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Studies on Simultaneous Determination of 17 Organochlorine and 9 Pyrethroid
Pesticides in Agricultural Products

Satoru Nemoto®, Yosihiro Tyuda*, Akihumi Nagao*, Kumiko Sasaki, Masatake Toyoda

A method for simultaneous determination of 17 organochlorine and 9 pyrethroid pesticides in agricultural
products by capillary GC with ECD detection was studied. The samples were extracted with acetone under
acidic conditions followed by Florisil column clean-up and then injected into a GC-ECD. The
organochlorine pesticides used in this study included unstable captan and captafol in the homogenized
preparations of fruits and vegetables. Captan and captafol were also found to decompose in rice and wheat
samples when the samples were allowed to stand after the addition of water. Addition of phosphoric acid to
the samples was effective in preventing the decomposition of captan and captafol, Recovery of the
pesticides investigated in this study was not decreased by the addition of phosphoric acid. Addition of
phosphoric acid was also effective in removing interfering substances from onion extract.

Recovery of organochlorine and pyrethroid pesticides from samples spiked at levels of 0.05-0.25 ppm by
the proposed method was 51.4-100.8% for rice and wheat and 60.1-119.0% for vegetables.

Keywords: pesticide, organochlorine, pyrethroid, Florisil column, agricultural product

# &

FEEERARKEIY L A0 RREEREDICETHE
RIRRHIZS (ECD) ICRREZF T 54, &RAMmETIRINS
BR&izaEnTesy, £/, ECD ZHWVWTINS DR
BamERpEEER VY, 22T, JOUSILAES
ALAZ&B V=7 TBRIZBWT, IS ZRERNT
HEHLUTRBRCOTT 2B DWW TR L. SERH
LB ERBEROS XY T VRN T K-l
HEIEREDFA XTHEEH DL GC EMIZHRT
BT ENEBENTVS X RBE2REDF1 XTHHRO
Fo 7Y ORONT Y R=INO3FRITREIO pH ZEEIC
THZETHSTENTESLLEINTNS P OT, Mt
EORIC) CEBERMT B EICEDRRENA D HIEI
DWTRHNTDEEDIZ, UV EBEBERFETTHELULSE
BOMOEEZERBERCEL 201 RRBEICHNT S
EEIZDODVWTKRILE.

* K ER R B K EN RN 5 —

¥ To. whom correspondence should be addressed: Satoru Nemoto;
Kamiyoga 1-18-1, Setagaya, Tokyo 158-8501, Japan; Tel: 03-3700-1141
ext.334; Fax: 03-3707-6950; E-mail: nemoto@nihs.go.jp

E

1.8 #

¥ ALK, NE, ZEwDD, FRY, EnaZh ) K
VhghEeHnk,

2. HERUSRRK

FEASKENS,  -BHC, B-BHC, 7-BHC, 0-BHC,
p.p-DDD, p,p"-DDE, pp-DDT, op-DDT, 7 K1) 2,
ToRUY, AT7FER—N, FXxTH2, Z20lRTIV
—k, as—=l, F2IRYD, AFyrai, ANTH
ZoOojlIRFHAR, npbhU, TR, R
VAU, FNFIARYY, bSOARYY, TN
LL—k, IV hUR—=bk, ZUNUR—=]K, R)LA b
Y, HEEITE WD), U—FI - F - A= RUH
Fesisk T2 (D) WORMBAERARAEEREEZAV.
FHEERERE: S BEEERZ e-NFY 2 (NFT )
THEMRLT BRLCKVWESICRTESZT LREROT
kO THRAREAFY O THRLUT) 1 mgml OREICHR
L (-20C) IofR7EL 7=,
EERASIAIKA ¢« «-BHC, B-BHC, 7-BHC, 0-BHC,
p,p-DDD, p,p-DDE, p,p-DDT, 0,p-DDT, 7JV K1 2,
ATZER=I, FvTF¥, FAIWVEI, ANTHO))
EUANT & 70V TRFY A RBE L1001 g/ml DRI,



156 BEYEXRAELIGTENARTRSE

BHE1NTE (1999

Rice, wheat

Sample (ground) 10.0 g

add phosphoric acid 1 ml and water 30 ml
leave for 1 hour

add acetone 100 ml

shake for 5 min

Extract

filter with suction

1

Residue

add acetone 50 ml
shake for 5 min
Extract

filter with suction
—
Residue

Filtrate
| concentrate to ca. 30 m! under reduced pressure
Extract
add 10% NaCl solution 100 ml
extract with n-hexane 50 ml twice

O

—~

ganic layer  Aqueous layer

dehydrate with anhydrous Na,SO,
evaporate to dryness under reduced pressure
Residue

dissolve with n-hexane 15 ml

]
Acetonitrile layer  Hexane layer

evaporate to dryness under reduced pressure

Residue
l dissolve with 5% diethyl ether-n-hexane 5 ml

extract with acetonitrile saturated with n-hexane 30 ml 3 times

Vegetables
Sample (minced) 20.0 g

add phosphoric acid 1 ml and acetone 100 ml

homogenize

Extract

filter with suction

|

Residue
add acetone 50 ml
homogenize

Extract

filter with suction

- 1
Residue

Filtrate
| concentrate to ca. 20 m! under reduced pressure
Extract
add 10% NaCl solution 100 ml
extract with n-hexane 50 ml twice

Organic layer Aqueous layer
dehydrate with anhydrous Na,SO,

evaporate to dryness under reduced pressure
Residue
dissolve with 5% diethyl ether-n-hexane 10 ml

Extract

apply 2 ml of extract to Florisil column®

Eluate

dissolve with n-hexane 2 ml
Test solution

GC-ECD

elute with 5% diethyl ether-n-hexane 80 ml (Fraction 1)
elute with 25% diethyl ether-n-hexane 80 ml (Fraction 2)
elute with 60% diethyl ether-n-hexane 80 ml (Fraction 3)

evaporate each fraction to dryness under reduced pressure

Scheme 1. Schematic diagram for determination of organochlorine and pyrethroid pesticides
a) Five g of activated Florisil was used.
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(1) Before siliconizing (2) After siliconizing®
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Fig.1. Gas chromatograms of endrin and dicofol by GC-ECD
before and after siliconizing of GC injection liner
a) Endrin (0.2 & g/ml) in n-hexane was injected.
b) Dicofol (0.8 £ g/ml) in n-hexane was injected.
<) Mixture of endrin (0.1 & g/ml) and dicofol (0.4 £ g/ml)
in n-hexane was injected.
4,4'-DCBP: 4,4'-dichlorobenzophenone
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Fig.2. Gas chromatograms of standard mixture A and B by GC-
ECD
1: a-BHC (0.2 ng); 2: B-BHC (0.2 ng); 3: 7-BHC
(0.2 ng); 4: 6 -BHC (0.2 ng); 5: heptachlor (0.2 ng); 6:
aldrin (0.2 ng); 7: captan (0.2 ng); 8: heptachlor epoxide
(0.2 ng); 9: p,p"-DDE (0.2 ng); 10: dieldrin (0.2 ng); 11:
chlorobenzilate (1.0 ng); 12: p,p"-DDD (0.2 ng); 13: o,p"
DDT (0.2 ng); 14: p,p"-DDT (0.2 ng); 15: captafol (0.2
ng); 16: cyhalothrin (1.0 ng); 17: permethrin (1.0 ng); 18:
cyfluthrin (1.0 ng); 19: flucythrinate (1.0 ng); 20:
fenvalerate (1.0 ng); 21: fluvalinate (1.0 ng); 22:
deltamethrin (1.0 ng); 23: endrin (0.2 ng); 24: dicofol (1.0
ng); 25: cypermethrin (1.0 ng); 26: tralomethrin (1.0 ng)
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Table 1. Retention times (t,) and limits of quantitation (LOQ) of 17 organochlorine and 9 pyrethroid pesticides using GC-ECD analysis

No. Pesticide tf LoQ” No. Pesticide tf LOQ
(min) (ppm) (min)  (ppm)
1 o-BHC 8.19 0.001 17 Permethrin” 16.13 0.01
2 B-BHC 8.39 0.002 16.25 *
3 y-BHC 8.63 0.001 18  Cyfluthrin® 16.69 0.01
4 &-BHC 8.74 0.001 16.78
5  Heptachlor 9.95 0.001 16.90 *
6 Aldrin 10.56 0.001 19  Flucythrinate® 1721 *  0.005
7  Captan 10.94 0.003 ) 17.40
8 Heptachlor epoxide 11.13 0.001 20  Fenvalerate” 1791 * 0.005
9 pp-DDE 12.12 0.001 18.10
10  Dieldrin 12.20 0.001 21  Fluvalinate 18.23 0.005
11  Chlorobenzilate 12.67 0.01 22  Deltamethrin 18.62 0.005
12  p,p-DDD 12.77 0.001 23 Endrin 12,54 0.001
13  op-DDT 12.93 0.002 24  Dicofol 14.52 0.005
14 pp-DDT 13.50 0.002 25 Cypcrmcthrinc) 17.00 0.01
15 Captafol 13.61 0.003 17.09
16 = Cyhalothrin” 15.23 0.005 1721 * :
1543 * 26  Tralomethrin 18.62 0.008

a) LOQs were calculated from the concentration that gave s/n = 10.
b) Two peaks were observed and the LOQs were calculated using main peak.
c) Three peaks were observed and the LOQs were calculated using main peak.

* Main peak.
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Table 2. Recoveries of 17 organochlorine and 9 pyrethroid
pesticides from Florisil column ¥

Recovery (%), n=2 ,

No. Pesticide — 5 3
Fraction 1™ Fraction 2™ Fraction 3
1 o-BHC 953
2 B-BHC 94.5
3 y-BHC 94.3
4 &-BHC 914
5 Heptachlor 93.6
6  Aldrin 94.2
7 ~ Captan 88.9
8 Heptachlor epoxide 95.5
9 pp-DDE 931
10 Dieldrin 92.8
11  Chlorobenzilate 88.1
12 -pp-DDD 97.1
- 13 op-DDT 92.9
14 pp-DDT © 937
15 Captafol 86.8
16 Cyhalothrin 83.0
17 Permethrin 94.0
18 - Cyfluthrin 82.1
19 Flucythrinate 878
20 Fenvalerate 90.0
21 Fluvalinate 859
22 Deltamethrin : 835
" 23  Endrin 98.4
.24 Dicofol 953
25 Cypermethrin 98.1
26 Tralomethrin 97.1

a) Five g of activated Florisil was used.

b) Fraction 1: eluted with 5% diethyl ether-n-hexane 80 ml.
c) Fraction 2: eluted with 25% dicthyl ether-n-hexane 80 ml.
d) Fraction 3: eluted with 60% dicthyl ether-n-hexane 80 ml.
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Table 3. Effect of addition of phosphoric acid to the samples on the recoveries of captafol and captan ¥

Recovery (%), n=2o0r3

Volume of H;PO,

added to the sample Captan Captafol -
Rice Wheat  Cabbage Radish Cucumber Onion Rice Wheat Cabbage Radish Cucumber Onion
Oml 343 328 ND? 225 66.1 724 31.6 49.5 ND 30.3 62.0 58.1
1ml 63.0 76.1 587 885 92.3 85.7 54.0 74 67.5 93.6 81.0 81.0
3ml 68.9 -9 599 98.4 96.7 875 61.1 - 733 98.7 84.1 ) 79.8
Sml 66.4 - 61.6 85.1 942 87.6 58.6 - 69.9 86.8 834 83.2

a) Spiking level of each pesticide was 0.05 ppm.
b) ND: not detected.
c) —: not studied.
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(A) Without phosphoric acid

Fraction 1

Fraction 2

Fraction 3

(B) With phosphoric acid

Fraction 1
Fraction 2
1
Fraction 3
| L. | Lo | L.,
min

Fig.3. Gas chromatograms of onion extracts with or without phosphoric acid treatment determined by GC-ECD

Table 4-1. Recoveries of 17 organochlorine and 9 pyrethroid

pesticides

from spiked
phosphoric acid (n=3)

samples

with or

without

Spiking Recovery (%), Mean (RSDY)
No. Pesticide level Rice Wheat
(ppm) .HPOY +H,POS  -HPO,  +H,PO,
1 aBHC 005 864 (6.1) 83.0(27) 87.2(6.5) 799 (4.1)
2 PB-BHC 005 852(3.1) 872(L9) 887(52) 833(27)
3 y-BHC 005 875(5.0) 847(24) 87.9(6.2) 81.8(4.0)
4 8-BHC 005 838(12) 856(24) 879(64) 79.0(22)
S Heptachlor 005 75.1(7.3) 703(L7) 71.0(69) 67.7 (6.6)
6 Aldrin 005 640 (14) 540(05) 54.0(8.0) 514 (4.5)
7 Captan 005 343(16) 66.1(45) 328(26) 76.1(6.9)
8  Heptachlor epoxide 005 858(LS5) 857(1.5) 885(5.8) 83.0(39)
9 pp-DDE 005 73.6(42) 70.6(09) 723(68) 673 (5.2)
10 Dieldrin 005 889(7.1) 839(24) 86.0(51) 79.4(3.9)
11  Chlorobenzilate 025 915(73) 925(2.6) 98.7(6.7) 93.1(28)
12 pp-DDD 005 860 (58) 845(20) 887(5.9) 90.6(3.3)
13 o,p-DDT 005 832(72) 77.2(1.0) 798 (6.5) 73.7(42)
14 pp-DDT 005 94.7(69) 914(57) 912(i1) 79.6(1.9)
15 Captafol 005 31.6(12) 57.9(62) 49.5(18) 714 (4.1)
16 Cyhalothrin 025 85.6(08) 867(1.1) B1.8(6.5) 93.2(7.0)
17 Permethrin 025 883(41) 912(48) 90.6(62) 953(2.2)
18  Cyfluthrin 025 858 (4.5) 867(06) 90.3(6.9) 100.8 (6.3)
19 Flucythrinate 025 89.5(3.8) 884 (L1) 935(7.8) 97.2(63)
20 Fenvalerate 0.25 886 (65) 91.4(13) 91.4(64) 94.0(6.5)
21 Fluvalinate 025 85.8(7.3) 80.6(3.3) 88.3 (6.4) 88.6 (7.7)
22 Deltamethrin 025 889(7.8) 889(15) 890(3.1) 788 7
23 Endrin 005 944 (1.4) 858(3.7) 103.0(3.1) 88.6(28)
24  Dicofol 025 922(34) 859(28) 89.2(32) 810(72)
25 Cypermetbrin 025 96.3(6.2) 90.6(22) 1013 (43) 94.0(4.3)
26  Tralomethrin 0.25 - 88.3 (2.8) — 56.8 (4.7)

a) RSD: relative standard deviation.
b) - H;PO,: without phosphoric acid.
¢) + H,PO,: with phosphoric acid.
d) —: not studied.
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Table 4-2. Recoveries of 17 organochlorine and 9 pyrethroid pesticides from spiked samples with or without phosphoric acid (n=3)

Spiking Recovery (%), Mean (RSD¥)
No. Pesticide level Cabbage Radish Cucumber Onion
(ppm) _H,p0” +H,PO°  -H;PO, +H,PO, -H;O, +H;PO, -H;PO, +H;PO,
1 o-BHC 005 89.1(2.8) 94.6(3.8) 989 (0.3) 99.6 (29) 952 (2.8) 96.4 (0.2) 90.0 (0.4) 101.3 (2.8)
2 B-BHC 0.05 914 (23) 89.4(22) 96.8(0.8) 98.6(1.2) 88.7(20) 923 (1.8) 1243 (19)° 969 (22)
3 y-BHC 0.05 907 (2.4) 94.0 (3.1) 95.6(03) 97.6 (2.0) 94.4 (2.6) 953 (1.5) 106.7 (2.6) 97.2 (2.5)
4 §-BHC 0.05 919 (63) 979 (24) 918 (2.0) 916 (5.7) 942 (1.7) 947 (20) 130.9 (32)? 1152 (2.0)
5  Heptachlor 0.05 806 (3.4) 91.0(4.6) 889 (6.2) 83.0(7.7) 929 (1.9) 92.9(0.8) 108.0(5.8) 92.5(6.1)
6  Aldrin 005 84.8(22) 90.0(42) 87.0(59) 879(58) 925(1.6) 93.6(1.2) 93.0(3.2) 921(5.2)
7  Captan 0.05 ND? 60.1 (24) 22535 90.7(7.6) 66.1(10) 98.0(4.7) 724 (14) 869 (1.2)
8  Heptachlor epoxide 0.05 895 (2.1) 934 (3.1) 985(0.7) 99.0(23) 96.6(2.1) 97.0 (1.2) 874 (6.4) 99.5 (2.5)
9 pp-DDE 005 89.9(1.0) 962 (22) 95.7(03) 963 (0.9) 97.6 (24) 963 (1.3) 106.0 (0.4) 95.0 (1.8)
10 - Dieldrin 005 878 (4.7) 93.0(1.4) 99.6(2.8)101.3 (20) 96.8 (0.8) 97.3 (1.8) 929 (1.7) 103.5 (2.1)
11  Chlorobenzilate 025 799 (3.6) 843 (5.1) 102.8 (1.1) 101.8 (0.5) 91.6 (2.2) 96.7 (4.8) 117.1 (7.4) 1029 (1.2)
12 pp-DDD 005 91.0(23) 926(2.1) 94.7(1.3) 95.0(05) 944 (2.6) 949 (1.8) 116.1 (4.4) 95.6 (1.9)
13 o,p-DDT 0.05 893 (L7) 93.8(2.6) 96.7(0.8) 97.0(04) 975 (0.5) 959 (1.1) 1021 (1.4) 983 (2.1)
14 p,p-DDT 005 87.7(1.0) 96.1(2.5) 96.0(0.9) 94.6 (0.7) 104.3 (8.3) 949 (0.7) 107.8 (4.4) 959 (1.2)
15 Captafol 005 ND 702 (4.1) 303 (55) 93.0(64) 62.0(2.2) 87.1(6.8) 58.1(20) 813(21)
16  Cyhalothrin 025 882(73) 929 (3.2) 92.7(42) 98.1(3.8) 91.1(9.2) 90.0(1.6) 93.9(3.1) 94.7 (3.5)
17 Permethrin 025 84.9(72) 94.6 (3.5) 102.1 (0.5) 104.7 (1.0) 102.7 (6.5) 105.0 (4.0) 104.1 (1.8) 98.7 (3.2)
18  Cyfluthrin 025 832(8.0) 928 (2.7) 95.3(5.2)101.0(4.8) 894 (13) 86.1(0.8) 93.0(2.2) 963 (4.7)
19 Flucythrinate 025 874 (4.5) 96.8(4.2) 95.7(4.7) 1026 (3.6) 893 (11) 864 (2.0) 89.6 (1.4) 99.4 (2.8)
20  Fenvalerate 025 91.0(7.1) 975(34) ° 953 (5.1)1027 (3.5) 912 (10) 878 (1.9) 959 (1.1) 962 (32)
21  Fluvalinate 025 883 (65) 948 (1.8) 953(3.9)101.4 (3.8) 909 (9.8) 86.7(1.9) 904 (0.3) 94.8 (4.7)
22 Deltamethrin 025 94.1(8.0) 98.4(49) 949 (7.1)104.0(3.9) 91.8(55) 913 (3.6) 979 (1.0) 93.5(5.0)
23 Endrin 0.05 -9 100.4 (0.4) - 108.1 (4.2) - 99.5 (3.4) - 94.2 (2.1)
24 Dicofol 0.25 - 95.9 (2.2) - 98.5 (5.3) - ' 915 (4.8) - 97.8 (1.9)
25  Cypermethrin 0.25 - 97.1 (1.3) - 107.3 (2.5) - - 93.9 (3.2) - 97.7 (3.3)
26  Tralomethrin 0.25 = 102.1 (2.3) — 110.3 (3.2) — 119.0 (4.5) — 110.7 (6.9)
a) RSD: relative standard deviation.
b) - H;PO,: without phosphoric acid.
c) + H;PO,: with phosphoric acid.
d) ND: not detected.
¢) —: not studied.
f) Interfering peak was overlapped.
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