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METHOD 8081
ORGANOCHLORINE PESTICIDES AND PCBs AS AROCLORS BY GASCHROMATOGRAPHY: CAPILLARY COLUMN TECHNIQUE I 2 9

1 .0 SCOPE AND APPLICATION
1.1 Method 8081 Is used to determine the concentrations of variousorganochlorlne pesticides and polychlorlnated biphenyls (PCBs ) as Aroclors , inextracts from sol id and l iquid matrices. Open-tubular, capil lary columns wereemployed with electron capture detectors (ECD) or electrolytic conductivitydetectors ( ELCD) . When compared to the packed columns, these fused-s i l i ca , open-tubular columns offer improved resolution, better select ivity, increasedsens it iv ity, and faster analys is . The list below is annotated to show whether asingle- or dual-column analysis system was used to identify each target analyte.

Compound Name CAS Registry No.

Aldr in a b

Aroc l o r - 1016 a b

Aroc l o r - 1221 a b

Aroc lor- 1232 a ' b
Aroc l o r - 1242 a b

Aroclor-1248'- b

Aroc lor-1254'- b

Aroclor-1260'- b

a-BHC'-b

/3-BHC'- b

7-BHC (L indane ) '6
5-BHC*- b

Chlorobenz i late b

a-Chlordane b

7-Chlordane '- b

DBCPb

4 ,4 ' -DDD a ' b
4, 4' -DDE" b

4 , 4 ' - D D T a b

Dia l l a t e "
Die ldr in a- b

Endosulfan Ia-b

Endosulfan IIa'b
Endosulfan sulfatea 'b
Endr in a- b

Endr in aldehyde" b
Endr in ketoneb

309-00-2
1 2 6 7 4 - 1 1 - 2

1 104 -28 -2
1 1 1 4 1 - 1 6 - 5
53469-2 1 -9
12672-29-6
1 1097-69- 1
1 1096-82-5

3 19-84-6
3 19 -85 -7

58-89-9
3 19 -86-8
5 1 0 - 1 5 - 65 1 0 3 - 7 1 - 9

5 1 0 3 - 7 4 - 2
9 6 - 1 2 - 8
7 2 - 5 4 - 8
7 2 - 5 5 - 9
5 0 - 2 9 - 3

2 3 0 3 - 1 6 - 4
6 0 - 5 7 - 1

959 -98 -8
3 3 2 1 3 - 6 5 - 9

1 0 3 1 - 0 7 - 8
7 2 - 2 0 - 8

7 4 2 1 - 9 3 - 4
5 3 4 9 4 - 7 0 - 5
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Analysts are cautioned that the dual column opt ion may not be appropriate when
the instrument is subject to mechanical stress, many samples are to be run in a
short period, or when contaminated samples are analyzed.

1.7 This method is restricted to use by or under the superv i s ion ofanalysts experienced in the use of a gas chromatograph (GC) and in theinterpretation of gas chromatograms. Each analyst must demonstrate the abi l i ty
to generate acceptable results with this method.

1.8 Extracts suitable for analysis by this method may also be analyzed
for organophosphorus pest ic ides (Method 8 1 4 1 ) . Some extracts may a l so be
suitable for tr iaz ine herbic ide analysis, if low recoveries (normal ly samples
taken for tr iazine analysis must be preserved) are not a problem.

1.9 The fol lowing compounds may also be determined us ing th is method:

Compound Name CAS Registry No.

Alach lor '6
Captafo l b
Captan b

Chloronebb

Chloropropylate6

Chlorotha lon i l b
DCPAb

Dichlone6

Dicofo l6
Etr id iazo l e "
Ha lowax- 1000 b

Ha l ow a x - 1001 b

Ha l ow a x - 10 13 b

Ha l owax - 10 14 b

Ha l owax - 1051 b

Ha l ow a x - 1099 b

Mirex b

Nitrofen6

PCNB"
Perthane b

Propach lor"
Strobane6

t rans-Nonach lor b

t ran s-Permethr i n6

Trif lura l i n b

1 5972 -60 -8
2 4 2 5 - 0 6 - 1

1 3 3 - 0 6 - 2
2 6 7 5 - 7 7 - 6

9 9 5 1 6 - 9 5 - 7
1 8 9 7 - 4 5 - 6
186 1 -32 - 1

1 17 -80-6
1 1 5 - 3 2 - 2

2 5 9 3 - 1 5 - 9
58718 -66-4
5 8 7 1 8 - 6 7 - 5
1 2 6 1 6 - 3 5 - 2
1 2 6 1 6 - 3 6 - 3

2 2 3 4 - 1 3 - 1
3 9 4 5 0 - 0 5 - 0

2 3 8 5 - 8 5 - 5
1 836 -75 -5

82 -68 -8
7 2 - 5 6 - 0

1 9 1 8 - 1 6 - 1 7
8 0 0 1 - 5 0 - 1

3 9 7 6 5 - 8 0 - 5
5 1 8 7 7 - 7 4 - 8

1 5 8 2 - 0 9 - 8

Sing l e - co l umn analysis
Dua l - c o l umn ana lyst ' s
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2.0 SUMMARY OF METHOD
2.1 A measured volume or weight of sample (approx imate ly 1 L for 1 iqu ids ,

2 g to 30 g for so l ids ) is extracted using the appropriate sample extraction
techn ique . L i qu i d samples are extracted at neutral pH wi th methylene ch lor ideus ing e ither a separatory funnel (Method 35 10 ) or a cont inuous l i q u i d - l i q u i d
extractor (Method 3 5 2 0 ) . So l id samples are extracted wi th hexane-acetone ( 1 : 1 )or methylene ch lor ide-acetone ( 1 : 1 ) us ing either Soxhlet extract ion (Method
3 5 4 0 ) , Automated Soxhlet (Method 3541 ) , or Ul t ra son i c Extract ion (Method 3 5 5 0 ) .A variety of c leanup steps may be applied to the extract, depending on (1) thenature of the coextracted matr ix interferences and (2) the target analytes .
After c leanup, the extract is analyzed by in ject ing a l-/il_ sample into a gaschromatograph with a narrow- or wide-bore fused s i l i c a cap i l l a ry co lumn and
electron capture detector (GC/ECD) or an electrolytic conduct iv i ty detector
( G C / E L C D ) .

3 . 0 INTERFERENCES
3.1 Refer to Methods 3500 (Sec . 3, i n par t i cu l a r ) , 3600 , and 8000 .
3.2 Sources of interference in this method can be grouped into three

broad categor i e s : contaminated solvents, reagents or sample proce s s i ng hardware;
contaminated GC carrier gas , parts, column surfaces or detector surfaces ; and the
presence of coe lut ing compounds in the sample matr ix to wh i ch the BCD wi l l
respond. Interferences coextracted from the samples w i l l vary cons iderab ly fromwaste to waste . Wh i l e general cleanup techniques are referenced or provided as
part of th i s method, unique samples may require add i t iona l c leanup approaches toach ieve des ired degrees of discr iminat ion and quant i ta t ion .

3.3 Interferences by phthalate esters introduced dur ing sample
preparat ion can pose a major problem in pest i c ide de term ina t ion s . These
mater ia l s may be removed pr ior to analysis us ing Gel Permeat ion Cl eanup -
pest ic ide option (Method 3640) or as Fract ion III of the s i l i c a gel c leanup
procedure (Method 3 6 3 0 ) . Common f lexib le p l a s t i c s con ta i n vary ing amounts of
ph tha l a t e esters wh i ch are eas i l y extracted or leached from such ma t e r i a l s du r i ng
laboratory ope ra t i on s . Cro s s - con t am i na t i o n of c l ean g l a s sware rou t i ne ly occurs
when p l a s t i c s are handled dur ing extraction steps , e spec ia l l y when so l v en t -we t t ed
surfaces are hand l ed . Interferences from phtha late esters can best be m i n im i z e d
by avo i d i n g contact w i th any plast ic mater ia l ^ and check ing al l s o l v e n t s and
reagents for phtha late contaminat ion . Exhaus t ive c leanup of so l v en t s , reagents
and g l a s sware may be required to e l im inate background ph tha l a t e ester
c o n t am i n a t i o n .

3.4 Glas sware must be scrupulously c l eaned . C l e a n a l l g l a s sware as soon
as po s s i b l e after use by r in s i ng with the last so lvent u s ed . Th i s shou ld be
fo l lowed by detergent wash ing with hot water, and r i n s e s w i th tap water and
o rgan i c - f r e e reagent water . Dra in the g las sware and dry in an oven at 130 °C for
s evera l hours or r i n s e w i t h methanol and d r a i n . Stor e dry g l a s swa r e in a c l e an
env i ronment .

3.5 The presence of e lemental su lfur w i l l r e su l t i n broad peaks that
i n terfere w i th the de t e c t i on of ear ly-e lut ing organoch l o r i n e p e s t i c i d e s . Su l f u r
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DB- 1701 Chlorothaloni l/8-BHC
<$-BHC/DCPA/trans-Permethr ino-Chlordane/trans-Nonach lorCaptan/Dieldrin
Chlorobenz i 1ate/Chloropropy late

Chlorothaloni l/B-BHC and o-Chlordane/trans-Nonachlor wi l l co-elute
on the D 8 - 1 7 0 1 column after moderate deter iorat ion in column performance.

Nitrofen, Dichlone, Carbophenothion, Dich loran and Kepone wereremoved from the composite mixture because of extens ive peak ta i l i ng onboth columns. Simaz ine and Atrazine g ive poor responses on the ECD
detector. Triazine compounds should be analyzed us ing Method 8141 (NPD
opt ion ) .

3 . 9 . 2 DB-5/DB- 1701 , thick fi lm, fast ramp: See Sec . 7 and Table 7.
DB-5 Dia l l ate/o-BHCPerthane/Endosulfan II

Chlorobenz i 1a te/Chloropropy la teEndrin/Nitrofen
4,4'-DOT/Endosu l fan su lfateMethoxychlor/Di colfol

DB - 170 1 a-Chlordane/trans-Nonachlor (part ia l ly resolved)4,4' -DDD/Endo s u l f a n I I (part ia l ly reso lved)

4.0 APPARATUS AND MATERIALS
4.1 Gas chromatograph: an analyt ical system complete wi th gaschromatograph suitable for on-column and sp l i t - s p l i t l e s s in jec t ion and all

required accessor ies inc luding syringes, analyt ica l co lumns , gase s , electroncapture detectors ( ECD ) , and recorder/integrator or data system.
The columns l i sted in this sect ion were used to deve lop the method

performance data. The ir spec if icat ion is not intended to prevent l abora tor i e s
from using columns that are developed after promulgat ion of the method.
Laboratories may use other capil lary columns if they document method performancedata ( e . g . chromatographic resolut ion, analyte breakdown, and MDL s ) equal to or
better than those provided with the method.

4 . 1 . 1 S i ng l e - co l umn Ana ly s i s :
4 . 1 . 1 . 1 Narrow-bore co l umns :

4 . 1 . 1 . 1 . 1 . Column 1 - 30 m x 0 . 2 5 or 0 . 3 2 mm internal
diameter ( ID ) fused s i l i ca cap i l l a ry column chemica l l y bonded
with S E - 5 4 (DB 5 or equ i va l e n t ) , 1 y.m f i lm t h i c k n e s s .

4 . 1 . 1 . 1 . 2 Column 2 - 30 m x 0 . 2 5 mm ID fused s i l i c a
cap i l l a ry column chemica l l y bonded w i t h 35 percent phenyl
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methylpolysi loxane (DB 608, SPB 608, or equ iva lent ) , 25 urncoating thickness, 1 urn f i lm th i cknes s .
4 . 1 . 1 . 1 . 3 Narrow bore columns should be insta l l ed in

sp l i t/sp l i t l e s s (Grob-type) i n j e c tor s .
4 . 1 . 1 . 2 Wide-bore columns

4 . 1 . 1 . 2 . 1 Column 1 - 30 m x 0 . 5 3 mm ID fused s i l i cacapi l lary column chemically bonded with 35 percent phenylmethylpolysiloxane (DB 608, SPB 608, RTx -35 , or equ iva l ent ) ,
0.5 /urn or 0 .83 jum fi lm th i cknes s .

4 . 1 . 1 . 2 . 2 Column 2 - 30 m x 0 . 5 3 mm ID fused s i l i ca
capi l lary column chemically bonded with 50 percent phenyl
methylpolys i loxane (DB 1 7 0 1 , o r equ i va l e n t ) , 1 .0 ^m f i lm
th i c k n e s s .

4 . 1 . 1 . 2 . 3 Column 3 - 30 m x 0 . 5 3 mm ID fused s i l i c a
capi l lary column chemically bonded with SE -54 (DB 5, SPB 5,
RTx5, or equivalent) , 1 .5 /urn f i lm th i c kne s s .

4 . 1 . 1 . 2 . 4 Wide-bore columns should be insta l led in 1/4
inch injectors, with deactivated l iners des igned spec i f i ca l lyfor use with these columns.

4 . 1 . 2 Dual Column Analys i s :
4 . 1 . 2 . 1 Column pair 1 :

4 . 1 . 2 . 1 . 1 J&W Sc ient i f i c pre s s- f i t Y-shaped g la s s 3-way union splitter (J&W Sc ient i f i c , Cata log no. 7 0 5 - 0 7 3 3 ) or
Restek Y-shaped fused-s i l i ca connector (Res tek , Cata log no.2 0 4 0 5 ) , o r equivalent .

4 . 1 . 2 . 1 . 2 30 m x 0 . 5 3 m ID DB -5 (J&W Sc i e n t i f i c ) ,
1 .5 urn f i lm th ickness , or equ iva l en t .

4 . 1 . 2 . 1 . 3 30 m x 0 . 5 3 mm ID D B - 1 7 0 1 (J&W Sc i e n t i f i c ) ,
1 .0 j im f i lm th ickness , or equ iva l en t .
4 . 1 . 2 . 2 Column pair 2 :

4 . 1 . 2 . 2 . 1 Sp l i t t er 2 - Supe l co 8 in . g lass in j ec t ion
tee, deact ivated (Supe l co , Cata l og no . 2 - 3 6 6 5 M ) , orequ iva l en t .

4 . 1 . 2 . 2 . 2 30 m x 0 . 5 3 m ID DB -5 (J&W Sc i e n t i f i c ) ,0 . 8 3 urn f i lm th ickness , or equ iva l en t .
4 . 1 . 2 . 2 . 3 30 m x 0 . 5 3 mm ID D B - 1 7 0 1 (J&W Sc i e n t i f i c ) ,1 .0 j im f i lm th ickness , or equ i va l e n t .
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4 . 1 . 3 Column r ins ing kit: Bonded-phase column r inse k i t (J&W
Sc i en t i f i c , Cata log no. 430-3000 or equ iva l en t ) .
4.2 Glas sware (see Methods 35 10 , 3520 , 3540 , 3 5 4 1 , 3550 , 3630, 3640,

3660, and 3665 for spec i f i ca t i on s ) .
4.3 Kuderna-Dan i s h (K-D) apparatus. See extract ion methods for spec i f i c s .

5.0 REAGENTS
5.1 Reagent or pest ic ide grade chemica ls shal l be used in al l te s t s .Unless otherwise ind i cated , it is intended that all reagents shal l conform tospec i f i cat ions of the Committee on Analytical Reagents of the Amer ican Chemica l

Society, where such spec if icat ions are ava i lab le . Other grades may be used,provided it is f irst ascerta ined that the reagent is of suff ic ient ly h igh purity
to permit its use without lessening the accuracy of the determinat ion .

NOTE: Store the standard solutions (stock, composite, ca l ibrat ion,
in terna l , and surrogate) at 4°C in Tef l o n - s e a l e d conta iner s in the
dark. When a lot of standards is prepared, it is recommended that
a l iquot s of that lot be stored in ind iv idua l small v i a l s . All stock
standard so lu t ions must be replaced after one year or sooner if
rout ine QC (Sec . 8) indicates a prob lem. All other standard
so lu t ion s must be replaced after six months or sooner if rout ine QC(Sec . 8) indicates a problem.

5.2 Solvents and reagents: As appropriate for Method 35 10 , 3520, 3540,3 5 4 1 , 3550, 3630, 3640, 3660, or 3665: n-hexane , diethyl ether, methylene
chloride, acetone, ethyl acetate, and isooctane (2 ,2 ,4-t r ime t hy l p e n t an e ) . All
so lvents should be pes t i c i de quality or equ iva l en t , and each lot of so lventshould be determined to be phthalate free. So lvent s must be exchanged to hexane
or i sooctane pr ior to ana l y s i s .

5 . 2 . 1 Organ i c - f r e e reagent water: Al l references to water i n th i smethod refer to organ ic-free reagent water as def ined in Chap t e r One .
5.3 Stock standard solut ions ( 1000 mg/L ) : Can be prepared from pure

standard mater ia ls or can be purchased as certif ied so lut ions .
5 . 3 . 1 Prepare stock standard so lut ions by accurately weigh ing about

O . O i O O g of pure compound . D i s s o l v e the compound in i s ooc tane or hexane
and d i l u t e to vo lume in a 10-mL vo lumetr i c f l a s k . If compound pur ity is96 percent or greater , the weight can be used w i t hou t correc t i on to
ca l cu l a t e the concentrat ion of the stock standard s o l u t i o n . Commerc ia l l y
prepared stock standard solut ions can be used at any concentrat ion if they
are cer t i f i ed by the manufacturer or by an independent source .

5 . 3 . 2 B -BHC , D i e l d r i n , and some other s tandards may not be
adequately soluble in isooctane. A small amount of acetone or toluene
shou ld be used to d i s so lve these compounds dur i ng the preparat ion of the
s tock standard s o l u t i o n s .
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5.4 Composite stock standard: Can be prepared from individual stockso lu t ions . For composite stock standards conta in ing less than 25 components,take exactly 1 ml of each individual stock so lut ion at 1000 mg/L, add solvent,
and mix the solutions in a 25-mL volumetric flask. For example, for a compositeconta in ing 20 indiv idual standards, the result ing concentrat ion of each componentin the mixture, after the volume is adjusted to 25 ml, wi l l be 1 mg/25 ml. This
composite solution can be further diluted to obtain the desired concentrations.For composite stock standards containing more than 25 components , use volumetr icf lasks of the appropriate volume ( e . g . , 50 ml, 100 ml ) .

5.5 Cal ibrat ion standards should be prepared at a m i n imum of fiveconcentrat ions by di lut ion of the composite stock standard with i sooctane orhexane. The concentrations should correspond to the expected range ofconcentrat ions found in real samples and should bracket the l i near range of thedetector.
5 . 5 . 1 Although al l s ingle component analytes can be resolved on anew 35 percent phenyl methyl s i l icone column ( e . g . , DB -608 ) , twoca l ibrat ion mixtures should be prepared for the s ing le component analytesof this method.
5 . 5 . 2 This procedure i s established to ( 1 ) m in im ize potent ia lresolut ion and quantitation problems on confirmation columns or on older

35 percent phenyl methyl sil icone ( e . g . DB-608) columns and (2) a l lowdeterminat ion of Endrin and DOT breakdown for method QC (Sec . 8).
5 . 5 . 3 Separate calibration standards are required for each mul t i -component target analyte, with the exception of Aroclors 10 16 and 1260 ,which can be run as a mixture.

5.6 Internal standard (opt ional) :
5 . 6 . 1 Pentachloronitrobenzene is suggested as an internal standardfor the s ingle column analysis, when it is not considered to be a targetanalyte. l-Bromo-2-nitrobenzene is a suggested opt ion. Prepare thestandard to complement the concentrations found in Sec . 5 . 5 .
5 . 6 . 2 Make a solution of 1000 mg/L of l-bromo-2-nitrobenzene fordual-column analys is . Dilute 1t to 500 ng/jiL for sp ik ing , then use asp ik ing volume of 10 jiL/mL of extract.

5.7 Surrogate standards: The performance of the rethod shou ld bemonitored us ing surrogate compounds. Surrogate standards are added to all
samples , method blanks, matrix spikes, and ca l ibrat ion standards .

5 . 7 . 1 For the single column analys i s , use decachlorobiphenyl as theprimary surrogate. However, if recovery is low, or la te-e lu t i ng compoundsinterfere with decachlorobiphenyl, then tetrach loro-m-xylene should beevaluated as a surrogate. Proceed with correct ive act ion when bothsurrogates are out of l imits for a sample (Sec . 8 . 2 ) . Method 3 5 0 0 , Sec .5, indicates the proper procedure for preparing these surrogates .
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5 . 7 . 2 For the dual column analysis make a solution of 1000 mg/L of4-chloro-3-nitrobenzotr if luor ide and di lute to 500 ng/^L. Use a spik ingvolume of 100 pi for al l aqueous sample. Store the sp ik ing so lut ionsat 4°C in Teflon-sealed containers in the dark.

6.0 SAMPLE COLLECTION, PRESERVATION AND HANDLING
6.1 See Chapter 4, Organic Analytes, Sec . 4.
6.2 Extracts must be stored under refrigeration in the dark and analyzedwith in 40 days of extract ion.

7.0 PROCEDURE
7 . 1 Extract ion:

7 . 1 . 1 Refer to Chapter Two and Method 3500 for guidance in choosingthe appropriate extraction procedure. In general , water samples areextracted at a neutral pH with methylene chloride as a solvent using aseparatory funnel (Method 3510) or a continuous l iqu id- l iqu id extractor(Method 3520 ) . Extract solid samples with hexane-acetone ( 1 : 1 ) us ing oneof the Soxhlet extraction (Method 3540 or 3541 ) or ultrasonic extract ion(Method 3550) procedures.
NOTE: Hexane/acetone ( 1 : 1 ) may be more effective as an extract ionsolvent for organochlorine pesticides and PCBs in someenvironmental and waste matrices than is methylenechloride/acetone ( 1 : 1 ) . Use of hexane/acetone generallyreduces the amount of co-extracted interferences and improvess igna l/noise .
7 . 1 . 2 Spiked samples are used to verify the appl icabi l i ty of thechosen extraction technique to each new sample type. Each sample typemust be spiked with the compounds of interest to determine the percentrecovery and the l imit of detection for that sample (Sec . 5). See Method8000 for guidance on demonstration of initial method proficiency as wellas guidance on matrix spikes for routine sample ana ly s i s .

7 .2 Cleanup/Fractionation:
7 . 2 . 1 Cleanup procedures may not be necessary for a re lat ive ly c leansample matrix, but most extracts from environmental and waste samples wil lrequire addit ional preparation before ana lys i s . The spec if i c c leanupprocedure used wil l depend on the nature of the sample to be analyzed andthe data quality objectives for the measurements . General guidance forsample extract cleanup is provided in this section and in Method 3600.

7 . 2 . 1 . 1 If a sample is of b io log ica l or ig in , or conta inshigh molecular weight materials, the use of GPC cleanup/pest ic ide
opt ion (Method 3640) is recommended. Frequent ly, one of the
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adsorpt ion chromatographic cleanups may a l so be required following
the GPC c leanup.

7 . 2 . 1 . 2 If only PCBs are to be measured in a sample, the
su lfur ic acid/permanganate cleanup (Method 3665) is recommended.
Add i t i ona l c leanup/fract ionat ion by A l um i n a Cleanup (Method 36 10 ) ,
S i l i c a -Ge l Cleanup (Method 3630) , or Flor i s i l Cleanup (Method 3620) ,
may be necessary.

7 . 2 . 1 . 3 If both PCBs and pe s t i c i d e s are to be measured in
the sample, iso lat ion of the PCB fraction by S i l i c a Cleanup (Method
3630) is recommended.

7 . 2 . 1 . 4 If only pest ic ides are to be measured , c leanup byMethod 3620 or Method 3630 is recommenaed.
7 . 2 . 1 . 5 Elemental sulfur, which may appear in certain

sediments and industrial wastes , interferes with the electroncapture gas chromatography o'f certain pes t i c ides . Sulfur should be
removed by the technique described in Method 3660 , Su l f u r C l e a n up .

7.3 GC Cond i t i o n s : Th i s method al lows the ana lys t to choose betweena s ing le column or a dual column configuration in the in jector port . Ei ther
wide- or narrow-bore columns may be used. Ident i f i ca t ions based on retent ion
times from a s i ng l e co lumn must be confirmed on a second column or with analternative qual itat ive technique.

7 . 3 . 1 Single Column Analysis:
7 . 3 . 1 . 1 This capillary GC/ECD method allows the analyst

the opt ion of us ing 0 . 2 5 - 0 . 3 2 mm ID cap i l lary columns (narrow-bore)
or 0 . 5 3 mm ID capil lary columns (w ide-bore ) . Performance data are
prov ided for both opt ions. F igures 1-6 prov ide example
chromatograms.

7 . 3 . 1 . 2 The use of narrow-bore co lumns i s recommended when
the analyst requires greater chromatograph ic r e so l u t i on . Use of
narrow-bore columns is suitable for re lat ive ly c lean samples or forextracts that have been prepared with one or more of the c l ean-up
opt ions referenced in the method. Wide-bore columns ( 0 . 5 3 mm) aresu i tab l e for more complex environmental and waste ma t r i c e s .

7 . 3 . 1 . 3 Fo r t h e s ing le co lumn method o f a n a l y s i s , u s i n g
w ide-bore cap i l l a ry columns, Tab le 1 l i s t s average re t en t i on t ime s
and method de t e c t i on l im i t s (MDLs ) for the target ana lytes in water
and so i l ma t r i c e s . For the s i ng l e co lumn method of ana l y s i s , u s i ng
narrow-bore capi l lary columns, Table 2 l i s t s average retention times
and method de tec t ion l imi t s (MDLs ) for the target analytes in water
and soi l matr i ce s . The MDLs for the components of a specif ic sample
may d iffer from those l isted in Tab l e s 1 and 2 because they aredependent upon the nature of interferences in the sample matr ix .
Tab l e 3 l i s t s the Est imated Qua n t i t a t i o n L i m i t s ( E Q L s ) for other
matr i c e s . Table 4 l i sts the GC operating cond i t i on s for the s ing le
co lumn method of ana l y s i s .
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7 . 3 . 2 Dual Column Analys i s :
7 . 3 . 2 . 1 The dual-co lumn/dual-detector approach involvesthe use of two 30 m x 0 .53 nun ID fused-s i l i ca open-tubular columnsof different polarit ies, thus different se lect iv i t i e s towards thetarget compounds. The columns are connected to an in ject ion tee and

ECD detectors . Retention times for the organochlor ine analytes ondual columns are in Table 5. The GC operat ing cond i t i on s for thecompounds in Table 5 are in Table 6. Mult i component mixtures ofToxaphene and Strobane were analyzed separately (F igure s 7 and 8)using the GC operating condit ions found in Table 7. Seven Aroclor
mixtures and six Halowax mixtures were analyzed under the cond i t ionsout l ined in Table 7 (Figures 9 through 2 1 ) . Figure 22 is a sample
chromatogram for a mixture of organoch lor ine pe s t i c i d e s . The
retent ion times of the ind iv idual components detected in these
mixtures are given in Tables 8 and 9.

7 . 3 . 2 . 1 . 1 Operating cond i t ions for a more heavi ly
loaded DB-5/DB-1701 pair are given in Table 7. Th i s columnpa ir was used for the detec t ion of mul t i component
organochlor ine compounds.

7 . 3 . 2 . 1 . 2 Operating cond i t i on s fo r a DB -5/DB - 170 1
column pa ir with thinner f i lms , a different type of sp l i t t er ,
and a slower temperature programming rate are provided in
Table 6. These condit ions gave better peak shapes forcompounds such as Nitrofen and D i c o f o l . Table 5 l i s t s theretention times for the compounds detected on th i s columnpair .

7 . 4 Ca l i b r a t i o n :
7 . 4 . 1 Prepare cal ibrat ion standards us ing the procedures i n Sec . 5 .

Refer to Method 8000 (Sec . 7) for proper ca l i b ra t i on techn iques for both
in i t ia l ca l i b ra t ion and cal ibrat ion v e r i f i c a t i o n . The procedure fore i ther internal or external ca l ibrat ion may be used, however , in most
cases external standard cal ibrat ion i s used w i t h Method 8 0 8 1 . Th i s i s
because of the sens i t iv i ty of the e lectron capture detector and the
probabi l i ty of the internal standard be ing affected by in terferences .
Because several of the pest ic ides may co-e lute on any s ing l e co lumn,analysts should use two cal ibrat ion m ix tu r e s ( see Sec . 3 . 8 ) . The spec i f i c
mixture should be se lected to min im ize the prob lem of peak over l ap .

NOTE : Because of the sens i t iv i ty of the e lectron capture detector ,
the in j ec t ion port and column should always be c leaned pr ior
to performing the in i t ia l c a l i b r a t i o n .
7 . 4 . 1 . 1 Method 8081 ha s many mu l t i - componen t target

ana ly te s . For th i s reason, the target analytes chosen for
ca l i b r a t i o n should be l imited to those spec i f i ed in the projectp l a n . For instance , some s i tes may require ana lys i s for the
organoch lor ine pest i c ides only or the PCBs on ly . Toxaphene and/ortechn ica l Chlordane may not be spec i f i ed at cer ta in s i t e s . In
add i t i on , where PCBs are spec if ied in the project p l a n , a mixture of
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Aroclors 10 16 and 1260 wil l suffice for the in i t ia l ca l ibrat ion of
all Aroc lor s , s ince they include all congeners present in the
different regulated Aroclors. A mid-po in t ca l i b ra t i on standard ofall Aroc lors (for Aroclor pattern recognit ion) must be included withthe in i t ia l cal ibrat ion so that the analyst is fami l iar with eachAroclor pattern and retention t imes on each co lumn.

7 . 4 . 1 . 2 For calibration ver if icat ion (each 12 hr shift)all target analytes required in the project plan must be injectedwith the following exception for the Aroc lors . For s i tes thatrequire PCB analysis, include only the Aroclors that are expected to
be found at the s ite . If PCBs are required, but it is unknown whichAroclors may be present, the mid-concentration Aroclors 1016/1260mixture only, may be injected. However, if specif ic Aroclors arefound at the site during the init ial screening, it is required thatthe samples containing Aroclors be reinjected with the proper mid-concentration Aroclor standards.
7 . 4 . 2 Because of the low concentration of pesticide standards

injected on a GC/ECD, column adsorption may be a problem when the GC hasnot been used for a day or more. Therefore, the GC column should be
primed or deact ivated by injecting a PCB or pest i c ide standard mixtureapproximately 20 times more concentrated than the m id-concen t ra t i on
standard. Inject th i s standard mixture pr ior to beg inn ing the i n i t i a l
ca l i b ra t i on or ca l i bra t ion ver i f i cat ion .

CAUTION: Several analytes, inc lud ing A l d r i n , may be observed in
the injection just fol lowing th is system pr iming.Always run an acceptable blank prior to running anystandards or samples.

7 . 4 . 3 Retention time windows:
7 . 4 . 3 . 1 Before establ ishing the retention t ime windows,

make sure the gas chromatographic system is w i th in opt imum operatingcond i t ions . The width of the retention t ime window should be based
upon actual retention times of standards measured over the course of
72 hours. See Method 8000 for de ta i l s .

7 . 4 . 3 . 2 Retention time windows shal l be defined as plus orminus three t imes the standard dev iat ion of the abso lute retent ion
t imes for each standard. However, the exper ience of the analyst
should weigh heavi ly in the interpretat ion of the chromatograms .
For mult icomponent standards ( i . e . , P C B s ) , the ana lyst shou ld usethe retent ion t ime window but should pr imar i l y rely on pattern
recogn i t i on . Sec . 7 . 5 . 4 provides gu idance on the e s t ab l i s hmen t of
abso lute re tent ion time windows.

7 . 4 . 3 . 3 Certa in analytes, par t i cu lar ly Kepone, a r e subject
to changes in retention t imes . Dry Kepone standards prepared in
hexane or isooctane can produce gauss ian peaks. However, Kepone
extracted from sample: or standards exposed to water or methanol may
produce peaks with broad tai ls that elute later than the standard
( 0 - 1 m i nu t e ) . Th i s shift is presumably the result of the formation
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of a hemi-acetal from the ketone funct ional i ty . Method 8270 isrecommended for Kepone.
7.5 Gas chromatographic analysis:

7 . 5 . 1 Set up the GC system using the cond i t ions described in Tables
4, 6, or 7. An in i t ia l oven temperature at or below 140 - 1 50 °C is required
to resolve the four BHC isomers. A final temperature of 240-270°C is
required to elute decachlorobiphenyl. Use of in jector pressure
programming wi l l improve the chromatography of late elut ing peaks.

7 . 5 . 2 Verify cal ibration each 12 hour shift by in ject ing ca l ibrat ion
ver i f i cat ion standards prior to conducting any ana lyses . See Sec . 7 . 4 . 1 . 2for spec ia l guidance on cal ibration ver i f i c a t i on of PCB s . A ca l i b r a t i o n
standard must also be injected at intervals of not less than once every
twenty samples (after every 10 samples is recommended to m in im i z e the
number of samples requiring re-injection when QC l imits are exceeded) andat the end of the analysis sequence. The ca l i b ra t ion factor for each
analyte to be quantitated must not exceed a ±15 percent difference whencompared to the in i t ia l cal ibration curve . When th i s cr i t e r ion is
exceeded, inspect the gas chromatographic system to determine the cause
and perform whatever maintenance is necessary before verifying ca l i bra t ionand proceeding with sample analysis . If rout ine ma in tenance does not
return the instrument performance to meet the QC requirements (Se c . 8 . 2 )
based on the last in i t ia l cal ibrat ion, then a new in i t i a l ca l i b ra t i on must
be performed.

7 . 5 . 2 . 1 Analysts should use high and low concentrations ofmixtures of single-component analytes and mul t i -component analytes
for cal ibrat ion verification.
7 . 5 . 3 Sample inject ion may continue for as long as the ca l ibrat ionver i f i cat ion standards and standards interspersed wi th the samples meet

instrument QC requirements . It is recommended that standards be analyzed
after every 10 (required after every 20 samp le s ) , and at the end of a se t .
The sequence ends when the set of samples has been in jected or whenqual i tat ive and/or quantitative QC criter ia are exceeded.

7 . 5 . 3 . 1 Each sample analysis must be bracketed with an
acceptable in i t ia l ca l ibrat ion, ca l ibrat ion ver i f i ca t ion s tandard ( s )
(each 12 hr sh i f t ) , or cal ibration standards interspersed wi th in the
samp l ° s . All samples that were in jected after the s tandard that
last met the QC cr i ter ia must be re in j ec ted .

7 . 5 . 3 . 2 Although ana lys i s o f a s i n g l e m id- concen t ra t i on
standard (standard mixture or mult i-component analyte) w i l l sat i sfy
the min imum requirements, analysts are urged to use d ifferent
ca l ibrat ion verification standards during organochlor inep e s t i c i d e/PCB analyses . Al so , mu l t i - l e v e l s tandards (m ix tu r e s or
mult i-component analytes) are highly recommended to ensure that
detector response remains s tab le for al l analytes over the
c a l i b r a t i o n range .
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7 . 5 . 4 Establ i sh absolute retention time windows for each analyte.
Use the absolute retention time for each analyte from standards analyzedduring that 12 hour shift as the midpoint of the window. The daily
retent ion time window equals the midpo int ± three t imes the standarddev i a t i on s .

7 . 5 . 4 . 1 Tentative ident i f i cat ion of an analyte occurs whena peak from a sample extract falls with in the daily retention time
window.

7 . 5 . 4 . 2 Validation of gas chromatographic systemqual i tat ive performance: Use the ca l i bra t ion standards analyzedduring the sequence to evaluate retent ion time s tab i l i ty . If any of
the standards fall outside their dai ly retent ion t ime windows, the
system is out of control. Determine the cause of the problem andcorrect it.
7 . 5 . 5 Record the volume injected to the nearest 0 . 0 5 pi and theresulting peak size in area units. Using either the internal or theexternal ca l ibrat ion procedure (Method 8000) , determine the ident ity and

the quantity of each component peak in the sample chromatogram whichcorresponds to the compounds used for ca l ibrat ion purposes .
7 . 5 . 5 . 1 If the responses exceed the cal ibrat ion range ofthe system, dilute the extract and reanalyze. Peak height

measurements are recommended over peak area integrat ion when
overlapping peaks cause errors in area integration.

7 . 5 . 5 . 2 If partial ly overlapping or coe lut ing peaks arefound, change columns or try GC/MS quant i ta t ion , see Sec . 8 andMethod 8270.
7 . 5 . 5 . 3 If the peak response is less than 2.5 times thebasel ine noise level, the validity of the quant itat ive result may be

quest ionable. The analyst should consult with the source of the
sample to determine whether further concentra t ion of the sample is
warranted.
7 . 5 . 6 Ident i f i cat ion of mixtures ( i . e . PCBs and Toxaphene) i s basedon the character ist ic "fingerprint" retention time and shape of the

indicator peak ( s ) ; and quantitation is based on the area under the
character ist ic peaks as compared to the area under the correspondingca l i b ra t i on peak(s) of the same retention time and shape generated us ing
e i ther internal or external cal ibrat ion procedures .

7 . 5 . 7 Quan t i t a t i o n of the target compounds i s based on : 1 ) a
reproducible response of the ECO or ELCD wi th i n the ca l i b ra t i on range; and
2) a direct proportionality between the magnitude of response of the
detector to peaks in the sample extract and the ca l ibrat ion standards.
Proper quant i tat ion requires the appropriate se lect ion of a base l ine fromwhich the area or height of the character ist ic peak(s ) can be determined.
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7 . 5 . 8 If compound identification or quant i tat ion is precluded due tointerference ( e . g . , broad, rounded peaks or i l l-defined basel ines are
present) cleanup of the extract or replacement of the capil lary column ordetector is warranted. Rerun the sample on another instrument to
determine if the problem results from analyt ical hardware or the sample
matr ix . Refer to Method 3600 for the procedures to be fol lowed in samplec leanup.
7.6 Quant i tat ion of Multiple Component Analytes:

7 . 6 . 1 Mult i-component analytes present problems in measurement.Suggest ions are offered in the following sect ions for handing Toxaphene,Chlordane, PCBs , DOT, and BHC.
7 . 6 . 2 Toxaphene: Toxaphene is manufactured by the chlor inat ion ofcamphenes, whereas Strobane results from the ch lor i na t ion of a mixture of

camphenes and p inenes . Quant i tat ive ca lcu lat ion of Toxaphene or Strobaneis diff icult , but reasonable accuracy can be obta ined . To calcu lateToxaphene on GC/ECD: (a) adjust the sample size so that the major
Toxaphene peaks are 10-70% of full-scale deflection (FSD ) ; (b) inject aToxaphene standard that is estimated to be with in ±10 ng of the sample;(c) quantitate using the five major peaks or the total area of theToxaphene pattern.

7 . 6 . 2 . 1 To measure total area, construct the basel ine of
standard Toxaphene between its extremit ies ; and construct thebase l ine under the sample, using the d i s tances of the peak troughsto base l ine on the standard as a guide. Th i s procedure is made
diff icult by the fact that the relat ive heights and widths of thepeaks in the sample will probably not be identical to the standard.

7 . 6 . 2 . 2 A series of Toxaphene residues have beencalculated us ing the total peak area for compar ison to the standardand also us ing the area of the last four peaks only, in both sample
and standard. The agreement between the re su l t s obta ined by the two
methods just if ies the use of the latter method for ca lcu lat ing
Toxaphene in a sample where the early e lut ing port ion of the
Toxaphene chromatogram shows interferences from other substances
such as DOT.
7 . 6 . 3 Chlordane is a technical mixture of at least 11 major

components and 30 or more minor components. Trans- and c/s-Ch lordane (a
and 7, respect ively), are the two major components of techn ica l Chlordane .
However, the exact percentage of each in the techn i ca l mater ia l is notcompletely def ined , and is not cons istent from batch to ba t ch .

7 . 6 . 3 . 1 The GC pattern of a Chlordane res idue may differ
considerably from that of the technical standard. Depending on the
sample substrate and its history, res idues of Chlordane can cons i s t
of a lmost any combinat ion of: con s t i t u en t s from the techn ica l
Chlordane , plant and/or animal metabol i tes , and products ofdegradat ion caused by exposure to env i ronmenta l factors such as
water and sun l i gh t .
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7 . 6 . 3 . 2 Whenever poss ib le , when a Chlordane residue does
not resemble technical Chlordane, the analyst should quant itate thepeaks of a-Chlordane, -y-Chlordane, and Heptachlor separately against
the appropriate reference mater ia l s , and report the ind iv idual
res idues .

7 . 6 . 3 . 3 When the GC pattern of the res idue resembles that
of technical Chlordane, the analyst may quant i tate Chlordane
res idues by comparing the total area of the Chlordane chromatogramus ing the five major peaks or the total area . If the Heptachlorepoxide peak is relatively smal l , inc lude it as part of the totalChlordane area for calculation of the res idue . If Heptach lor and/orHeptachlor epoxide are much out of proport ion , ca l cu late theseseparately and subtract their areas from the total area to give acorrected Chlordane area. (Note that octach loro epoxide, a
metabol i te of Chlordane, can eas i l y be mi s taken for Heptachlorepoxide on a nonpolar GC co lumn . )

7 . 6 . 3 . 4 To measure the total area of the Chlordane
chromatogram, inject an amount of techn ica l Ch lo rdane standard whichw i l l produce a chromatogram in wh ich the major peaks are
approximately the same size as those in the sample chromatograms.
7 . 6 . 4 Polychlorinated biphenyls ( P C B s ) : Quan t i t a t i o n of res idues of

PCBs invo lves problems s imi lar to those encountered in the quant i ta t ion of
Toxaphene, Strobane, and Chlordane. In each case , the mater ia l is made up
of numerous compounds which generate mult i-peak chromatograms. A l s o , ineach case, the chromatogram of the res idue may not match that of thestandard.

7 . 6 . 4 . 1 Mixtures of PCBs of var ious ch lor i ne contents were
sold for many years in the U . S . by the Monsanto Co. under the tradename Aroclor ( 1 200 series and 1 0 1 6 ) . Although these Aroclors are no
longer marketed, the PCBs remain in the environnent and are
sometimes found as residues in foods, espec ia l ly f i s h . The Aroc lorsmost commonly found in the environment are 1 2 4 2 , 1 2 5 4 , and 1 2 6 0 .

7 . 6 . 4 . 2 PCB residues are genera l ly quant i tated by
comparison to the most s imi lar Aroc lor s tandard . A cho i ce must be
made as to which Aroclor is most s im i l a r to that of the res idue andwhether that standard is truly representat ive of the PCBs in the
samp le .

7 . 6 . 4 . 3 PCB Quan t i t a t i on opt ion 41- Quan t i t a t e t h e PCB
res idues by comparing the total area of the ch lor inated biphenylpeaks to the total area of peaks from the appropr iate Aroc lor
reference mater ia l . Measure the total area or he ight response from
the common base l ine under all the peaks Use only those peaks from
the sample that can be attr ibuted to ch lorob ipheny l s . These peaks
must a l so be present in the chromatogram of the reference ma t e r i a l s .
Opt ion #1 should not be used if there are interference peaks w i t h i n
the Aroc lo r pattern , espec ia l ly if they over lap PCB congener s .
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7 . 6 . 4 . 4 PCB Quant i tat ion opt ion #2- Quant i t a t e t h e PCBres idues by comparing the responses of 3 to 5 major peaks in each
appropriate Aroclor standard with the peaks obta ined from the
ch lor inated biphenyls in the sample extract . The amount of Aroclor
is ca lcu lated us ing an indiv idual response factor for each of the
major peaks . The results of the 3 to 5 determinat ions are averaged.
Major peaks are defined as those peaks in the Aroc lor standards thatare at least 25% of the height of the largest Aroc lor peak. Late-
e lut ing Aroclor peaks are general ly the most s tab l e in the
environment .

7 . 6 . 4 . 5 When samples appear to conta in weathered PCBs ,
treated PCBs , or mixtures of Aroc lors , the use of Aroc lor standards
is not appropr iate . Several d iagnost i c peaks useful for ident ify ing
non-Aroc lor PCBs are given in Tab le 10. Ana ly s t s shou ld examine
chromatograms conta in ing these peaks carefu l ly , as these samp l e s mayconta in PCB s . PCB concentrations may be est imated from spec i f i c
congeners by adding the concentrat ion of the congener peaks l i s t edin Table 11 . The congeners are analyzed as s ing le components . Th i s
approach wil l provide reasonable accuracy for Aroc lor s 1 0 1 6 , 1 2 3 2 ,1242 and 1248 but wi l l underestimate the concentrat ions of Aroc lors
1 254 , 1260 and 122 1 . I t i s h igh ly recommended that heavi ly
weathered, treated, or mixed Aroc lors be analyzed us i ng GC/MS if
concentrat ion permits .
7 . 6 . 5 Hexachlorocyclohexane (BHC, from the former name, benzene

hexach lor i de ) : Technical grade BHC is a cream-co lored amorphous so l id
with a very character i s t i c musty odor; it con s i s t s of a mixture of six
chemically d i s t inct isomers and one or more heptach lorocyc lohexanes andoctachlorocyc lohexanes . Commercial BHC preparat ions may show a wide
variance in the percentage of ind iv idual isomers pre sen t . Quan t i t a t e
each isomer (a, /3, y, and 8) separately aga in s t a standard of therespect ive pure i somer .

7 . 6 . 6 DOT: Technica l DOT cons i s t s pr imar i l y of a mixture of 4 , 4 ' -
DDT (approximate ly 75%) and 2 , 4 ' - D O T (approx imate ly 25% ) . As DOT
weathers , 4 , 4 ' - D D E , 2 , 4 ' - D D E , 4 , 4 ' - D D D , a n d 2 , 4 ' - D D D a r e formed. S i n c e
the 4 ,4 ' - i s o m e r s of DOT, DDE, and ODD predominate in the env i ronmen t ,these are the isomers normally regulated by US EPA and should be
quantitated aga in s t standards of the respect ive pure i somer .
7.7 Suygested chromatography ma in tenance : Co r r e c t i v e mea su r e s may requ ire

any one or more of the fo l lowing remedial a c t i o n s .
7 . 7 . 1 Sp l i t t e r connect ions : For dual co l umns wh i ch a r e connected

us ing a pre s s- f i t Y-shaped glass sp l i t t er or a Y-shaped f u s e d - s i l i c a
connector (J&W Sc i e n t i f i c or Restek) , c lean and deact ivate the sp l i t t e r
port insert or replace with a cleaned and deact ivated sp l i t t e r . Break off
the f irst few inches (up to one foot) of the i n j e c t i on port s ide of the
co l umn . Remove the columns and so lvent backf lu sh accord ing to the
manufac turer ' s i n s t ruc t i on s . If these procedures fai l to e l im i n a t e the
degradat ion prob lem, it may be necessary to d e a c t i v a t e the meta l i n j e c torbody and/or rep lace the co lumns .
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7 . 7 . 1 . 1 GC injector ports can be of cr i t i ca l concern,
espec ia l ly in the analysis of DOT and Endr i n . Injectors that are
contaminated, chemically active, or too hot can cause thedegradation ("breakdown") of the analytes. Endrin and DOT breakdownto Endr in aldehyde, Endrin ketone, ODD, or DDE . When such breakdownis observed, clean and deactivate the in jector port, break off at
least 0.5 M of the column and remount it. Check the injector
temperature and lower it to 205°C, if required. Endrin and DOT
breakdown is less of a problem when ambient on-co lumn injectors are
used.
7 . 7 . 2 Metal injector body: Turn off the oven and remove theanalytical columns when the oven has cooled. Remove the glass injectionport insert ( instruments with on-column in j e c t ion ) . Lower the in ject ionport temperature to room temperature. Inspect the in ject ion port andremove any noticeable foreign material.

7 . 7 . 2 . 1 Place a beaker beneath the in jector port in s ide
the oven. Using a wash bottle, serial ly r inse the ent ire ins ide ofthe injector port with acetone and then toluene; catch the rinsatein the beaker.

7 . 7 . 2 . 2 Prepare a solut ion of a deac t ivat i ng agent (Sylon-CT or equivalent) following manufacturer's d irect ions . After all
metal surfaces inside the injector body have been thoroughly coatedwith the deactivation solut ion, r inse the in jector body withtoluene, methanol, acetone, then hexane. Reassemble the injectorand replace the columns.
7 . 7 . 3 Column r ins ing: The column should be r insed with several

column volumes of an appropriate so lvent . Both polar and nonpolarsolvents are recommended. Depending on the nature of the sample residues
expected, the first rinse might be water, followed by methanol and
acetone; methylene chloride is a good f inal r in se and in some cases may bethe only so lvent required. The column shou ld then be f i l led with
methylene chloride and allowed to stand flooded overnight to al low
materials within the stationary phase to migrate into the so lvent . Thecolumn is then flushed with fresh methylene ch lor ide , dra ined , and dr iedat room temperature with a stream of ultrapure n i t rogen .

8 .0 QUAL ITY CONTROL
8.1 Refer to Chapter One for specific qual i ty control (QC ) procedures

inc luding matr ix sp ikes , duplicates and blanks . Qua l i t y control to val idate
sample extract ion is covered in Method 3500 and in the extract ion methodu t i l i z ed . If an extract cleanup was performed, fo l low the QC in Method 3600 and
in the specif ic cleanup method.

8.2 Qua l i t y control requirements for the GC system, inc lud ing ca l i b ra t i on
and correct ive ac t ion s , are found in Method 8000. The fol lowing steps arerecommended as addit ional method QC.
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8 . 2 . 1 The QC Reference Sample concentrate (Method 3500) shouldconta in the organochlorine pesticides at 10 mg/L for water samples . If
th i s method is to be used for analys is of Aroc lor s , Chlordane , orToxaphene only, the QC Reference Sample should conta in the mostrepresentat ive mult i-component mixture at a concentrat ion of 50 mg/L inacetone . The frequency of analysis of the QC reference sample analys i s is
equ iva lent to a min imum of 1 per 20 samples or 1 per batch if l e s s than 20
samp l e s . If the recovery of any compound found in the QC reference sample
is less than 80 percent or greater than 120 percent of the cert i f i ed
value , the laboratory performance is judged to be out of contro l , and the
problem must be corrected. A new set of ca l i b ra t i on standards should beprepared and analyzed.

8 . 2 . 2 Calcu la te surrogate standard recovery on a l l samp le s , b lanks ,
and sp i ke s . Determine if the recovery is wi th in l im i t s ( l im i t sestab l i shed by performing QC procedures out l ined in Method 8 0 0 0 ) .

If recovery is not with in l imi ts , the fo l lowing are requ ired:
8 . 2 . 2 . 1 Confirm that there are no errors in c a l c u l a t i o n s ,

surrogate so lu t ions and internal s tandard s . A l s o , check ins trument
performance.

8 . 2 . 2 . 2 Examine chromatograms for in terfer ing peaks andfor integrated areas .
8 . 2 . 2 . 3 Recalculate the data and/or reanalyze the extractif any of the above checks reveal a prob lem.
8 . 2 . 2 . 4 Reextract and reanalyze the sample if none of the

above are a problem or flag the data as "es t imated con c en t r a t i o n . "
8 . 2 . 3 Inc lude a cal ibrat ion standard after each group of 20 samp le s

( it is recommended that a cal ibrat ion standard be inc luded after every 10samples to m in im i z e the number of repeat i n j e c t i on s ) in the ana ly s i s
sequence as a ca l i b ra t ion check. The response factors for the c a l i b r a t i o n
should be w i t h i n 15 percent of the in i t ia l c a l i b r a t i o n . When th i s
cont inu ing ca l i bra t ion is out of this acceptance window, the laboratoryshould stop analyses and take corrective ac t i on .

8 . 2 . 4 Whenever quantitat ion i s a c comp l i s h ed us i ng an interna l
s tandard , in terna l standards must be eva l ua t ed for a c c ep tan c e . The
measured area of the internal standard must be no more than 50 percentd i fferent from the average area ca lcu lated dur ing c a l i b r a t i o n . When the
internal standard peak area i s outs ide the l i m i t , a l l s amp l e s that fa l l
out s i de the QC cr i t e r i a must be reanalyzed.
8.3 DOT and Endr in are eas i ly degraded in the in j e c t ion port . Breakdown

occurs when the in jec t ion port l iner is contaminated h igh bo i l i ng re s i due from
sample in j ec t ion or when the injector conta ins metal f i t t i ng s . Check fordegradat ion problems by in ject ing a standard conta in ing only 4 , 4 ' - D O T and End r i n .
Presence o f 4 , 4 ' - D D E , 4 , 4 ' - O D D , Endrin ketone or Endr i n i nd i ca t e s breakdown. I f
degradat ion of e i ther DOT or Endr i n exceeds 15%, take cor re c t i v e a c t i o n before
proceed ing w i th c a l i b r a t i o n .
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8 . 3 . 1 Calcu late percent breakdown as fo l lows:
% breakdown Total DOT degradation peak area (DDE + ODD)
for 4, 4' -DOT = —————————————————————————————— x 100peak areas (DOT + DDE + ODD)

Total endrin degradation peak area% breakdown (Endrin aldehyde + Endr in ketone)for Endrin = _______________ ̂ _____ x 100
peak areas (Endr i n + aldehyde + ketone)

8 . 3 . 2 The breakdown of DOT and Endrin should be measured beforesamples are analyzed and at the beginning of each 12 hour sh i f t . Injectormaintenance and recal ibration should be completed if the breakdown is
greater than 15% for either compound (Sec . 8 . 2 . 3 ) .
8.4 GC/MS confirmation may be used for s ing le column ana lys i s . Inaddition, any compounds confirmed by two columns should also be confirmed byGC/MS if the concentration is sufficient for detection by GC/MS.

8 . 4 . 1 Fu l l - s c an GC/MS will normally require a m in imum concentrat ion
near 10 ng//nL in the final extract for each s i ng l e - componen t compound.
Ion trap or selected ion monitoring wi l l normal ly require a min imum
concentration near 1

8 . 4 . 2 The GC/MS must be ca l ibrated for the spec i f i c targetpest i c ides when it is used for quant i tat ive ana ly s i s .
8 . 4 . 3 GC/MS may not be used for single column confirmation whenconcentrations are below 1 ng/^L.
8 . 4 . 4 GC/MS confirmation should be accompl i shed by ana lyz ing thesame extract used for GC/ECD analysis and the a s so c i a t ed b lank .
8 . 4 . 5 Use of the base/neutral -ac id extract and assoc iated blank may

be used if the surrogates and internal standards do not interfere and it
is demonstrated that the analyte is stable during ac id/base part i t ion ing .
However, if the compounds are not detected in the base/neutra l -ac idextract even though the concentrat ions are high enough, a GC/MS ana lys i s
of the pest ic ide extract should be performed.

8 . 4 . 6 A QC reference sample of the compound must a l so be analyzed by
GC/MS. The concentrat ion of the QC reference s tandard must demonstrate
the ab i l i ty to conf i rm the pes t i c ides/Aroc lors i d en t i f i ed by GC/ECD .
8.5 Whenever s i l i c a ge l (Method 3630) or F l o r i s i l (Method 3620) c l eanup

is used, the analyst must demonstrate that the fract ionat ion scheme is
reproducible. Batch to batch variation in the compos i t i on of the s i l i c a gel
mater ia l or over load ing the column may cause a change in the d i s t r i bu t i on
patterns of the organoch lor ine pest i c ides and P C B s . When compounds are found in
two fract ions , add the concentrat ions in the fract ions , and correct ions for anyaddit ional d i l u t i on .
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9.0 METHOD PERFORMANCE
9.1 The MDL is defined in Chapter One. The MDL concentrat ions l i s ted inTables 1 and 2 were obtained using organic-free reagent water and sandy loam

so i l .
9.2 The chromatographic separations in this method have been tested ina s ingle laboratory by using clean hexane and l iquid and sol id waste extractsthat were spiked with the test compounds at three concentrat ions . S ing l e -operator prec is ion, overal l precis ion, and method accuracy were found to be

related to the concentration of the compound and the type of mat r i x .
9.3 This method has been applied in a variety of commercial laboratoriesfor environmental and waste matrices. Performance data were obtained for a

l imited number of target analytes spiked into sewage sludge and dichloroethene
sti l l bottoms at high concentration levels . These data are provided in Tables
12 and 13.

9.4 The accuracy and precision obtainable with this method depend on thesample matr ix , sample preparation technique, opt ional c leanup techn iques , andca l ibrat ion procedures used.
9.5 Sing l e laboratory accuracy data were obta ined for organoch lor ine

pest i c ides in a clay so i l . The spik ing concentrat ion was 500 M9A9- Thesp ik ing solut ion was mixed into the soil and then immediately transferred to theextraction device and immersed in the extraction so lvent . The sp iked sample wasthen extracted by Method 3541 (Automated Soxhlet ) . The data represent a s ingledeterminat ion. Analys i s was by capillary column gas chromatography/electroncapture detector following Method 8081 for the organochlorine pes t i c i de s . Thesedata are l isted in Table 14 and were taken from Reference 14.
9.6 Single laboratory recovery data were obta ined for PCBs in clay andso i l . Oak Ridge National Laboratory spiked Aroclors 1254 and 1260 at

concentrat ions of 5 and 50 ppm into portions of clay and so i l samples and
extracted these spiked samples using the procedure out l i ned in Method 3 5 4 1 .
Mu l t i p l e extract ions us ing two different extractors were performed. The extracts
were analyzed by Method 8081 . The data are l i s t ed in Tab le 15 and were taken
from Reference 15.

9.7 Mult i- laboratory accuracy and prec is ion data were obtained for PCBsin so i l . Eight laborator ies spiked Aroclors 1254 and 1260 into three port ions
of 10 g of Fu l l e r ' s Earth on three non-consecut ive days , fol lowed by immediate
extract ion us ing Method 3 5 4 1 . Six of the laborator ie s sp iked each Aroc lor at 5and 50 mg/kg and two laboratories spiked each Aroc lor at 50 and 500 mg/kg. All
extracts were analyzed by Oak Ridge Nat ional Laboratory, Oak R idg e , TN, us i ng
Method 808 1 . These data are l i s ted in Table 16 and were taken from Reference 13.
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TABLE 1
GAS CHROMATOGRAPHIC RETENTION TIMES AND METHOD DETECTION

LIMITS FOR THE ORGANOCHLORINE PEST IC IDES AND PCBs AS AROCLORS
USING WIDE-BORE CAPILLARY COLUMNS
SINGLE COLUMN METHOD OF ANALYSIS

Compound

Aldr in
a-BHC
B-BHC
(J-BHC7-BHC (L i n dan e )a-Chlordane7-Chlordane
4 , 4 ' - D D D
4 , 4 ' - D D E
4 , 4 ' - D D T
Die ldr in
Endosulfan I
Endosulfan IIEndosulfan Sulfate
EndrinEndrin aldehyde
Heptachlor
Heptachlor epoxideMethoxychlorToxaphene
Aroc l o r - 1016
Aro c l o r - 1221
Aro c l o r - 1232
Aroc lor- 1242
Aroc l o r - 1248
Aro c l o r - 1254Aro c l o r - 1260

Water = Organ i c-

Retention
DB 608b

1 1 .848 . 1 49.861 1 . 209 .521 5 . 2 4
14.63
18 .43
16 .34
19 .48
16 .4 1
1 5 . 25
18 .45
20.2 117 .80
19 .7210.66
13 .97
22 .80

MR
MR
MR
MR
MR
MR
MR
MR

free reagent

Time (min)
DB 1701 b

1 2 . 5 0
9 . 4 6

13 . 58
1 4 . 3 9
10 .84
1 6 . 4 8
16 .20
19 .56
1 6 . 7 6
2 0 . 1 0
1 7 . 3 2
1 5 . 9 6
1 9 . 7 2
22 .36
18 .06
2 1 . 1 8
1 1 . 56
15 .03
2 2 . 3 4

MR
MR
MR
MR
MR
MR
MR
MR

water.

MDL' Water
(M9/L)

0 . 0 3 4
0 . 0 3 5
0 . 0 2 3
0 . 0 2 4
0 . 0 2 5
0 .008
0 .037
0 . 0 5 0
0 . 0 5 8
0 . 0 8 1
0 . 0 4 4
0 . 0 3 0
0 . 0 4 0
0 .035
0 . 0 3 9
0 . 0 5 0
0.040
0 . 0 3 2
0 .086

NA
0 .054

NA
NA
NA
NA
NA

0 . 9 0

MDL" Soi l
(M9/kg)

2 . 2
1 . 9
3 . 3
1 . 1
2 . 0
1 . 5
4 . 2
2 . 5
3 . 6
NA
2 . 1
2 . 4
3 . 6
3 . 6
1 . 6
2 . 0
2 . 1
5 . 7
NA

5 7 . 0
NA
NA
NA
NA
NA

7 0 . 0

Soi l = Sandy loam soil .
MR = Mu l t i p l e
NA = Data not peak responses.ava i lab le .

MDL is the method detection l im i t . MDL was determined from the
analys is of seven replicate a l iquots of each matr ix processed
through the entire analytical method ( ex t ra c t i on , s i l i c a gel
c leanup, and GC/ECD analys is) . MDL = t ( n - l , 0 . 9 9 ) x SO, where t ( n -
1, 0 .99 ) is the Student's t value appropriate for a 99% confidenceinterval and a standard deviat ion with n-1 degrees of freedom, and
SD is the standard deviat ion of the seven rep l i ca te measurement s .See Tab le 4 for GC operating cond i t ions .
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TABLE 2
GAS CHROMATOGRAPHIC RETENTION TIMES AND METHOD DETECTION

LIMITS FOR THE ORGANOCHLORINE PESTICIDES AND PCBs AS AROCLORS
USING NARROW-BORE CAPILLARY COLUMNS

SINGLE COLUMN METHOD OF ANALYSIS

Compound
Retention Time (min)

DB 608" OB 5b MDL1 Water MDL' Soil
(M9/L)

Aldrina-BHC
6-BHC
<J-BHC
K-BHC (L indane)o-Chlordanep-Chlordane
4 , 4 ' - D D D
4 ,4 ' -DDE
4 , 4 ' - D D TDieldr inEndosulfan IEndosulfan IIEndosulfan sulfateEndrinEndrin aldehydeHeptachlorHeptachlor epoxideMethoxychlorToxaphene
Aroclor-1016
Aroc l o r - 1221
Aro c l o r - 1232Aroc lor- 1242
Aro c l o r - 1248
Aroc l o r - 1254
Aroc l o r - 1260

Water = Organ i c-

14 .5 1
1 1 .43
12 .5913 .69
12 .46
17 .34
2 1 . 6 7
19.09
23 . 1319 .67
18 .272 2 . 1 7
24.45
2 1 . 3 7
23 .7813 .4 1
16 .6228.65
MR
MRMRMR
MR
MRMR
MR

free reagent

1 4 . 7 010 .94
1 1 . 5 11 2 . 20
1 1 . 7 1
17 .02
20 . 1 1
18 .30
2 1 . 84
18 .74
17 .62
2 0 . 1 1
2 1 .84
1 9 . 7 3
20.85
1 3 .59
16 .05
24 .43

MR
MR
MR
MR
MR
MR
MR
MR

water.

0 . 0 3 4
0 .035
0 . 0 2 3
0 . 0 2 4
0 . 0 2 5
0 .037
0 . 0 5 0
0 .058
0 .08 1
0 . 0 4 4
0 .030
0 .040
0 .035
0 . 0 3 9
0 .050
0 . 0 4 0
0 . 0 3 2

NA
0 . 0 8 6

NA
0 . 0 5 4

NA
NA
NA
NA

0 . 9 0

2 . 2
1 . 9
3 . 3
1 . 1
2 . 0
1 . 5
4 . 2
2 . 5
3 . 6
NA
2 . 1
2 . 4
3 . 6
3 . 6
1 . 6
2 . 0
2 . 1
NA
5 . 7
NA

5 7 . 0
NA
NA
NA
NA

7 0 . 0

Soi l = Sandy loam soil .
MR = Mult ip l eNA = Data not peak responses.available.
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TABLE 2(Cont inued)
MDL is the method detection l im i t . MOL was determined from the
analysis of seven replicate al iquots of each matr ix processedthrough the entire analytical method (extrac t ion , c leanup, and
GC/ECD analysis). MDL - t(n- l , 0 .99 ) x SO, where t ( n - l , 0 .99 ) isthe Student's t value appropriate for a 99% confidence interval anda standard deviation with n-1 degrees of freedom, and SD is thestandard deviat ion of the seven repl icate measurements .
30 m x 0 . 2 5 mm ID DB-608 1 urn f i lm th ickness , see Table 4 for GC
operating condit ions .
30 m x 0 . 25 mm ID DB-5 1 pm fi lm th i ckness , see Table 4 for GC
operating cond i t ions .
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TABLE 3
DETERMINATION OF ESTIMATED QUANTITATION LIMITS (EQLs ) FOR VARIOUS MATRICES'

Matrix Factor

Ground water 10Low-concentration soil by sorrication with GPC cleanup 670High-concentration soi l and sludges by sonicat ion 10 ,000Non-water misc ib le waste 100 ,000

EQL = [Method detection limit for water (see Table 1 or Table 2) wide-
bore or narrow-bore options] x [Factor found in this tab l e ] . Fornonaqueous samples, the factor is on a wet-weight ba s i s . Sample EQLs
are highly matr ix-dependent . The EQLs to be determined here in areprovided for guidance and may not always be ach ievab le .
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TABLE 4
GC OPERATING CONDITIONS FOR ORGANOCHLORINE COMPOUNDS

SINGLE COLUMN ANALYSIS

Narrow-bore co lumns :
Narrow-bore Column 1 - 30 m x 0 . 25 or 0 .32 mm internal diameter ( ID ) fuseds i l ica capillary column chemically bonded with SE-54 (DB-5 or equ iva lent ) , 1
urn f i lm th ickness .

Carr ier gas (He)Injector temperature
Detector temperature
In i t ia l temperature
Temperature program
Fina l temperature

16 psi
225°C
300°C
100°C, hold 2 minutes
100°C to 160°C at 15°C/min , followed
by 160°C to 270°C at 5°C/nnn
270°C

Narrow-bore Column 2 - 30 m x 0 . 25 mm ID fused s i l i ca cap i l lary columnchemical ly bonded with 35 percent phenyl methylpolys i loxane (DB -608 , SPB-608 ,or equivalent) , 25 urn coating thickness, 1 ^m fi lm thickness
Carrier gas (N2 )Injector temperature
Detector temperature
Initial temperature
Temperature program
Final temperature

20 psi
225°C
300°C
160°C,
160°C
290°C,

hold 2 minutes
to 290°C at 5°C/min
hold 1 min

Wide-bore columns:
Wide-bore Column 1 - 30 m x 0 .53 mm ID fused s i l i ca capil lary column
chemica l ly bonded with 35 percent phenyl methylpolys i loxane (DB -608 , SPB-608 ,
RTx -35 , or equ iva l en t ) , 0.5 jum or 0.83 pm film th i c kne s s .
Wide-bore Column 2 - 30 m x 0 . 5 3 mm ID fused s i l i ca cap i l lary column
chemically bonded with 50 percent phenyl methylpolysiloxane ( D B - 1 7 0 1 , orequ i va l e n t ) , l .G ^m f i lm th i c kne s s .

Carr i e r gas (He )Makeup gas
argon/methane ( P -5 or P- 10 ) or N2In jector temperature
Detector temperature
I n i t i a l temperature
Temperature program
Final temperature

5-7 mL/minute
30 mL/min
250°C
290°C
150°C,
150°C
270°C,

hold 0 .5 minute
to 270°C at 5°C/min
hold 10 min

(cont inued)
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TABLE 4 (Continued)
GC OPERATING CONDITIONS FOR ORGANOCHLORINE COMPOUNDS

SINGLE COLUMN ANALYSIS

Wide-bore Columns (cont inued)
Wide-bore Column 3 - 30 m x 0 .53 mm ID fused s i l i ca capillary columnchemically bonded with SE-54 (DB-5, SPB-5, RTx-5 , or equivalent) , 1 .5th ickness . f i lm

Carr ier gas (He)Makeup gasargon/methane (P -5 or P- 10) or N2Injector temperature
Detector temperature
Initial temperature
Temperature program

Fina l temperature

6 mL/minute
30 mL/min
205°C
290°C
140°C, hold 2 min
140°C to 240°C at 10°C/min ,
hold 5 minutes at 240°C,
240°C to 265°C at 5°C/min
265 °C , hold 18 min
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TABLE 5
RETENTION TIMES OF THE OR6ANOCHLORINE PESTICIDES'

DUAL COLUMN METHOD OF ANALYSIS

Compound
DBCPHexachl orocycl opentadi ene
Etr id iazo leChloronebHexachl orobenzene
Dla l l a t ePropachlor
Trif lura l in
a-BHC
PCNB
7-BHC
Heptach lor
Aldr i n
Alach lor
Chlorotha lon i l
Alach lor
/3-BHC
I sodr in
DC PA5-BHC
Heptachlor epoxide
Endosu l fan- I
7-Chlordane
a-Chlordane
trans-Nonach lor
4 , 4 ' - D D EDie ld r i n
Captan
PerthaneEndr in
Chloropropylate
Chlorobenz i l a teNitrofen
4 , 4 ' - D D D
Endosu l f an I I
4 , 4 ' - D D T
Endr in aldehyde
Mi rexEndosu l fan su lfate

CAS No.
9 6 - 1 2 - 8
7 7 - 4 7 - 4

2593 - 1 5 -9
2675-77-6

1 1 8 - 7 4 - 1
2303- 16 -4

1 9 1 8 - 1 6 - 1 7
1582-09-8
3 19 -84-6

, 82-68-8
58-89-9
7 6 - 4 4 - 8

309-00-2
15972-60-8

1897-45-6
15972-60-8

3 19 -85 -7
465-73 -6

186 1 -32- 1
319-86-8

1024-57 -3
959-98-8

5 1 0 3 - 7 4 - 2
5 1 0 3 - 7 1 - 9

39765-80-5
7 2 - 5 5 - 9
6 0 - 5 7 - 1

1 3 3 - 0 6 - 2
7 2 - 5 6 - 0
7 2 - 2 0 - 8

995 16 -95 -7
5 1 0 - 1 5 - 6

1 8 3 6 - 7 5 - 5
7 2 - 5 4 - 8

3 3 2 1 3 - 6 5 - 9
5 0 - 2 9 - 3

7 4 2 1 - 9 3 - 4
2385 -85 -5
1 0 3 1 - 0 7 - 8

DB-5
RT(m i n )

2 . 1 4
4 . 4 9
6 . 3 8
7 . 4 6

1 2 . 7 9
1 2 . 3 5
9 . 9 6

1 1 . 8 7
1 2 . 3 5
1 4 . 4 7
1 4 . 1 4
1 8 . 3 4
2 0 . 3 7
1 8 . 5 8
1 5 . 8 1
1 8 . 5 8
1 3 . 8 0
2 2 . 0 8
2 1 . 3 8
1 5 . 4 9
2 2 . 8 3
2 5 . 0 0
2 4 . 2 9
2 5 . 2 5
2 5 . 5 8
2 6 . 8 0
2 6 . 6 0
2 3 . 2 9
2 8 . 4 5
2 7 . 8 6
2 8 . 9 2
2 8 . 9 2
2 7 . 8 6
2 9 . 3 2
2 8 . 4 5
3 1 . 6 2
2 9 . 6 3
3 7 . 1 5
3 1 . 6 2

DB- 170 1
RT(m i n )

2 . 8 4
4 .88
8 . 4 2

1 0 . 6 0
1 4 . 5 8
1 5 . 0 7
1 5 . 4 3
1 6 . 2 6
1 7 . 4 2
1 8 . 2 0
2 0 . 0 0
2 1 . 1 6
2 2 . 7 8
2 4 . 1 8
2 4 . 4 2
2 4 . 1 8
2 5 . 0 4
2 5 . 2 9
2 6 . 1 1
2 6 . 3 7
2 7 . 3 1
28 .88
2 9 . 3 2
29 .82
3 0 . 0 1
3 0 . 4 0
3 1 . 2 0
3 1 . 4 7
3 2 . 1 8
3 2 . 4 4
3 4 . 1 4
3 4 . 4 2
3 4 . 4 2
3 5 . 3 2
3 5 . 5 1
3 6 . 3 0
3 8 . 0 8
3 8 . 7 9
4 0 . 0 5

continued
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Compound

MethoxychlorCaptafolEndrin ketonetrans-Permethrin
Kepone
Dicofo l
Dich loneo, a -Dibromo-m-xylene2-Bromobiphenyl

TABLE 5(Continued)

CAS No.

72 -43 -5
2425-06-1

53494-70-5
5 1 8 7 7 - 7 4 - 8

1 43 -50 -0
1 1 5 - 3 2 - 2
1 17 -80-6

DB-5
RT (m i n )

3 5 . 3 3
32 .65
33 .79
4 1 . 5 0
3 1 . 1 0
3 5 . 3 3
1 5 . 1 7
9 . 1 7
8 .54

DB- 1701
RT(m in )

40 .3 1
4 1 . 4 2
42 .26
4 5 . 8 1

b
b
b

1 1 . 5 1
1 2 .49

aThe GC operating condit ions were as follows: 30-m x 0 .53 -mm ID DB-5
(0 .83 -Mm fi lm th ickness) and 30-m x 0.53-mm ID D B - 1 7 0 1 (l.Q-fon f i lmth ickness) connected to an 8- in injection tee (Supe lco I n c . ) . Temperature
program: 140°C (2-m in hold) to 270°C ( 1 -m in hold) at 2 .8 °C/m i n ; injector
temperature 250°C; detector temperature 320°C; he l ium carrier gas 6 mL/min;
nitrogen makeup gas 20 mL/min.bNot detected at 2 ng per injection.
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Column 1 :

TABLE 6
GC OPERATING CONDITIONS FOR ORGANOCHLORINE PEST IC IDES

FOR DUAL COLUMN METHOD OF ANALYSISLOW TEMPERATURE, THIN F ILM

Type: DB - 170 1 (J&W) or equivalent
Dimens ion s : 30 m x 0 .53 mm IDFi lm Thickness (urn): 1 .0

Column 2:
Type: DB-5 (J&W) or equivalent
Dimens ions : 30 m x 0.53 mm ID
F i lm Thickness (urn): 0 .83

Carrier gas flowrate (mL/min) : 6 (Helium)
Makeup gas flowrate (mL/m i n ) : 20 (Nitrogen)
Temperature program: 140°C (2 min hold) to 270°C (1 min hold) at 2.8°C/min
In jector temperature: 250°C
Detector temperature: 320°C
Injection volume: 2 pi
Solvent : Hexane
Type of injector: Flash vaporization
Detector type: Dual ECD
Range: 10
Attenuat ion: 64 (DB - 170 1 ) /32 (DB-5)
Type of sp l i t ter : Supelco 8 in injection tee
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Column 1 :

TABLE 7GC OPERATING CONDITIONS FOR ORGANOCHLORINE PESTICIDES
FOR THE DUAL COLUMN METHOD OF ANALYSIS

HIGH TEMPERATURE, THICK FILM

Type: DB- 1701 (J&W) or equivalentDimens ions : 30 m x 0.53 mm ID
Fi lm Thickness: 1 .0 pm

Column 2:
Type: DB-5 (J&W) or equivalentDimensions: 30 m x 0.53 mm ID
Film Thickness: 1 .5 /un

r

Carrier gas flowrate (mL/min): 6 (Helium)
Makeup gas flowrate (mL/min ) : 20 (Nitrogen)
Temperature program: 150°C (0 . 5 min hold) to 190°C (2 min hold) at 12°C/min

then to 275°C (10 min hold) at 4°C/min .
Injector temperature: 250°C
Detector temperature: 320°C
Injection volume: 2 /iL
Solvent: Hexane
Type of injector: Flash vaporization
Detector type: Dual ECD
Range: 10
Attenuat ion : 64 ( D B - 1 7 0 1 ) / 6 4 (DB-5)
Type of sp l i t t e r : J&W Sc ient i f i c press-f i t Y-shaped in le t sp l i t ter
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TABLE 8 SUMMARY OF RETENTION TIMES (MIN) OF AROCLORS
ON THE DB-5 COLUMN-

DUAL SYSTEM OF ANALYSIS

Peak
Mo. b

1
2
3
4
5
6
7
8
9

10
1 1
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

42
43
44
45
46
47
48
49
50
51
52
53
54
55

Aroclor
10 16

8.41
8.77
8.98
9 .7 1

10 .49
10 .58
10.90
1 1 . 2 3
1 1 .88
1 1 .99
12 .27
12.66
12 .98
13 . 18
13 .61
13.80
13.96
14 .48
14 .63
14.99
15 .35
16 .01
16 .27

Aroclor
1221

5 .85
7.63
8.43
8.77
8.99

1 0 . 5 0
10 .59
1 1 . 2 4

12 .29
12.68
12.99

Aroclor
1232

5 .85
7.64
8.43
8.78
9.00

10 .50
10 .59
10.91
1 1 . 2 4
1 1 . 9 0
12 .00
12 .29
12.69
13 .00
13 . 19
13 .63
13 .82
13 .97
14 . 50
14.64
15 .02
15 .36
1 6 . 14
16.29
17.04
17 .22
17.46

18 .4 1
18 .58
18 .83
19 .33

20.03

2 1 . 1 8

Aroclor
1242

7.57
8.37
8.738.94
9.66

10 .44
10 .53
10.86
1 1 . 1 8
1 1 .84
1 1 .95
12.24
12.64
12.95
13. H
13.58
13.77
13.93
14.46
14.60
14.98
15 .32
15.96
16.08
16.26

17 . 19
17.43
17.92
18 . 16
18 .37
18 .56
18 .80
19.30

19.97

20.46
20.85
2 1 . 1 4

22.08

Aroclor
1248

8.95
10.45
10.85
1 1 . 18
1 1 .85
12.24
12.64
12.95
13.15
13.58
13.77
13.93
14.45
14.60
14.97
15.31
16.08
16.24
16.99
17.19
17.43
17.69
17.91
18. 14
16.36
18.55
18.78
19.29

19.92

20.45
20.83
2 1 . 1 2
21 .36

22.05

Aroclor
1254

13 .59
13.78
13.90
14 .46
14.98
15 .32
16 . 10
16.25
16.53
16.96
17 . 19
17.44
17.69
17.91
18 . 14
18.36
18 .55
18 .78
19.29
19 .48
19 .8 1
19 .92
20.28
20.57
20.83
20.98
2 1 .38
2 1 . 78
22.04
22.38
22.74
22.96
23 .23
23.75

Aroclor
1260

13 .59

16 .26
16 .97
17 .2 1

18 .37
18.68
18 .79
19 .29
1 9 . 4 8
19 .80

20.28
20 .57
20.83
2 1 . 3 8
2 1 . 7 8
22 .03
2 2 . 3 7
22.73
22 .95
2 3 . 2 3
23 .42
23.73

Pest ic ide eluting at same
retention time

Chlorothalon i I ( 1 1 . 1 8 )

Captan ( 1 6 . 2 1 )
ganma-Chlordane ( 16 .95 )

4 ,4 ' -DDE ( 18 .38 )
Di e l d r i n ( 1 8 . 59 )

Chloropropylate ( 1 9 . 9 1 )
Endosulfan 1 ! ( 1 9 . 9 1 )

Kepone (20.99)
4 , 4 ' - O O T ( 2 1 . 7 5 )
Endosulfan su lfate ( 2 1 . 7 5 )

Captafol ( 2 2 . 7 1 )

Endrin ketone (23 .73 )
'The GC operating condit ions are given in Table 7.

(continued)
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TABLE 8 CONTINUED

Peak
No.

56
57
58
59
60
61
62
63
64
65
66
67
68
69

Aroclor Aroclor Aroclor Aroclor Aroclor Aroclor
1016 1221 1232 1242 1248 1254

23.99
24.27

24.61
24.93
26.22

Aroclor Pestic ide eluting at same
1260 retention time

23.97
< !4 . 16

Hethoxychlor (24.29)
Dicofo l (24 .29 )

24.45
24.62
24.91
25 .44
26 . 19 Mi r ex ( 26 . 19 )
26 .52
26.75
27 .4 1
28.07
28.35
29.00

'The GC operating conditions are given in Table 7.
"These are sequentially numbered from elution order and are not isomer numbers
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TABLE 9 SUMMARY OF RETENTION TIMES (MIN) OF AROCLORS
ON THE DB-1701 COLUMN-

DUAL SYSTEM OF ANALYSIS

Peak
NO . O

1
2
3
4
5
6
7
8
9

10
1 1
12
13
U
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
/ /

45
46
47
48
49
50
51
52
53
54

Aroclor Aroclor
1016 1221

4 .45
5 .38
5.78
5.86

6.33 6 .34
6.78 6.78
6.96 6.96
7.64
8.23 8.23
8.62 8.63
8.88
9.05 9 .06
9.46
9.77 9.79

10.27 10 .29
10.64 10 .65
1 1 .0 1
1 1 .09
1 1 .98
12 .39
12.92
12.99
13 . 14
13 .49
13 .58

Aroclor
1232

4 .45

5.86
6.34
6.79
6.96
8.23
8.63
8.89
9.06
9.47
9.78

10 .29
10 .66
1 1 . 02
1 1 . 1 0
1 1 .99
12.39
12.77
13 .00
13 . 1 6
13 .49
13.61
14 .08
14.30
14 .49

15 .38
15.65
15 .78
16 . 1 3

16 .77
17 . 13

Aroclor
1242

6.28
6.72
6.90
7.59
8.15
8.57
8.83
8.99
9.40
9.71

10 .2 1
10 .59
10.96
1 1 .02
11 .94
12 .33
12 .71
12.94
13.09

13.44
13.54
13 .67
14.03
14.26
14.46

15 .33
15.62
15 .74
16 . 10

16 .73
17.09
17 .46
17.69
18 .48

19 . 13

Aroclor
1248

6.91
8.16
8.83
8.99
9.41
9.71

10.21
10.59
10.95
1 1 .03
11.93
12.33
12.6912.93
13.09

13.44
13.54
14.03
14.24
14.39
14.46
15 . 10
15.32
15.62
15.74
16 . 10

16.74
17.07
17 .44
17.69
18. 19
18.49

19 . 13

Aroclor
1254

10.95

1 1 .93
12 .33

13 . 1 0
13 .24
13 .51
13.68
14.03
14.24
14.36
14.56
1 5 . 1 0
15 .32
15 .6 1
1 5 .74
16 .08
16.34
16 .44
16 .55
16 .77
17 .07
17 . 29
17 .43
17.68
18 . 1 7
18 .42
18.59
18.86
1 9 . 1 0
19 .42

Aroclor Pest i c ide elut ing ar same
1260 retention time

Tr i f l u r a l i n (6 .96 )

13 .52
1 4 . 0 2
14 .25

14 .56
Chlordane ( 1 5 . 3 2 )

16 .6 1 4 , 4 ' - O D E ( 1 5 . 6 7 )
1 5 .79
1 6 . 1 9
16 .34
16 .45
1 6 . 7 7 Perthane ( 1 6 . 7 1 )
17 .08
1 7 . 3 1
1 7 . 4 3
17.68
1 8 . 1 8
1 8 . 4 0
18 .86
1 9 . 0 9 Endosulfan 1 ! ( 1 9 . 0 5 )
1 9 . 4 3

"The GC operating conditions are given in Table 7.
(continued)
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TABLE 9 CONTINUED

Peak Aroclor Aroclor Aroclor Aroc Ior Aroclor Aroclor Aroc lor Pest ic ide elating at Si
Mo. 1016 1221 1232 1242 1248 1254 1260 retention time

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73

19.55
20.20
20.34

20.57 20 .55
20.62
20.88
21 .53
2 1 . 83
23 .3 1

19.59 4 ,4 ' -DDT ( 19 .54)
Zd .21
20.43
20.66 Endrin aldehyde (20.69)
20.87
2 1 . 0 3
2 1 . 53
2 1 . 8 1
23 .27
23.85
2 4 . 1 1
24 .46
24.59
24 .87
25.85
27.05
2 7 . 7 2

*The GC operating conditions are given in Table 7.
"These are sequentially numbered from elution order and are not isomer numbers
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TABLE 10
PEAKS DIAGNOSTIC OF PCBs OBSERVED IN 0 . 53 mm ID COLUMN

SINGLE COLUMN ANALYSIS

Peak RT on RT on Elut ion
No . c DB 608' DB 1701" Aroclor" Order

I 4 7 9 0 4 7 6 6 1 2 2 1 Before TCmX
I I 7 . 1 5 6 . 9 6 1221 , 1232, 1248 Before o-BHC
I I I 7 . 8 9 7 . 6 5 1061 , 1221 . 1232, 1242 , Before a-BHC
IV 9 . 3 8 9.00 1016, 1232, 1242 , 1248, just after a-BHC onDB- 1701 ; j u s t before

•y-BHC on DB-608
V 10 .69 10 .54 1016 . 1232. 1242 . 1248 a-BHC and

heptachlor on D B - 1 7 0 1 ;
just after heptachlor
on DB-608

VI 1 4 . 2 4 1 4 . 1 2 1248. 1254 -y-BHC and heptachlor
epoxide on D B - 1 7 0 1 ;heptachlor epoxide and
•y-Chlordane on DB-608

VI I 14 .8 1 1 4 . 7 7 1254 Heptachlor epoxide and
•y-Chlordane on
D B - 1 7 0 1 ; a- and
7-Chlordane on DB-608

V I I I 1 6 . 7 1 1 6 . 3 8 1254 DDE and Die l d r i n on
D B - 1 7 0 1 ; Die ld r i n and
Endr in on DB-608

IX 1 9 . 2 7 18 .95 1254, 1260 Endosulfan I I onD B - 1 7 0 1 ; DOT on DB-608

Cont i nued
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TABLE 10 (Continued)PEAKS DIAGNOSTIC OF PCBs OBSERVED IN 0 .53 mm ID COLUMN
SINGLE COLUMN ANALYSIS

Peak RT on RT on Elut ion
No. DB 608' DB 1701 ' Aroclor6 Order

X 2 1 . 2 2 2 1 . 2 3 1260 Endrin aldehyde andEndosulfan sulfate onDB- 1701 ; Endosulfansulfate andMethoxychlor on
on DB-608

XI 22 .89 22 .46 1260 Just before endrinketone on DB - 170 1 ;after endrin ketone on
DB-608

Temperature program: T ( = 150°C, hold 30 seconds; increase temperature at
5°C/minutes to 275°C.
Underlined Aroclor indicates the largest peak in the pattern.
These are sequential ly numbered from elution order and are not isomer
numbers
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TABLE 11 SPECIF IC PCB CONGENERS IN AROCLORS

Congener IUPAC number
Aroclor

1016 1221 1232 1242 1248 1254 1260

Biphenyl2CB
23DCB
34DCB
244'TCB
22 '35 'TCB
23 '44 'TCB
233 '4 '6PCB
23 '44 '5PCB
2 2 ' 4 4 ' 5 5 ' H C B
2 2 ' 3 4 4 ' 5 ' H C B
22 '344 '55 'H pCB
22 '33 '44 '5HpCB

1
5

12
28*
44
66*

1 10
118*
153
138
180
170

X
X X X X
X X X X X
X X X X
X X X X

X X X
X

X
X
X
X
X

X
X
X
X
X
X

*apparent co-e lu t ion of two major peaks:
28 with 31 ( 2 , 4 ' , 5 trichloro)66 with 95 ( 2 , 2 ' , 3 , 5 ' , 6 pentachloro)
1 18 with 149 ( 2 , 2 ' , 3 , 4 ' , 5 ' , 6 hexachloro)
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TABLE 12 ANALYTE RECOVERY FROM SEWAGE SLUDGE

Compound Son1catIon Soxhlet

Hexachloroethane2-Chloronapthalene4-Bromodiphenyl ethera-BHC
7-BHCHeptachlor
Aldr in
0-BHC
rf-BHCHeptachlor epoxideEndosulfan I•y-Chlordane
a-Chlordane
DDE
Die l d r i nEndr inEndosulfan IIDOT
Endr in aldehydeDDD
Tetrachloro-m-xyleneDecachlorobiphenyl

^Recovery

80501188855609235151545250495289
56
5257
4557
71
26

%RSD

7
5614
25

9
13
33
71
11
1 1
11

9
8
1119
10
10
10

6
11
19
23

^Recovery

79
67
nd

265
155
469
875
150

57
70
70
65
66
74

327
92
88
95
42
99
82
28

%RSD

1
8

18
29

294
734
260

2
3
4
1
0
1
7

15
1 1
17
10
8
1

48

Concentrat ion spiked in the sample: 500-1000 ng/gThree replicates/sample
Extract ion so lvent , Method 3540 - methylene chlor ideExtraction solvent, Method 3550 - methylene chloride/acetone ( 1 : 1 )
Cleanup - Method 3640
GC column - DB-608, 30M X 0 . 5 3 mm ID
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TABLE 13 ANALYTE RECOVERY FROM DCE STILL BOTTOMS

Compound Sonication Soxhlet

Hexachloroethane2-Ch l oronapthal ene4-Bromodiphenyl ether
a-BHC
0-BHCHeptachlor
Aldr in
/3-BHC
5-BHC
Heptachlor epoxideEndosulfan I
7-Chlordane
a-Chlordane
DDE
Die ldr i n
Endr in
Endosu lfan IIDOT
Endrin aldehyde
ODD
Tetrachloro-m-xyleneDecachlorobiphenyl

XRecovery

7059159554348485143
47
4748
45
45
45
50
4949
40
48
4917

%RSD

2
3

14
7
6
6
5
7
4
6
4
5
5
4
5
6
5
4
4
5
2

29

%Recovery

50
35

128
47
30
55

200
75

1 19
66
41
47
37
70
58
41
46
40
29
35

176
104

%RSD

30
35

137
25
30
18

258
42

129
34
18
13
21
40
24
23
17
2-9
20
21

2 1 1
93

Concentration spiked in the sample: 500-1000 ng/g
Three repl icates/sample
Extract ion so lvent , Method 3540 - methylene chlor ideExtraction solvent, Method 3550 - methylene chloride/acetone ( 1 : 1 )
Cleanup - Method 3640
GC column - DB-608, 30M X 0 . 53 mm ID
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TABLE 14
SINGLE LABORATORY ACCURACY DATA FOR THE EXTRACTION OF

ORGANOCHLORINE PESTICIDES FROM SPIKED CLAY SOIL BY METHOD 3541
(AUTOMATED SOXHLET) '

Compound Name Spike Level _ X Recovery________DB-5 DB-1701

a-BHC
0-BHC
HeptachlorAldrin
Heptachlor epoxidetrans-Chlordane
Endosulfan IDie ldr inEndrinEndosulfan II
4 , 4 ' - D D T
Mi rex

500500500500500500
500500500500500500

89
86
94
b97

94
92
b

1 1 1
104

b
108

94
b

95
92
97
95
92

1 13
104
104

b
102

a The operating conditions for the automated Soxhlet were as follows:
immersion time 45 min; extraction time 45 min ; the sample s ize was 10 gclay soil , extraction solvent, 1:1 acetone/hexane. No equilibration timefol lowing spik ing.

b Not able to determine because of interference.
Data taken from Reference 14.
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TABLE 15
SINGLE LABORATORY RECOVERY DATA FOR EXTRACTION OF

PCBS FROM CLAY AND SOIL BY METHOD 3541" (AUTOMATED SOXHLET)

Matr ix Compound Spike Level(ppm)

Clay Aroc l o r - 1254 5

Clay Aroc lor- 1254 50

Clay Aroc l o r - 1260 5

Clay Aroc lor- 1260 50

Soi l Aro c l o r - 1254 5

So i l A r o c l o r - 1254 50

Tria l

1
2
3
4
5
6
1
2
3
4
5
6
1
2
3
4
5
6
1
2
3
4
5
6
1
2
3
4
5
1
2
3
4
5
6

Percent
Recovery6

8 7 . 0
9 2 . 7
9 3 . 8
9 8 . 6
7 9 . 4
2 8 . 3
6 5 . 3
7 2 . 6
9 7 . 2
7 9 . 6
4 9 . 8
5 9 . 1
8 7 . 3
7 4 . 6
6 0 . 8
9 3 . 8
9 6 . 9

1 1 3 . 1
7 3 . 5
7 0 . 1
9 2 . 4
88 .9
9 0 . 2
6 7 . 3
6 9 . 7
8 9 . 1
9 1 . 8
8 3 . 2
6 2 . 5
8 4 . 0
7 7 . 5
9 1 . 8
6 6 . 5
8 2 . 3
6 1 . 6

(continued)
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TABLE 15(continued)

Matrix Compound Spike Level(ppm)

Soi l Aroc l o r - 1260 5

Soi l Aro c l o r - 1260 50

Trial

1
2
3
4
5
6
7
1
2
3
4
5
6

Percent
Recovery 15

83 .9
82 .8
8 1 . 6
9 6 . 2
9 3 . 7
9 3 . 8
9 7 . 5
7 6 . 9
6 9 . 4
9 2 . 6
8 1 . 6
83 . 1
7 6 . 0

a The operating condit ions for the automated Soxhlet were as fo l lows:immersion time 60 min ; reflux time 60 m in .
b Mul t i p l e results from two different extractors .
Data from Reference 15.
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TABLE 16. MULTI-LABORATORY PRECISION AND ACCURACY DATA
FOR THE EXTRACTION OF PCBS FROM SPIKED SOILBY METHOD 3541 (AUTOMATED SOXHLET)

Laboratory
Lab 1

Lab 2

Lab 3

Lab 4
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Lab 5

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Lab 6

Lab 7

Lab 8

All
Laboratories

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

NumAverage
St Dev. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
NumAverageSt Dev
NumAverageSt Dev
NumAverageSt Dev
NumAverageSt Dev
NumAverageSt Dev
NumAverageSt Dev
Num
AverageSt Dev
NumAverageSt Dev

J.. . ................................................................................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

j PCB Percent Recovery
Aroclor

1254
PCB Level

5
3 .010 1 . 2

34 .9

...................
3 . 0

72 .8
10 .8
6 . 0

1 1 2 . 6
.....18,?..

.. . . . . . . . . . . . . . . . .
2 .0

1 4 0 . 9
4 . 3
3 . 0

100 . 1
1 7 . 9
3 . 0

65 .0
1 6 . 0
2 0 . 0
98 .8
2 8 . 7

50r " "**
3 .074.041 .8
6 .0

56.5
7 .0
3 . 0

63.3
_!•!

6.0
144.3
30.4..................

3 . 0
97 . 18 .7
3 .0

1 2 7 . 71 5 . 5
3 .0

123 .4
14 .6

""*"****"*"**
3 .0

38.3
2 1 . 9..................

30 .0
92 .5
42 .9

500

. . . . . . . . . . . . . . . . . . .
6 .0

66 .9
15 .4

3 . 0
80 . 1
5 . 1

..

9 . 0
7 1 . 3
14 . 1

1260
PCB Level

5
3 . 0

83 .9
7 . 4

3 . 0
70 .6
2 . 5
6 . 0

1 0 0 . 3
1 3 . 3

3 . 0
1 3 8 . 7

1 5 . 5
3 . 0

8 2 . 1
7 . 9
3 . 0

92 .8
3 6 . 5
2 1 . 0
9 5 . 5
2 5 . 3

50
3 . 0

7 8 . 5
7 . 4
6 . 0

7 0 . 1
1 4 . 5
3 . 0

5 7 . 2
5 . 6
6 . 0

8 4 . 8
3 . 8
3 . 0

7 9 . 5.....Id..
4 . 0

1 0 5 . 9_L».
3 . 0

9 4 . 1
5 . 2
3 . 0

5 1 . 9
1 2 . 8
3 1 . 0
7 8 . 6
1 8 . 0

500

6 . 0
7 4 . 5
10 . 3

. . . . . . . . . . . . . . . . . .
3 . 0

7 7 . 0
9 . 4

. . . . . . . . . . . . . . . . . .
9 . 0

7 5 . 3
9 . 5

AllLevels
1 2 .0
84 .4
26 .0
2 4 . 0
6 7 . 0
13 . 3
1 2 . 0
66 .0
9 . 1

2 4 . 0
1 1 0 . 5

28 .5
1 2 . 0
8 3 . 5
10 . 3
1 2 . 0

1 2 5 . 4
1 8 . 4
1 2 . 0
99 .9
1 9 . 0
1 2 . 0
6 2 . 0
2 9 . 1

1 2 0 . 0
8 7 . 6
2 9 . 7

Data from Reference 13.
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FIGURE 1 .
GAS CHROMATOGRAM OF THE MIXED ORGANOCHLORINE PESTICIDE STANDARD

St«rt t . im : 0 .00 «in
Sole Hctor: 0

End TIM : JJ.OO Bin
Hot OffMt: 20 *»

lo> »omt : M.OO
'lot tcalt: 400 w

Poin t : tJO.OO •»

Response

T)

3 o"

L-J

? o O O O o o oi i i i I i i i i I i i i i I i i i i I i i i i I i i i i I i i i i I i i

' - 4 . 6 8

7 . 9 9

£a^ -9.93
10 .78 ——11.05

3-tf."»
- 1 1 .81

- 13 .65
• 1 4 . 3 4 - 14 .92
LLL«9$n - 16 .32

——17.17 - 1 7 . 6 3
——18.56

f - 2 3 . 1 8
80

2 6 . 2 3

• • - 2 8 . 6 4

Column :
Temperature program:

- 0 . 9 5

- 8 . 6 0

• 3 0 . 1 9

30 m x 0 . 25 mm ID, DB-5
100°C (hold 2 minutes ) to 160°C at 15 °C/m i n , then at
5°C/min to 270°C; carrier He at 16 p s i .
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FIGURE 2.
GAS CHROMATOGRAM OF INDIVIDUAL ORGANOCHLORINE PESTICIDE STANDARD MIX A

Hirt TIM : 0.00 «in End Tiai : 11.00 Bin ion »o.nt : 20.00 •»
!c«lc 'actor: 0 Hot OffHt: 20 M 'tot Ictll: 2fO «

2FQ .OO «w

Response [mV]
CD a cj<o o oi i i I i i i i I i i i i I i i i i I i i

N)OO

Ul—

o -»_3 V*
H

• - 7 . 9 3

1 2 . 3 3

• 14 .27

- 17 .08

2 0 . 7 7

22 .68
-23 .73

• 28 . 52

-9 .86
- 10 .98

- 1 3 . 5 8

- 1 7 . 5 4
1 8 . 4 7

- 19 .78
- 1 9 . 2 4

-2 1 . 1 3

-« .0t

-8 . 5- :

- 2 3 . 0 3

- 3 0 . 0 5

Column:
Temperature program: 30 m x 0 .25 m ID, DB-5

100°C (hold 2 minutes) to 160°C at 15 °C/m i n , then at
ln to 270°C; carrier He at 16 p s i .
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FIGURE 3
GAS CHROMATOGRAM OF INDIVIDUAL ORGANOCHLORINE PEST IC IDE STANDARD MIX B

St«rt ''«t • 0 . 3 0 «in End T <«• : JJ .OO «m Lo« Pomt : 20.00 *v
Sci l t F «CTo r : 0 P l o t Of tut: 20 •» P l o t Sc«H: 250 «v

Response [mV]

I I I I I I

l_lO (Jlo oo LHo
1 1 1 1 1 1 1 1 1 ! 1

3D'D

n -i5 y"
H
3'
J O

N)

2 . 7 4

6 . 9 7

>-9. 60
— 10.71

1 4 . 2 7
T5. 24

J.19. 11

! . 0 0

- 1 1 .73

- 1 4 . 8 4

- 1 6 . 2 3
— 17 .08- 1 7 . 6 3

- 1 8 . 3 1
——— 19.54

- 2 0 . 1 9
—————21.03

- - 2 2 . 6 8

- 1 . 9 3

- 3 . 54

— 30 . 04

Column :
Temperature program: 30 m x 0 . 2 5 mm ID, DB -5100°C (hold 2 minutes) to 160°C at 15 °C/m i n , then at

5°C/min to 270°C; carrier He at 16 p s i .
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FIGURE 4.
GAS CHROMATOGRAM OF THE TOXAPHENE STANDARD

Start Ti«t : 0.00
Scllt Factor: 0

Ind TIM : 13.00 mtn
•lot Offset: 20 aw

IM aeint : Zfl.OO w
•let leal*: 60 aw

•if* Point : 80.00 m

Response [mV]
o o o o o c1 1 1 1 1 1 1 1 n 1 1 1 1 1 1 1 1 n 1 1 1 1 1 1 i i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i i I1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

m

5' -_

_ii>

O

V'if • t . 9 2

24 . 32

Column:Temperature program: 30 m x 0 . 2 5 mm ID, OB-5100°C (hold 2 minutes) to 160°C at 15 °C/m i n , then at
5°C/"»in to 270°C; carrier He at 16 p s i .
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FIGURE 5.
GAS CHROMATOGRAM OF THE AROCLOR- 10 16 STANDARD

St i r t t in* : 3 . 0 0 mm End fiiM : 31.00 Bin Lo» Point : 20.00 M Hign Point : 120.00 I
Sca le He tor 0 Plot OtfMt: 20 •» Plot test*: 100 *M

Response [mV]

o-
o o o o oI I I I I I I I I I 11 I 11 1 1 1 1 11 I I I I I I 11 I I I I I I ] I I I I 1 1 1 1 I I I I I

.73

- 1 .81

8 . 4 4

- 1 2 . 9 5

- 1 . 0 3

Column:
Temperature program: 30 m x 0 .25 mm ID DB-5 fused s i l i ca cap i l lary .

100°C (hold 2 minu te s ) to 160°C at 15 °C/m i n , then at
5°C/min to 270°C; carrier He at 16 p s i .
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FIGURE 6.
GAS CHROMATOGRAM OF THE TECHNICAL CHLORDANE STANDARD

Sta r e r ia» : 0 .00 BinScat * factor : o End lim : JJ.OO mtn
Plot Offxt: 20 •*

Lav Point : 20.00
Plot teal*: 200 aw

Hign Point : 270.00 a*

Response
en o y oo o o oi i i I i i i i I i i i i I i i i i I i i

0)

n -i.

S"

—4 . 33

• 5 . 8 3

- 8 . 8 7

90

5'.%. 38

- 0 . 9 7

Column:
Temperature program: 30 m x 0 . 2 5 mm ID DB-5 fused s i l i c a cap i l l a ry .

100°C (hold 2 minutes) to 160°C at 15 °C/m i n , then at
5°C/min to 270°C; carrier He at 16 p s i .

8081 - 53 Rev i s i o n 0
September 1994



OB-1701

LJ

OB-5

FIGURE 7. GC/ECD chromatogram of Toxaphene analyzed on a D B - 5 / D B - 1 7 0 1 fused-
s i l i ca open-tubular column pair . The GC operat ing cond i t i on s were
as fol lows: 30 m x 0.53 mm ID DB-5 ( 1 . 5 - ^m fi lm th ickness) and 30m x 0 . 5 3 mm ID DB- 1701 ( 1 .0- |um f i lm th i cknes s ) connected to a J&WSc ien t i f i c press-f i t Y-shaped inlet sp l i t t e r . Temperature program:150°C ( 0 . 5 min hold) to 190°C (2 min hold) at 12°C/fn in then to 275 °C
( 10 min ho ld) at 4°C/nnn-
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FIGURE 8. GC/ECD chromatogram of Strobane analyzed on a DB-5/DB- 1701 fused-s i l i ca open-tubular column pair . The GC operat ing cond i t ions wereas follows: 30 m x 0 .53 mm ID DB-5 ( 1 . 5 - ^m fi lm thickness) and 30m x 0 . 5 3 mm ID DB - 170 1 ( 1 .0 -Mm f i lm th i c kne s s ) connected to a J&W
Scient i f i c press-f i t Y-shaped inlet sp l i t ter . Temperature program:
150°C ( 0 . 5 min hold) to 190°C (2 min ho ld ) at 12 °C/m i n then to 275 °C
( 10 min hold) at 4°C/min.
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F IGURE 9. GC/ECD chromatogram of Aroclor 10 16 analyzed on a D B - 5 / D B - 1 7 0 1fu sed- s i l i ca open-tubular column pa i r . The GC operat ing cond i t i on s
were as fo l lows: 30 m x 0 . 5 3 mm ID DB-5 ( 1 . 5 - j i m f i lm th i cknes s ) and30 m x 0 . 5 3 mm ID DB- 170 1 ( 1 .0 -/ um f i lm th i c kne s s ) connected to a J&W
Scient i f i c press-f i t Y-shaped in let sp l i t t e r . Temperature program:
150°C ( 0 . 5 min hold) to 190°C (2 min hold) at 12°C/min then to 275 °C
( 10 m in hold) a t 4°C/min .
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F IGURE 10. GC/ECD chromatogram of Aroclor 1 2 2 1 ana lyzed on a D B - 5 / D B - 1 7 0 1
fused-s i l i ca open-tubular column pa i r . The GC operat ing cond i t ions
were as fo l lows : 30 m x 0 . 5 3 mm ID D B - 5 ( 1 . 5 - M m f i lm t h i c k n e s s ) and
30 m x 0 . 5 3 mm ID DB- 1701 ( 1 .0 -M i n f i lm th i c kne s s ) connected to a J&WSc ien t i f i c press-f i t Y-shaped inlet sp l i t t e r . Temperature program:
150°C ( 0 . 5 min hold) to 190°C (2 min ho ld ) at 12 °C/min then to 275 °C( 10 min hold) at 4°C/nnn.
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FIGURE 11 . GC/ECD chromatogram of Aroclor 1232 analyzed on a DB -5/DB - 170 1
fu s ed- s i l i c a open-tubular column pa i r . The GC operat ing c o nd i t i o n s
were as fo l lows : 30 m x 0 . 53 mm ID DB -5 ( 1 . 5 - M f n f i lm th i c k n e s s ) and30 m x 0 . 5 3 mm ID DB- 170 1 ( 1 .0 -M t n f i lm th i c k n e s s ) connected to a J&W
Scient if ic press-f it Y-shaped inlet sp l i t ter . Temperature program:
150°C ( 0 . 5 min hold) to 19C°C (2 min ho ld ) at 12 °C/m i n then to 275 °C( 10 min hold) a t 4°C/min .
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FIGURE 12. GC/ECD chromatogram of Aroclor 1242 analyzed on a DB -5/DB - 170 1
f u s ed- s i l i c a open-tubular column pa i r . The GC operat ing cond i t i on s
were as fo l lows: 30 m x 0 . 53 mm ID DB -5 ( 1 . 5 - M m f i lm th i c kne s s ) and30 m x 0 . 5 3 mm ID DB- 1701 ( 1 .0 -Mm f i lm th i ckne s s ) connected to a J&WScient if ic press-f it Y-shaped inlet sp l i t ter . Temperature program:150°C ( 0 . 5 min hold) to 190°C (2 min ho ld) at 12°C/min then to 275 °C(10 min hold) at 4°C/nrin.
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F IGURE 13. GC/ECD chromatogram of Aroclor 1248 analyzed on a D B - 5 / D B - 1 7 0 1fu sed- s i l i c a open-tubular column pa i r . The GC operat ing cond i t ions
were as fo l lows: 30 m x 0 . 53 mm ID DB -5 ( 1 . 5 - ^ m f i lm th i c kn e s s ) and
30 m x 0 . 5 3 mm ID DB- 1701 (LO-^m f i lm th i cknes s ) connected to a J&WSc ien t i f i c press-f it Y-shaped inlet sp l i t t e r . Temperature program:
150°C ( 0 . 5 min hold) to 190°C (2 min ho ld ) at 12°C/in in then to 275 °C
(10 min hold) at 4°C/iirin.
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F IGURE 14. GC/ECD chromatogram of Aroclor 1 254 analyzed on a D B - 5 / D B - 1 7 0 1

fu sed-s i l i ca open-tubular column pa i r . The GC operat ing cond i t i on s
were as fol lows: 30 m x 0 .53 mm ID DB-5 ( l . S - ^m f i lm th ickness) and
30 m x 0 . 5 3 mm ID DB - 170 1 ( 1 . 0 - M m f i lm th i c k n e s s ) connected to a J&WSc ien t i f i c pres s-f i t Y-shaped inlet s p l i t t e r . Temperature program:
150°C ( 0 . 5 min hold) to 190°C (2 min hold) at 12°C/min then to 275°C
( 10 min ho ld ) a t 4°C/min .
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F IGURE 15. GC/ECD chromatogram of Aroclor 1260 analyzed on a D B - 5 / D B - 1 7 0 1

fu s ed- s i l i c a open-tubular column pa i r . The GC operat ing cond i t i on s
were as fo l lows: 30 m x 0 .53 mm ID D B - 5 ( 1 . 5 - ^ f i lm t h i c k n e s s ) and30 m x 0 .53 mm ID DB-1701 ( 1 .0-/um f i lm th i ckness ) connected to a J&W
Sc i en t i f i c pre s s-f i t Y-shaped in let sp l i t t e r . Temperature program:
150°C ( 0 . 5 min hold) to 190°C (2 min ho ld ) at 12 °C/m i n then to 275 °C
( 10 min hold) at 4°C/min.
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F IGURE 16. GC/ECD chromatogram of Halowax 1000 analyzed on a DB -5/DB - 170 1
f u s ed- s i l i c a open-tubular column pa i r . The GC operat ing cond i t ions
were as fo l lows: 30 m x 0 . 5 3 mm ID DB-5 ( 1 . 5 - / i m f i lm th i c kne s s ) and
30 m x 0 . 5 3 mm ID DB - 170 1 ( l .C- j im f i lm th i c kne s s ) connected to a J&WSc i en t i f i c p r e s s - f i t Y-shaped in let sp l i t t e r . Temperature program:
150°C ( 0 . 5 m in ho ld) to 190°C (2 min ho ld) a t 12 °C/min then to 275 °C
( 10 m in ho ld ) a t 4°C/min .

8081 - 63 Rev i s i o n 0September 1994



DB-1701

F IGURE 17. GC/ECD chromatogram of Halowax 1001 analyzed on a D B - 5 / D B - 1 7 0 1
fused-s i l i ca open-tubular column pa ir . The GC operating cond i t ions
were as fo l lows: 30 m x 0 . 5 3 mm ID DB -5 ( LS - ^m f i lm th i c k n e s s ) and
30 m x 0 . 5 3 mm ID DB - 170 1 ( 1 .0 - j um f i lm th i c kne s s ) connected to a J&W
Sc i en t i f i c pre s s- f i t Y-shaped in let s p l i t t e r . Temperature program:
150 °C ( 0 . 5 m i n hold) t o 190°C (2 m in ho l d ) a t 12 °C/m i n then to 2 7 5 ° C
( 10 m in ho ld ) a t 4°C/nhn.
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F IGURE 18. GC/ECD chromatogram of Halowax 1099 analyzed on a D B - 5 / D B - 1 7 0 1
f u s ed- s i l i c a open-tubular column pa i r . The GC operat ing cond i t i on swere as fo l lows: 30 m x 0 .53 mm ID DB-5 ( 1 . 5 - ^ m f i lm th i c kne s s ) and
30 m x 0 . 5 3 mm ID DB-1701 ( 1 .0-/im fi lm th ickness) connected to a J&WScient i f i c pres s-f i t Y-shaped Inlet sp l i t ter . Temperature program:
150°C ( 0 . 5 min hold) to 190°C (2 min hold) at 12°C/min then to 275 °C
{ 10 min hold) at 4°C/n»1n .
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FIGURE 19. GC/ECD chromatogram of Halowax 10 13 analyzed on a DB-5/DB- 1701fu s ed- s i l i c a open-tubular column pa i r . The GC operating cond i t ions
were as fol lows: 30 m x 0 .53 mm ID DB-5 ( 1 .5- j i n i f i lm th i cknes s ) and30 m x 0 . 5 3 mm ID DB- 1701 (LO-^m f i lm th i ckness ) connected to a J4WScient if ic press-fit Y-shaped inlet spl itter. Temperature program:
150°C ( 0 . 5 min hold) to 190°C (2 min hold) at 12 °C/min then to 275°C
( 10 min hold) at 4°C/min .
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FIGURE 20. GC/ECD chromatogram of Halowax 10 14 analyzed on a DB -5/DB- 170 1
fu s ed- s i l i c a open-tubular column pa i r . The GC operat ing cond i t i on s
were as fo l lows: 30 m x 0 . 5 3 mm ID DB-5 ( 1 . 5 - j i m f i lm th i ckne s s ) and
30 m x 0 . 53 mm ID DB-1701 ( 1 .0-/ im f i lm th ickness) connected to a J&WScient if ic press-f it Y-shaped inlet spl i tter. Temperature program:
150°C ( 0 . 5 min hold) to 190°C (2 min hold) at 12°C/min then to 275°C
(10 min hold) at 4°C/min.
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F IGURE 21 . GC/ECD chromatogram of Halowax 1 0 5 1 analyzed on a D B - 5 / D B - 1 7 0 1
f u s e d - s i l i c a open-tubular column pa i r . The GC operat ing cond i t i ons
were as fol lows: 30 m x 0 .53 mm ID DB-5 ( 1 .5 - ^ n i f i lm th ickness ) and
30 m x 0 . 5 3 mm ID DB - 170 1 ( 1 .0-/ im f i lm th i c kne s s ) connected to a J&WScient i f i c press-f i t Y-shaped inlet sp l i t t e r . Temperature program:
150°C ( 0 . 5 min hold) to 190°C (2 min hold) at 12°C/min then to 275°C
(10 min hold) at 4°C/min.
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F IGURE 22. GC/ECD chromatogram of the organochlor ine p e s t i c i d e s ana lyzed on a
OB-5/OB- 1701 fused-si l ica open-tubular column pa i r . The GC
operat ing condit ions were as fo l lows: 30 m x 0 . 5 3 mm ID DB -5 ( 0 . 8 3 -j im f i lm th ickness) and 30 m x 0 . 5 3 mm ID D B - 1 7 0 1 ( 1 . 0 - j i m f i lm
th ickness) connected to an 8 in in ject ion tee (Supe l co I n c . ) .Temperature program: 140°C (2 min ho ld ) to 270 °C (1 min ho ld ) at2 .8 °C/m i n .
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ORGANOCHLORINE PESTICIDES AND PCBs AS AROCLORS BY GAS

CHROMATOGRAPHY: CAPILLARY COLUMN TECHNIQUE
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LIST OF FIGURES
Figure 1. GC of the Mixed Organochlorine Pest ic ide Standard. The GC operating

conditions were as follows: 30 m x 0 .25 mm 10 OB-5 column.Temperature program: 100°C (hold 2 minutes) to 160°C at 15°C/min,
then at 5°C/min to 270°C; carrier He at 16 p s i .

Figure 2. GC of Individual Organochlorine Pesticide Standard Mix A. The GCoperating conditions were as follows: 30 m x 0 .25 mm 10 OB-5column. Temperature program: 100°C (hold 2 minutes) to 160°C at
15°C/min , then at 5°C/min to 270°C; carrier He at 16 p s i .

Figure 3. GC of Individual Organochlorine Pest ic ide Standard Mix B. The GC
operating conditions were as fol lows: 30 m x 0 .25 mm ID DB-5column. Temperature program: 100°C (hold 2 minutes) to 160°C at
15°C/nnn, then at 5°C/min to 270°C; carrier He at 16 ps i .

Figure 4. GC of the Toxaphene Standard. The GC operating condit ions were asfol lows: 30 m x 0 .25 mm ID DB-5 column. Temperature program:100°C (hold 2 minutes) to 160°C at 15°C/rrnn, then at 5°C/min to 270°C;
carrier He at 16 ps i .

Figure 5. GC of the Aroc lor-1016 Standard. The GC operating condit ions were
as fo l lows: 30 m x 0 .25 mm ID DB-5 fused s i l i c a capi l lary column.
Temperature program: 100°C (hold 2 minutes ) to 160°C at 15°C/min ,
then at 5°C/nnn to 270°C; carrier He at 16 p s i .

Figure 6. GC of the Technical Chlordane Standard. The GC operating conditionswere as follows: 30 m x 0 .25 mm ID DB-5 fused si l ica capillarycolumn. Temperature program: 100°C (hold 2 minutes) to 160°C at
15°C/nnn, then at 5°C/m1n to 270°C; carrier He at 16 p s i .

Figure 7. GC/ECD chromatogram of Toxaphene analyzed on a DB-5/DB- 1701 fused-s i l i ca open-tubular column pair . The GC operating cond i t ions were
as follows: 30 m x 0 .53 mm ID DB-5 ( 1 . 5 - M m f i lm thickness) and 30
m x 0 .53 mm ID DB- 1701 (LO-^m f i lm th ickness) connected to a J&W
Sc ien t i f i c pres s-f i t Y-shaped inlet sp l i t t e r . Temperature program:150°C ( 0 . 5 min hold) to 190°C (2 min hold) at 12 °C/min then to 275°C
( 10 min hold) at 4°C/min.

Figure 8. GC/ECD chromatogram of Strobane analyzed on a DB-5/DB-1701 fused-s i l i ca open-tubular column pair. The GC operating condit ions wereas fol lows: 30 m x 0 .53 mm ID DB-5 ( 1 . 5 - M m f i lm th ickness) and 30m x 0 . 5 3 mm ID DB- 1701 ( 1 .0- j im f i lm th ickness ) connected to a J&WSc i en t i f i c press-f it Y-shaped inlet sp l i t t er . Temperature program:
150°C ( 0 . 5 min hold) to 190°C (2 min hold) at 12°C/min then to 275°C
( 10 min hold) at 4°C/min.

8081 - 72 Rev i s ion 0
September 1994



Figure 9. GC/ECD chromatogram of Aroclor 1016 analyzed on a DB-5/DB- 1701
fused-si l ica open-tubular column pair. The GC operating condit ions
were as fol lows: 30 m x € .53 mm ID DB -5 ( 1 . 5 - / i m f i lm th i ckne s s ) and
30 m x 0 . 53 mm ID DB- 1701 ( 1 .0-/im f i lm th ickness ) connected to a J&WScient if ic press-fit Y-shaped inlet spl i tter . Temperature program:150°C ( 0 . 5 min hold) to 190°C (2 min hold) at 12°C/rcir> then to 275°C
(10 min hold) at 4°C/min.

Figure 10. GC/ECD chromatogram of Aroclor 122 1 analyzed on a DB -5/DB - 170 1fused-s i l i ca open-tubular column pa ir . The GC operat ing cond i t ionswere as fol lows: 30 m x 0 .53 mm ID DB-5 ( 1 . 5 - M m f i lm th i c kne s s ) and
30 m x 0 .53 mm ID DB-1701 ( 1 .0-Mm fi lm th ickness ) connected to a J&WScient if ic press-f it Y-shaped inlet spl i t ter . Temperature program:150°C (0 .5 min hold) to 190°C (2 min hold) at 12°C/min then to 275°C
( 10 min hold) at 4°C/niin.

Figure 11 . GC/ECD chromatogram of Aroclor 1232 analyzed on a D B - 5 / D B - 1 7 0 1fused-s i l i ca open-tubular column pa ir . The GC operat ing cond i t ions
were as follows: 30 m x 0.53 mm ID DB-5 ( 1 .5-/ im fi lm thickness) and
30 m x 0 .53 mm ID DB-1701 (l.O-^m film thickness) connected to a J&WScientif ic press-fit Y-shaped inlet sp l i t ter . Temperature program:
150°C ( 0 . 5 min hold) to 190°C (2 min hold) at 12 °C/min then to 275 °C
( 10 min hold) at 4°C/min .

Figure 12. GC/ECD chromatogram of Aroclor 1242 analyzed on a DB-5/DB- 1701
fused-si l ica open-tubular column pair . The GC operating condit ions
were as follows: 30 m x 0.53 mm ID DB-5 ( 1 . 5 - / i m fi lm th ickness) and
30 m x 0 . 53 mm ID DB- 1701 ( 1 .0-^m fi lm th ickness ) connected to a J&W
Scient if i c press-f it Y-shaped inlet sp l i t ter . Temperature program:150°C ( 0 . 5 min hold) to 190°C (2 min hold) at 12°C/min then to 275°C(10 min hold) at 4°C/nrin.

Figure 13. GC/ECD chromatogram of Aroclor 1248 analyzed on a DB-5/DB- 1701
fu s ed- s i l i c a open-tubular column pa ir . The GC operat ing cond i t ions
were as fo l lows: 30 m x 0 .53 mm ID DB-5 ( 1 . 5 - ^ m f i lm th i c k n e s s ) and
30 m x 0 . 5 3 mm ID DB - 170 1 ( 1 .0-/ im f i lm t h i c k n e s s ) connected to a J&WScient i f i c press-f i t Y-shaped inlet sp l i t ter . Temperature program:
150°C ( 0 . 5 min hold) to 190°C (2 min hold) at 12°C/min then to 275°C
(10 min hold) at 4°C/min.

Figure 14. GC/ECD chromatogram of Aroclor 1254 analyzed on a D B - 5 / D B - 1 7 0 1
fu s ed- s i l i c a open-tubular column pa i r . The GC operat ing cond i t i o n swere as fol lows: 30 m x 0 .53 mm ID DB -5 ( 1 . 5 - / x m f i lm th i c kne s s ) and
30 m x 0 . 5 3 mm ID DB- 1701 ( 1 .0- j im f i lm th i ckness ) connected to a J&W
Scient if ic press-f i t Y-shaped inlet sp l i t t e r . Temperature program:
150°C ( 0 . 5 min hold) to 190°C (2 min hold) at 12°C/min then to 275°C
( 10 min hold) at 4°C/min .
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Figure 15. GC/ECD chromatogram of Aroclor 1260 analyzed on a DB-5/DB- 1701fused-s i l i ca open-tubular column pa i r . The GC operating condit ionswere as follows: 30 m x 0 .53 mm ID DB-5 ( 1 .5 -/ im f i lm th ickness) and30 m x 0 .53 mm ID DB-1701 ( 1 .0-^m fi lm thickness) connected to a J&WScientif ic press-fit Y-shaped inlet spl itter. Temperature program:150°C ( 0 . 5 min hold) to 190°C (2 min hold) at 12°C/min then to 275°C
(10 min hold) at 4°C/nrin.

Figure 16. GC/ECD chromatogram of Halowax 1000 analyzed on a DB-5/DB-1701fused-si l ica open-tubular column pair . The GC operating conditionswere as follows: 30 m x 0.53 mm ID DB-5 (l.S-^m fi lm thickness) and
30 m x 0 .53 mm ID DB-1701 ( 1 .0-^m fi lm thickness) connected to a J&WScient if ic press-f it Y-shaped inlet spl i tter . Temperature program:
150°C (0 . 5 min hold) to 190°C (2 min hold) at 12°C/min then to 275°C
( 10 min hold) at 4°C/min.

Figure 17. GC/ECD chromatogram of, Halowax 1001 analyzed on a DB-5/DB- 1701fused-s i l ica open-tubulaf column pair . The GC operating condit ionswere as follows: 30 m x 0.53 mm ID DB-5 ( 1 .5-f im film thickness) and
30 m x 0 .53 mm ID DB-1701 ( 1 .0-/nm fi lm thickness) connected to a J&WScient if ic press-fit Y-shaped inlet spl i t ter . Temperature program:150°C ( 0 . 5 min hold) to 190°C (2 min hold) at 12°C/min then to 275°C
(10 min hold) at 4°C/min.

Figure 18. GC/ECD chromatogram of Halowax 1099 analyzed on a DB-5/DB- 1701fused-s i l i ca open-tubular column pa i r . The GC operating condit ionswere as fol lows: 30 m x 0 .53 mm ID DB-5 ( 1 .5 - j L tm f i lm th ickness) and
30 m x 0 . 5 3 mm ID DB- 1701 ( 1 .0-/ im f i lm th i cknes s ) connected to a J&WScient i f i c press-f it Y-shaped inlet sp l i t ter . Temperature program:
150°C ( 0 . 5 min hold) to 190°C (2 min hold) at 12° r/min then to 275°C
(10 min hold) at 4°C/min.

Figure 19. GC/ECD chromatogram of Halowax 1013 analyzed on a DB-5/DB- 1701
fused-s i l i ca open-tubular column pair . The GC operating condit ionswere as fol lows: 30 m x 0 .53 mm ID DB-5 ( 1 . 5 -/ im f i lm thickness) and
30 m x 0 . 5 3 mm ID DB-1701 ( 1 .0-/xm f i lm th ickness) connected to a J&W
Scient if ic press-f it Y-shaped inlet sp l i t ter . Temperature program:150°C ( 0 . 5 min hold) to 190°C (2 min hold) at 12°C/rnin then to 275°C
(10 min hold) at 4°C/min.

Figure 20. GC/ECD chromatogram of Halowax 10 14 analyzed on a DB -5/DB - 170 1
f u s ed- s i l i c a open-tubular column pa i r . The GC operat ing cond i t i o n s
were as fo l lows : 30 m x 0 . 5 3 mm ID DB -5 ( 1 . 5 - ^ m f i lm th i c kn e s s ) and
30 m x 0 . 5 3 mm ID DB- 1701 ( 1 .0 -Mm f i lm th i c kne s s ) connected to a J&W
Sc i en t i f i c press-f i t Y-shaped inlet sp l i t t e r . Temperature program:
150°C ( 0 . 5 min hold) to 190°C (2 min ho ld) at 12 °C/min then to 275 °C
(10 min hold) at 4°C/min.
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Figure 21. GC/ECO chromatogram of Halowax 1051 analyzed on a DB-5/DB- 1701fused-s i l i ca open-tubular column pair . The GC operating cond i t ionswere as fol lows: 30 m x 0 .53 mm ID DB-5 (LS-^m f i lm th ickness ) and
30 m x 0 . 5 3 mm ID DB- 1701 (1.0-jj.m f i lm th ickness) connected to a J&W
Scient i f i c press-f it Y-shaped inlet sp l i t ter . Temperature program:150°C ( 0 . 5 min hold) to 190°C (2 min hold) at 12°C/min then to 275°C
( 10 min hold) at 40C/"»in.

Figure 22. GC/ECD chromatogram of the organochlorine pest ic ides analyzed on aDB-5/DB- 1701 fused-si l ica open-tubular column pa i r . The GCoperating conditions were as fol lows: 30 m x 0 . 5 3 mm ID DB-5 (0 .83 -nm fi lm thickness) and 30 m x 0 .53 mm ID DB - 170 1 (l.O-^m fi lm
thickness) connected to an 8 in in ject ion tee (Supe l co I n c . ) .
Temperature program: 140°C (2 min hold) to 270°C (1 min hold) at2 .8 °C/rn i n .
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