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Abstract A gel permeation chromatographic method was developed for the extraction of 36
pesticides from mushroom prior to gas chromatography with a triple quadrupole mass spectro-
metric determination. The extraction was based on homogenization with ethyl acetate using a
high speed homogenizer. A gel permeation chromatographic clean-up process with ethyl ace-
tate-cyclohexane 1:1 v/v as mobile phase was applied to the extracts to separate the low-
molecular mass pesticides from the high molecular mass compounds in the mushroom. The 7 -
15 min eluate fraction was collected for subsequent analysis. The target compounds were quan-
tified in the final extract by gas chromatography using a triple quadrupole mass spectrometer
with multiple reaction monitoring MRM . In the linear range 0.01 —1.0 mg/L of each pesti-
cide the correlation coefficient was higher than 0. 99. The average recoveries spiked at the
levels 0of 0.01 0.05 0.10 mg/kg were from 72. 6% to 117. 1% with the relative standard devi-
ations from 2. 0% to 10.8% mn =5 . The limits of detection LOD for these pesticides were
from 0.1 to 0. 7 wg/kg and the limits of quantification LOQ were from 0.2 to 2 pg/kg.
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Table 1 MRM conditions of MS/MS

MRM  Collision

No. Pesticide tg/min transition energy/
GPC m/z A%
! 2 3 4 5 1 dicloran 8.42 176/148 10
6 7 HCH-gamma
2 8.85 219/181 10
v-
GPC 3 pirimicarb 9.26  238/166 10
hl if thyl
4 Crorpymios methy 9.88  288/93 20
8- 11
5 fenitrothion 10. 67 277/125 15
GC-MS/MS 6 chlorfenvinphos 12.24 267/159 10
multiple reaction monitoring MRM 7 isofenphos 12.24  213/121 15
36 8 phenthoate 12.44 274/125 20
9 quinalphos 12.58 146/118 10
10 procymidone 12.77 283/96 10
11 o p'-DDE o p'- 13.03 318/248 15
12 paclobutrazol 13.37 367/213 22
1 13 endosulfan | a 13.39  241/206 10
14 napropamide 13.65 171/115 10
1.1 15 p p’-DDE p p'- 14.06  318/248 15
J2 Scientific 16 o p'’-DDD o p'- 14.26 235/165 10
Biobeads S-X3 2 19 ’ Agi 17 myclobutanil 14.42 179/125 14
lobeads - 8 ¢m X2 cm 8- 18 endosulfan | B 15.17  241/206 10
lent 6890 DB-5 MS 30 m x 19 o p’-DDT o p'- 15.29  235/165 20
0.25 mm 0.25 pm Waters Quattro Micro™ 20 oxadixyl 15.29  163/132 5
Polvt PT 3100 21 p p’-DDD p p'- 15.41  235/165 20
(o) ron
y 22 propiconazole 16.18 259/173 10
SENCO Techne endosulfan sulfate
23 16.24 241/206 10
Eppendorf 5 mL
24 p p-DDT p p'- 16.28  235/165 20
250 mL 250 mL
25 tebuconazole 16.75 250/125 20
26 pyridaphenthion 17.21 340/199 15
36 1 27 bifenthrin 17.32 181/165 20
Dr. Ehrenstorfer SIGMA 28 iprodione 17.47 314/245 10
’ 29 fenpropathrin 17. 64 265/210 10
30 tetradifon 18.20 227/199 20
1 g/L -18 C 31 phosalone 18.31 367/182 10
1 32 pyridaben 19.98 147/117 20
33 cyfluthrin 20.40 226/206 10
34 cypermethrin 21.15 165/91 10
I mg/L 0~4C 35 flucythrinate 21.20  199/157 10
) 36 fenvalerate 22.55 167/125 10
1.2
1.2.1 0.45 pm GPC
500 g 1.2.3 GPC
- 1:1
5 mL/min 5 mL 7 ~18 min
1.2.2
15.0 g 250 mL 15 mL
90 mL 0.5 mL 0.5 mL
35¢g 6¢g 35 1.2.4 GC-MS/MS
C 20 min GC 1 uL
20 000 r/min 1 min 30 mL 250 C 128 MPa

10 mL DB-5 30 m x0.25 mm 0.25 pm
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70 C 1 min 30 C/min 190 7 min
T 5 C/min 230 C 10 C/min
290 C 9 min 2.3 GC-MS/MS
MS/MS 1 GC-MS/MS
2
2.1 GC-MS/MS
GC
1
36
1
2.4
2.2 GPC 5
GPC
- 5 50 100 250 500 wL
1 mg/L 36 0.5
12 mL 0.01 0.10 0.20
S-X3 0.50 1.0 mg/L
GPC 1:1 - Y x
5 mL/min 1 mg/L
min 18 0.01 mg/L 3
7 min LOD 0.01
7 ~8 min mg/L 10
15 min LOQ
7 ~15 min 2
2 36
Table 2 Linear equations limits of detection LOD and limits of quantification LOQ of 36 pesticides
. . X . LOD S/N=3 / LOQ S/N=10 /
No. Pesticide t/min Linear equation
ng/kg ng/kg
1 dicloran 8.42 ¥ =5.0660x +0.227 x 10 3 0.9984 0.3 1
2 HCH-gamma - 8.85 y=1.61342 +0.4357 x 10 ~* 0.9989 0.2 0.6
3 pirimicarb 9.26 y =13.4567x -8.3725 x 10 ~* 0.9971 0.1 0.3
4 chlorpyrifos methyl 9.88 y =2.8450x +0.4066 x 10 ~° 0.9992 0.1 0.3
5 fenitrothion 10. 67 y=1.4196x +0.2178 x 10 ~* 0.9989 0.1 0.3
6 chlorfenvinphos 12.24 y =7.7925x -0.3459 x 10 ~* 0.9975 0.1 0.3
7 isofenphos 12.24 y =15.6883x -3.5235 x 10 ~* 0.9992 0.1 0.2
8 phenthoate 12.44 Y =5.3587x - 1.7765 x 10 ~* 0.9992 0.1 0.3
9 quinalphos 12.58 y =18.4627x —6.5488 x 10 3 0.9984 0.3 1
10 procymidone 12.77 Yy =5.8820x -0.8791 x 10 ~* 0.9900 0.2 0.6
11 o p'-DDE o p'- 13.03 Y =3.8252x +1.7415 x 10 73 0.9989 0.3 0.8
12 paclobutrazol 13.37 y=11.4482x +2.1284 x 10 ~* 0.9992 0.2 0.7
13 endosulfan [ a 13.39 y=1.3484x +0.3485 x 10 ~* 0.9989 0.3 0.9
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Table 2

Continued

LOD S/N=3 /

LOQ S/N=10 /

No. Pesticide t/min Linear equation r
ng/kg ng/kg
14 napropamide 13.65 Yy =4.5694x - 1.8947 x 10 ~* 0.9988 0.3 1
15 p p'-DDE p p'- 14.06 Y =6.6021x -6.7426 x 10 ~3 0.9949 0.2 0.6
16 o p'-DDD o p'- 14.26 ¥ =21.09997x +5.6471 x10 =% 0.9985 0.2 0.5
17 myclobutanil 14.42 ¥ =13.91302 - 0.7381 x10 ~* 0.9976 0.3 1
18 endosulfan [ 15.17 y=1.0873x -2.9535 x 10 ~* 0.9965 0.7 2
19 o p'-DDT o p'- 15.29 ¥ =59.7995x -30.3549 x10 ~*  0.9993 0.3 1
20 oxadixyl 15.29 y=12.844x +1.5442 x 10 ~* 0.9998 0.7 2
21 pp'-DDD p p'- 15.41 3 =59.3318x-55.7577 x10 > 0.9946 0.3 1
22 propiconazole 16.18 y=4.2721x -0.5950 x 10 ~3 0.9960 0.2 0.5
23 endosulfan sulfate 16.24  y=1.27322 +0.1601 x 10 ~3 0.9990 0.3 1
24 p p'-DDT p p'- 16.28 y =18.6039x —25.9456 x 10 % 0.9943 0.3 1
25 tebuconazole 16.75 3 =8.118x +1.8480 x10 3 0.9991 0.2 0.5
26 pyridaphenthion 17.21 y=4.2421x +0.8013 x 10 3 0.9999 0.2 0.5
27 bifenthrin 17.32 Y =52.03342 +1.8480 x 10 ~* 0.9997 0.1 0.3
28 iprodione 17.47 y =0.43332 +0.002988 x 10 % 0.9964 0.7 2
29 fenpropathrin 17.64 y=4.246x -0.8160 x 10 ~* 0.9993 0.3 1
30 tetradifon 18.20  y=0.93102 +1.4709 x 10 =3 0.9975 0.2 0.5
31 phosalone 18.31 Y =5.8363x -0.7805 x 10 ~* 0.9980 0.1 0.3
32 pyridaben 19.98 y =37.9349x +27.8298 x 10 ~* 0.9986 0.2 0.5
33 cyfluthrin 20.40 Y =6.4500x +1.6988 x 10 ~* 0.9999 0.3 1
34 cypermethrin 21.15 y=1.4767x +1.5334 x10 73 0.9962 0.7 2
35 flucythrinate 21.20 Yy =126.984x -6.7378 x 10 ~* 0.9999 .3 1
36 fenvalerate 22.55 Yy =7.4859x +2.1846 x 10 ~* 0.9986 .3 1
The linear range for each pesticide was 0. 01 —1.0 mg/L. y peak area x mass concentration mg/L.
2 0.01 ~1.0 mg/L
15.0 g 0.01
0.99 36 0.1 ~0.7 ng/kg 0.05 0.10 mg/kg 5
0.2 ~2 pg/kg 1.2”
2.5 3
3
Table 3 Recovery and precision of the method =n =5
0.01 mg/kg 0.05 mg/kg 0.10 mg/kg
No. Pesticide t/min
recovery/% RSD/% recovery/% RSD/% recovery/%  RSD/%
1 dicloran 8.42 85.2 6.8 81.4 5.9 81.9 2.8
2 HCH-gamma y- 8.85 88.3 7.2 85.3 3.1 83.8 7.2
3 pirimicarb 9.26 110.0 6.9 89.6 5.2 83.5 2.3
4 chlorpyrifos methyl 9.88 88.4 4.6 85.8 3.5 79.2 6.0
5 fenitrothion 10. 67 110.2 8.2 72.9 3.8 110.2 3.6
6 chlorfenvinphos 12.24 109.0 6.7 100. 4 3.6 92.8 3.8
7 isofenphos 12.24 110.5 5.6 96.7 3.2 93.5 4.9
8 phenthoate 12. 44 102.3 7.3 88.2 5.1 88.7 9.1
9 quinalphos 12.58 101.8 5.0 88.1 4.2 96.2 3.5
10 procymidone 12.77 105.3 3.2 97.2 2.3 101.0 8.8
11 o p’-DDE o p’'- 13.03 117.1 5.6 105.0 3.3 94.6 6.9
12 paclobutrazol 13.37 117.1 3.6 105.2 9.6 94.3 4.3
13 endosulfan | 13.39 110.4 6.6 109.1 5.0 108.1 3.1
14 napropamide 13.65 90.2 9.2 72.6 5.1 81.1 3.0
15 p p'-DDE p p'- 14. 06 105.3 6.7 79.2 5.2 78.2 3.3
16 o p’-DDD o p'- 14.26 80.9 3.2 78.9 4.9 95.9 5.5
17 myclobutanil 14.42 108.3 3.9 102.0 5.2 90.8 3.0
18 endosulfan [T 15.17 110.0 6.8 97.2 3.5 92.5 5.9
19 o p'-DDT o p'- 15.29 104.9 8.2 94.2 3.6 95.6 5.9
20 oxadixyl 15.29 110.1 9.3 100. 6 6.8 102.3 5.8
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Table 3 Continued
0.01 mg/kg 0.05 mg/kg 0.10 mg/kg
No. Pesticide t/min
recovery/% RSD/% recovery/% RSD/% recovery/%  RSD/%
21 p p'-DDD p p'- 15.41 105.3 8.7 95.8 6.5 95.5 3.9
22 propiconazole 16.18 105.8 5.3 97.3 6.8 98.1 3.5
23 endosulfan sulfate 16.24 99.0 3.9 86.2 2.6 80.2 3.5
24 p p'-DDT p p'- 16.28 97.6 9.3 92.9 5.6 92.8 6.8
25 tebuconazole 16.75 110. 1 5.2 95.7 2.6 98.6 6.1
26 pyridaphenthion 17.21 106. 6 6.8 98.6 3.8 98.2 3.8
27 bifenthrin 17.32 105.8 3.2 97.8 2.5 97.0 2.6
28 iprodione 17.47 109.0 10.8 97.4 7.6 94.5 8.7
29 fenpropathrin 17. 64 107.6 4.6 93.9 8.2 95.6 3.9
30 tetradifon 18.20 97.8 6.9 99.6 8.2 103.0 3.6
31 phosalone 18.31 110.2 7.9 94.5 6.2 96.1 3.5
32 pyridaben 19.98 99.0 6.9 100. 1 3.2 96.9 2.5
33 cyfluthrin 20.40 100. 1 6.2 92.2 5.3 97.5 3.9
34 cypermethrin 21.15 96.2 10.0 94.2 6.7 97.6 7.2
35 flucythrinate 21.20 94.3 6.5 86.1 4.3 86.3 2.6
36 fenvalerate 22.55 108.5 2.9 104.6 3.5 108.4 2.6
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