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To provide a procedural guide for the application of EPA Method T0-4 (High Volume 
Sampling) to the analysis of pesticides and Arochlor PCBs in ambient air collected on 
PUF (polyurethane foam) cartridges. 

2.0 METHOD SU:t\<11\IARY 

Adsorbent PUF cartridges are cleaned using solvents and vacuum dried. Cartridges are 
sent to the field wrapped tightly in aluminum foil to prevent degradation by UV light. 
Following sampling the filters and cartridges are subjected to soxhlet extraction with 
methylene chloride, the solvent is switched to hexane and the extract concentrated. 
Analysis is performed using a GC/ECD (Electron Capture Detector). The Target 
compound list and detection limits are noted in Attachment A. 

3.0 HEALTH AND SAFETY 

Normal laboratory safety precautions must be used when extracting samples, preparing 
standards from neat materials and analyzing samples. Appropriate eye wear, gloves and 
lab coat should be worn when handling any chemical used in this method. All 
manipulation of standards, solvents, and acid and basic solutions should be done with the 
utmost care in the hood. MSDS for each chemical should be consulted for specific 
dangers and precautions. The procedures described in this SOP are designed for skilled 
chemists trained in the safe operation of GC/ECD and sample handling. 

4.0 SAMPLE PRESERVATION, HANDLING AND STORAGE 

Samples are shipped to the laboratory in 4 °C ice chests. Upon receipt, the cartridges are 
stored in a refrigerator (4°C) until extraction. Extraction must be performed within one 
week of sample collection. Sample extracts are stored in a separate refrigerator (4°C) 
until analysis. Analysis must occur within 40 days of extraction. 

5.0 INTERFERENCES AND POTENTIAL PROBLEMS 

5.1 A common interference in the pesticide procedure is from phthalate esters. Phthalate 
esters are introduced into the system through contaminated glassware and/or when the 
extraction solvent contacts plastic materials. All glassware is thoroughly cleaned to 
minimize phthalate contamination and there is limited use of plastic materials during 
the extraction procedure. 

5.2 Carryover from a high level sample can also create false positive results. The system 
is demonstrated to be clean by analysis of a hexane blank and any sample suspected of 
carryover contamination is re-analyzed to verify results. Scientist judgment should 
always be used to determine when re-analysis is necessary but a typical guideline 
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would be whenever the sample concentration exceeds 5 times the upper calibration 
limit. 

6.0 EQUIP!YIENT AND MATERIALS 
6.1 Instrument 

• GC/dual ECD system equipped with a temperature programmable oven suitable for 
splitless injection 

• Capillary column - 30 m X 0.53 mm DB-1701 with l .5 µm film thickness. (Primary) 
• Capillary column - 30 m X 0.53 mm DB-5 with 1 µm film thickness. (Secondary) 
• HP Chemstation and Target Thru-put System Chromatography Software 
• HP 7673 Automatic Liquid Injection System 

6.2 Parameters: 

• Initial Column Temperature and Hold Time: !40°C for 2 minutes 
• Column Temperature Program: 20°C/minute to 200°C for 5 minutes 5°C/minute to 

265°C for 5 minutes 
• Final Column Temperature and Hold Time: 20°C/minute to 280°C for 5 min. 
• Injector Temperature: 250°C 
• Detector Temperature: 290°C 
• Sample Injection Volume: l.OµL 
• Carrier Gas: Helium approximately 6 mL/minute at 50°C 

7.0 REAGENTS AND SUPPLIES 

• T0-4 Glass Cartridges (Graseby/General Metal Works, Village of Cleves, OH) 
• Grade QMA quartz fiber filters 10.16 cm (Whatman) 
• PUF plugs (Graseby/General Metal Works, Village of Cleves, OH) 
• Aluminum foil 
• Soxhlet extractors capable of extracting filters and adsorbent cartridges, 1.0 L flask 

and condenser 
• Glass funnels 
• Filter paper #41 
• Zymark Automated Liquid Concentrator equipped with 1 mL end point 
• Polyethylene gloves for handling filters and cartridges 
• Vacuum oven 
• Methylene Chloride - Reagent Grade 
• DI Water - HPLC Grade 
• Hexane - Reagent Grade 
• Methanol - Reagent Grade 
• Sodium Sulfate, anhydrous 
• Vortex Supermixer II (Labcraft) 
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8.0 PROCEDURES 

8.1 Preparation of Sampling Media 

PUF inserts are generally 3inch cylindrical plugs. The PUF material is initially cleaned 
by soxhlet extraction with methylene chloride for a minimum of 18 hours at 
approximately 4 cycles per hour. The solvent is changed after each six hour period. 
Batch size varies depending on the available equipment, but generally 20 to 30 are 
cleaned at one time. The extracted foam is dried for two to four hours at approximately 
120°C in a vacuum oven. To prepare the media for shipment, the PUF is placed into the 
glass sampling cartridge using polyester gloves. The cartridge is wrapped with aluminum 
foil followed by bubble wrap and then placed into a sealed plastic bag. To certify the 
batch, the final (from the third six hour period) solvent rinse is solvent exchanged to 
hexane and blown down to 1.0 mL and submitted for analysis. The batch is certified if all 
componnds are less than the required detection limit. A batch is identified by the 
preparation date and the type of PUF (e.g. 970508T04 for PUF inserts prepared on 
5/8/97). The PUF inserts that are not immediately being used in assembly of cartridges 
are placed in a glass jar or wrapped in aluminum foil and kept at ambient temperature 
until they are needed. The jar is labeled with the above batch ID. PUF inserts that are not 
used within 3 months of preparation, will be re-certified as clean prior to use. 

8.2 Sample Extraction 

8.2.1 

8.2.2 

8.2.3 

8.2.3.l 
8.2.3.2 

8.2.3.3 

8.2.3.4 

8.2.3.5 

Glassware Preparation: All glassware used in the extraction is prepared as 
follows: Wash with warm soapy water, triple rinse with tap water, triple rinse 
with de-ionized water, then set to dry. All glassware must be completely dry prior 
to use. Triple rinse with methylene choride. If glassware is not dry, a triple 
methanol rinse followed by a triple methylene chloride rinse may be used. The 
turbo vap vials must also be triple rinsed with hexane. 

Funnels: Set up a funnel for each sample lined with #41 filter paper in the fume 
hood using ring stands. Add a small amount of sodium sulfate and triple rinse 
with hexane. 

Extraction Procedure: 

Fill each round bottom flask with approximately 700 ml methylene chloride. 
Add several methylene chloride rinsed PTFE boiling chips to each flask and 
cover with foil. 
Triple rinse each soxhlet extraction body with methylene chloride, place on 
flat bottom flask. 
Unwrap each sample and place the sample cartridge and its quartz filter into 
labelled extraction soxhlets. Include a blank and spike. 
Bring chiller to set point temperature of l0°C. 



8.2.3.6 

8.2.3.7 

8.2.3.8 
8.2.3.9 

8.2.3.10 

8.2.3.11 

8.2.3.12 
8.2.3.13 

8.2.3.14 
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Add 500 ul of surrogate spiking solution to each soxhlet, including the blank 
and spike. Surrogalc spiking solution is prepared from purchased mixes from 
Restek or equivalent. To prepare a 2.0 ug/ml surrogate spiking solution, 1.0 
ml of a purchased mix of 200 ug/ml 2,4,5,6-Tetrachloro-m-xylene and 
Decachlorobiphenyl is added to a 100 ml volumetric flask and brought to 
volume with hexane. The surrogate spiking solution is stored at - l 8±5°C and 
expires in 6 months. 
Add 500 ul of appropriate spiking solution to the spike sample (LCS). For the 
standard pesticide list, the spike is prepared from a purchased mix from 
Supelco or equivalent. An example pesticide spike is prepared as follows: 
100 ul of SS TCL Pesticides Mix (Supelco) at 2000 ug/ml is added to a 100 
ml volumetric flask and brought to volume with hexane to yield a final 
concentration of 2.0 ug/ml. This mix contains Aldrin, Alpha-BHC, Beta­
BHC, Delta-BHC, Dieldrin, Endosulfan I, Endosulfan II, Endosulfan Sulfate, 
Endrin, Endrin Aldehyde, Endrin Ketone, Gamma-BHC, Heptachlor, 
Heptachlor Epoxide, Methoxychlor, 4,4'-DDD, 4,4'-DDE, and 4,4'-DDT. If 
the list is PCBs only, Aroclor 1242 or any specifically requested Arochlor, is 
spiked as the method spike (LCS). A solution is purchased from Restek, 
'Supelco, Ultra, or equivalent and may be prepared as follows: 1.0 ml of PP-
311Aroclor1242 solution at 100 ug/ml purchased from Ultra is added to a 5.0 
ml volumetric flask and brought to volume with hexane to yield a 
concentration of 20 ug/ml. 
Carefully place the condenser on each soxhlet. 
Turn on each heating mantle to a set point of 5.5. The orange light flashing 
indicates the mantle is heating. 
Extract samples for a minimum of 18 hours, maintaining a chiller temperature 
of less than 15 °C. 
Turn off heating mantles at the end of the 18 hour period and allow each 
soxhlet to cool a minimum of I hour before proceeding. 
Carefully remove the condenser from each soxhlet. 
Drain all remaining solvent from the extractor body to the flat bottom flask by 
tilting the soxhlet to start the side arm siphon. Remove the soxhlets from the 
flat bottom flasks. 
Flasks are then either transferred to the fume hood for heat reduction step 
(next section), or covered with foil and stored in the refrigerator. 

8,2.4 Concentration: 

8.2.4.l Triple rinse each Snyder column with methylene chloride into the sample's 
respective flat bottom flask. Place the column on each flask. 

8.2.4.2 Place the samples on hot plates using a temperature setting between 5 and 6. 
Samples will begin to boil and columns will chatteL 

8.2.4.3 Allow to boil until sample volume is NEAR dry. Do not allow the samples to 
go to dryness. This will cause poor recoveries and Joss of sample. 



8.2.4.4 

8.2.4.5 

8.2.S 

8.2.5.l 
8.2.5.2 

8.2.5.3 
8.2.5.4 

8.2.5.5 

8.2.6 
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Add approximately 100 ml of Hexane through the Synder colurrm and return 
to heating mantle. Again allow to boil to near dryness and add another l 00 ml 
Hexane through the Synder colurrm. Repeat for a third addition. 
Remove sample from mantle, let cool, and rinse Synder colurrm with hexane 
into round bottom flask. Remove Synder column and pour sample through a 
funnel lined with #41 filter paper and sodium sulfate, collecting sample 
extract into turbo vap vial. Rinse round bottom flask two more times with 
Hexane through funnel. After all solvent has drained out of the funnel, triple 
rinse with Hexane into the turbo vap vial. 

Nitrogen Evaporation: 

Evaporate filtered sample to just below 1.0 ml using nitrogen in the turbo vap. 
Remove sample from turbo vap and adjust the volume to exactly 1.0 ml using 
a clean Pasteur pipette and clean hexane. 
vortex the sample for five seconds. 
Using a clean Pasteur pipette, transfer the 1.0 ml sample to a labeled coarse­
threaded screw top vial and cap each sample. 
Store vials in the refrigerator and fill out all appropriate documents. 

PCB Cleanup Procedures: 

If the target list includes Aroclors only, a sulfuric acid cleanup is used. DO NOT 
DO A SULFURIC ACID CLEANUP ON PESTICIDE SAMPLES AS TARGET 
ANAL YTES WILL DEGRADE. Prior to storing sample extract vials in the 
refrigerator, add I 00 ul concentrated sulfuric acid to each blank, spike and sample. 
Shake vial on the vortex mixer for 5-10 seconds. Centrifuge samples for 3-5 
minutes. Store samples with sulfuric acid. When aliquots are analyzed on the 
GC/ECD, be careful to analyze hexane fraction only leaving the sulfuric acid layer 
(bottom layer) in the vial. 

8.3 Sample Analysis 

Analysis is carried out on a HP 5890 GC/ dual ECD system. Second column 
confirmation is used to positively identify pesticide results. Results are reported from the 
"Primary Column" analysis. However, if the results are > 40 % percent difference 
between the two colurrms, the higher result will be reported as specified in Method 
8081 A. Any results reported from the "Confirmation Colurrm" analysis will be noted on 
the sample report. 

8.4 Calibration 

Calibration is accomplished through an external standard technique. Once the data file is 
collected and stored it is automatically processed and reported using the Target Thruput 
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Software. The working range of the analytical system is defined by the range of 
concentrations bracketed by the five point calibration. The lowest level of the curve 
represents the detection limit and the highest level represents maximum concentration 
possible without dilution. The concentration of the field samples must be bracketed by 
this range. Any sample which exceeds the calibration range of the curve will be diluted 
with hexane until its concentration approximates the mid-point of the calibration range. 

8.4.1 Initial Calibration 

8.4.1.1 

8.4.1.2 

8.4.1.3 

Standards are blended from commercially blended and certified stock solution 
to cover a range from 0.10 uG/sarnple to 2.0 uG/sarnple. Standards are stored 
in the standards freezer. One µL of each standard is analyzed. Tabulation of 
the peak area vs. concentration ( uG/mL) is performed to generate a response 
factor for each level using the equation: 

Where: Ax= Area of the peak for the compound measured 
Cx = Concentration of the compound measured (uG/mL) 

Aroclor, technical Chlordane, and Toxaphene calibrations are bracket the 
linear range of 1.0 uG/sarnple to 10 uG/sample. Standards are stored in the 
standards freezer. Non-overlapping Aroclors can be calibrated concurrently, 
e.g., Aroclor 1016 and Aroclor 1260. One µL of each standard is analyzed. A 
minimum of four peaks are used to characterize technical Chlordane, 
Toxaphene and each Aroclor. ln general, only Arochlor 1016/1260 mix is used 
to determine instrument linearity. A single mid-level standard for each 
remaining Aroclor is analyzed unless the project specifically requests 
calibration on an Aroclor by Aroclor basis. Tabulation of the peak area sum 
vs. concentration (uG/mL) is performed to generate a response factor for each 
level using the equation: 

RF= Axtcx 

Where: AX= Sum of peak Areas of the 4 characteristic peaks for the 
compound measured 

ex= Concentration of the compound measured (uG/mL) 

The average RF for each compound is measured and tabulated. The Percent 
Relative Standard Deviation (% RSD) is also measured for the five point. 
Linearity through the origin is assumed if the variability of the RF is within ± 
20% RSD for the target compounds. The average RFs from the calibration 
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curve are used to calculate results. If the average RF is greater than 20% then 
linear regression is used. 

8.5 Independent Source Check Standard 

After analysis of the initial curve, an independent source check is analyzed at the mid­
level of the calibration curve. See standard prep logbook for preparation details. The 
independent source is prepared from stock from either a different vendor or a different lot 
of the same vendor. Recovery must be within 80 to 120% for all compounds. 

9.0 CALCULATIONS 

The initial calibration response factor (RF) for each compound is used to calculate sample 
results using the area counts (Ax ) of each target species: 

Ax/RF= uG/mL 
(µG/mL) X (LO mL final volume/sample)= µG/sample 

10.0 QUALITY CONTROL 

10.1 Initial Calibration Curve 

The percent relative standard deviation (%RSD) for the initial curve must be less than or 
equal to 20%. If the % RSD is greater than 20% then linearity through the origin is not 
assumed and the analyte uses an optional linear regression calibration. A second 
alternative is to use the mean %RSD criterion as outlined in SW846 Method 8000B 
Section 7.5. If the mean %RSD criterion is used the compound(s) failing the 20% 
criterion requirement are noted. 

10.2 Independent Source Check Standard 

The independent source standard prepared at the mid-point of the multilevel calibration is 
analyzed immediately after the initial calibration and each time the instrument is 
calibrated. The independent source should agree with the primary standard within 80% to 
120% recovery. 

10.3 Continuing Calibration Verification 

10.3. 1 The continuing calibration verification (CCV) is analyzed daily prior to sample 
analysis. The response for each analyte should be within 15% of the initial 
calibration curve. If greater variability is observed, the average of all of the target 
analytes in the calibration table (not the average of those required for any 
particular project) is calculated. If the average meets the 15% criteria then the 
standard verification has been met. If the average deviation does not meet the 15% 
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criteria then a new initial calibration curve may need to be analyzed and!or fresh 
standards may need to be prepared. 

10.3.2 The CCV is analyzed every 10 samples and at the end of the analysis sequence 
(i.e. end of run drift check). Both high, low and multicomponent standards are 
alternated. However, the analyst must verify that a pesticide standard is analyzed 
at the minimum of every 12 hours. The recovery of an individual component or 
the average of all the target components must be within 15% for these checks. 
Should the recovery fail to meet these limits on both the primary and confirmation 
column, all samples analyzed since the last valid check will be re-analyzed. 
However, if the standard analyzed is recovering high then samples do not need to 
be re-analyzed. The CCV is reported with "Q" flags to note high recoveries. If 
the standard analyzed is recovering low then all samples MUST be re-analyzed. 

10.3.4 The retention time of every target component must be within the retention time 
windows established during the 72 hour retention time study for every standard 
analyzed. If not, the column maintenance or adjustment of chromatographic 
settings is performed until the analyte fall within its respective window. 

10.4 LCS 

Either a 1.0 µG pesticide LCS or a 10 uG PCB LCS is spiked depending on the requested 
target list and extracted with each set of 20 samples. All target compounds are spiked 
prior to extraction from a source other than the calibration standard. Recovery limits are 
50% to 150% recovery. Since it is not possible to re-extract PUF samples, compounds 
outside the method limits will be qualified with a "Q" flag. 

10.S Surrogates 

Surrogates are spiked into all samples and blanks prior to extraction. Surrogate limits are 
given below. 

10.6 Method Blanks 

Surrogate 
Tetrachloro-m-xylene 
Decachlorobiphenyl 

% Recovery 
50-150 
50-150 

A blank PUF cartridge will be extracted with each set of 20 samples extracted. Since it is 
not possible to re-extract PUF samples, compounds detected in the method blank will be 
qualified with a "B" flag. The "B" flag indicates that the compound was detected in the 
method blank and blank subtraction was not performed. 
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10.7 Pesticide Breakdown Evaluation Standard 

Each day prior to analysis, a standard containing Endrin and p,p' -DDT is analyzed to 
determine breakdown. The standard is prepared as indicated standard prep logbook at 0.8 
ug/ml. Breakdown must not exceed 15% for each compound and is determined as 
follows: 

Endrin Brkdwn = -~A=r=ea=E=n=d=ri=n~A~l=d=e=hy~d=e~+~A~r=e~a~E=n=d=r=in=K=e=to=n=e __ _ x 100 
Area Endrin + Area Endrin Aldehyde + Area Endrin Ketone 

DDT Brkdwn = Area p,p' -DDE +Area p.p' -DDD X 100 
Area p,p' -DDT+ Area p,p' -DDE +Area p,p' -DDD 

10.8 Analytical Sequence 

The analytical sequence begins with the Pesticide Breakdown Evaluation Standard 
followed immediately by the CCV. Following standard analysis a method blank is run 
followed by the analysis of field samples and one LCS per extraction batch. The CCV is 
analyzed every 10 samples and as an end check following the last sample of the day. 

CCV recoveries should be ± 15% of the expected value. Sample analysis cannot proceed 
if either the breakdown check standard, CCV or method blank analysis fails to meet 
acceptance criteria. If the end check standard fails re-analysis of the standard is 
performed. If the failure is confirmed then maintenance and re-calibration is required. 
The analytical sequence is repeated for each 12 hour clock. 

10.9 Method Detection Limit 

The limit of detection is determined in accordance with the guidelines of Appendix B, 
Part 136 of the Federal Register 40 CFR. The 99% confidence level is used to determine 
MDLs. An MDL study is performed annually. 

10.10 Method Precision 

Laboratory sample duplicates are analyzed at a frequency of 10%. The RPD between 
duplicates must be± 20% or re-analysis is performed. 

10.12 Retention Time Window Studies 

A 72 hour retention time window must be established for every set of analytical columns 
and instruments. The lab will calculate new 72 hour windows whenever a new column is 
installed. Windows are established by making three injections of a mid-level calibration 
standard over a 72 hour period. The standard deviation of these retention times is 
calculated. This standard deviation is multiplied by 3 to calculate the window. The 
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window is applied to the daily check's R.T. The windows are used for advisory purposes 
and the discretion of the analyst must weight heavily on all compound identifications. 

11.0 DA TA VALIDATION 

11.1 Manual calculation 

Manual calculation is performed on a minimum of one sample per analytical sequence to 
validate the software has calculated and reported the results correctly. The analyst 
performs the calculation starting from the raw area counts through to the final result. 
Documentation of the calculation is done on the hardcopy quant report accompanied by 
signature and date. In addition, any identifiable field blanks or trip blanks should be 
reviewed for possible contamination. If contamination is evident, a comment is placed in 
the Laboratory Narrative portion of the reporting module. 

11.2 Initial Data Review 

As the analytical sequence is run throughout the day, the analyst verifies that the 
appropriate standards are analyzed, surrogate, and analyte recoveries are acceptable, and 
that the method blanks have no analyte detections above detection limit. As the samples 
are analyzed and data is generated, the analyst verifies peak integration, and that 
concentrations are within the linear range of the instrument. The entry in the run log is 
checked as acceptable and is initialed by the analyst to indicate that the data is acceptable. 
When the analyst compiles the data packages, the SOP for data review is followed. 

11.3 Secondary Review 

A thorough secondary review is performed by the QA department on a randomly chosen 
10% of the final data packages. The secondary review entails verification that project and 
QC requirements were met. Failure to meet QC and/or project requirements results in a 
corrective action report and documentation. Dilution factors, analyte retention times, 
peak integration areas, concentration calculations, unit conversions, and detection limits 
are also checked. Field and trip blanks are checked and trends are observed. 

Some clients requests that 100% of their final data packages undergo secondary technical 
review. The majority of the secondary reviews in this case are performed by the 
analytical supervisor. The secondary review performed by the analytical supervisor 
entails the same verification as that performed by the QA department. The randomly 
chosen 10% QA reviews typically counts towards the 100% secondary review. 
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All samples, standards and blank solutions are disposed of in the liquid organic waste 
drum located in the Hazardous Storage Area. 

13.0 INSTRU!VIENT MAINTENANCE 

Failure of DDT and Endrin to meet the breakdown check indicates active sites in the inlet 
system. If the breakdown check fails, the following may need to be performed: cleaning 
and deactivating the injection port, deactivating or replacing the injection port liner, 
clipping or replacing the guard column, and deactivating or replacing the "Y"-splitter. 

If the daily check fails, the standard must be checked and re-prepared if needed. If the 
standard is acceptable, the analytical system must be evaluated. Front end maintenance as 
described above including septum replacement may be needed. ECDs may require 
thermal cleaning if a high background signal is indicated. All maintenance on the ECDs 
beyond the;rmal cleaning is performed by the manufacturer. 

14.0 CORRECTIVE ACTION PROCEDURES 

A request for corrective action (CAR) is initiated any time there are deviations from 
either the ATL SOPs or client-prescribed QC protocols, or in any instance where sample 
results may be adversely affected. Corrective action procedures are documented in ATLs 
SOP#61. 

15.0 REFERENCES 

SW-846 Test Methods for Evaluating Solid Waste, Third Edition, Final Update !Il, 
Revision 1, December, 1996. 

Compendium of Methods for the Determination of Toxic Organic Compounds m 
Ambient Air, EP A/600/4-89/018, June 1988 
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Compound 
Aldrin 
alpha·BHC 
beta-BHC 
delta·BHC 
gamma-BHC 
Chlordane 
4,4'·DDD 
4,4'·DDE 
4,4'·DDT 
Dieldrin 
Endosulfan I 
Endosulfan II 
Endosulfan Sulfate 
Endrin 
Endrin Aldehyde 
Endrin ·Ketone 
Heptachlor 
Heptachlor Epoxide 
Methoxychlor 
Toxaphene 
Aroclor 1016 
Aroclor 1221 
Aroclor 1232 
Aroclor 1242 
Aroclor 1248 
Aroc10r12s4 
Aroclor 1260 

Surrogates . ·.. '>> ZoifC 
2,4,5,6-Tetrachloro-m,,J'Ylen!' · 
Decachforobiphenyt ·• · · · 

AIR TOXICS LTD. 
SAMPLE NAME: 0 

ID#: 0-0IA 

EPA METHOD T0-4 

Organochlorine Pesticides and PCBs 
GC/ECD 

Det. Limit (uG) 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
1 
1 
1 

Amount (uG) 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detecfea-
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Defected-
Not Detected 

· Method Limits 
50-150 
50-150 
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Toxicity Characteristic Leaching Procedure 
For Metals Analysis 

Method 1311 

Approvals and Signatures 

QAOfficer: mat:l-Aa E ~ Date: /Jf 5/LJlf 
Metals Manager: ~~IL;;f a.JL.;_,.,_ Date: lrl-15(94 

1. 0 Scope and Application 
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1.1 The TCLP is designed to determine the mobility of both organic and inorganic 
analytes present in liquid, solid, and multiphasic wastes. 

1.2 If an analysis of any one of the liquid fractions ofthe TCLP extract indicates that a 
regulated compound is present at such high concentrations that, even after 
accounting for dilution from the other fractions of the extract, the concentration 
would be above the regulatory level for that compound, then the waste is 
hazardous and it is not necessary to analyze the remaining fractions of the extract. 

1.3 The following parameters are tested for by this method: 

Analyte CAS# Action Reporting Limit Method of 
Limit (mg/I) (mg/I) Analysis 

Arsenic 7440-38-2 5.0 l 6010 
Barium 7440-39-3 100 10 6010 
Cadmium 7440-43-9 1.0 0.1 6010 
Chromium 7440-43-9 5.0 1 6010 
Lead 7439-92-1 5.0 l 6010 
Nickel* 7440-02-0 15.0 1 6010 
Silver 7440-22-4 5.0 l 6010 
Zinc* 7440-66-6 250 1 6010 
Selenium 7782-49-2 1.0 0.1 6010 
Mercury 7439-97-6 0.2 0.04 7470 
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* Only for the State of Vermont 
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2. 0 Summary of Method 

2.1 For liquid wastes (i.e., those containing less than 0.5% dry solid material), the 
waste, after filtration through a 0.6 to 0.8 um glass fiber filter, is defined as the 
TCLP extract. 

2.2 For wastes containing greater than or equal to 0.5% solids, the liquid, if any, is 
separated from the solid phase and stored for later analysis; the particle size of the 
solid phase is reduced, if necessary. The solid phase after particle size reduction, if 
needed, is extracted with an amount of extraction fluid equal to 20 times the 
weight of the solid phase. The extraction fluid employed is a function of the 
alkalinity of the solid phase of the waste. Following extraction, the liquid extract is 
separated from the solid phase by filtration through a 0.6 to 0.8 um glass fiber 
filter. 

2.3 If compatible (i.e., multiple phases will not form on combination), the initial liquid 
phase of the waste is added to the liquid extract, and these are analyzed together. 
If incompatible, the liquids are analyzed separately and the results are 
mathematically combined to yield a volume-weighted average concentration. 

2.4 Sample Holding Times are as follows: 

T bl H Id. a e 1: o mg Times for NYS Samoles 

Analyte From VTSR to TCLP From Prep 
Extraction to Analysis 

Mercury 5 days 26 days 

Other Metals 180 days 180 days 

T bl 2 H Id. T ti All 0 a e 0 mg 1mes or ther Chents 

Analyte From Collection to TCLP From Prep 
Extraction to Analysis 

Mercury 28 days 26 days 

Other Metals 180 days 180 days 
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4.0 Apparatus and Materials 
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4.1 TCLP Extractor Apparatus: The agitation apparatus is capable of rotating the 
extraction vessel in an end-over-end fashion at 30 +/- 2 rpm. 

4.2 Bottle Extraction Vessel. When the waste is being evaluated using the nonvolatile 
extraction, a jar with sufficient capacity to hold the sample and the extraction fluid 
is needed. Headspace is allowed in this vessel. 

4.3 Filtration Devices: It is recommended that all filtrations be performed in a hood. 

4.4 Filters: Filters shall be made of borosilicate glass fiber, shall contain no binder 
materials, and shall have an effective pore size of0.6 + 0.8 um, or equivalent. 
When evaluating the mobility of metals, filters shall be acid-washed prior to use by 
rinsing with 0.1 N nitric acid followed by 3 consecutive rinses with deionized 
distilled water (a minimum of 1 liter per rinse is recommended). 

4.5 Filter Holder: When the waste is evaluated for other than volatile analytes, any 
filter holder capable of supporting a glass fiber filter and able to withstand the 
pressure needed to accomplish separation may be used. Suitable filter holders 
range from simple vacuum units to relatively complex systems capable of exerting 
pressures of up to 50 psi or more. The type of filter holder used depends on the 
properties of the material to be filtered. These devices shall have a minimum 
internal volume of300 mL and be equipped to accommodate a miriimumfilter size 
of 47 mm (filter holders having an internal capacity of 1.5 Lor greater, and 
equipped to accommodate a 142 mm diameter filter, are recommended). Vacuum 
filtration can only be used for wastes with low solids content (<10%) and for 
highly granular, liquid-containing wastes. All other types of wastes should be 
filtered using positive pressure filtration. 

4.6 pH Meters: The meter should be accurate to+/- 0.05 units at 25°C. 

4.7 Laboratory Balance: Any laboratory balance accurate to within+/- 0.01 grams may 
be used (all weight measurements are to be within+/- 0.1 grams). 

4.8 Beaker or Erlenmeyer flask, glass, 500 mL. 

4.9 Watchglass, appropriate diameter to cover beaker or Erlenmeyer flask. 
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4.10 Magnetic stirrer. 

5. 0 Reagents 

5.1 Reagent grade chemicals shall be used in all tests. 

TCLPSOP 
Revision 1 

Date: 11122/94 
Page 4of14 

5.2 Reagent water. Reagent water is defined as water in which an interferent is not 
observed at or above the method's detection limit of the analyte(s) of interest. For 
nonvolatile extrations, ASTM Type II water or equivalent meets the definition of 
reagent water. 

5.3 Hydrochloric acid (lN), HCl, made from ACS reagent grade. 

5.4 Nitric acid (IN), HN03, made from ACS reagent grade. 

5.5 Sodium hydroxide (lN), NaOH, made from ACS reagent grade. 

5.6 Glacial acetic acid, ACS reagent grade. 

5.7 Extraction fluid. 

5.7.1 Extraction fluid# 1: Add 5.7 mL glacial acetic acid to 500 mL of reagent 
water, add 64.3 mL of lN NaOH, and dilute to a volume of 1 liter. When 
correctly prepared, the pH ofthis fluid will be 4.93 +/- 0.05. 

5.7.2 Extraction fluid# 2: Dilute 5.7 mL glacial acetic acid with reagent water 
to a volume of 1 liter. When correctly prepared, the pH of this fluid will be 
2.88 +/- 0.05. 

Note: The pH should be checked prior to use to ensure that these fluids are made up 
accurately. If the pH is not within the above specifications, the fluid shall be 
discarded and fresh extraction fluid prepared. 

6. 0 Sample Collection and Preservation 

6.1 Preservatives shall not be added to samples before extraction. 

6.2 A minimum volume of 1 liter must be collected for water samples, and 100 grams 
for soil samples. Samples should be collected in pre-cleaned plastic or glass 
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containers and stored at 4°C. 

6.3 TCLP extracts should be prepared for analysis and analyzed as soon as possible 
following extraction. Extracts or portions of extracts for metals analysis must be 
acidified with nitric acid to a pH< 2, unless precipitation occurs. Sample portions 
that require a matrix spike analysis are spiked prior to preservation. 

7.0 Procedure 

7 .1 Preliminary Evaluations - Perform preliminary TCLP evaluations on a minimum 
100 gram aliquot of waste. This aliquot may not actually undergo TCLP 
extraction. These preliminary evaluations include: (1) determination of the percent 
solids; (2) determination of whether the waste contains insignificant solids and is, 
therefore, its own extract after filtration ; (3) determination of whether the solid 
portion of the waste requires particle size reduction; and ( 4) determination of 
which of the two extraction fluids are to be used for the nonvolatile TCLP 
extraction of the waste. 

7.1.1 Preliminary determination of percent solids: Percent solids is defined as that 
fraction ofa waste sample (as a percentage of the total sample) from which 
no liquid may be forced out by an applied pressure, as described below. 

7.1.1.1 

7.1.1.2 

7.1.1.3 

7.1.1.4 

If the waste will obviously yield no liquid when subjected to 
pressure filtration (i.e., is 100% solids) proceed to Section 
7.1.3. 

If the sample is liquid or multiphasic, liquid/solid separation 
to make a preliminary determination of percent solids is 
required. This involves the filtration device described in 
Section 4.3.2 and is outlined in Sections 7.1.1.3 through 
7.1.1.9. 

Pre-weigh the filter and the container that will receive the 
filtrate. 

Assemble the filter holder and filter following the 
manufacturer's instructions. Place the filter on the support 
screen and secure. 
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7.1.1.5 

7.1.1.6 

7.1.1.7 

TCLPSOP 
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Weigh out a subsample of the waste (100 gram minimum) 
and record the weight. 

Allow slurries to stand to permit the solid phase to settle. 
Wastes that settle slowly may be centrifuged prior to 
filtration. Centrifugation is to be used only as an aid to 
filtration. If used, the liquid should be decanted and filtered 
followed by filtration of the solid portion of the waste 
through the same filtration system. 
Quantitatively transfer the waste sample to the filter holder 
(liquid and solid phases). Spread the waste sample evenly 
over the surface of the filter. If filtration of the waste at 4 °C 
reduces the amount of expressed liquid over what would be 
expressed at room temperature then allow the sample to 
warm up to room temperature in the device before filtering. 

[Note: If waste material (>1% of original sample weight) has obviously 
adhered to the container used to transfer the sample to the filtration 
apparatus, determine the weight of this residue and subtract it from the 
sample weight determined in Se:tion 7 .1.1. 5 to determine the weight of the 
waste sample that will be filtered.] 

Gradually apply vacuum or gentle pressure of 1-10 psi, until air or 
pressurizing gas moves through the filter. If this point is not reached under 
10 psi, and if no additional liquid has passed through the filter in any 2 
minute interval, slowly increase the pressure in 10 psi increments to a 
maximum of 50 psi. After each incremental increase of 10 psi, if the 
pressurizing gas has not moved through the filter, and if no additional 
liquid has passed through the filter in any 2 minute interval, proceed to the 
next 10 psi increment When the pressurizing gas begins to move through 
the filter, or when liquid flow has ceased at 50 psi (i.e., filtration does not 
result in any additional filtrate within any 2 minute period), stop the 
filtration. 

7.1.1.8 The material in the filter holder is defined as the solid phase 
of the waste, and the filtrate is defined as the liquid phase. 

[NOTE: Some wastes, such as oily wastes and some paint wastes, will 
obviously contain some material that appears to be a liquid. Even after 
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applying vacuum or pressure filtration, as outlined in Section 7.1.1. 7, this 
material may not filter. If this is the case, the material within the filtration 
device is defined as a solid. Do not replace the original filter with a fresh 
filter under any circumstances. Use only one filter.] 

7.1.1.9 Determine the weight of the liquid phase by subtracting the 
weight of the filtrate container (see Section 7.1.1.3) from 
the total weight of the filtrate-filled container. Determine 
the weight of the solid phase of the waste sample by 
subtracting the weight of the liquid phase from the weight 
of the total waste sample, as detennined in Sectien 7.1.1.5 
or 

Record the weight of the liquid and solid phases. Calculate the percent 
solids as follows: 

Weight of solid (Section 7.1.1.9) 
Percent solids=------------------------------------ x 100 

Total weight of waste 

7.1.2 If the percent solids detennined in Section 7.1.1.9 is equal to or greater 
than 0.5%, then proceed either to Section 7.1.3 to detennine whether the 
solid material requires particle size reduction or to Section 7 .1.2.1 if it is 
noticed that a small amount of the filtrate is entrained in wetting of the 
filter. If the percent solids detennined in Section 7.1.1.9 is less than 0.5%, 
then proceed to Section 7.2.9 ifthe nonvolatile TCLP is to be performed 
and to Section 7.3 with a fresh portion of the waste ifthe volatile TCLP is 
to be performed. 

7.1.2.1 Remove the solid phase and filter from the filtration apparatus. 

7.1.2.2 Dry the filter and solid phase at 100 +/- 20-C until two 
successive weighing yield the same value within+/- 1 %. 
Record the final weight. 

[NOTE: Caution should be taken to ensure that the subject solid will not 
flash upon heating. It is recommended that the drying oven be vented to a 
hood or other appropriate device.] 
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7.1.2.3 Calculate the percent dry solids as follows: 
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(Wt. of dry waste+ filter) - tared wt. of filter 
Percent dry solids = ------------------------------------------------ x l 00 

Initial wt. of waste 

7.1.2.4 If the percent dry solids is less than 0.5%, then proceed to 
Section 7.2.9 ifthe nonvolatile TCLP is to be perfonned, 
and to Section 7.3 if the volatile TCLP is to be perfonned. 
If the percent dry solids is greater than or equal to 0.5%, 
and if the nonvolatile TCLP is to be perfonned,.xetum to 
the beginning of this Section (7.1) and, with a fresh portion 
of waste, determine whether particle size reduction is 
necessary (Section 7.1.3) and determine the appropriate 
extraction fluid (Section 7.1.4). If only the volatile TCLP is 
to be perfonned, see the note in Section 7.1.4. 

7.1.3 Determination of whether the waste requires particle size reduction 
(particle size is reduced during this step): Using the solid portion of the 
waste, evaluate the solid for particle size. Particle size reduction is 
required, unless the solid has a surface area per gram of material equal to 
or greater than 3.1 cm2

, or is smaller than 1 cm in its narrowest dimension 
(I.e., is capable of passing through a 9.5 mm (0.375 inch) standard sieve). If 
the surface area is smaller or the particle size larger than described above, 
prepare the solid portion of the waste for extraction by crushing, cutting, 
or grinding the waste to a surface area or particle size as described above. 
If the solids are prepared for organic volatiles extraction, special 
precautions must be taken (see Section 7.3.6). 

[Note: Surface area criteria are meant for filamentous (e.g., paper, cloth, and 
similar) waste materials. Actual measurement of surface area is not required, nor is 
it recommended. For materials that do not obviously meet the criteria, sample 
specific methods would need to be developed and employed to measure the 
surface area. Such methodology is currently not available.] 

7 .1. 4 Detennination of appropriate extraction fluid: If the solid content of the 
waste is greater than or equal to 0.5% and if the sample will be extracted 
for nonvolatile constituents (Section 7.2), detennine the appropriate fluid 
(Section 5.7) for the nonvolatiles extraction as follows: 
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[NOTE: TCLP extraction for volatile constituents uses only extraction fluid #1 
(Section 5.7.1). Therefore, ifTCLP extraction for nonvolatiles is not required, 
proceed to Section 7.3.] 

7.1.4.1 

7.1.4.2 

7.1.4.3 

7.1.4.4 

Weigh out a small subsample of the solid phase of the 
waste, reduce the solid (if necessary) to a particle size of 
approximately 1 mm in diameter or less, and transfer 5.0 
grams of the solid phase of the waste to a 500 mL beaker or 
Erlenmeyer flask. 

Add 96.5 mL of reagent water to the beaker, co"\ler with a 
watchglass, and stir vigorously for 5 minutes using a 
magnetic stirrer. Measure and record the pH. If the pH is 
<5.0, use extraction fluid #1. Proceed to Section 7.2. 

If the pH from Section 7.1.4.2 is >5.0, add 3.5 mL IN HCI, 
slurry briefly, cover with a watchglass, heat to 50°C, and 
hold at 50°C for 10 minutes. 

Let the solution cool to room temperature and record the 
pH. If the pH is <5.0, use extraction fluid #1. lfthe pH is 
>5.0, use extraction fluid #2. Proceed to Section 7 .2. 

7.1.5 If the aliquot of the waste used for the preliminary evaluation (Sections 
7.1.1- 7.1.4) was determined to be 100% solid at Section 7.1.1.1, then it 
can be used for the Section 7 .2 extraction (assuming at least I 00 grams 
remain), and the Section 7.3 extraction (assuming at least 25 grams 
remain). If the aliquot was subjected to the procedure in Section 7.1.1.7, 
then another aliquot shall be used for the volatile extraction procedure in 
Section 7.3. The aliquot of the waste subjected to the procedure in Section 
7.1.1.7 might be appropriate for use for the Section 7.2 extraction if an 
adequate amount of solid (as determined by Section 7.1.1.9) was obtained. 
The amount of solid necessary is dependent upon whether a sufficient 
amount of extract will be produced to support the analyses. If an adequate 
amount of solid remains, proceed to Section 7.2.10 of the nonvolatile 
TCLP extraction. 

7.2 Procedure When Volatiles are not Involved 
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A minimum sample size of 100 grams (solid and liquid phases) is recommended. In 
some cases, a larger sample size may be appropriate, depending on the solids 
content of the waste sample (percent solids, See Section 7 .1.1 ), whether the initial 
liquid phase of the waste will be miscible with the aqueous extract of the solid, and 
whether inorganics, semivolatile organics, pesticides, and herbicides are all analytes 
of concern. Enough solids should be generated for extraction such that the volume 
of TCLP extract will be sufficient to support all of the analyses required. If the 
amount of extract generated by a single TCLP extraction will not be sufficient to 
perform all of the analyses, more than one extraction may be performed and the 
extracts from each combined and aliquoted for analysis. 

7.2.1 If the waste will obviously yield no liquid when subjected to pressure 
filtration (i.e., is 100% solid, see Section 7.1.1), weigh out a subsample of 
the waste (100 gram minimum) and proceed to Section 7.2.9. 

7.2.2 If the sample is liquid or multiphasic, liquid/solid separation is required. 
Pre-weigh the container that will receive the filtrate. 

7.2.4 Assemble the filter holder and filter following the manufacturer's 
instructions. Place the filter on the support screen and secure. Acid wash 
the filter if evaluating the mobility of metals. 

[NOTE: Acid washed filters may be used for all nonvolatile extractions even when 
metals are not of concern.] 

7.2.5 Weigh out a subsample of the waste (100 gram minimum) and record the 
weight. If the waste contains <0.5% dry solids (Section 7.1.2), the liquid 
portion of the waste, after filtration, is defined as the TCLP extract. 
Therefore, enough of the sample should be filtered so that the amount of 
filtered liquid will support all of the analyses required of the TCLP extract. 
For wastes containing >0.5% dry solids, use the percent solids information 
obtained in Section 7.1.1 to determine the optimum sample size (100 gram 
minimum) for filtration. Enough solids should be generated by filtration to 
support the analyses to be performed on the TCLP extract. 

7.2.6 Allow slurries to stand to permit the solid phase to settle. Wastes that settle 
slowly may be centrifuged prior to filtration. Use centrifugation only as an 
aid to filtration. If the waste is centrifuged, the liquid should be decanted 
and filtered followed by filtration of the solid portion of the waste through 
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7.2.7 Quantitatively transfer the waste sample (liquid and solid phases) to the 
filter holder (see Section 4.3.2). Spread the waste sample evenly over the 
surface of the filter. If filtration of the wc.ste at 4°C reduces the amount of 
expressed liquid over what would be expressed at room temperature, then 
allow the sample to warm up to room temperature in the device before 
filtering. 

[NOTE: If waste material (>1% of the original sample weight) has obviously 
adhered to the container used to transfer the sample to the filtration apparatus, 
determine the weight of this residue and subtract it from the sample weight 
determined in Section 7.2.5, to determine the weight of the waste sample that will 
be filtered.] 

Gradually apply vacuum or gentle pressure of 1-10 psi, until air or pressurizing gas 
moves through the filter. If this point is not reached under 10 psi, and if no 
additional liquid has passed through the filter in any 2 minute interval, slowly 
increase the pressure in 10 psi increments to a maximum of 50 psi. After each 
incremental increase of 10 psi, if the pressurizing gas has not moved through the 
filter, and if no additional liquid has passed through the filter in any 2 minute 
interval, proceed to the next 10 psi increment. When the pressurizing gas begins to 
move through the filter, or when the liquid flow has ceased at 50 psi (i.e., filtration 
does not result in any additional filtrate within a 2 minute period), stop the 
filtration. 

[NOTE: Instantaneous application of high pressure can degrade the glass fiber 
filter and may cause premature plugging.] 

7.2.8 The material in the filter holder is defined as the solid phase of the waste, 
and the filtrate is defined as the liquid phase. Weigh the filtrate. The liquid 
phase may now be either analyzed or stored at 4-C until time of analysis. 

[NOTE: Some wastes, such as oily wastes and some paint wastes, will obviously 
contain some material that appears to be a liquid. Even after applying vacuum or 
pressure filtration, as outlined in Section 7.2.7, this material may not filter. If this is 
the case, the material within the filtration device is defined as a solid and is carried 
through the extraction as a solid. Do not replace the original filter with a fresh 
filter under any circumstances. Use only one filter.] 
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7.2.9 If the waste contains <0.5% dry solids, proceed to Section 7.2.13. If the 
waste contains >0.5% dry solids, and if particle size reduction of the solid 
was needed proceed to Section 7 .2.10. If the waste as received passes a 9. 5 
mm sieve, quantitatively transfer the solid material into the extractor bottle 
along with the filter used to separate the initial liquid from the solid phase, 
and proceed to Section 7.2.11. 

7.2.10 Prepare the solid portion of the waste for extraction by crushing, cutting, 
or grinding the waste to a surface area or particle size as described in 
Section 7 .1.3. When the surface area or particle size has been appropriately 
altered, quantitatively transfer the solid material into an extractor bottle. 
Include the filter used to separate the initial liquid from the solid phase. 

[NOTE: Sieving of the waste is not normally required. Surface area requirements 
are meant for filamentous (e.q., paper, cloth) and similar waste materials. Actual 
measurement of surface area is not recommended. If sieving is necessary, a Teflon 
coated sieve should be used to avoid contamination of the sample.) 

7.2.11 Determine the amount of extraction fluid to add to the extractor vessel as 
follows: 

Weight of 20 x percent solids x weight of waste filtered 
extraction fluid = -----------------------------------------------------

100 

Slowly add this amount of appropriate extraction fluid to the extractor vessel. 
Close the extractor bottle tightly (it is recommended that Teflon tape be used to 
ensure a tight seal), secure in rotary agitation device, and rotate at 30 +/- 2 rpm for 
18 +/- 2 hours. Ambient temperature (i.e., temperature of room in which 
extraction takes place) shall be maintained at 23 +/- 2°C during the extraction 
period. 

[NOTE: As agitation continues, pressure may build up within the extractor bottle 
for some types of wastes (e.q., limed or calcium carbonate containing waste may 
evolve gases such as carbon dioxide). To relieve excess pressure, the extractor 
bottle may be periodically opened (e.g., after 15 minutes, 30 minutes, and 1 hour) 
and vented into a hood.) 

7.2.12 Following the 18 +/- 2 hour extraction, separate the material in the 
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extractor vessel into its component liquid and solid phases by filtering 
through a new glass fiber filter. For final filtration of the TCLP extract, the 
glass fiber filter may be changed, if necessary, to facilitate filtration. 
Filter(s) shall be acid-washed if evaluating the mobility of metals. 

7.2.13 Prepare the TCLP extract as follows: 

7.2.13.l 

7.2.13.2 

7.2.13.3 

If the waste contained no initial liquid phase, the filtered 
liquid material is defined as the TCLP extract. 

If compatible (e.g., multiple phases will not result on 
combination), combine the filtered liquid resulting from 
Section 7.2.12 with the initial liquid phase of the waste 
obtained in Section 7 .2. 7. This combined liquid is defined as 
the TCLP extract. Proceed to Section 7.2.14. 

If the initial liquid phase of the waste, as obtained from 
Section 7.2.7, is not or may not be compatible with the 
filtered liquid resulting from Section 7 .2.12, do not. combine 
these liquids. Analyze these liquids, collectively defined as 
the TCLP extract, and combine the results mathematically, 
as described in Section 7.2.14. 

7.2.14 Following collection of the TCLP extract, the pH of the extract should be 
recorded. Immediately aliquot and preserve the extract for analysis. Metals 
aliquots must be acidified with nitric acid to pH <2. If precipitation is observed 
upon addition of nitric acid to a small aliquot of the extract, then the remaining 
portion of the extract for metals analyses shall not be acidified and the extract shall 
be analyzed as soon as possible. All other aliquots must be stored under 
refrigeration ( 4°C) until analyzed. The TCLP extract shall be prepared and 
analyzed according to appropriate analytical methods. TCLP extracts to be 
analyzed for metals shall be acid digested except in those instances where digestion 
causes loss of metallic analytes. If an analysis of the undigested extract shows that 
the concentration of any regulated metallic analyte exceeds the regulatory level, 
then the waste is hazardous and digestion of the extract is not necessary. However, 
data on undigested extracts alone cannot be used to demonstrate that the waste is 
not hazardous. If the individual phases are to be analyzed separately, detennine the · 
volume of the individual phases (to+/- 0.5%), conduct the appropriate analyses, 
and combine the results mathematically by using a simple volume-weighted 
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(Vl)(Cl) + (V2)(C2) 
Final Analyte Concentration = ------------------------­

V l +V2 
where: 

Vl =The volume of the first phase (L). 
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Cl =The concentration of the analyte of concern in the first phase (mg/L). 
V2- The volume of the second phase (L). 
C2 =The concentration of the analyte of concern in the second phase (mg/L). 

7.2.15 Compare the analyte concentrations in the TCLP extract with the levels identified 
in the appropriate regulations. 

7.3 Analyze a portion of the sample for Mercury following method 7470. Digest a 
portion of the sample by method 3010: 1 T and analyze by method 6010. 

8. 0 Quality Contra I 

8.1 Samples are analyzed by MSA. The sample is analyzed with a minimum of two 
spikes. The correlation coefficient must be <0.995 or the analysis is repeated. 

8.2 A TCLP blank is prepared, digested and analyzed with the samples. The TCLP 
blank will not contain any analyte above the reporting limit or the samples are 
reprepared. 

8.3 A matrix spike should be prepared with each batch of20 samples. The sample 
results are not corrected for the spike recovery. The sample will be spiked with 
the matrix spike compounds after extraction and before preservation with HN03. 

8.4 An aqueous LCS is digested with the TCLP Extracts. The LCS must be within the 
control limits of 80-120%, or the samples are redigested. 
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Analysis of Chlorinated Pesticides in 
TCLP Extracts 

Method: 8080_TCLP:AN 

Approvals and Signatures 
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Revision: 1 

Date: 04/06/95 
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QA Officer: \f(t}t/M_ £,~Date: CJli/00(45 

GC Manager: 1}4/]; ~ Date: ~/9S 

1.0 Scope and Application 

1.1 This method describes the procedures used in the analysis of prepared TCLP 
extracts for chlorinated pesticides. 

2.0 Summary of Method 

2:1 The analysis of extracts will be performed with the intent of meeting the quality 
control requirements ofUSEPA SW-846 Methods 8080. In genera~ the SW-846 
Methods 8000 and 8080 will be followed. 

2.2 Prior to sample analysis, the instrumentation is calibrated using five point 
calibration curves for all analytes of interest. Instrument stability is verified every 
five sample injections, alternating a standard to check endrin and breakdown and a 
mid-level standard from the individual pesticide calibration to check instrument 
stability. The gas chromatograph is set up with two columns of different polarity: 
one used for quantitation, the second for confirmation. 

2.3 The compounds of interest for TCLP analysis are a sublist of 8080. The TCLP 
extracts may also be analyzed using the 8080 method if all QC criteria are met for 
this method. 

3.0 Apparatus and Materials 

3 .1 Gas Chromatograph: An analytical system equipped with a packed or 
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split/splitless injection port, two electron captures, and an auto-sampler. 

3.2 Data System: The data system must be capable of handling a minimum of200 
chromatographic peaks per detector. Fison's vax based multi-chrom version 2. 0 is 
used for this analysis. 

3 .3 Fused Silica Capillary Columns: The intent of using a two column system is to 
confirm identifications from the quantitation column with the second column. 
Capillary columns which may be used include the following: 

3.3.1 RTX-5, 95% dimethyl - 5% diphenyl polysiloxane or equivalent. 

3.3.2 RTX-1, 100% dimethyl polysiloxane or equivalent. 

3.3.3 RTX-35, 65% dimethyl- 35% diphenyl polysiloxane or equivalent. 

3.3.4 RTX-1701, 14% cyanopropylphenyl- 86% methyl polysiloxane or 
equivalent. 

3'.3.5 DB-17, 50% dimethyl- 50% diphenyl polysiloxane or equivalent. 

4.0 Reagents and Standards 

4.1 Solvents 

4.1.1 Hexane - JT Baker, Resi-Analyzed, Cat #JT9262-3 

4.1.2 Acetone - JT Baker, Resi-Analyzed, Cat #JT9254-3 

4.2 Standards 

4.2.1 Technical Chlordane and Toxaphene. 

Five Point Calibration Concentration (ug!L) 

Compound 
Toxaphene 
Tech. Chlordane 

Cone 1 
500 
50 
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Conc2 
1000 
100 

Conc3 
2000 
200 

Cone 4 
4000 
400 

Cones 
8000 
800 



4.2.2 Pesticide Standard Mix A 
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The following pesticide analytes are combined in the same standard 
solution. 

Five Point Calibration Concentration (ug/L) 

Compound Cone 1 Conc2 

Tetrachloro-m-xylene 5.0 10 
gamma-BHC 5.0 10 
heptachlor 5.0 10 
heptachlor epoxide 5.0 10 
endrin 10 20 
methoxychlor 50 100 
decachlorobiphenyl 10 20 

4.2.3 Breakdown Check Standard 

Compound 

tetrachloro-m-xylene 
endrin 
4,4'-DDT 
decachlorobiphenyl 

5.0 Instrument Set-Up 

Conc3 Conc4 

20 40 
20 40 
20 40 
20 40 
40 80 
200 400 
40 80 

Standard 
Concentration (ug/L) 

20 
50 
100 
20 

Cones 

80 
80 
80 
80 
160 
800 
160 

5 .1 GC Configuration: A five meter deactivated guard column is installed into the 
injection port. The guard column is connected using a "y" connector to the two 
analytical columns, which are each installed into an electron capture detector. 

5.2 Operating Conditions: Operating conditions are used as guidelines to starting an 
analytical method. Conditions may change depending on the types of columns 
used (including different manufacturers). 

Initial Temperature: 130 °C 
Time I: I minute 
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Rate: 6 °/min 
Final Temperature: 270 °C 
Time 2: 5 minutes 
Injection Port Temperature: 225 °C 
Detector Temperature: 310 °C 
Injection Volume: 2 uL 
Carrier Gas Flow: 10 ml/min He 
ECD Make-up Gas: 60 ml/min % Argon/methane 

Initial Calibration 

8080 _ TCLP:AN SOP 
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Prior to sample analysis, a five point calibration for each pesticide and Aroclor mix is 
analyzed, and breakdown of endrin are verified to be within acceptable limits. A typical 
calibration can be found in Table 1. 

6.1 The initial calibration must meet the following controls: 

6.1.1 For quantitation, the correlation coefficient must be:>:0.995 using linear 
regression. 

6.1.2 Breakdown of endrin must each be less than 20%. 

7. 0 Continuing Calibration: 

As indicated in the analytical sequence in section 6.0, there are three standards used for 
checking instrument stability. 

7.1 Breakdown Check Standard (BCS): The BCS is analyzed every 10 sample 
injections to monitor endrin breakdown as described in section 6.1.2. If the 
breakdown criteria are not met, the analysis must be stopped and injection port 
maintenance performed. The GC must be recalibrated after this maintenance as 
described in section 6.0. 

7 .2 The mid-level pesticide mix standard is analyzed every 10 sample injections. 

In order to continue the analysis, the check standards must meet the following 
criteria: 

7.2.l The peak response must bes 15% of the initial calibration standard 
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(injection 4 or 9) for quantitation. The peak response must be ,;; 20% of 
the initial calibration standard for confirmation. Both columns may be used 
for quantitation as long as QC passes. 

7.2.2 Retention time must fall within the established windows for both 
quantitation and confirmation analysis. 

7.2.2.l 

7.2.2.2 

0.32 mm ID columns must be within± 0.04 minutes of the 
initial calibration. 

0.53 mm ID columns must be within± 0.05 minutes for 
gamma-BHC, alpha-BHC, beta-BHC, delta-BHC, 
heptachlor, tetrachloro-m-xylene and aldrin, ± 0.07 for all 
other compounds. 

7.2.3 If these quality control criteria are not met, standards may be reinjected a 
second time. If they still fail, GC maintenance must be performed to 
correct the problem and re-calibration is required. 

7.3 If the GC has been left idle for more than 8 hours, the following standards must be 
acquired and pass QC limits before sample analysis begins. 

7.3.l Breakdown Check Standard 
7.3 .2 Mid-level pesticide standard 

7.4 When the sample analysis is completed, the analytical sequence must end with the 
mid-level pesticide standard. 

8. 0 Sample Extract Preservation 

8.1 Sample extracts are preserved in a refrigerator at 4 °C. 

8.2 Sample extracts must be analyzed within 40 days of sample extraction. 

9.0 Quality Control (QC) 

9.1 Method Blank: One per extraction batch, Sample Delivery Group (SDG), or every· 
20 samples. All analytes must be less than the quantitation limit. 
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9.2 Surrogate Spike Compounds: Method blank and samples are fortified with 
surrogate spike before extraction begins. Surrogate compounds and 
concentrations are identified below. 

Compound 

tetrachloro-m-xylene 
decachlorobiphenyl 

Recovery Limits(%) 

60-150 
60-150 

Recovery limits are presented from USEPA Method OLMO! for Method 8080. 
Although recovery limits are advisory, if recovery of any surrogate compound is 
outside of these limits, then the sample analysis is thoroughly reviewed and the 
sample extract may be reanalyzed or possibly re-extracted depending on 
circumstances. The client will be notified of any gross deficiencies in surrogate 
recovery to discuss possible corrective action. 

9.3 Matrix spike/matrix spike duplicate: An MS/MSD analysis is required every 20 
samples. The MS/MSD analysis consists of spiking two aliquots of the same 
sample with matrix spike before extraction begins. Recovery limits for analytes 
which may be used as matrix spikes are listed below. These recovery limits are 
generated from method 8080. 

Compound 
gamma-BHC (Lindane) 
Heptachlor 
Heptachlor Epoxide 
Endrin 
Methoxychlor 
Tech. Chlordane 
Toxaphene 

8080 
32-127 
34-111 
37-142 
30-147 
37-142* 
45-119 
41-126 

* Heptachlor epoxide recovery used for methoxychlor 

Recovery limits are advisory, if recovery of any matrix compound is outside of 
these limits, then the sample analysis is thoroughly reviewed and the sample extract 
may be reanalyzed or possibly re-extracted depending on circumstances. The 
client will be notified of any gross deficiencies in matrix recovery to discuss 
possible corrective action. 
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Matrix spike results will be reviewed in conjunction with surrogate recoveries to 
evaluate method performance. 

10.0 Compound List and Limits of Reporting 

Quantitation 
Limit in TCLP 
Extract Water 

Compound (ug/L) (mg/L) 

gamma-BHC (Lindane) 5.0 0.1 
Heptachlor 5.0 0.003 
Heptachlor epoxide 5.0 0.003 
Endrin 10.0 0.005 
Methoxychlor 50.0 1.0 
Tech. Chlordane 50 0.01 
Toxaphene 500 0.1 

The quantitaion limits assume the following extraction information: 

TCLP 8080 water- 1 liter sample concentrated to a 10 ml extract volume 

11.0 Reporting 

Results will be reported from the quantitation analysis. If both columns meet quality 
control requirements for quantitation, the lower value will be reported. If the above is 
true, and if the confirmation analysis result is lower than the quantitation analysis result by 
more than 50 percent, the confirmation result may be reported, if justified. Compounds 
will not be identified and reported below the reporting limit. 

12. 0 Standard Qualifiers 

U = Compound not detected at or above reporting limit. 
D = Compound concentration is reported from a secondary dilution of the sample. 
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Table 1: Analytical Sequence 

i!!i. Lab ID 

1. Breakdown Check Std 
2. Pesticide Mix A-1 
3. Pesticide Mix A-2 
4. Pesticide Mix A-3 
5. Pesticide Mix A-4 
6. Pesticide Mix A-5 
7. Toxaph 500 ppb 
8. Toxaph 1000 ppb 
9. Toxaph 2000 ppb 
10. Toxaph 4000 ppb 
11. Toxaph 8000 ppb 
12. T-CHLOR 50 ppb 
13. T-CHLOR 100 ppb 
14. T-CHLOR 200 ppb 
15. T-CHLOR 400 ppb 
16. T-CHLOR 800 ppb 
17-21. 5 Samples 
22. Breakdown Check Standard 
23-27. 5 samples 
28. Pesticide Mix A-3 
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Analysis of Chlorinated Herbicides in TCLP Extracts 
Method: 8151 TCLP:AN 

Approvals and Signatures 

815\_TCLP:AN SOP 
Revision:l 

Date: 04/06/95 
Page 1 of6 

QA Officer: lfuJM t ~Date: Lf(u(9 5 
GC Manager: _ 9j,,, 

1
1; ~ Date: ir,,,/9..::,-

1. 0 Scope and Application 

1.1 This method is used to determine the concentration of chlorinated herbicides in 
sample extracts. 

2.0 Summary ofMethod 

2.1 This method provides the sample preparation and gas chromatographic conditions 
that will be applied to analyze chlorinated herbicides using USEP A SW-846 
Methods 8000 and 8151. Detection limits are presented in Section 11. 0 

2.2 Prior to sample analysis, the instrumentation is calibrated using five point 
calibration curves for all analytes of interest. Instrument stability is verified every 
ten sample injections with the mid point standard. The gas chromatograph is set 
up with two columns of different polarity: one used for quantitation, the second 
for confinnation. 

2.3 The compounds of interest are a sublist of 8151. The TCLP extracts may also be 
analyzed using the 8151 method if all QC criteria of this method are met. 

3.0 Sample Preparation 

3.1 Samples are prepared following extraction procedures of the USEPA SW-846 
methodology. In general, 20 mL of a TCLP extract is extracted and concentrated 
to l 0 ml. The final extract solvent is hexane. 
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4.0 Apparatus and Materials 

4.1 Gas Chromatograph: An analytical system equipped with a packed or 
split/splitless injection port, two electron captures, and an auto-sampler. 

4.2 Data System: The data system must be capable ofhandling a minimum of200 
chromatographic peaks per detector. Fison's Vax based multi-chrom version 2.0 is 
used for this analysis. 

4.3 Fused Silica Capillary Columns: The intent of using a two column system is to 
confirm identifications from the quantitation column with the second column. 
Capillary columns which may be used include the following: 

4.3.1 RTX-35, 65% dimethyl- 35% diphenyl polysiloxane or equivalent. 

4.3.2 RTX-1701, 14% cyanopropylphenyl- 86% methyl polysiloxane or 
equivalent. 

4.3.3 RTX-5, 95% dimethyl - 5% diphenyl polysiloxane or equivalent. 

5.0 Reagents and Standards 

5 .1 Solvents 

5.1.1 Hexane-IT Baker, Resi-Analyzed, Cat #IT9262-3 

5.1.2 Acetone - IT Baker, Resi-Analyzed, Cat #IT9254-3 

5.2 Standards 

Five Point Calibration Concentration (ug/L as acid form) 

Herb Herb Herb Herb Herb 
Compound Mix A MixB MixC MixD MixE 

2,4-D 94 190 380 750 1500 
Sil vex 9.5 19 38 76 150 
DCAA (2,4-DA) 94 190 370 750 1500 
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6.0 GC Set-Up 

6.1 

6.2 

GC Configuration: A five meter deactivated guard column is installed into the 
injection port. The guard column is connected using a "y" connector to the two 
analytical columns, which are each installed into an electron capture detector. 

Operating Conditions: Operating conditions are used as guidelines to starting an 
analytical method. Conditions may change depending on the types of columns 
used (including different manufacturers) 

Initial Temperature: 60 °C 
Time 1: 2 minute 
Rate: 6°/min 
Final Temperature: 270°C 
Time 2: 5 minutes 
Injection Port Temperature: 225°C 
Detector Temperature: 310°C 
Injection Volume: 2 uL 
Carrier Gas Flow: 10 ml/min He 
ECD Make-up Gas: 60 ml/min % Argon/methane 

7. 0 . Initial Calibration: Prior to sample analysis, a five point calibration for each chlorinated 
herbicide mix is analyzed. A typical calibration is as follows: 

Analytical Sequence 

ini Lab ID ini Lab ID 

1. HerbMixA 7. PIBLK 
2. HerbMixB 8-17. Samples 
3. HerbMixC 18. PIBLK 
4. HerbMixD 19. HerbMixC 
5. HerbMixE 
6. SSS 

Note: SSS is a secondary source standard. 
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7. l The initial calibration must meet the following controls: 

7.1. l For quantitation, the correlation coefficient (r) must be ~0.995 using a 
linear regression (r2 :;,; 0.990), or if average response factor is used 
s20%RSD. 

8.0 Continuing Calibration: 

As indicated in the analytical sequence in section 6.0, there is one standard used for 
checking instrument stability. 

8.1 The Herb Mix C standard must be analyzed every l 0 sample injections. In order 
to continue the analysis, the check standards must meet the following criteria: 

8.1. l The peak response must be± 15% of the initial calibration standard for 
quantitation. 

8.1.2 Retention times (of chromatographic peaks used for quantitation and 
confirmation analysis) must fall within the established windows. 

8.1.2.1 

8.1.2.2 

0.32 mm ID columns must be within± 0.04 minutes of the 
initial calibration. 

0.53 mm ID columns must be within± 0.05 minutes of the 
initial calibration. 

8.1.3 If these quality control criteria are not met, standards may be reinjected a 
second time. If they still fail, GC maintenance must be performed to 
correct the problem and re-calibration is required. 

8.14 For this project the intent is to report samples encompassed with passing 
initial and closing standards. 

8.2 If the GC has been left idle for more than 8 hours, the following standard must be 
acquired and pass QC limits before sample analysis begins. 

8.2.l HerbMixC 

8. 3 When the sample analysis is completed, the analytical sequence must end with the 
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Herb Mix C standard. 

9.0 Sample Extract Preservation 

9.1 Sample extracts are preserved in a refrigerator at 4°C. 

8151_TCLP:AN SOP 
Revision:l 

Date: 04/06/95 
Page 5 of6 

9 .2 Sample extracts must be analyzed within 40 days of sample extraction. 

10.0 Quality Control (QC) 

10.1 Method Blank: One per extraction batch, Sample Delivery Group (SDG), or every 
20 samples. All analytes must be less than the quantitation limit. If a method 
blank fails, all samples in the associated extraction group must be re-extracted. 

10.2 Surrogate Standard Compounds: Method blank and samples are fortified with 
surrogate spike before extraction begins. Surrogate compounds and 
concentrations are identified below. 

Compound Water 

DCAA (2,4-DA) 40-150 

Soils/ 
Sediment 

40-150 

Although recovery limits are advisory. if recovery of any surrogate compound is 
outside of these limits, then the sample analysis is thoroughly reviewed and the 
sample extract may be reanalyzed and possibly re-extracted if the surrogate 
recovery confirms low. The client will be notified of any gross deficiencies in 
surrogate recovery to discuss possible corrective action. 

10.3 Matrix Spike/Matrix Spike Duplicate: An MS/MSD analysis is required every 20 
samples. The MS/MSD analysis consists of spiking two aliquots of the same 
sample with matrix spike before extraction beings. Recovery limits for analytes 
used as matrix spikes are listed below. These recovery limits are generated from 
each specific method. 

Compound 

2,4-D 
Sil vex 

Water 

40-150 
40-150 
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Although recovery limits are advisory, if recovery of any matrix compound is 
outside of these limits, then the sample analysis is thoroughly reviewed and the 
sample extract may be reanalyzed or possibly re-extracted depending on 
circumstances. The client will be notified of any gross deficiencies in matrix 
recovery to discuss possible corrective action. 

Matrix spike results will be reviewed in conjunction with surrogate recoveries to 
evaluate method perfonnance. 

11.0 Compound List and Quantitation Limits (QL) 

Compound 
TCLP(mg/L) 
QI; 

2,4-D 1.0 
Silvex 0.1 

11.1 Calculations 

Ouantitation of Water Sample: 

cone. in ext (!Jg) x 
L 

ext vol (L) x D.F. = ug/L 
spl. vol. (L) 

D.F. =Dilution Factor 

12.0 Reporting 

Results will be reported from the quantitation analysis. The quantitation limit is to be used 
as the reporting limit. Compound concentrations will not be reported below the 
quantitation limit (QL). 

13. 0 Standard Qualifiers 

U = Compound not detected at or above reporting limit 
E = Compound concentration exceeds the calibration range. 
D = Compound concentration is reported from a secondary dilution of the sample. 
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Method 6010_TCLP 
TCLP Analysis by 
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Inductively Coupled Plasma Spectroscopy 

QA Officer: 

1.0 Scope and Application 

Approvals and Signatures 

Date 2/2/ Vt5 
I/ 

1.1 Inductively coupled plasma-atomic emission spectroscopy (ICP) determines trace 
elements, including metals, in solution. The method is applicable to all of the 
elements below. TCLP extracts require digestion prior to analysis. 

1.2 Elements for which the 6010_TCLP method is applicable are listed below. 
Detection limits will meet those specified in the Statement of Work (SOW). 

Analyte CAS# 

Barium 7440-39-3 
Cadmium 7440-43-9 
Chromium 7440-43-9 
Copper 7440-50-8 
Lead 7439-92-1 
Nickel 7440-02-0 
Silver 7440-22-4 
Zinc 7440-66-6 
Arsenic 7440-38-2 
Selenium 7782-49-2 
Tin 7440-31-5 
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Aqueous 
Reporting Limit 
{ug/l) 
Trace ICP 

10000 
100 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
100 
1000 

Aqueous 
Reporting Limit 
(ug/I) 
ICP3 

10000 
100 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
100 
1000 
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2.0 The samples must be digested by the suitable EPA digestion procedure method 
3010: lT. 

2.1 This method describes the simultaneous, or sequential, multielemental 
determination of elements by ICP. The method measures element-emitted light by 
optical spectrometry. Samples are nebulized and the resulting aerosol is 
transported to the plasma torch. Element-specific atomic-line emission spectra are 
produced by a radio-frequency inductively coupled plasma. The spectra are 
dispersed by a grating spectrometer, and the intensities of the lines are monitored 
by photomultiplier tubes. Background correction is required for trace element 
determination. Background must be measured adjacent to analyte lines on samples 
during analysis. The position selected for the background-intensity measurement, 
on either or both sides of the analytical line, will be determined by the complexity 
of the spectrum adjacent to the analyte line. The position used must be free of 
spectral interference and reflect the same change in background intensity as occurs 
at the analyte wavelength measured. Background photo-multiplier-correction is 
not required in cases ofline broadening where a background correction 
measurement would actually degrade the analytical result. 

2.2 Each metal is quantified at specific wavelengths oflight emitted as the electrons relax to 
lower energy states. The sample is analyzed by multiple integrations (3 injections for 
ICP3 and 2 injections for the Trace ICP) and the average integration is converted to a 
concentration from a calibration curve. 

Element 

Barium 
Cadmium 
Chromium 
Copper 
Lead 
Nickel 
Silver 
Zinc 
Arsenic 
Selenium 
Tin 

Specified Wavelengths 
Trace ICP ICP3 
493 .409 493 .409 
226.502 228.802 
267.716 267.716 
324.754 324.754 
220.353 220.353 
23 1. 604 23 1. 604 
328.068 328.068 
213.856 213.856 
189.042 193.696 
196.026 196.026 
189.900 189.989 
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(a) The wavelengths listed are used because of their sensitivity and overall 
acceptance. Other wavelengths may be substituted if they can provide the 
needed sensitivity and are treated with the same corrective techniques for 
spectral interference. 

3. 0 Interferences 

3 .1 Since metals emit light at more than one wavelength, the emission peak for a target 
analyte may be overlapped by that of another metal. The additive effect of this 
interference causes the target concentration to read artificially high. When common 
elements such as Al, Fe, or Mg are present in high concentrations, spectral overlap 
produces an apparent concentration of the interfered target analyte, even in its 
absence. These apparent or interference concentrations are measured 
independently, allowing correction of the target analyte concentration. Other 
spectral interferences can be minimized using background corrections or alternate 
emission wavelengths for the target analyte. 

3 .2 Matrix matching and dilution are used to correct for viscosity and surface tension 
changes between samples. 

3. 3 Interelement correction factors are determined annually and applied automatically 
by the instrument. 

4. 0 Apparatus and Materials 

4 .1 Two instruments are currently in use: 

Thermo Jarrell-Ash Trace (Trace) simultaneous inductively coupled 
plasma emission spectrometer. System includes 150 position 
autosampler and computer control. (3/94) 

Thermo Jarrell-Ash Enviro II (ICP3) simultaneous and sequential 
inductively coupled plasma emission spectrometer. System includes 150 
position autosampler and computer control. (1/92) 

4.2 Operating conditions - The analyst should follow the instructions provided by the 
instrument manufacturer. For operation with organic solvents, use of the auxiliary 
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argon inlet is recommended, as are increased plasma (coolant) argon flow, 
decreased nebulizer flow, and increased RF power to obtain stable operation and 
precise measurements. Sensitivity, instrumental detection limit, precision, linear 
dynamic range, and interference effects must be established for each individual 
analyte line on that particular instrument. All measurements must be within the 
instrument linear range where coordination factors are valid. The analyst must (1) 
verify that the instrument configuration and operating conditions satisfy the 
analytical requirements and (2) maintain quality control data confinning instrument 
performance and analytical results. 

4. 3 Class A volumetric flasks 

4.4 Class A volumetric pipets 

5. 0 Di gestate Storage and Handling 

5 .1 Digestates are stored at room temperature in a secured area. 

5.2 Di~estates must be analyzed within 180 days after sample receipt. 

6.0 Reagents 

6.1 ASTM Type I water 

6.2 All blanks and standards are in a 5% HCl, 2% HN03 matrix. 

6.3 Argon 

6.4 Stock Standard Solutions (for Calibration use) purchased from SPEX 

6.5 Calibration Check Standards (for Initial and Continuing Calibration) purchased 
from Inorganic Ventures 

6.6 Interference Check Solutions made from standards purchased from SPEX or 
Inorganic Ventures 

7.0 Calibration Preparation 

7.1 All calibration standards are prepared from SPEX Plasma Standard stock 

Inchcape Testing Services~ Aquatec Laboratories 



60!0_TCLP SOP 
Revision l 

Date: 02/21/95 
Page 5of10 

solutions. See Table 1 at the end of this SOP for the concentrations of calibration 
standards. 

7 .2 Intermediate standard solutions are made by quantitively transferring aliquots of 
concentrated stock standards into a volumetric flask containing ASTM Type 1 
water and an aliquot of HN03/HCI. When the appropriate metals standards have 
been added, the solution is brought to volume. The resulting intermediate standard 
solution is in a 5% HCI, 2% HN03 matrix. 

7.3 Working standards are made by quantitatively diluting the intermediate standard to 
the needed concentrations. -

7.4 Intermediate and working standards are stored at room temperature in storage 
bottles. These standards are kept until their expiration date. 

8.0 Instrument Calibration 

8.1 Each instrument is calibrated according to the manufacturer's recommendations . 
After the torch is ignited and the instrument's parameters are recorded (See the 
Maintenance Logs attached at the end of this SOP), the calibration standards are 
placed in an autosampler. A 5% HCI, 2% HNO, matrix solution is used for the 
calibration blank. 

During calibration, multiple integrations (2 for the Trace ICP and 3 for ICP3) are 
performed per standard. There is a 120 second rinse between standards. 

8.2 Initial calibration is performed once per batch. 

9. 0 Calculations 

9. 1 The final concentration of an element in the sample is determined in the following 
way: 

Aqueous Samples: 

Di! x )Jg from the instrument x mis digestate = ug/l in sample 
l mls original sample volume 
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10.1 Instrument Detection Limits (IDL's) are determined quarterly for all the elements 
of interest and their established wavelength. The ID L's are determined by 
analyzing a standard at 3-5 times the detection limit seven (7) times on three (3) 
non-consecutive days. The resulting average standard deviation is than multiplied 
by 3 to determine the IDL. ID L's must be below the reporting limit or the IDL 
experiment must be repeated. If instrument sensitivity is improved than the 
experiment is repeated. 

10.2 Interelement Correction Factors 

Interelement Correction Factors are determined annually for spectral interference 
due to Al, Ca, Fe, and Mg and are determined for both ICP instruments at all 
wavelengths used for each analyte reported by ICP. A 100 ppm stock solution of 
each interferent is analyzed and any result found above the negative or positive 
value of the instrument detection limit is recorded within the instrument. The 
result in ppb is divided by the concentration of interferent in ppb to determine the 
IEC constant. This number is entered into IEC tables of the instrument. 
Correction factors for spectral interference due to analytes other than AI, Ca, Fe, 
and Mg may be determined in the same fashion and reported if they were applied. 

10.3 Linear Range 

The linear range verification check standard is analyzed and reported quarterly for 
each element analyzed by ICP. The analytically determined concentration ofthis 
standard shall be within 5% of the true value. This concentration is the upper limit 
of the ICP linear range and any result found above this limit, must be diluted and 
reanalyzed. 

10.4 Dilute and reanalyze samples that are more concentrated than the linear calibration 
limit. 

l 0. 5 Analyze the method blank (prep) per sample batch to determine if contamination 
or any memory effects are occurring. If the blank is contaminated with any of the 
elements of interest, and the sample concentration for that element is <10 times the 
blank; the sample must be redigested and reanalyzed. 
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10.6 Verify calibration every 10 samples and at the end of the analytical run, using a 
calibration blank and a check standard. The results of the check standard are to 
agree within 10% of the expected value; if not, terminate the analysis, correct the 
problem, and reanalyze the previous ten samples. 

The results of the calibration blank must be within the control limit of± the 
reporting limit (CRDL), if not terminate the analysis, correct the problem, 
recalibrate, and reanalyze the previous I 0 samples. 

10. 7 Verify the interelement and background correction factors at the beginni'.!;g and end 
of an analytical run or twice during every 8-hour work shift, whichever is more 
frequent. Do this by analyzing the interference check sample. Results should be 
within +/- 20% of the true value. If not terminate the analysis, correct the 

, problem, recalibrate, and reanalyze the samples. 

10.8 Analyze one matrix spike sample per batch of twenty samples of the same matrix. 
The matrix spike sample is spiked during the digestion process and treated like any 
other sample. The control limits for the matrix spike are 75-125%. If any element 
fails to meet this criteria the samples are flagged with the "N" qualifier for that 
element. A post digestion spike as described below is performed in the event that 
the matrix spike analyses is flagged with an N. 

10.9 A LRS (Linear Range Standard) is analyzed at the beginning of the run to verify 
the upper linear range. The highest calibration standard is analyzed for all analytes 
reported and the found concentration must be within 5% of the true value. If the 
measurements exceed ± 5%, the instrument is recalibrated for the effected 
analytes. 

10.10 A CRDL standard is analyzed at the beginning of each run to verify linearity near 
the CRDL. Although there are no contract specified control limits on this standard 
at this time, the laboratory uses± 25% as a warning there may be a problem. 

10.11 All samples and extracted preparation blanks are analyzed by the method of 
standard addition. The correlation coefficient for the standard addition analyses 
must be <: 0.995. 

10.12 Instrument maintenance is done on a daily basis. Please see the attached 
maintenance logs. 
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10.13 The following qualifiers are used for metals analysis: 

E (furnace)-

E (ICP)-

M-

N-

S-

+-

W-

* 

B-

U-

Analytical cup spike recovery is Jess than 40%. An explanatory 
note is included on the specific form to which this applies. 

The reported value is estimated because of the presence of 
interference. 

Duplicate injection precision is not met. 

Matrix spiked sample recovery not within control limits. -

The reported value was determined by the Method of Standard 
Additions. 

Correlation coefficient for the MSA is less than 0.995. 

Post digestion spike for Furnace AA analysis is out of control limits 
(85-115%), while sample concentration is less than 50% of spike 
concentration. 

Duplicate analysis not within control limits. 

Entered if the reported value is less than the Contract Required 
Detection Limit (CRDL) but greater than the Instrument Detection 
Limit (IDL). 

Entered if the analyte was analyzed for but not detected, less than 
IDL. 

Inchcape Testing Services- Aquatcc Laboratories 



Table 1: Calibration Standards (ug/L) 

Element Trace ICP Standards 

Barium 0 1000 

Cadmium 0 500 

Chromium 0 1000 

Copper 0 1000 

Lead 0 1000 

Nickel 0 1000 

Silver 0 500 

Zinc 0 1000 

Tin 0 1000 

Arsenic 0 500 

Selenium 0 500 

Table 2: Method of Standard Additions 

Element Standard 0 Standard 1 

Barium 0 500 

Cadmium 0 200 

Chromium 0 400 

Copper 0 400 

Lead 0 500 

Nickel 0 400 

Silver 0 200 

Zinc 0 400 
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ICP3 Standards 

0 5000 

0 500 

0 1000 

0 5000 -
0 5000 

0 1000 

0 500 

0 5000 

0 1000 

0 5000 

0 5000 

Standard 2 

1000 

400 

800 

800 

1000 

800 

400 

800 



Element Standard 0 

Tin 0 

Arsenic 0 

Selenium 0 
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Standard 1 

1000 

1000 

500 

Standard 2 

2000 

2000 

1000 
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Daily maintenance: T.c...f3 Analyst. ___ _ 
Date. _____ _ 

10 PPM Cu Profile: Peak intensity: ____ _ 
S.S. Offset: 
Meter Setting: ____ _ 

Peristaltic Pump Tubing: 

Advanced:· Yes No. __ _ 
Replaced: Yes No. __ _ 

Instrument Running Properly: Yes No. __ _ 
(If "No" continue, !f "Yes" dh;regan:! the fo!!ow!ng.) 

. Instrument out of control due to : 

1) . Pump tubing needing replacement. 
2) Autosampler not functioning properly. 
3) Torch needing cleaning. 
4) Nebullzer being clogged. 
5) Other. 

Explanation for other ___________ _ 

Corrective Action taken: 

1) Pump tubing replaced or advanced. 
2) Auto sampler repaired. 
3) Torch cleaned. 
4) Ne bu lizer cleaned. 
5) Other. 

Explanation:. _____________ _ 

Return to control: Batch 
Analyst Initials 



Daily maintenance: J:C.PLt .... -r~k: Analyst. ___ _ 
Date, _____ _ 

5 PPM As Profile: Peak intensity:----­
S.S. Offset: 
Meter Setting: ____ _ 

Peristaltic Pump Tubing: 

Advanced: Yes No __ _ 
Replaced: Yes No __ _ 

-------·---
Instrument Running Properly: Yes No __ _ 
(If "No" continue, If "Yes" disregard the following.) 

Instrument out of control due to : 

1) Pump tubing needing replacement. 
2) Autosampler not functioning properly. 
3) Torch needing deaning. 
4) Nebulizer being dogged. 
5) Other. 

Explanation for other ___________ _ 

Corrective Action taken: 

1) Pump tubing replaced or advanced. 
2) Auto sampler repaired. 
3) Torch cleaned. 
4) Nebulizer cleaned. 
5) Other. 

Explanation:. ____________ _ 

Return to control: Batch 
Analyst Initials 
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1.0 INTRODUCTION 

The purpose of this SOP is to describe the procedure for determining the presence of 
polychlorinated biphenyls in environmental samples. This procedure follows the details 
that are found in USEPA Method 680, 1668 and 8082 Mono- through Deca­
chlorinated biphenyls by isotope dilution HRGC/LRMS. Internal Standards (labeled 
spiking solutions), Recovery Standards and Calibration Standards as used in this SOP 
are optimized for the use of LRMS. Sample Characterization, Extraction and Cleanup 
are recorded on Pacific Analytical's "Pesticide Extraction Log". Report and Analysis 
QC data are reported on Forms taylored after Method 1668. 

2.0 SAMPLE CHARACTERIZATION AND ALIQUOT DETERMINATION 

A sample is determined to be of one of four categories: soil/sediment, water, filter 
paper, or chemical waste for the purposes of this method: 

Soil/sediment is defined as a portion of wet soil/sediment which does not contain oil, 
but which may contain other solids such as stones, vegetation, etc. The sample should 
not contain an obvious liquid phase. After homogenization, a 10 gram aliquot of 
soil/sediment is taken for extraction. 

Water sample is defined as a single phase system that is primarily water but may contain 
very small amounts of floating, suspended and/or settled particulate matter. 
Multiphases should not be present. After homogenization, a 1 Liter aliquot of water 
sample is taken for extraction. 

Filter paper sample is defined as a filter paper and solid matrix obtained from the 
filtration of an aliquot of water. 

Chemical waste sample includes sample matrices of oils, stillbottoms, oily sludge, oil­
laced soil and surface water heavily contaminated with matrices listed above. The 
sample may contain particulates and an obvious non-aqueous liquid phase. After 
homogenization, a I gram aliquot of chemical waste is taken for extraction. 

3.0 SAMPLE EXTRACTION 

Aqueous samples are spiked with internal standards. The sample is extracted using 
liquid liquid extraction. The extraction solvent is methylene chloride. 
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Solid samples are spiked with internal standards. The sample is extracted using 
sonication. The extraction solvent is 1: 1 methylene chloride: acetone .. 

Filter papers are placed into a soxhlet extractor and spiked with internal standards. The 
sample is extracted for 18 to 24 hours using petroleum ether as a solvent. 

Chemical waste samples are spiked with internal standards and placed into a soxhlet­
Dean Stark (SDS) apparatus. The SDS apparatus is charged with toluene and operated 
for 16 to 24 hours. Water trapped in the Dean Stark apparatus is measured and 
discarded periodically. 

4.0 SAMPLE CLEANUP 

The extracts are processed through two types of cleanup processes: Liquid liquid 
partitioning with acid/hase washes, and acidified silica gel column chromatography. 

Sample extracts are solvent exchanged to hexane and brought to 50 mL in a 250 mL 
separatory funnel. The sample is partitioned with 50 mL of sulfuric acid. The sulfuric 
acid layer is discarded. The sample is then washed with 50 mL of distilled water. The 
sample is subsequently partitioned with 50 mL of a 6N sodium hydroxide solution. The 
aqueous layer is discarded. The sample is subsequently partitioned with distilled water. 

After base/acid washing the solvent is concentrated to about 100 uL using a Kuderna­
Danish apparatus and nitrogen blow down. The extract is diluted to 1 mL with hexane. 
The I mL extract is placed on a pastuer pipet plugged with glass wool and containing 1 
grams of 40% sulfuric acid impregnated silica gel. The column is eluted with 10 mL of 
hexane and the eluate is collected. The sample eluate is concentrated to 100 uL. 
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5.0 HRGC/LRMS CALIBRATION: 

HRGC/LRMS calibration consists of three operations: LRMS mass calibration, 
HRGC/LRMS selective ion monitoring calibration and window defining, and 
HRGC/LRMS Relative Response Factor (RRF) determination and RRF linearity. 

The LRMS is tuned with FC-43. Optimum results for FC-43 for mass calibration may 
be achieved by scanning from 210 to 510 amu every one second or less, utilizing 70 
volts (nominal) electron energy in the electron ionization mode. 

Prior to the calibration of the HRGC/LRMS system, it is necessary to establish the 
appropriate switching times for the SIM descriptors and to verify the chromatographic 
resolution. The switching times are determined by the analysis of the individual 
congener solutions. 

The column used for the analysis is a 60 meter SPB-Octyl column .. 

Overall GC/MS performance is verified by the ability to initially calibrate the 
instrument running a minimum of 5 calibration points, and performing ongoing 
calibration checks. The standards are analyzed to determine ion abundance 
ratios, minimum levels, signal-to-noise ratios and absolute retention times. 
Measure the Selective Ion Current Profile (SJCP) areas for each analyte and 
compute the ion abundance ratios as specified in the Table 3.0. 

The peaks representing the native analytes in the CS I and other standards must have a 
signal to noise ratio (S/N) greater than 2.5. The peaks representing the labeled analytes 
in the CS I and other standards must have a SIN ratio greater than I 0. 

The five calibration standards, CS I, CS2, CS3, CS4, and CS5 are analyzed. A 
calibration curve encompassing the concentration range is prepared for each compound 
to be determined. The Relative Response (RR) (native to labeled) vs. concentration is 
plotted or computed using average response factor or point to point. Relative Response 
using both the primary and secondary m/z's is determined according to the procedure 
below: 

Where: 

RR= (A,,'+ A,,
2
)C1 

(A,' +A1
2 )C,, 

An! and An2 are the areas of the primary and secondary m/z's for 
the native compound. 

A1 I and A12 are the areas of the primary and secondary m/z's for the 
labeled compound. 

C1 is the concentration of the labeled compound in the calibration 
standard. 

Cn is the concentration of the native compound in the calibration 
standard. 
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LIST OF TARGETED PCB CONGENERS 
BZ# Compound ID: Retention Time BZ# Compound ID: Retention Time 

on SPB-Octyl on SPB-Octyl 

1 2-chlorobiphenyl 5.97 114 2,3,4,4',5-pentach!orobiphenyl 25.06 

3 4-chlorobiphenyl 7.15 105 2,3,3',4,4'-pentachlorobiphenyl 25.83 

8 2,4'-dichlorobiphenyl 8.72 184 2,2',3,4,4',6,6'-heptachlorobipheny! 26.11 

18 2,2' ,5-trich!orobiphenyl 9.89 153 2,2',4,4',5,5'-hexach!orobiphenyt 26.62 

15 4 ,4' -di ch lorobi phenyl 10.41 168 2,2',4,4',5,5' -hexach!orobiphenyl 26.69 

28 2,4,4'-trichlorobiphenyl 12.27 138 2,2',3,4,4',5'-hexachlorobipheny1 28.22 

52 2,2' ,5,5'-tetrach!orobiphenyl 13.47 158 2,3,3',4,4',6-hexachlorobiphenyl 28.71 

49 2,2' ,4,5'-tetrach!orob!phenyl 13.84 126 3, 3' ,4 ,4', 5-pen tachlorobiphenyl 29.64 

44 2,2' ,3,5'-tetrach!orobiphenyl 14.32 128 2,2',3,3',4,4' -hexach!orobiphenyl 29.89 

37 3,4,4'-trichlorobipheny! 15.17 187 2,2' ,3,4' ,5,5' ,6-heptachlorobiphenyl 30.61 

70 2,3' ,4' ,5-tetrachloroblphenyl 17.29 183 2, 2', 3, 4, 4', 5', 6-heptachlorobiphenyl 30.79 

74 2, 4, 4', 5-tetrachlorobi phenyl 17.39 177 2, 2', 3, 3', 4', 5, 6-hepta chlorobi phenyl 31.73 

66 2,3' ,4,4 '-tetrachlorobiphenyl 17.60 202 2,2',3,3',5,5',6,6'-octachlorobipheny! 31.89 

101 2 ,2' ,4, 5, 5' --pen ta ch lorobi phenyl 19.15 167 2, 3', 4, 4', 5, 5' -hexach torobi phenyl 32.17 

90 2 ,2', 3, 4', 5--pentach!orobiphenyl 19.17 156 2, 3, 3' ,4, 4', 5-hexa ch lorobiphenyl 33.71 

99 2,2' ,4,4' ,5-pentachlorobiphenyl 19.74 157 2, 3, 3', 4, 4', 5' -hexach lorobi phenyl 33.78 

119 2,3' ,4,4',6-pentachlorobiphenyl 20.24 180 2,2',3,4,4',5,5'-heptachlorobipheny! 35.76 

87 2 ,2'3, 4, 5' -pentach lorobipheny! 20.39 170 2, 2', 3, 3', 4 ,4', 5-heptach lorobipheny! 37.68 

110 2,3,3',4',6-pentachlorobiphenyl 21.17 169 3, 3' ,4, 4', 5, 5' -hexach!orobiphenyl 38.36 

115 2,3 ,4, 4', 6-pentachlorobipheny! 21.31 201 2,2',3,3'4,5,5',6'-octachlorobiphenyl 38.71 

81 3 ,4, 4' ,5-tetrachlorobi phenyl 21.34 195 2,2' ,3,3' ,4,4' ,5,6-octachlorobiphenyl 41.86 

77 3,3' ,4,4 '-tetrachlorobiphenyl 21.92 189 2, 3 ,3' ,4, 4', 5, 5' -heptachlorobi phenyl 42.19 

151 2,2' ,3,5,5' ,6-hexachlorobipheny! 22.15 207 2,2',3,3',4,4',5,6,6'-nonachlorobiphenyl 42.94 

149 2,2' ,3,4',5',6-hexachforobipheny! 23.14 194 2,2', 3, 3', 4 ,4', 5, 5' -octachlorobiphenyl 45.45 

123 2',3,4,4',5-pentachlorobiphenyl 24.06 206 2,2' ,3,3' ,4,4' ,5,5' ,6-nonachlorobipheny! 48.98 

118 2,3',4,4',5-pentachlorobiphenyl 24.44 209 decachlorobiphenyl 51.49 
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BZ# 

3 
15 
28 
52 
118 
153 
180 
194 
208 
209 

TABLE 2.0 

LABELED SPIKING SOLUTION 

Compound ID: Label: Concentration: 

4-Monochlorobiphenyl 13c6 1 uG/mL 
4,4' -Dichlorobiphenyl 13c 12 1 uG/mL 
2,4,4' -Trichlorobiphenyl 13c 

12 1 uG/mL 
2,2' ,5,5' -Tetrachlorobiphenyl 13c 

12 1 uG/mL 
2,3 ',4,4' ,5-Pentachlorobiphenyl 13c 

12 1 uG/mL 
2,2 '4,4' 5,5 '-Hexachlorobiphenyl 13c 

12 1 uG/mL 
2,2' ,3,4,4' ,5,5 '-Heptachlorobiphenyl 13c 

12 1 uG/mL 
2,2' ,3,3' ,4,4' ,5,5' -Octachlorobiphenyl 13C 

12 1 uG/mL 
2,2' ,3,3' ,4,5,5' ,6,6' -Nonachlorobiphenyl 13c 

12 1 uG/mL 
Decachlorobiphenyl 13c 

12 1 uG/mL 

Compounds in the calibration standards are of two types: compounds with labeled 
analogs and compounds with labeled isomers. Compounds with labeled analogs are 
determined using isotope dilution, and compounds with labeled isomers are determined 
using a labeled isomer as an internal standard. 

For compounds with a labeled analog, ifthe Relative Response for any compound over 
the range of the five point curve has a coefficient of variation of less than 20, then an 
average Relative Response may be used for that compound. Otherwise, a segmented 
curve or second order fit curve using all five points of the calibration will be used. 

For compounds not having a labeled analog in the calibration sequence, calibration is 
performed by the internal standard method. The Response Factors (RFs) for the 
compounds are computed in the same manner as for compounds with labeled analogs by 
substituting the response for the primary and secondary ion of the labeled isomer with 
that of the labeled analog. 

For compounds not having a labeled analog, if the Response Factor for any compound 
over the range of the five point curve has a coefficient of variation of less than 35, then 
an average Relative Response may be used for that compound. Otherwise, a segmented 
curve or second order fit curve using all five points of the calibration will be used. 
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TABLE 3.0 

CRITERIA FOR ISOTOPIC RATIO MEASUREMENTS 
FOR PCDDs/PCDFs 

THEORETICAL 
SELECTED ION CONTROL 

ANALYTE IONS ABUNDANCE LIMITS 
MCB 188/190 3.0769 2.60 - 3.54 

DCB 2221224 1.5385 1.30 - 1.77 

Tri CB 256/258 1.0256 0.87 - 1.18 

TetraCB 2901292 0.769 0.65 - 0.89 

PeCB 326/328 1.5385 1.32 - I. 78 

HxCB 360/362 1.2315 1.05 - 1.43 

HpCB 394/396 1.0256 0.88 - 1.20 

OCB 428/430 0.879 0.76 1.02 

NCB 462/464 0.769 0.65 - 0.89 

DecaCB 498/500 1.1547 0.98 - 1.33 

Internal Standards 

13c6-4-MCB 194/196 3.0769 2.60- 3.54 

13C1z-4,4' -Di CB 234/236 1.5385 1.30 - 1.77 

13C1z-2,4,4'-TriCB 268/270 1.0256 0.87 - 1.18 

I3c12-2,2' ,5,5' -TetraCB 302/304 0.769 0.65 - 0.89 

13C1z-2,3',4,4',5-PeCB 338/340 1.5385 1.32 - I. 78 

13C6-2,2' ,4,4' ,5,5' -HcCB 372/374 1.2315 1.05 - 1.43 

13C1z-2,2' ,3,4,4' ,5,5' -HpCB 406/408 1.0256 0.88 - 1.20 

13C1z-2,2'3,3 ',4,4' 5,5 '-OCB 440/442 0.879 0.76 1.02 

13C1z-2,2'3.3 ',4,5,5'6,6' -NCB 474/476 0.769 0.65 - 0.89 

13C1z-DecaCB 510/512 1.1547 0.98 - 1.33 

Recovery Standard 

d wp-Terphenyl 244/243 0.1428 0.10-0.18 



SOP 3-32 
RevO 
p 8 of 11 

6.0 HRGC/LRMS ANALYSIS: 

Once the operating conditions of the system have been established necessary to meet the 
system calibration criteria sample, analysis may begin. At the beginning of each 12-
honr shift HRGC resolution and verification of RRF values must be monitored to verify 
that the HRGC\LRMS is within QC criteria. For these tests, analysis of the column 
resolution mix and the CS3 calibration verification standard are used to verify all system 
performance criteria. Acceptance criteria for calibration verification can be found in 
Table 5 and Table 6 .. 

Sample extracts are spiked with 10 uL of recovery standard. Care must be taken to 
ensure that the l 0 uL of recovery standard is mixed well with the 100 uL of sample in 
hexane. 

An aliquot of the spiked extract is injected into the HRGC/LRMS system using splitless 
injection. 

Quantitative Determination: 

Quantitation is of two types: Compounds with labeled analogs are determined using 
isotope dilution, and compounds with labeled isomers are determined using the internal 
standard method. 

For compounds with labeled analogs, Relative Response Factors are used in conjunction 
with calibration data. Assuming that labeled concentrations in extracts and calibration 
standards are the same, the following equation is used for quantitation: 

Where: 

Cex is the concentration in the extract., and 
C'x is the concentration of the labeled analog in the extract. 

For compounds not having a labeled analog quantitation is performed by the internal 
standard method. The Response Factors (RFs) for the compounds are substituted for the 
RR value in the above equation and values are calculated in the same manner as for 
compounds with labeled analogs. The Cx value would be the labeled isomer 
concentration used as an internal standard. 

The concentration of the native compound in the sample is computed using the 
concentration of the compound in the extract and the weight for solids or volume for 
liquids as follows: 

. (C * V., ) 
Concentratzon= ex ex 

w, 

Where, 
Ves is the extract volume in mL. 
Ws is the sample weight in kG or volume in Liters. 
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TABLE 4.0 

QA/QC ACCEPTANCE CRITERIA 

Quality Control Check Frequency Acceptance Criteria Corrective ,,\ction 

Instrument Performance Prior to initial Visual I. Evaluate 
Check and calibration Inspection of. 2. Retune 

verification FC-43. 

Initial Calibration Five point Isotope Dilution 1. Evaluate 
calibration for or internal 2. Recalibrate 
all analytes standard, see when QC 
prior to Method 680. criteria not 
sample analysis met. 

Identification/Retention Obtained from Checked with I. Evalutate 
Times Individual Calibration 2. Recalibrate 

Standards Check standard when QC 
criteria not 
met. 

Ion Ratios Initial and +!- 15% 1. Evaluate 
Verification 2. Retune 
Calibration, 
Samples 

Signal Low point 10 times noise 1. Evaluate 
to Noise/Interferences Calibration 2. Retune 

Calibration Verification Daily, before +!- 30% 1. Evaluate 
sample 2. Recalibrate 
analysis and when QC 
every 12 criteria not 
hour shift. met. 

Internal Standards All data See Table 5. I. Evaluate 
2. Re-analyze 

when QC 
criteria not 
met. 

Method Blank I/batch/matrix No targets I. Evaluate 
or 20 samples above MDL. 2. Re-extract 
whichever is if targets 
frequent above MDL. 

Ongoing Precision l/batch/matrix See Table 5. 1. Evaluate 
and Recovery ( OPR or 20 samples 2. Re-extract 

whichever is if targets 
most frequent out of QC. 

TABLE 5.0 
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NATIVE SPIKE ACCURACY AND PRECISION LIMITS 
Water Soil 

Spike Compound o/o Recovery RPD %Recovery RPD 

PCB-! 70-140 NA 70-140 NA 
PCB-3 70-140 NA 70-140 NA 
PCB-4 70-140 NA 70-140 NA 
PCB-15 70-140 NA 70-140 NA 
PCB-18 70-140 NA 70-140 NA 
PCB-28 70-140 NA 70-140 NA 
PCB-37 70-140 NA 70-140 NA 
PCB-44 60-140 NA 60-140 NA 
PCB-49 70-140 NA 70-140 NA 
PCB-52 60-140 NA 60-140 NA 
PCB-66 70-140 NA 70-140 NA 
PCB-70 70-140 NA 70-140 NA 
PCB-74 70-140 NA 70-140 NA 
PCB-77 70-160 NA 70-160 NA 
PCB-81 70-140 NA 70-140 NA 
PCB-87/115 70-140 NA 70-140 NA 
PCB-90/101 70-140 NA 70-140 NA 
PCB-99 70-140 NA 70-140 NA 
PCB-110 70-140 NA 70-140 NA 
PCB-119 70-140 NA 70-140 NA 
PCB-ll8 64-160 NA 64-160 NA 
PCB-123 14-330 NA 14-330 NA 
PCB-105 68-160 NA 68-160 NA 
PCB-114 14-330 NA 14-330 NA 
PCB-126 68-160 NA 68-160 NA 
PCB-151 70-140 NA 70-140 NA 
PCB-128/167 64-170 NA 64-170 NA 
PCB-138/158 70-140 NA 70-140 NA 
PCB-149 70-140 NA 70-140 NA 
PCB-153/168 70-140 NA 70-140 NA 
PCB-156 70-140 NA 70-140 NA 
PCB-157 64-170 NA 64-170 NA 
PCB-169 64-170 NA 64-170 NA 
PCB-170 70-140 NA 70-140 NA 
PCB-177 70-140 NA 70-140 NA 
PCB-180 70-140 NA 70-140 NA 
PCB-183 70-140 NA 70-140 NA 
PCB-184 70-140 NA 70-140 NA 
PCB-187 70-140 NA 70-140 NA 
PCB-189 70-140 NA 70-140 NA 
PCB-201 70-140 NA 70-140 NA 
PCB-202 70-140 NA 70-140 NA 
PCB-194 70-140 NA 70-140 NA 
PCB-195 70-140 NA 70-140 NA 
PCB-206 70-140 NA 70-140 NA 
PCB-207 70-140 NA 70-140 NA 
PCB-209 70-140 NA 70-140 NA 

TABLE6.0 
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LABELED SPIKE ACCURACY AND PRECISION LlMITS 
Water Soil 

Spike Compound % Recovery RPD o/oRecovery RPD 
13C-PCB-3 25-150 NA 25-150 NA 
13C-PCB-15 25-150 NA 25-150 NA 
13C-PCB-28 25-150 NA 25-150 NA 
13C-PCB-52 25-150 NA 25-150 NA 
13C-PCB-l I 8 13-328 NA 13-328 NA 
13C-PCB-153 17-205 NA 17-205 NA 
13C-PCB-180 20-186 NA 20-186 NA 
13C-PCB-194 25-150 N1\ 25-150 NA 
13C-PCB-208 25-150 NA 25-150 NA 
13C-PCB-209 25-150 NA 25-150 NA 
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I TITLE: Pesticide/PCB Extraction and Concentration of Soil Sam les b Method 3550B 
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1.0 SCOPE AND APPLICATION 
1.1 This SOP describes the sample preparation procedure for extraction and concentration of organo­
chlorine pesticides and PCB in soil and solid waste samples. Samples may be prepared for pesticide analy­
sis only SOP GC.72 (Method 8081A), PCB analysis only SOP GC.73 (Method 8082) or both pesticide and 
PCB analysis GC.14 (Method 8081). 

2.0 METHOD SUMJ\.IARY 
2.1 Samples are mixed with sodium sulfate (drying agent), surrogate spiking solution is added, sonicated 
three times with solvent and the solvent decanted. The extract is concentrated and solvent exchanged to 
hexane using a Kuderna-Danish apparatus on a steam bath. 
2.2 Alternative PCB spiking information is provided should PCBs be the only target analytes. This PCB 
spiking information can be used to supplement the normal Pesticide Spike if requested. 

3.0 HEALTH AND SAFETY 
3.1 All employees should protect themselves at a minimum with safety glasses, protective gloves and a 
lab coat. For more information see the E & E Inc., Analytical Services Center Chemical Hygiene Plan, lo­
cated in the QA Library Island shelf2. 
3.2 All glassware should be inspected for flaws or ragged edges before use. Do not use damaged glass-
ware. 
3.1 Pollution Prevention - Purchase chemicals based on expected usage, shelf life, and disposal cost. 
Prepare standard volumes on anticipated usage. Make appropriately sized dilutions and use serial dilutions 
where practical. 

4.0 REFERENCES 
4.1 Method 3550B, (Rev. 2, 12/96), SW-846 Update III, June 1997. 
4.2 Analysis SOPs GC.14, GC.72, GC.73. 
4.3 Use checklist C-048 for analyst and peer review. 
4.4 Training SOP QA.5, A.23, and A.29. 
4.5 Data Review SOP A.25. 
4.6 Laboratory Quality Assurance Manual. 
4.7 MDL SOP A.18. 
4.8 Corrective Action Procedure, QA.1. 
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5.1 Batch -A group of samples that behave similarly with respect to the sampling or testing procedures 
being employed which are processed as a unit. If the number of samples in a group is greater than 20, then 
each group of 20 samples or less will all be handled as a separate batch. 
5.2 Method Blank (MB) - an analyte-free matrix to which all reagents are added in the same volumes or 
proportions as used in sample processing. The method blank is used to document contamination resulting 
from the analytical process. 
5.3 Matrix-The component or substrate (e.g., surface water, drinking water) which contains the analyte 
of interest. 
5.4 Matrix Spike (MS)- an aliquot of sample spiked with a known concentration of target analyte(s). 
The spiking occurs prior to sample preparation and analysis. A matrix spike is used to document the bias of 
a method in a given sample matrix. 
5.5 DCB, TCMX - Decachlorobiphenyl and tetrachlorometaxylene, respectively; all are method surro­
gates. 
5.6 Matrix Spike Duplicate /MSD - an intra-laboratory split sample spiked with identical concentra­
tions of analytes. They are used to document the precision and bias of a method in a given sample matrix. 
5.7 Laboratory Control Sample/LCS- a known matrix spiked with compound(s) representative of the 
target analytes. This is used to document laboratory performance. 

6.0 INTERFERENCES/POTENTIAL PROBLEMS 
6.1.1 Phthalates may cause false positives. Plasticware may not be used. Latex gloves must not contact 
inside of glassware. 

7.0 INSTRUMENTATION A1"'D EQUIPMENT 

• 
• 
• 
• 
• 
• 
• 

• 
• 
• 
• 
• 
• 
• 
• 

Ultrasonic Disruptor with %" Titanium Hom 
Sona box 
400-mL Thick Walled Beakers 
100-mm Drying Funnel 
Glass Wool (Fisher or equivalent) 
Filter paper (Whatman 41 or equivalent) 
Kudema-Danish Apparatus (K-D) 

• Concentrator Tube, l 0-mL graduated 
• 500-mL Evaporation Flask (Kontes K-507001-500 or equivalent) 
• Snyder Column. micro (569261-031 or equivalent) 
• Snyder Column, 3 ball macro (Kontes K-503000-0121 or equivalent) 

Boiling Chips, 10/40 mesh. Fisher or equivalent 
Water Bath heated with concentric ring cover 
Balance, Top-loading (readable to .OOlg or better) 
15-ml Glass Vials with screw cap PTFE lined tops 
Benchtop Centrifuge (Fisher or equivalent) 
Spatula, Stainless Steel 
1.0-mL pipettes or syringe 
16-oz. jars 
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• 
• 
• 
• 
• 
• 

Stainless Steel Spoonula 
Sparkleen (or equivalent) 
2% Heikol-e 
NOCHROMIX 
Zymark Turbovap 
Turbovap Tubes 

8.0 REAGENTS AND MATERIALS 
8 1 S T bl 8 1 S f S d d R ee a e - ' ummarvo tan ar , t ea2en s, an 

Table 8-1 

Page: 3 of 9 

dC onsuma bl es. 

SUMMARY OF STANDARD AND REAGENTS 
Description Source Concentration 

Methylene Chloride (MeCI,), ultra IT Baker or Equivalent Neat 
resi analvzed 
Acetone ultra resi grade IT Baker or Equivalent Neat 
Hexane, ultra resi grade IT Baker or Eauivalent Neat 
Sodium Sulfate, Na2S04 (anhvdrous) IT Baker or Eauivalent Stored~ 120°C 
ASTM Type II Water In-house Laboratory System Neat 

Pesticide Matrix Soike Mix Restek or Eouivalent See Table 8-3 
Pesticide Surrogate Mix Restek or Equivalent 1 200 ""!mL TCMX and DCB 
Aroclor 1016/1260 Restek or Equivalent 1000 1w/mL each 
Toxaphene Restek or equivalent i 1000 110'/mL 
Sand 

' 
Plav Sand or Eauivalent •NA 

1 Revision: 5 I Status: Final I Method: SW-846, 3550B I Minor Revision Date: None 

82 St d d S 1 f P ~ an ar 0 U IOU f repara 1ou 
Table 8-2 

STANDARD Al'llD REAGENT PREPARATION 

I 
I Amount of Stock Final ! --

Standard Name ' Stock i Diluted to Concentration ' 
Ar 1660 PCB Spike Aroclor 1016/1260 ! 250 µL to 50 mL with acetone 5 u!l/mL 
8081 A Pestcide/ Pesticide I 100 µL Pesticide Surrogate Mix 0.2 µg/mL 
PCB Surrogate Surrogate Mix ' to 100 mL with acetone TCMXandDCB I 

' 
808 IA Pesticide Pesticide Matrix Spike 

I 
I 00 µL to I 00 mL with acetone 0.1 - 1.0 µg/mL 

Soike Mix (See Table 8-3) 
10% HCI HCl I JO mL to 100 mL AS1M Type II JO% (v/v) 

I I water 

. Revision: 5 I Status: Final i Method: SW-846. 3550B I Minor Revision Date: None 
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AFCEE Pesticide Spike Mix 
Spike Concentration 

Compound (u!!/mL) 
aloha-BHC 0.1000 
beta-BHC 0.1000 
gamma-BHC 0.1000 
delta-BHC 0.1000 
Heutachlor I 0.1000 
Aldrin I 0.1000 
Heptachlor epoxide 0.1000 
alpha-chlordane 0.1000 
gamma-chlordane 0.1000 

i 
, Endosulfan I 0.1000 
; 4,4-DDE i 0.1000 

Dieldrin 0.1000 
Endrin 0.1000 
Endosulfan II 0.1000 
4,4-DDD 0.1000 

i Endrin aldehyde I 0.1000 
4,4-DDT 0.1000 
Endosulfan sulfate 0.1000 

!' Toxaphene 5.000 
, Methoxvchlor 1.000 
I Revision: 5 I Status: Final ! Method: SW-846, 3550B I Minor Revision Date: None 

9.0 PRESERVATION CONTAINERS, HANDLING AND STORAGE 
' 

, 
Table 9-1 

HOLDL,_,G TL"\;lES 

Client/ ti on 
. 

Analysis ! Container Type and 
I -

II Martrix Project (Davs) (Davs) Preservative 
Solid Standard I 14-day collection 

I 

40 days from extraction I 4-, 8-, or 16-oz. glass jar. 
I 

i 
I I Store at 2-6 C. ' 

Solid ' NYSDEC i 5 days from receipt I 40 days from extraction I 4-, 8-, or 16-oz. glass Jar. I 

' 
! I (VSTR) i ' Store at 2-6 C. 

1'f Revision: 5 i Status: Final i Method: SW-846, 3550B I Minor Revision Date: None 
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10.0 PROCEDURE 
10.1 Glassware Preparation 

SOP Number: EXT.19 
Revision No.: 5 
Last Annual Review Date: 9/27 /99 
Minor Revision Date: None 
Page: 5 of 9 

10.1.1 All glassware shall be immediately rinsed after use with the last solvent used, manually washed in 
hot soapy tap water using Sparkleen, or automatically washed using 2% Heikol-e. 
10.1.2 At a minimum, manually washed glassware shall be tap water rinsed, followed by 3 rinses with 
ASTM Type II water. 
10.1.3 If glassware still appears dirty, it shall be subjected to sonication, or cleaning v;ith NOCHROMIX. 
Then it shall be rerun through the above cleaning procedure. 
10.1.4 When washing glassware after extraction, do not combine glassware from high or medium level 
extracts with standard level glassware. The dishwasher can spread the contamination. Wash glassware by 
hand separately from standard level glassware or throw it away if it will not come clean. 

10.2 
10.2.1 
10.2.2 
10.2.3 

Preventing Contamination 
Before use, all glassware is solvent rinsed with acetone, followed by methylene chloride. 
Sodium Sulfate (Na2S04) is dried (recommended 120°C, overnight or longer). 
Rinse dried Na2S04 with methylene chloride before use. 

10.3 Sample Setup 
10.3.1 A batch of samples consists ofa method blank, matrix spike (MS), matrix spike duplicate (MSD) 
and laboratory control sample (LCS) for every 20 or fewer samples. A laboratory control sample duplicate 
shall be used if insufficient sample is provided for an MSD. If both Pesticide and PCB extraction are re­
quired, allow three extra extraction setups for separate LCS, MS and MSD. 
10.3.2 Each sample set up consists ofone 400-mL beaker, one drying funnel, one 16-oz. Jar, and one spoo­
nula. Set up the soil preparation logbook as follows. 
10.3.2.1 Extraction date 
10.3.2.2 Analyst name 
10.3.2.3 Method/test (SOP numbers with revision number) 
10.3.2.4 Job number 
10.3.2.5 Sample number 
10.3.2.6 Sample weight 
10.3.2.7 Solvent used 
I 0.3.2.8 Exchange solvent 
10.3.2.9 Final volume 
10.3.2.10 Date of concentration and analyst initials 
10.3.2.11 Reference to balance calibration information and batch number. 

10.4 Extraction 
10.4.1 Weigh 25-35 g to the nearest 0.1 g of well-homogenized soil into a 400-mL beaker. Use sand for 
Method Blank and LCS. Record the weight to the nearest 0.1 g. Add 20-60 g sodium sulfate and mix with a 
spoonula until the sample is free-flowing. 
10.4.2 Add 1.0 mL of 808 IA Pesticide Surrogate/PCB Surrogate solution to each sample and QC sample 
(blank, MS, MSD, LCS) using a 1.0 mL syringe or volumetric pipette. 
10.4.3 Pesticide Spiking Instructions: 
10.4.3.1 If pesticide extraction is assigned to the sample do the following, otherwise proceed to PCB 
Spiking Instructions: 

'J2_\\LMSRV1\LABORATORY'50Ps\Final\EXr\EXTl9 cne-l0/1 Ji99 3 14 PM 
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10.4.3.2 Add 1.0 mL of 808 lA pesticide spike solution to the pesticide matrix spike, pesticide matrix spike 
duplicate and pesticide laboratory control sample (see Table 12-1). 

10.4.4 PCB Spiking Instructions: 
10.4.4.l If PCB extraction is assigned to the sample a PCB MS, MSD, and LCS must be prepared. DO 
NOT spike the sample aliquot with both pesticide and PCB spikes. 
10.4.4.2 Add 1.0 mL AR1660 PCB Spike to the PCB matrix spike, PCB matrix spike duplicate and PCB 
laboratory control sample (see Table 12-1). 
10.4.3 Prepare a drying funnel by adding a plug of glass wool and approximately 15-20 g of sodium sul-
fate to the drying funnel. Rinse the funnel with methylene chloride and discard the rinse solvent. 
10.4.4 Add 100 mL of 1: 1 methylene chloride: acetone to each sample. 
10.4.5 Place the bottom surface of the sonicator tip approximately 1/2 inch below the surface of the sol-
vent but above the sediment layer. Do not use the microtip probe. 
10.4.6 Sonicate for 3 minutes at an output of 10, the mode switch on Pulse and the duty cycle at 50%. 
10.4. 7 Decant the extract through the rinsed drying funnel into a labeled clean 16-oz. jar. Rinse down 
the drying funnel at a minimum after the first and final sonications. 
10.4.8 Repeat the extraction two more times with (2) 100 mL volumes of 1:1 methylene chloride: ace-
tone. Combine extracts. 
10.4.9 Cover the 16-oz. jar with foil. 
10.4.10 Clean the horn of the sonicator between samples rinsing with ASTM Type II water. Wipe the 
horn and rinse with acetone, then soapy H20, methylene chloride, and (Sparkleen or Alconox). 
10.4.11 Rinse with ASTM Type II water and wipe the horn. Rinse with acetone, then methylene chloride. 

10.5 K-D Concentration Procednre 
10.5.l Assemble a Kuderna-Danish (K-D) apparatus by attaching a 10-mL concentrator tube containing a 
boiling chip to a 500-mL evaporative flask. 
10.5.2 Quantitatively transfer the extract to the K-D apparatus, rinsing the container with methylene 
chloride to complete the transfer. 
10.5.3 Attach a 3-ball Snyder column and pre-wet with methylene chloride. Place on a hot water bath 
(80-90° C) so that the concentrator tube is partially immersed in the hot water and the lower rounded surface 
of the evaporative flask is bathed with hot water vapor. Expose as much surface area of the flask to the va­
por as possible. 
10.5.4 Adjust the vertical position of the apparatus and the water temperature to complete the concentra-
tion in 10-15 minutes. 
10.5.5 Concentrate to an approximate volume of 4 mL. Allow the extract to cool and drain for at least 10 
minutes. At no time should the extract be allowed to go to dryness throughout the concentration procedure. 
Should the extract go to dryness, restart the extraction from the beginning if sample is available. Otherwise, 
clearly note in extraction log and file a Corrective Action Form notifying the Project Manager and Supervi­
sor. 

10.6 K-D Solvent Exchange 
10.6.1 After cooling, momentarily remove Snyder Column and add approximately 50 mL of hexane and 
a fresh boiling chip. Replace column and continue concentration. 
10.6.2 Place the apparatus on the steam batli to complete the concentration in 5 to 10 minutes. 
10.6.3 When the apparent volume of liquid reaches approximately 4 mL, remove the K-D apparatus from 
the bath and allow the K-D apparatus to drain and cool for approximately 10 min (or longer).Adjust the ex­
tract volume to 10 mL with hexane. 
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10.6.4 If during concentration, solvent vapor stops escaping from Snyder column before the final volume 
is reached, the extract contains large concentrations of higher boiling constituents. Concentration should be 
stopped and the extract brought to the next higher 5-mL level. Final volume must be noted in the soils 
preparation logbook. 

I 

10.6.5 If a significant amount of sediment appears in the concentrated extract, it should be centrifuged 
for 5 minutes. Decant the solvent into a 10-mL concentration tube and bring up to 10 mL final volume with 
hexane. Note this step in the logbook. 
10.6.6 Transfer approximately 2 mL of extract into two, 1-mL screwtop vials with PFTE caps. 

10.7 Tnrbovap Concentration Procedure (alternative to K-D procedure) 
10.7.1 Quantitatively transfer sample from jar to Zymark Turbovap tube rinsing with 20-30 mL methyl-
ene chloride to complete the transfer. 
10.7.2 Place in Turbovap, set at 38° C to 45° C with a gentle stream of nitrogen. Concentrate to I mL 
(or nearest 5 mL if evaporation/concentration can not be brought down to 1 mL). 

10.8 Turbovap Solvent Exchange Procedure 
10.8.1 Add a minimum of 10 mL hexane to sample in Turbovap tube. 
10.8.2 Place in Turbovap, set at 38° C to 45° C with a gentle stream of nitrogen. Concentrate to 1 mL (or 
nearest 5 mL if evaporation/concentration can not be brought down to I mL). 
10.8.3 Bring to 10 mL with Hexane. Record the final volume in the notebook. 
10.8.4 Add approximately lg activated copper to one of the 1-mL vials and vortex for 15 minutes. Ifno 
reaction, remove from vortex, ifthere is a reaction (dark or cloudy precipitate) vortex for an additional 15 
minutes. 
10.8.4.1 If sample is for pesticide only. stop and deliver entire batch of extracts to the instrument lab. 
10.8.4.2 If samples are for PCB only, then add 250 µL of H20 4 to vial and vortex for I minute. 
10.8.4.3 If samples are for pesticide and PCB, transfer one-half of the copper-treated extract into an addi­
tional screwtop vial and add 250 µL ofH20 4 to the additional vial only. Vortex for I minute. 
10.8.4.4 Deliver the entire batch of extracts to the instrument lab. 

Instrument Maintenance 
Table 10-1 

ROUTINE MAINTENANCE PROCEDURES 

Equipment/ 
Instrument Svmptom Operation Freouencv 

Check power/ see Senior Scien- I 
Sonicator Not disruntinll: sample tist before adiusting As necessarv 

i 
Water Bath I Not heating Renlace coils As necessarv 

·i Revision: 5 I Status: Final : Method: SW-846, 3550B I Minor Revision Date: None 

11.0 DATA REDUCTION/EVALUATION/REPORTING 
NA 
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12,0 QUALITY CONTROIJQUALITY ASSURAi~CE/CORRECTIVE ACTION 
R outine Qualitv Control Samples 

Table 12-1 

ROUTINE QUALITY CONTROL SAi'\fPLES 

QC Type Frequency Preparation Instructions 

Method Blank One per 20 or fewer sam- Approx. 30 g of sand 
nles nrenared in a batch 

Pesticide Matrix i One per 20 or fewer sam- Add 1.0 mL of 808 lA pesticide spike solution to 30 g 
Snike !MS) i nles nrenared in a batch Samu le 
Pesticide Matrix ! With every matrix spike • Prepare as the matrix spike 
Spike Duplicate for pesticide i 
IMSDl 
Pesticide Labo- One per 20 or fewer sam- ' Add 1.0 mL of a pesticide spike solution to 30 g sand 
ratory Control I pies prepared in a batch 

I Sample (LCS) 

Surrogate To each sample and QC Add 1.0 mL of 808 lA pesticide/ PCB Surrogate solu-
! sample (blank, MS, MSD, ! tion 

LCS) 
PCB Matrix I One per 20 or fewer sam- ! 1.0 mL AR1660 PCB Spike to 30 g sample 
Spike (MS) pies in a batch requiring 

• PCB QC 
PCB Matrix ! With every PCB MS i Same as Matrix Spike 
Spike Duplicate i 

!MSD) 
PCB Laboratory One per 20 or fewer 

I 

1.0 mL ARl660 PCB Spike to 30 g sand 
Control Sample samples in a batch for 

i 

(LCS) PCB 
Revision: 5 I Status: Final I Method: SW-846. 3550B I Minor Revision Date: None 

13.0 
13.1 
13.1.1 
tracted. 

SPECIAL PROJECTS REQUIREMENTS 
Griffiss 
When analyzing pesticide and PCB both pesticide MS/MSD and PCB MS/MSD must be ex-

13.2 AFCEE - General Requirements 
13.2.1 Batching 
13.2.1.1 An AFCEE analytical batch is the environmental samples that are similar in composition (matrix) 
and are prepared at the same time and with the same lot of reagents. 
13.2.1.2 A batch is not to exceed 20 samples. The sample duplicate, MS, MSD are considered an 
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13.2.2 Laboratory Control Sample 

SOP Number: EXT.19 
Revision No.: 5 
Last Annual Review Date: 9/27 /99 
Minor Revision Date: None 
Page: 9 of 9 

13.2.2.1 Laboratory Control Sample for solid must be prepared using Ottawa sand unless a variance was 
obtained. 
13.2.2.2 The LCS must be prepared from second source materials 
13.2.2.3 The LCS must contain all single component target analytes unless noted differently under specific 
method requirements or a variance was obtained (see Table 13-1). 
13.2.2.4 The LCS must be spiked at a concentration ,;; midpoint of the calibration curve for each analyte 
unless a variance was obtained. 
13.2.3 Matrix Spike/Matrix Spike Duplicate 
13.2.3.1 The MS and MSD must be spiked at a concentration ,;; midpoint of the calibration curve for each 
analyte unless a variance was obtained. 
13.2.3.2 AFCEE samples must be used for spiking. 
13.2.3.3 If insufficient sample prevents use of Navy samples for MS/MSD, prepare a duplicate LCS. 
13.2.3.4 Ottawa sand must be used as the solid matrix to prepare the solid LCS. 
13.2.3.5 A batch is 20 environmental samples. These 20 samples include the MS/MSD or MS/MD. 

13.3 U.S. Army Corps of Engineers (ACE) 
Method Quantitation Limit (MQL) is between 3-10 times MDL. The low calibration standard concentration 
must be 2:;3 times MDL. The Method Reporting Limit (MRL) may slide between two times the MDL and 
project specific or regulatory requirements. The MRL may be higher or lower than the MQL. Results be­
low the MQL must be reported as estimated (J flagged). 

14.0 SAMPLE DISPOSAL 
See SOP A.IO for Waste Disposal. 

15.0 EXAMPLE FORMS 
NA 
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LO SCOPE AND APPLICATION 
1.1 This Standard Operating Procedure (SOP) describes the procedure for identifying and quantifying 
polychlorinated biphenyl compounds in surface waters, groundwater, soils, sediments, and oils by a gas 
chromatographic procedure. This method may be expanded to include 19 PCB congeners. 

2.0 METHOD SUMMARY 
2.1 Extracts of water or soil samples (SOP EXT.4 or EXT.19) or dilutions of oils for PCB are analyzed 
on a gas chromatograph equipped with capillary columns and electron capture detectors. The GC is cali­
brated by injecting 5 levels of the analytes of interest and measuring response. An aliquot of a sample 1s 
injected into the GC and quantitatJve analysis is performed on the resulting chromatogram by comparing 
sample response to standard response. Qualitative Confirmation is accomplished by simultaneously iniect· 
ing onto a second column. 
2.2 The following deviations from the method are taken. 
2.2.l The target list of compounds usually reported by this method are listed in table 11-1. This SOP does 
not cover use of this r,nethod for specific PCB congeners. 
2,2,2 Minor changes in chromatographic conditions may be used to optimize separation and sensitivity. 
2.2.3 DCB is the primary surrogate, TCMX is a secondary surrogate. 
2.2.4 Due to the likelihood that one or more surrogates may be interfered with, the following criteria are 
applied. 
2.2.4.l DCB in Laboratory Control Samples and method blanks must be recovered within m-house limits. 
2,2.4.2 DCB recovery will be determined for all samples; if recovery is outside in-house limits, TCMX re· 
coveries will be evaluated and reported. 
2.2.4,3 Cases where both DCB and TCMX recoveries fail to meet criteria, and matrix effects are not evi­
dent, will require re-extraction and reanalysis of affected samples. 

3.0 HEALTH AND SAFETY 
3.1 All employees should protect themselves at a minimum with safety glasses, protective gloves, and a 
lab coat. For more information see the E & E, Inc., Analytical Services Center Chemical Hygiene Plan lo­
cated in the QA Library Island shelf 2. 
3.2 Pollution Prevention - Purchase chemicals based on expected usage, shelf life, and disposal cost. 
Prepare standard volumes on anticipated usage. Make appropriately sized dilutions and use serial dilutions 
where practical. 

4.0 REFERENCES 
4.1 Training SOP QA.5, A.23. and A.29. 
4.2 Data Review SOP A.25. 
4.3 Laboratory Quality r\ssurance iv1anuaL 
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4.4 MDL SOP A.18. 
4.5 Corrective Action Procedure, QA. I. 

SOP Number: GC. 73 
Revision No.: 0 
Last Annual Review Date: 5111/99 
Minor Revision Date: 8/19/99 
Page: 2 of 15 

4.6 SW-846 3rd Edition, Update III, June 1997, Methods 8000B, 8082, 3660B, 3665A. 
4.7 Use checklist C-055 for analyst and peer review. 

5.0 DEFINITIONS/ACRONYMS 
5.1 MDL - Method Detection Limit as determined by 40 CFR Part 136, Appendix B. Method detection 
limits must be determined yearly for both water and soil matrixes. See SOP A.18 for procedure. 
5.2 PQL - Practical Quantitation Limit is the concentration above the MDL which can be 
reasonably obtained and is used as the limit ofreporting (Table !). 
5.3 TCMX - Tetrachlorometaxylene. 
5.4 DCB - Decachlorobiphenyl. 

6.0 INTERFERENCES/POTENTIAL PROBLEMS 
6.1 Phthalates may cause false positives. Care should be exercised to reduce exposure of samples to 
plastics. 
6.2 Elemental Sulfur - if present in the samples, may cause interferences. Sulfur clean-up using mer-
cury may be required. Refer to Section 10.5.4. 
6.3 Heavy baseline and organics in samples may be cleaned up using acid-partitioning. Refer to Section 
10.5.5. 

7.0 INSTRUMENTATION AND EQUIPMENT 
• Varian 3400 or Hewlett Packard 5890 equipped with electron capture detector and autosampler 
• PE Nelson data system with TURBO*CHROM Software 
• Restek RTX-5, 30 m column x 0.53mm 1.0 µm film (or equivalent) 
• Restek RTX-35, 30 m column x 0.53mm 0.5 µm film (or equivalent) 
• Volumetric Flasks, Fisher or equivalent 
• Gastight Syringes, Krackler or equivalent 
• Screwcap vials with Teflon-lined septa, Krackler or equivalent 
• Disposable wiretrol pipettes, Krackler, Restek or equivalent 

8.0 REAGENTS AND MATERIALS . 
Table 8-1 

SUMMARY OF STAl\'DARD AND REAGENTS 
I Descri11tion I Source Concentration 
I ARI0!6/1260 MIX I Restek or equivalent 1000 11<>/mL each 

AR !254MIX I Restek or equivalent 1000 u~/mL i 

AR 1248 MIX I Restek or equivalent I 1000 11 "lmL I 
AR !242MIX ! Restek or equivalent I 1000 uglmL 
AR 1232MIX I Restek or equivalent I 1000 µg/mL 
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Table 8-1 

SOP Number: GC.73 
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Last Annual Review Date: 5/11/99 
Minor Revision Date: 8/19/99 
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SUMMARY OF STANDARD AND REAGENTS 
Description Source Concentration 

AR 1221 MIX Restek or equivalent I 1000 11gjmL 
Pesticide Surrogate Mix , Restek or equivalent 2000 µg/mL TCMX 

I and 2000 urr/mL DCB 
Copper 30-40 Mesh \ Supelco Neat 

Revision: 0 I Status: Final I Method: 8082 I Minor Revision Date: 8/19/99 

8.2 Standard Solution Preparation 
8.2.1 All stock solutions commercially obtained shall be certified. Certificates are to be kept on file for all 
stocks received. All stocks and standards are to be stored at 2 - 6 C or lower. 
8.2.2 Stock standards expire one year from the date opened, unless an earlier vendor supplied expiration 
date supercedes. 
8.2.3 Working standards expire six months from date prepared unless expiration is superceded by stock 
expiration. 
8.2.4 Unopened stock standards expire or per vendor-specified date if not provided (2) years from Date of 
Receipt. 

Table 8-2 

STANDARD AND REAGENT PREPARATION 
Amount of Stock --

Standard Name Stock Diluted To Fiual Concentration 
Pest. Surr. Int. Pesticide Surrogate 

Mix 250 µL to 50 mL Hexane 10 µg/mL 
AR1660L AR1016/1260 Mix 2.5 µL plus 

I Pest Surr. Int 25 uL to 50 mL Hexane See Table 8-3 

I AR1660ML AR 1016/1260 Mix 5 µL plus 
Pest Surr. Int 50 µL to 50 mL Hexane See Table 8-3 

AR1660M AR1016/1260 Mix 10 µL plus 
Pest Surr. Int 100 uL to 50 mL Hexane See Table 8-3 

AR1660 MH AR1016/l260 Mix '20 µL plus 

•' Pest Surr. Int 200 uL to 50 mL Hexane See Table 8-3 
AR1660H AR1016/1260 Mix 50 µL plus 

I Pest Surr. Int 500 µL to 50 mL Hexane See Table 8-3 

I [! AR1254L AR1254 Mix 2.5 µL plus j 
Pest S urr Int 25 µL to 50 mL Hexane See Table 8-4 ' 

ARl254ML AR1254 Mix 5 µL plus 
Pest Surr Int 50 uL to 50 mL Hexane See Table 8-4 

AR1254M AR1254 Mix 110 uL olus 
Pest Surr Int I 100 µL to 50 mL Hexane See Table 8-4 
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STANDARD AND REAGENT PREPARATION 
Amount of Stock --

Standard Name Stock Diluted To Final Concentration 
AR1254MH AR1254 Mix 20 µL plus 

Pest Surr Int 200 uL to 50 mL Hexane See Table 8-4 
AR1254H AR1254Mix 50 µL plus 

Pest Surr Int 500 uL to 50 mL Hexane See Table 8-4 
AR1221L AR1221 Mix 5 µL plus 

Pest Surr Int 25 µL to 50 mL Hexane See Table 8-5 
AR!221ML AR1221 Mix JO µL plus 

Pest Surr Int 50 µL to 50 mL Hexane See Table 8-5 
AR1221M AR1221 Mix 20 µL plus 

Pest Surr Int 100 µL to 50 mL Hexane See Table 8-5 
AR1221MH AR1221 Mix 40 µL plus 

Pest Surr Int 200 µL to 50 mL Hexane See Table 8-5 
AR1221H AR1221 Mix 50 µL plus 

Pest Surr Int 500 uL to 50 mL Hexane See Table 8-5 
AR1232L AR1232 Mix 2.5 µL plus 

Pest Surr Int 25 uL to 50 mL Hexane See Table 8-6 
AR1232ML AR1232 Mix 5 µL plus 

Pest Surr Int 50 µL to 50 mL Hexane See Table 8-6 
AR1232M AR1232 Mix JO µL plus 

Pest Surr Int 100 µL to 50 mL Hexane See Table 8-6 
AR1232MH AR1232 Mix 20 µL plus 

i Pest Surr Int 200 µL to 50 mL Hexane See Table 8-6 
AR1232H AR1232 Mix 50 µL plus 

Pest Surr Int 500 uL to 50 mL Hexane See Table 8-6 
AR1242L AR1242Mix 2.5 µL plus 

Pest S urr Int 25 uL to 50 mL Hexane See Table 8-7 
I AR1242ML ARl242 Mix 5 µL plus 

[Pest Surr Int 50 uf to 50 mL Hexane See Table 8-7 

I 
ARl242M AR1242Mix JO µL plus 

Pest Surr Int JOO µL to 50 mL Hexane See Table 8-7 
AR1242MH jAR1242Mix 20 µL plus 

,Pest Surr Int 200 µL to 50 mL Hexa.rie See Table 8-7 
AR1242H \AR1242 Mix 50 µL plus 

I !Pest Surr Int 500 µL to 50 mL Hexane See Table 8-7 
AR1248L IAR1248 Mix 2.5 µL plus 

I Pest Surr Int 25 uL to 50 mL Hexane See Table 8-8 
I AR1248ML IAR1248 Mix 5 µL plus 

I 
Pest Surr Int 50 uL to 50 mL Hexane See Table 8-8 

AR1248M AR1248 Mix JO µL plus 
i !Pest Surr Int I 00 uL to 50 mL Hexane See Table 8-8 
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Table 8-2 

STANDARD AND REAGENT PREPARATION 
Amount of Stock --

Standard Name Stock Diluted To Final Concentration 
AR1248MH AR1248Mi:x 20 µL plus 

Pest Surr Int 200 uL to 50 mL Hexane See Table 8-8 
AR1248H ARl248Mix 50 µL plus 

Pest Surr Int 500 µL to 50 mL Hexane See Table 8-8 
Revision: 0 Status: Final I Method: 8082 I Minor Revision Date: 8/19/99 

Table 8-3 

COMPONENTS AND CALIBRATION CONCENTRATIONS OF AR 1660 
U!!/mL 

Compound AR1660L 1ARI660ML AR1660M AR1660MH AR1660H 
TCMX 0.005 0.010 0.020 0.040 0.100 
AR1016 0.050 0.100 0.200 0.400 1.000 
ARl260 0.050 0.100 0.200 0.400 1.000 

DCB 0.005 0.010 0.020 0.040 0.100 
Revision: 0 I Status: Final ' Method: 8082 I Minor Revision Date: 8/19/99 

Table 8-4 

AR1254 CALIBRATION LEVELS 
mi/mL 

Compound AR1254L AR1254ML AR1254M AR1254MH AR1254H 
TCMX 0.005 0.010 0.020 0.040 0.100 

AR1254 0.050 0.100 0.200 0.400 1.000 
DCB 0.005 0.010 0.020 0.040 0.100 

Revision: 0 I Status: Final I Method: 8082 i, Minor Revision Date: 8/19/99 

Table 8-5 

FINAL CONCENTRATIONS fllv/mL) OF AR1221 - 5-POINT CALIBRATON 
Level 

Compound Low Med.Low Med ~led Hi!rh Hi!!h I 

TCMX 0.005 0.010 0.020 0.040 0.100 
AR1221 0.100 0.200 0.400 0.800 1.000 

DCB 0.005 0.010 0.020 0.040 0.100 
Revision: 0 ! Status: Final I Method: 8082 ! Minor Revision Date: 8/19/99 I 
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FL"!AL CONCENTRATIONS (µg/mL) OF AR1232 - 5 POINT CALIBRATION 
Level 

Comnound Low Med.Low Med Med High High 
TCMX 0.005 0.010 0.020 0.040 0.100 
AR1232 0.050 0.100 0.200 0.400 1.000 

DCB 0.005 0.010 0.020 0.040 0.100 
Revision: 0 I Status: Final I Method: 8082 I Minor Revision Date: 8/19/99 

Table 8-7 

FINAL CONCENTRATIONS fo<>imL) OF AR1242 - 5 POINT CALIBRATION 
Level 

Compound Low Med.Low Med Med High High 
TCMX 0.005 0.010 0.020 0.040 0.100 

AR1242 0.050 0.100 0.200 0.400 1.000 
DCB 0.005 0.010 0.020 0.040 0.100 

Revision: 0 I Status: Final I Method: 8082 j Minor Revision Date: 
I 8/19/99 

Table 8-8 

FINAL CONCENTRATIONS ln<>imL) AR1248 - 5 POINT CALIBRATION 
Level 

Compound Low Med.Low Med Med Hi!!b Hi!!b 
TCMX 0.005 0.010 0.020 0.040 0.100 

AR1248 0.050 0.100 0.200 0.400 1.000 
DCB 0.005 0.010 0.020 0.040 0.100 

Revision: 0 I Status: Final Method: 8082 I Minor Revision Date: 8/19/99 
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9.0 PRESERVATION, CONTAINERS, HANDLING, Acl\;1) STORAGE 
H Id T 0 mg ime 

Table 9-1 

HOLDING TIMES 

Preparation Analysis ' Container Type and 
Matrix Client/Proiect mavs) roavs\ 

ii 

Preservative 

Standard Seven (7)for The PCB extracts from ' Extracts are stored in a 
Water or water; sample preparation are secure area (Sample Cus-
Solid fourteen (14) to be analyzed within tody) in a separate refrig-

for soil. 40 days from extraction erator from original sarn-

' date. pies at 2-5°C. 
NYSDEC Five for water ! The PCB extracts from Extracts are stored in a 

Water or and soils from sample preparation are secure area (Sample Cus-
Solid verified time to be analyzed within tody) in a separate refrig-

of sample re- 40 days from extraction erator from original sarn-
ceipt. date. pies at 2-5°C. 

Revision: 0 I Status: Final I Method: 8082 I Minor Revision Date: 8119199 

10.0 PROCEDURE 
10.1 Apparatus Setup 
10.1.l The GC is equipped with two columns connected by a "Y" connector to one injection point and 2 
electron capture detectors. 
10.1.2 The carrier gas flow and temperature profile may vary somewhat to optimize analytical separation. 
10.1.3 Recommended temperatures are set as follows: Injector= 200°C; Detector= 300°C Temperature 
program: Column Initial= 150°C. Initial Hold= 1.0 min. Column Rate= 5°C/min. Column Final= 280°C. 
Final Hold= minimum of I 0 minutes and may be extended due to presence of late-eluting compounds in 
extracted samples. 
10.1.4 The autosampler iniects 2.0 µL of sample extract into each GC column. (i.e., 4 µL total injection). 
10.1.5 Transfer of extracts to instrument autosampler vials shall be accomplished with disposable pipettes 
or graduated Wiretrol micropipettes. 

10.2 Establishing Retention Time Windows 
10.2.1 Make three injections of mid level Aroclor 1016/1260 standard over 72-hour period. 
10.2.2 Calculate the multicomponent retention time wmdows based on five peaks of the Aroclor 1016/1260 
mixture. The windows will apply to all multicomponents. Pattern recognition is still the primary means of 
identification. 
10.2.3 The retention time window is defined as plus or minus 3 times the standard deviation from the re­
tention time of the initial mid-level standards in the contmuing calibration sequence. However, analyst ex­
perience should weigh heavily. Pattern recognition should primarily be used for multi-response products. 
I 0.2.4 Retain this data so that it can be easily retrieved. 
10.2.5 To facilitate analyte identification, the retention time windows are set as percentages(±% realtime 
of daily calibration) into the data system. These values are slightly wider than calculated windows. 
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10.3 Initial Calibration 
10.3.l Compound list and Quantitation Limits (Table 11.1 ). 

SOP Number: GC. 73 
Revision No.: 0 
Last Annual Review Date: 5/11199 
Minor Revision Date: 8119199 
Page: 8 of 15 

10.3.2 Analyze an instrument blank (hexane) to verify the analytical system is clean (no target com­
pounds are present greater than the quantitation limit) before Standards. 
10.3.3 The initial calibration of PCBs is performed at the five levels identified with suffix L, ML, M, MH 
and H (see Tables 8.3 - 8.8.). See Table 10-1 for specific calibrations. Calibration standards are identified 
with a suffix L, ML, M MH, and H. 
10.3.4 Each instrument is calibrated for all PCBs. Subsequent initial calibrations for PCBs only require 
five-point calibration for AR1660 and any suspected (based on-site history or screening) or spiked PCB. 
Should any additional PCB be detected, or suspected, calibration must be verified for that Aroclor. If not 
verified, new initial calibration must be done for that Aroclor. 
10.3.5 Note: Hexane ~ Instrument blank 

Table 10-1 

INITIAL CALIBRATION SEOUENCE 
HEXANE 
AR1660L 

AR1660ML 
AR1660M 

AR1660MH 
AR1660H 
AR1254L* 

AR1254ML* 
AR1254M* 

AR1254MH* 
AR1254H* 
ARl221M* 
AR1232M* 
AR1242M* 
AR1248M* 

*See 10.3.4, Following 1660 calibration, the instrument 
is calibrated for any additional suspected or identified PCBs. 

10.3.6 Inject 2.0 µL per column (i.e., 4 µL total injection) of each calibration standard. Tabulate area re­
sponses against the mass injected. The results are used to prepare a calibration curve for each analyte. 
10.3.7 If the linear correlation coefficient is <:0.995, linear curve may be used for quantification. 
10.3.8 If< 0.995, calculate the correlation coefficient of a second order curve. If the correlation coefficient 
is >0.995, use this second order curve for quantitation of the compound of interest. Additional concentration 
levels of standards are required for higher order curves. Refer to Method 8000 for guidance. 
10.3.9 Alternatively, if the percent relative standard deviation is less than 20%, linearity through the origin 
is assumed and the mean calibration factor of the 5 point calibration curve can be used for quantitation of 
samples. The initial calibration may be acceptable if some analytes have an RSD greater than 20 percent so 
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long as the mean of all the RSD values is less than 20 percent. If these conditions are met, then the com­
pounds individual mean response factor may be used. Average response factor is the preferred method of 
quantitation. 
10.3.10 Calculate the ratio of the response to the amount injected, defined as the calibration factor (CF), for 
each analyte at each standard concentration. 

C l
'b . u (C'F) Total Area of Peaks* al ration ractor =-------------

Mass Injected (in nanograms) 

*Use the total area of the 5 largest peaks for quantitation. The number and specific peaks may need to be 
adjusted, depending if sample matrix interferences or pattern weathering exists (see Section 11.2). 

10.3.11 Calculate the % Relative Standard Deviation (%RSD) of the calibration factors for the 5-point initial 
calibration using the following equation: 

Stan Jard Deviation 
%RSD = •100 

Mean Calibration Factor 

10.3.12 Quantitation of samples must continue to be done using the procedure initially used. 
10.3.13 When PCBs other than 1016 or 1260 are unexpectedly found at a given site, standard curves for 
those analytes must be run and checked against samples for pattern recognition. If positively identified, 
calibration must be established before samples can be quantified. 
10.3.14 Following each initial calibration, analyze a reference standard from a second source to verify the 
curve. The curve is deemed acceptable provided the reference standard calibration is within 15% difference 
of the mean calibration factor or 15% of the theoretical concentration, dependent on which means of quan­
titation will be used for analysis. 

10.4 Calibration Verification 
10.4.l The working calibration curve or calibration factor must be verified at the beginning of the analyti­
cal sequence, and if a lapse in time> 12 hours, has occurred from last continuing standard. 
10.4.2 An instrument blank (hexane) is run to verify that the analytical system is clean (no target com­
pounds are present > PQ L). 
10.4.3 A calibration check standard equivalent to the mid-level calibration standard must be analyzed at the 
beginning of the analytical sequence and after no more than every twenty samples. Use ARJ016/l260 mid­
level (AR1660M). 
10.4.4 The quantitation method used must be the same throughout the analytical run. 
10.4.4.1 If the mean calibration factor is used for quantitation. then the calibration factor must be,; 15% 
difference (Section 10.4.6) from the mean calibration factor. 
l 0.4.4.2 If the regression curve is used for quantitating, then the concentration of the calibration check 
standard must be,; 15% drift (Section 10.4.6) from the theoretical concentration (i.e. 85 - 115% recovery). 
10.4.5 If any analyzed sample is found to have other PCBs and an initial five point calibration and/or con­
tinuing standard was not performed for that compound, the sample must be reanalyzed under an acceptable 
calibration. 
10.4.6 Calculate% Drift and% Difference using the equations below. 
When using a curve: 
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%Drift 
CalculatedConcentration -Theoretical Concentration• IOO 

Theoretical Concentration 

When using mean calibration factor: 

O/ D;r1: CF Verification Standard CF• IOO 
10 91 erence:::::: ------------

CF 

10.5 Sample Analysis 
10.5.1 Once a successful initial calibration is complete, the primary analytical daily or batch sequence may 
begin (See table l 0-2). 

Table 10-2 

Daily Calibration Seanence 
Instrument Blank 
1660 M 
1254 Mor alternate PCB as needed. 
1242 Mor alternate PCB as needed. 
Other PCB' s as needed. 
Samples not to exceed 20. 
Recommended- JO. 
Aroclor 1660 M. 
Samples, not to exceed 20, 10 recommended. 

1 
Alternate mid-level Aroclor. 

I' Samples, not to exceed 20, 10 recommended. 
Aroclor 1660 M. 

10.5.2 After every 20 samples or less, a 1660 mid level standard is analyzed. 
If any PCB is detected in a sample at a level which exceeds the linear range of the calibration curve, the 
sample must be diluted to within the calibrated range. 
10.5.2.1 Instrument blanks (hexane) may be interspersed throughout the analytical run to check for carryo­
ver or when the system is run unattended (autosampler). 
10.5.2 Additional instrument blanks may be run after suspect samples or before standards to help eliminate 
matrix carry over. 
10.5.3 Peak detection is prevented by the presence of elemental sulfur. The samples are copper treated to 
remove sulfur. 
10.5.4 The copper cleanup of sample extracts is as follows: 
Transfer an aliquot (1.0 mL) of sample extract to a clean autosampler vial. Add 0.5 - 1.5 grams of copper. 
Tighten the top on the vial and agitate the sample for 30 seconds. Centrifuge the extract if needed. Transfer 
the extract to another vial. leaving behind all solid precipitate and liquid mercury. If the mercury appears 
shiny, analyze the extract. If the mercury turns black, repeat sulfur removal as necessary. CAUTION: 
Mercury is a highly toxic metal and therefore must be used with great care. Waste containing mercury 
should be segregated and disposed of properly. All clean-up must be done in a fume hood. 
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10.5.5 Samples exhibiting matrix interferences can be further cleaned up using sulfuric acid. 
10.5.5.1 Transfer 0.5-1 mL of extract into a clean vial. Add approximately 0.5 mL of concentrated sulfu­
ric acid. 
10.5.5.2 Vortex I 0 seconds. Let settle, transfer portion of hexane extract to either autosampler vial for 
analysis or additional treatment with sulfuric acid if still highly colored. 

10.6 Confirmation Analysis 
10.6.1 Confirmation is not required by Method 8082. 
10.6.2 If required by the client, a PCB is confirmed as present if the recognizable pattern is present on 
the confirmation column. 
10.6.3 The confirmation analysis is qualitative only. 

Instrument Maintenance 

Table 10-3 

ROUTINE MAINTENANCE PROCEDURES 

II ~1quipment/ nstrument Symptom Oueration Freauencv 

V3400/HP5890 Retention time shift Change sentum Dailv I or as needed) 
Bake out column, detector 

V3400/HP5890 High baseline As needed 

I Replace detector; replace column 
V3400/HP5890 I Non-linear calibration As needed 

Revision: 0 I Status: Final I Method: 8082 I Minor Revision Date: 8/19199 

11.0 DATA REDUCTION/EVALUATION/REPORTING 
11.l If quantitating from a linear curve, the equation below is provided as a manual check. 

where: 

Concentration =mg/kg, µg/L=l y-b l Vt• Df 
L m JS 

y Area of target analyte from initial curve, 
b = Intercept (area), 
m Slope (area /[µg/mL]), 
S Mass of soil sample extracted in grams (g) or (volume of water sample extracted in liters L), 
Vt Final volume of the extract in milliliters (mL). 
Df = Dilution factor. The dilution factor equals µL of extract used to make dilution + µL 

clean solvent used to make dilution divided by µL of extract used to make dilution. 

11.2 Due to weathering effects or matrix interference, it is not always possible to quantitate samples using 
the same 5 peaks used in calibrating. All samples must be quantitated using a minimum of 3 peaks for each 
PCB and these same peaks from the calibration must be used to calculate concentrations. Peaks used for 
quantitation must be clearly identified on chromatograms of standards and samples. 
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Target Compounds and Reporting Limits 
Table 11-1 
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TARGET COMPOUNDS/ANALYTES AND QUANTITATION LIMITS 

PQL 
Compound/ Analyte Type Soil (µg/kg) I Wat er (µg/L) 

Aroclor-1016 T I 20 ! 0.50 
Aroclor-1221 T 40 1.0 
Aroclor-1232 T 20 i 0.50 
Aroclor-1242 T 

• 
20 

• 
0.50 

Aroclor-1248 T ' 20 I 0.50 
Aroclor-1254 T 20 i 0.50 
Aroclor-1260 T i 20 I 0.50 
TCMX Q I NA I NA 
DCB Q NA ' NA ' 

Revision: 0 I Status: Final I Method: 8082 I Minor Revision Date: 8/19/99 

Key Type: 

NA = Not applicable. 
T = Compound/analyte is target compound routinely reported. 
M Compound/analyte is listed in the method but is not routinely reported by E & E. 
C Compound/analyte is specified by the client and can be analyzed under this method. 
S Compound/analyte is routinely used as a matrix spike (MS). 
L Compound/analyte is routinely used as a LCS spike (LCS). 
Q Compound/analyte is used as a surrogate spike (SUR). 

Table 11-1.1 

TARGET COMPOUNDS/A,,"iALYTES AND QUANTITATION LIMITS (WIPES) 

POL 
Compound/ Analyte Type µg/Wipe 

Aroclor-1016 T 1.5 
Aroclor-1221 T 3.0 
Aroclor-1232 T 1.5 
Aroclor-1242 T 1.5 
Aroclor-1248 T 1.5 
Aroclor-1254 T 1.5 
Aroclor-1260 T 1.5 
TCMX Q NA 
DCB Q NA 
Revision: 0 ! Status: Final ! Method: 8082 ! Minor Revision Date: 8/19/99 
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Key Type: 

T Compound/analyte is target compound routinely reported. 
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M Compound/analyte is listed in the method but is not routinely reported by E & E. 
C Compound/analyte is specified by the client and can be analyzed under this method. 
S Compound/analyte is routinely used as a matrix spike. 
L Compound/analyte is routinely used as a LCS spike. 
Q Compound/analyte is used as a surrogate spike. 

12.0 QUALITY CONTROL/QUALITY ASSURANCE/CORRECTIVE ACTION 
12.1 Refer to the Quality Control Table below and the following sections for corrective actions. 
12.2 Each sample is spiked with the surrogates DCB and TCMX. The DCB is the primary surrogate. 
Calculate its recovery. If peaks interfere with DCB, TCMX should be evaluated for acceptance. Proceed 
with corrective action when two surrogates are out oflimits for a sample. 
12.3 The sample is to be reextracted and reanalyzed unless it can be documented (chromatogram) that 
factors such as matrix effects are responsible. A corrective action report must be filed. 
12.4 If any quality control criteria cannot be met, but the problem is correctable, the sample(s) affected 
must be reanalyzed. 
12.5 Data that must be submitted with out of control events must be accompanied by a corrective action 
report. 
12.6 If any criteria cannot be met, but the problem is correctable, the sample(s) affected must be reana­
lyzed. 

Table 12-1 

ROUTINE I >UALITY CONTROL SAt'YIPLES 

Acceptance Corrective 
QC Type Freqnency Criteria Action 

Method Blank 1 per preparation PQL Reanalyze samples having con-
batch of 20 or centrations > Quantitation limits. 
fewer samples. 

Matrix Spike l per preparation Project requirements if Project requirements if any, other-
(MS) batch of20 or specified wise evaluate results in conjunction 
Matrix Spike Du- fewer samples. with other QC information to de-
plicate (MSD) !ermine the effect of the matrix on 

the bias of the analysis. Comment 
in narrative if annropriate. 

Laboratory Con- l per extraction See control limit sum- Notify Project Manager immedi-
trol Sample batch of 20 or mary, 8082 ately. Re-extract and reanalyze the 
(LCS) fewer samples. entire batch. 

LCS Duplicate Client Specified Client specified Client specified 
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ROUTI.l'l'E 4 lUALITY CONTROL SAMPLES 

Acceptance Corrective 
QC Type Frequency Criteria Action 

Surrogate Every sample, See Control Limit Re-extract batch for blank or LCS 
(SUR) blanks and QC. Summary, 8082. failure. 

DCB must meet ac-
ceptance limits for 
method blanks and 
LCS samples. 
At least 1 surrogate Re-extract affected sample(s) un-
must meet criteria in less matrix effect is evident from 
samples. chromato=m. 

Revision: 0 Status: Final I Method: 8082 I Minor Revision Date: 8/19/99 

Table 12-2 

CONTROL CHARTED OUALITY CONTROL SAMPLES, (WIPES) 
OCType Aualvtes Charted Matrix Charted 

MS/MSD Per client Soil, Water 
Analytes per customer 

LCS reauest Soil, Water 
Surrot>:ate (SUR) DCB Soil, Water 
Secondarv Surrogate (SUR) TCMX Soil, Water 
Revision: 0 I Status: Final I Method: 8082 I Minor Revision Date: 8/19/99 

Table 12-2.1 

CONTROL CHARTED QUALITY CONTROL SAMPLES, (WIPES) 

QC Type Aualvtes Charted Matrix Charted 

Surrogate DCB Wine 
Revision: 0 I Status: Final i Method: 8082 I Minor Revision Date: 8/19/99 

G2 1\LMSRV1\LAB0RATORY\SOPs1Final\GC.GC73 ene-08/19199 4-25 PM 



Ecology and Environment, Inc. 

Table 12-3 

SOP Number: GC.73 
Revision No.: 0 
Last Annual Review Date: 5/11/99 
Minor Revision Date: 8/19/99 
Page: 15 of 15 

CRITERIA ASSIGNED TO ROUTINE OUALITY CONTROL SA1'1PLES (WIPES) 

I 
Nominal Spike Recovery 

OCTvne Matrix Analvte Amonnt (%) RPD Source 
Surrogate I Wipe DCB I 0. 6 ul!iwine 50- 150 NA Laboratory 
Revision: 0 I Status: Final I Method: 8082 I Minor Revision Date: 8/19/99 

13.0 SPECIAL PROJECT REQUIREMENTS 
Client-Specific Quality Control Requirements 
13.1 Navy 
13.1.1 All blanks analyzed by the laboratory, including instrument and method blanks, are to considered 
acceptable if they contain no target analytes at or above the MDL. 
13.1.2 A method blank, matrix spike/matrix spike duplicate (MS/MSD), and matrix-pecific laboratory 
control spike (LCS) are to be analyzed with every analytical batch. 
13.1.3 All field sample analyses must be bracketed by acceptable calibration verification. 
13.1.4 A matrix specific LCS must be included. When analyzing soil samples use sand and spike directly 
onto it. When analyzing water samples use organic-free reagent water and spike directly onto it. 
13.1.5 The matrix-specific LCS must include all surrogates and at least two analytes from each class of 
compounds. 
13.1.6 When analyzing Navy samples with other clients, the Navy samples must be spiked. 
13.1.7 If insufficient sample prevents use of Navy samples for MS/MSD, a duplicate matrix specific LCS 
must be analyzed. 
13.1.8 Matrix spikes must contain all targeted analytes. Spiking concentration must be> 10 times the 
MDL. 

13.2 AFCEE 
13.2.1 Second column must be fully calibrated and results quantitative. 
13.2.2 LCS must contain all analytes listed in AFCEE. 

13.3 U.S. Army Corps of Engineers (ACE) 
Method Quantitation Limit (MQL) is between 3-10 times MDL. The low calibration standard concentration 
must be :;:3 times MDL. The Method Reporting Limit (MRL) may slide between two times the MDL and 
project specific or regulatory requirements. The MRL may be higher or lower than the MQL. Results be­
low the MQL must be reported as estimated (J flagged). 

14.0 SA1'1PLE DISPOSAL 
14.1 See waste disposal SOP A.10. 

15.0 EXAMPLE FORMS 
NA 

END OF SOP 
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This SOP describes procedures for analysis of organic analytes by Gas Chromatography (GC). The 
procedures are based on SW-846 methodology and are applicable for measurements made to comply with 
the Resource Conservation and Recovery Act (RCRA). Individual analytes and methods are described in 
the appendices. 

2. SUMMARY OF METHOD 

In general, semivolatile analytes in aqueous samples are prepared for analysis using continuous or 
separatory funnel liquid / liquid extraction or solid phase extraction (SOP # CORP-OP-000 I) Solid 
samples are prepared using sonication, Soxhlet or pressurized fluid extraction (SOP# CORP-OP-000 l ). 
Volatile analytes are prepared for analysis using purge and trap methodology (Appendix A). 

After the initial preparation step, the sample is introduced to the GC and concentrations of target analytes 
are measured by the detector response within a defined retention time window, relative to the response to 
standard concentrations. Internal or external standardization procedures are used as specified in the 
method appendices. 

3. DEFINITIONS 

Definitions of terms used in this SOP may be found in the glossary of the Quality Assurance Management 
Plan (QAMP). 

4. INTERFERENCES 

Contamination by carryover can occur when a low concentration sample is analyzed after a high 
concentration sample. In addition, some purge and trap autosamplers are susceptible to port specific 
contamination. Co-elution of target analytes with non-targets can occur, resulting in false positives or 
biased high results. In particular, this is a problem with non-selective detectors such as the Flame 
Ionization Detector (FID). See the appendices for interferences specific to individual tests and suggested 
corrective actions. 

5. SAFETY 

5.1. Procedures shall be carried out in a manner that protects the health and safety of all Quanterra'~ 
associates. The following requirements must be met: 

Eye protection that satisfies ANSI Z87. l (as per the Chemical Hygiene Plan), laboratory coat, and 
appropriate gloves must be worn while samples, standards, solvents, and reagents are being handled. 
Disposable gloves that have become contaminated will be removed and discarded; other gloves will be 
cleaned immediately. Refer to the Quanterra"' Chemical Hygiene plan for a complete description of 
personal protection equipment. 

The health and safety hazards of many of the chemicals used in this procedure have not been fully 
defined. Additional health and safety information can be obtained from the MSDS files maintained 
in the laboratory. Specific hazards are covered in the appendices. 

5.1.1. Opened containers of neat standards will be handled in a fume hood. 

5.2. Sample extracts and standards which are in a flammable solvent shall be stored in an explosion-proof 
refrigerator. 

5.3. When using hydrogen gas as a carrier, all precautions listed in the CHP shall be observed. 
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5.4. Standard preparation and dilution shall be perfonned inside an operating fume hood. 

6. EQUIPMENT AND SUPPLIES 

An analytical system complete with a gas chromatograph is required. A data system capable of measuring 
peak area and/or height is required. Recommended equipment and supplies for individual methods are 
listed in each method appendix. 

7. REAGENTS AND STANDARDS 

7.1. Stock Standards 

Stock standards are purchased as certified solutions or prepared from pure solutions. Stock standards 
for method 802 lB are stored at -10 to -20°C. Other stock standard solutions are stored at ::;6"C. All 
stock standards must be protected from light. Stock standard solutions should be brought to room 
temperature before using. 

Semivolatile stock standard solutions must be replaced after one year. Stock standards of gases must 
be replaced at least every week, unless the acceptability of the standard is demonstrated (Less than 
20% drift from the initial calibration is an acceptable demontration). Other volatile stock standards 
must be replaced every 6 months or sooner if comparison with check standards prepared from an 
independent source indicates a problem. 

7.1.l. Expiration times for all standards are measured from the time the standard is prepared or from 
the time that the standard ampoule is opened, if the standard is supplied in a sealed ampoule. If 
a vendor supplied standard has an earlier expiration date then that date is used. 

7.2. Calibration Standards 

7.2. l. Volatile Calibration Standards 

The procedure for preparation of volatile standards is given in Appendix A. 

7.2.2. Semivolatile Calibration Standards 

Semivolatile calibration standards are prepared as dilutions of the stock standards. Surrogates 
and internal standards are used as specified in the method appendices. Semivolatile calibration 
solutions must be refrigerated at ::;6°C and protected from light. The standards must be replaced 
at least every six months or sooner if comparison with check standards indicates a problem. 

7.3. Gases for carrier and make-up: Hydrogen, Helium, Nitrogen, Argon/Methane. 

7.4. Quality control (QC) Standards 

QC standards (matrix spiking and LCS standards) are prepared and stored in the same way as 
calibration standards. They must be made from a stock independent from the calibration standards. 

8. SAMPLE PRESERVATION AND STORAGE 

Semivolatile extracts must be refrigerated at ::;6°C and analyzed within 40 days of the end of the 
extraction. Volatile sample storage conditions and holding times are given in Appendix A. 



GAS CHROMATOGRAPHIC ANALYSIS BASED ON 
METHOD 8000B, SW-846 

9. QUALITY CONTROL 

9.1. Initial Demonstration of Capability 

SOP No. CORP-GC-OOOIPT 
Revision No. 5.1 
Revision Date: 1217/98 
Page 6 of22 

9.1.1. For the standard analyte list, the initial demonstration and method detection limit (MDL) studies 
described in section 13 must be acceptable before analysis of samples may begin. 

9.1.2. For non-standard analytes, a MDL study must be performed and calibration curve generated 
before analyzing any samples, unless lesser requirements are previously agreed to with the client. 
In any event the minimum initial demonstration required is analysis of an extracted standard at 

the reporting limit and a single point calibration. 

9.2. Batch Definition 

Batches are defined at the sample preparation stage. Batches should be kept together through the 
whole analytical process as far as possible, but it is not mandatory to analyze prepared extracts on the 
same instrument or in the same sequence. Refer to the Quanterra·• QC Program document (QA-003) 
for further details of the batch definition. 

9.2.1. Quality Control Batch 

The batch is a set of up to 20 samples of the same matrix processed using the same procedures 
and reagents within the same time period. The Quality Control batch must contain a matrix spike 
I spike duplicate (MS/MSD), a Laboratory Control Sample (LCS), and a method blank. 
Laboratory generated QC samples (Blank, LCS, MS/MSD) do not count towards the maximum 
20 samples in a batch. Field QC samples are included in the batch count. In some cases, at 
client request, the MS/MSD may be replaced with a matrix spike and sample duplicate. If 
insufficient sample is available for an MS/MSD a LCSD may be substituted. 

9.3. Control Limits 

In-house historical control limits must be determined for surrogates, matrix spikes, and laboratory 
control samples (LCS). These limits must be determined at least annually. The recovery limits are 
mean recovery+/- 3 standard deviations, unless that limit is tighter than the calibration criteria, in 
which case limits may be widened. Refer to policy QA-003 for more details. 

9.3.1. These limits do not apply to dilutions (except for tests without a separate extraction), but 
surrogate and matrix spike recoveries will be reported unless the dilution is more than 5X. 

9.3.2. All surrogate, LCS, and MS recoveries (except for dilutions) must be entered into QuantIMS 
(when available) or other database so that accurate historical control limits can be generated. For 
tests without a separate extraction, surrogates and matrix spikes will be reported for all dilutions. 

9.3.3. Refer to the QC Program document (QA-003) for further details of control limits. 

9.4. Surrogates 

All methods must use surrogates to t'1e extent possible. Surrogate recoveries in samples and QC 
samples must be assessed to ensure that recoveries are within established limits. If any surrogates are 
outside limits, the following corrective actions must take place (except for dilutions): 

• Check all calculations for error. 

• Ensure that instrument performance is acceptable. 

• Recalculate the data and/or reanalyze the extract if either of the above checks reveal a problem. 
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• Reprepare and reanalyze the sample or flag the data as "Estimated Concentration" if neither of 
the above resolves the problem. Repreparation is not necessary is there is obvious 
chromatographic interference. 

• The decision to reanalyze or flag the data should be made in consultation with the client. It is 
only necessary to reprepare I reanalyze a sample once to demonstrate that poor surrogate recovery 
is due to matrix effect, unless the analyst believes that the repeated out of control results are not 
due to matrix effect. 

9.4.1. If dual column analysis is used the choice of which result to report is made in the same way as for 
samples (Section 12.1.2) unless one column is out of control, in which case the in-control result 
is reported. 

9.4.2. If the surrogates are out of control for the sample, matrix spike, and matrix spike duplicate, then 
matrix effect has been demonstrated for that sample and repreparation is not necessary. If the 
sample is out of control and the MS and/or MSD is in control, then repreparation or !lagging of 
the data is required. 

9.4.3. Refer to the Quanterra~ QC Program document (QA-003) for further details of the corrective 
actions. 

9.5. Method Blanks 

For each batch of samples, analyze a method blank. The method blank consists of reagent water for 
aqueous semivolatiles samples, and sodium sulfate for semivolatiles soils tests (Refer to SOP No. 
CORP-OP-0001 for details). For low level volatiles, the method blank consists ofreagent water. For 
medium level volatiles, the method blank consists of methanol as described in Appendix A. 
Surrogates are added and the method blank is carried through the entire analytical procedure. The 
method blank must not contain any analyte of interest at or above the reporting limit (except common 
laboratory contaminants, see below) or at or above 5% of the measured concentration of that analyte 
in the associated samples, whichever is higher. 

If the analyte is a common laboratory contaminant (methylene chloride, acetone, 2-butanone, 
phthalate esters) the data may be reported with qualifiers ifthe concentration of the analyte is less 
than five times the reporting limit. Such action must be taken in consultation with the client. 

Re-extraction and reanalysis of samples associated with an unacceptable method blank is required 
when reportable concentrations are determined in the samples. 

If there is no target analyte greater than the RL in the samples associated with an unacceptable 
method blank, the data may be reported with qualifiers. Such action should be taken in consultation 
with the client. 

9.5.1. Refer to the Quanterra® QC Program document (QA-003) for further details of the corrective 
actions. 

9.6. Instrument Blanks 

9.6.1. An instrument blank must be analyzed during any 12 hour period of analysis that does not 
contain a method blank. 

9.6.2. An instrument blank consists of the appropriate solvent with internal standards added. If internal 
standards are not used the surrogates should be added. 

9.6.3. Control criteria are the same as for the method blank, except that only reanalysis of affected 
samples would be required, not re-extraction. 
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For each batch of samples, analyze a LCS. The LCS contains a representative subset oHhe analytes 
of interest, and must contain the same analytes as the matrix spike. The LCS may also contain the 
full set of analytes. If any analyte or surrogate is outside established control limits, the system is out 
of control and corrective action must occur. Corrective action will normally be repreparation and 
reanalysis of the batch; however, ifthe matrix spike and matrix spike duplicate are within limits, the 
batch may be acceptable. 

9. 7.1. Refer to the Quanterra •QC Program document (QA-003) for further details of the corrective 
action. 

9. 7.2. If dual column analysis is used the choice of which result to report is made in the same way as for 
samples (Section 12.1.2) unless one column is out of control, in which case the in control result 
is reported. 

9.7.3. LCS compound lists are included in the appendices. 

9. 7.4. If full analyte spike lists are used at client request, it will be necessary to allow a percentage of 
the components to be outside control limits as this would be expected statistically. These 
requirements should be negotiated with the client. 

9.8. Matrix Spikes 

For each QC batch, analyze a matrix spike and matrix spike duplicate. Spiking compounds and levels 
are given in the appendices. Compare the percent recovery and relative percent difference (RPD) to 
those in the laboratory specific historically generated limits. 

• If any individual recovery or RPD falls outside the acceptable range, corrective action must occur. 
The initial corrective action will be to check the recovery of that analyte in the Laboratory 

Control Sample (LCS). Generally, ifthe recovery of the analyte in the LCS is within limits, then 
the laboratory operation is in control and analysis may proceed. 

• If the recovery for any component is outside QC limits for both the Matrix spike I spike duplicate 
and the LCS, the laboratory is out of control and corrective action must be taken. Corrective 
action will normally include repreparation and reanalysis of the batch. 

• If a MS/MSD is not possible due to limited sample, then a LCS duplicate should be analyzed. 

• The matrix spike I duplicate must be analyzed at the same dilution as the unspiked sample, 
unless the matrix spike components would then be above the calibration range. 

9.8.1. If dual column analysis is used the choice of which result to report is made in the same way as for 
samples (Section 12.1.2) unless one column is out of control, in which case the in control result 
is reported. 

9.9. Quality Assurance Summaries 

Certain clients may require specific project or program QC which may supersede these method 
requirements. Quality Assurance Summaries should be developed to address these requirements. 

9.10. Quanterra® QC Program 

Further details of QC and corrective action guidelines are presented in the Quanterra" QC Program 
document (QA-003 ). Refer to this document if in doubt regarding corrective actions. 
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Internal or external calibration may be used. Internal calibration is recommended unless the sample 
matrix is likely to interfere with the quantitation of the internal standard. In either event prepare 
standards containing each analyte of interest at a minimum of five concentration levels. The low level 
standard should be at or below the reporting limit. The other standards define the working range of the 
detector. Recommended calibration levels are given in the appendices. 

10.1. A new calibration curve must be generated after major changes to the system or when the continuing 
calibration criteria cannot be met. Major changes include new columns, changing PID lamps or FID 
jets or replacing the ECD detector. A new calibration is not required after clipping the column, 
replacing the septum or syringe, or other minor maintenance. 

10.2. With the exception of 10.3 below, it is NOT acceptable to remove points from a calibration curve for 
the purpose of meeting criteria, unless the points are the highest or lowest on the curve AND the 
reporting limit and/or linear range is adjusted accordingly. In any event, at least 5 points must be 
included in the calibration curve. Quadratic (second order) calibrations require at least six points. 
Third order calibrations require at least seven points. 

10.3. A level may be removed from the calibration ifthe reason can be clearly documented, for example a 
broken vial or no purge run. A minimum of five levels must remain in the calibration. The 
documentation must be retained with the initial calibration. Alternatively, if the analyst believes that 
a point on the curve is inaccurate, the point may be reanalyzed and the reanalysis used for the 
calibration. All initial calibration points must be analyzed without any changes to instrument 
conditions, and all points must be analyzed within 24 hours. 

I 0.4. External standard calibration 

Quantitation by the external standard method assumes a proportional relationship between the 
calibration run and the analyte in the sample. To use this approach, introduce each calibration 
standard into the GC using the technique that will be used for samples. The ratio of the peak height 
or area response to the mass or concentration injected may be used to prepare a calibration curve. 

C I .b . r. (CF) Area or Height of Peak at rattan ractor = ----~-~--
Mass Injected ( ng) 

Some data systems may use the inverse of this formula. This is acceptable so long as the same 
formula is used for standards and samples. It is also possible to use the concentration of the standard 
rather than the ntass injected. (This would require changes in the equations used to calculate the 
sample concentrations). Use of peak area or height must be consistent. However, if matrix 
interferences would make quantitation using peak area inaccurate for a particular sample, then peak 
height may be used as a substitute. 

10.5. Internal standard calibration 

10.5.l. The internal standard approach assumes that variations in instrument sensitivity, amount injected 
etc. can be corrected by determining the ratio of the response of the analyte to the response of an 
internal standard that has been added to the extract. To use this approach, select one or more 
internal standard(s) that are similar in analytical behavior to the compounds of interest. 
Recommended internal standards are given in the appendices. The analyst must demonstrate 
that the measurement of the internal standard is not affected by method or matrix interforences. If 
the sample matrix interferes with quantitation of the internal standard, then the external standard 
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approach 1nust be used instead. In this event use the response tactors from the previous 
continuing calibration to quantitate the analytes in the sample with the interference (applies only 
to the sample with the interference). 

10.5.2. Introduce each calibration standard into the GC using the technique that will be used for 
samples. Response factors (RF) for each compound are calculated as follows: 

Where: 

RF= A.,xc, 
AisXC.1· 

A, =Response for the analyte to be measured 
A;, = Response for the internal standard 
Cis = Concentration of internal standard 
C, =Concentration of the analyte to be detennined in the standard 

10.6. Calibration curve fits 

Average response factor, linear regression, or quadratic curves may be used to fit the data. Average 
response factor may be used if the average % RSD of the response factors or calibration factors of all 
the analytes in the calibration standard taken together is :;: 20%. The average %RSD is calculated by 
summing the RSD value for each analyte and dividing by the total number of analytes. 

I 0.6.1. In general, for environmental analysis, average response factors are the most appropriate 
calibration model. Linear or curved regression fits should only be used ifthe analyst has reason 
to believe that the average RF model does not fit the nonnal concentration/response behavior of 
the detector. 

l 0.6.2. Average response factor 

The average response factor may be used if the average percent relative standard deviation 
(%RSD) of all the response factors taken together is:;: 20%. 

The equation for average response factor is: 

n 

LRF' 
Average response factor = RF = ~'"~'--

n 

Where: n =Number of calibration levels 
n L RF, = Sum of response fac1ors for each calibration level 

i=l 
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The linear fit uses the tOllowing functions: 

I 0.6.3. I. External Standard 

10.6.3.2. Internal Standard 

y=ax+b 

or 

(y-b) 
x=~-~ 

a 

Where: y =Instrument response 
x = Concentration 
a= Slope 
b = Intercept 

[
A,C, -b] 

A1s Cs=-----
a 
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Where: G = Concentration in the sample 

A,= Area of target peak in the sample 

10.6.4. Quadratic curve 

A;, =Area of internal standard in the sample 

C, = Concentration of the internal standard 

The quadratic curve uses the following functions: 

10.6.4.1. External standard 

y=ax+cx2 +b 

Where c is the curvature 
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(A,xC.,) (A .. xc.,)' b y=a +c + 
Ais Ais 

I 0. 7. Evaluation of calibration curves 

SOP No. CORP-GC-OOOIPT 
Revision No. 5.1 
Revision Date: 12/7/98 
Page 12 of22 

10.7.l. The percent relative standard error (%RSE) from the calibration curve is used to evaluate the 
initial calibration. This provides a measure of how 111uch error is associated with using the 
calibration curve for quantitation. 

10.7.2. The least squares regression line is calculated and used to calculate the predicted concentration 
for each level. The percent relative standard error is calculated as follows: 

±[C-PC]2 

%RSE = lOO%x11~1-~1~-c_,_~ 
(N-P) 

Where: 
N =Number of points in the curve 
P =Number of parameters in the curve(= I for average response factor, 2 for 
linear, 3 for quadratic) 
Ci= True concentration for level i 
PC, =Predicted concentration for level i 

Note that when average response factors are used, %RSE is equivalent to 
%RSD. 

10.8. The following requirements must be met for any calibration to be used: 

• Response must increase with increasing concentration. 
• If a curve is used, the intercept of the curve at zero response must be less than± the reporting 

limit for the analyte. 
• The average Relative Standard Error (RSD for average response factors) of the calibration points 

from the curve used must be :5 20%. 
• Some data systems will not measure the o/oRSE from a linear or quadratic fit. For the linear case, 

the correlation coefficient may be used as an alternative to the %RSE, and must be greater than 
or equal to 0.990. For the quadratic case the Coefficient ofDetennination may be used, and must 
be greater or equal to 0.990. 

Note: The Relative Standard Error (RSE) is superior to the Correlation Coefficient (r) and 
Coefficient of Determination(/) for testing the fit of a set of calibration points to a line. The lower 
points on a curve have little effect on r. As a result a curve may have a very good correlation 
coefficient (>0.995), while also having> I 00% error at the low point. 
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10.9.1. In linear and quadratic calibration fits, the points at the lower end of the calibration curve have 
less absolute variance than points at the high concentration end of the curve. This can cause 
severe errors in quantitation at the low end of the calibration. However, in environmental 
analysis, accuracy at the low end of the curve is very important. For this reason it is preferable to 
increase the weighting of the lower concentration points. l/Concentration1 weighting (often 
called l/.X2 weighting) will improve accuracy at the low end of the curve and should be used if 
the data system has this capability. 

I 0.10. Non-standard analytes are sometimes requested. For these analytes, it may be acceptable to analyze a 
single standard at the reporting limit with each continuing calibration rather than a five point initial 
calibration. This action must be with client approval. If the analyte is detected in any of the samples, 
a five point initial calibration must be generated and the sample(s) reanalyzed for quantitation. 

I 0 .11. Calibration Verification 

10.11.1. 12 hour Calibration 

The working calibration curve or RF must be verified by the analysis of a mid point calibration 
standard at the beginning, after every 12 hours, and at the end of the analysis sequence. The 
center of each retention time window is updated with each 12 hour calibration. 

I 0.11.2. Calibration Verification 

It may be appropriate to analyze a mid point standard more frequently than every 12 hours. If 
these calibration verification standards are analyzed, requirements are the same as the 12 hour 
calibration with the exception that retention times are not updated. 

10.11.3. Any individual compounds with %0 :S 15% meet the calibration criteria. The calibration 
verification is also acceptable if the average of the %0 for all the analytes is:S 15%. This 
average is calculated by summing all the absolute %0 results in the calibration (including 
surrogates) and dividing by the number of analytes. 

IO.I 1.4. It is not necessary to run a calibration verification standard at the beginning of the sequence if 
samples are analyzed immediately after the completion of the initial calibration. 

I 0.11.5. Samples quantitated by external standard methods must be bracketed by calibration verification 
standards that meet the criteria listed above. Bracketing is not necessary for internaJ standard 
methods. 

10.11.6. lfthe analyst notes that a CCV has failed and can document the reason for failure (e.g. no purge, 
broken vial, carryover from the previous sample etc.) then a second CCV may be analyzed 
without any adjustments to the instrument. If this CCV meets criteria then the preceding 
samples have been successfully bracketed. If adjustments to the instrument are performed before 
the repeat CCV then the preceding samples have not been successfully bracketed but analysis 
may continue. 

I 0.1 l. 7. In general, it is not advisable to analyze repeat CCV s on unattended runs. If repeat CCV s are 
analyzed then the first will serve as the bracketing standard for the preceding samples and the 
last will serve as the CCV for the following samples. 

I 0.11.8. If highly contaminated samples are expected it is acceptable to analyze blanks or primers at any 
point in the run. 
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% Difference for internal and external methods is calculated as follows 

Internal Standard: 

%D= RF,-RF x!OO 
RF 

External standard: 

%D= CF,-CF x!OO 
CF 

Where RFc and CF.· are the response and calibration factors 

from the continuing calibration 

RF and CF are the average response and calibration factors 

from the initial calibration 

IO.! I.IO.% Drift calculation 

o/o Drift is used for comparing the continuing calibration to a linear or quadratic curve. The 
criteria for o/o drift are the same as for o/o difference 

Calculated Cone. 
% Drift= 

Theoretical Cone. 

Theoretical Cone. 
xl00% 

10.11.11.Corrective Actions for Continuing Calibration 

If the overall average %D of all analytes is greater than± 15% corrective action must be taken. 
This may include clipping the column, changing the liner or other minor instrument adjustments, 
followed by reanalyzing the standard. If the overall average %D still varies by more than ± 15%, 
a new calibration curve must be prepared. 

I 0.11.12.Corrective Action for Samples 

For internal standard methods, any samples injected after a standard not meeting the calibration 
criteria must be reinjected. 

For external standard methods, any samples injected after the last good continuing calibration 
standard must be reinjected. 

If the average %D for all the analytes in the calibration is over 15%, but all of the analytes 
requested for a particular sample have %D :::_15%, then the analysis is acceptable for that sample. 

IL PROCEDURE 

I I. I. Extraction 

Extraction procedures are referenced in the appendices. 

11.2. Cleanup 

Cleanup procedures are referenced in the appendices. 

I 1.3. Gas Chromatography 

Chromatographic conditions for individual methods are presented in the appendices. 
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In general, volatiles analytes are introduced using purge and trap as described in Appendix A. 
Semivolatile analytes are introduced by direct injection of the extract. Samples, standards, and QC 
must be introduced using the same procedure. 

l 1.5. Analytical Sequence 

An analytical sequence starts with an initial calibration or a daily calibration. Refer to the individual 
method appendices for method specific details of daily calibrations and analytical sequences. 

11.5. l. The daily calibration includes analysis of standards containing all single response analytes and 
updating the retention time windows. 

11.5.2. If there is a break in the analytical sequence of greater than 12 hours, a new analytical sequence 
must be started with a daily calibration. 

11.6. Retention Time Windows 

11.6.1. Retention time windows must be specified for all analytes. A Fixed retention time windows (-
. 05 minutes) will be used for all GC methods. Alternatively, if it is determined through 
calculation that vvider limits are necessary, the limits will be developed asfollovvs: Make an 
injection of all analytes of interest each day over a three day period. Calculate the standard 
deviation of the three retention times for each analyte (relative retention times may also be used). 
For multiresponse analytes (e.g., Aroclors) use the retention time of major peaks. Plus or minus 

three times the standard deviation of the retention times of each analyte defines the retention time 
window. 

11.6.2. The center of the retention time window is the retention time from the last of the three standards. 
The centers of the windows are updated with the mid point of the initial calibration and each 12 

hour calibration. The widths of the windows will remain the same until new windows are 
generated following the installation of a new column. 

11.6.3. Where calculated limits are being used, if the retention time window as calculated above is less 
than+/- 0.05 minutes, use+/- 0.05 minutes as the retention time window. This allows for slight 
variations in retention times caused by sample matrix. 

11.6.4. Where calculated limits are being used, the laboratory must calculate new retention time 
windows each time a new column is installed. The new windows must be generated within one 
week of the installation of the new column. Until these standards have been run on the new 
column, the retention time windows from the old column may be used, updated with the retention 
times from the new initial calibration. 

11.6.5. Corrective Action for Retention Times 

The retention times of all compounds in each continuing calibration must be within the retention 
time windows established by the 12 hour calibration. If this condition is not met, all samples 
analyzed after the last compliant standard must be reanalyzed unless the following conditions are 
met for any compound that elutes outside the retention time window: 

The retention time of that compound in the standard must be within a retention time range equal 
to twice the original window. 

No peak that would be reportable may be present on the sample chromatogram within an elution 
time range equal to three times the original retention time window. 
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The center of the retention time windows determined in section 11.6 are adjusted to the retention time 
of each analyte as determined in the 12 hour calibration standards. (See the method 808 lA and 8082 
appendices for exceptions for multi-response components.) The retention time windows must be 
updated at the beginning of each analytical sequence and with each 12 hour calibration, but not for 
any other calibration verification standards. 

11.8. Percent Moisture 

Analytical results may be reported as dry or wet weight, as required by the client. Percent moisture 
must be determined ifresults will be reported as dry weight. Refer to SOP CORP-OP-0001 for 
determination of percent 1noisture. 

l l.9. Procedural Variations 

Procedural variations are allowed only if deemed necessary in the professional judgment of the 
supervisor to accommodate variation in sample matrix, radioactivity, chemistry, sample size, or other 
parameters. Any variation in procedure shall be completely documented using a Nonconformance 
Memo and approved by a supervisor and QA/QC manager. If contractually required, the client shall 
be notified. The Nonconformance Memo shall be filed in the project file. The nonconformance is 
also addressed in the case narrative. Any unauthorized deviations ti-om this procedure must also be 
documented as a nonconforrnance, with a cause and corrective action described. 

12. DATA ANALYSIS AND CALCULATIONS 

12.1. Qualitative Identification 

12.1.1. Tentative identification occurs when a peak is found within the retention time window for an 
analyte, at a concentration above the reporting limit, or above the MDL if J flags are required. 
Normally confirmation is required on a second column, but if the detector is sufficiently specific 
or ifthe sample matrix is well enough defined, single column analysis may be adequate. In some 
cases GC/MS confirmation may be required. Client specific requirements may also define the 
need for second column confirmation and I or GC/MS confirmation. Refer to the appendices for 
test specific requirements tbr confirmation. Identification is confirmed if a peak is also present in 
the retention time window for that analyte on the confirmatory column, at a concentration greater 
than the reporting limit (MDL if J flag confirmation required). 

12.1.2. Dual column quantitation 

For confirmed results, two approaches are available to the analyst; 
A) The primary column approach 
Or 
B) The better result approach 
Both are acceptable to avoid the reporting of erroneous or unconfirmed data. 

12. l.2. l. Primary column approach: 

The result from the primary column is normally reported. The result from the secondary 
column is reported if any of the following three bulleted possibilities are true. 
• There is obvious chromatographic interference on the primary column 
• The result on the primary column is > 40o/o greater than the result on the secondary 

column 
• Continuing or bracketing standard fails on the primary column but is acceptable on the 

secondary column. (If the primary column result is> 40% higher than the secondary 
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and the primary column calibration fails, then the sample must be evaluated for 
reanalysis.) 

12.1.2.2. Better result approach 

The lower of the two results is normally repotted. The lower result is considered better 
because the higher result is generally higher because of chromatographic interterence. The 
higher result is repotted if any of the following two bulleted possibilities are true. 
• There is obvious chromatographic interference on the column with the lower result 
• The continuing or bracketing calibration on the column with the lower result fails. (If 

the higher result is > 40% higher and the calibration on the column with the lower 
result fails, then the sample must be evaluated for reanalysis.) 

12.1.3. If the Relative percent difference (RPD) between the response on the two columns is greater than 
40%, or if the opinion of an experienced analyst is that the complexity of the matrix is resulting 
in false positives, the confirmation is suspect and the results are qualified. RPD is calculated 
using the following formula: 

R1-R2 
RPD- x!OO 

I 
-(R1+R2) 
2 

Where R=Result 

12. l .4. Multi-response Analytes 

For multi-response analytes, the analyst should use the retention time window, but should rely 
primarily on pattern recognition. The pattern of peaks will normally serve as confirmation. 

12.1.5. The experience of the analyst should weigh heavily in the interpretation of the chromatogram. 
For example, sample matrix or laboratory temperature fluctuation may result in variation of 
retention times. 

12.2. Calibration Range 

If concentrations of any analytes exceed the working range as defined by the calibration standards, 
then the sample must be diluted and reanalyzed. Dilutions should target the most concentrated 
analyte in the upper half(over 50% of the high level standard) of the calibration range. It may be 
necessary to dilute samples due to matrix. 

12.3. Dilutions 

Samples may be screened to determine the appropriate dilution for the initial run. If the initial diluted 
run has no hits or hits below 20% of the calibration range and the matrix allows for analysis at a 
lesser dilution, then the sample must be reanalyzed at a dilution targeted to bring the largest hit above 
50% of the calibration range. 

12.3.1. Guidance for Dilutions Due to Matrix 

If the sample is initially run at a dilution and only minor matrix peaks are, then the sample 
should be reanalyzed at a more concentrated dilution. Analyst judgement is required to 
determine the most concentrated dilution that wi1l not result in instrument contamination. 
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The most concentrated dilution with no target compounds above the calibration range will be 
reported. Other dilutions will only be reported at client request. 

12.4. Interferences 

If peak detection is prevented by interferences, further cleanup should be attempted. If no further 
cleanup is reasonable, then elevation of reporting levels and/or lack of positive identification must be 
addressed in the case narrative. 

12.5. Internal Standard Criteria for Continuing Calibration 

If internal standard calibration is used, then the internal standard response in a continuing calibration 
standard must be within 50 to 150% of the response in the mid level of the initial calibration. 

12.6. Calculations 

Capabilities of individual data systems may require the use of different fonnulas than those presented 
here. When this is the case, the calculations used must be shown to be equivalent and must be 
documented in an appendix attached to this document. 

12.6.1. External Standard Calculations 

12.6.1.1. Aqueous samples 

Concentration (mg IL) 
(AxX Vi X D1) 

(CFxVixV,) 

Where: 
A, = Response for the analyte in the sample 
Vi = Volume of extract injected, µL 
D1 = Dilution factor 
Vi = Volume of total extract, µL 
V, = Volume of sample extracted or purged, mL 
CF= Calibration factor, area or heighUng, Section l O. l 

12.6. 1.2. Non-aqueous Samples 

(AxX Vi X Di) 
Concentration (mg I kg)=-----~­

(CF x Vix Wx D) 

Where: 

W =Weight of sample extracted or purged, g 

D= 100-%Moisture 
100 

12.6.2. Internal Standard Calculations 

12.6.2.1. Aqueous Samples 

(D = I if wet weight is required) 
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C1,, =Amount of internal standard added, ng 
A1,, =Response of the internal standard 
RF = Response factor for analyte 

12.6.2.2. Non-aqueous Samples 

(A.x C,x Dr) 
Concentration (mg I kg)= · 

(A, .• xRFxWxD) 

12.6.3. Surrogate Recovery 

Concentrations of surrogate compounds are calculated using the same equations as for the target 
compounds. The response factor from the initial calibration is used. Surrogate recovery is 
calculated using the following equation: 

0
, Concentration(or amount)found 

100 /o Recovery= x 
Concentration (or amount) spiked 

13. METHOD PERFORMANCE 

13. I. Method Detection Limit 

Each laboratory must generate a valid method detection limit for each analyte of interest. The MDL 
must be below the reporting limit for each analyte. The procedure for determination of the method 
detection limit is given in 40 CFR Part 136, Appendix B, and further defined in QA Policy#: QA-
005. 

13.2. Initial Demonstration 

Each laboratory must make a one time initial demonstration of capability for each individual method. 
Demonstration of capability for both soils and water matrices is required. This requires analysis of 
QC check samples containing all of the standard analytes for the method. For some tests it may be 
necessary to use more than one QC check mix to cover all analytes of interest. 

13.2.1. Four aliquots of the QC check sample are analyzed using the same procedures used to analyze 
samples, including sample preparation. The concentration of the QC check sample should be 
equivalent to a mid level calibration. 

13.2.2. Calculate the average recovery and standard deviation of the recovery for each analyte of interest. 
Compare these results with the acceptance criteria given in each appendix. 

13.2.3. If any analyte does not meet the acceptance criteria, the test must be repeated. Only those 
analytes that did not meet criteria in the first test need to be evaluated. Repeated failure for any 
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analyte indicates the need for the laboratory to evaluate the analytical procedure and take 
corrective action. 

13.3. Training Qualification 

The group/team leader has the responsibility to ensure that this procedure is performed by an analyst 
who has been properly trained in its use and has the required experience. 

14. POLLUTION PREVENTION 

This method does not contain any specific modifications that serve to minimize or prevent pollution. 

15. WASTE MANAGEMENT 

Waste generated in this procedure will be segregated and disposed according to the facility hazardous 
waste procedures. The Environmental Health and Safety Director should be contacted if additional 
information is required. 

16. REFERENCES 

Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW846, 3rd Edition, Final Update 
III, December 1996, Section 8000B 

17. MISCELLANEOUS 

17.1. Modifications from Reference Method 

17.1.1. Chapter 1 of SW-846 states that the method blank should not contain any analyte of interest at or 
above the Method Detection Limit. This SOP states that the Method Blank must not contain any 
analyte of interest at or above the reporting limit. Common lab contaminants are allowed to be 
up to 5 times the reporting limit in the blank following consultation with the client. 

17.2. Modifications from Previous Revision 

The calibration criteria in section 10.11 have been rewritten to improve consistency with SW-846 and 
to improve clarity. 

17.3. Facility Specific SOPs 

Each facility shall attach a list of facility specific SOPs or approved attachments (if applicable) which 
are required to implement this SOP or which are used in conjunction with this SOP. If no facility 
specific SOPs or amendments are to be attached, a statement must be attached specifying that there 
are none. 
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17.4.1. Initial demonstration and MDL 1 
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1 This flow diagram is for guidance and cannot cover all eventualities. Consult the SOP text and a supervisor if in 
doubt. 
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1 This flow diagram is for guidance and cannot cover all eventualities. Consult the SOP text and a supervisor if in 
doubt. 
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1.1. This method describes sample preparation and extraction for the analysis of volatile organics by a 
purge and trap procedure, following method 802 IB. However, where required by a client QAPP this 
section may also be used to analyze aromatic volatiles by discontinued methods 8020A and 80108. 
All requirements of the 80008 section of this SOP must be met except when superseded by this 
Appendix. Refer to Table A-l for the individual analytes normally determined by these procedures. 

1.2. Compounds within the scope of this method have boiling points below 200°C and are soluble or 
slightly soluble in water. Classes of compounds best suited to purge-and-trap analysis include low 
molecular weight halogenated hydrocarbons, aromatics, ketones, nitriles, acetates, acrylates, ethers, 
and sulfides. 

1.3. Water samples and soils samples with low levels of contamination may be analyzed directly by purge­
and-trap extraction and gas chromatography. Higher concentrations of these analytes in soil may be 
determined by the medium level methanol extraction procedure. 

1.4. This method also describes the preparation of water-miscible liquids, non-water-miscible liquids, 
solids, wastes, and soils/sediments for analysis by the purge-and-trap procedure. 

2. SUMMARY OF METHOD 

2.1. An inert gas is bubbled through the sample at ambient temperature or at 40 "C ( 40°C required for low 
level soils), and the volatile components are transferred from the aqueous phase to the vapor phase. 
The vapor is swept through a sorbent column where the volatile components are adsorbed. After 
purging is completed, the sorbent column is heated and backflushed with inert gas to desorb the 
components onto a gas chromatographic column. Analytes are detected using a photoionization 
Detector, an electrolytic conductivity detector or a combination of both. 

2.2. For soil samples, a portion of the sample is dispersed in methanol to dissolve the volatile organic 
constituents. A portion of the methanolic solution is combined with water. It is then analyzed by 
purge-and-trap GC following the normal water method. If very low detection limits are needed for 
soil samples then direct purge using sodium bisulfate preservation may be necessary. 

3. DEFINITIONS 

Refer to the QAMP for definitions of terms used in this SOP. 

4. INTERFERENCES 

4.1. Refer to section 4 of the method 80008 part of this SOP for general information on chromatographic 
interferences. 

4.2. Impurities in the purge gas, and from organic compounds out-gassing from the plumbing ahead of the 
trap, account for the majority of contamination problems. The analytical system must be 
demonstrated to be free from contamination under the conditions of the analysis by running 
laboratory reagent blanks. The use of non-TFE plastic tubing, non-TFE thread sealants, or flow 
controllers with rubber components in the purging device should be avoided. 

4.3. Samples can be contaminated by diffusion of volatile organics (particularly methylene chloride and 
fluorocarbons) through the septum seal of the sample vial during shipment and storage. A trip blank 
prepared from organic-ffee reagent water and carried through sampling and handling protocols serves 
as a check on such contamination. 
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4.4. Contamination by carryover can occur whenever high-concentration and low-concentration samples 
are analyzed sequentially. Whenever an unusually concentrated sample is analyzed, it should be 
followed by an analysis of organic-free reagent water to check for cross-contamination. The trap and 
other parts of the system are subject to contamination. Therefore, frequent bake-out and purging of 
the system may be required. 

4.5. When utilizing an autosampler system which has multiple ports for sample analysis, it is likely that 
only a single stage or port may be contaminated by a highly concentrated sample. If a port is suspect, 
a water blank should be analyzed to verify lack of contamination. If the water blank and subsequent 
blanks on that port show contamination consistent with the concentrated sample, further maintenance 
is required. This may include replacing or cleaning the multi-port valve, transfer lines, etc. 

4.6. A holding blank is kept in the sample refrigerator. This is analyzed and replaced every 14 days. If 
the holding blank does not meet the method blank criteria, the source of contamination must be found 
and corrected. Evaluation of all samples analyzed in the 14 day period prior to the analysis of the 
contaminated holding blank is required. 

4.7. Acidification of samples may result in hydrolysis of2-chloroethyl vinyl ether. 

5. SAFETY 

5.1. Refer to section 5 of the Method 80008 section of this SOP for general safety requirements. 

5.2. Often, purge vessels on purge-and-trap instrumentation are pressurized by the time analysis is 
completed. Therefore, vent the pressure prior to removal of these vessels to prevent the contents from 
spraying out. 

5.3. The toxicity or carcinogenicity of each chemical used in this procedure has not been fully defined. 
Additional health and safety information can be obtained from the MSDS files maintained in the 
laboratory. The following specific hazards are known: 

Methanol -- Flammable and toxic 

5.4. Methanol shall not be used in a CaptAir hood. 

6. EQUIPMENT AND SUPPLIBS 

6.1. Microsyringes -- lOµL, 25µL, lOOµL, 250µL, 500µL, and lOOOµL. These should be equipped with a 
20 gauge (0.006" ID) needle. These will be used to measure and dispense methanolic solutions and 
aqueous samples. 

6.2. Gas tight syringes -- 5 mL and 25 mL. Used for measuring sample volumes. 

6.3. Purge and Trap Apparatus -- A device capable of extracting volatile compounds, trapping on a 
sorbent trap, and introducing onto a gas chromatograph. 

6.4. Purge and Trap Autosampler -- In order to maintain high sample throughput, an autosampler is 
highly recommended. 

6.5. Trap·· The trap used is dependent on the class of compound to be analyzed. Refer to Table A-2 for 
suggested traps for specific tests. 

6.6. Purge Vessels -- These are dependent on the purge and trap unit/autosampler used. Both disposable 
culture tubes (needle sparge units) and specially designed vessels with fritted bottoms may be used. 
Follow the manufacturers suggestions for configuration. 
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6.7. Columns - Refer to Table A-2 for details of columns. 

6.8. Volumetric flasks, Class A: 5 mL to 250 mL 

6.9. pH paper 

6.10. Balance capable of weighing to 0.0lg for samples. 

7. REAGENTS AND SUPPLIES 
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7.1. Refer to the method 8000B section of this SOP for general requirements for reagents and supplies. 

7.2. Organic Free Water 

Organic free water is defined as water in which an interferent is not observed at the reporting limit of 
the compounds of interest. Suggested methods for generating organic free water include: 

• Filtration through a carbon bed. 

• Continuously sparging water with helium or nitrogen. 

• Use of commercial water purification systems. 

Other methods may be used, so long as the requirement that the water not show any interferences is 
met. The procedure used should be documented in a lab specific attachment. 

7.3. Sodium Bisulfate 

7.4. Methanol -- Purge and Trap Grade 

7.5. Standards 

Refer to tables A-5 and A-6 for details of surrogate, matrix spiking and internal standards. 
Calibration standard levels are not specified, since they may depend on the sensitivity and linear 
range of specific detectors. However, the low level standard must be equivalent to the reporting limits 
specified in Table A-1. 

7.5.1. Volatile standards are prepared by iajecting a measured volume of the stock standard into a 
syringe containing the appropriate volume of organic free water. The calibration standard is then 
loaded into the purge device. 

8. SAMPLE COLLECTION, PRESERVATION, AND STORAGE 

8.1. Holding times for all volatile analysis are 14 days from sample collection. 

1.2. Water samples are normally preserved at pH< 2 with I :1 hydrochloric acid. If residual chlorine is 
present, 2 drops of 10% sodium thiosulfate are added. 

8.3. Solid samples are field preserved with sodium bisulfate solution for low level analysis, or with 
methanol for medium level analysis. Soil samples can also be taken using the EnCore™ sampler and 
preserved in the lab within 48 hours of sampling. At specific client request, unpreserved soil samples 
may be accepted. 

8.4. There are several methods of sampling soil. The recommended method, which provides the 
minimum of field difficulties, is to take a Encore sample. (The 5 g or 25 g sampler can be used, 
depending on client preference). Following shipment back to the lab the soil is preserved in 
methanol. This is the medium level procedure. If very low detection limits are needed(< 50 µg/kg for 
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most analytes) then it will be necessary to use two additional 5 g EnCore samplers or to use field 
preservation. 

8.5. Sample collection for medium level analysis using EnCore samplers. 

8.5.1. Ship one 5 g (or 25 g) EnCore sampler per field sample position. 

8.5.2. An additional bottle must be shipped for percent moisture determination. 

8.5.3. When the samples are returned to the lab, extrude the (nominal) 5g (or 25 g) sample into a tared 
VOA vial containing 5 mL methanol (25 mL methanol for the 25 g sampler). Obtain the weight 
of the soil added to the vial and note on the label. 

8.5.4. Add the correct amount of surrogate spiking mixture. (Add 100 µL of 250 µg/mL solution for a 
nominal 25 g sample, 20 µL for a nominal 5 g sample.) 

8.5 .5, Add the correct amount of matrix spiking solution to the matrix spike and matrix spike duplicate 
samples. (Add I 00 µL of250 µg/mL solution for a nominal 25 g sample, 20µL for a nominal 5 g 
sample.) The addition of spike introduces a slight error, (0.4%) which can be neglected, into the 
calculations. 

8.5.6. Prepare an LCS for each batch by adding the correct amount of matrix spiking solution to clean 
methanol. (100 µL of spike to 25 mL methanol or 20 µL spike to 5 mL methanol). 

8.5.7. Shake the samples for two minutes to distribute the methanol throughout the soil. 

8.5.8. Allow to settle, then remove a portion of methanol and store in a clean Teflon capped vial at 
4+2°C until analysis. 

8.6. Sample collection for medium level analysis using field methanol preservation 

8.6.1. Prepare a VOA vial by adding 5 mL purge and trap grade methanol. (If a 25 g sample is to be 
used, add 25 mL methanol to the VOA vial). 

8.6.2. Seal the bottle and attach a label. 

8.6.3. Weigh the bottle to the nearest 0.0lg and note the weight on the label. 

8.6.4. Ship with appropriate sampling instructions. 

8.6.5. Each sample will require an additional bottle with no preservative for percent moisture 
determination. 

8.6.6. At client request, the methanol addition and weighing may also be performed in the field. 

8.6. 7. When the samples are returned to the lab, obtain the weight of the soil added to the vial and note 
on the label. 

8.6.8. Add the correct amount of surrogate spiking mixture. (Add I 00 µL of 250 µg/mL solution for a 
nominal 25 g sample, 20µL for a nominal 5 g sample.) 

8.6.9. Add the correct amount of matrix spiking solution to the matrix spike and matrix spike duplicate 
samples. (Add 100 µL of250 µg/mL solution for a nominal 25 g sample, 20µL for a nominal 5 g 
sample.) The addition of spike introduces a slight error, (0.4%) which can be neglected, into the 
calculations. 
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8.6. l 0. Prepare an LCS for each batch by adding the correct amount of matrix spiking solution to clean 
methanol. (100 µL of spike to 25 mL methanol or 20 µL spike to 5 mL methanol). 

8.6.11. Shake the samples for two minutes to distribute the methanol throughout the soil. 

8.6.12. Allow to settle, then remove a portion of methanol and store in a clean Teflon capped vial at 
4+2°C until analysis. 

8.7. Low level procedure 

8.7.1. If low detection limits are required (typically< 50 µg/kg) sodium bisulfate preservation must be 
used. However, it is also necessary to take a sample for the medium level (methanol preserved) 
procedure, in case the concentration of analytes in the soil is above the calibration range of the 
low-level procedure. 

8.7.2. A purge and trap autosampler capable of sampling from a sealed vial is required for analysis of 
samples collected using this method. (Varian Archon or 0.1. 4552). 

8.7.3. The soil sample is taken using a 5g EnCore sampling device and returned to the lab. It is 
recommended that two EnCore samplers be used for each field sample position, to allow for any 
reruns than may be necessary. A separate sample for% moisture determination is also necessary. 

8.7.4. Prepare VOA vials by adding a magnetic stir bar, approximately 1 g of sodium bisulfate and 5 
mL of reagent water. 

8. 7.5. Seal the vial and attach a label. The label must not cover the neck of the vial or the autosampler 
will malfunction. 

8.7.6. Weigh the vial to the nearest O.Olg and note the weight on the label. 

8.7.7. Extrude the soil sample from the EnCore sampler into the prepared VOA vial. Reweigh the vial 
to obtain the weight of soil and note on the label. 

8.7.8. Note: Soils containing carbonates may effervesce when added to the sodium bisulfate solution. If 
this is the case at a specific site, add 5 mL of water instead, and freeze at 2'. -I O"C until analysis. 

8.7.9. Alternatively the sodium bisulfate preservation may be performed in the field. Ship at least two 
vials per sample. The field samplers must determine the weight of soil sampled. Each sample 
will require an additional bottle with no preservative for percent moisture detennination, and an 
additional bottle preserved with methanol for the medium level procedure. 

8.8. Aqueous samples are stored in glass containers with Teflon lined septa at 4°C +/- 2°C, with minimum 
headspace. 

8.9. Medium level solid extracts are aliquoted into 2 - 5 mL glass vials with Teflon lined caps and stored 
at 4°C +/-2°C. The extracts are stored with minimum headspace. 

8.10. The maximum holding time is 14 days from sampling until the sample is analyzed. (Samples that are 
found to be unpreserved still have a 14 day holding time. However they should be analyzed as soon as 
possible. The lack of preservation should be addressed in the case narrative). Maximum holding time 
for the EnCore sampler (before the sample is added to methanol or sodium bi sulfate) is 48 hours. 

8.11. A holding blank is stored with the samples. This is analyzed and replaced if any of the trip blanks 
show any contamination. Othenvise it is replaced every 14 days. 
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Encore procedure when low level is not required (field steps 
. in gray) 

' Ship one Encore ' 
I sampler and one bottle 

1

i __ _. 

.

1

. for %moisture per I 

. sample location I 

I 

' . 

I 

Extrude soil sample ! 
from EnCore into tared j 

·---· ••. ! septum capped vial I 

: containing 25 ml 

L___ methanol .... __ • 

--~· """"~---· 
! ! Sh~k~ for 2 n{i~utes , 

Allow to settle, then r /-- ··· ·-·--~ 
Reweigh vial to obtain j ·jremove approximately .... ---.( Sample is ready for \1 

soil weight 5 ml methanol and \"·--analysis ' 
store in a septum 

__ _ capped_via~I -~ 

Encore procedure when low level is required 
i ! 

· Ship one 25g and two ' 
5 g Encore samplers 

and one bottle for i---• 

%moisture per sample 

L location 
------~ 

I 

Extrude 25~ 
sample from EnCore • 

_______ _., into tared septum 

1 

.

1

! capped v. ial containing ·. 
. 25 ml methanol 

-- ~ 1 j'shakefo;2·m-i-nu_t_e~] 
Allow to settle then •, ~-·-- ·---~ 

Reweigh vial to obtain ............ remove approxi~ately r(· Sample is ready for ·, 
soil weight. i 5 ml methanol and \ analysis ; 

I I
' store in a septum , ~........ .../ 

l __ .. _______ .. .. _ cappecivi.aL__ .. : 

....... "--······1 
Extrude the two 5g 

samplers into separate: 
tared VOA vials , 

! containing 5 ml r· ..... ., 
Ls~di~~u~;~~lfa~ 

Store for low level [~ Sample is ready for 
analysis analysis if needed 

_j 
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Field methanol extraction procedure (field steps in gray) 

1· Ship following ootl 
Prepare a septum : j Weigh the vial and ] ( regulations for , 

• capped vial containing 1'-----.i record the weight to the~---~ flammable liquids and , 

1 

5 ml methanol for ·.'. , nearest 0.01 g on the I 1. include a separate 1· 

mple location : label. bottle for each sample 
_ ___J L___ ' i location for % moisture : ---

I Weighttie taniple vial I 'I ShAa
11
k
0

ewftoorstweottlem, itnhueien-51 
! on receipt. If different : j ~------······~. 

from the weight noted 1· ! remove approximately ' / Sample is ready for ' 
by the sampling crew, ·····--.,j. 1 ml of _methanol and .r ·--~. analysis 
note as an anomaly , store in a septum , ·-....___ ··---~--" 

~dcontact tbe._client _I 1_~ped via~ ___J 
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9.1. Refer to the method SOOOB section of this SOP, section 9, for general quality control procedures, 
including batch definition, requirements for method blanks, LCS, matrix spikes, surrogates, and 
control limits. 

10. CALIBRATION AND STANDARDIZATION 

10.1. Refer to the method 8000B section of this SOP, section 10, for general calibration procedures. 

10.2. Gas Chromatograph Operating Conditions 

Various column configurations are possible. If dual column confirmation is necessary, the sample 
may be split using a Y splitter at the injector end to direct the sample to two columns and two 
detectors. For simultaneous determination of aromatic and halogenated volatiles, a single column is 
used and the PID and ELCD detectors are connected in series. 

10.2. 1. Refer to Table A-2, A-3 and A-4 for GC operating conditions. 

10.3. Initial Calibration 

10.3.1. Refer to Section 10 of the SOOOB section of this SOP for details of initial calibration criteria. 

I 0.3 .2. Low level soil samples must be purged at 40"C, therefore the calibration curve must also be 
purged at 40°C. In addition, the low level soil calibration solutions should contain approximately 
the same amount of sodium bisulfate as the samples. 

10.3.3. The low level calibration must be at the reporting limit or below. The remaining standards 
encompass the working range of the detector. 

10.3.4. Calibrate the instrument using the same volume that will be used during sample analysis. 

10.4. Calibration Verification 

10.4.1. A mid level calibration standard is used for the calibration verification. The gases have 20 % D 
criteria rather than the 15% used for other analytes. 

I 0.4.2. A calibration verification run is perfonned after every 10 samples for this method. 

10.4.3. Bracketing of samples with calibration verification runs is only necessary for external standard 
analysis. 

11. PROCEDURE 

11.1. Refer to the method 8000B section of this SOP for general procedural requirements. 

11.2. Analytical Sequence 

The analytical sequence starts with an initial calibration of at least five points, or a 12 hour 
calibration that meets o/o difference criteria from an existing initial calibration. 

11.3. Confirmation 

The PID and ELCD detectors are sufficiently selective that second column confinnation is not always 
necessary. Requirements for second column confirmation should be decided in consultation with the 
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client. lfthe PID and ELCD are used in series confirmatory information for many analytes can be 
gained by comparing the relative response from the tvvo detectors. 

l l.4. Aqueous Sample Analysis (Purge and Trap units using sparge vessels) 

11.4. l. Depending on the sensitivity of the instrument and capabilities of the purge and trap device, 5, 
l 0, 20, or 25 mL sample volumes may be analyzed. A 5 mL sample volume is recommended. 

l l .4.2. Rinse a 5 mL (or 25 mL for larger sample volumes) gas-tight syringe with organic free water. 
Fill the syringe with the sample to be analyzed, and compress to volume. 

l l .4.3. Check and document the pH of the sample remaining in the VOA vial after loading the syringe. 

11.4.4. This procedure invalidates the contents of the VOA vial for further analysis, unless an aliquot is 
transferred to a smaller VOA vial with no heads pace (e.g., 20 mL) at the same time the analysis 
aliquot is removed. 

l l .4.5. Spike with the appropriate volume of surrogate/internal standard solution and spike solution (if 
required) through the barrel of the syringe. The method blank is spiked with surrogates only, the 
LCS and matrix spikes with the surrogate and matrix spiking solutions. Refer to Tables A-5 and 
A-6 for volumes and concentrations of spiking solutions. 

l l .4.6. Load onto the purge and trap device and start the run. 

11.4.7. lfthe initial analysis ofa sample or a dilution of the sample has a concentration ofanalytes that 
exceeds the initial calibration range, the sample must be reanalyzed at a higher dilution. When a 
sample has a high response for a compound, analysis should be followed by an organic free water 
blank. It is recognized that during automated unattended analysis, this may not occur. If any 
potential carryover hits are present in samples following highly contaminated samples, the 
sample must be reanalyzed to determine if any of these hits are a result of carryover or are 
actually present in the sample. 

11.4.8. Dilutions may be made in gas tight syringes unless the volume of sample used is less than 5 µL, 
in which case dilution in volumetric flasks will be necessary. 

11.4.8. l. Spike with the same volume of surrogateiintemal standard solution as used for undiluted 
samples prior to loading onto the purge and trap device. 

11.4.8.2. For Matrix spike I matrix spike duplicates where the sample requires dilution, the sample 
is spiked after the dilution is performed. 

11.5. Aqueous and Soil Sample Analysis (Purge and Trap units that sample directly from the VOA vial) 

11.5. l. Units which sample from the VOA vial should be equipped with a module which automatically 
adds surrogate and internal standard solution to the sample prior to purging the sample. 

11.5.2. If the autosampler uses automatic IS/SS injection, no further preparation of the VOA vial is 
needed. Otherwise the internal and surrogate standards must be added to the vial. Note: 
Aqueous samples with high amounts of sediment present in the vial may not be suitable for 
analysis on this instrumentation, or they may need to analyzed as soils. 

l l .5.3. Sample remaining in the vial after sampling with one of these mechanisms is no longer valid for 
further analysis. A fresh VOA vial must be used for futther sample analysis. 

11.5.4. Check the pH of the sample remaining in the VOA vial after analysis is completed. 
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Note: This technique may seriously underestimate analyte concentration and must not be used 
except at specific client request for the purpose of comparability with previous data. It is no 
longer part of SW-846. 

This 1nethod is based on purging a heated sedin1ent/soil sample mL¥ed ivith reagent ivater containing 
the surrogate and, if applicable, internal and 1natrix spiking standards. Analyze all reagent blanks 
and standards under the same conditions as the samples (e.g., heated). The calibration curve is also 
heated during analysis. Purge te1nperature is 40°C. 

11.6.1. Do not discard any supernatant liquidY.. lvfix the contents of the container with a narro1v 1netal 
spatula. 

11.6.2. Weigh out 5 g (or other appropriate aliquot) of sample into a disposable culture tube or other 
purge vessel. Record the iveight to the nearest 0. I g. If method sensitivity is den1onstrated, a 
sntaller aliquot may be used. Do not use aliquots less than 1.0 g. If the san1ple is contaminated 
with analytes such that a purge amount less than 1. 0 g is appropriate, use the rnedium level 
method described in section 11. 7. 

I 1.6.3. Connect the purge vessel to the purge and trap device. 

11. 6.4. Rinse a 5 mL gas-tight syringe with organic free water, and fill. Compress to 5 mL. Add 
surrogate/internal standard (and matrix spike solutions if required.) (See Tables A-5. A-6, A-7 
and A-8.) Add directly to the sample from 11.6.2. 

11. 6.5. The above steps should be performed rapidly and without interruption to avoid loss of volatile 
organics. 

I I. 6. 6. Add the heater jacket or other heating device and start the purge and trap unit. 

11. 6. 7. Soil samples that have low IS recovery when analyzed (<50%) should be reanalyzed once to 
confirm matrix effect. If external standard calibration is used, samples ivith surrogate recovery 
be/01v the control limit should be reanalyzed once to confirm matrix effect. 

11.7. Methanol Extract Soils 

11.7.1. Rinse a gas-tight syringe with organic free water. Fill the syringe with the same volume of 
organic free water as used in the calibrations. Add no more than 2% (v/v) (100 µL for a 5 mL 
purge) methanolic extract (from Section 8.5 or 8.6) to the syringe. Add internal standard (if 
used). Load the sample onto the purge and trap device and analyze as for aqueous samples. If 
less than SµL ofmethanolic extract is to be added to the water, dilute the methanolic extract such 
that a volume greater than 5 µL will be added to the water in the syringe. 

12, DATA ANALYSIS AND CALCULATIONS 

Refer to section 12 of the 80008 section of this SOP. 

13. METHOD PERFORMANCE 

13.1. Performance limits for the four replicate initial demonstration of capability required under Section 
13.1 of the 80008 section of this SOP are 70-130%, with %RSD C: 25% The spiking level should be 
20 µgiL. These limits are for guidance, and certain "difficult" analytes may fall outside this range. 
Any outliers must be discussed with Quanterras@ Director of Quality Assurance and/or Director of 
Technology before proceeding with sample analysis. 
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This method does not contain any specific inodifications that serve to minimize or prevent pollution. 

15. WASTE MANAGEMENT 

15.1. Waste generated in this procedure will be segregated and disposed according to the facility hazardous 
waste procedures. The Environmental Health and Safety Director should be contacted if additional 
information is required. 

16. REFERENCES 

16.1. Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW846, 3rd Edition, Final 
Update III, December 1996, Sections 5000, 5030B, 5035 and 802 !B 

17. MISCELLANEOUS 

17.1. Modifications from Reference Method 

17 .2. Modifications from previous revision 

17.2.1. No revisions were made to this appendix. 

17.3. Facility Specific SOPs 

Each facility shall attach a list of facility specific SOPs or approved attachments (if applicable) which 
are required to implement this SOP or which are used in conjunction with this SOP. Ifno facility 
specific SOPs or amendments are to be attached, a statement must be attached specifying that there 
are none. 
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17.4. Tables 

Table A-1 

Standard Analvte List 

Test Compound CAS 

number 

Halogenated Bromodichloromethane 75-27-4 
volatiles by Bromoform 75-25-2 
802IB Bromo1nethane 74-83-9 

Carbon Tetrachloride 56-23-5 
Chlorobenzene l 08-90-7 
Chloroethane 70-00-3 
2-Cbloroethvl vinyl ether 110-75-8 
Chloroform 67-66-3 
Chloromethane 74-87-3 
Dibromochloromethane 124-48-1 
1,2-Dichlorobenzene 95-50-1 
1,3-Dichlorobenzene 541-73-1 
1,4-Dichlorobenzene 106-46-7 
Dichlorodifluoromethane 75-71-8 
1,1-Dichloroethane 75-34-3 
1,2-Dichloroethane 107-06-2 
1, 1-Dichloroethene 75-45-4 
cis-1,2 Dichloroethene 156-59-4 
trans-1,2-Dichloroethene 156-60-5 
Dichloromethane(DCM) 75-09-2 
1,2-Dichloropropane 78-87-5 
cis-1,3-Dichloroorooene 10061-01-5 
trans-1,3-Dichloropropene 10061-02-6 
l, 1,2,2-Tetrachloroethane 79-34-5 
Tetrachloroethene 127-18-4 
l, 1, ! -Trichloroethane 71-55-6 
l, 1,2-Trichloroethane 79-00-5 
Trichloroethene 79-01-6 
Trichlorofluoromethane 75-69-4 
Vinvl Chloride 75-01-4 

Additional Benzvl Chloride 100-44-7 
halogenated Bromobenzene l 08-86-1 
volatiles Dibromomethane 74-95-3 

1, 1, 1,2-Tetrachloroethane 630-20-6 
1,2,3-Trichloroorooane 96-18-4 

BTEXbv Benzene 71-43-2 
802IB Ethyl Benzene 100-41-4 

Toluene l 08-88-3 
Xvlenes (total) 1330-20-7 

Aromatic Benzene 71-43-2 
volatiles by 
802IB 

SOP No. CORP-GC-0001PT 
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Reporting Limit, µg/L or ug/kg 

Aqueous Low Soil Medium 
Soil 

1.0 1.0 50 
1.0 1.0 50 
1.0 1.0 50 
1.0 1.0 50 
1.0 1.0 50 
1.0 1.0 50 
5.0 5.0 250 
1.0 1.0 50 
1.0 1.0 50 
1.0 1.0 50 
1.0 1.0 50 
1.0 1.0 50 
1.0 1.0 50 
1.0 1.0 50 
1.0 1.0 50 
1.0 1.0 50 
1.0 1.0 50 
1.0 1.0 50 
1.0 1.0 50 
5.0 5.0 250 
1.0 1.0 50 
1.0 1.0 50 
1.0 1.0 50 
1.0 1.0 50 
1.0 1.0 50 
1.0 1.0 50 
1.0 1.0 50 
1.0 1.0 50 
1.0 1.0 50 
1.0 1.0 50 

5.0 5.0 250 
1.0 1.0 50 
1.0 1.0 50 
1.0 1.0 50 
1.0 1.0 50 

1.0 1.0 50 
1.0 1.0 50 
1.0 I.0 50 
1.0 1.0 50 
1.0 1.0 50 
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Standard Analvte List 
Test Compound CAS 

number 

Chlorobenzene 108-90-7 
1,2-Dichlorobenzene 75-34-3 
1,3-Dichlorobenzene I 07-06-2 
1,4-Dichlorobenzene 75-45-4 
Ethyl Benzene 100-41-4 
Toluene 108-88-3 
Xylenes (total) 1330-20-7 

Additional 1,2,4 Trimethvlbenzene 95-63-6 
aromatic and 1,3,5 Trimethvlbenzene 108-67-8 
unsaturated Acetone 67-64-1 
volatiles MEK (2-butanone) 78-93-3 

MIBK ( 4-methvl-2-oentanone) 108-10-1 
Naohthalene 91-20-3 
Styrene I 00-42-5 
Methyl tert-butyl ether (MTBE) 1634-04-4 

Combined Benzene 71-43-2 
halogenated Bromobenzene 108-86-1 
and aromatic Bromochloromethane 74-97-5 
volatiles by Bromodichloromethane 75-27-4 
80218 Bromoform 75-25-2 

Bromomethane 74-83-9 
n-butylbenzene 104-51-8 
sec-Butylbenzene 135-98-8 
tert-Butvlbenzene 98-06-6 
Carbon Tetrachloride 56-23-5 
Chlorobenzene 108-90-7 
Chlorodibromomethane 124-48-1 
Chloroethane 75-00-3 
Chloroform 67-66-3 
Chloromethane 74-87-3 
2-Chlorotoluene 95-49-8 
4-Chlorotoluene 106-43-4 
1,2-Dibromo-3-Chloroorooane(DBCP) 96-12-8 
1,2-Dibromoethane(EDB) I 06-93-4 
Dibromomethane 74-95-3 
1,2-Dichlorobenzene 95-50-1 
1,3-Dichlorobenzene 541-73-1 
1,4-Dichlorobenzene I 06-46-7 
Dichlorodifluoromethane 75-71-8 
1, 1-Dichloroethane 75-34-3 
1,2-Dichloroethane I 07-06-2 
I, 1-Dichloroethene 75-35-4 
cis-1.2-Dichloroethene 156-59-4 
trans-1,2-Dichloroethene 156-60-5 

~· 
Aqueous 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

1.0 
LO 
IO 
5.0 
5.0 
2.0 
LO 
LO 

LO 
LO 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
LO 
LO 
1.0 
1.0 
LO 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
LO 
1.0 
1.0 
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' . ~" ~ 

Low Soil Medium 
Soil 

1.0 50 
1.0 50 
1.0 50 
1.0 50 
1.0 50 
1.0 50 
LO 50 

LO 50 
1.0 50 
IO 500 
5.0 250 
5.0 250 
2.0 250 
1.0 50 
1.0 50 

1.0 50 
1.0 50 
1.0 50 
1.0 50 
1.0 50 
1.0 50 
1.0 50 
LO 50 
1.0 50 
LO 50 
1.0 50 
LO 50 
1.0 50 
1.0 50 
1.0 50 
1.0 50 
LO 50 
1.0 50 
1.0 50 
1.0 50 
1.0 50 
1.0 50 
1.0 50 
1.0 50 
1.0 50 
1.0 50 
LO 50 
LO 50 
1.0 50 
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Test Compound CAS Reporting Limit, µg/L or g/kg 

number Aqueous Low Soil Medium 
Soil 

1,2-Dichloropropane 78-87-5 1.0 1.0 50 
1,3-Dichloropropane 142-28-9 1.0 1.0 50 
2,2-Dichloropropane 590-20-7 1.0 1.0 50 
1,1-Dichlorooropene 563-58-6 1.0 1.0 50 
cis-1,3-Dichloropropene 10061-01-5 1.0 1.0 50 
trans-1,3-Dichloropropene 10061-02-6 1.0 1.0 50 
Ethvlbenzene 100-41-4 1.0 1.0 50 
Hexachlorobutadiene 87-68-3 1.0 1.0 50 
Isopropvlbenzene 98-82-8 1.0 1.0 50 
p-lsopropyltoluene 99-87-6 1.0 1.0 50 
Methylene Chloride 75-09-2 5.0 5.0 250 
Naohthalene 91-20-3 2.0 2.0 250 
n-Pronvlbenzene 10306501 1.0 1.0 50 
Styrene 100-42-5 1.0 1.0 50 
1, 1, 1,2-Tetrachloroethane 630-20-6 1.0 1.0 50 
1, 1,2,2-Tetrachloroethane 79-34-5 1.0 1.0 50 
Tetrachloroethene 127-18-4 1.0 1.0 50 
Toluene 108-88-3 1.0 1.0 50 
1,2,3-Trichlorobenzene 87-61-6 1.0 1.0 50 
1,2,4-Trichlorobenzene 120-82-1 1.0 1.0 50 
1,1, !-Trichloroethane 71-55-6 1.0 1.0 50 
1, 1,2-Trichloroethane 79-00-5 1.0 1.0 50 
Trichloroethene 79-01-6 1.0 1.0 50 
Trichlorofluoromethane 75-69-4 1.0 1.0 50 
1,2,3-Trichlorooropane 96-18-4 1.0 1.0 50 
1,2,4-Trimethylbenzene 95-63-6 1.0 1.0 50 
1,3,5-Trimethylbenzene 108-67-8 1.0 1.0 50 
Vinvl Chloride 75-01-4 1.0 1.0 50 
Xvlenes (total) 1330-20-7 1.0 1.0 50 

Table A-2 
Recommended Conditions for Aromatic Volatiles 

Parameter Recommended Conditions 

Temnerature orogram 50°C, !min, 10°C/min to 200°C,lmin 
Column l Rtx-502.2 or DB-502.2 60m x 0.53mm 3.0um 
Column2 Rtx-1 or DB-1 60m x 0.53mm 3.0um 
Carrier gas Helium or hvdro!!en 
Purge Flow I time 40 mL/min, 11 minutes 
Desorb Temp I time 180°C, 2 minutes (220°C for Vocarb 3000) 
Bake Time I temp 200°C, 12 minutes (230°C for Vocarb 3000) 
Transfer line I valve terno 115°C 
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Table A-3 
Recommended Conditions for Method Halo!!enated Volatiles 

Parameter Recommended Conditions 

Temoerature orogram 35°C, 12 min, then 4 °C/min to 200°C, hold for 5 min 
Column I DB-VRX or RTX-502.2 105m x 0.53 mm id df= 3.0um 
Column2 DB-I orRTX-l 105mx0.53mmIDdf=3.0um 
Column 3 Rtx - Volatiles 120m x 0.53mm ID df=2.0um 
Carrier 2as Helium 
Purge Flow I time 40 mL/min, 11 minutes 
Desorb Temp! time I 80°C, 2 minutes (220°C for Vocarb 3000) 
Bake Time I temp 200"C, 12 minutes (230°C for Vocarb 3000) 
Transfer line ! valve temp I 15°C 

Table A-4 
Recommended Conditions for Method Combined Aromatic and Halo!!enated Volatiles 

Parameter Recommended Conditions 

Ternoerature orogram 35°C, 12 min, then 4 °C/min to 200°C, hold for 5 min 
Column I DB-VRX or RTX-502.2 105m x 0.53 mm id df= 3.0um 
Column2 DB-I or RTX-1 105rn x 0.53 mm ID df= 3.0um 
Column 3 Rtx - Volatiles 120m x 0.53mm ID df=2.0um 
Carrier gas Helium 
Purge Flow I time 40 mL/min, 11 minutes 
Desorb Temp I time 180°C, 2 minutes (220°C for Vocarb 3000) 
Bake Time I temo 200°C, 12 minutes (230°C for Vocarb 3000) 
Transfer line I valve temo I 15"C 
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Table A-5 
Surro2ate and Internal Standard Concentrations 

Standard Co1nponents Working Solution Spike amount Final concentration 
µglmL µL (for 5 mL µg/L (µglkg) 

ourge) 

Aromatic 4-Chlorotoluene (SS) 20 5 20 
volatiles IS/SS l-Chloro-4-tluorobenzene (IS) 40 40 

Halogenated 4-chlorotoluene (SS) 20 5 20 
volatiles IS/SS l-Chloro-4-tluorobenzene (IS) 40 40 

Combined Fluorobenzene (SS) 20 5 20 
Aromatic and 
halogenated 1,4-Dichlorobutane (SS) 20 5 20 
volatiles IS/SS l -Chloro-4-tl uorobenzene (IS) 40 IO 40 

It may be necessary to select different surrogates in order to minimize sample interferences. l -chloro-4-
fluorobenzene and 4-chlorotoluene are fairly well resolved from analytes listed in this SOP. However 4-
chlorotoluene may sometimes be requested as a target analyte. Other surrogates that may be considered, and issues 
associated with their use are: 
Bromochloromethane: 

1,2-Bromochloroethane: 
l -Chloro-2-tl uorobenzene: 

a,a,a-Trifluorotoluene: 
Bromofluorobenzene: 

2-Bromo-1-chloropropane: 

Elutes very close to chloroform and cis-1,2-dichloroethene on the 502.2 
column. May be a target analyte. 

Elutes close to ethylbenzene on DB-! or Rtx-1 and close to m,p-xylene on 
502.2 
Good for aromatic volatiles, coelutes or very close to trichloroethene 
Close to 1,1,2,2-trichloroethane and 1,2,3-trichloropropane on the 502.2 
column. Good on DB-I or Rtx-1. 
May coelute with I, 1,2-trichloroethane 

Table A-6 
Concentrations for LCS and MS/MSD compounds 

Standard Components Working Solution µg/mL Spike amount µL Final concentration 
(5 mL purge) U.Q/L ( tW /krr) 

Aromatic Benzene 20 5 20 

Toluene 20 20 
Chlorobenzene 20 20 

Halogenated Chlorobenzene 20 5 20 

I, 1-Dichloroethene 20 20 
Trichloroethene 20 20 

Combination Benzene 20 5 20 
aromatic I Toluene 20 20 
halogenated Chlorobenzene 20 20 

I, 1-Dichloroethene 20 20 
Trichloroethene 20 20 
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This SOP Appendix describes procedures to be used when SW-846 Method 8081A is applied to the 
analysis of organochlorine pesticides by GC/ECD. This Appendix may also to be applied when 
discontinued SW-846 Method 8080A is requested, and is applicable to extracts derived from any matrix 
which are prepared according to the appropriate Quanterra" sample extraction SOPs. (CORP-OP-0001) 

Table B-1 lists compounds which are routinely determined by this method and gives the Reporting Limits 
(RL) for each matrix. RLs given are based on the low level standard and the sample preparation 
concentration factors. Matrix interferences may result in higher RLs than those listed. 

At client request, this method may also be used for the analysis of PCBs (Arochlors) in combination with 
pesticides, although these are normally analyzed following method 8082, as described in Appendix C of 
this SOP. In any event, if samples for PCB analysis do not need the acid clean up procedure, then the 
same injection may be used for method 8081 B and 8082, assuming all calibration and QC requirements 
for both methods are met. Extracts that have been acid cleaned may not be analyzed for pesticides, since 
several of the pesticides will be degraded. 

2. SUMMARY OF METHOD 

This method presents conditions for the analysis of prepared extracts of organochlorine pesticides. The 
pesticides are injected onto the column and separated and detected by electron capture detection. 
Quantitation may be by internal or external standard methods. 

3. DEFINITIONS 

Refer to the QAMP for definitions of terms used in this document. 

4. INTERFERENCES 

4.1. Refer to the method 80008 section of this SOP for information regarding chromatographic 
interferences. 

4.2. Interferences in the GC analysis arise from many compounds amenable to gas chromatography that 
give a measurable response on the electron capture detector. Phthalate esters, which are common 
plasticizers, can pose a major problem in the detenninations. Interferences from phthalates are 
minimized by avoiding contact with any plastic materials. 

4.3. Sulfur will interfere and can be removed using procedures described in SOP CORP-OP-0001. 

4.4. Interferences co-extracted from samples will vary considerably from source to source. The presence 
of interferences may raise quantitation limits for individual samples. Specific cleanups may be 
performed on the sample extracts, including florisil cleanup (Method 3620), Gel Permeation 
Chromatography (Method 3640), and Sulfur cleanup (Method 3660). These cleanup procedures are 
included in SOP# CORP-OP-000 I. Use or hexane I acetone as the extraction solvent (rather than 
hexane I methylene chloride) will reduce the amount of interferences extracted. 

5. SAFETY 

5.1. Refer to section 5 of the Method 80008 SOP for general safety requirements. 

5.2. Aroclors have been classified as a potential carcinogen under OSHA. Concentrated solutions of 
Aroclors must be handled with extreme care to avoid excess exposure. Contaminated gloves and 
clothing must be removed immediately. Contaminated skin surfaces must be washed thoroughly. 
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5.3. All 63Ni sources shall be leak tested every six months, or in accordance with the manufacturers 
general radioactive material license. 

5.4. All 63Ni sources shall be inventoried every six months. If a detector is missing, the Director, EH&S 
shall be immediately notified and a letter sent to the NRC or local state agency. 

6. EQUIPMENT AND SUPPLIES 

7. 

6.1. Refer to Section 6 of the 8000B section of this SOP. A 63Ni electron capture detector is required. 

6.2. 

6.3. 

7.1. 

7.2. 

7.3. 

Refer to Table B-2 for analytical columns. 

Microsyringes, various sizes, for standards preparation, sample injection, and extract dilution. 

REAGENTS AND STANDARDS 

Refer to the method 8000B section of this SOP for general requirements for reagents and supplies. 

Refer to Table B-3 for details of calibration standards. 

Surrogate Standards 

Tetrachloro-m-xylene and decachlorobiphenyl are the surrogate standards. Refer to tables B-5 and B-
6 for details of surrogate standards. 

7.4. Column Degradation Evaluation Mix 

A mid-level standard containing 4,4'DDT and Endrin and not containing any of their breakdown 
products must be prepared for evaluation of degradation of these compounds by the GC column and 
injection port. This mix must be replaced after one year, or whenever corrective action to columns 
fails to eliminate the breakdown of the compounds, whichever is shorter. This solution also contains 
the surrogates. Refer to Table B-4 for details of the column degradation evaluation mix. 

8. SAMPLE COLLECTION, PRESERVATION AND STORAGE 

Refer to Section 8 of the 8000B section of this SOP. 

9. QUALITY CONTROL 

Refer to Section 9 of the 8000B section of this SOP. 

IO. CALIBRATION AND STANDARDIZATION 

10.1. Refer to Section 10 of the 8000B section of this SOP for general calibration requirements. 

10.2. Refer to Table B-2 for details of GC operating conditions. The conditions listed should result in 
resolution of all analytes listed in Table B-1 on both columns. Closely eluting pairs are DDE and 
Dieldrin on the Rtx-5 or DB-5 column and Endosulfan II and DDD on the 1701 column. 

10.3. Column Degradation Evaluation 

BetOre any calibration runs, either initial or 12 hour, The column evaluation mix must be injected 
before each initial or daily calibration. The degradation of DDT and endrin must be calculated (see 
equations 9 and I 0) and each shown to be less than 15% before calibration can proceed. This is only 
necessary if the target compound list includes DDT, Endrin, or any of their degradation products. 
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If the breakdown of DDT and/or endrin exceeds the limits given above, corrective action must be 
taken. This action may include: 

• Replacement of the injection port liner or the glass wool. 

• Cutting off a portion of the injection end of a capillary column. 

• Replacing the GC column. 

10.4. Initial Calibration 

Refer to Section 10 of the 80008 section of this SOP for details of calibration procedures. 

10.4.1. Refer to Table B-8 for tbe initial calibration analytical sequence. 

10.4.2. The response for each single-peak analyte will be calculated by the procedures described in the 
general method for GC analysis. 

l 0.4.3. The surrogate calibration curve is calculated from the Individual AB mix. Surrogates in the 
other calibration standards are used only as retention time markers. If there are resolution 
problems, then the A and 8 mixes may be analyzed separately. 

10.4.4. For multi-component pesticides: 

Single point calibration is used for multicomponent pesticides (typically toxaphene and technical 
chlordane). Two options are possible; the same quantitation option must be used for standards 
and samples. Refer to section 12.3 for guidance on which option to use. 

10.4.5. For multicomponent analytes, the mid level standard must be analyzed as part of the initial 
calibration. This single point calibration is used to quantitate multicomponent analytes. 

10.4.6. The analyst may include a full 5 point calibration for any of the multicomponent analytes with 
the initial calibration. 

10.5. 12 hour Calibration Verification 

The 12 hour calibration verification sequence must be analyzed within 12 hours of the start of the 
initial calibration and at least once every 12 hours thereafter if samples are being analyzed. If more 
than 12 hours have elapsed since the injection oftbe last sample in the analytical sequence, a new 
analytical sequence must be started with a 12 hour calibration. A mid level calibration standard is 
used for the 12 hour calibration. Refer to the 8000B section of this SOP for acceptance criteria. 

10.5.1. At a minimum, the 12 hour calibration includes analysis of the breakdown mix followed by mid 
level standards of any single and multicomponent analytes. 

10.5.2. The retention time windows for any analytes included in the 12 hour calibration are updated. 

10.6. Continuing Calibration 

The AB calibration mix is analyzed as the continuing calibration standard. At a minimum, this is 
analyzed after every 20 samples, including matrix spikes, LCS, and method blanks. If 12 hours 
elapse analyze the 12 hour standard sequence instead. The continuing calibration standard need not 
include multicomponent analytes. If instrument drift is expected due to sample matrix or other 
factors, it may be advisable to analyze the continuing calibration standard more frequently. 

10.6.1. A mid level calibration standard is used for the continuing calibration. 
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11.1. Refer to the method 80008 section of this SOP for general procedural requirements. 

11.2. Extraction 

The extraction procedure is described in SOP No. CORP-OP-0001. 

11.3. Cleanup 

Cleanup procedures are described in SOP No. CORP-OP-0001. 

11.4. Suggested gas chromatographic conditions are given in Table 8-2. 

11.5. Allow extracts to warm to ambient temperature before injection. 

11.6. The suggested analytical sequence is given in Table 8-8. 

12. DATA ANALYSIS AND CALCULATIONS 

12.1. Refer to the 80008 section of this SOP for identification and quantitation of single component 
analytes. 

12.2. Identification of Multicomponent Analytes 

Retention time windows are also used for identification of multi-component analytes, but the 
"fingerprint" produced by major peaks of those compounds in the standard is used in tandem with the 
retention times to identify the compounds. The ratios of the areas of the major peaks are also taken 
into consideration. Identification of these compounds may be made even if the retention times of the 
peaks in the sample fall outside of the retention time windows of the standard, if in the analysts 
judgment the fingerprint (retention time and peak ratios) resembles the standard chromatogram. 

12.3. Quantitation of Multicomponent Analytes 

Use 3-10 major peaks or total area for quantitation as described in section 10.4.4, initial calibration of 
multicomponent analytes. 

12.3. l. Ifthere are no interfering peaks within the envelope of the multicomponent analyte, the total area 
of the standards and samples may be used for quantitation. Any surrogate or extraneous peaks 
within the envelope must be subtracted from the total area. 

12.3.1.1. Multiple peak option 

This option is particularly valuable iftoxaphene is identified but interferences make quantitation based on 
total area difficult. Select 3-10 major peaks in the analyte pattern. Calculate the response using the total 
area or total height of these peaks. Alternatively, find the response of each of the 3-10 peaks per multi­
peak pesticide, and use these responses independently, averaging the resultant concentrations found in 
samples for a final concentration result. When using this option, it is appropriate to remove peaks that 
appear to be coeluting with contaminant peaks from the quantitation. ( i.e. peaks which are significantly 
larger than would be expected from the rest of the pattern.) 

Chlordane may be quantitated either using the multiple peak option (12.3.1.1) total area option (12.3.1.2.) 
or by quantitation of the major components, a-chlordane, y-chlordane and heptachlor. 

12.3.1.2. Total area option 

The total area of the standards and samples may be used for quantitation of multicomponent analytes. 
Any surrogate or extraneous peaks within the envelope must be subtracted from the total area. This option 
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should not be used ifthere are significant interference peaks within the multicomponent pattern in the 
samples. The retention time window fOr total area measurement must contain at least 90o/o of the area of 
the analy1e. 

12.4. Second column confirmation multi-component analY1es will only be performed when requested by the 
client, because the appearance of the multiple peaks in the sample usually serves as a confirmation of 
analyte presence. 

12.5. Surrogate recovery results are calculated and reported for decach!orobiphenyl (DCB) unless it is 
determined that sample interference has adversely affected the quantitation of that surrogate. 
Tetrachloro-m-xylene (TCMX) recovery is reported in lieu of DCB in samples having the 
interference, and also may be used in samples in which DCB recovery is low. Corrective action is 
only necessary if DCB and TCMX are both outside of acceptance limits. 

12.6. Calculation of Column Degradation/% Breakdown (%B) 

DDT%B = 

where: 

Avvv + Anvt: 
--=~-~~- x 100 
AvvD + ADDE + AvvT 

Aooo, Aoo£, and ADDr =the response of the peaks for 4,4'-DDD, 4,4'-DDE, and 
4,4'-DDT in the column degradation evaluation mix. 

Endrin %B __ A~t~K_+~A=EA~ x 100 
AEK + AEA +At: 

where: 
AEK, A£.<, and AE =the response of endrin ketone, endrin aldehyde, and endrin in 
the column degradation evaluation mix. 

13. METHOD PERFORMANCE 

13.1. Performance limits for the four replicate initial demonstration of capability required under Section 
13.l of the main body of this SOP are presented in Table 8-7. The spiking level should be equivalent 
to a mid level calibration. 

14. POLLUTION PREVENTION 

Refer to section 14 of the 80008 section of this SOP. 

15. WASTE MANAGEMENT 

15 .1 . Waste generated in this procedure will be segregated and disposed according to the facility hazardous 
waste procedures. The Environmental Health and Safety Director should be contacted if additional 
information is required. 

16. REFERENCES 

SW846, Update IJI, December 1996, Method 8081A 
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17. MISCELLANEOUS 

17.1. Modifications from Reforence Method 

None 

17 .2. Modifications from Previous Revisions 

17.2.1. No revisions were made to this appendix. 
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17.3. Tables 

Table B-1 
Standard Analvte list and Reoortin2 Limits 

~ -. · .... rr 

Compound water soil 

Aldrin 0.05 1.7 
a-BHC 0.05 1.7 

13-BHC 0.05 1.7 

8-BHC 0.05 1.7 

y-BHC (Lindane) 0.05 1.7 

a-Chlordane 0.05 1.7 

Y-Chlordane 0.05 1.7 

Chlordane (technical) 0.5 17 
4,4'-DDD 0.05 1.7 
4,4'-DDE 0.05 1.7 
4,4'-DDT 0.05 1.7 
Dieldrin 0.05 1.7 
Endosulfan I 0.05 1.7 
Endosulfan II 0.05 1.7 
Endosulfan Sulfate 0.05 1.7 
Endrin 0.05 1.7 
Endrin Aldehyde 0.05 1.7 
Heotachlor 0.05 1.7 
Heotachlor Eooxide 0.05 1.7 
Methoxvchlor O.l 3.3 
Toxaphene 2.0 67 
APPENDIX IX ADD ONs 
Diallate 1.0 33 
lsodrin 0.1 3.3 
Chlorobenzillate 0.1 3.3 
Kevone 1 1.0 33 
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waste 

50 
50 

50 

50 

50 

50 

50 

500 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
100 

2000 

1000 
100 
100 

1000 
1 Kepone is sometimes requested for analysis by method 8081A. However kepone may produce peaks with broad 
tails that elute later than the standard by up to a minute (presumably due to hemi-acetal formation). As a result 
kepone analysis by 808 l A is unreliable and not recommended. Analysis by method 8270C is a possible 
alternative. 
Note: alpha chlordane, gamma chlordane, and endrin ketone are not required for some projects. 

The following concentration factors are assumed in calculating the Reporting Limits: 

Ground water 
Low-level Soil 
High-level soil I waste 

Extraction Vol. Final Vol. 
1000 mL 10 mL 
30g lOmL 
I g 10 mL 
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Table B-2 

Parameter 

Injection port temp 220°C 
Detector temp 325°C 

Recommended Conditions 
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Temoerature program l20°C for l min, 8.5°C/min to 285°C,, 6 min hold 
Column l Rtx-CLPesticides 30m x 0.32mm id, O.Sum 
Column2 Rtx-35 30m x 0.32 mm id, 0.5µm 
Column 3 DB-608, 30m X 0.32 mm, 0.25µm 
Injection 2µL 
Carrier 12:as Helium or Hvdrogen 
Make uo gas Nitrogen 
Y solitter Restek or J& W or Suoelco glass tee 
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Table B-3 
Calibration Levels ne:/mL 

Level 1 Level2 Level 3 
Individual Mix AB' 
Aldrin 5 10 25 
g-BHC (Lindane) 5 10 25 
Heptachlor 5 10 25 
Methoxychlor 10 20 50 
Dieldrin 5 10 25 
Endosulfun I 5 10 25 
Endosulfan II 5 10 25 
4,4'DDT 5 10 25 
Endrin Aldehyde 5 10 25 
Endrin Ketone 5 10 25 
B-BHC 5 10 25 
o-BHC 5 10 25 
a-BHC 5 10 25 
4,4'-DDD 5 10 25 
4,4'-DDE 5 10 25 
Endosulfan Sulfate 5 10 25 
Endrin 5 10 25 
a-Chlordane 3 5 10 25 
y-Chlordane 3 5 10 25 
Multicomponent Standards 
Chlordane (Technical) 2504 

Toxaphene 10005 

Surrogates are included with all the calibration mixes at the following levels: 

Tetrachloro-m-xylene 5 10 25 
Decachlorobiphenyl 5 10 25 

Level 4 

50 
50 
50 
100 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 

50 
50 
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Level 5 Level 62 

100 200 
100 200 
100 200 
200 400 
100 200 
100 200 
100 200 
JOO 200 
100 200 
100 200 
100 200 
100 200 
100 200 
100 200 
100 200 
100 200 
100 200 
100 200 
100 200 

100 200 
100 200 

1 Standards may be split into an A and B mix if resolution of all compounds on both columns is not obtained. 
2 Level 6 is optional and should only be used iflinearity can be maintained on the instrument to this level. 
3 Compounds may be used in lieu of running a daily technical Chlordane standard for samples that are non-detect 
for technical Chlordane. 
4 This standard may be used for quantitation of technical chlordane between 50 and 1000 ng/mL. If the chlordane 
is more concentrated, the extract must be diluted and reanalyzed. 
5 This standard may be used for quantitation oftoxaphene between 200 and 4000 ng/mL. If the toxaphene is more 
concentrated, the extract must be diluted and reanalyzed. 
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Table B-4 
Column Degradation Evaluation Mix ng/mL 

Comoonent C-oncentration 
4,4'DDT 25 
Endrin 25 
Tetrachloro-m-xvlene (Surrogate) 20 
Decachlorobiphenvl (Surrogate) 20 

Table B-5 
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LCS/Matrix Snike and Surrouate Spike levels u!!IL or ""/k!! 
Aoueous Soil Waste 

gamma BHC (Lindane) 0.20 6.67 200 
Aldrin 0.20 6.67 200 
Heptachlor 0.20 6.67 200 
Dieldrin 0.50 16.7 500 
Endrin 0.50 16.7 500 
4,4DDT 0.50 16.7 500 
Tetrachloro-m-xylene (Surrogate) 0.20 6.67 200 
Decachlorobiohenyl (Surrogate) 0.20 6.67 200 

Table B-6 
LCS/Matrix Soike and Surro!!ate Soike levels for TCLP "u/L or ""'k 

Aqueous Waste 
Heotachlor 5 500 
Heotachlor eooxide 5 500 
Lindane 5 500 
Endrin 5 500 
Methoxychlor 10 1000 
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Table B-7 
Suggested Analytical Sequence 

Initial Calibration 
Solvent blank (optional) 
Breakdown Mix 
Individual mix AB 
Technical Chlordane 
Toxaphene 
Solvent blank 

All levels 
Level 31 

Level 31 

Up to 20 samples unless 12 hours comes first) 
Solvent blank (optional) 
Individual mix AB Mid level (Continuing calibration) 
Samples 
After 12 hours: 
Breakdown mix 
Individual mix AB 
Any other single component analytes 
Any multicomponent analytes 

A five point curve for any of the multicomponent analytes may be included 
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If Arochlors are included, a 5 point calibration for Arochlor 101611260 should be included with the initial 
calibration and a single point for the other Arochlors. The mid point l 016/1260 mix is included with the 
daily calibration (every 12 hours). 

12 hour Calibration 

At least every 12 hours, counting from the start of the initial calibration, or from the start of the last daily 
calibration, the retention time windows must be updated using the Individual mix AB, and the breakdown mix 
must be run before the continuing calibration. 
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Performance limits, four reolicate initial demonstration of capability 

Compound Initial demonstration, Initial demonstration, 
mean recoverv limits RSD limits 

Aldrin 46-112 21 
alnha-BHC 51-122 24 
beta-BHC 61-120 32 
delta-BHC 49.5-118.5 36 
gamma-BHC 57-116 23 
Chlordane 44.8-108.6 20 
4,4'DDD 52-126 28 
4,4'DDE 46-120 27.5 
4,4'DDT 54-137 36 
Dieldrin 42.5-124.5 38 
Endosulfan I 43-141 24.5 
Endosulfan II 78-171 61 
Endosulfan Sulfate 62-132 27 
Endrin 49-126 37 
Heptachlor 57-l 00 20 
Hentachlor Enoxide 43.5-131.5 25.4 
Toxaohene 44.4-111.2 20 
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1.1. This SOP Appendix describes procedures to be used when SW-846 Method 8000B is applied to the 
analysis ofpolychlorinated biphenyls (PCB) by GC/ECD. This Appendix is to be applied when SW-
846 Method 8082 is requested, and is applicable to extracts derived from any matrix which are 
prepared according to the appropriate Quanterra® sample extraction SOPs. (CORP-OP-0001 ). The 
PCBs are determined and quantitated as Arochlor mixes. 

Table C-1 lists compounds which are routinely determined by this method and gives the Reporting 
Limits (RL) for each matrix. RLs given are based on the low level standard and the sample 
preparation concentration factors. Matrix interterences may result in higher RLs than those listed. 

Note: SW-846 method 8082 provides incomplete guidance for determination of individual PCB 
congeners. This SOP does not include directions for congener specific analysis. 

2. SUMMARY OF METHOD 

This method presents conditions for the analysis of prepared extracts of PCBs. The PCBs are injected 
onto the column and separated and detected by electron capture detection. Quantitation is by the external 
standard method. 

3. DEFINITIONS 

Refer to the QAMP for definitions of terms used in this document 

4. INTERFERENCES 

4.1. Refer to the method 8000B section of this SOP for information regarding chromatographic 
interferences. 

4.2. Interferences in the GC analysis arise from many compounds amenable to gas chromatography that 
give a measurable response on the electron capture detector. Phthalate esters, which are common 
plasticizers, can pose a major problem in the determinations. Interferences from phthalates are 
minimized by avoiding contact with any plastic materials. 

4.3. Sulfur will interfere and can be removed using procedures described in SOP CORP-OP-0001. 

4.4. Interferences co-extracted from samples will vary considerably from source to source. The presence 
of interferences may raise quantitation limits for individual samples. Specific cleanups may be 
performed on the sample extracts, including florisil cleanup (Method 3620), Gel Permeation 
Chromatography (Method 3640), and Sulfur cleanup (Method 3660). These cleanup procedures are 
included in SOP# CORP-OP-0001. 

5. SAFETY 

5.1. Refer to section 5 of the Method 8000B SOP for general safety requirements. 

5.2. Aroclors have been classified as a potential carcinogen under OSHA. Concentrated solutions of 
Aroclors must be handled with extreme care to avoid excess exposure. Contaminated gloves and 
clothing must be removed immediately. Contaminated skin surfaces must be washed thoroughly. 

5.3. Al1 63Ni sources shall be leak tested every six months, or in accordance with the manufacturer's 
general radioactive material license. 
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6. 

7. 

5 .4. All 63Ni sources shall be inventoried every six months. If a detector is missing, the Director, EH&S 
shall be immediately notified and a letter sent to the NRC or local state agency. 

6.1. 

6.2. 

6.3. 

7.1. 

EQUIPMENT AND SUPPLIES 

Refer to Section 6 of the 8000B section of this SOP. A 63Ni electron capture detector is required. 

Refer to Table C-2 for analytical columns. 

Microsyringes, various sizes, for standards preparation, sample injection, and extract dilution. 

REAGENTS AND STANDARDS 

Refer to the method 8000B section of this SOP for general requirements for reagents and supplies. All 
standards for this method must be replaced 

7.2. Refer to Table C-3 for details of calibration standards. 

7.3. Surrogate Standards 

Tetrachloro-m-xylene and decachlorobiphenyl are the surrogate standards. Other surrogates may be 
used at client request. Refer to Table C-4 for details of surrogate standards. 

8. SAMPLE COLLECTION, PRESERVATION AND STORAGE 

Refer to Section 8 of the 8000B section of this SOP. 

9. QUALITY CONTROL 

Refer to Section 9 of the 8000B section of this SOP. 

10. CALIBRATION AND STANDARDIZATION 

10.1. Refer to Section 10 of the 8000B section of this SOP for general calibration requirements. 

10.2. Initial Calibration 

10.2.1. Refer to Table C-5 for the initial calibration analytical sequence. 

10.2.2. The response for each Arochlor will be calculated by the procedures described in the general 
method for GC analysis, with the following modifications. 

10.2.3. A five point calibration of the Arochlor 1016/1260 mix is generated with at least mid level single 
points for the other Aroclor mixes. The average response factor is used to quantitate Arochlors 
1260 and 1016, other Arochlors are quantitated from the mid level single point. 

10.2.4. The analyst may include a full 5 point calibration for any of the Arochlors with the initial 
calibration. 

10.2.5. The high and low standards for the initial 5 point calibration of 1016 i 1260 define the acceptable 
quantitation range for the other Arochlors. If any Arochlor is determined above this 
concentration the extract must be diluted and reanalyzed. 

I 0.2.6. lfthe analyst knows that a specific Arochlor is of interest for a particular project, that Arochlor 
may be used for the five point calibration rather than the 1016 i 1260 mix. 
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10.2.7. The surrogate calibration curve is calculated from the Aroclor 101611260 mix. Surrogates in the 
other calibration standards are used only as retention time markers. 

I 0.2.8. Two options are possible for quantitation of Aroclors. The same quantitation option must be used 
for standards and samples. 

10.2.8.1. Multiple peak option 

Select 3-10 major peaks in the analyte pattern. Calculate the response using the total area or total height 
of these peaks. Alternatively, find the response of each of the 3-10 peaks per Aroclor, and use these 
responses independently, averaging the resultant concentrations found in samples for a final concentration 
result. When using this option, it is appropriate to remove peaks that appear to be coeluting with 
contaminant peaks from the quantitation. (i.e. peaks which are significantly larger than would be expected 
from the rest of the pattern.) 

10.2.8.2. Total area option 

The total area of the standards and samples may be used for quantitation of multicomponent analytes. 
Any surrogate or extraneous peaks within the envelope must be subtracted from the total area. This option 
should not be used if there are significant interference peaks within the multicomponent pattern in the 
samples. The retention time window for total area measurement must contain at least 90o/o of the area of 
the analyte. 

10.3. 12 hour Calibration 

The 12 hour calibration verification must be analyzed within 12 hours of the start of the initial 
calibration and at least once every 12 hours thereafter if samples are being analyzed. Ifthere is a 
break in the analytical sequence of greater than 12 hours, then a new continuing calibration run must 
be analyzed before proceeding with the sequence. If more than 12 hours have elapsed since the 
injection of the last sample in the analytical sequence, a new analytical sequence must be started with 
a 12 hour calibration. 

I 0.3 .1. At a minimum, the 12 hour calibration includes analysis of the Arochlor 1260 I 1016 mix. 

10.3 .2. It is adequate to verify calibration with a mixture of Aroclors 1016 and 1260. If a specific 
Aroclor is expected, it should be included in the daily calibration check. 

10.3 .3. The retention time windows for any analytes included in the daily calibration are updated. 

10.3.4. For this method samples must be bracketed with successful calibration verification runs. 

10.4. Calibration verification 

The Arochlor 126011016 calibration mix is analyzed as the calibration verification standard. This is 
analyzed after every 20 samples, including matrix spikes, LCS, and method blanks. (Depending on 
the type of samples, it may be advisable to analyze verifications more frequently in order to minimize 
reruns.). 

10.4.1. A mid level standard is used for the calibration verification. 

1 L PROCEDURE 

11.1. Refer to the method 80008 section of this SOP for general procedural requirements. 

11.2. Extraction 

The extraction procedure is described in SOP No. CORP-OP~OOOl. 
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l L3. Cleanup 

Cleanup procedures are described in SOP No. CORP-OP-OOOL 

11.4. Suggested gas chromatographic conditions are given in Table C-2. 

11.5. Allow extracts to warm to ambient temperature before injection. 

11.6. The suggested analytical sequence is given in Table C-5. 

12. DATA ANALYSIS AND CALCULATIONS 

12. l. Identification of Arochlors 

SOP No. CORP-GC-OOOIPT 
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Retention time windows are used for identification of Arochlors. but the "fingerprint" produced by 
major peaks of those analytes in the standard is used in tandem with the retention times for 
identification. The ratios of the areas of the major peaks are also taken into consideration. 
Identification may be made even ifthe retention times of the peaks in the sample fall outside of the 
retention time windows of the standard, if in the analysts judgment the fingerprint (retention time 
and peak ratios) resembles the standard chromatogram. 

A clearly identifiable Arochlor pattern serves as confirmation of single column GC analysis. 
However, if the pattern is not clear, or if no historical data for the site is available, then second 
column confirmation must be performed. 

12.2. Quantitation of Arochlors 

Use 3-10 major peaks or total area for quantitation 

If the analyst believes that a combination of Aroclor 1254 and 1260, or a combination of 1242, 1248 
and 1232 is present, then only the predominant Arochlor is quantitated and reported, but the 
suspicion of multiple Aroclors is discussed in the narrative. If well separated Aroclor patterns are 
present, then both Aroclors are quantitated and reported. 

12.3. If there are no interfering peaks within the envelope of the Arochlor, the total area of the standards 
and samples may be used for quantitation. Any surrogate or extraneous peaks within the envelope 
must be subtracted from the total area. 

12.4. Second column confirmation of Aroclors will only be perfonned when requested by the client, or if 
the pattern is not clear or there is no historical data leading to a suspicion that Arochlors may be 
present. The appearance of the multiple peaks in the sample usually serves as a confinnation of 
Aroclor presence. 

12.5. Surrogate recovery results are calculated and reported for decachlorobiphenyl (DCB) unless it is 
determined that sample interference has adversely affected the quantitation of that surrogate. 
Tetrachloro-m-xylene (TCMX) recovery is reported in lieu of DCB in samples having the 
interterence, and also may be used in samples in which DCB recovery is low. Corrective action is 
only necessary if DCB and TCMX are both outside of acceptance limits. 

13. METHOD PERFORMANCE 

13. l. Performance limits for the four replicate initial demonstration of capability required under Section 
13.1 of the main body of this SOP are recovery of 70-130%. The spiking level should be equivalent to 
a mid level calibration. 

13.2. Method detection limits (MDL) are detennined for Arochlor 1016 and 1260. Arochlor 1016 
represents an Arochlor consisting primarily of low chlorinated congeners while Arochlor 1260 
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represents an Arochlor consisting primarily of high chlorinated congeners. The same reporting limit 
is applied to all Arochlors, and must be supported by both MDLs. 

14. POLLUTION PREVENTION 

Refer to section 14 of the 8000B section of this SOP. 

15. WASTE MANAGEMENT 

15.1. Waste generated in this procedure will be segregated and disposed according to the facility hazardous 
waste procedures. The Environmental Health and Safety Director should be contacted if additional 
infonnation is required. 

16. REFERENCES 

SW846, Update III, December 1996, Method 8082 

17. MISCELLANEOUS 

17.1. Modifications from Reference Method 

17. I. l. Method 8082 includes limited direction for congener specific quantitation. This is outside the 
scope of this SOP. 

17.2. Modifications from Previous Revisions 

No changes were made to this Appendix 
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17.3. Tables 

Table C-1 

water waste 
Aroclor-1016 1.0 33 1000 
Aroclor-1221 1.0 33 1000 
Aroelor-1232 1.0 33 1000 
Aroclor 1242 1.0 33 1000 
Aroclor-1248 1.0 33 1000 
Aroclor-1254 1.0 33 1000 
Aroclor-1260 1.0 33 1000 

The following concentration factors are assumed in calculating the Reporting Limits: 

Ground water 
Low-level Soil 
High-level soil I waste 

II 
I~ Parameter 

oort temo 
Detector temp 
Temperature program 

Column l 
Column2 
Column 3 
Injection 
Carrier gas 
Make up gas 
Y solitter 

Extraction Vol. Final Vol. 
1000 mL 10 mL 
30g lOmL 
1 g 10 mL 

Table C-2 

Recommended Conditions 
220°c 
325°C 
70°C for 0.5min, 30°C/min to 190°C, 2.5°C/min to 225, 18°C/min 
to 280°C, 3 min hold 
DB-5 or Rt:x-5 30m x 0.32mm id, 0.5µm 
DB-170 l or Rt:x 1701 30m x 0.32 mm id, 0.25 um 
DB-608, 30m X 0.32 mm, 0.25µm 
l-2µL 
Helium or Hvdrogen 
Nitrogen 
Restek or J&W or Supelco glass tee 
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Table C-3 
Calibration Levels nir/mL 

Level I Level2 Level 3 
Aroclor 1016/1260 100 200 500 
Aroclor 12422 500 
Aroclor 1221 +12542 500 
Aroclor 1232' 500 
Aroclor 1248' 500 
Surrogates are included with all the calibration mixes at the following levels: 

Tetrachloro-m-xvlene 5 IO 25 
Decachlorobiohenyl 5 IO 25 

Level4 
1000 

50 
50 
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Level 5 Level 61 

2000 4000 

100 200 
100 200 

1 Level 6 is optional and should only be used if linearity can be maintained on the instrument to this level. 
2 Aroclors may be quantitated within the range 100 to 2000 ng/mL (4000ng/mL if the level 6 101611260 standard 

is included). If the Aroclor is more concentrated, it must be reanalyzed at a dilution. 

Table C-4 
LCS/Matrix Spike and Surrogate Spike levels for Aroclor analysis with Acid Cleanup 

1 w/L or 1 "' /kir 
Aqueous Soil Waste 

Aroclor 101611260 IO 333 10,000 
T etrachloro-m-xvlene (Surrogate) 0.20 6.67 200 

ecachlorobinhenvl (Surrogate) 0.20 6.67 200 
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Table C-5 
Suggested Analytical Sequence 

Initial Calibration 
Injection# 
1 Solvent blank (optional) 
2 Aroclor 1016!1260 Level 1 
3 Aroclor 1016/1260 Level 2 
4 
5 
6 
7 
8 
9 
10 
11 
12-31 

32 

etc 

Aroclor 101611260 
Aroclor 10 l 6/l 260 
Aroclor 1016!1260 
Aroclor 1232 
Aroclor 1242 
Aroclor 1248 
Aroclor 122111254 
Solvent blank 

Level3 
Level4 
Level5 
Level3 
Level3 
Level 3 
Level3 

Sample 1-20 (or as many samples as can be analyzed in 12 hours 
Solvent blank (optional) 
Aroclor 10 l 6/l 260 Level 3 

12 hour Calibration 
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At least every 12 hours, counting from the start of the initial calibration, or from the start of the last daily 
calibration, the retention time windows must be updated using the Aroclor 1260 ! 1016 mix. Mid level standards 
of any other Aroclors expected to be present in the samples are also injected. 
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I. SCOPE AND APPLICATION 

This method is applicable to the gas chromatographic determination of Chlorinated phenoxy acid 
herbicides in extracts prepared by SOP CORP-OP-0001. The herbicides listed in Table DI are routinely 
analyzed. Other chlorinated acids may be analyzed by this method ifthe quality control criteria in section 
9 and the initial demonstration of method performance in section 13 are met. 

2. SUMMARY OF METHOD 

This method presents conditions for the analysis of prepared extracts of phenoxy acid herbicides by gas 
chromatography. The herbicides, as their methyl esters, are injected onto the column, separated, and 
detected by electron capture detectors. Quantitation is by the external standard method. 

3. DEFINITIONS 

4. 

4.l. 

4.2. 

4.3. 

5. 

5.1. 

6. 

6.1. 

6.2. 

6.3. 

7. 

7.1. 

7.2. 

8. 

Refer to the QAMP for definitions of terms used in this document. 

INTERFERENCES 

Refer to the method 80008 section of this SOP for general information regarding chromatographic 
interferences. 

Chlorinated acids and phenols cause the most direct interference with this method. 

Sulfur may interfere and may be removed by the procedure described in SOP#CORP-OP-000 I. 

SAFETY 

Refer to section 5 of the Method 80008 SOP for general safety requirements. 

EQUIPMENT AND SUPPLIES 

Refer to Section 6 of the 8000B section of this SOP. A Ni63 electron capture detector is required. 

Refer to Table D2 for analytical columns. 

Microsyringes, various sizes, for standards preparation, sample injection, and extract dilution. 

REAGENTS AND STANDARDS 

Refer to section 7 of the 8000B section of this SOP for general information on reagents and standards. 

Refer to Table D-3 and D-4 for details of calibration and other standards. 

SAMPLE PREPARATION, PRESERVATION AND STORAGE 

Refer to section 8 of the 80008 section of this SOP. 

9. QUALITY CONTROL 

9.1. Refer to Section 9 of the 8000B section of this SOP for quality control requirements, including the 
initial demonstration of capability, definition of a batch, surrogate limits, method blanks, laboratory 
control samples (LCS), and matrix spikes (MS). 

9.2. Refer to Table D-5 for minimum performance criteria for the initial demonstration of capability. 
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9.3. Refer to Table D-4 for the components and levels of the LCS and MS mixes. 

10. CALIBRATION AND STANDARDIZATION 

I 0.1. Refer to Section IO of the 8000B section of this SOP for general calibration requirements. 

I 0.2. Calibration standards are made up from the free acids, and then esterified using the same process as 
for samples (See SOP Corp-OP-000 I) 

I 0.3. The low level standard must be at or below the laboratory reporting limit. Other standards are chosen 
to bracket the expected range of concentrations found in samples, without saturating the detector or 
leading to excessive carryover. 

10.4. Refer to Table D-2, for details ofGC operating conditions. 

11. PROCEDURE 

I I. I. Refer to the method 8000B section of this SOP for procedural requirements. 

11.2. Extraction 

The extraction procedure is described in SOP #CORP-OP-000 I. 

11.3. Cleanup 

The alkaline hydrolysis and subsequent extraction of the basic solution described in the extraction 
procedure provides an effective cleanup. 

11.4. Analytical Sequence 

The analytical sequence starts with an initial calibration of at least five points, or a daily calibration 
that meets o/o difference criteria from an existing initial calibration. 

11.4.1. The daily calibration must be analyzed at least once every 24 hours when samples are being 
analyzed. If there is a break in the analytical sequence of greater than 12 hours, then a new 
continuing calibration run must be analyzed before proceeding with the sequence. If more than 
24 hours have elapsed since the injection of the last sample in the analytical sequence, a new 
analytical sequence must be started with a daily calibration. 

11.4.2. The daily calibration consists of mid level standards of all analytes of interest. Retention time 
windows must be updated with the daily calibration. 

11.4.3. After every 12 hours a continuing calibration is analyzed. The continuing calibration consists of 
mid level standards of all analytes of interest. Retention time windows are updated with 
continuing calibrations. 

11.5. Gas Chromatography 

Chromatographic conditions are listed in Table D-2. 

12. DATA ANALYSIS AND CALCULATIONS 

12.1. Refer to the 8000B section of this SOP for identification and quantitation of single component 
analytes. 

12.2. The herbicides are analyzed as their methyl esters, but reported as the free acid. For this reason it is 
necessary to co1Tect the results for the molecular weight of the ester versus the free acid. This is 
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achieved through the concentrations of the calibration standards. For example the 20µg/L calibration 
standard for 2,4-D contains 21.3 µg/L of the methyl ester. No further correction is necessary. 

13. METHOD PERFORMANCE 

13.1. Multiple laboratory performance data has not been published by the EPA for this method. Table D-5 
lists minimum perfonnance standards required by Quanterra:s: for the tOur replicate initial 
demonstration or capability (required by Section 13.2 of the 80008 part of this SOP) for this method. 
The spiking level should be equivalent to a mid level calibration. 

14. POLLUTION PREVENTION 

This method does not contain any specific modifications that serve to ininimize or prevent pollution. 

15. WASTE MANAGEMENT 

Waste generated in this procedure will be segregated and disposed according to the facility hazardous 
waste procedures. The Environmental Health and Safety Director should be contacted if additional 
information is required. 

16. REFERENCES 

Method 815!A, SW-846, Update III, December 1996 

17. MISCELLANEOUS 

17.1. Modifications from Reference Method 

Refer to the method 8000B section of this SOP for modifications from the reference method. 

17.2. Modifications from Previous Revision 

The calibration procedure has been changed to require esterification of the calibration standards 
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Compound CAS Number Reoorting Limit, µg/L or 1g/kg 
Aqueous Soil 

2,4-D 94-75-7 4 80 
2,4-DB 94-82-6 4 80 
2,4,5-TP (Silvex) 93-72-1 1 20 
2,4,5-T 93-76-5 l 20 
Dalapon 75-99-0 2 40 
Dicamba 1918-00-9 2 40 
Dichlorooroo 120-36-5 4 80 
Dinoseb 88-85-7 0.6 12 
MCPA 94-74-6 400 8000 
MCPP 93-65-2 400 8000 

The following concentration factors are assumed in calculating the Reporting Limits: 

Ground water 
Low-level Soil without GPC 
High-level soil I waste 

Extraction Vol. 
1000 mL 
50 g 
1 g 

Final Vol. 
10 mL 
10 mL 
10 mL 

Dilution Factor 
20 
20 
20 

Waste TCLP 
4000 500 
4000 ---
1000 500 
lOOO ---
2000 ---
2000 ---

4000 ---
600 ---
400,000 ---
400,000 ---

Specific reporting limits are highly matrix dependent. The reporting limits listed above are provided for guidance 
only and may not always be achievable. For special projects, the extracts may be analyzed without any dilution, 
resulting in reporting limits 20 times lower than those in Table D-1. 

Table D-2 
Instrumental Conditions 

PARAMETER Recommended conditions 
Injection port temp 220'C 
Detector temo 325°C 
Temoerature oro2ram 80,2/30/J 70,0/1/180, 1 
Column 1 DB-5MS or RTX 5 30x0.32, 0.5um 
Column2 DB-1701 orRtx-1701 
Injection l-2µL 
Carrier gas Helium I Hydrogen 
Make uo ga.:; Nitro2:en 

Recommended conditions should result in resolution of all analytes listed in Table D-1. 

The reporting limits listed in Table D-1 will be achieved with these calibration levels and a 20 fold dilution of the 
sample extract. Lower reporting limits can be achieved with lesser dilutions of the sample extract. 
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LCS/Matrix Soike and Snrro ate Snike levels" IL or "~/k2 1 

Aqueous Soil Waste TCLP 
2,4-D 16 800 16000 6uQ/L ; l 20uQ/k!! 
Sil vex 4 200 4000 6ug/L ; 120ug/kg: 

2,4,5-T 4 200 4000 6ug/L ; !20ug/kg 
2,4-DB 16 800 16000 ---
Dalapon 8 400 8000 ---
DCAA (surrogate) 16 800 16000 10ug/L;500uvkg 

1 LCS, MS and SS spikes are as the free acid. 

Table D-4 

Performance limits, four renlicate initial demonstration of canabilitv 
Compound Initial demonstration, Initial demonstration, 

mean recovery limits RSD limits 
2,4-D 50-150 25 
2,4-DB 50-150 25 
2,4,5-TP (Silvex) 50-150 25 
2,4,5-T 50-150 25 
Dalapon 50-150 25 
Dicamba 50-150 25 
Dichlorooroo 50-150 25 
Dinoseb 25-120 40 
MCPA 50-150 25 
MCPP 50-150 25 
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1.1. This SOP Appendix describes procedures to be used when SW-846 Method 8141 is applied to the 
analysis of organophosphorous pesticides by GC/FPD. This Appendix is applicable to extracts derived 
from any matrices which are prepared according to the appropriate Quantemi" sample extraction SOPs. 
(CORP-OP-0001) 

1.2. Table B-1 lists compounds which are routinely determined by this method and their associated Reporting 
Limits (RL) for each matrix. RLs given are based on the low-level standard and the sample preparation 
concentration factors. Matrix interferences may result in higher RLs than those listed. 

2. SUMMARY OF METHOD 

2.1. 'This method presents conditions for the analysis of prepared extracts of organophosphorous pesticides. 
The pesticides are injected onto the column and separated and detected by Flame Photometric detection. 
Quantitation may be by internal or external standard methods. 

3. DEFINITIONS 

3 .1. Refer to the QAMP for definitions of terms used in this document 

4. INTERFERENCES 

4.1. Refer to the method 80008 section of this SOP for information regarding chromatographic interferences. 

4.2. Interferences in the GC analysis arise from many compounds amenable to gas chromatography that give a 
measurable response on the flame photometric detector. Phthalate esters, which are common plasticizers, 
can pose a major problem in the determinations. Interferences from phthalates are minimized by avoiding 
sample/reagent contact with plastic materials. 

4.3. Sulfur will interfere and can be removed using procedures described in SOP CORP-OP-0001. 

4.4. Interferences extracted from samples will vary considerably from source to source. The presence of 
interferences may raise quantitation limits for individual samples. Specific cleanups have not been 
detennined for this method. 
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5.1. Refer to section 5 of the Method 80008 SOP for general safety requirements. 
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6.1. Refer to Section 6 of the 8000B section of this SOP. A flame photometric detector is 

required. 

6.2. Refer to Table B-2 for analytical columns. 

6.3. Microsyringes, various sizes, for standards preparation, sample injection, and extract dilution. 

7. REAGENTS AND STANDARDS 

7 .1. Refer to the method 8000B section ofthis SOP for general requirements for reagents and 

supplies. 

7.2. Refer to Table B-3 for details of calibration standards. 

7 .3. Surrogate Standards 

Triphenyl phosphate and Tributyl phosphate are the surrogate standards. Refer to tables B-5 and B-6 for 
details of surrogate standards. 

8. SAMPLE COLLECTION, PRESERVATION AND STORAGE 
Refer to Section 8 of the 8000B section of this SOP. 

9. QUALITY CONTROL 
Refer to Section 9 of the 8000B section of this SOP. 

10. CALIBRATION AND STANDARDIZATION 

I 0 .1. Refer to Section 10 of the 80008 section of this SOP for general calibration requirements. 

10.2. Refer to Table B-2 for details of GC operating conditions. The conditions listed should result 
in resolution of all analytes listed in Table B-1 using both columns. 

10 .3. Initial Calibration 

Refer to Section 10 of the 8000B section of this SOP for details of calibration procedures. 

10.3.1. Refer to Table B-7 for the initial calibration analytical sequence. 
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10 .3 .2. The response for each single-peak analyte will be calculated by the procedures described in 
the general method for GC analysis. 

I 0.4. 12 hour Calibration Verification 

The 12 hour calibration verification sequence must be analyzed within 12 hours of the start of the initial 
calibration and at least once every 12 hours thereafter if samples are being analyzed. If more than 12 
hours have elapsed since the injection of the last sample in the analytical sequence, a new analytical 
sequence must be started with a 12 hour calibration. A mid level calibration standard is used for the 12 
hour calibration. Refer to the 8000B section of this SOP for acceptance criteria. 

10.4.1. The retention time windows for any analytes included in the 12 hour calibration are 

updated. 

10. 5. Continuing Calibration 

The mid~level calibration mix is analyzed as the continuing calibration standard. At a minimum, this is 
analyzed after every 20 samples, including matrix spikes, LCS, and method blanks. If 12 hours elapse 
analyze the l 2 hour standard sequence instead. If instrument drift is expected due to sample matrix or 
other factors, it may be advisable to analyze the continuing calibration standard more frequently. 

10.5.1. A mid level calibration standard is used for the continuing calibration. 

11. PROCEDURE 

11.1. Refer to the method 80008 section of this SOP for general procedural requirements. 

11.2. Extraction 

The extraction procedure is described in SOP No. CORP-OP-0001. 

11.3. Cleanup 

No cleanup procedure has been determined. 

11.4. Suggested gas chromatographic conditions are given in Table B-2. 

11.5. Allow extracts to warm to ambient temperature before injection. 

11.6. The suggested analytical sequence is given in Table B-8. 



12. DATA ANALYSIS AND CALCULATIONS 
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12.1. Refer to the 80008 section of this SOP for identification and quantitation of single component 
analytes. 

12.2. Surrogate recovery results are calculated and reported for Triphenyl phosphate and 
Tributylphosphate. Corrective action is only necessary ifTriphenyl phosphate and Tributyl 
phosphate are both outside of acceptance limits. 

13. METHOD PERFORMANCE 

13. 1. Current laboratory performance limits are listed in Tables B-5a and B-5b. The spiking level 
should be equivalent to a mid- level calibration. 

14. POLLUTION PREVENTION 
Refer to section 14 of the 8000B section of this SOP. 

15. WASTE MANAGEMENT 

15 .1. Waste generated in this procedure will be segregated and disposed according to the facility 
hazardous waste procedures. The Environmental Health and Safety Director should be 
contacted if additional information is required. 

16. REFERENCES 
SW846, Update III, December 1996, Method 8141A 

17. MISCELLANEOUS 

17 .1. Modifications from Reference Method 
None 

17.2. Modifications from Previous Revisions 

17 .2. 1. No revisions were made to this appendix. 

17.3. Tables 
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Standard Analvte list and Reportine Limits 

Reporting Limit, • •a/L or urr/kg 
~ ound water soil 

Dimethoate l 33 
Disulfoton I 33 
Famphur l 33 
Methyl parathion l 33 
0,0,0-Triethyl phosphorothioate l 33 
Parathion 1 33 
Ph orate l 33 
Tetraethvldithionvrophosphate I 33 
Thionazin 1 33 
Azinphos-methyl 1 33 
Bo I star 1 33 
Chlornvrifos 1 33 
Coumaphos 1 33 
Demeton (total) l 100 
Demeton-0 1 33 
Demeton-S 1 33 
Diazinon 1 33 
Dichlorvos 1 33 
EPN 1 33 
Ethooroo 1 33 
Ethyl parathion 1 33 
Fensulfothion 1 33 
Fenthion 1 33 
Malathion 1 33 
Merohos 1 33 
Mevinohos 1 33 
Monocrotophos 1 33 
Naled 1 33 
Ronne! 1 33 
Stirophos l 33 
Sulfotenn 1 33 
Tokuthion 1 33 
Trichloronate 1 33 



Parameter 

Injection port temn 
Detector temo 
Temoerature orogram 
Column I 

Column 2 

Iniection 
Callier gas 
Make up gas 

TableB-2 
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Recommended Conditions 

220°C 

250'C 

I !OC for .5 min, 3.0'C/min to 250°C,, 2.84 min hold 

DB608 30m x 0.53mm icl I um 

DBl701 30m x 0.53 mm id, I um 

2uL 

Helium 

Helium 



Dimethoate 
Disulfoton 
Famphur 
Methyl parathion 
0,0,0-Triethyl phosphorothioate 
Parathion 
Phorate 
Tetraethyldithiopyrophosphate 
Thionazin 
Tributyl phosphate 
Triphenyl phosphate 
Azinphos-methyl 
Bolstar 
Chlorpyrifos 
Cournaphos 
Demeton (total) 
Demeton-0 
Demeton-S 
Diazinon 
Dichlorvos 
EPN 
Ethoprop 
Ethyl parathion 
F ensulfothion 
Fenthion 
Malathion 
Merphos 
Mevinphos 
Monocrotophos 
Naled 
Ronne! 
Stirophos 
Sulfotepp 
Tetraethy l pyrophosphate 
Tokuthion 
Trichloronate 

Table B-3 
Calibration Levels n~/mL 

Level 1 Level2 Level3 
.2 .5 1.0 
.2 .5 1.0 
.2 .5 1.0 
.2 .5 1.0 
.2 .5 1.0 
.2 .5 1.0 
.2 .5 1.0 
.2 .5 1.0 
.2 .5 1.0 
.2 .5 1.0 
.2 .5 1.0 
.2 .5 1.0 
.2 .5 1.0 
.2 .5 1.0 
.2 .5 1.0 
.2 .5 1.0 
.2 .5 1.0 
.2 .5 1.0 
.2 .5 1.0 
.2 .5 1.0 
.2 .5 1.0 
.2 .5 1.0 
.2 .5 1.0 
.2 .5 1.0 
.2 .5 1.0 
.2 .5 1.0 
.2 .5 1.0 
.2 .5 1.0 
.2 .5 1.0 
.2 .5 1.0 
.2 .5 1.0 
.2 .5 1.0 
.2 .5 1.0 
.2 .5 1.0 
.2 .5 1.0 
.2 .5 1.0 
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Level 4 Level 5 
2.0 4.0 
2.0 4.0 
2.0 4.0 
2.0 4.0 
2.0 4.0 
2.0 4.0 
2.0 4.0 
2.0 4.0 
2.0 4.0 
2.0 4.0 
2.0 4.0 
2.0 4.0 
2.0 4.0 
2.0 4.0 
2.0 4.0 
2.0 4.0 
2.0 4.0 
2.0 4.0 
2.0 4.0 
2.0 4.0 
2.0 4.0 
2.0 4.0 
2.0 4.0 
2.0 4.0 
2.0 4.0 
2.0 4.0 
2.0 4.0 
2.0 4.0 
2.0 4.0 
2.0 4.0 
2.0 4.0 
2.0 4.0 
2.0 4.0 
2.0 4.0 
2.0 4.0 
2.0 4.0 

Standards may be split into multiple mixs if resolution of all compounds on both columns is not obtained. 
Note: Component mixes of a CCAL should be run sequentially. The ccal evaluation is perfonned on the sum of the 
mixes, rather than by mLx. le. the CCAL =sum of the component mixes. 
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Aqueous LCS/Matrix S >ike and Surro«atc Snike levels w/L 
LCS MSD 

Comoound urr/L LCL UCL LCL UCL 
Dimethoate 10 46 153 70 192 
Disulfoton 10 17 185 36 130 
Famphur 10 14 165 59 131 
Methvl parathion 10 36 159 65 157 
0,0,0-Triethvl ohosphorothioate 10 65 141 60 172 
Parathion 10 13 150 65 144 
Phorate 10 35 152 54 154 
Tetraethyldithioovrophosohate 10 75 140 51 158 
Thionazin IO 69 149 56 136 
Tributvl phosphate 10 30 150 30 150 
Triphenvl ohosohate 10 25 152 25 152 

Table B-5b 
Soil LCS/Matrix Snike and Surrorrate Snike levels •oo/mrr 

LCS MSD 
Compound ug/kg LCL UCL LCL UCL 
Dimethoate 33 65 135 45 170 
Disulfoton 33 66 133 26 136 
Famphur 33 42 162 31 178 
Methyl parathion 33 64 144 56 150 
0,0,0-Triethyl ohosphorothioate 33 58 131 48 130 
Parathion 33 58 141 58 145 
Pho rate 33 71 135 51 140 
Tetraethvldithioovrophosohate 33 69 144 63 143 
Thionazin 33 68 140 64 136 
Tributyl phosohate 33 30 150 30 150 
Triphenvl Phosphate 33 20 151 20 151 



Initial Calibration 
Solvent blank (optional) 
Calibration Mix A 
Calibration Mix B 
Calibration Mix C 
Solvent blank 

Table B-7 
Suggested Analytical Sequence 

Up to 20 samples unless 12 hours comes first) 
Solvent blank (optional) 
Individual mix AB Mid level (Continuing calibration) 
Samples 
After 12 hours: 

Calibration Check Mix 

12 hour Calibration 
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At least every 12 hours, counting from the start of the initial calibration, or from the start of the last daily calibration, 
the retention time windows must be updated using the Individual mix AB. 

Tables B8 & B9 Laboratory Control Limits and Control Compound List (Quanterra Reference Data 
Summary) See Attachments: current print outs from LIMS system. 
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I. SCOPE AND APPLICATION 
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This SOP Appendix describes procedures to be used when SW-846 Method 83 l 0 is applied to the analysis 
of Polynuclear Aromatic Hydrocarbons by HPLC. This Appendix is applicable to extracts derived from any 
matrix which are prepared according to the appropriate Quanterra' sample extraction SOPs. (CORP-OP-000 I) 

Table B-1 lists compounds which are routinely determined by this method and gives the Reporting Limits 
(RL) for each matrix. RLs given are based on the low level standard and the sample preparation 
concentration factors. Matrix interferences may result in higher RLs than those listed. 

2. SUMMARY OF METHOD 

This method presents conditions for the analysis of prepared extracts of Polynuclear Aromatic 
Hydrocarbons. The extracts are injected onto the column and separated and detected byultraviolet(UV) 
and fluorescence detection. Quantitation may be by internal or external standard methods. 

3. DEFINffiONS 

Refer to the QAMP for definitions of terms used in this document. 

4. INTERFERENCES 

4.l. Refer to the method 8000B section of this SOP for information regarding chromatographic interferences. 

4.2. Interferences in the HPLC analysis arise from many compounds amenable to HPLC that give a 
measurable response on the {JV and fluorescence detector. Phthalate esters, which are common 
plasticizers, can pose a major probletn in the determinations. Interferences from phthalates are 
minimized by avoiding contact with any plastic materials. 

4.3. Interferences co-extracted from samples will vary considerably from source to source. The presence of 
interferences may raise quantitation li1nits for individual samples. Specific cleanups have not been 
determined for this method. 

5. SAFETY 

5.1. Reforto section 5 of the Method SOOOB SOP for general safety requirements. 

5.2. 

6. EQUIPMENT AND SUPPLIES 

6.l. Refer to Section 6 of the 8000B section of this SOP. UV and fluororescence detectors are required. 

6.2. Refer to Table B-2 for analytical columns. 

6.3. Microsyringes, various sizes, for standards preparation, sample injection, and extract dilution. 

7. REAGENTS AND STANDARDS 

7.1. Refer to the method SOOOB section of this SOP for general requirements for reagents and supplies. 
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7.2. Refer to Table B-3 for details of calibration standards. 

7.3. Surrogate Standards 
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Benzo(e)pyrene and p-terphenyl are the surrogate standards. Refer to tables 8-5 and 8-6 for details of 
surrogate standards. 

8. SAMPLE COLLECTION, PRESERVATION AND STORAGE 

Refer to Section 8 of the 80008 section of this SOP. 

9. QUALITY CONTROL 

Refer to Section 9 of the 80008 section of this SOP. 

IO. CALIBRATION AND STANDARDIZATION 

10. I. Refer to Section I 0 of the 80008 section of this SOP for general calibration requirements. 

10.2. Refer to Table 8-2 for details ofHPLC operating conditions. The conditions listed should result in 
resolution ofall analytes listed in Table 8-1 on both detectors. 

I 0.3. Initial Calibration 

Refer to Section I 0 of the 80008 section of this SOP for details of calibration procedures. 

I OJ.I. Refer to Table 8-8 for the initial calibration analytical sequence. 

10.3.2. The response for each single-peak analyte will be calculated by the procedures described in the 
general method for GC analysis. 

10.4. 12 hour Calibration Verification 

The 12 hour calibration verification sequence must be analyzed within 12 hours of the start of the initial 
calibration and at least once every 12 hours thereafter if samples are being analyzed. If more than 12 
hours have elapsed since the injection of the last sample in the analytical sequence, a new analytical 
sequence must be started with a 12 hour calibration. A mid level calibration standard is used for the 12 
hour calibration. Refer to the 8000B section of this SOP for acceptance criteria. 

J0.4. I. 

10.4.2. The retention time windows for any analytes included in the 12 hour calibration are updated. 

J0.5. Continuing Calibration 

The mid-level calibration mix is analyzed as the continuing calibration standard. At a minimum, this is 
analyzed after every 20 samples, including matrix spikes, LCS, and method blanks. If 12 hours elapse 
analyze the 12 hour standard sequence instead. If instrument drift is expected due to sample matrix or 
other factors, it may be advisable to analyze the continuing calibration standard more frequently. 

10.5.1. A mid level calibration standard is used for the continuing calibration. 
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I I. PROCEDURE 
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11.l. Refer to the method 8000B section of this SOP for general procedural requirements. 

11.2. Extraction 

The extraction procedure is described in SOP No. CORP-OP-0001. 

l 1.3. Cleanup 

No cleanup procedure has been detennined. 

l l.4. Suggested HPLC conditions are given in Table B-2. 

I L5. Allow extracts to warm to ambient temperature before injection. 

11.6. The suggested analytical sequence is given in Table B-8. 

12. DATAANALYSISANDCALCULATIONS 

Both the fluorescence detector and the UV detector are used for qualitative determination and 
confirmation of the presence of target compounds, however each target compound is quantitated using 
only one detector. Table B-1 presents the detectors used for quantitating each compound.The MDL 
studies are performed on both detectors. The highest MDL will be used for reporting "J"-Values. In the 
instance where there is no detection of any compounds on the UV detector, the Flourescence Detector 
results will not be submitted. 

12.1. Surrogate recovery results are calculated and reported for Benzo( e )pyrene and p-terphenyl. Corrective 
action is only necessary ifTriphenyl phosphate and Tributyl phosphate are both outside of acceptance 
limits. 

13. METHOD PERFORMANCE 

13. l. Performance limits for the four replicate initial demonstration of capability required under Section 13. I of 
the main body of this SOP are presented in Table B-7. The spiking level should be equivalent toa mid 
level calibration. 

14. POLLUTION PREVENTION 

Refer to section 14 of the 80008 section of this SOP. 

15. WASfEMANAGEMENT 

15.l. Waste generated in this procedure will be segregated and disposed according to the facility hazardous 
waste procedures. The Environmental Health and Safety Director should be contacted if additional 
infOrmation is required. 

16. REFERENCES 

SW846, Update III, December l 996, Method 8310 
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17. MISCELLANEOUS 

17.1. Modifications from Reference Method 

None 

17.2. Modifications from Previous Revisions 

17.2.l. No revisions were made to this appendix. 
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l 7.3. Tables 

s 

~ und 

Carbazole 
Naphthalene 
Acenanhthene 

Acenanhthvlene 
Anthracene 
Benzo(a)anthracene 
Benzo(b )fluoranthene 
Benzolk)fluoranthene 
Benzolo,h,i)nervlene 
Benzo( a )pyrene 
Chrysene 
Fluoranthene 

Fluorene 
lndeno( l ,2,3-cd)Dyrene 
Pyrene 

Phenanthrene 
Dibenzo(a,h lanthracene 

1-methvlnanhthalene 
2-methylnanhthalene 

. . -• .. Table B-1 --

water 

1.0 
1.0 
1.0 
1.0 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
1.0 
1.0 

- . -~ ctors 
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Rennrting Limit, 1wiL or 1oikg 

soil Detectors 

33 UV/Flourescence 
33 UV/Flourescence 

33 UV/Flourescence 

33 UV 

6.7 UV/Flourescence 

6.7 UV/Flourescence 

6.7 UV/Flourescence 

6.7 UV/Flourescence 

6.7 UV/Flourescence 

6.7 UV/Flourescence 

6.7 UV/Flourescence 

6.7 \N/Flourescence 

6.7 \N/Flourescence 

6.7 UV/Flourescence 

6.7 UV/Flourescence 

6.7 UV/Flourescence 

6.7 UV/Flourescence 

33 UV/Flourescence 

33 UV/Flourescence 

The following concentration factors are assumed in calculating the Reporting Limits: 

Ground water 
Low-level Soil 
High-level soil I waste 

Extraction Vol. Final Yo! 
lOOOmL l.OmL 
30g 
I g 

l.OmL 
l.OmL 
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Parameter 

Mobile phase program 

Column I 

Iniection 

Solvent A 

SolventB 

Table B-2 

Recommended Conditions 

SOP No. CORP-GC-

Revision No: 5.2 
Revision Date: 1217/98 
APPDX F revO 
Revision Date: 11/01/99 
Page F7 ofF!O 

Time Omin:solvent A 50o/o solvent B 50o/o flow 1.5 ml/Inin Time 
7min:solvent A 65% solvent B 35% flow 1.5 ml/min Tiine 
lOmin:solvent A 75o/o solvent B 25o/o flow 1.5 ml/min Time 
15min:solvent A 85% solvent B 15% flow 1.5 ml/min Ti1ne 
20min:solvent A 95% solvent B 5% flow 1.5 ml/min 

HYPersil PAH l50mmx4.6mm ID 

20uL 

CH3CN 
H20 
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Individual Mix 

Carbazole 

Naphthalene 

Acenanhthene 
Acenaohthvlene 

Anthracene 

Benzo(a )anthracene 

Benzo(b)fluoranthene 

Benzo(k)tluoranthene 

Benzolf!,h,i)oervlene 

Benzo( a \nvrene 

Chrvsene 

Fluoranthene 
Fluorene 
Indeno( 1,2,3-cd\nvrene 

Pvrene 

Phenanthrene 

Dibenzo(a,h lanthracene 

1-methvlnaohthalene 

2-methvlnaphthalene 

o-terohenvl 

Benzo( e lnvrene 

Level I 

1 

1 

I 
I 

.2 

.2 

.2 

.2 

.2 

.2 

.2 

.2 

.2 

.2 

.2 

.2 

.2 
I 
1 

1 

1 

Table B-3 

Calibration Levels n~/mL 

Level 2 Level 3 

4 7.5 

4 7.5 

4 7.5 
4 7.5 

.8 1.5 

.8 1.5 

.8 1.5 

.8 1.5 

.8 1.5 

.8 1.5 

.8 1.5 

.8 1.5 

.8 1.5 

.8 1.5 

.8 1.5 

.8 1.5 

.8 1.5 
4 7.5 
4 7.5 

4 7.5 
4 7.5 

Level 4 

IO 
IO 
IO 
IO 
2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

10 
10 

10 

IO 
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Leve15 

20 

20 
20 

20 

4 

4 

4 

4 

4 

4 

4 

4 
4 
4 
4 

4 
4 

20 
20 

20 

20 
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Table B-5 
LCS/Matrix Spike and Surro1 ate Spike levels trn•/L or u!!/k ~ 

Aqueous 
Carbazole 6.25 
Naphthalene 6.25 
Acenaphthene 6.25 
Acenaphthylene 6.25 
Anthracene 1.25 
Benzo( a )anthracene 1.25 
Benzo(b) Ouoranthene 1.25 
Benzo(k) Ouoranthene 1.25 
Benzo( ".h.i)perylene 1.25 
Benzo( a )pyrene 1.25 
Chrysene 1.25 
Fluoranthene 1.25 
Fluorene 1.25 
Indeno( 1,2,3-cd)pyrene 1.25 
Pyrene 1.25 
Phenanthrene 1.25 
Dibenzo( a,h )anthracene 1.25 
1-methylnaphthalene 6.25 
2-methylnaphthalene 6.25 
p-terphenyl 10 
Benzo( e )pyrene 10 

SOP No. CORP-GC-

Revision No: 5.2 
Revision Date: 1217/98 
APPDX F rev 0 
Revision Date: 1110 l/99 
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Soil 
208 
208 
208 
208 
41.7 
41.7 
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41.7 
41.7 
41.7 
41.7 
41.7 
41.7 
41.7 
41.7 
41.7 
208 
208 
333 
333 



PITISBURGH SPECIFIC APPENDIX F 
OOO!PT 

ANALYSIS OF P AHs by HPLC 
SW-846 METHOD 8310 

Table B-7 
Suggested Analytical Sequence 

Initial Calibration 
Solvent blank (optional) 

Individual mix 

Solvent blank 

All levels 

Up to 20 samples unless 12 hours comes first) 
Solvent blank (optional) 
Individual mix Mid level (Continuing calibration) 
Samples 
Aller 12 hours: 

Individual mix 1 

12 hour Calibration 

SOP No. CORP-GC-

Revision No: 5.2 
Revision Date: 1217/98 
APPDX F revO 
Revision Date: 11101/99 
Page F!O ofFlO 

At least every 12 hours, counting from the start of the initial calibration, or from the start of the last daily calibration, 
the retention ti1ne windows must be updated using the Individual mix .. 

Tables 88 & 89 Laboratory Control Limits and Control Compound List (Quanterra Reference Data 
Sunnnary) See Attachements: current print outs from LlMS system. 



Table8 

SOP No. CORP-GC-OOOIPT 
Revision No: 5.2 
Revision Date: 12ni98 
APPDXFrevO 
Revision Date: l 1/01/99 
Attachement 1 

Quanterra Control Limit Summary 

Target Analyte List: All Analytes Matrix: WATER 
Method: Hydrocarbons, Polynuclear Aromatic (HPLC • 8310) QC Program: STANDARD TEST SET 

Extraction: None specified. Location: Quanterra • Pittsburgh 

Constituent List Check List 3041 Spike List 3042 
Constituent LCL UCL RPO LCL UCL RPO 

Acenaphthene 37 135 27 20 144 27 
Acenaphthylene 42 132 20 22 147 20 
Anthracene 60 118 20 29 147 20 
Benzo(a)anthracene 62 133 20 57 135 20 
Benzo(b)fluoranthene 68 133 50 64 133 20 
Benzo(k)fluoranthene 67 122 26 64 122 20 
Benzo(ghi)perylene 65 128 20 65 128 20 
Benzo(a)pyrene 62 120 25 60 120 20 
Chrysene 67 129 33 67 130 20 
Dibenzo(a,h)anthracene 65 126 20 65 126 20 
Fluoranthene 57 126 25 46 146 20 
Fluorene 47 128 20 24 157 20 
!ndeno(1,2,3-cd)pyrene 71 124 33 52 128 20 
Naphthalene 41 128 20 10 153 20 
Phenanthrene 46 141 48 33 162 20 
Pyrene 56 129 20 44 139 20 

Last updated 10/01/99 



Table9 

SOP No. CORP-GC-0001 PT 
Revision No: 5.2 
Revision Date: 12nt98 
APPDXFrevO 
Revision Date: 11101/99 
Attachement 2 

Quanterra Control Limit Summary 

Target Analyte List: All Analytes Matrix: SOLID 
Method: Hydrocarbons, Polynuclear Aromatic (HPLC • 8310) QC Program: STANDARD TEST SET 

Extraction: None specified. Location: Quanterra • Pittsburgh 

Constituent List Check Ust 3041 Spike List 3042 
Constituent LCL UCL RPO LCL UCL RPO 

Acenaphthene 19 122 27 19 144 27 
Acenaphthylene 20 140 20 20 147 20 
Anthracene 19 120 20 19 147 20 
Benzo(a)anthracene 50 137 20 50 137 20 
Benzo(b )fluoranthene 63 134 50 28 162 50 
Benzo(k)fluoranthene 63 127 26 43 140 26 
Benzo(ghi)perylene 56 134 20 56 134 20 
Benzo(a)pyrene 63 121 25 32 126 25 
Chrysene 55 135 33 38 128 33 
Oibenzo(a,h)anthracene 65 124 20 38 173 28 
Fluoranthene 28 141 25 28 114 25 
Fluorene 22 134 20 22 157 20 
lndeno( 1,2,3-cd)pyrene 58 133 33 35 141 33 
Naphthalene 15 118 20 10 153 20 
Phenanthrene 20 138 48 20 140 48 
Pyrene 49 124 20 44 139 20 

Last updated 10/01/99 
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I. Purpose 

No.: REF-21 

Paradigm Analytical Laboratories 
Standard Operating Procedure 

Method 8290 for Solid Samples 

Approved by Greg Dickinson _ ~ 
Signatu~~ ~ 

To describe the procedures followed for the analysis of solid samples by USEPA Method 82901,s. 

2. Scope & Application 

Method 8290 is suitable for the analysis of the seventeen 2,3, 7,8-substituted polychlorinated dibenzo­
p-dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs) and total homologues (tetra- through 
octachlorinated congeners) in soil, sediment, solid wastes, paper products, pulp, ash, resins, 
polyurethane foam, wipe and filter. The methodology is based on the use of high-resolution gas 
chromatography (HRGC) combined with high-resolution mass spectrometry (HRMS) and is capable of 
achieving sub-parts per trillion detection limits. 

3. Summary 

Twenty grams (dry equivalent) of the homogenized solid sample are fortified with a known amount of 
nine carbon-13 labeled PCDD/F congeners (ES= Extraction Standards), extracted by Soxhlet-Dean 
Stark or by Method 3545 using toluene as the solvent. After the addition of 0.5 mL of purified 
tridecane, the dried toluene (sodium sulfate) is evaporated under vacuum until no traces of toluene are 
present. The residue is then fortified with another group of five labeled PCDD/F congeners (CS = 
Cleanup Standards) and divided into two equal portions. One half of the extract is archived at room 
temperature while the other half is subjected to a multi-chromatographic columns clean up procedure. 
The purified extract is transferred inside a 1-mL vial using methylene chloride and concentrated to 
dryness. The sample is reconstituted into the rmal extract using 20 µL of a nonane solution containing 
two additional labeled PCDD congeners (JS= Injection Standards). One µL of thermal extract is 
injected into the injection port of a GC/MS system operating in the high-resolution mode. The GC 
column is a 60-m DB-5 or HP-5MS capable of 2,3, 7,8-TCDD isomer specificity and is used to analyze 
the tetra- through octachlorinated PCDD/F congeners. The confirmation of2,3,7,8-TCDF is conducted 
on a 30-m DB-225 capillary column capable of 2,3, 7,8-TCDF isomer specificity. In all cases, the mass 
spectrometer operates in the high-resolution mode (10,000 resolving power; 5 percent crossing over). 
The results are reported in pg per gram or parts-per-trillion using the dry weight. 

4. Procedure 

Figure 1 is a schematic description of the procedures involved for the preparation of thermal extract 
using the Soxhlet-Dean-Stark technique. Figure 2 is the corresponding diagram when Method 3545 is 
used for the extraction. Key steps are referred to the corresponding SOP. Figure 3 is the schematic for 
the analysis and reporting phases of the method. Tables 1 and 2 summarize the labeled compounds 
used throughout this procedure. 

4.1 Definitions 

• Congener: Any one particular member of the same chemical family (e.g., 135 PCDF congeners). 
• Homologue: Group of structurally related chemicals that have the same number of chlorines. 
• Isomer: Compounds that belong to the same homologue group (e.g., 22 TCDD isomers). 
• Extraction Standards: Group of nine carbon-13 labeled PCDD/F congeners added to the sample 

before the extraction. The function of the ES is to provide both qualitative (identifying the 
PCDD/F congeners) and quantitative (determining the concentrations) information on the sample. 
The measurement of the recoveries of the ES provides information on the extraction and 
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fractionation efficiencies. Method 8290 call these "Internal Standards", while PAL has decided to 
adopt a more practical nomenclature. 

• Cleanup Standards: A group of five labeled PCDDIF congeners that are added to the sample right 
after the extraction and before the fractionation. Their function is to measure the fractionation 
efficiencies independently of the extraction step. They are not required by Method 8290. 

• Injection Standards: The two labeled PCDD congeners are added to the fmal extract just before 
GC/MS analysis. Their function is to measure the ES and CS recoveries. They are named 
"Recovery Standards" in Method 8290. 

• EMPC: Term used to report the presence of a GC/MS signal that does not meet all the PCDDIF 
identification criteria. In particular, when the ion-abundance ratio of any unlabeled analyte falls 
outside the method's acceptable range, the associated peak can not be identified as a PCDDIF 
congener. PAL will report an Estimated Maximum Possible Concentration (EMPC) for that peak 
using the same formulae used to calculate the concentration of a detected analyte. 

4 .2 Equipment' Apparatus 

• 12-L giant Soxhlet extractor (Ace Glass) with heat controller (GlasCol) and condenser for 
purification of supplies. 

• Muffle furnace capable of temperatures of at least 500°C (Wilt, Model 210). 
• Heavy-duty meat grinder (Berke! ES 22 or equivalent). 
• Drying oven capable of at least I J0°C (Fisher !06G) for moisture determinations only. 
• Drying oven capable of at least 130°C (Fisher 825G) for supplies only. 
• Dessicator all SS (Boeke!). 
• Top loading balance (0.0 I g; Denver Instruments; XL-3 lOOD). 
• Aluminum weigh boats. 
• Clean stainless steel forceps. 
• Furne hood (Safeaire). 
• Mortar and pestle. 
• Certified and calibrated thermometer. 
• Refrigerator (4° ± 2°C) and freezer (-20°C). 
• Complete SDS assembly (500-mL RB flask, thimble holder, Dean-Stark, condenser, heater) 
• Pre-Cleaned thimbles. 
• 90-mm filter assembly with a 6- place vacuum manifold. 
• Pre-cleaned glass wool. 
• 2 µm x 90-mm GMF 150 filters. 
• 90-mm 3M C-18 Empore™ membrane disks. 
• I 0- and 25-mL drying colunrns. 
• 40-mL wide-mouth sample jars. 
• 40-mL VOA vials. 
• Complete Accelerated Solvent Extractor assembly (Dionex ASE 200). 
• 1.9 mm filter disks. 
• 2-liter separatory funnel. 
• Glass funnels. 
• 250-mL beakers. 
• 90-mm filter set-up with a I-liter vacuum container. 
• 2-liter Erlenmeyer. 
• Microextractor for isooctane liquid-liquid partitioning. 
• Hot plates (Fisher). 
• 10 µl-1000 µl automated pipette (eppendorf). 
• Class A disposable 5 mL pipette. 
• 1.8 mL autosampler vials. 
• Stainless steel spatula. 
• Pasteur pipettes. 
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• Glass beads. 
• Vacuum chamber (Labconco) complete with an oil-free vacuum pump (Leybold) properly vented, 

and gauges. 
• Welch 2025 oil-free vacuum pump. 
• Rotary evaporator (Buchi R) equipped with a condenser, steam duct, "catch" flask, condensate 

flask, glass stopcock to adjust vacuum, peer-shaped sample flask, and water bath with temperature 
control. 

• Double focussing mass spectrometer (MicroMass AutoSpec Ultima) coupled to a HP 6890 gas 
chromatograph (EPC) with capillary split/splitless injection port 

• Autosampler ( CTC A200 SE). 
• OPUS Mass Spectrometer data system (CPU, monitor, disk and tape drives). 
• Laboratory Information Management System (Labvantage Systems). 
• Centrifuge (Damon !EC HN-Sll). 
• Recirculator (Polyscience and Neslab CFT-300). 
• UPS (Exide Electonics ). 
• Water purification system (Dracor). 
• High-precision solvent delivery pmnps (Fluid Metering; Model RHSY). 

4.3 Reagents 

• Optima™, H,so. 
• Pre-cleaned Na2S04. 

• High Purity N2 and He. 
• Solvents: distilled-in-glass toluene, methylene chloride, hexane,. acetone, isooctane and methanol. 
• Purified tridecane (carbon treatment). 
• Acid- and base-coated silica, alnmina (acid and/or basic), and Florisil. · 
• Standards: 

> GC Performance: CIL R633 DB-225 Mixture (20-40 pg/µL) 
> GC Performance: CIL 31340-62 DB-5 Mixture (20-40 pg/µL) 
> Extraction Standards: CIL 31531-11 (1000 ng/mL; Table I) 
> Cleanup Standards: CIL R681 (1000 ng/mL; Table 2) 
> Injection Standards: CIL R682 (500 ng/mL) 
> Matrix Spike or Lab Control Spike: CIL 29573-27 (2.5 ng/µL; Table 3) 
> ConCal: CIL CS-3 R685 (5.0 ng/mL) 
> Calibration Standards: CIL (Table 4) 

• Preparation of Standards: 

..r CS-I (0.5 ng/mL); R683 
,r CS-2 (1.0 ng/mL); R684 
..r CS-3 (5.0 ng/mL); R685 
..r CS-4 (50 ng/mL); R686 
..r CS-5 (100 ng/mL); R687 

> All entries and calculation details are made with the help of the LIMS Standards Preparation 
Program. 

> Call the Standards Preparation Program. 
> Follow the directives and menu options as required. 
> When all information entry is completed, print the Summary page. 
> In the space provided on the Summary page, write the page number. 
> Insert the Summary page inside the Standards Preparation Logbook (e.g., S-0 I). 
> When adequate, attach the supplier's "Certificate of Analysis" correctly labeled to facilitate 

traceability. 
> Print the waterprooflabel containing: 

• Solution identification number, 
• Nominal concentration, and 
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l> Apply label on the vials and with the help of a magic marker, place a mark indicating the 
meniscus. 

l> Keep all PCDD/F standard solutions at room temperature inside amber vials. 
l> Expiration dates {apply only for nominal concentrations 2:().1 ng/µL): 

• Primary Standard Solutions (ampoule from commercial source) have no expiration 
date. 

• Stock Standard Solutions (obtained from dilution/mixing/opening Primary Standard 
Solutions): 3 years. 

• Working Standard Solutions (from Stock/Primary and used as such during sample 
processing): 1 year. 

l> Good practice: what is removed from the vial never returns to the vial. 

4.4 Interferences 

• The use of high purity reagents and solvents helps minimize interference problems. The use of 
distilled-in-glass solvents is highly recommended. Other precautions regarding cross­
contarnination consist of minimizing the use of re-usuable glassware, and effective glassware 
cleaning procedures. 

• Co-extractants from the sample matrix are generally removed during the multi-chromatographic 
column procedure. The cleanup is designed to remove commonly encountered interferences (e.g., 
PCBs, DDT ... ). The resolution of the GC column and of the mass spectrometer provides 
additional tools in the elimination of interferences. 

• Other types of materials have been found to interfere with the analysis, especially from a 
quantitative stand point. When operating, the analyst will evaluate the impact these interferences 
- named quantitative interferences'-' - may have on the data, assign a data qualifier and present 
conclusions in the narrative or cover letter. 

4.5 Safety 

• The toxicity or carcinogenicity of each reagent used is not precisely defined. Each chemical 
compound should be treated as potential health hazard. Exposure to these chemicals must be kept 
to a minimum. Conducting some of the key operations inside a hood minimizes contamination of 
the laboratory. The effluent from the sample splitters for the GC should pass through an activated 
carbon trap. Use protective gears (throwaway gloves, lab coat, safety glasses) is required in the 
laboratory area. 

4.6 Sample Preservation 

• Storage and Holding Times: All solid samples (except for tissues) are stored at 4°C. Samples are 
extracted within 30 days from the collection time, and the extract analyzed within 45 days of the 
extraction. Following the delivery of the data package, the remainder of the solid sample is kept 
refrigerated for another 3 months, after which, the sample is moved into a room temperature 
storage awaiting fmal disposal. 

• Sample Receipt: 

l> Upon delivery to the lab, all containers are checked for noticeable damage that may affect the 
integrity of the contents. Report problems to the Project Manager so that client can be 
informed. 

l> Open carefully the cooler and examine contents carefully for damage. 
l> Record on the COC and the Sample Receipt Checklist the temperature (e.g., from the trip 

thermometer). 
l> Sign, date and record the time on the COC. 
l> Remove and examine all the contents of the cooler. 
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l> Verify that all the information on the COC matches the information on the sample bottle 
labels. 

l> When applicable, verify the information pertaining to the sample preservation. 
l> Sign the COC and complete the Sample Receipt Checklist (SRC). 
l> At this time, take the COC and the SRC to a login computer station to assign a laboratory 

project number, a laboratory sample identification number, and enter the information into the 
LIMS. 

l> Open a project folder to hold all the information generated for the project. This information 
becomes part of the Document Control section of the data package. 

l> When the data entry for login is completed, print the sample receipt summary and the labels. 
l> Apply the labels on the relevant sample containers and verify that the client sample 

identification number and the laboratory sample identification number coincide. 
l> Place all project-related documentation in the folder. This includes the COC, carrier air bill, 

SRC, and any other documents (e.g., cover letter) that arrived with the samples. 
l> Fax to the client the Sample Receipt Acknowledgment form. 

• Sample Tracking and Storage 

l> At data entry for login of the samples, a designated location is assigned to the project samples. 
l> Once labeled, place the samples in the assigned location. 
> The normal locations are: (To locate the samples, check the location identifier in 

the LIMS.) 

• Review: 

LIMS 

W2 
Fl 

Description 

Walk-in 
Freezer 

Storage 

Solids, Liquids 
Tissues . 

l> When a folder is completed and all the samples have been placed in their storage location, 
review the folder for completeness, correctness, and sensibility. If all is correct, the folder is 
placed into a queue awaiting completion of the analysis. 

• Authorized Personnel 

l> All employees associated with the Ultra-Trace Analysis Laboratory are permitted to access 
the samples in the storage areas. 

• Sample Storage Temperature Recording 

l> Place the calibrated thermometer and the supplied bottle inside the storage unit. 
l> Attach the "Certificate of Calibration" to the storage unit specific logbook. 
l> Record the temperature inside the logbook daily (except on Snndays; see Figure 4). 
l> If the temperature deviates by more than 2 degrees, adjust the settings and document the 

action inside the logbook. 
l> In case of prolonged downtime, use the back up generator or dry ice until power is restored or 

the unit is repaired. 
l> One logbook per storage unit. 
l> Place all non-biological samples in the refrigerators, while tissue samples are kept inside the 

freezers. 
l> The samples from a given project are kept together by proper means. 
l> Following the sample preparation /submission of the analytical report, keep the samples 

refrigerated for up to 30 d. 
l> After such waiting period, immediately dispose of the biological samples while non­

biological samples are stored at room temperature awaiting disposal. 
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)> Samples that have been found to contain more than 0.7 ppb TEQ must be segregated and 
crushed inside a 55-gallon dmm for special disposal or can be returned to the Client when 
such arrangements have been made at bidding time. 

Note: Do not store standards and/or food with the samples. 

4.7 Sample Handling 

Solid samples are homogenized, and may require grinding following particle sizing. The procedures 
followed by PAL call for the use of 20 g of solid based on dry weight. Percent moisture are 
determined using a dedicated oven (i.e., this oven is never used for the treatment and the preparation of 
supplies or samples undergoing analysis). The aliquot used during this moisture determination is never 
analyzed. Finely divided solids (e.g., fly ash) are handled inside a hood or disposable plastic bag. 

• Grinding 

)> After donning the appropriate PPE, usually nitrile gloves, open the sample in the hood. 
)> Remove any large objects such as rocks. 
)> If necessary pass the sample through a series of sieves to help facilitate the partitioning of the 

various particle sizes. 
)> Particles requiring grinding can in most instances be reduced by means of a mortar and pestle. 
)> In some cases reducing the temperature of the sample will aide in the grinding process. 
)> Some matrices such as certain papers, grains and amorphous solids need to be reduced using a 

Wiley Mill or other suitable mechanism. Reference the appropriate manufacturer 
documentation for specific equipment operational instructions. 

)> After sufficient reduction in the gross particle size, recombine and mix the various fractions of 
the sample. 

• Particle Sizing 

)> Spread a piece of clean aluminum foil in an appropriately ventilated fume hood. 
)> After donning the appropriate PPE, usually nitrile gloves, open the sample in the hood. 
)> With the aide of forceps spread a representative portion of sample on the aluminum foil. 
)> Estimate the size of the particles in the sample. 
)> If the estimate determines that the average particle size is Jess than 1 mm, proceed with the 

sample extraction. 
)> If the estimate determines that the average particle size is greater than I mm, then the sample 

must be ground. 

• Moisture Determination 

)> Label each weigh boat required with the unique sample ID number. 
)> Thoroughly mix the sample, and if necessary grind the sample (SP-C-06) to ensure a fully 

homogenized sample. 
)> Weigh out 10-20 g of sample into the appropriate weigh boat. 
)> Record the weight taken and make note of any unique characteristics into the project 

notebook. 
l> Dry in a 110°C ± 5°C for a minimum of twelve hours. 
)> After the required drying time, remove the sample and allow cooling in a dessicator. 
)> Reweigh the sample and record the dried weight into the project notebook. 
)> Calculate the% solids as shown below. 
)> Record the %solid value for future use. 

o/ z·d weight of sample after drying 1000/ 
10SO l S = X 10 

weight of sample before drying 
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+ Method 8290 contains a series of performance checks including verifying the calibration of the 
mass spectrometer response and the various analyte relative response factors. The calibration 
entails an initial calibration (ICal) using a set of five solutions whose validity is verified every 12 
H during which samples are analyzed (continuing calibration, or ConCal). The latter is performed 
using the middle point solution (CS3) of the calibration curve. Additionally, the GC/MS operator 
is required to verify and document the performance of the GC and MS systems. In particular, the 
homologue retention time windows, the 10,000 resolving power of the MS, and the 2,3,7,8-TCDD 
(or 2,3,7,8-TCDF) isomer specificity (25 percent valley) are established and documented every 12 
H during which samples are analyzed. Balance is calibrated using NIST weights. 

+ During the initial start-up, the laboratory performs a Method Detection Limit (as per the CFR 
methodology), and determines the precision and bias. An on-going precision and accuracy (QPR) 
determination is conducted every day for each matrix undergoing analysis. A Laboratory Method 
Blank is always prepared alongside any batch of samples. A batch of samples is defined by 
Method 8290 as no more than 20 samples. PAL uses a more stringent schedule. 

+ Initial Calibration 

)> Table 4 summarizes the composition of the five calibration solutions. 
)> Each calibration solution is analyzed once, and the relative response factors (RRF) for 

unlabeled and labeled analytes computed for each analytical run. 
)> For each unlabeled and labeled compound, an average RRF is calculated along with the 

relative standard deviation (RSD). 
)> An acceptable ICal must meet the following criteria: 

../ The signal-to-noise ratio for all analytes must be at least 10: I. 

../ The ion abundance ratio for all analytes must be within 15 percent of the theoretical ratio . 

../ The RSD obtained from the mean RRFs must be within 20 percent for the unlabeled 
analytes, and 30 percent for the labeled standards. 

+ Continuing Calibration 

;. The authenticity of the !Cal is validated at the beginning and the end of every 12-H shift 
during which samples are analyzed. 

;. This is accomplished by analyzing CS-3, or the middle point of the calibration curve. 
)> A valid ConCal meets the following specifications: 

../ The signal-to-noise ratio for all analytes must be at least 10: l . 

../ The ion abundance ratio for all analytes must be within 15 percent of the theoretical ratio . 

../ The RRFs must be within 20 percent of the RRF (ICal) for the unlabeled analytes . 

../ The RRFs must be within 30 percent of the RRF (I Cal) for the labeled analytes . 

../ For situations where the back-end ConCal fails, follow the chart shown in Figure 5, 
which is representative of the provisions written in Method 8290 Section 8.3.2.4 
{September 1994)5

• 

• Instrumentation Performance Checks 

;. Instrumentation performance is verified and documented every 12 hours during which 
samples are analyzed. 

;. The mass spectrometer resolving power of 10,000 (or l 00 ppm mass resolution) is established 
at the beginning and ending of every 12-H shift during which samples are analyzed. 

;. Additionally, the GC column performance - RETCHECK -- allows the GC/MS operator to 
defme the various homologue retention time windows. It is also used to demonstrate the 
isomer specificity of the analysis for 2,3,7,8-TCDD on the DB-5 column and for 2,3,7,8-
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TCDF on the DB-225 column. A 25 percent valley between the close eluters for either 
analyte must be obtained before samples can be analyzed. 

Note: Confirmation of 2,3, 7,8-TCDF on the DB-225 column is completed when its 
concentration as determined on the DB-5 column is less than half the lowest calibration 
point (<0.25 pg/µL). 

• Batch QC Samples 

)> Laboratory Method Blank (LMB): Always processed alongside a batch of samples. Paradigm 
Analytical Labs defines a batch of samples as no more than 10 samples processed 
simultaneously (EPA defmes a batch as made of 20 samples). The LMB is obtained 
following the exact same steps used to process field samples with the exception of the actual 
matrix. Generally, soil is replaced by sand, effluent by DI water, Method 23 resin by XAD-2 
resin from the same batch used to prepare the air sampling modules sent to the field, and 
biological tissues by vegetable oil. 

Acceptable method blank shows (Figure 6): 

a) Recoveries of the extraction standards within the specification of the method, 

b) Detection limits that are within a factor of five from the MDL, and 

c) No target analytes at concentrations exceeding the guidelines presented in Figure 6 
when analyzing samples showing high levels of PCDD/Fs (i.e., more than 100 times 
the method calibration lower limit). Otherwise, the level of the specific target 
analyte should not exceed 50 percent of the lower limit of the calibration cnrve. 

An invalid LMB reqnires a re-extraction of the affected samples. 

)> On-Going Precision and Recovery Sample (OPR): In addition to the initial demonstration of 
system's performance, an On-Going Precision and Recovery sample is processed daily for 
batches of samples of a given matrix and for a given core methodology. The OPR is fortified 
with the collection of seventeen 2,3,7 ,8-substituted PCDD/Fs at levels corresponding to the 
core method's quantitation limit. (OPR is synonymous with Lab Control Spike or LCS.) 

Acceptable performance is determined by: 

./ Recoveries of the isotopically-labeled extraction standards to fall within the 40 to 135 
percent range for the tetra- through octachlorinated congeners, while 

./ Recoveries (accuracy) of the unlabeled compounds should be IOO ± 35 percent when 
spiked at the method quantitation limit and± 30 percent when spiked above 20 times the 
method quantitation limit, and 

./ When duplicate OPR are required, the relative percent difference (RPD) of the unlabeled 
analytes concentrations should be within 30 percent when spiked at the method 
quantitation limit and ± 25 percent when spiked above 20 times the method quantitation 
limit. 

)> Matrix Spike (MS): When requested, a matrix spike (MS) and matrix spike duplicate (MSD) 
samples are analyzed by subjecting another aliquot of the designated field sample to the same 
procedures as the regular sample but with the addition of the collection of the seventeen 
2,3,7,8-substituted PCDD/F congeners (200 ppt for solid and 200 ppq for aqueous matrices). 
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v' Recoveries of the isotopically-labeled extraction standatds to fall within the 40 to 135 
percent range for the tetra- through octachlorinated congeners, while 

v' Recoveries (accuracy) of the unlabeled compounds should be 100 ± 30 percent assuming 
no "significant" atnounts of endogenous analytes ate present in the satnple. 

v' When duplicate MS/MSD ate required, the relative percent difference (RPD) of the 
unlabeled analytes concentrations should be within 20 percent. 

>- Duplicate Analyses: When requested, a second aliquot of the field satnple is analyzed 
following the satne procedures. 

Acceptable performance is determined by: 

v' Recoveries of the isotopically-labeled extraction standatds to fall within the 40 to 135 
percent range for the tetra- through octachlorinated congeners, while 

v' The relative percent difference (RPD) of the unlabeled analytes concentrations should be 
within 25 percent provided the analyte levels are within the calibration range. 

+ Quality Control Chatts: Quality control chatts ate designed to detect trends and deviations from 
normal performance. A variety of chatts are developed and analyzed on a regular basis to ensure 
adequate system performance. Whenever possible, lower and upper control and warning limits ate 
defmed to help with the management of the laboratory operations. Such information can be 
reviewed as patt of a laboratory audit. 

>- Exatnples of chatts that can be monitored include: 

v' Lab Method Blank for background contamination (e.g., OCDD levels in LMB vs time). 

,/ Daily OPR results for analyte and labeled compounds recoveries. 

v' LMB recoveries of the extraction and cleanup standatds. 

v' ConCal RRF deviations. 

v' GC column resolution. 

v' Certain MS patatneters (e.g., air ratio to He, atnplitude of PFK reference peaks, repeller. .. ). 

4.9 Analytical Procedures 

+ Solid samples are processed as shown on Figures I, 2, and 3. Two separate extraction procedures 
are currently available for solid satnples (SDS and 3545). Each of the key steps in the procedure 
is described in the SOPs referred on the diagram. Documentation of the completion of each of the 
key step (e.g., spiking, extraction, concentration, fractionation, dates, initials of the chemist...) is 
recorded on the Satnple Tracking & Management Forms (Figures l, 2, 3, 7,8,9). The 
documentation also includes a Communication (Figure 9) sheet where the chemist notes any 
relevant observations made about the satnples, and the handling of the sample. Batches of 
solvents, reagents, GC columns and the likes ate recorded on the aforementioned forms. 
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J> Aliquot 1 mL of acetone to each autosampler vial; equal in number to samples requiring spiking. 
J> To each vial, add 40 µI of Extraction Standards (0.1 ng/µI). It is advisable to have a 'witness' 

present so that double spiking or omissions can be avoided. 
J> Cap the vial and vortex. Vortexing will ensure that the concentrated standard cocktail in n-nonane 

is thoroughly mixed into solution. 
J> Pour the acetone solution into the sample. Holding the upside down, rinse the vial with a small 

quantity of acetone. 
J> For water samples, cap the container and shake vigorously. 

At the cleanup stage: 

J> To each labeled archive test tube, add 40 µI of Clean-Up Standards (O.lng/µI). As stated above, it 
is advisable to have a second person observe this procedure as to avoid double spiking of a sample 
extract, and omissions. 

At the analysis stage: 

J> Before GC/MS analysis, add to each labeled autosampler vial 20 µL of the Injection Standards 
nonane solution. 

)> Vortex each vial and allow to sit. 
)> Wash the walls of the vial again by rotating the vial slowly in a horizontal disposition. This 

ensures that all vial surfaces come in contact with the standard. 

+ Soxhlet Dean-Stark Extraction: 

J> Pre-Soxhlet the unit before using it for samples. 
J> To that effect, assemble the SDS without the condenser. 
J> Add a couple of Teflon™ chips inside the 500-mL round-bottom flask. 
J> Add 300 mL of toluene through the DS section. 
J> Assemble the condenser and insulate the ''vapor pathway". 
J> Turn on the water recirculator, which is set between 4 ° and 7°C. 
J> Turn on the heating mantle to position "9" for toluene. 
J> Allow the reflux to go on for at least three hours. 
J> Tum off the heating element, and allow the unit to cool down. 
J> Transfer the toluene inside a labeled bottle container (for washing dirty glassware). 
J> Add a couple of fresh Teflon™ chips. 
J> Add 350 mL of toluene and 0.5 mL of purified tridecane. 
J> Adapt the thimble holder and insert the thimble containing the fortified sample using a clean 

SS spatula. Use 20 g dry-weight equivalent. 
J> Assemble the DS and condenser components. 
J> Cap the opened extremity of the condenser with foil. 
J> Turn ou the water recirculator (set between 4° and 7°C) and heater (position "9") for toluene. 
J> Insulate the "vapor pathway". 
J> Allow the extraction to continue for 16 to 18 H. 
J> During the extraction, verify that the solvent siphons normally. 
J> Drain the water as appropriate to prevent water from returning to the boiling flask. 
J> At the end of the reflux cycle time, proceed with the sample concentration as described below. 
J> Do not turn off the heater. 
J> Drain the toluene present in the DS side arm directly inside the labeled bottle container (for 

washing dirty glassware). 

Page !Oof33 

Revision Date: 07121198 
Version No.: REF-21-l 



Prepared by Yves Tondeur 
Signature: 

No.: REF-21 

Approved by Greg Dickinson 
Signature: 

> Continue to drain the toluene until approximately 20 mL of toluene remains inside the RB 
flask. 

> Turn off the heater when the toluene reaches the 20-mL mark. Do not go to "near dryness". 
> The toluene inside the thimble holder is removed and disposed off. 
> Remove the heating mantle and allow the flask to cool down. 
> The sample is now ready for the vacuum concentrator (SP-N-01 ). 

+ Method 3545 Extraction: 

> Fill all solvent reservoirs with appropriate solvent. 
> Ensure that the purging gas cylinder (Nz) has a minimum of 500 psi pressure. 
> Load a disposable 1.9 mm Itlter into each cell to be used and top with 2-4 g of clean sand. 
> Transfer 20 g dry wt. equivalent of sample to an extraction cell and fill any remaining 

headspace with clean sand. 
> Using a spatula, mix as thoroughly as possible the sand into the sample. 
> Spike each extraction cell with the appropriate extraction standards. 
> Replace the tops onto the extraction cells and load onto the ASE. 
> Ensure that the correct number of collection vials is also loaded. 
> Add 0.5 mL oftridecane to each collection vial. 
> Begin the extraction process according to the manufacturer recommendations. 
> Extractor conditions: 

Oven Temp.: 
Pressure: 
Static Time: 
Flush Vol.: 
N2Purge: 
Static Cycles: 

200°C (for toluene) 
2000psi 
IO min. 
60% 
70 sec. 
2 

These conditions have been optimized and all MDL studies and subsequent sample 
extractions have utilized the above conditions. 

> Allow all extracts to cool prior to drying with sodium.sulfate and concentration. 

+ Sample Extract Concentration 

> The rotary evaporator is equipped with a condenser, steam duct, "catch" flask, condensate 
flask, glass stopcock to adjust vacuum, peer-shaped sample flask, and water bath with 
temperature control. 

> All glassware must be cleaned between samples: 
./ Rinse the steam duct with acetone using squeeze bottle while rotating the unit . 
./ The "catch" and pear-shaped flasks must be replaced by clean ones between samples. 

> Water chiller providing water for the rotary evaporator condenser at 5°C. 
> An oil-free vacuum pump properly vented with gauge. 
> Set the water bath temperature to 40°C making sure enough DI water is present. 
> Allow cold water to circulate inside the condenser. 
> Tum the vacuum pump into the "on" position. 
> Make sure the glass stopcock is in the open position. 
> Atrach the sample and "catch" flasks assembly onto the steam duct. 
> Hold the assembly or place the clamp to insure the assembly does not fall inside the water 

bath. 
> Close the glass stopcock. 
> Monitor the pressure gauge. 
> Normally with solvents such as toluene and methylene chloride, the reading should be in the 

300 to 700 mm Hg range. 
> The solvent starts evaporating and condensation becomes visible. 
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;.. Maintain steady evaporation rate and make snre no bnrnping is occnring. 
;.. Ifbnrnping happens, reduce the pressnre to less than 300 mm Hg on the vacunrn pump or 

using the glass stopcock. 
;.. When bnrnping occnrs, contact laboratory manager to discuss viable options to address 

sample integrity. 
;.. Once the level of solvent is low enough (0.5 to 2 mL), reduce the rotation (position 1-2) and 

re-establish atmospheric pressure by opening fully the glass stopcock and switching off the 
pnrnp (that is if you don't have a need for it). Switch off the rotation. 

:.. Remove the glass assembly (i.e., the "catch" and the pear-shaped flasks). 
:.. Turn off water heater and cooling water. 
;.. Rinse the steam duct (vide supra) and wash glassware. 
;.. Note: Normally, 0.5 mL tridecane remains. However, to ensure complete solvent exchange 

before the sample cleanup, it is necessary to complete the solvent concentration and 
exchange using the vacnum concentrator (see below). 

• When using the vacunrn chamber, place the 500-mL round-bottom flask on a cork ring, the sample 
bottle, I 00-mL jar, 1-mL vial ins.ide the vacunrn chamber. 

• Tum the vacuum pump into the "on" position. 
• Follow the program shown in Table 5. 

+ Sample Fractionation 

;.. Prepare an Acid/Base Silica Colnrnn (25-mL pipet): 

From bottom: 
• glasswool 
• I g SiO,, 
• 4 g NaOH-coated, 
• I g SiO,, 
• 8 g H2S04-coated, 
• 2 g SiO,, 
• 4 gNa,so •. 

All solvents are stored inside dedicated bottles with Teflon™ connections to the columns. An hexane­
dedicated pump is used for the elution of the tandem colnrnns. Do not use the hexane pnrnp to deliver 
other solvent systems. When a single pump is used to deliver 2% MC/hexane and straight MC, always 
flush the line with the eluant before allowing the eluant to reach the colnrnn. 

• The acid/base-modified silica colnrnn is washed with hexane, 
• Sample loaded with two 1-mL rinses of hexane and 
• Eluted with 100 mL hexane directly into a pre-washed Florisil colnrnn. 

;.. Florisil colnrnn cleanup (1.5-1.6 g, 10-mL pipet, directly from the supplier's jar, no activation, 
reseal jar): 

• Pre-elute colnrnn with MC. 
• Then with hexane/MC (98:2). 
• The colnrnn is ready for the tandem set up. 
• Once the 100 mL hexane from the tandem colnrnns has eluted off, 
• Remove the silica colnrnn and connect the Florisil to the 2% MC/hexane bottle delivery line. 
• Elute with about 20 mL hexane/MC (98:2). 
• This fraction goes to waste. 
• Elute with about 35 mL MC. 
• Collect MC eluate. 
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• Transfer using MC inside an autosampler vial 
• Concentrate to dryness 

+ Sample Analysis by HRGCIHRMS 

• HRGCIHRMS instrument setup 

)> The GC temperature/pressure/flow program is stored on the instrument as 
[ vg.opus$instrument]D EF AULT. 
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)> The MS experiment is stored on the instrument as [vg.opus$experiment]M23 _DBS (Table 6). 

• HRGC!HRMS pre-sample analysis checks 

)> Perform any daily PM (see SOP PM-02). 
)> Tune the MS resolution to 100 ppm (or 10,000 resolving powerusing the 10% valley definition). 
)> Acquire location data to calibrate the MS and print a copy of function one's MS resolution. 
)> Inject the retention time windowing mix for the column in use. Then evaluate switching times for 

accuracy and make any corrections, reanalysis maybe required for a large correction. If the 
switching times are off by a considerable amount, the reason for the change should be found, then 
a survey scan should be analyzed to find the new switching times. This injection is also used to 
verify that there is less then or equal to 25% peak to valley for the two close eluters of2,3,7,8-
TCDD. Print a copy of the GC resolution check. If the valleys are within specifications, proceed 
to calibrate or verify a previous calibration. If not, further investigation and/or maintenance may 
be required. Re-inject this solution to check for improvement. 

)> Now that the GC/MS Resolution and Descriptor Switching times have been verified, a series of 
five initial calibration standards may be injected and reviewed for method requirements. If an 
initial calibration already exists, a CS3 may be analyzed to verify continuing calibration. If the 
curve or the CS3 passes method requirements sample analysis may begin. 

• HRGCIHRMS sample analysis 

)> Reconstitution of a sample is accomplished by adding nonane containing the injection standards, 
capping the vial, and mixing well with a vortex (see SOP SP-S-01). 

)> Samples are injected under conditions identical to that used to establish calibration. 

• HRGC/HRMS post-sample analysis checks 

)> A "back-end" CS3 must be injected within 12 H from the front end CS3 or the CS3 in the curve. 
This standard is used to verify sufficient stability of the calibration after sample analysis. It has 
requirements set by the method. Depending on the back-end CS3 results, different calibration 
files maybe required to quantitate the samples (see SOP RP-G-03). These results also may require 
a new initial calibration. 

)> A "back-end" print out of the MS resolution must also be performed. 

• HRGCIHRMS sample package assembly and QC data filing 

)> The QC data from a sequence is filed in a folder cabinet under the day it was analyzed and 
includes the all GC/MS resolution checks, window verification, valley verification and the 
front/back end CS3s. 

)> Each samples hardcopy should include the quant report, totals pages, deviations, chromatograms, 
and report forms. 
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l> Use the check list shown in Figure 7 when conducting the validation of the data. 
)> When MS/MSD and/or duplicate analyses have been requested, verify that the results are 

within the acceptable performance criteria outlined in the Quality Control section of this 
document. 

)> Data qualifiers are used whenever deviations or analytical difficulties are encountered. Data 
that do not meet the QA/QC specifications need to be reviewed on a case-by-case basis before 
rejecting the data. An assessment of the in(pact on the data is discussed in the cover letter or 
narrative. When data is rejected, mark across the data set "Rejected" and provide the reason 
for the rejection. Also, state the corrective action(s) taken to remedy this situation. 
Generally, rejected data will require a re-extraction and analysis of the sample (if ample 
sample is available). Typical data qualifiers are: 

./ "B" for any analyte found in the LMB at levels exceeding the recommended value . 

./ "V'' to validate results from samples showing recoveries ofless than 40 percent. 

./ "R" to reject the data for a particular congener due to low recoveries of the associated 
extraction/cleanup standard . 

./ "D" to indicate the presence of a possible chlrorinated diphenylether. 

./ "E" to indicate that the analyte concentration exceeded the upper range of the calibration 
curve . 

./ "Q" to indicate the presence of a quantitative interferrence. '" 

4.11 Calculations 

+ Relative Response Factors: For each calibration solution (!Cal or ConCal), the analyte relative 
response factor is calculated according to the formulae shown below. 

A. x Q .. 
RRF, - --------

A., x Q, 

Where RRF , represents the relative response factor of the analyte "a" 

Aarepresents the summed area of the two ions monitored for analyte "a", 
A" represents the summed area of the two ions monitored for the labeled extraction standard, 
Q, represents the absolute amount or concentration of the analyte "a" in the solution, and 
Q,. represents the absolute amount or concentration of the extraction standard in the solution. 

+ Analyte Concentration: The concentration of each of the 17 2,3,7,8-substituted PCDD/F congeners 
is obtained according the formulae below. 

A, x Q., 
c' ---------

Where Ca represents the concentration of the analyte "a" in the sample, 

Aarepresents the summed area of the two ions monitored for analyte "a", 
A" represents the summed area of the two ions monitored for the labeled extraction standard, 
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Q" represents the amount of the extraction standard added to the sample before the extraction, 
W is the dry weight of the solid sample, and 
RRE, is the average of the five RRFs obtained for analyte "a" during the !Cal. 

+ Labeled Compounds Recovery: The recoveries of the extraction (or cleanup) standards are 
obtained using the following expression. 

"Percent Recovery" = --------x 100 

Where "Percent Recovery" is the extraction standard recovery expressed in percent, 

A., represents the summed area of the two ions monitored for the labeled extraction standard, 
A;, represents the summed area of the two ions monitored for the labeled injection standard, 
Q., represents the amount of the extraction standard added to the sample before the extraction, 
Q;, represents the amount of the iajection standard added to the sample before GC!MS analysis, 
!.IBL, is the average of the five RRFs obtained for the extraction standard during the !Cal. 

Note: The same formulae can be applied for the computation of the cleanup standard recoveries (CS). 
In this case, replace "es" by "cs" in the above equation. 

+ Detection Limit: The detection for each of the 17 2,3,7,8-substituted PCDD/F congeners is 
obtained according the formulae below. 

A, x Q., 
DL,=2.5 x 

A,, x RRF, x· w 

Where DL, represents the detection limit for analyte "a" in the sample, 

A, is the summed area for the noise measured for the two ions monitored for analyte "a'', 
A,. represents the summed area of the two ions monitored for the labeled extraction standard, 
Q., represents the amount of the extraction standard added to the sample before the extraction, 
Wis the dry weight of the solid sample, and 
RRF. is the average of the five RRFs obtained for analyte "a" during the lea!. 

+ Relative Percent Difference (RPD): Difference expressed as a percentage of the mean. 

1x,-x,1 
RPD = ----------------

(X 1+X2)I2 

where X1 and X2 are the duplicate results for a particular analyte. 
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Project Overview for the Analysis of Polychlorinated Dibenzo-p-Dioxins & Dibenzofurans 

No. of Field Samples: __ 

ES: lJ 

""' ""' cs: ll 
JS: ll 

4q(l-1) 
500pg15ppt(I-~ 
4q:(l-t) 
l•g(l) 

PAL Project No.: L-9999 

Add M23-ES-__ -so -

Date Received: 20 MAR 98 
Due Date: 10 APR 98 
Client Project ID: PATRON 

SOP SP-C-03 OJ 06 07 

I MS/MSD: yes 

Vol.:40µL; Conc.:O.l Dg/µL ~ 
Dlo.m.I I• I mL-

SDS 16 HToluene SOPSP-£..()J lkuDo bo1cb No.: 
CH,cl, bot<h No.: 

Concentration & Solvent Exchan e SOP SP-N-01 S;t;oo bok:bNo..: 

Arc 1ve 

• 
L'"'-Zl>-_J SOP SP-[)..()/ 

Special Instructions: 

Add M23-SS-_-SO_-_ 
Vol.: 40 L • Cone.: 0.1 n L 

Split Extract 

!. For MS/l'v!SD,add !OOµLofMM.8280-MX-_-so_-_(5 pgtµL) 
to 20 g (OW) of soil sample. Note that the 5 pg/µ L working standard solution is 
freshly prepa!(:d from.a stoci: . .standard_solutlon of_\ttri&'.11 J ... _ . 

Afumioo t.lcb No o 

PCU.f bolcli No.: 
N..,SO,bolchNo· 

Fractionation 

Concentration SOPSP-N-O! 

Add M23-JS-_-so -
Vol.: 20 µ L; Cone.: 0.1 n Iµ L 

....LJ:E!l. 
HR C-HRMS 

~igure 1: Schematic representation of Method 8290 for solids using the SDS extraction technique. 
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Project Overview for the Analysis of Polychlorinated Dibenzo-p-Dioxins & Dibenzofurans 

No. of Field Samples: __ 

ES: 1l 
MX: suo 
CS: 13 
JS: U 

• •&(1-1) 
500P&l5 ppt {l-1.5-5) 
••ctt-tJ 
1•&(1} 

Date Received: 20 MAR 98 
PAL Project No.: L-9999 Due Date: 10 APR 98 

Client Project ID: PATRON 

SOP SP-C-OJ OJ 06 07 

Add M23-ES-_-so_._ 
\ 1\15/ MSD: yes no 

Vol:40µL; Cou.c.:0.1 ng/µL ~ 
m..i-i1111..i.-.. 

._ __ 3_54_5....,T_o_lu_e_n_e _ _, SOP v>-E-OJ &>:-boldlNo.: 
ctt,a, lwdl No.: 

Concentration & Solvent Exchan e SOP SP-tto1 Silioo bold! No: 
~b.tdlNo.: 

Add M23-SS· -SQ • 
Vol: 40 L • Cone.: 0.1 n-L 

re hive 
Split Extract 

SOPSP-D-01 

Special Instructions: 

I. For MS/MSD, add IO(lp.L ofMM3280-MX-_-so_-_ (!Pt' µL) 
to 20 g (OW) «soil sample. N()(C that the 5 pg/ µ L working standard solution is 

... JrC$hly ~from.astock.¢1llda.t:dAQlution of.(tl Pf,/__ J.t_ I.. .... 

SQPSP-D-a/ 

PCU.fbol<b.No· 

Fractionation 

Concentration SOP SP-N-Ol 

Add M23.JS-_-so_._ 
VoL: 20 L • - Cone.: O.l n µ L 

HRGC·HRMS 

Figure 2: Schematic representation of Method 8290 for solids using Method 3545 extraction technique. 
' 
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Project Overview for the Analysis of Polychlorinated Dibenzo-p-Dioxins & Dibenzofurans 

No. of Field Samples: 

Special Instructions: 

PAL Project No.: L-9999 

SOPSP-A-01 

Sample Extract 
Fortified with JS 

Date Received! 20 MAR 98 
Due Date: 10 APR 98 
Client Project ID: PAlRON 

1 Renortlng k~l: I II 111 11+ n:J 
IP .• '.l 

Calibration Samples ConCal 

Archive Data 

SQpRP-A-01 

SOP'SH-A-01 

Ship Data 

SOPSH·D-01 

........... 
:·~~N~;· ----
•~ 

""""• 

Figure 3: Schematic representation of the analysis and reporting phases of Method 8290. 
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Figure 4: Sample storage temperature tracking. 
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Figure 5: Decision flow chart for handling ConCals. 
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Figure 6: Decision chart for handling background levels of PCDD/Fs in the LMB. 
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PAL Project No.: __ _ 

No.: REF-21 

Paradigm Analytical Labs 
Data Review Check List 

Page I of2 

Item 
1. Initial Data Package Components (Section 2): Project Overview & Sample Tracking/Management Forms 

)> coc 
)> Correspondence 

)> Login information 

)> Injection Log 

2. Initial Data Package Components (Section 3): Analytical Results 
)> Two-page Summary Topsheet . 

)> Raw data containing the retention times, areas, signal-to-noise ratios, totals, ion ratios ... 

)> Raw data showing all relevant selected ion current profiles (i.e., chromatograms). 

3. Project Overview 
)> Check and read the communication page. 

)> Read any correspondence accompanying this project. 

)> Verify that the COC is present and signed. 

)> Verify that the login report is present and signed. 

)> Verify that the SRC is present and signed. 

)> Verify that the number of samples is consistent with client's request. COC, correspondence. 

)> Verify that the method information is correct 

-

)> Verify that all relevant entries have been made on the laboratory tracking forms )including page No.). 

)> Review spiking infonnation. 

)> Verify sample preparation information. 

)> Look for any special instructions. 

4. Sample Results & Overview 
)> Injection Log must be present for each PAL project 

)> Have at hands the MS and GC performance checks associated with this analytical run. 

)> Have at hands the associated ConCa1s (begin and end). 

)> Raw data including SICPs and totals list, areas, SIN, retention times, and summary QUAN reports. 

)> TCDF confirmation data if necessary. 

S. Data Review 

• From the iniection 102, verifv the time and date for the various system performance checks (12-H) . 
)> Verifv that the OPR nassed, MS/MSD and/or Dunlicates as annronriate 

• Verify that system nertormance checks passed fMS, GC, Calibrations) . 
)> l 00 nnm in mass for the resolution at m/z 317. 
)> <25o/o vallev for 2,3,7 ,8-TCDD (and/or 2,3, 7 ,8-TCDF). 
)> Deviations for ConCal are <200/o for unlabeled ,....,,...nnina) or <25% for unlabeled (end in at 
)> Deviations for ConCal are <300/o for labeled fbelrinnine) or <35% for labeled (endin2). 
)> See SOP RP-G-03 for handline deviations. 
)> Verifv that all ion-abundance ratios nassed. 
)> All of the above llrm]v to confirmation analvses as well. 

·.' 

• For each s"n-m.les, and startine: :with the LMB, 'and check the followiria: 
)> Verify client, laboratory and sample information (matrix, weight, volume, file name, ICal, ConCal and 

RetCheck file names, dates ... ). 
)> Verify the name of the client. 
)> Verify the PAL Project No. 
)> Verify the method's.name. 

Initials 

' 
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}> Verifv holding times (extraction 30 davs from collection; 45 d from extraction for analvsis). 
}> Check recoveries of the ES, SS, and CS f40 to 135 ,...,.rcent). 
}> Review the SICPs from the LMB to validate the LMB (i.e., absence ofsionals). 
}> Examine the UL check ion SICPs for the nresence of auantit.ative interferences tnl). 
}> Examine the PCDPE SlCPs for the nresence of"ethers" as nntential interferences. 
}> Assess the inmact of these "ethers" or 01 on the data. 
}> Perform a manual calculation of at least one -mecific analvte concentration. 
}> Perform a manual calculation of at least one labeled standard recovery f e.~ .• ES). 
}> Occasionallv, ..... rfonn a manual calculation for a total homolom1e '""'Un. 
}> Examine the SICPs for the nresence of saturated ...,.,.i.-.,.. 
}> Verifv that the chlorine-37 correction is annJied to 2,3,7,8-TCDD. . 
}> Verifv that the 2,3,7,8-TCDF result oriainates from the confinnation analvsis. 
}> Perform a general overview of the SICPs and look for inconsistencies between the SICPs and the 

tabulated results, between the samnles themselves, and observations noted bv the lab staff. 

6. Initial and date the tonsbeets. 

Notes to be used for the Cover Letter or Narrative 

Figure 7: Check list for data validation. 
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Sample Tracking for the Analysis of Polychlorinated Dibenzo-p-Dioxins & Dibenzofurans 

No. of Field Samples: 
Page I of 

PAL Project No.: L-9999 ij Date Received: 20 MAR 98 
Due Date: IO APR 98 
Client Project ID: PATRON 

hdlf>JJ19ti~ cr.i},fefli{jdc ·~21}.Y'O~·a,!'.:. ·...;"'S'''c..· ~~;'2/~2'-~· ~·~"hod~· 'S~2~.9!!:0..1'~· .. "' •• _'.:f1~"\' 
1 ... wolsl>I Jorw.ip - l-1o>W<llchl u MX 808 c ...... Cfl lpll< l'CtJ c-.. JI Tel»' Mio<. 

llor.n Ml<r P- Wool g) S..E.i. Ard>. 

~ ~ 

-·--- ---,·.,---t----l--+---+-----1-+--+-+-+-+-+--l--t-t-+----j 
I.~ Hlff'19 

l..fff1.I MJll9tl 
----- ·-·--·---·-·------ ------ ---!--·--+-- 1-- -"·- --~-- ----- ·--·- --,-- -.---- - -----· -------·- -···--·--

1..--9 ffJO!JU 

1-- --~--------,...-------------11---1·--l--+----+-l-+--+-·-l-+-t---t--j·- -·--:; -----
................. 

......... , 

······ 

1---·- -·--·-·-·-·-··-------·- -

---··-·· ·----------- ·---· ·-··-·-!--·-------·· 

..... ------1------- ·-·- ---·-·----------- --

---- " .... ·------f--·-· ,.,. .... ,_, --

....................... _ .. ,._ ...... --
·--·-- .. -·-· ................ , __ , 1 •• 

.... 

------- --·-----·--- ----+--+----+--+-•-- ---f--- ~- - --;--- -- ----- ........ ," ---

-~--- ----------1----t--+---1-----t-+--+-- ---- - --~ --- --------·-·-·--------

Fillf!Te 8: Sampling Tracking & Management Form (Method 8290; SDS extraction). 
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Sample Tracking for the Analysis of Polychlorinated Dibenzo-p-Dioxins & Dibenzofurans 

No. of Field Samples: 
Pagel of_ 

[I L-9999 ij Date Received: %0 MAR 98 
Due Date: IO APR 98 
Client Project ID: PAmON 

PAL Project No.: 

~' -
~ ---·----·------- --- . ---- --- f-------- ·-- - .. ---- ---- f--·- ·-·- --- ··----·I- --- --······-------
~ -

--+--+------·--- -- - ---1--- - ----- --- - ·---

... , .. .,............... .. ·······-···----
" ---- ----1~---i,----\- +--+--!-+-+-+-t--1-- --1----1 

--+-- t----+---+-t---+--1 -J--1--J--· --·-1-----~----
" "' 

.. , ........... ·-··I"""""·'·" --·····- ... -··· . -·----· 

Figure 9: Sampling Tracking & Management Form (Method 8290; M3545 extraction)-
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Communication Exchanges Form for the Analysis of PCDD/PCDFs 

No. of Field Samples:_ 
Page_or_ 

I] Date Received: 20 MAR 98 
PAL Project No.: L-9999 Due Date: IO APR 98 

Client Project ID: PATRON 

Figure I 0: Communication Exchanges Form (Method 8290). 
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0 Supplies 
Filtm, Sand, N~ •• Glasswooi: SUP-OJ f3 
Solvent SUP-0~ (nidocane purification) 

Standards: SUP-03 

Glassware: SUP-04 

Acid/Base Coated SiO,: SlJP-05 

Sample Processing 
Cmd!i!Wung 

Receiving: SP.C-0! 

Homogenization: SP-C-02 

Percent Moisture:~ 
Percent Lipids: SP.C-04 
Particle Size:~ 

Grinding: SP.C-06 0 
Screening: SP.C--07 

Sample Labeling: SP-C'-08 
Sample Storage/Temperature Recon:ling: SP-C--09 

Thimble ~on f"or Solids: SP-C-!O 

E1<tr:iCll<'H 
SOS: SP·E-0! 

SPE:~ 

ASE: SP-E-03 

No.: REF-21 

Sample Processing 
Con<·entrati<~ 

Clcnn-Up 

Analysis 

vacuum Concentratot: SP-N-01 

Rotawp: SP-N-02 

SP-!J.-01 (Gravity Flow) 

~(PCU) 
SP-U-03 (PClJ.F) 

SP-A-01 (OpemtionolHRGC-HRMS) 
~ (HRMS &nergency Shutdown) 

SpliuintifArdli~ing E.x:utiro: 

Reporting 

After Extraction: ~ 
After Analysis:~ 

I>.rta Geuewi:ion 

~(Lab Method Blank} 
Rl'-G-02 (Rcooveries) 

.Bl&Ql (C'.onCal Aeeeptance) 
R1!:Q:Q1 (Reporting Target Peaks) 
RP..c'r-05 (Data Gcneratioo & Review) 

Archi~·ing D:l!.a 

Rl'-A-01 
SPF: SP-E-04 (separatory funnel) 
MEX SP-E-05 (microextraction) 

~: SP-E-06 (tissk, OlzCIJ 

0 Shipping 

Updated 12 JW1e 1998 

Oma Pllcl.~e As~bly 
SH-A-01 

SH~D-01 

$,m1pl.e (\,m:iina 

SH-C-01 

!nv<>icing 
SH-l..01 

Approved by Greg Dickinson 
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0 

0 

XAD Modules 
~ 

Waste Disposal 
Soli<h 

Liquids 
WD-L-01 

Preventive Maintenance 
Sample Prep 

.eM:fil 
Instrumentation 

PM.02 

LIMS 
PM-03 

SOP Management 
PM-04 

t'3 Reference (Corel Methods 
REF-01 M8290 Solids 

~ M8290 Aqueous 

REF-03 M829-0 Tissue 

REF-07 M23 

REF..(18 Method T09 

lli:@Ml6l3 Solids 

REF-to Ml613 Aqueous 

REF-ll Ml613 Tissue 

Ill 

Figure 11: Paradigm Analytical Labs Standard Operating Procedures for 1he Measurement of PCDD/Fs in 
Environmental Samples by Isotope-Dilution HRGC/HRMS 
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Table l: List and concentrations of the Extraction Standards used during the sample fortification step. 

13C12-2,3,7,8-TCDD 
13C12 -1,2,3,7,8-PeCDD 
13C12 -1,2,3,6,7,8-HxCDD 
13C12 -1,2,3,4,6,7,8-HpCDD 
13C12-0CDD 

13C12 -2,3,7,8-TCDF 
13C12 -1,2,3,7,8-PeCDF 
13C12 -1,2,3,6,7,8-HxCDF 
13C12 -1,2,3,4,6,7,8-HpCDF 

lOOpg/µL 
lOOpg/ µL 
lOOpg/ µL 
lOOpg/µL 
200pg/ µL 

100 pg I µL 
lOOpg/ µL 
100 pg I µL 
100 pg I µL 

.. 

Table 2: List and concentrations of the Cleanup Standards used during the sample fortification step. 

37C4-2,3,7,8-TCDD 
13C12 -2,3,4,7,8-PeCDF 
13C12 -1,2,3,4,7,8-HxCDD 
13C12 -1,2,3,4,7,8-HxCDF 
13C12 -1,2,3,4,7,8,9-HpCDF 
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lOOpg/ µL 
lOOpg/ µL 
lOOpg/µL 
100 pg/ µL 
100 pg I µL 
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Table 3: Composition of the Matrix Spike solution. 

Unlabeled Analyte Concentration in pg I µL 

2 3,7,8-TCDD 5 

.. .J,2,3,J,H'tiC::J)F______ ____ _ .. 1.2~5 __ . 
2,3,4,7,8-PeCDF 12.5 

l,2,3,4,J&:f!icC::J)J:>. __ ··------g'~--------
l,2,3,6,7,8-HxCDD 12.5 

_!,2,3,7,8,9-HxCDD 12.5 
1,2,3,4,7,~:I!J<CDF 12.5 

Approved by Greg Dickinson 
Signature: 

1,2.,3,6,.7,8~1IxC::[)_l'_:___ ___________ J}:~--------
·-I,_:s_3_, 7,8,9-HxCDF 12.5 
2,3,4,6,7,8-HxCDF 12.5 
l,2,3,4,6,7,8-HpCDD 12.5 

' 1,2,3,4,6,7,8-HpCDF _ 12.5 
~;l,3,4, 7,8,9-HpCDF 12.5 

OCDD 25 
~P_F 25 _________ _ 
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Table 4: Initial Calibration Solutions (concentrations are in pg/µL) 

Analyte CS-1 CS-2 

Unlabeled 

2,3, 7,8-TCDD 0.5 1 
2,3,7,8-TCDF 0.5 I 
1,2,3,7,8-PeCDD 2.5 5 
1,2,3,7,8-PeCDF 2.5 5 
2,3,4,7,8-PeCDF 2.5 5 
1,2,3,4,7,8-HxCDD 2.5 5 
1,2,3,6,7,8-HxCDD 2.5 5 
1,2,3,7,8,9-HxCDD 2.5 5 
1,2,3,4,7,8-HxCDF 2.5 5 
1,2,3,6,7,8-HxCDF 2.5 5 
1,2,3,7,8,9-HxCDF 2.5 5 
2,3,4,6,7,8-HxCDF 2.5 5 
1,2,3,4,6,7,8-HpCDD 2.5 5 
1,2,3,4,6,7,8-HpCDF 2.5 5 
1,2,3,4, 7 ,8,9-HpCDF 2.5 5 
OCDD 5.0 10 
OCDF 5.0 10 

Extraction Standards 

13C12-2,3, 7,8-TCDD 100 100 
13C1,-l,2,3,7,8-PeCDD 100 100 
13C12- l,2,3,6, 7 ,8-HxCDD 100 100 
13C1,-l,2,3,4,6,7,8-HpCDD 100 100 
13C12-0CDD 200 200 
13C1,-2,3, 7,8-TCDF 100 100 
13C12-l,2,3, 7,8-PeCDF 100 100 
13C 1,- 1,2,3,6,7 ,8-HxCDF 100 100 
13C12-l,2,3,4,6, 7,8-HpCDF 100 100 

Cleanu11 Stagdards 

37CJ.,-2,3, 7,8-TCDD 0.5 ·1 
13C1,-2,3,4,7,8-PeCDF 2.5 5 
13C1,-l,2,3,4,7,8-HxCDD 2.5 5 
13C1,-l,2,3,4,7,8-HxCDF 2.5 5 
13C12-l,2,3,4,7,8,9-HpCDF 2.5 5 

Injection Standards 

13C 12-l,2,3,4-TCDD 100 100 
13C1,-l,2,3,7,8,9-HxCDD 100 100 
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CS-3 

5 
5 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
50 
50 

100 
100 
100 
100 
200 
100 
100 
100 
100 

5 
25 
25 
25 
25 

100 
100 

CS-4 CS-5 

50 100 
50 100 
250 500 
250 500 
250 500 
250 500 
250 500 
250 500 
250 500 
250 500 
250 500 
250 500 
250 500 
250 500 
250 500 
500 1000 
500 1000 

100 100 
100 100 
100 100 
100 100 
200 200 
100 100 
100 100 
100 100 
100 100 

50 100 
250 500 
250 500 
250 500 
250 500 

100 100 
100 100 
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Table 5: Vacuum Chamber Program for 5-mL Tridecane Sample Extracts (solvent exchange procedure) 

Pressure Time 

O" 15"H• Start 
16' -20" Hg 2 min/mark 

21"-25"'Hg 3 min I !4. mark 

26" -30" Hg S min I !4. mark 

IO T-5 T Read 11.11ml!. e..aue..e 

ST-IT Read 11.uml!. g_aufe 

IT-0.75T Read l?Uml? gaug_e 

Note 
. 

1 men the valve slowlv and allow oressure to reach 15'' HI?. 
Allow pressure to gradually reach 20" Hg with a two-minute hold at 16, 17, 

18, 19 and 20"H•. 
Allow pressure to gradually reach 25 .. Hg with a three-minute hold at 21, 

21.5, 22, 22.5. 23, 23.5, 24, 24.5 and 25"Hg, 
Allow pressure to gradually reach 30" Hg with a five-minute hold at 26, 26.5, 

27, 27.5, 28, 28.5, 29, 29.5, and 30"Hg. 

At this point, you can monitor the pressure from the pump gauge rather than 
the chamber pressure gauge. Typically, between 10 and 5 Torr, you need to 

proceed cautiously in a stepwise manner as described above (i.e., 5 min at 10 
T, 5 min at9 T, 5 min at 8 T, 5 min at 7 T, 5 min at 6 T, and 5 min at 

ST.) 
Again, by opening and closing the pump valve, allow the pressure to reach 4 

T, 3 T, 2 T, and l T. Here, the stepping down can take place at a slightly 
higher pace. Bumping has been observed down to 1.2 T if ~umping is too 
fast When o~ning the pumn valve, do it slowly by watch1n.e; the gauge. 
Once you reach I T, you can keep the pump valve fully opened and pump 

continuously until the pressure drops below 0.5 T. 
the next step. 
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Table 6: Mass Descriptors used for Selected Ion Recording HRMS 

Function Channel Mass 

(#\ (#\ <amul 
1 1 303.9016 
1 2 305.8987 
1 3 315.9419 
1 4 316.9824 
1 5 316.9824 
1 6 317.9389 
1 7 319.8965 
1 8 321.8936 
1 9 327.8847 
1 10 331.9368 
1 11 333.9339 
1 12 375.8364 
2 1 339.8597 
2 2 341.8568 
2 3 351.9000 
2 4 353.8970 
2 5 355.8546 
2 6 357.8517 
2 7 366.9792 
2 8 366.9792 
2 9 367.8949 
2 10 369.8919 
2 11 409.7974 
3 1 373.8207 
3 2 375.8178 
3 3 380.9760 
3 4 380.9760 
3 5 383.8639 
3 6 385.8610 
3 7 389.8156 
3 8 391.8127 
3 9 401.8559 
3 10 403.8530 
3 11 445.7555 
4 1 407.7818 
4 2 409.7788 
4 3 417.8253 
4 4 419.8220 
4 5 423.7767 
4 6 425.7737 
4 7 430.9728 
4 8 430.9728 
4 9 435.8169 
4 10 437.8140 
4 11 479.7165 
5 1 441.7427 
5 2 443.7398 
5 3 454.9728 
5 4 454.9728 
5 5 457.7377 
5 6 459.7348 
5 7 469.7780 
5 8 471.7750 
5 9 513.6775 
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Dwell Time 

<ms\ 
100 
100 
40 
20 

/Lock\ 
40 
100 
100 
40 
40 
40 
30 
100 
100 
40 
40 
100 
100 
20 

!Lock\ 
40 
40 
30 

100 
100 
20 

!Lock\ 
. 40 

40 
100 
100 
40 
40 
30 

100 
100 
40 
40 
100 
100 
20 

<Lock\ 
40 
40 
30 
100 
100 
20 

!Lock\ 
100 
100 
40 
40 
30 

l.C. Delay 

(ms\ 
20 
10 
10 
10 
50 
10 
10 
10 
10 
10 
10 
20 
20 
10 
10 
10 
10 • 
10 
10 
50 
10 
10 
20 
20 
10 
10 
50 
10 
10 
10 
10 
10 
10 
20 
20 
10 
10 
10 
10 
10 
10 
50 
10 
10 
20 
20 
10 
10 
50 
10 
10 
10 
10 
20 
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1. Purpose 

No.: REF-22 

Paradigm Analytical Laboratories 
Standard Operating Procedure 

Method 8290 for Aqueous Samples 

To describe the procedures followed for the analysis of aqueous samples by USEPA Method 8290'"· 

2. Scope & Application 

Method 8290 is suitable for the analysis of the seventeen 2,3,7,8-substituted polychlorinated dibenzo­
p-dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs) and total homologues (tetra- through 
octachlorinated congeners) in aqueous matrices (e.g., water, non-SDWA drinking water, non-NPDES 
industrial waste waters and effluents, surface and ground waters). The methodology is based on the 
use of high-resolution gas chromatography (HRGC) combined with high-resolution mass spectrometry 
(HRMS) and is capable of achieving low parts per quadrillion detection limits. 

3. Summary 

One liter of the water sample is fortified with a known amount of nine carbon-13 labeled PCDD/F 
congeners (ES= Extraction Standards). The extraction is a function of the presence or not of visible 
particulates. Generally, a water sample containing visible particulates is subjected to a double 
extraction procedure. The filter and catches are extracted either by Soxhlet-Dean Stark or by Method 
3545 using toluene as the solvent. The filtrate is extracted using liquid-liquid partitioning with an 
organic solvent (methylene chloride for separatory funnel extraction or isooctanefor microextraction). 
Samples freed of visible particulates are extracted directly by liquid-liquid partitioning using an 
organic solvent as described previously. Alternate extraction procedures consist of solid phase 
extraction (SPE) using either C 18 disk or carbon adsorption diffusion techniques followed by a toluene 
Method 3545 extraction of the sample after filtration (i.e., the solid phase material, and filter catches). 

After the addition of0.5 rnL of purified tridecane, the dried toluene (sodium sulfate) is evaporated 
under vacuum until no traces of toluene are present. The dried methylene chloride (or isooctane) is 
evaporated under vacuum until no traces of methylene chloride subsist. The two residues are 
combined before the addition of another group of five labeled PCDD/F congeners (CS = Cleanup 
Standards). For aqueous samples, no splitting and archiving of half the extract is taking place. The 
entire fortified extraction residue is subjected to a multi-chromatographic columns clean up procedure. 
The purified extract is transferred inside a 1-rnL vial using methylene chloride and concentrated to 
dryness. The sample is reconstituted into the final extract using 20 µL of a nonane solution containing 
two additional labeled PCDD congeners (JS= Injection Standards). One µL of the fmal extract is 
injected into the injection port of a GC/MS system operating in the high-resolution mode. The GC 
column is a 60-m DB-5 or HP-5MS capable of2,3,7,8-TCDD isomer specificity and is used to analyze 
the tetra- through octachlorinated PCDD/F congeners. The cont!ITilation of 2,3,7,8-TCDF is conducted 
on a 30-m DB-225 capillary column capable of 2,3,7,8-TCDF isomer specificity. In all cases, the mass 
spectrometer operates in the high-resolution mode (10,000 resolving power; 5 percent crossing over). 
The results are reported in ng per liter or parts-per-trillion (ppt). 

4. Procedure 

Four options are available for processing aqueous matrices. The first two involve organic solvent 
partitioning, while the last two are solid phase extractions followed by toluene extraction of the solid 
phase material. Figure I is a schematic description of the procedures involved for the extraction and 
fractionation of aqueous matrices using the liquid-liquid partitioning (methylene chloride) technique 
on the filtrate and Method 3545 toluene extraction of the filter and particulates. Figure 2 is the 
corresponding diagram when for aqueous matrices are extracted using the liquid-liquid partitioning 
(isooctane) microextraction technique on the filtrate and Method 3545 toluene extraction of the filter 
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and particulates. Figure 3 corresponds to the solid phase approach that entails C18-disk solid phase 
extraction technique on the water sample followed by Method 3545 toluene extraction of the filter and 
particulates. Finally, Figure 4 shows the solid phase Carbon Adsorption Diffusion alternative followed 
by Method 3545 extraction with toluene on the filter, the solid phase material, and the solid catches. 
Key steps are referred to the corresponding SOP. Figure 5 is the schematic for the analysis and 
reporting phases of the method. Tables I and 2 snmmarize the labeled compounds used throughout 
this procedure. 

4.1 Deffaitions 

• Congener: Any one particular member of the same chemical family (e.g., 135 PCDF congeners). 
• Homologue: Gronp of structurally related chemicals that have the same number of chlorines. 
• Isomer: Compounds that belong to the same homologue group (e.g., 22 TCDD isomers). 
• Extraction Standards: Group of nine carbon-13 labeled PCDD/F congeners added to the sample 

before the extraction. The function of the ES is to provide both qualitative (identifying the 
PCDD/F congeners) and quantitative (determining the concentrations) information on the sample. 
The measurement of the recoveries of the ES provides information on the extraction and 
fractionation efficiencies. Method 8290 call these "Internal Standards", while PAL has decided to 
adopt a more practical nomenclature. 

• Cleanup Standards: A group of five labeled PCDD/F congeners that are added to the sample right 
after the extraction and before the fractionation. Their function is to measure the fractionation 
efficiencies independently of the extraction step. They are not required by Method 8290. 

• Injection Standards: The two labeled PCDD congeners are added to the final extract just before 
GC/MS analysis. Their function is to measure the ES and CS recoveries. They are named 
"Recovery Standards" in Method 8290. 

• EMPC: Term used to report the presence of a GC/MS signal that does not meet all the PCDD/F 
identification criteria. In particular, when the ion-abundance ratio of any unlabeled analyte falls 
outside the method's acceptable range, the associated peak can not be identified as a PCDD/F 
congener. PAL will report an Estimated Maximum Possible Concentration (EMPC) for that peak 
nsing the same formulae used to calculate the concentration of a detected analyte. 

4.2 Equipment/Apparatus 

• 12-L giant Soxhlet extractor (Ace Glass) with heat controller (GlasCol) and condenser for 
purification of supplies. 

• Muffle furnace capable of temperatures of at least 500°C (Wilt, Model 210). 
• Heavy-duty meat grinder (Berke! ES 22 or equivalent). 
• Drying oven capable of at least 110°C (Fisher I 06G) for moisture determinations only. 
• Drying oven capable of at least 130°C (Fisher 825G) for supplies only. 
• Dessicator all SS (Boeke!). 
• Top loading balance (0.01 g; Denver Instruments; XL-3 JOOD). 
• Aluminum weigh boats. 
• Clean stainless steel forceps. 
• Fume hood (Safeaire). 
• Mortar and pestle. 
• Certified and calibrated thermometer. 
• Refrigerator (4° ± 2°C) and freezer (-20°C). 
• Complete SDS assembly (500-mL RB flask, thimble holder, Dean-Stark, condenser, heater) 
• Pre-Cleaned thimbles. 
• 90-mm filter assembly with a 6- place vacuum manifold. 
• Pre-cleaned glass wool. 
• 2 µm x 90-mm GMF 150 filters. 
• 90-mm 3M C-18 Empore™ membrane disks. 
• I 0- and 25-mL drying columns. 
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• 40-mL wide-mouth sample jars. 
• 40-mL VOA vials. 
• Complete Accelerated Solvent Extractor assembly (Dionex ASE 200). 
• 1.9 mm filter disks. 
• 2-liter separatory funnel. 
• Glass funnels. 
• 250-mL beakers. 
• 90-mm filter set-up with a I-liter vacuum container. 
• 2-liter Erlenmeyer. 
• Microextractor for isooctane liquid-liquid partitioning. 
• Hot plates (Fisher). 
• I 0 µI - I 000 µI automated pipette ( eppendorf). 
• Class A disposable 5 mL pipette. 
• 1.8 mL autosampler vials. 
• Stainless steel spatula. 
• Pasteur pipettes. 
• Glass beads. 
• Vacuum chamber (Labconco) complete with an oil-free vacuum pump (Leybold) properly vented, 

and gauges. 
• Welch 2025 oil-free vacuum pump. 
• Rotary evaporator (Buchi R) equipped with a condenser, steam duct, "catch" flask, condensate 

flask, glass stopcock to adjust vacuum, peer-shaped sample flask, and water bath with temperature 
control. 

• Double focussing mass spectrometer (MicroMass AutoSpec Ultima) coupled to a HP 6890 gas 
chromatograph (EPC) with capillary split/splitless injection port 

• Autosampler (CTC A200 SE). 
• OPUS Mass Spectrometer data system (CPU, monitor, disk and tape drives). 
• Laboratory Information Management System (Labvantage Systems). 
• Centrifuge (Damon IEC HN-SII). 
• Recirculator (Polyscience and Neslab CFT-300). 
• UPS (Exide Electonics). 
• Water purification system (Dracor). 
• High-precision solvent delivery pumps (Fluid Metering; Model RHSY). 

4.3 Reagents 

• Optima™ , H,so. 
• Pre-cleaned Na2S04. 

• High Purity N2 and He. 
• Solvents: distilled-in-glass toluene, methylene chloride, hexane, acetone, isooctane and methanol. 
• Purified tridecane (carbon treatment). 
• Acid- and base-coated silica, alumina (acid and/or basic), and Florisil. 
• Standards: 

);> GC Performance: CIL R633 DB-225 Mixture (20-40 pg/µL) 
);> GC Performance: CIL 31340-62 DB-5 Mixture (20-40 pg/µL) 
);> Extraction Standards: CIL 31531-11 (1000 ng/mL; Table 1) 
);> Cleanup Standards: CIL R68 l (1000 ng/mL; Table 2) 
);> Injection Standards: CIL R682 ( 500 ng/mL) 
);> Matrix Spike or Lab Control Spike: CIL 29573-27 (2.5 ng/µL; Table 3) 
);> ConCal: CIL CS-3 R685 (5.0 ng/mL) 
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J;- All entries and calcnlation details are made with the help of the LIMS Standards Preparation 
Program. 

:;;. Call the Standards Preparation Program. 
J;- Follow the directives and menu options as required. 
J;- When all information entry is completed, print the Summary page. 
J;- In the space provided on the Summary page, write the page number. 
J;- Insert the Summary page inside the Standards Preparation Logbook (e.g., S-01). 
);- When adequate, attach the supplier's "Certificate of Analysis" correctly labeled to facilitate 

traceability. 
J;- Print the waterproof label containing: 

• Solution identification number, 
• Nominal concentration, and 
• Expiration date. 

J;- Apply label on the vials and with the help of a magic marker, place a mark indicating the 
meniscus. 

J;- Keep all PCDD/F standard solutions at room temperature inside amber vials. 
J;- Expiration dates (apply only for nominal concentrations 2_0.l ng/µL): 

• Primary Standard Solutions (ampoule from commercial soutce) have no expiration 
date. 

• Stock Standard Solutions (obtained from dilution/mixing/opening Primary Standard 
Solutions): 3 years. 

• Working Standard Solutions (from Stock/Primary and used as such during sample 
processing): I year. 

J;- Good practice: what is removed from the vial never returns to the vial. 

4.4 Interferences 

• The use of high purity reagents and solvents helps minimize interference problems. The use of 
distilled-in-glass solvents is highly recommended. Other precautions regarding cross­
contarnination consist of minimizing the use of re-usuable glassware, and effective glassware 
cleaning procedures. 

• Co-extractants from the sample matrix are generally removed during the multi-chromatographic 
colunm procedure. The cleanup is designed to remove commonly encountered interferences (e.g., 
PCBs, DDT ... ). The resolution of the GC column and of the mass spectrometer provides 
additional tools in the elimination of interferences. 

• Other types of materials have been found to interfere with the analysis, especially from a 
quantitative stand point. When operating, the analyst will evaluate the impact these interferences 
- named quantitative interferences'·' -- may have on the data, assign a data qualifier and present 
conclusions in the narrative or cover letter. 

4.5 Safety 

• The toxicity or carcinogenicity of each reagent used is not precisely defined. Each chemical 
compound should be treated as potential health hazard. Exposure to these chemicals must be kept 
to a minimum. Conducting some of the key operations inside a hood minimizes contamination of 
the laboratory. The effluent from the sample splitters for the GC should pass through an activated 
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carbon trap. Use protective gears (throwaway gloves, lab coat, safety glasses) is required in the 
laboratory area. 

4.6 Sample Preservation 

• Storage and Holding Times: All water samples are stored at 4°C. Samples are extracted within 30 
days from the collection time, and the extract aoalyzed within 45 days of the extraction. Following 
the delivery of the data package, the backnp sample (if any) is kept refrigerated for another 3 
months, after which, the sample is moved into a room temperatore storage awaiting fmal disposal. 

• Sample Receipt: 

> Upon delivery to the lab, all containers are checked for noticeable damage that may affect the 
integrity of the contents. Report problems to the Project Manager so that client can be 
informed. 

> Open carefully the cooler and examine contents carefully for damage. 
> Record on the COC and the Sample Receipt Checklist the temperatore (e.g., from the trip 

thermometer). · 
> Sign, date aod record the time on the COC. 
> Remove aod examine all the contents of the cooler. 
> Verify that all the information on the COC matches the information on the sample bottle 

labels. 
> When applicable, verify the information pertaining to the sample preservation. 
> Sign the COC and complete the Sample Receipt Checklist (SRC). 
> At this time, take the COC aod the SRC to a login computer station to assign a laboratory 

project number, a laboratory sample identification number, and enter the information into the 
LIMS. 

> Open a project folder to hold all the information generated for the project. This information 
becomes part of the Document Control section of the data package. 

> When the data entry for login is completed, print the sample receipt summary and the labels. 
> Apply the labels on the relevaot sample containers aod verify that the client sample 

identification number aod the laboratory sample identification number coincide. 
> Place all project-related documentation in the folder. This includes the COC, carrier air bill, 

SRC, and aoy other documents (e.g., cover Jetter) that arrived with the samples. 
> Fax to the client the Sample Receipt Acknowledgment form. 

• Sample Tracking and Storage 

> At data entry for login of the samples, a designated location is assigned to the project samples. 
> Once labeled, place the samples in the assigned location. 
> The normal locations are: (To locate the samples, check the location identifier in 

the LIMS.) 

• Review: 

LIMS 

W2 
Fl 

Description 

Walk-in 
Freezer 

Storage 

Solids, Liquids 
Tissues 

> When a folder is completed and all the samples have been placed in their storage location, 
review the folder for completeness, correctness, aod sensibility. If all is correct, the folder is 
placed into a qneue awaiting completion of the aoalysis. 
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l> All employees associated with the Ultra-Trace Analysis Laboratory are permitted to access 
the samples in the storage areas. 

• Sample Storage Temperature Recording 

l> Place the calibrated thermometer and the supplied bottle inside the storage unit. 
l> Attach the "Certificate of Calibration" to the storage unit specific logbook. 
l> Record the temperature inside the logbook daily (except on Sundays; see Figure 6). 
l> If the temperature deviates by more than 2 degrees, adjust the settings and document the 

action inside the logbook. 
l> In case of prolonged downtime, use the back up generator or dry ice until power is restored or 

the unit is repaired. 
l> One logbook per storage unit. 
l> Place all non-biological samples in the refrigerators, while tissue samples are kept inside the 

freezers. 
l> The samples from a given project are kept together by proper means. 
l> Following the sample preparation /submission of the analytical report, keep the samples 

refrigerated for up to 30 d. 
l> After such waiting period, immediately dispose of the biological samples while non­

biological samples are stored at room temperature awaiting disposal. 
l> Samples that have been found to contain more than 0. 7 ppb TEQ must be segregated and 

crushed inside a 5 5-gallon drum for special disposal or can be returned to the Client when 
such arrangements have been made at bidding time. 

Note: Do not store standards and/or food with the samples. 

4.7 Sample Handling 

Aqueous samples -- typically I L -- are allowed to come to room temperature. The chemist places a 
mark on the bottle indicating the level of the water inside the bottle. This will be used for determining 
the amount of water that is analyzed. The chemist also looks for the presence of particulates. Samples 
containing more than one percent solids are treated as solid matrices after filtration through a 0.45 µm 
filter. 

4.8 Quality Control 

+ Method 8290 contains a series of performance checks including verifying the calibration of the 
mass spectrometer response and the various analyte relative response factors. The calibration 
entails an initial calibration (!Cal) using a set of five solutions whose validity is verified every 12 
H during which samples are analyzed (continuing calibration, or ConCal). The latter is performed 
using the middle point solution (CS3) of the calibration curve. Additionally, the GC/MS operator 
is required to verify and document the performance of the GC and MS systems. In particular, the 
homologue retention time windows, the 10,000 resolving power of the MS, and the 2,3,7,8-TCDD 
(or 2,3,7,8-TCDF) isomer specificity (25 percent valley) are established and documented every 12 
H during which samples are analyzed. Balance is calibrated using NIST weights. 

+ During the initial start-up, the laboratory performs a Method Detection Limit (as per the CFR 
methodology), and determines the precision and bias. An on-going precision and accuracy (QPR) 
determination is conducted every day for each matrix undergoing analysis. A Laboratory Method 
Blank is always prepared alongside any batch of samples. A batch of samples is defined by 
Method 8290 as no more than 20 samples. PAL uses a more stringent schedule. 

Page 6of 39 

Revision Date: 07 /21/98 
Version No.: REF*22-l 



Prepared by Yves Tondeur 
Signature: 

• Initial Calibration 

No.: REF-22 

> Table 4 summarizes the composition of the five calibration solutions. 

Approved by Greg Dickinson 
Signature: 

> Each calibration solution is analyzed once, and the relative response factors (RRF) for 
unlabeled and labeled analytes computed for each analytical run. 

> For each unlabeled and labeled compound, an average RRF is calculated along with the 
relative standard deviation (RSD). 

> An acceptable !Cal must meet the following criteria: 

./ The signal-to-noise ratio for all analytes must be at least 10: I. 

./ The ion abundance ratio for all analytes must be within 15 percent of the theoretical ratio . 

./ The RSD obtained from the mean RRFs must be within 20 percent for the unlabeled 
analytes, and 30 percent for the labeled standards. 

+ Continuing Calibration 

> The authenticity of the !Cal is validated at the beginning and the end of every 12-H shift 
during which samples are analyzed. 

> This is accomplished by analyzing CS-3, or the middle point of the calibration curve. 
> A valid ConCal meets the following specifications: 

./ The signal-to-noise ratio for all analytes must be at least 10: I. 

./ The ion abundance ratio for all analytes must be within 15 percent of the theoretical ratio . 

./ The RRFs must be within 20 percent of the RRF (!Cal) for the unlabeled analytes . 

./ The RRFs must be within 30 percent of the RRF (!Cal) for the labeled analytes . 

./ For situations where the back-end ConCal fails, follow the chart shown in Figure 7, 
which is representative of the provisions written in Method 8290 Section 8.3.2.4 
(September 1994)'. 

• Instrumentation Performance Checks 

> Instrumentation performance is verified and docnmented every 12 hours during which 
samples are analyzed. 

> The mass spectrometer resolving power of 10,000 (or I 00 ppm mass resolution) is established 
at the beginning and ending of every 12-H shift during which samples are analyzed. 

> Additionally, the GC colnmn performance - RETCHECK -- allows the GC/MS operator to 
define the various homologne retention time windows. It is also used to demonstrate the 
isomer specificity of the analysis for 2,3,7,8-TCDD on the DB-5 colnmn and for 2,3,7,8-
TCDF on the DB-225 colunm. A 25 percent valley between the close eluters for either 
analyte must be obtained before samples can be analyzed. 

Note: Confrrmation of 2,3,7 ,8-TCDF on the DB-225 colunm is completed when its 
concentration as determined on the DB-5 colunm is less than half the lowest calibration 
point (<0.25 pg/µL). 

• Batch QC Samples 

> Laboratory Method Blank (LMB): Always processed alongside a batch of samples. Paradigm 
Analytical Labs defmes a batch of samples as no more than 10 samples processed 
simultaneously (EPA defmes a batch as made of 20 samples). The LMB is obtained 
following the exact same steps used to process field samples with the exception of the actual 
matrix. Generally, soil is replaced by sand, effiuent by DI water, Method 23 resin by XAD-2 
resin from the same batch used to prepare the air sampling modules sent to the field, and 
biological tissues by vegetable oil. 
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' a) Recoveries of the extraction standards within the specification of the method, 

b) Detection limits that are within a factor of five from the MDL, and 

c) No target analytes at concentrations exceeding the guidelines presented in Figure 8 
when analyzing samples showing high levels of PCDD/Fs (i.e., more than JOO times 
the method calibration lower limit). Otherwise, the level of the specific target 
analyte should not exceed 50 percent of the lower limit of the calibration curve. 

An invalid LMB requires a re-extraction of the affected samples. 

l> On-Going Precision and Recovery Sample (OPR): In addition to the initial demonstration of 
system's performance, an On-Going Precision and Recovery sample is processed daily for 
batches of samples of a given matrix and for a given core methodology. The OPR is fortified 
with the collection of seventeen 2,3,7,8-substituted PCDD/Fs at levels corresponding to the 
core method's quantitation limit. (OPR is synonymous with Lab Control Spike or LCS.) 

Acceptable performance is determined by: 

-t' Recoveries of the isotopically-labeled extraction standards to fall within the 40 to 135 
percent range for the tetra- through octachlorinated congeners, while 

-t' Recoveries (accuracy) of the unlabeled compounds should be JOO± 35 percent when 
spiked at the method quantitation limit and± 30 percent when spiked above 20 times the 
method quantitation limit, and 

-t' When duplicate OPR are required, the relative percent difference (RPD) of the unlabeled 
analytes concentrations should be within 30 percent when spiked at the method 
quantitation limit and ± 25 percent when spiked above 20 times the method quantitation 
limit. 

l> Matrix Spike (MS): When requested, a matrix spike (MS) and matrix spike duplicate (MSD) 
samples are analyzed by subjecting another aliquot of the designated field sample to the same 
procedures as the regular sample but with the addition of the collection of the seventeen 
2,3,7,8-substituted PCDDIF congeners (200 ppt for solid and 200 ppq for aqueous matrices). 

Acceptable performance is determined by: 

-t' Recoveries of the isotopically-labeled extraction standards to fall within the 40 to 135 
percent range for the tetra- through octachlorinated congeners, while 

v' Recoveries (accuracy) of the unlabeled compounds should be 100 ± 30 percent assuming 
no Hsignificant" amounts of endogenous analytes are present in the sample. 

v' When duplicate MS/MSD are required, the relative percent difference (RPD) of the 
unlabeled analytes concentrations should be within 20 percent. 

l> Duplicate Analyses: When requested, a second aliquot of the field sample is analyzed 
following the same procedures. 

Acceptable performance is determined by: 

v' Recoveries of the isotopically-labeled extraction standards to fall within the 40 to 135 
percent range for the tetra- through octachlorinated congeners, while 
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,/ The relative percent difference (RPD) of the nnlabeled analytes concentrations should be 
within 25 percent provided the analyte levels are within the calibration range. 

+ Quality Control Charts: Quality control charts are designed to detect trends and deviations from 
normal performance. A variety of charts are developed and analyzed on a regular basis to ensure 
adequate system performance. Whenever possible, lower and upper control and warning limits are 
defmed to help with the management of the laboratory operations. Such information can be 
reviewed as part of a laboratory audit. 

>- Examples of charts that can be monitored include: 

./ Lab Method Blank for background contamination (e.g., OCDD levels in LMB vs time) . 

./ Daily OPR results for analyte and labeled compounds recoveries . 

./ LMB recoveries of the extraction and cleanup standards . 

./ ConCal RRF deviations. 

,/ GC column resolution. 

,/ Certain MS parameters (e.g., air ratio to He, amplitude of PFK reference peaks, repeller. .. ). 

4.9 Analytical Procedures 

+ Aqueous samples are processed as shown on Figures l, 2, 3, 4 and 5. Four separate extraction 
procedures are currently available for aqueous samples. Each of the key steps in the procedure is 
described in the SOPs referred to on the diagram. Documentation of the completion of each of the 
key step (e.g., spiking, extraction, concentration, fractionation, dates, initials of the chemist. .. ) is 
recorded on the Sample Tracking & Management Forms (Figures l, 2, 3, 4, 5, 10, 11, 12, 13, and 
14). The documentation also includes a Communication (Figure 13) sheet where the chemist 
notes any relevant observations made about the samples, and the handling of the sample. Batches 
of solvents, reagents, GC columns and the likes are recorded on the aforementioned forms. 

+ Sample Fortification 

At the extraction stage: 

>- Aliquot 1 mL of acetone to each autosampler vial; equal in number to samples requiring spiking. 
>- To each vial, add 40 µl of Extraction Standards (0.1 ng/µl). It is advisable to have a 'witness' 

present so that double spiking or omissions can be avoided. 
>- Cap the vial and vortex. Vortexing will ensure that the concentrated standard cocktail in n-nonane 

is thoroughly mixed into solution. 
> Pour the acetone solution into the sample. Holding the upside down, rinse the vial with a small 

quantity of acetone. 
> For water samples, cap the container and shake vigorously. 

Note: For the isooctane liquid-liquid micro-extraction option, it is not necessary to spike the water 
with acetone. 

At the cleanup stage: 

> To each labeled archive test tube, add 40 µI of Clean-Up Standards (O. lng/µI). As stated above, it 
is advisable to have a second person observe this procedure as to avoid double spiking of a sample 
extract, and omissions. 

Page 9of39 

Revision Date: 07/21/98 
Version No.: REF-22-1 



Prepared by Yves Tondeur 
Signature: 

At the analysis stage: 

No.: REF-22 

Approved by Greg Dickinson 
Signature: 

);. Before GC/MS analysis, add to each labeled autosampler vial 20 µL of the Injection Standards 
nonane solution. 

);. Vortex each vial and allow to sit. 
);. Wash the walls of the vial again by rotating the vial slowly in a horizontal disposition. This 

ensures that all vial surfaces come in contact with the standard. 

+ Sample Conditioning: 

);. Mark the level of sample on the outside of the sample container for future volume 
determination. 

);. Test the pH of the sample and adjust to less than pH 2 with H2S04• 

);. Add the extraction standards to the sample, shake vigorously and allow to sit for I H. 
);. For the isooctane liquid-liquid microextraction option, do not add the ES in acetone. Just add 

the 20 µL of the nonane solution directly to the water. 
);. If visible particulates are present, 

,/ Quantitatively transfer the sample to the vacnum assembly reservoir and filter through a 
90-mm GMF 150 filter, collecting the filtrate for extraction. Tue filter is saved and 
extracted by Method 3545 or by Soxhlet Dean-Stark. 

+ Separatory Funnel Liquid-Liquid Extraction: 

);. Prepare drying funnels by packing the neck of the funnel with glass wool. 
);. Add approximately 10-15 g ofNa2S04 on top of the glass wool and position over an 

appropriately labeled collection beaker. 
);. Add 0.5 mL of tridecane inside the beaker to act as a 'keeper'. 
);. Transfer the filtrate to the separatory funnel and add 60 mL of dichloromethane. 
);. Rinse the vacuum flask, then the sample container with solvent prior to adding it to the 

separatory funnel. 
);. Shake for at least 2 min, periodically purging the separatory of any built-up pressure. 
);. Allow the sample-solvent solution to settle out and form a distinct interface. 
);. Drain the solvent through the salt funnel and collect. 
);. Repeat the extraction twice more, collecting all the solvent into the same beaker. 
);. Concentrate the sample in the vacuum concentrator (SP-N-01). 
);. Prepare a 25-mL salt column as above and dry the toluene from the Method 3545 extraction. 
);. If necessary, decant the water present before adding the toluene to the drying column. 
);. Concentrate this sample fraction in the vacuum concentrator (SP-N-01). 
);. Combine the two extracts (SP-D-01) and clean up the combined extract (SP-U-03) in 

preparation for analysis. 

+ Isooctane Liquid-Liquid Microextraction: 

);. When new, preclean the assembly by microextraction (I L of DI water for 60 min using 
isooctane ). · 

);. Discard the isooctane and the water. 
);. Rinse the inside of the column with several mL of DI water, followed by several mL of 

hexane, followed by DI water. 
);. Tip the column to draw out most of the water. 
);. Between samples, rinse the unit with several mL water, followed by hexane, and again 

water. 
);. With the unit precleaned, add a few mL of DI water inside the column, and I to 1.5 mL 

of isooctane. 
);. Transfer the water sample or, as appropriate, the filtrate inside the Erlenmeyer. 
);. Add a few glass beads as boiling chips. 
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:» Once the water starts boiling, make note of the time and allow the heat to continue for 
another 60 minutes. 

:» Note that the water vapor should not rise by more than 75 percent of the height of the 
column. 

:» After 60 min, turn off the heat and allow the system to cool down. 
:» Slowly drain the majority of the water to waste, and 
:» Do not allow the isooctane to move inside the return inner glass tubing, 
:» Capture the rest of the water and the isooctane layer directly inside a disposable and 

labeled centrifuge tube. 
:» Tip the column to draw out most of the isooctane/water. 
:» Rinse the inside of the column with several mL of hexane (5 mL); drain directly inside 

the tube. 
:» Tip the column to draw out most of the hexane/water. 
:» Allow the two layers (aqueous/organic) to separate. 
:» Using a pipette, draw the organic layer and transfer to a Pasteur pipette containing 

glasswool and sodium sulfate. 
:» Rinse the sodium sulfate with another 5 mL of hexane, which were added to the original 

centrifuge tube. 
:» Care must be taken to ensure that NO water is added to the sodium sulfate. 
:» Collect inside a labeled wide-mouth jar. 
:» Add the CS as specified on the paper work. 
:» Do not add tridecane. 
:» Concentrate to near dryness under vacuum. 
:» Transfer inside an autosampler vial using 1-2 mL of methylene chloride. 
:» Concentrate to dryness. 
:» The extract is ready for HRGC/HRMS analysis. 

+ Solid Phase C 18 Extraction: 

Preparation: 

:» Prepare drying colunms by packing the neck of the column with glass wool. 
:» Add approximately 10-15 g ofNa2S04 on top of the glass wool and position over an 

appropriately labeled collection jar. 
:» Add 0.5 mL of tridecane inside the jar to act as a 'keeper'. 
:» Mark the level of sample on the outside of the sample container for future volume 

determination. 
:» Add 5 mL methanol. 
:» Test the pH of the sample and adjust too less than pH 2 with H2S04• Use a minimum of 5 

mL cone. Acid and water (I: 1 ). 
:» Add Extraction Standards to the sample, shake vigorously and allow to sit for 1 H with 

occasional shakings. 

Filtration: 

:» Assemble the vacuum apparatus by first placing the C18 onto the frilled support covered 
by the pre-filter. 

>- Place the reservoir carefully over the filters and clamp in place. 
>- Pre-condition the filters with 50 mL of methanol. Let soak for 2 min. Vacuum off all but 

1 mL of the methanol. 
>- Add 50 mL of DI water to the reservoir and vacuum through the filters to rinse out the 

methanol. 
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J> Add a second 50 mL of DI water and vacuum through the filters; DO NOT GO TO 
DRYNESS. 

J> Quantitatively transfer the sample to the vacuum assembly reservoir and filter at a rate 
not to exceed 50 mL per minute. 

J> Rinse the sample container and the reservoir with small washes using DI water. 
J> Vacuum to dryness and continue pulling vacuum for a minimum of 20 minutes. 

Extraction: 

J> Remove the filter assembly from the manifold and place a 40-mL VOA vial into the 
manifold. 

)> Replace the filter assembly onto the manifold ensuring that the filter spout is inside the 
VOA vial. 

)> With the vacuum on, add approximately 1-2-mL of methanol to displace any remaining 
water. 

)> Add 2 x 10 mL of toluene to the reservoir, collecting the solvents into the VOA vial. 
J> Disassemble the vacuum apparatus. 
J> The pre-filter is saved and extracted by Method 3545 (SP-E-03). 
)> Discard the C18 disk. 
J> Dry the toluene/methanol extract through a salt column. 
)> Concentrate the sample in the vacuum concentrator (SP-N-01). 
)> Prepare a 25-mL salt column as above and dry the toluene from the Method 3545 

extraction. 
)> If necessary, decant the water present before adding the toluene to the drying column. 
)> Concentrate this sample fraction. 
)> Combine the two extracts. 

+ Solid Phase Extraction by Carbon Adsorption Diffusion: 

Preparation of the Carbon/Celite Tea Bag: 

)> Prepare a numberoftea bags (2.5 cmx 2.5 cm) aod insert 100 mg of carbon/Celite 
J> Soxhlet enough tea bags to fill the thimble holder using toluene for 16 H. 
J> Drain the toluene, and dry inside the vacuum chamber. 
J> Store in a clean, labeled glass container. 

Procedure: 

)> Keep the water inside the original bottle. 
)> Make a mark on the bottle to measure the volume of its contents later. 
J> Verify solid contents is less thao l percent. If more thao I percent, treat the water as a 

solid sample (SOP SP-E-03). 
)> Measure the pH. 
J> Add 5 mL methanol. 
)> Add 5 mL cone. H2S04 - H20 (1: l ). 
J> Add 20 of ES in I mL of ethanol. 
)> Add a tea bag containing the carbon/Celite. 
J> Cap the bottle, shake, and stir for 60 min using a Teflon™ stirring bar. 
J> Let the water settle for a few minutes allowing all particulates to decant. 
J> Gently filter the supernatant through a glassfiber filter (GMF 150 filter). 
)> Transfer the sediment last aod retrieve the tea bag. 
J> Determine the volume of the sample by adding DI water aod using a volumetric cylinder. 
J> Perform a M3545 extraction using toluene at 200°C aod 2000 psi (SOP SP-E-03). 
J> Add 20 uL of CS. 
)> Add 0.5 mL of tridecane. 
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> Dry the toluene using a sodium sulfate column (do not transfer water to the column) and 
collecting the solvent inside a jar. 

> Concentrate to near dryness ensuring that no traces of toluene are present. 
> Transfer the tridecane residue inside a 10-mL tube, and adjust the volume to 7 mL using 

hexane. 
> Archive 50% and transfer 3.5 mL to the cleanup procedure (PCU-F) and analysis by 

HRGCIHRMS. 

• Soxhlet Dean-Stark Extraction: 

> Pre-Soxh!et the unit before using it for samples. 
> To that effect, assemble the SDS without the condenser. 
> Add a couple of Teflon™ chips inside the 500-mL round-bottom flask. 
> Add 300 mL of toluene through the DS section. 
> Assemble the condenser and insulate the "vapor pathway". 
> Turn on the water recirculator, which is set between 4° and 7°C. 
> Turn on the heating mantle to position "9" for toluene. 
> Allow the reflux to go on for at least three hours. 
> Turn off the heating element, and allow the unit to cool down. 
> Transfer the toluene inside a labeled bottle container (for washing dirty glassware). 
> Add a couple of fresh Teflon™ chips. 
> Add 350 mL of toluene and 0.5 mL of ourified tridecane. 
> Adapt the thimble holder and insert the thimble containing the fortified sample using a clean 

SS spatula. Use 20 g dry-weight equivalent. 
> Assemble the DS and condenser components. 
> Cap the opened extremity of the condenser with foil. 
> Turn on the water recirculator (set between 4° and 7°C) and heater (position "9") for toluene. 
> Insulate the "vapor pathway". 
> Allow the extraction to continue for 16 to 18 H. 
> During the extraction, verify that the solvent siphons normally. 
> Drain the water as appropriate to prevent water from returning to the boiling flask. 
}> At the end of the reflux cycle time, proceed with the sample concentration as described below. 
> Do not turn off the heater. 
> Drain the toluene present in the DS side arm directly inside the labeled bottle container (for 

washing dirty glassware). 
> Continue to drain the toluene until approximately 20 mL of toluene remains inside the RB 

flask. 
> Turn off the heater when the toluene reaches the 20-mL mark. Do not go to "near dryness". 
> The toluene inside the thimble holder is removed and disposed off. 
> Remove the heating mantle and allow the flask to cool down. 
> The sample is now ready for the vacuum concentrator (SP-N-01). 

• Method 3545 Extraction: 

> Fill all solvent reservoirs with appropriate solvent. 
> Ensure that the purging gas cylinder (Ni) has a minimum of 500 psi pressure. 
> Load a disposable 1.9 mm filter into each cell to be used and top with 2-4 g of clean sand. 
> Transfer 20 g dry wt equivalent of sample to an extraction cell and fill any remaining 

headspace with clean sand. 
> Using a spatula, mix as thoroughly as possible the sand into the sample. 
> Spike each extraction cell with the appropriate extraction standards. 
> Replace the tops onto the extraction cells and load onto the ASE. 
> Ensure that the correct number of collection vials is also loaded. 
> Add 0.5 mL oftridecane to each collection vial. 
> Begin the extraction process according to the manufacturer recommendations. 
> Extractor conditions: 
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Oven Temp.: 
Pressure: 
Static Time: 
Flush Vol.: 
N2 Purge: 
Static Cycles: 

200°C (for toluene) 
2000psi 
IO min. 
60% 
70 sec. 
2 

These conditions have been optimized and all MDL studies and subsequent sample 
extractions have utilized the above conditions. 

> Allow all extracts to cool prior to drying with sodium sulfate and concentration. 

+ Sample Extract Concentration 

> The rotary evaporator is equipped with a condenser, steam duct, "catch" flask, condensate 
flask, glass stopcock to adjust vacuum, peer-shaped sample flask, and water bath with 
temperature control. · 

> All glassware must be cleaned between samples: 
./ Rinse the steam duct with acetone using squeeze bottle while rotating the unit . 
./ The "catch" and pear~shaped flasks must be replaced by dean ones between samples. 

> Water chiller providing water for the rotary evaporator condenser at 5°C. 
> An oil-free vacuum pump properly vented with gauge. 
> Set the water bath temperature to 40°C making sure enough DI water is present. 
> Allow cold water to circulate inside the condenser. 
> Turn the vacuum pump into the "on" position. 
> Make sure the glass stopcock is in the open position. 
> Attach the sample and "catch" flasks assembly onto the steam duct. 
> Hold the assembly or place the clamp to insure the assembly does not fall inside the water 

bath. 
> Close the glass stopcock. 
> Monitor the pressure gauge. 
> Normally with solvents such as toluene and methylene chloride, the reading should be in the 

300 to 700 mm Hg range. 
> The solvent starts evaporating and condensation becomes visible. 
> Maintain steady evaporation rate and make sure no bumping is occuring. 
> If bumping happens, rednce the pressure to less than 300 mm Hg on the vacuum pump or 

using the glass stopcock. 
> When bumping occurs, contact laboratory manager to discuss viable options to address 

sample integrity. 
> Once the level of solvent is low enongh (0.5 to 2 mL), reduce the rotation (position l-2) and 

re-establish atmospheric pressure by opening fully the glass stopcock and switching off the 
pump (that is if you don't have a need for it). Switch off the rotation. 

> Remove the glass assembly (i.e., the "catch" and the pear-shaped flasks). 
> Tum off water heater and cooling water. 
> Rinse the steam duct (vide supra) and wash glassware. 
> Note: Normally, 0.5 mL tridecane remains. However, to ensure complete solvent exchange 

before the sample cleanup, it is necessary to complete the solvent concentration and 
exchange using the vacuum concentrator (see below). 

• When using the vacuum chamber, place the 500-mL round-bottom flask on a cork ring, the sample 
bottle, I 00-mL jar, l-mL vial inside the vacuum chamber. 

• Turn the vacuum pump into the "on" position. 
• Follow the program shown in Table 5. 

Page l4of39 

Revision Date: 07/21/98 
Version No.: REF-22-1 



Prepared by Yves Tondeur 
Signature: 

+ Sample Fractionation 

No.: REF-22 

> Prepare an Acid/Base Silica Column (25-mL pipe!): 

From bottom: 
• glasswool 
• I g SiO,, 
• 4 g NaOH-coated, 
• 1 g SiO,, 
• 8 g H2S04-coated, 
• 2 g Si02, 

• 4 gNa,so •. 
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All solvents are stored inside dedicated bottles with Teflon™ connections to the columns. An hexane­
dedicated pump is used for the elution of the tandem columns. Do not use the hexane pump to deliver 
other solvent systems. When a single pnmp is used to deliver 2% MC/hexane and straight MC, always 
flush the line with the eluant before allowing the eluant to reach the column. 

• The acid/base-modified silica column is washed with hexane, 
• Sample loaded wiih two 1-mL rinses of hexane and 
• Eluted with 100 mL hexane directly into a pre-washed Florisil column. 

> Florisil column cleanup (1.5-1.6 g, 10-mL pipe!, directly from the supplier's jar, no activation, 
reseal jar): 

• Pre-elute column with MC. 
• Then with hexane/MC (98:2). 
• The column is ready for the tandem set up. 
• Once the 100 mL hexane from the tandem columns has eluted off, 
• Remove the silica column and connect the Florisil to the 2% MC/hexane bottle delivery line. 
• Elute with about 20 mL hexane/MC (98:2). 
• Tiris fraction goes to waste. 
• Elute with about 35 mL MC. 
• Collect MC eluate. 
• Concentrate the MC eluate. 
• Transfer using MC inside an autosampler vial 
• Concentrate to dryness 

+ Sample Analysis by HRGC/HRMS 

• HRGC/HRMS instrument setup 

> The GC temperature/pressure/flow program is stored on the instrument as 
[vg.opus$instrument]DEFAULT. 

>- The MS experiment is stored on the instrument as [vg.opus$experiment]M23_DB5 (Table 6). 

• HRGC/HRMS pre-sample analysis checks 

> Perform any daily PM (see SOP PM-02). 
>- Tune the MS resolution to 100 ppm (or 10,000 resolving powerusing the 10% valley definition). 
>- Acquire location data to calibrate the MS and print a copy of function one's MS resolution. 
> Inject the retention time windowing mix for the column in use. Then evaluate switching times for 

accuracy and make any corrections, reanalysis maybe required for a large correction. If the 
switching times are off by a considerable amonnt, the reason for the change should he found, then 
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a survey scan should be analyzed to fmd the new switching times. This injection is also used to 
verify that there is less then or equal to 25% peak to valley for the two close eluters of 2,3, 7,8-
TCDD. Print a copy of the GC resolution check. If the valleys are within specifications, proceed 
to calibrate or verify a previous calibration. If not, further investigation and/or maintenance may 
be required. Re-inject this solution to check for improvement. 

> Now that the GC/MS Resolution and Descriptor Switching times have been verified, a series of 
five initial calibration standards may be injected and reviewed for method requirements. If an 
initial calibration already exists, a CS3 may be analyzed to verify continuing calibration. If the 
curve or the CS3 passes method requirements sample analysis may begin. 

• HRGC/HRMS sample analysis 

> Reconstitution of a sample is accomplished by adding nonane containing the injection standards, 
capping the vial, and mixing well with a vortex (see SOP SP-S-01). 

> Samples are injected under conditions identical to that nsed to establish calibration. 

• HRGC/HRMS post-sample analysis checks 

> A "back-end" CS3 must be injected within 12 H from the front end CS3 or the CS3 in the curve. 
This standard is used to verify sufficient stability of the calibration after sample analysis. It has 
requirements set by the method. Depending on the back-end CS3 results, different calibration 
files maybe required to quantitate the samples (see SOP RP-G-03). These results also may require 
a new initial calibration. 

> A "back-end" print out of the MS resolution mnst also be performed. 

• HRGC/HRMS sample package assembly and QC data filing 

> The QC data from a sequence is filed in a folder cabinet under the day it was analyzed and 
includes the all GC/MS resolution checks, window verification, valley verification and the 
front/back end CS3s. 

> Each samples hardcopy should include the quant report, totals pages, deviations, chromatograms, 
and report forms. 

4.lOData Validation 

• Data Review 

> Use the check list shown in Fignre 9 when conducting the validation of the data. 
> When MS/MSD and/or duplicate analyses have been requested, verify that the results are 

within the acceptahle performance criteria outlined in the Quality Control section of this 
document. 

> Data qualifiers are used whenever deviations or analytical difficulties are encountered. Data 
that do not meet the QNQC specifications need to be reviewed on a case-by-case basis before 
rejecting the data. An assessment of the impact on the data is discussed in the cover letter or 
narrative. When data is rejected, mark across the data set "Rejected" and provide the reason 
for the rejection. Also, state the corrective action(s) taken to remedy this situation. 
Generally, rejected data will require a re-extraction and analysis of the sample (if ample 
sample is available). Typical data qualifiers are: 

v' "B" for any analyte found in the LMB at levels exceeding the recommended value. 
v' "V" to validate results from samples showing recoveries of less than 40 percent. 
./ "R" to reject the data for a particular congener due to low recoveries of the associated 

extraction/cleanup standard. 
v' "D" to indicate the presence of a possible chlrorinated diphenylether. 
v' "E" to indicate that the analyte concentration exceeded the upper range of the calibration 

curve. 
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+ Relative Response Factors: For each calibration solution (!Cal or ConCal), the analyte relative 
response factor is calculated according to the formulae shown below. 

A. x Q., 
RRF • = --------

A.. x Q, 

Where RRF, represents the relative response factor of the analyte "a" 

Aarepresents the summed area of the two ions monitored for analyte "a", 
A,. represents the summed area of the two ions monitored for the labeled extraction standard, 
Q, represents the absolute amount or concentration of the analyte "a" in the solution, and 
Q., represents the absolute amount or concentration of the extraction standard in the solution. 

+ Analyte Concentration: The concentration of each of the 17 2,3,7,8-substituted PCDD/F congeners 
is obtained according the formulae below. 

A, x Q., 
Ca=--------

A., x RRF. x w 

Where C, represents the concentration of the analyte "a" in the sample, 

A, represents the summed area of the two ions monitored for analyte "a", 
A., represents the summed area of the two ions monitored for the labeled extraction standard, 
Q" represents the amount of the extraction standard added to the sample before the extraction, 
w is the volume of water expressed in mL, and 
RRF. is the average of the five RRFs obtained for analyte "a" during the ICal. 

+ Labeled Compounds Recovery: The recoveries of the extraction (or cleanup) standards are 
obtained using the following expression. 

"Percent Recovery" = x 100 

Where "Percent Recovery" is the extraction standard recovery expressed in percent, 

A., represents the summed area of the two ions monitored for the labeled extraction standard, 
A;, represents the summed area of the two ions monitored for the labeled injection standard, 
Q., represents the amount of the extraction standard added to the sample before the extraction, 
Q;, represents the amount of the injection standard added to the sample before GC!MS analysis, 
RRF., is the average of the five RRFs obtained for the extraction standard during the I Cal. 
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Note: The same formulae can be applied for the computation of the cleanup standard recoveries (CS). 
In this case, replace "es" by "cs" in the above equation. 

+ Detection Limit: The detection for each of the 17 2,3, 7,8-substituted PCDD/F congeners is 
obtained according the formulae below. 

A. x Q .. 
DL,=2.5x 

Where D L, represents the detection limit for analyte "a" in the sample, 

A, is the snmmed area for the noise measured for the two ions monitored for analyte "a", 
A,. represents the snmmed area of the two ions monitored for the labeled extraction standard, 
Q., represents the amount of the extraction standard added to the sample before the extraction, 
w is the volume of water expressed in mL, and 
RRF, is the average of the five RRFs obtained for analyte "a" during the Ical. 

+ Relative Percent Difference (RPD): Difference expressed as a percentage of the mean. 

IX1-X2I 
RPD = ----------------

(X1 +X2)/2 

where X1 and X2 are the duplicate results for a particular analyte. 
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Figure I: Schematic representation of Method 8290 for aqueous matrices using the liquid-liquid 
partitioning (methylene chloride) technique on the filtrate and Method 3545 toluene extraction of 
the filter and particulates. 
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Figure 2: Schematic representation of Method 8290 for aqueous matrices using the liquid-liquid 
partitioning (isooctane) microextraction technique on the filtrate and Method 3545 toluene 
extraction of the filter and particulates. 
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Figure 3: Schematic representation of Method 8290 for aqueons matrices nsing the C18-disk solid phase 
extraction techoique on the water sample followed by Method 3545 toluene extraction of the filter and 
particulates. 
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Figure 4: Schematic representation of Method 8290 for aqueous matrices using the Carbon Adsorption 
Diffusion solid phase extraction technique on the water sample followed by Method 3545 toluene 
extraction of the filter, solid phase material and particulates. 
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Figure 5: Schematic representation of the analysis and reporting phases of Method 8290. 
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Figure 6: Sample storage temperature tracking. 
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Figure 7: Decision flow chart for handling ConCals. 

Page 25of39 

Revision Date: 07121198 
Version No.: REF-22-1 



Prepared by Yves Tondeur 
Signature: 

No.: REF-22 

no 

Approved by Greg Dickinson 
Signature: 

Figure 8: Decision chart for handling background levels of PCDD/Fs in the LMB. 
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Data Review Check List 
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Item Initials I 
I. Initial Data Package Components (Section 2): Project Overview & Sample Tracking/Management Fonns I 

> coc 
I > Correspondence 1. 

I 
I > Login information 

I > Injection Log ' I 
I 

2. Initial Data Package Components (Section 3): Analytical Results 
> Two-page Summary Topsheet 

> Raw data containing the retention times, areas, signal-to-noise ratios, totals, ion ratios ... 

> Raw data showing all relevant selected ion current profiles (i.e., chromatograms). 

I ' I 
I 3. Project Overview 

I > Check and read the conununication page. 

> Read any correspondence accompanying this project. 

> Verify that the COC is present and signed. 

> Verify that the login report is present and signed. ... _,_. ______ --> Verify that the SRC is present and signed. ' I 
> 

\---·· 
Verify that the number of samples is consistent with client's request, COC, correspondence. 

> Verify that the method information is correct. 
' 

l > Verify that all relevant entries have been made on the laboratory tracking forms )including page No.). 
I > Review spiking information. 

> Verify sample preparation information. I 
j 

> Look for any special instructions. ' 

4. Sample Results & Overview 
> Injection Log must be present for each PAL project. I 

I > Have at hands the MS and GC performance checks associated with this analytical run. I 
l > Have at hands the associated ConCals (begin and end). I 
i > Raw data including SICPs and totals list, areas, SIN, retention times, and summary QUAN reports. i ., 

1 > TCDF confinnat1on data if necessary. i 
I----~~~--~--~~---~----------------~--~--~-~~-+-~-~~ 

5. Data Review 

• From the iniection lo!:!, verifv the time and date for the various svstem oetfonnance checks 02-H'L 
-~·.- .. ~ .. _2_.~yerify that the OPR oassed, MS/MSD and/or Duolicates as aonronriate 

~---.. ~~- Verifv that svstem nerforrnance checks passed fMS, GC, Calibrations). 
> I 00 ppm m mass for the resolution at mlz 317 
:> <25o/o vallev for 2,3,7,8-TCDD (and/or 2,3,7,8-TCDF). 

I 

'--~-----c~--D~ev~i=aa~·o~n=s~67o~r~C=o=n~C~a~Jar~e_<~2~0~%""'fo~r~u~n=Ja~b=e~Je7d~(b='e~'"~i~nn=i7n~•lo~r7<72~5~%~,=fu~r7u~n~Ja=be'7'-Je~d~(~,e~n=d1~·n~2l. _____ -+------i 
,..- Deviations for ConCal are <30% for labeled (beginning) or <35% for labeled (ending). 

i 
i 

> See SOP RP-G-03 for handling deviations 
Verify that all ion-abundance ratios nassed. 
All of the above aoply to confinnation analvses as wel1. 

• For each samples, and starting with the LMB, and check the following: 
» Verify client, laboratory and sample infonnation (matrix, weight, volume, file name, ICal, ConCal and 

RetCheck file names, dates .... 
» Verif the name of the client. 
> Verify the PAL Project No. 
» Verify the method's name. 
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)> Verifv holdintI times (extraction 30 davi:: from collection; 45 d from extraction for analvsis). 
)> Check recoveries of the ES, SS, and CS <40 to 135 .......,,.enn. 
)> Review the SICPs from the LMB to validate the LMB (i.e., absence of sianals ). 
)> Examine the or check ion SICPs for the nresence of auantitative interferences (OH. 
)> Examine the PCDPE SICPs for the oresence of"ethers" as nntential interferences. 
)> Assess the imnact of these "ethers" or QI on the data. 
)> Perform a manual calculation of at least one soecific analvtP concentration. 
)> Perform a manual calculation of at least one labeled standard recovMV <e.g., ES). 
)> Occaslonallv, nerform a manual calculation for a total homolo2'lle 2ffiun. 
)> Examine the SICPs for the nresence of saturated peaks. I 
)> Verifv that the chlorine-37 correction is ,, ...... lied to 2,3,7,8-TCDD. 
)> Verifv that the 2,3, 7,8-TCDF result ori2inates from the confirmation analvsis. 
)> Perform a general overview of the SICPs and look for inconsistencies between the SICPs and the 

tabulated results, between the samnles themselves, and observations noted bv the lab staff. 

I 6. Initial and date the tonsheets. 

Notes to be used for the Cover Letter or Narrative 

Figure 9: Check list for data validation. 
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Sample Tracking for the Analysis of Polychlorinated Dibenzo-p-Dioxins & Dibenzofurans 
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Figure I 0: Sampling Tracking & Management Form (Method 8290; liquid-liquid partitioning with 
methylene chloride extraction). 
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Figure 11: Sampling Tracking & Management Form (Method 8290; liquid-liquid partitioning with 
isooctane microextraction). 

Page 30of39 

Revision Date: 07121198 
Version No.; REF-22-l 



Prepared by Yves Tondeur 
Signature: 

No.:REF-22 

Approved by Greg Dickinson 
Signature: 

Sample Tracking for the Analysis of Polychlorinated Dibenzowp~Dioxins & Dibenzofurans 

Date Received: 03 JUL 98 
No. of Field Samples: 
Page_of_ --

PAL Project No.: L-9999 Due Date: IO JUL 98 
Client Project ID: MEX MILL 

Voi..- pH pH 2 U: MJI'. !in JSU C...... CS $plll PCU C-.. J$ TCDF 
(ml,.) u.. ........ 

. ... 
l-+-1-l----- L_ __ ~ ··-·~ --

!················+···································· !················ ·············· +·········· 1·-... -1 ........ . ... -· __ ; ............. ·--· ..... .,. ....... , .. -.,. ... ..,. - , .. , ... '"" ~- -- -- . --- -- " -

........ ········ """""- ,.; ....... ··-·-

I· -- ---·----------- ---"----~-~ ---H--l--+-+-l-+-4--+·-l---f-- I~ -- ...... 

-···--.---·----·-·-··---·-·. 
1--..... 

-- ·-·--· --·-- ·-·-·-- --~ -----1 ..... ... I 

!··············· 1··········································+·································+ t·····I·· .... _ .. 
""""'"'·. . ... ; .............. . 

----~~--->--1--+--l--1--~-+--l-1-.4---l--"-

··· ....... ·I· ·················+ ···············--j-.- -l-+-+--1-

. 

..... 
. .. ... 

I 

...•..... 
. . 

····· 

. ..... . 

.. --+··---- "" ........... -----· , ....................... . 

............... 1 .......... -----1+· + l········I l·········I I <········· <··········I··' ········ 

. ................. , 11++ f-····· ......................... ff+·········l··f-.. -! ........... ,., .. , 

Figure 12: Sampling Tracking & Management Form (Method 8290; SPE C18). 
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Figure 13: Sampling Tracking & Management Form (Method 8290; SPE Carbon Adsorption Diffusion). 
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Figure 13: Communication Exchanges Form (Method 8290). 
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Supplies 
Filters, Sand, Ni!.iS040 Glasswool: filJf::Q! 
Solvent: SUP-02 {lridecane purification) 
Standards: S!IP--03 
Glasswan:: SUP--04 
Add/Base Coated SiOi: SllP-05 

Sample Processing 
(\mdJtiuni".<; 

Receiving: ~ 
Homogenization: ~ 
Percent Moistun:: SP-C-03 

Percent Lipids: SP-C-04 
Particle Size:~ 
Grinding: SP-C-Ot> 
Screening: SP..('--07 
Sample Labeling: SP-C..08 

Sample Storageffemperarure Recording: SP-C-09 
Thimble Preparation for Solids:~ 

E1't,-a,::tion 
SDS: SP-E-01 
SPE: SP-E-02 
ASE: SP-E-03 

SPF: SP-E-04 (separaiory funnel) 

No.: REF-22 

8 . Samole Processing 
CorK't'!llr<!!.ion 

Vacuwn Concentrator. SP-N-01 
R-Ot.avap: SP-N-02 

Cfo:m-t:p 

A"1alysis 

SP-U-01 (Gravity Flow) 
SP-U-02 (PCU) 

~(PCU·F) 

SP-U-04 (ffiSO.: fat, egg) 

SP-A..01 (Operation ofHRGC-HRMS) 
SP-A-02 (HRMS Emergency Shutdown) 

$plming:i_-\rcl1i>-mg fa·a-acts 

Reporting 

After Extraction: fil!:ll:Q! 
After Analysis: SP-D-02 

{)(1111 Genem1io11 

.Bl:&Ql (Uib Method Blank) 
RP-0·02 (Rccovcries) 

RP-0-Ql (ConCal Acceptanee) 

~(Reporting Target Peaks) 

~(DataGencration & Review) 
:\rehh~ng lliJta 

RP-A..01 
MEX: SP-B-05 (microextraction) Qi Sbiooing 
ASE: SP-E-06 (tissue, CliiCIJ 

• Updated20July 1998 

Data Pock.age Ass.m1bly 

SU.A...01 

D"" 
SH·D-01 

Sampk Container 

SH-C-01 

!11voking 

~ 
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XADModules 
~ 

Waste Disnosal 
Solids 

WD-S..01 
Liquids 

Wll-L-01 

Preventive Maintenance 
~JoPrep 

fiiQ! 
Instrumentation 

PM-02 

LIMS 
PM..03 

SOP Management 
PM-04 

Reference <Core) Methods 
REF-Ol M8290 Solids 

~ M8290 Aqueous 
REF-03 M8290 Tissue 
REF-07M23 

REF-08 Method T09 
JlliE:Q2. M 1613 Solids 

REF-IO MJ6!3 Aqueous 
REF-I I Ml613 Tissue 

BB.E:ll;. M8290 Solids Consolidated 
REF-22: M8290 Aqueous Consolidated 

Figure 14: Paradigm Analytical Labs Standard Operating Procedures for the Measurement of PCDD/Fs in 
Environmental Samples by Isotope-Dilution HRGC/HRMS 
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Table l: List and concentrations of the Extraction Standards used during the sample fortification step. 

13C12-2,3, 7,8-TCDD 
13C12 -1,2,3,7,8-PeCDD 
13C12 -1,2,3,6,7,8-HxCDD 
13C12 -1,2,3,4,6,7,8-HpCDD 
13C12 -OCDD 

13C12 -2,3,7,8-TCDF 
13C12 -1,2,3,7,8-PeCDF 
13C12 -1,2,3,6,7,8-HxCDF 
13C12 -1,2,3,4,6,7,8-HpCDF 

100 pg/ µL 
lOOpg/µL 
lOOpg/ µL 
lOOpg/ µL 
200pg/ µL 

lOOpg I µL 
lOOpg/ µL 
lOOpg/µL 
100 pg/ µL 

Table 2: List and concentrations of the Cleanup Standards used during the sample fortification step. 

37 C4-2,3, 7,8-TCDD 
13C12 -2,3,4,7,8-PeCDF 
13C12 -1,2,3,4,7,8-HxCDD 
13C12 -1,2,3,4,7,8-HxCDF 
13C12 -1,2,3,4,7,8,9-HpCDF 
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Table 3: Composition of the Matrix Spike solution. 

Unlabeled Analyte Concentration in pg I µL 

2,3,7,8-TCDD 5 

2,3,7,8-TCJ:)F ······---···· 5 
1,2 3,7,8-PeCDD 12.5 

Approved by Greg Dickinson 
Signature: 

),],3,7,8:!'eC::J:>F .... • --·· . 12,5 . . ........ .. .. _ . 
_b:J,4 7,8-PeCDF 12.5 
_ l,2,3,4,?,?:Ii'<C::I?I? .... ____________ 12.5_ ____ ---

1,2,3 6, 7 8-HxCDD 12.5 
_1,],3,7,8,9-HxCDD 12.5 
_l,?,3,4,_7,8:.lfxCDF l],5_ ______ _ 
. 1,2,3,§,7,8-Hx(;J:)l"_____ _ __________ !2,5 ......... . 
_1,2,A,7,§,9.-HxCDF_______ 12.5 
2,3,4,6,7,8-l{xC::J:>l' _ _____ !2_,_5 ______ _ 
1,2,},_4,~,7,?:f!.PCJ)J) __________ ~- 12._5 ______ _ 

. _1,2,3,4,6, 7,8:.fI.PC::Ql'.......... 12,5_ __________ _ 
J,2A,4,7,8,9:f!.P.C::DF ·····-··---· 12.5 -------
OCDD 25 --·-.,. .. _ .. _,,_, __ ._._~·~--~··----·-· ~------

OCDF 
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Table 4: Initial Calibration Solutions (concentrations are in pg/µL) 

Analyte CS-I CS-2 

Unlabeled 

2,3,7,8-TCDD 0.5 1 
2,3,7,8-TCDF 0.5 1 
1,2,3,7,8-PeCDD 2.5 5 
1,2,3,7,8-PeCDF 2.5 5 • 2,3,4,7,8-PeCDF 2.5 5 
1,2,3,4,7,8-HxCDD 2.5 5 
1,2,3,6,7,8-HxCDD 2.5 5 
1,2,3,7,8,9-HxCDD 2.5 5 
1,2,3,4,7,8-HxCDF 2.5 5 
1,2,3,6,7,8-HxCDF 2.5 5 
1,2,3,7,8,9-HxCDF 2.5 5 
2,3,4,6, 7,8-HxCDF 2.5 5 
1,2,3,4,6,7,8-HpCDD 2.5 5 
1,2,3,4,6,7,8-HpCDF 2.5 5 
1,2,3,4,7,8,9-HpCDF 2.5 5 
OCDD 5.0 10 
OCDF 5.0 10 

Extraction Standards 

"C12-2,3,7,8-TCDD 100 100 
"C,,-1,2,3,7,8-PeCDD 100 100 
"C12-l,2,3,6,7,8-HxCDD 100 100 
13C12-l,2,3,4,6,7,8-HpCDD 100 100 
"C12-0CDD 200 200 
"C,,-2,3,7,8-TCDF 100 100 
13C12-l,2,3, 7,8-PeCDF 100 100 
13C12-l,2,3,6, 7,8-HxCDF 100 100 
13C1,-l,2,3,4,6,7,8-HpCDF 100 100 

Cleanu11 Standards 

37Cl,-2,3,7,8-TCDD 0.5 1 
"C12-2,3,4,7,8-PeCDF 2.5 5 
13 C12-l ,2,3,4, 7,8-HxCDD 2.5 5 
13C12-1,2,3,4, 7,8-HxCDF 2.5 5 
13C12· 1,2,3,4,7,8,9-HpCDF 2.5 5 

Injection Standards 

13C12-l,2,3,4-TCDD 100 100 
13C1,-l,2,3,7,8,9-HxCDD 100 100 
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CS-3 

5 
5 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
50 
50 

100 
100 
100 
100 
200 
100 
100 
100 
100 

5 
25 
25 
25 
25 

JOO 
100 

CS-4 CS-5 

50 100 
50 100 

250 500 
250 500 
250 500 
250 500 
250 500 
250 500 
250 500 
250 500 
250 500 
250 500 
250 500 
250 500 
250 500 
500 1000 
500 1000 

100 100 
100 100 
100 100 
100 100 
200 200 
100 100 
100 100 
100 100 
100 100 

50 100 
250 500 
250 500 
250 500 
250 500 

100 100 
100 100 
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Table 5: Vacuum Chamber Program for 5-mL Tridecane Sample Extracts (solvent exchange procedure) 

Pressure Time 

O" - 15" Hg Start 
16"-20" Hg 2 min I mark 

2l"-2S"Hg 3 min I Yz mark 

26" -30" Hg 5 min/ 1h mark 

!OT-ST Read rz.ume. g_aur.e 

ST-IT Read rz.-ama r:.aur.e 

1T-0.7ST Read (l.umrz. gauge 

I 

Note 

Onen the valve slowly and allow pressure to reach 15" Hg. 
Allow pressure to gradually reach 20" Hg with a two-minute hold at l 6, 17, 

18, 19 and 20"H•. 
AUow pressure to gradually reach 25" Hg with a three-minute hold at 21, 

21.S, 22, 22.S, 23, 23.S, 24, 24.5 and 2S"He. 
Allow pressure to gradually reach 30" Hg with a five....minute hold at 26, 26.5, 

27, 27.5, 28, 28.S, 29, 29.5, and 30"jlg. 

At this point, you can monitor the pressure from the pump gauge rather than 
the chamber pressure gauge. Typically, between 10 and 5 Torr, you need to 
proceed cautiously in a stepwise manner as described above (i.e., 5 min at 10 

T, 5 min at 9 T, 5 min at 8 T, S min at7 T, S minat6 T, and 5 min at 
ST.) 

Again, by opening and closing the pump valve, allow the pressure to reach 4 
T, 3 T, 2 T, and l T. Here, the stepping down can take place at a slightly 
higher pace. Bumping has been observed down to 1.2 T if pumping is too 
fast. When OnP.ning the purnn valve, do it slowly by watching the gauge. 
Once you reach 1 T, you can keep the pump valve fully opened and pump 

continuously until the pressure drops below 0.5 T. The sample is ready for 
the next step. 
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Table 6: Mass Descriptors used for Selected Ion Recording HRMS 

Function Channel 

(#\ (#) 

1 1 
1 2 
1 3 
1 4 
1 5 
1 6 .. 1 7 
1 8 
1 9 
1 10 
1 11 
1 12 
2 1 
2 2 
2 3 
2 4 
2 5 
2 6 
2 7 
2 8 
2 9 
2 10 
2 11 
3 1 
3 2 
3 3 
3 4 
3 5 
3 6 
3 7 
3 8 
3 9 
3 10 
3 11 
4 1 
4 2 
4 3 
4 4 
4 5 
4 6 
4 7 
4 8 
4 9 
4 10 
4 11 
5 1 
5 2 
5 3 
5 4 
5 5 
5 6 
5 7 
5 8 
5 9 

Mass 

(amul 
303.9016 
305.8987 
315.9419 
316.9824 
316.9824 
317.9389 
319.8965 
321.8936 
327.8847 
331.9368 
333.9339 
375.8364 
339.8597 
341.8568 
351.9000 
353.8970 
355.8546 
357.8517 
366.9792 
366.9792 
367.8949 
369.8919 
409.7974 
373.8207 
375.8178 
380.9760 
380.9760 
383.8639 
385.8610 
389.8156 
391.8127 
401.8559 
403.8530 
445.7555 
407.7818 
409.7788 
417.8253 
419.8220 
423.7767 
425.7737 
430.9728 
430.9728 
435.8169 
437.8140 
479.7165 
441.7427 
443.7398 
454.9728 
454.9728 . 

457.7377 
459.7348 
469.7780 
471.7750 
513.6775 
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Dwell Time 

(ms) 
100 
100 
40 
20 

(Lock\ 
40 
100 
100 
40 
40 
40 
30 
100 
100 
40 
40 
100 
100 
20 

(Lock) 
40 
40 
30 

100 
100 
20 

ILock\ 
40 
40 
100 
100 
40 
40 
30 
100 
100 
40 
40 
100 
100 
20 

1Lock\ 
40 
40 
30 
100 
100 
20 

(Lock) 
100 
100 
40 
40 
30 

l.C. Delay 

tms\ 
20 
10 
10 
10 
50 
10 
10 
10 
10 
10 
10 
20 
20 
10 
10 
10 
10 
10 
10 
50 
10 
10 
20 
20 
10 
10 
50 
10 
10 
10 
10 
10 
10 
20 
20 
10 
10 
10 
10 
10 
10 
50 
10 
10 
20 
20 
10 
10 
50 
10 
10 
10 
10 
20 

Revision Dateo 07 /21/98 
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DRAFT Document: SOPPTLGIN 
Rev: l~PT 

Date: SeptemberOl, 1998 
Effective Date: September 01, 1998 

STANDARD OPERATING PROCEDURE FOR 
SAMPLE RECEIPT AND SAMPLE LOGIN AT THE PITTSFIELD MOBILE LABORATORY 

Written by: 

Approved by: 

Approved by: 

Lonnie Fallin, East Coast Operations Manager 
ONSITE Environmental Laboratories, Inc. 

Sharon Nordsttom, Project Manager 
Roy F. Weston, Inc. 

Marie Wojtas, Chemst 
USA CE 

1.0 HEALTH AND SAFETY 

1.1 The toxicity and carcinogenicity of the samples have not been precisely defined. 
Samples should be !teated as dangerous, and handled with appropriate protective apparatus such 
as gloves, safety glasses and lab coats. 

2.0 SCOPE AND APPLICATION 

2.1 The purpose of this SOP is to outline, in detail, the steps involved in receiving samples 
from Weston at the Pittsfield Mobile Lab site. 

3.0 LOGIN PROCEDURE 

3 .1 Samples are either hand delivered to the lab trailer, or picked up from the Weston field 
!tailer by an ONSITE technician. 

3.2 Upon receipt of the cooler, the cooler is checked for intact cnstody seals. If seals are not 
present, or seals are broken, Weston is notified immediately and the problem is noted on the 
chain of custody. The chain of custody is then signed in the appropriate location, and the pink 
copy is left with Weston for their records. 

3. 3 When the cooler is opened, either after Weston personnel have dropped it off or it is 
returned to the lab, a visual inspection is done to insure that there are no broken samples and that 
ice (either cube or blue-ice) is present in the cooler. Theu the temperature of the cooler is taken 
and recorded on the chain of custody. The temperature should be< 10 °C. If it is higher, 
Weston personnel must be notified immediately and corrective action taken. Corrective actions 
can include, but are not limited to: not analyzing samples and waiting for resampling; qualifying 
data generated from samples; or just noting on chain of custody and case narrative. 

SOPPTLGIN Page 1 
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3.4 Once temperature is taken, samples are removed from the cooler and compared to the 
chain of custody. If any samples are missing or mis-identified it is noted on the chain of custody 
and Weston is notified immediately. In the case of missing samples, Weston may elect to bring 
the sample over or have ONSITE cross it off the chain of custody and initial and date the cross 
off. In most cases, mis-identified samples are corrected and initialed on the chain of custody and 
analyzed normally. The major exception to this is when several samples are mis-identified, 
leading to confusion as to which sample is which. When this happens, Weston personnel must 
either resubmit samples or come to the trailer and, using other records, correctly identify the 
samples. 

3.5 Once samples are verified against the chain of custody, then they are also given a wrique 
ONSITE number. The number given is sequential and in the following format 

Pyydd-nn 

where P = Pittsfield 
yy= year 
dd = day of lab operation 
nn = sequential number 

i.e. Weston sample MWIOI is also given the ONSITE ID P9804-0l, while MW102 is given 
P9804-02. 

The ONSITE number is written in the comment section of the chain of custody, on the sample 
container and on the sample container lid. 

3.6 Samples are also recorded in a sample receipt log. The log contains the Weston ID, the 
ONSITE ID, matrix, chain of custody ID and date received. Since only PCBs are being analyzed 
at this lab, no analysis type column is included. 

3.7 Samples are then set up for analysis. 

3.8 When the final report is generated, the gold copy of the chain of custody is included. 

SOPPTLGIN Page2 
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GZA GeoEnvironmental, Inc. SOP# GTS.O 

Standard Operating Procedure 

Standard Test Method for Specific Gravity of Soils 

Date: By:2/9!00 

Revision#: I 

1. Scope and Application 

Reviewed by Lab Supervisor:7?ttt?; 

Reviewed by QA Officer: ~ 

Copy#: ;( 

?-.-:7-cr-O Date: 

Date: ol/1/orJ 

1 .1 This test method covers the determination of the specific gravity of soils 
that pass the 4.75-mrn (No. 4) sieve, by means of a pycnometer. When the 
soil contains particles larger than the 4.75-mm sieve, Test Method C 127 
shall be used for the material retained on the 4.75-mrn sieve and this test 
method shall be used for the material passing the 4.75-mm sieve. 

1.2 Two procedures for performing the specific gravity are provided as 
follows: 

1.2.1 Method A - Procedure for Oven-Dry Specimens. 

1.2.2 Method B - Procedure for Moist Specimens. The procedure to be 
used shall be specified by the requesting authority. For specimens of 
organic soils and highly plastic, fine grained soils, Procedure B shall 
be the preferred method. 

2. Method Summary 

2.1 Related Standard Operating Procedures 

3. Sample Preservation, Containers, Handling, and Storage 

Preservation: Non-Applicable 

Containers: Jars, Glass or Plastic (4-32oz), Plastic Sample Bags (5 gallon), 5 gallon 
buckets 

Storage: Samples are stored in Laboratory until project is complete, data is sent, 
and no additional testing required 
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4. Interference and Potential Problems 

• Sample size is sometimes compromised due to limited amount of material to 
perform analysis. 

• Organic matter can float causing inaccurate meniscus readings. 

• Enor in recording of weights during any step of this analysis. 

• Enor in calculating data. 

5. Definitions 

5.1 Specific Gravity: The ratio of the mass of a unit volume of a material at a stated 
temperature to the mass of the same volume of gas-free distilled water at a stated 
temperature. 

6. Equipment and Apparatus 

6. l Pyncometer - The pycnometer shall be one of the following 

6.1.1 Volumetric Flask, having a capacity of at least 100 mL. 

6.1.2 Stoppered Bottle, having a capacity of at least 50mL. The stopper shall be of the 
same material, and shall permit the emission of air and surplus water when it is put 
in place. 

6.2 Balance - Meeting the requirements of Specification D 4753 and readable, without 
estimation, to at least 0.1 % of the specimen mass. 

6.3 Drying Oven - Thermostatically-controlled oven, capable of maintaining a uniform 
temperature of 110± 5°C (230± 9°F) throughout the drying chamber. 

6.4 Thermometer, capable of measuring the temperature range within which the test is being 
performed, gradnated in a 0.5°C (l.0°F) division scale. 

6.5 Entrapped Air Removal Apparatus - To remove entrapped air, use one or a combination 
of the following: 

6.5.1 Hot Plate or Bunsen Burner, capable of maintaining a temperature adequate to 
boil water. 

6.5.2 Vacuum System, a vacuum pump or water aspirator, capable of producing a 
partial vacuum of 26 in Hg. 

6.6 Miscellaneous Equipment, specimen dishes and insulated gloves. 

7. Reagents 

• distilled and/or demineralized water, 



8. Health and Safety Issues 

Safety glasses. Long pants, socks. gloves and lab coats must be worn when handling 
samples with known contaminants. 

The Laboratory Manager ensures that health and safety procedures are discussed 
with each new employee by the H&S representative prior to beginning work in the 
laboratory. 

The chemical hygiene plan and the Hazardous Materials Handling and Disposal 
SOP should be reviewed by each employee. Copies of both plans are kept in the 
laboratory. 
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Use caution when dealing with any heated oven zones. Wear heat protection gloves. 

9. Procedures 

9.1 Login: 

Samples are logged in as follows: 

• Each sample is given a unique laboratory identification number. 
• This number must be sequential beginning with number one. 
• In the case of ongoing project refer to next Lab No. in numerical sequence. 
• Last Lab No. can be found in log book in laboratory. 
• This log must be updated each time a new sample is logged in. 

9 .2 Identify Sample for testing, check soils laboratory testing assignment sheet. 

9.3 Specific Gravity test is assigned if an "X" is marked under Gs column of 
Identification tests and sample information (Boring/Test Pit No., Depth,) coincides 
with sample iuformation on sample container. 

9.4 Sample Preparation & Procedure: 

• Take entire sample and screen through a #4 Sieve. After screening, take all 
minus #4 material, mix thoroughly and take a representative portion 
(approximately 30- 50 grams dry weight). 

Note: Representative portion is obtained by either decanting through a sample 
splitter or using the Quartering method. 

• Put sample into a calibrated 500ml pycometer using funnel and add distilled or 
demineralized water to below measured line on pycnometer. 
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• Place pycnometer in a warm temperature bath (30-38°C) and connect vacuum 

line using rubber stoppered bottle cap to top of pycnometer. 

• Apply vacuum (minimum 26 reading on vacuum gage) to sample and allow all 
entrapped air to escape. Apply vacuum for at least 30 minutes. 

• Shake pycnometer slightly with hand and determine visually tbat no additional 
air is present in sample. If air is present continue vacuum until such time that 
shaking pycnometer produces no entrapped air. 

• Remove vacuum from open end of pycnometer and take pycnometer out of 
warn temperature bath. 

• With an eyedropper adjust water level to desired line on pycnometer. 

• Wipe outside of pycnometer clean with paper towel to remove any moisture 
and or other particles. 

• Record weight of pyncometer (wt. Of Bottle+Water+Soil m gms) under 
Determination No. I. 

• Immediately after recording weight, insert thermometer and record temperature 
(Temperature, T. in °C) to the nearest . I °C, again under Determination No. I. 

• Repeat prior step up to 3 times at various temperature readings, if meniscus is 
hard to read 4 determinations may be required. 

• Weigh rectangular pan (capable of containing approximately 800 grams of 
material) and record as Wt. Dish in gms. 

• Take pycnometer and agitate by turning and swirling in a circular motion with 
hand. 

• Begin decanting soil/water mix pycnometer into rectangular pan. 

• Take squirt bottle and rinse inside of pycnometer to get remaining particles 
into suspension and again decant into pan. 

• Repeat prior step until no visual soil remaining in pycnometer. 

• Place pan and soil in oven and dry for not less than I 6hrs @ 110°C ±5°C. 

Note: Due to large amount of water sample may need additional drying rime. 

• Remove pan from water and allow to cool. 

• After cooling weigh pan and record under Wt. Of dish & dry soil. 

9 .5 Status Check on Data: 

Statns is obtained from the soils laboratory testing assignment sheet as follows: 

• Test assigned is clearly designated with an X in appropriate column (Step 9.3). 
• If one quarter of X is shaded, sample has been prepared 
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• If one half of X is shaded, sample has been run, 
• If three quarters of X is shaded, test has been calculated, 
• Finally if entire X is shaded in pencil, test has been Reduced and Reviewed and 

can be sent as final data. 

9.6 Data Reduction: All data upon conclusion is then hand calculated, and input on to a 
Microsoft Excel spreadsheet and furnished along with raw data to lab director or 
supervisor for data review. 

9.7 Data Review: 

• Check calculation for weight of soil in grns. 
• Check specific gravity value versus soil description 
• After the specific gravity determination have been verified, cross examine Job 

Name, sample Identification, soil classification and any other pertinent 
information. 

9.8 Data Report: 

Final data is sent as follows: 

• Identification of the sample (material) being tested such as boring number, 
sample number, test number, etc. 

• Specific gravity at 20°C to the nearest 0.01. 

l 0 Calculations 

10.l Formula: 

GtWs 
Gs=-----­

Ws-Wl+ W2 

where: 

Gs= Specific Gravity 

Gt= Density of water at given temperature (see Table l ASTM 0854) 

W s= Weight of Soil in gms 

Wl= Weight ofpycnometer, Water & Soil in gms 

W2= Weight of Bottle & Water in gms (see calibration folder for 
pycnometer used) 

10.2 Verification of calculations 

• Review all determinations to insure the Gs values are all similar 



• Check soil description and any other test data associated with sample 
to see if Gs correlates with other test values 

11. Calibration: 

• Oven temperature is recorded daily and calibrated every four months 
(SOP SA-Draft) 
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• Balances are checked daily with S class weights and kept in Log Book in lab by Scale 
(SOP SA 3.0). 

• Pycnometer are calculate annually. (SOP Draft) 

12. QC Limits 

Non-Applicable 

13. Corrective Action Procedures 

Corrective actions are taken as follows: 

13.1.1 Any suspect or questionable data during test is to be reported to Supervisor 
immediately on finding. 

13 .1.2 Supervisor will review data and check any calculations for error. 

13.1.3 If there is a calculation error that is made, correction will be noted and test will 
continue. 

13 .1.4 If error can not be retrieved, then Supervisor instructs technician to retrieve any 
unused portion of Sample. 

13.1.5 When unused sample is retrieved Supervisor determines if there is 
enough material and is so instructs technician to re-run entire test. If there is 
not enough material to re-run test Supervisor relays that information to Project 
Manager or Client, at this stage it is determined whether more sample can be 
obtained to run analysis or test is canceled. 

13.1.6 Supervisor or lab technician appointed by Supervisor, must weigh and calculate 
all oven-dried samples every morning. This is a routine check of testing to 
determine any errors in recording of weights during test. 

13.1.7 When an error occurs during 13.1.6 the following measure is taken: first re­
weigh sample & container and check against recorded weight. If weight 
doesn't check then re-record new weight and re-calculate to see if new data 

correlates with all other data. If weight checks, then remove oven-dried 
material and weigh container and repeat prior step. If correction is made test can 
continue or be reduced and reviewed. If correction is not made then refer to 
13.1.5 for corrective action. 

13.1.8 Oven-dried samples are not disposed of until Supervisor has checked all data 
calculations and determines data is valid. 
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13. 1.9 During data review if there are any errors or questionable data Lab Director 
notifies Supervisor and Supervisor retrieves test sample. If checking test 
sample by weighing or sieving corrects error than test is reduced again and 
sent through for review. If checking test sample does not correct mistake 
then refer to 13. 1.5. 

13. 1.10 Any corrections made to data sheet are done by putting a line through error 
and recording new data and initialing by individual. If more than one mistake 
is made and there is no room on data sheet to put correction, a line will be 
placed through error, a new data sheet will be stapled to original data and a 
brief explanation as to why sheet is stapled and then new data recorded on 
stapled sheet and initialed by individual. 

13.1.11 Any changes deviance's or unusual measures taken during recording of data 
shall have an asterisk placed next to unusual data and a brief yet detailed 
description of what data represents and why its represented in this manner 
followed by initials of individual taking these actions. 

14. Document Description and Example Forms 

See Attached Forms 

15. Miscellaneous Notes 

None 

16. References 

ASTM D853 Standard Test Method for Specific Gravity of Soils 

17. Confidentiality Statement 

• This SOP document has been developed and copyrighted by GZA. It is intended 
for internal (GZA) personnel and government agencies specifically. In addition, 
the document is not to be released externally for any other purpose without 
consent of GZA. 
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GZA GeoEnvironmental, Inc. SOP#GT6.0 

Standard Operating Procedure for Liquid Limit, Plastic Limit, 

and Plasticity Index of Soils 

Copy #: ·;)_ 

Date: By:2!9!00 Reviewed by Lab Superviso~ Date: ;).-'7-0V 

Revision#: j {7'11 tJ 
Reviewed by QA Officer: ,M!Jd= Date: #~ 

1. Scope and Application 

I.I This test method covers the determination of the liquid limit, plastic limit, 
and the plasticity index of soils. 

1.2 Since the test described herein is performed only on that portion of a soil 
which passes the 425-µm (No. 40) sieve, the relative contribution of this 
portion of the soil to the properties of the sample as a whole must be 
considered when using these tests to evaluate properties of a soil. 

2. Method Summary 

2.1 Method Overview 

2.1.1 The sample is processed to remove any material retained on a 
425µm (No. 40) sieve. The liquid limit is determined by 
performing trials in which a portion of the sample is spread in a 
brass cup, divided in two by a grooving tool, and then allowed to 
flow together from the shocks caused by repeatedly dropping the 
cup in a standard mechanical device. The multipoint liquid limit, 
Method A, requires three or more trials over a range of water 
contents to be performed and the data from the trials plotted or 
calculated to make a relationship from which the liquid limit is 
determined. 

2.1.2 The plastic limit is determined by alternately pressing together and 
rolling into a 3.2--mm (1/8-in.) diameter thread a small portion of 
plastic soil until its water content is reduced to a point at which the 
thread crumbles and can no longer be pressed together and rerolled. 
The water content of the soil at this point is reported as the plastic 
limit. 

2.1.3 The plasticity index is calculated as the difference between the 
liquid limit and the plastic limit. 
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2.2 Related Standard Operating Procedures 

• GT - 4.0 Water Content Determination SOP 

• SA - 3.0 Balance Calibration SOP 

• GT - 1.0 Grain Size Analysis SOP 

3. Sample Preservation, Containers, Handling, and Storage 

Preservation: Non-Applicable 

Containers: Jars, Glass or Plastic (4-32oz), Plastic Sample Bags (5 gallon), 5 gallon 
buckets 

Storage: Samples are stored in Laboratory until project is complete, data is sent, 
and no additional testing required 

4. Interference and Potential Problems 

• Sample size is sometimes compromised due to limited amount of material to 
perform analysis. 

• Error in recording of weights during any step of this analysis. 

• Error in calculating data. 

• Spillage of sample due to small sample containers. 

5. Definitions: 

• Liquid Limit: LL, W L - (a) The water content corresponding to the arbitrary limit 
between the liquid and plastic state of consistency of a soil. (b) The water content 
at which a part of soil, cut by a groove of standard dimensions, will flow together 
for a distance of Y2 in. (12.7 mm) under the impact of 25 blows in a standard liquid 
limit apparatus. 

• Plastic Limit, Wr PL, - (a) The water content corresponding to an arbitrary limit 
between the plastic and the semisolid states of consistency of a soil. (b) Water 
content at which a soil will just begin to crumble when rolled into a thread 
approximately 1/8 in. (3.2 mm) in diameter. 

• Plasticity Index, I,. PI, - Numerical difference between the liquid limit and the 
plastic limit. 

• Plasticity - The property of a soil or rock which allows it to be deformed beyond the 
point of recovery without cracking or appreciable volume change. 
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6. Equipment and Apparatus 

• Liquid Limit Device - A mechanical device consisting of a brass cup suspended 
from a carriage designed to control its drop onto a hard rubber base. The device may 
be operated by either a hand crank or electric motor. 

• Base - A hard rubber base having a D Durometer hardness of 80 to 90, and a 
resilience such that an 8-mm (5/16-in.) diameter polished steel ball, when dropped 
from a height of 25 cm (9.84 in.) will have an average rebound of at least 77% but 
no more than 90%. 

• Rubber Feet - supporting the base, designed to provide isolation of the base from the 
work surface, and having an A Durometer hardness no greater than 60 as measured 
on the finished feet attached to the base. 

• Cam - designed to raise the cup smoothly and continuously to its maximum height, 
over a distance of at least 180° of cam rotation, without developing an upward or 
downward velocity of the cup when the cam follower leaves the cam. 

• Carriage - constructed in a way that allows convenient but secure adjustment of the 
height of drop of the cup to !Omm (0.394 in.), and designed such that the cup and 
cup hanger assembly is only attached to the carriage by means of a removable pin. 

• Motor Drive (Optional) - As an alternative to the hand crank, the device may be 
equipped with a motor to tum the cam. Such a motor must tum the cam at 2±0. l 
revolutions per second aud must be isolated from the rest of the device by rubber 
mounts or in some other way that prevents vibration from the motor being 
transmitted to the rest of the apparatus. It must be equipped with an ON-OFF 
switch and a means of conveniently positioning the cam for height of drop 
adjustments. The results obtained using a motor-driven device must not differ from 
those obtained using a manually operated device. 

• Flat Grooving Tool - A tool made of plastic or noncorroding-metal. The design of 
the tool may vary as long as the essential dimensions are maintained. The tool may, 
but need not, incorporate the gage for adjusting the height of drop of the liquid limit 
device. 

• Gage - A metal gage block for adjusting the height of drop of the cup. The design 
of the tool may vary provided the gage will rest securely on the base without being 
susceptible to rocking, and the edge which contacts the cup during adjustment is 
straight, at least IO mm (3/8 in.) wide, and without bevel or radius. 

• Containers - Small corrosion-resistant containers for water content specimens. 
Aluminum or stainless steel cans 2.5 cm (I in.) high by 5 cm (2 in.) in diameter are 
appropriate. 

• Balance - conforming to Specification D 4753, Class GP!. 

• Storage Container - A container in which to store the prepared soil specimen that 
will not contaminate the specimen in any way, and will prevent moisture loss. A 
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porcelain, glass, or plastic dish about 11. 4 cm (41/2 in.) in diameter and a plastic 
bag large enough to enclose the dish and be folded over is adequate. 

• Ground Glass Plate - A ground glass plate at least 30 cm (12 in.) square by I cm 
(3/8 in.) thick for rolling plastic limit threads. 

• Spatula - A spatula or pill knife having a blade about 2 cm (3/4 in.) wide, and about 
10 to 13 cm (3 to 4 in.) long. 

• Sieve - A 20.3-cm (8-in.) diameter, 425-µm (No. 40.) sieve conforming to the 
requirements of Specification E l l and having a rim at least 5 cm (2 in.) above the 
mesh. A 2-mm (No. 10) sieve meeting the same requirements may also be needed. 

• Wash Bottle - or similar container for adding controlled amounts of water to soil 
and washing fines from coarse particles. 

• Drying Oven - thermostatically controlled, preferably of the forced-draft type, 
capable of continuously maintaining a temperature of 110 ± 5°C (230± 9°F) 
throughout the drying chamber. 

• Washing Pan - round, flat-bottomed, at least 7.6 cm (3 in.) deep, and slightly larger 
at the bottom than a 20.3-cm (8-in.) diameter sieve. 

7. Reagents 

7.1 Purity of Water - Where distilled water is referred to in this test method, either 
distilled or demineralized water may be used. 

8. Health and Safety Issues 

Safety glasses, Long pants, socks, gloves and lab coats must be worn when 
handling samples with known contaminants. 

The Laboratory Manager ensures that health and safety procedures are discussed 
with each new employee by the H&S representative prior to beginning work in 
the laboratory. 

The chemical hygiene plan and the Hazardous Materials Handling and Disposal 
SOP should be reviewed by each employee. Copies of both plans are kept in the 
laboratory. 

Use caution when dealing with any heated oven zones. Wear heat protection gloves. 

9.1 Procedures 

Login: 

Samples are logged in as follows: 

• Each sample is given a unique laboratory identification number. 
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• This number must be sequential beginning with number one. 
• In the case of ongoing project refer to next Lab No. in numerical sequence. 
• Last Lab No. can be found in log book in laboratory. 
• This log must be updated each time a new sample is logged in. 

9 .2 Identify Sample for Testing: Check soils laboratory testing assignment sheet. 

9.3 Liquid & Plastic Limit: is assigned if Xis marked under LL & PL%. 

9.4 Sample Preparation: 

9.4.1 For Granular Soils material is processed by removing any material retained 
on a 425 µm (No. 40) sieve. This will be accomplished by air-drying sample, 
then take mortar and pestle and grind material to break dry soil clods. 

NOTE: Pulverize the sample using rubber tipped pestle in a manner 
that does not cause breakdown of individual grains. 

9.4.2 Take ground material, place into No. 40 Sieve and shake by hand allowing 
material to pass through sieve and into rectangular pan. 

9.4.3 Repeat step 9.4.1 and step 9.4.2 until all visual material (-No. 40 Sieve) has 
passed through sieve. 

9.4.4 Wash all retained material with distilled or deminerilized water over No. 40 
Sieve into rectangular pan with processed soil to insure all material has 
passed through sieve. 

9.4.5 Discard any retained material at this point. 

9.4.6 Take mate1ial in pan and add distilled or deminerilized water to material 
slowly, mixing soil/water to a uniform state with gloved hand until soil is 
around its liquid limit. 

NOTE: Refer to definition section for liquid limit (Sample is around 
the liquid limit when water content will result in closure of the groove 

@ 25 blows.) 

9.4.7 Take approximately 200 grams of processed soil and place in a plastic bag. 

9.4.8 Place plastic bag in 8oz. Drillers jar, fill out Raw data sheet with sample 
information, and adhere white tape to jar. 

9.4.9 Write Job No. and Test No. on white tape on jar, cap and allow to cure for 
not less than l 6hrs. 

9.5 Plastic Limit 

9.5. l Mixed cured material with either gloved hands or spatula. 
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9.5.2 Take approximately 20-25 grams of material and put on ground glass plate. 

9.5.3 Put remaining material in porcelain cup for liquid limit. 

9.5.4 Take soil from glass plate and reduce water content by blotting with paper 
towel in a manner that does not leave any paper towel matter in soil. 

9.5.5 Take approximately 2 grams of material and roll with palm of hand with just 
enough pressure to allow sample to roll into uniform thread of 118 in. in 
thickness. 

NOTE: Refer to Liquid limit cupholder as guide for 1/8 in. diameter. 

9.5.6 Rework thread and repeat step 9.5.5 until sample exhibits cracking and 
crumbling. (Refer to Figure 8 ASTM D4318 for visual example.) 

9.5.7 Weigh sample container and record under container weight on plastic limit 
portion of raw data sheet. 

9.5.8 Take crumbled thread place in weighed container and cover assuring 
moisture is not lost. 

9.5.9 Repeat steps 9.5.5, 9.5.6 and 9.5.8 until there is not less than 6 grams of 
crumbled soil in container. 

9.5.10 Weigh container and crumbled soil and record under weight of container 
and wet soil of plastic limit portion of raw data sheet. 

9.5.11 Repeat steps 9.5.5 through 9.5.10 2-3 times for plastic limit test. 

9.5.12 Place container on container sheet in a row and leave until liquid limit is 
complete. 

9.6 Liquid Limit 

9.6.1 Take spatula and mix material in porcelain cup thoroughly. 

9 .6.2 Scoop some material with spatula and spread onto liquid limit cup assuring 
that no air bubbles are present. 

9 .6.3 Visually inspect grooving tool for groove height and thickness by alignment 
with "MASTER" grooving tool. 

NOTE: Master grooving tool has been calibrated with calipers and 
dimensions recorded to insure proper tolerance levels for length and 
thickness. 
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9.6.4 If 9.6.3 checks than place a check under grooving tool checked, and record 
grooving tool ID Number (l.0. # commonly identified by date placed in 
service.) 

9.6.5 If 9.6.3 does not check then destroy grooving tool and get another one and re­
inspect until specification for grooving tool is met. 

9.6.6 Take Crank from liquid limit device raise cup until just about ready to drop. 

9.6.7 Place reverse end of grooving tool under cup and check cup height. 

NOTE: Reverse end of grooving tool has prescribed cup height in cm. 

9.6.8 Verify cup height for proper drop if height is either to low or to high, adjust 
by loosening screws that hold cup to shaft at top of device and moving further 
if too low or closer if too high, then tighten screws and check height again. If 
unsure notify Supervisor to verify cup height. 

9.6.9 When 9.6.6 through 9.6.8 have been complete put check mark under height 
of cup checked. 

9.6.10 Take grooving tool and form groove in soil pat by drawing tool, beveled 
edge forward through the soil on a line from highest point to lowest point 
on cup. (Refer to Figure 6 ASTM 04318 for visual example.) 

9.6.11 Lift and drop cup at a rate of 2 blows per second until 2 halves of soil have 
closed 'h in. (See Figure 7 ASTM 04318 for visual example.) 

9.6.12 Record number of blows under liquid limit portion of test. 

9.6.13 Weigh and record container under container weight under liquid limit 
portion of test. 

9.6.14 With spatula take closed portion of sample in liquid limit cup by scooping 
and placing in container. 

9.6.15 Weigh and record under sample wet weight & container under liquid limit 
portion of test. 

9.6.16 Return the unused portion in liquid cup back to remaining sample in 
porcelain cup. 

9.6.17 Wash and dry liquid cup making sure no water or soil remains on or under 
cup and base contact with cup is clean. 

9.6.18 If soil is at water content < 30 blows pat dry with paper towel and repeat 
9.6.10 through 9.6.17. 

9.6.19 If soil is> 35 blows add distilled or deminerilized water and repeat 9.6.10 
through 9.6.17. 
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9.6.20 Repeat steps 9.6.10 through 9.6.19 not less than 3 times. (NOTE: Liquid 
limit points should be recorded between 25-35 blows, 20-30 blows & 15-25 
blows as a guide.) 

9.6.21 Take liquid limit containers place them on container tray in a row with 
plastic limit container. 

9.6.22 Put tray in oven at l 10°C ±5° and leave in oven for not less than 16hrs. 

9.6.23 Remove tray from oven after at least J 6hrs and allow to cool. 

9.6.24 Weigh and record containers under weight of dry soil & container. 

9.6.25 Calculate water content for each container to the nearest .I%. (Refer to 
calculation section.) 

9.6.26 Check plastic limit water contents to verify that they are within 2%. If not, 
repeat plastic limit. 

9 .6.27 Average the plastic limit values and record under plastic limit on raw data 
sheet to the nearest percent. 

9.6.28 Plot the relationship of water content verse number of blows on the semi log 
graph on raw data sheet. 

9.6.29 Draw the best straight line through points on graph. 

9.6.30 Take water content where line intersects 25 blows and report under liquid 
limit on Raw data sheet to the nearest percent. 

9.6.31 Subtract plastic limit from liquid limit and record under plasticity index on 
Raw data sheet. 

9. 7 Status Check on Data: 

Status is obtained from the soils laboratory testing assigument sheet as follows: 

• Test assigned is clearly designated with an X in appropriate column (Step 9.3). 
• If one quarter of X is shaded, sample has been prepared 
• If one half of X is shaded, sample has been run, 
• If three quarters of X is shaded, test has been calculated, 
• Finally if entire X is shaded in pencil, test has been Reduced and Reviewed and 

can be sent as final data. 

9.8 Data Reduction: All data upon conclusion is then hand calculated, and input on to a 
Microsoft Excel spreadsheet and furnished along with raw data to lab director or 
supervisor for data review. 
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9.9 Data Reduction: 

• Check calculation for moisture content. 
• Verify liquid and plastic limit are recorded correctly. 
• After moisture content values have been verified, cross examine Job Name, 

Sample Identification, soil classification and any other pertinent information. 

9 .10 Data Review: 

• Check at least one Plastic Limit Calculation 

• Check Liquid Limit point @ or around 25 blow 

• Check Plasticity Index Calculation 

9.11 Data Report: 

Final data is sent as follows: 

• Liquid Limit Value 
• Plastic Limit Value 
• Moisture Content if desired or applicable 
• Soil Classification 
• Identification of the sample (material) being tested, such as boring number, 

sample number & test number. 
• Summary data sheet with moisture content in Percent. 
• Percent Solids, if required. 

10. Calculations 

Mw 
10.1 W={(Mcws-Mcs)/(Mcs-Mc)} x 100= --xlOO 

Ms 

where: 

w=water content, % 

Mews= mass of container and wet specimen 

Mw= mass of water (Mw=Mcws-Mcs) 

Mes= mass of container and oven dry specimen 

Mc= mass of container 
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PL= Average of 2 or 3 determinations reported to nearest percent 

LL= W@ 25 blows determined from plot of data points on semi-log 
graph 

PI= LL-PL 

where 

LL= Liquid Limit 

PL= Plastic Limit 

PI= Plasticity Index 

l l. Calibration 

• Oven temperature is recorded daily and calibrated every four months 
(SOP SA-Draft) 

• Thermometers are calibrated quarterly, cross measuring temperature with 
thermometer of higher degree of accuracy (SOP SA-13). 

• Balances are checked daily with S class weights and kept m Log Book in lab by Scale 
(SOP SA 3.0). 

• Atterberg Limit device calibrated every 4 months SOPSA-Draft 

12. QC Limits 

Not Applicable 

13. Corrective Action Procedures 

Corrective actions are taken as follows: 

13. l. l Any suspect or questionable data during test is to be reported to Supervisor 
immediately on finding. 

13.1.2 Supervisor will review data and check any calculations for error. 

13.1.3 If there is a calculation error that is made. correction will be noted and test will 
continue. 

13. l.4 If error can not be retrieved, then Supervisor instructs technician to retrieve any 
unused portion of Sample. 
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13.1.5 When unused sample is retrieved Supervisor determines if there is 
enough material and is so instructs technician to re-run entire test. If there is not 
enough material to re-run test Supervisor relays that information to Project 
Manager or Client, at this stage it is determined whether more sample can be 
obtained to run analysis or test is canceled. 

13.1.6 Supervisor or lab technician appointed by Supervisor, must weigh and calculate 
all oven-dried samples every morning. This is a routine check of testing to 
determine any errors in recording of weights during test. 

13.1.7 When an error occurs during 13.1.6 the following measure is taken: first re­
weigh sample & container and check against recorded weight. If weight 
doesn't check then re-record new weight and re-calculate to see if new data 

correlates with all other data. If weight checks, then remove oven-dried 
material and weigh container and repeat prior step. If correction is made test can 
continue or be reduced and reviewed. If correction is not made then refer to 
13.1.5 for corrective action. 

13.1.8 Oven-dried samples are not disposed of until Supervisor has checked all data 
calculations and determines data is valid. 

13.1.9 During data review if there are any errors or questionable data Lab Director 
notifies Supervisor and Supervisor retrieves test sample. If checking test 
sample by weighing or sieving corrects error than test is reduced again and 
sent through for review. If checking test sample does not correct mistake 
then refer to 13.1.5. 

13 .1.10 Any corrections made to data sheet are done by putting a line through error 
and recording new data and initialing by individual. If more than one mistake 
is made and there is no room on data sheet to put correction, a line will be 
placed through error, a new data sheet will be stapled to original data and a 
brief explanation as to why sheet is stapled and then new data recorded on 
stapled sheet and initialed by individual. 

13 .1. 11 Any changes deviance's or unusual measures taken during recording of data 
shall have an asterisk placed next to unusual data and a brief yet detailed 
description of what data represents and why its represented in this manner 
followed by initials of individual taking these actions. 

14. Document Description and Example Forms 

See Attached. 
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15. Miscellaneous Notes 

• Samples with less cohesion may not behave in a manner that allows rolling to 118 in. 
thread for plastic limits, and may not sustain 25 blows in liquid limit cup. 

16. References 

ASTM 04318 - Standard for Liquid Limit, Plastic Limit, and Plasticity Index of Soils 

ASTM 0653 - Definitions & Terminology 

ASTM 02216 - Standard Moisture Content of Soil & Rock 

17. Confidentiality Statement 

• This SOP document has been developed and copyrighted by GZA. It is intended 
for internal (GZA) personnel and government agencies specifically, In addition, 
the document is not to be released externally for any other purpose without 
consent of GZA. 

F:\USERS\MC:vl\SopllpLdut 
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GZA GeoEnvironmental, Inc. SOP#-GTS.O 

Standard Operating Procednre for 

Laboratory Determination of Water (Moisture) Content of 

Soil and Rock 

Date: By: 219100 Reviewed by Lab Superviso~1 
fL 4 

Copy#: ~ 

Date: ;):-'7-rYO 

Revision #: / Reviewed by QA Officer: ,{IJfl= Date: ~Jffav 

1. Scope and Application 

I.I This test method covers the laboratory determination of the water (moistnre) 
content of soil, rock, and similar materials by mass. For simplicity, the 
word "material" hereinafter also refers to either soil or rock, whichever is 
most applicable. 

1 .2 The water content of a material is defined by this standard as the ratio, 
expressed as a percentage, of the mass of "pore" or "free" water in a given 
mass of material to the mass of the solid material. 

2. Method Summary 

2.1 Related Standard Operating Procednres 

2.2 A test specimen is dried in an oven to a constant mass. The loss of mass 
due to drying is considered to be water. The water content is calculated 
using the mass of water and the mass of the dry specimen. 

3. Sample Preservation, Containers, Handling, and Storage 

Preservation: 

Containers: 

Storage: 

Non-Applicable 

Jars, Glass or Plastic ( 4-32oz), Plastic Sample Bags (5 gallon), 5 gallon 
buckets 

Samples are stored in Laboratory until project is complete, data is sent, 
and no additional testing required 
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4. Interference and Potential Problems 

• Sample size is sometimes compromised due to limited amount of material to 
perform analysis. 

• Error in recording of weights during any step of this analysis. 

• Error in calculating data. 

5. Definitions 

• Water Content: The ratio of the mass of water contained in the pore spaces of 
soil or rock material, to the solid mass of particles in that material, expressed as 
a percentage. 

6. Equipment and Apparatus 

• Drying Oven - thermostatically-controlled, preferably of the forced-draft type, 
capable of maintaining a uniform temperature of 110 ± 5°C throughout the 
drying chamber. 

• Balances - All balances must meet the requirements of Specification D 4753 
and this Section. A Class GP! balance of O.Olg readability is required for 
specimens having a mass of up too 200g (excluding mass of specimen 
container) and a Class GP2 balance of O.lg readability is required for specimens 
having a mass over 200g. 

• Specimen Containers - Suitable containers made of material resistant to 
corrosion and change in mass upon repeated heating, cooling, exposure to 
materials of varying pH, and cleaning. One container is needed for each water 
content determination. 

• Container Handling Apparatus - gloves, tongs, or suitable holder for moving 
and handling hot containers after drying. 

• Miscellaneous - knives, spatulas, scoops, quartering cloth, sample splitters, etc. 
as required. 

7. Reagents 

Non-Applicable 
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8. Health and Safety Issues 

Safety glasses, Long pants, socks, gloves and lab coats must be worn when 
handling samples with known contaminants. 

The Laboratory Manager ensures that health and safety procedures are discussed 
with each new employee by the H&S representative prior to beginning work in 
the laboratory. 

The chemical hygiene plan and the Hazardous Materials Handling and Disposal 
SOP should be reviewed by each employee. Copies of both plans are kept in the 
laboratory. 

Use caution when dealing with any heated oven zones. Wear heat protection gloves. 

9. Procedures 

9.1 Login: 

Samples are logged in as follows: 

• Each sample is given a unique laboratory identification number. 
• This number must be sequential beginning with number one. 
• In the case of ongoing project refer to next Lab No. in numerical sequence. 
• Last Lab No. can be found in log book in laboratory. 
• This log must be updated each time a new sample is logged in. 

9.2 Identify Sample for Testing: Check soils laboratory testing assignment sheet. 

9.3 Water Content: is assigned if Xis marked under water content%. 

9.4 Sample Preparation: 

• Take entire sample and mix with hands and or spatula, until mixed thoroughly. 
• Take container and record weight under container weight. 
• Take a representative portion of sample (not Jess than 20 g) and place m 

container. 
• Place container and soil on balance and record weight under Wet Sample & 

Container 
• Put this sample in Oven and let dry for not less than !6hrs at l l0°C ±5°. 
• Remove sample after l 6hrs or longer allow to cool. 
• Place container on balance and record weight under Dry Sample & Container. 
• Calculate moisture content in Percent. (Refer to Section I OJ 

9 .5 Status Check on Data: 

Status is obtained from the soils laboratory testing assignment sheet as follows: 

• Test assigned is clearly designated with an X in appropriate column (Step 9.3). 
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• If one quarter of X is shaded, sample has been prepared 
• If one half of X is shaded, sample has been run, 
• If three quarters of X is shaded, test has been calculated, 
• Finally if entire X is shaded in pencil, test has been Reduced and Reviewed and 

can be sent as final data. 

9 .6 Data Reduction: All data upon conclusion is then hand calculated, and input on to a 
Microsoft Excel spreadsheet and furnished along with raw data to lab director or 
supervisor for data review. 

9.7 Data Review: 

Data Review is done as follows: 

• Check calculation for moisture content. 
• After moisture content values have been verified, cross examine Job Name, 

Sample Identification, soil classification and any other pertinent information. 

9.8 Data Report: 

Final data is sent as follows: 

• Identification of the sample (material) being tested, such as boring number, 
sample number & test number. 

• Summary data sheet with moisture content in Percent. 
• Percent Solids, if required. 

10. Calculations 

Mw 
10.1 W={(Mcws-Mcs)/ (Mes-Mc)} x 100 = --xJOO 

Ms 

where: 

w:::water content, o/c 

Mews= mass of container and wet specimen 

Mw= mass of water (Mw=Mcws-Mcs) 

Mes= mass of container and oven dry specimen 

Mc= mass of container 
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10.2 Verification of calculations 

• Calculations are verified via cross reference of hand calculation versus computer 
generated results. 

11. Calibration 

• Oven temperature is recorded daily and calibrated every four months 
(SOP SA-Draft) 

• Balances are checked daily with S class weights and kept in Log Book in lab by Scale 
(SOP SA 3.0). 

12. QC Limits 

Non-Applicable 

13. Corrective Action Procedures 

Corrective actions are taken as follows: 

13.1.1 Any suspect or questionable data during test is to be reported to Supervisor 
immediately on finding. 

13.1.2 Supervisor will review data and check any calculations for error. 

13.1.3 If there is a calculation error that is made. correction will be noted and test will 
continue. 

13.1.4 If error can not be retrieved, then Supervisor instructs technician to retrieve any 
unused portion of Sample. 

13.1.5 When unused sample is retrieved Supervisor determines if there is 
enough material and is so instructs technician to re-run entire test. If there is not 
enough material to re-run test Supervisor relays that information to Project 
Manager or Client, at this stage it is determined whether more sample can be 
obtained to run analysis or test is canceled. 

13.1.6 Supervisor or lab technician appointed by Supervisor, must weigh and calculate 
all oven-dried samples every morning. This is a routine check of testing to 
determine any errors in recording of weights during test. 

13.1.7 When an error occurs during 13.1.6 the following measure is taken: first re­
weigh sample & container and check against recorded weight. If weight 
doesn't check then re-record new weight and re-calculate to see if new data 

correlates with all other data. If weight checks, then remove oven-dried 
material and weigh container and repeat prior step. If correction is made test can 
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continue or be reduced and reviewed. If correction is not made then refer to 
13.1.5 for corrective action. 

13.1.8 Oven-dried samples are not disposed of until Supervisor has checked all data 
calculations and determines data is valid. 

13.1.9 During data review if there are any errors or questionable data Lab Director 
notifies Supervisor and Supervisor retrieves test sample. If checking test 

sample by weighing or sieving corrects error than test is reduced again and 
sent through for review. If checking test sample does not correct mistake 
then refer to 13.1.5. 

13.1.10 Any corrections made to data sheet are done by putting a line through error 
and recording new data and initialing by individual. If more than one mistake 
is made and there is no room on data sheet to put correction, a line will be 
placed through error, a new data sheet will be stapled to original data and a 
brief explanation as to why sheet is stapled and then new data recorded on 
stapled sheet and initialed by individual. 

13.1.11 Any changes deviance's or unusual measures taken during recording of data 
shall have an asterisk placed next to unusual data and a brief yet detailed 
description of what data represents and why its represented in this manner 
followed by initials of individual taking these actions. 

14. Document Description and Example Forms 

14.1 See attached forms 

15. Miscellaneous Notes 

None 

16. References 

ASTM 02216: Laboratory Determination of Water (Moisture) Content of Soil and Rock 

17. Confidentiality Statement 

• This SOP document has been developed and copyrighted by GZA. It is intended 
for internal (GZA) personnel and government agencies specifically. In addition, 
the document is not to be released externally for any other purpose without 
consent of GZA. 

\\(-;ZAl\rIALAB\LAB\USERS\MCM\Sopwc.doc 
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STANDARD OPERATING PROCEDURE 
DETERMINATION OF DRY WEIGHT OF SOLID SAMPLES 
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SOP#: GT-2.0 

Copy# ?-

Date: 8/24/99 By: MCM 
Revision # O Date: 8/99 

Reviewed by Lab Superviso~ Date:;;-"!~OD 
Reviewed by Lab Manager:~ Date: C2.ff/tYt1 

1.0 Scope and Application 

Solid samples received at a natural moisture content must be oven-dried to determine the actual 
percentage of solid material. This percentage is reported as a descriptive characteristic of the 
sample and is used as a determination of a soil constant. 

2.0 Method Summary 

Between 10-50 grams of the solid material is weighed out into an aluminum weighing dish and is 
oven-dried for at least 16 hours at 11 O degrees C ( +/- 5 °C). 

See SOP # SA - 3.0 for information about the calibration and accuracy checks for the balance. 
(refer to calibration information affixed to the balance for last date of factory recalibration). 

3.0 Sample Preservation, Containers, Handling, and Storage 

Sample Preservation: Soil samples are not chemically preserved. 

Containers: Soil samples are received in glass containers, plastic bags, shelby tubes, etc. 

Handling: The soil samples should be handled with care. This includes wearing glasses, gloves 
and lab coats. 

Storage: Samples are stored prior to analysis in their original containers in the Geo Tech laboratory. 

4.0 Interference and Potential Problems 

Samples that are not handled properly may spill during transfer to the drying oven or while in the 
oven when moved by other analysts. 

Use the top shelf of the oven to minimize contanmination caused by '1allout" from other 
samples or analyses being performed in the same oven. 

© GZA GEOENVIRONMENTAL. INC. 



5.0 Definitions 

Dry weight: The weight of the solid sample after drying for 18 hours at 110 C. 

Wet weight: The weight of the solid sample as received. 
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Percent Solid: The weight of the solid sample after drying for 18 hours at 11 O C divided by the 
weight of the sample as received multiplied by 100 to convert to percent value. 

6.0 Equipment/Apparatus 

Aluminum Weighing Dish 

Top Loading Balance: Mettler PM600, Mettler PM2000. 

7 .0 Reagents 

Not applicable 

8.0 Health and Safety 

Safety glasses are to be worn in the laboratory at all times. Long pants and socks, gloves and lab coats 
must be worn when handling samples and extracts and when working in the laboratory. 

The Laboratory Manager ensures that health and safety procedures are discussed with each new 
employee by the H&S representative prior to beginning work in the laboratory. 

All samples are to be treated as though they are hazardous. 

The chemical hygiene plan and the Hazardous Materials Handling and Disposal SOP should be 
reviewed by each employee. Copies of both plans are kept in the laboratory. 

Use caution when dealing with any heated oven zones. Wear heat protection gloves. 

9.0 Procedures 

9.1 Weighing out the samples 

• Measure the tare weight (-1.00g) of an aluminum weighing dish (Fisher Brand, catalogue # 
08-732) size 57mm on the balance. Record the value on the % solid summary sheet. 

• Cross reference the weighing dish number with the sample on the summary sheet. 

• Mix the sample well. 

Note: It is vety important that the sample is mixed well to ensure a representative aliquot is 
taken. 

• Using a spatula weigh out between 10-50 grams of the homogenized sample and record this 
weight on the Summary Sheet. Once recorded, remove the dish from the balance and place 
upon a metal tray. If necessary, place another dish on the balance and continue weighing 
samples. 

© GZA GEOENVIRONMENTAL, INC. 
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Note: It is vel}' important that the spatula be rinsed in a jar of DI water between each 
sample to eliminate cross contamination. 

• Once all dry weight samples have been weighed, place the metal tray in the oven. 

All laboratol}' samples should be placed on the top shelf of the oven. The samples must 
remain in the oven for at feast sixteen hours. 

• Record the temperature of the oven on the log sheet. A new sheet is to be used every month. 

This oven (Shel-Lab Model# 1280236) is set to 110 degrees C +/- 5 degrees C. If the 
oven is not within these limits, fill out a corrective action form, and notify your Laboratol}' 
Supervisor. 

9.2 Weighing the dried samples 

• At the end of the drying period, take the samples to the organic laboratory and let them cool for 
5 minutes, but not more than fifteen minutes, before weighing. 

• Place each sample on the balance and record the weight on the Summary Sheet 

9.3 Calculating the percent solid 

• Calculate the percent solid content using the formula below and record. 

• Submit the completed Summary Sheet to the lab supervisor for review. 

10.0 Calculations 

Percent Solid = (B/A)'100 

B =weight of dried soil (16 hours at 110C) 

A =weight of wet soil (as received) 

11.0 Data Validation 

Summary Sheets with dry weight information are given to the supervisor for review 

The Finalized Summary sheet with the raw data is placed into the '1o-be-filed" bin and filed under 
the GTEL Project Number. 

12.0 QC Limits 

Not Applicable 

13.0 Corrective Action Procedures 

If there is not enough soil to perform a% solid test, see the Lab Supervisor 

If there are any recurring issues, fill out a corrective action form to ensure action is taken. 
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If there is no room in the oven or the temperature is not correct, inform your laboratory supervisor. 

If the percent solid results is greater than 100%, the test must be performed again. 

14.0 Documentation Description and Example Forms 

% Solid Summary Sheet: A sample of the GTEL summary sheet is attached .. 

15.0 Miscellaneous Notes 

Associated SOPs: 

SOP # SA-3.0: Calibration and Accuracy of Balances 

16.0 References 

ASTM D 2216 Standard Test Method for the Determination of Water (Moisture) Content of Soil and 
Rock," Annual Book of ASTM Standards, Vol 04.08 Construction. 
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SOP GT-1.0 

Copy# ;:J 

Date: ¢/<t/tm 

Date: ·~/~/ ;zl 

This test method covers the quantitative determination of the distribution of particle 
size in soils. Soils larger than the 75um (#200 sieve) which consist of sand and 
gravel sizes are determined by the sieving, and the particle sizes smaller than 75um 
( #200 sieve) are determined by a sedimentation process using the hydrometer. 

2. Method Summary 

2.1 Method Overview 

During sample preparation ASTM Test method 0421-85 is used as a guide for 
dry preparation of samples. Remove soil samples from sample containers, spread 
out on plastic sheeting, labeled and a small representative portion is removed for 
percent solids. Samples then air dry with the aid of fans, for a period of not less 
than J 6hrs. After drying samples are then gravel sieved to remove all particles 
greater than 4.75um (#4 sieve). A representative portion of - #4 sieve is taken 
and used for the hydrometer portion of test. In addition another portion of - #4 
sieve is used to determine the hygroscopic moisture. Hydrometer readings are 
recorded in the conventional manner (typically 7-10 readings over 22-26 hr. time 
interval along with several temperature readings). After completion of 
hydrometer analysis sample is washed through #200 sieve and all retained 
material is put in oven to dry for sieve analysis of sand sized particles. This data 
will be used to determine the calculated percent finer for all sieve and 
hydrometer readings. Particle sizes ranging from coarse gravel (>I 9.0mm) to 
clay sized particles ( <2micron). Calculations are predicated on hygroscopic 
moisture, percent solids and assumed specific gravity (Gs for hydrometer portion 
only). 

2.2 Related Standard Operating Procedures 

• GT-2.0 Percent Solids SOP 

• SA-3.0 Balance Calibration 
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3. Sample Preservation, Containers, Handling, and Storage 

Preservation: Non-Applicable 

SOP#GT-1.0 
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Containers: Jars, Glass or Plastic (4-32oz), Plastic Sample Bags (5 gallon), 5 gallon 
buckets 

Storage: Samples are stored in Laboratory until project is complete, data is sent, 
and no additional testing required 

4. Interference and Potential Problems: 

• Sample size is sometimes compromised due to limited amount of material to 
perform analysis. 

• Organic matter can float causing inaccurate Hydrometer readings. 

• IOOOml Cylinders can crack (glass) during hydrometer portion of test. 

• Error in recording of weights during any step of this analysis. 

• Error in calculating data. 

5. Definitions 

• Gradation · The proportions by mass of soul or fragmented rock distributed in 
specified particle-size ranges. 

• Grain Size Analysis· The process of determining grain-size distribution. 

• Gravel · Rounded or semi-rounded particles of rock that will pass a 3 m. 
(76.2 mm) and be retained on a No. 4 (4.75µm) U.S. standard sieve. 

• Sand - Particles of rock that will pass the No. 4 (4.75µm) U.S. standard sieve. 

• Silt . Material passing the no. 200 (75 µm) U.S. standard sieve that is non­
plastic or very slightly plastic and that exhibits little or no strength when air­

dried. 

• Clay - Fine-grained soil or the fine grained portion of soil that can be made to 
exhibit plasticity (putty-like properties) within a range of water contents, and 
that exhibits considerable strength when air-dry. The term has been used to 
designate the percentage finer than 0.002mm. 

• Organic - Soil with a high organic content. (In general, organic soils are very 
compressible and have poor load sustaining properties. 

6. Equipment and Apparatus 

• Electric fans (for Sample drying) 

• 5 gallon carboys & Squirt bottles (for DI or Demineralized Water) 
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• Balance sensitive to 0.01 grams. 

• Mixer and dispersion cup 

• lOOOml Cylinder for hydrometer analysis 

• Thermometer accurate to 1.0 F 

• Oven with temperature range of 110± 5°C. 

• Sieves (2in,lin,3/4in,l/2in,#4,#I0,#20,#40,#60,#100&#200 mesh) 

• Hydrometer bulb (ASTM soil test hydrometer 151H) 

• Clock with capability to read to seconds 

• Spatulas and soil pans for mixing and sieving of soil 

• Sieve Shaker for thorough sieving of sand sized particles 

• Stirring rod for agitation of sample in hydrometer analysis 

7. Reagents: 

• Sodium Metaphosphate as dispersing agent, 
• distilled and/or demineralized water, 
• alconox and dish soaps as cleaning agents for apparatus 

8. Health and Safety Issues 

SOP#GT-LO 
Rev. # Q_ 8/99 

Page 3 of 10 

Safety glasses, Long pants, socks, gloves and lab coats must be worn when handling 
samples with known conta1ninants. 

The Laboratory Manager ensures that health and safety procedures are discussed 
with each new employee by the H&S representative prior to beginning work in the 
laboratory. 

The chemical hygiene plan and the Hazardous Materials Handling and Disposal SOP 
should be reviewed by each employee. Copies of both plans are kept in the 
laboratory. 

Use caution when dealing with any heated oven zones. Wear heat protection gloves. 

Copyright© 1999 GZA GeoEnvironrnental 



9. Procedures 

9.1 Login: 

Samples are logged in as follows: 

• Each sample is given a unique laboratory identification number. 
• This number must be sequential beginning with number one. 

SOP# GT-1.0 
Rev. # 0, 8199 

Page 4 of 10 

• In the case of ongoing project refer to next Lab No. in numerical sequence. 
• Last Lab No. can be found in log book in laboratory. 
• This log must be updated each time a new sample is logged in. 

9.2 Identify Sample for Testing: 
Check soils laboratory testing assignment sheet. 

9.3 Sieve or Sieve Hydrometer: is assigned if an X is marked under Sieve-200% (for 
sieve) or Sieve-200% and Hyd-2m% for Sieve Hydrometer. 

9.4 Sample Wet Preparation: 

• Take entire sample record weight under "total sample wet weight" 
• Sieve sample through a nest of gravel sieves (3in,2in, lin,3/4in, l/2in, #4sieve). 
• Record cumulative weight retained on each sieve. 
• Take a representative portion of -#4 sieve (approximately 250-500 grams) and 

place in a pre weighed pan and record weight (wet weight of soil & container) 
• Oven-dry for hygroscopic moisture. 

9 .5 Hydrometer Test: 

• Take approximately 50gms (Clay) to IOOgms (Sandy) of -#4sieve material and 
combine in a 250mls container with 125 mis of 4% dispersing agent 
(Metaphosphate). 

• Allow this solution to soak for not less than 16hrs. 
• After soaking period is complete decant solution into stir cup using distilled water 

in squirt bottle , place cup into stirrer and allow to stir for at least one minute. 
• Take squirt bottle with DI water and decant into a 1000, cylinder and fill 

remainder of cylinder with DI until I 000 mis is in cylinder. 
• Agitate with stirring rod for one minute in an up-down and stirring fashion to get 

all material into suspension. 
• After agitation, start clock, take hydrometer bulb and start to record settlement 

versus time specified on raw data sheet (1,2,4,8, 16,32,64, 120, ... aprox.1400 
minutes). 

• During this phase of tests also record as many temperature readings as feasible 
coinciding with settlement readings. 

• After final hydrometer reading is recorded re-agitate sample and wash through a 
200 sieve. 

• Take all retained material and place in a pan , put pan in oven to dry. 
• After drying has occurred sieve through sand sized sieves and record weight in 

same 1nanner as wash sieve. 
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9 .6 Wash Sieve: 
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• Remove sample from oven, record weight (Dry weight of soil & container) 
• Wash through a 200 sieve to remove any fine (Silt or Clay) fraction, 
• Return to oven and allow to dry not less than 2 hours 
• Take out of oven and pour sample into tared pan and record weight (pre-sieve 

weight). 
• Take sample and pour into top of stacked sand sieves (#10,#20,#40,#60,100,#200) 

put into sieve shaker 
• Shake for two minutes. 
• Record cumulative weight of material passing #200 to sample and record weight 

(post sieve). 
• Check pre-sieve weight divided by post sieve weight (must be within 5%) to 

insure proper recovery of soil is recorded. 
• Using information contained from hygroscopic moisture calculate total sample 

dry weight, split sample dry weight, and percent finer by weight 

9.7 Status Check on Data: 

Status is obtained from the soils laboratory testing assignment sheet as follows: 

• Test assigned is clearly designated with an X in appropriate column (Step 9.3). 
• If one quarter of X is shaded, sample has been prepared 
• If one half of X is shaded, sample has been run, 
• If three quarters of X is shaded, test has been calculated, 
• Finally if entire X is shaded in pencil, test has been Reduced and Reviewed and 

can be sent as final data. 

9.8 Data Reduction: All data upon conclusion of test is then inputed into computer 
program (written aud verified by GZA personnel) and computer generated plots are to be furnished 
along with raw data to lab director or supervisor for data review. 

9.9 Data Review: 

Data Review is done as follows: 

• Check calculation for hygroscopic moisture. 
• Check calculation for total sample dry weight. 
• Check calculation for split sample dry weight. 
• Check calculation for dry weight of soil in cylinder. 
• Check Gs (specific gravity). 
• Check at least one but not limited to one Hydrometer reading. 
• After 5.6. J through 5.6.6 have been verified, cross examine Job Name, sample 

Identification, soil classification aud any other pertinent information on computer 
plots versus login identification to insure final data is furnished correctly. 
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9.10 Data Report: 

Final data is sent as follows: 

• Plotted results of% finer versus grain diameter (mm) 

• Tabulated results, if required 

• % Solids, if required 

• Summary data sheet, if required 

SOP#GT-l.O 
Rev_ # 0. 8/99 
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10. Calculations - Calculations for percent solids, hygroscopic moisture, total sample dry weight, 
split sample dry weight, particle size retained and finer by weight (both sieve and hydrometer 
portion) and dry weight of soil in suspension. 

10.1 Formula 

10.1.l Percent Solids (PS): 

PS= (Dry weight of soil & pan-pan weight)/(wet weight of soil & pan­
pan weight) x 100. 

10.1.2 Hygroscopic moisture (HM): 

HM= (Wet weight of soil & pan - Dry weight of soil & pan)/ (Dry 
weight of soil & pan-pan weight) x 100 

10.1.3 Total Sample Dry Weight (TSDW): 

TSDW= (Total sample wet weight - weight retained on #4 sieve)/ 

1 + ( 7:) (Weight retained on # 4 sieve) 

10.1.4 Split Sample Dry Weight (Sieve Analysis Only) (SSDW): 

SSDW =(Dry weight of soil & pan-pan weight) 

10.1.4.1 Split Sample Dry Weight (Sieve & Hydrometer) (SSDW): 

SSDW= (Weight of wet soil in hydrometer)/ (I +HM) 

10.1.5 Dry Weight of Soil in Suspension (DWSS): 

DWSS= (SSDW - weight of soil retained on #200 sieve) 

10.1.6 Total Weight of Gravel Retained in Percent (TWGR): 

TWGR= (weight of gravel retained on sieve)/(TSDW) x 100 
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10.1.7 Total Weight of Gravel Finer in Percent (TWGF): 

(
TWGR) TWGF= I- x 100 

100 

SOP#GT-1.0 
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I 0.1.8 Split (sand portion)Sample Weight Retained in Percent (SSWR): 

(weight retained on sieve) 
SSWR= ~ SSDW x 100 

10.1.9 Split (sand portion) Sample Weight Finer in Percent (SSWF): 

(
SSWR) 

SSWF= I - lOO x 100 

10.1.10 Total Sample Sand & Gravel Finer by Weight in Percent (TSSGFW): 

(
SSWF) TSSGFW= x TWGF 

100 

I0.1.11 Hydrometer Weight Retained in Percent (HWR): 

GS 
HWR= [ ( I - GS ) x 100 + DWSS ) x (Hydrometer Reading -

Control Reading) 

(Note: Control Reading= 4% Dispersing Agent in 1000 mis Distilled 
Water) 

10.1.12 Entire Sample Weight Finer in Percent (ESWF): 

ESWF= ( TSSGFW ) x HWR 
JOO 

JO.I 13 Diameter Size of Fine Particles (silt or clay) (DSFP): 

DSFP= K .J LIT where K= constant depending on the 
temperature of the suspension 
and specific gravity of the soil 
particles. 

T = time in minutes. 
L= distance from the surface of the 

suspension to the level at which the 
density of the suspension is being 
measured, cm. This distance is 
known as effective depth. 
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10.2 Verification of calculations 
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• Calculations are verified via cross refereuce of hand calculation versus 
computer generated results. 

11. Calibration 

• Oven temperature is recorded daily and calibrated every four months 
(SOP SA-Draft) 

• Thermometers are calibrated quarterly, cross measuring temperature with 
thermometer of higher degree of accuracy (SOP SA-13). 

• Balances are checked daily with S class weights and kept m Log Book in lab by Scale 
(SOP SA 3.0). 

• Sieves are calibrated bi-annually (SOP SA-Draft) 

• Hydrometers are calibrated annually (SOP SA-Draft) 

12. QC Limits 

Non-Applicable 

13. Corrective Action Procedures 

Corrective actions are taken as follows: 

13.1. ! Any suspect or questionable data during test is to be reported to Supervisor 
immediately on finding. 

13.1.2 Supervisor will review data and check any calculations for error. 

13. l .3 If there is a calculation error that is made, correction will be noted and test will 
continue. 

13. l.4 If there is a procedural error whether it be in Sieving, Menisus Correction 
or Recording of invalid weight, Supervisor will re-trace procedural steps of 
sample in question. If error is recovered and corrected test will continue. 

13. l.5 If error can not be retrieved, then Supervisor instructs technician to ret1ieve any 
unused portion of Sample. 

13. l.6 When unused sample is retrieved Supervisor determines if there is 
enough material and is so instructs technician to re-run entire test. If there is not 
enough material to re-run test Supervisor relays that information to Project 
Manager or Client, at this stage it is determined whether more sample can be 
obtained to run analysis or test is canceled. 
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13.1.7 Supervisor or lab technician appointed by Supervisor, must weigh and calculate 

all oven-dried samples every morning. This is a routine check of testing to 
determine any errors in recording of weights during test. 

13.1.8 When an error occurs during 13.1.7 the following measure is taken: first re­
weigh sample & container and check against recorded weight. If weight 
doesn't check then re-record new weight and re-calculate to see if new data 

correlates with all other data. If weight checks, then remove oven-dried material 
and weigh container and repeat prior step. If correction is made test can 
continue or be reduced and reviewed. If correction is not made then refer to 
13.1.6 for corrective action. 

13 .1.9 Oven-dried samples are not disposed of until Supervisor has checked all data 
calculations and determines data is valid. 

13.1. l 0 During data review if there are any errors or questionable data Lab Director 
notifies Supervisor and Supervisor retrieves test sample. If checking test 

sample by weighing or sieving corrects error than test is reduced again and 
sent through for review. If checking test sample does not correct mistake 
then refer to 13.1.6. 

13.1. l l Any corrections made to data sheet are done by putting a line through error 
and recording new data and initialing by individual. If more than one mistake 
is made and there is no room on data sheet to pnt correction, a line will be 
placed through error, a new data sheet will be stapled to original data and a 
brief explanation as to why sheet is stapled and then new data recorded on 
stapled sheet and initialed by individual. 

13.1.12 Any changes deviance's or unusual measures taken during recording of data 
shall have an asterisk placed next to unusual data and a brief yet detailed 
description of what data represents and why its represented in this manner 
followed by initials of individual taking these actions. 

14. Document Description and Example Forms 

14.1 See attached Forms 

15. Miscellaneous Notes 

15.1 Hydrometer portion of analysis is performed on #4 Sieve 

15.2 Stirring rod (Army Corps Manual Appendix V Figure 7 page V-16) was used to 
agitate soil in cylinder during hydrometer analysis. 
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16. References 

SOP#GT-1.0 
Rev.# 0, 8/99 

Page 10 of 10 

16. l ASTM D42 I - Dry Preparation of Soil Samples for Particle Size Analysis and 
Determination of Soil Constants 

16.2 ASTM D422 - Particle Size Analysis of Soils 

16.3 Army Corps Manual EM! 110 Appendix V - Combined Analysis 

16.4 AASHTO-Rl8 - Establishing and Implementing A Quality System for 
Construction and Materials Testing Laboratory 

17. Confidentiality Statement 

• This SOP document has been developed and copyrighted by GZA. It is intended 
for internal (GZA) personnel and government agencies specifically. In addition, 
the document is not to be released externally for any other purpose without 
consent of GZA. 
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GZA GeoEnvironmental, Inc. SOP#GT3.0 

Standard Operating Procedure for 

Total Unit Weight (Bulk Density) 
I 

Copy#: ".2 i 
I 

Reviewed by Lab Supervisor:2'Jtur/ Date: d -'7-0() I 

Reviewed by QA Officer: J(//(J= Date: 2/f jv I 
Date: By: 2-8-00 

Revision#: / 

1. Scope and Application 

1.1 This test method covers the determination of total unit weight of samples in 
containers that are uniform in dimensions 

1.2 This test method provides the total unit weight of soil/rock per volume. 

2. Method Summary 

2.1 Related Standard Operating Procedures-None 

3. Sample Preservation, Containers, Handling, and Storage 

Preservation: 

Containers: 

Storage: 

Non-Applicable 

Cylindrical molds graduated cylinders and shelby tubes. 

Samples are stored in Laboratory until project is complete, data is sent, 
and no additional testing required 

4. Interference and Potential Problems-Loss of sample during weighing and measuring 
dimensions. 

5. Definitions 

• Bulk Density-The total mass (solids plus water) per total volume. 

6. Equipment and Apparatus 

• Sample Extruder - capable of extruding the soil core from the sampling tube in the 
same direction of travel in which the sample entered the tube, at a uniform rate, 
and with negligible disturbance of the sample. Conditions at the time of sample 
removal may dictate the direction of removal, but the principal concern is to keep 
the degree of disturbance negligible. 
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• Balance - The balance used to weigh specimens shall determine the mass of the 
specimen to within 0.1 % of its total mass. 

• Miscellaneous equipment measuring tape or calipers to record accurate 
dimensions of sample and or molds. Also pipe cutter able to cut shelby tube to 
approximate length of sample. 

7. Reagents 

Non-Applicable 

8. Health and Safety Issues 

Safety glasses, Long pants, socks, gloves and lab coats must be worn when 
handling samples with known contaminants. 

The Laboratory Manager ensures that health and safety procedures are discussed 
with each new employee by the H&S representative prior to beginning work in 
the laboratory. 

The chemical hygiene plan and the Hazardous Materials Handling and Disposal 
SOP should be reviewed by each employee. Copies of both plans are kept in the 
1 aboratory. 

Use caution when dealing with any heated oven zones. Wear heat protection gloves. 

9. Procedures 

9.1 Procedures 

Login: 

Samples are logged in as follows: 

• Each sample is given a unique laboratory identification number. 
• This number must be sequential beginning with number one. 
• In the case of ongoing project refer to next Lab No. in numerical sequence. 
• Last Lab No. can be found in log book in laboratory. 
• This log must be updated each time a new sample is logged in. 

9.2 Identify Sample for Testing: Check soils laboratory testing assignment 

9.3 Total Unit Weight: is assigned if X is marked under total unit wt.(pcf) 

9.4 Undisturbed Specimen Sample Setup: 

9.4.1 Take undisturbed Specimen, place in vice and remove plastic and determine where 
top of sample is (this is done by using a tape measure and placing in tube until 
resistance occurs from the wax cap sealing the sample. 
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9 .4.2 Mark outside of tube with marker as to where wax is in relationship to the top of 
tube. 

9.4.3 With pipe cutter remove top portion of tube then pull wax plug out and visually 
determine where top of sample begins. 

9 .4.4 Remove wax plug from bottom of tube and again determine where bottom of sample 
ends. 

9 .4.5 With marker again mark outside of tube where the top of sample begins and the 
bottom of sample ends. 

9 .4.6 Take calipers or measuring tape record length to the nearest .00 l" under Initial 
Length (L0 ) 

9.4.7 Again with calipers, record diameter of the inner wall of shelby tube then nearest 
.001 under Initial Diameter (D0 ). 

9.4.8 Calculate Volume and record under V, on Raw data sheet. (Refer to calculation 
section for formula.) 

9.4.9 Weigh Sample and container on scale and record under sample & container wt. 

9.4.10 Extrude sample from shelby tube and re-weigh tube and record under weight of 
tube. 

9.4.11 Subtract value recorded m 9.4.10 from value in 9.4.9 and record under total 
sample weight . 

9.4.12 Calculate total unit weight in pounds per cubic foot and record under total unit 
weight. (Refer to calculation section for formula.) 

9.5 Status Check on Data: 

Status is obtained from the soils laboratory testing assignment sheet as follows: 

• Test assigned is clearly designated with an X in appropriate column (Step 9.3). 
• If one quarter of X is shaded, sample has been prepared 
• If one half of Xis shaded, sample has been run, 
• If three quarters of X is shaded, test has been calculated, 
• Finally if entire X is shaded in pencil, test has been Reduced and Reviewed and 

can be sent as final data. 
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9.6 Data Reduction: All data upon conclusion of test is then inputed into computer 
spreadsheet and computer generated summary sheets are to be furnished along with raw data to lab 
director or supervisor for data review. 

9 .9 Data Review: 

Data Review is done as follows: 

• Check calculation for total sample weight. 
• Check calculation for volume of sample. 
• Check calculation for Total Unit weight. 

• After Data Review completed, cross examine Job Name, sample 
Identification, soil classification and any other pertinent information on computer 
plots versus login identification to insure final data is furnished correctly. 

IO. Calculations-, Volume, Total Unit Weight, 

10.1.1 Volume 

[
ITD' ] V(ft3)= -

4
-(Lo) +1728 

TI= 3.14 

D =Diameter 

1728 - Conversion of in3 to ft3 (i.e. l 2x l 2xl2) 

L0 = Initial Length 

10.1.2 Total Unit Weight (Bulk Density) 

[
WT of Wet Sample] 

Total Unit WT (pcf) V + 453.59 gms 

Where V = Volume in ft3 

( 
lib. ) 

453.59 =conversion of gms to pounds 
5 5 4 3. 9gms 
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11. Calibration 

• Balances are checked daily with S class weights and kept in Log Book in lab by Scale 
(SOP SA 3.0). 

12. QC Limits 

Non-Applicable 

13. Corrective Action Procedures 

Corrective actions are taken as follows: 

13.1.1 Any suspect or questionable data during test is to be reported to Supervisor 
immediately on finding. 

13.1.2 Supervisor will review data and check any calculations for error. 

13.1.3 If there is a calculation error that is made. correction will be noted and test will 
continue. 

13 .1.4 If error can not be retrieved, then Supervisor instructs technician to retrieve any 
unused portion of Sample. 

13 .1.5 When unused sample is retrieved Supervisor determines if there is 
enough material and is so instructs technician to re-run entire test. If there is not 
enough material to re-run test Supervisor relays that information to Project 
Manager or Client, at this stage it is determined whether more sample can be 
obtained to run analysis or test is canceled. 

13.1.6 During data review if there are any errors or questionable data Lab Director 
notifies Supervisor and Supervisor retrieves test sample. If checking test 
sample by weighing corrects error than test is reduced again and 
sent through for review. If checking test sample does not correct mistake 
then refer to 13.1.5. 

13.1.7 Any corrections made to data sheet are done by putting a line through error 
and recording new data and initialing by individual. If more than one mistake 
is made and there is no room on data sheet to put correction, a line will be 
placed through error, a new data sheet will be stapled to original data and a 
brief explanation as to why sheet is stapled and then new data recorded on 
stapled sheet and initialed by individual. 
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13.1.8 Any changes deviance's or unusual measures taken during recording of data 
shall have an asterisk placed next to unusual data and a brief yet detailed 
description of what data represents and why its represented in this manner 
followed by initials of individual taking these actions. 

14. Document Description and Example Forms 

14.l See attached forms 

15. Miscellaneous Notes 

None 

16. References 

ASTM Dl587 -Thin Walled Tube Geotechnical Sampling of Soils 

Confidentiality Statement 
• This SOP document has been developed and copyrighted by GZA. It is intended 

for internal (GZA) personnel and government agencies specifically. In addition, 
the document is not to be released externally for any other purpose without 
consent of GZA. 
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p!J210 DATING DIGESTION AND ANALYSIS 
· SOP MSL-M-6 

1.0 SCOPE AND APPLICATION 

1.1 This method is applicable to the preparation of sediment samples and the analysis of 
those samples for Pb210 concentrations. 

2.0 SUMMARY OF METHOD 

2.1 Samples are acid-digested, filtered, and the filtrate evaporated to remove any 
remaining acid. A plating solution is added to the evaporated filtrate which is 
spontaneously plated onto silver discs and counted using a Si(Li) alpha particle 
spectrometer. A Po208 spike is used to correct for plating and counting efficiency. 

3.0 SAMPLE COLLECTION, PRESERVATION AND HANDLING 

3.1 Frozen or dried sediment samples are stored in acid-cleaned plastic jars. 

4.0 DEFINITIONS 

4.1 Plating- the process of creating a smooth, flat piece of any material, thin or of uniform 
thickness. 

5.0 INTERFERENCES 

5.1 Organic material which is not completely removed during the digestion step can 
interfere with the plating process. 

5.2 Nitric acid must be removed from the sample filtrate to assure adequate plating of 
Po208 on the silver disk. 

6.0 RESPONSIBLE STAFF 

6.1 Researcher/Technician. 

7.0 APPARATUS AND REAGENTS 

7.1 Analytical balance capable of accurate weighing to 0.01 g ± 3%. 

7.2 Graduated cylinder, 25 ml and 250 ml. 

7.3 Assorted automatic pipettes. 

7.4 Hot plate. 

7.5 Fleakers (brand name of a combination flask-beaker), 250 ml. 

7.6 Filtration apparatus - fleakers, 500 ml, funnels, Whatman filters #41. 

7.7 Silver disks. 

7.8 Hydrochloric acid, concentrated (instra-pure for trace metals analysis). 

.; 



8.14 Place each disc in a plastic bag. The data sheet should accompany the digested 
samples from this point. The samples are now ready for analysis. 

9.0 ANALYSIS 

9.1 Count samples using a Si(Li) alpha particle spectrometer and record on data sheet 
(Exhibit 1). 

10.0 QUALITY CONTROL 

10. l One procedural blanks should be run with each batch of samples or as specified by the 
sponsor. The procedural blank consists of reagents and is processed as a sample. 

10.2 One standard reference material should be analyzed with each batch of samples or as 
specified by the sponsor. 

11.0 CALCULATIONS 

11.1 Blank correction 

A20s - (BR +BA) = C20s 
Az10 - (BR +BA) = C210 

where, 
Azos 
Az10 
BR 

BA 

C2os 
C210 

= Po208 count 
= Po210count 

= reagent blank count 
= air blank count 

.. 

= reagent and air blank corrected Po208 count 
= reagent and air blank corrected Po210 count 

11.2 Decay correction 

11.2.1 The t.y is the difference in time from when the disk was plated to when the 

disk was counted. Record the t.y factor for the time decay of Po210 (sister tracer 

to Pb210) from the Po210 chart (Exhibit 2). To calculate the t. T factor for Po210 

as they appear on the chart, use the following equations: 

Po210 t.y factor = .-A. t. T 

Po210 t.y factor = .-.005 t.y 

(Po210 t.r factor) (C210) = Di10 

where, 

A. = In 2 = 0.005 
tl /2 

t112 = half life = 138 days for Po210 

C..y = plate time - count time in activity (Ay) 



LI. T Factors for Po 21 0 

- . L\.T Factor Ll.T Factor Ll.T Factor 

0 1.00 64 1.38 130 1.92 

2 1.01 66 1.39 132 1.94 

4 1.02 68 1.41 134 1.96 

6 1.03 70 1.42 136 1.98 

8 1.04 72 1.44 138 2.00 

10 1.05 74 1.45 140 2.02 

12 1.06 76 1.46 142 2.04 

14 1.07 78 1.48 144 2.06 

16 1.08 80 1.49 146 - 2.08 

18 1.09 82 1.51 148 2.10 

20 1.11 84 1.52 150 2.12 

22 1.12 86 1.54 152 2.15 

24 1.13 88 1.56 154 2.17 

26 1.14 90 1.57 156 2.19 

28 1.15 92 1.59 158 2.21 

30 1.16 94 1.60 160 2.23 

32 1.17 96 1.62 162 2.26 ., 
34 1.19 98 1.64 164 2.28 

36 1.20 100 1.65 166 2.30 

38 1.21 102 1.67 168 2.33 

40 1.22 104 1.69 170 2.35 

42 1.23 106 1.70 172 2.37 

44 1.25 108 1:72 • 174 2.40 

46 1.26 11 0 1.74 176 2.42 

48 1.27 112 1.76 178 2.45 

50 1.28 114 1.77 180 2.47 

52 1.29 11 6 1.79 182 2.49 

54 1.31 118 1.81 184 2.52 

56 1.32 120 1.83 186 2.55 

58 1.34 122 1.85 188 2.57 

60 1.35 124 1.86 190 2.60 

62 1.37 126 1.88 192 2.62 
128 1.90 194 2.65 
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Analyses of 137cs and Other Gamma Emitting Isotopes 
by Gamma Counting 

1.0 SCOPE AND APPLICATION 

This method is used to measure the activity of '37Cs and other gamma emitting isotopes 
(e.g .• 78e and 4°K) in sediment. 137Cs will be used as the example throughout this 
procedure, but the other isotopes can be easily substituted in the procedure and 
calculations. The activity of 137 Cs is used to provide a means of determining the age of a 
sediment layer. During the last 50 years, 137Cs has been entering the oceans as a result 
of atmospheric testing of nuclear weapons. The major input occurred between 1957 
and 1965, producing a maximum of 137Cs activity in the ocean surface water in 
approximately 1965. Since then, the '37Cs level in surface water has decreased slowly 
due to mixing with the deep ocean and radioactive decay. Marine sediments in contact 
with seawater exchange stable Cs and 137Cs, thus. the levels of 137Cs in the seawater 
and the sediments are related. Once these sediments are removed from interaction 
with seawater through burial, the 137 Cs activity changes only due to decay. which is 
predictable, and possibly by mixing as a result of bioturbation or other sediment 
perturbation. If the sediment remains relatively intact as sedimentation occurs over 
time, the levels of 137Cs buried reflect the relative amounts of 137Cs that were deposited. 
In this way, the subsurface maximum observed in a core from these undisturbed 
sediments can be assigned a year of 1965, as described above. This procedure 
replaces MSL-M-008-00 137Cs Analyses by Gamma Counting. 

2.0 DEFINITIONS 

Geli - Germanium, Lithium crystal used to detect gamma rays. 

dpm/g - disintegrations per minute per gram, units of measurement. 

78e - Beryllium, isotope mass 7; 0.487 meV 

137Cs - Cesium. isotope mass 137; 0.66164 meV. 

4°K - Potassium, isotope mass 40; 1.461 meV. 

3.0 RESPONSIBLE STAFF 

• Technician - sample digestion 
Analyst- sample analysis, calculations 

• MSL QA Officer or Representative- data verification 

.; 
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4.0 SUMMARY OF METHOD 

137 Cs, 7Be and 4°K are measured directly in either wet or dry sediment by measuring the 
gamma rays emitted using a Geli detector. 

Typical detection limit for the method is 0.01-0.1 disintegrations per minute per gram. 
This corresponds to a sample weight of no less than 50 grams dry. 

5.0 PROCEDURE 

5.1 Sample Collection. Preservation and Handling 

Samples can be held either wet or dry and do not require any special storage 
conditions. 

5.2 Potential Interferences 

5.2.1 Other gamma rays may interfere with 137 Cs counting of samples. This can be 
evaluated by analyzing standard reference materials to assess the accuracy of 
the method. 

5.2.2 40K may be monitored for a number of reasons: 1.) to monitor system 
performance; and 2.) because the source of 4°K is crustal material, the activity 
present in a sediment core should only't:hange due to changes in the types of 
crustal material present. Monitoring this isotope is a good indication of changes 
in type of material present in the core and aid in data interpretation. 

5.3 Apparatus and Reagents 

Geli detector 
Counter; Canberra, Series 35 

5.4 Precautions 

5.4.1 The detector must be kept cold at all times. This is done by keeping the detector 
in a Dewar flask filled with liquid nitrogen. 

5.4.2 In case of power failure for the high voltage bias power supply, the voltage on the 
bias power supply must be turned down before resetting the power interrupt 
relay. Then the bias voltage must be increased gradually to 3500 volts at the rate 
of 100 volts per second. If in doubt, contact an experienced operator or contact 
facilities personnel. 

5.5 Sample Preparation 

Samples can be analyzed either wet or dry. It is important that the sample be 
placed in a container of the same geometry as the calibration standard. 
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5.6 Calibration 

5.6.1 Setting Channels - Three ranges are set for analysis of 137Cs; the range 
containing the left blank, the actual 137Cs peak and the right blank. 
Because there is significant background noise, these background counts 
must be subtracted from the '37Cs counts to obtain an accurate 
quantitation. The 137Cs range should contain between 10 and 20 
channels. The number of channels in the left and right blank ranges must 
add up to the number of 137Cs channels being counted .. 

5.6.2 Calibrating to a known standard - The detector is calibrated by placing a 
standard of known activity on the detector for a known period of time. It 
is important that the standard be placed in a similar container and that the 
container be placed in the same position on the detector as the samples. 
Both the integration and area are recorded for all three channels. The 
integration is the non-background corrected number of counts measured. 
The area value is the system background corrected measurement. 
Generally, the integrations are used and manually corrected for the 
background integrations recorded for the left and right blank ranges being ., 
measured. The number of disintegrations per count is then calculated 
(Section 6.1) and used to calculate the activity of the unknowns (Section 
6.2). 

5.7 Analysis 

The sample is placed in front or on top of the detector, depending on the 
configuration of the system. The sample should be placed in exactly the same 
position as the standard and this position should remain constant for all samples 
in that batch. Samples are generally counted for 24 hours, however, a shorter 
counting period can be used depending on the amount of sample available and 
the activity of the sample. After the prescribed counting period the sample 
integration and area counts are recorded for both the left and right background 
ranges and the actual 137Cs peak range as well as the counting time in seconds. 
As described above, the integrations are generally used for all calculations. 
Section 6.0 describes these calculations. 

5.8 Analysis of Sample Dry Weight. 

The dry weight of the entire sample analyzed must be determined to calculate 
the final activity of the sample. Generally, the entire sample used for 
measurement is weighed either prior or after counting. If the sample is analyzed 
wet, the wet weight of the sample analyzed should be measured and either a 
subset or the entire sample can be dried to determine the percent moisture. 
Percent moisture is determined following MSL-C-003, Percent Dry Weight and 
Homogenizing Dry Sediment, Soil, and Tissue. 
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6.0 CALCULATIONS 

The following calculations use 137 Cs as the example. If calculations for other isotopes 
(e.g., 7Be and 4°K) are desired, the correct half life and standard activity will need to be 
substituted in the algorithms given below. 

6.1 Standard Calibration (disintegrations/count\ 

A.=A; *e' 

Where: = ln2/t112 [t,12 (half life) for 137Cs = 30.7 years] 
A;= Initial Standard Activity (in Ci) 
A. = Activity at time t 
t = time in years since initial activity determined 

To convert from Ci (microcuries} to dps (disintegrations per second): 

3.7 x 10'0 dps = 1 curie 

STD (disintegrations/count)= A.* (10"" Ci/Ci)* 3.7 1010 dps/Ci *le IC"' 

where: le = time standard counted in seconds 
Csm = Counts recorded for standard (integrations) 

• 6.2 §ample Calculation 

Where: 

A. = CJVW, * STD 

A. = Sample activity in disintegrations per minute per gram 
t,, = time standard counted in minutes 
C, = Net sample counts recorded ('37Cs integrations - sum of left and right 
blank integrations) 
W,= Sample dry weight in grams 

6.3 Detection Limit (PL) 

The detection limit is defined as 3 times the square root of the background counts. 

7.0 QUALITY CONTROL 

7.1 Instrument calibrations must be performed (Section 5.6.2) at a minimum of once 
per 10 samples or when the system changes or maintenance occurs. During 
calibration, range settings should be checked to make sure no system drift has 
occurred. If the 137Cs peak has drifted outside of the set range, this range should 
be re-set and the new channel range should be recorded. If range settings 
continue to drift after each calibration there may be problems with the system 
and facilities should be notified to initiate instrument repair. 
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7.2 Quality assurance data must be composed of a minimum of 1 blank, 1 replicate 
and 1 standard reference material (SRM). These quality control samples should 
be analyzed at a minimum of once per batch. A batch, if not otherwise specified, 
consists of <20 samples. 

7.3 Data quality objectives (DQOs) for this method are as follows (unless project 
specific DQOs are established): 

Accuracy SRMs 
Precision Replicates 
Interference Blank 

8.0 SAFETY 

% Difference <30% 
Relative percent difference (RPD) <25% 
< Detection Limit 

Appropriate protective clothing such as gloves and safety glasses should be worn when 
handling liquid nitrogen to protect against the low temperatures and the potential of 
frostbite. 

9.0 TRAINING 

Before operating the instrument, the analyst should read this procedure and go through 
the steps in the procedure with an experienced operator. Monitoring of SRM results will 
be performed to determine if adequate. training..tias occurred and thereafter to monitor 
proficiency over time. Training will be documented in accordance with the procedure, 
MSL-A-006, Marine Sciences Laboratory Training. 

10. REFERENCES 

MSL-A-006 
MSL-C-003 

Marine Sciences Laboratory Training 
Percent Dry Weight and Homogenizing Dry Sediment, Soil, and Tissue 
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