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% E: HM @ —FRH QuEChERS FiAbFEH: AR LS & = UM AT S5 HE FHi% (gas chromatography-triple
quadrupole mass spectrometry, GC-MS/MS)[RJEFIl E KOK 1 12 Rk 25 5% B BE R 7. F5%E FEMMA C R
B, RFTCKBEREE . Cig. & ZME-N-1N 3L6FbE (primary secondary amine, PSA)E N W ], b3 B0k, Heds
T U8 AR A AR € 1 S R B SGHEA TAGEI . 4B R 12 FlURZHTE 0.004~0.40 pg/mL JEFIPNLEME LR RIT,
AR RFIIKT 0.997, 7F 0.04,0.08.0.12 mg/kg 3 MIIARAKFT, 12 Fifk 2519 F 2 IR N 81.08%~114.50%,
K59 N 0.48%~4.92%(n=6), FffkHBR A 0.01 mg/ke, G % HIEAEMALBRFIME . PbE . mik. LM
R EE RE, AT TR 12 FhAR 25 10 A -5 2 PEUGIE
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Determination of 12 kinds of pesticide residues in rice by QuEChERS-gas
chromatography-triple quadrupole mass spectrometry
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ABSTRACT: Objective To establish a method for the simultaneous determination of 12 kinds of pesticide residues in
rice by QuEChERS-gas chromatography-triple quadrupole mass spectrometry. Methods Samples were extracted by
acetonitrile, the extract was purified using anhydrous magnesium sulfate, C,g, PSA as adsorbent, and the concentrated
and filtered samples were tested by gas chromatography-triple quadrupole mass spectrometry. Results The 12 kinds of
pesticides had good linear relationship in the range of 0.004-0.40 pg/mL, and the correlation coefficient was greater than
0.997. The recoveries at 3 spiked levels of 0.04.,0.08 . 0.12 mg/kg of 12 pesticides ranged from 81.08% to 114.50%, with
the precision from 0.48 to 4.92% (n=6). The limit of detection was 0.01 mg/kg. Conclusion This method is easy,
simple, fast, efficient, good repeatability and stability, which can be used for the quantitative detection and qualitative
identification of 12 kinds of pesticides in rice.
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KRR E EE AR EEY, OKEREANRME
EHERE, WENRATEACEARBRE, A& L4
1) R e R P A AR A R o 7R A K S i D 1 1 A
i, WK T i E R AR RAE R B LE, O T IRIEK A
7, R 2t R S A 24, AU R 1 HRBE T 4,
i ELSE T AR B e e, Bk, ER R ELE TR
K e 2y d R Bk R B

ARG 7 %) H AR AR A 42 22 2R T [ AR AR IOy
2, TEEBY N THAE, FIRETHAE R R AL
AHZEBUFE S5 #ER . QUEChERS(quick, easy, effective, rugged,
safe)Ek 2 35 RV Anastassiades 71T 2003 4£TF
KB — R PR AE A AT AL BEEOR, o TRk HAT B g (s P
FE R R D SRR R, B R U AR 2Lk B ARSI
TERGAL T o H TR ROK Frofe 25 5% B R ORI 5 vk 8
S AT (gas chromatography, GC) M), B3GR (3%
(high performance liquid chromatography, HPLC)"®, U HH {3
JTiiii(gas chromatography-mass spectrometry, GC-MS) "™
WMt 3% 3% B¢ A Bk (high  performance liquid
chromatography-mass spectrometry, LC-MS) 'Y, H:rr 25 il
PR AR TS IR €L7%, SR 2 R 7 i8R JCTE A Rk
WA ot BB BEE T8, 76 ) B P A it IR AT o S T B i i
X HELBGE . SHH 35 TS EE % (gas chromatography-tandem
mass spectrometry, GC-MS/MS)HTTHEHE 158 . HERIE 5 .
PLHRERT, REWXS Z R 255k B b 1o M 5 B A, e
SRR A I A 25 5% BRAS 2 2 AR AR o

A7 AL MgSO, . PSA FI Cg 45 W B 70111 if FH
o], 456 KoK B B s I St 4K R TR 75 32
W, DRAIE T RO 2% AR 24 5% B RE RS i e 0 BRI, ROR R
T HRIOR . RAE T ] GC-MS/MS (14 22 2 1o Wi TS
#(multiple reaction monitoring, MRM), fE#&AT RCHERR K im
TR T, BEAR T Ak R e s R AR BHPE R, I
SRRSO R R R B, DA SR ROKR R 2 A 2k
A IS AIE T 52 52

2 MRIEREE

2.1 {UEE5EERF
7890B-7000C GC-MS/MS = T MU AT Bk FHAY (3£

[ 2481220 Al ); DB-SMS BANE5HE(30 mx250 pm, 0.25 pm,

L LA T]); ME2002 HLF K- (R0 -FL R 2088
(1) BR/AF]); TGL-20bR 1538 VR 55 0L i e 5= B
2ANERTT); GS60E 1A JiE IR & #% (32 E Scientific /A A);
RE-3000 Jighs 28 KA W oA 1B XA} ); SB25-12DTD
R P I T ML B 2 LR R e A PR |

Cyg EARATHLAE (50 pm, K Agela A F]); &%
-N-TAFEAELE(PSA) B AH 4 F4 L 771 (40~63 um, Kidt Agela
NHD); ToK MgSOu(4r#Tat, [ 245 ik ~4ia70 4 B2 W)
SAENorTal, EZEE R ARG A R, (At
FE[H Fisher A F]); LBRAEROGHTEE, FE2yHEE2FAHHE
FRZSH]D, NEAHPLC 2%, 1258k A BRA R

KR PHEwE . EsE . FALESEME . B ILmEnE R |
ThRIGRME . BEAUME . FEOREE . GG . sl . BRORAETS
SR ERAR 2R S (R EEY S 100 pg/mL, AR FFHAEE
PRI W)

22 FWHE
2.2.1 ARBIRIREH

A3 1.0 mL ik 12 FiR 2R ME S F 25 mL 2
o, NI IS A m B2, SRR 4 pg/mL
HERAPRAERE 5, IRAET 4 CukHih. DAZS FROKRIE R
T WBOKE L AR o A B VR R R 9V B VR AR i TR TR,
W41 5124 0.004,0.01,0.02,0.04,0.10,0.20., 0.40 pug/mL,
. B BLBL
222 HSETAE

(1) 3B FRELS gORHIZR 0.01 g)BSdend I i KOk kR
fh T 50 mL HEERL.OAE T, JILA 10 mL R4k, WieiRs, 12
119 20 min, fiIA 20 mL Zff, 2 g oK MgS0,, 2 g 54k, #
J%€ 1 min, #7530 min, ZR)5TF 4000 r/min T &[> 4 min,

(2) Hib: BIBETTUEREA 300 mg Tk MgSO,. 100 g
PSA. 100 g Cg ELLAEH, IRHEIRS] 2 min, F 4000 t/min T
B0 3 min, B 5.00 mL _IEWRIESE T, H 5.00 mL &
EEE YR, 5T 0.45 pm SRS 15 FALINGE .

223 A8 GE-BHR At

(1) SAHERE

g DB-5MS B40 @15+ (30 mx250 um, 0.25 um);
HRE R 280 °C; kP A /iahat, HEFE: 1 uL; 3
FAIER, (L =99.999%), Hift: 1.0 mL/min; @iEHR
BE: WIHRIRAE 60 °C(#4%F 1 min), LA 40 °C/min J+Z 170 °C,
k2L 30 °C/min F+ZE 280 °C, FLL 10 °C/min A&
310 °C(f#4F 2 min),

(2) Funk st

Hi B 7 2 HL 735 i HL 8 (electron impact, EI); HLTREE
70 eV; BFIRIREE 230 °C; PUARAFTIREE 150 °C; Sk ik
& 280 °C; 2 b Wi AL (multiple reaction monitoring,
MRM)., K255 FE T & MRM S5O0 1.

3 HRESR

3.1 REUATIRVIERE
GB 2763-2016 Hifi771% 12 Fhfe 2558 B E T A9
Kl 7 4 GB/T 5009.20-20030M, $2 10471 K N EH; GB/T
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B dn 2 4 R R I A 4R

F10 &

5009.145-2003"4, $RBUEH AN GB/T 5009.107-2003!%,
FRIUE S N ER; NY/T 761-20081, 42BGAR N 2 ; GB
23200.9-2016 R BGE Ik 20 o PR R AT 5K TR
R MEAGR IRR S, VEAIRBUARIMELL 5K B, &
PG Z KA KNG i me, XELLEAL, REm St B .
MZHEH L R BERIYERE, XEE . IR SEIEM R 510
PEIURE ) 4059, WIRRREE 4R IR R i H AR A 2, B
XFEFRAR LI TN, BOEREONEME HERBUA T . EE
AR E PRI BT, AESRBCATIAGE fE YK, i 2
AHIESCERAS AL, 0 AGE T S fsh, 8 &I an i R A 1
FHBES(H Z W5 A TR A 58 A0 40 i, IR R ZEBGLER, 53
KL A 4R BUSCR T,
3.2 BUEHFRNEE

AHPRH GC-MS/MS KA 2458 88, Z4Fiéxt H
FrAb &I T HEARXT A /0N, H A GRAIEASCER Ao I R SR 7
HEWPE, FESTRZ&5ME T ML, QUEChERS ¥k AL
FH PSA(L —ME-N-TN 3L RELE) . Cis. 1 sRfb B

(graphitized carbon black, GCB)HIJC7K MgSO4.PSA | iz
THRYIAIRHTRESL AL FR, BRI IER A LR . — e
KRR, X425k BB YA WIHE o Cis FEXTRR ;%
AR B A3 A SR A W B T, A Ak 3 R A 0 e AR RO
GCB FHEARERGR, (HE ST IOKRITE S AR /D, RN
K GCB HHb i AEAT R AP ROERICICR . oK MgSO, £ %
FSRBROK, R FRBGICR!, ARk PSA L Cig /E R
51, Jook MgSO,PEABRAGH, = FH A LLHIA PSA:Cig:
To/K MgS0,4=3:1:1(V:V:V),
33 BiE-FUSRANRK

TR E RERUE PER TR, A MRM i 2 ik B
HT 3 e %8 SOt A9 Al e i, A X028 I FROKRFEE Y
IR TS E T, LIRSS G &R A P s X g
B, MIESFEFHEENETIHRE, #iE 3 48T
XTI e AR . B AW R AR, Al 12 Fhof
258 EA REAT BB W o, ELUETUZRBIXTRR, PRk i A
BT aEEILE 1.

R1 RAASRERE R MRM 2%

Table 1 Retention time of pesticide components and MRM parameters

PR PHELAATR PREABEtAl/min ERE S @EE R YV)  EMNEE T EEER V) E R X (R V)
KW (ethoprophos) 6.013 157.9/97.0(15) 157.9/114(5) 138.9/97(5)
FA$E (phorate) 6.222 121.0/65.0(10) 121/47(30) 128.9/65(15)
T (diazinon) 6.475 137.1/84.0(10) 137.1/54(20) 199.1/93(15)
FH JL 3 A8 1 (chlorpyrifos-methyl) 6.880 285.9/92.9(20) 124.9/47(15) 124.9/78.9(5)
FH 5L 15 IE 1% (pirimiphos-methyl) 6.997 290.0/125.0(20) 232.9/151(5) 304.9/180(5)
I 6% W (malathion) 7.070 126.9/99.0(5) 157.8/125(5) 172.9/99(15)
4L 1 (chlorpyrifos) 7.156 196.9/169.0(15) 198.9/171(15) 313.8/257.(15)
55 B (fenthion) 7.201 124.9/47.0(10) 278/109(15) 124.9/79(5)
FUBENE (flutolanil) 7.758 173.0/145.1(15) 280.9/173(10) 173/95(30)
= e (triazophos) 8.282 161.2/134.2(5) 161.2/106.1(10) 161.2/91(15)
156 4415 (bifenthrin) 8.712 181.2/165.2(25) 181.2/166.2(10) 166.2/165.2(20)
LA ZG G (cyhalothrin) 9.181 208.0/181.0(5) 197/141(10) 181/152(25)
10 L Ermc MRM(**—>**)190307018.D
161 12 2 3
141
12}
1k
08}
06}
04}
02}
0

45 5 5.5 6 6.5 7 7.5 8
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B 12 R E IR i i 1A

Fig. 1 Total ion flow chromatography of 12 kinds of pesticides
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34 FFEFRWIE
341 £KMHXE

¥R E TR, BT TR, AT A A
JEVE R BC ] R SNR A A AR, AR RE (X, pg/mL)
VE R AL bR, WERIF(OME AR, SlilbriEisk, 45
FW, A ZELE 0.004~0.40 pg/mL Bl 5 R HIZ i
KR, BUEMKRBIITE 0.997 2, KRAMLIEIRE
RPET R AR R 2,
3.4.2 IARENRE . M EE AR R

PL2s 3L AR HE R MR TR R i, 7RSS RO ER
i BN R A AR 2518 b, 8 3 ARSI, i

AT IAR IS SE g, IFRHR 53514 0.04. 0.08. 0.12 mg/kg,
THASF R, AR TINE 6 K, TR, 45
RER 12 FRANbRENEER Sy 81.08%~114.50%, % E
(relative standard deviation, RSD) 4 0.48%~4.92%, [l HI
K BE B A2 H BRI AR T 2 (L3R 3)e LAIMARFE S
WELE S/N=3 I AINbRIR BETHEEAT PR, 12 Fh R 25 4G R
¥Irgik# 0.01 me/kg, AT R A AT R AMATEKR
3.5 SEPRHEMBINE

AW ST (T BT 12 43 IR RE T (1 & RS e
FOK 4y ARIGTTHOK 4 G . IRt 4 43R4 T4 H7 5%
¥, SR EIR 12 R 255k .

Fz2 12FKRAMLGETEE. &MAEMEXRE S
Table 2 Linear range, linear equation and correlation coefficient of 12 pesticides
K2y 2K NI /(ng/mL) LMt MERE
KWk 0.004~0.40 Y=434122.102079X+303.692757 0.9996
B 0.004~0.40 Y=508757.251136X+996.763488 0.9997
TR 0.004~0.40 Y=209900.336581X-168.144548 1.0000
R JL AR SE IR 0.004~0.40 Y=226121.808590X +616.110352 0.9993
FH W I 0.004~0.40 Y=187906.874291X-26.361024 0.9998
BRI 0.004~0.40 Y=461357.306553X+3350.473051 0.9974
BEFEM 0.004~0.40 Y=363380.980029X~232.157602 0.9998
5 0.004~0.40 Y=488756.187847X-553.537041 0.9997
T 0.004~0.40 Y=2837167.752330X+3196.325351 0.9996
=BT 0.004~0.40 Y=434122.102079X+303.692757 0.9982
AR A i 0.004~0.40 Y=2698963.070418X+1876.734606 0.9997
ER e 0.004~0.40 Y=365803.797306X—-498.478563 0.9999
3 12 MR R INARE YR FAE A AR R 2 (n=6)
Table 3 Standard recovery and relative standard deviation of 12 kinds of pesticides(n=6)
e 0.04 mg/kg 0.08 mg/kg 0.12 mg/kg
S RN % RSD/% B [ R /% RSD/% S IR % RSD/%
KW 103.00 1.84 90.83 1.50 94.72 1.01
LiEE R0 106.50 2.71 81.08 1.72 92.17 3.61
TR 108.17 2.44 98.00 1.61 102.17 1.81
FR B 57 S0 08 104.17 3.12 93.50 3.24 92.39 3.16
FH W2 I 1 106.33 3.29 95.92 1.25 95.11 2.08
R tm 98.83 3.47 93.75 1.30 91.28 1.45
BESEIR 109.67 2.13 103.42 1.45 100.22 0.75
T 103.17 4.92 93.67 435 91.50 2.92
T 103.33 3.28 100.17 1.96 91.83 1.07
=R 100.17 3.12 93.67 1.64 86.67 2.95
KA A i 114.50 0.73 114.00 0.48 107.78 1.01
A EHE R 109.17 1.96 105.92 1.44 98.06 1.42
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