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Abstract; The triazine herbicides in seawater were determined by solid phase extraction ul-

tra performance liquid chromatography with electrospray ionization tandem mass spectrome-
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try(UPLC-ESI-MS/MS). UPLC and MS/MS analytical conditions were examined and opti-
mized critically by a series of experiments. Samples were filtrated and purified on the HLB
solid phase extraction cartridges. The elution was collected and evaporated to less than
1 mL at 40 °C by nitrogen blow, then added to 1 mL acetonitrile and water (1 : 1,V/V) and
ultrasonic wave extraction for 1 min. After filtrated with 0. 22 pm filter membrane, the res-
idue was separated by Acquity™ UPLC HSS C18 column (2.1 mm X100 mm X 1. 8 pm)
using gradient elution separation. The mobile phase was a mixture of A (acetonitrile) and B
(5 mmol/L ammonium acetate containing 0. 1% formic acid) in a flow rate of 0. 25 mL/min.
Finally analytes were confirmed and quantified using MS/MS system in multiple reaction
mode with triple quadrapole analyzer using positive polarity mode. The analytes show good
linearity in the range of 1 ng/L to 50 ng/L with correlation coefficient from 0. 992 to 0. 999.
The detection limit is 1 ng/L, and quantification limit is 2 ng/L. The average recoveries at
three dose levels(2 ng/L, 5 ng/L and 10 ng/L) are 65. 8%—103% with relative standard
deviations from 4. 84% to 15.2%. In addition, the method has merits of simplicity, sensi-
tivity and rapidity, and can be used for simultaneous determination of triazine herbicides in
seawater.

Key words: triazine; seawater; ultra performance liquid chromatography tandem mass spec-

trometry; solid phase extraction
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2002 4 9 HEAS b TR R AT D A, 1 RIS
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IR 288 o 5 A b o S 40 B AR R R ) PR AE Quattro Premier XE # /5 20 AH € 1% - 28 1%
3pg/LY BRI M ARSI EW KPR ZBRBRER R EE Waters 24 7 7% b Milli-Q Gradi-
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Fig. 1 Structures of 13 kinds of triazine herbicides

1.2 #HRRERSEL

HEREE 1 L W KH &, &8 455 & ik
J& s A 40 mL F g, B4 8 3l B A 2 BT T
LS5 HLB /M (3 mL H B2 .3 mL K& 4k)
TEEREM 3 mL BAKMEE,9 mL B3k
B, F 40 CFRESK T H VLI : VO =
1: 1 MBERESE 1 mL, BE80R G B
B B E
1.3 @EifsEs

3% F . Acquity™ UPLC HSS C18 (2.1
mm X 100 mm X 1. 8 pm) ; R .40 °C 3
B LA FEH 0. 1% B 5 mmol/L
LRV W (B) s Wik - 0. 25 mL/min; #EFE & . 10
pLs AR 40 C BB BB IT I T& 1,
1.4 Rik&4

Bed 13 Fh =K BR A B 3R E R (B
1 mg/L), R Al sh ZE #A 7 X (10 pL/min) , H

AW, BB EEFESIH);HEHE.
2.50 kV; 8EFLEBJE 30 VB TR E 110 C;
HEFL R WA M 50 L/h i B A AR B - 350
Cs B ¥ R K9 . 700 L/h; S % 2. 0. 14
mL/min; H MK g S T 5% 2,

F1 BH-ZERREFNHAEASEERERS
Table 1 Program of gradient elution

for 13 kinds of triazine herbicides

Bt A /min  Fi#/(mL/min) A% B% iii €=

0. 00 0.25 5 95 0
0.25 0.25 5 95 6
7.75 0.25 100 0 6
8.50 0.25 100 0 6
8.51 0.25 5 95 6
10. 00 0.25 5 95 1
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£2 13 WH=BERKREF UPLC-ESFMS/MS LB S H
Table 2 UPLC-ESI-MS/MS parameters for 13 kinds of triazine herbicides

in positive electrospray ionization mode

& BT (m/ FEFm/2) HLBE/V MEERE R/ eV
I A et 216.1 174.1%,96.1 33 18,23
FhEs 242.0 158.0,200. 1" 26 25,17
E78 S ] 253.1 171.1%,71.0 35 16,30
oK E 230. 2 146.1%,188.1 40 24,18
BB 214.1 172.1% ,82.1 32 20,30
e HE R 215.0 131.0%,89.0 35 18,20
H R 203.1 175.1%,104.0 28 16,22
B 241.0 214.0%,96.0 35 17,25
74 G 202.0 134.0,96.0" 34 16,22
T 230.0 174.0% ,96.0 28 16,28
T 5@ 226. 2 170. 2% ,100. 2 30 19,28
IR G 228.1 186.17,68.1 32 18,36
T 242,11 186.1%,91.0 34 20,28
.+ REEREF
2 #ER5itie 2.2 REEHHHTE
2.1 WEFIEiER ABFFEX LT 2R W $ H vk | [F AH A B

RIFE 1 FrR g 13 B = BB 75 A 45 44 M-SR, 7 Ld 3 FIEIRASHT, =
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HWRAESFHBER, IR ASGNME B 13 FFNYRE, ZFF bR BOA R
BFEREBEEEFIMH1L.RE¥REET  FB/NT 504, Z M 2 BE 5 B A E A 28 Bk
TR AL R RE R B R R A TR T BEMRTIZEHRERE. H 2 ERENESA
VERASIEYE T8 T DIPTSR 6], AR B&. BT ORIEESEKA —EriRRTE, B
m/z 216. 1 BIM+1]1E B F, filf 18 /5 5 5 & CROERIEBBE A HER BERRER, W

WFE TR m/z 1741 # 96. 1, R FHE 2. AT 5% SR FH AR ZE B .
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<
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Fig. 2 Ions chromatograms of parention (a) and daughterion (b) for atrazine
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F3 DBHM-BEREF3MERGTZHEHOEKE(n=3)

Table 3 Mean recoveries of three extraction methods for the 13 Kinds of triazine herbicides(n=3)

HACE /PR ZEBRZERBEGE/ % B AR RE B/ % ZRAH BRI/ Y
AT 4 r e 88. 2 82.5 25.6
R 89.0 75.6 30. 4
W B 75.3 69.8 45. 6
AR 78.5 66. 4 33.6
B 68.8 65. 4 25.6
W H A 70.1 72.5 45.9
AR B 71.5 69.1 22. 2
- REEY 75.6 72.6 27.5
Fiif 2P 78. 4 70.7 59.9
TR 68.5 75. 4 40.6
T E 67.1 78.4 36.2
FRE 79.2 77.3 37.7
wTH 69.1 66.9 33.2

2.3 WEHHEMNTEE
R E VAL G H L T HEM R, K
LR T 47K 0. 1% R .5 mmol/L Z & & M
&K 0. 1% HEEEIS5 mmol/LZ B4k W AE Ik
M, R RHAZHEMER 0. 10 FBRM 5
mmol/L &R ¥ ¥ W, 43 85 580 5R i i 35 3
Bk,
2.4 FRfEME
SR — R bR TAE W 1. 0.2, 5,

5.0.10. 0 F 50. 0 pg/L, 7E 404 €0 335 F1 R 1 5% 14
FHEAT I AE , AR VE VS W (10 pg/ L) B RE B R F A
3,13 B = BR 2K BR BT 25 W) B £k 5 BB L R METE
A R BT F 3 4.
2.5 WNR.EWERBIMIRERE

SR FH 4l K AR R o 25 R SO I,
W4 2.5 H1 10 ng/L, 18] Yig 3 K A6 X A o
WEFI TS,

Cyanzine 5.74

241>214
100
S50
0 T T T T
Simazine
100k 6.14 202>96
50
. 0 T T T T
§ Terbumeton
o 230>174
g 1001 7.09
_:g 50F
g 0 T T T T
..g Secbumeton
) - 226.2>>170.2
2100 5.98
E 50F
o 0 T T I T
= Amwtryn
Lok 623 228.1>186.1
50
0 T T T T
Terbutryn
242.1>186.1
100 6.73
50F
0 T T T T
2.00 4.00 6.00 8.00
t/min

B3 BH=ZBREREFR(0pg/L)RFEETRE

Atrazine 657 216>174.1
100
50
0 T T T T
Prometryn
100 632 2422001
50 l
0 T T T T
X Hexazinone
S lo0f 6.72  253.1>171.1
[}
2 sor l
-fé 0 T T T T
b )
= | ropazine 6.7
o 100 230.2>146.1
S sof
(o]
R 0 T T T T
E Desmetryn
2 ook 5.80 214.1>172.1
50 l
0 T T T
Metnbuzin
100 53 215>131
S0F 579
0 T T 1 T
Metamitron
100 513 203.1>175.1
SoF l 6.14
0 T T T T
2.00 4.00 6.00 8.00
t/min
Fig. 3

Selected ions chromatogram of 13 kinds of triazine herbicides(10 pg/L) in MRM mode
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R4 BH-ZBRREANHEETREUEEENEXRY

Table 4 Linear equations, linearity range, correlation coefficient for the 13 kinds of triazine herbicides

e aRE AR LA E/ (ng/L) MEFEH
I 4 3 y=120. 741z +369. 296 1~50 0.996
B y=921.181x+2 799. 24 1~50 0.996
B y=756.882x—1 702. 25 1~50 0.992
PR y=435. 092+255. 11 1~50 0. 998
FraRes y=2 244.9x—244. 184 1~50 0.998
15 2 R y=18.523 6x—33.852 9 1~50 0.997
P B y=103. 023x+246.18 1~50 0.993
B ¥y=129.17x+32.879 9 1~50 0.999
7 ¥ y=64. 4382+24. 904 2 1~50 0.998
BT y=1082.77x+1 488.8 1~50 0.997
T8 y=6 641, 93x+7 404, 64 1~50 0. 995
ERG y=1 971, 74x+3 342,58 1~50 0.999
R T y=2 276. 2x+5 630.79 1~50 0.998

R5 DBHEZBERBREFNRGYHEKEZBMIRERE (n=3)

Table 5 Recoveries and relative standard deviation for the 13 kinds of triazine herbicides{n=3)

e BE K S AT
e LK 2 ng/L 5 ng/L 10 ng/L
E g/ %% RSDY% E g/ %% RSDY% E g/ %% RSD%
[IEGE RS 103 9,02 89.3 8.11 88.2 5.99
HEH 81.9 10.1 75.9 7.23 77.6 4.84
2] 73.2 11.5 69. 4 9.54 71.4 9.54
FhR 72.6 10.3 66.8 5.19 70.2 8.78
B 71. 4 11.6 65.9 8.92 69.3 5,23
5 75.8 10.8 72.2 7.25 77.1 7.14
FR G LR 77.1 12.9 69.6 9. 46 71.9 5,78
B 74.3 15.2 72.5 9.21 75.4 8. 88
e 77.5 1.1 70.9 8.77 73.8 8. 95
BT 81.9 10.6 75.1 5.62 77.2 5.63
T8 88.2 8.08 78.6 8.33 79.3 7.11
7 K 82.6 7.95 77.7 9.42 81.4 5.25
BT 74. 4 10.1 66.9 8. 49 65. 8 9.61
2.6 BAAERERSH AT 580 T 1 MR B 60 > ui AL ) TR K R

W TR R I K T R F R 3E AT SR AT, BT AR R FR R LB K AR
REBRBERRZ, LR RIEERTE 4, H 5 100%, BUHL A 10 -0 6 4900 & 45 £ 5) T
s A B 2. 63 ng/L I EBRESEN  E6,

4.75 ng/L, 3 REEE N 1.88 ng/L,
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a Atrazine 6.57 216>174.1 Atrazine 216.1>96.1
100 100 6.57
50 50|
0 T T T T 0 T T T T
c\\c 2.00 4.00 6.00 8.00 2.00 4.00 6.00 8.00
"§ b Prometryn 242>200.1 Prometryn 242>>158
S o0k 6.62 100k 6.62
= 50k 501
£ 0 T T T T 0 T T T T
= 2.00 4.00 6.00 8.00 2.00 4.00 6.00 8.00
7
228.1>>186.1
¢ Amwt Amwtryn 228.1>>68.1
100+ . 6.23 100F 6.23
50F 50+
0 T T T T 0 T T T T
2.00 4.00 6.00 8.00 2.00 4.00 6.00 8.00
t/min
B4 BAERBEE(MHAE(a) FPESE(D)MBFRE(c))
Fig. 4 Seawater sample chromatogram (atrazine{a), prometryn{b) and ametryn{c))
*6 BHZBEABREAXAYIEFERNELEFE (ng/L)
Table 6 Content of 10 seawater for the 13 kinds of triazine herbicides(ng/L)
¥ L
ik
1 2 3 4 5 6 7 8 9 10
o] 42 iz 14.54 12.54 19. 88 13.02 18. 30 9.74 17.50 15.98 21.06 25.22
Y 2.58 0. 44 4.16 2.60 10. 58 1.22 3.06 4. 44 4.08 6.38
R G 5. 96 6.74 11. 86 8. 40 11. 36 6.12 7.02 9.48 10. 58 9,32
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