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Solid phase extraction-gas chromatography —tandem mass spectrometry

method for determining 21 types of herbicides in drinking water
DING Yu, ZHOU Rui, ZHANG Bo, SONG Li-li
Shanghai Huangpu District Center for Disease Prevention and Control, Shanghai 200023, China
Abstract: Objective To establish a gas chromatography—tandem mass spectrometry (GC-MS/MS) method for detecting 21
types of herbicides in drinking water based on solid phase extraction (SPE) pre—treatment technology. Methods A 500 ml
water sample was extracted using a Cjg solid phase extraction column, followed by elution with a 5 ml mixture of ethyl acetate
and dichloromethane (1:1). The eluent was collected and concentrated near dryness using vacuum centrifugation, and then
reconstituted with 1 ml of ethyl acetate for analysis by gas chromatography—mass spectrometry in multiple reaction monitoring
(MRM) mode. Results Within the concentration range of 5.0 pwg/L to 200.0 pg/L, the herbicides exhibited good linearity, with
correlation coefficients ranging from 0.9 954 to 0.9 998. The limits of detection (LOD) ranged from 0.11 pg/L to 1.21 pg/L,
while the limits of quantification (LOQ) ranged from 0.33 pg/L to 3.64 pg/L. Precision (RSD) was found to be between 1.6%

and 6.3%, and the recovery rates ranged from 74.3% to 112.7%. Conclusion This method demonstrates a wide linear range,

accuracy, and reliability, making it suitable for the detection of multiple herbicides in water.
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Table 1 The retention time, qualitative ions, quantitative ions, and collision energy of 21 herbicides
e (L] (min) FE I (m/z) | EMEE T (m/z) ‘
BEES FET AR RE HE (ev) BB FET R RE L (ev)

[ 4.408 100.00 72.10 5.00 161.00 100.10 5.00
L) 6.260 171.00 136.00 15.00 171.00 100.10 25.00
ARFFL 9.283 126.00 55.10 15.00 83.00 55.10 5.00
B2 NG 10.948 83.00 55.10 10.00 154.00 83.10 10.00
T 11.567 292.00 159.90 30.00 292.00 264.10 5.00
SR 13.337 125.00 89.00 25.00 204.00 107.00 20.00
F G 13.502 169.00 154.10 10.00 169.00 69.10 30.00
FROR Bt i 13.892 173.00 144.90 20.00 175.00 146.90 15.00
e e 15.618 198.00 108.00 10.00 198.00 57.20 30.00
LT 15.626 213.00 125.30 15.00 162.00 147.10 15.00
IR L ) 15.935 198.00 82.10 15.00 198.00 55.10 35.00
Fh 16.402 241.00 58.10 10.00 226.00 184.00 10.00
SN i 17.328 238.00 162.10 10.00 162.00 133.00 15.00
N 17.421 100.00 72.10 5.00 125.00 89.10 15.00
EEN S 19.312 176.00 91.10 10.00 91.00 65.10 20.00
TR 20.051 188.00 160.10 15.00 160.00 130.10 30.00
N 20.413 286.00 185.00 25.00 286.00 202.20 15.00
FCRE 20.578 128.00 72.10 5.00 271.00 128.10 5.00
(LN 20.813 162.00 147.10 10.00 162.00 132.10 20.00
IR 21.092 175.00 112.00 15.00 258.00 175.00 10.00
PR 22.079 128.00 72.10 5.00 271.00 128.10 5.00

|2 A/MHERERU RIECR

Table 2 The recovery efficiency of each small column extraction
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Table 3 The optimization of eluent immersion time
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25 FUH I, G s ) Bt 0 58 7509 08 i [ 4iE
K, BICRZ LT E, E 60 s B i ik F] 74.3% ~
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Table 4 The linear equations, correlation coefficients, detection limits, and quantification limits of 21 herbicides

25 £ R AR FREL LOD(pg/L) LQD(pg/L)
[ y=2 541.9x+5 792.2 0.998 9 0.58 1.74
B y=2 446.2x-6 359.8 0.999 0 0.57 171
RAELHL y=2 447.61x-12 957.7 0.996 8 0.60 1.80
IRELEL y=3 357.43x—16 885.9 0.996 5 0.71 2.12
G y=240.45x-1 464.9 0.997 1 1.12 3.35
SR y=670.54x-1 027.0 0.999 8 0.23 0.69
PRURED y=195.82x+88.17 0.998 1 0.96 2.88
FRR ot e fre y=376.41x-562.23 0.998 2 0.40 1.20
[ RED y=346.92x+87.48 0.999 2 1.21 3.64
LW y=263.63x-236.55 0.999 8 0.95 2.85
W5 LT y=105.55x+78.13 0.996 7 0.77 232
Fh y=227.13x-946.46 0.996 9 1.07 3.20
SN H B y=1212.22x-3 499.52 0.998 7 0.15 0.45
REpt y=2 152.93x-9 841.76 0.997 1 0.11 0.33
TR y=356.44x—1 345.42 0.995 4 0.52 1.56
T y=49.05x-83.51 0.996 3 0.89 2.66
ELIR y=70.51x-433.44 0.9955 0.78 235
(&N y=377.77x-664.07 0.999 6 0.28 0.84

HEJHe y=388.73x-373.39 0.999 8 0.45 1.34
IV e ] y=895.45x-3 079.57 0.997 9 0.23 0.69
o3 ik y=71.45x-410.44 0.996 1 0.73 2.18

i Ji TIC

30 000 000 [30, 000, 000

25 000 000 |

20 000 000 il

15 000 000 [

10 000 000 =

5000 000 = =
% il J (“ L ] l
00— ‘ ‘ \ ‘ ‘ ‘ ‘ \

1.0 10. 0 20.0 ) 93.0
PRI 1] /min

T 1- BREEL 2 BN 3- REEL 4- PRFORL S— HUREIE .6 SRR 7 LF0gr 8- PURMERE G (9 BRI 10— ZHREE 11— REC (12—
FIRE 13- ST RN 14— REPF 15— BT BEENG 16— T RERL 17— MRERE 18— BURME 19— PG 20— WERCER 21— BREE,
B 1 21 FPEREDR AR T (MRM)
Figure 1 The total ion flux (MRM) of 21 herbicides
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Table 5 The spiked recovery and RSD of 21 herbicides

JnbRE(5.0 pe/l)

Jinkri(25.0 pe/l)

JIbRE(50.0 pg/l)

i MEE QL) FCR(%)  RSD%)  WEE@yL) MR (%)  RSD(%)  MEE@pe/L) FCR(%)  RSD(%)
LA 4.1 81.2 5.7 21.2 84.7 45 432 86.3 3.6
RCRE)NG 4.0 79.8 53 20.8 83.2 5.3 423 84.5 2.7
RETL 53 105.3 6.3 26.1 104.5 4.7 55.1 110.2 29
B2 NG 4.1 82.5 6.1 21.7 86.9 49 39.7 79.4 6.1
T 43 85.4 6.2 226 90.3 3.7 432 86.4 5.8
SR 43 86.3 42 23.7 94.7 1.9 452 90.3 5.3
PR 4.1 81.9 55 224 89.4 2.5 04 84.7 2.7
FROR gt iz 3.7 743 5.7 19.6 78.5 2.9 38.0 75.9 3.5
[l RE 3.9 78.6 5.8 20.9 83.6 3.6 38.7 713 3.7
LTl 4.7 93.4 49 23.7 94.8 3.3 45.6 91.2 3.8
W R 4.6 92.7 4.8 22.9 91.6 42 473 94.5 4.6
FhEG 45 90.4 5.0 233 93.2 4.6 48.1 96.2 48
SN R 5.1 101.8 6.1 24.2 96.9 4.1 51.9 103.8 5.6
RKEP 5.6 112.7 47 26.2 1047 2.9 55.2 110.4 6.2
ST oA 5.2 104.3 48 238 95.1 3.8 526 105.1 5.1
TR 47 93.1 49 233 932 4.5 482 96.3 1.6
e 44 88.4 53 224 89.7 3.6 463 92.6 24
[ 42 84.5 5.4 22.9 91.4 3.7 46.8 93.6 3.1
(e S 3.9 78.6 5.4 21.2 84.7 4.6 413 82.5 3.8
I FEC ] 4.0 79.4 5.6 21.8 87.3 43 432 86.4 3.6
PR 3.8 75.6 53 22.8 91.3 4.4 44.4 88.7 47
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