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Simultaneous Determination of Various Pesticides:
Analysis Utilizing GC/MSD (SIM mode)

Kyoung-Ah Rho, Hyeon-Wee Kim and Yoon-Kyoung Lee

Ottogi Research Center

Abstract

An analytical method for simultaneous and rapid determination of organophosphorus, organochlorine, carbamate,
and pyrethroid pesticides in polished rice was developed. The analysis is performed by gas chromatograph
with mass selective detector (GC/MSD) in selected ion monitoring (SIM) mode. Pesticides were extracted
from samples with acetone by automated Soxhlet apparatus and this extract was evaporated to dryness for the
analysis. The residue was dissolved in hexane, followed by a treatment with a Sep-Pak florisil catridge. Pes-
ticides were positively confirmed by GC/MS, retention times, and ion ratios. This analytical method allows a
rapid, reliable, and a good recovery of hydrophilic pesticides. Except for captafol, captan, dichlofluanid and
dichlorvos, recoveries of 42 pesticides were over 70%.
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Table 1. Manufacturers and purity of 46 pesticide stan-
dards

Pesticide P(u,;: ;y Purchase Supplier

I Aldrin 99.40 EPA

2 alpha-BHC 99.00 I d74

3 beta-BHC 99.00) FoF 74

4 Captafol 99.00) Gasukuro Kogyo

5 Captan 98.00 Chem Service

6 Chinomethionat 98.00 Chem Service

7 Chiorobenzilate 99.00 Ridel-deHaen

8 Chlorpyrifos 99.00 Ridel-deHaen

9 Chlorpyrifos-methyl 99.00 Ridel-deHaen

10 Chlorothalonil 99.00 i

11 pp-DDT 99.50 EPA

12 Cyfluthrin 92.00 Dr. Ehrenstorfer Gmbh
13 Cypermethrin 91.00  Dr. Ehrenstorfer Gmbh
14 Diazinon 97.40  Dr. Ehrenstorfer Gmbh
15 Dichiofluanid 99.70 Dr. Ehrenstorfer Gmbh -
16  Dichlorvos 97.60 Chem Service

17 Dicofol 99.00 Gasukuro Kogyo
18 Dieldrin 99.30 EPA

19 Dimethoate 99.00 Dr. Ehrenstorfer Gmbh
20 Endosulfan(alpha+beta=2+1)  99.00 Ridel-deHaen
21  Endrin 99.30 EPA
22 EPN 99.00 Chem Service

23 Ethiofencarb 97.00 Dr. Ehrenstorfer Gmbh
24 Ethion 98.00 Chem Service

25 Etrimfos 63.00 Dr. Ehrenstorfer Gmbh
26 Fenitrothion 80.00 Chem Service

27 Fenthion 97.20 EPA

28 Fenvalerate 98.00 Chem Service

29 gamma-BHC 99.00 ok 74

30 Imazalil 97.00 Dr. Ehrenstorfer Gmbh
31 delta-BHC 99.00 Chem Service

32 Malathion 99.00 Chem Service

33 Methidathion 99.00 Chem Service

34 Metribuzin 99.00 Chem Service
35 o,p-DDD 99.00 EPA

36 op-DDT 99.70 EPA

37 Omethoate 97.00 Dr. Ehrenstorfer Gmbh
38 pp-DDE 99.00 FPA

39 p,p-DDD 98.10 EPA

40  Parathion 99,90 EPA

41 Pendimethalin 98.00 Chem Service

42 Phenthoate 90.00 Dr. Ehrenstorfer Gmbh
43 Pirimicarb 99.00 Chem Service
44 Pirimiphos-methyl 98.00 Chem Service

45  Procymidone 99.80  Dr. Ehrenstorfer Gmbh
46 Tetradifon 98.00 Chem Service

& W 5ol EYHelAS elore o) 5g A
317] $13bed florisil® Z%1%] Sep-Pak& 5 cc F=A}7|
9} <12 % vacuum manifoldsel] #-28}51, Sep-Pak-g
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I hexane 5 mLZ t}A] A4 319ict. 8-%-8 vl (hexane :
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Table 2. Groups of pesticide standard mixture for qu-
antitative analysis

Conc. Group 5 Conc.
Group I (n=10) (ppm)" (n=5) (ppm)
alpha-BHC 0.5 Captafol 2.0
Diazinon 1.5 Chlorothalonil 1.0
Aldrin 0.5 Dicofol 2.0
Dichlofluanid 1.5 Parathion 1.0
Endosulifan 0.5 Chlorobenzilate 3.0
p.p-DDE 1.5
Endrin 0.5
p.p-DDT 0.5
Cypermethrin 1.5
Fenvalerate 1.5
Group 2 (n=15) ((i)(:r,rf) Group 2 (Cp(:;:)
Dichlorvos 1.5 Dieldrin 0.25
gamma-BHC 025 o,p-DDD 0.25
Etrimfos 05 p.p-DDD 0.5
Chlorpyrifos-methyl 0.5 Ethion 0.5
Pirimiphos-methyl 0.5 EPN 0.5
beta-BHC 0.5 Tetradifon 0.25
Fenitrothion 0.5 Cyfluthrin 0.5
Phenthoate 0.5

Conc. Group 4 Conc.
Group 3 (n=9) (ppm) ) opm)
Omethoate 2.0 Ethiofencarb 2.0
Pirimicarb 2.0 Captan 0.5
Chlorpyrifos 0.5 Dimethoate 0.5
delta-BHC 1.0 Metribuzin 0.5
Malathion 0.5 Fenthion 0.5
Pendimethalin 0.5 Chinomethionat 0.5
Methidathion 0.5 Imazalil 2.0
Procymidone 0.5
0,p-DDT 0.5

"ug/g

ethyl acetate=1:1) 13 mLZ Zt{F-54 5258 AgH
of 38, A4 45875 AAF I o] F hex-
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Table 3. GC/MSD system conditions

Gas Chromatograph: HP5980 Series II plus GC
(Hewlett Packard)

Column: HP-1701 (30 m X 0.25 mm X (.25 pm)

Oven: 70°C (hold 0.91 min) to 130°C at 15°C/min, 130°C
to 220°C at 1.2°C/min, 220°C to 280°C (hold 11 min) at
6.0°C/min

Injection port: split/splitless Inlet with EPC, split/splitless liner,
HP7673A automated sampler

Inlet temperature: 250°C (Splitless mode, 2 pl)

Detector: HP5972 Mass Selective Detector 285°C
Selected Ion Monitoring mode, Maximum sensitivity
autotune

Carrier gas: Helium 0.9 mL/min

Table 4. Groups of monitoring masses (ions) and start
times for SIM data acquisition
Dwell Start
per lon time
(msec.) (min)
117 5 58,85,86,88,105
95 7 109,122,149,164,185,220
203 12 107,139,168
59 18 79,80,91,119,121,139,149,151,136
37 20 79,80,94,95,115,116,119,136,144,149,151,
121,91
68 24 72,115,119,161,162,183,198,219
80 28 110,111,156,179,181,219,304
117 32 181,263,265,277,292
59 36 87,143,166,229,238,263,265,286,288
95 38.5 132,160,264,266,290,305
52 41 72,100,125,183,198,199,219,257,290,305
117 42.5 183,198,199,219,314
95 43  139,199,206,249,250,314
14 117 44.3 169,183,217,219,278
15 41 46 115,127,116,169,173,224,226,260,279,
278,332,144
16 117 47 127,173,243,277,339
17 52 49  116,139,206,234,252,281,291,243,277,339
18 203 52 246,274,318
19 149 54 260,262,263,277
20 95 56 85,143,263,281,283,285

group lIons in group

[V R

— S0 0N

—_—
[SS I 8

21 95 58 165,173,199,203,215,235
22 117 62 139,235237,241,251
23 95 65 153,165,231,235,237,384

24 149 70 135,173,201,350

25 117 79 157,159,169,229,356

26 149 87 165,181,206,226

27 95 90.5 165,167,181,225,251,419
28 95 92 167,225419,250,252,502

o] Foks A falfsly A ATt 159 F&
o] Bo]gl acetoned AME-3I3 T, GColl FU3he Al
3 g-Ne] Ll 7]5}8-3]o] A& n|54)2] hexaned
A3t 25 59oke GC/MSD scan modeol| 4] H-
Agr &, 7 Fofe] WF-E AI7F) mass spectrum 2
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Table 5. Pesticide retention time, quantitation masses,
confirmation masses and their ratios to quantitation mass

No. Pesticide Rt mion2 S
1 Dichlorvos 8.094 185/109,220 453.48
2 Ethiofencarb 13.161 107/168,77 27.44
3 Captan 19.996 79/80 54.61
4 Captafol 20.070  151/79,80  153.97
5 alpha-BHC 26.051 219/183 115.25
6 Omethoate 28.848 156/110 102.91
7 Diazinon 30.842 304/179  287.27
8 gamma-BHC 31.050 219/181,183 76.54
9 Etrimfos 33.176 292/181,277 110.77

10 Aldrin 36.030 263/265 66.26

11 Pirimicarb 37.191 166/238 15.74

12 Chloropyrifos-methyl ~ 37.378 286/288 69.48

13 Dimethoate 37.423  87/229,143 47

14 Chlorothalonil 40.389 266/264 77.83

15 Pirimiphos-methyl 41.836 290/305 56.85

16 Metribuzin 42.477 198/199 21.21

17 beta-BHC 42.574 219/183,217 111.19

18 Chlorpyrifos 43.379 314/199  252.66

19 Dicofol 44.071 250/139  536.12

20 delta-BHC 44.756  183/219,217 90.02

21 Fenthion 45.819 278/169 25.02

22 Dichlofluanid 46.451 226/224,332 144.83

23 Fenitrothion 46.617 277260 57.16

24 Malathion 47.191 173/127 109.59

25 alpha-endosulfan 48.946 277/339,243  69.15

26 Chinomethionat 49.172  116/206,234 173.37

27 Parathion 49272 291/139 103.08

28 Pendimethalin 49.502 252/281 8.81

29 Phenthoate 52.778 246/274  450.88

30 p,p-DDE 53.948 318/246 142.88

31 Dieldrin 54.149 277263 137.83

32 Endrin 56.610 263/281 45.61

33 Methidathion 56.662 145/85 0.27

34 Procymidone 57.068 96/283,285  65.31

35 o,p-DDD 58.067 235/237 45.47

36 0,p-DDT 59.534 235/165 40.74

37 Imazalil 60.797 215/173,203 102.49

38 Chlorobenzilate 63.161 251/139,111 119.7

39 p.p-DDD 64.741 235/237,212 64.71

40 Ethion 66.283 231/97 63.43

41 p,p-DDT 66.661 235/237,165 64.85

42 EPN 80.096 157/169  223.56

43 Tetradifon 82.014 159/229,356 189.16

44 Cyfluthrin 1 89.011 226/206 134.96

45 Cypermethrin 1 89.284 181/165 85.27

46 Cyfluthrin 4" 89.540 226/207 145,93

47 Cypermethrin 4" 89.809  181/166 92.06

48 Fenvalerate 1 91.403 167/225,419 47.53

49 Fenvalerate 2 92.045  167/225,420 4641

2704 t}A] 5250 EFEF5Y mixtured ¥4 3t
7} ool ol FEA7 B FEF 014 frag:
ment ions (target ion, confirmation ion)®] 7} r]e 2

Table 6. Standard calibration equations and coefficient
of determinative values of 46 pesticides by GC/MSD

Group Pesticide Response=A * Amt+ B r

alpha-BHC 5.04e+005 -1.22e+005 0.994
Diazinon 1.77e+005 -1.30e+005 0.994
Aldrin 3.53e+005 -8.59¢+004 0.994

Dichlofluanid 1.89e+005 -1.45e+005 0.994
alpha-endosulfan  4.38e+004 -1.07e+004  0.994
p.p-DDE 6.21e+005 -4.50e+005 0.994

Endrin 1.09e+005 -2.69¢+004  0.994
p.p-DDT 4.52e+005 -1.17e+005 0.994
Cypermethrin 1 1.80e+005 -1.37e+005  0.994
Cypermethrin 4" 1.65e+005 -1.25¢+005  0.994
Fenvalerate 1 1.76e+005 -1.33e+005 0.994
Fenvalerate 2 1.03e+005 -7.84e+005 0.994

Dichlorvos 2.24e+004 +3.68¢+003 1.000
gamma-BHC 2.93e+004 +1.26e+003 0.999
Etrimfos 2.26e+004 -2.34e+002 1.000

Chlorpyrifos-methyl 4.90e+004  4.62¢+002  1.000
Pirimiphos-methyl  2.91e+004  -3.17¢+002  1.000

beta-BHC 2.68e+004 +2.17e+003  0.999
Fenitrothion 1.64e+004  -223¢+003  0.999
Phenthoate 1.33e+004  -931e+002  1.000
Dieldrin 6.95¢+003  +7.28e+002 0992
o,p-DDD 7.02e+004  +5.35¢+003  1.000
p,p-DDD 8.14e+004  +6.44e+002 1.000
Ethion 6.30e+004 -7.31e+003  0.999
EPN 1.44e+004  -2.62e+003  0.997
Tetradifon 2.53e+004  +7.80e+002  0.999
Cyfluthrin 1 1.79e+003  -3.52e+002  0.999
Cyfluthrin 4" 1.74¢+003  -2.48e+002 1000
Omethoate 5.90e+004 -5.65¢+004  0.995
Pirimicarb 217e+005  -1.27e+005  0.998
Chiorpyrifos 2.05e+004  4.09e+003  0.997
delta-BHC 1.99e+004  -5.75¢+003  0.998
Malathion 4.47e+004  -1.03e+004  0.995
Pendimethalin 6.75e+004  -3.02¢+004  1.000
Methidathion 520e+004 -1.24e+004  0.995
Procymidone 416e+004 -643e+003  0.998
0,p-DDT 6.44e4004  -1.50e+004  (0.995
Ethiofencarb 7.67e+004 -2.28e+004  1.000

Captan 2.42e+004 -1.67e+003  1.000

Dimethoate 5.02e+004 -1.97e+004  0.997
Metribuzin 3.96e+004 -7.87e+003  0.997
Fenthion 6.07¢+004 -1.06e+004  0.997
Chinomethionat 1.37e+004  -1.71e+003  0.999
Imazalil 1.19e+004  -1.17e+004  0.994
Captafol 1.28e+004  +2.58¢+003  0.999
Chiorothalonil 1.46e+004 -4.82e+003  0.998

Dicofol 1.49+004  +3.04¢+003  0.999
Parathion 1.10e+004 -3.68e+003  0.998
Chlorobenzilate 6.40e+004  -1.07e+004 1.000

AU b BB D DD R WWWWWWWWWRNRRNNENEENDNNDNNRNNNN & s s = = =

"4 peaks are observed, but only 2 are monitored

"4 peaks are observed, but only 2 are monitored
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Table 7. Recovery from the pesticides-spiked rice sample

Imazalil-e- A7 Ao A Bl 4-25E EAo|x|q HE

S o) FAtglol®: B FMHOR ¥ I5ES el

1}, N-methyl carbamateA] “F2F= ethiofencarbi=
&) Fo)| sulfoxide & sulfona] 22] AFs}7} Z215c}
It N-methyl carbamate ] 5-Fe) ¢loja]= B B
o4l 2013l FoFg- S-ul x| 2H3F F postcolumn F-E A
3} HPLCE 2A{""gto gy &gt Hako] 7153}
A Hopa Pgke). 83, §7]1950A =2kl captafol
2] 3go] 46%Y =R Iokar HA] 23] B
a7} doiytd 7o g FA 5}, captafol 2] fragment
iong ZHerh & 7 79%ke 2 A ekel whsl =7}
wolr] RA| RollM 2] ZEe] o oz AztE
™, captan- 35% W2l o] Fg 3|48 wol=d], o]
& captan®] N-SZ3}lo] B 372} A xe] 53]l A
FEUl SH 3139 vhg-ste] A FolAm2A] -3l
2A4% 7o) ohdrt A4}, Cypermethrin 5-2]
dlrgol e A ks 72| o5t 35go] LA
o} B Age) Alggl o A-$- 35 AY A4
g 5ok 4652 A& A kot

upebr], B o 2] x}F Soxhlet %, Sep-Pak flor-

Pesticides Recovery (%)" Pesticides Recovery (%)"
1 Aldrin 113.34%+0.29 24 Ethion 98.32+1.58
2 alpha-BHC 73.33+1.15 25 Etrimfos 88.89+41.53
3 alpha-endosulfan 83.43+0.59 26 Fenitrothion 96.83+0.58
4  beta-BHC 102.22+0.58 27  Fenthion 103.33:£0.58
5 Captafol 45.78+4.04 28 Fenvalerate 1 85.51+1.44
6 Captan 34.83+0.58 Fenvalerate 2 88.89+1.15
7 Chinomethionat 95.5641.16 29 gamma-BHC 86.67+2.14
8 Chlorobenzilate 95.67+3.79 30 Imazalil 93.94+0.68
9  Chlorothalonil 95.58+0.58 31 Malathion 93.34+3.24
10 Chlorpyrifos 104.44+0.56 32 Methidathion 94.54+2.08
11 Chlorpyrifos-methy! 95.83+0.65 33 Metribuzin 93.32+1.12
12 Cyfluthrin 1 97.341+1.54 34 o,p-DDD 96.67+0.58
Cyfluthrin 2 83.34+9.07 35 0,p-DDT 97.87+2.58
13 Cypermethrin 1 77.78+2.89 36 Omethoate 96.00+3.20
Cypermethrin 2 87.88x1.15 37  p,p-DDD 104.441+0.52
14 delta-BHC 92.00+1.73 38  p,p'-DDE 77.78+3.52
15 Diazinon 93.33+1.58 39  p,p-DDT 73.35x2.15
16 Dichlofluanid 56.711+4.04 40 Parathion 98.81+1.21
17 Dichlorvos 53.94+0.58 41 Pendimethalin 93.33+1.15
18  Dicofol 114.01£6.08 42 Phenthoate 93.43+2.35
19 Dieldrin 86.67+1.16 43 Pirimicarb 100.67+0.65
20 Dimethoate 91.33+8.08 44 Pirimiphos-methy! 86.6841.73
21 Endrin 86.67+0.59 45 Procymidone 106.67+0.65
22 EPN 81.33+8.25 46  Tetradifon 86.67+1.15
23 Ethiofencarb 106.03+6.31

"Recovery(%)=[(Spicked sample)conc-(Blank sample)conc]/(Added STD)conc X 100

Average + standard deviation of 3 determinations.
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TiC: 74E02.D
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Fig. 1. Group 1 and Group 5 Standard Pesticide-Fortified Rice Chromatogram. 1: Captafol, 2: alpha-BHC, 3: Di-
azinon, 4: Aldrin, 5: Chlorothalonil, 6: Dicofol, 7: Dichlofluanid , 8: Endosulfan, 9: Parathion, 10: p.p'-DDE, 11: Endrin, 12:
Chlorobenzilate, 13: p,p'-DDT, 14: Cypermethrin 1, 15: Cypermethrin 2, 16: Fenvalerate 1, 17: Fenvalerate 2.

TIC: 74E04.D
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Fig. 2. Group 2 Standard Pesticide-Fortified Rice Chromatogram. 1: Dichlorvos, 2: gamma-BHC, 3: Etrimfos, 4: Chlor-
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