
METHOD 8080
ORGANOCHLORINE PESTICIDES AND PCBs

1 .0 SCOPE AND APPLICATION
1.1 Method 8080 is used to determine the concentration of variousorganochlorine pesticides and polychlorinated biphenyls (PCBs ) . Table 1indicates compounds that may be determined by this method and l ists the methoddetection limit for each compound 1n reagent water. Table 2 l ists the

practical quantitation l imit (PQL) for other matrices.

2.0 SUMMARY OF METHOD
2.1 Method 8080 provides gas chromatographic conditions for thedetection of ppb levels of certain organochlorine pesticides and PCBs. Priorto the use of this method, appropriate sample extraction techniques must beused. Both neat and diluted organic liquids (Method 3580, Waste Di lut ion) maybe analyzed by direct injection. A 2- to 5-uL sample is injected into a gaschromatograph (GC) using the solvent flush technique, and compounds in the GCeffluent are detected by an electron capture detector (ECD) or a halogen-specific detector (HSD).
2.2 The sensitivity of Method 8080 usually depends on the level ofInterferences rather than on Instrumental limitations. If interferencesprevent detection of the analytes, Method 8080 may also be performed onsamples that have undergone cleanup. Method 3620, Florisil Column Cleanup, byitself or followed by Method 3660, Sulfur Cleanup, may be used to eliminateInterferences in the analysis.

3.0 INTERFERENCES
3.1 Refer to Methods 3500 (Section 3 . 5 , in particular), 3600, and 8000.
3.2 Interferences by phthalate esters can pose a major problem inpesticide determinations when using the electron capture detector. Thesecompounds generally appear in the chromatogram as large late-eluting peaks,especial ly in the 15X and 50X fractions from the Floris i l cleanup. Commonf lex ib le plast ics contain varying amounts of phthalates. These phthalates areeasily extracted or leached from such materials during laboratory operations.Cross contamination of clean glassware routinely occurs when plastics arehandled during extraction steps, especially when solvent-wetted surfaces arehandled. Interferences from phthalates can best be minimized by avoidingcontact with any plastic materials. Exhaustive cleanup of reagents andglassware may be required to eliminate background phthalate contamination.The contamination from phthalate esters can be completely el iminated with amicrocoulometrlc or electrolytic conductivity detector.
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TABLE 1. GAS CHROMATOGRAPHY OF PESTICIDES AND PCBsa

Compound

Aldr in
a-BHC
/J-BHC
5-BHC7-BHC (Llndane)Chlordane (technical)
4, 4 ' -ODD
4 ,4 ' -DDE
4 ,4 ' -DDTD1eldr1nEndosulfan IEndosulfan IIEndosulfan sulfateEndrlnEndrln aldehydeHeptachlorHeptachlor epoxldeMethoxychlorToxaphenePCB-1016PCB-1221
PCB-1232
PCB-1242
PCB-1248PCB-1254
PCB-1260

aU.S. EPA. MethodEnvironmental Monitoring and

Retention time (m1n)
Col. 1 Co l . 2

2.40 4 . 10
1 .35 1 .82
1.90 1 .97
2.15 2.20
1 .70 2 . 13e e
7.83 9.08
5. 13 7 . 1 5
9.40 1 1 .75
5.45 7.23
4.50 6.20
8.00 8.28

14.22 10 .706.55 8. 10
11.82 9.302.00 3 .35
3.50 5.00

18.20 26.60

617. OrganochlorldeSupport Laboratory, Clncl

MethodDetectionl imit (ug/L)

0.004
0.003
0.006
0.009
0.004
0.014
0 .0 1 1
0.004
0.012
0.002
0 .0 14
0.004
0.066
0.006
0.023
0.003
0.083
0 . 176
0.24

ndndnd0.065ndndnd

Pesticides and PCBs.nnatl. Ohio 45268.
e * Multiple peak response.
nd = not determined.
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TABLE 2. DETERMINATION OF PRACTICAL QUANTITATION LIMITS (PQL) FOR VARIOUS
MATRICES4 _____________________

Matrix Factor^

Ground water 10Low-level soil by sonlcation with GPC cleanup 670High-level soil and sludges by sonlcation 10,000Non-water mlsclble waste 100,000
aSample PQLs are highly matrix-dependent. The PQLs l isted herein areprovided for guidance and may not always be achievable.
bPQL - [Method detection Unit (Table 1)] X [Factor (Table 2 ) ] . For non-aqueous samples, the factor 1s on a wet-weight basis.

8080 - 3 RevisionDate September 1986



4.0 APPARATUS AND MATERIALS
4.1 Gas chromatograph;

4 . 1 . 1 Gas Chromatograph: Analytical system complete with gaschromatograph suitable for on-column Injections and all requiredaccessories, Including detectors, column supplies, recorder, gases, andsyringes. A data system for measuring peak heights and/or peak areas is
recommended.

4 . 1 . 2 Columns:
4 . 1 .2 . 1 Column 1: Supclcoport ( 100/120 mesh) coated with 1 .5XSP-2250/1 .95X SP-2401 packed In a 1.8-tn x 4-mm I .D. glass column orequivalent.
4 . 1 . 2 . 2 Column 2: Supelcoport ( 100/120 mesh) coated with 31OV-1 1n a 1.8-m x 4-mm I.D. glass column or equivalent.

4. 1 .3 Detectors: Electron capture (ECO) or halogen specific (HSD)( I . e . , electrolytic conductivity detector).
4.2 Kuderna-Danish (K-D) apparatus;

4.2 . 1 Concentrator tube: 10-mL, graduated (Kontes K-570050-1025 orequivalent). Ground-glass stopper Is used to prevent evaporation ofextracts
4.2.2 Evaporation flask: 500-mL (Kontes K-570001-500 orequivalent). Attach to concentrator tube with springs.
4.2 .3 Snyder column: Three-ball macro (Kontes K-503000-0121 orequivalent).
4 .2 .4 Snyder column: Two-ball micro (Kontes K-569001-0219 orequivalent) .

4.3 Boi l ing chips: Solvent extracted, approximately 10/40 mesh (s i l iconcarbide or equivalent).
4.4 Water bath; Heated, with concentric ring cover, capable oftemperature control ( +5 *C) . The bath should be used in a hood.
4.5 Volumetric f lasks: 10-, 50-, and 100-mL, ground-glass stopper.
4.6 Hicrosyringe: 10-uL.
4.7 Syri nge: 5-mL.
4.8 Via l s : Glass , 2-, 10-, and 20-mL capacity with Teflon-lined screwcap.
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5.0 REAGENTS
5.1 Solvents: Hexane, acetone, toluene, Isooctane (2,2,4-trimethyl-pentane) (pest ic ide quality or equivalent).
5.2 Stock standard solut ions;

5 .2 . 1 Prepare stock standard solutions at a concentration of1 .00 ug/uL by disso lv ing 0.0100 g of assayed reference material inIsooctane and di lut ing to volume 1n a 10-mL volumetric f lask . A smallvolume of toluene may be necessary to put some pesticides 1n solution.Larger volumes can be used at the convenience of the analyst. Whencompound purity 1s assayed to be 96X or greater, the weight can be usedwithout correction to calculate the concentration of the stock standard.Commercially prepared stock standards can be used at any concentration ifthey are certified by the manufacturer or by an Independent source.
5 .2 .2 Transfer the stock standard solutions Into Teflon-sealedscrew-cap bottles. Store at 4*C and protect from light. Stock standardsshould be checked frequently for signs of degradation or evaporation,especially just prior to preparing calibration standards from them.
5 .2 .3 Stock standard solutions must be replaced after one year, orsooner if comparison with check standards Indicates a problem.

5.3 Calibration standards: Calibration standards at a minimum of fiveconcentration l e v e l s T o r e a c h " parameter of Interest are prepared throughdilution of the stock standards with Isooctane. One of the concentrationlevels should be at a concentration near, but above, the method detectionlimit. The remaining concentration levels should correspond to the expectedrange of concentrations found 1n real samples or should define the workingrange of the GC. Calibration solutions must be replaced after six months, orsooner, 1f comparison with check standards Indicates a problem.
5.4 Internal standards (1f Internal standard calibration is used): Touse this approach, the analyst must select one or more Internal standards thatare s imi lar in analytical behavior to the compounds of interest. The analystmust further demonstrate that the measurement of the internal standard 1s notaffected by method or matrix Interferences. Because of these l imitat ions, noInternal standard can be suggested that 1s applicable to all samples.

5 .4 . 1 Prepare calibration standards at a minimum of fiveconcentration levels for each analyte of interest as described inParagraph 5 . 3 .
5 . 4 . 2 To each calibration standard, add a known constant amount ofone or more Internal standards, and dilute to volume with Isooctane.
5 . 4 . 3 Analyze each calibration standard according to Section 7 . 0 .
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5.5 Surrogate standards; The analyst should monitor the performance ofthe extraction, c l e a nup (when used), and analytical system and the effec-t iveness of the method in dealing with each sample matrix by sp ik ing eachsample, standard, and reagent water blank with pesticide surrogates. BecauseGC/ECD data are much more subject to interference than GC/MS, a secondarysurrogate is to be used when sample Interference is apparent. Dibutyl-chlorendate (DBC) 1s also subject to add and base degradation. Therefore,two surrogate standards are added to each sample; however, only one need becalculated for recovery. DBC 1s the primary surrogate and should be usedwhenever possible. However, if DBC recovery 1s low or compounds interferewith DBC, then the 2,4,5,6-tetrachloro-meta-xylene should be evaluated foracceptance. Proceed with corrective action when both surrogates are out ofl imits for a sample (Section 8 .3 ) . Method 3500, Section 5 . 3 . 2 , indicates theproper procedure for preparing these surrogates.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING
6.1 See the Introductory material to this chapter, Organic Analytes,Section 4. 1 . Extracts must be stored under refrigeration and analyzed with in40 days of extraction.

7.0 PROCEDURE
7.1 Extraction;

7. 1 . 1 Refer to Chapter Two for guidance on choosing the appropriateextraction procedure. In general, water samples are extracted at aneutral, or as 1s, pH with Mthylene chloride, using either Method 3510or 3520. Solid samples are extracted using either Method 3540 or 3550.
7. 1 .2 Prior to gas chronatographlc analysis, the extraction solventmust be exchanged to hexane. The exchange 1s performed during the K-Dprocedures listed 1n all of the extraction methods. The exchange isperformed as follows.

7 . 1 .2 . 1 Following K-D of the methylene chloride extract to1 ml using the macro-Snyder column, allow the apparatus to cool anddrain for at least 10 »1n.
7 . 1 . 2 . 2 Increase the temperature of the hot water bath toabout 9C*C . Momentarily remove the Snyder column, add 50 mL ofhexane, a new boi l ing chip, and reattach the macro-Snyder column.Concentrate the extract using 1 mL of hexane to prewet the Snydercolumn. Place the K-D apparatus on the water bath so that theconcentrator tube Is partially Immersed in the hot water. Adjustthe vertical position of the apparatus and the water temperature, asrequired, to complete concentration 1n 5-10 m1n. At the proper rateof dist i l lat ion the balls of the column wil l actively chatter, butthe chambers will not flood. When the apparent volume of liquidreaches 1 mL, remove the K-D apparatus and allow it to drain andcool for at least 10 mln.
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7 . 1 . 2 . 3 Remove the Snyder column and rinse the flask and itslower joint Into the concentrator tube with 1-2 mL of'hexane. A5-mL syringe 1s recommended for this operation. Adjust the extractvolume to 10 .0 ml. Stopper the concentrator tube and storerefrigerated at 4 *C , 1f further processing wil l not be performedImmediately. If the extract will be stored longer than two days, itshould be transferred to a Teflon-sealed screw-cap v ia l . Proceedwith gas chromatographlc analysis 1f further cleanup is not
required.

7.2 Gas chromatography conditions (Recommended);
7 .2 . 1 Column 1: Set 5% methane/951 argon carrier gas flow at60 mL/m1n flow rate. Column temperature 1s set at 200*C Isothermal.When analyzing for the low molecular weight PCBs (PCB 1221-PCB 1248) , it1s advisable to set the oven temperature to 160*C .
7.2 .2 Column 2: Set 5X methane/95X argon carrier gas flow at60 mL/m1n flow rate. Column temperature held Isothermal at 200*C. Whenanalyzing for the low molecular weight PCBs (PCB 1221-PCB 1248), 1t isadvisable to set the oven temperature to 140*C.
7 .2 .3 When analyzing for most or all of the analytes In thismethod, adjust the oven temperature and column gas flow so that 4 ,4 ' -DOThas a retention time of approximately 12 m1n.

7.3 Calibration: Refer to Method 8000 for proper calibrationt e chn iques "Use Table 1 and especially Table 2 for guidance on selecting thelowest point on the calibration curve.
7 .3 . 1 . The procedure for Internal or external calibration may beused. Refer to Method 8000 for a description of each of theseprocedures.
7 .3 . 2 Because of the low concentration of pesticide standardsInjected on a GC/ECD, column adsorption may be a problem when the GC hasnot been used for a day. Therefore, the GC column should be primed ordeactivated by Injecting a PCB or pesticide standard mixtureapproximately 20 times more concentrated than the mid-level standard.Inject this prior to beginning Initial or dally calibration.

7.4 Gas chromatographlc analysis;
7 . 4 . 1 Refer to Method 8000. If the Internal standard calibrationtechnique 1s used, add 10 uL of Internal standard to the sample prior toInjection.
7 . 4 . 2 Follow Section 7.6 1n Method 8000 for Instructions on theanalysis sequence, appropriate dilutions, establishing dally retentiontime windows, and Identification criteria. Include a mid-level standardafter each group of 10 samples In the analysis sequence.
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7 . 4 . 3 Examples of GC/ECD chroraatograms for var ious .pest i c ides and
PCBs are shown in Figures 1 through 5.

7 . 4 . 4 Prime the column as per Paragraph 7 . 3 . 2 .
7 . 4 . 5 DOT and endrin are easily degraded in the in ject ion port ifthe injection port or front of the column is dirty. This is the resultof bui ldup of high boi l ing residue from sample inject ion. Check fordegradation problems by injecting a mid-level standard conta in ing only4 ,4 ' -DOT and endrin. Look for the degradation products of 4 , 4 ' - D O T(4 ,4 ' -DDE and 4 ,4 ' -DDD ) and endrin (endrin ketone and endrin aldehyde).If degradation of either DOT or endrin exceeds 20%, take correctiveaction before proceeding with calibration, by following the GC systemmaintenance outlined in Section 7.7 of Method 8000. Calculate percentbreakdown as fol lows:

X breakdown Total DPT degradation peak area (DDE + ODD) ,nnfor 4,4 ' -DOT " Total DOT peak area (DOT + DDE + ODD) x 1UU

X breakdownfor Endrin
x 100Total endrin degradation peak area (endrin aldehyde + endrin ketone)Total endrin peak area (endrin + endrin aldehyde + endrin ketone)

7 . 4 . 6 Record the sample volume Injected and the resulting peaks izes (In area units or peak heights).
7 .4 .7 Using either the Internal or external calibration procedure(Method 8000), determine the Identity and quantity of each component peakin the sample chromatogram which corresponds to the compounds used forcalibration purposes.
7 .4 .8 If peak detection and Identification are prevented due toInterferences, the hexane extract may need to undergo cleanup usingMethod 3620. The resultant extract(s) may be analyzed by GC directly ormay undergo further cleanup to remove Sulfur us ing Method 3660.

7 .5 Cleanup:
7 . 5 . 1 Proceed with Method 3620, followed by, If necessary, Method3660, us ing the 10-mL hexane extracts obtained from Paragraph 7 . 1 . 2 . 3 .
7 . 5 . 2 Fol lowing cleanup, the extracts should be analyzed by GC, asdescribed in the previous paragraphs and in Method 8000.

7.6 Calculat ions (exerpted from U.S . FDA, PAM):
7 . 6 . 1 Calculation of Certain Residues: Residues which are mixturesof two or more components present problems 1n measurement. When they arefound together, e . g . , toxaphene and DOT, the problem of quantitationbecomes even more difficult . In the following sections suggestions areoffered for handl ing toxaphene, chlordane, PCB, DOT, and BHC. A column10X DC-200 stationary phase was used to obtain the chromatograms inFigures 6-9.
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Column: l.|% 9-2250*1JI% SJ-2401 en Swetteoperx
Ttntptriturt: 200PC
Dtttctor: Etecvon Ctpturc

0 4 • 1 2 1 C
DETENTION TIME (MINUTCS)

Figure 1. Gas ehromatognm of pesticides.
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Column : 1.5% S* -2250-
1.95* SP 2«01 on Supcieoeoa

Ocueter: Electron C*pt«r»

0 4 t 12
DETENTION TIME (MINUTES)

16

Figure 2. Gas chromaiogram o< ehlordane.
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Column: 1.5% SJ-2250*
US* SJ-2401 en SuPticoDon

T«mp«raTuri. 200°C
Octtetor Electron Ctoturt

10 14 H
RETENTION TIME (MINUTES)

22

Figurt 3. Gas ehromatogrim of toxiphene.
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Column: 1.5% SP-22SO*
1JS% SJ-2401 en Sooticooon

Ttmotfaturt: 200°C
Otttctor. Electron Caoturt

6 10 U IS
RETENTION TIME (MINUTES)

22

Figure 4. Gas chromatogram of PC8-1254.
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Column: 1.S*S?-22SO*
1JS% SJ-2401 en Suoticooon

T*me*rnurt: 200°C
Dcuctor Electron CiOtun

10 14 IB
RETENTION TIME (MINUTES)

26

Figurt S. Gas ehromatogram of PCS-1260.
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Fig. 6—-Baseline construction for tome typl:— gas chromatopraphi; peaks.
a, symmetrical separated flat baseline; b and c. overlapping flat baseline:
d, separated (pen does nor ronirn to baseline between peaks); e. separated
sloping baseline; f. separated (pen goes below baseline between peaks);
I. «- andr-BHC sloping baseliStt; h.•-.£-. and r-BHC sloping baseline;
i. chlordane flat baseline; J. bepuchlor and heptachlor epocide super-
imposed on chlordane: k, cnair-abapod peaks, unsymmetrical peak: 1,
p.p'-DOT superimposed en teupbene.
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Fig. 7s—Baseline construction (or multiple residues with standard
touphene.

\i
Pl(. 7b—Rasehne coMtructtoa (or multiple residues with toxa-

ptaene, DOE and o,p'-, and p.p'-DOT.
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Fit. fe-feMllM eainiuoic. for mulapte residues: ««d.rd tox.phene.

8b.-B.Mlin. l«r mulaple n.tdue.: nee br.n with BHC.
DOT, and mwhoxycWor.
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construction (or multiple residues: stuuUrd chlordtne.

Fig. 9b— BtMllne coutruolon (or muittpte : rice brmn with chlordant, txauptwa*. and DOT.
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7 . 6 . 2 Toxaphene: Quantitative calculation of toxaphene or Strobaneis difficult, but reasonable accuracy can be obtained. To calculatetoxaphene on GC/ECD: (a) adjust sample s ize so that toxaphene majorpeaks are 10-30% full-scale deflection (FSD); (b) inject a toxaphenestandard that is estimated to be within +10 ng of the-sample; (c)construct the base l ine of standard toxaphene between it extremities; and(d) construct the baseline under the sample, using the distances of thepeak troughs to baseline on the standard as a guide (Figures 7, 8, and9). This procedure is made difficult by the fact that the relat iveheights and widths of the peaks in the sample wil l probably not beidentical to the standard. A toxaphene standard that has been passedthrough a Flor is i l column will show a shorter retention time for peak Xand an enlargement of peak Y.
7 . 6 . 3 Toxaphene and DOT: If DOT is present, it wil l superimposeitself on toxaphene peak V. To determine the approximate base l ine of theDOT, draw a line connecting the trough of peaks U and V with the troughof peaks W and X and construct another line parallel to this line whichwill just cut the top of peak W (Figure 6 1 ) . This procedure was testedwith ratios of standard toxaphene-DDT mixtures from 1 : 10 to 2:1 and theresults of added and calculated DOT and toxaphene by the "parallel l ines*method of basel ine construction were within 10X of the actual values Inall cases.

7 .6 .3 . 1 A series of toxaphene residues have been calculatedusing total peak area for comparison to the standard and also usingarea of the last four peaks only in both sample and standard. Theagreement between the results obtained by the two methods Justifiesthe use of the latter method for calculating toxaphene in a samplewhere the early eluting portion of the toxaphene chromatogram isinterfered with by other substances.
7 . 6 . 3 . 2 The baseline for methoxychlor superimposed ontoxaphene (Figure 8b) was constructed by overlaying the samples on atoxaphene standard of approximately the same concentration (Figure8a) and viewing the charts against a lighted background.

7 . 6 . 4 Chlordane is a technical mixture of at least 11 majorcomponents and 30 or more minor ones. Gas chromatography-massspectrometry and nuclear magnetic resonance analytical techniques havebeen applied to the elucidation of the chemical structures of the manychlordane const ituents. Figure 9a is a chromatogram of standard chlor-dane. Peaks E and F are responses to trans- and cis-chlordane, respec-tively. These are the two major components of technical chlordane, butthe exact percentage of each 1n the technical material is not completelydefined and is not consistent from batch to batch. Other labelled peaksin Figure 9a are thought to represent: A, monochlorinated adduct ofpentachlorocyclopentadiene with cyclopentadiene; B, coelution ofheptachlor and a-chlordene; C, coelution of /J-chlordene and 7-chlordene;

8080 - 18 Revis ionDate September 1986



D, a chlordane analog; G r coelutlon of cis-nonachlor and "Compound K," achlordane Isomer. The right "shoulder" of peak F 1s caused By trans-
nonachlor.

7 . 6 . 4 . 1 The GC pattern of a chlordane residue may differconsiderably from that of the technical standard. Depending on thesample substrate and Us history, residues of chlordane can consistof almost any combination of: constituents from the technicalchlordane; plant and/or animal metabol1t1es ; and products ofdegradation caused by exposure to environmental factors such aswater and sunlight. Only limited information is avai lab le on whichresidue GC patterns are likely to occur in which samples types, andeven this Information may not be applicable to a situation where theroute of exposure 1s unusual. For example, fish exposed to a recentspill of technical chlordane wil l contain a residue drasticallydifferent from a fish whose chlordane residue was accumulated byIngestlon of smaller fish or of vegetation, which 1n turn hadaccumulated residues because chlordane was in the water fromagricultural runoff.
7 .6 .4 .2 Because of this Inability to predict a chlordaneresidue GC pattern, it 1s not possible to prescribe a single methodfor the quantltation of chlordane residues. The analyst must judgewhether or not the residue's GC pattern 1s sufficiently similar tothat of a technical chlordane reference material to use the latteras a reference standard for quantltation.
7 .6 .4 .3 When the chlordane residue does not resemble technicalchlordane, but Instead consists primarTTy of Individual,Identifiable peaks, quant1tate each peak separately against theappropriate reference materials and report the Individual residues.(Reference materials are available for at least 11 chlordaneconstituents, metabolites or degradation products which may occur 1nthe residue.)
7 . 6 . 4 . 4 When the GC pattern of the residue resembles that oftechnical chlordane, quantltate chlordane residues by comparing thetotal area of the chlordane chromatogram from peaks A through F(Figure 9a) 1n the sample versus the same part of the standardchromatogram. Peak G may be obscured 1n a sample by the presence ofother pesticides. If G 1s not obscured, Include it In themeasurement for both standard and sample. If the heptachlor epoxidepeak 1s relatively small, Include it as part of the total chlordanearea for calculation of the residue. If heptachlor and/orheptachlor epoxide are much out of proportion as 1n Figure 6J,calculate these separately and subtract their areas from total areato give a corrected chlordane area. (Note that octachlor epoxide,metabolite of chlordane, can easi ly be mistaken for heptachlorepoxide on a nonpolar GC column.)
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7 . 6 . 4 . 5 To measure the total area of. the chlordanechromatogram, proceed as 1n Section 7 . 6 . 2 on toxaphene. Inject anamount of technical chtordane standard which wil l produce achromatogram in which peaks E and F are approximately the same sizeas those in the sample chromatograms. Construct the baselinebeneath the standard from the beginning of peak A to the end of peakF as shown in Figure 9a. Use the d istance from the trough betweenpeaks E and F to the baseline in the chromatogram of the standard toconstruct the basel ine 1n the chromatogram of the sample. Figure 9bshows how the presence of toxaphene causes the base l ine underchlordane to take an upward angle. When the s ize of peaks E and Fin standard and sample chromatograms are the same, the distance fromthe trough of the peaks to the base l ines should be the same.Measurement of chlordane area should be done by total peak area ifpossible.NOTE: A comparison has been made of the total peak areaIntegration method and the addition of peak heights method forseveral samples containing chlordane. The peak heights A, B,C, 0, E, and F were measured In millimeters from peak maximumof each to the baseline constructed under the total chlordanearea and were then added together. These results obtained bythe two techniques are too close to ignore this method of "peakheight addition" as a means of calculating chlordane. Thetechnique has Inherent difficulties because not all the peaksare symmetrical and not all are present in the same ratio instandard and in sample. This method does offer a means ofcalculating results If no means of measuring total area Ispractical.
7.6 .5 Polychlorlnated blphenyls (PCBs): Quantltatlon of residuesof PCB Involves problems similar to those encountered In the quant1tat1onof toxaphene, Strobane, and chlordane: In each case, the chemical Ismade up of numerous compounds and so the chromatograms are multi-peak;also in each case the chromatogram of the residue may not match that ofthe standard.

7 . 6 . 5 . 1 Mixtures of PCB of various chlorine contents were soldfor many years 1n the U.S. by the Monsanto Co. under the tradenameAroclor (1200 series and 1016). Though these Aroclors are no longermarketed, the PCBs remain In the environment and are sometime foundas residues 1n foods, especially fish.
7 . 6 . 5 . 2 PCB residues are quantitated by comparison to one ormore of the Aroclor materials, depending on the chromatograpMcpattern of the residue. A choice must be made as to which Arocloror mixture of Aroclors will produce a chromatogram most s imi lar tothat of the residue. This may also involve a judgment about whatproportion of the different Aroclors to combine to produce theappropriate reference material.
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7 . 6 . 5 . 3 Quantltate PCB residues by comparing total area orheight of residue peaks to total area of height of peaks fromappropriate Aroclor(s) reference materials. Measure total area orheight response from common basel ine under all peaks. Use onlythose peaks from sample that can be attributed to chloroblphenyls.These peaks must also be present 1n chromatogram of referencematerials. Mixture of Aroclors may be required to provide bestmatch of GC patterns of sample and reference.
7 .6 .6 DOT: DOT found 1n samples often consists of both o , p ' - andp .p ' -DDT. Residues of DOE and TOE are also frequently present. EachIsomer of DDT and Its metabolites should be quantItated using the purestandard of that compound and reported as such.
7 . 6 . 7 Hexachlorocyclohexane (BHC, from the former name, benzenehexachlorlde): Technical grade BHC 1s a cream-colored amorphous solidwith a very characteristic musty odor; 1t consists of a mixture of sixchemically distinct Isomers and one or more heptachloro-cyclohexanes andoctachloro-cyclohexanes.

7 .6 .7 . 1 Commercial BHC preparations may show a wide variance1n the percentage of Individual Isomers present. The eliminationrate of the Isomers fed to rats was 3 weeks for the a-, 7-, and 5-Isomers and 14 weeks for the /Msoroer. Thus 1t may be possible tohave any combination of the various Isomers 1n different foodcommodities. BHC found 1n dairy products usually has a largepercentage of /J-Isomer.
7 .6 .7 . 2 Individual Isomers (a, /J, 7, and 6) were Injected Intogas chromatographs equipped with flame 1on1zat1on, mlcrocoulometrlc,and electron capture detectors. Response for the four Isomers 1svery nearly the same whether flame 1on1zat1on or m1crocoulometr1cGLC 1s used. The a-, 7-, and 6-Isomers show equal electronaffinity. /J-BHC shows a much weaker electron affinity compared tothe others Isomers.
7 . 6 . 7 . 3 Quantltate each Isomer (a, p, 7, and 6) separatelyagainst a standard of the respective pure Isomer, using a GC columnwhich separates all the Isomers from one another.

8.0 QUALITY CONTROL
8.1 Refer to Chapter One for specific quality control procedures.Quality control to validate sample extraction 1s covered 1n Method 3500 and 1nthe extraction method uti l ized. If extract cleanup was performed, follow theQC In Method 3600 and 1n the specific cleanup method.
8.2 Mandatory quality control to evaluate the GC system operation 1sfound 1n Method 8000, Section 8.6 .
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8 .2 . 1 The quality control check sample concentrate (Method 8000,Section 8 .6 ) should contain each single-component parameter of interestat the fol lowing concentrations 1n acetone: 4 ,4 ' -DDD , 10 ug/mL; 4 , 4 ' -DDT, 10 ug/mL; endosulfan II, 10 ug/mL; endosulfan sulfate, 10 ug/mL;endrln, lOug/mL; and any other single-component pesticide, 2 ug/mL. Ifthis method Is only to be used to analyze for PCBs, chlordane, ortoxaphene, the QC check sample concentrate should contain the mostrepresentative multl-component parameter at a concentration of 50 ug/mLin acetone.
8.2 .2 Table 3 indicates the calibration and QC acceptance criteriafor this method. Table 4 gives method accuracy and precis ion asfunctions of concentration for the awalytes of interest. The contents ofboth Tables should be used to evaluate a laboratory's ability to performand generate acceptable data by this method.

8.3 Calculate surrogate standard recovery on all samples, blanks, andspikes. Determine 1f the recovery Is within l imits (l imits establ ished byperforming QC procedures outlined 1n Method 8000, Section 8 . 10 ) .
8.3 . 1 If recovery 1s not within limits, the following Is required.

• Check to be sure there are no errors in calculat ions,surrogate solutions and Internal standards. Also , checkInstrument performance.
• Recalculate the data and/or reanalyze the extract 1f any ofthe above checks reveal a problem.
• Reextract and reanalyze the sample if none of the above area problem or flag the data as "estimated concentration."

8.4 GC/MS confirmation; Any compounds confirmed by two columns may alsobe confirmed by G C / M S T ? t h e concentration 1s sufficient for detection byGC/MS as determined by the laboratory generated detection l imits.
8 .4 . 1 The GC/MS would normally require a minimum concentration of10 ng/uL 1n the final extract, for each single-component compound.
8 .4 .2 The pesticide extract and associated blank should be analyzedby GC/MS as per Section 7.0 of Method 8270.
8 .4 .3 The confirmation may be from the GC/MS analysis of thebase/neutral-add extractables extracts (sample and blank) . However, ifthe compounds are not detected in the base/neutral-acid extract eventhough the concentration Is high enough, a GC/MS analysis of thepesticide extract should be performed.
8.4 .4 A reference standard of the compound must also be analyzed byGC/MS. The concentration of the reference standard must be at a levelthat would demonstrate the ability to confirm the pestic ides/PCBsident if ied by GC/ECD.
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9.0 METHOD PERFORMANCE
9.1 The method was tested by 20 laboratories using reagent water,drinking water, surface water, and three Industrial wastewaters spiked at sixconcentrations. Concentrations used 1n the study ranged from 0.5 to 30 ug/Lfor single-component pesticides and from 8.5 to 400 ug/L for multl-componentparameters. Single operator precision, overall precision, and method accuracywere found to be directly related to the concentration of the parameter andessentially Independent of the sample matrix. Linear equations to describethese relationships for a flame 1on1zat1on detector are presented 1n Table 4.
9.2 The accuracy and precision obtained will be determined by the samplematrix, sample-preparation technique, optional cleanup techniques, andcalibration procedures used.
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TABLE 3. QC ACCEPTANCE CRITERIA*

Parameter

Aldrlna-BHC
0-BHC5-BHC
7-BHCChlordane4, 4 '-ODD4.4- -DDE4,4' -DDTD1eldr1nEndosulfan IEndosulfan IIEndosulfan SulfateEndrl nHeptachlorHeptachlor epoxldeToxaphenePCB-1016
PCB-1221PCB-1232PCB-1242PCB-1248PCB-1254
PCB-1260

Testcone.(ug/L)

2.02.02.02.02.050102.0102.02.01010102.0
2.05050505050505050

Limitfor s(ug/L)

0.42
0.48
0.64
0.720.46

10.0
2 .8
0 .55
3 .6
0 .76
0.49
6. 1
2 .7
3 . 7
0.40
0.41

12 .7
10.0
24.4
17.9
12.2
15.9
13 .8
10.4

.tangefor X
(ug/L)

i. 08-2. 24
.98-2.44

U. 78-2. 60
1 .0 1 -2 .37
0.86-2 .32
27.6-54.3
4 .8- 12 .6

1 .08-2 .60
4 .6 - 13 .7
1 . 15 -2 .49
1. 14-2.82
2 .2 - 17 . 1
3 .8-13.2
5. 1 - 12 .6

0.86-2.00
1 . 13-2.63
27.8-55 .6
30.5-51 .5
22. 1 -75.2
14.0-98.5
24.8-69.6
29.0-70.2
22 .2-57 .9
18 .7-54.9

Range
P. PS(X)

42-122
37-134
17-147
19-140
32-127
45-119
31-141
30-145
25-160
36-146
45-153

D-20226-144
30-147
34-111
37-142
41-126
50-114
15-178
10-215
39-15038-158
29-1318-127

s « Standard deviation of four recovery measurements, 1n ug/L.
X * Average recovery for four recovery measurements, 1n ug/L.
P, Ps * Percent recovery measured.
D • Detected; result must be greater than zero.
8Cr1ter1a from 40 CFR Part 136 for Method 608. These criteria are baseddirectly upon the method performance data 1n Table 4. Where necessary, thel imits for recovery have been broadened to assure applicabil ity of the l imitsto concentrations below those used to develop Table 4.
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TABLE 4. METHOD ACCURACY AND PRECISION AS FUNCTIONS OF CONCENTRATION3

Parameter

Aldr in
a-BHC
jJ-BHC
ff-BHC
7-BHCChlordane4 ,4 ' -DDD
4 , 4 ' - D D E
4 , 4 ' - D D TDleldr inEndosulfan IEndosulfan IIEndosulfan SulfateEndrinHeptachlorHeptachlor epoxideToxaphene
PCB-1016PCB-1221
PCB-1232
PCB-1242
PCB-1248PCB-1254
PCB-1260

V

Accuracy, asrecovery, x'(ug/L)

0.81O0.04
0.8400.03
0.81O0.070.81O0.070.82C-0.050.82C-0.04
0.84O0.30
0.85C+0 . 14
0 .93C-0 . 13
0.90O0.020.9700.04
0.9300.34
0.89C-0.37
0.89C-0.04
0.6900.04
0.89O0.10
0.80O1.74
0.81O0.50
0.96O0.65
0.91O10.790.93O0.700.97O1.060.76O2.070.66O3.76

Sing l e analystprec i s ion , s r '( ug/L)

0.167-0.04
0.137+0.04
0.227+0.02
0.187+0.09
0.127+0.06
0. 137+0 . 13
0 .207-0 . 18
0 . 1 3 7 ^ 0 . 0 5
C. 177+0. 39
0 . 127+0 . 19
0. 107+0 .07
0.417-0.65
0.137+0.33
0.207+0.25
0.067+0.13
0. 187-0. 1 1
0.097+3.20
0. 137+0 . 15
0.297-0.76
0.217-1 .93
0.1 17+1 .40
0.177+0.41
0. 157+1 .66
0.227-2.37

Overa l lprec is ion,
S 1 (ug/L)

0.207-0.010 .237-0 .00
0.337-0.95
0.257+0.03
0.227+0.04
0. 187+0. 18
0 .277-0 . 14
0 .287-0 .09
0 . 3 1 7 - 0 . 2 1
0 . 167 +0 . 16
0.187+0.08
0.477-0.20
0.247+0.35
0.247+0.25
0.167+0.08
0.257-0.08
0.207+0.22
0.157+0.45
0.357-0.62
0.317+3.50
0.217+1 .52
0.257-0.37
0. 177+3.62
0.397-4.86

x' = Expected recovery for one or more measurements of a samplecontain ing a concentration of C, in ug/L.
sr' = Expected s ingle analyst standard deviat ion of measurements at anaverage concentration of 7, 1n ug/L.
S' = Expected interlaboratory standard deviation of measurements at anaverage concentration found of 7, in ug/L.
C = True value for the concentration, in ug/L.
7 = Average recovery found for measurements of samples conta in ing aconcentration of C, 1n ug/L.
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