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2 6h A % 2k A8 &% % B2 K 3% (UPLC-MS/MS) & 4% # ik, HiE £ A Waters 4 3 Acquity UPLC BEH C,, #
(2.1 mmx S50 mm) , AT/ FEFO0.1% PHERKERAAADH, EFHEERNS B, CGEHF TR F
(ESI" )&, B2 2 R g il (MRM) X0, £R FARFHKRGREREAL2.5~100 pg/L, T F 5
P CEBHRERBEAO0S ~20 ng/LE L EHREREL0125~5 pg/L, 3 E R R ERELE0.05 ~
2 pg/LEBE , ZRMMELAHKTr =0.999; F% TERE ¥R ZXR FIEFSHRORKENRE
RAESMAT7,21,10,5 Ff0 1 ng/L, FH el 84.7% ~105.0% , A0ttt £ % 1.5% ~6.1% ., Az
M FERMT T AR TRES HEBRTHEERG,RAAL001~0.03 pg/L, &t EFELARHK
MR AEAES KTHESRB RSN TNEFHEE, TATHRAKRTOHREEXGKRKEFRAGHSHYE
FHRaA
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Determination of 6 Pesticides Simultaneously in Drinking Water by
Liquid Chromatography-Mass Spectrometry

ZHENG Hehui, YU Jian, ZHA Yu’e, BIAN Zhangiang, TIAN Xianghong, ZHANG Juan

Abstract: Objectives An ultra-performance liquid chromatography-tandem mass spectrometric method ( UP-
LC-MS/MS) was established for the simultaneous determination of chlorpyrifos, butachlor, acetochlor, dichlorvos,
atrazine and carbendazim residues in drinking water. Methods Water samples were separated by a Acquity UPLC
BEH(2. 1mm x 50 mm) C,;column with a gradient elution of acetonitrile/methanol and 0. 1% formic acid, and
detected by UPLC-MS/MS. The identification was achieved by eletrospray ionization (ESI )in multiple reactions
monitoring ( MRM ) mode. Results There was a good linear relationship while the levels of chlorpyrifos and dichlor-
vos were 2.5 ~100 pg/L, the levels of butachlor and acetochlor were 0.5 ~20 pg/L, the levels of atrazine were
0.125 ~5 pug/L and that of carbendazim were 0. 05 ~2 pg/L in tested samples; the correlation coefficients were
not less than 0.999. The detection limits were 7, 21, 10, 5 and 1 ng/L for chlorpyrifos, butachlor, acetochlor,
dichlorvos, atrazine and carbendazim, respectively. The recoveries were in the ranged of 84. 7% ~ 105. 0% with
relative standard deviations of 1.5% ~6.1% . The results indicated that the method was easy, rapid, efficient,
and suitable for simultaneous determination of six pesticide residues in drinking water. Atrazine was detected in all

7 underground water samples by the method, and the concentration was 0.01 ~ 0.03ug/L. Conclusions The
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method was simple and rapid with good accuracy and high sensitivity. The method could meet the needs for the de-

termination of these 6 pesticides in drinking water.

Keywords: liquid chromatography-mass spectrometry; chlorpyrifos; butachlor; acetochlor; dichlorves; at-

razine ; carbendazim; drinking water
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1 #EFE

1.1 B

R A 3 R AR R Waters 24 ]
) Acquity UPLC, H 3y 3 ¥ 38 B Waters A B 8
2777C, B BC B #9 R 1% & Waters 22 8] 89 XEVO TQ $
BA R .
1.2 &#H

HEE. LS ha iS4, WE 8 E Merck &
Fl. P8y, I HXE TEDIA A F., KRA
Milli-Q #8 4K
1.3 AR/ R & 6 Be b

¥ %:98.2% , it BB B K5 ¥ P >, GBW
(E)061615, #t 5 .20130415; T B f;.99. 6% , it &
Be E R AR L, GBW(E) 061616, #it 2 .20120312;
HER:99.3% , HEKBREY$ L ,GBW(E)

061623 ,#t5 :20130528; FFE44:99.5% , it B B H
FirY Rl ,GBW(E)061459 , it £ :20130422; 3% %
#:98.4% , i+ BB B R in )+ L, 52 5 SPL-BG -
031, #£5:20121221 ; B W R :99. 2% , Fluka 24 7],

AR R BECH R M T ER . X
B ECR B RSS2 5I B B AR
BYRE R 100 mg/L AR HEM SR, B ZHER A F B
Bo i R B B R By 10.0 mg/L WIARMERE B, T
- 18C T #LRAF,

RERERBHES : 5 BE RN &R H#
BW BBELEFEHMA KR BRI BB, BiF
EE TER. CER BHE . FELRANEH
R By R B YRk BE 4 324 100. 00,20. 00,20. 00,100. 00,
5.00,2.00 pg/L, B ULASE OB, IR 4K
W 2,5,10,20,50 7%, BLHI L RFR B AR R -
1.4 &3m0
.41 BEBBAHGESZMGE A5 Waters 20 7]
Acquity UPLC BEH C (2.1 mm x 50 mm) & ; k98
40°C, WA A, #BLEAK (& 0.1% FAL);B,85% Z,
BE +15% HEE B EVE L. MIHRWMIIMEE 15% 89 B,
2% 4 min BHE MM E 80% 1Y B, £ FF 0. 8 min,
E VIR WS, 4 1. 2 min, W :0.4 mL/min;
5&#%:10 P»Lo
1.4.2 FRiEHKM BBF =FHURTBEEE, IE
BF ESIER, B FRE SSOC; RBERMARE:
800 L/h; BHEHE:0.8 kV #EFLHLE 18 VA
E(E5)RE:0.16 mL/min, WM F R . L RN %
3 (MRM) .
1.5 T4 seh w45

ARENEIEMEERXMET, 5B 10 uL &£
1.3 FEHMRIB SRR, SRS, LIKRE
v B A R AL A, LA AR 245 A i) oL £ Dy A A A i AT B
BHaw, B3 6 MRAENEEFTEMMERXARYK
(R, £RRY . FRHRBHABBBYERRIEERE
2.5~100 pg/L, TERMZ EEHHKELE 0.5 ~
20 png/LERBMRELE0.125 ~5 pg/L, ZHR
BRI EFE 0. 05 ~2 pg/L FE AT AT R BEHRX R
¥ r=0.999,
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R B/ AW r
Brm Y =2 611. 87X +8 762. 55 0. 9997
TE Y =12 557. 7X +7 040. 19 0. 9992
B Y =5 929.96X +2 354.79 0. 9991
R Y =10 774. 1X +20 857.8 0. 9992
FRE Y =424 083X +38 581.9 0. 9990
E B Y =453 741X +19 400. 8 0. 9996

1.6 *‘.f‘o%é“ﬁ%']%
A1 mL — RTS8 (R4 ) BRI 2

BB K, T 0.22 pm JB L, SRR SRR, AR
10 pL,

2 BR

2.1 &ARE#FHHRA

LB ILFF B, 25k (15% B BE—85% Z
FE)/(0.1% B EE7K ) (15:85) . (15% HBE—85% Z,
FE) /(0. 1% E 7K ) (20: 80) . (10% B BE—90% Z
BE)/7(0.1% FBEgK) (15:85) . (20% B EE—80% Z
&) /(0. 1% FHE&K) (15:85) #1(30% H BE—70% Z.
JE)/(0.1% FERK) (15:85) 3t 6 FhR 25 19 7 B &L
R, BREA, FERVAMEFINA—E LG8 FBE,
AUESAIBRAEXAEIRHEENREE,H
REREERK, 2JLFHRELETR, B
(15% A EE—85% Z hE ) /(0. 1% B ER/K) (15:85) .
P K 0.4 mL/min B 5RAET 6 Fh AR 25 1) €1 i e
AR T H AR shAE 69 T8, B4 R 25 22 (8] 40 S B 2R
B  LHEEAL(E1),

100 w(])
ol — e\
0510 15 20 25 30 335 40 45 30 53
1007 '/‘((2)
L S UM W (M
E’IOOL /“\ 3)
E O T TS50 35 30 35 40 45 56 33
% 100, 7 )
B OTyTTTe IS 30 55 30 35 40 43 50 53
100y ' 3)
0 - A
05 10 15 20 25 30 35 40 45 50 53
100, % ()
O FS 015 20 35 30 35 40 45 30753
£/ ¥ B [)/min

E(DBEAREBETFRE Q) TERSETHE;
G LERAETFRE; ) BHAELBTHE;
() FEREBETHE;(O)SHEREETHE.

1 6MRBEMEARKPHEEFRE

2.2 R#sHHHrL
RBEFFEW TERK ZEKR BHE. Fxm,
¢ 62

ZHER 6 FRALEYHEWIFE, B ESI" R
HEER, RARSEH R, 25X 6 FRZ
F—REERAH RESHRGNMES TE T4,
Haft K BE, RESHNUHESTE
FHEEF, Ed@8METERFBFHIT R
il 4, 5 B AR 4L Bl 4 AB B, LA we 8 B K B B
FBEF(FEF)NEERE T, REWMNE FHEHE
B, BdLmiil, RERERG: ZBEMNRE
550C; B MR M &R:80 L/h; B4 E @ JE:
0.8 kV;#EfL M E: 8BV, I ER (EX) R &:
0.16 mL/min;6 FRZGWEHE S EBRFIER T LM
LB MRM 28R 1 iR, i A B 7 X5 i 3k 8 B
[E] #8 % (Dwell )0. 05 s,
£2 6FREH MS/MS Rt RS Y

R#E Ky SHT/ TEF/ i #EEL
A BfE/ (m/z) (m/z) ME/V BIE/V

min

FIEHE 4.67 349.97 349.97>96.90, 24.0, 24.0
349.97 >197.90° 18.0
TER 4.61 312.20 312.20>162.07, 26.0, 32.0

312.20>238.08° 18.0

270.15 270.15>148.07, 16.0, 32.0
270.15>224.02° 16.0

220.97 220.97 >108.98" , 22.0, 20.0
220.97 >144.96  10.0

LR 2.60 216.10 216.10>96.00, 20.0, 24.0
216.10 >174.02° 12.0

192.03 192.03 >132.05, 34.0, 26.0
192.03 >160.01" 18.0

T hERE T

2.3 FZAKBEMNFERAE

FERFK 4y RIS N B FE M | T BL G (L R RE
BHHE ZFERMESER, U 0 FERK(S/N)Y
BOEHFERN 10 WL i, 18 3894 07 & 0 BRI
REWE SN E FIEW 7 ng/L; T EHE 21 ng/L;
ZHERE 10 ng/L BB 5 ng/L; FERE 1 ng/L; &
BR 1 ng/L, BT ERE KRR R K
JE 50 ng/LUFFEME . TR O EM BEBRE FE
BASER RS RENEOAEE, B
BREEEITE S 6% S/NH2 514 71,24 ,49,
102,417,498, REIHEBIBEAMREKRE,
2.4 WEEABKE

Xt 6 FpAR 254y B AT A BIMAK I E, B
AKFEEME 6 K, HRHIW . TEHEE ZERE,
BEE FERANEE R KR MKE SN

ZEE 3.65

WEE 2.25

LZHER 0.66
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10.0,2.0,2.0,10.0,0.5 #1 0.2 pg/L B, 3 F{H 4>
B % 8.47 +0.35.1. 80 £0.06.2. 00 +0.06.9. 85 +
0.19,0.49 +0.01 F1 0.202 £ 0.004 pg/L, K
43834 50,10,10,50,2. 5 F1 1 wg/L A, U 2 (4>
B% 51.60 +2.16,10.25 + 0.35,10.40 = 0. 14,
50.75 £0.35,2.55 +0.07 #1 1.05 +0.06 pg/L, ¥
Jon [ W R B AR AR AE R 25 (RSD) LR 3., 6 FMRE
BSE B Ky 84.7% ~ 105. 0% , AH Xt 4 HE 1R 2
#$0.7% ~6.1% ,
®3 CHRBGAETMELNEKE(n=6)

KI5 WEBE/ FmMAKE/ A 5] i B/
- (ug/L) (pg/’l) WHHERE2 %
10.0 4.1 84.7
2.5 ~100
i 50.0 4.2 103.2
2.0 3.5 90.0
0.5~20
TRE 10.0 3.4 102.5
ZERE 0.5-20 2.0 3.2 100.0
) 10.0 1.4 104.0
SHE 2.5 ~100 10.0 1.9 98.5
) 50.0 0.7 101.5
0.5 1.5 98.0
0.125~5
RER 2.5 2.8 102.0
P 0.05 -2 0.2 2.0 101.0
g ) 1.0 6.1 105.0

2.6 ZER#HReME

METREINN 7T MEHRHBTARER, T
0.22 umiBHR ,EH B, ARG T E#HIT R
W, FE BT A RE S P R 35 3, RE VKRB 0.01 ~
0.03 pg/L,HAth 5 PR EKREH

3 itig

ARICERS T —RhE BRI K 6 B R

R BRBRH A E—RREETE, TR
R AR E MRM X, 0 B s &Y H RE &%
B THE S, 208, RABEK, BT K
1 3t R K PR AE D 22 B, B R 6 b AR 25 9 4 A
WE, BHERABRENE.RYWER LTHE
138 R AR ST O R A SR R R, AT R T KA K P 6
REHFR B KRR E BhASR H W W, B—FBA #
IR ERS TR . EERRERIES, FBER&T
AW 35 X8, REWREETE 0.01 ~0.03 pg/L, Hfth
S5ARAMBAERL , FEREKRKFHITER

HEFRME 2 2 wg/LU™ B i 45 58 otk PR 2K T A AR HE A

EEMG,ELXLWEN, BELNZ5 I BEBHENR,

U EROREECLHEABRT K. FEEEN

RABSTAH KRN B ARG GER, A2

HIEH 6 MRAXMNKAKNBERBEAEFTESE -
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