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-GC-MS/MS
1,2 1 1 1* 1 1
1. s 315832; 2. s 315832
- (GC-MS/MS), (ATR)
(DEA) (DIA) (DDA)
. pH 3.0, HLB ., GC-
MS/MS (MRM) ,
: ATR DEA DIA DDA 0.5~100.0 pug-L™
R 0.999 0, 0.120 0.060 0.060 0.024ng-L™",
92.3%-~104.7%, (RSD) 6.6%.
: GC-MS/MS; ; ; ;
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pH , , pH 3. HLB
; GC-MS/MS , 5mL S5mL
ATR : 5mL-min” ,
SmL 5% - ,
: 30 min ; 10 mL
0.2% . .
1.1 40 ,  200pL ,
Agilent 7890B-7000D - GC-MS/MS
( ); DB-5MS 1.5
(30 mx0.25 mmx0.25 pm); : DB-5MS ;
( Supelco ); N-EVAP-24 ( 280 1L, )
Organomation ); Milli-RO plus ( He , 2.25mL-min". :
); Votex-5 ( 70 lmin, 10 -min’ 180
IKA ). 6 min, 40 -min’ 310 , 1 min.
ATR(99.0%) ATR-ds(  99.0%) DEA(98.5%) :
DIA(99.5%) DDA(99.0%) Sigma- 280 150
Aldrich 5.8 min; (ED)70eV;
Tedia N, , 1.5mL-min™.
, . Cig (MRM), 50~
(500 mg/6mL) MCX 500 amu. MRM ATR
(500 mg/6 mL) HLB 1. ,
(500 mg/6 mL) ATR DEA DIA DDA
1.2 1
10.0 mg (ATR DEA DIA 1 4
DDA), 100.0 mg-L"
J -20 ’ /min v 2V
: 100 uL ATR 16486 215.1>200.1 5  215.1>173.0 5
100.0mgL" ATR DEA DIA DDA DEA 14494 187.0>172.1 5  187.0>1450 5
10 mL

1 ug~mL'1.

>

0.5 1.0 5.0 10.0 20.0 50.0 100.0pugL’

, , 4
1.3
0.5m ,
500 mL )
( ).
4 , 7d
1.4
500.0 mL , 045um

DIA 14.279 173.0>145.0 5
DDA 12.672 145.0>110.1 10

173.0>158.0 5
145.0>68.0 30

DDA
1.6
1.2
pia DEA
0.8 ATR-d5
0.4 A{XTR

12.5 13.0 13.5 14.0 14.5 15.0 15.5 16.0 16.5
18] /min

SREF (a.u)x 10°

2.1
, SPE
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. 2.3
Cig MCX HLB 3 SPE ATR R
100.0 mL 4 2% 0.2%
, , 4 .
) SPE 3 4 , , DDA
. , 2 . 50.3%; 2%

120 Ml ATR I DEA []DIA [__|DDA , 4 86.7%~97.8%
| £ 0.2% 4
B 60 m_‘ 99.5%~105.2% ,

20t

0 120 Il ATR (B DEA [ ]DIA [___|DDA
MCX C, HLB 100
g 80
40
2,3 MCX 20
4 50% - Cis "% 0.2%
ATR DEA DIA ,3
95%, DDA 23%. 4
, HLB , DDA 24
50% , HLB 24.1
N- 2 , ,
R ATR 4
., HLB ,
, HLB 4
2.2 pH 2.
ATR , 5
DDA , ™ (3 / /
’ ' (gL (gL
pH »ATR DEA  DIA DDA ATR  0.5~100.0 y=376.788x-1695.091 0.9990 0.120
12?)» -'ATR-DEA B o oo DEA  0.5~100.0 y=545.708x-2303.872 0.9993 0.060
DIA 0.5~100.0 y=253.272x-610.504 0.999 6 0.060
DDA 0.5~100.0 y=1285.225x+1924.233 0.9992 0.024
2 ,ATR DEA DIA DDA 0.5~
. 100.0 pug-L™ , R*>0.999 0.
0 pH 3 oH 6 pH O ATR DEA DIA DDA ,
pH GC-MS/MS ,
3 pH 3 , 4
3 ,p H 3 DDA 0.024~0.120 ng-L'l,
(99.3%), pH , DDA
s ATR DEA DIA pH 242
, pH 3. 500.0 mL
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3 4 %
1.0 pgL! 10.0 pg-L! 100.0 pg-L!
RSD RSD RSD
ATR 92.3 6.6 98.3 5.3 104.3 5.4
DEA 94.8 5.8 104.7 5.5 100.8 2.9
DIA 92.7 6.1 102.1 5.8 99.8 52
DDA 98.6 5.2 103.4 4.7 102.4 3.6
4
/% RSD/%
SPE-GC-MS/MS ATR DEA DIA DDA 0.5~100.0 pg'L" 92.3~104.7 0.024~0.120 ng'L™" 2.9~6.6
-GC-MS ATR 1.0~20.0 mg-L'  77.5~90.3 0.11 mg-L" 6.1~11.7 [12]
SPE-HPLC ATR DEA DDA 0.25~6.00 mg-L" 68.0~106.0 0.02 gL 5.0~12.0 [13]
SPE-GC-MS( ) ATR DEA DIA DDA 2.0~100.0 ug'L" 61.0~90.0 05~2.0pg L'  6.7~8.9 [14]
SPE-GC/MS ATR DEA DIA DDA 25.0~500.0 ng'L' 12.7~99.5 4.3~115.0ng-L" 2.8~15.1 [15]
SPE-HPLC-MS/MS ATR DEA DIA DDA 0.4~100.0 ug-L™" 70.5~116.7 0.01 pg-L"! 1.0~12.0 [11]
1.0 10.0 100.0 },lg'L'1 3 ATR DIA R DIA
, 3 R DDA s DIA
1.4 R GC-MS/MS
) ¢ 3. 3 ,
ATR 92.3%~ pH
104.7% , RSD 7% R HLB
R 4, 4 R ATR s
, GC-MS/MS , ATR DEA
ATR DIA DDA
2.5 > >
5 ATR s
5 5.
5 ATR ngL"
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Determination of atrazine and its metabolites in seawater by solid phase
extraction and gas chromatography tandem mass spectrometry (GC-MS/MS)

XUE Ying'?, LI Yugi', ZHANG Rongrong', SUN Aili'", ZHANG Zeming', SHI Xizhi'
( 1.School of Marine Sciences, Ningbo University, Ningbo 315832, China;
2.College of Food and Pharmaceutical Sciences, Ningbo University, Ningbo 315832, China )

Abstract: An accurate analytical method was developed for the determination of trace level of atrazine (ATR)
and its major metabolites (deethylatrazine, DEA; deisopropylatrazine, DIA; didealkylatrazine, DDA) in seawater
by coupling solid-phase extraction with gas chromatography tandem mass spectrometry (GC-MS/MS). The HLB
solid-phase extraction (SPE) column was used to enrich and purify the target analytes in seawater. Furthermore,
the parameters affecting the SPE extraction efficiency were optimized. The pH of the seawater sample was
adjusted to 3 before the SPE extraction. Subsequently, the samples were analyzed by GC-MS/MS with
multi-reaction monitoring mode (MRM), and the limit of detection (LOD), sensitivity, accuracy and precision
were verified. Finally, the results indicated that the good linear relationship in the range of 0.5-100.0 ug-L'1 with
R*above 0.999 0 was obtained. The LODs of ATR, DEA, DIA and DDA were 0.12, 0.06, 0.06 and 0.024 ng-L'l,
respectively. The excellent recoveries of ATR, DEA, DIA and DDA were in the range of 92.3%-104.7% with
RSD below 6.6%. The results demonstrated that the present method has optimal linearity, sensitivity, accuracy
and precision. It could be successfully applied to the analysis of four analytes in the seawater samples from
Xiangshan Bay.

Key words: GC-MS/MS; atrazine; metabolites; solid phase extraction; seawater



