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1. INTRODUCTION 

This workplan has been prepared by Stone Environmental (Stone) for Tetra Tech EC (TtEC), Inc. to 
describe the scope of matrix diffusion evaluation and processing, handling, preservation, analysis of rock 
samples, and related services Stone will perform at the Foster Wheeler Energy Corporation 
(FWEC)/Church Road TCE Site in Mountain Top, PA. The objective of this field program is to: 

• Asses distribution of TCE in the bedrock at one coring location at the FWEC/Church Road TCE 
Site 

• Evaluate the matrix diffusion potential of the bedrock at the Site 

2. SCOPE OF WORK 

Stone will mobilize/demobilize one data acquisition truck, three staff, and all necessary tools and 
materials from Montpelier, VT to the FWEC/Church Road TCE Site in Mountain Top, PA. Prior to 
commencement of work Stone staff will attend an on-site health and safety meeting conducted by TtEC. 
Stone staff will be equipped with Level D personal protective equipment (PPE) and will be prepared to 
upgrade to Level C PPE as required by TtEC. Upon completion of field work Stone will remove all 
materials, supplies, and equipment associated with the SOW Stone performs on the Site. 

2.1. Roles and Responsibilities 
TtEC will provide a Geologist whose main responsibility is to log each retrieved core run for lithology, 
color, hardness, weathering, texture, bedding characteristics, structure, solution and void conditions, and 
other features. The TtEC Geologist will be responsible for coordinating the drilling operation. Lee 
Rosberg of Stone will sample rock core for VOC and physical properties and will work closely with the 
TtEC Geologist to agree upon lithology and features of each core run retrieved.  

Efficient processing and preservation of VOC samples by immersion of crushed rock into methanol is of 
primary importance during a COREDFN TM investigation in order to minimize losses of VOCs.  Stone field 
personnel can generally record sample information, collect samples, crush and preserve samples, and 
decontaminate crushing equipment from a core run in thirty minutes.  Lee Rosberg will communicate 
with the TtEC Geologist if the drilling rate exceeds Stone’s ability to process samples to avoid VOC 
losses. The TtEC Geologist and Lee will then advise the driller the amount of time they should wait 
before proceeding to core after retrieving a core run. This will minimize the time between when drilling 
of a core run begins and the time VOC samples are immersed in methanol. Collection of VOC samples 
takes priority over logging each core run, Stone’s sampler will collect samples shortly after retrieval of 
each core run. 
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Key Stone personnel that will complete the scope of work are included in Table 1. 

PROJECT OFFICER:  

Seth Pitkin 

The Project Officer (PO) is ultimately responsible for project performance. 
The PO seeks and gets appropriate approvals for risk management decisions 
(e.g. from Regional/Practice Director(s), Legal Council, Corporate Health and 
Safety), and selects an effective and qualified project team.  The PO supports 
the Project Manager or Deputy Project Manager with appropriate resources. 

PROJECT MANAGER:  

Lee Rosberg 

The Project Manager (PM) has the responsibility for executing the project in 
accordance with the scope of work and good engineering practice.  The PM 
will supervise the allocation of resources and staff to implement specific 
aspects of this workplan and may delegate authority to expedite and facilitate 
any application of the program. The PM implements and executes an effective 
program of site-specific personnel protection and accident prevention.  The 
Project Manager reports to the Project Officer. 

QUALITY ASSURANCE 
MANAGER: 

Kim Watson 

The Quality Assurance (QA) Manager is responsible for managing compliance with 
Good Laboratory Practices (GLP) Standards (40 CFR Part 160), the National 
Environmental Laboratory Accreditation Program (NELAC) quality system, 
and Corporate Quality Assurance (QA) programs. Her responsibilities include 
tracking regulatory updates, supervising QA/QC internal procedures and in the 
field, acting as the Quality Assurance Unit (QAU) for EPA related studies. 
She is responsible for developing and implementing quality systems for 
company processes both project and non-project related. Ms. Watson has over 
21 years of experience in all phases of production and laboratory procedures, 
quality control and quality assurance, QA management and project 
management in an environmental analytical laboratory encompassing the EPA 
regulated environments (GLP, RCRA and CERCLA). 

FIELD TEAM LEADER 

Lee Rosberg 
 
 

 

The field team leader is responsible for managing Stone field personnel in 
daily field activities to implement the scope of work as defined in this 
workplan. The field team leader communicates project progress and needs to 
the TtEC field representative. 
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FIELD TEAM PERSONNEL:  

Lee Rosberg 

Will Waterstrat 

Vincent DeLeone 

Andrew Klopfenstein 

Three of the four Stone staff listed as Field Team Personnel will collect, 
process, and preserve rock samples for VOC and physical properties analyses 
at the Site. Lee Rosberg is the “sampler” whose responsibilities include 
logging core features (such as fractures, staining, and precipitation), selecting 
portions of the core to be sampled, and describing the portion of the core from 
which the VOC and physical properties samples are collected. Will Watersrat 
or Vincent DeLeone will be the “crusher” whose main responsibility is to 
operate the hydraulic press, crushing and preserving the rock core VOC 
samples preparing sample vials and maintaining the sampling records and 
documentation. and preserve VOC samples. Andrew Klopfenstein will 
decontaminate all crushing equipment that comes in contact with samples 
during the crushing process. 

 

LABORATORY MANAGER: 

Mike Rossi 

The Laboratory Manager selects a qualified team of analysts to perform 
Microwave assisted Extraction (MAE) and determination of VOCs in the 
VOC rock samples collected by the field team. Responsibilites include 
compliance with QA/QC protocols outlined in laboratory SOPs. 

LABORATORY ANALYSTS: 

Mike Rossi 

Dave Crosby 

Laboratory analysts will perform Microwave assisted Extraction (MAE) and 
determination of VOCs in the VOC rock samples collected by the field team 
in accordance with QA/QC protocols outlined in laboratory SOPs. 

Table 1: Key Stone personnel 

2.2. VOC and Physical Properties Collection 
Stone staff will collect, handle, and preserve up to forty (40) VOC and four (4) physical properties 
samples from one coring location. Sample locations will be selected for VOC analysis based on fracture 
distribution and lithology with a target frequency of approximately one sample every foot.  Stone employs 
the discrete-fracture network (DFN) investigation approach developed by Beth Parker and associates at 
the Universities of Guelph and Waterloo.  This approach places emphasis for data acquisition on data 
specific to individual fractures, fracture networks and rock matrix blocks between fractures so that the 
characteristics and interactions between these domains can be better understood Studies indicate that 
sample interval plays a significant role in the usefulness of data obtained.  Porewater concentrations and 
mass loading calculations can vary significantly with increased sample intervals.  Sample locations will 
be selected for physical property analyses based on litholgy. VOC samples are collected at fractures (i.e. 
one of the fracture faces), joints and bedding planes, at lithologic changes (both sides of the contact), and 
from matrix blocks between fractures. The sampler evaluates whether breaks in the rock are so-called 
“machine breakes (i.e., breaks induced by drilling activities) or whether they are openings present in-situ. 
In addition the sampler evaluates whether the openings are likely to be active flow conduits by evaluating 
weathering, coatings, staining etc.  
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Equipment blanks will be collected prior to processing VOC samples (every twentieth VOC sample) and 
at the completion of VOC sample collection. Field duplicates will be collected at a minimum of every 
twenty VOC samples collected. A methanol blank will be collected from each 1Liter (L) bottle of 
methanol used to prepare VOC sample vials. One trip blank will be placed with each cooler used to 
transport VOC samples to Stone’s laboratory in Montpelier, VT. For specific methods of VOC and 
physical properties sample collection, handling, and preservation refer to Stone SOP 6.37.0, Field 
Methods for Retrieval, Collection, Handling, and Preservation of Rock Samples to be Analyzed for VOCs 
and Physical Properties (Appendix A). NOTE: The methods used in this work are proprietary. SOPs 
should not be copied, reproduced or shared outside of the limited project staff that have a need to 
know the contents of these documents. Upon completion of coring activities at the FWEC/Church Road 
TCE site Stone staff will transport all VOC and physical properties samples to Montpelier, VT.  

NOTE: Stone SOP 6.37.0 contains proprietary information- DO NOT DISTRIBUTE or 
REPRODUCE. Circulation of this document should be limited to only those project team members 
that have a need to know the contents of the documents. 

Stone will adhere to decontamination methods outlined in section 4.4 of SOP 6.37.0. Stone anticipates 
generating five to ten gallons of investigation derived waste (IDW). IDW will be comprised of methanol 
and water rinsate from decontaminating VOC sampling and crushing equipment and rock chips from 
trimming VOC subsamples. Drums or other appropriate storage for IDW will be provided by TtEC and 
left onsite. 

2.3. VOC Sample Analysis 
Microwave assisted extraction (MAE) will be performed on all VOC samples following Stone SOP 
10.17.0, Microwave Assisted Extraction of Volatile Organic Compounds from Rock Samples (Appendix 
B). Following MAE VOC samples will be analyzed for target analytes following Stone SOP 10.18.0, The 
Determination of Volatile Organic Compounds by Gas Chromatography/Dual ECD Detectors in Rock 
Samples (Using Cool on Column Injection and Split Method Injection) (Appendix C). QA/QC 
requirements for MAE and determination of VOCs in rock samples are found in their respective SOPs. 

NOTE: Stone SOPs 10.17.0 and 10.18.0 contain proprietary information- DO NOT DISTRIBUTE 
or REPRODUCE. Circulation of this document should be limited to only those project team 
members that have a need to know the contents of the documents. 

2.4. Physical Properties Sample Analysis 
Physical properties samples will be shipped, under COC, to Golder Associates in Mississaugua, Ontario 
where they will be analyzed for specific gravity via ASTM D854-06, water content via D2216-05, density 
wax method via ASTM-86, and total organic carbon via Whalkley-Black method (1947, Appendix D). 
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3. DATA DELIVERABLES 

3.1. Draft/Final Letter Reports 
Stone will provide TtEC with a Draft Letter Report describing field methods and findings within four 
weeks of field work completion. A Final Letter Report will be provided to TtEC within one week of 
Stone receiving TtEC’s comments on the Draft Letter Report.  

3.2. Deviations from SOW 
Documents identifying deviations and their acceptance from the SOW by the TtEC Project Manager or 
designated field representative will be provided to TtEC as soon as the deviation is accepted by the TtEC 
Representative. 

4. SCHEDULE 

Stone will mobilize one data acquisition truck, three staff, and all tools and materials necessary to 
complete the scope of work from Montpelier, VT to the Site upon request from TtEC to proceed. 

5. MEASUREMENT AND PAYMENT 

At the end of each day Stone’s field team leader and a TtEC Representaive will agree and complete 
summary sheets detailing the day’s activities, including samples collected, amounts of consumables 
utilized, hourly charges, etc.  

At the end of each month Stone will compute the quantities of completed work for that month and submit 
a monthly invoice review for approval. A back-up package will be attached to the monthly invoice will be 
prepared by Stone in sufficient detail to allow TtEC  to verify the value of completed work by comparing 
the invoice to the summary sheets.  

Payment for each line item found on Exhibit B, Price Form of TtEC’s Order Number: 1065699 will be 
made according to the unit indicated for the line item and the quantities of work performed for that line 
item. These unit costs shall include all costs to collect the specified data, decontamination of equipment 
and other ancillary activities described in the scope of work. 
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STANDARD OPERATING PROCEDURE 
 

SEI-6.37.0 
 

Field Methods for Retrieval, Collection, Handling, and Preservation 
of Rock Samples to be Analyzed for VOCs and Physical Properties 

 
NOTE: This SOP contains proprietary information – Do Not Distribute 

 

SOP Number:  SEI-6.37.0  Date Issued: 07/01/08 

Revision Number: 0      Date of Revision:  NA  

1.0 OBJECTIVE 

The purpose of this procedure is to collect and process samples of bedrock aquifer material which can be 

subsequently analyzed to determine the concentration of analytes in the pore water within the rock matrix. 

This is important information in dual porosity bedrock environments where diffusion of contaminants into 

the rock matrix porosity can result in a large portion of the total contaminant mass residing in the relatively 

immobile matrix. 

Samples need to be obtained, logged, and crushed into methanol with a minimal loss of volatile analytes. 

Rock cores are retrieved by a drilling team from fractured bedrock aquifers and sampled for volatile organic 

compounds (VOCs) along with representative samples for physical property analyses including porosity, 

bulk density, organic carbon content, chloride diffusion coefficient and matrix permeability. 

2.0 POLICIES 

1. According to 40 CFR Part 160, Subpart E, Section 160.81 and the NELAC standards, a testing facility 

shall have standard operating procedures in writing setting forth study methods that management is 

satisfied are adequate to insure the quality and integrity of the data generated in the course of a study. 

2. Personnel will legibly record data and observations in the field to enable others to reconstruct project 

events and provide sufficient evidence of activities conducted. 

3.0 SAFETY ISSUES 

1. If necessary and appropriate, a site-specific health and safety plan shall be created for each study site. A 

template for creating a proper health and safety plan is provided on the SEI network. 

2. Care must always be taken when approaching a sampling location. Do not, under any circumstances, 

place yourself in danger to collect a sample. 
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3. If necessary and appropriate, all chemicals are required to be received with Material Safety Data Sheets 
(MSDS) or appropriate application label. These labels or MSDS shall be made available to all personnel 
involved in the sampling and testing. 

4.0 PROCEDURES 

4.1 Rock Core Sampling Equipment and Materials 

1. Sharpies and Ball point pens  
2. Several small coolers 
3. Small Dry-Erase White Board (2)  
4. Tough-book Field Computer (2) 
5. USB Data Stick (flash drive) 
6. Printer  
7. Wash Tubs (4)  
8. Folding Tables (4+)  
9. Chairs (3)  
10. Scissors  
11. Scrub Brushes (several)  
12. Squirt Bottles (4+)  
13. Required field personnel protective equipment (PPE). 
14. Paper towels   
15. Teflon tape (heavy duty)  
16. Duct tape  
17. Rubber bands  
18. Aluminum foil  
19. Saran wrap  
20. Parafilm  
21. Phosphate free detergent  
22. Distilled Water  
23. Bubble wrap  
24. Ziploc bags (large and small)  
25. Ice Packs  
26. Kim-wipes 
27. Crack Hammer (2 or more) 
28. Steel Chisel, 3” blade (3 or 4) 
29. Pick – For removing o-rings 
30. MeOH, Purge and Trap grade and Wash grade 
31. EnerpacTM Hydraulic system 
32. Rock Crushing Press  
33. Sample Trimming Cells 
34. Complete Sample Crushing Cells 
35. Stainless Rods (for knocking out pucks) 
36. O-rings for Pucks 
37. Spare Bolts for Base 
38. Wood Blocks for marking sampled portions of core 
39.  6’ Plank marked in 0.1 foot intervals. 
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4.2 Core Retrieval and Sample Collection 

Core runs will be HQ-sized (2.5-inch diameter) in five-foot lengths, collected using a triple-tube 

core barrel system. Immediately upon retrieval by the driller of the cores at ground surface, they will 

be removed from the core barrel and placed in aluminum foil-lined PVC trays (6 ft long, 4-inch 

diameter PVC pipe split lengthwise) and covered with a continuous sheet of clean aluminum foil to 

minimize volatilization of VOCs. Aluminum foil will be used to keep most of the core covered while 

the geologist and hydrogeologist inspect the core and select sample locations based on presence of 

fractures, lithology, weathering and evidence of groundwater and/or DNAPL fluid flow. The 

hydrogeologist will flag the sections of the core to be subsampled for VOC analyses and physical 

property measurements (moisture content, porosity and bulk density, diffusion coefficient, matrix 

permeability, organic carbon content).  The drilling pace should be controlled by the on-site 

hydrogeologist to ensure that core is not drilled or retrieved before the hydrogeologist and crusher 

are prepared to receive it (i.e. previous core run has been completely processed or nearly so). 

4.2.1 VOC Sample Selection 

Subsamples (i.e. core segments ~1 to 2-inches long) for determining CVOC concentrations 

will be taken from the cores immediately to minimize chemical losses due to volatilization. 

The initial core logging will be performed to identify key features for subsampling purposes 

and samples will be quickly broken from the core using a hammer and chisel, and then 

wrapped in aluminum foil for VOC and moisture preservation and given a unique field ID. 

The foil wrapped sample is then placed in a zip-lock bag and labeled with the same field ID 

as the wood block. After these samples have been collected, the core will be logged in more 

detail by the geologist. Additional sample types will then be selected and removed from the 

core. Wood blocks will be placed in the core boxes with a unique field ID where samples 

have been removed for future reference, indicating the sample ID, length and depth of the 

removed section and the type of sample. 

Samples for CVOC analysis will typically be collected using the three criteria identified 

below unless the project work plan specifies another scheme: 

• Samples will be taken immediately adjacent to (including fracture surface) and 6 to 12 

inches away from identified fractures, either above and below these features. All breaks 

in core should be suspected as being fractures in-situ, however, emphasis will be made 

on features with additional lines of evidence for active fluid flow (i.e. secondary mineral 

coatings/staining, slickensides, report from drillers regarding fluid loss/gain at specific 

depths during coring). These samples are intended for measuring the extent of 
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diffusion into the matrix blocks away from fractures that may have once contained 

DNAPL or solute contamination. 

• Additional subsamples will be collected at distinct changes in lithology /mineralogy. 

Samples will be collected from both sides of such boundaries, referred to as lithology 

pairs so that representative samples are collected from the different matrix materials. 

• Field duplicate samples will be collected at a minimum frequency of 1 in 20, taken from 

the same length of core split lengthwise (along the core axis) to provide samples from 

the same depth interval and lithology.  

The hydrogeologist will exercise judgment during sampling to provide an average sample 

frequency which adequately describes the system, or as specified in the work plan. A typical 

average sample spacing of one sample every 1 to 2 ft is recommended.  

Photographs of the core will be taken showing the top/bottom and depth interval of the core 

run, core location and date shown on the erasable white board in the photo. The geologist 

then continues logging the core stratigraphically and the hydrogeologist selects the physical 

property samples. 

4.2.2 Physical Properties Sample Selection 

These samples will be collected approximately every 20 ft in the same manner as the CVOC 

samples described in Section 2.2.1. An effort will be made to obtain samples from different 

lithologies or where variations in lithology occur as assessed during core logging. Each 

sample will be a cylindrical disc of the same diameter as the HQ core retrieved from the 

core barrel, with a height of 2 to 6 inches. These sections of core will be obtained such that 

the in-situ moisture conditions are retained: working quickly, keeping the core covered and 

out of direct sunlight, and immediately wrapping and sealing the samples. After the sample 

is broken from the core, it will be immediately wrapped tightly in clean aluminum foil twice 

around the circumference for complete coverage of the sample, followed by plastic wrap and 

tape. Finally, the sample will be completely wrapped in parafilm, labeled and placed in a 

sealable plastic bag.  Each sample will be clearly labeled with the sample ID, core location, 

depth, and date. Details and a full lithological  description of each sample will be recorded 

in the field notebook. 

4.3 VOC Sample Preservation 

VOC samples will be collected in 40 mL clear glass VOA vials with Teflon-lined septa and screw 

caps. The rock core sampling requires both purge and trap grade methanol for rock sample 

extraction and preservation, and wash grade methanol for decontamination. Methanol should be 
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ordered beforehand and available prior to start of drilling. Each labeled sample container and lid 

will be weighed empty, and re-weighed once the purge and trap grade methanol has been added to 

accurately determine the weight and volume of methanol extract. Sample vials are prepared with 

methanol on the day of sample collection where possible; otherwise the weight of the vial with 

methanol should be re-checked prior to use. At the end of each drilling day, each of the days vials 

used for rock samples will be weighed so the exact weight of each rock sample is known and then 

prepared for shipping. There should be a minimum of 15 g of rock in each sample jar. Sample 

bottles will be stored in a cooler with ice or fridge set to 4°C until they are shipped to the laboratory. 

Following is a step-by-step outline of the process of rock core sampling for VOCs: 

• Lay core in an aluminum foil-lined split PVC tray. Note top/bottom of core and depth interval, 

measure length and quickly identify features (fractures, breaks, lithology/mineralogy changes, 

evidence of fluid flow (i.e. secondary minerals, precipitates, slickensides, etc.) to select sample 

locations. Cover with aluminum foil to minimize CVOC volatilization and evaporation of pore 

water. 

• Collect CVOC samples: break off a one to two-inch section of core using a rock hammer and 

chisel, inserting a wood spacer that specifies the sample ID, depth interval that was removed 

and the type of sample taken. If a field duplicate is planned, the disc length should be doubled 

and split lengthwise along the core axis to produce two samples from the same depth interval. 

• Completely wrap each sample in a piece of clean aluminum foil to minimize volatilization loss 

and place in a zip-loc bag with a unique field ID, and place in a cooler with ice for storage prior 

to crushing. Record sample information including a lithology description, sample type (e.g. 

lithology pair, duplicate), depth, position relative to nearby fractures and other pertinent details.  

Following collection of samples for each core run, transport samples to the crushing area. 

• Trimming. Using a hammer and chisel and steel chipping tray, remove the outer rind of the 

sample exposed to drilling fluids. 

• Place subsample in a clean, dry crushing cell and crush with the Enerpac™ system. 

• Place stainless steel funnel and VOA vial with methanol below crushing cell. Empty crushed 

rock sample (minimum of 15 g) into 40 mL VOA sample vial containing a known volume (20 

mL) of purge and trap grade methanol, taking care to avoid splashing of methanol out of the 

vial. Sample vials and screw caps with septum have been previously labeled and weighed both 

before and after filling with methanol so the mass/volume of methanol is accurately known. 

Bottle threads should be wiped clean with a kim-wipe prior to screwing on the cap to remove 

any rock fragments that prevent the cap from sealing properly. 

DRAFT AR303398



SEI-6.37.0     Page 6 of 8 
I:\GLP_NELAC\SOP\SEI_SOPs\Ch6_FieldWork\SEI_Current\SEI-6.37.0_CORE DONOTDISTR.doc 

 

• Decontaminate the rock crusher components using the procedure outlined in Section 4.4.  

Multiple crushing cells will be used (at least four or five sets) to allow processing of all samples 

from most core runs before decontamination is required. 

• Equipment blanks and field duplicates will each be collected after every 20 samples. 

After drilling is completed each day, weigh vials with the rock samples so the mass of rock is known. 

Wrap screw cap lid-bottle seam with Teflon tape, wrap vials with bubble wrap and place 

individually in zip-lock bags for shipping. Place in cooler with trip blanks, which remain with 

specific batches of samples until arrival at the laboratory, and keep on ice. 

• Chain of custody (COC) forms will be filled out at the end of each day of sample collection and 

shipped with each cooler to the laboratory. 

4.4 Decontamination of Drilling and Subsampling Equipment 

Decontamination procedures are designed to remove all traces of contaminants from the equipment 

to prevent cross-contamination. Core barrels will be cleaned between runs using clean water and 

pressure washer. The sampling and trimming chisels will be sprayed off with wash grade methanol 

followed by distilled water, and dried with a clean cloth before re-use. Only those parts of the rock 

crusher that come into contact with the rock subsamples require cleaning, including the crushing 

cell with top/bottom plates (Pucks) and funnel used to direct the crushed rock sample into the VOA 

vial. Chipping trays will also be decontaminated between samples. At least four or five sets of 

crushing cells will be used, which in most cases should allow processing of all of the samples 

collected from a 5-ft core run.  The procedure for cleaning these components consists of four steps: 

Clean with a solution of water and a phosphate-free detergent (e.g. Alconox). Wash to get rid of 

obvious sediment.  

1. Fully immerse in a clean water rinse,  
2. Rinse with wash grade methanol using a squirt bottle to remove any traces of contaminants not 

removed previously. 
3. Rinse with distilled (analyte-free) water using a squirt bottle to remove all traces of methanol.  

Parts are then dried using clean paper towels. The soap and water baths will be changed on a 

regular basis, and equipment blanks will be collected after every twenty samples by wiping inside a 

clean crushing cell with a kim-wipe soaked in purge and trap grade methanol which is then placed 

in a 40 mL VOA vial to be submitted for analysis along with the rock samples.  Decontamination 

fluids and remnant rock fragments will be contained and properly disposed. 

4.5 Field QA/QC 

Equipment blanks, collected as described above, will be taken after every 20 samples. Trip 
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blanks, consisting of purge and trap grade methanol in 40 mL vials will be placed with each batch of 

samples stored/shipped in coolers. These are filled with methanol at the same time as the sample 

vials, and handled with the prepared vials and methanol preserved VOC samples, and remain 

unopened until returned to the laboratory for analysis.  

Field duplicate samples will be taken every 20 samples on core sections of double length split along 

core axis, so that the samples are taken from the same depth interval and lithology. Methanol blanks, 

used to identify contamination of the purge and trap grade methanol, are taken at the start and end 

of each methanol container (typically 1 L) while filling sample vials and stored/shipped separately 

from the samples. All QA/QC samples will be identified on the chain of custody forms and tracked 

throughout the sample handling and analysis process. 

5.0 RESPONSIBILITIES 

1. All personnel will legibly record data and observations (including phone conversations) in accordance 

with this SOP to enable others to reconstruct project events and provide sufficient evidence of activities 

conducted. 

6.0 DEFINITIONS 

1. EPA means the U.S. Environmental Protection Agency.  

2. Observations & Remarks Form (O&R): A pre-printed form, which contains mostly blank space for 

general note taking. The form typically prompts the user for the study or project designation, the SEI 

project number, the client or sponsor name, the total number of pages (page n of n) and requires a 

signature and date. The form is generally used to capture notes of one person when another, more 

specific forms is not available.  

3. Raw data means any worksheets, records, memoranda, notes, or exact copies thereof, that are the 

result of original observations and activities of a study and are necessary for the reconstruction and 

evaluation of the report of that study. In the event that exact transcripts of raw data have been prepared 

(e.g., tapes which have been transcribed verbatim, dated, and verified accurate by signature), the exact 

copy or exact transcript may be substituted for the original source as raw data. Raw data may include 

photographs, microfilm or microfiche copies, computer printouts, magnetic media, including dictated 

observations, and recorded data from automated instruments.  

7.0 REFERENCES 

40 CFR Part 160 Good Laboratory Practice Standards, August, 1989. 
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8.0 TABLES, DIAGRAMS, FLOWCHARTS, AND VALIDATION DATA 

None 

9.0 AUTHORIZATION 

 

Written by:____________________________________   Date:____________ 

Lee Rosberg, Staff Scientist 

 

Approved by:___________________________________    Date:____________ 

Seth Pitkin, Vice President 
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STANDARD OPERATING PROCEDURE 

 

SEI-10.17.0 

 

MICROWAVE ASSISTED EXTRACTION OF VOLATILE ORGANIC 

COMPOUNDS FROM ROCK SAMPLES 

NOTE: This SOP contains proprietary information – Do Not Distribute 

 

 

SOP Number:  SEI-10.17.0      Date Issued: 07/02/08 

Revision Number: 0      Date of Revision: na 

1.0 OBJECTIVE 

The Microwave Assisted Extraction (MAE) method was designed at the University of Waterloo and is 

used to extract Volatile Organic Compounds (VOC) from rock samples. 

2.0 SUMMARY OF METHOD 

The microwave extraction is conducted in a microwave system model Ethos Sel Labstation, build by 

Milestone Srl, Italy. The main component of this system is the MPR-600/12S medium pressure segmented 

rotor which contains 12 vessels for solvent extraction.  

 

Core samples are collected and the rock samples are immediately crushed using a new device that was 

designed by Parker’s research team at the University of Waterloo. The crushed samples then undergo 

microwave assisted extraction (MAE). Typical solvent extractions using shaking or sonication require five 

weeks in order to extract all of the contaminant mass even following crushing. Using MAE this extraction 

time is reduced to less than an hour. 

3.0 DEFINITIONS 

Batch: environmental samples, which are prepared and/or analyzed together with the same process, using 

the same lot(s) of reagents. A preparation batch is composed of one to 20 environmental samples of a 

similar matrix, meeting the above-mentioned criteria.  

 

Corrective Action: action taken to eliminate the causes of an existing non-conformance, defect or 

other undesirable situation in order to prevent recurrence. 

 

Instrument Blank: a blank matrix that is the same as the processed sample matrix (i.e. extract, 

digestate, condensate) and introduced onto the instrument for analysis. 
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Laboratory Control Sample (LCS): a blank matrix spiked with a known amount of analyte(s), processed 

simultaneously with, and under the same conditions as, samples through all steps of the analytical 

procedure. 

 

Quality Control (QC): the overall system of technical activities, the purpose of which is to measure and 

control the quality of a product or service. 

 

Spike: a known amount of an analyte added to a blank, sample or sub-sample. 

 

Standard Operating Procedure (SOP): a written document which details the method of an operation, 

analysis or action whose techniques and procedures are thoroughly prescribed and which is accepted as the 

method for performing certain routine or repetitive tasks. 

 

VOC – Volatile Organic Compounds 

 

QA/QC – Quality Assurance/Quality Control 

4.0 INTERFERENCES 

When analyzing for VOCs, samples can be contaminated by diffusion of volatile organics (particularly 

chlorofluorocarbons and methylene chloride), through the sample container septum during shipment and 

storage. A trip blank prepared from organic-free reagent water and carried through sampling and 

subsequent storage and handling must serve as a check on such interferences. 

Sulfur dioxide is a potential interferant in the analysis for vinyl chloride. 

 

Contamination by carryover can occur whenever high-concentration and low-concentration samples are 

analyzed in sequence. Whenever an unusually concentrated sample is encountered, it is recommended to 

prepare methanol blanks in the vessels used for the extraction of highly concentrated samples. Extraction 

vessels and syringes should be adequately cleaned and flushed prior to use. All glassware must be kept 

scrupulously cleaned. Clean all glassware as soon as possible after use by rinsing with the last solvent used 

or analyte-free water. Clean dry glassware should be stored in a clean environment. 

5.0 SAFETY ISSUES 

Laboratory personnel should take extra care when working with standards. When working with neat 

standards, make certain that there is adequate ventilation and that Nitrile or Latex gloves are worn and if 

necessary safety glasses. 

 

If necessary and appropriate, a site-specific health and safety plan shall be created for each study site and 

followed. All samples as well as standards should be treated as a potential health hazard. Exposure to each 
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should be reduced to the lowest level possible using gloves and a hood. Material Safety Data Sheets 

(MSDS) should be available to all personnel. 

 

Field visits may involve accessing remote areas. Health and safety concerns regarding these field visits are 

minimal, however, hazards such as slip, trip and falls, poisonous plant and dangerous animals, as well as 

getting vehicles stuck in remote areas, do present considerable health and safety issues. To help ensure 

field staff’s health and safety in remote areas, all field staff are to have daily communication with the 

project manager or another appropriate SEI employee. 

All chemicals are required to be received with a Material Safety Data Sheets (MSDS). MSDSs shall be 

made available to all personnel involved in the sampling and testing. 

6.0 EQUIPMENT AND SUPPLIES 

• The microwave system: model Ethos Sel Labstation, built by Milestone Srl. (Italy), equipped with the 

MPR-600/12S medium pressure segmented rotor containing 12 vessels for solvent extraction. The 

vessels are made of TFM Teflon, chemically inert to most organic solvents and combinations thereof, 

with very high stability to temperature extremes. It is microwave transparent; maximum working 

temperature for extended use is 260°C, and 300°C for brief use. Each vessel is protected by a safety 

shield, for which the maximum temperature for extended use is 250°C. The microwave system is 

controlled by a dedicated computer. 

• Analytical balance 

• Glass disposable pipettes 

• 4 mL glass vials 

• 1.5 mL GC vials 

• Crimper 

• Purge and trap grade methanol 

• Wash grade methanol 

• Nano (clean) water 

• Spatulas 

• Cleaning brushes 

• Centrifuge 

Oven-lined septum 

DRAFT AR303405



SEI-10.17.0     Page 4 of 11 

I:\GLP_NELAC\SOP\SEI_SOPs\Ch10_EnvDrill\SEI_Current\SEI-10.17.0_MAE Prep.doc 

 

7.0 REAGENTS AND STANDARDS 

Organic-free reagent water demonstrated to be free of compounds of interest (spring water, carbon filtered 

and/or deionized). 

 

Purge and Trap Grade or equivalent grade methanol (demonstrated to be free of analytes and stored away 

from other solvents). 

 

8.0 SAMPLE COLLECTION AND HANDLING 

8.1 Sample Collection 

Rock core samples are collected by trained geologist. Core samples are collected and the rock 

samples are immediately crushed using a new device that was designed by Parker’s research team 

at the University of Waterloo. The core sample is placed in a closed stainless steel crushing cell 

fitted with “O”-rings and crushed with a stainless steel piston at pressures as high as 3000 psi. The 

crushed sample is then extruded from the cylinder directly into a pre-weighed 40 mL VOA vial 

containing a known volume of purge and trap grade methanol. The amount of air passing by the 

sample while being crushed is minimized as well as the time required to completely crush the rock 

fragments into the desired particle size. The stainless steel crushing vessels and associated tools are 

thoroughly decontaminated following each use. The samples are weighed upon receipt at the 

laboratory and recorded in the Log in summary sheet (Table 1.) 

The crushed samples then undergo microwave assisted extraction (MAE). Typical solvent 

extractions using shaking or sonication require five weeks in order to extract all of the contaminant 

mass even following crushing.  

8.2 Handling and Holding Times 

Soil and rock samples collected in methanol are stored chilled at 4º C (<6 °C) from collection. 

Samples are allowed to come to room temperature just prior to analysis. 

If necessary, a separate soil sample aliquot will be collected in a 40 mL vial or equivalent for 

percent moisture content so that results can be adjusted for %moisture and reported as dry weight 

rather than as received. Percent moisture is determined as follows: Percent Moisture Determination 

- Immediately after weighing the sample for analysis, weigh 5-10 g of the soil/sediment into a tared 

crucible. Determine the percent moisture by drying overnight at 105 ˚C. If available, allow to cool 

in a dessicator before weighing. Concentrations of individual analytes will be reported relative to 

the dry weight of soil/sediment. 

Percent moisture - %Moisture = gms of wet sample – gms of dry sample/gms of wet  
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9.0 PROCEDURE 

Step 1: Sample Receipt 

1. Unwrap samples carefully 

2. Check all samples against the chain of custody forms 

3. Sign all chains of custody and file them 

4. Fill out the Stone Environmental sample login sheet (Table 1) 

5. Assign unique SEI number to each sample received 

6. Unwrap the teflon tape from each vial and weigh each sample in its vial 

7. Record weight on login sheet 

8. Rewrap the teflon tape around the vials 

 

Step 2: Preparing Vials 

1. Choose 12 samples for the current extraction batch and return the other samples to the refrigerator. 

2. Each sample will require one 4-ml glass vial and two 1.5-ml glass autosampler vials.  Each of 

these vials needs to be labeled with the sample’s SEI number.  When labeling the autosampler 

vials, make sure to label one with SEI # - A and the other with SEI # - B.  The labeling process can 

be done while the microwave extraction (Step 3) is in progress. 

3. Use the Dymo label software to print out labels for the vials.  Attach the labels and organize the 

vials in racks for use later in the extraction process.  NOTE: Make sure to affix labels as low as 

possible on the 1.5-ml autosampler vials so the autosampler does not encounter interference.   

 

Step 3: Microwave Extraction 

1. Assign a microwave vessel to each of the twelve samples in the batch and record that vessel 

number on the sample login sheet.  NOTE: If there are both samples containing rock and samples 

not containing rock (e.g., trip blank) within the same extraction batch, make sure that the reference 

microwave vessel (Vessel #1) is used for a sample containing rock. 

2. Turn on the microwave at the power switch.  This also turns on the control screen.  On the control 

screen, select Administrator and type in password (123456).  Touch the PressPrep button and then 

go to the Method tab and the Param subtab.  Make sure that the loaded method is rockcore.mpr 

and that the Twist and Start-Param buttons are checked.  Also make sure that the Control for… 

dropdown menu is set to T1 and that Ventilation is set to 73 minutes.  Use the vent button (looks 

like a fan) to rotate the rotor to access a certain vessel.   

3. Prepare samples one at a time for microwave extraction via the following steps:. 
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a. Remove the appropriate segment from the rotor body 

b. Place the workstation flat on the microwave door so that the ridge on the bottom edge is aligned 

with the base of the inside of the microwave for stability. 

c. Using the torque wrench, unscrew the amber-colored cap of the microwave segment to release the 

vessel.  Remove the vessel from the rotor segment by tilting it to the right and lifting it out. 

d. Carry the vessel to the hood and open it by removing the brown spring and adapter plate, the teflon 

indicator ring, the teflon cover to expose the teflon vessel and the brown protection shield.  

Remove the vessel from the protection shield.  There should be six separate pieces. 

e. Empty the contents of the sample vial into the vessel. 

f. Using the repipettor, introduce 5 ml methanol to the sample vial to rinse any remaining sample.  

Pour this rinse methanol into the vessel as well. 

g. Weigh the teflon vessel with the sample in it and record the weight on the sample log in sheet. 

h. Reassemble the entire vessel and return it to the segment.  Use torque wrench to tighten down the 

cap until the wrench makes a loud click.  Replace in the proper position within the rotor body and 

then move to the next vessel, using the vent button on the control screen to rotate the rotor if 

necessary.  

i. After all vessels have been loaded with samples, put the round rotor cover on top of all the 

segments so they are locked into place.  Install the temperature sensor by inserting the fiber optic 

sensor into the thermowell hole on the top of the reference vessel (vessel #1) until it is firmly set.  

Attach the other end of the temperature sensor (it is blue) to the microwave by plugging it into the 

top hole on the left inside wall of the microwave.  Again, press in until it is firmly set.   

j. To start the microwave extraction, press the green start button on the control screen.  Before 

actually starting, the microwave will ask you two warning questions.  The first asks you if you 

want to continue even if your pressure sensor is not monitoring.  Say yes to continue.  The second 

warning wants you to check your stirrer.  We do not have this function enabled, so continue 

through this message too.  At this point, the microwave program should begin, and proceed 

according to the rockcore.mpr method.  The program should take two hours to complete.  This 

includes a ventilation step that will cool the vessels down to approximately 30 degrees C.  Turn the 

hood blower on. 

k. Once the microwave program has completed, the ventilation fan will turn off.  As long as the 

temperature is reading <30 degrees C, the vessels can be opened.   

l. With the labeled 4-ml vials ready nearby, you can begin transferring the samples from the 

microwave vessels to the 4-ml vials.  Start with the reference vessel and remove the temperature 

sensor from the reference vessel port and from the port inside the microwave.  Place the 

temperature sensor on the shelf, out of harm’s way.  NOTE: Once you remove the sensor, the 
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temperature reading on the control screen will spike to a very high reading.  This is ok.  Now 

remove the round rotor cover so that you can access the vessels. 

m. From here, prepare the samples for the centrifuge step.  The centrifuge can only accept six samples 

at a time, so transfer the samples from the microwave to the 4-ml vials in two batches of six 

samples.  Proceed to transfer the samples one at a time via the following steps: 

i. Use the workstation and torque wrench to unscrew the cap and remove the vessel from 

its segment. 

ii. Carry the vessel into the hood and carefully remove the spring and plate, indicator ring 

and teflon cover.  Remove the vessel from the protection shield.  NOTE: Use extra 

caution when removing the teflon cover from the reference vessel.  Lift it straight up 

to prevent cracking the thermowell. 

iii. Weigh the sample in the teflon vessel.  Record the weight on the login sheet. 

iv. Using a fresh glass transfer pipette, transfer approximately 3 ml of sample from the 

teflon vessel to an appropriately labeled 4-ml glass vial. 

v. Pour the remaining sample volume into the methanol waste container and rinse it 3x 

with 5ml methanol from the repipettor. 

vi. Make sure the vessel is dry before you seal it back up.  You may want to set up a 

drying area in the hood, but make sure you keep all components for each vessel 

together without mixing them.  Each component should be marked with a number 

corresponding to its vessel number. 

 

Step 4: Centrifuge and Transfer Samples to Autosampler Vials 

1. Load six 4-ml sample vials into the metal tubes of the centrifuge (the tubes are labeled 1-6). 

2. Close the lid and turn on the centrifuge by setting the dial to 30 minutes. 

3. While the first six samples are being centrifuged, prepare the second batch of six samples for the 

centrifuge step (i.e., transfer to labeled 4-ml vials).   

4. After the first batch has centrifuged for 30 minutes, unload those vials and reload the centrifuge 

with the second batch of samples.  Centrifuge for 30 minutes. 

5. Once the centrifuge step is complete, transfer each sample from the 4-ml vial to two appropriately 

labeled 1.5-ml autosampler vials.  Place a septum on top of the vial and crimp it securely with the 

hand crimper until the septum will not move/rotate on the vial.  Until you are ready to run the 

samples on the GC, keep them in the freezer. 
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10.0 CALCULATIONS 

None performed, See Analytical SOP 

11.0 QUALITY CONTROL AND CORRECTIVE ACTION 

Quality control samples are generated during sample preparation to determine if contamination or memory 

effects are occurring. Methanol blanks for all microwave vessels are prepared before new samples are 

extracted. The same procedure is followed when all the samples are prepared. Also, once a day, one 

microwave vessel blank is prepared. The vessel is chosen at random. It is also recommended to prepare 

microwave vessel blanks for the vessels used for the extraction of highly concentrated samples.. 

12.0 POLLUTION PREVENTION & WASTE MANAGEMENT 

Pollution prevention encompasses any technique that reduces or eliminates the quantity or toxicity of waste 

at the point of generation. Numerous opportunities for pollution prevention exist in laboratory operation. 

The United States Environmental Protection Agency (USEPA) has established a prevention hierarchy of 

environmental management techniques that places pollution prevention as the management option of first 

choice. Whenever feasible, laboratory personnel should use pollution prevention techniques to address 

their waste generation. When wastes cannot be feasibly reduced at the source, the agency recommends 

recycling as the next best option. 

The quantity of chemical purchased should be based on expected usage during its shelf life and disposal 

cost of unused material. Actual reagent preparation volumes should reflect anticipated usage and reagent 

stability. 

For information about pollution prevention that may be applicable to laboratories and research institutions, 

consult “Less is Better: Laboratory Chemical Management for Waste Reduction”, available from the 

American Chemical Society’s Department of Government Regulations and Science Policy, 1155 16th 

Street N.W., Washington, D.C. 20036;  (202) 872-4477. 

The USEPA requires that laboratory waste management practices conducted be consistent with all applicable 

rules and regulations. Excess reagents, samples, and method process wastes should be characterized and 

disposed of in an acceptable manner. The Agency urges laboratories to protect the air, water and land by 

minimizing and controlling all releases from hoods and bench operations, complying with the letter and spirit 

of any waste regulations, particularly the hazardous waste identification rules and land disposal restrictions. For 

further information on waste management consult the “Waste Management Manual for Laboratory Personnel”, 

available from the American Chemical Society. 

13.0 REFERENCES 

1. Yongdong Liu, “Microwave Assisted Rapid Extraction of VOCs from Low Permeability Media”, 

M.Sc. thesis, University of Waterloo, 2005. 
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2. Pawliszyn, Janusz,  1999, Applications of Solid Phase Microextraction, in RSC Chromatography 

Monographs; Smith, Roger S., Series Editor, Royal Society of Chemistry, Cambridge, UK, 655 p. 

 

3.  “Less is Better: Laboratory Chemical Management for Waste Reduction”, available from the 

American Chemical Society’s Department of Government Regulations and Science Policy, 1155 16th 

Street N.W., Washington, D.C. 20036;  (202) 872-4477. 
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14.0 TABLES, DIAGRAMS, FLOWCHARTS, AND VALIDATION DATA 

Table 1. Example Sample Login Sheet 

ROCK CORE LABORATORY SAMPLE LOGIN    

Sample ID SEI 
Numbe

r 

Sample 
weight 

as 
received 
(sample 

+ 
containe

r)  

Micro
wave 
Vesse

l ID 

Pre-
Sampl

e 
Weigh

t 
(Vess
el and 
Lid) 

Pre-
Microwave 

Weight 
(sample + 

teflon vessel 
and lid)  

Post-
Microwave 

Weight 
(sample + 

teflon vessel 
and lid)  

Ana
lyst 

Extracti
on Date 

  (g)  (g) (g) (g)   

   1     7/1/2008 

   2     7/1/2008 

   3     7/1/2008 

   4     7/1/2008 

   5     7/1/2008 

   6     7/1/2008 

   7     7/1/2008 

   8     7/1/2008 
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15.0 AUTHORIZATION 

 

Authored by: ____________________________________ Date: ____________ 

Michael Rossi, Laboratory Manager 

 

Approved by: ___________________________________ Date: ____________ 
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STANDARD OPERATING PROCEDURE 

 

SEI-10.18.0 

 

THE DETERMINATION OF VOLATILE ORGANIC COMPOUNDS BY GAS 

CHROMATOGRAPHY / DUAL ECD DETECTORS IN ROCK SAMPLES  

(USING COOL ON COLUMN INJECTION AND SPLIT METHOD 

INJECTION) 

NOTE: This SOP contains proprietary information – Do Not Distribute 

 

 

SOP Number:  SEI-10.18.0      Date Issued: 07/02/08 

Revision Number: 0      Date of Revision: na 

1.0 OBJECTIVE 

The method was developed at the University of Waterloo and is used to determine the concentration of 

volatile organic compounds (VOC) in soil and rock samples using an automated cool on-column injection 

and/or split method for highly sensitive determination of chlorinated solvents. The method was tested on 

chlorinated solvents presented in Table 1 and Table 2. For the automated cool on-column injection 

method, the calibration range is typically from 1.0 µg/L to 500 µg/L for the tri- and tetra-chlorinated 

compounds and 10 µg/L to 5000 µg/L for the dichlorinated compounds. For the split method, the 

calibration range is typically from 50 µg/L to 5,000 µg/L for the tri- and tetra-chlorinated compounds and 

500 µg/L to 50,000 µg/L for the dichlorinated compounds. Higher values in the samples are measured by 

appropriate dilution of the samples. 

2.0 SUMMARY OF METHOD 

The analyses are performed on a Hewlett Packard model 6890 Gas Chromatograph with computer control. 

Methanolic extract is injected directly into a polar-deactivated pre-column connected to the analytical 

column. For the cool on-column method, the sample is injected using a cool on-column injector, set to 

ramped temperature mode. In the split method, the methanolic extract is injected using split-splitless 

injector (ratio 1:100) into the analytical column.  A column coated with a thick film non-polar stationery 

phase (5 µm, HP-1, equivalent) is used in the method. Methanol is incompatible with this phase, and 

consequently elutes in dead time. The less polar analytes, refocused through the retention gap effect, are 

retained much more strongly and elute later, even when their boiling points are lower than that of MeOH. 

The use of non-polar stationary phase reduces the possibility of methanol coeluting with one or more of the 

analytes, which could adversely affect their chromatography and detection. Figure 1 presents a sample 

chromatogram obtained for a standard solution of the analytes obtained using the cool on-column injection 
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method and Figure 2 presents a sample chromatogram obtained for a standard solution of the analytes 

using the split method.  

 

Core samples are collected and the rock samples are immediately crushed using a device that was designed 

by the University of Waterloo. For further details on the sampling and preservation technique associated 

with rock samples, see the Stone’s SOP titled “SEI-6.37.0 Field Methods for Retrieval, Collection, 

Handling, and Preservation of Rock Samples to be Analyzed for VOCs and Physical Properties”. 

The crushed samples then undergo microwave assisted extraction (MAE). For further details on the MAE 

procedure, see Stone’s SOP titled “SEI-10.17.0 Microwave Assisted Extraction of Volatile Organic 

Compounds from Rock Samples”. Typical solvent extractions using shaking or sonication require five 

weeks in order to extract all of the contaminant mass even following crushing; using MAE this extraction 

time is reduced to less than an hour. 

3.0 DEFINITIONS 

Accuracy: the degree of agreement between a measurement and true or expected value, or between the 

average of a number of measurements and the true or expected value. 

 

Batch: environmental samples, which are prepared and/or analyzed together with the same process, using 

the same lot(s) of reagents. A preparation batch is composed of one to 20 environmental samples of a 

similar matrix, meeting the above-mentioned criteria.  

 

Corrective Action: action taken to eliminate the causes of an existing non-conformance, defect or 

other undesirable situation in order to prevent recurrence. 

 

Instrument Blank: a blank matrix that is the same as the processed sample matrix (i.e. extract, 

digestate, condensate) and introduced onto the instrument for analysis. 

 

Laboratory Control Sample (LCS): a blank matrix spiked with a known amount of analyte(s), processed 

simultaneously with, and under the same conditions as, samples through all steps of the analytical 

procedure. 

 

Matrix: the substrate of a test sample. 

 

Method Blank: a blank matrix processed simultaneously with, and under the same conditions as, samples 

through all steps of the analytical procedure. 

 

Method Detection Limit: Method detection limits are determined according to the method described in 

“US EPA’s Methods for Organic Chemical Analysis in Industrial Wastewater”, EPA-600/4-82-057. For 

the purposes of this protocol, a sample of known concentration is analyzed 9 times. The results are 
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averaged, and the standard deviation of the results is calculated. The standard deviation multiplied by the 

value of Student’s t for 8 degrees of freedom (n-1) at the 99% confidence level is considered to be equal to 

method detection limit. Limit of quantitation is defined as method detection limit multiplied by 3. 

Reporting limit is set equal to the lowest calibration standard. 

 

Precision: an estimate of variability. It is an estimate of agreement among individual measurements of the 

same physical or chemical property, under prescribed similar conditions. 

 

Quality Assurance (QA): an integrated system of activities involving planning, quality control, quality 

assessment, reporting and quality improvement to ensure that a product or service meets defined standards 

of quality with a stated level of confidence. 

 

Quality Control (QC): the overall system of technical activities, the purpose of which is to measure and 

control the quality of a product or service. 

 

Quality Control Sample: a control sample, generated at the laboratory or in the field, or obtained from an 

independent source, used to monitor a specific element in the sampling and/or testing process. 

 

Quantitation Limit (QL): the minimum amount of a substance that can be quantitatively measured with a 

specified degree of confidence and within the accuracy and precision guidelines of a specific measurement 

system. The QL can be based on the method detection limit (MDL), and is generally calculated as 3-5 

times the MDL, however, there are analytical techniques and methods where this relationship is not 

applicable. Also referred to as Practical Quantitation Level (PQL), Estimated Quantitation Level (EQL), 

Limit of Quantitation (LOQ). 

 

Reporting Limit (RL): The level to which data is reported for a specific test method and/or sample. The RL 

is generally related to the QL. The RL must be minimally at or above the MDL. 

 

Spike: a known amount of an analyte added to a blank, sample or sub-sample. 

 

Matrix Spike (MS): field sample to which a known amount of target analyte(s) is added. 

 

Standard Operating Procedure (SOP): a written document which details the method of an operation, 

analysis or action whose techniques and procedures are thoroughly prescribed and which is accepted as the 

method for performing certain routine or repetitive tasks. 

 

VOC – Volatile Organic Compounds 

 

QA/QC – Quality Assurance/Quality Control 
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4.0 INTERFERENCES 

When analyzing for VOCs, samples can be contaminated by diffusion of volatile organics (particularly 

chlorofluorocarbons, chloroform and methylene chloride), through the sample container septum during 

shipment and storage. A trip blank prepared from organic-free methanol and carried through sampling and 

subsequent storage and handling must serve as a check on such interferences. 

 

Contamination by carryover can occur whenever high-concentration and low-concentration samples are 

analyzed in sequence. To reduce the potential for carryover, the sample syringe or purging device must be 

rinsed out between samples with an appropriate solvent. Whenever an unusually concentrated sample is 

encountered, it should be followed by injection of a method blank to check for cross contamination. 

Extraction vessels and syringes should be adequately cleaned and flushed prior to use. All glassware must 

be kept scrupulously cleaned. Clean all glassware as soon as possible after use by rinsing with the last 

solvent used or analyte-free water. Clean, dry glassware should be stored in a clean environment. 

There are some solvents, which cannot be separated in this method. On the non-polar column used as part 

of this method, bromodichloromethane always coelutes with trichloroethene and 1,1,1-Trichloroethane and 

1,2-Dichloroethane can only be analyzed as a sum using the method. Also, VOC gases such as vinyl 

chloride and chloromethane can not be determined by this method. 

5.0 SAFETY ISSUES 

Laboratory personnel should take extra care when working with standards. When working with neat 

standards, make certain that there is adequate ventilation and that Nitrile or Latex gloves are worn and if 

necessary safety glasses. 

 

If necessary and appropriate, a site-specific health and safety plan shall be created for each study site and 

followed. All samples as well as standards should be treated as a potential health hazard. Exposure to each 

should be reduced to the lowest level possible using gloves and a hood. Material Safety Data Sheets 

(MSDS) should be available to all personnel. 

 

Field visits may involve accessing remote areas. Health and safety concerns regarding these field visits are 

minimal, however, hazards such as slip, trip and falls, poisonous plant and dangerous animals, as well as 

getting vehicles stuck in remote areas, do present considerable health and safety issues. To help ensure 

field staff’s health and safety in remote areas, all field staff are to have daily communication with the 

project manager or another appropriate SEI employee. 

All chemicals are required to be received with a Material Safety Data Sheets (MSDS). MSDSs shall be 

made available to all personnel involved in the sampling and testing. 
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6.0 EQUIPMENT AND SUPPLIES 

1. Gas Chromatograph:  Analytical system complete with gas chromatograph and all required 

accessories, column supplies, gases, syringes and data system to determine peak areas and perform 

integrations. Agilent (formerly Hewlett Packard) 6890 with computer control. 

2. Cool on-column injector 

3. Split-splitless injector 

4. Dual ECD Detectors 

5. Two auto sampler towers 

6. Printer 

7. Analytical Columns: Two capillary columns  

8. Array of Microsyringes and glass disposable pipettes 

9. Balance: Top loading, capable of weighing accurately to 0.01 grams 

10. 1.5 mL glass GC vials and caps 

11. Crimper 

12. 4 mL glass vials 

13. VOA vials: 40 mL collection containers with Teflon-lined septum 

7.0 REAGENTS AND STANDARDS 

Organic-free reagent water demonstrated to be free of compounds of interest (spring water, carbon filtered 

and/or deionized). 

 

Purge and Trap Grade or equivalent grade methanol (demonstrated to be free of analytes and stored away 

from other solvents). 

 

Stock standards:  

Stock standards may either be prepared from pure standard materials or purchased as certified solutions.  

 

Secondary dilution standards are prepared using stock standard solutions, which contain the compounds of 

interest, either as single compounds or mixed together. Typically, for this method the stock standards are 

obtained from an approved vendor and mixed together.  A certificate of analysis is retained by the 

laboratory and maintained on file or on file with the vendor. 

 

Stone’s SOP No. SEI-4.7.5 Labeling, Preparation and Storage of Reagents, Solutions and Standards 

provides procedures on properly labeling, preparing and storing of reagents and standards used in the 
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mobile laboratory for analytical methods.  This SOP should be reviewed by the analyst before labeling, 

preparing and storing standards within the mobile laboratory. 

8.0 SAMPLE COLLECTION AND HANDLING 

8.1 Sample Collection 

Rock core samples are collected by trained geologists. Core samples are collected and the rock 

samples are immediately crushed using a device that was designed at the University of Waterloo. 

The core sample is placed in a closed stainless steel crushing cell fitted with “O”-rings and crushed 

with a stainless steel piston at pressures as high as 3000 psi. The crushed sample is then extruded 

from the cylinder directly into a pre-weighed 40 mL VOA vial containing a known volume of 

purge and trap grade methanol. The amount of air passing by the sample while being crushed is 

minimized as well as the time required to completely crush the rock fragments into the desired 

particle size. The stainless steel crushing vessels and associated tools are thoroughly 

decontaminated following each use. The samples are weighed upon receipt at the laboratory and 

recorded in the Log in summary sheet. 

The crushed samples then undergo microwave assisted extraction (MAE).  

8.2 Handling and Holding Times 

Rock samples collected in methanol are stored chilled at 4º C (<6 °C) from collection. Samples are 

allowed to come to room temperature just prior to analysis. 

If necessary, a separate rock sample aliquot will be collected in a 40 mL vial or equivalent for 

percent moisture content so that results can be adjusted for %moisture and reported as dry weight 

rather than as received. Percent moisture is determined as follows: Percent Moisture Determination 

- Immediately after weighing the sample for analysis, weigh 5-10 g of the rock into a tared 

crucible. Determine the percent moisture by drying overnight at 105 ˚C. If available, allow to cool 

in a dessicator before weighing. Concentrations of individual analytes will be reported relative to 

the dry weight of rock. 

Percent moisture - %Moisture = gms of wet sample – gms of dry sample/gms of wet  

9.0 PROCEDURES 

Personnel Qualifications: The chemist performing these analyses should have substantial experience 

operating and troubleshooting gas chromatographs. Additionally, the analyst must be comfortable using 

microliter syringes and be familiar with basic analytical chemistry methodology and principles. The 

assessment of these qualifications is somewhat subjective but an analyst should normally be considered 

experienced after completing a B.Sc. in chemistry with one-year experience with gas chromatography in an 

analytical laboratory. 
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9.1 Typical GC Program for Back Inlet (Cool On-Column) and Front Inlet 

(split/splitless) 

Oven Temp: 55°C (4.50 min), ramp: 10°C /min to 180°C, hold for 3 min. 

Flow Rate:  Cool on column, helium at 2.0 mL/min; Split/Splitless, helium at 2.3 mL/min. 

Detector:   uECD front and back detectors, detector temperature 350ºC 

Injector:   1 uL injection on both front and rear inlets 

Make-up gas: Nitrogen 

Make-up gas flow: 60 mL/min 

Cool on-column injector temperature: 55°C (0.0 min), ramp: 75°C /min to 220°C, hold for 

remainder of run. 

  

9.2 GC Column 

Column 1: Cool on column: Agilent HP-1 30.0 m x 0.320mm ID, 5 um film thickness, equivalent 

Column 2: Split/splitless: Supelco SPB-1, 30 m x 0.250mm ID, 3 um film thickness, equivalent 

9.3 Material Preparation: 

Methanolic standards of the compounds of interest are prepared from a stock solution made by 

spiking pure chemicals of interest into purge and trap-grade methanol. Analyte concentrations for 

the standard solutions are calculated by mass. Methanolic standards should be kept in the 

refrigerator when not in use.  

These standards are then diluted in methanol to obtain working (calibration) standards at the 

required concentrations. The working standards are analyzed in the same manner as the samples.  

9.4 Calibration Criteria 

Initial Calibration (ICAL): 

Six to eight-point calibration for VOC compounds: For the automated cool on-column injection 

method, the calibration range is typically from 1.0 µg/L to 500 µg/L for the tri- and tetra-

chlorinated compounds and 10 µg/L to 5000 µg/L for the dichlorinated compounds. For the split 

method, the calibration range is typically from 50 µg/L to 5,000 µg/L for the tri- and tetra-

chlorinated compounds and 500 µg/L to 50,000 µg/L for the dichlorinated compounds. 

The linearity of the calibration curves must be assessed and are used for all quantitation unless it is 

necessary to drop the high point or the low point. Linear regression is used for quantitation and the 

DRAFT AR303421



 

SEI-10.18.0     Page 8 of 16 

I:\GLP_NELAC\SOP\SEI_SOPs\Ch10_EnvDrill\SEI_Current\SEI-10.18.0_Rock Analysis .doc 

 

correlation coefficient (r) of each compound must be greater than 0.995. Depending upon the on-

site program acceptable correlation coefficient may be set at 0.99 in accordance with SW846 8000.  

Initial Calibration Verification Standard (ICV): 

A QC sample from a second (independent) source will be analyzed directly after the ICAL and 

after every 40 samples. The ICV sample will contain all the VOC compounds of interest at the 

mid-point. Recovery Limits for the ICV will be ±15%,  

  %Rec.  =  Actual Conc./ Expected Conc. 

 

Retention Time Windows and Pattern Recognition 

Identification of the project- specific VOCs in the sample chromatogram is achieved by comparing 

the retention times generated by the calibration standards, continuing calibration standard and 

other fortified QC samples. Retention times must be within ± 0.04 minutes from the ICAL. If a 

retention time shift is observed in the CCV or daily ICV, then adjustments to the daily retention 

time windows will be made accordingly. Quantification of the VOCs is determined by comparison 

of the linear regression for that analyte from the initial calibration curve. 

9.5 Sample Preparation, Analytical Sequence and Quality Assurance 

Methanolic Sample:  Using the Microwave Assisted Extraction (MAE) method (SOP SEI-

10.17.n), the rock sample is transferred quantitatively from the vial into a 100 mL microwave 

vessel and prepared, following which a 5 mL aliquot of methanol is used to rinse the original 

sample vial. The vessel is weighed before and after addition of the sample and the rinse methanol. 

The vessel is then tightly sealed in the segment and is microwaved for 40 minutes at 120°C; with 

temperature ramp and cool down, the overall extraction time is usually one-hour and ten minutes. 

Twelve vessels can be microwaved at the same time. A 4 mL aliquot is taken from the 100 mL 

extraction vessel for the analysis. The remaining extract is then either stored or discarded, 

depending on project’s needs. Only the MeOH aliquot is kept (no rock). A GC autosampler vial 

(about 1 mL of aliquot in each vial) is then prepared for the autosampler. 

Analyze Samples on GC/ECD 

1. In the Method & Run Control screen of the online method of the GC software, go to 

Sequence: Sequence Table to load your run sequence(s) for the front and/or back system. 

2. Once the sequence has been established, go to Sequence: Sequence Parameters, to set up 

the data file structure for the run.  Type in your initials for Operator Name,  Under Data 

File, select Prefix/Counter and type in A and today’s date under Prefix for Signal 1 (ex. 

A80606) and B and today’s date under Prefix for Signal 2 (ex. B80606).  The counter will 

update itself automatically to create a unique file name for each run. 
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3. Save sequence by going to Sequence � Save Sequence As and typing in today’s date (ex. 

080606.S). 

4. Print the sequence for the run log by going to Sequence � Print Sequence.  Once in this 

screen, check the Sequence Parameters box at the top.  Under Sequence Table, check the 

Method and Injection Info Part box.  Under Select Destination for Printout, select File and 

type the name of the sequence in the box (ex. 080606.TXT).  Click Print and then go open 

the text file that was written. Print from there. 

5. Load sample vials into the autosampler, making sure that the loading order matches that 

on the sequence printout.   

6. When everything is ready, click Run Control,  Run Sequence. 

 

LCS or Second Source Preparation 

Every 40 samples, a fortified blank, containing all of the targets and prepared from a source other 

than the material used for the calibration curve is analyzed.  The QC limits are 80-120%. 

Laboratory Duplicate: 

Every 20 samples, a random sample is run in duplicate and the results are compared.  The relative 

percent difference (RPD) should not exceed 15%. 

Matrix Spike: 

Every 40 samples, a matrix spike will be prepared and will contain only the VOC compounds of 

interest.  

Methanol blanks 

Every 20 samples. Methanol blanks should produce results lower than the lowest calibration 

standard 

9.6 Data and Records Management  

Samples are analyzed in sequences. The name of the sequence is set to be the date on which the 

analysis is performed. A chromatogram is printed for each analysis and stored in a binder. A 

sequence table is printed out and stored with the chromatograms of a given sequence. In addition, 

all chromatogram files are stored electronically. The file and the printed chromatogram can be 

easily accessed at any time because the analysis date is recorded in the report. 

10.0 CALCULATIONS 

All calculations are performed by the HP ChemStation software used to control the gas chromatograph. 

The calculations used to determine the concentration of a compound in an unknown sample are based on 
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the External Standard (ESTD) procedure, in which both calibration standards and unknown samples are 

analysed under the same conditions. The instrument is first calibrated using a set of seven to nine working 

standards, prepared according to the procedure described in paragraph 9. The software calculates the 

calibration curve, which is later used to convert analyte peak areas in the unknown samples into their 

concentrations. All calculations are performed automatically by choosing appropriate settings in the 

software. 

 

Typical Reporting qualifiers are as follows: 

B = Analyte is found in the associated method blank as well as the sample. 

D = Compound is identified in an analysis at a secondary dilution factor. 

E = Compound quantitation is above the instrument's calibration range for this analysis. 

J  = Indicates an estimated quantitation value.  

U = Compound was analyzed for but not detected. Value reported is the method reporting imit. 

 

11.0 QUALITY CONTROL AND CORRECTIVE ACTION 

A new calibration curve is made at least once a week. A quality control (QC) sample set is analyzed every 

20 samples. The QC set consists of a laboratory duplicate, methanol blank and one standard check. The 

laboratory duplicates and the standard checks should agree within 15% RPD and recovery, respectively. 

Methanol blanks should produce results lower than the lowest calibration standard. Second source standard 

or a laboratory control sample should be analyzed every 40 samples, and the results for all the analytes 

should fall within 20% of the expected values. 
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Quality Control Check Minimum Frequency Acceptance Criteria Corrective Action 

Initial Calibration (ICAL) As necessary. Minimum of 5 up to 8 points 

for VOCs. A correlation factor 

(r2) of 0.99 for linear 

regression. 

Verify solution integrity and 

check instrument performance. 

Perform necessary maintenance 

and recalibrate instrument. 

Reanalyze all affected samples. 

Initial Calibration Verification 

(ICV) and/or  Laboratory 

Control Sample (LCS) 

One per calibration (following 

acceptable ICAL) and every 40 

samples 

QC limits are 80-120% for 

target compounds. This same 

standard may be used as the 

daily LCS. 

Note: Limits may be adjusted 

based on the program should as 

required by DOD QMS. 

Reanalyze once; if still out 

verify solution integrity or ICAL 

solution integrity, and 

instrument performance. Re-

prepare and reanalyze all 

associated samples.  

Retention Time (RT) Window 

Study 

Every new column installation All target compounds in all 

standards must fall within the 

established window of ± 0.04 

minutes from ICAL 

Perform system maintenance. 

Reanalyze affected samples. 

Continuing Calibration 

Verification (CCV) or 

Standard checks 

To be performed at the start of 

the analytical day and every 20 

samples 

± 15%D for VOCs Verify solution integrity and 

instrument performance. 

Reanalyze standard once, if still 

out, recalibrate and reanalyze 

affected samples. 

Matrix Spike (MS) One per 40 samples of a 

similar matrix 

QC limits are 70-130%D.  

 

Reanalyze once; if still out, 

verify solution integrity and 

instrument performance. If 

necessary analyze a LCS or ICV 

and if acceptable, narrate as 

possible matrix effect. 

Method Blanks One per preparation batch  < the lowest calibration 

standard or reporting limit 

Investigate source of 

contamination. Re-prepare and 

reanalyze all associated 

samples. 

Laboratory duplicate One set per 20 samples of a 

similar matrix 

QC limits are 15 RPD for all 

detected compounds.  

. 

Reanalyze once; if still out, 

verify solution integrity and 

instrument performance. If 

necessary analyze a LCS or ICV 

and if acceptable, narrate as 

possible matrix effect. 

11.1 Data Review 

The analyst is responsible for primary data review of data generated from the sample analysis.  

Analyses will be documented in the instrument run log. Maintenance is documented in the Instrument 

Maintenance Logbook. Instrument calibrations and recoveries of all QC samples must be within 

specified control limits. If instrument calibration or the recoveries of any QC sample exceed specified 

tolerances, then the affected sample results are evaluated and generally the samples are submitted for 

re-analysis. Manual integrations should be kept to a minimum and date and initialed by the analyst.  
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To determine if analytical results are acceptable, a qualified and independent QA/QC program shall 

conduct a secondary review on a weekly basis. If instrument calibration and recoveries of all QC 

samples are within the specified criteria, then the data reports will be submitted to the Project Manager 

as final results with no qualifiers. If recoveries of any QC samples exceed specified limits and re-

analysis is not an option, then the samples will be qualified as estimated with a “J” qualifier (J= The 

analyte was positively identified; the associated numerical value is the approximate concentration of 

the analyte in the sample.). Data will not be reported if significant QC issues affect the batch analyses. 

12.0 POLLUTION PREVENTION & WASTE MANAGEMENT 

Pollution prevention encompasses any technique that reduces or eliminates the quantity or toxicity of waste 

at the point of generation. Numerous opportunities for pollution prevention exist in laboratory operation. 

The United States Environmental Protection Agency (USEPA) has established a prevention hierarchy of 

environmental management techniques that places pollution prevention as the management option of first 

choice. Whenever feasible, laboratory personnel should use pollution prevention techniques to address 

their waste generation. When wastes cannot be feasibly reduced at the source, the agency recommends 

recycling as the next best option. 

The quantity of chemical purchased should be based on expected usage during its shelf life and disposal 

cost of unused material. Actual reagent preparation volumes should reflect anticipated usage and reagent 

stability. 

For information about pollution prevention that may be applicable to laboratories and research institutions, 

consult “Less is Better: Laboratory Chemical Management for Waste Reduction”, available from the 

American Chemical Society’s Department of Government Regulations and Science Policy, 1155 16th 

Street N.W., Washington, D.C. 20036;  (202) 872-4477. 

The USEPA requires that laboratory waste management practices conducted be consistent with all applicable 

rules and regulations. Excess reagents, samples, and method process wastes should be characterized and 

disposed of in an acceptable manner. The Agency urges laboratories to protect the air, water and land by 

minimizing and controlling all releases from hoods and bench operations, complying with the letter and spirit 

of any waste regulations, particularly the hazardous waste identification rules and land disposal restrictions. For 

further information on waste management consult the “Waste Management Manual for Laboratory Personnel”, 

available from the American Chemical Society. 
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14.0 TABLES, DIAGRAMS, FLOWCHARTS, AND VALIDATION DATA 

Table 1. Summary of the typical detection limits for the on-column method. 

 

  

Compound 

1
Method 

Detection 

limit 

[3µg/L] 

1
Method 

Detection 

Limit 

[4µg/Kg] 

Reporting 

Limit 

[3µg/L] 

Reporting 

limit 

[4µg/Kg] 

1,1-Dichloroethene 0.6 .6 10 10 

trans-1,2-Dichloroethene 1.2 1.2 10 10 

cis-1,2-Dichloroethene .29 .29 10 10 

Trichloroethene 20.2 20.2 1.0 1.0 

Tetrachloroethene 20.2 20.2 1.0 1.0 

Trichlorotrifluoroethane 20.2 20.2 1.0 1.0 

Chloroform 20.7 20.7 1.0 1.0 

1,1,1-Trichloroethane 20.1 20.1 1.0 1.0 

Carbon Tetrachloride 20.1 20.1 1.0 1.0 

1 = Method detection limits (MDLs) are determined according to the method described in “US EPA’s Methods for Organic 

Chemical Analysis in Industrial Wastewater”, EPA-600/4-82-057.  

2 = MDLs for these compounds have been adjusted to ten times their statistically derived values so that they can be practically 

achieved by the method.   

3 = Limit is given as mass per volume of methanol extract.  
4 = Limit is given as mass per mass of wet rock – assumes 20 ml methanol is combined with 20 grams of wet rock.   
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Table 2. Summary of the typical detection limits for the split method. 

 

  

Compound 

1
Method 

Detection 

limit 

[2µg/L] 

1
Method 

Detection 

Limit 

[3µg/Kg] 

Reporting 

Limit 

[2µg/L] 

Reporting 

limit 

[3µg/Kg] 

1,1-Dichloroethene 200 200 500 500 

trans-1,2-Dichloroethene 230 230 500 500 

cis-1,2-Dichloroethene 190 190 500 500 

Trichloroethene 19 19 50 50 

Tetrachloroethene 17 17 50 50 

Trichlorotrifluoroethane 25 25 50 50 

Chloroform 18 18 50 50 

1,1,1-Trichloroethane 22 22 50 50 

Carbon Tetrachloride 22 22 50 50 

1 = Method detection limits (MDLs) are determined according to the method described in “US EPA’s Methods for Organic 

Chemical Analysis in Industrial Wastewater”, EPA-600/4-82-057.  

2 = Limit is given as mass per volume of methanol extract.  
3 = Limit is given as mass per mass of wet rock – assumes 20 ml methanol is combined with 20 grams of wet rock.   

 

 

 

 

 

 

 

 

 

 

Figure 1. Example of a chromatogram obtained for a standard solution of the analytes using the cool on 

column method 
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Figure 2. Example of a chromatogram obtained for a standard solution of the analytes using the 

split method. 
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APPENDIX D: WALKLEY, ALLEN, 1947, A CRITICAL 

EXAMINATION OF A RAPID METHOD FOR DETERMINING 

ORGANIC CARBON IN SOILS-EFFECT OF VARIATIONS IN 

DIGESTION CONDITIONS AND OF INORGANIC SOIL 

CONSTIUENTS, SOIL SCIENCE, VOL. 63 
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A CRITICAL EX-IL'L~TION OF A R.in MEHOD FOR DETER-
MINING ORGA."'IC CARBON IN SOirsEFFECT OF VARIA.TIONS
IN DIGESTION CONDITIONS AND OF INORGANIC SOIL OONSTIT-
UENTS

ALA.~ WALKEY
Tb4 Waite I Mtüiitt1

R- ved for piibltjl-ll $eP\èIMr ~. i Ol

The method dicussed in this paper was tenta.tively sugges~ (30) i. 1934
t( meet the demand for a. quick, simple, if approxiáté, means for deierm
Qrgajc carbon. The proçedure was bas on the well-1ool\-i method of Schel-
lenberger (21, 22), the chef diference bein¡; the ma.er in which the digestion
was conducted. \Vn.n conoontrated HJ30. was added to e. iiúure of soil and
a.queous KiCr201, tlie heat ot diution raised the tepeature sufciently to

induce a. very substantial oxidation within a. miute or so. Resdual KzCi'iÛi
wa. titrated against ferrous a.onium sulphate 3. suggested b)' SchoUenberger.

Later the method wa. xnoded (31) in some of its detai.
Trials conducte in 1935 by the Internationa.l Sodety of Soil Science and

report by Crowter (5) showed that the method ga.ve more va.ble reults
than those employig digestions at lugher teperatUNs a.d of longer duratiotl.
In. spi~ of this it is quite obvious from vArious publications onsoil organic matter
wwch have appeared in the bat 10 year, that the method has been uSe 3. ¡oo
deaL. Evidently there à.e niy who have rate cooveuence and spee more
highy t.han aecuracy, and who have a.t the sae time demonstrate tht the
áCèUTacy we. sucIent for their purpose. Durig this period no other methods

se to have diplaced the titrietrlc ones.
The values obtaed by the method were in most instances consderably

lower tb those obtained by orthodox dry combustion. ånd a multiplying

factor was therefore propo to bring them more ùito liie with the lat~J'.
Some of the cáuses of the varation of this factor have ben briefly mentioned
el$ewher (f), 31). It is the purpose of this paper to dea.l mOre fully with some
oI these, e.d to prent new data on other causes of va.ria tion.i so that the method
will have grater utility. :.íany releva.t obeen'&.tioIl by other Workers ha'le

al heeD incorporate.

It is perhaps deba.table whethèl' Îlny ~tter:pt should ever be ma.de to compare
rests obtaiued by an ii:dieot method with those obt.iiieod by a. dit One.
Somé prefer that the data. be regarded as sigle va.lues whicb should stad or
fa.lloD. their own merits, There are many, however, who~ould rather thik
of the relts of indirect methods in the units employed by the direct; ones.

Some h.ve sougt to èmphMize tb.e us of the $Ûgle-va.ue concept in ti-
i Division of Soils, Cci.llioil for Scientific and IXldu6tritL Rbsereh; The W"ite Intute.

.À~iaide, Soii;b AUltrii. Tlle AUthor is no'4 'lÌth the Divisioii of !.ndtatrial Cheintry,

of the Council, 3.1, M~lb.\lne, Yittoriii. He wishes to thlù G. S. Eai for asistAnce with
SOme 6/ the lahoratory wOrk ii: (loii~tion with tbi~ ìnvestigadon.

251

PAGE. 13132/12; 5

DRAFT AR303432



252 ALt. W A.lEY

trietric methods on the score that the figure obtained is of vålue in showi the
degree to whi soil orgaic matter ha a.lready been oxidized. Such lirgent.

caiot be pushed too fa.r, since the substa.nces e8.Y oxidied bY' crO, and other

óx:dizI.g agents .1re not necessarily thos readiy a.ttacked by microorgniss.
It has ooen tound tha.t ligni and cellulose are equally re:.y atts.ck:ed in the
orO. digestion, so that the la.tter in no way simuiates the aocio!i of orga
which discrl.ir;Linate $0 sharply between the two.

\Vwchever viewpwt is held, t4t is, whether the method is UB \cl'Îth Or
without fA multiplying factor. it is important to bow the reasn¡ for hih or
low l'9Sults. The poosible caUiS of vs.atton have ben arranged in three ¡rO\1ps

as follows:

1. Th~~ dult tó différMce~ io ê6iditiòns of di~stiòn and to ditlerencee in s.~eClgtb of
reegen ç:;.

2. Th06e due to inorganio $oil i:oi;.stitueiit~.
3. Thooe diie to v~illtiC)11 in the cómpoition of .soil orgaiiQ ms.tt~r.

Many of the factors involved in group 3 (whìch are not i:u. in th. pape)

are closely reJ.ied to those of group 1, bes.use certa typ of orgac matte
a.re more susceptible than others to v8.tiOIl in oxidizi conditions. How-
ever, it is .more convenient to sepa.rate them in th way.

It is apparnt from the literatur that a iiuibe!' of workers contîue to follow

the origi procedure, being presumbly Ulware of the later modeat:Wl

(5, 31). Thes, though slight, màde for much grter eon~'eieJlce, eepeeity
in the handlg of lage numbe of saples. For thi ren., and to serve as

a. basis for subsquent diusioJl, tll method a. it is us now is giVèn below.

~!lói:
Reen

.v PO(.8YÏum dichromate. DiaoJvi 49.U' p. reagent-iiradii K;Cr~OT iii ",awi AiW dilute
to 1 liter.

S'lfu.rlc a.rJ. ~rullt bt at lfoNt 9t per ceot.

PMSPh.e ac. _\pproxi&te!y 8S pel' cerit.
Dip.~nylam¡ne. To 0.5 g;. a.dd 20 ml. \V3.tel al.G 100 mJ. cCllcentrAted HtSû¡.
N F"ml'U$ SifaJe. Dissolve 278.0 gi. rea¡eot-grade Fe80,'7H., in water, add 15 ml.

coneeiitr"t.ed U:SOil and dílute to 1 liter. Sta.Adlltdize by tit~a.tion agiiinst the N K,CriOr
iiolutiotl "'1)01,&. A èonvenient pie~e of appara.i;u. desígiied eiipeoia.Ur ¡or routine ~tl'&tion.
embodyiog & burette with $~l(.adiu.tin~ iet'o which i. filed rl'OlZ a reservoir colltaining
FeSO. kept under hydiogeii, is deseri~d by Piper (19, p. 225). All .:lteri.tive method of
lceepin~ FeSO¡ employing a lea.d MllAlgam. l'eductor hu reiiently ben giv8J by Duke (7).

T:b& K.Ct.Of is delivered from a i;imU"r burette mounted over A Storage vesSèJ; ehe atS.

And HaPO.. are deliwred froin (¡uick-déJivery pipet.t.;i õ\itli ~1í.adji.ting ieI'O fitting.

Proedure
Grind øufoiellt aoi! for èoiiveniel.t aaplizig to PM8 a O.5-mm. SCttl11, IlNiding .iorta.

of iron or steel. Tlllllíel' a weigbed quantity, i:Qt eiccliiicUiii 10 gm. ~Qd oonttWng ifbOtt
10 to 2S mg:. of orguic carDon, to Ii 60..m.. Erleiieyer Baik. Add 10 i:. or i:,Cr,O,

followed by 20 mi" of HiSi. Shake the Ba.k once or tMce and alow it to nand for 20 to

i This amount 13 iIeorrèlltly giveii u 15 ml. iu Tiruiii, I. V. Tbe Orgaiic Matter of
SOUlS, p. lS~. Moieowi 1931.
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D!:iwi-G ORG..NlC C..:BN IN SOILS

3Ominut/;l. TheA acid 200 to SOml. watex,lu mI. HaEO., a.d 1 in!. diphenYla.ne &oh.ltìon.

RUn in Fe80, utltil the ~olUtion ii purple or blu~. CoCtiiiue to add FeSO. in ponio.l of
about 0.'; mJ. until the color liheii ti, grei,ui, which it aW6 ';'ith little Or iio warni,.. Tue.c
a.d. 0..5 ml. K,CtiOT ~nd complete the tittiiioii by iiddii:g FeSO. qrop by drop until thi: la.t
trace of blue dislippear13. lí more thiu ~ of the l:' ml. 1(ICr,O, ori¡;io¡¡lIY taken ha. ben
reduced, re.Pat the determ.i:tiQol. with Jess soiL.

The color is nOt $.lwayi¡ purple OQ iidiK the i:idiclltor lIt the begii:iig of the titration,

but tÀ& color alwiiYs llp~. jU4ti betore the end point, SimarLy t.b~ .purple color ofUD.

does ¡;Ot appe 0.0 the additioi: of O.S mL. e:i~lti;s K,CrtO" but it $oon develop. wit.h the
tin drop or tWQ of PeSO.. With more than 10 gm. ~oil present tll~ color oliiue Ily be-
come di1fcult to follow. L"rge iuOWl.t of Ca.SO. (from Ca1Cfreoua soils) or AgOl (if '~ISO.

iii used to preVent chlorine interference in sa.line isoi!~) s.lter r.e ~.bAdes of the 0010.r1 but the
cha.¡e (now from lavender to pale green) i$ /ltill juat ll $lirp ii beto:re. Jt hiw !)(¡.l foi.nd
c¡;nveDielH to have i!e fluk ilhimii:ted brightlj' from the side by a. blnch j~ght. The eolor

ch1tle ia i.hen e&liIy seu in 1\ th.ii la.yer of liquid àí the f1tik ii iiken.

The perCétltage of carbon iii the soil is given by the followri:ig formula:

Y1 W V. X 0.300 X I

Wheie Vi .. volui of .Y FeOO" in iclJilUlrl, requied in bla. .hrinioii
Yi = volwne of N F'tSO¡ ir i:iltet&, r~qUÌed ii actua.l tiuatioi:
W = weig.t ot $Oil in grll

/ - factor ~ho$è value ~ !ldar disCUliioli. TJ¿e tfm:ii .. re~óve:ry" (loo//) il iò"¡QQsed. .
V.ATiON$ DUE 1'0 DInCEs IN C()NDiTIO~s OF i)tGESTIO~ AN '10

DIFiuNCE :rN S'RJNGT OF BEQ¡;NTS

The Oxidizig actÍoQ, of acdìed dichro.itê ca be represte by the ha

reaOD :

Cr:OT- + 14.+ + 6e- == 2Cr+ + 7HsO, EO = 1.38.

Since the hydrogen-ion acvity ente the E, M. F. equ.tioQ, at the high
p(wer of 14, iicreaiig a.cidity wi lead to a la.ge ÎJcrea in oxidizi power.
Thus the reox potential of the sys depend3 priary on the ~oncentra.tioi
of the H~O,1 whie the amotlt of materil that ca be oxidize depeds On the

COtleetrtion of the KiCr20,. Up to a. point a.t leat, thn, ui increa in

reover of carbon would be expcte from an UiCleà in HiSO. concentration.
Thi is found to be so in prMtice. The Tecovet of carbon, however, a.ls de.
ped3 on the tÌal tempeature obtained durg digeson, and obvLeiualy ther
wi be w.e optimum ratio bét'W~n the volu.es of H$O. and aqueous solution
;reldig the maxui tempeature ri. As a. result of th two effect., th
reover of carbon fit increas with increâ¡mg ratiQ of H~O. to KiCri01

solution, pas through a. rather :ft mau., and the deCre, Figu 1
shows th mea recoveries for several soil.
Detennatíoi óOnducte 0.\ some aJ soil us th 15:16 ratio gave COn-

aitently lower.tgu (about 25 per eet) than thOS on the sa~ soil ~ the

~ : 10 ratio, The teperatW' obtaed were the sae Îl eá sees, the e:ect
bei. plUy one of hier oxidation potetial. The Últ that the ratio aJ: 10
may be deoread to 2u: 15 without any appr8iable fal oii in recvery i. of
impo~e in detetiona OQ, highly calcaeous roils low in org&.Q carbon,

2S
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for the àmOWlt ó£ HiSO. neutra.li is then apprechble. the 15:15 ratio is
quite unsitable for such BOils. !i; this connection it i9 interesting to note tlit
So.ethe (26) ha shown that the rate of oxidation at lOO9C. of a nuibel. of
organc compounds h. a defìnit~ iium when the HiSOi is about 80 per cent
by weight, The strength of tl.e acid in the 2Q: 10 mì.~tur ¡s i5 per cent by
weight.

The effec.t of increa.g the dichromilté concentration while maintainng the
rS, tio of H:SO, to aqueQus solution at 2(: 10 is shown i. ngue 2.

In tl: trial the siz of saple was, of cour, approprite to the st:reugih. of

dichromate used. Sodium dichromate, being much more soluble than K~r!01, ..
j
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FIG. 1. EJ'EC OF HtSO. CONCE~1'-\1'ION ON RECOVlIl OF CoJ:BOX

Fro. 2. El":¡i:c1' i:F K.C:i.oi COI\CEN'ITION ON R:ECOVJRT OF CARBO:;

~as us for the lat thee determtion. The result. abow that it is not worth
whi cb.g over to a stronger dichromate fot general us, particully as the
".olume required for the titration wi'th N F'eSO. then beomes ~9,ter and rathr
unwieldy hr & rapid routine method. When. dealig wi¡,h orgac soil, how~ver,
the us of stronger dichoær.te b. decided advantagesl ~aus a COtte$ondigly
larger amount of soU ca. 00 t~.k::, a.d 5apIig errors are thereby reuced
For the determation oi organic maHer in aqueous extracts it is sutcient to
take 5 ml. of eaplé, add 5 ml. of one of the above solutions of appropriate

st, and tbn proceed as uawù.
TIi \llÙportce of tb. concentration of dich.ite ¡. one of the factor'

..
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contributing to the SUCCes of .911 titrietric methods emploj"Ìng it, for th~ còn-

stcy or the o:tdation potentiil throl.¡ghollt the digesion ensure that the

la.ç iractions of the org&lc matter attacked ~re subjected to the sae intensity
of oxid.tion as the nrst fractious. If thi were Dot SO the reoovery 'Would depend

0.0 t.h~ size of saple taken, a.nd .9 large excel 01 oxidant wo;,d be reqi.ited to
remove this source of error. In the method under disu.ion it bas been found

that at least; 80 per cent of the K:Cr20, can be reduced without a.tecting (he
results.

The D.:il temperature reached in the reacting mass clea.rly depends upon the.
dierence between the heat generated iind that lost to the Vesl, its contents
and surroundings. The iolloivmg fa.tora are therefore of importnce:

DE'1ERi.u:-''NG ORGAXic CARBóN IN $OIL$

¡ the

;h of
,,(h,

I

i

¡

.dC'd :itrmGlh. 1i:...petimellt~ On a variety of iioils, using Micù of strengthil vllryiiig ~.

tweei: 90 and 99 per cent, 4hòwed :Ul apprQ)¡irQ&tè linear incmia.& of recovery or 1 pet cent

for every 1 per cent increas in a.cid etr1mgtn, With RoSO. containing dissolved P~Oi, iìl,ch
sa is sometime" Wliid in the Kjeldahl m.ethod, (I,mher jncrell$ in reCOvery rcsiilted. bur
these did no~ Séem larlIe enoiigb. to warrllIJt departUre from the U$e of ii reagent a~'à!liib¡e
flverywhAre. The r&te at which the a.cid i8 added is not eritir.1\1. The :\utOlnati,: pi~tte
Usd in this Work del¡\férs:i :l Q.Z nil. iii about 10 Sêconds.

Siat oj rtuJ('iirig l)~l8el. Pyrex coiiiciil !Juke or 50 Il!. ciipacicj. resulted in 

lower recover.
ies (about Z per cent) ¡,han WhéD thio-walJød :ISO-lb!. B&$kß were lled. The larger $Î.e,

being móre COo,WlDient tor titration.. was prèti¡rred. ho'vever. and ll set ot 24 w.a ISlecte-d
with ~'ejghta \I¿rying bét~een 100 and 130 ~rl,

Ai,. l'em'P~1'¡;i-urn. A nur~l' of dtt.ernjriiitions on several SOUll wi~h rOom a.-id rea~eQt
t.m~rlòtul'es va.rYing from l6.C. to SO' C. i;!iowed that all reCOvery inereaad by 

abOUt 1

per Cent for st.ery õ' C. riii in air teinper&.iire. ,riiriUiolU di,e to chiii llnd to cbatllleB iii
liJi¿ .~tJ'e.tlt\h t:~ii rJe largeiy eliminated iii anyone labotatory by cQnducting Olle Or tWo
i:eterrllnllioQ8 on IL stanùllrt, $oìJ with each large batch. Thi$ practice l:s been fouod
uaeiiil in correlating results obtaiMd OYer inter,.als of time.

,.

J

I

i

Other methods of digestion suoh as S~hollenberger!$ a.d Tiur's (28) denne

the teperatufe mUch more precisly; ror enm.ple, Sch()llenberg~r iid'\
beatin hi digestion nire to 175"0. in i t to 2 mirui~s, whereii Tiur re-
COIDe.ds bo.ig (145"'0.) for 5 minute. SChollenberger (5, 23) has als
shown that more consient results are obtained if 10 ml. N K~r=Or and 10
w. H:iO, a.re use for the digestion and the tempera.ture is held at 14QoC. for

5 minute than ÌÎ 20 m.1. E:~04 is use With iio extrna.l source of h~8.t. Tn
all c!ionúc acid titration methods the object should be to bring about the .ta.\:.
iiun oJCdatio:Q of orga.c ma.tter ~fore a.y a.Ppreciable amouit of chomio
acd ha. undergone thermal decomposition. Snethlse (27) h. shown that the

kieti of .he dec"'poti"" ... 'O"'pi.., a: bet ..P..te by _ilg
t.t two ree.tioll, one i:onoliolecula and the other binolecul, occur SÎnul-

taneosiy. The rêáotion ~ Pcsitivel:r ca.talyzed by Cr2(SOt)$, which .i the i:in
produot 01 reduction, and probably by other sub.tances. 19uite soil is one
..el ,ubi""., an Probably iugnte Soil .is, but beca.. of th difulty
of preparg an imguted sQil de'foid of organic matte!. it is difCult to establlh
th niagittide of the e.ect. The decompoition ptoCis more rapidly as the
RtS. ~oncentration increiis, and for this reason tni-ctures in the ratio of 2

th
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H~O. to 1 aqueous solution cannot be boiled for long in the preßnce of catalysts
without urdergoirg considerable decomposition. This fact W8. thoroughy
appre\\at~d by 'Tiw.in (who uses a. 1: 1 ratio) in fra.g lú$ method, :ld by
Sebollenberger in suggesting the 1: 1 mociñeatioo. just referred to.

~veriù workers htve reported the results obtain by supplw:entin¡ the
heat of dilutìon of 'the 2: 1 mixture t\-itb. an externa,l source of heat. Smolik
(25) boiled the mLxtre for 1 minute :1d olt~d goo agreement ..ith the Den-
nst.t method on 30 diñerent soil. On the other bAd, ?\" onik a.nd Pelisek
(18), usÍng the same procedure, obtaied excesively bigh results (as would be
expected ií there WáS muoh decomposition of crO.) a.nd so tanned to the orì.

pr~E:dure for the remaider of their study of the method. Simarly some of the
results of Kelley and Thomas (11), who beàiæ the inix:ture i. a. wa.ter bath
(presuma.bly a.t 100°C.) for 15 minute$, were unusually high. "''bther there

is any appreciable thermal decompO$itioli of crO, in the ceu: of So normal

detérmiia.tion \vhen the temperature is raisd t;üddenly by the beat of diution

àlone to a.bout 110-120"C. and then allowed to cool cannot be stated. There
is cel'taio.y none in the absence of soil and none in the presnce oI 9. Is.ge variety
of ignited soils.

SH..er saltS ehher in tkie form of A¡~!'~01 or Ag.sO. have bttn us (5) as
ca.talysts in erO, digestioll, the object beg to ciitalyie the oxidatioii of CO
toCO~. \Vhether or not this is the xoode of action, I;gher results are usually
obtaed when a silver salt ts presnt, the effect being greatest 'iith Tiur'l3
method o£ digetion, leß with Scholienbèrger's, and least with the Wal.e)"
Blak method (5, W). Some recent ex~rieutò on ii variety of soils ba...re shown
t.hat the increa. in the lut method is rarly more than 3 pe.r cent. Since in al
thre methods the reslts obtained with added Ag~04, though higher, a.re no
more coD$tent, there ~ms little justifcation for the us of this salt.

In the method ilS origia.lly describe. the soil was P.r.t ground to 100 mesh.
Subseuent experients wowed tohat gridig to t mm. was suffcient, and thi
sta.ndard of Sizé ha been adopted tbroughout the presnt work. More recently
results ha.ve indicated tht the extent of oxidation i. nlucb. the samé even in
soils of 1 or 2 mm. si. It appears probabLe then that consderations of samplig
alone should decide whether grnding is n~esry. If it can b( dipf!nsd with,

~ cOlliderable saving of time wi resut in routine determin.tions.

Ai:other ch&ge which makes for greater convenience is to omit the l.mÍnute
sha.king. Tbe K,Cr:i, solut.on is a.dded to each fuk (24 is. a. suitable number
for a ba.tch), then acid to the first &.i aDd this. aiter one 01' two sb., is æt

asde while acid is added to the next. i,Then the acid ks beeD. added to the l.t

flask, the fi1't is ready for dilution a.nd titra.tion. No a.ppreciable diereces
have been observed with times of stdig varg between 5 and 40 miutelJ.

Othr indicaton have been sugeste for the titration includi irphena-
tbrolie (1, 4) barium dlphenYl$.ine sulona.tt (1), and phe.yl.thratÛlic

add (12). After these were tried, the conclU$ion was reached that preference

for anyone is largely a matter of persoril ta. In. a. surrey of some 30 .i\U$

tralan soils no saple was found in which the end point CQuLd not be rec()~ze
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l:ETERtiIXJ~G OBG..lxrc CARBON' ix SOILS

to within ¡ or Z drops of dipheuylmine. Smith and Weldon (24) prefer to add
excess ferrous ammonium sulfate a.nd back titraUi with KMnO~; ~ová.k and
Pe.lk (18) do likewise but ba.ck citrate ?"Îth K~Cr207.

It will be sen tha.t by the combined effect of usig 100 per cent B:i$04, 3 N
)laiCrzU" and .\g;SO~, it might rJe possible to rais the recovery of carbon in
many ~il$ bysonie 5 per CeDt or m.ore. There can be no doubt, howev~r, thàt the
inconvenience wOI.dd outweigh the adva.tages. Substantial increas În re-

COvery ca proba.bly be achie'rea only by increasg the time and tempera.ture

of digestion. Suitable procecluxes already exist embodying thes relÎeOlents
(23, 29). Thi fact havin ben i'ealized eal'lY, the aim of subsquent inves-
tigátiQt; was to exanine the magnitude of the caUSéS of varia.tion rather than to
attempt to elimte them. Variations due to severl inorganic Ox;dizig and

reduèing agent., however, Càl be elliiite by appropria:çe modtìc~t¡ons of the

inethod.

EFFE OF SOME INOllOAlI1C CON$'1!'XUEXT$

Calcum oorlxe
The fact that ca.eoi Ù5 without iruence ii titrietric metboc has alwa.ys

been one oÎ the strongt arents in favor of .$uch methode, particularly
for the examination of highly calcareous eoils defcient in orgD.c matter) wbere
the complete removal of the carbonate prior to dry èombustion is teous ~d
dìcult in many insta.nces. Even when á lO-gm. saple of soU contai¡ 50
per cent CaCOi i¿¡ t£lkeri for iinaly~¡s, o.oly about 5 gn.¡ or one sevénth, of the
total amount of H:i04 Ì1 utilzed in neutraliz.ation. This di:lution in stre.i¡th,

áS was showi earlier, is not sufcient to afect appreciably the inteQsit)-" of a.ttck:
on orgamc matter. Any aUght effect is probably múte tha com.penste by the
slightly increa temperature due to the neut.ralization reaction. The un.

Împortee of CaC03 hA ben proved by a.dding 5 gm. CaCOs to á D,i.ber of
sOiIs prior to dete~ the carbon CO:rteDt. The increB4S in reovery over

those for the untreated soili did not exceed 2 pel' cent. Successul trils of the

method on luge tiuibers of l:àlcar~ous soils hàve aÌfo ben eónducted.

Ch/rie¡
Thé diturbing effect of soluble chlorides has ben examined in deta a.d

reportd else'Where (31). It was shown that the reaction between the dichromate

and the chloride proceeded in such a way that the fonner was reduced qua.tita.

tively, ehus Péimittmg the &CCUlàte applica.tion of a. Correction factor. The
corrEltÎon coi:ts in subtracting one twelfth of the chlorie coi:tent from the

apparent Csoon content. (1 atom C æ; 4 atoms ei, and 12.0/4 X 35.5 =: 1/12).
It was found to be valid up to a Cl: C ra.tio of õ: 1.
Altetively the oxid~tioD of the chloride can be pre\"erited by using HiSO.

contag 25 gm. Afl~O. per liter for the digesion. Mercuric oxide and mer.
ëurie suate Were ÎOUld equály effective. 'The la.tter has alao been found
Satia,ctory for imobilzing chlorie in nitrogen digetions (17). Ratios of

257
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Cl:O up to 5:1 ha..e be encountered in a. series of ma.rine SW&lP soUrs nesr

Adelade, South Auiitral. Their ana.lyis showiv that whei the corrtion

factofl were applied, the corrlation "\ith dlj" combustin figu was as high
as for other groups of nonsalie soils.

Highe ci1es of nunga7'86

The forms in whioh the hier oxides oÎ maiganE'.B e:t in t.be soil ar not
known. RÈ'eent x-ray di£ract.on studies (8. 15)i have sho'9"D thAt ther are
four or five dierent modifeations of th oicde approxitig to the formula
MnOi, apái: from severa.L modiications of that approxiatiiig to the formula

MntOo, AS well as Mn,O... Many oi the oxides show 8. deñciency of oxygen; for
example, the higher oxides show a. deparur from the stoichimetrc formula
MnO. where n == 2. Thus though it appe tJt pyroluate, whether natura!

or a.ciaJ, have values of 11 very cioi to 2, yet í.;)r cert other oxides prepared
in the wet way, n may be as low as 1.7 or 1.a iid stil retain the sae stnictUie
as an oxide for wmoh n = 1.9i. Such 10';' values may be due to a.bsrbe man.
ganous ion, or to &I actual defect of oxygen in the lattice, or to both. In any
eVellt the o:igen rely iivailble ("actíve oxygen") is proba.bly n-1 atoms of

oxygen per 1tom óf ma.g;a.ese.
Besdes dierences in crystal form od ~ontent of acth'è oxygen, lage di.

ferences in reativity are found. D'AgcBtino (6) showed that t.heré were big

difereniet between the ra.tes at which dierent oxides rea.cte with a.idied
o:!älìc acid, his method being to measure ga.nietrically the ra.te of production

of CO" (~~). Stil biger differences in (:) have baen fou.d by Wadsleyand

W s.ey' in an extion of a number of ores and ohe.iicaly prepared manan
oxides, t.he highest value for an ore being about 30 times that for the.ooat slowly
reacti ore. ånd the blghest value for a. chemcally pr.epared oxide beig about

five times greater agn. Theré is no obvious correlation between re&ctivity

and structural ty. It sems probable at presènt that suac area Í8 the chief

factor responsible, though !attice imperfections and defects aJso doubtles play
á pa.

There see no reason why aU the structural foii found in ore bodies should
not OCC1.r in soi1s. But what is p:obably wore importt, the range of reAC-

tivities (D'Agostino values) encòuntered in natural a.d chemicày prepared
aaples c01.ld almost oertainly .;iccur in soil. Such a. rage of reactivities
would be quite sufcient to a.ccount for the clerences in the percentage of tota.
manganes reduced and leached from va.ous soils by bufered quiol solutions
(14).

'Wee ~rri02 a.d K2Cr~01 are h&ate with an oxidiMble substace in the
presece of .a acid, the ewo oxidizig agets compe~ with each. another, and

the proportion oÍ the total oxidation effecte by the MnOt depends on 
its r¡;

i Cole, W. F., Wad.1ey, A. D. and Wa.k1ey, A. Unpublished work, 194.
· Wad!ley, A_ D. and Walkley, _4., Unpubliihed work, l~.
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activity. Thus even ü the a.ctive oxygen content of tM soil were known ac-

clU&tely, it would not be pO$ble to corrct for it. ThÌ2 diference in behavior

of dierent oxides Ïß '\'ell shown in the results (ta.ble 1) of several experients
where saples of oxide:) in amounts equiva.lent to 0.20 gm. M.oO~¡ were a.dded

to 0.040 gr. sucrOSe and digeste as usual. After dilution with water the digests

were filtered through siatered gla to remove unattacked oxide, and the fitrate
was titrated with FeS04. Deterni.atioti were a.ls conduct.ed in the a.bSence

of MnO~ to Sél:é a.s Stà.údard. 'The amoUlts of K1Cr~01 a.nd MiiOi were su-
ô.cieu1i for each to o:tdize all the sucrose completely even if the other were a.bsnt.

Clearly the rate of attack by the first three ores is $0 slow that the sucro is
o~diied almost entirely by the K2Cr!OT and only the s.rtmcial oxide pla.ys a.y
importe.nt part. The eorrespon.de.oce between the fì~es in the last two coluIntl

'1 ABLE 1
FrlJt1on oliiucro,l/l exid.i:zød bli samples 01 ;l!riOi 01 difftreni origiii$

0.20 gai. ~1nOi Added to 0.40 gm. SucrOiie

QI.IQtl III Qia&

, .
I J)/4CftO I' ~44Z

(4')t ()T~IV~ Ti ,Q~n; I; i
"y MnU= moistly; son; pyro.¡ 0.14 ¡ (: 1lusite I i
Crypçomeliio.e ¡ Q.19 ¡
Pyrol usite ! 0 . is .
"y MnOt and ery¡comela.i: II 2.0

Un!oowll oxide witb. ¡..yer 8.0

i..ttiee istriçture I
i

ia COil$tn.

Oold COáSt 01'&............... ,

Western. Austl'lian ore. . .. . . . . . . .. . . .
Sol.th Ai.tra.lían ore, . . . . . . . . . . . . . . . .
~.w Z.a..ld Ot.. .. . . .' . .. . .. . . ... .. .
ChemiC1Uy prepare oxide. . . . ... . . . . .

(1
" 1

Ô
4:9

Chemee.ly prepáéd oxide;
2L

" Se t&iiHootnote 3.
t s. t.xt footnote 4.

; &.e sample a. 'prec~jng, but oiiy 0.100 g:n. ~lriOt added,

suggeat$ tht the D'Agosiino value giVéB .a goo Û;dica.tioii of the amount of
dÎtQba.ce ii the method liely to be ca.uæ by anyone type of MnO,. The
most reactive typ represented h.ere may perhps cocrud to the frely
pl'ecipit.te soil manganese which is in circulation, which l'ea.di~' taks par
ii oxidation reduction reactions, and which is therefore of signcø.ce in the
nutrition of th pla.t; whereas the least, reaotive typ may correspon.d m~re
to the inert resrve materiaL. rii normal soil the amounts of such realy
reducible oxide wil c-rtiuy be sm, a.d eveii in hihly manganierous sell

it does not se likely that there would be m.ore ih á sma.ll fraction of the
whole presnt in thi state. It ia coiiidel'ed that the a.verae reaotivities of the
oicdes in a.y otle manganierous soil is more liely to. be nearr thos of the

fi four samples, and therefore with the ratio MnOi to carbon exiting theré

(S.5: i) the error in the carbon deteriiioll would be only 0 to ô per cent.
The highest ratio report in the Wait~ wt.itute collection of Austra.l.au soils
was 0.2, the soil in question (a basa.tic red loii from Queensla.d) ha.vig the
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most seous quiydrone error of It nu.ber exsed by Bet. (3). The re-
covery oi carbon wa, 72 per cent, which i$ not abnoria.l, a.d 5ubsu~nt ex-
ama.tion oÎ a ~ries of 3ú .c¡i soil confe':l tha.t the magntude of the

error was very sia.ll in aU ÍDstces. The method has ben reported (32) suo-
cesul Oil a. variet)' of Hawaüan soils, though no meiition was tlde of whe'ter
these were the b.ghly mangan.e:tou$ soil.

It large ciuantities of very reactÌ\'è oxides should be encou.tered, their eiieet
can readily be aIluled by a preliina treatment with FeSO.¡. Such active

oxideS react r~pidly with cold acidied N FeSû., and the amount can thus be
determined by a preliar titration. Two miilters HaFÛ4, 5 ri. of Wa.~T,

and i mI. indicator ar added to the soil, followed by sufcient N reBO, to give
an elCcess as jud~d by the color of the indica.tor (5 niL. wiU usually suffce).
the rni:cure ìs alowed to stand wîen an óccwona shake ror 10 minutes and the
ex:ees FeSO, is c.itraW with K~Cr~07' The amount of FeSO, oxidized by the
MnOi, ~ determed by ths titration, is then added to 3. fresh sample of soil

ti

J:

l!

è

, B

I
t

! f
c

r:

t
a

t
c

1;

TABLE 2
Eff6lt oj FaSO, in removng di$iur(¡4n~~ diu 10 reatit'e MnO in c~rbcm iÙttrm1'1tiii

MDOT c.ll COllftN'
fOO

10

p" ,.

1.06
O.:i

c

r:

Soil alone. , . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
SoU plui¡ chemically prepared Qicde. . . . . .. . .. . . .. .. . .. . .
SoU pl\1 chem.eal1y !)repa.r~ oidde, with FeW, pre-
trèiltmt. . ....... . . ' .. .............................,

Soil phis Gold Coat QI'. . .. . . . . . .. .. . . . . . .. . . . .. .. . . . ..
Soil plu, Golò Cout oi-e, with FeSO, pretreatmnt. . . . ...

t

10
10
10

1.02
1.ct
1.09

t
(
1.

together with Z ml. H;.O.. Afte sta.di abut 5 miute, most eif the Mr02
wi have disslved, and what rema may be neglecte. Ten millters N
KaCriO, ls then added and the digestion conducte as usua-l.

The effectiveiies of thi $Îple method of pre treatii ent. is clearly shown
in table 2, SoU sap!eSl to which 10 per cent úf r~active and 10 pe.r cent of
u:eactive oxidell hA ooen added were digest. \vith á. without FeS04 pre-

treatment. Th6 results also i:liow that the pretreaureiit, though effective,
is uneCé$Sry for such unreaò'live materia.l as Gold Coe.t ore.

1ùuted iron

'there ~a. be no doubt that $Ol~l:le ferous l3ompounds, if pre$eot, wiUJ.~
to ,high reslts. The only auesion at issue is the pre\'aleIlce of ßUcl: compowids

(9). ~e (13), in á study OIl the utilty oÍ rapid titration methods ît paddy soils,

quote results wl:ch show that in gleied subsils the reslts may be very I.gh.
He used Tiur's crOu method a.d Istsherekov's (10) IO!nO, method. In
thes horizons he found that the ferrous iron, as sho~'D by Y.organ'srapid ap-
proxia.te method (16), w&s àlo high. He rightly pow.ted out that lack of an
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adec:Uàte method ma.k~ it impossble to ditinguh reduction dUé to orgac

mat-ter from that due t( ferrous salts or to an other reucing agents. The
sae reons prevent the applica.tion of any accu.te correction,

A consderable nu.ber of swa.p soils from diferent pa.rts of Australia have
been examined by this method. and found to give no:mii¡i1 recovery .fgures. In
all instance the saples were air-dlj'. Had they ben examned sr.raight from

the field the results might well have been dierent. Sa:e of these soil were
from marine $Wa.ps (already referred to) which were covered by the tides
daily; others were trom fresh-water s\vamps. In SOme b.taces the fres sa~
pies smeUed strongly of HtS. In spite of this, a.ir-dryng for a day or two !lp-
patently allowed oxidation to Occur to iluch an extent that the recovery figm:es

aU fell withi the range or normal açicuitural soil. The results of determina-

tions by the method on It wide variety of soils and'subsoils have to.ade it quite
obvious that the amouni: of soluble ferrou$ compounds iii air-dried $amples are
usuay trifg compared with the content Ot orgaiiic ~a.rbori.

ltlKfimtar1j eirbQn

It is COIJ\'enient to treat elementar carbon .aong the various inorga.c
components, for like them, and unlke soil organc matter, it is not unverslly
prest. Moreo\'er, it ha long been recognze as a. sourCe of diturbance in

method for determinin the organic iriatter. ..o with the maies oxides,
the magtude of the diturbance due to carbon depends on its reactiv'ity. Riey
(20) has examined the rate of oxidation of diferent £O!' of elementary carbon
by means of crOi- HiFO, and Ci-i- HiSO. n:ures and has shown that the
rate of attack depends not only on the sura.ce area, but als on the nature of the

¡iathon, the most highly grphitizeçi torms rea.ctiiig most quickly. He has
produced evídenc~ which suggests that the accessbilty tö the ch:Om.C add of

the hexagon layer .suraces of the graphite cryte.llie is reduced by the presnce
of hydrogen or residua.l hydrocuboD. which are botlde to thes simaces. The
higher the carbonization temperatures, the less of these bonded ma.terials will be
present.

The result: of ~ome det.ermÎ.tion. by the soil digestion method on a. few

saples of elementa.ry c~rbon are shown in table 3. The saples are merely
fuer tha 70 mesh and so arè not neceSriy cODlparable in surface ara..

The tast saple, iithough the most hii¡lilr graphitized, had a lower reeot'ery
than most of the others. Tlus may be accounte for by the fact that it was the
coa.st of all, flke graphite aeing alwa.ys difcult to grind. O:rdation of thi

$ample stopped at the graphite oxide stage, as cculd be readiy detec~d by
fiterini the residue iind then washing s.d wa.rmg it, when the swellng reaction
typical of such lamellar cornpòunds occurred.

It is clear that the recoV'eriea are in all instaces much less than thos foun.d
for :sil orgac matter. '\Vb€n a saple of the wood eharcoallit: in table 3
was added to soil of known carbon content iid both were dlested together,

the ~ClVe.l/ of charcoal carbon wu even le$8, beig only 0 per cent. As the

compoite soil contained 1.4 per cent organic Cßroon and 3.9 per cent oh.rcoal
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oarbon, the dr combustion method would b.ve iidicate 5.3 pe cent total
carbon. On the other had, the carbon con~nt as revealed by the rapid ti-
tretrlc method was 1.6 per cent (usng a niultiplyig factor of 1.). The

method ha thus dirii~ted well between the two vareties of carbon. Soil
rich in elementa cabon n:llY sometimes be detecte by their wìde c: N ra.tio
(in the foregoing instance 50: 1) a.nd someties by inspection of the coar6
fraction. From Riley's work it does not $e likely tht forms of C!aroon more

ruetin thA i:tural graphite need be ooiidered. Thî is sometwes seen as

shig ftke$ in soiIa derived from graphitic schists.

If the oxidations a.re proLonge, the reeoveries increae. The sae sapl.
of charcoal when digestéd by Tiur's method ga.ve a. S4 pel' ~t reeövery of

ca.boii Schollenberge's digestion w.a not tred, but it is possible that the
result would have ben lower, for as Balo'lr et ai. (2) :iowed, the optimum
digestion rate occur with acids betwee 70 and 90 per cent, whereu Scol-
lenberger uses concentrate :S¡SO.. Allon (1) b. quote £i exaple to show

TABU; 8
RtiWt-rit8 øf Il!tral ixBtie.t ()f Ûmi.øniarv carò;m by ~oil dig€-uiol' meiJ

1 Ç.All OOirir I t;~ liVU's

,

¡
,

:eitumiious coa.l. . . . . . .. .. . .... . . . . . . . . . . . . . . . . . . . . .. ...1
a.a ceke.. . .. . ........ . ... . . . . .. ..... .................

~~~h::r~~~~t~~~' $~~phi'~' (Q~~;~i~d): : : : : : : : : j

N a.ti.a,l .aiik:l gra.pbite (South A ustra,lia). . . . . . . . . . . . . . . . .!

,. cIl

78
~a
79
S8
94

,"'l-
11

2
11

10
l

,
i

that his modüicatio:r of Sehollenberger's method diaoo between orga.c
ca.rbon iid tha.t in the forr of cinders and coal, though the actua.l amounts of

such ma.teris prest are not state.

CONCLUSIONS

It has b€et show. that düerenees in conditions of digesion ard in stre£ih

of reagents a.re cleßy of importance insofar as they detenie the .fnal tem-
perature attBed. The c:oncentrat~on of H:iO, i$ of importa.ce, but the eon-
cetrtion of K!Cri01 is not. Boi.lig the 2: 1 H:iO,:K2Cra01 miture with the
obi~t o£ attag a constant and reproducible tempera.ture is not permesble,

but tbe reproducibilty required tó tie up results obtaied over à period of time
can be acheved by the inolU$on of a, standa.d soil in each batch of ara.lyse.

The eiieet of CaCO, can be neglecte, and tha.t due to $Oluble chlorides ca be
readiy a.llowed for. The effects due to reduced iron, hisher o:ddes of ina.ngaii~,
a.iid elemental caboii cannot be a.1owed for, but evidence has beeii presnte
in each intace which shows either the unportace of the error or its proba.ble
liting m3tude. A modcation of the method ca.n be usd to elìit.e the
effect of the manganese oxides in the few iiitices where ths may be necs-

(:

(:

(J
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sa. The main ca.uses of varitîQIl in the r~over fa.ror are thus not any of the
foregoing, but are undoubtely to be found in the varble iit'e of the soil

orgao matter itslf.

S~l'
The caus o£ va.e.tion in the recover factor of the Wa.ey.Bleck m.ethod

have been separate into three groups, two of which are d.us here.

In the first, the iitude of the efects due ro strength of H~04 a.d of

X:CriO" to time and teperature of wgestiIoii, and to additiOÐ of catalysts,
ha. be ii:vesated.

In the seond, the effects of CaCOs, soluble cbJorides, hier oxides of MD,
reduced Fe, aJd elementà C ha.ve ben c:tioolly exaed.
Severa of the cause$ ca be elii.te or allowed for. VV"here th ~ not

possblei the erors can be shown to be unportt in most intace.
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