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Abstract . Pesticides are widely used in most agricultural areas to protect food crops but ad-

versely affect ecosystems and human beings. Pesticides have attracted great public concern due
to their toxic properties and ubiquitous occurrence in the environment. China is one of the lar-
gest users and producers of pesticides globally. However, limited data are available on pesticide
exposure in humans, which warrants a method for quantification of pesticides in human
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samples. In the present study, we validated and developed a comprehensive and sensitive meth-
od for the quantification of two phenoxyacetic herbicides, two metabolites of organophosphorus
pesticides and four metabolites of pyrethroid pesticides in human urine using 96-well plate solid
phase extraction ( SPE) coupled with ultra-performance liquid chromatography-tandem mass
spectrometry ( UPLC-MS/MS). For this purpose, a systematic optimization of the chromato-
graphic separation conditions and MS/MS parameters was conducted. Six solvents were opti-
mized for the extraction and clean-up of human urine samples. The targeted compounds in the
human urine samples were well separated within 16 min in one analytical run. A 1 mL aliquot of
human urine sample was mixed with 0. 5 mL sodium acetate buffer (0.2 mol/L) and hydrolyzed
by B-glucuronidase enzyme at 37 C overnight. The eight targeted analytes were extracted and
cleaned using an Oasis HLB 96-well solid phase plate and eluted with methanol. The separation
of the eight target analytes was performed on a UPLC Acquity BEH C; column ( 150 mmXx2. |
mm, 1.7 pm) with gradient elution using 0. 1% (v/v) acetic acid in acetonitrile and 0. 1%
(v/v) acetic acid in water. The analytes were identified using the multiple reaction monitoring
(MRM) mode under negative electrospray ionization (ESI") and quantified by isotope-labelled
analogs. Para-nitrophenol ( PNP), 3,5, 6-tricholor-2-pyridinol ( TCPY) and cis-dichlorovinyl-
dimethylcyclopropane carboxylic acid ( cis-DCCA) exhibited good linearities ranging from 0. 2
to 100 wg/L, and 3-phenoxy benzoic acid (3-PBA), 4-fluoro-3-phenoxy benzoic acid (4F-
3PBA), 2, 4-dicholorphenoxyacetic acid (2, 4-D), trans-dichlorovinyl-dimethylcyclopropane
carboxylic acid (trans-DCCA) and 2,4, 5-tricholorphenoxyacetic acid (2,4,5-T) showed line-
arity ranging from 0. 1 to 100 w.g/L with correlation coefficients all above 0. 999 3. Method detec-
tion limits (MDLs) and method quantification limits ( MQLs) of targeted compounds were in
the range of 0.02 to 0. 07 pg/L and 0. 08 to 0.2 wg/L, respectively. The spiked recoveries of
target compounds at three levels of 0.5, 5 and 40 pg/L were 91. 1% to 110. 5%. The inter- and
intra-day precisions of targeted analytes were 2.9% to 7.8% and 6.2% to 10%, respectively.
This method was applied to the analysis of 214 human urine samples across China. The results
showed that all the targeted analytes, except 2,4,5-T, were detected in human urine. The de-
tection rates of TCPY, PNP, 3-PBA, 4F-3PBA, trans-DCCA, cis-DCCA, and 2, 4-D were
98.1%, 99.1%, 94.4%, 2.80%, 99. 1%, 63. 1% and 94. 4%, respectively. The median concentra-
tion of targeted analytes in a decreasing order were: 2.0 wg/L (TCPY), 1.8 wg/L (PNP),
0.99 ng/L (trans-DCCA), 0.81 pg/L (3-PBA), 0.44 png/L (cis-DCCA), 0.35 png/L (2,4-D)
and below MDLs (4F-3PBA ). For the first time, we developed a method to extract and purify
specific biomarkers of pesticides from human samples based on offline 96-well SPE. This meth-
od has the advantages of simple operation, high sensitivity, and high accuracy. Moreover, up to
96 human urine samples were analyzed in one batch. It is suitable for the determination of eight
specific pesticides and their metabolites in large sample sizes.

Key words: solid phase extraction ( SPE) ; ultra-performance liquid chromatography-tandem
mass spectrometry ( UPLC-MS/MS ); pesticides; metabolites; urine; internal exposure;

biomonitoring
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®C,-D,-trans-DCCA " C,-2,4-D P C,-2,4,5-T) I A
Cambridge Isotope Laboratories 2\ &), Ji & ¢ i 1
9 100 wg/mL, 45 >97%

PR (a3 2 ) W) H £ 5 Merck A& 3 NG (4
T ) TOIK CTREN (TS ) N B 2 Ak T R T ( T
% 71>85000 U/mL) 14 { 3£ & SIGMA A Al ; 412
(a3E4%) W [ 2% 8 TIEDA /A 7 ;96 L Oasis HLB
A AU (30 mg) I F SE R RRE A,

1.2 EIE&KE
121 &4+
6,35 H: . Waters Acquity BEH C, (100 mm x



. B g AR A - AR 5 - ER R R i AR PR 2
%3 ) W R L IO A e A 251X it - 227 -
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JE(IS) : =4 500 V; B (TEM) : 350 C; A
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Table 1 MS parameters of the eight targeted compounds and their isotope internal standards

Compound Retention time/min  Parent ion (m/z) Daughter ion (m/z) DP/V CE/eV

Para-nitrophenol ( PNP) 5.80 138.0 108.0 " -40 =24
92.1 -40 =30

3,5,6-Tricholor-2-pyridinol ( TCPY) 7.71 196.0 351" =30 -44
198.0 35.1 =30 -40

3-Phenoxy benzoic acid (3-PBA) 8.95 213.1 93.0" -30 -26
65.1 -30 -70

4-Fluoro-3-phenoxy benzoic acid (4F-3PBA) 9.05 231.1 93.1" =30 -28
65.1 =30 =75

cis-Dichlorovinyl-dimethylcyclopropane 9.32 206.9 35.1° =20 -35
carboxylic acid (cis-DCCA) 208.9 35.1 -20 =35
trans-Dichlorovinyl-dimethylcyclopropane 8.91 207.1 352" =20 -40
carboxylic acid ( trans-DCCA) 209.1 35.2 -30 -40
2 ,4-Dicholorphenoxyacetic acid (2,4-D) 7.30 219.0 161.1° =30 -18
125.0 =30 -36

2,4 ,5-Tricholorphenoxyacetic acid (2,4,5-T) 8.54 253.1 195.0" =20 -19
159.0 -20 -39

13C,-PNP 5.79 144.1 114.1 -20 -10
13C,-TCPY 7.70 201.1 35.1 -50 -40
13C,-3-PBA 8.94 219.1 99.1 -25 -27
13 C4-4F-3PBA 9.04 236.9 99.1 =30 =30
13C,-D,-cis-DCCA 9.30 210.2 35.1 -30 -30
13C,-D, -trans-DCCA 8.89 210.1 35.1 -40 -38
3C4-2,4-D 7.29 224.8 167.0 =30 -17
13C,-2,4,5-T 8.53 260.6 203.0 -40 -15

* Quantitative ion. DP. declustering potential; CE: collision energy.
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U/mL F1>1 000 U/mL, A< {5580 25 A ) 5 98 6 01
SRR (456 k B 2 S A ) 11 1A g R A
il , LR R T e AR 22 Y L L, vk e
TR AR BEER I (10,15 120 L) A9 il i 5
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Fig. 1 Extracted ion chromatograms of the eight
targeted compounds in urine
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Fig. 2 Effects of elution solvents on the recoveries of the eight targeted compounds (n=3)
MeOH: methanol; ACN: acetonitrile; EAC: ethyl acetate; ACE: acetone.
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Fig. 3 Matrix effects of the eight targeted compounds with different elution solvents (n=3)
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Table 2 Elution efficiencies of the eight targeted
compounds at different elution times

Elution efficiencies/%
Compound

Ist ond 3rd 4th
PNP 95.8 3.64 0.38 0.18
TCPY 97.0 2.36 0.35 0.25
3-PBA 90.3 8.88 0.60 0.23
4F-3PBA 94.4 4.96 0.40 0.24
cis-DCCA 98.3 1.27 0.27 0.19
trans-DCCA 98.4 1.13 0.25 0.19
2,4-D 98.0 1.56 0.28 0.21
2,4,5-T 97.0 2.36 0.35 0.25
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Fig. 4 Matrix effects of the eight targeted compounds
in different urine matrices
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Table 3 Linear ranges, correlation coefficients (r?),
method detection limits ( MDLs ), method
quantification limits ( MQLs ) and matrix
effects of the eight targeted compounds

Linear

Compound  range/ 7 MDL/ - MQL/ Matrix
(ng/L)  (pg/L)  effect/%
(ng/L)

PNP 0.2-100  0.9996 0.07 0.2 100
TCPY 0.2-100  0.9993 0.05 0.2 99.9
3-PBA 0.1-100  0.9993 0.03 0.1 98.1
4F-3PBA 0.1-100  0.9998 0.02 0.08 95.2
cis-DCCA 0.2-100  0.9995 0.06 0.2 97.4
trans-DCCA  0.1-100  0.9994 0.03 0.1 98.5
2,4-D 0.1-100  0.9994 0.03 0.1 94.1
2,4,5-T 0.1-100  0.9998 0.02 0.08 96.1
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2.6 SERREERNE

FIHATTEMAE T 214 6y ARERIREEAS 45 5
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Table 4 Recoveries and RSDs of inter- and intra-day for the eight targeted compounds (n=6)

Low concentration Medium concentration

High concentration

Inter-day RSDs/% Intra-day RSDs/%

Compound

Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/% Low High Low High
PNP 97.8 6.7 91.9 2.2 91.3 2.8 3.4 2.9 6.3 8.2
TCPY 102.2 4.2 101.2 1.7 93.1 1.6 3.6 3.7 9.1 7.8
3-PBA 92.5 8.6 97.1 1.2 97.6 2.2 5.3 3.6 7.6 9.3
4F-3PBA 93.5 9.3 99.1 2.5 99.7 1.8 6.0 3.0 7.1 8.8
cis-DCCA 99.6 5.4 100.5 3.4 98.8 2.5 6.8 7.8 8.7 9.3
trans-DCCA 96.9 9.0 98.4 2.1 96.4 3.8 4.7 3.6 6.2 8.9
2,4-D 105.7 2.4 110.5 3.1 107.8 1.2 34 3.7 8.8 10
2,4,5-T 91.1 7.0 94.7 1.6 95.6 1.8 2.9 3.9 7.4 9.8
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Table 5 Contents of the eight target compounds in
human urine samples

Detection Mass concentrations/ ( ng/L)
Compound - .
rate/%  Min P Median  P5 Max
PNP 99.1 <MDLs 1.1 1.8 3.9 15
TCPY 98.1 <MDLs 0.95 2.0 4.8 52
3-PBA 944 <MDLs 0.51 0.81 1.8 22
4F-3PBA 2.80 <MDLs <MDLs <MDLs <MDLs 0.39

cis-DCCA 63.1
trans-DCCA  99.1

<MDLs <MDLs  0.44 0.72 5.3

<MDLs  0.50 0.99 2.6 44

2,4-D 944 <MDLs 0.20 0.35 0.55 6.0

2,4,5-T 0 <MDLs <MDLs <MDLs <MDLs <MDLs
P,s and P, : the 25th and 75th percentiles, respectively.
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