresh
when needed or at least once a week. Store at room temperature in plastic.

Routine LCS-Add 2.0 mLs of the intermediate stock solution (prepared same as the
intermediate solution used for calibration standards) to Dl in a 100 mL volumetric flask and
bring to volume. The concentration of the LCS is 1.0 mg/L for F, NO, and OPO4; and 2.0
mg/L for Chloride and Sulfate. Store at room temperature in glass or plastic for up to one
week.

Matrix Spike Solution - Add 2.0 mL of the intermediate stock solution to 100 mL sample
(or dilution of sample). Prepare fresh before use.

7.23 Consumable materials.

5 mL vials with filter caps. jDionex PW 038141)
02 urn syringe filters.
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8 PROCEDURE

8.1 Calibration and Standardization-

8.1.1 Prepare calibration standards according to Section 7. Document preparation in
standards log book. Load standards according to Autosampler Vial Loading
Section. Start instrument and analyze according to sections below.

8.1.2 The initial calibration is made by linear regression. This method of quantitation
uses the equation of a line (y=mx+b). The curve must not be forced through zero.
System calibration must have correlation coefficient of 0.997 or better. Standards

must be within 10% of their true value. Method 300.0 requires a minimum of 3
standards and a blank. Do not drop interior standards unless there is an assignable
cause (standard prep error, instrument malfunction, bad injection). Individual
standards may be repeated for up to 24 hours as long as ICV/samples have not been
analyzed yet. The low point of the curve must be at or below the MRL. The high
standard defines the upper limit of quantitation. If the low end or high end points
are dropped, the linear range must be adjusted accordingly.

8.1.3 Immediately after an acceptable calibration has been achieved, run the 1CV, ICB,
and an LCS. If these are compliant, continue with samples as described in the daily
analytical sequence.

8.2 Sample Collection - Samples should be collected in purchased, certified clean glass or
polyethylene bottles or jars.

8.3 Sample Handling and Preservation - Sulfate holding time is 28 days from collection.
Samples stored at 0-6°C from receipt until analysis. Sample handling, storage, and custody
procedures are in accordance with NELAC 2002 Standard.

8.4 Sample Preparation —

8.4.1 Digest soil samples for Total Sulfur according to MET-ICS.

8.4.2 Extract anions in soil by placing 1.0 g of sample in a B-Cup and dilute to 100 g with
DI. Shake for 5 minutes. Filter and run as a water sample with 100 being the
dilution factor for calculation purposes, and 1 being the reported dilution factor so
that the detection limits are met. Further preparation of the extract is given below.

8.4.3 Water samples are prepared as below
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8.5 Sample Analysis- ^

8.5.1 Prepare the Instmront -

8.5.1.1 Be sure there is a current MDL and IDC for the system.

8.5.1.2 Check duent and regenerant levels in containers. Fill to appropriate levels
as necessary. Hand tighten caps of both jugs.

8.5.1.3 Remove plugs from the waste lines on the back of the instrument. Screw
flow restrictor onto end of suppressor drain line (both lines are labeled).

8.5.1.4 Turn on Hdium carrier gas (should be at approximatdy 1 Tpsi.) and
compressed air (100 psi.) by turning the yellow handles to the up-down
position and the small valves to the appropriate 1C. These are located along
the column to the left of the computer.

8.5.1.5 Start the Dionex Gradient pump - on the bottom right half of the instrument
there is a button with stop / start indicator. Press the button to light the start
indicator.

8.5.1.6 Turn on the Conductivity Cell. In the middle of the instrument there is a
CELL ofPon indicator. Press the button to light the "on" indicator. Allow
the system to warm up for about an hour.

IL5.2 Create a schednk in the PeakNet software -

8.5.2.1 While the system is warming up. determine whether an 1CAL is to be run.
The instruments must be calibrated if any of the following apply:
• when a new column is put in
• when system configuration changes warrant calibration
• every 6 months
• when QC samples indicate the old calibration is no longer acceptable.

8.5.2.2 Determine which samples are to be analyzed.

8.5.2.3 Remove any standards or reagents needed from the cooler and allow to
warm to room temperature before use.

8.5.2.4 Create the schedule of the day's run in the software. This may be modified
later as needed, but will help with initial organization.

8.5.2.5 If a calibration is not to be run - set up the schedule to analyze samples in
the following analytical sequence: CCV. CCB, LCS. 10 samples, CCV,
CCB. 10 samples. CCV. CCB. LCS. etc. with a CCV/CCB set after every
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W 10 samples and an LCS after every 20 samples and DUP/MS where
appropriate (at no particular position but one set for every 10 samples).
Skip the initial calibration section. Prepare the samples and load the
autosampler as described below.

8.5.2.6 If a calibration is to be run - set up the schedule to analyze the calibration
standards, ICV, ICB, LCS, 10 samples, CCV, CCB, 10 samples, CCV,
CCB, LCS, etc. with a CCV/CCB set after every 10 samples and an LCS
after every 20 samples and DUP/MS where appropriate (at no particular
position but one set for every 10 samples). Continue with initial calibration
section.

8.5.3 Prepare the water sample or soil extract for analysis-

8.5.3.1 Draw the water sample or soil extract up into a 10 mL pipette. Place a 0.2
jim syringe filter on the end of the pipette and the sample through the filter
into a dispo cup.

8.5.3.2 Use the filtered extract to make an appropriate dilution.

i \ 8.5.4 Autosampler Vial Loading

8.5.4.1 Rinse all sample vials and caps to remove any debris present from the
manufacture.

8.5.4.2 Once the sample or standard has been placed in the sample vial, place a vial
cap in the vial and use the tool to press the cap down flush with the top of
the vial.

, 8.5.4.3 Place the loaded vials into cassettes according to the schedule created and in
compliance with the analytical sequence described below. Place the holder
in the autosampler.

8.5.5 Start Instrumental Analysis

8.5.5.1 Open the run screen in the PeakNet software. Load the schedule. Select
Start.

8.5.5.2 Push the "auto off-set" button on the 1C unit to reset the conductivity
baseline.

\ 8.5.5.3 Press "Run" on the autosampler.
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9J5J& Evaluate sample analysis

8.5.6.1 Examine solution concentrations of target analytes in the samples. If the
concentration is greater than the high calibration standard, reanalyze the
sample at a dilution.

8.5.6.2 Check peak integrations.

8.5.6.2.1 Where possible, all integrations should be performed consistent
with integration of the corresponding calibration standards.

8.5.6.2.2Be sure the peaks on the chromatogram and the instrument
calculated concentration make sense. Sometimes the software will
attempt to integrate overrange peaks and will incorrectly assign
them a concentration which would be acceptable for the dilution if
it was a reasonable integration.

8.5.6.2.3On occasion, the software integrates peaks incorrectly. The sample
may be reanalyzed or the analyst may use the software to correct
the integration. Any manual integration or manipulation of peaks
must be consistent with the calibration standards and the QC
samples.

8.5.6.3 Evaluate QC samples. All samples must be bracketed by acceptable
CCVs and CCBs. See Section 10 for further discussion of QC and sample
acceptance and corrective action.

8.5.7 Instrument Shut Down -

8.5.7.1 Take the daily readings. Then turn the auto offset & cell to off and the pump
to stop.

8.5.7.2 Turn the gas and air off to each 1C individually by turning the small valve
handles perpendicular to the gas flow direction.

8.5.7.3 Vent the eluent first, leave the cap very loose, and then ASAP vent the
suppressor. (Vent the suppressor by slowly opening both jugs. The
suppressor is acidic, so use care. Wear face shield and cover the jugs with a
plastic bag for added protection).

8.5.7.4 Take the flow restricior off of the suppressor drain line and plug both the
eluent and suppressor drain lines.

8.5.7.5 After the last 1C is shut off. turn both the gas and air yellow handles to the
rieht.
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8.6 Troubleshooting -

8.6.1 Rinsing the 1C pump and valves. This should be done weekly, preferably Friday
night or Saturday.

8.6.1.1 Disconnect the column from the valve. Plug the column with one of the
solid plugs so that it doesn't dry out.

8.6.1.2 Attach the old column to the valve (the old column is in the 1C "tool
drawer" in the box on the left, behind the filters, B-cups, etc. Get the
syringe then, too. It has to have the orange union fitting attached to its tip)
Place the tube at the end of the column in the graduated cylinder.

8.6.1.3 Disconnect the eluent line, and plug it up, because it will continue to
siphon all over you if you don't. Keep the brown-colored union fitting
attached to the blue-colored tubing that leads to the pump heads.

8.6.1.4 Fill the carboy labeled "DI" about halfway with DI (rinse it once or twice
first). Put the carboy back in the rack and feed the long tubing to the side
of the 1C. Attach the syringe to the fitting at the end of the tubing and pull
the DI into the syringe to get the siphon going. When it is going, detach it
from the syringe and attach it to the brown-colored union fitting attached
to the blue-colored tubing that leads to the pump heads. Be sure to allow
some of the water dribbling out of the DI carboy tubing to fill up any lost
liquid in the brown-colored union fitting, so that you won't (hopefully)
have to prime the pump.

8.6.1.5 Now you can turn on the pump. The DI should start flowing out the old
column. Let it go for at least 15 minutes, after which time it can be turned
off and you can go home.

8.6.1.6 As per Dionex Tech Support, this is to be done only every 6 months:
While the DI is pumping through the pump & valves, lubricate the pump
by opening up the pump drawer about 2 inches, exposing the pump motor
housing. There is a little port in the front of the motor, with yellow grease
in it. Attach the grease syringe (located in the cupboard below the 1C) and
squirt in 0.1 mL of grease (Dionex P/N 39440).

8.6.2 To re-configure back to operation mode:

8.6.2.1 Take off the DI carboy.

8.6.2.2 Attach the filled eluent carboy to the brown-colored union fitting after
having starting the siphon, etc.
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8.6.2.3 Allow the duent to pump through the old column until you are sure that
all DI has been displaced. Check with pH paper, or allow to pump >8-10
minutes.

8.6.2.4 Re-attach the valve to the guard column/analytical column.

8.63 Nightly: Release gas pressure in eluant/suppressor bottles and cap both waste
ports. Fill in the daily log, recording Date, Column ID, Helium inlet pressure,
System backpressure, Eluant pressure. Detector Background, and Reagent flow.

8.6 J.I The incoming pressure of the Helium carrier is checked (should be approx. 1 7
psi.)

8.6JJ The system pressure is checked (usually around 1500 psi.).

8.6JJ The background of the detector should be around 22-24 us.

8.6.3.4 The flow rate of the suppressor coming from the waste line should be 3-4 mL
per minute.

8.6^4 Maintenance log - Document all preventive maintenance, as well as instrument
repair, in the appropriate instrument maintenance log. Most routine maintenance
and troubleshooting are performed by CAS staff. Other maintenance or repairs
may. or may not require factory service, depending upon the nature of the task.
Any maintenance performed by outside services must also be documented - either
through notes in the log or through documents provided by the service. The log
entries will include the date maintenance was performed, symptoms of the
problem, serial numbers of major equipment upgrades or replacements. The
datafile name of the first acceptable run after maintenance is to be documented in
the maintenance log.

8,7 Data Acquisition, Calculations, and Data Reduction Requirements

8.7. 1 The results which are printed on the instrument report will be adjusted for any
dilution made at the instrument. Further adjustment for initial weight and final
volume will be made separately. For sulfur analysis, the final multiplication by
0.3338 (sulfur is 33.38% of sulfate by molecular weight) will be done by
StarLIMS.

8.7.2 Data will be reviewed by the analyst and a qualified peer using the Data Quality
Checklist (attached) and validated by supemsor. \

8.7.3 All sample data and QC data, including calibration verification must reference the
name (date or filename) of the ICAL on the raw data report
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8.8 Computer Hardware and Software

8.8.1 StarLIMS v.6.11.a
8.8.2 Personal Computer running Dionex PeakNet v5.1

9 DATA AND RECORDS MANAGEMENT

9.1 Responsibilities - It is the responsibility of the analyst to perform the analysis according
to this SOP and to complete all documentation required for data 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 SOP. Final review
and sign-off of the data is performed by the department supervisor or designee.

9.2 Data Flow - Samples are entered by the Project Manager into StarLIMS on a Personal
Computer running on a Novell Network. On the day that the samples are received the
samples appear on a daily log printed from this computer system. The Metals Prep analyst
prepares a benchsheet, digests the samples and turns the samples and digest sheet over to
the 1C analyst. The samples are analyzed for sulfate using PeakNet software. The results
are printed and hand entered into StarLIMS. StarLIMS makes the final calculations and the
results are printed for data review. When the results are approved, the StarLIMS is used for
reporting, and invoicing.

9.3 Data Review - Data will be reviewed by the 1C analyst and a qualified peer using a Data
Review Checklist (attached) and validated by a supervisor.

10 QA/QC REQUIREMENTS

10.1 Laboratory Control Standards (LCS)

10.1.1 An LCS must be run daily and once every 20 samples.

10.1.2 The LCS must be within 10% of the true value.

10.1.3 If the LCS is outside the acceptance criteria stop the run, correct the problem and
reanalyze the LCS. Exception: if the LCS recovery is high and sample results less
than the reporting limit, analysis may continue and data may be reported.

10.2 Method Detection Limits (MDL)

MDLs should be performed every 6 months, when a new operator begins work or whenever
there is a significant change in the background or instrument response. The result of the
MDL must be less than the PQL. If it is not, correct the problem and do another MDL
study or raise the PQL. See 40 CFR Part 136 Appendix B.
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103 Initial and Continuing Calibration Verification (1CV/CCV)

103.1 An ICV is analyzed immediately after die standards. The ICV must be 90-110% of
the true value or the curve may not be used.

103.2 A CCV is analyzed every 10 samples.

1033 All CCVs must be within 10% of the true value. If the CCV is not in control,
correct the problem, obtain a compliant CCV and reanalyze all samples bound by
the non-compliant CCV. Recalibrate if necessary. Exception: if the CCV recovery
is high and sample results are less than the reporting limit, analysis may continue
and data may be reported.

10.4 Continuing Calibration Blanks (CCB)

10.4.1 A CCB must be analyzed every 10 samples immediately following the CCV.

10.42 All CCB's must be less than the PQL. If the CCB is above the PQL, correct the
problem and obtain a compliant CCB following a compliant CCV. Reanalyze
samples bound by non-compliant CCB. Recalibrate if necessary. Exception: If
there is blank contamination and the sample results are less than the reporting linV j|
analysis may continue and data may be reported. ^"«Pr

10.5 Matrix Spikes (MS)

10.5.1 A matrix spike must be analyzed once every 10 samples. Do not choose field
blanks for the analysis of MS.

10.52 The matrix spike should be within the lab-generated limits of 69-120% for waters
and 70-130 % for soils. I f it is not, note the outlying recovery in the case narrative.
If the MS is out and the LCS is in. matrix interference is assumed and the batch is
acceptable. It is recommended that the MS be reanalyzed to confirm the outliers,
however it is not required.

10.6 Duplicates (DUP)

10.6.1 A DUP must be analyzed every 20 samples. The DUP is regularly analyzed every
10 samples since the MS must be analyzed every 10 samples. Do not choose field
blanks for analysis of DUP.

10.6.2 The acceptance criteria for a DUP is less than 20% RPD or ± the reporting limit if
the sample is less than 5 times the reporting limit. \

10.6.3 If a DUP is outside of the acceptance criteria, reanalyze to confirm and flag with an
asterisk (estimated).
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>LICATION

1.2

EPA method 425.1 for the analysis of surfactants and MBAS
lue Active Substances) in drinking waters, surface waters, wastewaters,

i method is not applicable to soils or saline waters.

>'̂ AnaKte's: Anionic surfactants are among the most prominent of many substances,
natpml andIsjartjSerl^showing methylene blue activity. The MBAS method is useful
fo|Mtim^gMiion|;\urfactant content, but the possible presence of other types of
MBAamast be considered. Using this method, it is not possible to differentiate
betwIe^near^rt^^^OTate (LAS) and alkyl benzene sulfonate (ABS) or other
isomers^oGhe^^^l^andA However, LAS has essentially replaced ABS in the
surfactant:
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1.3. Range: Thi
range of 0.04 - 0,
mg/L with a 5

2. METHOD SUMMARY

2.1. This method is based uf
most notably anionic si
pair formation that is strongly I
(chloroform, CHC13). The bh;
relative to the concentration of

mL sample aliquot that results in a working
iis range can be extended downward to 0.020
ided upwards with dilutions.

ene blue active substances (MBAS),
cationic dye (methylene blue) by ion

foic intoan immiscible organic liquid
intensk^ifoduced in the organic phase is

2.2.

solutic

tti an excess of an acidified
; hydrophobic ion pair is

This is followed by an
lesser hydrophobic ion pairs

rfqrm layer retains the
ion pairs.

5ptoto)Hretry at 652 nm is
tf nst standards utilizing LAS.

:C\

The method requires the aqueous
aqueous solution of methylene blue
transferred by three successive extrac
aqueous backwash with an acidic
that can be formed by interfering substan
strongly hydrophobic methylene blue-aniori
Measurement of the blue color in the chloroform by sj
related to the concentration of MBAS as determined

3. DEFINITIONS

3.1. MBAS (methylene blue active substances) - anionic
active toward the cationic dye, methylene dye.

3.2. Surfactant - A chemical that combines in a single molecule a strongly hyd^prrobic
group with a strongly hydrophilic one. These molecules tend to congregate at the
interfaces between the aqueous medium and other phases such asr^ifToils, and solids.
This imparts properties of foaming, emulsification, and particle suspension.
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ic group is generally a hydrocarbon radical (R).

lie group can be of two types: ionic and nonionic.

ilic group can be anionic or cationic and is determined by
; associated with the hydrophobic group when dissociated (i.e.,

ic surfactant (RSO3yNa*, cationic surfactant (RMe3N)*CT.)

lysis of analytical standards for a series of different
•used to define the linearity and dynamic range of the

3.4.1. DvpKcate Sj
separate fi<
sample proper,
calculated

feVzhided to a sample preparation batch, or an analytical
checks on the analysis.

laboratory duplicate. The duplicate sample is a
is processed in an identical manner as the

percent difference between the samples is
atytical precision.

3.4.2.
//' / /

Method Blank/ Prep Blank - ThVmetnod blank is an artificial sample
designed to monitor int»od»iCtjdaofaffifacts into the process. The method
blank is carried througrTme,e«lH£ analytical procedure.

3.4.3. Blank Spike (LCS) - In the bJanfcipnle analysis, a predetermined quantity of
standard solution is added to d blank prior 10 sample extraction and analysis.
Percent recoveries are calculated for the'artaryte detected.

3.5.

3.6.

3.7.

3.8.

Relative Percent Difference (RPD) - The absoUife>alue of the difference of two
values divided by the average of the same^twtf Values. Used to compare the
precision of the analysis. The result is always a positive number.

Batch - Samples processed together as a unit, not to exceetf 20 investigative samples.
See ADM-BATCH for further discussion. ^ ,

Independent (or Initial) Calibration Verification (ICyjXA standard from a
different source as the calibration standards used to verify the calihiwi6njedrve.•* ^ f •?.

Continuing Calibration Verification (CO) - CCV solution?
stock solution which is different from the stock used to prepare calibration
standards and is used to verifv the validity of ihe standardization.

3.9. Method Detection Limit (MDL): a statistically derived value representing the
lowest level of target analxic thai may be measured by the instrument with 99%
confidence that the value is sireaier than zero
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Reporting Limit (MRL): The minimum amount of a target analyte that
wsured and reported quantitatively. The MRL is equivalent to Practical

;vel (PQL) and Estimated Quantitation Level (EQL). Typically, the
as five times the MDL (although this is a rule of thumb and not
ict policy of establishing the MRL for a compound).

4. INTERFE

\J

4.1.
may
pheno
essential!
the levels

occur from any other anionic surface active substances that
lude organic sulfonates, sulfates, carboxylates, and

liocyanates, cyanates, nitrates, and chlorides. These are
kwash procedure with the exception of chlorides at

4.2. Negative Interfe
t

4.2.1. Negative int
(amines) that

4.2.2. Negative results canjtycur:
glassware, and partic

resulLttpm the presence of other cationic materials
rlene blue in ion pair formation.

ition of MBAS onto containers,
or be filtered out.

4.2.3. Sulfides, often present i
methylene blue to form
by prior oxidation with

settle

wastewater, may react with
iction product. Eliminate this interference

H2(

5. SAFETY

samples must be
sonnel protective

• Perform the extraction in a fume hood.

\
• All appropriate safety precautions for handling^l^enls, rea

taken when performing this procedure. This includes t
equipment, such as, safety glasses, lab coat and the correcf gloves

• Chemicals, reagents and standards must be handled
policies, approved methods and in MSDSs where avai|
Environmental, Health and Safety Manual and the appropnaj
this method.

• Sodium Hydroxide (NaOH) is a strong caustic and a severe health and contapTnalarcfr1

Use nitrile or latex gloves while handling pellets or preparing solutions,. *y

Sulfuric Acid is used in this method. This acid is extremely corrosive and care must be
taken while handling it. A face shield should be used while pouring acids. And safety
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, be worn while working with the solutions. Lab coat and gloves should
lite working with these solutions.

COLLECTION, PRESERVATIONS, AND STORAGE

in purchased, certified clean plastic or glass.

• to allow for duplicate and matrix spike analyses.

Sairnpleysnould beared at 0-6°C with no chemical preservative.

48 hours due to the biodegradability of LAS. The
VTSR (Verified Time of Sample Receipt).

y procedures are discussed in SOP SMO-GEN.

6.4. The hdfcii!
ASP

6.5. Sample I

7. APPARATUS AND EC

7.1. Spectrophotometer'1

7.2. Glassware

7.2.1. Separatory runnels - 11

7.2.2. Funnels

7.2.3. 100 mL volumetric flasks previously drie^tn anfljyen and cooled in a desiccator.
^</^' ^

7.3. Glass wool. ^

7.4. Ring weights

7.5. Vent Hood

/'-
250 mL with TFE stopcocks and stoppers.

8. PREVENTIVE MAINTENANCE

8.1. Clean glassware according to GEN-GC. Do not use soap. Keep:
for this method separate from glassware for general use.. *>= ^f

itorv funnels

8.2. Maintenance log - All Preventive maintenance, as well as-histniment repair, should
be documented in the appropriate instrument maintenance log. Most routine J

maintenance and troubleshooting are performed by CAS staff. Other maintenance
or repairs may. or may not require factor, sen ice. depending upon the nature of the
task. Any maintenance performed by outside sen ices must also be documented -
either through notes in the log or through documents provided by the sen ice. The
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9. STANDA

9.1. St
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?s will include the date maintenance was performed, symptoms of the
erial numbers of major equipment upgrades or replacements. The
ie of the first acceptable run after maintenance is to be documented in

ke log.

ihotomer calibrated every 6 months.

ND CONSUMABLE MATERIALS

s Prepap&fonjGenerai Information and Disclaimers

Alld
may be u
made
ppbto 10
initial concen

jctions are general guidelines. Other technical recipes
ie results. Example - a 20 ppb standard may be

, of 2P4pVb to 10 mLs or may be made by adding 4 uL of 50
The jM^aratrbrt^depends upon the final volume needed and the

easonable dilution technique is used.

The initial calibi
detection levels rie"ed
reporting level. Th
the analytical system.

All Standards must be tracea
Protect all standards from

typical, but also subject to variation due to
icentration level shall be at the method
lould define the working linear range of

lot system (ADM-DATANTRY).

9.2. LAS Solutions

9.2.1. LAS Standard Stock (1000 mg/tn>fjHS commeYcu
Linear Alkylbenzenesulfonic Aciqmolecula;
of analysis) in DI and preserved in
per manufacturer's indications.

tion is made from
is available on certificate
Store at 0-6 °C. Expires

9.2.2. LAS Standard working stock (1.0 mg/L): Dilute 1/jJnT of $000 mg/L LAS
stock to 1000 mL D.I. water. Store at 0-6 °C for uj/to 1 yearjn .amber glass.

• .• ĵ*"' ̂ '^ \ |]

9.2.3. LAS Reference Stock (1000 mg/L): Purchase^and'frored exactly the same as
LAS Standard Stock except use a different lot #. //Store at 0-^nZT JliJfpjires per
manufacturer's indications. \ ^

9.2.4. LAS Reference working stock (1.0 mg/L): Dilute 1
Reference Stock to 1000 mLs with DI. Prepare fresh on day of an

9.3. Phenolphthalein indicator solution, alcoholic: Dissolve 5 g pheritijplithalein in 500
mL of 95% isopropanol and add 500 mL DI. Store at room temperature in plastic
bottle for up to 1 year.
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- purchased commercially. Store at room temperature in a flammable
; upon manufacturer's indications or 3 years from receipt if no other

jven.

i purchased commercially. Store at room temperature. Expires
fiufacturer's indications or 3 years from receipt if no other indication is

, 50% solution - purchased commercially. Store at room
manufacturer's indications or 3 years from receipt if no

9.7.

9.8.

9.9.

Sodium
mL Dl in a
temperature in pi

t
Sulfuric Acid, H:S
temperature. Expi
other indication is gi

iNSIowly add 80 mL of 50% NaOH solution to 800
iile swirling. Dilute to 1 L. Store at room
to I year.

^purchased commercially. Store at room
indications or 3 years from receipt if no

mL of concentrated sulfuric acid to 800
volume with DL Store at room temperature

Sulfuric Acid, H:SCX,, 1
mL Dl in a IL volumetric
in plastic bottle for up to 1

9.10. Sulfuric Acid, H:SO4,6 N: Slowtytidfll 67 mL ̂ ^concentrated sulturic acid to 800
mL Dl in a IL volumetric flask. Bring to y^hjme*withal. Expires in I year.

9.11.

9.12.

Chloroform. CHCI-,, purchased commercially,
upon manufacturer's indications or 3 \
given.

Methylene blue chloride (CI(,H1KCIN-.S • 3H:O) -
room temperature. Expires upon manufacturer's ind
no other indication is given. /

temperature. Expires
no other indication is

conjhfrfercially. Store at
or 3 vears from receipt if

9.13. Sodium phosphate, monobasic, monohydrate (NaH^Pp* f H2O) puraasejd\
commercially. Store at room temperature. Expires upon^tnan«faetorfVfridieations
or 3 years from receipt if no other indication is given. ^"~ ̂ "'̂ ^^-^^^

9.14. Methylene blue reagent: Dissolve 100 me methylene blue chloride in 1 OOfpfctXfr
water. Transfer 30 mL to I L volumetric, add about 500 mL D.I. water: 41 mL 6 N
H^SQi and 50 g NaH;PO4 • H;O. Shake until dissolved and matte-tip to volume with
D.I. water. Store in glass at room temperature for up to I year.



9.15

9.17.

9.18.

9.19.

9.20.
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Jution: Add 41 mL 6 N H2SO4 to about 500 mL D.I. water. Dissolve into
• H2O and dilute to 1000 mL. Store at room temperature in glass

, H2C>2,30%. purchased commercially. Store at room temperature,
afacturer's indications or 3 years from receipt if no other indication

For each standard concentration, add the volume of 1.0
rd and the volume of DI listed below to the 1L separator)'

DI

200
150
125
100
75
50
40
30
20
10
0

Final (mg/L)
Concentration

0.40
0.30
0.25
0.20
0.15

10

Low range Blank Spike (Low
(1.0 mg/L) to 500 ml DI. TruemlDI. TrueValueV

High range Blank Spike (High LCS): AC
(1.0 mg/L) to 499 mL DI. True Value = i

CCV (0.30 mg/L): Add 150 mL Working Reference"
DI. Make fresh before use. •' '/

|g standard LAS solution
fresh before use.

rking standard LAS solution
before use.

lution (LQ mg/L) to 350 mL
...--**!!°^-~"%.

10. RESPONSIBILITIES

10.1. It is the responsibility of the analyst to perform the analysis aecpratnj^lfi-this SOP
and to complete all documentation required for data^review. Analysis^ and
interpretation of the results are performed by personnel in the laboratory whtHrave
demonstrated the ability to generate acceptable results util izing this SOP. Final
review and sign-off of the data is performed by the department supervisor or
designee.
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em has a current MDL and the analyst has a current Demonstration

H.2.

repeajttfJcSf uj

11.2.3. The Inin^M^ali
recalibrate (

11.2.4. ICV-ThelCV^
120%. IfthisHmi

ted like the samples as described in the following sections.

itation uses linear regression from the equation of a line
must not be forced through zero. The correlation

5. If this criteria is not met, outlier standards may be
and before the ICV is run.

curvtrinay be used until QC samples indicate a need to
' ons for ICV, CCV, LL-LCS, HL-LCS).

*s'
lajeJjLaner the ICAL. The limit for the ICV is 80-

11J. Daily Calibration Verification

11.3.1. Each analytical day before §arifrtes are analyzed, the CCV must be analyzed to
verify the ICAL. The Ce^must be 80^20% of the true value. If it is not,
correct the problem and repeat thrCC^. If the^pCV is still out, recalibrate. If
it passes analysis mav proceed> x s^** »

- - ^ ^
11.3.2. The CCV must be analyzed eve^0^mples1and^fithe end of the run. If the

CCV fails (outside 80-120% of the true valurf^rfb^ipHant CCV must be
obtained before analysis can continue .R^ptfat ajn^amples bound by the non-
compliant CCV.

11.4. Prepare for Extraction

11.4.1. Apparatus Preparation: All glassware including^glass weofshSukif be rinsed with
chloroform. ^ //^

11.4.2. For unknown samples, select a sample volume con^iateDt^$tfrJbe^irfncipated
MBAS content. Shake the sample and estimate a diluToTTbaS^onthig, -
persistence of bubble formation. Add 500 mL of sampfcCof sample dilutionjo a
1 L separator/ funnel. .-•""'.-' "=-

11.4.3. Peroxide Treatment: If samples are suspected to contain surrjdes, then samples,
blanks, and standards alike should be pretreated with the addition of I mL 30%
H:O: and mixed thoroudilv.



11.5.2. Dra
more a>
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Preparation: Add three drops of phenolphthalein indicator solution to
atory funnel. Make each alkaline by dropwise addition of 1 N NaOH

^stable dark pink color develops. Discharge pink color by dropwise
N H2SC>4 until pink color just disappears.

)lene blue reagent and mix. Add about 20 mL CHC13 and rock
; (venting often). Let settle, swirl gently, and settle again.
: a time in order to vent often throughout the entire

150 mL separatory funnel. Repeat extraction twice
to the 1 L funnel each time.

Note:
with a sm<
mL.

>hase becomes faint or disappears, start over
adding D.I. water to a total volume of 500

be maintained.

11.6. Backwash of interfere

11.6.1. Add 5 OmL of wash so
shake vigorously for 1
layer through a condition*
volumetric flask. Extract
time and add these CHCb ex
funnel into flask and make up ti

extractsjn the 250 mL separatory funnel and
irl, settle, and draw off chloroform

plug into a dried 100 mL
ution twipelrotK about 10 mL CHClj each

flask. Rinse wool and
with $f\los&&>nn and mix well.

O

11.7. Spectrophotometric Measurement:

11.7.1. Turn on the spectrophotometer and al!

11.7.2. Adjust the spec to read at 652 nm.

11.7.3. Zero absorbance on the spec with the extracted.^

11.7.4. Rinse the cell a couple of times with the extract tc
outside of the cell with a Kimwipe to remove dust

11.7.5. Place the cell in the spec and place the cover over the cell holder.

11.7.6. Record absorbance on bench sheet.

11.8. Data Evaluation

minutes.
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extracts which had a higher absorbance than the high standard must be
I using a dilution. Do not dilute the extract at the spec.

mples for acceptability. Repeat or flag samples as necessary.
&

TS
\

, limits, and corrective action are in the calibration sections in

12.2. Low

12.2.1. Freq
sample:

12.2.2. Limits-
QC Table in

12.2.3. Corrective Acti
samples, volume pentiatting

12.3. High Range LCS:

12.3.1. Frequency - Performed aftheXpte^

'̂ ^12.3.2. Limits - The result of the High; LCS

12.3.3. Corrective Action - If it is not"
samples, volume permitting, or

12.4. DUP:

e rate of one for each batch of 1-20 investigative

S must be within the limits set in the Wetchem
lality Assurance Manual.

pliant, fix the problem and reextract the
:he^sociated data.

.batch of 1 to 20 samples.

% of the true value.

problem and reextract the
:ta.

12.4.1. Frequency - Duplicate analyses are performed at me rate crfpne for each set of
one to twenty samples. Do not choose field blajfiks for thcairarysis"ofa DUP.

12.4.2. Limits - If one or both of sample or duplicate is ^ SX RL, th^on^dl, limit is ±
RL. The RPD value between sample results above^SXJ îrtpsf m€et the limits
listed in Appendix C of the QAM —— ^

12.4.3. Corrective Action - If it is not compliant, , reanalyze the pair-^fl>~dee"fhed
appropriate. The outlying RPD should be mentioned in the Case Narrative so
that data may be flagged appropriately. ~'"'f-'"

12.5. Method Blank:
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icy - Performed at the rate of one for each batch of 1-20 samples.

ic result of the MB must be below the reporting limit.

ion - If it is not compliant, fix the problem, obtain a compliant MB
reextact the samples, volume permitting, or flag the associated data.

13. DATA RE AND REPORTING

13.1. Resu|tstare re
linear

, and calculated from the initial calibration curve using
follows:

g/L) x 500 mL

13.2. Data must be reWwed
using a Data Quali
client. Further dat

lume (mLs)

and a peer (supervisor or qualified analyst)
he results are validated and reported to the

ocedures are discussed in ADM-DREV.

14. METHOD PERFORMANCE

• Reporting limits are based upon
filed in the MDL binders in the Q

• Demonstration of Capability is perfor
analyst begins independent analysis,
TRANDOC and section 19 below. The
retained by the Quality Assurance office

dy perfomied according to ADM-MDL and

:t-up , whenever a new
tcording to ADM-

icthod performance is

From Standard Methods 18th edition Method 55MT -Adyfithetic sample containing 270
Hg LAS/L in distilled water was analyzed in 110 Ktbo&tfories wtffi&^iative standard
deviation of 14.8% and a relative error of 10.6%. A tap wq/e/sampl&fo which was
added 480 fig LAS/L was analyzed in 110 laboratories wl
of 9.9% and a relative error of 1.3%. A river water sam$l\
was analyzed in 110 laboratories with a relative standa,
relative error of 1.4%.

'ard deviation
VL added
and a



15. WAS EMENT AND POLLUTION PREVENTION

waste is collected in the organic waste carboy to be disposed of by
sonnel in the waste room. The aqueous layer is flushed down the

laboratory's practice to minimize the amount of solvents, acids and reagent
iethod wherever feasible. Standards are prepared in volumes

ology and only the amount needed for routine laboratory use
s K e o t t ste. Jreat to the environment from solvent and reagents used in this

methltolcan be^rtMmoM^ejrwhen disposed of properly.

15.3. Thelabo:
waste ma
disposal res

all Federal, State and local regulations governing
hazardous waste identification rules and land
the CAS EH&S Manual.
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15.4. SeeSMO-SPL

16. CORRECTIVE ACTION

16.1. If data is produced that i/<#ut of cor
control QA whenever
and in the applicable FigureTTrT

17. CONTINGENCIES FOR HANDLI
DATA

practices and procedures.

ROL DATA
\

tjjg*|amples are to be re-analyzed with in-
tive actions in Section 12 of this SOP

12 of the Quality Assurance Manual.

ONTROL OR UNACCEPTABLE

17.1. If data is produced that is out of comptfjitrift is notTobe^-analyzed due to sample
volume restrictions, holding times, orO^ controteprttfnpt be met, follow the
procedures in Section 15 of the Quality^sur^e Hanual.

18. REFERENCES

18.1. Methods for Chemical A nalysis of Water and Wastes, ,^PA-600/4=7=9;-020, March
1983. ' • • -^-x

18.2. ASTM Method D2330-88

18.3. Standard Methods for the Examination of Water and WusTewafj.
Ed., Method 5540C.

19. TRAINING OUTLINE

Sth, and 20th

19.1. Read current SOP and applicable methodologies. Demonstrate a general
understanding of the methodology and chemistry. Follow policies in ADM-
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iple Preparation and Analysis. Follow Spectrophotometric Training

cthodology, documentation, and data reduction with guidance.

^independently and show Initial Demonstration of Capability
replicates of a known mid-range standard in succession before
ilyed. If recovery is within acceptable limits, complete IDC

Form and file with QA. Continuing Demonstration of
lonstrated annually using a PE sample, single blind, or

20. METHOD MODIFI

20.1. None

21. INSTRUMENT-SPECIFI

21.1. None

22. ATTACHMENTS

Bench Sheet.

23. CHANGES FROM PREVIOUS REVISI

• Updated Benchsheet
• Added Sections 14, 16,17, and 20 for NELA*
• Modified wording in 1 for consistency with otf

here.
• 1 - Eliminated sludges - this SOP does not cover adjustmer
• 3.- Added Definitions of ICAL, QA/QC Samples, RPD, B?
• 5 - Modified Safety section for consistency with other SCfP/s
• 6 - Added ASP holding time. Added that sample contained;
• 8 - Added Maintenance Log section, spec to be calibrated

GC V
• 9 - Changed the working stock and reference standard concentratu
• 9 - Changed the prep of the calibration standards, CCV, LCSs ba'sea on dilution>fobrft\l mg/L

instead of 10 mg/L working stocks.
• 9 - Changed the expiration dates from "whichever is sooner" to "jf^-rliKtrther indication is

given"
• 11 - Modified format - added titles to sections
• 11 - Added need to check DOC and MDL

iminated MDL requirements from

atrfx.
JWMRLICV
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»mmendation not to dilute at the spec
and Daily Cal sections

Spec Measurement sections and data evaluation
and referenced 11

in the calculation since final and initial volumes are included and
ion at the spec

for consjstency with other SOPs.
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Columbia Analytical Services
1 Mustard St., Rochester, NY

Surfactants (MBAS) by Method 425.1 Curve Date:
MBAS, mg/L =• Cone. (mg/L) x DlPn x 500 ml / Sample amount CC:

Analyst. Date: Time: Pipet ID:.

Sub.it

Standards:

Order #

0.00

0.02
0.04

0.06

0.08

0.10

L 0.15

0.20

^ 0.25

0.30

0.40

ICV

^ ICB/PB

CCV

CCB/PB

LCS-LL

LCS-HL

Sample
Vol. (mis)

Absorbance
@ 652 nm

MBAS
mg/L

Dilution
Factor

Final Result
ma/L

p:\l\1 \g\fomw\bnchsht\mbas.xls
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APPLICATION

Nuses EPA method 350.1 to determine the concentration of Ammonia in
round, surface and saline waters, domestic and industrial wastes, and soils,

based on reactions that are specific for the ammonium (NH^I ion.

*
Reporting limit is 0.05 mg/L for regular level water analysis and 0.01 mg/L for low

walej*S5aIJsHs. The reporting limit is 5.00 mg/Kg for soils.

METH

2.1. Thi
then
toe
and is di

SOP No.: GEN-350.1
Revision No. 3

Date: 11/5/04
Page 2 of 19

ie Berthelot reaction. Ammonia reacts with alkaline phenol,
te to form indophenol blue. Sodium nitroprusside is added

sorbance of the reaction product is measured at 630 nm,
original ammonia concentration in the sample.

DEFINITIONS

3.1.

3.2

3.2.1.

3.2.2

Initial Calibra
concentrations; usWt
system.

•**===*
QA/QC Samples - Samples,
to provide quality assurante<!

Laboratory Control
quantities of the analy$
like a sample, and its pi
control, and whether the la
measurements.

Matrix Spike (MS) - In the marajuspfKe anajy^js^predetermined quantity of
standard solutions of the analyte is added t^Xsampl^matrix prior to sample

/ /analysis. The purpose of the matrix spike is to evahjate=the effects of the
sample matrix on the methods used for pp anaJ^jssf'Fere.ent recoveries are
calculated for the analyte detected. \s

ical standards for a series of different specified
rity and dynamic range of the response of the

preparation batch, or an analytical batch
lalysis.

ificial sample to which known
itory. The LCS is analyzed exactly

to deterrnjpevy hether the methodology is in
itory is^Hjpaf5fe/>f making accurate and precise

3.2.3. ate sample is a
r as the

3.3.

I v
Duplicate Sample (DUP) - A laboratory dqplics
separate field sample aliquot that is processed in
sample proper. The relative percent differencer6j
calculated and used to assess analytical precision.

Independent Calibration Verification (ICV) - The 1CV sokrtion is made from a stock
solution which is independent from the stock used to prepare calibration standards and
is used to verify the validity of the calibration.



3.4.
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jhtinuing Calibration Verification Standard (CCV) - A standard analyzed at
lied intervals and used to verify the ongoing validity of the instrument calibration?

it Blank (ICB/CCB) - The instrument blank (also called initial or continuing
iblank) is a volume of blank reagent of composition identical to the samples.

?f the CCB is to determine the levels of contamination associated with the
lalysis.

3.6.

/u*t

D

3.7.

3.8.

3.9.

ifference (RPD) — The absolute value of the difference of two
ie average of the same two values. Used to compare the precision of

is always a positive number.

together as a unit, not to exceed 20 investigative samples. See
scussion.

Method Betection Limit (F
level of targej^rjjaf^e th?
the value is greater

,): a statistically derived value representing the lowest
measured by the instrument with 99% confidence that

Method Reporanj
be measured and ri
Quantitation Level
MRL is calculated

ie minimum amount of a target analyte that can
quantitatively. The MRL is equivalent to Practical
and E^tyjfatgd^uantitation Level (EQL). Typically, the

(although this is a rule of thumb and not
intended to be a strict policy

INTERFERENCES

4.1.

4.2.

4.3.

4.4.

4.5.

MRL for a compound).

Calcium and magnesium ions majfp|ef:ipitate
EDTA or sodium tartrate is added 'to the sar

in sufficient concentration,
in order to prevent this problem.

Color, turbidity and certain organic spicks ma^nlerfere. Turbidity is removed by
manual filtration through a 0.45um filte\=$ample coJ0£j5ajTbe corrected for by running
the samples through the manifold without color

Samples with extreme pH will affect color devefopmenl^jKfresTHt fyi a negative
response. Samples and standards should contaia^pja^ximately jjhe same amount of
chemical preservative.

Method interferences may be caused by contaminants in UjrJg^ggjJCwat€r, reagents,
glassware, and any other sample processing apparatus tfiafSias analyte jes^ense.

,s-^'--/~"~^~

Contamination by carryover can occur when high level samples immediately precede
samples containing significantly lower levels of contamination^ Pay close attention t
samples which follow high level samples. Re-analyze if contamination is suspected.

SAFETY
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5.3
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spropriate safety precautions for handling reagents and samples must be taken
grforming this procedure. This includes the use of personnel protective

J, such as, safety glasses, lab coat and the correct gloves.

agents and standards must be handled as described in the CAS safety
methods and in MSDSs where available. Refer to the CAS

fronmental, Health and Safety Manual and the appropriate MSDS prior to beginning

OH) is a strong caustic and a severe health and contact hazard,
es while handling pellets or preparing solutions.

Refer
information

further discussion of general safety procedures and

5.5. The followin:
specific MS

potential to be highly toxic or hazardous. Consult

• Sulfuric Acid

• Sodium Nitroprussil
\

• Phenol, Liquefied (C6I

SAMPLE CONTAINERS, COLLl

H20)

6.1.

6.2.

Samples should be collected ir
Volumes collected should be sui
replicate analysis (if necessary),

Water samples must be preserved witf
cooled to 0-6°C at the time of collection^

6.3. Samples are maintained at 0-6°C and must be ana

TIONS, AND STORAGE

lean plastic or glass bottles or jars.
sentative sample, allow for

isposal.

pH < 2. Water and soil samples are

days from collection.

6.4. For further sample handling, storage, and custod^qjpdpeaures, seef SlvlO-GEN.

APPARATUS AND EQUIPMENT

1. 1 . Balance - Analytical, capable of accurately weighing tdfjhenearest 0.

,7.2. Calibrated Micropipet, adjustable 100-lOOOuL or fixed at desjjefUwlume.

7.3. Calibrated repipetor (20.0 mL capacity).



7.4

8.

8.1.

8.2.

8.3

8.4

8.5.
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QuikChem IV AutoAnalyzer or Lachat QC 8000 AutoAnalyzer. See Appen
Quality Assurance Manual for computer hardware and software, configurations

; components, serial numbers and receipt of major components.

: beakers (dispo-cups)

&TENANCE

^mponents of the Lachat can be easily cleaned or replaced. The
/e. When the valve becomes clogged it is necessary to have the unit

To avoid this expense and inconvenience, be sure sample cups,
'of particulates by rinsing thoroughly with D.I. water and drying,

bquipment is also recommended before analysis. Turbid
to prevent valve clogs.

jgularly to ensure optimal performance.

MaintenanceMog
documented in,
and troubleshooting
may not require fd
maintenance perform^
notes in the log or thrfe
include the date maintenance
of major equipment up§
run after maintenance is to*

Prevent contamination - Keep
counters before and/or after use?

aintenance, as well as instrument repair, should be
ient maintenance log. Most routine maintenance

AS staff. Other maintenance or repairs may, or
ing upon the nature of the task. Any

must also be documented - either through
rovided by the service. The log entries will

lerformesymptoms of the problem, serial numbers
its. The datafile name of the first acceptable

in theymaintenance log.

bench area clean. Wipe down
ccording to GEN-GC.

Troubleshooting - See instrument:
specific analytical or instrument probf

ainterfiance log for help in solving

y
STANDARDS, REAGENTS, AND CONSUMABLE 1VL

9.1. Ammonium Chloride (NhUCl) - purchased comi^ercialJ^DfyTor two hours at 103-
105°C. Cool to room temperature and store in dixres^ealor. Expires in 3 years.

9.2. Standards Preparation General Information and

. • - ^ - ' - . f
All of the preparation instructions are general guidelinesxOiher technical &eipes may
be used to achieve the same results. Example - a 20 ppm standard mgy^eTnTide by
adding 1 mL of 200 ppm to 10 mLs or may be made by adding 4 mL of 50 ppm to 10
mLs. The preparation depends upon the final volume neede'dand the initial
concentration of the stock. Reasonable dilution technique is used.



9.3.

9.4.

9.5.

9.6.
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initial calibration curves given are typical, but also subject to variation due to
fcion levels needed. The lowest concentration level shall be at the method reporting

The remaining levels should define the working linear range of the analytical

^vendors' products are sometimes listed for the ease of the analyst using
Products and purchased concentrations are examples only and subject to

at any time. All purchased standards are certified by the vendor. Certificates of
the department until the standards are no longer being used - at
filed with QA. Certificates of Analysis are available upon request,

routinely checked against an independent source for analyte

AllSt

Nitrogen

ible using the CAS lot system (ADM-DATANTRY).

tock Solution (1 OOP me N/L): In a 1-L volumetric
flask, dissolv
grade water
thoroughly mi
is the same stan
may be used

Working Stock
each of two dispo-cups using^ajajustable^
of 1000 mg/L standard s tokolut ion
(This is 100.0 mg N/L).
dispo-cup and mix (This is 1

onium Chloride (NhLjCl) in about 800 mL reagent
e with DI water and invert several times until

amber glass. Discard after one year. **Note: This
total kjeldahl nitrogen analysis. The same stock

mg N/L): Dispense 9.00 mL of carrier into
or graduated pipet. Add 1.00 mL
)-cup using an adjustable pipettor
iL of the 100 mg/L to the second

h each run.

Calibration Standards: Calibrati
solution and analyzed. The EPA
and a blank for calibration. Prepare
to the analysis as follows:

Concentration (ppm)
2.000
1.000
0.500
0.200
0.100
0.050
0.020
0.010
0.000

Carrier (mL)
8.00
9.00
9.50
9.80
9.00
9.00
9.00
9.00
10.0

ed directly into the carrier
ast 3 standards covering the range
'sable beakers immediately prior

:ock 10 ppm (mL)

1 200 Std:
.00"mLofO.!Q04j&r

LCS / Matrix Spike (0.500 mg N/L): To 10.0 mL of carrier or sample, add 0.050 mL of
100.0 mg N/L working stock solution. Prepare fresh each run.



9.7.

9.9.

9.10.

9.12

9.13

9.14.
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>gen Calibration Reference Stock Solution (180 mg/U): In a 1 -L volumetric flask
jive 0.687 g dried Ammonium Chloride (NH4C1), second source, in about 800 mL

rade water (DI). Dilute to volume with DI water and invert several times until
mixed. Store at 0-6°C in amber glass for up to one year.

0 mg/D: Dispense 9.00 mL of carrier into each of two dispo-cups using
jipettor. Add 1.00 mL of reference stock solution to the first dispo-cup
; N/L). Mix and then transfer 1.00 mL of the 100 mg/L to the second

JThis is 1.8 mg N/L). This is the working reference standard and
for th<J ICV and all CCV's. Prepare fresh each run.

- Instra-Analyzed. Purchased commercially. Store at room
manufacturer's indications or 3 years if no other indication

Carrier a
Instra-Anal
fresh for eac

9.11. Liquefied Phenof (
cabinet at room teiftppe:
becomes darker than
given.

*CAUTION: Phenol cai
absorption. Wear proper pi
exposed skin IMMEDIATELY

bottle add 998 g Millipore DI water and 3.68 g
wert several times until thoroughly mixed. Prepare

•chased commercially. Store in a flammable
pon manufacturer's indications, when color

rs from receipt, if no other indication is

Sodium Hydroxide flakes (NaOI
ammonia content. Store at room
or 3 years from receipt if no other i

nd is an extreme health hazard through skin
bratory clothing including gloves and rinse any

:h copiojjranjfoutats of water.

ially with special attention to
fs upon manufacturer's indications

Sodium Phenolate: To a tared 1 Liter arhhe^gfass jar
88% liquefied Phenol (C6H5OH) and 32 g of Sodutofftydr
until dissolved. Store at 0-6°C in an amber glass^a'r. Stable
IN HOOD!! I /!

Sodium Hypochlorite (6%): purchased commercia|Iyj. Store
Expires upon manufacturer's indications or three yearV
indication is given.

g Millipore DI, 94.2 g of
flakes (NaOH). Stir
icyear. *PREPARE

perature.
ff:nd other

9.15. Sodium Hypochlorite working solution: In a 1L amber bottle add 300^ rfiir6% sodium
hypochlorite and 300 mLs Millipore DI. Invert to mix. Prepare-fresh for each run.

9.16. Disodium EDTA (CmH^NbNagO^l-bO) - purchased commercially. Store at room
temperature. Expires upon manufacturer's indications or 3 years from receipt if no
other indication is given.



11.

9.1.

9.19
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Birfffir Solution: In a 1-L glass amber jar, dissolve 50.0 g Disodium EDTA and 9.0 g
~ 965 g Millipore DI water. Stir until dissolved. Store in an amber glass jar at

perature for up to one year.

prusside ((Na2Fe(CN^NO*2H^Q) - also called nitroferricyanide -
d cmerc ia l ly . Store at room temperature. Expires upon manufacturer's

ations or 3 years from receipt if no other indication is given.

de Color Reagent: In a 1-L amber glass jar dissolve 3.50 g Sodium

10. RESPONSIBI

10.1. It is the
complete all
results are efrorm
to generate
performed by m

PROCEDURE

11.1. Be sure the system has a cur
Capability.

Millipore DI water. Stir until dissolved. Store in an amber glass
Discard after one year.

lyst to perform the analysis according to this SOP and to
jred for data review. Analysis and interpretation of the

1 in the laboratory who have demonstrated the ability
this SOP. Final review and sign-off of the data is
r or designee.

analyst has a current Demonstration of

11.2. Sample Preparation

11.2.1.

11.2.2.

Soil samples - Weigh 1 X
weight to 1 00 g with DI.

Turbid water samples and pref

can, tared B-cup. Bring the total
:e vigorously for 5 minutes.

iples - filter through a syringe filter
directly into the autosampler cupJaiinfo a disjxfpujfif dilutions are to be
performed. If any samples are filtered, als^ffifter a _.
GEN-FILTER for more information. '

andanLCS. See

I' nr^\ \ .3. Prepare standards and reagents - as described^JSjjclion 9.

11.4. Instrument Setup C^-^X^ V

1 1 .4. 1 . Adjust heating coil setting to 60°C. Turn on afl^aliow to preheat;

\ 1 .4.2. Connect the manifold to the instrument (see attached nHflSifSld diagram).
Inspect manifold for proper connections and appropriate sample loop (75cm)
and wavelength filter (630nm) and heating coil length (650 cm). Place pump
tubes loosely in their holders.



11

11.5

11.5.1.

11.5.2.
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Once the heating coil has reached 60°C, place reagent feed lines in DI. Turn
pump on, adjust the tension of the pump tubes and inspect the system for leaks.

:>ad the method into the software and enter sample labels for the first tray in
:cordance with the analytical sequence described below. The method should

^timized from the suggested operating parameters listed in Section 17 using
Seal Events Programming. The Lachat software will calculate all

dilutions provided the dilution information is entered.

will prepare a calibration curve by plotting response versus
tion. Sample concentration is calculated from the regression

. The ICAL must have at least 3 points which cover the
blank. When more than 3 standards are analyzed, selected

to improve correlation coefficient to above 0.997 as
iquirements are met.

;gression : This method of quantitation uses the
The curve must not be forced through zero.

Calibr;
equatioifof,

11.6. Analytical Sequenc

Calibration Standards
ICV, ICB,LCS
10 samples
CCV,CCB
10 samples
CCV, CCB

Analyze CRDLs on the Lachat 800(
since the software does not convert thi
concentration in the calibration.

se at the low end of the curve
'unts of the standards into

Continue with sequence until all samples are anajy/ed. The
CCV/CCB set. Insert DUP/MS where approprif'tf
QC sample frequency requirements.

1.7 Instrumental Analysis -

nee must end with a
section for further

1 1 .7. 1

1 1 .7.2 Place the feed lines in the appropriate reagents and allow to pump for about 5
minutes. *Note: Buffer Solution should be the first reaeent introduced into the

Load the calibration standards and the samples interne autosampler &4jntered into
the software with standards in order of decreasing concentratioflCMSEe^ample
dilutions with the diluent/carrier in compliance with
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manifold and the color reagent should be the last reagent introduced into the
anifold to prevent the formation of clogs due to reagent precipitate.

11.7.

11.7.5

standards, references, and samples. Be sure all ICAL and QC criteria is
id samples are within linear range. Repeat any samples at a dilution which

the linear range (see ADM-DIL). Repeat any samples which may be
ueficpd by carryover from the previous sample (response has not returned to

baseline^Repeat any samples which have airpeaks which may influence the
it any samples which were incorrectly integrated by the software,
acceptable CCV/CCB set.

all lines in DI and rinse for about 5 minutes. Remove lines
dry for about 5 minutes. Turn off the pump and heating coil,

tubes.

12. QA/QC REQUIREME

12.1. An MDL study must
reporting limit. If it is1

limit. See ADM-MDL form

12.2. Initial calibration requirement

12.3. ICV/CCV-

• Frequency - Analyze an ICV i
after every 10 or fewer samples.

• Acceptance - Recovery must be 90
• Corrective Action - Recalibrate if IC^MafeT If a

be achieved before continuing. All samples bo'
reanalyzed.

Jibration information immediately after the run. If any
is information is printed, special care must be taken to
is applied to the results.

suit of the MDL must be less than the
t>lem and repeat the study or raise the reporting

brmatior

^
in the procedure (section 11)

nitial calibration. Analyze a CCV

true value
acceptable CCV must

[acceptable CCV must be

12.4. ICB/CCB -

Frequency -Analyze immediately after each 1C*
Acceptance - The result must be less than the reporty;
Corrective Action - If the result is above the reportmtflimit, correc^hejJroblem and
re-run the samples bound by the unacceptable CCB, or raise the^efforting limit.

samples.

12.5. LCS- >

• Frequency - Prepare one for every 20 samples.
• Acceptance - LCS recovery must be 90-110% of the true value.
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^Corrective Action - If an LCS is out of control, correct the problem and reanalyze
: affected samples or flag the data.

^Analyze one duplicate for every 10 or fewer samples. Do not choose
as samples for the analysis of duplicates.

Acceptance -The relative percent difference (RPD) between matrix duplicates
less. If one or both of sample or duplicate is < 5X RL, the control

tffis ±
ff

• II orrectiveyft^tioH^ If they are not, repeat the original and the duplicate or flag the

12.7.

field blanlp^fs sam
• Acceptance -

table in the
• Corrective acti

acceptable as Ion
MS/MSD be repr<
required due to pr<

13, DATA REDUCTION AND REP'

13.1.

13.2.

13.3.

jtrix spike for every 10 or fewer samples. Do not choose
analysis of the MS.

rovery must be within the limits in the Wetchem QC
nual.

MS fails on a sample, the batch is considered
cceptance criteria. It is recommended that the

to confirm the outliers, however it is not
Interferences. Flag the outlier.

from the regression equation,
dilution information was entered.

Lachat software to account for the
itraight in the LIMS since this is the

on this assumption.

ed in mg N/L. Soil

Calculations: Lachat software\>
including those with dilution's,
Soil samples are entered with a 1
1 g to 100 mL extraction, but the dil
lowest possible dilution. The MRL i

Report results to 3 significant figures,
samples are reported in mg N/Kg.

Data must be reviewed by the analyst and a peeij ($upe^wrjfor qualified analyst) using a
Data Quality Checklist before the results are vaMate^Kand report tojthe client.

sampl

Further data review policies and procedures are disjciiissed i

14 METHOD PERFORMANCE

^" -*J- ' "̂ "̂*

Reporting limits are based upon an MDL study performed according to ADJVpvfDL and filed in
the MDL binders in the QA office. .^X

Demonstration of Capability is performed upon instrument set-up , whenever a new analyst
begins independent analysis, and annually thereafter according to ADM-TRANDOC and section



15.

16.

17.

18.

Interim
matrix.
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fhe documentation of this method performance is retained by the Quality Assurance

moratory (EMSL-Cincinnati), using surface water samples at concentrations of
Td 0. 43 mg NH3-N/L, the standard deviation was ±0. 005.

SMSL-Cincinnati), using surface water samples at concentrations of 0.16
3H3-N/L, recoveries were 107% and 99%, respectively.

d accuracy data in Table 1 were developed using a reagent water

WASTE M POLLUTION PREVENTION

15.1.

15.2

15.3.

It is thi
to perforn>mis m
with method
The threat t

minimized wh

The laboratory wil
management, particul
restrictions as specifu
needed basis in small

All used reagent is collected
carboy for proper disposal.

minimize the amount of solvents, acids and reagent used
feasible. Standards are prepared in volumes consistent
ount needed for routine laboratory use is kept on site.

solvent and reagents used in this method can be
of properly.

deral, State and local regulations governing waste
ste identification rules and land disposal
Manual. Reagents are prepared upon an as-

volumes are used during analysis.

ner and disposed of into an inorganic waste

d with in-control QA
in the applicable

CEPTABLE

15.4. Samples are disposed according

CORRECTIVE ACTIONS FOR OUT O

If data is produced that is out of control, the samp^e£af€"to be
whenever possible. See corrective actions in Section 12 o
Figures in Section 12 of the Quality Assurance Manual.

CONTINGENCIES FOR HANDLING OUT OF
DATA

If data is produced that is out of control and is not to be _ _^ ..^ .^==__ r__.
^^Cx*^^ -: ^restrictions, holding times, or QC controls can not be met, follovCthe procedures^miSection 15 of

the Quality Assurance Manual.

REFERENCES

18.1. Methods for Chemical Analyses of Water and Wastewater, USEPA, EPA-600/4-79-020,
March 1983. Method 350.1



19.

18
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vdsfor the Determination of Inorganic Substances in Environmental Samples,
. EPA/60Q/R-93/100 August 1993. Method 350.1

Chem Method [ 10-107-06-1-B].

Sad cu«0£§ClKand applicable methodologies. Demonstrate a general understanding
llol tijrelhodolqjg) and chemistry. Follow policies in ADM-TRANDOC.

ation and Analysis. Follow Lachat Training Plan Form (May be
SLAB Intranet at

ithe

<tObserve Insikfrnent

19.5. Perform an I
mid-range standa:
limits, complete Trai
will be demonstrated

20. METHOD MODIFICATIONS

lolog^documentation, and data reduction with guidance.

Maintenance.

of Competency) by independently analyzing four
client samples. If recovery is within acceptable

lie with QA. Continuing proficiency (CDCV

, a single blind, or a new 4 replicate study.

• The samples are not distilled but a
• The samples are not pH adjusted but

colorimetry.
er compensate.

21. INSTRUMENT-SPECIFIC ADDENDUM^

The Lachat Suggested Operating Parameters for

Pump Speed:
Cycle Period:

Analyte Data:

Concentration Units:
Peak Base Width:
% Width Tolerance:
Threshold:
Inject to Peak Start:
Chemistry:

Calibration Data:



Calibration Fit Type:
^Calibration Rep. Handling:

fighting Method:
centration Scaling:
: through Zero:

Wash Period:
jle Period:

Inj

22. ATTACHMENTS

• Manifold Diagram.
• Calibration Standard
• Table 1 - Intel-laboratory pn

23. CHANGES FROM PREVIOUS RE

1st Order Polynomial
Average
None
None
No

5.0s
24s

0.0s
15s
45s
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the bench.
ujae^Data.

ibration in 3
Added reporting limit for soils in
Added Definitions for MRL, MDL;
Updated safety in 5 for consistency
Added soils to 6 for preservation
Referenced Appendix A for instrument c<
Updated Maintenance Log in 8 for consist^
Referenced GEN-GC in 8
Added Troubleshooting in 8
Added Standards Prep General Info and Disclaimers
9 - Changed need for 5 standards to 3 standards and a
Changed reference of :whichever is sooner" to "if n<
reagents.
Added need to check for current MDL and DOC in 11
Added headings in 11 to break it up - Sample prep,
Analysis
Added sample prep for soils - expanded upon filtering of water samples
Expanded upon what samples needed to be repeated in 11 '̂S'
Added need to print calibration and analysis data immediately aftetvafialysis in 11
Broke out the frequency, acceptance criteria, and corrective action in 12 for each QC item
Added control limit for low level dups in 12
Added that field blanks are not to be chosen for matrix QC

method.
!/ given" for expiration of

L, Instrumental
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ICAL acceptance from 12 and referenced 11
jon the calculation of soils in 13 and added soil units

jment regarding dilutions in 13 - included in 11
icthod performance in 14 - included text and table from method

Consistency
Training Plan Form on Intranet in 19.

for Calibration standards and method performance
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TABLE. DIAGRAMS. FLOWCHARTS. AND VALIDATION DATA

AMMONIA MANIFOLD DIAGRAM

waste
-> to port 6 of next valve

r waste
QC 8000 sample bop = 75 cm Intference filter = 630 nm

CARRIER is Reagent 5.

Manifold tubing is 0.8 mm (0.032 in) i.d. This is 5.2 uL/cm.

4.5 is 70 cm of tubing on a 4.5 cm coil support

7 is 135 cm of tubing on a 7 cm coil support

APPARATUS: The "
specified temperature.

indicates 650 cm of tubing wrapped around the heater block at the

Note 1: TYGON PUMP TUBES MUST BE USED FOR THIS METHOD

Note 2: 200 cm x 0.022" i.d. backpressure loop.

g:\methods\ammonia\l010761b.doc )3Mar98/amb



B.) ST

ii

AMMONIA (2.000 - O.OOO (pql=0.010mg/L))

STOCK:
serial dilutions of the 1000 ppm

tandard Stock. Prepare these dilutions with
Carrier-Diluent, as well as all standards, references, and

SOP No.: GEN-350.1
Revision No. 3

Date: 11/5/04
Page 17 of

mis 10.0 ppm mis Carrier-Diluent

2.00

00

fb.)

f.) 0.050

g.) 0.020

h.) 0.010

i.) 0.000

8.00

9.00

9.50

9.80

1.000

0.500

0.200

bfe

10mLsof€/rrier-D

C.) ICY / CCV: (True Value =1.80 mg/1)
do two (2) 1/10 serial dilutions of 180 ppm
Reference Stock Solution. Make with Carrier^

D.) LCS / Matrix Spike: (True Value = 0.500 mg/1)
10.0 mis Carrier-Diluent / sample + 0.050mls 100 p
Working Stock.
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17.0 TABLES. DIAGRAMS. FLOWCHARTS. AND VALIDATION DATA

TABLE 1. INTERLABORATORY PRECISION AND ACCURACY DATA

NUMBER OF
VALUES
REPORTED

134

157

136

195

142

159

156

200

196

156 -

142

199

TRUE
VALUE
(T)

0.270

0.692

1.20

1.60

3.00

3.50

3.60

4.20

8.76

11.0

13.0

18.0

HEAN
(X)

0.2670

0.6972

1.2008

1.6095

3.0128

3.4991

3.5955

4.2271

8.7257

11.0747

12.9883

17.9727

RESIDUAL
FOR X

-0.0011

0.0059

0.0001

0.0076

0.0069

-0.0083

-0.0122

0.0177

-0.0568

0.0457

-0.0465

-0.0765

STANDARD
DEVIATION

(S)

0.0342

0.0476

0.0698

0.1023

0.1677

0.2168

0.1821

0.2855

0.4606

0.5401

0.6961

1.1635

RESIDUAL
FOR S

0.0015

-0.0070

-0.0112

0.0006

-0.0067

0.0165

-0.0234

0.0488

-0.0127

-0.0495

0.0027

0.2106

REGRESSIONS: X = 1.003T - 0.003, S - 0.052T + 0.019

350.1-14
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STANDARD OPERATING PROCEDURE

RMINATION OF TOTAL ALKALINITY

GEN-310.1

Revision 3

ch 28,2002

Date

©COLUMBIA ANALYTICAL
One Mustard St.,

Rochester, NY 14609

Annual review of this SOP
and the SOP still reflects

Initials: Date:

has been performed
current practice.

Initials: Date:
Initials: Date:



1. SC< JCATION

is applicable to the measurement of alkalinity in drinking, surface,
jc and industrial wastes for all concentration ranges. The Reporting

2. METHOD

An unalt
determines a

3. DEFINITIONS

endpoint of a pH of 4.5 using a pH meter. The procedure
ing capacity, which is the sum of its titratable bases.

SOPNO.GEN-310.1
Revision 3
Date: 3/28/02
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3.1. Initial and Conturfiirfg Cajjtaafiof
is used to verify the vaHdw'oi the,.

Aerification (ICV/CCV) - The ICV/CCV solution
Calibration and performance of the test.

3.2. Matrix Spike (MS) - Inte^arajrpe'nipike analysis, a predetermined quantity of solution
of the analyte is added tVa s^mflem^jSrpig^ to sample analysis. The purpose of the
matrix spike is to evaluated^effpds of the Jtajtnple matrix on the methods used for the
analyses. Percent recoveries af^alculatejJjor th& analyte detected.

3.3. Duplicate Sample (DUP) - A lat
field sample aliquot that is proces
relative percent difference between^
analytical precision.

plicate. The duplicate sample is a separate
an identi^Pfnanner as the sample proper. The

s calculated and used to assess

3.4. Instrument Blank (ICB/CCB) - The bt
blank) is a volume of blank reagent of cor
test). The purpose of the CCB is to determi!
with the analysis.

3.5. Laboratory Control Standard (LCS) - In the LCS or bla
predetermined quantities of solutions of the analyte are
analysis. Percent recoveries are calculated for the anal
validity of the test.

or continuing calibration
the samples (DI in this

mtamination associated

atyrtysis,
blankjjrior to sample

to verify the

3.6. Batch - Unit of samples run together on the same day, not

\J



4. IN

4.

4.3.Suspended
response.

5. SAFETY

ition at pH > 10 can cause error.

may coat the electrode and cause a sluggish response or inaccurate
with methanol after analysis of an oily sample before running

formed during the titration may cause a sluggish electrode

SOP NO. GEN-310.1
Revision 3
Date: 3/28/02
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5.1. Wear gloves, lab coat,

<
6. SAMPLE COLLECTION,

yhen handling samples and reagents.

,AND STORAGE

Samples are to be collected wittofa6 h^d^jpace in plastic bottles with no chemical preservative.
Cool to 0-6 ° C until analysis. Roufirie Holdingmiiie^l4 days. Holding time for ASP work is
12 days from VTSR (Verified TimloCSara^^^e^fX Sample handling, storage, and custody
procedures are discussed in SMO-GI

7. APPARATUS AND EQUIPMENT

7.1. pH meter with electrode which reads^to^
probe. The two probes currently in use
Probe.

7.2. Titration buret apparatus.

7.3. Magnetic stirrer, pipets, beakers and stir bars.

8. PREVENTIVE MAINTENANCE

8.1. Store Orion glass bulb pH probe in solution of 0.5 g KC1 and 100 mL p
Store Intelli Probe in plastic sleeve with a drop of water (do

temperature compensation
and the digital Intelli

8.2. Change filling solution in the Orion glass bulb probe weekly. -Xx'~r'"'"
Use a toothbrush and mild soap solution to clean the electrode on the Intelli

8.3. Place parafilm or a cap on the top of the buret when not in use to prevent contamination of
titrant.



9.

9.2. Reference
dilute to 1 liter y
months.
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CFERENCE SOLUTIONS

): Certified, purchased commercially. Store at room temperature,
jrer's indications or one year from receipt, whichever is first,

•required if the solution is purchased commercially and there is no
i made during preparation. Store at room temperature. If the

5urcha^ep as stated above, standardization shall be required. See
Section 5;

'S>
. CaCO3): Dissolve 5.300 g Na2CO3 in DI water and

: refrigerated at 0-6°C in a plastic container for up to 6

9.2.1. High Level ICV
Value = 5000

9.2.2. High Level LCS:
True value = 1000

Oml of 5000 mg/L Reference Stock. True

Reference Stock to 25 mL DI water.

S
more th
0.02 N
Meth

9.2.3. High Level Matrix Spi
Reference stock equivalent

9.3.Spike Stock Solution (1000 mg/L C
dilute to 1.0 liter volumetrically. Stoi
6 months.

9.3.1. Low/Regular Level LCS: Add 2.0
DI water. True value = 20 mg/L

!e aliquot, add a volume of 5000 mg/L
of thevalue of the sample.

£*
1 -058pg Na2CO3 in DI water and

lerated atJ)*f&Oyin a plastic container for up to

itock Solution to 100 mL

9.3.2. Regular level Matrix Spike: To the MS
spike solution equivalent to at least 1A of the value i

9.4.Reference Solution (50 mg/L as CaCOj) Volumetrically <
Solution to 1.0 liter with DI water. Store refrigerated at
to 6 months.

9.4.1. Low/Regular Level ICV and CCV: Titrate 25 ml of thlbt
Solution. True Value = 50 mg/L

9.5.Blank (1CB/CCB)- titrate 100 mLs DI.

ime of 1000 mg/L

g/L Stock
iner for up



of the analyst to perform the analysis according to this SOP and
lentation required for data review. Analysis and interpretation of

personnel in the laboratory who have demonstrated the
|e results utilizing this SOP. Final review and sign-off of the
partment supervisor or designee.

11. PROCEDURE

11.1. Calibrate uVpH
and checkingHjiecalib;
calibration informa

manufacturer's instructions using buffers 4 and 10
the pH 7 buffer. Record all pertinent meter

book and in the spreadsheet.

the resu
ability
data is

SOPNO.GEN-310.1
Revision 3
Date: 3/28/02
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11.2.

11.3,

Remove parafilm
titrant. Low level
the same QC. High 1
from the low and regular s;

Place up to 100 mLs of sal5

recommended to start with
section for the appropriate voli
the glass bulb of the probe (if app
such a way that the titrant will dr
probes or the side of the beaker.

11.4. Record the ID of the pipet used to spik

11.5. Record the initial pH of the sample.

11.6. Record the initial reading of the buret.

.Rinse and zero the buret with the appropriate
;s use the same titrant and may be run with

separate titrant and require a run separate
el run will require its own QC.

stirbar^nd the probes into a beaker. It is
r most clients. See the Reagents

ICB, LCS. Be sure the sample covers
:er under the tip of the buret in

pie without first hitting the

1 1 .7. Add titrant until the meter reads 4.5, being careftfljto
endpoint is neared. The endpoint is the drop of titrant
4.5. Record the final reading of the buret.

titrant dropwise as the
drops Jhi^pHjo or below

,,<•''/ „•<••<•''-•

11.7.1. If the sample used less than 2 mLs of titrant, repeatjhf- t6§T witf) more sample
(up to 100 mLs) or add a measured volume of sample and continue-titrating in
order to obtain good precision. Record the total sample Volume on the
spreadsheet. -



sampl
less
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Revision 3
Date: 3/28/02
Page 6 of 12

e requires a large amount of titrant (more than 25 mLs) repeat the
sample in order to obtain a sharp endpoint.

11.7

11.7.5.

- If when using the 0.02 N titrant, more titrant is used than
; used, the value will be greater than 1000 mg/L and the test should

1 using the high level titrant (0.1 OON).

j If the sample concentration is less than 20 mg/L, record the
/and exact pH at the endpoint and continue titrating to an

fits lower.

TARBONATE - If the carbonate, bicarbonate, or
guested and the initial pH is greater than 8.3, record

|ower the pH to 8.3. Use this volume to calculate
.KALINITY. Continue to titrate to pH 4.5 and
lin the total alkalinity. Refer to the table in the

the carbonate and bicarbonate alkalinity.

11.8. The Analytical Seq

ICV
Blank
LCS

ie following order:

11.9.

Up to 9 more sampl

CCV
CCB

Up to 10 samples including a

CCV
CCB
LCS

Etc., closing with a CCV/CCB

When finished with the test, replace cap or parafilm on
in the Orion glass bulb probe and place it in its storage

ig hole
trode

of the Intelli Probe with a toothbrush and soap and place if in its plastic^sfeeve^vith
a drop of water (do not submerge).



12.2.

12.3.

12.4.

12.5.

12.6.

SOP NO. GEN-310.1
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IENTS

before any other samples. The result of the ICV shall be within the
in the Wetchem QC table in the Quality Assurance Manual. If it is

cause of the problem and obtain a compliant ICV before running

Run a CC
results si
the cause
bound by the out

^Run duplicates at
Wetchem QC tatf
repeat the sample a

after the satisfactory ICV. The result of the ICB shall be
?If jt is not, determine the cause of the problem and obtain a

efore continuing.

10 samples and at the close of the day's run. The
ited for the ICV and ICB. If they do not, determine

compliant CCV/CCB set and repeat any samples
CB set.

The DUP should have a RPD as set forth in the
e less than 5X the PQL. If noncompliant,

!e associated sample results in the batch.

Run matrix spikes at a
the limits set forth in thl
confirm the failure or flag t

Run an LCS per batch of 20 s
set forth in the Wetchem QC ta
obtain a compliant LCS, and rep

ie MS should have a % recovery within
tabkk If it does not, repeat the MS to

results in the batch.

;ery should be within the limits
ie the cause, fix the problem,
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Whei
C=Total
N=Noi

13.1.2. Regular and

Alkalinity, mg / L

Where: A=ml titrant •
N=Normality of titrant used

\
13.1.3.Calculate Hydroxide, Carbor

according to the following table

_ (2B - C)x NX 50,000

ml Sample

topH4.5
exactly 0.3 less than actual 4.5 endpoint

Bicarbonate alkalinity as mg/L

Result of Titration
P=0

P<1/2T
P=1/2T
P>1/2T

P=T

Hydroxide Alkalinity
0
0
0

2P-T
T

^^C^onate AlkalinTty
\\ <y^l I
^^$ //

\\2^/
^ff^) ^->

0 .//

Bicarbonate Alkalinity
T

T-2P
— . 0
-^. o

v 0

P = Phenolphthalein Alkalinity
T = Total Alkalinity



AND DOCUMENTATION

13

13.2.3.

14. METHOD P

Reporting limits
in the MDL binde

imbers on spreadsheets to three significant figures and report alkalinity
b-

Quantitation Limit) = 2mg/LCaCO3.

id procedures are discussed in ADM-DREV.

study performed according to ADM-MDL and filed

SOPNO.GEN-310.1
Revision 3
Date: 3/28/02
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15. WASTE MANAGE

Samples and titrated samples
discussion on waste manage:

16. CORRECTIVE ACTIONS F

If data is produced.that is out of com:
whenever possible. See corrective
Figures in Section 12 of the Quality

17. CONTINGENCIES FOR HANDLING^
DATA

If data is produced that is out of control and
restrictions, holding times, or QC controls can
15 of the Quality Assurance Manual.

18. REFERENCES

18.1. Method 310.1, Methods for Chemical Analysis of Wi
020, Revised March 1983.

18.2. Method 2320 B in Standard Methods for the Examinatio.
18th Ed., 1992.

ON PREVENTION

down the drain. See SMO-SPLDIS for further

L DATA

iples are J^ be re-analyzed with in-control QA
of this SOP and in the applicable

OR UNACCEPTABLE

:ed due to sample volume
the procedures in Section

astes, EPA- 600/4-79-

foptewater,



\J

\J

19.2.

19.3. Particip

id applicable methodologies. Demonstrate a general
^methodology and chemistry. Follow policies in ADM-

jion and Analysis. Follow Training Plan Form.

logy, documentation, and data reduction with guidance.

SOPNO.GEN-310.1
Revision 3
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19.4. Demonstrate^^^j5ete^^y>performing the analysis independently. Analyze 4
replicates of%lmow/pr6ttcie^&y\r standard. If recovery is within acceptable limits,
complete Train«l|pPlan Fpwjjf'gurhiwary spreadsheet, IDC certificate and file with QA.
Continued pronciency^hall bemmistrated using outside PE source, an LCS, an
internal

20. METHOD MODIFICATIONS

None

21. INSTRUMENT ADDENDUM

, None.

22. ATTACHMENTS

Spreadsheet

23. CHANGES FROM PREVIOUS REVISION

• Added sections 14, 16, 17, and 20 for NELAP compliance;!
• Added the Intelli Probe and its storage and maintenance in,*, 8.1
• Changed the wording in 11.2 for clarity.
• Added ASP holding time to section 6.
• Changed references of benchsheet to spreadsheet.



SOPNO.GEN-310.1
Revisions
Date: 3/28/02
Pag? 11 of 12

Coluafeia Analystlcal Services
Mustard Street

ttei, BY 14609

pi •« M I cal:
4.0
7.0

10.0

Buffer Lot I:

Alkalinity: Regular / High Level

Method: 310.1

Analyst:
Date:
time:

Pipette:

Ipbtbaleln alkalinity - the quantity
by titratioo to pB 1.3

Alkalinity, «g CaCO3 /L - A « • * SO,OOP F - C

f < i/7T

f • l/JT

A » sO. standard acid used
• - (tonality of H2SO4 -

Date H2SO4 was received:
Referencel:

0.1000
r > I/TT ir - T
» - T T

•

n

»

IIT- n

•

T

T - ir

•

a

•

UfcallMCy T -

•
3

4

S

6

7

9

1O

11

12

13

14

IS

16

17

18

19

R
22
22

- Order • Vol.
P«

I nit.

Titr.
Vol.

I nit.

Vol.

*pH

4.S

Vol.

8.3

Phen.
Alk.

oa-
Alk.

Carb.
Alk.

Bicarb.
Alk.

Total

Alk.
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ALKALINITY LOW

Columbia Analytical Services
1 Mustard Street
Rochester, NY 14609

pH meter cal:

4.0

7.0
10.0

Buffer Lot ft:

Alkalinity: Low Level «20 MG/L)
Method: 310.1

Analyst:
Date:'
Time:

Pipette:'

Alkalinity, rag CaCO3 /L •= (2B-C) x N x 50,000

where:

raL sample

B « mL standard acid used

C - total ml titrant to reach 0.3 pH units lower
N = normality of H2SO4 = 0.0200

Date H2S04 was received:

Referenceft:

1
2
3
4
5
6
7

8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

Job * Order #

Srapl.

Vol.
PH

Init.

Titr.
Vol.
Init.

Vol.gpH 4.5

lTol.(B pH

Vol.SpH -0.3

Vol.(C) pH
Total
Alk.
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LPPLICATION

1.2.

applicable to the determination of Total Organic Carbon (TOC)
surface waters, domestic and industrial wastewater using methods
The procedure may also be extended to certain domestic or

icters (i.e. 1 ml sample loop) yield a Reporting Limit of
iple loop may be used to lower the reporting limit to 0.05

METHOD SU

SOP No.: GEN-415.1/9060
Revision No. 5
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2.1 Total Organic^
by chemical oxida
the sample has be
a strong oxidizer,
organic carbon in
is complete, the carbon^
trapping, and thermally desorbj
infrared detector that has b«
dioxide detected. The resultil
equivalent to the mass of orgar

DEFINITIONS

3.1.

3.2.

3.3.

3.4.

High Level - using the 1.0 mL
30.0 ppm.

rmined by measuring carbon dioxide released
;eable organic carbon in the sample. After

of inorganic carbon, sodium persulfate,
quickly reacts with non-purgeable

carbon dioxide. When the reaction
from the solution, concentrated by

C) and^arried into a non-dispersive
rectly display the mass of carbon

brm of carbon dioxide is the
the sample.

ites a working range of 1.0 to

Low Level = using the 10.0 mL sample loop which
to 1.00 ppm.

Independent Calibration Verification (ICV) -
stock solution which is different from the stock use
standards and is used to verify the validity of the sta

QA/QC Samples: Samples added to a sample preparat
batch to provide quality assurance checks on the analysis

ing range of 0.05

made from a

analytical

3.4.1. Matrix Spike (MS) - In the matrix spike analysis, a pl^determined
quantity of standard solution is added to a sample matrix prior to sample
analysis. The purpose of the matrix spike is to evaluate the effects of the
sample matrix on the methods used for the analyses. Percent recoveries are



3.6.

3.7

3.8.

3.9.

3.10.

.calculated for the analyte detected.

SOP No.: GEN-415.1/9060
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ilicate Sample (DUP) - A laboratory duplicate. The duplicate sample
ite field sample aliquot that is processed in an identical manner
nple proper. The relative percent difference between the samples

ited and used to assess analytical precision.

Control Standard (LCS) - hi the LCS or blank spike
determined quantity of standard solution is added to a blank
kjjnalysis. Percent recoveries are calculated for the analyte

to verify the linear range daily.

3.5. Contin
daily at
instrument

Instalment
continuing call
identical to the sa
the levels of coni

Verification Standard (CCV) - A reference analyzed
used to verify the ongoing validity of the

e instrument blank (also called initial or
olujrne of blank reagent of composition

The purpose of the CCB is to determine
ssociate<J with the instrumental analysis.

Relative Percent WfTere1««ĵ tPl5>^Tlie absolute value of the difference of two
values divided by the average QHhVsame twp^values. Used to compare the
precision of the analysis. Titefesult is ajw^y^a positive number.

Batch - Unit of samples prepareorogether ojufiVsame day, not to exceed 20 field
samples. See ADM-BATCH for fbjihepdfsirtissionjpf batches.

Method Detection Limit (MDL): a s1atistica]lrfKnve<] value representing the
lowest level of target analyte that may b^nwfakiredby the instrument with 99%
confidence that the value is greater tharfzefo .S/

Method Reporting Limit (MRL): The minimum aiftrfunt ofVfarget analyte that
can be measured and reported quantitatively. The MRL is equivalent to Practical
Quantitation Level (PQL) and Estimated Quantitation LeyeJ,(CQEJj, Typically,
the MRL is calculated as five times (he MDL faltbeugftJhis is a rule of thumb and

• ~ f
not intended to be a strict policy of establishing the MRL for a

4.

3.11. Initial Calibration - analysis of analytical standards for a
specified concentrations: used to define the linearity andtfyrfamic range o
response of the system.

INTERFERENCES

4.1. Positive bias may be caused by contaminants in the gas. dilution water, reagents,
glassware, or other sample processing hardware. The use of high purity reagents



4.3.
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js help minimize interference problems. An average reagent blank value
yned by analyzing the reagents and is used by the Model 1010 for

in calculation of TOC.

^non-CO2 gases: The infrared detector is sensitized to carbon
Mnplishes virtually complete rejection of response from other

f^which absorb energy in the infrared region. Trapping and desorption of
MI diojadjPST^e molecular sieve trap isolates the component of interest and

: of interference in the system from gases other than
Dioxide.

Con
precede
attentioi
contamina

can occur when high level samples immediately
gnificantly lower levels of contamination. Pay close

high level samples. Re-analyze if

4.4. Interference b

4.4.1.

4.4.2.

4.5.

High leve
addressed b
the analysis of
Oxidant ratios,

Chloride ions comj
In seawater and brine
greater than the organit
TOC will suffer due to
be taken are to increase re$
concentration (250g/L) of thfe
increase in persulfate to
that the organic carbon is able tc

The oxidation process of organic compoundsyft^persuljfcte generally
follows first order reaction kinetics. The oxidation ofchjoride to chlorine
introduces intermediate steps, which resuU in a mprCoemplex reaction.

' ': 4^ S^ '\ '':

This reaction proceeds more slowly. By d^ien^yig the reaction time to 5
minutes, the reaction will have time to finish^ ^suiting jp^rnpJ^jte
oxidation of all the organic carbon present i

Consult Model 1010 users' manual pages 51-54 for mort^formation pertaifjing
to difficult sample matrices. .̂ ^"~"^~

nt analytical problems not adequately
he major interferences associated with

\e by maintaining effective Sample:
analysis time.

?on for available persulfate ions.
!"bf chloride present in a sample is much

^tJjese cases the recovery of
some precautions that can

se the volume and
'used during analysis. An

Provide enough persulfate so

4.4.3.

5. SAFETY ;

5.1. All appropriate safety precautions for handling reagents and samples must be
taken when performing this procedure. This includes the use of personnel



5.3.

5.4.

5.5.

5.6.
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ve equipment, such as, safety glasses, lab coat and the correct gloves.

L reagents and standards must be handled as described in the CAS safety
wed methods and in MSDSs where available. Refer to the CAS

Health and Safety Manual and the appropriate MSDS prior to

a strong oxidizer and should be handled with extreme care.

ive material should be handled with extreme care.

5.7.

The use
when mo
immovable
flammable

Refer to the Safe
information

SAMPLE CONTAINERS,

6.1. For most accurate anal
contaminants.

hemical irritant and may cause eye bums.

fe required for this procedure. Care should be taken
cylinders must be secured to a wall or an
6t a cylinder clamp at all times. Sources of

ydrogen) should be clearly labeled.

ussion of general safety procedures and

WJ^flESERVATIONS, AND STORAGE

""" should be free of organic

6.2. Sampling and storage of sample* injUass^pkfes re preferable. If this is not
feasible, sampling and storage in pfasfJvHSoftles s!uch |̂conventional polyethylene
and cubitainers is permissible if it is e«ablished^Xafth^ containers do not
contribute contaminating organics to tb^saRlpKs. TTOS lab uses purchased,
certified clean 40 mL glass vials with Tetion seppnraps in its bottle sets.

6.3. Because of the possibility of oxidation or bacterial dmimposilkAi of certain
components, (he samples should be kept cool (0-6°C) and protected from sunlight
and atmospheric oxygen. The sample must be acidified (pK^-fJ'with HCL or
H;SO.|. This lab uses H:SO4. Once preserved, sajnplp^rriust be analyzed within
28 days from collection. For ASP work, samples must be analvM^wirittn 26 days
from VTSR (Verified Time of Sample Receipt). .

6.4. Sample handling, storage, and custody procedures are dtstfiKsecTin SOP SMQr
GEN. ~ ^ ---— ---

7. APPARATUS AND EQUIPMENT ;

7.1. Model 1010 Total Organic Carbon Analyzer: Utilizes classic persulfate oxidation
method. (O.I. Analytical)



8.

ler: OI Analytical Model 1051 Vial Autosampler

volumetric pipettes of assorted volumes

ictric flasks of assorted volumes

7.4.

7.5. Com
TOC An

PREVENTIVE
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I's "WinTOC" software for control of the Model 1010

8.1. For the most
routine maintena

^

8.1.1. Daily and/o:

8.1.1.1.Check

of the instrument, the following schedule of
mandatory:noti

8.1.1.2.On Mondaj
"Monday Bl
reagent blanks

Replace as necessary.

ygent reservoirs and then run the
ij^sequence will run 2 sets of 10

cate blanks.

8.1.1.3.Check DI water
the flask and rinse w^t\ 50/50
algal growth appears.

and being purged. Empty
'n DI then Ultra Pure DI if

8.1.1.4.Instrument, Diagnosticsj^^tfbrate Jd^^u|osampler: Click
"Home", wait for tray to move to h^m€Ttherpe1ick "Go Jo First
Vial", then click "Calibrate". Th^ Software wiUorompt user to
place the first vial beneath the /needle
Double check calibration by click^g
the needle is centered in the vial, theY click
"OK" to get out of this menu.

click "OK".
', check that

Click
\\

8. 1 .2. Quarterly and/or before new calibration curves: ^

8. 1.2.1. Zero the ND1R cell (page 59, ops manual)
8. 1 .2.2.Check flares and connections "^ #

8. 1.2. 3. Rinse the system with persulfate: place "Rinse In" line into
"Sample In" port. Place the end of the "Rinse In" line into the
persulfate reagent. Run a schedule of 3 or 4 blanks, with the
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sample volume set to 20 mL. Replace the lines back to normal,
and run numerous Dl blanks until the system has stabilized.

-annually and/or before new calibration curves:

pie pump: check and if necessary, replace the peristaltic pump
tubing (page 59, ops manual).

•—~5*>**-" •">> '
3 2. Digestion vessel and Condensation Chamber check and clean if

(page 60, ops manual)

jglean the permeation tube (page 62, ops manual)
'

8. 1 .4. OfTan>^iieeded basis:

' Ŝ ' *S8. 1 .4. 1 .L^frcneckjb^gystem, whenever the instrument suddenly does not
~<Jperate,Xas^€erisi&tently as previously: Instrument menu,

DiagjSbsfipS/TIeakjCheck (page 64, ops manual, see also "Flow
Adfustjn/rnt"Vp^g<r66 ops manual)

8.1.4.2.Indicating Drying Turc: palace or refurbish if the desiccant inside
has changed cehSpfTOffCtfuie to pink, or if a leak is found around
one of the endTitttfig of the tube (page 58, ops manual)

8.1.4.3.NDIR Linearization cMfeK: see page 62-63, ops manual

8.l.4.4.See Chapter 7 of opsxfiKulual JOT further Troubleshooting
information. '' "^^ "*" S\

Maintenance Log - All Preventive miinjefiance, as well as instrument repair,
should be documented in the appropriate inspfrrfent maintenance log. Most
routine maintenance and troubleshooting^^l^fferformjid^^CAS staff. Other
maintenance or repairs may. or may not require factory servfeC, depending upon
the nature of the task. Any maintenance performed by outside services must also
be documented - either through notes in the log'or thrmigfMkfCtiments provided
by the service. The log entries w i l l include the date (jtemtenance was performed,
symptoms of the problem, serial numbers of major equippKm upgrades or
replacements. The data file name of the first acceptablejan^aflgpJaEfintenance is
to be documented in the maintenance log. * ~""~

STANDARDS, REAGENTS. AND CONSUMABLE MATERIALS ^-— =-

l).l. Lltra Pure Dl - Reagent (laboratory deionized) water that has passed through the
Millipore system in the \'olatiles laboratorv'.

9.2. Sodium Persulfatc (Na;S:OvV- purchased commercially. Store at room



jture.
eris

9.4

9.5. Phosphori
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Expires upon manufacturer's indications or 3 years from receipt,
sooner.

Persulfate:

k of sodium persulfate by dissolving 100 g Na2S20g into Ultra Pure
liter volumetric flask. For seawater analyses prepare a 250 g/L

; 250 g of sodium persulfate into DI in a 1 Liter volumetric
glass at room temperature for up to 1 year.

ACS reagent grade - purchased commercially. Store at
^ upon manufacturer's indications or 3 years from

Sv

Prepare 5% b;
H^PCM to reagent
temperature for

Note: If high organic
user manual (pg. 12) ft

hosphoric acid by adding 59 mL of 85%
rolume). Store in amber glass at room

solution is suspected, see Model 1010
purify solution.

9.6. ICV/CCV:

The ICV and CCV is preparec
stock solution to 200 mLs with
Resulting concentration is 20.0
the 1000 ppm KHP reference
class A volumetric flask, TV = 0.75

stock^

1000 ppm KHP reference
A volumetric flask.
(lysis, dilute 0.15 mLs of
with Ultra Pure DI in a

bsh daily or as needed.

9.7. Laboratory Control Sample (LCS):

The LCS is prepared by diluting 1.00 mL of 1000
solution to 100 mLs with Ultra Pure DI in a class
resulting concentration is 10.0 mg/L. For low le
1000 ppm KHP standard stock solution to 100 mLs
A volumetric flask, TV = 0.25 mg/L. Prepare fresh

9.8. Matrix Spikes:

The matrix spikes are prepared by measuring the volume of sampJe^elje spiked
and adding a volume of 1000 ppm standard stock to the sampt|>t> make a true
value of 10.0 mg/L. (i.e. A 42 mL sample will require 0.42 mLs of 1000 ppm
slock). For low level analysis spike to a true value of 0.25 mg/L.
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Preparation General Information and Disclaimers

Ijof the preparation instructions are general guidelines. Other technical
may be used to achieve the same results. Example - a 20 ppb

may be made by adding 1 uL of 200 ppb to 10 mLs or may be
adding 4 uL of 50 ppb to 10 mLs. The preparation depends upon
volume needed and the initial concentration of the stock,

lilution technique is used.

lion curves given are typical, but also subject to variation
detection levels needed. The lowest concentration level

reporting level. The remaining levels should define
ige of the analytical system.

Alh$Mn^ard^if0^rbVti^ceable using the CAS lot system (ADM-

—

- pujcjjased commercially. Dry to a constant
fb troofcahd store at room temperature in a

p/manufacturer''s indications or 3 years from receipt,

9.9.3.

9.10. Potassium Bipht
weight at 103-10
desiccator. Expi
whichever is sooner.

9.11. KHP stock solutions:

.-
9. 1 1 . 1 . Standard Stock Solution^ I QOflCpp'm C): Stock solution is prepared by

adding 2. 1 28 g of KHP'iifoi'] 000 mMtoumetric flask. Dilute to volume
with Ultra Pure DI. Store in amber gHSss at room temperature for up to 1

/ - '
year \'s'

/
9. 1 1 .2. Reference Stock Solution ( I OOO^ppnfG'lf Sfock solution is prepared by

adding 2. 1 28 g of KHP from a different manufacturer than the standard
stock was prepared into a 1 000 mL \'<5fiin1etric JJaSjQ>Hute to volume
with Ultra Pure DI. Store in amber glass at roonftemperature for up to I

9.12. Calibration Standards //

** Note: When using an adjustable pipette, record the pipette JBTofwe pipette
used. ' ;,,:̂ ^

9.12. 1 . Prepare high level curve check standards with Ultra Pure DI as/followsr^

Concentration
0.0
1.0
5.0

mLs 1000 ppm Standard Stock
00
0.10(1
0.5

Final Volume
100
100
100



10.

11.

1.0
3.0

low level curve check standards with Ultra Pure DI as follows:

uLs 1000 ppm Standard Stock
0
10.OmLsofO.5Std
10.OmLsofl.OStd
50
100

9.13. GasSei
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100
100

Final Volume
100
100
100
100
100

perform the analysis according to this SOP
jred for data review. Analysis and

by personnel in the laboratory who have
results utilizing this SOP. This

raining program of the laboratory. Final
'formed Imthe department

RESPONSIBILITIES
<

10.1. It is the responsi^
and to complete a?
interpretation of thetj
demonstrated the abilitj
demonstration is in accc
review and sign-off of the~data^
supervisor/manager or desif

PROCEDURE

11.1. Be sure the analyst has a current
current MDL.

11.2. Turn on the nitrogen gas flow and conf
this delivery pressure. If pressure drops
automatically shut down.

11.3. Initial Power Up:

11.4. Turn on the power using the main POWER switch, feqpt
from the desktop icon, enter your login ID and passw^pfd.

11.5. Reagents

11.5.1. Confirm that acid and oxidant lines are properly position^ed'm^eagent
bottles. •*;>"

ibility and the system has a

delivery pressure. Maintain
15 psiftGejil&trument will

software

1.5.2. Confirm that purge lines are placed in reagent bottles and solutions are
being purged.



firm that the DI water flask is full and is being purged.

ftwarc:

ing up, the WinTOC software opens to a security prompt. Enter
your previously defined user name and password. After pressing enter, the

appears, which displays real-time conditions and settings for
lodel IC}10 analyzer.
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and confirm that the desired analysis mode is
TOC. Ensure that the correct loop size is chosen for

1.0 mL loop for I - 30 ppm TOC, 10 mL loop for
*Autosampler option is the 53 vial tray, Sample

'o for regular level TOC's, so as to avoid
tf VOA vials. Change depth to 95% for all low
ced to adjust key parameters for low level work,

SFlevels,,
"̂ n

*

11.6.3. Click SetapOVirf0C Outpnf and enter today's date under the
Subdirectory and as the Logrife^N^rne, and the month and day as the
Prefix (e.g.: 032Qyand-3eMhV<^nter to 1. Presently, keep Report to
Screen marked, arxTafijtaiirLog Header Options as "Full". Click OK.

11.6.4. Setup, Preferences. Se4, defciyrsetTings to 4 reps per sample for
quadruplicates, 2 for dupftedfes and i^jbf^rigle injection. Sample volume
is defined by the sample loop inst

reagent and rinse
level TOC's are using

OC-LL". For routine
volume is

11.6.5. Click Databases, Methods. This
volumes, and reaction times
method "TOCI", and low-level
analyses, the oxidant volume is set at
200 uL.

11.6.6. Click Databases, Sequences. A sequence', 6r schedjulctTs^ffequired to start
any analysis. Sequences are reusable (la^emdate" for duplicates and
quads exists, with CCV's. CCB's and LCS^Jfeady schepoled^m their
correct order, to make long runs easier to sch^dtele)r'£ac>p^h€dule line
must be filled in with the appropriate infoirnatuSnop^ap^jlejjSame,
Method. Run Type (Sample or Cal. Standard), RepsfDmition Factor^,
Volume (determined by sample loop size) and Reagent Blanks Before
(default is zero. Only use this under the "Monday Blanks^ sequence).
Save daily sequences as the days date, mmddyy. Besides "Monday
Blanks", a sequence "Daily Blanks" exists which can be used to warm up
the analvzer after it has sat idle o\emisiht.



11, Calibration

^ instrument subtracts a reagent blank value from each of the samples
the results are printed. To determine the reagent blank value, run
jnday Blanks" sequence, and the average mV response of the last 5

will be automatically entered into the software fot this purpose.

lent, Calibration. Click "New" to start a new calibration.
Standard concentrations to be used in the calibration (the
iftw^are only allows 4 standards and a blank), Volume=loop

3e = TOC, Allow Editing = No, RF Calculation =
fields are filled in automatically during the

^calibration as "Caldate", i.e. "Calmmddyy".

2. Civ
the the

instrume
vol
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11.7.3. Of
Sample,
Reps
Enter all
Schedule*

except that
day's date (mr
necessary, only^
that after the stanc
compliance. Other
the ICV/ICB/LCS

Databases, Sequences. Define the standards:
^ xxxx, Method = yyyy, Run Type = Std 1,

Volume = loop volume, Reagent blanks = 0.
Tiling each name and run type appropriately,

and any samples as per the standards,
Save the calibration sequence as the

quence. Note: ideally, though not
to run on the sequence initially, so

n the analyst can view the curve for
jfT -^

the curye^Hoe generated and will go right into

1 1 .7.4. Click Instrument, Diagno
cover, remove the plastic
print-out. Replace the plast
center spindle and outer peg).^
interior. After movement of th
and ascertain that the first vial
If not, calibrate the tray as per above in the
Click "OK" to get out of the Diagnostics sor

1 1 .7.5. Click Start to begin the calibration.

outwards. Remove the
according to the sequence

'tray (correctly line up the
" to return the tray to the

iped, click "Go to First Vial"
the needle port,

ne Miwftenance section.

nu will ask that you
confirm that the sequence loaded is to be run/from positj
"x" as defined in the loaded sequence. Click\

sition

1 1.7.6. The initial calibration curve is by Linear R e g r e s s H T m m e t h o d
' '•# ,. . .

quantitation uses the equation of a line (\>—mx+b). The curve jmjsrnofbe
forced through zero. The correlation coefficient must be,0.<|97 or greater
to use the curve to quantitate sample results. If it is not, determine the
problem and recalibrate.

11.7.7. The calibration is confirmed with every run by the CCV, CCB, and LCS.
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lily, every run is started with a CCV, CCB, and LCS and is closed with a
CCB, as well as a CCV/CCB set every 10 samples and an LCS
20. The instrument only needs recalibration when these QC

unacceptable, or at least once a year.

; calibration has finished, view and print out the calibration graph:
Utilities, Reporting, Analysis, Open Calibration, 1010, choose the

•ration, File, Print. Statistics are printed out with the
Its; Sefc fie TOC Reporter section, below.

Dailv:
not
analyzed ji
approved,
analyzed in 1
analyzed using

of the WinTOC software manual for further calibration

ontinuing Calibration Verification
/
a$ for the calibration, except that standards need

mples analyzed under Method 9060 shall be
icate jinjess other client-specific requirements are

ng the 1 mL sample loop should be
to monj^bf the possibility of carryover. Samples

10 mL Imp sheftjd be analyzed as a single injection.

tvzed a sample for more than an hour, blanks
Take sure at least 4 consecutive

e "Daily Blanks" sequence for this

y, and especially for
tarLIMS run prior to

for each of the QC
the QC type. For example,

:e: 625100 CCV,

11.8.2. If the instrument has'
must be run to reestablish baseli
blanks are below the PQL
purpose. "**•'

11.8.3. Daily sequences are creataCa^pefabove"
quadruplicates, schedule the required
making up the sequence.
locations in the "Sample Name'1fo1fow<
the beginning of a sequences Sample
625101 CCB, 625102 LCS. During data exprfpKcfowntefding to
StarLIMS, the QC data will also be downloaded and woj'JLneed to be
manually entered. However, be sure that the correctQ^rrtieValue is
entered on the StarLIMS run: the default

11.8.4. Load the samples into the Autosampler vial rack*:
CCB. LCS (in thai order). Load up to 10 samplesTtp^^^^vtA 10
more samples. CCV, CCB. up to 10 more samplesprfcTMake sure tfigre is
an LCS. a matrix duplicate and a matrix spike every 20 samplps^Atways
end the run with a CCV", CCB. The CCVs and LCSs are ua^fo verify the
calibration. If dilutions are needed, make in accordance with SOP ADM-
DIL.

11.9. TOC Reporter Module:
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ssults are automatically printed to a file, as defined in the "WinTOC
references" screen under Setup, one page per sample.

Jtilities, Reporting. At the security prompt enter your previously
name and password Click File, Open, Data 10 and choose

the subdirectory named previously in the "WinTOC Output" section of
^uble click to view all the files in the directory, highlight the

:lick "OK". If there are more than 20 files to be
^printed/e^rted. click "OK", File, Open, DatalO, subdirectory, and

zO files, click "OK". Continue this until all files are
10 Statistics" screen.

11.9.3.
Cl
print-
Repo
the print
data:
File",
Toc_xf\Toc2t
to overwrite

11.9.4. When done printin
close "Report View
exit TOC Reporter.

12. QA/QC REQUIREMENTS

pops up: "Header", "Footer" and "Results".
Sample Info" and "TOC Results" for a paper

> get calibration statistics. Click "Run
go to the "OI Report Viewer" screen. Click
copy. Click the envelope icon to export

Jext", leave the Destination File as "Disk
oose the/directory and file J:\Transfer\

,4tran for quads. Click "Save", "Yes"

files, close "OI Report Viewer",
' at "1010 Statistics", close "File" to

12.1. er samples. Results must
Assurance Manual. If it is

affected

1 2.2.

An LCS must be analyzed with each
be within the limits set in Appendix C
not, fix the problem, achieve an acceptabt
samples.

A CCV must be analyzed following every tenth sjlrrfple jpxTaHtie^rld of the run.
Recovery must be within 15% of the value (85-1 \$/oVfe\\. is notjrix the
problem, achieve an acceptable CCV/CCB set and rdajialyze the^fectetl samples.
Recalibrate if necessary. V^"

12.3.

12.4.

A CCB must be analyzed following every CCV. The re^ft-fnust be below tfie
reporting limit (*See DOD Summary, if applicable). If it is not, fix the-JjKfblern,
achieve an acceptable CCV/CCB set and reanalyze the affected sarfjples.

#'

Duplicates- One sample per 10 samples, must be analyzed in duplicate. The
percent RPD for the duplicates must be < 20 %. If it is not, reanalyze the sample
and DUP or flag the affected data.



ikes-
very

13.
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One spike sample must be analyzed per 10 samples. The matrix
should be within the limits set in Appendix C of the Quality

anual. If it is not and the LCS is in control, assume matrix
flag the associated data.

13.1.

cnON
// ^^

(falcularferis 1

13.111!

13.1.2

Seq
multiplies.
downl
dilution res

AND REPORTING

se and the concentration are automatically printed to a
"WinTOC Output" section.

* that acquires the instrument data multiplies the
atidTrby the dilution of the sample, when the dilution

the analyst in the "dilution factor" field of the
current StarLIMS configuration for TOC also

aclor by the raw sample result If data is
iarLJMSrtrifr final result then appears to be the post-

ied again by the dilution factor (i.e., a sample is run
at a I' 10 dilution and the fui^Hresirlt in the WinTOC Reporter output is
100 ppm. when thedaferis downloaded to StarLIMS the dilution factor
will be 10, the resuTTrteldlvilf read K)0 ppm and the final result on the
StarLIMS report witt^e 1000 pppr^vnen in reality the actual result should
be reported as 100 ppmX To pfrtfent this from happening during data
export, currently the analyst Should lea*<£the dilution factor defaulted to 1,
and enter the actual dilution factor mtfie "Cpihments" section of the
Sequence. During the dau export. StarLiMS^slprogrammed to pick out
the dilution factor from the Comments secjidi 90 that the correct result is

reported. -^' /^'^/j

13.2. Preliminary results are reviewed to deteiromgjf^lutioprgrflidequate. The
linear range for high level is 1.0 - 30.0 ppm. The linpv'rangejfor low level is 0.05
- 1.0 ppm _^

13.3. Data must be reviewed by the analyst and a peer (s^iperraor or qualified analyst)
using a Data Quality Checklist before the results are validated apdlreported to the
client. Further data review policies and procedures an

14.

13.4. All sample data and OC data, including calibration verifk^lioff must reference the
name (date or filename) of the ICAL on the raw data report. ,s^—-—^-

METHOD PERFORMANCE

Reporting limits are based upon an MDL study performed according to ADM-MDL and
filed in the MDL binders in the QA office
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16.

17.

18.
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Capability is performed upon instrument set-up, whenever a new
jnaependent analysis, and annually thereafter according to ADM-

btion 19 below. The documentation of this method performance is
1 Assurance office

Reagent|^red$ef> ared u
responsibiljjTjjfto compj
manageme
restrictions, ancTfb
releases from
permits and regulati

V
Excess, unused sam
the SMO- SPLDIS.

CORRECTIVE ACTIO

T AND POLLUTION PREVENTION

/an as-needed basis in small quantities. It is the laboratory's
. federal, state, and local regulations governing waste

rdous waste identification rules and land disposal
^ater, and land by minimizing and controlling all

Dperations. Compliance with all sewage discharge

icts are disposed following the procedures in

T OR CONTROL DATA

If data is produced that is out <|f Control
QA whenever possible. See o
applicable Figures in Section 12 of t

CONTINGENCIES FOR HAND
UNACCEPTABLE DATA

If data is produced that is out of control andlfoliot to be
volume restrictions, holding times, or QC connspls
in Section 15 of the Quality Assurance Manua

REFERENCES

•s are to be re-analyzed with in-control
Section 12 of this SOP and in the

;e Manual.

ROL OR

:d due to sample
et, follow the procedures

18.1. U.S. Environmental Protection Agency, Methods jcjf Chern^
and Wastes, EPA-600/4-79-020, Revised 1983, Meuj

V
\ 8.2. U.S. Environmental Protection Agency, Total OrgarjidCarbm

Third Edition, September 1986 ^~

18.3. OI Analytical, WinTOC Version 5.01, Control Softwdf^fo,
Analvzer, Revision 6.3, June 2002

of Water

, SW-846

W.O TOC

18.4. OI Analytical, Model 1010 Wet Oxidation TOC Analyzer Opertffor's Manual, Revision
9.1, June 2001

19. TRAINING OUTLINE
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SOP and applicable methodologies. Demonstrate a general
of the methodology and chemistry. Follow policies in ADM-

Preparation and Analysis. Follow Generic Training Plan Form,
be found on the Rochester CASLAB Intranet at

TRAINING'QAforms.HTM.)

19.3

19.4. Period
(IDC)
before clent
complete lQPcerti

sample, sin
performing the

logy, documentation, and data reduction with guidance.

tly and show Initial Demonstration of Capability
of a known mid-range standard in succession

lyzed. If recovery is within acceptable limits,
and*T^aining Plan Form and file with QA. Continuing

) will be demonstrated annually using a PE
& t r , replicate study. Demonstrate Competency by

20. METHOD MODIFICAT

None

21. INSTRUMENT-SPECIFIC ADDEN0VM

The instrument manual is located nexf to jhe instrument- Refer to this manual for instrument
setting or specifications not described in this SOP.- '

,*' '• .>• ' .•
"--->''' ' /:•

22. ATTACHMENTS ^<-
S* ,'^..^ / .-

• Example printout of WinTOC Analytical SedUehce repoV
• Example printout of WinTOC Result file report. ^

23. CHANGES FROM PREVIOUS REVISION ^^

• Eliminated reference to an ultra low level curve. The low le'yef curve was changed from 0.1
- 3.0 ppm to 0.05 to 1.0 ppm using a 10 mL loop. The 25 roL loop is^o4orjgeT used.

• The ICV/CCV (9.8) for the low level curve was changed frorfr&f toO^pp'm.
• The LCS (9.9) and MS (9.10) for the low level curve was changed ftomtt053e-0.25 ppm.
• Explanation was added regarding when the samples are to be analyzed in quadruplicate,

duplicate, and by single injection in 11.7.1
• Added Definitions (Section 3| for MDL. MRL. RPD. and Initial Calibration. Referenced

ADM-BATCH and re-arranged some definition orders.
• Added section for earn-over in Interferences (4)
• Expanded upon Safety- (5)
• Expanded upon Maintenance Log (8)
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rds prep Info and Disclaimers (9)
|brDOC,MDL(ll)

sion info and acceptance criteria and corrective action for ICAL (11).
must be referenced on raw data sample reports (13)

I Performance (14)
Plan Forms (19)

'Attach
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Page 1 of 1
>*************

SEQUENCE **
I*************************************************************

032503 Tue Har 25 14:09:08 2003

Pos/ Sanple
Vial Name

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

CCV
CCB
LCS
625410 R-16023
625419
625420
625424
625425
625426
625428
618906 R- 15664
618906 DUP
618906 SPK
CCV
CCB
618907
618908
618909
618910
618911
618912
618913
618914
618915
618916
CCV
CCB
LCS
618916 DUP
618916 SPK
618917
618918
CCV
CCB

Method Run *
Type Rep

tocl
tocl
tocl
tocl
tocl
tocl
tocl
tocl
tocl
tocl
tocl
tocl
tocl
tocl
tocl
tocl
tocl
tocl
tocl
tocl
tocl
tocl
tocl
tocl
tocl
tocl
tocl
tocl
tocl
tocl
tocl
tocl
tocl
tocl

Sample
Sample
Sanple
Sample
Sanple
Sanple
Sanple
Sanple
Sanple
Sanple
Sanple
Sanple
Sanple
Sanple
Sanple
Sanple
Sanple
Sanple
Sanple
Sanple
Sanple
Sample
Sanple
Sample
Sample
Sample
Sample
Sample
Sample
Sample
Sample
Sample
Sample
Sample

4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4

Vol 9 Oil Ovr Remarks
(mL) Blk Pact Rug

1.000
1.000
1.000
1 .000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1 .000
1 .000
1.000
1 .000
1.000
1 .000
1.000
1 .000
1.000
1.000
1 .000
1.000
1.000
1 .000
1.000
1.000
1 .000
1.000
1 .000
1 .000

0 1.00 No
0 1.00 No
0 1.00 No
0 1.00 No
0 1.00 No
0 1.00 No
0 1.00 No
0 1.00 No
0 1.00 No
0 1.00 No
0 1.00 No
0 1.00 No
0 1.00 No
0 1.00 No
0 1.00 No
0 1.00 No
0 1.00 No
0 1.00 No
0 1.00 No
0 1.00 No
0 1.00 No
0 1.00 No
0 1.00 No
0 1.00 No
0 1.00 No
0 1.00 No
0 1.00 No
0 1.00 No
0 1.00 No
0 1.00 No
0, 1.00 No
0 1.00 No
0 1.00 No
0 1.00 No

10
10
4
4
10
4
2



c
1 Mustard Street
Rochester, NY. 14609
585-288-5380

Sample Information:

Ol Analytical ModeM 010

Sample #:
Sample Name:
Run Type:
Analysis Mode:
Total Reps:
Date:
Dilution Factor:
Comments:

Sample Results:

Rep* Time

1
628158CCV
SAMPLE
TOC
4

25Mar2003
1.00

TOC Area
(cnts)

Operator Name:
Sample Volume (ml):
Loop Volume (ml):
Loop Size (ml):
Sample Intro:
Remote Start:
File Name:

TWARNER
1.025
1.025
1.000

AUTOSAMPLER
OFF
032S005.rlt

Method Name:
Sequence Name:
Calibration Name:
PAM Mode:
PAM Volume (ul):

tod
032503
ca!010903
OFF
0

PAM Purge (min:sec): 0:30

TOC Mass
(ugC)

TOC Cone
(ppm)

1 14:27
2 14:36
3 14:45
4 14:55

16990
16394
18182
18213

18.804
18.135
20.143
20.178

18.345
17.692
19.652
19.685

•modified •-••unuMd

Riport gtntmt.a by Ol Analytlcin TOC Rtpomr VS.O, wing WInToc 1010 v>.0 md 1010 Flnmnra vg.O

c/i
O-o
Z
o

O

f? -• —•
00 § L-
S Z o
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DOD SUMMARY

Reporting
initial calil
quantitation
D-13

it of Defense - the DOD Quality Systems Manual must be followed,
on the NELAC Standards with some additional requirements. The

which are different or additional to routine analysis and must be

have any hits above 'A the reporting limit

]uantitation limit is established by the low standard of the
low-level calibration check standard. At a minimum the

the detection limit". DoD QSM, V2, Clarification
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PLICATION

is designed for the determination of sulfide in aqueous, solid waste
luents using SW846 Method 9030B/9034. This procedure is suitable for

fide concentrations in the range of 0.2-50ppm.

pplicable to oil or multiphasic samples.

Tnis'fa€thod measures total sulfide which is usually defined as the acid-soluble fraction
of a{ waste. A4f&qg)fNfethod 9030B covers the determination of acid-insoluble sulfides,
this SQPJdoes .fldP/7 • \x^.

' x " / /^XX-
/ * y "*-

METHOD SUMMARY

edlmder aetiu£eendjThe sample is distil l
sulfide is released and
buffer. Zinc sulfide prec

jtk>ns at 70°C under a stream of nitrogen. Hydrogen
bottles containing zinc(H) and a strong acetate

ifed bv iodimetric titration.

DEFINITIONS ^*^~^/s^ ,^

3.1 Matrix Spike (MS) - In theroa'mx spike^Jpatysis, a predetermined quantity of standard
solution of the analyte is addedjp a sdfnftfe matrix/prior to sample distillation and
analysis. The purpose of the matrfjrspike is tpx^alu^te the effects of the sample matrix
on the methods used for the analyses. Pej^emrect^ery is calculated for the analyte
detected.

3.2

3.3

3.4

Daplkate Sample (DUP) - A laboraro/^dj^lidateyTne duplicate sample is a separate
field sample aliquot that is processed in arfldentiraKmanner as the sample proper. The
relative percent difference between the satnpjj^is calcujaf^ipihd used to assess analytical
precision.

monitor
through the entire

Method Blank - The method blank is an artificial sampl
introduction of artifacts into the process. The rm
analytical procedure.

Laboratory Control Sample (LCS) - In the LCS or b
predetermined quantity of standard solution of the analyte^ to a blantuprior to
sample distillation and analysis. Percent recovery is calculated for thp-abalytedetected.



:ES

4.2

diox
which is
sensitivi

nples must be taken with a minimum of aeration to avoid volatilization of
lion with oxygen, which oxidizes sulfide to sulfur compounds that are not

junds, such as sulfite and hydrosulfite, decompose in acid, and may
| This gas may carry over to the zinc acetate gas scrubbing bottles and

iodine in the determinative step to yield false high values,
ehyde into the scrubber removes this interference. Any sulfur

:r will form an addition compound with the formaldehyde
iodine in the acidified mixture. This method shows no

Ifite at concentrations up to 10 mg/kg of the interferent.
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SAFETY

5.1

5.2

5.3

Sulfide gas (H2Sffs
preparing refereno
and 0.25 ug/L.

"i

Formaldehyde and sulfunc acij
^#

Lab coat, glasses, and gloves

ust be taken with the samples and when
r concentration in clean water is between 0.025

be handjed with care.

performing this test.

SAMPLE CONTAINERS, COLLEC

6.1 Aqueous samples are collected with
or 500 mL certified clean plastic bottles
2-3 pellets of sodium hydroxide. Fill to:
analysis.

pace

6.2 Soil samples are to be collected in glass jars with IK
analysis.

6.3 Samples are to be analyzed within 7 days of collecti

6.4 Further sample handling, storage, and custody proced

JONS, AND STORAGE

ation in 300 mL glass BOD bottles
2.0 mLs of 2N zinc acetate and

tightly. Store at 0-6°C until

at 0-6°C until

lur iscussed in SJ^Q-GEN.
•=--—=£.
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EQUIPMENT

and 2 for Apparatus Configuration

Unit (Midi Vap Model MCV 103), if using Midi,

idi) or flasks (Macro).

uYfritted outlet.

fjL^>JxV
i neads-witt) fritted outlet

'/ ŝy ~s)ing funnel^Hf stopcock-and

7.8 1/4 inch tubing

7.9 Nitrogen source

pressure equalizing arm.

:onngcls.
**

s

ine."

J

7.10 Common laboratory glassware-ahd equipment including 500 mL Erlenmeyer flasks,
graduated cylinders, stir pTafifwitfi stir bars. 10 mL buret with 0.05 mL increments,
pipettes, Dl bottle, calibrated tdp loading balance, calibrated analytical balance, calibrated
micropipettor. and volumetric flasks. ' y

8 PREVENTIVE MAINTENANCE

Check all connections on the apparatus for J^aks by/vyetting connections with a weak soap
solution and looking for bubbles.

8.1

STANDARDS, REAGENTS, AND CONSUMABLE MATERIALS^
^"^~^*

9.1 Concentrated Hydrochloric Acid - purchased commerefjiity. Store af room temperature.
Expires upon manufacturer's indications or 3 years from receij/ymiobever is sooner.

9.2 6N Hydrochloric Acid - Carefully add 100 mL of concentratedIB
Store at room temperature in plastic for up to I year.

9.3 Potassium iodide (Kl) - purchased commercially. Store at room temperature. Expires
upon manufacturer's indications or 3 years from receipt, whichever is sooner.



9.

9.6
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purchased commercially. Store at room temperature. Expires upon
arer's indications or 3 years from receipt, whichever is sooner.

line solution (0.0250N) - Add 20 - 25 g KI to 50 mL DI and mix. Add 3.2 g
^volumetrically to 1 Liter with DI. Store in amber glass at 0-6°C for up to 1

ee with each use against 0.0250N ̂ 28263 as follows:

ly place 5.0 mL iodine solution in a small beaker or Erlenmeyer

25 N

Normality

3 to a light yellow.
0.5 mL starch indicator,
colorless,

rmality of the iodine solution:

Ls) of Na?S7CM(Normalirv of Na7S?CM
lime of lodine(mLs))

9.5.6 Record

Standard potassiu
in a 1 L volumetric fla;
standardization

dardization log book

\ \solutioi/r0.025N) - Add 0.81225g KH(IO3)2 to 800 mL DI
id dissowf Qiftate to mark. Prepare fresh daily as needed for

9.7 Standard sodium thiosulfat
necessary. Prepare fresh evi

- Dilute commercially prepared stock as
standardize as follows:

9.7.1 Dissolve approximately:
9.7.2 Add 1 mL 6N HC1.
9.7.3 Add 9 mL standard bi-iodate^Jution.
9.7.4 Dilute to 200 mL, add starch

thiosulfate solution.
9.7.5 Calculate the normality of the soil

te to colorless with sodium

bllows

Normality of Na2S2O3 = (Volume of KHflO02(mI/)ffNormaljtvof KH(IChh)
Volume o

9.8 Starch Indicator - Purchased commercially. Store
manufacturer's indications, one year from receipt, or;

intended indication effect, whichever is sooner.

spires upon
•reduces the

9.9 Zinc Acetate (Zn(C2H;,O2)»2H2O) - purchased commercially. Store atrpem temperature.
Expires upon manufacturer's indications or 3 years from receiptx^JM6riever is sooner.

-^X"
9.10 Zinc Acetate Preservative (2N)- Add 220 g Zn(C2H:,O2)»2H2O to 800 mL DI and mix.

Dilute to 1 Liter. Store at 0-6°C in amber glass for up to 1 year.



9.13

9.14

9.15
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te Stock (0.5M) - Add 1 10 g ZnfCjHrXWI^O to 800 mL DI and mix. Add
CI to prevent the formation of zinc hydroxide and dilute to 1 Liter. Store at 0-

glass for up to 1 year.

5-40%) - Purchased commercially. Store in flammable cabinet. Expires
ufacturer's indications or 3 years from receipt, whichever is sooner.

it grade sulfuric acid - Purchased commercially.

a2S»9H:O) - purchased commercially. Store tightly capped at
facturer's indications or 3 years from receipt, whichever is

ejgh approximately 0.4 g Na2S«9H;O on the analytical
sight. Add the sodium sulfide to a tared glass bottle and

C for up to 1 week. Calculate the concentration of

Sulfide re
balance and
dilute to lOOgwrthD
the solution as ft

mg/'mL S: = (g.

9.15.1 Standardization of the StjJfifle Reference Solution - Pipet 5.0 mLs 0.025N
standardized iodinewfiition into a;25f) mL Erlenmeyer flask. Add 100 mLs DI
and 2 mLs 1:1 HCI. Adtt 2 ,irt£<sulfide reference solution to 100 mLs DI and
titrate with 0.025N Na:9;'O; to a light Jelfow. Add 1 mL starch and titrate to
clear. Calculate as in the sample^kfulatipjv^Hecord standardization in
standardization log book. '/'

9.16 LCS/MS - Midi -Add 2.0 mL of the suHtdeWerence*»lution to 100 mL DI (or sample)
or 6 g Ottawa sand (or sample) in the distillatiop-fyoe.

9.17 LCS/MS - Macro - Add 2.0 mL of the sulfide reference soluliort to 100 mL DI (or
sample) or 10 g Ottawa sand (or sample) in the distillation flask -

10 RESPONSIBILITIES S/ /
--.^ ~_^ ' s?' •' .

10.1 It is the responsibility of the analyst to perform the analysis acoOTding^o this SOP and to
complete all documentation required for data review. Analysis and interpretation of the
results are performed by personnel in the laboratory who have demonstrated (fie ability to
generate acceptable results utilizing this SOP. Final review and sign-off of the data is
performed by the department supervisor or designee.



11

iaration

ad record the pH of the sample. Homogenize sample and measure into
le tube or flask, recording actual weight or volume. Use 10 g or 100 mL for

Jation. Use 6 g or 100 mL for Midi distillation. In order to prevent
cing o|t]ie distillation head's fritted end and maintain fluid motion, it may be

''necessary/further limit the mass for the Midi distillation if the sample is porous
and

'• /̂/x*
add an additional 50 mL DI to the sample tube (midi)
e flask (Macro).

SOP No.: GEN-9030B/9034
Revision No. 1
Date: 5/21/01
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1 1 .2 Apparatus Prep

11.2.1 The midi
1 1 .2.2 The macri

1 1 .3 Distillation Procedure

1 1 .3. 1 In the scrubber tu
mLDI.

1 1 .3.2 Assemble system

11.3.3 Place 25 mL (midi) or 75
funnel.

be assembled as in Figure 1.
assembled as in Figure 2.

ZnAcetate, 10 mL Formaldehyde, and 50

:ed sulfuric acid in the dropping

1.3.4 Turn on Nitrogen gas and adjus^c^Tvery^mdividual scrubbers to about 25 mL
gas/ min. Limit the pressure to aBoJtJD^psi to raejgrlf'fcxcess stress on the glass
system and fittings. Purge system for at leasJ^rninute^Check for leaks with a
diluted soap solution.

11.3.5 Heat system to 70°C.

11.3.6 Open dropping funnel to a position that will a
approximately 5 mL/min. Monitor the system On
flask. CAUTION: Violent reactions andfaaming^afi ciccur.

11.3.7 Maintain heat and purge for 90 minutes.

11.3.8 Turn off heat and nitrogen supply.

acid of
tffts entered the
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of distilled sample for analysis

tk the pH of the distilled sample. pH should be <I. IfthepHisnoKl,
jlete distillation may have occurred and the sample should be redistilled at

>lume.

inse solution as follows:

ith a volumetric pipette, place 5.0 mL iodine solution in a 100 mL

ximalely 50 mL DI.
6N HC1.

lutex*iapProx'mately 100 mL with Dl

11.4.3 Disassei
mini

11.4.4 Carefully 1
rinse the ir

solution into a 500 mL Erlenmeyer flask with a

and head with the rinse solution, being sure to
fritted end. Do not spill any of this rinse. Collect all the

• i f / '
rinseate in the 500 mL Eriomie'yerwith the sample. Rinse again with DI and

r •'v' "r ^^~
collect rinseate in tbe-56JJ-rnL'£rlenrneyer. Pour any remaining rinse solution
the Erlenmeyer

11.5 lodimetric Titration Analysis.

11.5.1 If the orange color of the iotjine dia^pfJelinL^ad additional measured portions of
iodine solution until die ortfa^eolor perslstsXitecord total volume of iodine
solution used on the benchsheet.

11.5.2 Titrate all rinses and scrubber sotutfbn wjjlt0.0250N

11.5.3 Add I mL starch. Solution will turn blue.

11.5.4 Continue titrating until blue color disappears,
volume of Na:S;O', needed to reach endrojpt.

to a light yellow.

Ri
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12.2

12.3

12.4

12.5
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One spi
permitting;
Quality Ass
data may be

ENTS

iust be analyzed per batch of 20 or fewer samples. The result of the blank must
detection limit. Positive detections indicate possible laboratory

id the batch should be redistilled and reanalyzed.

analyzed in duplicate for every batch of 20 or fewer samples, volume
D must be less than 20% for samples greater than 5 times the PQL.
5 times the PQL, the duplicate must be within the value of the sample
;ci«on may indicate matrix interferences and these data may be

yzed for every batch of 20 or fewer samples, volume
within the limits in the Wetchem QC table in the

ig recoveries may indicate matrix interferences and these
aluate the LCS to determine reanalysis.

One LCS must
be within the limits
recoveries indicate inaci
redistilled and reanalyzi

An MDL study must be pe:
reporting limit. If it is not,
For more information, see

ch of 20 or fewer samples. The % recovery must
r.table in the Quality Assurance Manual. Outlying

analysis procedures and the batch should be

ie result of the study must be less than the
t the study or raise the reporting limit.

13 DATA REDUCTION AND REPORTIN

13.1 Calculations

Sulfide (mg/L or mg/Kg) - (A x B) - (C x
L or Kg

i

Where: A = volume(mL) iodine used
B = Normality of iodine solutibi'
C = Volume (mL) sodium thiqgttlfatetijs
D = Normality of sodium thiosuffate^,f

^y
13.2 Data review policies and procedures are in ADM-DREV.



14 CEMENT AND POLLUTION PREVENTION

upon an as-needed basis in small quantities. Minimum sample volumes
sis. Acidic waste is neutralized and poured down the drain with copious
>r>nore information see SMO-SPLDIS.

IS REFE
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id Waste Physical/Chemical Methods, USEPA SW-846,

16 TRAINING OU

16.1 Read current
of the methodol

16.2 Observe Sample
Forms.

thodologies. Demonstrate a genera] understanding
Tstry^follow policies in ADM-TRANDOC.

~~^*.

Analysis. Follow distillation and titration Training Plan

16.3 Participate in the rnethodolog^d<$tfamentatioj», and data reduction with guidance.

16.4 Demonstrate Initial Competency (K5€*T by performing the analysis independently.
Analyze four replicates of a IcncrtiaTl^id-range^toridard. If recovery is within acceptable
limits, complete Training Plan Forms and-lBC duplicate and file with QA. Continuing
Demonstration of Capability (CDcV^vrTT be demgp^fyated annually using a PE, single
blind, or a new four replicate study.

17 INSTRUMENT-SPECIFIC ADDENDUM

None

18 ATTACHMENTS

18.1 Figure I: Midi Apparatus

18.2 Figure 2: Macro Apparatus
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)M PREVIOUS REVISION

tethod number to 1.0.
to SMO-GEN, ADM-MDL, ADM-DREV, ADM-TRANDOC, and SMO-

I to add zinc acetate as a preservative of soils.
I reagents from prepared solutions.

; bottles to 6.0.
to a reference to the Wetchem QC table in the Quality Assurance

19.7
19.8
19.9

M
Expl
Elimina;
Added ri

19.10 Changed p]
19.11 Added standan
19.12 Added need td
19.13 Changed from

3vers acid-insoluble sulfides but this SOP does not.
i Chloride since it is not added,

[the preservation of the sample.
jm 1 small pellet of NaOH to 2-3 pellets,
ference solution.

[ distillation log book.
11.5.1 to "measured" aliquots.

Q
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NRrogen In

Dropping Funnel

SulfuricAad

Pressure EouaKzation Aim

Scnibber Solution

FIGURE 2: GAS EVOLUTION APPARATUS FOR MACRO DISTILLATION
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Columbia Analytical Services

1 Mustard Street

Rochester. NY 14609

(716)288-831

todneSoMfc

SorJumlrrio

SuM»Ref(n

Sub*

Analyst

Dale: Time:

Pipe! ID:

» Total Stlffide SW846. Method 9O3OB

n(Nt Prep: SfcuTir

IN): Prep: Strata

jafLt Prep: Sfenfln:

Order*
PfGSGfVdbon
Check

OistBaten
pH Check

DistHedvol.
(KoorL)

Na-TNo
Tiranl(mLs)

12
(mts)

Total SulMe
(mcVL)

SUUe. mcA or mgrKg = 16 03((AxB) - (CxD) IL or Kg Sample]

A = vokme (oiL) of kxfne solution used
B = Normally of todne solution
C = volune (mL) of TTMOSutate solution used
D = Normatty of Thiosufete solution used

pU£tusM23r22«greg\ic<mstoenchsheen9030B



TANDARD OPERATING PROCEDURE

C DETERMINIATION OF SILICA IN WATER
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PLICATION

EPA method 370.1 for colonmetric determination of dissolved silica

"l>
1.2V Th&method is applicable to drinking, surface, and saline waters, domestic and industrial

1.3

SOPNo.:GEN-370.1
Revision No. I
Date: 6/12/01
Page 2 of 13

' x*^X^^ \

Je normal repo/Qiig Ijrnit is 0.010 mg/L SiO2/L. The range is to 1.00 and may be
tion. Low level analysis is possible with a reporting limit of

METHOD

2.1 Soluble silica
molybdate c<
acid) and bisulfat

e under acidic conditions to form a yellow silica
$ is reduced with ANSA (l-amino-2-napthol-4-sulfiiric

blue complex with an absorbance at 820 run.

DEFINITIONS

3.1

3.2

Independent Calibi-arion,¥»rt|kf ti<<fK(lCV) - ICV solutions are made from a stock
solution which is differenTfrorjvrtXe^tock usejMo prepare calibration standards and is
used to verify the validity of Ibestandarcjjz^htfn.

3.3

Matrix Spike (MS) - In the rriatrd^pike anabysi*, a predetermined quantity of a standard
solution of the analyte is added to a sampJe^mtu\i&j|FK>r to sample digestion and analysis.
The purpose of the matrix spike lYto^valuate the effects of the sample matrix on the
methods used for the analyses. Percent recoverora^Ieulated for the analyte detected.

xy /
Duplicate Sample (DL'P) - A laborator^ (liiplicaJ^/The duplicate sample is a separate
field sample aliquot that is processed in auja^Dtical maprtgfTpNhe sample proper. The
relative percent difference between the samples is caJ^triated ajod used to assess analytical
precision. //

3.4

3.5

Continuing Calibration Verification Standard pCC,V}̂  A
specified intervals and used to verify the ongoing validity of

lalyzed at
calibration.

ibration

3.6

Instrument Blank (CCB) - The instrument blank (also cafiedco
fX' f* -f --s=*-

blank) is a volume of blank reagent of composition identical t<f the digestato^ The
purpose of the CCB is to determine the levels of contamination associated wittHhe
instrumental analysis.

Laboratory Control Sample (LCS) - An aliquot of reagent water to which a known
quantity of the method analyte is added in the laboratory. The LCS is analyzed exactly like a
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, and its purpose is to determine whether the methodology is in control, and whether
tory is capable of making accurate and precise measurements.

Jested Detection Limit (CRDL): (Performed on QC 8000 only), The two
concentration are included in the analytical run to show the precision

i at and around the detection limit.

4.1

4.2 The
be made

^
4.3 Phosphate

4.4 Tannin and lalge'amo
the samples for s

containers should be plastic to avoid contamination.

jilding have some Silica in them, therefore all reagents should
;d water. Carrier and diluent are purchased DI water.

by adding the Oxalic Acid Reagent.

sulfides can be removed by acidifying and boiling
disodium EDTA for iron.

SAFETY

5.1 Wear gloves, lab coat,

5.2 The toxicity and carcinogej$€$ty"of the
established. Each chemical
exposure should be as limited^

5.3 Consult the MSDS for detailed
following chemicals:

hen handling samples and reagents.

for this method have not been fully
ugh it is a potential health hazard and

:h hazards associated with the

5.3.1 SulfuricAcid

5.3.2 l-amino-2-napthanol-4-sulfonic acid (ANS>

5.3.3 Oxalic Acid

SAMPLE CONTAINERS, COLLECTION, PRESERVATIONS, A^SJORAGE

6.1 ALL CONTAINERS MUST BE PLASTIC!!!

6.2 No chemical preservative is to be used for silica.

6.3 Store samples between 0-6° C.

6.4 Analysis of samples is to occur within 28 days of sampling.
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sample handling, storage, and custody procedures, see SMO-GEN.

EQUIPMENT

rith range of lOOnL-lOOOpX.

lytical,BaJahc^capable of weighing to 0.1 mg.

8000 auto analvzer with:

SOPNo.:GEN-370.1
Revision No. 1
Date: 6/12/01
Page 4 of P

7.3.4 Colori _ .

7.3.5 Data record! ( PersohaJ Computer)

PREVENTIVE MAINTENANCE^-

*' X • " ..f*

8.1 Be sure to use Millipore filtefetf Dl water ftirall reagents.

8.2 Be sure all equipment used is pta&k!including^plpefs, weights at end of feed lines, and
reagent storage bottles.

8.3 Nearly all of the components of the Lachat canbe^oalfi^y cleaned or replaced. The
exception is the valve. When the valvel^ixJmes cldgged it is necessary to have the unit
sent out to be serviced. To avoid this eSfpefise an^mconvenience, be sure sample cups,
and dispo cups are free of participates by nrfsjpg'uttroughjy^vith D.I. water and drying.
Visual inspection of this equipment is also recommejrijea before analysis. Turbid
samples should also be filtered to prevent valve cloj

8.4 Be sure to change pump tubes regularly to ensure pptijawTperformance.

maintenance
maintenance.

8.5 All changes in tubing, hardware, or programming ar
logbook. Record the first acceptable run in the logbook atteprft*

8.6 Keep the instrument and the bench area clean. Wipe down counters beforehand-/ or after
use.

STANDARDS. REACENTS. AND CONSUMABLE MATERIALS
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Carjy&and Diluent: Because DI water lines in the building contain small amounts of
: carrier and diluent are purchased Deionized Water (DI).



9. d Silica Standards (0.004 mg/L - 0.100 mg/L)
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Standard Working Stock (purchased) - store at room temperature. Expires
acturer's indications or one year from receipt, whichever is sooner.

tore at room temperature in plastic. Exp. I year
conc.fmg/L) mLs 10 mg/L mLs Millipore Dl

99.0
99.2
99.4
99.6
99.8
90.0
90.0
90.0
100.0

C.) ICV/CCV: (Tj
1/200 dil :nased Reference Stock. Prepare fresh daily.

D.) LCS/Matrix Spike: (True Valu*^02^mg/L)
10.0 mLs Millipore DH6r <anrtpVf^ 0.025 mLs 10 mg/L Standard Stock,
fresh daily. ~"~ -'̂ ''' y

9.3 Regular Levd Silica Standards (().(Kf>tne 'L - 100 mg/L)

A.) lOmg/L Standard Working Stock (puwrfia^ed)—^tore at room temperature. Expires
upon manufacturer's indications of ori£-year from repefpf, whichever is sooner.

B.) Standards - prepare fresh daily. ^ ̂  ; ̂  / ,
conc.(me'L) mLs 10 mu L mtsMillinc»f̂ t)l
a.) 1.000
b.) 0.500
c.) 0.200
d.) O.I 00
e.) 0.050
f.) 0.020
g.) 0.0 10
h.)O.(HX)

1.000
0.500
0.200

1 mL of (a.)
1 mLof (b.)
1 mLof(c.)
1 mLof(d.)

0.00

g.6f/
9.50 //
9.80
9.00

9-OOf,- /,
9.00
9.00
10.0

C.) ICVCCV: (True Valuc=0.75 mg L)
9.25 mLs of Millipore Dl - 0.75 mL 10 mg/L Reference Slock. Make fresh daily.

D.) LCS'Matnx Spike: (Tnic Yalue=0.250 mg/L)



mLs of Millipore DI (or sample) + 0.250 mLs of 10 mg/L Standard
:ock. Make fresh daily.
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9.5

9.6 Amnfea

Tetrahydrate ((NH4)ftMo7O24-4H7O) - purchased commercially,
emperature. Expires upon manufacturer's indications or three years from

er is sooner.

- concentrated - purchased commercially. Store at room
upon manufacturer's indications or three years from receipt,

Reagent: To a tared 500 mL Plastic Bottle add: 243 g

9.7 Oxalic Acid -
manufacturer

9.8 Oxalic Acid Solu

9.9

Oxalic Acid. Ston

Sodium Sulfite - purchS
manufacturer's indications or i

urn Molybdate, 7.40 g H2SO4. Store at 0-6 °C. Expires 1

. Store at room temperature. Expires upon
ears from receipt, whichever is sooner.

L Plastic Bottle add: 490 g Millipore DI, 50.0 g
re. Expires 1 year.

b
Store at room temperature. Expires upon

ars fromteceipt, whichever is sooner.

9.10 ANSA (l-amino-2-napthol-4vsWu:
Sj

Expires upon manufacturer's i

9.11 Sodium Bisulfite - purchased com*
manufacturer's indications or three

M) - purchased commercially. Store at 0-6 °C.
ions or tJ#€e£YeVs from receipt, whichever is sooner.

>m temperature. Expires upon
hichever is sooner.

9.12 Glvcerol - purchased commercially. S
manufacturer's indications or three years

emperature. Expires upon
ceipt, jidjiehever is sooner.

ug^Sodium Sulfite, 396 g
~ Store at 0-6°C.

9.13 ANSA Reducing Agent: To a tared Dark Plastic
Millipore DI, 0.25 g ANSA, 15.0 g Sodium Bisul,
Expires 1 year.

10 RESPONSIBILITIES

10.1 It is the responsibility of the analyst to perform the analylsrs^according to thfe-SOP and to
complete all documentation required for data review. Analysis and4fiitefpre!ation of the
results are performed by personnel in the laboratory who have detfiolistrated the ability to
generate acceptable results utilizing this SOP. Final reviewvrfnd sign-off of the data is
performed by the department supervisor or designee.
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rds and reagents as described in Section 9.

and Lachat components.

d to the instrument (see attached diagram). Inspect the manifold for
Appropriate sample loop, and wavelength filter. Place pump tubes

SOPNo.:GEN-370.1
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11.4

11.6

11.7

into the software and enter sample labels for the first tray in
ytjc^l sequence described below. The method should be

^operating parameters in the Lachat instrument manual. The
dilutions provided the dilution information is entered.

11.5 Analytical

2- . , .
3. Blank Spijte (LCS)///
4-13. 9" J " ' '
14.
15. Blank
16-25. 10 Samples
26. Ref(CCV)
27. Blank (CCB)
28. Blank Spike

Analyze CRDLs on the Lachat SDO^Mo-see the/response at the low end of the curve
since the software does not quantitsfe the srahoards in the calibration.

. -<• ^—^
" jc^^1**Repeat steps 4-28 until all samples are analyzra/The sequence must end with a

Reference and a Blank. Insert DUPMS wh^re appropriate^ Consult the QC
section for further QC sample frequency nequireme«t^-Foi; fhe QuikChem IV, it is
helpful to load each tray with 20 samples and brgm each tray with an LCS.

Load the calibration standards, and the samples into theaules^nfpJel^as'entered into the
software with standards in order of decreasing concentiSrfoTfi^fVial^sarnpte dilutions in
compliance with ADM-DIL. -<'.-''**""

For turbid samples or samples with particulaies. filter through a syringe filter which has
been shown to be free of silica and shown not to remove silica.' Demonstrate these
properties by analyzing a filtered blank and a filtered LCS.
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reagent lines in DI to rinse. Be sure waste lines go to the sink.

mes to pump collars. Turn on pump. Lock in collars. Rinse for a couple of
spect for leaks.

gaged, place the feed lines in their appropriate reagent bottles. Pump
minutes.

Jx :̂
; the/QtffkChen|rJ/, set the gain and adjust the baseline reading to about 25 mv. The

1 automatically sets baseline and gain.

11.12 For
standard j

11.13 Start
correlation
may be delete)
analysis, correct

11.14 After an acceptable^
must be "bracketed" 1
all samples back to
corrected and a good

j,tion the sample tray in the autosampler so that the first
of the sampler needle.

dard has been analyzed, review the calibration data. The
or better for the analysis to continue. A standard

curve. If a linear curve is not achieved, stop the

ron is achieved, continue with sample analysis. Each sample
acceptabre^eJc^ence/Blank set. If a Reference or Blank fails,

must be reanalyzed after the problem is

in
11.15 For all samples in which the a

dilutions must be made of the
standards.

11.16 When finished analyzing samples a
minutes. Remove all lines from DI
pump and release tension on pump tul

11.17 Print the results and the calibration information.

12 QA/QC REQUIREMENTS

12.1 An MDL study must be run annually. The result of Jhe MDLnj
reporting limit. If it is not, correct the problem and repeaUhe;'
limit. See ADM-MDL for more information. -=--=

;eded the high standard, proper
the range of the calibration

'eedlines in water and rinse for 5
about 5 minutes Turn off the

:s than the
ike the reporting

12.2 The calibration coefficient must be 0.997 or better for analysis to continue^

12.3 1CV - Analyze immediately after the calibration standards. The result of the ICV must be
90-110 % of the true value. If it is not, fix the problem and recalibrate if necessary.
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every 10 samples or fewer. Recovery must be 90-110% of die true value,
samples must be repeated.

iyze one for every 10 or fewer samples. They must be less than the
If they are not, correct the problem and re-analyze the affected samples or
ig limit.

12.6

12.7 Duplicat

12.8

percent
reanalyze

Matrix Spike
recovery must be
Assurance Man

every 20 or fewer field samples. LCS recovery must be within the
QC table in Appendix C of the Quality Assurance Manual. If the
...limits, redigest and reanalyze the affected samples or flag the

ite'must be run for every 10 or fewer field samples. The relative
n matrix duplicates should be 20 or less. If it is not,

the data.

run for every 10 or fewer field samples. Matrix spike
tsja the Wetchem QC table in Appendix C of the Quality

reanalyze the MS or flag the data.

13 DATA REDUCTION AND

13.1

13.2

13.3

Calibration is done by injection st^pdards. The,data system will then prepare a calibration
curve by plotting response vefstis standard^n6entration. Sample concentration is
automatically calculated from the.regrc^srwi equation. A minimum of 5 standards is
required for a calibration curve 1 Selected standartu rnay be deleted to improve correlation
coefficient to above 0.997. .̂ 's^ -'^

Report values to three significant figures in mg/L^lJar1afl between the lowest and highest
calibration standards. If a sample value eJtceed^inat (npthe highest standard, that sample
should be diluted and reanalyzed. ""''-' .S/

Data must be reviewed by the analyst and a peer (superosor otxjualified analyst) using a
Data Quality Checklist before the results are validated and reported to the client. Further

review policies and procedures are discussed/ill ADM-0REV,.data

14 WASTE MANAGEMENT AND POLLUTION PREVE

IS

14.1 Reagents are prepared upon an as-needed basis in sma
volumes are used during analysis

14.2 Samples are disposed according to SMO-SPLDIS.

REFERENCES

urn sample
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f nation of Silica in Waters by Flow Injection Analysis, QuikChem Method 10-114-27-1-
gger Analytics Inc., Lachat Instruments Division, 1998.

k Chemical Analysis of Water and Wastes, U.S. Environmental Protection
500/4-79/020, Method #370.1 Rev. 3/1983.

* ^ Jl^^
ford Methods for the Examination of Water and Waste water, 18lh Ed., APHA-

4500-Si F., 1992

16 TRAININ

16.1 Read current
of the me

16.2 Observe Sam

16.3 Participate in the

16.4 Perform an IDC (Initial emonstr;
mid-range standards prk
limits, complete Training^
will be demonstrated annua
applicable methodologies.
chemistry.

17 INSTRUMENT-SPECIFIC ADDEND

methodologies. Demonstrate a general understanding
-. Follow policies on ADM-TRANDOC.

alysis. Follow Lachat Training Plan Form,

itation, and data reduction with guidance.

ompetency) by independently analyzing four
ient samples. If recovery is within acceptable

and fij^with QA. Continuing proficiency (CDC)
e blind, or a new 4 replicate study. Read

understanding of the methodology and

17.1 See Lachat manuals located near Lac

ATTACHMENTS

18.1 Manifold Diagram

CHANGES FROM PREVIOUS REVISION
;/ ' x;*'' S/ .-*

19.1 Added references to ADM-MDL, ADM-DREV, A%UTJ^flbpC<;ADM-DlL, SMO-GEN,
SMO-SPLD1S. ^^X££—-*>

.< -̂ ..r'.^'''^-^^--^-^^"

19.2 Split out single reagents from prepared reagents. Added stdjaglfahd expiratiqjyivhere needed.
19.3 Modified Training Outline to reflect current practice. .:s

f^ •--—=-
19.4 Added significant amounts of detail to the Procedure to be consistent .'.with other Lachat SOPs.
19.5 Eliminated the QC table and added information to the text in 12;0v
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JDAITONDATA

17.1. SILICATE MANIFOLD DIAGRAM

PUMP FLOW

greco

CAR1IER

SAMPLE

Probe Rote Note 2
QC80TO sample bra>=13 cm x 0.022* id
AESampb bop=7 cm x 0.022* id
uaXifciucc Ffar= 820 am

AMSA

OKiradd

Hotel

-> to port 6 of not vabe
or ware

CARRIER is DI'

Mvnfbld tubing is IS mm (•.•22 ia)Ld. This is 15 fiL/cm.

12 is 255 on of tubing on a 12 on cofl support

22 is 559 on of tubing on a 22 cm coil support

AFFARATUS: An injection valve, a 10 mm path length flow cell, and a colorimeter detector
module are required

Note 1: The manifold wfll come with a 12 on coil here. This can be replaced with a 22 cm coil,
which is included with a new manifold See Inierfercnces.

Nete 2: For the AE, the tubing is connected to unions connected to valve flares. For the
QCSOOO, the loop is connected directly to the valve.

t
1 - A doc 16 29Sq*9S.'a.iis



SILICA (1.000 - 0.000 (pql=0.010))

ORKING STOCK:
ed 10.0 ppm Standard Stock

mis 10 ppm

1.00

0.50
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mlsDI

20

9.00

9.50

9.80

dil'nofa.)1.000

n of b.) 0.500

0.200ofc.)

) 0.100

C.) ICV / CCV: (True Value = 0.
9.25 mis DI + 0.75 mis 10.0 ppm Re^r€nce Stock

(purchased 10.0 ppm Ref. Stock). ///

D.) LCS / Matrix Spike: (True Value = 0.250
10.0 mis DI / sample + 0.250mls 10 p

* All standards, references, Ics and all dilutions are majJe^otily with
bottled VWRDI!!!
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mis 10 ppm

1.00

0.50

0.20

mlsDl

9.00

9.50

9.80

l/10dil'nofa.)1.000

l/ftfdirn of b.) 0.500
^

1/ltfdfrn of c.) 0.200
s

l/IOdjTifofd.)0.100

10 mis

C.) ICV / CCV: (True Value = 0.750 mg'1)
9.25 mis Dl + 0.75 mis 10.0 ppm Reference Stock

(purchased 10.0 ppm Ref. Stock). ^^.

D.) LCS / Matrix Spike: (True Value = 0.250 mg/l) ^ <
10.0 mis Dl ' sample + 0.250mls 10 ppmSIaridartfStock,

* All standards, references, Ics and all dilutions are made only with
bottled VWR Dl!!!
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.evision 3
29,2002

Approved By:
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Annual review of this SOP has been performed
CONTROL

and the SOP still reflects current practice.
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Date

Date

Date
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Initials: Date:

1.1. Appl
suspended

1

/method (EPA 160.2) is applicable to the measurement of total
face, and saline waters, domestic and industrial wastes.

1.2. Range of determi

<
1.3. Practical Quantitojj0rp4mit (I

2. METHOD SUMMARY.

2.1. A well-mixed sample
residue retained on the fit
weight of the filter represent

3. DEFINITIONS

3.1. Duplicate Sample (DUP) - A laboratory duplicate. The duplicate sample is a separate
field sample aliquot that is processed-if? afi kfentical mariner as the sample proper. The
relative percent difference between the samples is^kutated and used to assess
analytical precision.

20.000 mg/L.

Jbmg/L when 1000 mLs of sample are filtered.

weighed standard glass-fiber filter and the
a c^nptant weight at 103-105°C. The increased

total suspended splids.

3.2. Method Blank/ Prep Blank - The method blaijjc i^m^nrificial sample designed to
monitor introduction of artifacts into the process^The nutiiod blank is carried through

'̂ ^s ^^^the entire analytical procedure.

3.3. Laboratory Control Sample (LCS) - A prepared standa
Percent recoveries are calculated for the analvte detected

irdftaianalyzed as a sample.

3.4. Batch - a group of no more than 20 samples analyzed toge

4. INTERFERENCES

jeethef

4.1. Nonrepresentative particulates such as leaves, sticks, fish and lurrfps of fecal matter sfiou Id
be excluded if it is determined that their inclusion is not desired in the final result.
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ifclue on the filter may form a water-entrapping crust. Limit the sample size to
lore than 200 mg residue.

>
in total dissolved solids, thoroughly wash the filter to ensure removal of

4.4. Prolonged,;nltration^fl3e§.resulting from filter clogging may produce high results because
of increased colkjwafinalenals captured on the clogged filter.

4.5. Filtration apparatus, fj
specified b

5. SAFETY

5.1. Wear gloves, lab dtfat an

6. SAMPLE COLLECTIONS, C

<
6.1. Any type of container, gla:

pal, pre-washing, post-washing, and drying temperature are
ic results.

hen handling samples.

AND STORAGE

solids.

6.3. Holding time is 7 days. Holding t
sample receipt.

6.4. Sample handling, storage, and cust

7. APPARATUS AND EQUIPMENT

7.1. Glass fiber filter discs, 4.7cm, Whatman GF/C

7.2. Filtration Apparatus

7.3. Aluminum Drying Dishes

7.4. Drying Oven

7.5. Desiccator

7.6. Analytical Balance, capable of weigh to 0.1 mg.

7.7. Forceps

alysis to minimize decomposition of

ASP is 5 days from verified time of

d in SOP SMO-GEN.
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8.2.

8.3. Add oil to

4ANCE

iridesiccators as needed. Desiccant may be dried and reused,

to use. Keep balance clean and dry.

; needed.

.X"



9. RE

^^~

pjjrchased commercially. Store at room temperature. Expires upon
i or three years from receipt, whichever is sooner.ions

9.2. Refereni
actual
300m

9.3. MB -

10. RESPONSIBILI

plastic bottle, add 0.20 -0.30 g of Kaolin powder. Record
water to 1000 g. The true value will be between 200 and
a client sample. Store at 0-6 °C for up to one year.

sample.
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10.1. It is the
and to compl
interpretation of the
demonstrated the ab
review and sign-off of

t to perform the analysis according to this SOP
ired for data review. Analysis and

ied by personnel in the laboratory who have
ible results utilizing this SOP. Final
by the department supervisor or designee.

11. PROCEDURE

11.1 Preparation of glass fiber filter dj.

Note: The filter should be handled

Place the disc, wrinkle side up, on
wash the disc with three successive
of water by continuing to apply vacui
washings. Remove filter from the apparaf
Dry the filters in an oven at 103-105°C for <
for at least 30 minutes.

\es

tus. While vacuum is on,
ill|d water. Remove all traces

passed through. Discard
numbered aluminum dish.

^-rRemove4e=a^desiccator and cool

11.2. Weighing of filters - Weigh the 1.0000 g "s" weight and record ofrJaHTsheet (attached).
Transfer dish containing filter to the analytical balance |HiicP*record the ID number.
Weigh dish twice; successive weights must be within 0.5

11.3. Selection of sample volume

otner.
, > ,

11.3.1. The target residue on the filter is 10-200 mg. For clean samples, choose
volume up to 1000 mis. If during filtration of the initial volume, the iflfration rate
drops rapidly, or if filtration time exceeds 5 to 10 minutes, the sample volume should
be decreased. A smaller sample volume may be used ini t ial ly if it is visibly apparent
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due on the filter will be higher than 200 rag. Use the entire 1000 mLs of
is not much residue collecting on the filter.

filter to the filtering apparatus and begin suction. Wet the filter with a
lied water to fit it to fritted support

11.5.

11.6. Filter
(attac

ly and transfer the predetermined sample volume selected to
cylinder.

glass fiber filter. Record volume used on benchsheet

11.7. With suctiol£xrfi, wa^the graduated cylinder, filter, non-filterable residue and filter
funnel wall wjiMjiree porjk^Mr'alldJstilled water allowing complete drainage between
washing. Remdve all^pes of watef by continuing to apply vacuum for 3 minutes after
all the water has i

aluminum dish. Dry at least one hour at11.8. Carefully remove
I03-I05°C. Cool in a

11.9. Repeat the drying cycle unula constaifHvpigfcHs obtained (difference in weight should
not be greater than 0.0005 g ot4%^f previous weight). Record the second weighing on
the bench sheet. .--'''̂

ignated log book to maintain
iture is also recorded in the

the oven.

anRPD<20%. }f
•sample results in the

11.10. The temperature of the oven is recorfledlWice dailyjf
a compliant operating temperature. The time.
"In/Out" log book whenever samples ar^uffi^or takwlf

12.0 QA/QC REQUIREMENTS

12.1. Run one duplicate per batch of ten samples. TheJ>£JJ)rshoul<
they do not, repeat the sample and duplicate orHag the
batch.

12.2. Run a Laboratory Control Sample per batch of 20 saBipl
be within the limits set in the Wetchem QC table in/Appendix
Assurance Manual. If it is not. determine the cause,
samples if volume and holding time permits. If not, flag

LCS tecovery should
f the Quality
md repeat the

12.3. Analyze a Method Blank for every ten or fewer samples. ThVresult of the blarutjfiust
be less than the Reporting Limit. If it is not. determine the cause, beginning with
visual inspection of the filter. If necessary, reanalyze the samples if volume and
holding time permits, or flag ihe data.
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AND REPORTING

ied solids / L =
(A-B)x 1000,000

13.2. Data
using a Da
client. F

14. METHOD PERFO

Not available

sample volume, mL

tied residue + dish (g)

ie analyst and a peer (supervisor or qualified analyst)
before the results are validated and reported to the

sies and procedures are discussed in ADM-DREV.

15. WASTE MANAGEMENT A

Samples and sample residue
further discussion on waste marl

16. CORRECTIVE ACTIONS FOR OU

If data is produced that is out of control
QA whenever possible. See corrective
applicable Figures in Section 12 of the Qui

17. CONTINGENCIES FOR HANDLING OUT
DATA

If data is produced that is out of control and is not to be
volume restrictions, holding times, or QC controls can n(|t I
in Section 15 of the Quality Assurance Manual.

REVENTION

ie drain. See SOP SMO-SPLDIS for

re-analyzed with in-control
this SOP and in the
al.

NACCEPTABLE

^sample
bllow thd procedures

18. REFERENCES

18.1. Method 2540D in Standard Methods for the Examination *6f Water c
18th Ed., 1992.

18.2. Method 160.2 EPA 600/4-79-020, Revised March 1983.



SOPNO.GEN-160.2
Revision 3

Date: 1/29/02
Page 8 of 10

iJJOP and applicable methodologies. Demonstrate a general
logy and chemistry. Follow policies in ADM-TRANDOC.

Sample-reparation and Analysis. Follow Solids Analysis Training Plan

19.4. Perform a
analyzing four
within acceptable^!
certificate and file^wi
annually using a PE

20. METHOD MODIFICATI

None

21. INSTRUMENT ADDENDUM
_x , '~

~y* ,*•'

None.
,»•

22. ATTACHMENTS

Benchsheet
Tare sheet

23. CHANGES FROM PREVIOUS REVISION

logy, documentation, and data reduction with guidance.

Demonstration of Competency) by independently
prior to analyzing client samples. If recovery is

Training Plan Form, summary spreadsheet and IDC
Continuing proficiency (CDC) will be demonstrated

ne\v 4 replicate study.

•f: I

nee X23.1. Added Sections 14. 16, 17. and 20 for NELAC cor
23.2. Added Batch to definitions
23.3. Added ASP holding time.
23.4. Added need to oil pump in Preventive Maintenance /
23.5. Added MB to reagents
23.6. Added procedure for the weighing of samples in 11.2-:
23.7. Changed MB frequency to ten samples instead of 20.
23.8. Eliminated statement concerning re-drying MB for cor

with "determine the cause, beginning with visual inspection of the filterx'V"
23.9. Eliminated statement concerning how to report TSS - this is dpri&by LIMS.
23.10. Added Tare xhcei to attachments ^

ve action and regfifoed
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Columbia Analytical Services
1 Mustard St.. Suite 250
Rochester, NY 14609

Analyst:

Total, Dissolved, or Suspended Solids

Date: Time: Pipet ID:_

Total Solids
Method 160.3

TS, TDS, TSS mg/L =

Total Dissolved
Method 160.1

T. Suspended
Method 160.2

(A -B)' 1.000.000
Volume, mis

where: A = wgt (g) of dried residue + dish
B = wgt (g) of tared dish

Order
Number

Client&
Submission*

Dish
I.D.

Sample
Vol.(mLs)

Gross1(A)
Gross2 (A)
Gross3 (A)
Tare(B)
Diff.
Gross1(A)
Gross2 (A)
Gross3 (A)
Tare (B)
Diff.
Gross1(A)
Gross2 (A)
Gross3 (A)
Tare (B)
Diff.
Gross1(A)
Gross? (A)
Gross3 (A)
Tare (B)
Diff.
Gross1(A)
Gross2 (A)
GrossS (A)
Tare(B)
Diff.
Gross1(A)
Gross2 (A)
GrossS (A)
Tare (B)
Diff.
Gross1(A)
Gross2 (A)
GrossS (A)
Tare (B)
Diff.
Gross1(A)
Gross2 (A)
Gross3 (A)
Tare (B)
Diff.

Raw
Data(g)

p:\l\123\g\bench\solids2
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STANDARD OPERATING PROCEDURE

for

METALS DIGESTION,
SOILS, SEDIMENTS, AND SLUDGE FOR ICP ANALYSIS

FOR INDIANA PINES SITE

SOP No.: MET-3050pines

Revision: 0

September 28, 2004

Approved by:
Supervisor

t>~> yx>
QA Coordinator

Laboratory/Manager

Date

Date

_
tfate

© Columbia Analytical Services, Inc., 2004
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Rochester, New York 14609
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Initials: Date:
Initials: Date:
Initials: Date:
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SCOPE AND APPLICABILITY

This SOP uses EPA SW-846 Method 3050B for the digestion of soils, sludges, or sediments for
analysis by ICP. As stated in the EPA method, "this method is not a total digestion technique for
most samples. It is a very strong acid digestion that will dissolve almost all elements that could
become environmentally available." By design, elements bound in silicate structures are not
normally dissolved by this procedure as they are not usually mobile in the environment." This
SOP was written specifically for the Indiana Pines Site.

SUMMARY OF METHOD

A representative aliquot of sample is digested in nitric acid and hydrogen peroxide. Hydrochloric
acid is used as a final reflux acid.

DEFINITIONS

3. 1 Laboratory Duplicates - Two aliquots of the same sample taken in the laboratory and
analyzed separately with identical procedures. Analyses of duplicates indicates precision
associated with laboratory procedures, but not with sample collection, preservation, or
storage procedures.

3.2 Laboratory Control Sample Soil (LCSS) - An aliquot of a soil to which known quantities
of the method analytes are added. The LCSS is analyzed exactly like a sample, and its
purpose is to determine whether the methodology is in control and whether the laboratory is
capable of making accurate and precise measurements.

3.3 Matrix Spike - An aliquot of an environmental sample to which known quantities of the
method analytes are added in the laboratory. The matrix spike is analyzed exactly like a
sample, and its purpose is to determine whether the sample matrix contributes bias to the
analytical results.

3.4 Preparation Blank (PB) - An aliquot of reagent water or other blank matrices that are
treated exactly as a sample including exposure to all glassware, equipment, solvents,
reagents, and internal standards that are used with other samples. The PB is used to
determine if method analytes or other interferences are present in the laboratory
environment, reagents, or apparatus.

3.5 Digestion Batch - A digestion batch is no more than 20 samples of the same matrix
digested as a unit per day.

HEALTH AND SAFETY WARNINGS

Nitric and Hydrochloric acids are extremely corrosive. Care should be taken while working with
these chemicals. Personal protective equipment including safety glasses (with side shields).
gloves, and lab coat shall be worn when handling samples or reagents.
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5 CAUTIONS

Antimony is easily lost by volatilization. Do not boil the digestate,

6 INTERFERENCES

Use more sample for those samples with high moisture content to meet detection limits.

7 PERSONNEL QUALIFICATIONS

At a minimum, personnel must have attained at least a 2-year degree in a science-related field
and have successfully completed an Initial Demonstration of Capability and the Training Plan
Form (attached). Training and Demonstration of Capability are in accordance with NELAC
2002 standard.

8 EQUIPMENT AND SUPPLIES

8.1 Eppendorf Pipettors
8.2 Funnels
8.3 Mortar and pestle
8.4 Tongue depressors
8.5 Filter paper
8.6 Hoi Block Digestor with ETR-3200 Controller by Environmental Express, LTD.
8.7 Graduated block digestor cups
8.8 Block Digestor Filters.
8.9 CPI MOD Block Digestor

8.10 Reagent water - ASTM Type II deionized water.

8.11 Concentrated nitric acid (Baker Instra-Analyzed 69-70%): Store at room temperature in
the dark in the original container or in glass. Expires per manufacturer's indications or
one year from receipt if no indication is given.

8.12 Concentrated hydrochloric acid (Baker Instra-Analyzed 36.5-38%): Store at room
temperature in the original container or in glass. Expires per manufacturer's indications
or one year from receipt if no indication is given.

8.13 Hydrogen peroxide (30%) - H:O:. Purchased commercially. Should be demonstrated to be
free of impurities at levels which would interfere with sample determinations. Store at
room temperature in the original container. Expires upon manufacturer's indications or 1
year from receipt if no indication is given.

8.14 ERA Soil Laboratory Control Sample (LCSS) - Concentrations and Performance > J|
Acceptance Limits distributed through vendor. Store at room temperature. Expires upon
manufacturer's indications or 1 year from receipt if no indication is given.
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8.15 Metals spiking solutions - Purchased commercially. See Table 1. Store at room
temperature. Stocks expire upon manufacturer's indications or 1 year from receipt,
whichever is sooner. Solutions prepared from stocks expire 6 months from preparation.

PROCEDURES

9.1 Sample Collection - Collect samples in purchased, certified clean glass or plastic.

9.2 Sample Handling and Preservation - Analyze samples within 6 months of sample
collection. Store samples in a refrigerator or at room temperature. Sample receiving,
handling, storage, and custody procedures are in accordance with NELAC 2002
Standard.

9.3 Sample Preparation

9.3.1 Set the temperature on the Block Digester to a temperature that brings the sample
temperature to 90-95°C without boiling.

9.3.2 The Hot Block is on a tinier which can be set to turn on and off whenever
necessary. To set timer press the timer button and choose the days M-F (Monday
through Friday). Then choose the hour and minutes to start and stop the Block
Digestor.

9.3.3 Label graduated hot block digestor sample cups with appropriate sample IDs for
digestion.

9.3.4 Mix the sample thoroughly to achieve homogeneity using a tongue depressor or the
mortar and pestle.

9.3.5 Weigh (to the nearest O.Olg) l.OOg to 1.50g of sample into labeled digestor sample
cup. For sludges and sediments that have a high moisture content, use more
sample. The goal is to use about Ig of dry weight sample. At this point add the
appropriate spiking solutions (see Table 1) directly onto the designated spike
sample prior to addition of reagents.

9.3.6 Unless otherwise specified by project requirements, the addition of acid should be
as follows: Add 10ml of 1:1 HNO3 and 1.5 mL of 1:1 HC1, cover with reflux cap
and reflux for 15 minutes. The sample temperature should be 90-95°C. Allow the
sample to cool, then add 5ml of concentrated HMO,, cover and reflux for 30
minutes. Repeat the addition of 5ml of HNO3 and reflux to 5 mLs. Do not allow
the sample to go to dryness. CAUTION: Do not boil. Antimony is easily lost by
volatilization.
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93.7 Cool the sample and add 2ml of DI and 3ml of 30% H2O2. Cover and beat to start
the peroxide reaction. Care must be taken to ensure that losses do not occur due to
excessive effervescence. Heat until effervescence subsides and cool the sample
cup.

9.3.8 If the effervescence does not subside, add 3 mLs of hydrogen peroxide with
warming to each of the samples (including blanks and LCSs) in the batch. If
necessary, continue to add 30% H7O: in 1ml aliquots with wanning until the
effervescence is minimal, or until the general sample appearance is unchanged. Do
not add more than 10ml of 30% H,O,

9.3.9 AddlOmLl: lHCL.

9.3.10 Cover and reflux the samples for 15 minutes without boiling. Allow to cool.

9.3.11 Rinse filters with 1:1 nitric acid and DI.

9.3.12 All samples are diluted to 100 mLs with DI. Quantitatively transfer the digestate to
a graduated cylinder by pouring the sample through a prepared filter into the
cylinder and rinsing the beaker and reflux cap with DI into the filter. Rinse the
filter with DI. Bring to volume with DI. Pour into a labeled B-cup.

,
9.4 Sample Analysis - Give digested samples and a copy of the prep sheet to the ICP analyst.

Analyze according to MET-6010Bpines.

9.5 Troubleshooting - All hoods in the Metals Prep Lab are wiped down once a week with
DI water. The tops of all digestion hot plates are wiped down daily.

9.6 Data Acquisition, Calculations and Data Redaction Requirements

Digestion logs are used to record all sample volumes, spike volumes, etc. The
Manufacturer's lot number for the reagents used are added to the digestion log (see
attached digestion log bcnchsheet).

10 DATA AND RECORDS MANAGEMENT

10.1 Responsibilities - It is the responsibility of the analyst to perform the analysis according to
this SOP and to complete all documentation required for data 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 SOP. Final review and
sign-off of the data is performed by the department supervisor or designee.

10.2 Data will be reviewed after ICP analysis according to MET-6010Bpines.
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11 QA/QC REQUIREMENTS

11.1 Each day, digest one laboratory control sample (LCS) per digestion batch, or per 20
samples, or per EPA SDG group, whichever is more frequent. Use the appropriate solid
laboratory control sample (LCSS) for soils analysis.

11.2 Each day, digest one blank per digestion batch, or per 20 samples, or per EPA SDG
group, whichever is more frequent. Use D.I. water and follow the digestion procedures.

11.3 Each day, prepare one duplicate and one spiked sample with each digestion batch, or per
twenty samples, or per EPA SDG group, whichever is more frequent. At times, specific
samples will be assigned as duplicates of spikes depending on client requirements.

11.4 Matrix spikes are prepared by adding the appropriate volume of spiking solution (See
Table 1).

11.5 See MET-601 OBpines for applicable QC limits and corrective action.

12 REFERENCES

"Test Methods For Evaluating Solid Waste, Physical/Chemical Methods". EPA SW846, Third
Edition, December 1996.

NELAC, 2002 Standard.
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Table 1 Spiking Concentrations for LCS and MS Samples

SPIKE SOLUTION A 1.00ml Spk A to Final Vol of 100ml
Metal

AL
AS
BA
BE
CD
CR
CO
CU
FE
PB
MN

Come. (HR/mL)
200
4

200
5
5
20
50
25
100
50
50

Metal
NI
SE
AG
TL
V

ZN
B

CA
MG
NA
K

Cone. (ug/mL)
50
1
5

200
50
50
100
200
200
2000
2000

SPIKE SOLUTION B I.OOmlSpkB to Final Vol of 100ml
Metal

SB
MO

Come. (iig/mL)
50
50

Metal
Tl
-

Cone. (ug/mL)
50
-

INDIVIDUAL 0.1 Oml Spk. to Final INDIVIDUAL 0.5ml Spk. to Final
METALS Volume of 100ml METALS Volume of 100ml

Metal
SE

Come. (ug/mL)
1000

Metal
SN

Cone. (ug/mL)
1000
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STANDARD OPERATING PROCEDURE

CARBON or TOTAL INORGANIC CARBON IN SOILS

GEN-TOCLK/9060mCLK

Revision 2

,January 17,2005

Date

Q&Coordinajrij/ Date

Labora(pr£Manager Date

©COLUMBIA ANALYTICAL SERVJpES»1l4c., 2005
One Mustard Sr

Rochester. NVf4609

Annual review of this SOP has been performed
and the SOP still reflects current practice.

Initials: Date:
Initials: Date:
Initials: Date:

'^DOCUMENT CONTROL

I. SCOPE AND APPLICATION
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is applicable to the determination of Total Organic Carbon (TOC) in soils
; the EPA document "Determination of Total Organic Carbon in

I by Lloyd Kahn (EPA 1988) or EPA SW846 9060. Total Inorganic
calculated by subtraction of TOC from Total Carbon(TC).

I measure up to about 1500 ug/g C when the smallest sample
When a range extender is used on the instrument, the range is extended

1.3. Normal o]
Equivalen
Method Rep

1.4. Data are report^

2. METHOD SUMMARY
1

2.1. Treatment prior to anal)

2.1.1. For TOC - Inorgamt
treatment with acid.

ield a Practical Quantitation Limit (PQL) of 300 mg/Kg.
L includes Estimated Quantitation Limit (EQL) and

sight basis.

mates and bicarbonates is removed by

X^

onates aflti bicarbonates is NOT removed by2.1.2. For TC - Inorganic Carbon fnj
treatment with acid.

2.1.3. For TIC- The samples are put
Carbon (TC), and once to measure
Inorganic Carbon (TIC) is

2.2. The carbon compounds are decomposed intd airi
at 800 °C in the presence of air. The interfering j
system. The carbon dioxide that is formed is deterjStfielcl by di^^fca^hdispersive infrared
detection that has been calibrated to directly display the ma^df carbl&ff dioxide detected.
The resulting carbon mass in the form of carbon dioxide is the equivajenjjp the mass of
carbon (TOC or TC) originally in the sample. ' "*" ^^

3. DEFINITIONS

ice - once to measure Total
on (TOC). The Total

1'and other gases by pyrolysis
moved by a sparger/scrubber

3.1. Initial Calibration - analysis of analytical standards for a series o
concentrations; used to define the linearity and dynamic range Gertie response of the*
system. .XX^^

f m

3.2. QA/QC Samples: Samples added to a sample preparation batch, or an analytical batch
to provide quality assurance checks on the analysis.
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ix Spike (MS) - In the matrix spike analysis, a predetermined quantity of

solution is added to a sample matrix prior to sample analysis. The
jf the matrix spike is to evaluate the effects of the sample matrix on the

for the analyses. Percent recoveries are calculated for the analyte

»le (DUP) - A laboratory duplicate. The duplicate sample is a
field sample aliquot that is processed in an identical manner as the

dative percent difference between the samples is calculated
i assess analytical precision.

3.3. Relative Percent Di
divided by the avera
analysis. The result is

3.4. Batch - Samples j
ADM-BATCH for further disf i

ndard (LCS) - In the LCS or blank spike analysis,
standard solutions of certain analytes are added to a

Percent recoveries are calculated for the analyte
linear range daily.

ie absolute value of the difference of two values
ilues. Used to compare the precision of the

r \ i

as a unit/not to exceed 20 investigative samples. See
;ion. sS

3.5. Independent Calibration Verificatj»£<fCV) - 1C Violations are made from a stock
solution which is different from thejfock used,Ktpfepare calibration standards and is
used to verify the validity of the stahdJiFdi

3.6. Continuing Calibration Verification Standard^
specified intervals and used to verify the onfefng validi

3.7. Instrument Blank (1CB/CCB) - The instrument
calibration blank) is a volume of blank reagent of co
(DI in this test). The purpose of the CCB is to dete;
associated with the instrumental analysis.

ference analyzed daily at
instrument calibration.

i called initial or continuing
I ion identical to the samples

fne theJe^Ms^ofcontamination

ig the lowest
ifidence that

3.8. Method Detection Limit (MDL): a statistically derived val
level of target analyte that may be measured by the instrunr
the value is greater than zero l

3.9. Method Reporting Limit (MRL): The minimum amount of a ta£g£^|ff2]frttMhal can be
measured and reported quantitatively. The MRL is equivalent ^-Practical Quanfitation
Level (PQL) and Estimated Quantitation Level (EQLl. Typically, the MRL-i^calculaTed
as five times the MDL (although this is a rule of thumb and not intendpdjkfbe a strict
policy of establishing the MRL for a compound I. "*"

4. INTERFERENCES
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5. SAFETY

• All appropriat
performing this
safety glasses, lab
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sediments may be lost in the decarbonation step resulting in low bias,
anic compounds by bacterial decomposition and/or volatilization by

at 0-6 °C.

j?r can occur when high level samples immediately precede samples
levels of contamination. Pay close attention to samples which

les. Re-analyze if contamination is suspected.

for handling reagents and samples must be taken when
les the use of personnel protective equipment, such as,

>ves.

• Chemicals, reagents
approved methods and in
and Safety Manual and the appn

• Nitric Acid is used in this met!
while handling it. A face shi
should be worn while working
worn while working with these so

• The use of pressurized gases is reqi
moving cylinders. All gas cylinders
a chain or a cylinder clamp at all times
hydrogen) should be clearly labeled.

andled as described in the CAS safety policies,
ible. Refer to the CAS Environmental, Health

'prior to beginning this method;

tremely corrosive and care must be taken
while pouring acids. And safety glasses

ib coat and gloves should always be

Care should be taken when
an immovable counter with

ible gases (e.g., pressurized

Tocedures and information,
andling samples or working

• Refer to the Safety Manual for further discussior
Always wear chemical eye, skin, and clothes
with reagents.

6. SAMPLE CONTAINERS, COLLECTION, PRESERVATION, AN^fsTORAGE

6.1. Samples are collected in purchased certified clean containers fte^oforganic
contaminants. Glass is preferable. -^ /,/

cdiriponents,
* 'X _^*r:'' -

6.2. Because of the possibility of oxidation or bacterial decompc^ittogjaf^
the samples should be kept cool (0-6°C) and protected from sunl
oxygen from time of collection to analysis. Holding time for saafples is 14

,.-<X'~"
6.3. Further sample handling, storage, and custody procedures are discussed in 1>MO-GEN.

7. APPARATUS AND EQUIPMENT
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90 Total Organic Carbon Analyzer with Boat Module. (Dohnnann)

it: Platinum.

tender (Dohnnann part # 885-462) is used for high level samples. It
chamber attached to the 200 ml/min air line from the

:p.« 400 ml/min line of air that acts to dilute the COj gas in the
samples by a factor of 1 '3.

and/or adjustable micro-pipets.

7.6. Drying oven capzjbre of rrfng 70 ± 2 °C.

7.7. Drying tins

7.8. Small glass test nil

8. PREVENTIVE MAINTENA
-""/ Xx

8.1. For the most reliable performance of the^stjHfjbent, the following schedule of
maintenance is suggested: ^ ̂  ''/ <x'"'

8.1.1. Daih

routine

• Condition the boat: Place fre%ITquartz wpflf p^ig^and a few drops of HNOs in
the Pt boat. All boats should be'cQnd^rt^ne^r^pffqr to any runs in order to
remove any CO; that may have-MWfup on thepcm)ovenught. Place the boat
in the hatch. Close the hatch (the spargerwfJwJubble if the hatch is closed
property. Always watch for this ev<rfy-t^ethe/hatch is closed.) Advance the
Pt Boat into the furnace. Allow it to Bake fo//*2-3 minutes, so that any
carbonaceous material on the boat is removed. ReterfpMhe rt Boat into the
hatch block, allow to cool at least 30 seconds. DO/OTIS for at! boats.

• Check the Cu/Sn scrubber. If dissolved or ckjgged,
and'or Sn. >

x

wltti fresh Cu

8.1.2. Weekly:

• Check gas cylinder - replace when necessary '.---' •---'•
• Adjust IR "zero" if necessary

• Leak check the carrier gases
• Replace the sparger Dl \viih UPDI acidified with phosphoric acid to pH <2

8.1.3. Every 2 Weeks or Earlier
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Boat Module's combustion tube. Replace the cobalt oxide catalyst if
If the combustion tube becomes etched/"cloudy" looking, consider
The etching is produced by interfering gases in samples, and can
'down" of movement of the carrier gas through the tube, resulting in

;" during detection.

^All Preventive maintenance, as well as instrument repair, should be
jate instrument maintenance log. Most routine maintenance
formed by CAS staff. Other maintenance or repairs may, or

depending upon the nature of the task. Any maintenance
iust also be documented - either through notes in the log

the service. The log entries will include the date
of the problem, serial numbers of major

The datafile name of the first acceptable run after
maintenance log.

ABLE MATERIALS

ears to be a source of contamination, use
in the VOA lab. It is suggested to

and analyze the tap DI at the low

9.1. Reagent (laboratory
DI that has been run
occasionally make reagents wj
level to determine if it has a v;

9.2. Phosphoric Acid: reagent grade,
Expires upon manufacturer's indie
given.

9.3. Cobalt oxide catalyst: Place about 2 ir
both ends bound by a tuft of quartz wool,
piece of tubing from the exit of the tube in
and furnace on.

Store at room temperature,
ceipt if no other indication is

ie combustion tube with
ialt oxide by placing a

't lease 1 hour with the air

9.4. Nitric Acid, concentrated: Purchased commercially. Store^fLfGom teVfperature. Expires
upon manufacturer's indications or 3 years from receipt i/no otherJnjica|ion is given.

/ II ,,i*ff^=f=*̂ .

9.5. 1+1 Nitric Acid (HNCh): Add a volume of DI to an
acid. Store at room temperature. Expires in one year.

of concentrated nitric

9.6. Sparger solution: Fill the sparger with UPDI from a squirt bolt
a couple drops of concentrated phosphoric acid to pH 2.

9.7. Gas Service: Compressed Air.

9.8. Standards Preparation General Information and Disclaimers
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All S

9.9. Organic C
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tion instructions are general guidelines. Other technical recipes may be
the same results. Example - a 20 ppb standard may be made by adding 1

10 mLs or may be made by adding 4 uL of SO ppb to 10 mLs. The
upon the final volume needed and the initial concentration of the

dilution technique is used.

res given are typical, but also subject to variation due to
needed. The lowest concentration level shall be at the method reporting

remaimtjgjejels should define the working linear range of the analytical

using the CAS lot system (ADM-DATANTRY).

9.9.1. Standard
10.64 g of Pot
104°C) into a
Store in amber

ppm C): Stock solution is prepared by adding
(KHP) (previously dried to a constant weight at

ask. Dilute to volume with reagent water,
temperature for up to 1 year.

9.9.2. Reference Stock SoWioif K0,000 pp/h C): Stock solution is prepared by adding
10.64 g of KHP (previously dried K^corfslant weight at 104°C and from a
different manufacturer) uirojr^OO"ml^volumetric flask. Dilute to volume with
reagent water. Store in amber grSs< at room tarijperature for up to I year.

9.10. Inorganic Carbon Stock Solution (IQtOOOlr^L inorganic C): Stock solution is
prepared by adding 8.824 g of SodnmVCarbonatc-^TreVjously dried to a constant
weight at I04°C and from a different manufacturer) in toff 100 mL volumetric flask.

' .x^ ''' ^S"'~Dilute to volume with reagent water. Store-rfi amber glasf'at room temperature for up
to 1 year. //'."' '

—''""'yy'
9. II. ICV/CCV: Add 50 uL of 10.000 mg/L Reference Sto$c/to 1 OOjngof Ottawa Sand.

True Value = 5000 ug/g. - x'"^

9.12. LCS for TC or TOC: Add 20 uL of 10.000 mg L Standard Stock u*JOQjng of Ottawa
Sand. True Value = 2000 uc- e x . • ^~~-

9. 1 3. LCS for TIC - Add 20 uL of 1 0.000 mg L Inorganic Carbon Stock
Ottawa Sand. True Value = 2000 ug'g.

g of

.£---

9.14. Matrix Spikes: Add 20 uL of 10.000 mg L Standard Stock to ar similar mass of sample
which was used for the sample analysis. TV = 2000 ug'g when 100 mg of Sample is
used. Prepare fresh before use.

9.15. Calibration Standards
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When using an adjustable pipet, record the pipet ID of the pipet used.

Single Point Calibration Standard by adding 50 uL of 10,000 mg/L
lic^Standard Stock to 100 mg Ottawa Sand.

^00 ppm working stock for the less concentrated check standards -
, of 10,000 ppm Standard Stock to 10 mLs with reagent water,

fresh before use.

curve cnack standards as follows:

Weight (me)
100
100
100
100
100
100

Final Cone, (ue/g)
8000
5000
3000
1000
500
300

** Note - T
response

|ck standards are to verify the instrument
;ed to calculate sample results

10. RESPONSIBILITIES

It is the responsibility of the analyst to1

complete all documentation required fo
results are performed by personnel in the
generate acceptable results utilizing this S
training program of the laboratory. Final rev
department supervisor/manager or designee.

11. PROCEDURE

is according to this SOP and to
and interpretation of the

monstrated the ability to
is in accordance with the
data is performed by the

11.1. Be sure the analyst has a current Demonstration of Capabfptyand the" system has a
current MDL.

delivery11.2. Turn on the air gas flow and confirm 30 psi delivery
pressure.

11.3. Initial Power Up:

11.3.1. Turn on:
• The 70 °C oven .,<>'"*
• The Boat Module Furnace 's['
• The DC-190 Furnace and Carrier Gas. Confirm 200 mL/min readout.

Even though soils and the Boat Module do not need the DC-190



1133. CoMtaon the boat.
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Furnace and carrier gas on, the instrument software does.
Allow time for all to come to correct temperature. The LED's for each
will rum from red to green when ready.

the desired analysis mode is properly selected. The TC and BOAT
-190 should be lit.

before staru/ra ne
Press "3" to

the software to original conditions by pressing
;" when prompted. This will reset the calibration

sure that the sample size (50 uL) and
o>tpQ Calibration stock standard are entered correctly

ratim*. Press "Boat" then "1" to change ug/g to mg/L.

1 1 .4.2. Standard
infrared detector
standards. The sin

pojptcalibration technique is used because the
h linearized. It is then verified with the other

calibrat ipa standard is run in duplicate, at least.

11.4.2.1. Weigh 100 mg of Ottawa Santfrfito the Pt Boat.

11.4.2.2. Add 1 + 1 HMO; drofjwfse until ntrffffe'rvescence is visible.

. 11.4.2.3. Place the boat in the oven ni 70-75 "pforHoVl 5 minutes.

. .
\ 1 .4.2.4. Remove the boat from the ov€nVplace it injh€ltatch. Add 50 uL of the

10.000 mg/L Standard Stock to the PT f̂jaffldose the hatch (the sparger
will bubble if the hatch is c I osed^K^efly. Always watch for this every
time the hatch is closed.) S/

11.4.2.5. Press the START button on the DC-190. Enl̂ the "saiffple ID." The
"Wail" LED will light momentarily while the instrument checks the
baseline.

11.4.2.6. When the "Inject" LED lights, advance the boai into the-furiiace'at the rate
of about 2 inches per second. v.^ -^ -'̂ .- ••'

.^'..'.----- ""'
11.4.2.7. The "Acquire" light will turn on. The analysis wtjMake about 6-8 minutes

to finish, at which point the printer will print out the result, and the screen
will ask "Continue Y-1M?" Press the "Yes" button to do another.

11.4.2.8. Repeat the Standard Analysis steps for the replicate standard. If a third
replicate is desired, press "Yes" at the end of the analysis, i If an outlier



11.4.4. If ne
adding
"No:
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needs to be removed from the calibration, see page 6-26 of the DC-190
Manual. At least 2 replicates must be run for the initial calibration,)

jess "No" to end the initial calibration.

ilibration

alibrate" to review the calibration menu. Verify that the sample
size and standard concentration are correct.

iate the Calibration Factor. This will be calculated,
menu, and printed out.

> blank - Perform the standard analysis steps except
of standard. After 2 replicates of the blank, press
xlate the system blank.

11.4.5. Change the co

11.5. Run the curve chec
results of the curve
for the lowest curve c

mg/L to ug/g by pressing "Boat" then "1".

iiear range. The instrument calculated
be within 10% of the true value and 20%
are not, repeat the calibration

11.6. Run the ICV, ICB, and a

11.7. Daily Sample Analysis and Continuingx\ *
\

The calibration is confirmed with
every run is started with a CCV, C
well as a CCV/CCB set every 10 sa
only needs to be recalibrated when the
year.

ation Verification

CCB, andLCS. Daily,
bsed with a CCV, CCB, as

20. The instrument
fceptable, or at least once a

11.7.1. Complete the initial power up steps

11.7.2. Condition Pt boat.

11.7.3. Sample preparation

11.7.3.1. Thoroughly mix sample and place a small

11.7.3.2. Allow to dry overnight in a hood at room temper

11.7.3.3. Grind the sample with the bottom of a small glass test tujxrlerbreak up
aggregates. ">'"

tin.

\ \ .7.3.4. Discard rocks.
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Weigh 100 mg (or less depending on anticipated concentration) of sample
; Ottawa Sand into the Pt Boat.

POC - Add 1+1 HMO? dropwise until no effervescence is visible. For
ite aliquots of the sample will be analyzed - one with the acid
?) and one with no acid added (TC). TIC will be the difference

between the two results.

added, place the boat in the oven at 70-75 °C for 10-15
e the boat from the oven.

11.7.4. Sampl

11.7.4.1.

11.7.4.2. The
press
cause
sparger
oxide

11.7.4.2.1. BeforeOpewt
sparger to the mist-t

-•''' s

11.7.4.2.2. Open the hatch and

'Range Extender". This setup creates back-
ssure when the sample hatch is opened can

w through the mist-trap and into the
iquid into the combustion tube/cobalt

owing procedure should be followed:
.*=»-

remove one end of the line from the

the hatch.

11.7.4.2.3. After Closing the Hatch: r^Jaee tKe^ntf of the line from the sparger
to the mist-trap. The spargefwill bubblp'ifime hatch is closed
properly. Always watch for this eyer^-rffneAhe hatch is closed.

11.7.4.3. Press the START button on the !x£l 9Q^K\cv the "sample ID" and the
mg of sample. The "Wait" LED wilLJigm morpetitarilyNvhile the
instrument checks the baseline. // ^

11.7.4.4. When the "Inject" LED lights, advance the boat ja^tfieluljiace at the rate
of about 2 inches per second. \ .

11.7.4.5. The "Acquire" light will rum on. The analyst
to finish, at which point the printer will print out
will ask "Continue Y "N?" Press the "No" buttoiff<ranalyze another
sample. XX~^^

11.7.4.6. Samples analyzed by 9060 are to be analyzed in quadruplicate. Lloyd
Kahn samples are analyzed only once. Samples for TIC are analyzed once
for TOC (with acid) and once for TC (without acid).
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CMENTS

id Acceptance Criteria

12.1.3. A CCV
Recovei

LCS must be analyzed with each batch of 20 or fewer samples,
within the limits in Appendix C of the Quality Assurance

ze the inorganic carbon LCS per batch. Results should be
•125%/Mhe^rue value until enough points are available that calculated

ipwing every tenth injection and at the end of the run.
pf the value (85- 11 5%).

12.1.4.ACCBmust
PQL.

every CCV. The result must be below the

12.1.5. Duplicates- One
both of sampl

12.1.6. Matrix Spikes- One spft
spike recovery must within thj
Manual.

12.1.7. Matrix Spike Duplicates - One
analyzed in duplicate for 9060.
the same as the matrix spike and
same as the duplicate.

12.2. Corrective Action

12.2.1. CCV, CCB, LCS

12.2.1.1. Check for gas leaks, sufficient reagent, anp
12.2.1.2. Remake working standard and reanalyze.
12.2.1.3. Recalibrate if QC is still out of control.
12.2.1.4. When instrument is back in control, reanalyze^

control QC.

12.2.2. Duplicates

must be analyzed in duplicate. If one or
:he control limit is + RL.

y
analyzed per 20 samples. The matrix

in Apnerfdix C of the Quality Assurance

mples must be spiked and
nd corrective action are
•ective action are the

Ifieht problems.

Fes bpuj^by: out of

12.2.2.1. Check for gas leaks, sufficient reagent, and other instrument problems.
12.2.2.2. If the RPD value between sample results above 5X RL exceed 30%

reanalyze the pair or flag the associated data.
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13. DATA RE

for gas leaks, sufficient reagent, and other instrument problems
are no such problems and recovery of the MS fails on a sample, the

i considered acceptable as long as the LCS meets acceptance
Ut is recommended that the MS/MSD be reprepared and

ilyzed to confirm the outliers, however it is not required due to
ix interferences.

RUNG

13.1. Calculations

13.1.1. The eq

Where:

F =
b =

SB =
V =

system

for determining a calibrated result:

ibrated) of sample
rfd subtracted. Normally invisible to the user,

value, y. may be made to equal x by setting F,b, and
V to the/appropriajfl-Junuesrt 1, 0, and 1, respectively)
"Calibratidft-FJ?!**'*. ThfTis the slope of the linear fit line.
Intercept. Tkisjf'pif Internal parameter which is invisible to the

^jS •^•f-
user. -^s
"System" Blank= b
Sample volume ̂ oVfhj

The quantities F and SB are the orfe»l]isp1ayed onJjxfcplibration menu and are
the ones which can be edited directly.

1 3. 1 .2. The Calibration Factor and Blank are

^> /\f' / /

calculated^ J*yr

Where:

b,=

C,=
o =
n =
s =

Concentration of the standard
Old value
New value
Value of the standard

Both Fn and bn are re-calculated each lime either the Calibration Factoronfiie~"
System Blank are updated. It should be noted that if the old value bj, is already 0,
the new value bn and therefore SB will also be 0. This provide*a means to have
the system effectively do a one point calibration update when it calculates a new
Calibration Factor. These equations may also be used to manually calculate the
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3es and enter them on the "Calibration" menu directly.

calculates the ug/g C in the sample from the linearized response and
ic using the above equations. As long as the user enters the
btly and the sample volume correctly, the instrument will print the

jrther manipulation.
t

the instrument is a dry weight result and is not to be further adjusted in

13.4. Datamu
a Data
Further dt

14. METHOD PERF<

: analyst and a peer (supervisor or qualified analyst) using
Sre the results are validated and reported to the client,

jrocedures are discussed in ADM-DREV.

Reporting limits are based
in the MDL binders in th

Demonstration of Capability
begins independent analysis, a
section 19 below. The document;
Assurance office

15. WASTE MANAGEMENT AND P

performed according to ADM-MDL and filed

rument set-up , whenever a new analyst
fr according to ADM-TRANDOC and

rformance is retained by the Quality

ENT1ON

It is the laboratory's practice to minimk^the amour
to perform this method wherever feasib\.\)tar
with methodology and only the amount need^tHbr routine.
The threat to the environment from solvent!
minimized when recycled or disposed of prof

nts, acids and reagent used
red in volumes consistent

tory use is kept on site.
this method can be

//

\J

• The laboratory will comply with all Federal, Statehood-focal regtfjatie^governing waste
management, particularly the hazardous waste identificatiojylprffes andrfand disposal
restrictions as specified in the CAS EH&S Manual.

• Excess, unused sample and testing byproducts are dispo:
SMO- SPLD1S.

16. CORRECTIVE ACTIONS FOR OUT OF CONTROL DATA

If data is produced that is out of control, the samples are to be re-analyzed
whenever possible. See corrective actions in Section 12 of this SOP and ijMjjelipplicable
Figures in Section 12 of the Quality Assurance Manual. "'/'

17. CONTINGENCIES FOR HANDLING OUT OF CONTROL OR UNACCEPTABLE
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i is out of control and is not to be re-analyzed due to sample volume
, or QC controls can not be met, follow the procedures in Section

nee Manual.

183.

19. TRAINING OUTLINE

in Soils" Lloyd Kahn EPA 1988.

lifting Solid Waste PhnicaVChemical Methods, USEPA SW-

Oxidation TOC Anah~er Operator's Manual,

19.1.

19.2.

19.3.

19.4.

Read current SOI
understanding of
in ADM-TRAN

cablejnethodologies. Demonstrate a general
chemistry. Follow policies and procedures

Observe Sample Preparalforrffid Analysis, including instrument operation and
maintenance. Follow Training Ptati Form, x^

Participate in the methodology, docurnelitation. apd data reduction with guidance.

19.5.

Demonstrate Competency by performing fbVanaljpnslndependently. Analyze a
known proficiency or standard fout rimes for InitiaJ^Demonstration of Capability.
If recovery is within acceptable limits. compleUrwrfriirig plan form and IDC
certificate. Turn paperwork in to QA fof ac6ep1ano£ and filing.

Continuing Demonstration of Capability willfee perfoipietTaanually using an
internal unknown, a PE. or a new four replicate study^X .-•"'

20. METHOD MODIFICATIONS

Method 9060 is for waters and wastes but is useful for soils as described

21. INSTRUMENT-SPECinC ADDENDUM ' ~^^-'
-, - .- -" " f

The instrument manual is located nc\\ to the instalment. Refer to this manuaf^bfTfistrument
setting or specifications not described in this SOP.

22. ATTACHMENTS
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REVIOUS REVISION

'ding about High Level vs. Low Level since the range extender is always

nces to TOC to Carbon, where applicable, to be inclusive for the addition of TIC
to

• 2.1 -/
• 4 - Added t
• 5 - Change
• 8 - Expanded upon
• 9 - Rearranged
• 9-Eliminated 100
• 9 - Added Standan
• 12 - Modified wordin;
• 14 - Added ADM-Trandoc.
• 15 - Modified for consist
• 18 - Added reference to T1

:-treatment of sample
lination by carry-over

for consistency with other SOPs
nance Log

and Standards together

Disclaimers
|for consistency

rwith other SOPs

sed to verify method for TIC)
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I

COLUMBIA ANALYTICAL SERVICES
1 Mustard St.. Rochester. KY

TOC SOILS ANALYSIS
byLKahn Method (EPA 1968) or EPA 9060

Analyst.

P^petC)

Date:

Start Time;

Curve Date:

Corr Coe«j

Postal •

1

2

3
4

s
6
7

8

9
10
11

12

1

2

3

4

5

6
7

8
9

10

11

12

13
14

15

16
17

18

19

20

Sub. f 1 Oder *

SW 50 uL of 10.000 ppm Std
SU 50 uL of 10.000 ppm Std
ICV True Value = 5000

C8: SOuLofUPtN
LCS True Value = 2000

8000
5000

3000

1000
500

300
ERA CHECK
CCV

CCB

LCS

Cuve Check
Curve Check

Curve Check

Curve Check
Cuve Check
Curve Check

TV = 12700

Sample AmL
(mo.)

CaMvabon
Calbraten

100
100
100
100
100
100
100
100
100
99

Resut
("9«g)

Source:
Source:

Basefine
Bcknkiect Mtarlr̂ ecl

Tme Out Error* Baseine did nol rek«n after ignition to **twn 025O mV of tie preHgrabcn basefine

p:»1 \gUorrnsWinchshNoc-s-luds Cat Curve
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COLUMBIA ANALYTICAL SERVICES
1 Mustard St., Rochester, NY

Analyst: _

Pipel ID:.

TIC SOILS ANALYSIS
by Modified L. Kahn Method (EPA 1988) or EPA 9060

Date:

Start Time:

Curve Date: 6/15/04

Corr. Coeff.: 0.99974
Without acid With acid

Position
# Sub. # Order #

Std: 50 uL of 10.000 ppm Std.
2 Std: 50 uL of 10.000 ppm Std.
3 ICV

68000

10
11

12

10

17
18

19

ICB

LCS

5000

3000
1000

500
300
ERA CHECK TV=12700

CCV TV=5000

CCB

OrgC LCS
InOrgC LCS

_20

TV=5000

TV=2000
Curve Check
Curve Check

Curve Check
Curve Check
Curve Check
Curve Check

Sample Arnt.

Calibration
Calibration

100
100
100

100

100
100
100
100
100
100
100
100

TV=2000
TV=2000

100
100

TC Result
(ug/g)

TOG Result
("9/g)

Source. TOC1-123A
Source: TOC1-123A

4916

40.39

1861

7761

5267

3187
933.1
499.8

254.6

14160

(TC-TOC)
TIC Result

98.3%

93.1%

97.0%
105%

106%
93.3%
100%

84.9%
111%

"Time Out Error": Baseline did not return alter ignition to within 0.250 mV of the pre-ignition baseline

p:\l',1\g\forms\bnchsht\loc-s-lk.xls Cal Curve
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Standard Operating Procedure for The Determination of Method Detection Limits

1.0 PURPOSE

This standard operating procedure (SOP) documents the procedure for the determination of
method detection limits (MDLs).

2.0 APPLICABILITY

The procedure described in this SOP is designed for applicability to a wide variety of sample
types ranging from reagent (blank) water or wastewater containing the analyte to solids (such as
soil) containing the analyte to the analyte in a gaseous matrix. The MDL for an analytical
procedure will vary as a function of sample matrix. This SOP requires a complete, specific, and
well-defined analytical procedure. It is essential that all sample-processing steps of the analytical
procedure are included in the deter-mination of the MDL; that is, all the steps that a sample is
processed through, from sample preparation to analytical completion, must be included in the
MDL determination. The MDL obtained by this procedure is used to judge the significance of a
single measurement of a future sample. This SOP for the determination of MDLs was designed
for applicability to a broad variety of physical and chemical methods. To accomplish this, the
procedure was made device or instrument-type independent.

3.0 DEFINITIONS

3.1 Method Detection Limit (MDL)

The MDL is the minimum concentration of a substance or analyte 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 type containing the analyte.

3.1.1 The Calculated MDL (MDLC) is the MDL as calculated in Section 6.10 and will
typically contain two or more significant figures.

3.1.2 The Reported MDL (MDLR) is the MDL that is used for reporting purposes.
MDLs for organic analytes will be reported with two significant figures.1

MDLs for inorganic analytes will be reported with either one or two significant
figures depending upon the number of significant figures in the analytes' MRL.2

3.2 Analytical Procedure

The written, step-by-step description of the operation by which samples are processed in
order to obtain the concentration of an analyte in a sample.

1 Organic analyte MDLs: see Section 6.3.2 in Reference 9.2.
: Inorganic analyte MDLs: see Section 6.4.2 in Reference 9.2
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33 Spike Level

The spike level is the known concentration of analyte that is added to a matrix for the
determination of the MDL.

3.4 Interferences

Interferences are defined as systematic errors in the measured analytical signal of an
established procedure caused by the presence of known or unknown species (interferent)
that hinder an accurate analysis of the target analyte(s).

3.5 Matrix3

3.5.1 When the matrix analyzed is aqueous (includes ground water, surface water,
waste water, drinking water, etc.). analyte-free reagent water is to be used.
When the matrix analyzed is solid (includes soil. sand, tissue, or other solid
materials), analyte-free soil. sand, tissue, or a suitable material is to be used.
When the matrix analyzed is gaseous (i.e.. air or emissions), an anahyte-free, inert
gas (such as zero-grade air or ultrapure helium or nitrogen) is to be used.

3.5.2 If the analysis is performed on a matrix for which there is not available an
appropriate or similar, analy te-free matrix (such as, metals analysis on soil
samples), the MDL analysis will be done as prescribed by the SOP for the
analysis except the sample (weight) will be omitted: that is, the analysis will be
done on all the reagents but without addition of any sample.

4.0 DISCUSSION

The MDL is a property of the analytical procedure, sample matrix, and measurement system (e.g.,
an instrument if one is used in the analytical procedure). The MDL is a statistic. It is an estimate
that includes both the systematic and random errors that are an inherent part of the analytical
procedure. The MDL for a given analyte will be unique for the sample's matrix and may be
different than the MDLs shown in published methods. The MDL actually achieved in a given
analysis will vary depending on instrument sensitivity and matrix effects.

The relative uncertainty of an analytical measurement increases as the measured value approaches
the MDL and at the MDL the uncertainty in the measured value may be 100% or greater.

Fora list of matrices, see Section 3.3 in Reference *).."
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Regarding Method Proficiency, in Chapter One of the Third Edition of SW-846 (as updated) it
states:

Procedures should be in place for demonstrating proficiency with each analytical
method routinely used in the laboratory. These should include procedures for
demonstrating the precision and bias of the method as performed by the laboratory
and procedures for determining the method detection limit (MDL). All terminology,
procedures and frequency of determinations associated with the laboratory's
establishment of the MDL and the reporting limit should be well-defined and well-
documented. Documented precision, bias, and MDL information should be maintained
for all methods performed in the laboratory.

This SOP is based upon the procedure described in 40 CFR Part 136, Appendix B (Reference 9.1).

5.0 RESPONSIBILITIES

It is the responsibility of the laboratory manager, working with the quality assurance program
manager (QA PM) and department managers and supervisors, to schedule MDL determinations
as they come due. It is the responsibility of the QA PM to track the status of MDLs. Completed
MDL determinations are to be reviewed by the QA PM and approved by the laboratory manager
and/or the QA PM before they are implemented. The QA PM is responsible for maintaining the
MDL file described in Section 8.0.

6.0 PROCEDURE

6.1 General Requirements

6.1.1 MDLs are to be determined for each analyte and for each matrix. This SOP
describes procedures for determining MDLs for the generic matrices aqueous,
solid, and gaseous. MDLs for specific matrix types may be adapted from the
procedures in this SOP. See Section 3.5.1.

6.1.2 All sample processing steps in the analysis procedure shall be included in the
determination of the MDL. MDLs shall be generated for all preparatory and
cleanup procedures routinely used on samples.

6.1.3 An MDL study is required for PCB Aroclors 1016 and 1260 only; i.e.. it is not
necessary to perform an MDL study for all the PCB Aroclors. unless required by
specific clients or accreditation programs.

6.1.4 An MDL study is not required for any analyte for which spiking solutions or
quality control samples are not available; e.g.. temperature.
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6.2 Frequency of MDL Determination

6.2.1 An MDL study shall be determined initially; i.e., when the procedure is first put
into production. An MDL study may also be done as part a procedure's training
requirements.

622 An MDL study shall be performed at the frequency specified in the applicable
method or as specified by an accrediting authority. For example, some state
accrediting programs require annual MDL studies.

6.2.3 If an MDL study is not performed annually, an MDL verification check shall be
performed quarterly4 on even instrument used to perform a particular analysis.
The MDL verification check sample is spiked at approximately two times the
current MDL. The MDL verification check sample shall be acceptable if it
produces a response that is at least three times above the instrument's noise level.
If the MDL verification check fails, additional MDL verification checks shall be
performed at a higher level to set a higher MDL. or a new MDL study shall be
performed.

6.2.4 A new MDL determination is to be performed "...each time there is a change in
the test method that affects how the test is performed, or when a change in
instrumentation occurs that affects the sensitivity of the analysis/0

63 Estimation of the M DL

Use one of the following guides to help estimate the MDL.

6.3.1 The concentration value that corresponds to an instrument signal-to-noise ratio in
the range of 2.5 to 5.

6.3.2 The concentration equivalent of three times the standard deviation of replicate
instrumental measurements of the anal) te in reagent water.

6.3.3 That region of the calibration curve where there is a significant change in
sensitivit). i.e.. a break in the slope of the calibration curve.

6.3.4 Instrumental limitations.

The quanerlx MDL \erification checking procedure is based on llie procedure in Reference 9.7. Section D. 1.4.
Clarification Box D-12.
See Reference 9.6. Section D. I 2 ci and Reference 9.7. Section D 1 .-l.c).
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6.4 Aqueous Blank MDLs

6.4.1 Prepare reagent (blank) water that is as free of analyte as possible. Reagent or
interference free water is defined as a water sample in which analyte and interferent
concentrations are not detected at or above the MDL of each analyte of interest.

6.4.2 Prepare a minimum of 7 (preferably 8 to 12) analyte-spiked reagent water
samples at a concentration that is 3 to 5 times the estimated MDL from Section
6.3.

6.4.3 Analyze the analyte-spiked reagent water samples prepared in Section 6.4.2 by
processing them through the entire analytical procedure. Make all computations
according to the directions prescribed in the analytical procedure with the final
results reported in the same units as used for water samples.
Proceed to Section 6.10.

6.5 Aqueous Sample MDLs

6.5.1 Analyze the aqueous sample by processing it through the entire analytical
procedure.

6.5.2 Calculate the analyte concentration.

6.5.2.1 If the measured concentration of the analyte is in the recommended range of
3 to 5 times the estimated MDL from Section 6.3, proceed to Section 6.5.3.

6.5.2.2 If the measured concentration of the analyte is less than the
recommended 3 to 5 times the estimated MDL, add a known amount of
analyte to bring the concentration of analyte between 3 to 5 times the
estimated MDL and proceed to Section 6.5.3.

6.5.2.3 If the measured concentration of the analyte is greater than 5 times the
estimated MDL, either obtaiji another sample with a lower concentration of
analyte in the same matrix, or the sample may be used as is for determining
the MDL if the analyte concentratiqn does not exceed 10 times the MDL of
the analyte in reagent water. The variance of the analytical procedure
changes as the analyte concentration^ increases from the MDL; hence the
MDL determined under these circumstances may not truly reflect method
variance at lower analyte concentrations. Proceed to Section 6.5.3.

6.5.3 Prepare and analyze a minimum of 7 (preferably 8 to 12) aliquots of the aqueous
sample by processing them through the entire analytical procedure. Make all
computations according to the directions prescribed in the analytical procedure
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with the final results reported in the same units as used for water samples.
Proceed to Section 6.10.

6.6 Solid Blank MDLs

6.6.1 Prepare a solid material (e.g.. soil. sand, tissue, Na^SOj, Teflon chips, or other
appropriate material) that is free of analyte.

6.62 Prepare a minimum of 7 (preferably 8 to 12) analyte-spiked solid samples at a
concentration that is 3 to 5 times the estimated MDL from Section 6.3. The same
weight of analyte-spiked solid is substituted for the sample weight in the
analytical procedure.

6.6.3 Analyze the analyte-spiked solid samples prepared in Section 6.6.2 by processing
them through the evtire analytical procedure. Make all compulations according to
the directions prescribed in the analytical procedure with the final results reported
in the same units as used for solid samples. Proceed to Section 6.10.

6.7 Solid Sample MDLs

6.7.1 Analyze the solid sample by processing it through the entire analytical procedure.

6.7.2 Calculate the analyte concentration.

6.7.2.1 I f the measured concentration of the analyte is in the recommended range of
3 to 5 times the estimated MDL from Section 6.3. proceed to Section 6.7.3.

6.7.2.2 If the measured concentration of the analyte is less than the
recommended 3 to 5 times the estimated MDL. add a known amount of
analyte to bring the concentration of analyte between 3 to 5 times the
estimated MDL and proceed to Section 6.7.3.

6.7.2.3 If the measured concentration of the analyte is greater than 5 times the
estimated MDL. either obtain another sample with a lower concentration
of analyte in the same matrix, or the sample may be used as is for
determining the MDL if the analyte concentration does not exceed 10
times the MDL of the analyte in soil. The variance of the analytical
procedure changes as the analyte concentration increases from the MDL:
hence the MDL determined under these circumstances may not truly
reflect method variance at lo\\eranal\le concentrations.
Proceed to Section 6.7.3.



UNCONTROLLED
COPY

SOP Code: ADM - MDL
Revision: 5
Date: August 1,2003
Page 8 of 14

6.7.3 Prepare and analyze a minimum of 7 (preferably 8 to 12) aliquots of the soil sample
by processing them through the entire analytical procedure. Make all computations
according to the directions prescribed in the analytical procedure with the final
results reported in the same units as used for solid samples.
Proceed to Section 6.10.

6.8 Gaseous Blank MDLs

6.8.1 Using an appropriate sample container (e.g., Tedlar® bag or SUMMA®
passivated canister) and appropriate analyte-free inert gas (such as zero-grade air
or ultrapure nitrogen), prepare a minimum of 7 (preferably 8 to 12) analyte-spiked
inert gas samples at a concentration that is 3 to 5 times the estimated MDL from
Section 6.3.

6.8.2 Analyze the analyte-spiked inert gas samples prepared in Section 6.8.1 by
processing them through the entire analytical procedure. Make all computations
according to the directions in the analytical procedure with the final results
reported in the same units as used for air samples. Proceed to Section 6.10.

6.9 Rejection of Replicate Sample Results

6.9.1 A replicate sample result may only be rejected if there is an assignable cause for
not using that result. Assignable causes include, but are not limited to, replicate
sample preparation error, instrument malfunction, bad injection or purge, and
internal standard(s) missing or response uncharacteristically high or low. The
cause for rejecting the replicate sample result must be documented in the MDL
data package.

6.9.2 For multi-analyte analyses, if a replicate sample result is rejected for an
assignable cause, results for all the analytes from that sample are to be rejected;
that is. "picking and choosing" analyte results from a sample is not permitted.

6.10 Calculation of MDL(

6.10.1 Determine the standard deviation, s, of the replicate sample results.

n= I

n - 1
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6.10.2 Multiply the standard deviation obtained in Section 6.10.1 times the appropriate
one-sided 99% Student's t-statistic. which is found in the following table.

MDLc = s \ {appropriate Student's (-statistic)

Degrees of
No. of Sam pies Student's Freedom

(n)
7
8
9
10
11
12

13
14
15
16
17
18
19
20
21

6.11 Determination of MDLR

The Reported MDL (MDLR) is the calculated MDL rounded up to the appropriate
number of significant figures. See Section 3.1.2.

6.12 Evaluation of the Quality of the M DL Study

The quality of the MDL is evaluated using the following criteria.

6.12.1 Spike Level The spike le\-el is too low if the MDLc is greater than the spike level.
The spike level is too high if the spike level is greater than ten limes the MDLc. \. £

t-statistic
3.143
2.998
2.8%
2.821
2.764
2.718
2.681
2.650
2.624
2.602
2.583
2.567
2.552
2.539
2.528

(n-1)
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
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6.12.2 Percent Relative Standard Deviation (%RSD) The %RSD should be some value
close to 20, where the %RSD is equal to the standard deviation (s) divided by the
average of the spike recoveries times 100. [%RSD = (s-r- 'x) 100]

6.12.3 Percent Spike Recovery The spike recovery should be approximately what is to
be expected for that analyte from the analytical procedure; i.e.. a 40% spike
recovery for an analyte is too low if the method normally recovers 80% or more
for that analyte.

6.12.4 MDL Quality The criteria in Section 6.12.1 must be true. At least one of the
criteria in Sections 6.12.2 and 6.12.3 should also be true. If the MDLc does not
meet these criteria, then the study should be repeated, adjusting the spike level
appropriately.

6.13 Instruments

If more than one instrument is used for the same analytical procedure, the replicate
samples should be analyzed on each instrument to ensure there is no instrument bias.
Under some specific customer contracts and for some programs (such as the Navy's
Installation Restoration program), instrument-specific MDLs are required. There are two
options for complying with this requirement:

1. Analyze the replicate samples on each instrument used for the analytical procedure
and calculate the MDLc for each instrument. The MDL.R will be the largest of the
several MDLc's; or

2. Analyze the replicate samples on each instrument used for the analytical procedure
and calculate a single MDLc using all the values from each instrument. A minimum
of five values is needed from each instrument. For example, if two instruments are
used, there would be a minimum of two times five or ten values to be used to
calculate the MDLc. Make sure to use the appropriate Student's t-statistic that
corresponds to the number of values used to calculate the standard deviation.
Note: This option may not be acceptable under some specific customer contracts or
for some programs, such as the DOD quality systems for environmental
laboratories.6

6.14 Review and Approval

Completed MDL determinations are to be reviewed by the supervisor of the analysis. The
QA PM will review and approve the MDL determination before it is implemented.

See Reference 9.7. Section D. 1.4.
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6.15 Department of Defense (DoD) Reqairements6

6.15.1 An MDL verification check shall always be performed immediately following an
MDL study. DoD requires that the MDL check sample be spiked at approximately
2 times the current reported MDL.

6.15.2 If an annual MDL study is not performed. MDL verification checks shall be
performed quarterly. If the quarterly MDL verification check fails, additional
MDL verification checks shall be performed at a higher level to set a higher
MDL. or the MDL study shall be reconducted.

6.15.3 For DoD. the MDL verification check sample shall be acceptable if it produces a
response that lies at least 3 times above the instrument's noise level.

7.0 QUALITY ASSURANCE/QUALITY CONTROL REQUIREMENTS

7.1 Replicate Samples

No fewer then 7 replicate samples can be used: 8 to 12 replicate samples is preferred.

7.2 Analysis of the Replicate Samples

The replicate samples do not have to all be analyzed in the same analytical batch on the
same day. In fact, it is preferred to spread out the replicate samples among several
analytical batches analyzed on several days (to increase the contribution of the day-to-
day variability). Furthermore, it is recommended that at least one MDL spike be routinely
analyzed monthly and data accumulated and calculated at a later time.

73 MDL Quality

The MDL determination must meet the criteria in Section 6.12. If the MDLs from more
than one instrument are combined as in Section 6.13. the combined MDL must meet the
criteria in Section 6.12.

7.4 Matrices

MDLs shall be generated for all applicable matrices. See Section 6.1.1.

7.5 Preparatory and Clean-up Procedures

MDLs shall be generated for all preparatory and clean-up procedures routinely used on
samples. See Section 6.1.2.
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8.0 RECORDS

The data for the MDL determination is summarized in a table similar to the one shown in
Figure 1. An Excel spread sheet similar to Figure 1 is available for this purpose. This summary
and the reference to the location of the raw data are to be filed in a readily available file of
MDLs. This file is to be located both in the department performing the analytical procedure and
in a centralized location for MDLs from the entire laboratory. Also shown in Figure 1 are two
examples illustrating how MDL data is to be summarized.

9.0 REFERENCES

9.1 40 CFR Part 136, Appendix B, Definition and Procedure for the Determination of the
Method Detection Limit—Revision 1.11.

9.2 SOP for Significant Figures, ADM-SIGFIG.

9.3 SOP for Sample Batches, ADM-BATCH.

9.4 Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-846, Third
Edition, September 1986 and as amended by Updates I, II, HA, IIB, 111, and III A.

9.5 Standard Methods for the Examination of Water and Wastewater, APH A/A WWA/WEF,
19lh Edition, 1995, Method 1030E; 20th Edition, 1998, Method 1030C.

9.6 National Environmental Laboratory Accreditation Conference (NELAC), Quality Systems
Standard, Appendix D, Section D.I .2.

9.7 Department of Defense Quality Systems Manual for Environmental Laboratories, Final
Version 2, June 2002, Appendix D, Section D. 1.4.
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!•.• CHANGES FROM PREVIOUS REVISION

Section 3.1.1 Section 6.10 cross reference corrected
Section 3 3 Corrected Section number
Section 3.4 Corrected Section number
Section 3.5 Corrected Section number
Section 3.5.1 Changed matrices to generic matrices aqueous, solid and gaseous
Section 6.1 Section completely revised
Section 6.2 New section - causing subsequent sections to be renumbered and section

cross-references to be revised
Sections 6.3 through 6.15 Sections renumbered and internal cross references updated
Section 6.4 "Water" changed to "Aqueous" to be consistent with Section 3.5.1
Section 6.5 "Water" changed lo "Aqueous" to be consistent with Section 3.5.1
Section 6.7 "Soil" changed to "Solid" to be consistent with Section 3.5.1
Section 6.12.1 MDLR changed to MDLC

MDLR changed to MDLC

"Navy's Installation and Restoration program" changed to UDOD quality
systems for environmental laboratories" at end of paragraph 2.
Cross reference changed to Section 6.1.1
Updated

Section 6.12.4
Section 6.13

Section 7.4
Reference 9.7
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Figure 1

MDL Determination Summary

Analytical Method: 8270C Instrument: SVM GC/MS No. 03
Extraction/Digestion Method: 3520C
Matrix: Water/-Sett / Aif Units: ug/L (ppb)
Analyst(s): I. M. Good Approved by: Date:

Date Analyzed

Instrument Identification

Analvte

NPTH1

PCP2

Low
Std

20
50

Spike
Level

5.0 _,

10

1/2/03

03

1

4.1
6.1

1/2/03

03

2

4.8
4.8

1/9/03

03

3

5.2
5.2

1/9/03

03

4

5.9
4.5

2/4/03

03

5

4.9
5.8

2/4/03

03

6
5.1
4.7

2/4/03

03

7

5.0
4.1

2/9/03

03

8

4.5
5.1

2/9/03

03

9
4.8
6.0

3/1/03

03

10

5.6
4.0

11 12 Mean

5.0
5.0

Std
Dev

0.51

0.75

%RSD

10

15

MDLc

1.45

2.12

MDLR

1.53

2.23

NOTES

Naphthalene 2 Pentachlorophenol 3 Since these are organic analytes, the MDL is rounded up to two significant figures, per Section 3.1.2.
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»PLICATION

Cement SOP provides a key foundation to the SMO department. It
•receiving samples and the steps that lead to the distribution of
^lab. By implementing an organized and thorough approach to the

process, we can maintain an efficient and well-documented account of the

uting samples is outlined in this SOP. Upon receipt, a
The sample information is logged into the LIMS

itributed within the lab.

SMO
PM
CR/PF
QA/QC
LIMS
COC
BREAKDOWN

LOG-IN

MATRIX
NELAC

Sa
Prl
Coo:
Quality
Laborat
Chain of
The act of n
checking pre

destinations.
Entering the info5

job into the LIMS
The physical form o
National Environment!

Office

ation Form
bntrol

linagement System

rm coolers, labeling the samples,
distributing them to the correct

, CRPF, and the specifics of the

il, soil, solid, air)
reditation Conference

INTERFERENCES

tained from clients to complete
^

To avoid errors during log-in, detailed information shall
chain of custody documentation.

SAFETY

5.1 The characteristics of incoming samples are often unkT?
potentially hazardous. SMO has first contact with sami
cautious.

5.2 All appropriate safety precautions for handling reagents and samples must be taken
when performing this procedure. This includes the use of personnel protective
equipment, such as, safety glasses, lab coat and the correct'gloves.

ilH|fjnples as
must be especially
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lydroxide (NaOH) is a strong caustic and a severe health and contact hazard.
Te or latex gloves while handling pellets or preparing solutions.

I Nitric Acid are used in this method. These acids are extremely
must be taken while handling them. A face shield should be used

'pouring acids. And safety glasses should be worn while working with the
i gloves should always be worn while working with these

5.5 for further discussion of general safety procedures and

ON, PRESERVATIONS, AND STORAGE

assed as part of the procedure later in this SOP.

^calibrated^and maintained as per ADM-DALYCK.

6 SAMPLE CO

Sample preservation

7 APPARATUS AND E

• infrared or digital t

8 PREVENTIVE

Not Applicable

9 STANDARDS, REAGENTS, AND CGNSllMABLElWATERIALS

9.1 The following reagents are purcha^ed^efnmerciatlv^^red at room temperature and
expire upon manufacturer's indications or 3 yeaFS^wtjW receipt if no other indication
is given:

Sulfuric Acid: Instranalyzed grade
Nitric Acid: Instranalyzed grade
Hydrochloric Acid: Instranalyzed grade
Sodium Hydroxide: Lab grade

9.2 Consumable materials:
PH indicator Paper
Potassium-Iodide Starch Paper for detection of residuafcfifprif
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11.1

sijlity of the analyst to receive samples according to this SOP and to complete
equired.

POLICY
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11.1.2 Th
per NE

sample acceptance policy outlines the circumstances under
iall be accepted or rejected. This information is made

ler by an instruction sheet that accompanies each bottle
ttached).

to conform to the following acceptance criteria as

documentation (COCs), which shall include
location, date and time of collection,

, preservation type, sample type and any special

Proper
system fort
the labels (
Use of approp
Adherence to s
Adequate sample
to perform the nece
Procedures to be use
contamination, and

unique identification and a labeling
with retirements concerning the durability of

resistantHpcfthe use of indelible ink;
contains

ma

pie volume must be available

signs of damage,
tion.

The above criteria are addr&ssed^n the reslp$f=^s\section. In the event
of an unacceptable sample, the Project^anager1!i!snotified and they will
contact the client or recommend a prt>per course^ef action. Any data
from samples which do not meet the accent^0c€>p^life|y

xjmust be written
up in the case narrative in the repoiV

.2 PROCEDURES FOR SAMPLE RECEIPT

11.2.1 The CAS Cooler Receipt and Preservation Formt<?R/PF) (attached}!* used
for the next steps to document the condition of the samples an^dblers~as per
the Acceptance Policy. ^-^^
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^Upon receipt, the coolers are examined for presence and condition of custody
jls, locks, shipping bills, etc. The shipping labels are removed and placed
i scrap paper and added to the receiving paper work.

are opened and examined for any existing hazards before
it processing.

If samples exhibit any strong odors, or samples have been
',ed. move cooler to the hood and continue processing per client.

II

11.2.5
SOP.
temf
the Ac
is placed <

(COG) forms (attached) and any other documents are
signed with date & time as received. Visually scan the
time samples.

ler is measured following the guidelines in this
eria for samples is 0-6°C. If a cooler exhibits a

, or exhibits any other anomalies (deviations from
anomalies are noted on the CR/PF and the CR/PF

11.2.5.1 Sample^ f'hich areJfarfd delivered immediately after collection
(deliver^'vditHiC&fioil^rof sampling) may not have had time to cool.
The samples antednsidered acceptable by NELAC if there is evidence

^^ jf ^"^

that the chiiyrfglHocess has De£un. Document the presence of ice on
• fj>^the CR/PF whh ̂ note^pout the 4-hour rule.

1.2.6 Once the coolers are initially exaprlftra tiidpl
recorded, all of the COCs *fiUfcofrespoi
labels are submitted for review to the a

ations and temperature are
F forms and shipping

fe Project Manager. (The
receiving paper work is comprisWofarleasl' 3 pages; the COC, a CR/PF, and
a shipping label). •*"" ''

\ 1.2.7 Rush requests and samples with shod holdinsranes arefllwavs given top
T r JC,f ' '

priority for initial processing. CAS followed* A guideline^for preservation
and holding time as outlined in our QA/QC man
holding time parameters are attached to tra^S
holding times may be found in SMO-BPS. Ijf
to be distributed immediately (before log-in
samples with the attached form for Internal Tra
time samples on the white board in Wetchem.

'-1. A list of short
An additional list of

samples need
ute the

holding

11.2.8 In the down lime between receiving and actual breakdowpoTsamples, the
coolers are stored in the SMO walk-in cooler, which aKcrfnaintains a
temperature of 0-6CC.



LOOfN/LIMS

?-in, the Project Manager enters the entire job into the LIMS system. The
; given a submission number, which consists of the lab location, year, and a

squential number. (R20-1508)
^

i sample is given a unique order number during log-in. This number is
gven location or sample site. A single sample site may consist of

according to the analyses requested. The individual bottles within
: uniquely identified with the use of a bar code placed on the

fiple breakdown. See SMO-ICOC.

SMO after the Project Manager has approved all
and entered the job into the LIMS database. At

roved for breakdown.
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11.4 SAMPLE B

11.4.1 Sample c
identificati

organized according to chain of custody

11.4.2 The following v^fica^^g^^^fe as to the agreement of chain of custody
information as it a^pTfelpcfsafnples andcontainers received:

Sample identil
Number of con!
Matrix
Correct bottles for;
Correct sample volur
Correct preservatives fS
preservation will be tested

irding to the labels. The actual

Any discrepancies are reported to the ProjecU^hager.^Tests may be added or
deleted so that LIMS matches the actual samples receiyjed.-See the
discrepancies section of this SOP (i.e. jobs; can npt^aveTests scheduled when
the sample containers do not exist.) "^ //^

11.4.3 Labels are printed from the LIMS database ai
containers.

>p*tpe sample
' 1 '

11.4.4 Barcodes are generated which are unique to each container for the purpose of
sample tracking. VOA bags receive one barcode and each vial within the bag
must be labeled with a different number (if not already^fone so when
preparing the bottle set)
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rvations are checked on the appropriate samples and recorded on the job
ork, the preservation check log, and preservative lot numbers are

prded on the front page of the paper work (the Analytical Request).

:k the preservation, place a small piece of pH test paper in a dispo-cup
a small aliquot of the sample into a dispo-cup. Observe the color of

the paper and compare to the colors on the paper dispenser to determine the
/ pH^QSeJ^servation of samples should be as below:

' ff HJ?l/HNO3, H2SO< pH < 2
12
5-9

Sufficiently preserved, notify the Project Manager to
mdre^preservative should be added.

11.4.7 Toe
cup and
on the
residual
the Project M
determine if a

"^X^
1 1 .4.8 The CR PC form is-flo*slied by i

1, place a small piece of starch paper in a dispo-
pf the sample into a dispo-cup (this may be done

pH). If the paper turns blue there is chlorine
sample,' &ote the discrepancy on the CR/PC and notify

>er. The PrpfeckManager may contact the client to
added to eliminate the chlorine residual.

n who broke down the job.

*• s s
1 1 .4.9 All of the jobs are revi£w£cHor completeness at the end of the day (or the

following morning), and the walkritttfJoler temperatures are logged into a
temperature logbook.

11.5 SAMPLE DISTRIBUTION

1 1 .5. 1 After a job is labeled, the samples arr|Dsfributed-ttph^ppropriate
department. The samples are scanned into thX?0propr$ate storage areas as
listed below.

--• _^*^ ^
11.5.2 CAS-Rochester currently maintains 3 walk-in swfers to refrigerate samples.

Extractables share a cooler with Metals, VOA'snave a cp^rr, amj WetChem
shares the cooler with SMO. Metals are mainlaine^fl^FTOHi^emperature and
are placed on a dedicated cart in the metals det^rTrnenr.^JtfepeorC and TCLP

-' j-^*^ _i=^==r"==^^

samples are placed in the Metals/Extractables cool̂ p. ^MO is resporfeible for
documenting the location of the Wetchem samples in the Wetchgin/SMQ
cooler.

11.6 SAMPLE SECURITY AND STORAGE:
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Jar-coding is used as a means of sample tracking. Custody is maintained
^cording to SMO-ICOC.

3le coolers are secured with locks, which can be accessed by technical
ary personnel, project managers, administrative support personnel and all

rff members. All of the sample storage facilities are located in our
building which is a secured area. Storage areas are kept clean and dry to avoid

;>r deterioration of samples while in storage.

in refrigerators (if applicable) until analysis is completed and
lent. Routine samples are typically held for 30 days after

CLP samples are stored for 90 days after report has been

11.6.4 Re at a temperature of 0-6° Celsius.

11.7 DISCREPA

11.7.1 Any disc
samples, an<
the Project M
receipt form,";
contact to the
received, the Projec

11.7.2 hi the event of broken',
the CR/PF accompanying
forwarded to the Project
are as follows:

[ch as non-matching identifications, missing
:orrectly are to be verbally communicated to

in iafcen is recorded on the COC and/or cooler
ger. The Project Manager will make any

:essary. If a Chain of Custody is not
and a CAS COC is filled out.

on the Chain of Custody and/or
ition pertaining to the sample is

irposes. Cleanup procedures

Liquids: Broken glass is
disposed of in the Glass
SMO sink or under a hood if strong
material is disposed of appropriately

lly using disposable gloves and
is disposed of in the

evident. Any packing

token glass is
ofinto the

• Soils: The same documentation
disposed of in the Glass Disposal Box/apd
garbage. ^

11.8 RECEIVING SAMPLE COOLERS ON WEEKENDS

1.8.1 The date received is the date on which the Laboratory Petstijatfel takes
possession of the samples. The client shall sign the Ct$C\as relinquished and
the CAS employee shall sign in the adjacent box as received. If an employee
outside of the SMO department receives the samples, the coolers or samples
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.are stored in a locked walk-in cooler and all paperwork is left on the lab bench
SMO for login the next working day.

Most

samples are received by SMO staff but the samples cannot be processed
the complete log-in procedure on the date received, the receiving

is performed as outlined in 11.1 and 11.2. Then SMO needs to
/check lor short holding time samples. Short holding time tests are posted in

of the tests have holding times of 48 hours which means
Saturday need to be run before Monday. Any cooler

I be handled on the next business day, but the samples
that holding times are maintained. To maintain an
>tes are indicated on the COG and on the white board in

samples have been sent for analysis. Use the attached
icking of Short holding time samples.

on

11.9 SAMPLE

II.9.1 Thesamp

O SUBCONTRACT LABS

1=.=-'
and the test code for subcontracted analysis is assigned.

11.9.2 For CAS Netyorjg't/JBs: Subcontracted samples are shipped to the network lab
with a copy of the-Internal Sefvice,Request form (1SR) and copy of the COC. -.
The tests being subcoirtrfcJed rrfiisf be highlighted and the number of containers *^fj
adjusted or a new t"Otf is^orfipleted. /

11.9.3 For other labs: A purchase order <1*O) is fiHed out for work going to another
contract laboratory. TA3Vdefiverables, efci; should be clearly specified. A new
Chain of Custody form is filled out wittf thej^eftinent information so the
samples can be analyzed inn faSnro'n that rfretHhe client's needs.

11.9.4 Samples are prepared for shipping by jiadcing in bubble wrap, and ice.
Temperature blanks, and the chafn'ofcustpdy'are placed in shipping coolers.
Custody seals are signed and dated arid phfced onjhejrdnt of the cooler. The
cooler is then sealed with packaging tape and stepped overnight through the
courier system (confirm with Project Manager for am orpjn delivery
requirements). - ;''.-•*' -

11.10 THERMOMETER MEASUREMENTS /'/' s

"*= =*•*" "-'*'.--"V''*
11.1 O.I Unless unavailable, measure the cooler sample te^mp^ratnreefaffjpeotning

cooler wi th the Infrared ( I R ) thermometer. Turn offlhe thermometer and point it/ --^- r

at the temp blank or a sample (preferably clear glass or amber glass):^Wtpe the
container with a dry paper tow el. Hold the thermometer approximately 3-6
inches from the container and at least 3 inches above the counter. Temperature , i\
is rounded to the nearest whole number and recorded to the nearest whole
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lumber on the cooler receipt form and COC. This method is preferred to the
jtal thermometer method.

IR thermometer is not available, a digital thermometer may be used. Place
lometer in the temperature blank or plunge it into the packing material
sit as deep into the cooler as is practical with the lid closed. Allow to

frate 5 minutes. After measurement, the temperature is recorded to the
; number in the appropriate space on the cooler receipt form and

QA/QC

12.1 Not Ap]

DATA REDUCE

13.1 All samples,
with permanent i

discrepancy forms must be clearly completed
reject folder.

WASTE MANAGEMEN

14.1 Not applicable.

REFERENCES

15.1 Test Methods for Solid and H
USEPA SW846, December

15.2 NYSDEC Analytical Services Proivdi, Octobe

15.3 NELAC Standard, Chapter 5, July 200^

TRAINING OUTLINE

N PREVENTION

/ and Chemical Analyses,

• Read this SOP.
• Follow policies in ADM-TRANDOC.
• Observe performance of this SOP. Follow Breakdown Training]
• Perform this SOP with guidance.
• Perform this SOP independently and have a trained analyst

If work is acceptable, complete Training Plan Form and fiJeKvith QA.

INSTRUMENT-SPECIFIC ADDENDUM

Not Applicable

^.s work.



Instructions

ime Parameters List

r̂Receipt and Preservation Form

19

SOP No.: SMO-GEN
Revision No. 2

Date: 12/8/04
Page 11 of 17

18.4

18.5

CHANGES FR<

Short Holding Time Samples.

VISlON

aYe highlighted in yellow on COG
done before log-in

' "* .^^ ̂ ^ *"* ^ '

5 - Modified SaJ^for consjg&ncy with other SOPs
9 - Added pFff^per ajjrf'KJretaTCh^aper to supplies

1.2.4 Added
1.2.5 Eliminated2

1.2.7 Added
1.3.2 Added referencei'td
1.3.3 Added reference
.4.2 Moved preservative reqtrjpefnents oul.ofmis section and into (new) 11 A6+.7
.4.6 +.7 Added detail of how to checjfrfjieservatives

.. .5 Simplified wording - elinwr&lefltne holdine^nj. Added that SMO responsible for
-*'"** X* J* •**' v

locumenting the location of samples in coq|ar> • \
.6 Eliminated wording about papei^brfy^and pha^ma in barcoding
.8.2 Changed white board from SftlGTto WC ^X^ j
.9.4 Changed from UPS to "courier" *, .XX
.10.1 Oiangedu^useofthelRgundarfa^efro^O 12

need to wipe container with a dry paper towd wfferf usint
15 Changed NELAC reference from 1999 to 3002.

inches to 3-6 inches. Added
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SAMPLING INSTRUCTIONS

ie bottles contain Preservatives such as Acids and Bases that are CORROSIVE! These
tred stickers to inform the sampler but gloves should be worn at all times during

itection. (preservative information is on the flip side for emergencies)

ippered bottles to eliminate headspace that interferes in the analysis of the samples -
or the preservative will be flushed out.

3. Please use all rff fjhe CQj»t|j«efsthat\vSi provide for a sampling location. This will ensure that the proper containers
and volumes alpH'etjifpell for the tests/that were requested.

4. Vials labeled TRI
These vials are a cc?
Please indicate on the Ch

R<

uded in each cooler containing vials used for testing volatile organics.
ler was exposed to contamination while in route or during sampling,
ish to have these vials tested.

Coolers Checklist - Please Read!
Incomplete i

1. Labeling all bottles or soil jars is
sample type on all bottles to verirj
or remove your makings, a permanctf

2. The Chain of Custody should include: th| client in
location ID's of the sample with the anar^sjjpajgT"
and reporting information in the bottom center s<
bottom left section.

3. Custody stickers are very important for CLP or
should be placed over the lid and body of the cool
security, and if they are broken when the coolers arri

and

1 and hence delayed processing of your samples.

location ID, a date, a time, initials, preservation, and
Sain of Custody. (Remember that ice water can smudge
lef'works best)

sampler's signature in the top left box, the
indicated in the center section, turn-around-time

lignature/date/time) to the courier on the

incouraged for all coolers. The sticker
stickers provide an added level of

rou.

sure they are in the bubble bags that
ith amber liters) is encouraged.

.caking Coolers in shipment will be
ith packjngjape and/or place samples and

delay jjMjfeawiIrnissed holding times at the

Packaging coolers well is a key to avoid resampling.
we provide. Also a snug fit is suggested. Extra paper or
Note that when the ice melts, the bottles can move inside o
considered HAZARDOUS by the courier (UPS). Please sea
ice in a plastic bag in the cooler. A leaking cooler will likely
LAB.

/ /

Receivine Temperature at CAS is a key element to the validity of your r^suilts to wUMfS»d=sc/tM(iny in a court of law.
Our Data is only considered valid if the samples have a temperature of 6ideeree#pe1sius or less?) A temperature

blank is include in all coolers and should be returned in ice with the other'sanipj^s. Ice shoukjJbe bagged or put the
ice and samples in a large plastic bag and tie it off to reduce leakage. Submersion is the.^^l'wajrijp^pol the samples
but watch out for labels fallinc off or smudeinc. \ \

Your supplies {like coolers or icepacks) will gladly be returned if we have compl^t«f&rrFa33ress information!
Please document your return-address on the cooler or ice packs in the form of alTticker. or pemantJpJunajker so
we can return your supplies. ^ "'••;'̂ "

Ship samples using overnight service or deliver within 24 hours of sampling time. If shipping for Saturday. Check
mark the Saturday-delivery Box and you must affix several "Saturday" stickers to the cooler.



SHORT HOLDING TIMES

HOLDING TIME
ASAP Run daily
48hr from sample dateRun daily
48hr from sample dateRun as needed
48hr from sample dateRun as needed
4&hr from sample dateRun Same day

SOP No.: SMO-GEN
Revision No. 2
Date: 12/8/04
Page 13 of 17

WHEN

WETCHEM:
BOD
NO3
NO2
Residual Chlorine
Odor
Dissolved Oxygen
Coliform test
Orthophosphate
Chrome Hex
Surfactants
Ferrous Iron
TSS,TDS,TS,TVS
Sulfite
Sulfides

48hr from sample date
48hr from sample date
48hr from sample date

ASA1
ASAP
ASAP
ASAP ,
(ck sample dafe*
ASAP
(ck sample date 7 da

48hr from sample date
i4hr from sample date

ihr from sample date
hr from sample date
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Project/Client.

Cooler Receipt And Preservation Check Form

Submission Number

Cooler received on. .COURIER: CAS UPS FEDEX CD&L CLIENT

1 . Were custody seals on outside of cooler?
2. Were custody papers properly filled out (i
3. Did all bottles arrive in good condition (u
4. Did any VOA vials have significant air bi
5. Were Ice or Ice packs present?
6. Where did the bottles originate?
7. Temperature of coolers) upon receipt:

Is the temperature within 0° - 6° C?:

If No, Explain Below

Date/Time Temperatures Taken:

Thermometer ID: 161 or IRGUN

YES NO
ink, signed, etc.)? YES NO
nbroken)? YES NO
tibbles? YES NO N/A

YES NO
CAS/ROC, CLIENT

Yes Yes Yes.' Yes Yes

No No No . • No No
»

Reading From: Temp Blank or Sample Bottle

If out of Temperature, Client Approval to Run Samples

_by:_Cooler Breakdown: Date:
1. Were all bottle labels complete (i.e. analysis, preservation, etc.)?
2. Did all bottle labels and tags agree with custody papers?
3. Were correct containers used for the tests indicated?
4. Air Samples: Cassettes / Tubes Intact Canisters Pressurized
Explain any discrepancies:

YES NO
YES NO
YES NO
Tedlar® Bags Inflated N/A

PH

12

2

2

Residua) Chlorine (+/-)

5-9**

Reagent

NaOH

HNO,

HjS04

for TCN& Phenol

P/PCBs (608 only)

YES NO Sample ID. Reagent Vol. Added

YES - All samples OK NO = Samples were preserved at lab as listed PC OK to adjust pH_
••If pH adjustment is required, use NaOH and/or HjSO,

VOC Vial pH Verification
(Tested after Analysis)

Following Samples
Exhibited pH> 2

Other Comments:

P:\QAQC\QA_DOCUM\SOP\DRAFRAmcnments\Cooler Receipt And Preservation Check Form.doc
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INTERNAL TRACKING FOR SHORT
HOLDING TIME SAMPLES

DATE:

TIME:

CLIENT :

SUBMISSION # :

SAMPLE ID TEST
RELINQUISH

SMO Initial
RECEIVED
WC Initial

3
1
S

SAMPLE RETURNED
Initial / Date / Time
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VERIFY THE VALIDITY OF THIS SOP EACH DAY IN USE

STANDARD OPERATING PROCEDURE

FOR

THE DETERMINATION OF
RADIUM-226

(GL-RAD-A-008 REVISION 8)

APPLICABLE TO METHOD:
EPA 600/4-80-032 Method 903.1 (Modified)

PROPRIETARY INFORMATION

This document contains proprietary information that is the exclusive property of General
Engineering Laboratories, LLC (GEL). No contents of this document may be reproduced
or otherwise used for the benefit of others except by express written permission of GEL.

I'

GEL's Document Control

Officer certifies this

document to be a true copy

of the fully executed

original. BAEJ

Uncontrolled Copy
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20-4(1 S.i\aac Road Charleston SC 21MI 7
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1.0 STANDARD OPERATING PROCEDURE FOR THE DETERMINATION OF RADIUM-226

2.0 METHOD OBJECTIVE, PURPOSE, CODE, AND SUMMARY

2.1 This standard operating procedure provides the necessary instructions to conduct
the analysis for Radium-226 in various matrices.

2.2 This method has been modified on the basis of GEL's Performance Based
Measurement System (PBMS).

2.3 Solid matrices are decomposed by digestion in accordance with GL-RAD-A-015
for Digestion for Soil and Sand. The digestate is evaporated to dryness and
diluted to known volume with nitric acid solution. A stream of helium gas is
purged through the sample to initially remove radon from a water sample or solid
sample digestate. The sample is then sealed and radon is allowed to ingrow. The
radon, which is supported entirely by Ra-226 in the sample, is then purged with
helium and trapped on a liquid nitrogen cold trap. The trap is sealed and warmed.
The radon is then transferred by vacuum to a Lucas cell and counted after three
hours in the cell.

3.0 METHOD SCOPE, APPLICABILITY AND DETECTION LIMIT

3.1 General Engineering Laboratories, LLC (GEL) utilizes methods that are derived
from established sources. This method has been modified from the source
method EPA 600/4-80-032 "Prescribed Procedures for Measurement of
Radioactivity in Drinking Water," August 1980, Method 903.1, and uses the same
principles of radiochemical concentration and counting.

4.0 METHOD VARIATIONS

Some variations may be necessary due to special matrices encountered in the lab.
These variations may be used with approval from a Group Leader or Team
Leader. Variations to a method will be documented with the analytical raw data.

5.0 DEFINITIONS

5.1 Batch: environmental samples, which are prepared and/or analyzed together with
the same process and personnel, using the same lot(s) of reagents.

5.2 Method Blank (MB): a sample of a matrix similar to the batch of associated
samples (when available) that is free from the analytes of interest and is processed
simultaneously with and under the same conditions as samples containing an
analyte of interest through all steps of the analytical procedures.

5.3 Laboratory Duplicate (DUP): aliquots of a sample taken from the same container
under laboratory conditions and processed and analyzed independently.

5.4 Matrix Spike (MS): prepared by adding a known mass of target analyte to a
specified amount of matrix sample for which an independent estimate of target
analyte concentration is available.

5.5 Matrix Spike Duplicate (MSD): a second.replicate matrix spike is prepared in the
laboratory and analyzed to obtain a measure of the precision of the recovery for
each analyte.

5.6 Laboratory Control Sample (LCS): a sample matrix, free from the analytes of
interest, spiked with verified known amounts of analytes from a source
independent of the calibration standards or a material containing known and
verified amounts of analytes.

5.7 Deionized (DI) water: Type II water

( i i - N i : R . \ i . i :N( i iNi : i :Ri \ ' c i i.,\BOR.\TORILS. LLC
2(M(I Sa\ age Road C. harlesion SC' 2*1 17

I his document is controlled when an original Set ID number is stamped on the front cover page ( 1 1 . I ''iiconlrolled documents do not hear an
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6J INTERFERENCES

The analysis of samples for Ra-226 content by Rn-222 emanation is very specific using
this procedure, and the separation of radium from other elements is not required. Sample
losses can occur only as the result of improper sample transfer. Due to the specific
nature of Ra-226 measurement by this method, the use of stable barium carrier or
radioactive Ba-133 tracer for yield monitoring is not required.

?.• SAFETY PRECAUTIONS AND WARNINGS

7.1 Personnel performing this analytical procedure are trained to the safe laboratory
practices outlined in the Safety. Health and Chemical Hygiene Plan. GL-LB-N-001.

7.2 Personnel handling radioactive materials are trained in and follow the procedures
outlined in GL-RAD-S-004 for Radioactive Material Handling.

7.3 Personnel handling biological materials are trained in and follow the procedures
outlined in GL-RAD-S-010 for Handling Biological Materials.

7.4 If there is any question regarding the safety of any laboratory practice, stop
immediately, and consult qualified senior personnel such as a Group or Team
Leader.

«J APPARATUS, EQUIPMENT AND INSTRUMENTATION

Apparatus and Equipment
8.1 De-emanation system with cold trap

8.2 Liquid nitrogen Dewars

8.3 1 Liter plastic bottles

8.4 Amber latex tubing

8.5 Small tubing clamps

8.6 Lucas cells

8.7 Teflon beakers

8.8 Hi-pore diffusers

8.9 Graduated cylinder 500 mL

Instrumentation

8.10 Radon flask counter with scalar

9.0 REAGENTS AND STANDARDS

Reagents
All chemicals should be of reagent grade or equivalent whenever they are

commercially available.

9.1 Deionized water (Dl): Type II water

9.2 Concentrated nitric acid (HNO;)

9.3 Boric acid, granular. A.C.S. grade

9.4 Liquid nitrogen (LN)

Standards
9.5 NIST traceable Ra-226 siandard

10.0 SAMPLE HANDLING AND PRESERVATION

'.! \ IR\I I MilM IRIM> ! \»<'K \!»Ktl V ! I I
>U'i Sjiosc Roaj I luikM<<n M -''-I I ~

ti<«itr»llcd «htn .m •»rsir:il VI IDnuRihcr i-. -.lamped i>n iftc fi««ni ..i-tci pasrc ill I nciHili>>lkiJiVvimciHs JoIK<I hem .m

l Vl in Miinthci
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10.1 Water samples should be collected in plastic bottles and preserved with
concentrated nitric acid to pH 2.

10.2 Before beginning an analysis the analyst should check the sample pH with a pH
strip. If the sample is received with a pH greater than 2, the analyst should
contact the Group Leader or Team Leader. If approved by the client, the analyst
should adjust the pH with nitric acid to a pH=l-2. If the sample is pH adjusted
let the sample sit in the original container for a minimum of 24 hours before
analysis.

11.0 SAMPLE PREPARATION

11.1 Solid matrices

NOTE: Alternatively, Ra-226 analysis in solid matrices can be completed as detailed
in the Gamma Spectroscopy SOP, GL-RAD-A-013.

11.1.1 For analyses that require sample dissolution, digest solid samples as detailed
inGL-RAD-A-015.

11.1.2 Dissolve the sample residue in 5 mL cone, nitric acid and transfer to a
labeled de-emanation bottle. Dilute to 500 mL with DI water.

11.1.4 Proceed to Step 11.2 of this procedure.

11.2 Water samples

11.2.1 Transfer 500 mL of sample to a de-emanation bottle.

11.2.2 To remove radon from the sample, purge for at least 30 minutes with
helium at a flow rate vigorous enough to remove radon from sample.

11.2.3 At the end of the degassing, seal the sample by connecting the inlet and
outlet lines together. Record the END date and time of the initial
degassing on the sample Que sheet. Allow the sample to ingrow for a
minimum of three days.

NOTE: Before proceeding to Step 11.2.4, it is advisable to begin acquiring
background checks on the Lucas cells that will be used during the degassing
process.

11.2.4 Fill the Dewars with liquid nitrogen. Lift the platform holding the
Dewars to completely submerge the cold trap in LN. Allow the cold
trap to equilibrate before proceeding.

11.2.5 Refer to Figure 1 for Operation of Radon Emanation Line. Connect the
sample to lines V-3 and V-4 and ensure that the connections are secure.
Turn valves V-3 and V-4 to the sample position. Bubbles should be
visible as the helium is now purging the radon into the cold trap.
Monitor the flowmeter. Allow the helium to flow for 15 minutes.
Afterwards, record the date and time of the sample de-emanation.

11.2.6 After 15 minutes, turn valves V-5 and V-6 to the closed position. This
wil l seal the cold trap that now contains the sample radon. The cold trap
contains brass filings to create surface area for radon condensation. Turn
valves V-3 and V-4 to the bypass position.

11.2.7 Connect the Lucas cell to the system. Pull a vacuum on the system by
,1

turning on the vacuum pump and opening valve V-7. With the cold trap

( ; I- :NI;K.\I i : \ d i N i . I : R I \ ( . i , \ I«>K,VIORII:S. i.i.c.
20-10 S;i\ a-M Road Charleston SC 2"417

This document is controlled when an original Set II) numhcr is stamped KM the Iront cm cr page (I) Uncontrolled documents do not hear an
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still under LN quickly open and close valve V-6 to remove excess
helium.

1 1 .2.8 Ensure that valves V-5 and V-6 are closed. Pull a vacuum on the system
and the Lucas cell by turning on the vacuum pump and opening valve V-
7.

1 1 .2.9 Close valve V-7 and turn off the vacuum pump. Check the system for
leaks by observing the vacuum gauge for 30 seconds. The vacuum
gauge should bold at the vacuum at the -20 to -30 vac range. If the
vacuum does not hold, notify your Group Leader or Team Leader.

1 1 .2. 1 0 Remove the LN Dewar and gently warm the trap with a hot air gun. The

trap should feel warm to the touch before proceeding.

1 1 .2.1 1 Open valve V-6 to the vacuum system. Place hands on valves V-5 and
V-6.

Keep eyes on the vacuum gauge. Open valve V-5 and close valve V-6
just before the vacuum pressure goes to zero.

NOTE: The pressure will drop fast so be alert to the clockwise direction required
to close valve V-6.

NOTE: If the zero (atmospheric pressure) is slightly passed the sample may still
be counted. The analyst is trying to avoid creating a large positive pressure
within the Lucas cell, which may cause the cell to leak or rupture.

1 1.2.12 Allow the radon to equilibrate in the line for 30 seconds. Disconnect the
Lucas cell and allow the radon daughters to equilibrate for a minimum
of three hours before counting the cell. Place the cell in the counter for
5 minutes before beginning the sample count

1 1 .2. 1 3 Count each sample for a minimum of 1 5 minutes. Record the date and
lime the count is started, the count time and the gross counts observed.

I 1.2.14 The Lucas cell should be cleaned as soon as possible after the sample
count is completed. The Lucas cell cleaning apparatus is connected to
the helium and the vacuum.

II .2.1 5 Connect the Lucas cell to the cleaning apparatus. Turn on the vacuum
pump and the helium inlet valve. Turn on the relay to flush and
evacuate the cell for at least two minutes.

1 1.2.16 Store the cell under a slightly positive helium pressure until the next use.
The cell should be stored for a minimum of three hours prior to use for
sample analysis.

12.0 QUALITY CONTROL SAMPLES AND REQUIREMENTS
12.1 A matrix spike (MS) should be run with each batch of 20 or less

samples. The recover) of the spike should fall between 75 and 125%.
Recover} is calculated as follows:

\pike(pC V unin - samplefpC 'i unit)
.'t>K.ec= -

.\pikt?concenirution(p(. 'i unil)

1 2.2 A duplicate sample should be run \N ith each batch of 20 or less samples.
The rclali\e percent difference (RI 'D) between the duplicate (dup) and

I •• \! K \! I M il\ l I K I V i , I M!« iR \ ! ' >K!1 s I I I

lhrt.dtwim.-nl rs o-rti.-ltd »hcn m .^i-j.n-f NVI liinutirfvt i- -urijvJ <4i ihc fr. i i i .. v^i past < I < I nctmunlkrii docuncnls do mn hcnr .in
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the sample should be less than or equal to 20%. The RPD is calculated
as follows:

RPD= highdup(pCi/unit) - lo\vdup(pCi/unit) QQ

A verage (pd/unit)

12.3 A method blank should accompany each batch of 20 or less samples.
The reported value should be less than or equal to the CRDL (contract
required detection limit).

12.4 A laboratory control sample (LCS) should be run with each batch of 20
or less samples. The recovery of the LCS should fall between 75-125%.
The recovery is calculated as follows:

Known(pCi I unit}

12.5 Actions required if the Quality Control Requirements Are Not Met

If any of the QC criteria from 12.1 through 12.4 cannot be satisfied, the
analyst should inform their group leader and initiate a Nonconformance
Report as outlined in "Documentation of Nonconformance Reporting
and Dispositioning, and Control of Nonconforming Items" (GL-QS-E-
004).

NOTE: Client contractual QC requirements override the requirements in this section.

13.0 INSTRUMENT, CALIBRATION, STANDARDIZATION AND PERFORMANCE

13.1 Ludlum Model 2000 operating voltage, plateau generation and standard deviation:

13.1.1 Place a sealed Lucas Cell Ra-226 source of sufficient activity on the
detector 5 minutes before counting. Set the front panel discriminator to 50
volts. Count the source and record the counts.

13.1 .2 Step the front panel discriminator up in 50-volt increments and acquire
counts at the increasing voltages up to 2000 volts and record counts. Plot
the gross counts on the y-axis and the voltage on the x axis and determine
the "knee" of the plateau.

1 3.1 .3 The knee is determined by drawing straight lines along the rising slope and
the plateau portions of the curve. The knee is the point where these two
lines intersect. The operating voltage should be selected at 50 - 1 50 volts
above the "knee."

1 3.1 .4 Put a copy of the plateau for model 2000 sealer/radon flask counter in the
Ra-226 Calibration File.

13.1 .5 To determine the control limits (standard deviation), place a sealed Lucas
Cell Ra 226 source of sufficient activity on the detector. Acquire twenty
counts and record each count. If the operating voltage remains the same
there is no need to establish new control limits.

13.1.6 Put a copy of the counts and calculation of standard deviation in the Ra-226
Calibration File.

13.2 Calibration, cell constant, efficiencv and verification of the Lucas Cell.

( i l -Nl^RAI. F-:NGINF;[-:RIN(i LAHORATOR1LS. I.I C.
20-10 Savage Road Charleston SC 29417
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13.2.1 Determine what cells need to be calibrated. Either a year from the last
calibration or new Lucas Cells. Give yourself at least 3 weeks before
old calibration has expired.

13.2.2 Each Lucas Cell needs to be given a two or three digit number (old
numbers can be reused). With the first number to each cell will be the
detector and rig it goes to. (For example, 120 will go into detector 1 and
rig 1. 220 will go into detector 2 and rig 2.) Each lucas cell has one
detector it can be counted on and one rig that it can be transferred on.

13.2.3 A background count is performed on each cell before every calibration
and verification run and each count is recorded in the logbook.

13.2.4 Each counting cell is calibrated by spiking a 500 mL Dl-water sample
with a known dpm of Ra-226 activity. The sample is carried through the
entire procedure. The procedure is performed 3 separate times to each
cell. Record each count.

13.2.5 Put information from the three runs in an excel spreadsheet to calculate
cell constant, average and standard deviation. Standard deviation needs
to be less than 10 % of the cell constant average. Put the Ra-226 cell
constant spreadsheet in the Calibration File.

13.2.6 Each counting cell will be verified by spiking 500 mL of Dl-water.
fe¥mcation sample is carried through the entire procedure. Acceptance
criteria is 100% ±25%.

13.2.7 After processing verification, put the spreadsheet into the Ra-226
Calibration File.

13.2.8 NMien calibration file is complete, go into CELLEFF File and change the

old cell efficiency to the new cell efficiency.

14.0 ANALYSIS AND INSTRUMENT OPERATION

Refer to "Ludlum Model 2000 Lucas Cell Counter Operating Instructions" (GL-RAD-I-
007) for instrument operating instructions.

15.0 EQUIPMENT AND INSTRUMENT MAINTENANCE

Refer to "Ludlum Model 2000 Lucas Cell Counter Operating Instructions'" (GL-RAD-I-
007)

16.0 DATA RECORDING. CALCULATION AND REDUCTION METHODS

16.1 The spreadsheet \ \ i l l calculate the Ra-226 activity, uncertainty, and
MDA in pCi L b> the following equation:

/?,/-226<pO.'„„//)=
2.22 M ' *£* / i * / :* /?

\ Th
Lnceriu'mi y (p(. i nniit= —

2.22*1 •*£•*/!*/:*/-.

Lower limit of detection (lid):
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2.71 + 4.66 *Jcpmh*T*
MDA(pCi/unit) = ^—-—

(2.22*E*V*h*l2*h*T s)

Where:
CPMS= gross count rate (counts per minute) at the alpha detector voltage plateau.
CPMb= background count rate for the cell used for counting.
V = volume of sample aliquot (Liters or grams)
2.22 = conversion factor from dpm/pCi
E = counting efficiency of the cell, detector and de-emanation system.
11 = 1 -E-A.t| where X, = decay constant for radon-222 (0.181 d "') and T|= time
between initial and final de-emanation in days.
h = E-X.t2 where X, = decay constant for radon-222 in hours = 0.00755 hr. and
and t2= delay time in hours between 2nd de-emanation and sample counting.
I3 = 1 -E-X.t3/t3 where A. = decay constant for radon-222 (0.181 d ~') and T3=
sample count time in minutes.
TS = Sample count time in minutes
TB = Background count time in minutes

17.0 DATA REVIEW, APPROVAL AND TRANSMITTAL
Data is reviewed and packaged in accordance with GL-RAD-D-003 for Data Review and
Packaging.

18.0 RECORDS MANAGEMENT
Records generated as a result of this procedure are maintained as quality documents in
accordance with GL-QS-E-008 for Quality Records Management and Disposition.

19.0 LABORATORY WASTE HANDLING AND DISPOSAL
Laboratory waste is disposed in accordance with the Laboratory Waste Management
Plan,GL-LB-G-001.

20.0 REFERENCES
20.1 Prescribed Procedures for Measurement of Radioactivity in Drinking

Water, USEPA, Method 903.1, August 1980.

20.2 Mathieu, G.G., Biscaye, P.E., Lupton, R.A. "A System for
Measurement of Rn-222 at Low Levels in Natural Waters." Health
Physics, Vol. 55, No.6, pp. 989-992. 1988.

20.3 Key, R.M., Brewer, R.L., Stockwell, J.H., Guinasso, N.L., Schink, D.R..
"Some Improved Techniques for Measuring Radon and Radium in
Marine Sediments and Seawater. Marine Chemistry, pp. 251-264.
October 30. 1978.

20.4 Special thanks to Dr Bill Burnett and his associates at Florida State
University for their help in building the radon de-emanation system.
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2.1 This standard operating procedure provides the necessary instructions to conduct
the analysis for Radium-228 in water.

2.2 The modifications to this method are based on GEL's Performance Based
Measurement System (PBMS).

3.0 METHOD SCOPE, APPLICABILITY AND DETECTION LIMIT
Although this method has been modified from EPA 600/4-80-032 Method 904.0 and
EPA 520/5-84-006, Method Ra-05, it uses the same principles of final source
preparation, radiochemical concentration and counting. This method is also similar in
concept to the source method from "Radiochemical Analytical Procedures for Analysis of
Environmental Samples," EPA Environmental Monitoring and Support Laboratory, Las
Vegas, 1979.

4.0 METHOD VARIATIONS
Some Variations may be necessary due to special matrices encountered in the lab. These
variations may be used with approval from a Group Leader or Team Leader. Variations
to a method will be documented with the analytical raw data.

5.0 DEFINITIONS
5.1 Batch: environmental samples which are prepared and/or analyzed together with

the same process and personnel, using the same lot(s) of reagents.

5.2 Method Blank (MB) ~ An aliquot of reagent water or other blank matrix that is
treated exactly as a sample including exposure to all glassware, equipment,
solvents, reagents, internal standards, and surrogates that are used with other
samples. The MB is used to determine if method analytes or other interferences
are present in the laboratory environment, the reagents, or the apparatus

5.3 Laboratory Duplicate (DUP): aliquots of a sample taken from the same container
and processed and analyzed identically but independently.

5.4 Matrix Spike (MS): An aliquot of an environmental sample to which known
quantities of the method analytes are added in the laboratory. The MS is analyzed
exactly like a sample, and its purpose is to determine whether the sample matrix
contributes bias to the analytical results. The background concentrations of the
analytes in the sample matrix must be determined in a separate aliquot and the
measured values in the MS corrected for background concentrations.

5.5 Matrix Spike Duplicate (MSD): a second replicate matrix spike, prepared in the
laboratory and analyzed to measure precision and accuracy of the analytes of
interest.

5.6 Laboratory Control Standard (LCS): An aliquot of reagent water or other blank
matrix to which known quantities of the method analytes are added in the
laboratory. The LCS is analyzed exactly like a sample, and its purpose is to
determine whether the methodology is in control, and whether the laboratory is
capable of making accurate and precise measurements.

5.7 Deionized Water (Dl): Type II water

(;I:NI:R \i i \di\i:i RINK; i ADORATORN-S. LI.C.
2(MOSu\;i;:e Ro:nl(h;irles(on St 29-417
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6.0 INTERFERENCES
6.1 When convening barium sulfate to the carbonate it is important to remove excess

sulfate or the potassium carbonate will be consumed by the reaction:

K2CO3 + H2SO4 -> K2SO4 + H2O + CO2

6.2 Samples with high strontium-90 may cause interference in the Ac-228 beta count
This problem occurs because of Y-90 present that may follow the Ac-228
chemically. It is best to confirm high Ra-228 (i.e. greater than 5 pCi/L) by
gamma spectroscopy.

6.3 Samples with elevated radio lead may cause interference in the Ac-228 beta
count. It is best to confirm high Ra-228 (i.e. greater than 5 pCi/L) by gamma
spectroscopy.

6.4 Th-234 would potentially interfere with Ac-228 beta counting. Its presence could
be confirmed with a decay curve analysis.

7.0 SAFETY PRECAUTIONS AND WARNINGS
7.1 Personnel performing this analytical procedure are trained to the safe laboratory

practices outlined in the Safety. Health and Chemical Hygiene Plan. GL-LB-N-
001.

7.2 Personnel handling radioactive materials are trained in and follow the procedures
outlined in GL-RAD-S-004 for Radioactive Material Handling.

7.3 Personnel handling biological materials are trained in and follow the procedures
outlined in GL-RAD-S-010 for Handling Biological Materials.

7.4 If there is any question regarding the safety of any laboratory practice, STOP
IMMEDIATELY and consult qualified senior personnel such as a Group or Team
Leader.

8.0 APPARATUS, EQUIPMENT AND INSTRI MENT *TION
8.1 Apparatus and Equipment

8.1.1 Pyrex watch glasses
8.1.2 Centrifuge
8.1.3 50 mL centrifuge rubes
8.1.4 Pyrex beakers
8.1.5 Pyrex or Teflon stirring rods
8.1.6 Stainless steel planchets

8.1.7 Disposable filter funnels

8.2 Instrumentation

8.2.1 Gross Alpha/Beta Proportional Counting System

8.2.2 Gamma Spectrometer and associated electronics and data reduction
package

9.0 REAGENTS AND STANDARDS
9.1 Reagents All chemicals should he of reagent grade or equivalent whenever they

are commerciall\ a\ailable.

l i l M K M I \4ilSI I M\.(, ! \H«K\H'KII VI IX

I ht> Ao.unfc.iii iv omi'llcd « hen .*i. •< i? nul Vt 11 > mnnKt i- - ijm|v J . >n I Ix ! i. <IH L < <\ L-I pjec ill I no»Mn>lk-d iVtwnoni-. do m<l bear an
II) nunirvi



Radium-228
SOP Effective Date 7/23/92 GL-RAD-A-009 Rev 11
Revision 11 Effective October 2004 Page 5 of 13

9.1.1 Barium carrier (16 mg Ba/mL). Dissolve 30 grams reagent grade BaCl2 x
2H20 in 1 L DI water.

9.1.2 50% (w/w) Potassium Carbonate (K2CO3)

9.1.3 0.090M Nitric Acid (HNO3) Dilute 5.5 mL cone HNO3 to 1000 mL DI
water in volumetric flask

9.1.4 0.35 M Nitric Acid (HNO3) Dilute 11.0 mL cone HNO3 to 500 mL DI
water in volumetric flask

9.1.5 Cerium (500mg/L): Preferably use Ce 500mg/L O2SI standard.
Alternatively dissolve 0.155g cerium in 100 mL DI water.

9.1.6 Acetic acid, glacial

9.1.7 1M citric acid. Dissolve 192.13 g citric acid anhydrous powder in 1L DI
water

9.1.8 1.5M Ammonium sulfate. Dissolve 200 g ammonium sulfate in 1L DI water
9.1.9 8M Nitric Acid (HNO3). Add 500 mL cone. HNO3 (16M HNO3) to 400

mL DI water, allow to cool, then dilute to 1000 mL with DI water
9.1.10 6M Sodium Hydroxide (NaOH). Cautiously add 120 g NaOH pellets to

approximately 300 mL water. When cool, dilute to 500 mL
9.1.11 Sodium Carbonate, 0.75M. Add 79.5g Na2CO3 to 1000 mL with DI water

9.1.12 Deionized water (DI water)
9.1.13 pH 10 DI water. Add 6M NaOH dropwise to DI water until a pH of 10 is

achieved. Check with pH strip.

9.1.14 Concentrated Hydrofluoric acid (HF)

9.1.15 Concentrated Hydrochloric acid (HC1)

9.1.16 Concentrated Nitric acid (HNO3)

9.1.17 Concentrated Sulfuric acid (H2SO4)

9.2 Standards: Refer to (GL-RAD-M-001) for instructions concerning the
preparation of standard solutions.

9.2.1 NIST traceable Ba-133 standard

9.2.2 NIST traceable Ra-228 standard

10.0 SAMPLE HANDLING AND PRESERVATION
10.1 Aqueous samples should be collected in plastic bottles and preserved with

concentrated Nitric Acid to pH <2.
10.2 Before beginning analysis the analyst must check the sample pH using a pH test

strip. If the sample is received with a pH greater than 2. the analyst should
contact the Group Leader or Team Leader. If approved by the client, the analyst
should adjust the pH with nitric acid to a pH <2. Once pH is adjusted, the sample
must be held in its original container for a minimum of 24 hours before analysis.

11.0 SAMPLE PREPARATION
11.1 Sample Preparation Techniques for Gas Flow Proportional Counting

ci i iNrRAi . i : N d i N i : i : R i N G I .AIKJRATORII s . i . i . c
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11.1.1 Measure an appropriate aliquot of water sample into a beaker. Add
Barium 133 tracer to all samples and Ra-228 standard to MS and LCS
samples. Then add to all samples: 1 mL Bad 2,10 mL Acetic acid, 5 mL
Citric acid. 10 mL Ammonium sulfate. (Record the sample volume and
standard spike information on the que sheet.) Allow the sample to settle
overnight or until the precipitate settles.

II. 1.2 Add Ba-133 tracer (same amount added to samples) to 5 mL of 0.095M
nitric solution in a 20mL liquid scintillation vial. This solution will serve
as the reference for standard yield determination.

11.1.3 Decant the clear supernate and then transfer the remaining precipitate to a
50 mL centrifuge tube and centrifuge for 5 to 10 minutes at 4000 RPM.

11.1.4 Decant centrifuge tube and remove excess sulfate by washing the
precipitate with Dl water from a wash bottle.

11.1.5 Centrifuge and decant the DI water wash. Check the pH of the wash
solution with a pH strip.

11.1.6 Repeat the washing as necessary until a pH of approximately 6 is observed.

11.1.7 Add I mL of 50% potassium carbonate (K.2CO3) to the precipitate making
sure the precipitate is completely submerged in the solution.

11.1.8 Heat in water bath for 4 hours.

11.1.9 Wash the dry slurry with 25 mLs Dl water, allow the precipitate to settle,
centrifuge and decant the supernate. Check the pH of the wash solution. It
should initially be around 12. If a high pH is not observed consult the
appropriate group leader or team leader.

11.1.10 Wash the precipitate with 25 mLs of Dl water, allow the precipitate to
settle, centrifuge and decant. Repeat washings until the pH of the wash
solution is approximately 7.

11.1.11 Dissolve the precipitate in 5 mL of 0.095M HNC>3 solution. Centrifuge
the solution and decant into a 20 mL scintillation vial. Record date and
time of Actinium Ingrowth.

11.1.12 Count the samples and the reference vial from step 11.1.2 on a gamma
spectrometer to determine Ba-133 yield. The samples and reference should be
given a sample identification number, an identical reference date and counting
geometry. Divide the sample result by the reference result to determine the
chemical yield.

NOTE: Reference date'time. geometry, and sample volume must be the same for
all samples and reference standard in order to perform yield determination
b> direct comparison.

11.1.13 Allou the sample to ingrou for at least 30 hrs from the time the 5 mL of
0.095 M HNO-, was added to the centrifuge tubes.

NOTE: The following steps should be performed as rapidlv as possible to avoid
decay of unsupported Ac-228 \\ith a half-life of 6.13 hours.
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11.1.14 Prerinse a LN Spec column with two 5 mL rinses of 0.090 M HNO3.

11.1.15 Load sample onto the column (record elution time), then add additional
5mL 0.090 M HNO3. Rinse with additional 12 mL 0.090 M HNO3 by
adding in 3mL increments allowing previous volume to completely drain.
Collect the effluent into a labeled centrifuge tube and save in the event
reanalysis is required.

11.1.16 Elute the Ac-228 with 1 OmL of 0.35M HNO3 into labeled plastic centrifuge
tube.

11.1.17 Add 200 yiL of 500 ppm Cerium solution to the samples and swirl. Add
2mL of concentrated hydrofluoric acid (HF), swirl and allow to stand for 30
minutes.

11.1.18 Place disposable filter funnel onto filter rig. Check to ensure proper
placement of filter in funnel.

11.1.19 Rinse the filter and funnel under vacuum with 80% ethanol. With
minimum delay, add the sample to the filtering apparatus and rinse the
centrifuge tube several times into the funnel with type II water. Complete
the filtering by rinsing the funnel with 80% ethanol after the entire sample
has passed through the filter.

11.1.20 Label the bottom side of a 47 mm flat planchet. Place glue on the
planchet and carefully place the filter (precipitate side up) on the glue.
Care should be taken to make the filter as'fljat as possible on the planchet.

11.1.21 Count in a gas flow proportional counter for a time duration to meet the
contract required detection limit and uncertainty:

11.1.22 If result is above 5 pCi/L, the sample is reeluted on LN spec resin to verify
the data. If the result of the reelution is albove 3 'pti/L and within 40% of
the first result, the second result is reported. If after the reelution the
result is not less than 5 pCi/L and not within 40%, the analyst shall consult
with the Group Leader or Team Leader., f ; ; ,

11.2 Reelution Technique i -hi h i'' t
j : | ; j . i '.,rt

11.2.1 Count the sample saved in step 11.1.15 QJl^Jhe g^pi-ima spectrometer along
with a reference that contains the sartie

; i , njr

11.2.2 Allow the sample to ingrow for at least 3J
elution. Record the date and time. '

11.2.3 Prerinse an Ln Spec column with 10 ijrjI^Jl^S! ty| jnitric acid (HNO3).

11.2.3 Load the sample onto the column and redjpjfjd the Option time when the
sample is halfway through the column; '$$$ afc additional 5 mL 0.090 M
HNO3. Repeat this step for a total of \Q ;ps. Collect and save the
effluent. Proceed to step 11.1.16. ; '

11.3 Re-precipitation technique.

'liours" worn the time of the last
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11.3.1 Add 2 drops Thymol blue and add 6 N sodium hydroxide (NaOH)
dropwise until sample turns blue.

11.3.2 Add 5 mL 0.75 M sodium carbonate (Na2CO3). Microwave for 30
seconds or until precipitation is observed. Allow to cool.

11.3.3 Centrifuge for 5 minutes. Decant supemate.

11.3.4 Continue at step 11.1.11.

11.4 Alternate Procedure for Sample Preparation of Soils and Difficult Matrices

11.4.1 For solid samples, transfer an aliquot to analyze into a Teflon beaker.
This aliquot may have previously been muffled in a furnace at
approximately 550°C. to reduce interference from organics. Add Ba-133
tracer and Barium carrier (BaCh). Spike appropriate QC samples with
Ra-228 standard.

11.4.2 Digest samples according to procedure GL-RAD-A-015.

11.4.3 Transfer the 5 mL concentrated nitric acid solution to a disposable centrifuge
tube. Add an additional 20 mis of cone, nitric acid to the centrifuge tube.

11.4.4 Cap the samples and refrigerate for two hours.

11.4.5 Pull the samples out of the refrigerator and centrifuge for 10 minutes.

11.4.6 Pour off the supemate paying special attention not to pour off any precipitate.

11.4.7 Dissolve precipitate in 25 mis of DI water.

11.4.8 Add 2 drops of phenolphthalein solution. Add 6M NaOH dropwise until the

sample turns pink. Add 10 mL of 0.75M Na2CO3

11.4.9 Heat sample in hot water bath for 30 minutes at 90 °C.

11.4.10 Allow the centrifuge tube to cool then centrifuge for 10 minutes.

11.4.11 Pour off the supemale then rinse the precipitate with pH 10 DI water.
Centrifuge again for 10 minutes and decant.

11.4.12 Dissolve the precipitate compleleh in 0.090 M HN03 This may require

gentle healing and up to 20 - 35 nils of 0.090 M HMOs- Record date and time
of actinium ingrowth. Proceed no\v to step 11.1.13.

11.4.13 For difficult liquid samples containing a significant amount of sediment,
measure an appropriate aliquot into a beaker. Add Barium 133 tracer and
Barium carrier (Bad?) to all samples. Spike appropriate QC samples with
Ra-228 standard.

11.4.14 Take samples to dry on a hot plate, then muffle for at least four hours.

11.4.15 Add 10ml. of concentrated nitric acid and lOmL of concentrated
hydrochloric acid. Reflux for at least three hours.

11.4.16 Take samples to dry. Repeal addition of lOmL of concentrated nitric acid
and 10mL of h\drochloric acid. Reflux for 30 minutes or until all solids
ha\e leached off the ylass.
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11.4.17 Transfer leachate to centrifuge tube using 8M nitric acid. Centrifuge and
pour liquid into a glass beaker, then take to dry. Transfer pellet into a Teflon
beaker using nitric acid.

11.4.18 To liquid portion, add 1 OmL of concentrated nitric acid and take to dry.
Dissolve residue in lOmL of nitric acid.

11.4.19 Digest pellet according to GL-RAD-A-015 until completely digested.
Dissolve residue in lOmL of nitric acid and combine with liquid portion.

11.4.20 Transfer sample to a centrifuge tube using 8M nitric acid. Put centrifuge
tubes in the freezer for approximately 15 minutes. After samples have
cooled, there should be a visible precipitate. Centrifuge and discard
supernate.

11.4.21 Add 2mL of concentrated nitric acid and dilute to 30mL with DI water. Add
2-3 drops of phenolthalein indicator, and titrate with 6N sodium hydroxide
until the sample turns pink. Add 5 mL of 0.75M sodium carbonate. Digest
in hot water bath until precipitate settles. Centrifuge and discard supernate.

11.4.22 Dissolve pellet in 15 mL of concentrated nitric acid and put back in freezer
for approximately 15 minutes. Centrifuge and discard supernate.

11.4.23 Repeat step 11.4.21

11.4.24 Dissolve pellet in 5 mL of 0.095M nitric acid. Record date and time of
Actinium Ingrowth. Proceed to step 11.1.12.

11.5 Sample Preparation Techniques for Gamma Counting

11.5.1 Measure an appropriate aliquot of water sample into a beaker (s). In each
beaker add 10 mL cone, nitric acid, 3 mL BaCL2 carrier, and add
appropriate amount of Ba-133 tracer isotope equivalent to Ba-133 value
used for calibration. Record the sample volume and standard spike
information on the que sheet.

11.5.2 Add 20 mL of concentrated sulfuric acid to samples, stir and allow
precipitate to settle to bottom of beaker.

11.5.3 Filter sample through .45 pm Gelman DM-450 or equivalent filters.

11.5.4 Fold filter and place into plastic vial.

11.5.5 Count sample on calibrated gamma spectrometer for appropriate time to
meet required MDA.

12.0 QUALITY CONTROL SAMPLES AND REQUIREMENTS
12.1 Refer to (GL-RAD-D-002) for instructions concerning the validation of analysts

and analytical methods.

12.2 Method Specific Quality Control Requirements

12.2.1 A method blank should accompany each batch of 20 or fewer samples.
The reported value of the blank, should be less than or equal to the
contract required detection limit (CRDL).
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12.2.2 The Ba-133 tracer added to all samples is used to calculate the method
recovery. The method recovery of all samples should be between 25-
125% when compared to the reference standard. The method recovery is
calculated as follows:

.. . , „ Sample(pCi/unit)Method Recovery = iLJJZ: L
Ref(pCi/unit)

Where:

Sample (pCi/unit) = pCi of Ba-1 33 reported by gamma
spectrometer of the sample.
Ref (pCi/unit) = pCi of Ba-1 33 reported by gamma Spectrometer
of the reference.

12.2.3 A matrix spike (MS) should be run with each batch of 20 or less samples.
The recovery of the ms should be between 75-125%. The MS recovery is
calculated as follows:

MS Recoverv(%)= Spikc(pCi/unit) -SampJcCpCifanh) ,1(X)%

SpikeNominalConcentralion(pCi/unit)

Where:
Spike = Results of matrix spike (MS)
Sample = Results of sample that MS was run on Spike Nominal
Concentration Spike
Spike Nominal Concentration = Calculated concentration of Ra-
228 in the MS solution as follows

_.,_ Ra-228dpm ...
SNC = - - - * ml of spike added

2.22 * volume in liters

12.2.4 A duplicate sample should be run with each batch of 20 or less samples.
The relative percent difference (RPD) between the actual sample and the
QC duplicate should be less than or equal to 20% if both the sample and
the QC DUP results are greater than 5 times LLD or 100% if either result
is less than 5 times LLD. The RPD should be calculated as follows:

RPD(%)~ H'8hP"P(pCi.'unit)-Lo\vDiip(pCi/unii)
[(HighDup(pCi'unit) + LowDup(pCi/unit)]/2

12.2.5 A Laboratory Control Sample (LCSl should be run with each batch of 20
or less samples. The recovery of the LCS should fall between 75-125%.
The LCS recovery is calculated as follows:

LCS RFC,-., = LCSResulupCi/uni.)
NominalConcentrationofLCS(pCi/unit)

12.3 Actions required if the Quality Control Requirements Are Not Met
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If any of the QC criteria from 12.2.1 through 12.2.5 cannot be satisfied, the
analyst should inform their group leader and initiate a Nonconformance Report as
outlined in "Documentation of Nonconformance Reporting and Dispositioning,
and Control of Nonconforming Items" (GL-QS-E-004).

NOTE: Client contractual QC requirements override the requirements in this
section.

13.0 INSTRUMENT, CALIBRATION, STANDARDIZATION AND PERFORMANCE
. 13.1 Refer to "Gamma Spectroscopy System Operating Procedures" (GL-RAD-I-001)

and to "Operation of the Wallac 1480 Gamma Wizard" (GL-RAD-I-018).

1 3.2 Refer to "Counting Room Instrumentation Maintenance and Performance
Checks" (GL-RAD-I-010) for instructions concerning instrument performance.

1 3.3 Instrument calibration for Gas Flow Proportional Counters for Ra-228

1 3.3.1 Prerinse the same number of Tru-Spec columns as detectors that will be
calibrated.

1 3.3.2 Add 5 mL Ra-228 standard in Teflon beaker. Take to dry, and then bring
up to 5 mL with 0.5 M HNO3.

1 3.3.3 Pre-rinse 5 mLs 0.5 HNOa. Load sample. Rinse 2 times with 2 mLs 0.5 M
HNO3.

13.3.4 Elute with 15 mLs 3 MHC1.

13.3.5 Proceedtostepsll.1.17-11.1.21.

13.3.6 Count each prepared standard in each gas flow proportional detector,
ensuring that each detector counts all of the standards at least once.

1 3.3.7 Determine the detector efficiencies utilizing a calculation spreadsheet
according to the following equation:

^ ^ „, . Observed cpm - Background cpm
Detector Efficiency = - - - - - - —

Certified dpm

Where:
Obs cpm = cpm generated by the gas flow proportional counter
Bkg cpm = cpm generated by an unspiked standard blank
Known dpm = dpm decay corrected to the mid point of standard counting

14.0 ANALYSIS AND INSTRUMENT OPERATION
1 4. 1 Refer to "Gamma Spectroscopy System Operating Procedures" (GL-RAD-I-001 )

or "Operation of the Wallac 1480 Gamma Wizard" (GL-RAD-I-018) for
instructions concerning the analysis of the Ba-133 tracer.

14.2 Refer to the appropriate gas flow proportional counting procedure (GL-RAD-1-
006) for instructions concerning the analysis of Ac-228.

15.0 EQUIPMENT AND INSTRUMENT MAINTENANCE
15.1 Refer to "Gamma Spectroscopv System Operating Procedures " (GL-RAD-1-001 )
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1 5 2 Refer to "Operation of the Wallac 1 480 Gamma Wizard" (GL-RAD-I-01 8).

1 5.3 Refer to "LB-4 1 00 Gross Alpha/Beta Counter Operating Instructions'' (GL-RAD-
1-006)

1 5.4 Refer to "Counting Room Instrumentation Maintenance and Performance
Checks" (GL-RAD-I-010).

16.0 DATA RECORDING, CALCULATION AND REDUCTION METHODS
16.1 The analyst will use an Excel spreadsheet. Access, or a client specified formula to

calculate the sample Ra-228 pCi/L according to the following equations:

n i / *-• n\Result (pCi/I) =

un
equation:

2.22*E*r*)'*.4,

16.2 The counting uncertainty for Ra-228 is calculated according to the following

Ac• 1.96J((Scp-T , + (B.WT.))
Uncertainty (pCl/l) = V s— B

2.22*E*V*Y*A,
16.3 The method detection limit (MDA) is calculated according to the following

equation:

MDA (pCi/1) = , j
(2.22*E*V*Y*A,*TS) V

Where:
TB=Amount of time background was counted (min)
TS=Amount of time sample was counted (min)
Scpm=Sample counts per minute
"cpm= background counts per minute
E=efficiency
V=sample volume (liters)
t=time in minutes from separation lo counting
At=Ac-228 decay correction(A() = e-°-°°188*t
Ac=count duration decay correction (Ac\=Ts*.00188/(l-
Y= yield

17.0 DATA REVIEW, APPROVAL AND TRANSMITTAL
Data is reviewed and packaged in accordance with GL-RAD-D-003 for Data Review.
Validation, and Data Package Assembly.

18.0 RECORDS MANAGEMENT
Records generated as a result of this procedure are maintained as quality7 documents in
accordance with GL-QS-E-008 for Qualiiv Records Management and Disposition.

19.0 LABORATORY WASTE HANDLING AND DISPOSAL
Laboratory waste is disposed in accordance with the Laboratory Waste Management -
Plan.GL-LB-G-001. *" ^~
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20.0 REFERENCES
20.1 "Radiochemical Analytical Procedures for Analysis of Environmental Samples."

March 1979. EPA EMSL.

20.2 "Radiochemistry Procedures Manual." EPA 520/5-84-006, December 1987,
Method Ra-05.

20.3 "Prescribed Procedures for Measurement of Radioactivity in Drinking Water."
EPA 600/4-80-032, August 1980, Method 904.0.

20.4 "Test Methods for Evaluating Solid Waste," US EPA, June 1997, SW-846.

20.5 Special thanks to Dr Bill Burnett and his associates for their development of this
method at Florida State University.
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1.6 STANDARD OPERATING PROCEDURE FOR THE ISOTOPIC DETERMINATION OF AMERICIUM,
CURIUM, PLUTONIUM, AND URANIUM.

2M METHOD OBJECTIVE, PURPOSE, CODE, AND SUMMARY
2.1 This standard operating procedure provides the necessary instructions to conduct

the analysis for isotopic americium. curium, plutonium and uranium in a variety
of liquid and solid matrices. This method also gives specific guidance on
determining U-232 and Am-243. which are typically used as isotopic tracers.

22 A sample is digested, if necessary, and aliquoted. Transuranic elements are
scavenged by coprecipitation with iron hydroxide. The precipitate is dissolved and
separation of elements is accomplished through extraction chromatography and ion
exchange resins. The elements are then prepared for the measurement of
radioactive isotopes by coprecipitation with Neodymium fluoride. The Neodymium
fluoride precipitate is trapped on a filter, mounted on a stainless steel disk and
placed in a partially evacuated chamber for measurement of isotopic alpha
emission.

2.3 This method has been modified from the source method from EML Methods
Manual HASL 300 U-04-RC and uses similar principles of radiochemical
separation and counting. This method is also very similar in concept to the source
method from the DOE Methods Manual for Evaluating Environmental and Waste
Management Samples. 1997 Edition. RP800. '•Sequential Separation of
Americium and Plutonium by Extraction Chromatography."

2.4 This method has been modified on the basis of GEL's Performance Based
Measurement System (PBMS). >Lj *

3.0 METHOD APPLICABILITY
3.1 Method Detection Limit: Typical minimum detectable activity (MDA) for

samples analyzed for U'Am/Cm/Pu is I pCi/L or O.I pCi/g for all isotopes.

3.2 Method Precision: Typical relative percent difference (RPD) is 20%.

3.3 Method Bias (Accuracy): Acceptable criteria for method accuracy, measured by
running with each batch a laboratory control sample, is ±25% of true value.

3.4 Analysts are trained and certified to perform this analysis after the analyst has
completed a batch with acceptable duplicate and laboratory7 control sample, as
well as completed an unknown sample within ±25% of true value. Analyst
training records are maintained in accordance with GL-QS-E-008 and kept on
hand in the Quality Control Department.

4.0 DEFINITIONS
4.1 National Institute of Standards and Technology (NIST). For the purpose of this

method, the national scientific bod\ responsible for the standardization and
acceptability of analyte solutions.

4.2 Type II \\aler: Deionized water.

4.3 ALPIIALIMS: Laboralon Information Manaement Sstem.
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5.0 METHOD VARIATIONS

Some variations may be necessary due to special matrices encountered in the lab. These
variations may be used with approval from a Group or Team Leader. Variations to a
method will be documented with the analytical raw data.

6.0 SAFETY PRECAUTIONS AND WARNINGS
6. 1 Personnel performing this analytical procedure are trained in and follow the safe

laboratory practices outlined in the Safety, Health and Chemical Hygiene Plan,
GL-LB-N-001.

6.2 Personnel handling radioactive materials are trained in and follow the procedures
outlined in GL-RAD-S-004 for Radioactive Material Handling.

6.3 Personnel handling biological materials are trained in and follow the procedures
outlined in GL-RAD-S-010 for Handling Biological Materials.

6.4 If there is any question regarding the safety of any laboratory practice, stop
immediately, and consult qualified senior personnel such as a Group or Team
Leader.

7.0 INTERFERENCES
7. 1 Internal tracer standards may have ingrown daughters that may interfere with the

analysis. For example Th-228 will be present in aged U-232 standard, Fr-221
will be present in Th-229, which will interfere with the curium analysis, and U-
232 will be present in Pu-236. These problems are overcome by running separate
aliquots of sample for thorium analysis.

7.2 Short lived radioactive progeny may ingrow on prepared filters. For example, the
Ra-224 alpha peak will be present if the Th-228 parent is present. These
interferences are minimized by counting ssample as soon as possible after
separation chemistry.

8.0 APPRATUS, MATRIALS, REAGENTS, EQUIPMENT AND INSTRUMENTATION

8.1 Ancillary Equipment

8.1.1 Silicon surface barrier detectors with associated electronics, vacuum
chambers, and data reduction capabilities

8. 1 .2 Eichrom Technologies TEVA Resin, 1 00 - 1 50 (a particle size
8.1 .3 Eichrom Technologies TRU Resin, 100 - 150 n particle size
8.1.4 Vacuum pump and filtration apparatus
8. 1 .5 8. 1 .5 Disposable filter funnels (containing 25 mm polypropylene filters

with 0. 1 um pore size)
8.
8.
8.
8.
8.

.6 Stainless steel disks. 29 mm diameter

.7 Stainless steel tweezers

.8 Polypropylene centrifuge tube (50 mL)

.9 Sample drying and ashing apparatus

.10 Sample homogenization apparatus
8.2 Reagents. Chemicals and Standards

8.2.1 Neodymium chloride (500 mg/L)
8.2.2 Neodymium chloride ( 1 0.000 mg/L)
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8.2.3 Carbon Colorant. Place four47mm cellulose nitrate filters in a beaker
and add 5mL concentrated H^SO*. Cover and heat on a hot plate with
medium-high heat for 2-4 hours. Cool completely. Slurry the residue in
DI water and dilute to 1 L with DI water.

8.2.4 Hydrochloric acid (9 M): Dilute 750 mL of concentrated hydrochloric
acid to 1 L with DI water.

8.2.5 Hydrochloric acid (4 M): Dilute 333 mL of concentrated hydrochloric
acid to I L with DI water.

82.6 Hydrochloric acid concentrated (12 M)

82.7 9 M hydrochloric acid/0.05 M ammonium iodide. Dissolve 7.24 g of
ammonium iodide in 750 mL of concentrated HCL and dilute to 1 L with
DI water. PREP DAILY.

8.2.8 Hydrochloric acid (6 M). Dilute 500 mL of concentrated hydrochloric
acid to 1 L with DI Water.

82.9 6 M hydrochloric acid/0.52 M Hydrofluoric acid. Dilute 500 mL of
concentrated hydrochloric acid and 18.6 mL of 49% hydrofluoric acid to
1 L DI water.

8.2.10 25% Hydrazine dihydrochloride. Dissolve 25 g of hydrazine
dihydrochlori.de in 75 mL of DI water and dilute to 100 mL with DI
water.

8.2. II 9 M Hydrochloric acid '0.04% Hydrogen peroxide. Add 8 drops of 30%
hydrogen peroxide to 1 L of 9 M HCL. PREP DAILY.

8.2.12 Ethyl alcohol (80%). Dilute 800 mL el Hanoi to 1 L with DI water.

82.13 Hydrochloric acid 0.1 M. Dilute 8.3 mL of concentrated HCL to 1 liter
with DI water.

8.2.14 Hydrofluoric acid concentrated (49%)

8.2.15 Hydrogen peroxide (30%)

82.16 Ion exchange resin. AC 1X8. chloride form. 100-200 mesh

8.2.17 Iron Carrier (10 mg/mL). Dissolve 62.7 g of FefNChb • 6H2O or 72.3 g
of Fe(NO3)3 • 9H2O in 800 mL DI water and dilute to 1 Liter with DI
water.

8.2.18 NIST traceable standards: U-232. Am-241. Am-243. Cm-244. U-238.
Pu-242. Pu-239. Pu-2?8. Pu-236

8.2.19 Nitric acid concentrated (I6M)

8.2.20 Nitric acid (2M). Diluie !25mL of concentrated nitric acid to 1 L with
DI water.

8.2.21 Nitric Acid (1 M). Dilute 62.5 mL concentrated nitric acid to 1 L with DI
water

82.22 2M Nitric Acid/I M Aluminum Nitrate. Dissolve 375.13g of aluminum
nitrate in 127.3 ml. of concentrated nitric acid and dilute in 1 L with DI
waler.

8.2.23 Titanium (HI) Chloride. :n"o reagem
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Ihl

8.2.24 10 M Hydrochloric acid. 835mL of concentrated hydrochloric acid
diluted to 1 L with DI water.

8.2.25 2 M Hydrochloric acid. 1 67 mL of concentrated hydrochloric acid
diluted to 1 L with Dl water

8.2.26 1 M Nitric acid. 62.5 mL of concentrated nitric acid diluted to 1 L with
DI water.

8.2.27 1 .25 M Calcium nitrate. Dissolve 204 g of Calcium nitrate in 500 mL of
DI water and dilute to 1 L with DI water.

8.2.28 Phosphoric acid concentrated.
8.2.29 Lanthanum ( 1 0,000 mg/L)
8.2.30 10% Sulfuric acid. 10 mL of concentrated sulfuric acid diluted to 100

mL with DI water.
8.2.31 Formic acid (concentrated).
8.2.32 4 M Ammonium thiocyanate/0. 1 M Formic acid. Add 60 g of

Ammonium thiocyanate and 1.0 mL of concentrated Formic acid to a
graduated cylinder and dilute to 200 mL with DI water. Prepare fresh
daily.

8.2.33 1.5 M Ammonium thiocyanate/0. 1 M Formic acid. Add 9.5 g of
Ammonium thiocyanate and 0.5 mL of concentrated Formic acid to a
graduated cylinder and dilute to 100 mL with DI water. Prepare fresh
daily.

8.2.34 Substrate Suspension: Dilute 4 mL of neodymium chloride (10,000
mg/L), 80 mL of [HC1] and 40 mL of carbon suspension to 1500 mL
with Deionized water. Add, and while swirling, 40 mL [HF] and dilute
to 2L with Deionized water.

9.0 SAMPLE HANDLING AND PRESERVATION
9.1 Samples should be preserved to approximately pH 2 with nitric acid and collected

in a plastic bottle.

9.2 Before beginning an analysis the analyst should check the sample pH with a pH
strip. If the sample is received with a pH greater than 2, the analyst should
contact the Group Leader or Team Leader. If approved by the client, the analyst
should adjust the pH with Nitric Acid to a pH=l-2. If the sample is pH adjusted,
let the sample sit in the original container for a minimum of 24 hours before
analysis.

9.3 If the sample has exceeded the hold time the analyst should contact the Group
Leader before continuing with the batch.

9.4 Soil samples require no preservation and may be shipped in any suitable container.

10.0 SAMPLE PREPARATION
Soil Sample Preparation:

10.1 If not already done, homogenize the sample by performing "Soil Sample
Preparation for the Determination of Radionuclides" (GL-RAD-A-021).

1 0.2 It is recommended that the samples be ashed in a muffle furnace as specified in
"Soil Sample Ashing for the Determination of Radionuclides" (GL-RAD-A-021B).
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103 For uranium analysis, take an appropriate aliquot and digest as specified in GL-
RAD-A-015.

10.4 A separate Am'Cm/Pu aliquot is treated with an aggressive acid leach as
described in the following steps. Uranium should not be run by this leaching
technique.

10.4.1 Place the sample in a beaker and add 10 mL of concentrated HC1 and 10
mL of concentrated HNOi per gram of sample with a minimum of 10
mL. Add the appropriate tracers as described in section 10.5.

10.4.2 If necessary, add 1 mL of iron carrier (lOmg/mL).

10.4.3 Heat the samples and cover with a watch glass. Allow to leach for a
minimum of 2 hours. Agitate the sample periodically to enhance the
leaching process.

10.4.4 Allow the sample to partially cool and transfer to a centrifuge tube.
Centrifuge to separate the solid and leached portions of the sample.

10.4.5 Decant the leachate to a clean labeled beaker and rinse the solid phase
with DI water. Centrifuge the sample and decant the leachate into the
beaker.

10.4.6 Evaporate the solution to dryness.

10.4.7 Add 5 to 10 mL of concentrated HCI to the beaker and evaporate to
dryness.

10.4.8 Proceed to step 10.9.

Aqueous Sample Preparation:

10.5 Add an appropriate aliquot of sample to a labeled beaker. Add a certified dpm of
the following tracers to each of the samples:

10.5.1 For isotopic uranium. U-232 is normally used
10.5.2 For isotopic americium and curium. Am-243 is used

10.5.3 For isotopic plutonium. Pu-242 is normally used

10.5.4 If the analysis of the sample calls for quantification of U-232 or Am-243.
the following steps shall be taken:
10.5.5 The sample will be run normally with the tracer indicated in 10.5.

10.5.6 Review of the data shall be undertaken to determine if there are
any peaks in the spectrum with which a ratio can be setup with
the tracer isotope.

10.5.7 If there is a peak with \\hich a ratio can be setup, then a second
run of the sample shall completed with no tracer addition, and
the ratios of peaks used to make corrections as described in the
equations in section 15.4.

10.5.8 If no suitable peaks are available to ratio, a second run of the
sample shall be made wi th a different tracer isotope such as U-
236 or Cm-24-4. The quantification of the isotope that was
normally the tracer can then be made. If there is any quanti liable
acthiu a correction can be made to the initial run bv calculating
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a correction ratio for the tracer recovery of the first run from the
second run results and following the equations outlined in 15.5.

NOTE: Other sample matrices, such as vegetation, air filters, tissue etc.
are run as outlined in "Preparation of Special Matrices for the
Determination of Radionuclides" (GL-RAD-A-026). The analyst must
ensure that the appropriate tracer(s) are added to these other matrices as
discussed in section 10.5.1.1-10.5.1.4.

10.6 Add 1 mL of iron carrier (10 mg/mL).

10.7 Bring to a slight boil and add concentrated NlfyOH until turbidity persists, or
pH>9. Heat to boiling for 10 minutes and then allow to settle and cool.

10.8 Decant excess supernate and discard. Collect the remaining precipitate by
centrifugation in a 50 mL centrifuge tube and discard the supernate.

NOTE: Exercise care in this step because finely divided material that contains
the actinides may also be present in addition to the large iron hydroxide flocks.

10.9 Dissolve the precipitate or residue from step 10.4.8 in 10-15 mL of 9M
HC1/0.04% H2O2 solution.

NOTE: Samples may be dissolved with 10 to 15 mL of 9M HC1 and then add 1
drop of 30% H2O2 as an alternative to dissolving with 9M HC1/0.04% H2O2.
NOTE: If U only is required the load solution is 10 - 15 mL of 9 M HC1.

10.10 Slurry AG 1 x8 anion resin (Cl form 100-200 Mesh) in a squirt bottle with DI water.
Transfer the resin to a small column to obtain a settled resin bed of 2.5 mL.

10.11 Condition the column with 10 mL of 9 M HC1.
10.12 Pass the sample solution from step 10.9 through the column and catch the effluent

in a labeled, disposable 50 mL centrifuge tube for americium/curium analysis.
10.13 Rinse the column with 5 mL of 9 M HC1 and catch with the Am/Cm fraction.

Proceed to step 10.19 for Am/Cm analysis. See note prior to step 10.19.
10.14 Rinse the column with an additional 15 mL of 9 M HC1 and catch in a drip pan

for disposal.

10.15 Elute plutonium by adding 15 mL of 9M HC1/0.05 NH^ solution, catching the Pu
elute in a labeled, disposable 50 mL centrifuge tube. Proceed to step 10.41 for
plutonium cookdown and microprecipitation for alpha spectroscopy.

10.16 Rinse the column with 15 mL of 6M HC1/0.52 M HF and catch in a drip pan for
disposal.

10.17 Rinse the column with 5 mL 6M HC1 and catch in a drip pan for disposal.

10.18 Elute uranium from the column by adding 15mL of 0.1M HC1. catching the
uranium elute in a labeled, disposable 50mL centrifuge tube.

10.18.1 Transfer sample to a clean beaker with Dl water and evaporate to
dryness over low heat.

10.18.2 Dissolve sample with 4mL of 2M HC1. Transfer to a clean centrifuge
tube with Dl water.
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10.18.3 Proceed to step 10.43for uranium microprecipitation for alpha
spectroscopy.

Am Separation via TRU Resin:
NOTE: If sample aliquot is small or liquid sample b clean and free of particolates
coatinae with step 10.19 and TRU column work. If not, proceed to step 10.23 for
addWoaal clean-up steps and TRU column work.
10.19 Precondition a 2 mL TRU column with 5 mL of 9M HCI.
10.20 Pass the sample solution from step 10.13 through the column catching in a drip

pan for disposal.
10.21 Rinse the column with 5 mL of 9M HCI catching in a drip pan for disposal.
10.22 Elute Americium and Curium with 20 mL of 4M HCI catching in a clean, labeled,

disposable centrifuge tube. Proceed to step 10.36.
1023 Add 0.5 mL of 1.25 M Calcium nitrate to the elution from step 10.13.

1024 Add 1.0 mL of Phosphoric acid. Swirl to mix.

10.25 Dilute to 30 mL with Dl water.

10.26 Add concentrated Ammonium hydroxide to pH of 8 to 10 to precipitate Calcium
phosphate. Do not over precipitate.

10.27 Spin samples in a centrifuge and pour off supemate.

1028 Add 25 mL of DI water to centrifuge tube. cap. and shake vigorously to break up
precipitate.

10.29 Spin samples in a centrifuge and pour off supemate.

10.30 Add 15 mL of 2 M Nitric acid'l M Aluminum nitrate to centrifuge tube and
dissolve precipitate. Gently heat if necessary. Solution should be clear.

10.31 Precondition a 2 mL TRL! spec NO PRERESIN column with 10 mL of 2 M Nitric
acid, catching the rinse in a drip pan for disposal.

10.32 Pass the sample solution from step 10.30through the column, catching the load
solution in a drip pan for disposal.

10.33 Rinse the column twice with 5 mL of 2 M Nitric acid and catch the rinse in a drip
pan for disposal.

10.34 Rinse the column with 5 mL of 1 M Nitric acid and catch the rinse in a drip pan
for disposal.

10.35 Place a labeled, disposable 50 mL centrifuge tube under each column. Elute Am
and Cm from the column using 2 mL of 10 M Hydrochloric acid, followed by 10
mL of 4 M Hydrochloric acid.

10.36 If rare earth elements are suspected in sample proceed to Step 10.53 to separate
rare earth elements via TEVA resin, otherwise, continue with SteplO.37.

Americium Cookdoun:

10.37 Transfer the Am Cm el ui ion lo a clean beaker. Add 4 drops of Fe carrier and
gently cook dry.

10.38 Add 10 ml. of concentrated Niiric acid and 2 mL of 30% Hydrogen peroxide.
co\er and reflux until e\ olution of yas bubbles ceases. Remove the cover and
gently cook dr>.
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10.39 Dissolve the residue in 4 mL of 2 M Hydrochloric acid with gentle heating for 5
to 10 minutes. If residue does not dissolve repeat SteplO.38. Cool and transfer to
a clean disposable centrifuge tube using 1 to 2 mL of DI water to rinse the beaker.

10.40 Add 0.1 mL of Neodymium carrier (500 mg/L) to the solution and swirl to mix.
Add 2 mL of concentrated Hydrofluoric acid and swirl to precipitate fluorides.
Allow solution to sit for 30 minutes then proceed to Step 10.44.

Plutonium Cookdown and Microprecipitation:

10.41 Transfer the plutonium solution from step 10.15 to a clean beaker. Add 4 drops
of iron carrier (10 mg/mL) and 10 mL of concentrated nitric acid. Evaporate the
solution to dryness on medium to low heat. Dissolve the residue with 4 mL of 2
M hydrochloric acid. Use DI water to transfer the solution to a centrifuge tube.

10.42 Add 0.1 mL of Neodymium carrier (500 mg/L) and swirl. Add 3 to 4 drops of
25% Hydrazine dihydrochloride and swirl to mix. Let the solution sit for 10
minutes, then add 2 mL of 49% Hydrofluoric acid. Swirl to mix. Allow to sit for
30 minutes, then proceed to step 10.44.

Uranium Microprecipitation:

10.43 To the uranium solution from step 10.18, add 1 mL of titanium trichloride
solution and allow the sample to sit for 30 seconds. Add 0.1 mL of Neodymium
carrier solution (500 mg/L) and swirl to mix. Add 2 mL of concentrated
hydrofluoric acid to precipitate fluorides. Allow the solution to sit for 30
minutes, then proceed to step 10.44.

Sample Filtration:

10.44 Place a disposable filter funnel on the filter support screen. Wet the filter with
80% ethyl alcohol and apply vacuum.

10.45 Rinse the funnel with 80% ethyl alcohol.

10.46 Add 5 mL of substrate suspension. After solution has passed through filter, add
another 5 mL of substrate suspension.

10.47 Add 1 mL of the carbon colorant.

10.48 Filter the fluoride precipitated solution through the filter paper. Rinse the
centrifuge tube with = 5 mL DI water and pass through filter.

10.49 Rinse the funnel with 80% ethyl alcohol.

Caution - Directing a stream of liquid onto the filter will disturb the distribution
of the precipitate on the filter and render the sample unsuitable for alpha
spectrometry resolution.

10.50 Without turning off the vacuum, remove the funnel.

10.51 Turn off vacuum and remove filter. Mount filter on a labeled 29mm fiat planchet.
Ensure that the filter is centered and as flat as possible on the planchet.

NOTE: Care should be taken not to touch the active area of the filter with
tweezers.

10.52 Place the mounted filter under a heat lamp for 5 minutes prior to alpha
spectrometry measurement.
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10.53 Count under vacuum on the alpha spectrometer long enough to reach requested
MDA. Consult the operating manual for instruction on operating the alpha
spectrometer.

Separation of Am from the Rare Earth Elements via TEVA Resin:

10.54 Transfer the elution from Step 10.31 to a clean beaker and add 0.3 mL of
Lanthanum. Gently cook dry.

10.55 Once the samples have cooled, add 5 mL of concentrated Nitric acid and 2 mL of
30% Hydrogen peroxide. Heat on a hot plate at low heat (with a cover in place)
to complete to dryness. Cool and repeat.

10.56 Dissolve residue in 3 drops of 10% Sulfuric acid. Evaporate until a very small
amount of acid remains.

10.57 Dissolve residue in 3 drops of concentrated Formic acid. Evaporate until a very
small amount of acid remains.

10.58 Repeat Step I0.56and evaporate the sample under low heat until the beaker is
gently dry.

10.59 Dissolve the sample in 10 mL of 4 M Ammonium Thiocyanate/0.1 M Formic
acid. Be sure that the 4 M Ammonium Thiocyanate/0.1 M Formic acid is
prepared fresh daily.

10.60 Condition a TEVA column with 5 mL of 4 M Ammonium Thiocyanate/0.1 M
Formic acid, catching the rinse in a drip pan for disposal.

10.61 Load the sample onto the TEVA column, catching the load in a drip pan for disposal.

10.62 Rinse the beaker with 5 mL of 4 M Ammonium Thiocyanate/0.1 M Formic acid
and add to the column, catching the rinse in a drip pan for disposal.

10.63 Rinse Lanthanum and other rare earth elements from the column with 10 mL of
1.5 M Ammonium Thiocyanate'O.1 Formic acid, catching the rinse in a drip pan
for disposal. Be sure that (he 1.5 M Ammonium Thiocyanate'O.I Formic acid is
prepared fresh daily.

10.64 Place a labeled, disposable 50 mL centrifuge tube under each column. EluteAm
with 20 mL of 2 M Hydrochloric acid.

10.65 Proceed to Step 10.40 10 precipitale and filter samples.

11.0 PREPARATION OF STANDARD Sou TIONS AND QIALITY CONTROL STANDARDS

Refer to "Preparation and Verification of Radioactive Standards" (GL-RAD-M-001).

12.0 INSTRI MEVT CALIBRATION AND PERFORMANCE

For direction on calibration and instrument performance see "The Alpha Spectroscopy
System" (GL-RAD-l-009).

13.0 ANAL* sis AND IXSTRI MENT OPERATION

For analysis and insirument operation see "The Alpha Spectroscopy System" (GL-RAD-
1-009).

14.0 EQI IPMENT AND INSTRI MENT M MNTF.N \NTE
For maintenance of s> stem see "Counting Room Instrumentation Maintenance and
Performance Checks (Gl.-R \D-I-OIO). '
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15.0 DATA RECORDING, CALCULATION, AND REDUCTION METHODS
* j 15.1 The instrument will report sample pCi/unit according to the following equation:

Result (PCi/unit) =
2.22*E*V*A*decay*R

15.2 Counting uncertainty is propagated according to the following equation:

1 1

IT • / /-.-/ • N A *i nt If e* Cr I I P* Cr I I aO Cr 1 I SV I /Ji VUncertainty (pCi/umt) = Ac * 1 .96, — ̂ - F - — =— + — ̂ - + (dk f
pk l ;

1 5.3 The minimum detectable activity (MDA) is calculated according to the following
equation:

2.71 + 4.65* JBcpm*Tc
MDA(pCi / unit) = —

(2.22 * E * V * R * A *decay * Tc)

Where:

I T l /2 J
T _ RIcpm Dcpm

R= T. ' *E1dpm *-*

i- / ~\
T err f ^Tr / \ I

dk = ̂  * rrp m + T)-1
T l J i t * \ r r / I

„, WATr Vc r/ )
And where:

Scpm = Sample counts per minute
Bcpm = Background counts per minute
E = Counting efficiency (decimal form)
V = Volume in liters,g,cfm, etc.
A = Isotopic abundance (decimal form)
ef_er = 1 sigma efficiency error (decimal form)
pk_er = 1 sigma peak error
ab_er = 1 sigma isotopic abundance error (decimal form)
sy = 1 sigma systematic error
pk = Peak area
R Tracer recovery
Tc = Sample count time in minutes
Td = Time interval for radioactive decay
Tr = Elapsed real time in minutes
Tcpm = Tracer counts per minute
Tdpm = Tracer known disintegrations per minute

(iENERAI. ENGINEERING LABORATORIES. I.LC.
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15.4

15.5

Ac - Sample calculated activity
Tl/2 = Isotopic half life
T 1 /2err =1 sotopic hal f I i fe error
X = Isotopic decay constant
e = exponential function
In = natural log function

This section describes the calculation of U-232 by a ratio method. This process
uses two analyses of the same sample, one run traced with U-232 and one run
untraced. A limitation of this method is that sufficient activity of a non-tracer
isotope (such as U-238) must be present to ratio the two peaks. Because of this
limitation, the preferred method is to use a two-tracer approach as described in
15.5.

15.4.1 Ratio determination: To set up a ratio between the peaks of the untraced
sample run. use the following equation.

i i—-
Ratio =

15.4.2 The corrected yield of the U-232 traced sample is calculated as follows:
* Ratio

-232t
Yieldcorrected = E*Tdpm*Tc

UTiere:
U232s = U-232 counts in the traced sample run due to sample activity.
U238i = total U-238 counts in the traced sample run
U232i = total U-232 counts in the traced sample run

U232t = U-232 counts in the traced sample run due to the tracer addition
U232u = U-232 counts in the untraced sample run
U238u = U-238 counts in the untraced sample run
E = Efficiency for the detector used in analysis

Tdpm = Known dpm of the U-232 tracer added
Tc = Time interval of the sample count in minutes

15.4.3 The final results are then corrected by substituting the corrected yield
into the equations listed in sections 15.1 through 15.3.

This section describes the calculation of U-232 by an alternate tracer method.
This process uses two analyses of the same sample, one run traced with U-232
and one run traced with U-236 (or another suitable standard).

NOTE: No corrections are necessar). if there is no U-232 activity in the U-236
traced run. 11" U-232 acti \ i t> is present in the U-236 traced run. then the yield of
the U-232 must be corrected as follows:
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^^ff**

IT IT J effj ] J counttimej ]Af squant,-
U232s=U232f •) vcounttimcf )

U232t = U232obs - U232s

U232t
corr

(Effj * Counttimej *U232tadded)
Where:

U232s = U-232 counts in the traced sample run due to sample activity.
U232t = U-232 counts in U-232 traced analysis due to tracer addition
U232f = U-232 counts in the U-236 traced analysis
U232added = U-232 dpm added as the tracer
U-232obs = Total U-232 counts observed in the U-232 traced analysis
Effi = Efficiency of detector used in U-232 traced analysis
Efff = Efficiency of detector used in U-236 traced analysis
Counttimej = Count time of U-232 traced analysis
Counttimer = Count time of U-236 traced analysis
Squantj = Sample aliquot of U-232 traced analysis
Squantf = Sample aliquot of U-236 traced analysis
YieldCOrr = Corrected Yield of U-232 traced analysis

15.5.1 The final results are then corrected by substituting the corrected yield
into the equations listed in sections 15.1 through 15.3:

15.6 Record the following information on the alpha que sheet: preparation date, analyst's
initials, spike isotope, spike code, spike volume, LCS isotope, LCS code, LCS
volume. For each sample record the detector number, sample mass, sample date,
and sample time.

16.0 QUALITY CONTROL REQUIREMENTS
16.1 Analyst and Method Verification

16.1.1 Refer to "Analytical Methods Validation for Radiochemistry" (GL-
RAD-D-002) for instructions concerning the validation of analysts and
analytical methods.

16.2 Method Specific Quality Control Requirements

16.2.1 A method blank will accompany each batch of 20 or less samples. The
reported value should be less than or equal to the CRDL for all target
isotopes.

16.2.2 A matrix spike (MS) should be run with every batch of 20 or less
samples. The recovery of the spike should fall between 75 and 125%. If
the sample activity is 5 times the MS nominal concentration, no limits
are applied. The recovery is calculated as follows:

_ spike(pCi/unit)- sample(pCi/ unit),

spiked amount(pCi/ unit)
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16.2.3 A sample duplicate should be run with every batch of 20 or less samples.
The relative percent difference (RPD) between the sample and the
duplicate should be less than or equal to 20%. The RPD is calculated as
follows.

highsamplefpCi / unit) - lowsample(pCi / unit)
RPD = • —TT 100

Average (pCi / unit)
16.2.4 A laboratory control spike (LCS) should be run with every batch of 20

samples or less. The recovery of the spike should fall between 75 and
125%. The recovery is calculated as follows:

observed pCi / unit
LCS = - -V" . *100

known_pCi 'unit
16.3 Actions required if the Quality Control Requirements are not met

16.3.1 If any of the above criteria cannot be satisfied, the analyst should inform
the Group Leader and initiate a non-conformance report as outlined in
"Documentation of Nonconformance Reporting and Dispositioning. and
Control of Nonconforming Items" (GL-QS-E-004).

17.0 DATA REVIEW, APPROVAL, AND TRANSMITTAL
Refer to "Data Review. Validation and Data Package Assembly" (GL-RAD-D-003) for
instructions concerning the data review process, approval, and transmittal.

18.0 RECORDS MANAGEMENT
18.1 Each analysis that is performed on the instrument is documented in the run log

according to -Run Logs" (GL-LB-E-009).

18.2 All raw data printouts, calculation spreadsheets and batch checklists are filed with
the sample data for archival and review.

19.0 LABORATORY WASTE HANDLING AND WASTE DISPOSAL
Radioactive samples and material shall be handled and disposed of as outlined in the
Laboratory Waste Management Plan (GL-LB-G-001).

20.0 REFERENCES
20.1 EPA Environmental Monitoring and Support Laboratory. Las Vegas. Radiochemical

Analytical Procedures for Analysis of Environmental Samples. March 1979.
20.1 EML Procedures Manual HASL-300. 1982. Method U-04-RC.
20.2 DOE Methods Manual for Evaluating Environmental and Waste Management

Samples. 1997 Edition. RP800. "Sequential Separation of Americium and
Plutonium b\ Extraction Chromaiographv."

20.3 Analytical Chemistry. Rapid Determination of Th-230 in Mill Tailings by alpha
spectroscopy. LfNC Geotech. Grand Junction Projects Office. Steve Donivan.
Mark Hollenbach. and Mary Costello. Vol. 59. No. 21. 1987.

20.4 Los Alamos Health and Environmental Chemistry: Analytical Techniques. LA-
10300-M Vol. I. September 1987.

20.5 Special thanks to Dr. Bill Burnett and his associates for assistance in dev eloping
this method at Florida State Universit).
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APPENDIX 1

AMERICIUM, CURIUM, PLUTONIUM, AND URANIUM
Use a 2.5 cm3 column with 1X8 anion resin (Cl" form 100-200 mesh)

COLUMN WORK

_ 1 0 mL 9M HC1 (Conditioning)

_ Load solution: 10-1 5mL 9M HC1 / 0.04% H202 (Catch in C-Tube for Am/Cm)
NOTE: If U only is required the load solution is 10 - 15 mL of 9 M HC1

_ 5mL 9M HC1 (Catch in C-Tube for Am/Cm then proceed to Appendix 2 or 3 as
approriate for Am/Cm procedure)

_ 1 5mL 9M HC1 (Rinse)

_ Elute Pu: 1 5mL 9M HCI / 0.05M NH4I (Catch in C-Tube then proceed to Appendix 4
Plutonium Cook-down)

_ 1 5mL 6M HCI / 0.52 M HF (Rinse)

_ 5mL 6M HCI (Rinse)

_ Elute U : 1 5mL 0. 1 M HCI (Catch in C-Tube)

_ Transfer to a clean beaker and evaporate to dryness

_ Dissolve with 4mL of 2M HCI and transfer to centrifuge tube with Dl water.

_ Proceed to Appendix 4 for Uranium Precipitation

PLUTONIUM COOK-DOWN

Transfer to a clean beaker. Add 4-6 drops of Fe carrier. 1 OmL of [HNOs]. and evaporate
the solution to dryness on medium heat.

Dissolve with 4mL of 2M HCI and transfer to centrifuge tube with DI water.

Proceed to Appendix 4 for Plutonium Precipitation
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APPENDIX 2 .

vl
AMERICIUM / CURIUM CONTINUATION

AMERICIUM / CURIUM

_ 0.5 mL 1 25 M Calcium nitrate

_ 1 .0 mL Phosphoric acid and swirl

_ Dilute to 30 mL with Dl water

_ [NHjOH] to pH of 8 to 1 0

_ Centrifuge samples and pour off supemate

_ 25 mL DI water and shake samples to break up precipitate

_ Centrifuge samples and pour off supemate

_ 1 0 mL 2 M HNO3 (Condition 2 mL TRU Resin Column) , i>

Load Solution: 15 mL 2 M HNO3 / 1 M ANNO;);

5mL2MHNO3(Rinse)

5mL2MHNO3(Rinse)

5 mL I M HNO3 (Rinse)

Elate Am/Cm: 2 mL 1 0 M HCI (Catch in C-Tube)

Elate Am/Cm: 10 mL 4 M HCI (Catch in C-Tube)

Transfer to a clean beaker. Add 4-6 drops of Fe carrier, and gently cook dry

10 mL [HNO3] and 2 mL 30% H;.CK reflux, then gently cook dry

Dissolve with 4 mL of 2 M HCI and transfer lo centrifuge tube with DI water

Proceed to Appendix 4 for Am Cm precipitation
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APPENDIX 3

AMERICIUM / CURIUM CONTINUATION

AMERICIUM / CURIUM

5 mL 9M HC1 (Conditioning)

Load solution from Appendix 1 (catch in drip pan)

5mL 9M HC1 (Rinse)

Elute Am/Cm: 20 mL 4M HC1 (Catch in C-tube)

Transfer to a clean beaker. Add4-6 drops of Fe carrier, and gently cook dry.

10 mL [HNO3] and 2 mL 30%, reflux, then gently cook dry

Dissolve with 4 mL of 2M HC1 and transfer to centrifuge tube with DI water

Proceed to Appendix 4 for Am/Cm precipitation

(JENI : .RA1. I I N C i l N I - . l - I K I N C i LABORATORIES. I I.I
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APPENDIX 4

AMERICIUM/CURIUM PRECIPITATION

0.1 inL 500mg/L Neodymium and swirl

2mL 49% HF and swirl

Wail 30 minutes

Filler

PLUTONIUM PRECIPITATION

0.1 mL 500mg/L Neodymium and swirl

3-4 drops 25% Hydrazine Dihydrochloride and swirl

Wail 10 minutes

2mL 49% HF and sw irl

Wait 30 minutes

Filter

URANIUM PRECIPITATION

0.1 mL 500mg/L Neodymium and swirl

1 .OmL Titanium chloride and swirl

Wail 30 seconds

2mL 49% IIF and sw irl

Wail 30 minutes

Filter
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1.0 STANDARD OPERATING PROCEDURE FOR PARTICLE SIZE ANALYSIS OF SOILS

2.0 PURPOSE

This Standards Operating Procedure (SOP) describes the procedures used to quantitatively
determine the distribution of particle sizes in soils.

3.0 DISCUSSION

The distribution of particle sizes larger than 75 um (retained in the No. 200 sieve) is determined
by sieving, while the distribution of particle sizes smaller than 75 um is determined by a
sedimentation process, using a hydrometer to secure the necessary data.

4.0 DEFINITIONS

4.1 All terms used in this SOP are familiar to the general lab population.

5.0 PROCEDURE

5.1 Refer to ASTMD 422-63 (Reapproved 2002) "Standard Test Method for Particle Size
Analysis of Soils".

6.0 CALCULATIONS

6.1 Refer to ASTMD 422-63 (Reapproved 2002) "Standard Test Method for Particle Size
Analysis of Soils". (Calculations - sections 12-16)

7.0 DATA VALIDATION AND REVIEW AND APPROVAL PROCEDURE

Refer to GL-GC-E-092 for Data Packaging and Validation and GL-LB-E-005 for Data
Review/Validation.

8.0 SAFETY, HEALTH, AND ENVIRONMENTAL HAZARDS

For Safety and Heath Issues associated with this procedure, refer to the Safety, Health and
Chemical Hygiene plan GL-LB-N-001.

9.0 RECORDS MANAGEMENT

All data associated with the performance of this procedure, including relevant logbooks are
maintained as quality records in accordance with GL-QS-E-008 for the Managements and
Disposition of Quality Records.

10.0 LABORATORY WATER HANDLING AND DISPOSAL

For the proper disposal of sample and reagent wastes from this procedure, refer to the Laboratory
Waste Management Plan, GL-LB-G-001.

11.0 REFERENCES

11.1 ASTMD 422-63 (Reapproved 2002) "Standard Test Method for Particle Size Analysis of
Soils".
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1.0 STANDARD OPERATING PROCEDURE FOR DENSITY

2.0 METHOD CODE

ASTM D5057

3.0 METHOD OBJECTIVE/PURPOSE

This standard operating procedure (SOP) describes the method used to determine the
density of granules, powders, and water reactive liquids, solids in sludges.

4.0 METHOD SUMMARY

Density is mass per unit volume. Density can be calculated by dividing the mass of a
specific volume of sample by that volume.

5.0 APPLICABLE MATRICES

5.1 Groundwater
5.2 Drinking water
5.3 Domestic and industrial wastewater
5.4 Soil
5.5 Sludge
5.6 Oil

NOTE: Clients may request that this analysis be performed on miscellaneous liquid or
solid samples. In these cases, the procedure is modified as necessary.

6.0 HOLDING TIME

Holding time is not specified by the method.

7.0 SAMPLE CONTAINER/PRESERVATION/COLLECTION/STORAGE REQUIREMENTS
7.1 Samples are collected in plastic or glass containers.
7.2 No sample preservatives are required.

7.3 Samples are stored at 4 ± 2° C until analysis. Refer to GL-SR-E-001 for Sample
Receipt. Login and Storage.

8.0 INTERFERENCES/LIMITATIONS

8.1 The analyst should determine whether the sample falls under Group A. B. or C.

8.1.1 Group A materials: free-flowing liquids

8.1.2 Group B materials: Granules, powders, and water reactive liquids, solids,
or sludges.

8.1.3 Group C materials: Bulk solids (such as gravel, paper, or wood)

8.2 If the sample falls under Group A or Group C. refer to SOP GL-GC-E-065 for the
Specific Gravity method.

8.3 Density can only be analyzed on Group B materials.

9.0 PERFORMANCE CHARACTERISTICS

Method precision: Limited to the precision of the balance and graduated cylinder used to
measure sample mass and volume.

10.0 DEFINITIONS

10.1 Mass - A ph> sical property that represents the quantity of matter in a body.
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10.2 Weight - The force a body exerts because of the pull of gravity on the mass of that
body.

NOTE: In this SOP mass and weight are used as synonymous terms.

11.0 ANALYST VERIFICATION

Technicians and analysts do not analyze samples without supervision until trained by
qualified personnel and upon the successful analysis of a proficiency sample. Training
records are maintained as quality records.

12.0 DOCUMENTATION OF DATA

As data is obtained, it is recorded in the AlphaLlMS

13.0 SAFETY PRECAUTIONS AND HAZARD WARNINGS

13.1 Wear safety glasses while in the laboratory.

13.2 All chemicals and samples should be treated as a potential health hazard and
exposure to these chemicals must be reduced to the lowest level possible. GEL
maintains a current awareness file of OSHA regulations regarding the safe
handling of the chemicals in the laboratory as well as a reference file of Material
Safety Data Sheets (MSDS.) These documents are maintained in the laboratory.
Individual sample MSDS forms provided by the clients are kept in login.

14.0 SAMPLE RECEIPT FOR ANALYSIS

14.1 The analyst/technician gives the list of samples needed to the sample custodian.
The list is typically in the form of a computer-generated batch sheet and is placed
on the clipboard outside of the main cooler. The sample custodian removes the
appropriate samples from the cooler and scans them to ALPHALIMS using a bar
code scanner. The analyst then takes custody of the samples and scans the batch
to the code for the area where the samples are to be prepped or analyzed.

14.2 Analysts and technicians are responsible for retrieving their own samples when
the sample custodian is not available.

15.0 INSTRUMENTATION/EQUIPMENT/GLASSWARE

15.1 Analytical Balance capable of weighing to 0.01 g.

NOTE: Balances are calibrated in accordance with GL-LB-E-002 for Balances.

15.2 Graduated cylinders - Cylinder size depends on matrix and amount of sample.
Recommended sizes: 10. 25. 50. and 100 mL.

16.0 REAGENTS

ASTM type II deionized (DI) water

17.0 PREPARATION OF SAMPLES

Not Applicable

18.0 PREPARATION OF STANDARDS

Not Applicable

19.0 INSTRUMENT/EQUIPMENT START-UP PROCEDURE

Not Applicable

20.0 QUALITY CONTROL (QC) REQUIREMENTS

20.1 Frequency of QC:

( i l iNI - iRAI . I N C i l N I - l Rl \ ( i LABORATORIES. l . l .C
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A matrix duplicate is run for every batch of < 10 samples and for each set often
samples in batches with > 1 0 samples.

202 Acceptance limits: Refer to current SPC control limits

21.0 SUGGESTED RUN SEQUENCE

21.1 Sample

2 1 .2 Sample dupl icate

21.3 Sample 2 -x where x< 10

2 1 .4 Repeat steps 21.1 through 2 1 .3 for every group of 1 0 samples.

22.0 PROCEDURE

22.1 Place a graduated cylinder on an analytical balance.

NOTE: Never touch the graduated cylinder with your bare hands. Always use a
Kimwipe or tongs

22. 1 .1 Enter container weight on Density data entry screen.

22.2 Fill the graduated cylinder to the maximum volume with DI H?0.

22.2. 1 Enter this weight on the density data entry screen.

22.2 Fill the graduated cylinder to the maximum volume with DI FfeO.

22.2.1 Enter this weight on the data entry screen.

22.2.2 Discard water and dry the graduated cylinder.

22.3 Place the graduated cylinder back on the balance.

22.3.1 Place a aliquot of sample into the graduated cylinder up to the maximum
volume mark

22.3.2 Enter this weight on the density data entry screen.

22.3.3 To obtain the aliquot weight, subtract the empty container weight from
the sample and container weight. Record this value on the density data
entry screen.

22.4 Calculations •' Reporting of results:

22.4.1 Bulk Density (g'ml)=(Y) ,.

Where:

Y = 1 g 1ml. the conversion of mass/vol. at 4°C.

S = Weigh! of sample- filled container.

R = Weight of \\aier-filled container.

W = Weight of empty container.

23.0 INSTRUMENT/EQUIPMENT SHUT-DOWN PROCEDURE

Not Applicable

24.0 DATA REVIEW, VALIDATION. AND APPROVAL PROCEDURE

Refer to GL-LB-F-005 and Gl.-(iC-F>0<)2 Tor data review and validation procedures.
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25.0 DATA TRANSMITTAL

When a batch is given General Chemistry departmental "DONE" status, data is made
available to reporting personnel.

26.0 RECORDS MANAGEMENT

All data associated with the performance of this procedure, including relevant logbooks,
are maintained as quality records in accordance with GL-QS-E-008 for the Management
and Disposition of Quality Records.

27.0 ROUTINE INSTRUMENT/EQUIPMENT MAINTENANCE

•Not Applicable

28.0 LABORATORY WASTE HANDLING AND DISPOSAL

For the proper disposal of sample and reagent wastes from this procedure, refer to the
Laboratory Waste Management Plan, GL-LB-G-001.

29.0 METHOD VERIFICATION

Not Applicable

30.0 REFERENCES

30.1 ASTM D 5057-90: Standard Test Method for Screening Apparent Specific Gravity
and Bulk Density of Waste. Vol 1 1 .04.

30.2 Standard Methods for the Examination of Waste and Wastewater. 1 8th ed. p 2-86.
Part 271 Of. (1992).

30.3 Moeller, Therald et al., Chemistry with Inorganic Qualitative Analysis Second
Edition, Academic Press Inc., 1 984, page 2 1 .
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1.9 STANDARD OPERATING PROCEDURE FOR SAMPLE RECEIPT, LOGIN AND STORAGE

2.0 PURPOSE

To describe the routine operational procedures for the receipt, login and storage of
samples received by General Engineering Laboratories. LLC (GEL).

3.9 DISCUSSION

3.1 Sample custody is a pre-planned mechanism for tracking a sample from the
collection of the sample in the field through the release of the finished analytical
data to the client. At the collection site, the sample containers are filled with
sample and the Chain of Custody form is initiated. The sample collector fills out
the form, which includes the name of the client, the requested analysis parameters,
sample location, the date and time of collection, sampling technique, preservatives
used, and any comments or remarks that may be useful in the analytical work or
data interpretation that \\ill follow. Proper sample receipt, login and storage assure
accurate chain of custody.

3.2 Custody is defined as:

3.2.1 Being in your physical possession, or
3.2.2 Being in your view, after being in your possession, or
3.2.3 Being locked up after being in your possession, or
3.2.4 Being in a designated secure area

3.3 Upon arrival at the laboratory, sampling personnel, delivery service and carriers
relinquish the samples to the sample management group. Each sample container
receives a unique sample identifier that is assigned electronically by LIMS
(Laboratory Information Management System). LIMS tracks the status and location
of each sample container, and serves as the database for analytical results.

4.§ DEFINITIONS

4.1 ALPHAL1MS: Laboratory Information Management System.

4.2 Chain of Custody (COC): A written record of sample transfer and possession.

4.3 Custody Seal: Security seals that are attached to sample containers and/or bottles
that are used to detect unauthorized tampering.

4.4 Holding Time: The period of time between sample collection and preparation or
analysis.

4.5 Labeled Package: A package containing radioactive material labeled with a
Radioactive While-I. Radioactive Yello\\-ll or Radioactive Yellow-Ill label as
specified in LrS Department of Transportation Regulations. -49 CFR 172.403 and
172.436-440

4.6 Matrix: The physical appearance or make-up of a sample (groundwater. drinking
water, wastewater. soil, sludge, etc.) as determined by the client or Project Manager.

4.7 Material Safet) Data Sheet (MSDS): A document that may accompany samples of
known chemical characteristics. (See our "Safety. Health and Chemical Hygiene
Plan" for more information on MSDSs. I

4.8 Preservatixe: Additi\es that arc introduced to a sample at the lime of collection to
help retard chemical and biological changes that may occur.
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4.9 Turn Around Time (TAT): A numeric designation to the degree of attention a
sample should receive. This designation is used to convey the client's requested data
delivery dates to the laboratory.

4.10 Sample Delivery Group (SDG): One or more samples (typically not to exceed 20
samples) from a specific client that are reported by the laboratory at the same time.

4.11 Sample Receipt Review (SRR): A form used to document a sample's arrival and the
condition of its arrival at the laboratory.

4.12 Sample: Any item that has been submitted for analysis to GEL.

5.0 SAFETY, HEALTH AND ENVIRONMENTAL HAZARDS

5.1 All samples must be handled with care during the login process. Wear protective
gear such as gloves, aprons, safety glasses and laboratory coats when handling all
samples. Some samples may be accompanied by MSDSs that contain vital
information on potential hazards. The sample description and client labels may also
give this information.

NOTE: Gloves and protective eyewear must be worn when handling samples. Lab
coats should be worn when handling any samples but are only required to be worn
when handling radioactive or hazardous samples. (Refer to the "Safety, Health and
Chemical Hygiene Plan.")

5.2 If there is a spill of a known hazard (based on historical results, MSDSs, and/or
sample description), immediately contact the Group Leader, Laboratory Waste
Manager, or Radiation Safety Officer as appropriate.

5.3 All sample management personnel are required to read and understand GEL's
"Safety, Health and Chemical Hygiene Plan," which is found on GEL'S Intranet.

6.0 PROCEDURES

6.1 Sample Package Receipt

6.1.1 All sample packages submitted to GEL are received by sample
management personnel. Samples are received from a number of carriers
including GEL field staff, GEL couriers, individual clients, and public and
private shipping companies.

6.1.2 Upon arrival, all sample packages will be inspected for integrity. Note
any unusual physical damage, signs of leakage, or evidence that custody
seals have been tampered with. If the package appears to be leaking or
has any unusual odor, place it under the fume hood and notify the Group
Leader. Laboratory Waste Manager. Radiation Safety Officer, or Project
Manager as appropriate before continuing.

6.1.3 All sample packages will also be screened for external contact radiation
exposure. This screening is performed to determine the possible presence
of radionuclides that may require special handling. If a radioactive
"labeled" package is received, or any package exceeds 0.5 mrem/hr on
contact, the RSO group should be notified, and the package is segregated
in the GEL sample receiving area where the RSO or designee will unpack
the package following the procedures described in GL-RAD-S-007 for
"Receiving of Radioactive Samples."
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6.1.4 Bioassay and Low Level Mercury (LLHG) sample packages are initially
received and segregated in the GEL login area. Following package
screening, they are then transported to the bioassay or LLHG login area
for inspection, login and storage. Bioassay and LLHG receiving staff
perform the same sample inspection, login and storage procedures using
the Sample Receipt Review (SRR) in Appendix 2 or 3 as applicable,
except as noted in Section 6.1.7.

6.1.5 Packages indicating <0.5 mrem/hr should be further segregated to identify
samples intended to be received under the authority of GEL's Radioactive
Material License. In addition to "Labeled" radioactive material,
radioactive material is any material that meets the following criteria:

6.1.5.1 Any Material received that was shipped as DOT Hazard Class 7
Limited Quantity- Excepted Package.

6.1.5.2 Any material shipped and received that is marked as radioacthe (i.e.
conventional trefoil, yellow and magenta tape. etc.). or has otherwise
been declared radioactive by the consignor in the accompanying
documents. This material may be intended for receipt under the
authority of a radioactive materials license although it was shipped
under DOT exemption for radioactive material.

6.1.6 All discrepancies noted during receipt and inspection shall be recorded
using a Sample Receipt Review (SRR) form in Appendix 2.

6.1.6.1 As required client specific Sample Receipt Review forms may be
created by the Project Management Group. These checklists are
created because additional sample management comments and
checks are required in order to meet quality objectives established
for these project samples.

6.1.7 Open all shipping containers (excluding bioassay & LLHG samples)
under the high volume exhaust duct located in Sample Receiving.
(NOTE: It is only necessary to open Bioassay & LHG samples under a
fume hood when the integrity of the containers is suspected/determined to
be compromised.)

6.1.7.1 All samples received (excluding bioassay) must be screened for
radioactivity using a Geiger-Muller pancake probe. Results for the
highest reading samples are to be noted on the SRR form. The
Radiation Safety Group shall be notified when readings for any
individual non-radioactive sample exceed 2x area background.

6.1.8 The COC should accompany all samples received by the Sample
Management Group. The COC" documentation includes sample
identification (e.g.. MW-1: Lagoon 17. #1234567). sampling date and
time, sample collector, and requested parameters to be tested. If this
documentation is not present, the Sample Management Group upon receipt
shall initiate the COC. Idenlif) ihis initiation by printing "INITIATED ON
RECr.lPT on the COC form.
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6.1.9 Compare the sample labels to the Chain of Custody; compare sample
descriptions, collection dates, collection times, number of containers and
any other available information. Note any discrepancies of the COC and
the Sample Receipt Review form (SRR), and inform the Project Manager.
Sign and date (including time) the COC in the appropriate box.

6.1.10 Analytical procedure may require preservation of the sample to ensure that
changes in the samples chemistry or biology do not occur. The two
predominant preservation techniques used are changing the pH of the
sample and cooling the sample to about 4°C. It is important to check and
document the holding time, preservation and temperature of the samples
upon arrival to the laboratory. The correct methods of sample storage,
chemical preservation, and maximum holding times are shown in
Appendix 1. Those samples determined to be non-conforming shall be
documented and the Project Manager notified.

Verify and document pH preservation using the following procedure:

6.1.10.1 Open the container.

6.1.10.2 Pour an aliquot of the original sample into a secondary container.
Immerse a pH strip into the secondary container to take the
measurement.

6.1.10.3 Observe the pH as indicated on the pH strip, and discard pH strip
and secondary container.

• ' f c j NOTE: Never reuse a pH strip or one that has been contaminated.

"--" 6.1.10.4 Document results of the preservation verification on the
appropriate line of the Sample Receipt Review form. (See
Appendix 2 for example of a Sample Receipt Review form.)

NOTE: If the pH of the sample is determined to be non-conforming, place
the sample on hold and notify the Project Manager. The Project Manager
will call the client for further direction. If direction is given to adjust the
preservation, continue processing the sample, and preserve the sample with
the appropriate preservative (Appendix 1) recording the lot # of preservative
used on the SRR. After adding the appropriate preservative to the sample,
wait 2 minutes and perform steps 6.1.10.1 - 6.1.10.4 again. The preserved
sample should now be placed on the preservation adjustment hold shelf
located in the main cooler. This ensures that the 16-hour holding time for
metals samples and the 24-hour holding time for radiochemistry samples is
met following preservation or adjustment. Document this on the SRR:
"SAMPLE PRESERVED UPON ARRIVAL."

6.1.10.6 Following is a list of tests that require pH verification upon
arrival:

TEST
Ammonia
COD
Cyanide

pH
<2
<2
>12

GI:M:R.\I i N<IIM:I KIM; LABORATORIES. 11 c
20-10 Saxaue Road Charleston SC 2'M 17 .
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Hardness
Hydrazine
Metals
Nitrate/Nitrile
Phenols
Phosphates, Total
Radiochemistry (all except Tritium, C-14, Rn-
222,1-129.1-131)
Sulf.de
TKN
TOOTIC/DOC

<2
<2
<2
<2
<2
<2
<2

>9
<2
<2

NOTE: The pH of all aqueous sample fractions, preserved and
unpreserved. shall be checked during sample login for the following DOE
Albuquerque (DOE-AL) installations: (Exceptions to the pH check are
Rn-222. tritium, iodine. VOC. TOX. oil and grease, and urine samples.)

• Los Alamos National Laboratories
• Mound Plant
• Pantex Plant
• Sandia National Laboratories. Albuquerque
• Sandia National Laboratories. Livermore

6.1.10.7 Sample receipt temperature is verified and documented upon
using the following procedure:

6.1.10.7.1 Open the sample cooler.

6.1.10.72 Remove the Temperature Validation Container (TVC)
if provided.

6.1.10.7.3 Open the TVC and immerse a thermometer with a
valid calibration into the TVC.

6.1.10.7.4 A11cm the thermometer reading to equilibrate, and
read the thermometer result while it is still immersed
in the TVC.

6.1.10.7.5 Alternately the receipt temperature can be measured
\\ith an infrared temperature (IR) gun with a valid
calibration by selecting the TVC or another sample
within the shipment.

6.1.10.7.6 Record ihe observed reading on the Sample Receipt
Rex ie\\ form (Appendix 2). as well as on the COC if
a space is provided: i.e. "TEMP. 4° UPON
ARRIVAL."

> , I M K \ I I M . I M I K I M . 1 \ ! « I K \ K i K I I S . I . I t
?"Uii Vn MI- R.«*l ( h.iilcMixi se ^M 17
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6.1.10.7.7 Temperature verification results of 4° ± 2°C, are
considered conforming for those samples listed in
Appendix 1 for 4°.

6. 1 . 1 0.7.8 If the initial temperature verification results are
determined to be non-conforming, select another
sample container from the shipment for temperature
verification and re-perform steps.

6. 1 . 1 0.7.9 Record the verification temperature on the SRR as
well as on the COC if a space is provided. Label the
temperature as a verification temperature (i.e.,
VT=7°C).

6. 1 . 1 0.7. 1 0 If another container is not available within the
shipment to verify the temperature, the secondary
temperature verification is not performed and duly
noted.

6. 1 . 1 0.8 Project Managers may specify via client specific SRRs that
aqueous organic analysis sample containers (excluding volatile
40-mL vials) be checked for the presence of chlorine residual at
the time of sample receipt. If chlorine residual is present,
document as such on the SRR and inform the Project Manager.
The Project Manager may specify that samples with chlorine
residual require the addition of Is^SjOa.

6. 1 . 1 1 Deliver the completed COC and SRR to the appropriate Project
manager.

6. 1 . 1 2 The Project Manager or Project Manager Assistant "logs" the data from
the COC and SRR into ALPHALIMS. Once samples are logged into the
system, unique bar code labels are generated for each sample container.

'6. 1 . 1 3 The bar code labels are ready to be affixed to the appropriate containers.

6.1.14 Sample bar code labels are color-coded as follows:

6.1 .14.1 Yellow and magenta for radioactive samples.
6. 1 . 1 4.2 Solid white for Federal Division non-radioactive samples
6. 1 . 1 4.3 White and green for Industrial Division samples.

6. 1 . 1 5 Compare the sample description on the printed GEL bar code label to the
client sample bottle label before attaching labels to containers. You
should not cover the client's label or any other information provided by
the client or sample collector.

6.1.16 If the sample is a solid submitted for volatiles analysis and a single
container is provided, a designation is generated on the barcode label
indicating. "Volatiles must aliquot sample first." It is then stored in the
appropriate volatile cooler until removed for volatiles testing. Once the
volatiles lab takes its required aliquot the container will be marked with
the analyst's initials and the date completed. The sample container wi l l

GIM:K,\I. KNlilNL-KRlNG LABORATORIES. I It
20-10 Savage Road Charleston SC 21M 1 7
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then be placed in the appropriate walk in cooler and released for other
laboratory analyses. Note exception in Section 6.2.2.1.

6.2 Sample Storage and Security

6.2.1 Once the samples have been properly labeled, the samples are placed in
the appropriate storage areas. The storage areas are located within the
laboratory area of the building. Access to the laboratory is limited to those
with security clearance identification badges. Entrance into the laboratory
is electronically monitored. All visitors to the building must sign in at the
reception area where they will receive "Visitor" identification badges.
Visitors must be escorted while they are in the laboratory.

The samples are scanned into the electronic tracking system. Containers
are loaded into the system by container type and size (i.e.. 1000 mL -
nalgene). preservative (i.e.. HiS04). and storage area of destination.

6.2.2 Samples are placed in numerical order in the appropriate storage locations
throughout the facility.

6.2.2.1 Samples requiring analysis of volatile organics shall be
segregated from other samples by placing them in either the
radioactive or non-radioactive coolers, which are located in the
Volatiles area and maintained at 4° ± 2°C.

NOTE: Samples requiring volatile analyses known to contain high
concentrations of organic solvents or hydrocarbons should not be stored in
the volatiles coolers. Place these samples in either the general use walk-in
cooler.

6.2.2.2 Samples requiring radiochemical analyses only (except radon)
are stored, in numerical order, in ambient storage. Radioactive
and Non Radioactive sample are segregated in these storage
areas.

6.2.2.3 Samples required cold preservation (other than volatile organics
samples) are stored, in numerical order, in general use walk-in
coolers, which are maintained at 4° ± 2°C. Radioactive and non-
radioactive samples are segregated in these storage areas.

6.2.3 The Sample Management Group monitors cooler temperature twice daily,
every \\orking day. Calibrated thermometers are located in each walk-in
cooler and readings are taken once in the morning and once in the
afternoon, no less than two hours apart. Contact the Group Leader if
temperatures fall outside of acceptance ranges. Document all non-
con formances and corrective actions in the temperature logs.

7.0 RECORDS MANAGEMENT

7.1 The Sample Receipt Re\ ie\\ form is attached to the Chain of Custody and
forwarded to the Project Manager.

7.2 Cooler temperature logs are reviewed each month by Quality Systems. At the end
of the year, completed loys are forwarded to Quality Systems for archiving.

t .1 M R \l i M.IM I K I M , I \l« >R \]< 'Kll S I 1C
?UMViiMv- K.O.H lurk-olim M. >>4I7
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8.0 REFERENCES

8.1 Example Standard Operating Procedures for Contract Laboratory Program (CLP).
National Enforcement Investigations Center (NEIC), Contract Evidence Audit
Team (CEAT-TechLaw), EPA Contract 68-01-6838, 1986.

(ir.N[:.R.-M l - N C i l N H K R I N G LABORATORIES. I .I .I ' .
2040 Sax age Road Charleston SC' 29417
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APPENDIX I: STORAGE AND PRESERVATION

SAMPLE STORAGE AND PRESERVATION REQUIREMENTS
PanuBrter Container' Preservation HoUi

Inorganics
Acidity
Alkalinity
Demand (BOD)
Bromide
Chemical Oxygen Demand (COD)
Chlorine bv Bomb
Chloride
Color
Conductivity
Corrosmty by pH
Corrosivitv to Steel
Cyanide amenable to chlorination

Cyanide, total

PiiiaKfil Oiigca
Fixed and Volatile Solids
Flashpoint
Fluoride
Hardness
Healing Value
Hrdraziae
Percent (••) Moisture
Ammonia Nitrogen
Nitrate
Nitrite
Nitraie Nitrite
Total Kjektahl and Oreank Nilroeen
Odor
Oil and Grease
Orthopbosphate
Total Phenols
pH
Total Phosphorus
ResidMl CMoria*
Salinity
Specific Gravity
Sulfaie
Sulfide

Smttoe
Sulfur b> Bomb
Surfactants
SetlleaMe Solid
Total Dissolved Solid
Tola! Solid
Total Suspended Solid
Volatile Solid
Total Oigank Carbon
Total Organk Iblidcs
Total Petroleum llydrocarhono

Turbidii)
MclaK f except chnnniiini V 1 ;iixl

lTlt»MTlilBTI VI - \i|IK1HT>

1 hh. <Jncmm K «..«ni-Jk-J « hm .wi . i

P.G
P.G
P.G
P.G
P.G
P.G
P.G
P.G
P.G
P
P
P.G

P.G

C (bolttr aad lap)
P.G
P.G .
P
P.G
P
C
P
P.G
P.G
P.G
P.G
P.G
C
G
P.C
C,

P.C
P.G
P.C
P
P
P.G
P.G

P.C
(,
P.C;
P.C,

P.C;
P.C;
PC;
P.G

P.C.

(.
(l

P.C.

p

p

«-i M R\l ! \(.IM 1 KIM

4WC
4°C
4°C
None
4°C. H:SO,topH<2
None
None
4°C-
4°C
None
None
4°C. NaCMI 10 pll>!2. O.og ascorbk
acid '
4°C . NaOh 10 ph>l 2. O.og ascorbic
acid
Noae
4"C"
None
None
UNO. to pll'-l II.-SO, to pH<2
None
HCI topH<2
4"C
4"C. ll:M)Jiopll<2
4"(."
4"C

4"C. ll;SO,topll<2
4"c\ H:SC>llopH<2
4°C. Zero hradspaec
4°C. HCI or H:SOj to pH<2
Filler immfdiilfly. 4°C

4"C\ H:S<)4iopH<2
None

4"C. H:SOaiopH<2
Noar

None
4"C"
4"C"
4' \ .idd /N Ace and XaOH to

None
NIMH:
4"l
-l' (.
4"t
4"C
4"(.

J'V
4"CMIC li«rll:S(i.|on||<2
4 ' ( . H.-M), lopll 2

4'V. II SO.lopll- 2

4"(

4"< MM) l.<pll 2

l"(

\l« iK Mi >K!i V I I I

I4da«
I4da>^
48 hours
28davs
28da\^
None
28day^
48 hours
28davs
IMedbte
None
I4da«4

I4da>sj

laiaiedble
7days
None
28 days
6 months
None
laiaMdiate
None
28 days
48 hours
48 hours
28 days
28 days
iMBicdiale
28da>s
48bwirs
28 days
{••cdiate
28davs
laandiale
28 days
7 days
28 days
7da>s

laiBMdiate
None
48 hours
48 hours
7da\s
7da>s
7 days
7da>s
28 days
28da\s
28 days

48hiMir>
6 months

24hiHirs

'_->"jl Vi lOrnimlvi i» «iaiif\i! *• ilk n< in ^ • • \ c t fjstilt \ ̂ ncî iln>llcd divumi-ni\ Jn mn heai an
•HISIlUl VI i ' mimlv!
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Chromium VI - Solids
Mercury - Wastewater and Drinking
water
Mercury - Others

Bacteriology
Colifbrm, fecal
Standard Plate Count
Coliform. total - Wastewater
Coliform. total - Groundwater

Sample Receipt, Login and Storage

P
P,G

G

P.G
P.G
P.G
P.G

4°C
4°CHNO3 to pH<2

4°C,HNO3 to pH<2

4. 0.008% Na-,S2O3
3

4°C. 0.008% Na,S2O3

4°C, 0.008% Na'2S2O3

4°C, 0.008% Na^Oj

GL-SR-E-001 Rev 17
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7 days for extraction
28 days

28 days

6 hours
24 hours
6 hours
24 hours

Base/Neutral and Acid Extractables •
Water

Base/Neutral and Acid Extractables •
Solid and Waste

Base/Neutral and Acid Extractables •
Concentrated Waste

BTEX - Solid and sludge
B TEX - Water

TPH-GRO
TPH-DRO
Volaliles - Groundwaler
Chlorinated Herbicides - Water

Chlorinated Herbicides - Solid and
Waste

Volatilcs - Drinking Water

Volaliles (excluding 2
chloroethylvinylether) -
Wastewater
Volaliles- Wastewater

Volatiles - Solid and Sludge -
Volatiles - Concentrated Waste
Industrial Solvents
Organochlorine Pesticides and PCBs

PCBs in Oil

Dioxin

Total Petroleum Hydrocarbon
CoHform. total - Drinkina water

Amber G. teflon-lined
cap

G. teflon-lined cap

G. teflon-lined cap

G. teflon-lined septum
G. teflon-lined septum

G. teflon-lined cap
G. teflon-lined cap
G. teflon-lined cap
Amber G. teflon-lined
cap

G. teflon-lined cap

G. teflon-lined cap

Encore Sampler

G, teflon-lined cap

Encore Sampler
G. teflon-lined septum
G. teflon-lined septum
Amber G. teflon-lined
cap

G. teflon-lined cap

4°C
0.008% sodium thiosulfate solution

4°C

None

4°C
4°C, 0.008% Na2S2O3, zero
headspace
4°C. HCI to pH s. zero headspace
4°C
4°C. HCI to pH s. zero headspace
4°C
0.008% sodium thiosulfale solution

4°C

4°C. 0.008% Na:S2O3\ zero
headspace
4°C. zero head-space. HCI to pH 2

4°C, 0.008% Na:S2O3
3. zero

headspace
4°C
None
4°C
4°C
0.008% sodium thiosulfale solution

None

G. teflon-lined cap 4°C

G. teflon-lined septum 4°C
P.G 4°C. 0.008% Nn:S:O.,

7 days for extraction
40 days after
extraction for analysis
14 days for extraction
40 days after
extraction for analysis
7 days for extraction
40 days after
extraction for analysis
14 days
14 days

14 days
14 days
14 days
7 days for extraction
40 days after
extraction for analysis
14 days for extraction
40 days after
extraction
14 days

14 davs

7 days

14 days
14 days
None
7 days for extraction
40 days after
extraction for analysis
7 days for extraction
•40 days after
extraction for analysis
7 days for extraction
40 days after
extraction for analysis
14 days
30 hours

Radiochemistrv
C;irbon-l4 - Water and Soil P
Gamma Isotopes - Water P

(lamina Isotopes - Soil P
Gross Alpha and Beta - Water P

4°C
HNO... lopll-2

None
UNO, 10 pi 1-2

6 months
6 months

6 months
6 months

(IhNLRAI. l:N(rlNI [-RING LABORATORIES, l.l.f.
20-40 Sn\ nLC Road Charleston SC 21M17
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Gross Alpha and Beta - Soil
Iodine- 1 29 - Water and Soil
Iodine -131 -Water
Neptunium - Water
Neptunium - SoiL Vegetation, and
Air Fillers
Plutonium - Water
Plutonium - SoiL Vegetation, and
Air Fillers
Thorium - Water
Thorium - SoiL Vegetation, and Air
Fibers
Uranium - Water
Uranium - SoiL Vegetation, and Air
Fillers
Americium - Water
Americium - SoiL Vegetation, and
Ak Filters
Curium - Water
Curium - SoiL Vegetation, and Air
Fillers
Lead-2 10 -Water
Niciel-59 - Water and Soil
Niciet-63 - Water and Soil
Phosphoms-32 -Water
Pnosphorus-32 -Soil
Polonium -Water
Polonium -Soil
P••«••••!•* _ILL I JT HIT i • . .rafnctniunv M / -water
Pi JUML. lli-iim- • J7 .<Ĵ il

Radhm-223 - Water
Radium-224 - Water
Radium-226 - Water
Radhm-228 - Water
Radon-222 - Water
Radon-222 - Soil
Suontnim-89 90 -Water
Sirontium-89490 -Soil
Terhnelium-99 -Water
Techneiium-99 -Soil
Total Alpha Radium -» aler
Total Alpha Radium -Soil
Foul Uranium -Water
Tritium - Water. Soil. Vegetation.
and Air Fillers
Iron 55 -Water
Iron 55 -Soil
Total Uranium -Soil

Sample Receipt.

P
P
P
P
P

P
P

P
P

P
P

P
P

P
P

P
P
P
P
P
P
P

P
P
P
P
40ml \oiatik bottle
P
P
P
P

P
P
P
P
P

P
P
P

Login and Storage

None
None
None
HNO, to pH-2
None

HNO; to pH-2
None

HNO, to pH-2
None

HNO, 10 pH-2
None

HNO; to pH-2
None

UNO: to pH-2
None

HNO:topH-2
None
None
HNO. topH-2
None
UNO. topH-2
None
1 JVl/'l tft. nil "*rlNl.1: IO pll-^

None
None
IINO;iopll-2
IINO,iopH-2
41 'C. Zero headspace
4°C
UNO. lo pi 1-2
None
UNO. iopH-2
None
HNO;iopH-2
None
UNO. topll-2
4°C

UNO: 10 pi 1-2

None
None

GL-SR-E-001 Rev 17
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6 months
6 months
6 months
6 inonllis
6 months

6 months
6 months

6 months
6 months

6 months
6 months

6 months
6 months

6 months
6 months

6 months
6 months
6 months
6 months
6 months
6 months
6 months
6 months

6 months
6 months
6 months
6 months
7da>s
6 months
6 months
6 months
6 months
6 months
6 months
6 months
6 months
6 months

6 months
6 months
6 months

'P= Pohcth>lene:G = Glass
1 Samples should be anahzed as soon as possible alter collection. I he holding limes listctl are maximum times that samples max
be held before anahsis and be considered valid
5 Used onl> in the presence of residual chlorine.
' \fa\imum holding lime is 24 hours uhen suliide i- prv>cni. All simples rnu> he le^eil \\ ith load acetate paper hefore pi I
adjustments in order to determine il'sulfNk- is prescni If present. remo\c h\ addinp liKlniium nilrjle piiuJcr until a negalixe spot
test is ohtaincd. tiller sample and add NaOH to pll 12

f hit ilixumcn tvoiNi«lk>J when a

(.1 \» K M f MilM I M\i, ; \H«iK \|(.K!I s M I
>Uii Sa» aei- R.«ad < harlc-i.w »-l -""J I "

Vi IDmimlvi K -lantpeil 'M ilx lioni ,>>v<.^ pa-.v < 1 1
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«fo /'9[ v_^^^
C:

APPENDIX 2: SAMPLE RECEIPT REVIEW SHEET

SAMPLE RECEIPT & REVIEW FORM

PM uw onlv

f licnl:

Dntc Received:

Received By:

Sample Receipt Criteria

1

2

J

4

'
6

7

8

9

Id

11

12

Shipping coniainers rccchcd iniael

and sealed?

Samples rcquiriiiL' cold

•>rescr\ alion \\ iihin (-J - 2 C ')?

iectnxl prcscrv ation ineihod.

f hain oCcusloih tlocumenis

included \\ilh shipment?

Sample coniaincrs iniaci anil

scaled?

Samples n.\|iiiriiu.' chemical

prescrsaiion al proivr pll?

V< >A \ ials lice ol heavUpacc

dclincd as 6111111 buhhlc)?

Sampk"- received \\iihin lioldinL1

lime'.'

Sample ID's on (. < )(. niaich II)1-

on U>ules?

)ale tV; lime on i. '< )( niaich dale iV:

lime on lollies'.'

Nnmher ol containers received

malch nninlx'r iiKlicaieil on t 'Of .'

(Of lonn is properh sj- js ied in

rcliiKinishcil received scciioiis?

Air Mill . Irackiny '-. tV

Additional C oinincitls

Radiological Information

\\ lial is Hie radiological

classillcaiion ol'lhc samples?

Radioaclis i'.\ ScrccniiiL: Kcsuil>

aiaximum ohseiA cii * l*\l)

a

\

\

'S.

11
51

i |

SIKi/ARCOCAV ork Order:

PMt A) Kt-\ievi (ensure non-con running itcm.t are resolved prior to signing):

( oiiiim-iilvOiuilirK-rs (Kequireil for Non-< onronninji Items)

( 'ir^-ic .\pphc:it>ic seals t^okt'n tiiinia'̂ cil cmtiaiiier Iciikinu. comainor txher (describe)

( 'uctc 1 i-mp il^-\ ice filial " ice Ixms liluc :cc drv ico ridiK1

S.iili|iU- IDS. n'liu-.ncr-. alVenoJ ar.J clisclM'J pll

s.,,,i,,k.|Ds,..,.li:1>ii:aii«.-is.ill«-iiM

IJ^..i.lllM,.:lTlvicll

Sample ID s ,.iul L\<ir.iiiih:iN iitlivlKl

sample ID:. .•.I'lvelvJ

S —
~z

^

<so KAI> R.xvip; •'•

(\l!lll)!CI:IS

'•''II' \J JU.i KKkj:>ni:ict is tihscixcil IT ;; iMii-i^JiiMvlivc s.in:plc. t;«>iiUicl llic
KSO m .-:i\ jst.i'Jiik-

; '\l • or I'M \: : v\ u-\\ nl Kcc^:'\ I.IL : K:K! v.hi<^i:ii.;ili"ii. Initials i Vile

cii-:Ni:.RAi. i:\(iiM:i KINCI i ABOK.VIOKII s. i.i.c'.
2040S;i\;iL!c Roadl'harleslon SC' 21)4I7

I his ducuincDl is ainlrnlk'il when an original Si'i I I . ) niiinhci is sininpi.\l on I he I'rnni oner pagi: ( I ) . I'nconlrollcd dociinicms tlo mil hear an original Scl H) nuinhcr
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APPENDIX 3

BIOASSAY SAMPLE RECEIPT REVIEW

CUEMT

GEL COOLER CLIENT COOLER OTHER

SAMPLE REVIEW CRITERIA YES NO COMMENTS/QUALIFIERS

Were shipping containers received intact and sealed?

Were chain of custody documents included?

Weie UIMM m umuuy UUCumeiiii CUĤ HBIBU uxicdiy '.

lAfnvn i-J§ *• ruvukln tfi**MliMtnn> ••••••wrhrh. l-»titf»inrt*>were ai sample contaners propeny laDeiedv

Were ai sample containers received?

Were samples received within holding time?

Were the sample containers 500 mL or less?

For KHCO - Did the sample ID and the customer number match the

Chain of custody?

Signature:. Date:
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DATA REVIEW WORKSHEETS

Type of Validation Full: ENSR Data Pkg#:
Limited: Site Name:

Project Number:

REVIEW OF METALS ANALYSIS DATA PACKAGE

The following guidelines for evaluating metals were created to delineate required validation actions. This
document will assist the reviewer in using professional judgement to make more informed decisions and in
better serving the needs of the data users. Quality control validation criteria were derived from USEPA
publications: 'Test Methods for Evaluating Solid Waste, Physical / Chemical Methods SW846" (3RD Edition
and subsequent Updates), specifically SW-846 methods 601 OB, 7470A, and 7471 A. Validation actions were
derived from "USEPA Contract Laboratory Program National Functional Guidelines for Inorganic Data
Review" (Final, October 2004) and were modified to accommodate the non-CLP methods and professional
judgment. The project QAPP should be reviewed for project-specific information.

The hardcopy data package received from (laboratory name/location) has been
reviewed and the quality assurance and performance data summarized.

The data review for metals included:
Lab Project/SDG No. No. of Samples: Sample Matrix:
Field Blank IDs:
Equipment Blank IDs.:
Field Duplicate IDs.:

The general criteria used to determine the performance were based on an examination of (check all that
apply).

Data Completeness Laboratory Duplicate Results
Holding Times and Sample Preservation Field Duplicate Results
Calibrations Laboratory Control Sample
Blanks ICP Serial Dilution Results
ICP Interference Check Sample Sample Quantisation Assessment
Matrix Spike Results GFAA Results (Addendum)

NOTE: If GFAA methods (SW-846 7000 series) were used to analyze samples, the data validation of these
analyses should be attached as an addendum to these Data Review Worksheets.

If spreadsheets are used to automate calculations, they must be attached to these worksheets.

Overall Comments:

Definitions and Qualifiers:
J - Estimated result with undetermined bias U - analyte not detected
J+ - Estimated result, result may be biased high UJ - Estimated nondetect - quantitation limit is

estimated
J- - Estimated result, result may be biased low R - Rejected data (unusable)
QL - quantitation limit (the laboratory may use reporting MDL or IDL - Method detection limit or instrument
limit, practical quantitation limit, detection limit) detection limit, respectively

Actions based on MS, laboratory duplicate, field duplicate, serial dilution analyses should be applied to all
samples of the same matrix or to the results of all samples within a given area of the site, if deemed
appropriate. Any validation action based upon professional judgement or any deviation from the validation
guidelines presented in these worksheets needs to be described in detail in an attached narrative or memo.

Reviewer: * Date:

NFG_ICP_AES2004.doc 1 Rev. 0, January 2005



DATA REVIEW WORKSHEETS AH criteria were met:
Criteria were not met,

and/or see below:

I DATA COMPLETENESS

A Data Package:

The tests requested on the COC or in subsequent communications were performed and reported.

The correct analyte 1st was reported

The COCs (external and internal) are present and complete.

Sample receiving documentation is complete

Missing Information Date Lab Contacted Date Received

B Other Discrepancies

NFG_ICP_AES2004 doc 2 Rev 0. January 2005



DATA REVIEW WORKSHEETS All criteria were met:
Criteria were not met,

and/or see below:

II. HOLDING TIMES (HT) and SAMPLE PRESERVATION

The objective of this parameter is to ascertain the validity of results based on the sample condition, and
holding time of the sample from the time of collection to the time of preparation, and subsequently from the
time of preparation to the time of analysis. Complete the table for all samples and circle the analysis date for
samples not within criteria.

Sample ID
Date

Sampled

Mercury (Hg)
7470A/7471A
Date Analyzed

Metals by ICP
601 OB

Date Analyzed
PH ACTION

Cooler temperatures:

Criteria (professional judgement):

• Analysis HT: Mercury - 28 days from sample collection; Other metals -180 days from sample collection
• Aqueous Preservation: pH < 2 with nitric acid for all metals.
• Cooler/Storage Temperature: 4°C ± 2°C for aqueous and solid matrices until preparation and analysis

Actions (to be used as professional judgement):
1. If aqueous samples were not properly preserved in the field or upon receipt (within 24 hours of

sample collection) or if samples were not digested within 24 hours, qualify detected results as
estimated low (J-) and reject nondetects (R)

2. If holding times are exceeded, qualify detected results as estimated low (J-) and reject nondetects
(R).

3. If HTs are grossly exceeded (> 2x), notify the Project Chemist for action.
4. If samples were not at the proper temperature (>10°C), the validator should document all

justifications for qualifying or not qualifying sample data in the validation memo. For example, SW-
846 only requires thermal preservation for mercury in soils.

NFG ICP AES2004.doc Rev. 0. January 2005



DATA REVIEW WORKSHEETS Al criteria were met:
Criteria were not met.

and/or see below:

•. INSTRUMENT CALIBRATION

Compfance requirements for satisfactory instrument calibration are estabfshed to ensure that the
insliunienlaBon is capable of producing and maintaining acceptable quantitative data.

1. Analytical Sequence

A Did the laboratory use the proper number of standards for calibration as described in Yes or No
the method or per manufacturer's recommendation'?
(1CP metafe = a blank and at least one standard, Hg = a blank and at least five
standards)

B. Were nba) cafbrabons performed successfully on a daily basis or once/24 hours and Yes or No
each time the instrument was set up?

C. Were al measurements the average of at least two replicate exposures? Yes or No

D. Was an irabal caSbration verification standard (ICV) analyzed for afl analytes at the Yes or No
proper concentration (eg. within the linear range for 601 OB) and at the beginning of
sample analysis''

Was the ICV made from a second source (different than caHxation standards)? Yes or No

E. Were continuing cahbraton verification standards (CCVs) analyzed for al analytes Yes or No
immediately following daily caforabon. every 10 samples, and at the end of the run at
a mid-range concentration?

F. Although not required by SW-646. if a Contract Required Quanbtation Limit (CRQL) Yes or No
check standard was analyzed, was the concentration of this CRQL standard at or
comparable to the QL reported by the laboratory"?
Note: for ICP analysts, the CRQL check standard is often referred to as CRI
standard. For CVAA the CRQL check standard is often referred to as CRA

Actions:

1. If the cafbration was not performed, qualify all results as unusable (R).
2. If the caHjrabon is incomplete or if any of the above answers are "No"., data quality may be affected.
Use professional judgment to determine the severity of the effect Discuss any actions below and fist the
samples affected.

NFG ICP AES2004 doc Rev 0. January 2005



DATA REVIEW WORKSHEETS All criteria were met:
Criteria were not met.

and/or see below:
III. INSTRUMENT CALIBRATION (continued)

2. Recovery Criteria

List the analytes which did not meet the percent recovery (%R) criteria for the ICV, CCV, CRI, or CRA.

Date
ICV. CCV

CRI. or CRA
Analyte %R Action Samples Affected

Criteria:
Calibration standard
ICP Metals ICV or CCV
Mercury ICV
Mercury CCV

%R
100 ±10
100 ±10
100 + 20

CRI/CRA standard %R
ICP Metals (except Sb, Pb, Tl) CRI 100 + 30
Sb, Pb, Tl CRI 100 ± 50
Mercury CRA 100 + 30

Actions*: If any analyte does not meet the %R criteria, follow the actions stated below:

Full Validation:
1. For ICV nonconformance, apply action to all samples in the analytical sequence.
2. For CCV nonconformance, apply action to samples analyzed between the previous in-control CCV and the
subsequent in-control CCV.

* As stated in the NFGs, use professional judgement to qualify.

ICP Metals ICV/CCV and
Mercury (ICV)
Mercury (CCV)

Detected Results
Nondetects

%R of Analyte in the ICV/CCV and Recommended Actions

< 75%

< 65%
J-orR

R

75 to 89% 111 to 125%

65 to 79% , 121 to 135%
J-
UJ

J
A

126 to 160%

136 to 170%
J+orR

A

> 160%

> 170%
R
A

Qualification based on CRI/CRA
ICP Metals (except Sb, Pb.TI)

and Mercury
Sb, Pb.TI

Detected Results > 2X the CRI/CRA
Detected Results < 2X the CRI/CRA

Nondetects

%R of Analyte in the CRI/CRA and Recommended Actions

< 50%

< 30%
J
R
R

50 to 69%

30 to 49%
A
J-
UJ

130 to 180%

150 to 200%
A
J+
A

> 180%

> 200%
R
R
A

NFG ICP AES2004 doc Rev 0. January 2005



=: s:
DATA REVIEW WORKSHEETS Al criteria were met

Criteria were not met.
and/or see below:

IV. BLANK ANALYSIS RESULTS

The objecave of Uank analysis resuts assessment is to determine the existence and magniude of contamination
resuttng from M*"^*^ or field actjwfes. The criteria for evaluation of blanks apply to any Uank associated with the
samples, (eg., equipment Uank (EB). field Uank (FBI. preparation blank (PBJ, iniial and cu<inuing catbiaUon blanks
[ICBACC8]. etc.). V problems with any blank exist, al data associated with the case must be carefuty evaluated to
detainine t there is an inherent variably in the data for the case, or if the problem is an isolated occurrence not
aflecfing samples.

A. Was a PB analyzed for each matrix or with each batch of samples digested (< 20 samples)? Yes or No
B. Was an IC8 analyzed after the caftrabbn standards ? Yes or No
C. Was a CCB analyzed after ever ten samples and at the end of the tun? Yes or No

Data quafty may be affected if any of the above answers are "No" Use professional judgment to determine if the
associated sample data should be quaJfcd Discuss any actions on a separate attadied shseet and 1st the samples
affected.

Actions
Blanks must be evaluated in the folowing order
• Lab blanks (preparation and caUbrabon) must first be used to quality equipment/few blanks and samples.
• Any contamination remaining n the equipment/field Wanks wiH be '--sed to quaffy the associated samples.

FulVafdalion:
1. For PB noiKoribrmance. apply action to ai samples in the analytical batch.
2 For IC8 nonconforrnance. appty action to al samples in the analytical sequence.
3. For CCB nonconforrnance. apply action to samples analyzed between the previous in-control CCB and the
subsequence in-control CCB.

Umted Valuation: Use the highest Uank PB. JCB. or CCB in the analytical batch or sequence.

The b Efications on the foBowing page are written for CLP methods and not SW-846. Therefore,
professional judgment may be used to modtfy some of the actions (e.gu, in the case where QLs are extremely
high or not technically supported). It may be appropriate to use actions for blanks from the 1994 National
Functional Guideines (e.g.. if the laboratory reports nondetects at the MDUIDLJ. Justification for using this
approach must be documented in the worksheets and in the validation memorandum.

The guide ines below should be foBowed when using the 1994 National Functional Guidelines and the "5x rule".

Estabish an Action Level (AL) for any anatyte equal to five times <5x> the highest concentration of that element's
contaminalion in any blank. Any blank with a negative result whose absolute value > IDL or MDL (or lowest
quantJtafcn Emit) must be carefutty evaluated to determine its affect on the sample data.
to assess the data.

Use professional judgment

Btenks must be evaluated n the folowing order
• Lab blanks (preparation and catibrabon) must first be used to qualify equip/field blanks and samples.
• Any contamination remainng m the equip/field Wanks wifi be used io qualify the associated samples.

Actons:
1 For positive Uank contaminalion

-resuts < AL are quaified as undetected (U) at the reported concentration.
-resuts > AL or nondetects are accepted unquafified.

2 For negative Uank conlamnabon
-resuts < absolute value of negalrve AL are estimated (Jl
-nondetects are estimated (UJ)
-resuts > AL are accepted unqualified.

3 When both positive and negative blank contaminations exist use professional judgment to assess data

NFG_ICP_AES2004 doc Rev 0, January 2005



DATA REVIEW WORKSHEETS

October 2004 National Functional Guidelines

Blank Actions

All criteria were met:
Criteria were not met,

and/or see below:

Blank Type

/Dsvcithsat

ICB/CCB
/Klanativchl

PB
(Negative)

Blank Result

> MDL but < QL

>QL

L < hMDLlbut ;> (-QL)

<. / (*\\ \

J-QL

> MDL but < QL

< (-UL)

Sample Result •
Nondetect
a: MDL but < QL
>QL
* MDL but < QL

>QL but < Blank Result

> Blank Result
£ MDL or nondetect

<10x QL

> 10x QL (professional
judgment)
> MDL but < QL
> QL but <1 Ox Blank
Result
£ lOx Blank Result
Nondetect
2: MDL but < QL
>QL

<10xQL

> lOx QL (professional
judgment)

Action for Samples
No action
Qualify as nondetect (U) at the QL
Use professional judgement (see below [1])
Qualify as nondetect (U) at the QL
Qualify as nondetect (U) at the blank level
Or qualify result as unusable (R).
Use professional judgement (see below [1])
Use professional judgement (see below (2])
Quality results > QL as estimated low (J-) and
nondetects as estimated (UJ)

No action (professional judgment)

Qualify as nondetect (U) at the OL
Qualify results as unusable (R) or estimated high
(J+)
No action
No action
Qualify as nondetect (U) at the QL
Use professional judgement (see below [1])
Qualify results > QL as estimated low (J-), non-
detects as estimated (UJ)

No action (professional judgment)

[1] Consider establishing an action level (AL) at 5x the blank contamination. If sample result is <AL. qualify the reported result with a
"U".
[2] Consider estimating positive results and nondetects (J-/UJ).

NFG ICP AES2004.doc Rev 0, January 2005



DATA REVIEW WORKSHEETS Al criteria were met _
Criteria were not met.

and/or see below: _
IV. BLANK ANALYSIS RESULTS (continued)

Laboratocy blanks Matrix: Soid / Aqueous

Date Prep/ Anah/to Concentration ~ Actions for Affected
Analyzed ICB/CCB *"a"y« (cirete highest) Samples Samples

Field/Equipment blanks

The Wank analyses may not mvoh/e the same weights, volumes, or dilution (actors as the associated samples.
For example, soi sample resuls w* not be in the same units as the ICB. CCB. EB. or FB data. It may be easier to work
**h the raw data or use the folowing equation to convert results in jig/L tomo/Kg.

ICB. CCB. EB. or FB concentration m pg/L must be converted to mg/Vg n order to compare with sample results.

Concenkaton in |igA. X Volume (fluted to f mt) X 1L X lOOQq X 1mq = wet weight (mg/kg)
Weqht (figested ( g) 1000ml 1kg 1000|ig

For each sample, the concentrations are converted to dry weight using the % soids calculation:

Wet weiont cone X 100 - Concentration in dry weight (mg/Vg)
% Soids

NFG_ICP_AES2004 doc 8 Rev 0. January 2005
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DATA REVIEW WORKSHEETS

V. ICP INTERFERENCE CHECK SAMPLE

All criteria were met:
Criteria were not met,

and/or see below:

The ICP interference check sample (ICS) verifies the analytical instrument's ability to overcome interferences
typical of those found in samples and verifies the laboratory's interelement and background correction
factors.

1. Frequency Requirements

A. Was the ICS solution analyzed at the beginning of each sample analysis run? Yes or No

If no, the data may be affected. Use professional judgement to determine the severity of the effect and
qualify the data accordingly. Discuss any actions below and list the samples affected.

B. Did the laboratory analyze an ICS A solution (not required in 601 OB)? Yes or No

2 Recovery Criteria

List any elements in the ICS solution, which did not meet the %R criteria. Also evaluate the ICS A if the
laboratory performed this analysis. Use professional judgment for actions or use those listed below.

Date Analyte %R Action Samples Affected

Criteria: %R = 100 ± 20% the true value or the true value ± 2x the RL (whichever is greater).

Actions: If any analyte does not meet the %R criteria, follow the actions stated below:

Full Validation: Use %R = 100 ± 20% and apply action to samples analyzed between the previous in-control
ICS and the subsequent in-control ICS (if the ICS was analyzed more frequently than the method
requirement) if samples contain interferents at levels comparable to or greater than the levels in the ICS

Limited Validation: Use %R = 100 ± 20% and apply actions to all samples in the analytical sequence if
samples contain interferents at levels comparable to or greater than the levels in the ICS..

—

Qualify results

Detected Results

Nondetects

%R of Analyte in the ICS Solution

%R < 50%

J-

R

%R = 50%-79%
or < true value - 2x RL

J-

UJ

%R > 120%
or > true value + 2x RL

J+

A

NFG ICP AES2004.doc Rev. 0, January 2005



DATA REVIEW WORKSHEETS Al criteria were met _
Criteria were not met,

and/or see below:
V ICP INTERFERENCE CHECK SAMPLE (continued)

3 ICS A Analysis ResuRs (using ENSR professional judgment and guidance from the NFGs since analysis
of the ICS A solution is not required in 601 OB)

List the concentration of any elements > MOL (or lowest quantitation limit used) in the ICS A solution that
should not be present For sol samples, results might not be in the same units as the ICS solutions; it may
be easier to work with the raw data.

List the samples affected by interferences below:

Interferent Concentration Sample ID Sample ID Sample ID Sample ID Sample ID
InlCSA(uoA)

Al
Ca
Fe

Element

Criteria: No target analytes should be present in the ICS A solution at concentration > MDL

Actions:
1 If an element was detected > MDL but should not be present in the ICS A and sample concentrations

of the interferents (Al. Ca. Fe. and Mg) are < ICS A. accept results unquatfied.

2 If an element was detected > MDL but should not be present in the ICS A and sample concentrations
of the interferents (Al Ca. Fe. and Mg) are comparable or higher than those found in the ICS A.
quaify detected results for the affected element as estimated biased high (J+) and accept
nondetectS-

3 If an element was delected as negative interference, d e (he absolute value > MDL) but should not
be present in the ICS A and sample concentrations of the interferents (Al, Ca. Fe, and Mg) are
comparable or higher than those found in the ICS A. qualify detected resuts < 10x the absolute
value of the negative result for the affected element as estimated biased low (J-) and nondetects
fUJ)

Note: If the levels of interferents in the samples are comparable to or higher than those found in the
samples, it may be appropriate to calculate the estimated interference for the analytes of interest using the
foBowmg equation. Information on the impact of the calculated interference on the results for the analytes of
nterest may be included in the validation memorandum

Calculated Estimated Intereference = Interferent in sample X element concentration in ICSA
Interferent in ICS A

NFGJCP_AES2004 doc 1C Rev 0, January 2005



DATA REVIEW WORKSHEETS All criteria were met:
Criteria were not met,

and/or see below:
VII. MATRIX SPIKE (MS) RESULTS

This data is generated to determine the effect of each sample matrix on sample preparation procedures and
the measurement methodology.

1. Frequency Criteria

A. Was the MS analysis performed on a site-specific sample?
If no, results are not evaluated due to potential differences in sample matrix.

B. Was an MS prepared at the required frequency (1 / batch / 20 samples / matrix)?

C. Was a Post digestion spike (PDS) performed for any analytes that fail MS %R criteria?
(recommended for a new or unusual matrix and NA for CVAA)

D. Was a matrix spike/matrix spike duplicate (MS/MSD) analyzed in place of or in addition to
a laboratory duplicate analysis? If yes, refer to Section VIII for calculations of RPDs from
MS/MSD results.

2. Recovery Criteria

List the %Rs for analytes, which did not meet the criteria.

Sample # Matrix: Units:

Yes or No

Yes or No

Yes or No

Yes or No

Analyte
MS/MSD

Spiked Sample
Result (SSR)

Sample Result
(SR)

Spike Added
(S)

MS/MSD
%R Action

Criteria: %R = 75-125% or project-specific QC limits (LL - lower limit, UL - upper limit).

Actions: MS actions apply to all samples of the same matrix. This qualification will also be applied to the
results of all samples within a given area of the site, if deemed appropriate.

1. If the sample result (SR) > 4x the spike concentration (S), no action is taken.
2. If any analyte does not meet the %R criteria and a Post Digestion Spike analysis was performed, use

professional judgement to assess the results. Refer to the National Functional Guidelines for
recommended actions.

3. If either the MS or MSD does not meet %R criteria, qualify all associated samples.

Qualify results

Detected results
Nondetects

MS %R in the Sample

%R < 30%

J-
R

%R = 30%- 74%
or 30% to LL

J-
UJ

%R>125%
or> UL

J+
A
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DATA REVIEW WORKSHEETS

VIII. LABORATORY DUPLICATE RESULTS

Al criteria were met:
Criteria were not met.

and/or see below:

perfor
run dnjirjfc* samples to wenfy laboratay consistency and precision They are a measure of laboratory
. II is expected that soVsedknent dupficate results wfl have a greater variance than water matrices due to

dMicubes associated w*i prepamg idenbcal duplicate samples.

1. Frequency Criteria

A. Was twdupfcate analysis or MSD analysis performed on a site -specific sample?
If no. resuls are not evaluated due to potential deferences in sample matrix

B Was a dupicate or MSD analysis prepared at the required frequency (1 /batch <20 samples /matrix)?

Yes or No

Yes or No

2. Precision Criteria List the RPOs for anarytes which did not meet the criteria.

Sample* Matrix; Units

For ttie soi matrix, calculate the sample quantitatkxi imrt (RL based on PQL) in mg/kg using the amount, volume, and
% soids data for Vie sample In s-» -=- cases the lab may run an MS/MSO in place of a dupicate. Calculate RPOs from
MSMSO resuRs.

1 Element

'Aluminum
Antimony
Arsenic
Barium
BeryCum
Cadmium
Calcium
Chrorraum
Cobat
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Mckel
Potassium
Selenium
Silver
Sodum
ThaCum
Vanadun
Zinc
Tm

QL (ug/L) QL (mg/Kg) Sample or MS
Result

Dupicate or
MSD Result RPO(%) Action

|

Attach a separate sheet for additional metals
Criteria:
RPO120% for aqueous. RPO - 35% for soi samples, if sample and duplicate results > 5x QL.
OC imts of ± QL for aqueous, i 2x QL fcx sod samples, if sample or duplicate result < 5x QL.

Actions: Indcate which criteria were used to evaluate precision by circling either the RPD or QL. If both samples
are nondetected. the RPD is not calculated (NC). precision is considered acceptable. No action is needed
If RPD is exceeded and sample or duplicate results are > 5x OL. estimate detected results and nondelects (J/UJ;
If RPD is exceeded and sample or duplicate resuR is < 5* GL (including noodelects) and absolute difference between
sample and dupicate is > QL for waters or > 2x QL for sods estimate delected results and nondeteds (JAJJ)
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DATA REVIEW WORKSHEETS All criteria were met:
Criteria were not met,

and/or see below:

IX. FIELD DUPLICATE RESULTS

Field duplicate samples may be taken and analyzed as an indication of overall precision. Field duplicate analyses
measure both field and lab precision; therefore, the results may have more variability than laboratory duplicates which
measure only laboratory performance. It is also expected that soil duplicate results will have a greater variance than
water matrices due to difficulties associated with collecting identical field duplicate samples.

If appropriate, list the analyte concentration not meeting RPD criteria. For soil matrix, calculate the sample quantitation
limit in mg/kg using the amount, volume, and %solids data for the sample.

Sample#_ .Duplicate*. Matrix: Units:

Element
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc
Tin

QL (ug/L) QL (mg/Kg) Sample Result

•

Duplicate Result RPD (%) Action

i

Attach a separate sheet for additional metals
Field duplicate actions should be applied to all other samples of the same matrix type. This qualification will also be
applied to the results of all samples within a given area of the site, if deemed appropriate.

Criteria:
RPD ± 30% for aqueous, ± 50% for soils, if sample and duplicate results >10x QL.
Absolute difference of ± 4x QL for aqueous, ± 8x QL for soils if sample and duplicate <10x QL.
RPD and absolute difference must be exceeded if one result > 10x QL and one <10x QL.

Actions:
Indicate which criteria were used to evaluate precision by circling either the RPD or QL. If both samples are
nondetected, the RPD is not calculated (NC), no action is needed.

If RPD is exceeded and sample results are > 10x QL, estimate detected results and nondetects (J/UJ).
If RPD is exceeded and sample or duplicate result is < 10x QL, estimate detected results and nondetects (J/UJ) for

elements whose absolute difference is > 4x QL for waters and > 8x QL for soils.
If RPD is NC because one result is > 10x QL and one nondetect, estimate detected results and nondetects (J/UJ).
If RPD is NC because one result is < 10x QL and one nondetect, use professional judgement.
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DATA REVIEW WORKSHEETS AM criteria were met:
Criteria were not met.

and/or see below:

X. LABORATORY CONTROL SAMPLE (LCS) RESULTS

The assessment of Vie LCS(s) is to monitor the overal performance of each step during tie analysis, induing the
sample piepjimiun and determine matrix specific precision and accuracy

Recovery Citeria: List any LCS resuts not wilhm project-specific criteria. Uibuutmy estaUshed control bnis or National
Functional CuiJelne recovery cntena

AQUEOUS LCS
Date Anatyte %R Action Samples Affected

Note: NFGs have no control trrals lor Ag and Sb. however, include Ag and Sb in professional judgment. Apply actions
to a* samples in the same preparation batch.

Actions:

1 Aqueous LCS:

'! Positive Sample Results

i Nondetects

!

! %R<50%
T*>« - ou - tower

hr*or80%
•*n » upper rnim or

120%

f J- . J- -1*

! R UJ A

%R>150%

R !

R

SOLD LCS
Date Anatyte LCSConc QCWindows Action Samples Affected

Criteria: LCS resuts must be within the QC windows provided by the vendor. In absence of vendor Imte use aqueous
LUO control •rvs-

Note: Apply actions to al samples in the same preparation batch

Actions:

l! SofdLCS

! Pos*ve Sample Resute

l Nondetects

Less than Lower Acceptance Limit

J-

UJ

| Greater than Upper Acceptance Limit !

i j+ !
J Accept i

2 Frequency Criteria

Was an aqueous LCS analyzed «&ft each ts',d~. of aqueous samples ̂ gesied ci kx every group of aqueous samptes in
an SDG. whenever is more frequent? Yes or No

Was an soid LCS analyzed with each batch of sohd samples digested or for every group of sod/sediment samples in an
SDG .whichever is more frequent? Yes or No

If no. data quahty may be jeopardized Use professional judgment to determine the severity of the effect and qualify the
data accordingly Discuss any actions and hst affected samples

NFG ICP AES2004 doc Rev 0. January 2005



DATA REVIEW WORKSHEETS All criteria were met:
Criteria were not met.

and/or see below:

%g^ XI. SERIAL DILUTION ANALYSIS

The assessment of the serial dilution analysis is to determine the effect of the sample matrix on the accuracy
of the results.

Were serial dilutions (1:5 dilutions) performed for each matrix and the results of the Yes or No
diluted sample analysis agreed within 10% difference (%D) of the original undiluted
analysis for analyte concentrations >50x the IDL or MDL before dilution?

Serial dilutions were not performed for the following target analytes: (optional for Hg) Yes or No

Was the serial dilution anlaysis performed on a site-specific sample? If no, results are Yes or No
not evaluated due to potential differences in sample matrix.

List the % Ds for analytes which did not meet the %D criterion (10%).

Sample #: Matrix: Units:

Element

Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc
Tin

IDUMDL 50x IDL/MDL Sample Results
Corrected

Serial Dilution
Results

%D Action

Attach a separate sheet for additional metals

Actions: Actions apply to all samples of the same matrix. This qualification will also be applied to the results
of all samples within a given area of the site, if deemed appropriate.

Estimate detected results and nondetects (J/UJ) for elements with %Ds > 10.

NFG ICP AES2004 doc 15 Rev. 0, January 2005



DATA REVIEW WORKSHEETS Al criteria were met _
Criteria were not met.

and/or see below:

XII. SAMPLE QUANITTATION ASSESSMENT

The objectove a to ensure that the reported sample quanttabon resuRs are accurate. Evaluate any technical problems
not previously addressed, examine the raw data for any anomaies. verify that there were no transcription or reduction
errors on one or more samples and ttiat resuRs fal within the linear range for ICP and wKNn the caBiration range for
CVAA.

1. Instrument Detection Limits/Method Detection Ljmte (TOL/MBLVQuantitation Limits (QLs):

A Were resuRs reported down to IDUMOL or QL? (Circte one) IDUMDL or QL

B Were DUMDL or QL resuRs for al elements reported at levels that meet project Yes or No
objectives?
If not. nfesitt affected elements:

C If appropriate, estimate (J) resuRs between the IDUMDL and QL (refer to proiect-specific
QAPP). Attach a separate sheet isting the quafted samples and anatytes

2 Reporting requirement

A. Were sample weights (mdudng dry weights), volumes, and diubons taken into account Yes or No
when icpoiliny results (positive and nondetects)? If no. the reported results may be
inaccurate. Request that the laboratory resubmM the corrected data. j

B Did sample resuRs fal within the inear dynamic range for ICP and within the caftorabon Yes or No
range for CVAA?
If no. were olubons performed? Yes or No
List «ie affected samptestetementsAHubon factor:

If no. and dkjbon was not performed, estimate results (J).
List the affected samples/elements

NFG_ICP_AES2004 doc 16 Rev 0. January 2005



DATA REVIEW WORKSHEETS All criteria were met: .
Criteria were not met,

and/or see below:

XII. SAMPLE QUANTITATION ASSESSMENT (continued)

Sample Quantitation (full validation only): The sample quantHation evaluation is to verify that there were no transcription
or reduction errors and to verify laboratory sample quantitation on one or more samples. In the space below, please
show a minimum of one sample calculation.

ICPbv6010B

Mercury by 7470A/7471A

For soil samples, the following equation may be necessary to convert raw data values reported in ng/L to actual sample
concentrations (mg/kg):

Cone, in ng/L X Volume diluted to ( ml) X 1L X 1000 g X 1mg = concentration in wet weight (mg/kg)
Weight digested ( g) 1000ml 1kg 1000ng

In addition, the concentrations are converted to dry weight using the % solids calculation:

Wet weight cone X 100 = Concentration in dry weight (mg/kg)
% Solids

NFG_ICP_AES2004.doc 17 Rev. 0, January 2005



"

_3OQf fflOTy olXWJQO NO

No. of Sarnples-Matrbc

Acceptance Criteria: QAPP/Method

ENSR Data Package*: 1

Client/Site Name: -1

Project Number 'Wi

Validation Actions:

Vafdator Date Checked: Ful / Limted Validation (circle one)

DATA PACKAGE COMPLETENESS CHECKLIST

ITEM

SMwte r̂ siAc •vhvtorf?

Detection levels included?

ReULO. included?

1 abonrtfWY t O »K*n**(f>
•*

Sample malru mouded?

Sample receipt teiiipeidlure 2-€*C?

Signed COCs included?

Date of sample colecbon nduded?

Date of sample prep, included?

Date of analysis included?

• i • • - * _ - • - • »MtVKKJ itfc^ence 11011x160?

uu Oocumenialxxi «>oudeo?
. -^*j^.

Equipmef̂ FKU Bank Os

HeUDupicatelDs

OeCntens Ot - hsttunert Detection Lmt MOL - Method C

r - oonebfeon codfceft. LCS - Laboratory Control Sample. *

YES NO N/A

teleaion Lmt RL - Repotting L
Wference, %R - Percert RCCCT
fG - National Functional Gudc

COMMENTS

'W

jrt*SOL = S

*nes

Comments

3n t̂e Quaittabon LMTM^
tetatitfe Percent DUeience;

RtoH^^vnwmv

Piesev:

KT:

Cafc. cune
Cyanide
Otcr

Bank

US/USD

LabDup

ReUOup
(ENSR)

LCSfl-CSD

Criteria*

SCG iiidhod

See method

r> 0.995
100 ±15%
100 ±10%

<RL

%R= 75-125%
RPO±20%

A^RPO±20%
So RPO=35%
Aq RPO±30%
So RPO±50%

%R= 75-125%
RPOz30%

Action

Use prof,
judgment

J-flJJ if exceeded

Use prof
judgement
J+ if exceeded
J-AJJtf below

Refer to NFG

J**%R J-125
JJUJif%R<75
J if RPO exceeded
JifRPD
exceeded
See ENSR DV
actions
J*if%R>12SV
JAUif%R<75*11*
J rf RPD exceeded

* If no crtena speofeed by Vie method, lab. or
QAPP. use these QC Imrts as guidance.

?,

r)

NFG WC stxxUorm doc Page I Revision 1. January 2005



EIRR
QA/QC CHECKLIST FOR GENERAL CHEMISTRY ANALYSIS

ITEM YES

PARAMETER:

Calibration Info Included in Lab Packaoe?

Criteria met? (%RSD. r. %Rs)

Method Blank Data Included in Lab Package?

Criteria met? (<: RL)

Field/Eguipment Blank Included in Lab Packaoe?

Criteria met? (< RL)

Matrix Spike (MS) Data Included in Lab Package?

%R criteria met? (Method or Lab or QAPP)

MS Duplicate or Lab DUD Data Included in Lab Package?

%R or RPD criteria met? (Method or Lab or QAPP)

Field Duplicate Included in Lab Packaoe?

RPD criteria met? (QAPP OR ENSR)

QC Check Samptes/LCS Data Included in Lab Package?

%R criteria met? (Method or Lab or QAPP)

PARAMETER:

Calibration Info Included in Lab Packaoe?

Criteria met? (%RSD. r, %Rs)

Method Blank Data Included in Lab Package?

Criteria met? (< RL)

Field/Equipment Blank Included in Lab Package?

Criteria met? (< Rl )

Matrix Spike (MS) Data Included in Lab Package?

%R criteria met? (Method or Lab or QAPP)

MS Duplicate or Lab Dup Data Included in Lab Package?

%R or RPD criteria met? (Method or Lab or QAPP)

Field Duplicate Included in Lab Package?

RPD criteria met? (QAPP OR ENSR)

QC Check SamplesA.CS Data Included in Lab Package?

%R criteria met? (Method or Lab or QAPP)

PARAMETER:

Calibration Info Included in Lab Packaoe?

Criteria met? (%RSD, r, %Rs)

Method Blank Data Included in Lab Package?

Criteria met? (< RL)

FieU/Eguipment Blank Included in Lab Package?

Criteria met? (< RL)

Matrix Spike (MS) Data Included in Lab Package?

%R criteria met? (Method or Lab or QAPP)

MS Duplicate or Lab Dup Data Included in Lab Package?

%R or RPD criteria met? (Method or Lab or QAPP)

Field Duplicate Included in Lab Packaoe?

RPD criteria met? (QAPP OR ENSR)

QC Check Samples/LCS Data Included in Lab Package?

%R criteria met? (Method or Lab or QAPP)

NO N/A COMMENTS

METHOD:

METHOD:

!

METHOD:

1

Use this spare for notes/rnmmeni? ?mrl/or spot check calculation (if required)

M

NFG WC-shortform.doc Page 2 Revision 1, January 2005



ATTACHMENT E-2

RAINOCHEMSTRY DATA VALIDATION PROTOCOLS
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DATA REVIEW WORKSHEETS

Type of Review Full: . ENSR Data Pkg ID
Limited: - Site Name:

Project Number:

REVIEW OF RADIOLOGICAL DATA PACKAGE

The following guidelines for evaluating radiological data were created to delineate required review actions.
This document will assist the reviewer in using professional judgement to make more informed decisions and
in better serving the needs of the data users. The radiological data will be reviewed based on method
compliance and quality control (QC) results to provide a level of assurance that an nuclide is present or
absent. The level of uncertainty (bias) associated with the reported result will be indicated, if applicable. The
evaluation of the radiological data will be evaluated based on the Department of Energy Evaluation of
Radiochemical Data Usability (1997). However, the QC samples will not be evaluated based on a statistical
level of confidence as discussed in the Evaluation of Radiochemical Data Usability (1997), but rather to the
laboratory QC acceptance criteria, unless otherwise indicated.

The hardcopied (laboratory name) data package received has been reviewed and the
quality control (QC) and performance data summarized. The review of radiological data included:

LabProject/SDGNo.: •
Sample Matrix:
No. of Samples:
Field Blank ID:
Equipment Blank ID.:
Field Duplicate IDs.:

List analyses reviewed and analytical method:

The general criteria used to determine performance were based on an examination of (check all that apply):
Data Completeness
Holding Times/Sample Preservation
Method Blank
Chemical Yield (Tracers and Carriers)
Laboratory Control Sample (LCS)
Calibration

Matrix Spike/Matrix Spike Duplicate (MS/MSD)
Laboratory Duplicates
Field Duplicates
Sample Identification and Quantitation
Reporting Limits

Overall Comments:

Definitions and Qualifiers:
U - Nuclide considered not detected above the reported Minimum Detectable Concentration (MDC) or 2

sigma counting uncertainty
J - Nuclide identified; the associated numerical value is estimated
UJ - Nuclide is not detected above the reported MDC or 2 sigma counting uncertainty; the reporting

limit may be inaccurate or imprecise
R - Result is rejected and is not usable for project objectives

In general, only one qualifier is permitted with each result. Qualifiers relating to identification (U or R) take
precedence over qualifiers relating to quantitation (J or UJ). Whene^ei .v=n "R;1 is used for nondetects, 'UJ is
no* usec^ Within each category of qualifiers use the qualifier that indicates a more serious problem.

Reviewer: Date-

raei.vks; rev"! (2;.coc Rev 1. January 2005



DATA REVIEW WORKSHEETS AH criteria were met _
Criteria were not met.
and/or see below:

I DATA COMPLETENESS

A Data Package:

The tests requested on the COC or in subsequent communications were performed and reported

The correct nudkJe fet was reported

The COCs (external and ntemal) are present and properly completed

Sample receiving documentation is complete

Missing Information Date Lab Contacted Date Received

B. Other Discrepancies

Codes

SR - Sample Results
BR - Btank Resut

MDC - Mnimum Detectable Concentration

TPU - Toot Propagated

RL- Reporting Umt

rkS! i=v". i"2 -dOC ".I ";iv " JcTi^'cl"/ 2035



DATA REVIEW WORKSHEETS

II. HOLDING TIMES

All criteria were met:
Criteria were not met,
and/or see below:

The objective of this parameter is to ascertain the validity of results based on the holding time of the sample
from the time of collection to the time of sample analysis (activity detection). Samples must be analyzed prior
to significant decay of short-lived target radionuclides. Complete the table for all samples and circle the
analysis date for samples not within criteria.

SAMPLE ID DATE
SAMPLED

GROSS
ALPHA
DATE

ANALYSIS

GROSS
BETA
DATE

ANALYSIS

ISOTOPIC
URANIUM

DATE
ANALYSIS

ISOTOPIC
THORIUM

DATE
ANALYSIS

'

pH ACTION

Cooler Temperature: •

Criteria:

• Analysis Holding Times: no technical holding times due to long half lives, but 6 months from sample
collection (for contractual reasons)

• Sample Preservation: Concentrated HCLor IINO3lo pH <2

Actions:

If samples not preserved properly in the field or laboratory and/or stored in improper container, then:
- SR < sample MDC qualify as estimated "UJ:>.

3R > sample MDC use professional judgment lo qualify as estimated "J"

M

rcdwkst rev1 ;2).dcc Rev. "\ January, 2005



DATA REVIEW WORKSHEETS AB criteria were met _
Criteria were not met.
and/or see below:

II HOLDING TIMES (continued)

The objective of ttus parameter is to ascertain the validity of resufts based on the taking time of the sample
from the time of cofection to the time of sample analysis (activity detection). Samples must be analyzed prior
to significant decay of short-lived target radionudides Complete the table for al samples and circle the
analysis date for samples not within criteria

SAMPLED

I

DATE
SAMPLED

Ra-226
DATE

ANALYSIS

Ra-228
DATE

ANALYSIS

Tc-99
DATE

ANALYSIS

Tritiun
DATE

ANALYSIS
PH ACTION

Cooler Temperature:

Criteria:

• Analysis Hokfng Times: no technical holding times due to iong naif lives, but 6 months from sample
coiection (for contractual reasons)

• Sample Preservation Concentrated HCL or HNO:. to pH ̂  2 ?or gross alpha or beta, Ra-226 Ra 228
isc-topc uranium tsotoptc thcnum ans Tc-9i:

Actions:

If samples not preserved properly m the field or laboratory and/or stored in improper container, then:
SR - sampie MDC p^Liy js esLtv^iecf "UJ"

- SR > sample MDC L-SC professional judgment to quality as estimated 'J'

Rev 1, «ar.ua. y 2005



DATA REVIEW WORKSHEETS All criteria were met:
Criteria were not met,
and/or see below:

III BLANK ANALYSIS RESULTS

The assessment of the blank analysis results is to determine the existence and magnitude of contamination
problems. The criteria for evaluation of blanks apply to any blank associated with the samples, including
equipment, field, and laboratory blanks.

If problems with any blanks exist, all data associated with the case must be carefully evaluated to determine
whether or not there is an inherent variability in the data for the case, or if the problem is an isolated
occurrence not affecting other data.

1. Frequency Requirements

Was a method blank analyzed at the frequency stated in the method or by the project? Yes or No
Was the method blank the same matrix as the sample in the batch? Yes or No

If no the data may be affected. Use professional judgment to determine the severity of the effect and qualify
the data accordingly. Discuss any actions below, and list the samples affected

2. Blank Actions

The method blank activities must be less than their MDC and 2 sigma counting uncertainty.

Blanks must be evaluated in the following order:
Method blanks must first be used to qualify equipment/field blanks and samples.
Contamination remaining in the equipment/field blanks will be used to qualify the associated samples.

Actions:
• if blank results < MDC or < 2 sigma counting uncertainty - no action

• if blank results > MDC , but SR < sample MDC - no action

• if blank results > MDC and SR > sample MDC or 2 sigma counting uncertainty, then

- determine normalized absolute difference between blank and SR using

Absolute Difference (SR - BR)

Square Root (TPU2
SR + TPU2

BR)

If normalized absolute difference > 2.58. no qualification

If normalized absolute difference between 1.96 and 2.58. qualify SR =_ MDC as estimated "J"

If normalized absolute difference between 0 and 1.S6, use prcfeii.oncl ̂ ogrnent to "R"

t rev! (2).doc d Re,/. 1, January, 20GG



DATA REVIEW WORKSHEETS

III BLANK ANALYSIS RESULTS (continued)

All criteria were met _
Criteria were no* met,
and/or see below:

List the contamination > MDC or RL in Sections A & B below

A Method blanks Matrix: Unit

Date
Analyzed

MB ID NucSde Concentration RL Affected
Samples

B Reid/Equipment blanks

Date
Cofccted

Feld ID Nuchde Concentration RL Affected
Samples

C. Normakzed Absolute Difference

Sample ID Nudde SR + TPU BR + TPU

Normalized
Absolute
Difference

Action

F;ev Janjary. 2005



DATA REVIEW WORKSHEETS All criteria were met: _
Criteria were not met,
and/or see below:

IV. CHEMICAL YIELD (TRACERS AND CARRIERS)

Tracers and carriers used in radiochemical separation methods are used to evaluate chemical separation.

1. Frequency Requirements

Were carrier or tracer percent recoveries reported for each sample? Yes or No

If no, the data may be affected. Use professional judgment to determine the severity of the effect and qualify
the data accordingly. Discuss any actions below and list the samples affected.

2. Carrier or Tracer Recovery

List samples that have carrier or tracer percent recoveries (%Rs) outside criteria.

V
Sample ID Nuclide %R Action

Criteria: %R = 25-125% for isotopic uranium

Actions: Do not qualify data on yield results alone. If carrier or tracer %Rs are tow, there may be

increased uncertainty in the SR (MDC > RL). If the yield is low, but the LCS %Rs are acceptable, then

accept data without qualification.

radwksi. levl (2) doc / Rev. 1 January 2005



DATA REVIEW WORKSHEETS Ai criteria were met _
Criteria were not met.
and/or see below:

V. LABORATORY CONTROL SAMPLE (LCS)

The assessment of the LCS(s) ts to monitor the accuracy of preparation and analysis.

1. Recovery Criteria

List LCS percent recoveries (%Rs) or normalized differences not within the criteria and the samples affected.

Dale Nuckde %FUNormafeed Action Sample Affected
Difference

%R = 75-125% or Irst other %R orCriteria:

Actions:

If %R criteria used then fotow the actions stated beiowr

Normalized Difference

1

i
i

LCS

Detected Sample Results

Nondetected ResuMs

%R<10% i %R = 10-

R J

R

LL% ;

I

%R>UL%

J

UJ j Accept
LL-towerimJI UL - upper hmrt

If normafzed difference criteria used then foflow the actions stated below:

I

LCS

Sample Results > MOC

Negative bias
less than -2.58

R*

Sample ResuMs < MDC

Negative bias
between -1.96

and -2.58

J

|J_

Between -1.96
and 1.96

Accept

Accept

Positive bias
I between 1.96 and

2.58

J

Accept

Positive
bias

greater
than 2.58

R-

Accept ,
* ConsMJet the effects of other OC samples pixx ;o qualifying

2 Fiequency Criteria

Was an LCS analyzed with each ba?cr"
Was the LCS analyzed on :he same ceiection system as the samples?

Yes or No
Yes or No

If no. data quality may be jeopardized Use professional judgment to determine the severity of the effect and
qua»f/ jne cats accordingly. Discuss any aa.-ifis an J its! affected sampies

Rev » January



DATA REVIEW WORKSHEETS

VI. MATRIX SPIKE/MATRIX SPIKE DUPLICATE (MS/MSD)

1. Recovery Criteria

Sample # Matrix: Units:

All criteria were met:
Criteria were not met,
and/or see below:

This data is generated to determine long-term precision and accuracy of the analytical method for various
matrices.

List MS/MSD percent recoveries (%Rs) or normalized differences not within the criteria and the samples
affected.

Nuclide

Spiked
Sample
Result
(SSR)

Sample
Result (SR)

Spike Added
(S)

%R %RPD
Normalized
Difference

Action

Criteria: %R = 75-125% or list other %R or Normalized Difference

Actions: MS/MSD actions apply to the field sample used for the MS/MSD analyses. This qualification may
also be applied to the results of all samples within a given area of the site or preparation batch, if deemed
appropriate

If %R criteria used then follow the actions stated below:

Qualify Results

Detected Results
Nondetected Results

MS and/or MSD%R
%R<10%

J
R

%R = 10-LL%
J

UJ

%R > UL%
J

Accept

-20%< %RPD >20%

J
UJ

LL - lower limit UL - upper limit

If normalized difference criteria used then follow the actions stated below:

r~ ' 1
LCS

Sample Results > MDC

Sample Results < MDC

Negative bias
less than -2.58

R*

R*

Negative bias
between -1.96

and -2.58

J

UJ

|

Between -1.96 !

and 1.96
!

Accept

Accept !

Positive bias
between 1 .96 and

2.58

J

Accept

Positive
bias

greater
than 2.58 j

R* ;
Accept i

* Consider the effects of other QC samples prior to qualifying

2. Frequency Criteria

Was a matrix spike prepared at the frequency stated in the method or by the project? Yes or No
Were all nudities or interest spiked into the MS/MSC Yes or No or NA

radwkst ievi (2> doc Ri:v. i, January, 2005



DATA REVIEW WORKSHEETS

VII. LABORATORY DUPLICATES*

Sample f_

All criteria were met
Criteria were not met
and/or see below:

Matrix: Units:

Laboratories run dupfcate samples to verify laboratory consistency and precision. They are a measure of
laboratory performance, ft is expected that soil duplicate results w* have a greater variance than water
mati ices due to dtffcufties associated with preparing identical dupfcate samples

List nucEde not meeting the RPO or Normalized Absolute Difference (circle criteria used)

Nucfde MOC RL
Sample
Results

Duplicate
Results RPD

(%)

Normalized
Absolute
Difference

Action

duplicate actions should be appied to the field sample used as the laboratory dup&cate. This qualification

may atso be appied to the resuts of al samples within a given area of the site and/or preparation batch, if deemed

Criteria:

• RPO ±20% for aqueous. RPO ±35% Ibr so* samples, if sample and duptcate resuNs >5xRLorMOC.

• QC imtfs i RL or MDC for aqueous. ± 2x RL or MOC for soil samples, if sampfe/dupficate results < 5x RL or MDC.

• Normafeed absoMe Jrfcaeoce less tftan or equal to 1 96

Actions: Indicate which criteria were used to evaluate precision by circling RPD, RL. or MDC If both samples are

nondeteded. precision is considered acceptable No action is needed

• If RPD s exceeded and sample results are • 5r f>L v MDC. estimate deleaed results ana ncrdetects (J/UJ).

• RPD is exceeded and sample or dupicate result >s < 5x RL or MDC estimate detected resuSs and nondetects

(J/UJ hx riucMfes whose absoime deference «s ~- RL or MDC for Balers Of > 2> RL •>' \ff. *tv sods

2. Frequency Criteria

Was a laboratory duplicate prepared and analyzed with each batch of up to 20 samples'7

*A sepaiafe wcuksnee: page shcu:c oe used kK eacri .aocss^or,/ ,iup!icn!e

Yes or No

^005



DATA REVIEW WORKSHEETS

VIM. FIELD DUPLICATES*

Sample #_

All criteria were met:
Criteria were not met,
and/or see below:

Matrix: Units:

Field duplicate samples may be taken and analyzed as an indication of overall precision Field duplicate
analyses measure both Meld and lab precision; therefore, the results may have more variability than lab
duplicates which measure only lab performance. It is also expected that solid matrices will have a^reater
variance than water matrices due to difficulties associated with collecting identical field duplicate samples.

List nuclide not meeting the RPD or Normalized Absolute Difference (circle criteria used).

Nuclide
MDC RL Sample

Results

Field
Duplicate
Results

RPD
(%)

Normalized
Absolute
Difference

Action

Field duplicate actions should be applied to the field duplicate pair. This qualification may be applied to the results of all
samples within a given area of the site and/or preparation batch, if deemed appropriate.

Criteria:
• RPD ± 30% for aqueous, ± 50% for soils, if sample and duplicate results > 10x RL or MDC.
• Absolute difference ± 4x RL or MDC for aqueous, ± 8x RL or MDC for soils, if sample and duplicate < 10x RL or

MDC.
• RPD and absolute difference must be exceeded if one result £ 10x RL and one < 10x RL.
• Normalized absolute difference less than or equal to 1.96

Actions: Indicate which criteria were used to evaluate precision by circling RPD, RL, or MDC. If both samples are
nondetected, precision is considered acceptable No action is needed.

• If RPD is exceeded and sample results are > I0x RL or MDC, estimate detected results and nondetects (J/UJ).
• If RPD is exceeded and sample or duplicate result is < 10x RL or MDC, estimate detected results and nondetects

(J/UJ) for elements whose absolute difference is > 4x RL or MDC for waters or > 8x RL or MDC for soils.
• If RPD is NC because one result > I0x RL or MDC ana one nondetect, estimate detected and nondetects (J/UJ).
• If RPD is NC because one result < 10x RL or MDC and one nondetect, use professional judgment. Laboratory

duplicate actions should be applied to the field sample used as the laboratory duplicate.
• !f normalized absolute difference is greater than 1.96, estimate results (J/UJ)

2. Frequency Criteria

Was a laboratory duplicate prepared and analyzed with each batch of up to 20 samples? Yes or No

A separate wornsheet page should be used for each laboratory duplicate

,'c.dwkst r Rev -\ ,1 f\ cijQ5



DATA REVIEW WORKSHEETS AH criteria were met _
Criteria were not met,
and/or see beknr

IX CALIBRATION

1. Standanl TraceabCty

a Were certificates included for caibration standards, LCS. axVor MS/MSO?
b. Did certificate serial numbers match referenced standards?
c. Were the standards within the expiration dates'7

If no. 1st standards affected

Yes or No
Yes or No
Yes or No

Standard 10 Nucfde Lab ID Certificate ID Expiration Date

2. CaHwaton Verification

a. Are the efficiencies within the apprcpnatc control criteria?
b. Are instrument backgrounds wdhm the appropriate control criteria?
c. Are energies within the appropriate control criteria?
d Peak resolution within appropriate control criteria?

Yes or No
Yes or No
Yes or No

Yes or No

If no. 1st standards af

Standard ID

fected

Nucfde Lab ID Certificate ID Expiration Date



DATA REVIEW WORKSHEETS

X. SPECTRAL INTERPRETATION

All criteria were met:
Criteria were not met.
and/or see below:

1. Gamma Analyses

Do isotopes of the same radionuclide show secular equilibrium? Yes or No
Soil samples: are peaks at 511 keV (annihilation peak) and 1460 keV (K-40) present? Yes or No
Are all detected peaks correctly identified? Yes or No
Do peaks overlap? Yes or No

a.
b.
c.
d.

If yes, list affected samples and nuclides

Sample ID Nuclide Peak Energy Estimated % Overlap Action

2. Alpha Spectra

a. Are target peaks within the energy range cf interest (ROI)?
b. Does peak overlap exist through tailing from other nuclides?

If yes, list samples and nuclides affected by tailing below:

Yes or No
Yes or No

Sample ID Nuclide Issue

radwkst revl (2;.dec jc-nusry, ?00£



DATA REVIEW WORKSHEETS

XI. SAMPLE IDENTIFICATION AND QUANTITATION

1. Are sample results > sample MDCs?
If no. qualify SRs as "U" List samples and nuckles below

Al criteria were met
Criteria were not met,
andtor see beknr.

Yes or No

Sample ID Nudkfe SR SRMDC Action

2. Are sample results > 2 sigma counting uncertainty'7

If no qualify SRs as "IT List samples and nudities betow
Yes or No

Sample !D Nucfde SR SRMDC Action

Use Professwnal judgment in cases where:
- SR < MDC. out > 2 sigma counting uncertainty may have been counted long enough to be considered

- SR > MDC. but < 2 sigma counting uncertainty may NOT have been counted long enough to be
considered detected.

3. Are sample results > 2 TPLP
If no. quaify sample results (SRs) as "U" List samples and nudktes below

Yes or No

Sample ID Nucfde

i

SR SRTPU Action

Use Professional judgment m cases where.
SR < MDC he-! > ? sxjrr.3 cco-nting u-r̂ e.-ts:pf-- .-.3.. have t-eer cc-ufitec Sor*} enough to be considered
detected

- SR > MDC bul < 2 sigma counting uncertainty may NOT nave been counted long enough to be
considered aeter.ted

« Jariuary. 2005



DATA REVIEW WORKSHEETS All criteria were met:
Criteria were not met,
and/or see below:

4. Negative Sample Results

Negative results with absolute values greater than their 2 sigma counting uncertainty indicate that the
instrument background may have shifted. Use professional judgment to qualify data.

Do negative sample results have absolute values > 2 sigma counting uncertainty?
If yes, list samples and nuclides below:

Yes or No

Sample ID Nuclide SR SR 2 sigma uncertainty Action

5. Gross values vs total of individual nuclides

Are gross alpha results > total of individual uranium results
If no, list samples with gross alpha < total of individual uranium isotopes

Yes or No

Sample ID Gross alpha SR
Total of individual
uranium isotopes Action

Action
- if gross alpha < total of individual isotopic uranium, then estimate (J) detected individual U results if

applicable in affected sample.

rsdwkst rev' '2).doc Rev. i, January 2005



Al criteria were mer
Criteria were not met.
andfor see below;

DATA REVIEW WORKSHEETS

XII. REPORTING LIMITS

1. minimum Detectable Concentration (MDC)

A Were sample MDCs < RLs?

B. Determine why the MOO RL (ex. small sample size, inadequate count time, or
matrix problems) If sample MDC > RL and SR < sample MDC or ±2 sigma
counting uncertamty. and there is no justification for not reanalyzing at a longer
count time or greater sample afequoL then data are noocompfcant with RL-note in
report The data may be affected. Use professional judgment to determine the
seventy of the effect and quaffy the data accordingly Discuss any actions below
and 1st the samples affected.

Yes or No

2. AiquotSize

List samples and nucfides that required adjusted aliquot size

Sample ID Nuclkfe AiquotSize

A representative sample akquot must be chosen to ensure the dissolved soid content of the sample falls
within the mass range of tne appropriate curve Sample results for which aiquot weight is outside the
attenuation curve should be qualified as estimated ; j) if not reanalyzed with a smaHer aliquot

v. 2005


