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1.0
Scope and Application

1.1
This is a gas chromatographic (GC) method based on the Association of Official Analytical Chemists (AOAC) Method 983.21 (AOAC, 1990) and applicable to the determination of certain organochlorine pesticides, PCB Aroclors, 14 dioxin-like toxic co-planar PCB congeners, and 18 NOAA (National Oceanic and Atmospheric Administration) PCB congeners in fish and other biological tissues (note: four of the toxic PCB congeners are also included in the NOAA suite).  The 18 NOAA PCB congeners have been found by this agency to persist in marine sediments; 7 of the 18 NOAA congeners have also been recommended by the International Cooperation for the Exploration of the Seas (ICES) as reliable predictors/markers of PCB contamination and included in many European Union (EU) regulations (Jacobs et al., 2002).  The following compounds can be determined using this method. The PCB congeners are numbered according to the system developed by Ballshmiter and Zell (BZ#).

	Analyte:
	CAS #

	Aldrin
	309-00-2

	4,4' DDD
	72-54-8

	4,4' DDE
	72-55-9

	4,4' DDT
	50-29-3

	Alpha HCH ((-BHC)
	319-84-6

	Beta HCH ((-BHC)
	319-85-7

	Delta HCH ((-BHC)
	319-86-8

	Endosulfan I
	959-98-8

	Endrin
	72-20-8

	Lindane
	58-89-9

	Heptachlor
	76-44-8

	Heptachlor epoxide
	1024-57-3

	Hexachlorobenzene (HCB)
	118-74-1

	Methoxychlor
	72-43-5

	Hexachlorocyclopentadiene (HCCP)
	77-47-4

	Trifluralin
	1582-09-8

	Toxaphene
	8001-35-2

	Chlordane
	57-74-9

	PCB Aroclor 1232
	11141‑16‑5

	PCB Aroclor 1242
	53469-21-9

	PCB Aroclor 1248
	12672‑29‑6

	PCB Aroclor 1254
	11097-69-1

	PCB Aroclor 1260
	11096-82-5

	2,4’-dichlorobiphenyl (BZ#8)a
	34883-43-7

	2,2’,5-trichlorobiphenyl (BZ#18)a
	37680-65-2

	2,4,4’-trichlorobiphenyl (BZ#28)a,c
	7012-37-5

	2,2’,3,5’-tetrachlorobiphenyl (BZ#44)a
	41464-39-5

	2,2’,5,5’-tetrachlorobiphenyl (BZ#52)a,c
	35693-99-3

	2,3’,4,4’-tetrachlorobiphenyl (BZ#66)a
	32598-10-0

	3,3’,4,4’-tetrachlorobiphenyl (BZ# 77)b
	32598-13-3

	3,4,4’,5-tetrachlorobiphenyl (BZ# 81)b
	70362-50-4

	2,2’,4,5,5’-pentachlorobiphenyl (BZ#101)a,c
	37680-73-2

	2,3,3’,4,4’-pentachlorobiphenyl (BZ# 105)a,b
	32598-14-4

	2,3,4,4’,5-pentachlorobiphenyl (BZ# 114)b
	74472-37-0

	2,3’,4,4’,5-pentachlorobiphenyl (BZ# 118)a,b,c
	31508-00-6

	2’,3,4,4’,5-pentachlorobiphenyl (BZ# 123)b
	65510-44-3

	3,3’,4,4’,5-pentachlorobiphenyl (BZ# 126)b
	57465-28-8

	2,2’,3,3’,4,4’-hexachlorobiphenyl (BZ#128)a
	38380-07-3

	2,2’,3,4,4’,5’-hexachlorobiphenyl (BZ#138)a,c
	35065-28-2

	2,2’,4,4’,5,5’-hexachlorobiphenyl (BZ#153)a,c
	35065-27-1

	2,3,3’,4,4’,5-hexachlorobiphenyl (BZ# 156)b
	38380-08-4

	2,3,3’4,4’,5’-hexachlorobiphenyl (BZ# 157)b
	69782-90-7

	2,3’,4,4’,5,5’-hexachlorobiphenyl (BZ# 167)b
	52663-72-6

	3,3’,4,4’,5,5’-hexachlorobiphenyl (BZ# 169)b
	32774-16-6

	2,2’,3,3’,4,4’,5-heptachlorobiphenyl (BZ# 170)a,b
	35065-30-6

	2,2’,3,4,4’,5,5’-heptachlorobiphenyl (BZ# 180)a,b,c
	35065-29-3

	2,2’,3,4’,5,5’,6-heptachlorobiphenyl (BZ#187)a
	52663-68-0

	2,3,3’,4,4’,5,5’-heptachlorobiphenyl (BZ# 189)b
	39635-31-9

	2,2’,3,3’,4,4’,5,6’-octachlorobiphenyl (BZ#195)a
	52663-78-2

	2,2’,3,3’,4,4’,5,5’,6-nanochlorobiphenyl (BZ#206)a
	40186-72-9

	Decachlorobiphenyl (BZ#209)a
	2051-24-3

	

	a 18 NOAA PCB congeners

b 14 dioxin-like toxic co-planar PCB congeners

c 7 marker PCB congeners recommended by the International Cooperation for  the Exploration of the Seas (ICES) as reliable predictors of PCB contamination and included in many European Union (EU) regulations (Jacobs et al., 2002) 

	


1.2
The concentrations measured for the individual PCB Aroclors can be added to determine the total PCB concentration in the sample.  In a recent study by Sather et al. (2001) involving the analysis of 27 aquatic tissue samples, a strong correlation was found between the sum of Aroclors and the total PCBs determined using a full congener method.  For sediments, NOAA has determined that the sum of the 18 PCB congeners represents approximately 0.4 to 0.5 of the total PCB content of the sample; similar ratios have been found in our laboratory, as well as in other laboratories, for Aroclor standards.  To be able to calculate the total PCB content that can then be compared to regulatory total PCB tissue standards/tolerances, all samples submitted to our laboratory for PCB congener analysis will also automatically be tested for PCB Aroclors.  If an agency requests that its tissue samples be tested only for the 18 NOAA and/or 14 dioxin-like toxic co-planar PCB congeners, the PCB congener data will be qualified in the final analytical report with the following statement, “The sum of the concentrations of the 18 NOAA and/or 14 dioxin-like toxic co-planar congeners may not reflect the concentration of total PCBs in the sample.”      
1.3
This method has been validated in a single laboratory (i.e., MA DEP Sen. William X. Wall Experiment Station, Lawrence, MA) and method detection limits (MDLs) have been experimentally determined for the target analytes listed above.  Actual detection limits may vary between samples, depending upon the nature of interferences in the sample matrix and the specific instrumentation used.  This method can be used to assess biological tissue compliance with regulatory standards/tolerances (human health or ecological) for method target analytes as long as the analyte MDL concentrations reported in this SOP are ( ½ the corresponding regulatory standard/tolerance (e.g., the FDA tolerance for total PCBs in tissue of 2.0 (g/g and the MA DPH action limit for total PCBs in tissue of 1.0 (g/g).  

1.4
This method is restricted to use by or under the supervision of analysts experienced in the use of GC and in the interpretation of gas chromatograms.

1.5
Degradation of DDT and endrin caused by active sites in the injection port and GC columns may occur. This is not as much a problem with new capillary columns as with packed columns. However, high boiling sample residue in capillary columns will create the same problem after injection of sample extracts.

1.6
Analytes that are not separated chromatographically (i.e., analytes which have very similar retention times) cannot be individually identified and measured in the same calibration mixture or sample unless an alternative technique for identification and quantification is used.

1.7
When this method is used to analyze unfamiliar samples for any or all of the target analytes listed above, analyte identifications must be confirmed by at least one additional qualitative technique.

2.0
SUMMARY OF METHOD


A 20-g wet sample of fish or other biological tissue is homogenized with 20 g of anhydrous sodium sulfate (Na2SO4) and 200 mL of hexane using a tissuemizer. The extract is filtered through a sharkskin-lined filter paper in a Buchner funnel into a side-arm flask. The filtered extract is transferred to a 250-mL volumetric flask and brought to the volume with hexane. A 25-mL aliquot of the 250-mL solution is passed through a Florisil chromatography column and eluted with 15% (v/v) diethyl ether/hexane. The extract is concentrated on a steam bath and adjusted to 10 mL with hexane. Chromatographic conditions are described which permit the separation and measurement of the target analytes in the extract using a capillary column gas chromatograph with dual electron capture detectors (GC-ECD).

3.0
DEFINITIONS

3.1
Laboratory Duplicates (LD1 and LD2) -- Two aliquots of the same sample taken in the laboratory and analyzed separately with identical procedures.  Analyses of LD1 and LD2 indicate the precision associated with laboratory procedures, but not with sample collection, preservation, or storage procedures.

3.2
Field Duplicates (FD1 and FD2) -- Two separate samples collected at the same time and managed under identical circumstances and treated exactly the same throughout field and laboratory procedures.  For biota, the duplicate samples are from the same species, of similar size, and collected from the same location.  Analyses of FD1 and FD2 give a measure of the precision associated with sample collection, preservation and storage, as well as with laboratory procedures.

3.3
Laboratory Reagent Blank (LRB) -- An aliquot of reagent water or other blank matrix (e.g., clean clam or fish tissue) that is treated exactly as a sample including exposure to all glassware, equipment, solvents, and reagents that are used with other samples. The LRB is used to determine if method analytes or other interferences are present in the laboratory environment, the reagents, or the apparatus.

3.4
Field Reagent Blank (FRB) -- An aliquot of reagent water or other blank matrix (e.g., clean clam or fish tissue) that is placed in a sample container in the laboratory and treated as a sample in all respects, including shipment to the sampling site, exposure to sampling site conditions, storage, preservation, and all analytical procedures. The purpose of the FRB is to determine if method analytes or other interferences are present in the field environment.

3.5
Laboratory Fortified Blank (LFB) -- An aliquot of reagent water or other blank matrix (e.g., clean clam or fish tissue) to which known quantities of the method analytes are added in the laboratory. The LFB is analyzed exactly like a sample, and its purpose is to determine whether the methodology is in control, and whether the laboratory is capable of making accurate and precise measurements of the method target analytes.

3.6
Laboratory Fortified Sample Matrix (LFM) -- An aliquot of one of the field environmental samples (i.e., fish or other biological tissue) in the batch to which know quantities of the method analytes are added in the laboratory. The LFM is analyzed exactly like a sample, and its purpose is to determine whether the sample matrix contributes bias to the analytical results. The background concentrations of the analytes in the sample matrix must be determined in a separate aliquot and the measured values in the LFM corrected for background concentrations.

3.7
Stock Standard Solution (SSS) -- A concentrated solution containing one or more method analytes prepared in the laboratory using assayed reference materials or purchased from a reputable commercial supplier.

3.8
Primary Dilution Standard Solution (PDS) -- A solution of several analytes prepared in the laboratory from stock standard solutions and diluted as needed to prepare calibration solutions and other needed analyte solutions.

3.9
Calibration Standard (CAL) -- A solution prepared from the primary dilution standard solution or stock standard solutions and the internal standards and surrogate analytes. The CAL solutions are used to calibrate the instrument response with respect to analyte concentration.

3.10
Initial Calibration Check Standard (ICCS) -- An individual CAL solution, analyzed initially, prior to any sample analysis, which verifies the previously established calibration curve.


3.11
Continuing Calibration Check Standard (CCCS) -- An individual CAL solution which is analyzed after the analysis of 15-20 field samples, and verifies the previously established calibration curve and confirms accurate analyte quantitation for the previous 15-20 field samples.

3.12
End Calibration Check Standard (ECCS) -- An individual CAL solution which is analyzed after the last field sample analysis, and verifies the previously established calibration curve and confirms accurate analyte quantitation for all field samples analyzed since the last continuing calibration check.

3.13
Quality Control Sample (QCS) -- A solution of method analytes of known concentrations, which is used to fortify an aliquot of LRB or sample matrix. The QCS is obtained from a source external to the laboratory and different from the source of calibration standards; it is used to check laboratory performance with externally prepared test materials.

3.14
Method Detection Limit (MDL) -- The minimum concentration of an analyte that can be identified, measured and reported with 99% confidence that the analyte concentration is greater than zero.

3.15
External Standard (ES) -- A pure analyte(s) that is measured in an experiment separate from the experiment used to measure the analyte(s) in the sample. The signal observed for a known quantity of the external standard(s) is used to calibrate the instrument response for the corresponding analytes(s). The instrument response is used to calculate the concentrations of the analyte(s) in the sample.

3.16
Surrogate Analyte -- A pure analyte(s), which is unlikely to be found in any sample. The surrogate analyte(s) is added to a sample aliquot in known amount(s) before extraction and is measured with the same chromatographic conditions as other method analytes. The purpose of a surrogate analyte is to monitor method performance for each sample.

4.0
INTERFERENCES

4.1
Method interferences may be caused by contaminants in solvents, reagents, glassware, and other sample processing apparatus that lead to discrete artifacts or elevated baselines in gas chromatograms. All biological tissue blanks (i.e., fish blanks), reagents, and apparatus must be routinely demonstrated to be free from interferences under the conditions of the analysis by analyzing laboratory blanks as described in Sect. 9.0.

4.1.1
Use of high purity reagents and solvents helps to minimize interference problems. Purification of solvents by distillation in an all-glass system may be required. 

4.1.2
WARNING: When a solvent is purified, stabilizers added by the manufacturer are removed, thus potentially making the solvent hazardous. Removal of preservatives by distillation may also reduce the shelf life of the solvent.

4.2
Proper glassware cleaning can also help minimize interference problems.  The following standard operating procedure is used for cleaning organic dedicated glassware and containers:

4.2.1
Soak the glassware in a dilute solution of Micro( (2% solution) and hot water.

4.2.2
Scrub dirty pieces of glassware with brushes.

4.2.3
Rinse thoroughly with warm tap water.

4.2.4
Rinse the glassware with pesticide-grade acetone; the acetone must be dispensed from a glass or PFTE container.  All inner surface areas of the glassware must come in contact with the acetone. 

4.2.5
Remove excess acetone from the glassware with quick wrist shakes.

4.2.6
Place cleaned glassware in a closed storage cabinet to avoid accumulation of dust.

4.2.7
Glassware must not contact plastic materials.

4.2.8
Bleach or abrasive cleansers are prohibited from coming in contact with the glassware.

4.2.9
If the scrubbing or acetone treatment does not thoroughly clean glassware, contact the supervisor. It is possible that a stronger solvent may be needed to clean the glassware (i.e., methylene chloride).

5.0
SAFETY

5.1
The toxicity or carcinogenicity of each chemical reagent used in this method has not been precisely defined; however, each chemical compound must be treated as a potential health hazard. Accordingly, exposure to these chemicals must be reduced to the lowest possible level. The laboratory maintains a current awareness file of OSHA regulations regarding the safe handling of the chemicals specified in this method. Hard and electronic copies of the material safety data sheets for the chemicals used in this method are readily available to all laboratory personnel.

5.2
Standard laboratory personal protective equipment (i.e., lab coat, gloves, and glasses) must be worn at all times while performing this method.

6.0
APPARATUS, SUPPLIES AND EQUIPMENT

6.1
Sample Containers
6.1.1
Fish/tissue samples are wrapped in aluminum foil and transported to the laboratory in ice-filled coolers.  As soon as the samples arrive at the laboratory, they are filleted, wrapped in aluminum foil, labeled, and frozen until analysis (see separate WES Fish Processing SOP).  Some samples may be submitted to WES frozen; these samples are kept in a freezer for processing at a later time (see separate WES Fish Processing SOP).        

6.1.2
Final prepared tissue samples (e.g., fish fillets) may also be stored in HDPE containers.

6.2
Glassware and Apparatus
6.2.1
Buchner funnel – glass, wide-mouth

6.2.2
Side-arm flask – glass, 500 mL  

6.2.3
Kuderna-Danish (K-D) concentrator apparatus:

6.2.3.1
K-D concentrator tube, 10-mL, graduated (Kontes K-570050-1025 or equivalent). Calibration must be checked at the volumes employed in the test. Ground glass stoppers may be used to prevent evaporation of extracts.

6.2.3.2
K-D evaporation flask, 500-mL (Kontes K-570001-0500 or equivalent); attach to concentrator tube with springs or plastic clips.

6.2.3.3
K-D three ball Snyder column (Kontes K-503000-0121 or equivalent)

6.2.4 Vial (for storage of sample extracts) – glass, 10-mL capacity with PTFE-lined screw cap

6.2.5 Auto-sampler vial – glass, 1-mL capacity with PTFE-lined crimp or snap cap

6.2.6
Volumetric flask – glass, 10-, 100-, and 250-mL capacity

6.2.7
Volumetric pipette – glass, various volumes

6.2.8 Funnel – glass

6.2.9 Beaker – glass, 400-mL capacity

6.2.10 Liquid chromatography column – glass with PTFE stopper

6.2.11 Spatulas of high quality, corrosion resistant stainless steel. These have been found not to contaminate samples for the current suite of analytes in this method.

6.2.12 Vacuum pump

6.3
Carborundum boiling stone, #12 granules (Arthur H. Thomas Co. #1590-033 or equivalent). Heat at 400(C for 30 min and then cool prior to use.

6.4
Water bath – heated, capable of temperature control (( 2(C). The bath must be located in a fume hood. 

6.5
Analytical balance – capable of accurately weighing to the nearest 0.0001 g.

6.6
Gas Chromatograph-Electron Capture Detectors (GC-ECDs)
6.6.1
Separate systems (2) are utilized to analyze organochlorine pesticides, and PCB Aroclors and congeners. Dual column analysis is conducted for both analyses by using a borosilicate Y-splitter where the samples and standards are split into the two columns in a repeatable fashion.

6.6.2
Organochlorine pesticide analysis: Hewlett-Packard HP5890 Series II GC with dual ECD detectors equipped with Hewlett-Packard HP 7673 A 100-sample tray autosampler. The data system is a Hewlett-Packard Chemstation G2070AA operated with Windows NT and a Hewlett-Packard HP Kayak XA, 350 Mhz Pentium II computer workstation.

6.6.2.1
Column 1 (Primary column): DB-5, 30-m long x 0.25-mm ID, bonded fused silica column, 0.25-(m film thickness.

6.6.2.2
Column 2 (Confirmation column): DB-1701, 30-m long x 0.25-mm ID, bonded fused silica column, 0.25-(m film thickness.

6.6.2.3
Helium carrier gas flow is established at 30 cm/sec linear velocity and 95% argon/5% methane is set at 60 mL/min as make-up gas.

6.6.2.4
Oven temperature is programmed from 160(C to 285(C at 4(C/min and held for 15 min. Total run time is calculated to be 46.25 min. The injection port temperature is 250(C and both detector temperatures are set at 320(C. The injection volume is 5 (L split/splitless mode with a 30-sec vent delay.

6.6.3
PCB Aroclor and PCB congener analysis: Varian CP-3800 GC with dual ECD detectors equipped with Varian 8200, 48-sample tray autosampler. The Varian 3800 system is capable of temperature programming and is equipped with electronic pressure control. The data system is a Varian Star Workstation that is operated with Windows 98 and a Dell OptiPlex GX1 350 Mhz Pentium II computer workstation.

6.6.3.1
Column 1 (Primary column): DB-5, 60-m long x 0.25-mm ID, bonded fused silica column, 0.25-(m film thickness.

6.6.3.2
Column 2 (Confirmation column): DB-1701, 60-m long x 0.25-mm ID, bonded fused silica column, 0.25-(m film thickness. 

6.6.3.3
Helium carrier gas flow is established at 38 cm/sec linear velocity and 95% argon/5% methane is set at 25 mL/min as make-up gas. 

6.6.3.4
Oven temperature is programmed by holding the oven at 100oC for 1 min then ramping to 200oC at 15oC/min and held for 30 min. The oven is then programmed to 280oC at 5oC/min and held for 10 min. Total run time is calculated to be 63.67 min. The injection port temperature is set at 290oC and both detector temperatures are held constant at 320oC. The injection volume is 5 (L split/splitless mode with a 1-min vent delay to achieve a 50:1 split ratio. After 10 min, a 5:1 split ratio is held constant to conserve carrier gas.

6.6.4
Retention times are listed in TABLE 1 and TABLE 2 for organochlorine pesticides, and PCB Aroclors and congeners, respectively, using the columns and analytical conditions described above.

6.6.5
Detectors – Electron capture detector (2-Ni63 high activity)

6.7
Tissumizer – Tekmar SDT Model tissumizer/homogenizer and probes (Model S25N-18G)

7.0
REAGENTS AND CONSUMABLE MATERIALS

7.1
Acetone, hexane, diethyl ether, and methyl tert-butyl ether (MTBE) – pesticide grade or equivalent

7.2
Sodium sulfate, granular, anhydrous, ACS grade.  Heat treat in a glass jar lightly covered with aluminum foil at 105ºC for a minimum of 4 hours to remove moisture.

7.3
Florisil – 60-100 mesh activated and stored at 105oC

7.4
Sharkskin filters – 9-cm diameter

7.5
Glass wool – pesticide grade or solvent washed with hexane

7.6
Disposable Pasteur pipettes

7.7
Standard solutions are purchased from EM Science or Ultra Scientific as certified solutions. All standard solutions are stored in a refrigerator at 4(C.  Standard solutions are replaced after manufacturer’s expiration date.

7.7.1
Organochlorine pesticides mixture – 1,000 (g/mL each in MTBE

7.7.2
Hexachlorobenzene (HCB) solution – 100 (g/mL in methanol 

7.7.3
Propachlor solution – 100 (g/mL in methanol 

7.7.4
Trifluralin solution – 100 (g/mL in methanol

7.7.5
Hexachlorocyclopentadiene (HCCP) solution – 100 (g/mL in methanol

7.7.6
Toxaphene solution – 100 (g/mL in methanol

7.7.7
Chlordane solution – 100 (g/mL in methanol

7.7.8
PCB Aroclors (A1232, A1242, A1248, A1254, A1260) – 100 (g/mL in methanol

7.7.9
Toxic (14) PCB congeners solutions (BZ#81, BZ#77, BZ#123, BZ#118, BZ#114, BZ#105, BZ#126, BZ#167, BZ#156, BZ#157, BZ#180, BZ#169, BZ#170, BZ#189) – each of 100 (g/mL in methanol

7.7.10
NOAA (18) PCB congeners solutions (BZ#8, BZ#18, BZ#28, BZ#52, BZ#44, BZ#66, BZ#101, BZ#105, BZ#118, BZ#128, BZ#138, BZ#153, BZ#170, BZ#180, BZ#187, BZ#195, BZ#206, BZ#209) – each of 100 (g/mL in methanol

7.7.11
Pesticides matrix spiking solution in methanol (lindane 50 (g/mL, heptachlor 50 (g/mL, aldrin 50 (g/mL, dieldrin 100 (g/mL, endrin 100 (g/mL, and DDT 100 (g/mL) 

7.7.12
Pentachloronitrobenzene (PCNB) solution – 100 (g/mL in MTBE for use as surrogate standard

7.8
Working Standard Solutions
All working standard solutions are stored in a refrigerator at 4(C.

7.8.1
Surrogate standard spiking solution is prepared by accurately pipetting 1,000 (L of 100- (g/mL PCNB solution into a 50-mL volumetric flask partially filled with hexane and bringing up to the 50-mL volume with hexane. The final concentration of surrogate standard spiking solution is 2.0 ng/(L.

7.8.2
The working pesticides matrix spiking solution is prepared by accurately pipetting 100 (L of the stock pesticides matrix spiking solution into a 50-mL volumetric flask partially filled with MTBE and bringing up to the 50-mL volume with MTBE. The final concentration of working pesticides matrix spiking solution is 0.10 ng/(L for lindane, heptachlor and aldrin, and 0.20 ng/(L for dieldrin, endrin and DDT.

7.8.3
Intermediate pesticides mixture is prepared by accurately pipetting 100 (L of 1,000-(g/mL organochlorine pesticides mixture, 1,000 (L of 100-(g/mL PCNB solution, and 500 (L of 200-(g/mL pesticides surrogate standard spiking solution into a 10-mL volumetric flask partially filled with MTBE and bringing up to the 10-mL volume with MTBE. The final concentration of intermediate pesticides mixture is 10.0 ng/(L. The solution is transferred to a PTFE-lined screw cap vial.

7.8.4
Intermediate HCB mixture is prepared by accurately pipetting 1,000 (L each of 100-(g/mL HCB solution, 100-(g/mL propachlor solution, 100-(g/mL trifluralin solution, and 100- (g/mL HCCP solution into a 10-mL volumetric flask partially filled with MTBE and bringing up to the 10-mL volume with MTBE. The final concentration of intermediate HCB mixture is 10.0 ng/(L. The solution is transferred to a PTFE-lined screw cap vial.

7.8.5
Intermediate PCB Aroclors (A1232, A1242, A1248, A1254, and A1260) are separately prepared by pipetting 1,000 (L of the 100-(g/mL solution of each PCB Aroclor into their respective 10-mL volumetric flasks partially filled with hexane and bringing up to the 10-mL volume with hexane. The final concentrations of PCB Aroclors are 10.0 ng/(L. The solutions are transferred to PTFE-lined screw cap vials.

7.8.6
Intermediate 14 toxic PCB congeners and 18 NOAA PCB congeners are separately prepared by accurately pipetting 100 (L of the 100-(g/mL solution of each corresponding PCB congener into respective 10-mL volumetric flasks partially filled with hexane and binging up to the 10-mL volume with hexane. The final concentrations of 14 toxic PCB congeners and 18 NOAA PCB congeners are 1.0 ng/(L. The solutions are transferred to PTFE-lined screw cap vials.

7.9
Clam or fish tissues that have been analyzed and found to be free of contaminants are used as laboratory blank(s) and for laboratory fortified blank(s).

8.0
SAMPLE COLLECTION, PRESERVATION, AND STORAGE

8.1
The preferred method of collecting freshwater fish is by electro-shocking (see separate fish or other biological tissue collection SOP used by sampling group or agency).

8.2
Sample preservation: After collecting fish by electro-shocking or other means, fish specimens are wrapped in aluminum foil, labeled, and placed in an ice-filled cooler.  The fish specimens are shipped immediately to the laboratory (DEP/WES) where they are immediately resected (filleted) for analysis (see Fish Processing SOP in the w:\dea-qap\SOPs drive). Filleted fish samples are wrapped in aluminum foil, labeled, placed in a HDPE container for support, and then frozen until analysis.  Fish samples received from the MA DEP Division of Watershed Management (DWM) are usually received at WES as filleted and/or prepared samples (see separate DWM SOP).  Also see separate MA DMF SOP for marine finfish/shellfish collection and preservation procedures.    

8.3
Sample storage: Fish and other biological tissue samples are stored in a freezer at -20 to -10(C until analyzed. The U.S. EPA has established a one-year holding time for frozen fish and biological tissue samples.

8.4
Extract storage: Fish and other biological tissue extracts are refrigerated at 4(C away from light until analysis. DEP/WES has established a one-year maximum extract storage holding time for all method analytes.

9.0
QUALITY CONTROL

9.1
Minimum quality control (QC) requirements for this method are: 1) Initial demonstration of laboratory capability (IDC); 2) Method detection limit (MDL) determination initially and annually thereafter or whenever there is a significant change in the analytical system; 3) Determination of surrogate compound recoveries in each field sample, QC sample, and blank; 4) Monitoring calibration check standard recoveries; and 5) Routine analysis of laboratory reagent blanks, laboratory fortified matrix (LFM) samples, laboratory fortified blanks (LFB), laboratory (or LFM) duplicates, and quality control samples (QCS) from an external source.

9.2
Laboratory blanks: All extraction sets must include a laboratory blank consisting of contaminant-free clam or fish tissue spiked with PCNB surrogate. The blank must be free of contaminants or the concentration of method target analytes must be less than their respective MDLs.

9.3
The analyst is permitted to modify GC columns, GC conditions, GC detectors, continuous extraction techniques, concentration techniques (i.e., evaporation techniques), and internal standards or surrogate compounds. Each time such method modifications are made, the analyst must repeat the MDL determination.

9.4
Assessing Surrogate Recovery (Accuracy)

9.4.1
Recovery of the PCNB surrogate from field samples, QC samples, and laboratory blanks (i.e., all samples) must be between 60 - 140%.

9.4.2
When the surrogate recovery from a sample or method blank is <60% or >140%, the following corrective actions will be taken: 1) Check calculations to locate possible errors; 2) Check fortifying solutions for degradation; 3) Check for contamination or other obvious abnormalities; and 4) Check instrument performance. If those steps do not reveal the cause of the problem, reanalyze the extract.

9.4.3
If a blank extract reanalysis fails the 60-140% surrogate recovery criterion, the problem must be identified and corrected before continuing.  

9.4.4
If a sample extract reanalysis meets the surrogate recovery criterion, report only data for the reanalyzed extract. If sample extract reanalysis continues to fail the surrogate recovery criterion, qualify (J) all data for that sample extract as suspect, and then re-extract and reanalyze the sample.

9.5
Assessing Laboratory Performance (Accuracy) – Laboratory Fortified Blank

9.5.1
Laboratory must analyze at least one laboratory fortified blank (LFB) sample with every twenty samples or one per sample set/batch (all samples extracted within a 24-hour period) whichever is greater. The fortified concentration of each analyte in the LFB must be 10 times the estimated detection limit (EDL) or the regulatory standard/tolerance (human health or ecological) concentration for the analyte whichever is less. Calculate accuracy as percent recovery (Xi). PCNB and target analyte recoveries are plotted on Microsoft Excel control charts. If the recovery of any analyte falls outside the control limits, that analyte is judged out of control, and the source of the problem must be identified and resolved before continuing analyses.

9.5.2
Until sufficient data become available from within the laboratory (i.e., usually a minimum of results from 20 to 30 analyses), the laboratory should assess laboratory performance against control limits derived from IDC data and MDL data. When sufficient internal performance data become available, develop control limits from the mean percent recovery (
[image: image8.wmf]x

) and standard deviation (s) of the percent recovery. These data are used to establish upper and lower control limits as follows:

UPPER CONTROL LIMIT = 
[image: image9.wmf]x

 + 3s

LOWER CONTROL LIMIT = 
[image: image10.wmf]x

 – 3s

After each five to ten new recovery measurements, new control limits should be calculated using only the most recent 20-30 data points. These calculated control limits should not exceed those established by IDC data.  The recovery of target analytes in the LFBs must fall in the range of 60 to 140%, except for methoxychlor that is 35 - 140%.

9.5.3
Method detection limits (MDLs) for target analytes are determined annually, or whenever there is a significant change in the analytical system, by analyzing a minimum of seven LFBs spiked with low concentrations of the target analytes according to the USEPA MDL procedure (USEPA, 1997).

9.5.4
Laboratory must analyze a QC sample purchased from Ultra Scientific, EM Science, or other external source at least quarterly and obtain 60 - 140% recovery (i.e., ( 40% of the true value) of method target analytes, except for methoxychlor that is 35 - 140% recovery.

9.6
Assessing Method Performance (Accuracy) – Laboratory Fortified Sample Matrix

9.6.1
Laboratory adds known concentrations of target analytes to a minimum of 10% of the field samples or to one sample per batch/set whichever is greater. The added concentration cannot be less than the background concentration of the sample selected for fortification. Usually, the concentration is the same as that used for the LFB. 

9.6.2 Calculate the percent recovery for each analyte after correcting the analytical result from the fortified sample for the background concentration measured in the unfortified sample. The recovery must fall in the range of 60 to 140% for all method target analytes, except for methoxychlor that is 35 - 140%. If the analyte recovery falls outside of these control limits, and the laboratory performance for that analyte in the LFB is shown to be in control, the recovery problem encountered with the spiked sample is judged to be matrix related, not system related. The result for that analyte in the unfortified sample is qualified (J) as suspect due to matrix effects. 

9.7
Assessing Method Performance (Precision)  – Laboratory Duplicates or LFM Duplicates 

9.7.1 Laboratory sample duplicate or LFM duplicate must be analyzed with every 10 samples.  LFM duplicates are used when the method target analytes are not commonly found in the field samples.

9.7.2 Calculate the relative percent difference (RPD) between the duplicate samples for the target analytes.  RPD results from analytical batches are plotted on Microsoft Excel control charts.  If the precision (RPD) of any analyte falls outside the control limits, that analyte is judged out of control, and the source of the problem must be identified and resolved before continuing analyses.  Duplicate RPDs must be ( 25%. 

9.8
The laboratory may adopt additional quality control practices for use with this method.  The specific practices that are most productive depend upon the needs of the laboratory and the nature of the samples.

9.9.
The most recently determined MDLs for target analytes in fish and biological tissue using this method are given in TABLE 3.  Reporting detection limits (RDLs) for target analytes are 3 times the respective MDLs.  See TABLE 4 for a summary of all quality control elements, acceptance limits, and corrective actions for the determination of organochlorine pesticides, and PCB Aroclors and congeners in fish and biological tissue using this method.    

10.0
CALIBRATION

10.1
Establish GC operating parameters equivalent to those indicated in Section 6.6. The GC system must be calibrated using the external standard technique.

WARNING: DDT and endrin are easily degraded in the injection port if the injection port or front of the column is dirty. This is the result of buildup of high boiling residue from sample injection. Check for degradation problems by injecting a mid-level standard containing only 4,4' DDT and endrin. Look for the degradation products of 4,4' DDT (4,4' DDE and 4,4' DDD) and endrin (endrin ketone and endrin aldehyde). If degradation of either DDT or endrin exceeds 20%, take corrective action before proceeding with calibration. Calculate percent breakdown as follows:
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10.2
External Standard Calibration Procedures
10.2.1
Prepare calibration standards at a minimum of three concentration levels for pesticides mixture (surrogate compounds included), toxaphene, chlordane, HCB mixture, each PCB Aroclor, 14 toxic PCB congeners, and 18 NOAA PCB congeners from intermediate solution and dilute with MTBE or hexane to the volume in 10-mL volumetric flasks. The concentration levels of the pesticides mixture are 0.005, 0.01, 0.02, 0.05, 0.10, 0.20, and 0.50 ng/(L. The concentration levels of HCB mixture are 0.05, 0.10, 0.20, and 0.50 ng/(L. The concentration levels of toxaphene are 0.10, 0.20, 0.50, 1.0 and 2.0 ng/(L. The concentration levels of chlordane are 0.10, 0.20, 0.50, 1.0 and 2.0 ng/(L. The concentration levels of each PCB Aroclor are 0.005, 0.01, 0.02, 0.05, 0.10, 0.20, and 0.50 ng/(L. The concentration levels of the 14 toxic PCB congeners are 0.001, 0.002, 0.005, 0.01, 0.02, 0.05, and 0.10 ng/(L. The concentration levels of the 18 NOAA PCB congeners are 0.001, 0.002, 0.005, 0.01, 0.02, 0.05, and 0.10 ng/(L. The solutions are transferred to PTFE-lined screw-cap vials and refrigerated at 4(C. The lowest standards represent analyte concentrations near, but above their respective MDLs. The other concentrations should correspond to the range of concentrations expected in the sample extracts, or should define the working range of the detector. The calibration standards must bracket the analyte concentrations found in the sample extracts.

10.2.2
Starting with the standard of lowest concentration, analyze each calibration standard and tabulate response (peak area) versus the concentration in the standard. The results can be used to prepare a calibration curve for each compound. Alternatively, if the ratio of response to concentration (calibration factor) is a constant over the working range (20% RSD or less), linearity through the origin can be assumed and the average ratio or calibration factor can be used in place of a calibration curve.

10.2.3
The working calibration curve or calibration factor is verified on each working day by the measurement of a minimum of two calibration check standards, one at the beginning (ICCS), and one at the end of the analysis day (ECCS). These check standards should be at two different concentration levels to verify the calibration curve. For extended periods of analysis (greater than 8 hrs.), continuing calibration check standards (CCCS) are interspersed with samples at regular intervals (after every 15-20 samples) during the course of the analyses. If the response for any analyte varies from the predicted response by more than ( 20%, the test must be repeated using a fresh calibration standard. If the results still do not agree, a new calibration curve must be generated.

11.0
PROCEDURE

11.1
Extraction

11.1.1
Weigh 20 g of homogenized sample (tissue) in a 400-mL glass beaker. Add approximately 20 g of anhydrous Na2SO4 and 100 mL of hexane to the sample.

11.1.2
Add 0.5 mL of 2.0 ng/(L PCNB fish surrogate to each field sample and QC sample. 

11.1.3
Homogenize thoroughly with a Tekmar tissuemizer. Carefully decant only the extract through a sharkskin-lined Buchner funnel into a 500-mL side-arm flask.

11.1.4
Repeat step 11.1.3 with additional 50 mL of hexane two more times. After the final extraction, pour the entire sample onto the filter. Rinse the glass container with 20-30 mL hexane and pour over the sample in the funnel. Attach an electrical vacuum pump to the side-arm flask and draw all the extract through. Excess solvent is allowed to evaporate from the tissue sample in the hood and then the tissue sample is properly disposed of as a non-hazardous solid waste.

11.1.5
Transfer the extract to a 250-mL volumetric flask via a glass funnel and bring to the 250- mL volume with hexane.

11.2
Florisil Cleanup
11.2.1
Prepare a glass wool plugged chromatography column with 20 ( 1 g Florisil. Open the stopcock and pre-elute the Florisil with 30 to 50 mL of hexane. Allow hexane to travel down the column. Discard the excess hexane as a hazardous waste. Close the stopcock at the hexane level about 1 cm above the Florisil. Do not allow the Florisil to dry. If the Florisil becomes dry, add more hexane.

11.2.2
Assemble a K‑D concentrator by attaching a 10‑mL K-D concentrator tube to a 500‑mL K-D flask with springs or a clip. Add 1 to 2 clean boiling stones to the K-D unit. Place it under the Florisil column.

11.2.3
Pipette 25 mL of the 250-mL extract and add it to the top of the Florisil column. Open the stopcock and allow the extract to pass through the Florisil. Collect the extract in the K-D unit. As the extract reaches the top of the Florisil, slowly add a few 1-2 mL portions of 15% (v/v) diethyl ether/hexane [note: used 6% (v/v) diethyl ether/hexane prior to January 2002 – see IDC and MDL data in Table 3] to the column followed by 2 portions of 50 mL of 15% (v/v) diethyl ether/hexane. Collect the extract in the K-D unit. Do not allow the Florisil to dry throughout the process. 

11.3
Extract Concentration
11.3.1
Attach a 3-ball Snyder column to the K-D unit. Pre-wet the Snyder column by adding about 1mL of hexane to the top. Place the K-D apparatus on a steam bath, 65 to 70ºC, so that the concentrator tube is partially immersed in the hot water, and the entire lower rounded surface of the flask is bathed with hot water vapor. Adjust the vertical position of the apparatus and the water temperature as required to complete the concentration in 15 to 20 min. When the apparent volume of liquid reaches 2 mL, remove the K-D apparatus and allow it to cool down for at least 10 min.

11.3.2
Adjust the final volume of the concentrated extract to 10 mL with hexane.

11.4
Transfer the concentrated extract to a PTFE-lined screw-cap vial and store, refrigerated at 4ºC, until analysis by GC/ECD.

11.5
Percent Lipid Determination
11.5.1
Separately, pipette 10 mL of the original 250-mL extract into a tare weighed aluminum pan for determination of fat content. The solvent is allowed to evaporate in a fume hood at room temperature. The residual is weighed and used to calculate the fat content of the sample (use equation in Section 12.3).

11.6
Gas Chromatography
11.6.1
Section 6.6.0 summarizes the recommended operating conditions for the gas chromatograph. Listed in TABLE 1 and TABLE 2 are the target analyte retention times observed using this method.  Other GC columns, chromatographic conditions, and/or detectors may be used if the performance requirements of the method described in this SOP are met.

11.6.2
Calibrate the system daily by running calibration standards. 

11.6.3
Inject 5 (L of the sample. Record the resulting peak areas.

11.6.4
If the peak response exceeds the working range of the system, dilute the extract and re-analyze.

11.7
Identification of Analytes
11.7.1
Identify a sample component by comparison of its retention time to the retention time of a reference chromatogram. If the retention time of an unknown compound corresponds, within limits, to the retention time of a standard compound, then analyte identification is considered positive.  Analyte identification is also confirmed based on its retention time on the second GC column (DB-1701).

11.7.2
The width of the retention time window used to make identifications must be based upon measurements of actual retention time variations of standards over the course of a day. Three times the standard deviation of a retention time is used to calculate a suggested window size for a compound. However, the experience of the analyst should weigh heavily in the interpretation of chromatograms.

12.0
CALCULATIONS

12.1
Calculate analyte concentrations in the sample from the response for the analyte using the calibration procedure described in the external calibration procedure. The linear coefficient factor (R) must be 0.99 or better.

12.2
In the external standard calibration procedure, determination of the amount of material injected is made by the peak response of the known versus the unknown. The concentration ((g/g) of analyte in the sample (C) is calculated using Equation 3:
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Equation 3
Where:

	M
	=
	Concentration of analyte measured in the Florisil-cleaned extract as determined from the calibration curve (ng/(L which is equivalent to (g/mL)

	Vf
	=
	Final volume of Florisil-cleaned extract (10 mL)

	Vp
	=
	Aliquot volume of extract taken for Florisil cleanup (25 mL)

	Vt
	=
	Total volume of extract (250 mL)

	Wt
	=
	Weight of extracted sample (g)


12.3
Percent lipid determination in the sample:
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Equation 4
13.0
method performance

13.1
The method detection limits for target analytes in fish and biological tissue using this method are summarized in TABLE 3.

14.0
POLLUTION PREVENTION

14.1
Refer to the WES Environmental Management System (EMS) policy and SOPs regarding pollution prevention.  

14.2
The quantity of chemicals purchased should be based on expected usage during its shelf life. Actual reagent preparation volumes should reflect anticipated usage and reagent stability.

14.3
A solvent recovery system is used to capture and dispose (as a hazardous waste) all organic solvents emitted in fume hoods during the analysis of samples using this method (i.e., during sample extract concentration).  As a result of this practice, a measured 80% of organic solvent vapor has been diverted from being emitted from WES fume hoods into the ambient air – this is a significant improvement from 0% solvent recovery before the WES EMS was implemented.
15.0
WASTE MANAGEMENT

15.1 WES laboratories fully comply with all applicable federal, state, and local environmental regulations.  WES is also committed to protecting the air, water, and land by minimizing and controlling all chemical releases from fume hoods, biological safety cabinets, and bench operations.  Refer to the WES EMS policy and SOPs regarding waste management.

15.2 Hexane, acetone, MTBE, and diethyl ether are used in this method as extraction solvents.  All waste solvents are collected in sealed waste containers. Once the waste containers reach capacity, they are transferred to the WES hazardous waste storage room where they are emptied into a waste solvent drum.  Within 180-days of waste accumulation, the waste solvent drum is transported off the premises by a licensed hazardous waste management contractor.  Under the WES EMS, a chemical inventory database has been developed to track purchases and use of solvents and other hazardous materials, and the waste generated by the use of these chemicals. 
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17.0
TABLES AND VALIDATION DATA

	TABLE 1. 
Retention times for the determination of organochlorine pesticides in fish and biological tissue by Modified AOAC Method 983.21 on an HP 5890 GC 

	Analyte
	Retention Time (min)a

	
	Primary
	Confirmation

	Hexachlorocyclopentadiene (HCCP)
	4.23
	N/Ab

	Trifluralin
	8.59
	N/Ab

	Hexachlorobenzene (HCB)
	9.58
	N/Ab

	-BHC
	9.25
	11.90

	-BHC
	10.16
	17.08

	Lindane
	10.46
	13.69

	Pentachloronitrobenzene (PCNB)
	10.66
	12.44

	-BHC
	11.28
	18.17

	Heptachlor
	13.40
	14.55

	Aldrin
	14.91
	15.76

	Heptachlor. Epoxide
	16.64
	19.03

	4,4’-DDE
	19.28
	21.14

	4,4’-DDD
	21.19
	24.84

	4,4’-DDT
	22.93
	25.60

	Methoxychlor
	25.54
	28.52

	Chlordane (multi-response)
	17.69                  18.39             18.62
	N/Ab

	Toxaphene (multi-response)
	20.44                           21.43             21.66
	N/Ab

	a Columns and analytical conditions are described in Section 6.6

b N/A = Not available


	TABLE 2. 
Retention times for the analysis of PCB Aroclors and PCB congeners in fish and biological tissue by Modified AOAC Method 983.21 on a Varian 3800 GC

	Analyte
	Retention Time (min)a

	
	Primary
	Confirmation

	PCNB (surrogate)
	13.53
	13.54

	A1232 (multi-response)
	11.55                   11.88                          12.08
	N/Ab

	A1242 (multi-response)
	13.68
13.54
14.29
	N/Ab

	A1248 (multi-response)
	18.12                   18.45
	N/Ab

	A1254 (multi-response)
	29.01
30.46
	N/Ab

	A1260 (multi-response)
	50.69
50.99
	N/Ab

	BZ# 8
	11.88
	12.94

	BZ# 18
	13.44
	14.72

	BZ# 28
	15.65
	17.34

	BZ# 52
	17.69
	19.82

	BZ# 44
	19.20
	22.12

	BZ# 66
	23.01
	26.70

	BZ# 101
	25.62
	29.16

	BZ# 81
	29.10
	35.83

	BZ# 77 (C)
	30.54
	38.84

	BZ# 123
	34.52
	40.15

	BZ# 118
	34.95
	40.75

	BZ# 114
	37.00
	41.93

	BZ# 153
	39.23
	42.64

	BZ# 105
	39.67
	44.37

	BZ# 138
	42.74
	45.80

	BZ# 126 (c)
	43.62
	47.54

	BZ# 187
	44.46
	46.45

	BZ# 128
	45.27
	48.33

	BZ# 167
	45.46
	48.04

	BZ# 156
	47.20
	49.75

	BZ# 157
	47.60
	50.20

	BZ# 180
	48.41
	50.33

	BZ# 169
	49.70
	52.41

	BZ# 170
	50.20
	52.24

	BZ# 189
	51.81
	53.82

	BZ# 195
	52.58
	54.13

	BZ# 206
	55.47
	57.02

	BZ# 209
	57.17
	57.95

	a Columns and analytical conditions are described in Section 6.6

b N/A = Not available

c BZ #77 co-elutes with BZ #110, and BZ #126 co-elutes with BZ #129 on the primary column but are separated on the confirmation column.  BZ #77 and BZ #126, if detected, are quantitated on the confirmation column.


	TABLE 3.
Method detection limits (MDLs, (g/g) for the determination of organochlorine pesticides, and PCB Aroclors and congeners in fish and biological tissue by Modified AOAC Method 983.21 

	Analyte
	Date of Study
	#Spiked Samples
	Spiked Concentration ((g/g)
	Accuracy
(% Recovery)a
	Precision
	MDL

((g/g)
	MRL

((g/g)

	
	
	
	
	
	(SDb in (g/g)
	% RSD
	
	

	HCCP
	08/09/2006
	7
	0.25
	94
	0.0053
	2.3
	0.017
	0.051



	Trifluralin
	08/09/2006
	7
	0.25
	89
	0.015
	6.8
	0.046
	0.14

	HCB
	08/09/2006
	7
	0.25
	61
	0.0038
	2.5
	0.012
	0.036

	-BHC
	08/09/2006
	7
	0.050
	102
	0.0007
	1.4
	0.0022
	0.0066

	-BHC
	08/09/2006
	7
	0.050
	106
	0.0012
	2.3
	0.0038
	0.011

	Lindane
	08/09/2006
	7
	0.050
	109
	0.0010
	1.8
	0.0030
	0.0090

	-BHC
	08/09/2006
	7
	0.050
	124
	0.0032
	5.2
	0.010
	0.030

	Heptachlor
	08/09/2006
	7
	0.050
	101
	0.0010
	2.0
	0.0031
	0.0093

	Aldrin
	08/09/2006
	7
	0.050
	101
	0.0008
	1.6
	0.0024
	0.0072

	Heptachlor epoxide
	08/09/2006
	7
	0.050
	99
	0.0010
	2.0
	0.0031
	0.0093

	Endosulfan I
	08/09/2006
	7
	0.050
	95
	0.0010
	2.1
	0.0031
	0.0093

	4,4’-DDE
	08/09/2006
	7
	0.050
	105
	0.0010
	1.9
	0.0031
	0.0093

	Endrin
	08/09/2006
	7
	0.050
	83
	0.0011
	2.6
	0.0036
	0.011

	4,4’-DDD
	08/09/2006
	7
	0.050
	103
	0.0010
	1.9
	0.0030
	0.0090

	4,4’-DDT
	08/09/2006
	7
	0.050
	107
	0.0010
	1.9
	0.0030
	0.0090

	Methoxychlor
	08/09/2006
	7
	0.050
	109
	0.0011
	2.0
	0.0035
	0.011

	Chlordane
	08/08/2006
	7
	1.0
	99
	0.0080
	0.81
	0.025
	0.075

	Toxaphene
	08/07/2006
	6
	0.50
	83
	0.0134
	3.2
	0.045
	0.142

	A1232
	08/21/2001
	7
	0.10
	83 
	0.0059
	7.1
	0.019
	0.057

	A1242
	08/21/2001
	7
	0.10
	78 
	0.0061
	7.8
	0.019
	0.057

	A1248
	08/21/2001
	7
	0.10
	97 
	0.012
	12
	0.038
	0.11

	A1254
	08/21/2001
	7
	0.10
	86 
	0.0042
	4.9
	0.013
	0.039

	A1260
	08/21/2001
	7
	0.10
	96 c
	0.0069
	7.3
	0.022
	0.066

	BZ# 8
	08/07/2007
	7
	0.010
	113
	0.0008
	6.6
	0.0024
	0.0072

	BZ# 18
	08/07/2007
	7
	0.010
	139
	0.0002
	1.3
	0.0006
	0.0018

	BZ# 28
	08/07/2007
	7
	0.010
	81
	0.0024
	28
	0.0072
	0.022

	BZ# 52
	08/07/2007
	7
	0.010
	86
	0.0021
	23
	0.0063
	0.019

	BZ# 44
	08/07/2007
	7
	0.010
	102
	0.0024
	23
	0.0074
	0.022

	BZ# 66
	08/07/2007
	7
	0.010
	84
	0.0024
	28
	0.0074
	0.022

	BZ# 101
	08/07/2007
	7
	0.010
	77
	0.0033
	40
	0.0098
	0.029

	BZ# 81
	08/07/2007
	7
	0.010
	63
	0.0012
	187
	0.0036
	0.011

	BZ# 77c
	08/07/2007
	7
	0.010
	81
	0.0026
	32
	0.0080
	0.024

	BZ# 123
	08/07/2007
	7
	0.010
	120
	0.0029
	23
	0.0088
	0.026

	BZ# 118
	08/07/2007
	7
	0.010
	129
	0.0031
	23
	0.0093
	0.028

	BZ# 114
	08/07/2007
	7
	0.010
	126
	0.0031
	23
	0.0092
	0.028

	BZ# 153
	08/07/2007
	7
	0.010
	122
	0.0025
	20
	0.0077
	0.023

	BZ# 105
	08/07/2007
	7
	0.010
	79
	0.0023
	28
	0.0069
	0.021

	BZ# 138
	08/07/2007
	7
	0.010
	123
	0.0004
	3.2
	0.0012
	0.0036

	BZ# 126c
	08/07/2007
	7
	0.010
	104
	0.0003
	2.3
	0.0008
	0.0024

	BZ# 187
	08/07/2007
	7
	0.010
	144
	0.0021
	14
	0.0065
	0.020

	BZ# 128
	08/07/2007
	7
	0.010
	69
	0.0004
	5.0
	0.0011
	0.0033

	BZ# 167
	08/07/2007
	7
	0.010
	126
	0.0017
	12
	0.0052
	0.016

	BZ# 156
	08/07/2007
	7
	0.010
	113
	0.0004
	3.5
	0.0012
	0.0036

	BZ# 157
	08/07/2007
	7
	0.010
	114
	0.0004
	3.0
	0.0011
	0.0033

	BZ# 180
	08/07/2007
	7
	0.010
	116
	0.0005
	4.6
	0.0017
	0.0051

	BZ# 169
	08/07/2007
	7
	0.010
	82
	0.0004
	4.8
	0.0012
	0.0036

	BZ# 170
	08/07/2007
	7
	0.010
	109
	0.0004
	3.2
	0.0011
	0.0033

	BZ# 189
	08/07/2007
	7
	0.010
	115
	0.0003
	2.5
	0.0009
	0.0027

	BZ# 195
	08/07/2007
	7
	0.010
	111
	0.0004
	3.4
	0.0012
	0.0036

	BZ# 206
	08/07/2007
	7
	0.010
	105
	0.0004
	3.9
	0.0013
	0.0031

	BZ# 209
	08/07/2007
	7
	0.010
	159
	0.0004
	2.4
	0.0012
	0.0036

	a Recovery of the concentration spiked into blank tissue matrix (i.e., clam tissue previously tested and found free of method target analytes and other contaminants).  

b SD = standard deviation of mean concentration measured.

c BZ #77 and BZ #126 were quantitated on the confirmation column.


	TABLE 4. 
Quality control elements, acceptance limits, and corrective actions for the determination of organochlorine pesticides, and PCB Aroclors and congeners in fish and biological tissue by Modified AOAC Method 983.21

	QC Elements
	Frequency
	Acceptance Criteria
	Corrective Action

	Sample storage 
	Every sample
	Sample stored in a freezer at     -20 to -10(C from arrival to extraction for ( 1-year holding time
	Qualify data (J) as suspect (exceeded holding time) and contact sample collector to obtain new sample

	Sample extract storage
	Every sample
	Sample extract stored in a refrigerator at 4(C and analyzed within the 1-year holding time for the sample 
	Qualify data (J) as suspect (exceeded holding time) and contact sample collector to obtain new sample 

	Surrogate (PCNB)
	Every sample, including QC samples
	60 – 140% recovery
	Reanalyze sample extract; if it again does not meet QC criteria, investigate QC failure, and then re- extract and reanalyze sample

	Laboratory extraction blank
	Every sample batch
	No method target analytes detected or concentration of target analytes < MDL
	Investigate and control potential source(s) of laboratory contamination, and then re-extract and reanalyze the samples in the batch – but only for the samples with > MDL concentrations of the analytes found in the blank

	Laboratory fortified blank (LFB)
	Every sample batch
	60 - 140% recovery of method target analytes, except for methoxychlor that is 35 - 140% recovery
	Reanalyze sample extract; if it again does not meet QC criteria, investigate QC failure, and then re-extract and reanalyze the samples in the batch 

	Laboratory fortified matrix (LFM)
	Every 10 samples (10% rate) 
	60 - 140% recovery of method target analytes, except for methoxychlor that is 35 - 140% recovery
	Qualify data (J) for LFM sample as suspect due to matrix effect 

	Field blanks
	Not routinely included – only for special projects or if submitted by sample collector
	No method target analytes detected or concentration of target analytes < MDL
	Qualify data (J) as suspect due to possible sample contamination in the field (i.e., for all field samples collected in the same sampling event that have > MDL concentrations of the analytes found in the blank) and contact sample collector

	Laboratory duplicates or LFM duplicates (note: field duplicates are not routinely included)
	Every 10 samples (10% rate)
	RPD must be ( 25% 
	Reanalyze duplicate extracts; if they again do not meet QC criteria, investigate QC failure and then re-extract and reanalyze the sample (or LFM) duplicates

	Solvent check
	Run at the beginning of each analytical sequence
	No contaminant peak(s) present
	Investigate and control GC system performance (i.e., contamination), replace solvent, and rerun sample set

	DDT/endrin breakdown – for organochlorine pesticide analysis only 
	Run after solvent check at the beginning of each analytical sequence
	Degradation of both DDT and endrin must be ( 20%
	Change the liner and septum of GC injection port, and rerun sample set 

	Initial calibration
	Run at the beginning of each analytical sequence 
	Correlation coefficient (R) ( 0.99 for all target analytes
	Recalibrate instrument and rerun sample set

	Calibration check standards 
	Run at the beginning of each analytical sequence, within the sample set at every 15-20 samples, and at the end of the analytical sequence
	Response of target analytes in calibration check solution varies from predicted response ( 20% 
	Reanalyze, or recalibrate and reanalyze sample set

	MDL determination (USEPA, 1997)
	Annually and whenever there is a significant change in the analytical system (e.g., method or instrumentation changes)
	Target analyte concentration spiked into the blank tissue must not exceed 10 times (approximately) the experimentally determined MDL 
	Repeat MDL study spiking the blank tissue with lower concentration of the target analyte 

	Quality control sample (QCS) from an external source
	Quarterly
	60 - 140% recovery (i.e., ( 40% of the true value) of method target analytes, except for methoxychlor that is 35 - 140% recovery 
	Reanalyze QCS sample extract; if it again does not meet QC criteria, investigate QC failure, and then re-extract and reanalyze the QCS sample
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