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Fig. 2 - Baseline construction for some typical gas chromatographic
peaks, a, symmetrical separated flat baseline; b and ¢, overlapping flar
baseline; d, separated (pen does not return to baseline between peaks); e,
separated sloping baseline' f, separated (pen goes below baseline between

peaks); g, m- and y - BHC sloping baseline; h, a—, —, and y-BHC slop-
ing baseline; 1, chloridane falt baseline; j, heptachlor and heptachlor
epoxide superimposed on chlordane; k, chair-shaped peaks, unsymmetri-
cal peak; 1, p,p'-DDT superimposed on toxaphene.
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Fig. 3a - Baseline construction for multiple residues with stan-
dard toxaphene.

Fig. 3b - Baseline construction for multiple residues with toxa-
phene, DDE and o,p'-, and p,p’ - DDT.
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Fig. 4a - Baseline construction for multiple residues standard
toxaphene.

P
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Fig.4b - Baseline construction for multiple residues ; rice bran
with BHC. toxaphene, DDT, and methoxychlor.
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Effect of column carrier gas flow rate on response (in arbitrary units})
3H pin-cup DC voltage EC detector. From refemce (4).
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CLEAN DETECTOR

CONTAMINATED DETECTOR

YOLTS

Effect of detector contamination on the voltagle-amperage Icurve of 3H
pin-cut DC voltagle EC detecltor; operated at 200°C, with 120 ml/min ni-
trogen gas flow; contamination was caused by a bleeding column. From

reference (4).
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CONTAMINATED DETECTOR
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Effect of detector contamination on the voltage-response curve of 3H pin-
cut DC volitage EC detector; response (in arbitrary units) is to 0.2 ng al-
drin. Form reference (4).
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Chromatograms from DC 200-EC GL.C
GLC conditions as listed in Table 331.A. except
OV.101 is substituted for column liquid phase DC 200.

LINDANE
HEPTACHLOR DIELDRIN
EPOXIOE
HEPTA- ;
cHiLoR HEnoAIN

1 Uy t_J \’ ‘~———J. -

1. Chromatogram of 0.61 ng. lindane, 0.525 ng. heptachlor. 0.55 ng al-
drin, 1008 ng. heptachlor epoxide, 1.645 ng. dieldnn. 1.59 ng endrin,

1.815 ng p.p. DDT.

P.P.00T

P.P".0OE P'P.'.TOE [‘\

0.P-00T ' \

» L
2. Chromatogram of 1.51 ng o.p. DDE, 2.025 ng p.p. TDE. 2.1 ng. o.p.
DDT. 3.18 ng. p.p. DDT.

0.P-00E
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Table 331-A. Relative Retention Times and Responses : DC 200 (or OV-101)

Column-3H elecltron capture detlelctor.

Vasic References : Burke, J., and Giuffrida, L., JAOAC 417.
326-432 (1964); Armour, J., J. Chroma-
tog. 72, 275-2828 (1972). Supplement-
ed by continuing FDA private communi-
cations. 1967-present.

Application : General purpose. Analysis for residues of
at least some compounds of all chromat-
ographable pesticide classes which cause
response by electlron capture detector.

Column Galss; & x4 mmid.; 10% DC 200
(12,500 ost) orl OV-101 on 80/100 mesh
Chromoseorb W HP. Liquid phase dis-
solves in chloroform for coating. Condi-
tioned at 250°C, with N2 flow, at least 16
hours. (Lower percentage of liquid phase
and lower carrier gas flow rate will pro-
duce the same relative retention times if
column temperature remains the same.
See 301 and 330.1 (1) for discussions of
column substitutions.)

Detector ; Unless otherwise noted, responses are th-
ose of concenjtric type electron capture
detector: tritium source (311.3); where
the response is markde "Ni", the value
refers o the response of a 63N1 constant
current detector (311.4).

Operating conditions :

Column temperature : 200°C, or a temperature which permits li-
ndane to elute at 0.48 relative to chlorpy-
rifos and p.p-DDt to elute at 3.09 rela-
tive to chlorpyrifos.
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Injector temperature :

Carrier gas and flow rate :

Detector temperature :

Sensitivity :

Reference compound :

GAS-LIQUID CHROMATOGRAPHY
Table 331-A

225°C.

N2 at 120 ml/min (or lower flow rate for
lower liquid laod; see comment above
under Column.)

200°C.

DC voltage and electrometer setting at
wh-i-ch 1.5 ng chlorpyrifos causes 1/2
full scale recorder deflection (ESD) :
usually voltage , 100 v, sensitivity of 1 x
10-9 or 3 x 10-9 afs.

Retention times reporteld relative to chi-
orpyrifos, which elutes in approximately
4.25 minutes from a cloumn with 10%
liquid phase and 120 mI/min flow rate.
Retention times measured from leading
edge of solvent peak.

NOTE : The change to chlorpyrifos as
the "marker” compound for relative re-
tention times and responses is new with
this revision. Use of chlorpyrifos
(molecular formula CgH113No3PS) per-
mits the same marker to be used with all
detectors of interest in pesticide analysis.
Most lrre values in this table were ob-
tained by recalculation form the existing
rrt (aldrin) values.

Retention Time

EPA/FDA Relative to Response
Number Chemical chloropyrifos Ratio ng for 1/2 FSD
101 p-dichlorobenzene 0.03 37

79 dibromchloropropane (Nemagon) (.04 0.6V
196 I,3,5-trichlorobenzene 0.06 2.5

195 1, 2, 4-trichlorobenzene 0.07 3

46 dichlorvos (DDVP) 0.07

194 1, 2, 3-trichlorobenzene 0.08 1.5

122 allidochlor (Randox) 0.09 4

48 trichlorfon . 0.1 -

90 monuron 0.1 150-200



Retention Time

EPA/FDA Relative to Response
Number Chemical chloropyrifos Ratio ng for 1/2 FSD
41 diuron 0.11 15-30
97 neburon 0.11 15-30
172 dichlobenil (Casoron) 0.1 0.5
1123 hexachlorocyclopentadiene 0.12 04
121 mevinphos (Phosdrin)* 0.13 18
1087 dimethyl phthalate* 0.14 25
413 hydroxy chloroneb 0.15 5
(12) dicamba methyl ester 0.19 2

bis (trichloromethyl) disulfide 0.19 unknown
271 chloroneb 0.19 9
i281 methyl 2, 3, 6 - trichlorobenzoate 0.23 0.6
1250 pentachlorobenzen 0.24 03

2, 3, 4, 6-tetrachioroanisole 0.24 0.7

2,3, 5, 6-tetrachloroanisole 0.24 unknown
144 tecnazene (TCNB) 0.29 0.5
301 propachlor {(Ramrod) 0.29 7
18 chloranil 0.30 5-10

2, 4-dichloro- 6 - nitroaniline 0.30 0.4 (Ni)
277 2, 4-D methyl ester 0.30 6
22 chloropropham (CIPC) 0.32 1000-2000
266 trifluralin* 0.34 1.2
288 benfluralin (benefin)* 0.35 0.8
160 phorate (Thimer)* 0.36 20-30
(38) dinitro-o-cresol methyl ether* 0.36 04
151 sulfallate (CDED) 0.38 3
8 BHC (technical) 0.39,0.48 1-2
213 BLHC, alpha- 0.39 04

2, 3, 4, 5-tetrachloroanisole 0.39 unknown
130 simazine 0.18,0.40 200
66 dictoran (Botran) 0.41 0.5
162 dimethoate* 0.41 4.5
532 theiometon 0.41 20
6 atrazine 0.42 200



Retention Time

EPA/FDA ) Relative o Response
Number Chemical chloropyrifos Ratio ng for 1/2 FSD
219 2, 4-D isopropyl ester 0.42 10
255 BHC, beta- 0.43 1.8
i24 propazine 0.18,0.44 200
321 diazinon oxygen analog® 0.44 300
361 amiben methyl ester 0.44 0.8
80 hexachlorobenzene 0.44 0.4
276 silvex methyl ester (2, 4, 5-TP 0.45 0.7
methyl ester)
280 pentachlorophenyl methyl ether 0.45 0.4
503 terbuthylazine 0.47 100
77 lindane (gamma BHC) 0.48 0.5
275 2.4, 5-T methyl ester 0.49 1
258 BHC, delta- 0.50 0.4
111 quintozene (PCNB) 0.51 0.3
639 pentachlorobenzonitrile 0.51 0.5 (Ni)
456 pronamide (kerb) 0.51 1.5
47 -diazinon*® 0.51 25
495 dinitramine* 0.52 0.6
326 chlorothalonil (Daconil 2787) 0.53 05
270 terbacil 0.54 10
32 dichlone 0.55 3
320 parathion=methyl oxygen analog® 0.55 11
142 teiraiodoethylene™* 0.55 4
208 chlordene 0.56 0.65V
425 metribuzin (Sencor)* 0.57 b7
309 dichlormate (Sirmate, 3, 4 0.57 5
1somer)
308 Sirmate, 2, 3 isomer 0.57 3
278 2, 4-DB methyl ester 0.62 28
222 2, 4-D isobutyl ester 0.62 5
1037 di-isobutyl phthalate* 0.63 80
2,3, 4, 5 - tetrachloronitroanisole (.64 unknown

i
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Food and Feeds Table 331-A
Retention Time

EPA/FDA . Relative to Response

Number Chemical chloropyrifos Ratio ng for 1/2 FSD
2, 3, 6-tetrachloroanisidine 0.65 1

109 propanil (Stam F-34) 0.66 4

226 2,4, 5-T 1sopropyl ester 0.67 2

402 pentachloroaniline 0.67 1.2

166 dichlofenthion (Nemacide) 0.67 1.3

88 parathion-methy{* 0.69 3
vinclozolin ' 0.69 1.2 (Ni)
2.3.4. 6-tetrachloroanididine 0.69 unknown
2.3,4, 6-tetrachloronitoroanisole 0.70 unknown
2.4-D n-butyl ester 0.72 40
2.3.5,6-tetrachloronitroanisole 072 0.6
2.3.4,5-tetrachloroaanisidine 0.76
alachlor (Lasso) 0.76 7
picloram methy] ester 0.76 1.3
prometryn 0.77 1000
parathion oxygen analog* 0.78 5-10
ronnel (fenchlorphos) 0.80 1
heptachlor 0.81 0.7
0,p' -dichiorobenzophenone {a) 0.82 4
o.p’ -dicofol (o, p' -kelthane) (a) 0.82,4.1 100
- chlordene (from tech. chlordane) 0.82 2
chlordene epoxide 0.48 0.6 (Ni)
linuron 0.85 28V
pirimiphos-methyl 0.85 100 (Ni)

36 di-n-butyl phthalate* 0.87 85

83 malathion* 0.89 20-30
dichlofluanid 0.89 2.2 (N

63 cylanazine (Bladex) 0.89 10

316 Zytron 0.90 3
pentachlorophenyl methyl sulfide 0.92 0.6

AR
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GAS-LIQUID CHROMATOGRAPHY
Table 331-A

Retention Time

EPA/FDA Relative to Response
Number Chemical chloropyritos Ratio ng for 1/2 FSD
269 bromacil* 0.92 20
2,4,5-T isobutyl ester 0.94 |
473 -chlordene (from tech. chlordane) 0.96 1.5
42 chlorfenethol {Dimite) 0.80,0.97 15-20
472 -chlordene (from tech. dchlordane) (.98 1-105
423 1-hydroxychlordene 0.99 1.3
389 p.p’ -dichlorobenzophenone (a) 0.99 3
69 p.p’ -dicofol (p,p' -kelthane)(a} 0.99.44 20
110 parathion™ 1.00 1.4
184 dicapthon (phosnichlor) 1.00 1.7
56  DCPA (Dacthal) 1.01 1.2
2 aldrin 1.02 0.8
(345) Dacthal monoacid .05 0.7
282 4- (2, 4, 5-TB) methyl ester 1.07 1.5
16 chlorthion 07 60-70
2,4, 5-T n-butyl ester 1.10 |
429 bromophos 1.11 1.3
296 Cypromic 12 6
149 isobenzan (Telodrin) 1.12 1
515 pirimiphos-ethyl 1.12 142
467 isopropalin 1.14 1.6
94 isodrin 1.17 ]
458 chiorfenvinphos .17 3.5
pea auxin (natural product) 1.17 200 (ND
207 o.p' - TDE oletin 1.19 12
17 captan 1.19 ' 1.5
44 danilazine {Dyrene) 1.23 v
119 folpet (Phaltan) 1.23 3
olyHluanid 1.26 3.3 (Ni)
530 phenthoate 1.26 3
134 sulphenone 1.27 4

TyYy
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Food and Feeds Table 331-A
Retention Time
EPA/FDA Relative to Response
Number Chemical chloropyrifos Ratio ng for 1/2FSD
459 - chlortenvinphos 1.27 25
63 heptachlor epoxide 1.27 i
407 octachlor epoxide (oxychlordane) 1.29 1
dihydrokepone 1.34 unknown
19 chlorbenside 1.39 2
photodieldrin 8 (b) 1.43 2
amino-nitrofen .44 60
153 p.p' -TDE olefin 1.45 7
209 trans chlordane (alpha) 1.46 l
493 perthane olefin 1.50 40
186 Genite 923 1.50 2
204 o,p' -DDE 1.51 2
233 2, 4-D propyiene glycol butyl 1.54 20
ether ester
348 tetrachlorvinphos (Gardona) 1.54 3
448 Methyl Trithion oxygen analog 1.55 9.5
294 p-p-DDA methyl ester 1.60 180
139 endosulfan (Thiodan) l.61,2.12 1-2
235 endosulfan I {Thiodan I) 1.61 1-5
104 ovex (chlorfenson) 1.61 3
210 cis chlordane (beta) 1.63 1
330 trans nonachlor 1.70 2
234 2, 4-D butoxy ethyl ester 1.82 12
28 p.p’ -DDE 1.85 1.5
34 dieldrin 1.87 1.5
223 2, 4-D isooctyl ester (technical) 1.74, 1.88, 2.13 50
61 DEF* 1.89 4
205 o,p -TDE 1.90 2
monohydrokepone 1.94 unknown
(39) dinex (DNOCHP) methy] ether* 1.94 2.5
511 oxadiazon 1.97 11

ryY
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Table 331-A

Retention Time

EPA/FDA Relative to
Number Chemical chloropyrifos Ratio
198 nitrofen (TOK) 2.03
50 endrin 2.09
224 2, 4-D ethyl hexyl ester 2.11
236 endosulfan II (Thiodan II) 2.12
5 Aramite ’ 2.00,2.14
95 Methyl Trithion 2.16
113 Perthane 2.17
100 binapacryl* 2.19
p, p' -methoxychlor, monochloro  2.27
ethylene analog (c)
21 chlorobenzilate 2.31
314 chloropropylate 2.33
465 lelptophos photo product 2.34
endrin aldehyde (d) . 2.35
230 2. 4, 5-T propylene glycol butyl
ether ester 2.38
202 p.p' -TDE 2.38
437 Chlornidine {Torpedo) 2.39
2, 8-dihydromirex {(mirex photoproduct) 2.41
421 Cis nonachlor 2.42
201 o, p -DDT 2.49
53 ethion* 2.51
476 Compound k {from tech. chlordane} 0.83. 2.53
enddrin alcohol (d) 2.55
664 chlorthiophos 2.24,2.36,2.56
354 tetrasul 2.64
10, 10-dithydromirex {mirex photoproduct) 2.67
300 endosulfan sulfate (Thiodan sulfate) 2.72
67 chlordecone (kepone) 276
116 Prolan 2.81
597 chlornijtrofen (MQ) 2.85

GAS-LIQUID CHROMATOGRAPHY

Response

ng for 1/2 FSD

2

2

8

2

10.000
5
100-250

3
35

75
85v

3.5(N1)

35
5 (Nn)

7 (Ni)

4-5
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Food and Feeds Table 331-A
Retention Time
EPA/FDA Relative to Response
Number Chemical chloropyrifos Ratio ng for 1/2 FSD
147 carbophenothion (Trithion) 2.89 4
perthane. trichloroethane analog (e) 2.89 6
231 2.4, 5-T butoxy ethyl ester 291 4
232 2,4, 5-T isoo0cty! ester (technical) 2.56, 2.96, 3.26 20
542 p. p' -methoxychlor olefin 2.97 8
1098 butyl benzyl phthalate™® 3.06 25
31 DDT (technical) 0.37,2.49,3.09 : 5
200 p.p -DDT 3.09
70 Captafol {Difolatan) 3.1 32
2, 3.7, 8-tetrachlorodibenzo--p-dioxin  3.16 40-90
462 o,p’ -methoxychlor 327 8
10 Bulan 3.39 3
35 Dilan 2.33,2.81,3.39 5-10
p-p —methoxychlor, dichloroethane 3.43 250
analog (f)
337 enjdrin ketone (Delta Keto 153) (d) 3.6 5
265 propargite (Omite)* 306,37.59 2000
390 dieldrin chlorohydrin 3.8 3
8-monohydromirex (mirex photopruduct) 3.8 5 (N1)
285 nitralin (Planavin)* 38 4.5
81 phosmet (Imidan}* 4.0 1.5
68 dinocap (karathane)* 4.0,4.3,4.8,5.1 60
447 o, p' -dicofol {(kelthane) (a) 0.82, 4.1 100
51 EPN* 43 S
10-monohydromires (mirexs photoproduct) 4.3 7 (N1}
579 benzoylprop-ethyl (Suffix) 43 13
340 photodieldrin A (b) 4.4 6
347 bromopropyvlate* 4.4 12
69 p. p-dicofol (kelthane) (a) 0.99 44 20
(87) methoxychlor (technicai) 0.47.1.67,4.6 9-10
87 p. p-methoxychlor 4.6 8-10

Tie
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Food and Feeds Table 331-A
Retention Time

EPA/FDA Relative to

Number Chemical chloropyrifos Ratio

368 tetrasul sulfoxide 47

138 tetradifon (Tedion) 5.0

60 azinphos-methyl (Guthion)* 5.1

199 phosalone (Zolone) 54

445 leptophos (Phosvel) 57

165 mirex 5.8

SD-7438*5.9 12

154 azinphos-ethyl (Ethyl Guthion)* 53

1038 di-2-ethylhexylphthalate* 6.5

318 dialifor (Hercules 14503) 0.5
n-acety|l nitrofen 6.6 (skewed)

175 coumaphos (Co-Ral} oxygen 7.4
analog. .

349 bensulide (Prefar)* 9.5

15 coumaphos (Co-Ral) 9.7

(203) hexachlorophene dimethyl ether 97

1035 di-n-octy] phthalate* 12.0

203 hexachlorophene 13V
octachlorodibenzo-p-dioxin 31

Multiple Peak Chemicals
168 TEPP* 0.04,0.1,0.2
1.57,2.14

229 2, 4, 5-T BEP ester (technical) 0.16, 0.68, 1.08
2.85,331,53,7.0
0.21,0.27,0.32,0.37,
0.40, 0.53, 0.60, 0.65
0.70,0.77, 0.90, 1.01,
1.30, 145, 1.55, 1.80,
1.90, 2.12, 2.27, 2.70,
3.16

0.40, 0.52, 0.58, 0.68

1018  Aroclor 1221

399 Aroclor 1242

A

GAS-LIQUID CHROMATOGRAPHY

Response

ng for 1/2 FSD

5

6
50
7
10
8

45
170
28
500
170

120
100-150

360
380V
35

4000V

35

40
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EPA/FDA
Number Chemical

1092 Aroclor 5442
20 chlordane (technical)
398 Aroclor 1248
endosulfan alochol (Thiodan
alcohol) (g)
225 2, 4-D BEP ester (technical)
370 Aroclor 1254

GAS-LIQUID CHROMATOGRAPHY
Table 331-A

Retention Time

Relative to Response
chloropyrifos Ratio ng for 1/2 FSD
0.73, 0.88, 0.98, 1.05, 50

1.24, 1,42, 1.52, 1.78,
1.87,2.24,2.6]

0.40, 0.53, 0.60, 0.69,
0.76, 091, 1.01, 1.09,
1.28, 1.45, 1.53, 1.81,
1.90,2.27,2.65,3.14,
3.7.4.2,4.6,5.0,
53,58,64,6.9,
79,82,87,99,

11.5 (peaks continue

250

to appear to relative

retention time of 21;

Faster eluting column recommended
0.45, 0.63,0.71, 0.81,

0.97, 1.16, 1.45, 12
1.62, 2.61

0.52, 0.58, 0.68,

0.82, 0.87, 0.98,

1.05, 1.26, 1.42 50
1.52,1.78, 1.88,

2.24,259,3.10

0.64, 1.31, 1.67, 14
2.11

0.69, 1.66,2.00, 3.22, 60

401, 10.2

0.89, 1.00, 1.07,

1.30, 1.55, 1.82,

1.92,2.24, 2.68, 30

3.14,37.4.2

44,50,59

Yy
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Food and Feeds Table 331-A

Retention Time
EPA/FDA Relative 1o Response
Number Chemical chloropyrifos Ratio ng for 1/2 FSD

1157  diisooctyl phthalate* 091,55,62,0.7, 850
7.6,9.0,10.5
137 Strobane 1.09, 1.32,1.53, 40
1.80, 1.94, 2.09,
2.33,2.69, 2.10,
37
146 toxaphene {(camphechlor) 1.20, 1.54, 1.80,
2.39,2.08, 3.12, 30
3.7.44,4.6,5.1
1020 Aroclor 1262 1.29, 1.53, 1.89,
2.11,2.27, 2,66,
2.88.3.12, 3.6, 20
4.2,50.59, 0.5,
6.7, 8.0.9.3
371 Aroclor 1260 1.31, 1.53, 1.90,
2.11,2.26. 2.68,
2.90, 3.14, 3.6. 20
4.2,5.0,5.9, 6.6..
80,93
1094  Aroclor 4465 2.08, 2.22, 2.67.
2.88, 3.11, 3.6,
42.45,50,54, 40
5.9,6.5,6.6,8.0,
9.3, 12.1 (and peaks
eluting ell beyond
normal retention times ;
faster eluting column
recommended)
113 Aroclor 5460 {peaks efute well beyond
nromal retention time
range; faster eluting

column recommended)

YA
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Food and Feeds Table 331-A
Retention Time
EPA/FDA Relative to Response
Number Chemical chloropyrifos Ratio ng for 1/2 FSD
5, 10-dihydromires (mirex  2.14,2.47,3.21,4.3 100 (N1
pholtoproduct)
1187  dilsohexyl phthalate* 2.45,2.66,2.90,3.28 340
1244  Aroclor 1268 38,47,54,7.0, 30 (N1)

88, 100,13.1,162
*Not chlorinated.

(a) p,p’ and o. p' dicofol degrae on the GL.C column to the respective dich-
lorobenzophenone, which also appears as al peak. The degree of degra-
dation (ratio of dichlorobenzophenone peak to parent peak) varies from
column to column.

{(b) Burke, J.A., Bull. Environ. Contamin. and Toxicol. 4, 152-158 (1969).

(c) 2, 2-bis (p-methoxyphenyl) - | - chloroethene. [Prepared by alkaline
treatment of 2,2-bis (p-methoxyphenyl) - 1, I - dichloroethane.]

(d) Phillips, D.D., et al., J. Agr. Food Chem. 10, 217 (1962).

(e) 2, 2-bis (p-ethylphenyl) - 1, 1, I-trichloroethane. [Prepared per : Forrest,
James, et al., J. Chem. Soc. 333-9 (1946)]

(f) 2, 2-bis (p-methoxyphenyl)- 1, l-dichloroethane. [Prepared per : U.S.
patent # 2,484, 057, Oct. 11, 1949]

(g) 1,4,5,6,7- 7-hexachloro-2, 3-bis (hydroxymethyl) - bicyclo- {2, 2, 1]
heptene-5.
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