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Determination of Carbofuran Atrazine Carbaryl and 6 Kinds of Phthalate
Esters( PAEs) in Environmental Water by SPE — UPLC — MS/MS

ZHAN Shexia' > KUANG Yao—qiu' LI Xiu-ying’ GUO Xin-dong’
(1. Guangzhou Institute of Geochemistry Chinese Academy of Sciences Guangzhou 510640 China; 2. University
Chinese Academy of Sciences Beijing 100049 China; 3. Guangzhou Quality
Supervision and Testing Institute Guangzhou 510110 China)

Abstract: An analytical method was developed for the simultaneous determination of carbofuran —at-
razine carbaryl and 6 kinds of phthalate esters( PAEs) in environmental water by ultra performance
liquid chromatography coupled with tandem quadrupole mass spectrometry( UPLC — MS /MS) . The
samples were extracted and purified with Pak C,4 solid extraction phase( SPE) cartridge. The targeted
compounds were separated on BEH C, column with methanol water solution as mobile phase  deter—
mined under multiple reactions monitoring( MRM) mode and quantified by the external standard meth—
od. Under the optimized condition the calibration curves were linear in the range of 0. 5 —20. 0 pg/
L with correlation coefficients larger than 0.998. The limits of detection( LOD) and the limits of
quantitation( LOQ) of the method were in the ranges of 0.05 —0. 12 pg/L and 0.2 -=0.3 pg/L  re-
spectively. The recoveries were between 86.0% and 96.5%  with RSDs(n =6) less than 5%.

This method was sensitive accurate and reliable and was suitable for the determination of carbofu—
ran atrazine carbaryl and 6 kinds of phthalate esters( PAEs) in environmental water.
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o GB3838 —2002
)2 <0.05 mg/L- <0.005 mg/L.
<0.003 mg/L. ( DBP) <0.003 mg/L. (2- )
( DEHP) <0.008 mg/L.
N N (GC) > -
(GC-MS) °° . (HPLC) 77% | - ( HPLC - MS) 7' ;
(Gge) "oP (HPLC) "', EPA
o 2005 1SO 18856 —2005 "
EPA  1SO Ci o
( SPE) N N
N N 6 -
( UPLC - MS/MS) o N
9 o
1
1.1
Waters Acquity ™ ( Waters ); 4000 Qtrap ( AB
SCIEX ); ( Thermo ); ( Waters ) ( Orga—
nomation ); Bond Elut C;; ODS Cjq (300 mg/6 mL Varian ) Waters Sep —
Pak C,q (800 mg/50 mL Waters ) o
( Carbofuran) . ( Atrazine) ( Carbaryl) (100 wg/mL : GSB
05 —2300 —-2008 GSB 05 —2301 —2008 GSB 05 —2315 —2008 )
(DMP 99.5%) . (DEP 99.5%) . (DBP 99.0%) .
(DAP 98.5%) . (2- ) (DEHP 98.5%) .
(DnOP 99.5%) Dr Ehrenstorfer GmbH,; N N N N
( HPLC Merck ) ( 18.2 MQ * cm) .
1.2
: 6 10 mg
100 mL 100 wg/mL o
9 ; 1.0 mL N N 6
100 mL 1.0 pg/mL
0.005 0.01 0.05 0.10 0.20 mL. 10 mL
0.5 1.0 5.0 10.0 20.0 pg/L
1.3 -

Waters Acquity’ BEH C (50 mm x2. 1 mm 1.7 pm); 30 C;
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0 5.0 pL; : - ; 55% 9% /min
100% 4 min, © 0.4 mL/min.
( ESI) : 5000 V; 500 °C;
50 psi; 60 psi; 20 psi; : ( MRM) 79
(m/z) N 1 50 ms.
1
Table 1 Tandem MS parameters for analytes
Retention time Parent ion Daughter ions Declustering Collision energy
Analyte . i
( min) (m/z) (m/z) potential( V) (V)
Carbofuran( ) 2.06 222.0 122.8 165.2° 46 37 21
Carbaryl( ) 2.78 202.0 127.0 145.0" 66 15 45
Atrazine( ) 3.15 216.0 140.0 174.17 71 39 19
DMP( ) 4.20 195.1 163.0 133.0" 43 16 35
DEP( ) 4.96 223.1 149.0 177.0" 41 13 27
DBP( ) 5.85 279.2 149.0 205.0 50 25 11
DAP( ) 6.79 247.3 149.1 1892 50 25 16
DEHP( (2- ) ) 7.78 391.3 149.1 167.1° 65 34 19
DnOP( ) 8.55 391.3 149.2 261.2° 65 25 13
* quantitative ion
1.4
0.5m
0.05 g .
4 C 24 h,
1.5
( ) o
10 mL 10 mLL SPE 500 mL
SPE 20 mL/min 15 mL
45 °C 1.0 mL 0.2 pm UPLC - MS/MS
2
2.1
N N 6
M+H °* o 2~3
MRM
o 1o
2.2
8 —_—
, 20 _ 6
9 _ -
“1. 3 ”» 9 _
o 0.4 mL/min

o Cys (BEH C,350 mm x2.1 mm HSS C,; 50 mm x2.1 mm HSS C,; SB 50
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mm X2. 1 mm) 9
BEH C,, . . . MRM 1.
60 2.06 60 278 60 315
Carbofuran Carbaryl Atrazine
5 30 222.0>165.2 = 3.0 202.0>145.0 Z 30 216.0>174.1
= = =
0.0 T T T T 1 0.0+ T T T T ] 0.0+ T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 0.0 20 40 60 20 10.0 0.0 20 4.0 6.0 8.0 100
t/ min t/min t/min
7.0 4.96 7.0+ 585 7.0 672
DEP DBP DAP
S 354 23151770 2 359 2792>2050 Z 35 247.3>189.2
= =
0.0+ T T T T 1 0.0 T T T T 1 0.0 Ay T T T 1
00 20 40 6.0 8.0 10.0 00 20 40 6.0 8.0 10.0 . 2.0 40 6.0 8.0 10.0
H/min t/min H/min
3. 4.20 8.0 7.78 9.0y 8.55
DnOP
e s 3:1 3>261.2
5 Al 195.1>133.0 z 404 9131671 & 4s T
S = =
0.0+ T T T T 1 0.0 T T T T 0.0 T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 0.0 2.0 4.0 6.0 80 100 0.0 2.0 4.0 6.0 80 100
t/ min t/min H/min
1 N N 6 MRM
Fig. 1 MRM chromatograms of mixed standard solution
PAES CIS ~ ~
o CIS
Waters Sep Pak C;;  Bond Elut C;  ODS C;3 9 o
Waters Sep Pak C (50 mL) N o
Waters Sep Pak Ciq o
pH SPE 120
pH2.0~4.0 100
11 80
H 9 <
° P 2 60
( 2)O pH4.0~7.0 % 40
(=]
<
~ ;opH 2
0
2.0~6.0 6 pH S
Q
pH 6.0 DEHP @:‘Q
. pH 4.0 ~5.0 2 pH
Fig. 2 Recoveries of target analytes under various pH value
o
Y AY Y
10 pL 1.0 pg/mL SPE
I mL 3. 3
S ;
DEHP DEHP

PAEs
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Fig. 3 Recoveries of target analytes by

DMP DEP DBP DAP DnOP

using various eluant in SPE

DEHP DEHP o
2.5 N N
9 (0.5 1.0 5.0 10.0 20.0 pg/L)
UPLC - MS/MS () (x pg/L)
2, 0.5~20.0 pg/L 9
(r) 0.998. (S/N=3) (S/N=10)
( LOD) 0.05~0.12 pg/L ( LOQ) 0.2~0.3 pg/L(
2) . GB 3838 o
0.5 2.0 pg/L2 6
2, © 9 86.0% ~96. 5%
(RSD n=6) 5% o
2 9 N N N N (n=06)
Table 2 Linear equations correlation coefficients(r) LODs LOQs recoveries and RSDs of nine target analytes( n =6)
Analvt Linear LOD LOQ  Background Added Found Average RSD
e equation " (we/) (pe/l) (me/l) (pe/l) (me/l)  recovery(%) (%)
Carbofuran  y=314.6x +17.8 0.999 2 0.11 0.3 0.62 0.5 2.0 1.03 2.45 92.0 93.5 4.6 3.1
Carbaryl y=368. 1x -22.3 0.999 1 0.12 0.3 ND 0.5 2.0 0.46 1.86 92.0 93.0 4.7 2.2
Atrazine y =425.0x +32. 8 0.998 9 0.10 0.3 ND 0.5 2.0 0.45 1.91 90.0 95.5 3.7 1.9
DMP y=681.2x +23.7 0.998 7 0. 05 0.2 ND 0.5 2.0 0.46 1.79 92.0 89.5 4.5 2.6
DEP y=533.2x-21.7 0.999 1 0.10 0.3 ND 0.5 2.0 0.43 1.88 86.0 94.0 3.8 1.2
DBP y=615.5x+16.5 0.999 4 0. 05 0.2 0.89 0.5 2.0 1.27 2.69 91.4 93.1 3.1 1.6
DAP y =498. 4x -36.3 0.999 3 0.10 0.3 ND 0.5 2.0 0.46 1.93 92.0 96.5 4.0 1.5
DEHP y=792.2x-31.1 0.999 1 0.05 0.2 1.22 0.5 2.0 1.62 3.08 94.2 95.7 4.2 3.1
DnOP y =663. 5x +26.5 0.999 0 0. 05 0.2 ND 0.5 2.0 0.47 1.86 94.0 93.0 4.7 2.9
ND: no detected
2.6 10 z
N -
30 - g 7
-
2 - DEHP DBP T 05 :
0.62~1.22 pg/L 9 7
o 4 MRM o - | | |
2.0 4.0 6.0 8.0
3 t/min
Pak C,; SPE 4 MRM
Fig.4 ~ MRM chromatogram of real water sample
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