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Simultaneous Determination of Various Pesticides (I):
Analysis by GC with ECD and NPD Dual Detectors
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Abstract

A simultaneous and rapid gas chromatographic determination of organophosphorus, organo-chlorine, car-
bamate, and pyrethroid pesticides in polished rice was developed. The pesticides were exiracted from samples
with acetone by automated soxhlet apparatus and this extract was evaporated to dryness. The residue was dis-
solved in hexane, the solvent was applied to a Sep-Pak florisil catridge, was eluted with 50% ethyl acetate in
n-hexane, and was injected to dual GC-ECD/NPD system. This simple method affords a high recovery of hy-
drophilic pesticides, allows rapid analysis, and is cheap to perform. Except for dichlorvos and -captan, re-

coveries of 46 pesticides were over 60%.
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wheha], 2 ol ol A= v]= §H7 ¥ 5 A (Enviromen-
tal Protection Agency) -£¢] A3 35410 2%} au-
tomated soxhlet =&} 3} Sep-Pak florisil catridgeZ
o] &5k ﬂxﬂ*}’”—im’ Seviel A EFAIAbY] B3t
g AAe g Alsly, GC AF kel AEF
ZE71(ECD)®} A9l ZHE7I(NPDYE WHE A4
st P gk We] F9] o g Fr|)lA, frld&Al, 7t
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5o} 91w, GCE
A (organo-phosphorus pesticides, 19Z)2] 7
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Foke] F& 9 AA 52 L2]840) 24 hexane, a-
cetone, ethyl acetate 5~ o] AF-x
of 485 A8 T, HzOb 33} 2F42 A48
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GCE TremetricsA}2] 5408 (U.S.A)2 24 on-col-
umn injectorE Adx) A3}l 57, & 7] Tremetrics
A}l 5403) Electron capture detector(ECD)$} 9023
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Table 1. Purity and purchase supplier of 48 pesticides
Purity

Pesticide %) Purchase Supplier

1  Aldicarb 9900 CHEM SERVICE

2 Aldrin 99.40 CHEM SERVICE EPA

3 alpha-BHC 99.00 s

4  Azinphos-methyl 99.10 ok A4

5 beta-BHC 99.00 FoF A4

6  Captan 98.00 CHEM SERVICE

7  Chlorpyrifos 99.00 Ridel-deHaen

8  Chlorpyrifos-methyl  99.00 Ridel-deHaen

9 pp-DDT 99.50 EPA

10 Cyfluthrin 92.00 Dr. Ehrenstorfer Gmbh
11  Cypermethrin 91.00 Dr. Ehrenstorfer Gmbh
12 Diazinon 97.40 Dr. Ehrenstorfer Gmbh
13 Dichlofluanid 99.70 Dr. Ehrenstorfer Gmbh
14  Dichlorvos 97.60 CHEM SERVICE
15 Dieldrin 99.30 EPA

16 Dimethoate 99.00 Dr. Ehrenstorfer Gmbh
17,18 Endosulfan(alpha+ 99.00 Ridel-deHaen

beta=2+1)

19  Endrin 99.30 EPA

20 EPN 99.00 CHEM SERVICE
21  Ethiofencarb 97.00 Dr. Ehrenstorfer Gmbh
22 Ethion 98.00 CHEM SERVICE
23 Etrimfos 63.00 Dr. Ehrenstorfer Gmbh
24 Fenitrothion 80.00 CHEM SERVICE
25  Fenthion 97.20 EPA

26  Fenvalerate 98.00 CHEM SERVICE
27  Flunalinate 98.00 CHEM SERVICE
28  gamma-BHC 99.00 o 74

29 Imazalil 97.00 Dr. Ehrenstorfer Gmbh
30 Isoprocarb 99.00 CHEM SERVICE
31 lamda-Cyhalothrin 99.10 Dr. Ehrenstorfer Gmbh
32 Malathion 99.00 CHEM SERVICE
33 Metalaxyl 98.20 Dr. Ehrenstorfer Gmbh
34  Methidathion 99.00 CHEM SERVICE
35  Metribuzin 99.00 CHEM SERVICE
36 o,p-DDD 99.00 EPA

37  op-DDT 99.70 EPA

38  Omethoate 97.00 Dr. Ehrenstorfer Gmbh
39 pp-DDE 99.00 EPA

40 p,p-DDD 98.10 EPA

41  Parathion 99.90 EPA

42 Pendimethalin 98.00 CHEM SERVICE
43 Phenthoate 90.00 Dr. Ehrenstorfer Gmbh
44 Pirimicarb 99.00 CHEM SERVICE
45 Pirimiphos-methy 98.00  CHEM SERVICE
46  Procymidone 99.80 Dr. Ehrenstorfer Gmbh
47  Chinomethionat 98.00 CHEM SERVICE
48  Tetradifon 98.00 CHEM SERVICE

Hexaneol] o9l = 2E5E5-2 Fofo *]fr-"ﬂ Ay
A 2 Ak So] TgtEo|As gleng o]5E AA
317] 95ted florisil2 %1% Sep-Pak-Z 5 cc F4}7]
9} A7 % vacuum manifoldsel] #H2sla, Sep-PakS-
hexane 10 mLZ A& o}, AlE 0.5 mLE F¢
3}31 hexane 5 mLEZ thA] A& sttt 8-E4-0)(he-
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xane : ethyl ether=1:1) 13 mLE AF-rof &3 o] RFEL JFHE R s AP ¢ A
*]@"Jrf’ﬂ FAGRE, A4 2 8FL0E AlAs L o) ZH(Table 4, Fig. 1-4), 48% ¥ aldicarb S Z¥3F
€ hexane 0.5mLell 2§33l GCE EAs)sich.

GC FXZ271L Table 35} Zr. Table 4. Pesticide recovery from polished rice sample
Pesticides Recovery(%)” Pesticides Recovery(%)”
|

a"'} £ 'Lﬂ. 1 Ald icarb 90.14% 6.17 25 Fenitrothion 86.70+11.50

2 Aldrin 90.42+ 5.44 26 Fenthion 9207+ 6.02

“EALE XokAlE 4|3 Y| 278 48 = of 3 alpha-BHC 84.80t 247 27 Fenvalerate 63.10+ 4.67

4 alpha-endosulfan 8527+ 8.33 28 Flunalinate 82.95+10.62

5 Azinphos-methyl  95.61+ 825 29 gamma-BHC 8527+ 8.11

6 beta-BHC 81.73+£10.57 30 Imazalil 75.88+ 1.84

Table 2. Groups of pesticide standard mixture for qu-

v e . 7 beta-endosulfan 74.98+10.73 31 Isoprocarb 101.52+11.40
antitative analysis 8 Captan 204+ 235 32 Malathion 97.30+ 7.15
Group 1 Rt Conc  Group 3 Rt Conc 9 Chlorpyrifos 101.50% 5.63 33 Metalaxyl 88.16+14.44
(n=10) (min) (ppm)  (n=9) (min) (ppm) 10 Chlomyrifos-methyl 81.32+ 9.19 34 Methidathion ~ 104.62+ 9.68
alpha-BHC 16.47 0.83 Omethoate 23.89 2.00 11 p,p-DDT 92361 4.77 35 Metribuzin 67.35+ 6.85
Diazinon 19.23 1.67 Pendimethalin  25.75 0.50 12 Cyfluthrin 80.75+12.70 36 0,p-DDD 74.56+10.29
Aldrin 21.13 0.83 Procymidone  27.64 0.50 13 Cyhalothrin 94.77+ 432 37 0,p-DDT 87.50+13.17
alpha-endosulfan 25.78 0.55 o,p-DDT 20.35 0.50 14 Cypermethrin 79.79+ 459 38 Omethoate 8941+ 1.12
p.p-DDE 2731 0.83 Aldicarb 15.98 2.00 15 Diazinon 100.15+ 8.77 39 p,p-DDD 73.10+£12.38
Endrin 28.50 0.83 Pirimicarb 2239 1.00 16 Dichlofluanid 66.70+ 6.48 40 pp-DDE 87.99+ 3.68
beta-endosulfan 29.83 0.28 Chlorpyrifos 23.89 0.50 17 Dichlorvos 5394+ 1.35 41 Parathion 00.89+14.02
p.p-DDT 31.13 0.83 Malathion 2514 0.50 18 Dieldrin 86.95+ 9.33 42 Pendimethalin 84.14+ 544
Cypermethrin 41.47 0.83 Methidathion 28.74 0.50 19 Dimethoate 93.46:£13.02 43 Phenthoate 99.82+ 9.53
Fenvalerate 43.81 0.83 20 Endrin 89.12+ 3.53 44 Pirimicarb 92.83+ 9.96
Gowp2 Rt Come  Guowp 4 Rt Conc DLl s 0% e i
= ; _ : jofer 73+ 9. ocymidone J1+11
- (0=18) (min) (ppm) '(n—.ll) (min) (ppm) 23 Ethion 93.93+ 9.87 47 Chinomethionat 77.35+ 2.81
Dichlorvos 6.56 1.50 Metribuzin ~ 22.88 0.50 24 Eirimfos 10212+ 8.11 48 Tetradifon 8747+ 637
gamma-BHC 1844 0.25 Chinomethionat 26.82 0.50 — —
beta-BHC 2027 0.50 Captan 2779 0.50 1) Average =+ standard deviation of 5 determinations.
Dichlofluanid 24.61 0.50 Imazalil 2899 2.00
Dieldrin 2722 0.25 Cyhalothrin 36.74 0.50 my 1
o,p'-DDD 28.32 0.25 Fluvalinate 43.40 0.50 u_moj § ,§§§ L
p.,p-DDD 29.97 0.50 Dimethoate 21.08 0.50 H = §as ’é £
Tetradifon 36.50 0.25 Ethiofencarb 2270 2.00 80007} E K E i
Cyfluthrin 40.77 0.50 Metalaxyl 23.88 2.00 00 ] : H 2 g
Isoprocarb 13.78 1.50 Fenthion 25.17 0.50
Etrimfos 20.22 0.50 Parathion 2545 0.50 2000 h
Chlorpyrifos-methyl 22.08 0.50
Pirimiphos-methyl ~ 23.34 0.50 oomy r
Fenitrothion 24.86 0.50 min 000 500 1000 1500 2000 2500 3000 3500 4000
Phenthoate 2721 0.50 v .
Ethion 3096 0.50 8,000 k
EPN 3549 050 - ‘
Azinphos-methyl 3842 0.50 60007 "l’ - n
4.000-] M N F
Table 3. GC conditions N
Gas chromatograph: TREMETRICS 540 ‘
Column: Pesticide (20 m X 0.54 mm X 0.6 pum)
Oven: 80°C — (4°C/min) — 260°C . : | ‘ . ' ‘ ‘
]njection; On column capillary syringe, 1 p_L mn 000 500 1000 1500 2000 2500 3000 3500 4000
Detector temperature: ECD"350:C’ Fig. 1. Group 1 standard pesticide (upper) and fortifi-
. NP]?"EBO C ed rice (lower) chromatogram by ECD. 1: alpha-BHC,
Carrier gas: N -- 6 mL/ min . . 2: Diazinon, 3: Aldrin, 4: alpha-Eendosulfan, 5: p,p'-DDE,
Detector gas: H, -- 4 mL/min, Air -- 80 mL/min 6: Endrin, 7: beta-Endosulfan, 8: p,p'-DDT, 9: Cypermethrin,

Make-up gas: N; -- 26 mL/min 10: Fenvalerate.
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Fig. 2. Group 2 standard pesticide (left) and fortified rice (right) chromatogram by ECD (upper)/NPD (lower) : <ECD>
1: Dichlorvos, 2: gamma-BHC, 3: beta-BHC, 4: Chlorpyrifos-methyl, 5: Fenitrothion, 6: Dichlofluanid, 7: Dieldrin, 8: o,p'-
DDD, 9: p,p-DDD, 10: Ethion, 11: EPN, 12: Tetradifon, 13: Azinphos-methyl, 14: Cyfluthrin, <NPD> 1: Dichlorvos, 2:
Isoprocarb, 3: Etrimfos, 4: Chlorpyrifos-methyl, 5: Pirimiphos-methyl, 6: Fenitrothion, 7: Phenthoate, 8: Ethion, 9: EPN, 10:

Azinphos-methyl.
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Fig. 3. Group 3 standard pesticide (left) and fortified rice (right) chromatogram by ECD (upper)/NPD (lower) : <ECD>
1: Chlorpyrifos, 2: Omethoate, 3: Pendimethalin, 4: Procymidone, 5: Methidathion, 6: o,p'-DDT <NPD> 1: Aldicarb, 2: Pir-

imicarb, 3: Chlorpyrifos, 4: Malathion, 5: Methidathion,
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Fig. 4. Group 4 standard pesticide (left) and fortified rice (right) chromatogram by ECD (upper)/NPD (lower) : <ECD>
1: Dimethoate, 2: Metribuzin, 3: Parathion, 4: Chinomethionat, 5: Captan, 6: Imazalil, 7: Cyhalothrin, 8: Fluvalinate, <NPD>
1: Dimethoate, 2: Ethiofencarb, 3: Metalaxyl, 4: Fenthion, 5: Parathion, 6: Chinomethionat, 7: Imazalil.
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