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Abstract:

[Background] Triazine herbicides are one kind of the most widely used herbicides in China. They
are persistent, toxic, and bio-resistant in the environment, including chronic toxicity to aquatic
organisms, accumulation in the ecosystem, and harm to human health.

[Objective] The methodological research is conducted to establish a method for determination
of six triazine herbicides, including atrazine, fortrol, metolachlor, metribuzin, prometryn, and
simazine, in water by solid phase extraction (SPE) coupled with liquid chromatography tandem
mass spectrometry (LC-MS/MS).

[Methods] The instrument conditions and pre-treatment conditions were optimized. Samples
were applied to Waters Oasis HLB extraction cartridges, eluted with methanol, and dissolved
in 90% methanol. Ultra-performance liquid chromatography tandem mass spectrometry
(UPLC-MS/MS) in multiple reaction monitoring mode with electrospray ionization source by
positive ion mode was used to select target ion pairs for determination. The external standard
method was also used for quantitative determination. Four samples of Taihu Lake, three samples
of source water, and ten samples of drinking water were detected by the established method.
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[Results] All the six triazine herbicides had good linear relationships within the range of 0-250.0 ug-L™, and the correlation coefficients
were all greater than 0.999. The detection limits were 0.54-1.44 ug-L*, the quantification limits were 1.8-4.8 ug-L?, the average recovery
rates were 75.0%-93.3%, and precision ranged from 0.6%-5.0%. Triazine herbicides were not detected in source water and drinking water.
The concentration of metribuzin in water samples of a lake was 0.16-0.17 ug-L?, and the other five analytes were not detected.

[Conclusion] The method is simple to operate, with a low detection limit and a high sensitivity, and can meet the requirements of
simultaneous determination of selected six herbicide residues in lake water samples.

Keywords: solid phase extraction; liquid chromatography tandem mass spectrometry; water; triazine herbicides
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117 $8< 2000/60/EC F11 2008/105/EC, ZIg < FEH
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3200 Q-TRAP (AB SCIEX, X[E) ; ®RIY : N-EVAP™112
(%£[E Organomation 7)) ; Milli-Q B4k LZ 4R (£
Millipore A &]) ; Waters Oasis HLB #F (3 mL/60 mg,
30um, EEXRFHBFEBRAE) ; Envi-18 SPE
#* (6 mL/500mg, 45um, EEEIERIAT]) ; Waters
Sep-Pak Vac C18 #F (6 mL/500 mg, 55 pum, EEXIFH
BHXBERATE),
1.2 5

MERXAK=ZREXERETRSRERR
(500 ug'mL*, & [E Accustandard A T, £ S CCME-
COW-TH) , FEZ (B4, EERRHUIRABRA
&) , Bk,
1.3 ZERFHMRK

FB Envi-C18 #F. Waters Sep-Pak Vac C18 #¥. Waters
Oasis HLB #F 3 #h[E| {4/ \iE 3 51X 5.00. 100.0. 250.0pg:L*
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Table 1 Gradient elution system for liquid chromatography

Ba] /min FE/ (uLemin®) SREHAE A/% SREhAE B/%
0.00 200 10 90
0.80 200 10 90
3.00 400 10 90
5.00 200 10 90

1.42 FRIEEMH BBEBF IR (electron spray
ionization, ESI) ; FHRT | EEFEL ; N5
% MY (multiple reaction monitoring, MRM) ; &
FiIREE 500°C ; BFIREE : 5000V ; EHUS (on
source gasl, GS1). X 7 X (curtain gas, CUR). 5 B
NS (ion source gas2, GS2) FMHES (collision gas,
CAD) ¥ ABAR R MRM N E 73, BB FMT
BF. REBEMIEBENR 2

®2 BUEDFEA

Table 2 Mass spectrometry parameters

a=x7| BEFREL FEFREL  ERSBE/N RHESRE/N

HFER 216.1 174.2" 45 22
96.3 45 30

B 241.1 214.1° 48 31
104.0 44 22

SRPER 284.0 252.3 27 19
176.4 35 33

B 215.2 187.2" 43 24
84.1 49 28

HNES 242.1 158.1" 46 26
200.2 59 26

FaigiE 200.0 104.1 48 34
1323 46 24

U]+ EEBT ; HRAEEB T

143 FESBIAE OBKEE200mL, EHFLIER
HEEER; QB3mLBEMImLAIKD 5/EKR
Waters Oasis HLB ZEBW/\iE, BY_ERd 8 a7k ¥ s0mL,
BLo2mLmin BIRE EHFEEWENERVNES
@ EHRE, B3mLaikikFENMEUBRERTFKE

FfR, ELHET Smin, TIRZRHKS ; ORER
7mL BBEESERR, WNEERRR, REMRT ; ©®F200uL
90% FREE/K ({AFRLL 90 : 10) &8, BREERNWES
=FMo
144 PRAERYIBIEAMEREIEIRQN B 500.00 pg-mL?
6 M =L REFESINERRL00mMLFSMLE
2R, A% FE/KER, ECHIAL 100.00 pg-mL?
B9 AR A % %, B EX 100.00 ug-mL* BIAR B &R
O.lmLF10mLBEMRA, 0% FEKER, BH
FX 1000.0 ug-L* BT AERE AR, 735 ENAREAETREY
TR 90% BREE/KIERE AR EE 0.04 15.04 25.04
50.0. 100.0. 200.0 250.0 pg-L* B9 #5 /& & 51 F 1mL,
MAME, ERMENEZHT, LURE NELHE, Xt
NI Z YRR RIS EFR N AT FIAR A B 4% ERHIIR
ER5.0pg L B 6 M= IREBREFIREMITKEE, 17
B1.43 ARG EPE RGBS RLIE, E45#
12K, HBRAIEIRERENNINRE, €2
PR 10 ERERENT KR E, BEEHIKEZ 5. 1004
250 pg L BINOATOKEE, DANTESE 1. 3. 5K, BRFAT
HEE 6 R, 55 e YRR ENBEE,
1.5 AENA

RZ FA R IL B9 75 A K0 4 13 A 7K B 3193 7KR 7K
B (BR. BINFIKEK KIEK) #1094 75X B
K,

2 2

2.1 EEEHFMK

2.1.1 [EFEEEERYEE RIERT 3MAEAMEE
ZEVHERY 3 NRE KT 6 MY RBY AR I . &R
3<BH, Waters Oasis HLB MRV NERS, IR
EIREIIRKFHEFT 75%. It/ iEHFE Waters Oasis HLB
HEREEZEE,

2.1.2 JEEUREERE SRER, 3MIERRTEREN
MIREIRER RS (R4), BRI IIEZEREERDE
B R

2.2 FHEFEMEEIEIR

221 LMEEEMGHE ERMAENAEH#HITIR
W, 6 M=FXREFNEZBRECENLEXR
RiF, HXAZHIY KT 0.999, 6 F# B Y0 H R
0.54~1.44pg-L?, TEPRH 1.8~4.8pg-L% RS,

222 FAMIEEE. EHE ABEFYEIRER
75.0%~93.3%, f5Z E 9 0.6%~5.0%. 3K 6,
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Table 3 Selection of solid phase extraction columns

Envi-C18 §F Waters Sep-Pak Vac C18 1+ Waters Oasis HLB %
PN N e - % N M4E * P — =
=3 FelRE / MWRE/ AR/ BeHIRE / MASKRE / IIAREIE /% BEHIRE/ MASRE / INAREILE /
(ngLl™) (ngl™) % (ngl™) (ngl™) A (ngl™) (ngLl™) %
EFER 5.0 <0 - 5.0 3.1 62.0 5.0 4.4 88.0
100.0 27.7 27.7 100.0 68.4 68.4 100.0 81.8 81.8
250.0 61.5 24.6 250.0 160.0 64.0 250.0 191.0 76.4
BHEE 5.0 2.7 17.8 5.0 1.3 26.0 5.0 4.4 88.0
100.0 36.2 36.2 100.0 27.3 27.3 100.0 81.0 81.0
250.0 82.4 33.0 250.0 62.9 25.2 250.0 196.0 78.4
=S 5.0 <0 - 5.0 1.6 32.0 5.0 4.1 82.0
100.0 16.5 16.5 100.0 31.4 31.4 100.0 85.1 85.1
250.0 39.4 15.6 250.0 53.6 21.4 250.0 219.0 87.6
- 5.0 <0 — 5.0 2.7 54.0 5.0 3.8 76.9
100.0 7.8 7.8 100.0 37.2 37.2 100.0 75.0 75.0
250.0 63.2 25.3 250.0 143.0 57.2 250.0 189.0 75.6
HEE 5.0 0.4 8.0 5.0 0.8 16.0 5.0 4.1 82.0
100.0 35.3 35.3 100.0 27.0 27.0 100.0 823 82.9
250.0 81.8 32.7 250.0 61.9 248 250.0 195.0 78.0
FaigE 5.0 0.1 0.3 5.0 3.8 76.0 5.0 3.9 78.0
100.0 29.3 29.3 100.0 74.9 74.9 100.0 77.5 77.5
250.0 65.8 26.3 250.0 191.0 76.4 250.0 192.0 76.8
R4 FEBREEEF x5 MLEHERN 6 M= IRERREFINEITSIE.
Table 4 Selection of eluents XA &4EE. KHEMEER
A —gEE Mz Table 5 Regression equations, correlation coefficients, linear ranges,
WEM e . - — - detection limits, and quantification limits of 6 kinds of triazine
= MASRE/ IARE]  WASKRE/ MNARE  MHSKRE/ IIARE - L
(el K% (el KE%  (ueld) KR /% herbicides detected by the optimized method
=+ =+ =+
HEXRE KETE/ KRHR/ EE2R/
5 way ElJ3ATE g - -
EhE 39.1 39.1 17.5 17.5 84.5 84.5 a E3 " gl (elh) (el
BEgE 47.5 47.5 24.2 24.2 84.3 84.3 B y=2.7x10'x+2.7x10°  0.9993  0~250.0 0.54 1.8
SREER 37.6 37.6 10.7 10.7 82.8 82.8 BEgE y=4.2x10'x+2.0x10°  0.9992  0~250.0 1.35 45
pr— 265 265 P 6 753 753 SREER  y=1.8x10x+1.0x10°  0.9994  0~250.0 0.63 2.1
=P y=7.3x10°x+6.0x10°  0.9994  0~250.0 0.69 2.3
HES 464 6.4 232 232 829 82.9 HIEE y=4.9x10°x+3.3x10°  0.9991  0~250.0 1.44 48
FaIgE 30.8 30.8 12.4 12.4 76.0 76.0 FigE y=1.3x10'x+9.0x10°  0.9993  0~250.0 0.60 2.0

®6 MUBKNGENEEESIREIRIRAIEER

Table 6 Results of precision and standard recovery test for the optimized method

T EIUEE /% BB ERE /% RiEExRERE /%
wE . . . Spgl? 100 pg-L* 250 ug-L” . . .
Sug-l 100pg-L” 250pg-L Spg-l” 100pg-L™ 250pg-L
$%1H %38 %58 %18 %38 £$58B %18 %38 %58
E 86.0 83.5 76.2 2.7 1.6 1.6 0.9 15 0.8 0.8 0.4 0.5 5.0 2.3 1.2
2 = 90.7 82.4 84.7 1.6 0.6 15 1.0 0.8 0.5 13 0.5 13 3.5 2.2 2.2
BEFAERE 780 79.2 82.3 2.4 15 23 23 1.0 0.8 2.0 0.6 1.0 3.3 15 2.4
o= 84.7 75.1 75.0 3.6 3.2 1.7 0.2 0.9 0.5 13 11 13 4.6 0.6 1.2
NS 93.3 81.8 85.3 1.1 0.6 11 0.6 15 0.6 1.6 0.6 11 13 2.8 2.6
R 78.7 75.4 76.5 0.6 2.1 1.7 0.6 1.0 0.7 1.2 0.5 0.9 3.9 0.8 1.2
2.3 AR DAINE ZRLBREFIRSITESRR. IFRspg Ll =

ARG EHITRN, ERERKEKI  IEEEREFIRCESKE. EERBAMKE, MRM &%
SRR RGO H = REPRER, ZkFNE  BERE 1,
HERE0.16~0.17 pgLt, Hfths F¥Bakia H.
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Figure 1 MRM chromatograms for selected triazine herbicides mixed standard solution (A), mixed water sample with 5ng-mL"* standard
of triazine herbicides (B), and Taihu Lake water sample after enrichment (C)
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