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Simultaneous Determination of Residual Pesticides

in Agricultural Products by Clean-up using

Mini-Cartridge Column

Sadao WATANABE

Synopsis

A method for rapid and simultaneous determination of 31 organophosphorus, 38 organonitrogen and 22

organochlorine (including pyrethroid) pesticides was developed by FPD-GC, FTD-GC and ECD-GC, respectively.

The pesticides were extracted from the sample with acetone, and re-extracted into the mixture of mhexane: ethyl

acetate (4:1). Organophosphorus pesticides in the extract were directly determined without a clean-up. On the

other hand, a part of the extract was cleaned up with Sep-Pak Florisil cartridge and used for the determination

of organonitrogen and organochlorine pesticides. Almost all of the pesticides were recovered from fortified apple,

mandarin orange, asparagus, potato and cucumber by the proposed method, but only a few pesticides were not

sufficiently recovered. This method was suitable for except several pesticides tested. These pesticides recovered in

the test solution could be identified simultaneously by GC/MS (SIM).

Key Wards : simultaneous determination, pesticides, Sep-pak Florisil cartidge, agricultural products
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Sample 20g
acetone 100 mL, 50 mL
homogenize {3 min)
centrifuge 6,000 rpm. for 5 min
Supernatant
evaporate
Residue
— 10% NaCl solution 200 mL
[— ethyl acetate/n-hexane (1:4) 100mL, 50mL

shake {5 min)

Aq. layer

Org. layer

dehydrate with 10g anh. Na:SO.
Filtrate discard
evaporzle to dryness

— acetone 5 ml

2 mL I
1 mL I I 1 mL
Florisil mini cartridge Florisil mini cartridge
F1: n-hexane/acetone F1: n-hexane/ethyl ether
(17:3) 10mL (17:3) 18mL
F2: n-hexanc/acetone F2: n-hexane/acelone
(ll:l) 10mL (17:3) 15mL
Elute Elute
Organophosphous Organonitrogen Organochlorine *Pyrethroid
{31 kinds) (38 kinds) (22 kinds)
(FPD-GC) (FTD-GC) (ECD-GC)
Scheme 1 Simultancous analytical method of residual pesticides in agricullural products
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Table 1 Retention time (Rt) and monitor ion used for determination of pesticides by GC/MS(SIM)

Pesticide Rt{min)  Monitor ion  Group Pesticide Rt(min) Monitor ton Group
(m/z) (m/z)
Aldicarb 7.10 68 1 Butamifos 20.37 286 8
DDVP 8.30 109 1 Hexaconazole 20.38 83 8
Bendiocarb 8.55 151 1 Flutolanil 20.52 173 8
EPTC 9.33 128 1 Prothiofos 20.58 309 8
Ethiofencarb 9.53 107 1 Dieldrin 20.80 263 8
Oxamyl 10.85 162 1 p.p’-DDE 20.83 246 8
[soprocarb 10.92 121 1 Pretilachlor 20.88 238 8
Ethoprophos 11.83 158 1 Myclobutanil 21.13 179 9
Chlorpropham 12.03 127 2 0.p'-DDD 21.15 235 9
a-BHC 12.70 183 2 Flusilazole 21.32 233 9
Thiometon 12.85 88 2 Cyproconazole 21.67 222 9
Dimethoate 13.00 87 2 B8 ~Endosulfan 21.98 239 9 ____
B-BHC 13.40 219 2 Fensulfothion 22.28 292 10
é -BHC 13.58 219 2 p.p’-DDD 22.50 235 10
Terbufos 13.75 231 2 p.p’-DDT 22.62 235 10
Diazinon 14.10 179 2 o.p’-DDT 22.63 235 10
vy -BHC 14.23 219 2 Ethion 22.80 231 10
Ethylthiomethon 14.23 88 2 Mepronil 23.12 269 11
Pirimicarb 14.87 166 3 Edifenphos 23.68 173 11
Metribuzin 15.30 198 3 Endosulfansulfate 23.72 386 11
Chlorpyrifos-methyl 15.55 288 3 Lenacil 23.80 153 11
Parathion-methyl 15.55 263 3 Propiconazole-1 23.90 259 11
Tolclofos-methyl 15.70 265 3 Propiconazole-2 24.17 259 11
Heptachlor 15.82 272 3 Thenylchor 24.58 i27 11
Alachlor 15.83 188 3 Diflufenican 25.02 266 12
Fenitrothion 16.50 277 4 Pyributicarb 25.73 165 12
Pirimiphos-methyl 16.62 290 4 Pryridafenthion 25.98 340 12
Esprocarb 16.65 222 4 EPN 26.17 157 12
Thiobencarb 16.88 100 4 Tebufenpyrad 26.65 333 12
Malathion 16.92 173 4 Phosalon 27.63 182 13
Diethofencarb 17.12 124 5 Mefenacet 28.07 192 13
Fenthion 17.18 278 5 Cyhalothrin-1 28.45 181 13
Dicofol 17.20 139 5 Amitraz 28.53 293 13
Chlorpyrifos 17.28 314 5 Cyhalothrin-2 28.98 181 13
Parathion 17.30 291 5 Pyracrofos 29.72 360 14
Triadimefon 17.40 208 5 Bitertanol-1 30.43 170 14
Fosthiazate-1 17.83 195 5 Bitertanol-2 30.53 170 14
Fosthiazate-2 17.92 195 5 Permethrin-1 30.60 183 14
a-CVP 18.42 269 6 Pyridaben 30.73 147 14
Heptachlor-epoxide 18.43 353 6 Permethrin-2 30.83 : 183 14
Pendimetalin 18.48 252 6 Cypermethrin-1 31.93 181 15
Pyrifenox(Z) 18.62 262 6 Cypermethrin-2 32.10 181 15
B -CVP 18.85 269 6 Cypermethrin-3 2.18 181 15
Quinalphos 18.92 146 6 Cypermethrin-4 32.23 181 15
Phenthoate 18.93 274 6 Flucythrinate-1 32.25 199 15
Triadimenol 18.95 112 6 Flucythrinate-2 32.55 199 15
Chinomethionate 19.20 234 7 Fluvalinate-1 33.55 250 15
Methidathion 19.38 145 7 Fluvalinate-2 33.73 250 15
Paclobtrazol 19.60 236 7 Difenoconazole-1 33.93 323 15
Pyrifenox(E) 19.62 171 7 Difenoconazole-2 34.05 323 15
a -Endosulfan 19.78 239 7 Deltamethrin-1 34.12 181 15
Deltamethrin-2 34.52 181 15
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Table 2 Retention time (Rt) of 31 organophosphorus, 38 organo‘nitrogen and 22 organochlorine
(including pyrethroid) pesticides obtained by capillary gas chromatography (GC)

Organophosphorus Organonitrogen Organocchroline

N o Pesticide Ri(min) No_ Pesticide Ret(min) No_ Pesticide Rtlmin)
1 DDVP 8.64 1 Aldicarb 4.56 1 a ~-BHC 7.20
2 Ethoprophos 12.51 2 Oxamyl 5.13 2 8 -BHC 7.60
3 Thiometon 13.75 .3 EPTC 9.99 3 y -BHC 7.72
4 Dimethoate 14.04 4 Isoprocarb 11.81 4 8§ -BHC 8.11
5 Terbufos 14.61 5 Chlorpropham 13.29 5 Heptachlor 9.06
6 Diezinon 14.98 6 Bendiocarb 13.60 6 Dicofol 9.79
7 Ethylthiometon 15.158 7 Pirimicarb 16.62 7 Dieldrin 10.00
8 Chlorpyrifos-methyl 16.64 8 Ethiofencarb 16.66 8 Heptechlor-epoxide 10.74
9 Parathion-methyl 16.70 9 Metribuzin 17.13 9 a ~Endosulfsn 11.65
10 Tolclofos-methy! 16.80 10  Alechlor 17.73 10 p.p'-DDE 12.34
11 Fenitrothion 17.69 Il  Esprocerb 18.59 11 o,p'-DDD 12.57
12 Pyrimiphos-methy! 17.69 12 Thiobencarb 18.85 12 B8 -Eandosulfen 13.20
13 M alathion 18.05 13 Diethofencarb 19.08 13 pp'-DDD 13.54
14 Fenthion 18.39 14 Triadimefon 19.42 14 o.p’'-DDT 13.63
15 Chlorpyrifos 18.43 15 Pendimetelin 20.57 15 Endosulfansulfate 14.61
16 Parathion 18.53 16 Pyrifenox(Z) 20.72 16 pp'-DDT 14.83
17-1 Fosthizzaie-] 19.13 17 Triedimenol! 21.09 17-1 Cyhalothrin-1 20.57
17-2 Fosthizzate-2 19.22 18 Chinomethionate 21.44 17-2 Cyhalothrin-2 21.20
18 a -CVP 19.63 19 Pyrifeaox(E) 21.79 18-1 Permethrin-1 23.08
19 g -CVP 20.09 20 Paclobutrazol 21.81 18-2 Permethrin-2 23.46
20 Phenthoete 20.19 21 Hexaconsazole 22.64 19-1 Cypermethrin-1 25.55
21 Quinzalphos 20.19 22 Flutoluenil 22.72 19-2 Cypermethrin-2 25.83
22 Methidathion 20.75 23  Pretilachlor 23.09 19-3 Cypermethrin-3 25.99
23 Butamifos 21.69 24 Myclobutanil 23.39 19-4 Cypermethrin-4 26.10
2 Prothiofos 21.90 25 Flusilazole 23.56 20-1 Flucythrinate-1 26.16
25 Fensulfothion 23.85 26 Cyproconazole 23.99 20-2 Flucythrinate-2 26.66
26 Ethion 24.14 27 Mepronil 25.44 21-1 Fluvalinate-1 28.26
27 Edifenphos 25.19 28-1Propiconzzole-1 26.24 21-2 Fluvelinate-2 28.44
28 Pyridaphenthion 27.53 29 Lenacil 26.26 22-1 Deltemethrin-1 28.87
2 EPN 27.77 28-2 Propiconzzole-2 26.51 22-2 Deltamethrin-2 29.33

30 Phoseion 29.50 30 Thenyichlor 26.97

31 Pyrzcrofos 31.22 31 Diflufenican 27.38

32 Pyributicerd 28.12

33 Tebufenpyrad 29.41

34 Mefenecet 30.77

35 Amitraz 30.97

36-1Bitertanoi-1 32.10

36-2Bitertanoi-2 32.27

37 Pyridaben 32.41

38-1Difenoconzazole-1 36.49

38-2 Difenoconzzole-2 36.65

No.17 (organophosphorus}, No.28, 36 and 38 (orgasnonitrogen), No.17, 18, 20, 21and 22(organochlorine)
: mixture of two isomers
No.19: mixture of four isomers
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Table 3 Recoveries of organophosphorus pesticides spiked to 5 agricultural products

No  Pesticide Recovery (%)
Mandarin orange  Apple Asparagus Potato Cucumber (n=3)
(n=1) (n=1) (n=1) (n=1) Average* SD
1 DDVP 103.7 110.6 105.3 81.8 102.6+2.8
2 Ethoprophos 99.6 98.4 96.2 85.1 93.8+ 3.5
3 Thiometon 82.7 55.4 22.4 63 51.3%13.0
4 Dimethoate 24.4 23.8 26.8 23.6 26.8+2.7
5 Terbufos 83.7 77.4 77.9 86.7 88.8+ 3.9
6 Diazinon 98.2 95.7 98 90.5 97.8x 4.6
7 Ethylthiometon 79.5 57.1 18.3 59.9 50.5*11.5
8 Chlorpyrifos—methyl 102.5 95.4 97.1 90.4 98.3+3.1
9 Parathion—-methyl 92.8 91.6 106.1 102.5 109.7%+3.6
10 Tolclofos—methyl 98.6 92.7 92.1 86.2 93.7%x2.5
11 Fenitrothion 108.4 96.4 94.9 89.4 99+ 4.9
12 Pyrimiphos-methyl 84 85.9 94.5 97.2 99.1+3.2
13 Malathion 99.3 91.7 76.3 78.5 98+ 3.9
14 Fenthion 98.8 85.6 67.8 67.5 83.81+4.5
15 Chlorpyrifos 82.8 87.6 92.5 98.8 99,7+ 2.7
16 Parathion 95.5 85.2 82 82.6 92.8+3.0
17 Fosthiazate 80.1 87.5 83.7 93.7 97.2+0.4
18 a-CVP 78.9 89.1 90.9 107 101.1+1.1
19 8 -CVP 81.4 91.4 92.3 102.4 99.6+1.2
2 Phenthoate 109.2 91.6 92.6 91.9 97.7x4.3
21 Quinalphos 79.2 85.2 86.1 93.8 98+2.2
22 Methidathion 123.5 105.2 103.2 104.1 105.9+6.8
23 Butamifos 80.5 84.5 100.6 105.5 97+ 0.7
24 Prothiofos 102.7 83.2 87.9 88.2 96.1+ 2.2
25 Fensulfothion 126.1 115.2 114.8 113.1 107.2+4.4
26 Ethion 80.4 88.3 89.3 96.8 97.9x1.0
27 Edifenphos 112.4 138.6 73 70.4 123.3+1.9
28 Pyridaphenthion 83.9 85.6 90.1 99.7 98.2+2.3
29 EPN 111.6 93.7 87.8 98.3 964 3.5
30 Phosalon 145.5 115.4 103.7 99.5 106.6+5.2
31 Pyracrofos 99.7 96.6 118.3 121.2 105.9+ 3.2
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Table 4 Recoveries of organonitrogen pesticides spiked to 5 agricultural products
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No  Pesticide Recovery (%)
Mandarin orange Apple Asparagus Potato Cucumber (n=3)
(n=1) (n=1) (n=1) (n=1) Average = SD.
1 Aldicarb 53.7 34.2 52.8 64.0 47.4£5.4
2 Oxamyl 0.0 0.0 0.0 0.0 0.0
3 EPTC 114.8 59.7 164.3 113.8 122.1+36.1
4 Isoprocarb 66.4 69.2 73.4 61.7 90.5+9.0
5 Chlorpropham 148.3 151.7 125.0 102.3 - 118.7%x17.0
6 Bendiocarb 93.8 102.9 113.6 115.9 113.8+16.3
7 Pirimicarb 28.9 57.8 104.3 125.3 81.6+5.7
8 Ethiofencarb 76.5 0.0 0.0 51.2 7.0x12
9 Meltribuzin 50.2 82.6 85.7 76.3 88.8+12.2
10 Alachlor 119.5 112.9 131.5 144.1 130.7+15.9
11 Esprocarb 92.3 99.0 103.2 94.6 99.2+7.3
12 Thiobencarb 90.2 91.6 89.5 110.3 95.9+9.7
13 Diethofencarb 106.0 104.8 133.1 101.6 102.5£16.7
14 Triadimefon 88.6 86.9 103.2 93.1 95.6+4.2
15 Pendimetalin 79.4 80.3 79.1 99.7 83.3+3.8
16  Pyrifenox(Z) 82.1 78.2 105.3 94.7 86.4+2.5
17 Triadimenol 66.2 74.1 68.7 99.7 91.6+1.2
18 Chinomethionate 97.8 111.8 65.2 88.9 99.6+2.8
19  Pyrifenox(E) 89.4 89.7 114.8 102.4 93.5+11.]
20 Paclobutrazol 68.6 76.6 69.3 104.2 88.3+4.1
21 Hexaconazole 63.6 71.8 68.0 102.5 87.9+4.3
22 Flutolanil 82.5 85.4 132.6 102.8 92.0*+6.0
23 Pretilachlor 78.4 81.9 79.4 106.4 85.2+2.6
24 Myclobutanil 88.1 77.1 100.6 90.5 94.1+t144
25 Flusilazole 67.3 68.8 65.4 102.8 91.5x4.4
26 Cyproconazole 64.2 66.9 64.5 87.5 87.7+4.6
27 Mepronil 88.0 109.7 134.6 128.3 116.6+24.8
28 Propiconazole 75.3 68.8 99.4 110.9 86.6+10.6
29 Lenacil 53.5 56.7 59.0 112.8 90.8x£8.5
30 Thenylchlor 74.7 74.7 72.5 115.8 77.7%x2.5
31 Diflufenican 91.2 107.9 100.1 100.6 109.0+14.3
32 Pyributhicarb 86.5 98.4 95.9 92.7 133.8+37.9
33 Tebufenpyrad 84.0 103.3 99.1 97.6. 99.6*6.5
34 Mefenacet 93.2 86.9 118.9 116.0 98.9+1.4
35 Amitraz 0.0 0.0 0.0 10.4 0.0
36 Bitertanol 91.3 85.1 122.9 72.3 85.9*+6.3
37 Pyridaben 70.8 70.5 73.2 106.4 85.0%+1.3
38 Difenoconazole 85.6 79.0 106.6 91.6 95.8+10.4
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Table 5 Recoveries of organochlorine pesticides spiked to 5 agricultural products

No Pesticide Recovery (%)
Mandarin orange  Apple  Asparagus Potato Cucumber (n=3)
(n=1) (n=1) (n=1) (n=1) Average*SD
1 a-BHC 99.0 88.5 107.2 63.0 91*0.6
2 B -BHC 102.9 86.2 106.4 89.7 90.4*+ 1.1
3 vy -BHC 94.3 82.9 101.6 70.4 87.3x 1.0
4 6 -BHC 91.9 80.3 101.3 80.5 93+3.5
5 Heptachlor 90.5 78.8 91.6 85.9 89.1+4.6
6 Dicofol 91.3 81.0 90.9 70.1 80.7% 1.0
7 Dieldrin 93.3 102.4 128.5 100.6 97.3+8.4
8 Heptachior-epoxide 90.6 74.5 88.7 80.0 88+ 8.5
9 a -Endosulfan 89.6 73.8 89.2 80.6 92.5+ 8.7
10 p.p -DDE 91.4 80.0 107.7 83.2 93.4%+ 1.4
11 o,p'-DDD 102.8 101.6 136.5 88.5 106.3+2.7
12 B -Endosulfan 73.9 72.3 89.1 84.0 76.5t£4.6
13 p,p -DDD 94.6 89.4 114.8 80.8 96.4+ 2.0
14 o,p-DDT 87.6 85.5 102.7 91.1 85.2+2.8
15 Endosulfansulfate 77.0 76.5 90.4 88.3 100+ 8.3
16 p,p -DDT 86.0 80.3 103.0 100.6 87.5%1.6
17 Cyhalothrin 82.6 88.6 107.8 82.1 99.2+ 2.3
18 Permethrin 92.5 90.9 110.6 85.7 94.0+x 2.4
19 Cypermethrin 109.5 92.4 118.4 87.0 101.0x2.3
20 Flucythrinate 83.7 89.2 101.0 82.2 100.9*+13.4
21 Fluvalinate 96.1 87.6 99.4 92.9 106.2x11.1
22 Deltamethrin 103.3 95.4 124.0 76.7 96.2*+17.6

4 ERER £ R

ABETREBEEISDVWIDERBARZERITITWS
B, SERH L% <120.005-0.02ppm DFEHETH 5.
FPD-GC, FTD-GC RU”F ECD-GC IC L 2 ETIIEEB
EWDPSORMEGHELRAC-VBIFLALRZL, ER
BAR%E SIN LZ0ELTHTHAREETEDONILE
BRAZEBON-.

5 GCIMSK L 2HEDRER

BENCHAESMLUEREIZIOWT, X—FHRET
BohlGCHEAKEM (B U RIEIAEOBITR
N EREEM) IZoWT, GOMS DL AEETo
. ZO&ER, SEREh 2o LBEERVLETS
TH, GC/MS (SIM i) TRRETE L. HIHBILL
3HLOBXEE 1RO GC/MS MECHRATERLET
i, GC/MS $EBoOV 7 b LOBRBIR»S 1 BXIZD
E1E=ZY—AFVEFUNBETERP LN, RE
MEXOIT Py I Z2ADHELIFEAE R, BEIER
ok, S0, SHED GCLLLDZ—FIFRIRY
GC/MS ILLABA—FREALWHIRY ) - TNF
EERIHLELOTHY, BRTIREEDDRNWERS
V7 M EOBEBEHBOLZT W Lhs 1 HRIIDE
SULDDE=Y A AL TCHETHIDOHNEE L.

— 81

BERTOEHKYVRINEE, SERZREBESE, &
BEAZ - L A0A FR2L2HBO—FMTEEMERL
. 8E7E bOCHEBEL, AFY BB FIL 4
:1) BHETHMEBL, FRYCREEIZDOEE
FPD-GC T, SREZZBERVHEEHZ - L XD
4 FREEE Sep-Pak 70U SNV HST AL DERL,
FTD-GC % 3\ & ECD-GC CHETS. COHFEIL
b, 7)== Uiz 2BER —AHNEHThE
Lok gk, %10 hERBRMIZO>WT,CCMS(SIM)
CEABEG, GHYYZTENOBRMENLETE
Hoh, LORKIBON-HRHAT—FICHELZAKT
Hol, BEMSGBEOHRMBINER » 6 — OB EH
BCEREERMHTERVWBE (AFYIN, 7IMFX)
RUBEDCLOARLEOBWED (ZFA 7R
7), TRTOREDINLTEVWSD (AL~ })
Holh, ZOMABIOBREIBFLENELES
hi.

A -V VNBEBEETHIED, 1DODF v ES
J=—HZAEIIDOGCEETEHDY, MEHELRS
BEmBkED XML - 2IHFEA YR, ABOBREIC
+AEZZLDEBbhi.



HMENRBHEMEAME

¥ B

AFRIE, TO—BEILERZERMELE LIRS
FROBNEHTT2R6DOTHH, TITHRIIHNL
THEHBLET.

X ®

1) EEEETBUT Gl (SHE160%), FH4E
108278, p.42-71 (1992)

2) BEAEREST : BH (SHHMT), F5HE]
A48+, p.57-69 (1993)

3) BEAETREN005 : BR (S451595), FHSE
SR 1481, p.1-51 (1993)

4) BAEHETREINE B8 (FHAH1065), F6E
698, p.7-103 (1994)

5) BEAEREI0NS : €l (BHBI3T), FRTE
8AMBft, p.1-16 (1995)

6) BEAETELIS : BW (SHH1985), FH8F
9R28{+, p.1-40 (1996)

) BEGETREITSG : W (BABITTS), FHIE
A1, p.3-37 (1997)

8) BELERE25S : B8 (5515206%), TR0
F10A1268, p.14-34 (1994)

—. 82

No.31 2001

9) EEAETHENTE  BH (FABRTF), Bl
1182281, p.1-14 (1999)

10) BAEETE265, LRUFIAIRM, "Rl
mHEOREREDO—BESGET 54 (1999)

11) BIlhs, XBEE, =Bk, KEEEZE, & E
E:EHnbErAVEREYPRERED GCM
S KE2%Ma—FaH, REE, 31, 351-362 (1
936)

12) MIERE, R+ F, KERT, BRK E, ARHAK,
Bz : GPC K GC/IMS-SIM 2 WA ED
HOBREMNKO—FLHT, AREE, 18, 4861 (199
7)

13) HHAZ, AFEM, WOxN, EHOH» D, B5
EERF, 7k, SABES, LR & BERAWmK
Mt R GC, HPLC IC X 2 EMHEBRED TR
A—Foark, A%, 40, 68-74 (1999)

14) @ik, & %z, VALY : AGFOHEY >
RRUEBRREZO—FEAFE —I=A-FY
v YRS ML BEE - ARNIRGEREREE,
25, 15-22 (1895)



