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Development of a multiresidue method for determination of 110 pesticide residues in soil using QUEChERS -
HPLC-MS/MS and QUEChERS-GC-MS

CAI Lin, XI Pu—yu, XIE Qing, LI Xue-hua, QTAO Xian-liang, XIE Hong—bin, CHEN Jing-wen, CAI Xi—yun"

(Key Laboratory of Industrial Ecology and Environmental Engineering (Ministry of Education ), School of Environmental Science and Tech—
nology, Dalian University of Technology, Dalian 116024, China )

Abstract: A method was established for the determination of 110 pesticides in soil using high performance liquid chromatography tandem
mass spectrometry (HPLC—MS/MS) and gas chromatography tandem mass spectrometry (GC—-MS) with modified QuEChERS (Quick, Easy,
Cheap, Effective, Rugged, and Safe ). Levels of acetic acid used in the QuUEChERS procedure were optimized, and results indicated that
higher recoveries were obtained when 1% acetic acid was added. Based on differences in polarity, thermostability, volatility, and other char—
acteristics of pesticides, analysis of 43 pesticides was conducted via HPLC-MS/MS and the other 67 pesticides were analyzed using GC-MS.
Five internal standards (atrazine—d5, sulfosulfuron, 1,3—dimethyl-2-nitrobenzene, triphenyl phosphate, and perylene—d12) were used for
the method validation. The average recoveries of the 43 pesticides analyzed via HPLC-MS/MS at three spike levels (10, 20, and 50 pg-kg™)
ranged from 59.1% to 129.4% with relative standard deviations(RSDs) between 0.3% and 15%; whereas the average recoveries of the 67
compounds analyzed using GC—-MS ranged from 44.9% to 168.1% with RSDs of 0.5%~20%. The detection limits of the method ranged from

0.01 to 5.00 pg-kg™. The established method was used to determine pesticide resides in a soil sample, in which 68 pesticides were found,
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including nicosulfuron, propyzamide, oxyfluorfen, folpet, dimethomorph, lambda—cyhalothrin, some organophosphorus pesticides, and some

organochlorine pesticides. Overall, the method is simple, efficient, and sensitive, and thus can be used for the simultaneous determination of

pesticide residues in soil.

Keywords: QuEChERS; high performance liquid chromatography tandem mass spectrometry; gas chromatography tandem mass spectrometry;

pesticide residues; soil
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Table 1 Test conditions and results of pesticides for HPLC—MS/MS analysis
i it L T = B e e sl

1 PR BT RERL 2.327 198 156/128 14/27 0.981 0 0.03 60.6 0.81 0.40
2 WE T R 2.582 202 175/126 20/20 0.996 3 0.04 67.4 0.21 0.15
3 g 3.141 292 211/132 8/16 0.986 4 0.55 59.3 0.70 0.63
4 RELH 3.624 222 104/92 20/20 0.998 9 0.01 71.4 0.03 0.01
5 W ek 3.775 223 126/56 30/21 0.991 9 0.94 95.5 ND

6 S RS 4.056 411 182/213 20/15 0.980 6 0.07 116.2 8.65 0.56
7 4R 4.675 229 72156 15/15 0.985 6 0.27 74.5 ND

8 WY B 5.223 388 167/141 10/25 0.975 0 0.12 84.5 ND

9 P sk e 5.652 382 167/141 15/20 0.978 6 0.37 90.1 ND

10 [ifpafes 5.852 202 132/124 15/15 0.999 0 0.03 94.7 0.06 0.03
11 BN 6.173 402 167/141 15/20 0.994 0 0.23 96.3 ND

12 T A 6.258 432 325/182 15/20 0.965 2 0.17 61.9 ND

13 P Sl A 6.307 365 199/150 20/15 0.974 6 0.07 129.4 ND

14 S 6.503 358 167/141 15/15 0.995 4 0.40 83.3 ND

15 W T e 6.628 425 227/199 10/5 0.983 0 0.29 96.7 ND

16 FR i T e 6.787 504 182/162 20/40 0.995 3 0.05 108.2 ND

17 T ez Tk e 6911 370 261/218 10/20 0.996 9 1.14 97.5 ND

18 = FIERE AN ER 7.128 438 182 20 0.994 3 0.17 94.4 ND

19 R 7.908 280 220/248 17114 0.990 4 1.67 80.0 ND

20 BaERLEE-dAS(ER) 8.017 221 179/101 22/30

21 [CIEEE TAE 1 8.060 216 174/146 6/12 0.997 3 0.02 94.9 4.61 0.21
22 FINRE 8.255 242 200/158 15/20 0.998 1 0.02 93.4 0.03 0.01
23 TR P (PO ) 8.297 471 261/211 15/10

24 SN 8.913 194 95/152 18/11 0.987 5 1.44 92.7 ND

25 R 8.935 411 182/149 15/20 0.996 2 0.05 96.1 ND

26 I T ik [ 9.163 408 301/182 10/15 0.995 3 3.43 96.7 ND

27 AT 9.355 396 181/155 20/10 0.970 4 1.26 61.8 ND

28 W R R AR 9.501 508 167 15 0.993 3 0.16 90.7 ND

29 P75 T NS bk 9.816 388 301/165 17/28 0.997 4 0.07 119.1 48.43 6.30
30 R 10.590 230 146/188 20/20 0.999 2 0.01 97.5 0.09 0.01
31 e g 2 AL S 10.532 188 146/104 17/23 0.999 5 0.08 98.9 0.18 0.04
32 U 10.576 420 167/141 15/10 0.994 2 0.15 94.1 ND

33 i s ik e 11.024 415 182/139 20/40 0.997 9 0.08 120.1 ND
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Continued table 1 Test conditions and results of pesticides for HPLC-MS/MS analysis

455 kAt BEMW ey mrmr mmiem guesm e PMRRIRED AR
min pe-kg mIR/%  pe-kg pg-kg

34 38 S5 A S5 B A v 11.074 174 132/104 16/22 0.999 6 0.23 100.9 ND

35 T 11.077 230 174/176 1515 0.999 4 0.04 98.1 0.06 0.03

36 FE 11.344 415 213/186 10/15 0.988 6 0.09 98.7 ND

37 8% B i 11.492 404 372/344 21/33 0.995 8 0.45 102.9 ND

38 IR 11.500 373 303/109 15/15 0.997 2 0.22 92.7 0.88 1.20

39 SAnLrEnE e 11.579 436 183/139 20/40 0.997 9 1.07 108.0 ND

40 ST 11.714 493 264/238 20/20 0.994 2 0.05 86.2 ND

41 PR B 4 s i e 11.825 469 254 15 0.994 7 0.08 88.5 ND

42 T M 12.206 308 70/125 60/57 0.997 7 0.01 114.6 0.03 0.02

43 SR 12.843 330 245/101 15/20 0.999 2 1.50 59.1 ND

44 T e 13.455 342 159/69 20/15 0.997 4 0.15 914 ND

45 FE 3R 14.225 406 251/337 36/24 0.997 9 0.17 82.7 10.67 1.23

FAR . AR FHEFR T 80 °C, {542 3 min, 25 LA 30 ARG 8 B B T RUE M TSR, T b 2 5k
°C-min™ FIRE] 150 °C, FHLL 6 °C-min™ F 3] 290 L 2,
OC,{%EI’# 1 min, s
WM BT ELET06V; BTHRES0 2 AL
°C-EEF&3$%T%JEB% SR (ED s MS 2 MR 280 2.1 MR &Mk
C; I FIAEIR B[] 4 min; B RERBAGEREE 7 2.1.1 HPLC-MS/MS Ml &1k

i (SIM) ., f£ SCAN BiUF, XS8R 2T T,

il AR 25 TR AR VA R, SR A SCAN #8:0, i8] PRSSRAMEE T, R ﬂﬁﬁ%ﬁ*ﬁﬂf*ﬁ%ﬁ

%2 RIGHB CC-MS Wik £ R &R

Table 2 Test conditions and results of pesticides for GC—MS analysis

fi oty R T I SR s e

11, 3-ZH - 2-R R (AR ) 5.937 79 134

2 Wi 6.369 109 185/79 0.979 3 0.70 48.1 3.62 0.63
3 IR RS S 10.083 203 201/215 0.986 1 1.85 68.8 ND

4 FURR 10.993 306 264/105 0.981 0 0.62 133.9 ND

5 GEET 11.455 75 121 0.981 8 1.19 109.8 3.35 321
6 R AYAVAN 11.582 183 219 0.994 9 0.71 1217 5.73 133
7 HIL 2 P 11.786 88 125 0.984 7 0.82 119.8 2.29 1.76
8 [EVAVAVAY 12218 219 183 0.994 8 2.78 142.0 6.91 4.79
9 TG 12.345 265 295/249 0.997 9 2.17 153.8 9.76 5.45
10 X bas 12.355 237 249/214 0.989 4 4.55 120.0 10.99 1.86
11 N VAVAVAN 12.487 219 183 0.998 1 0.70 1157 2.93 1.53
12 SR T e 12.726 173 145/255 0.999 2 2.00 123.4 12.08 2.19
13 Hb s 12.731 109 1371173 0.987 6 1.09 137.6 3.08 1.73
14 AR 12.817 137 179.2/152  0.984 2 1.47 94.9 13.06 2.37
15 HIWEE 12.919 266 109/124 0.980 4 1.67 73.3 8.32 1.38
16 ZhEE 13.142 88 142 0.979 3 0.57 105.3 ND

17 N AVAVAN 13.254 219 183 0.996 7 2.78 96.4 12.69 493
18 HATERE 13.727 264.5 192/132 0.995 6 3.85 113.2 ND

19 LRI 14.128 146 162/223 0.987 5 1.61 81.6 9.69 0.89
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Continued table 2 Test conditions and results of pesticides for GC-MS analysis
fis oty T L S i B el d i

20 BEAEH 14.149 286 125/79 0.980 4 0.88 130.0 ND

21 2,4-D T 14.230 185 276/162 0.990 5 2.50 152.0 423 2.14
22 IR 14.271 198 124/214 0.992 6 1.32 100.4 13.06 0.16
23 +4& 14.601 100 272 0.981 0 2.00 95.6 6.71 0.96
24 FH LI N 15.033 290 276/305 0.982 2 1.04 126.9 1.51 0.55
25 FH L 15.068 109 125/277 0.987 8 2.94 88.6 19.36 2.49
26 AR BRI 15.074 125 109/277 0.973 1 1.04 68.3 16.13 7.08
27 I R 15.272 123 167/149 0.990 0 1.02 103.4 24.72 2.44
28 ' AT 15.378 125 93/173 0.975 5 1.04 154.7 1.44 0.21
29 SN B 15.495 162 238 0.988 9 0.63 143.9 2.40 1.58
30 TEFEI 15.566 97 199/125 0.980 0 0.61 1103 6.27 0.95
31 RPN 15.587 97 153 0.980 0 1.79 103.0 474 2.60
32 praastil 15.643 91 263/79 0.993 7 0.60 76.2 78.39 9.99
33 RERR B 15.704 278 125 0.976 5 0.68 133.6 1.64 0.19
34 Xof B 15.790 97 109/291 0.980 8 0.61 106.8 3.63 0.67
35 = MR 15.897 208 85/128 0.985 3 0.51 120.6 6.92 1.71
36 I i i 16.146 77 141/268 0.989 5 1.04 1143 4.44 1.30
37 LA 16.806 81 353 0.993 7 1.00 70.7 31.39 6.11
38 i 16.888 267 323/147 0.994 2 5.00 95.9 ND

39 JEE A 17.127 96 283/124 0.995 6 2.50 83.1 ND

40 DA 17.223 104 260/76 0.987 2 5.00 69.2 70.25 9.85
41 IR 17.397 112 128/168 0.981 0 1.16 106.0 13.25 5.69
42 AHPE 17.437 85 145/125 0.981 1 0.01 93.1 4525 4.58
43 -5t 17.519 373 237 0.996 4 0.11 140.9 ND

44 TEER 17.787 176 160 0.984 7 2.00 164.3 ND

45 M -5 17.909 373 237 0.990 9 0.52 131.0 ND

46 K-V 18.001 409 236.8 0.991 6 0.45 136.3 3.96 1.20
47 A g 18.239 111 175/302 0.993 0 0.98 153.0 ND

48 4,4 b 18.600 246 318 0.994 3 0.18 135.5 221 1.90
49 AKERHI 18.717 79.1 263 0.992 3 1.61 118.6 41.28 3.33
50 R R 18.814 252 300/361 0.987 9 0.60 134.1 37.58 1.55
51 FEAK G 19.332 263 81 0.981 5 4.55 69.0 95.57 335
52 BT} 19.652 237 339/195 0.975 3 0.70 1293 20.93 478
53 ik 19.815 409 237263 0.992 0 0.71 163.4 7.36 1.89
54 4, 4' 19.850 235 165 0.990 2 0.15 168.1 1.88 1.52
55 LBk 19.886 231 97/153 0.979 0 1.32 105.4 438 0.20
56 Sk G 20.094 345 245 0.981 8 2.50 44.9 84.40 5.14
57 E e 20.257 252 324/108 0.993 5 0.53 143.0 ND

58 SRR 20.684 157 97 0.979 4 0.62 1454 5.03 1.95
59 WS RRR g 20.806 272 237 0.979 7 1.04 129.8 9.62 3.28
60 4, 4" %% 20.989 235 165 0.979 0 2.78 83.4 38.32 5.88
61 IR =258 (IR ) 21.533 326 77

62 SRR PR 22.193 314 187/245 0.997 7 2.94 85.2 ND

63 55 Al 22518 181 165 0.985 6 0.19 105.2 0.63 0.07
64 FR 4 T T 22.691 227 152 0.971 7 135 86.2 ND
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Continued table 2 Test conditions and results of pesticides for GC-MS analysis

- LR B s i)/ U o s 27 K H B/ Ty FRRMREE, BRI ImZE/
i fet | ERETEMEr swEssc 08 pace, CoE e
65 =R 23.245 159 111 0.984 4 1.72 156.5 1.91 1.33
66 IR 2B 23.453 182 207 0.992 7 1.72 74.7 51.84 2.40
67 Ve kK ] 24.129 181 197/208 0.986 6 1.52 82.4 45.05 7.37
68 il R 25.603 147 117/132 0.990 3 132 92.1 83.43 11.70
69 AR A e 27.132 163 181/165 0.986 3 2.50 98.7 7.23 4.05

70 JE-d12( 4R) 27.423 264 132
RS T, B TP B T, SR R B % o 9 il 1023
B b (CE S S B0 AT T 0. AR RS e 10} I
LA SCAN BT F LRI E T S08, Jbee 093] (-
BT 167, SRJE XA B 167 XY CE fH ik _os)
TR, g Xt &3, CE=10,15.20.25 eV BEXFIE X 093¢
9 FE 43 10 5000.5200,5100,5100, BEFERE B Doast s
T 167 %R CE 4 15 eV, 0358 ) g 910 ||
. e , e i 2o LI | i 14~17 24,259 |i] |
XPVBAE G5 I s AR BE AT T (% 3) L 015 Il 3‘}'? 7 g li-1815 | :QF;JZZS?%; 86
EP%FH*/FEE 3 BTJ. , 45 ﬁﬂﬁﬁ%ﬂ’ﬂ@.iﬁlﬂ%ﬁj\%ﬁﬂ]@ , 15 0.05 ’M“Tm;‘izlag"”g ..... ;.-\.-:aé;l(-)'lail'zlz"lzl.s

min 5 0] IS BT A AR 2510 ki (B 1), 510 AFE
20 min 15 3] 4 Flf 24 1 (235 04 FN7E 30 min 15 3] 12
Fofioge 245 1) € j e VR L, A TG AR 448 v
2.1.2 GC-MS MR 5k

7E SCAN £:UF, RIS A MR BT,
VERRE B e KW B8 AR I AR 2 1 1t 5
PR AR H AR e 1 DL R A, 7E
SCAN i 30 F H 15 2 A9 5 H B 1 146 F1 162 X
F2FE 45 4000 F1 3300, HOEFERE R BT 146 1E R
FERLE R 162 e tE s . AR IS SR
HRAL G EE XTI RE %X 2 B ) o T 25 1
{5 B8 sF 18], [ At 2Re A STML AR IR i, 148 755 0 4k
BV PERE B R R B T AR S AR R
B, B 2k SIM AR AR BN 67 R 2 3 Fipy

&3 AT 3 TR E

Table 3 3 mobile phase gradients used for optimization

{5 B4 Bf[a] /min
b5 20,23 HNFR
No.20,23 are internal standards
B 1 43 FRZH 2 MNiMRERNEE FRIEE
Figure 1 Total ion chromatograms of 43 pesticides and

2 internal standards

IR SO S RS
2.2 QuEChERS Bi4bE A iEHI AL

ATy 3 B H AL R R F AOAC (Association of
Official Analytical Chemists) 2007.01 ‘E /5 QuEChERS
T, BRGLEE AE 10 gORE 8 2 0.01 g) HIEHmA
10 mL Z 5 K 6 mL % 4 28 th ) Jo3 19 7K 0 e 9k 35 1
min, SRJG A 4 g TOKBRIREER 1 g EALFINTEIR Y
0.5 min, B0 BEER 1 mL EIEBINA 25 mg (1)
PSA 1 150 mg Jo/KGREREE , I 7 5 8500532 , i 0.22
pwm JERERIE AR/, At HPLC-MS/MS ¢ GC-MS
GIHTINE o AR VEAE S — IR B0 4 B IR U TR L

B 1 ol 2 HBLE 3 TN 200 mg 1) PSA F1 1 g ICKBRIREE, IR
dmin % dwin ZHE%  ddmin 2% Ja B B IO Oy BRI T JE S B A
0 30 0 50 0 50 AOAC2007.01 ¥ J7 QuEChERS J5 3 a2 A
e SATRIPITIK , TR R 55 Jo e f
o e e s B 7RG 2 B RO LR B K
1 %0 15 % 10 %0 L 21 RIS BR R R ], i A S0 g T
15 100 20 90 15 90 AT 0.1%F1 1% LR I AKX H DR g 2 () 3).

20 100

ZPRER, AT 0.19% Z R /K /Y [al e 3230 [
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VeQlE7N—FRE-t= Sl 55 36 &5 8 HA

63

55 69
50

45
40
35
30 ) 68
20 5
15 6§65

10 3 62 70

EE/x10°
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