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 E AIFET T QuECKERS AL A A& €3k = 5 DUARFF 88 56 R Al 1 38 v 227 Fifrfc 24 5% B9
F) 38 5 7 V5 W QUECKERS A B A SR ER 5 xSRBS [R] 22 vp &k 5 24 S5 S 808 AT T Ak, fE S i 251
TFHHAT T O A S5 227 RhARZHTE 2—200 pg- L BTSRRI, LRk BT, 48 KB AR 2 B LR VA o4 B
BRT 0.99; 4 25 BIKCERTE 70%—120% 2 8], FHRTHR G 22 < 209 AR 45 AN [FIAS I v B T B R 82 ORG240
WhE T AT R PR TE 2—20 pg-kg ' Z[0],78.4% MR E BRFTE R 2 pg kg™ 5l o6 I F S PRAE &
BRI 3% ik fRT B P BT LRI, AT R g A 2 R B A A e bl A R R B T
KR AU = E DU AR RS, QUEChERSy A< 25k B, 1.

Analysis of 227 pesticide residues in soil using QUEChERS combined
with gas chromatography-triple quadrupole mass spectrometry

HE Zeying' ZHANG Yanwei' WANG Wenwen’ LYU Meiling® XU Yaping'™

(1. Key Laboratory for Environmental Factors Control of Agro-product Quality Safety, National Reference Laboratory for Agricultural
Testing P. R. China, Ministry of Agriculture, Agro-Environmental Protection Institute, Ministry of Agriculture and Rural Affairs,
Tianjin, 300191, Chinaj~ 2. Agilent Technologies ( China) Company, Lid., Beijing, 100102, China)

Abstract: Quick and high efficient multiresidue analysis method is critical for screening and moniotring of the
pesticide residue in soil.-In this study, a high throughput multiresidue method was developed based on QuEChERS
sample preparation method combined with gas chromatography-triple quadrupole mass spectrometry. The extraction and
clean-up procedures and parameters including extraction method, extraction time, buffer system, and clean-up
adsorbent selection were thoroughly investigated and optimized. Most coefficients of determination (r*) were higher
than 0.99 within the calibration linearity range of 2—200 pg+L™". Most recoveries at six spiking levels were in the
range of 70%—120% with RSDs<20% indicating satisfactory accuracy. The limits of quantification (LOQ) for the
pesticides were determined based on recovery and accuracy results and ranged from 2 to 20 wg-kg™", and for 78.4%
of the pesticides the LOQs were 2 pg-kg™'. Finally, the proposed method was used in real sample analysis. This
method was proved to be simple, sensitive and effective, which can be applied for large-scale pesticide screening and
quantification in soils.

Keywords : gas chromatography-triple quadrupole mass spectrometry, QuEChERS, pesticide residue, soil.
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P AR 25K R Sy T AT AL BRAL G5 b — PR FH R P i v BRI (R AR5 TR R I LA R T RE K, TR IZ
WAL B R R AL B 3. QUEChERS (quick, easy, cheap, effective, rugged and safe) 7772 /2 2003 4F i 3 [& £\l )
5% Anastassiades 253 A — BT A HLBURE S BTAL BERE R BT Bty T v & K B 3K R v A 25 5% BE RO RGN 3% i A B
Ty (87 B 8K, B G TR/ AR 35 FR IR TR SR T AR 0, AR R A5 A T AR 24 1 22 85 BRI IR w vk R A LA AR TRAR:
B TRMEEFIART A58 T K KL LS Anastassiades M Lehotay EENTIZ AT TIRAWFGE MESIE , 435 JF & T EN
(Frigmath gk ) 1 R AOAC(BERRELZE vhiA 22 ) ) 10 'E O Jr . FLHT QuECKERS ik &l i — B & S Z M T
FEH IR B A v A 245 55 B A I LA B A P 5 5 Jo v e 2475k B R HCABAT LTS B A G

VAR FE T QuECKERS J7 ik 3 v fe 245 5% B A 5 1 A AR SR 0B A L3 AT & 7 5 T QuEChERS Hikb
FHGE A IO €T - H SR 3 S R B 14 22 % B ARSI 07 0%, T T R e vh 50 Al 25 R o7 P R A0
QuEChERS J7 545 A WM (- FR R 2 1 38 rp 67 Rk 245 BR 15 40 S5 A1) FH A0 €00 335 - H 9T 335 TR A €00 335 -
BT A SS £ i QuEChERS RACIE 7 i #r 1+ Herh 110 R 255 AR I 7351

Syt ER g b A 25k BRI BOR AR SEIT & T B T QuEChERS Hij &b 3 7 6 A ASUAH €4 1% = 0 DU AR A A3 356 T
TR 2 - 4 227 Fofe 247 5% B (4 DRI i R PN R BRI 1 SR IRUR [R] 9% bR gtk CE AT T RE,
FEXF AR AR Ltk A9 B RN BE BRSO 55 0 I S GHAT T 54 B AT T SE R T ke T 45 28 32 WA g i P e 1
B R GE H HFR)Z, AT R s rh R 2455 B A DR O £ A R A

1 #1575 % (Materials and methods)
1.1 AES S5k

)45 : Agilent 7890B “AH (LI {SUFT 7000D =5 PUB FT & 1R B 166 X ( 224848, 55 , Bl 4% HP-5 MS Ul E41HE @i
FE(30 mx0.25 mmx0.25 pum, ZHEE) . 28 W IR A 1L ( AG-DMT-2500, _F ifF B % H1 7 A PR /A 7] ) .N-EVAP & KX
( Organomation Associates A, FE[EH ).

WA SR, Z ISR 2T 1% 4, W T Fisher Scientific ZN8] s B4 /K B Milli-Q #1145 ; QuEChERS 2 BUK F£
(N4 g TRIREE 1 g SALIN 1 g FE RN 0.5 ¢ AR A —40) <15 mL ¥ b/ (N3 900 mg FC/KBRIREE | 150 mg PSA) |
V& B F 15 mL Al S0mL 52508 ¥ 0 T 2 FE 8 0N w0227 FhARZ b5 fE 55 9 F Chemservice ( West Chester, 35 [# ) I
Dr. Ehrenstorfer/A ] ( Ausberg, fEE ) FrifE 5h 53 52 5l 5 e B 2AAR 5 B ) SR S Ar A (5 mg- L") , BB S i
B 1 mg- L7, FVEPIARIE .

1.2 ML

HEFRFREL 5 g LHERES ORI 2 0.01 g) T 500mL &0 I 10 mL /KRR S], #E 30 min iILA 10 mL ZJiF, WA
P B2 7, N A QuEChERS $ BRI K 25 0 8 F 28 e A _F IR BESREL 2 min. 5000 remin™ &0 5 min, B3
6 mL T15 mLEHLE OB, IR HEIRAIZ. 1 min. 5000 r-min™ B0 5 min, #EFFRE 2 mL L3R T 10 mL &5, A
50 WLEI BRI, 40 CARBHRAMREIE T, A 1 mL ZRRLERE % , i ALIEME, Tz,

1.3 AUZS4HT

SAEIE A B AR, A =99.999% , i 1.0 mLemin  FHEFRF 60 CAR4F 1 min, K5 LA 40 °C-min”' F2JF
FHEZE 120 °C JFEELS Comin "FHEZE 310 °C , BUBFHE] 40.5 min; HERE TG 280 °C ; #hkE R 1 pL; HERETT 20 A0
PERE R 450 , B FIRR 1280 °C (LM 4RI . 280 °C ;WA AER + 3 min ; RAEBE . £2 KN Wil ( MRM) | ELIA 1% 2 8
WA S 2 A RTI SE e ik
1.4 JrERE

X EEST TR T T VR P A AR AR PR VR RGN T AN A5 v B RORG %% A R R A 5
SEATEIM IS A 5 8%, FEle vl DAIEA T v 5 1 0 1 D S A S AT I K S R D vk 1 52 1R (LOQ ) i FH 3L i a8 (i
AR 2—200 wg- L' 1R N B 7 VR BE s 10 JE Fobm v v i i 2 [0 Hsf 6 i K [0 ) Y 700 s o, AT O 0k Y 2 R
FE AL

2 R 5+ (Results and discussion )
2.1 HETAbERZRfRAL
2.1.1  $RIBO5 A ]

X T e A2 ER B 0, LA SR H 5 2 KRR R IR 3 B8 75 1k BME 2% QUEChERS J7 B 7E 2 U A2 Hh i K
AR PR 357 12 4 LA 23 B0 TR 2 BOd Ak PR 357 1k B BB ARIF et ) AR BRI (R FE I A K, — MR IR % 20 min DL b, B%
ARG T A BRSO AR S T 2 i R PR 3 1 U YR AT R B R 25 A T AR IGER A (e IR SR AR B A S Ak
) LA B35 iR HRBCSCR A s . AR & L3R 1.
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Table 1 Combinations for sample extraction

FF5 FIFECE R AP E
1 FPERTREL PR IEL + 2 B 7+ IER I 1 min 4 PR R PR HCEL + I HEAR I 2 min
2 FIERIRER F AL + 24 7+ HEF X 2 min 5 NaCl+E 5T+ EHEHL 2 min
3 FPERTREL P AL + 24 7+ B SEH I 3 min

S TFHRBUR ] 1,23 min (425 [EICRTC 3525 5.1 min /1 T3 BI85, AR B B LR EAHEL T 2 min
A3 min, SA TSRS S0 B A T R U B BSR4 e 4 BB ], 44 BB ] 32645 2 min. AS 49 1 (L & 4) B IRl
SR ARAIS , FBCAE R 22 80K, B BT 19 A ) TR A B B R v 4 35 5 e i v e o B UK R B LR 591 0 19 £ 1
—J5 T W MR AR SIS, 55— 7 T G v R A AT DA AR — S U A 24 19 [ . HL BT QUEChERS J5 i A AP i R 6 2% o
RR DR 2, N ICAR S A T AP IR Eh 5% sl AR R TG EZ bk 28 ( NaCl) it (] i SR A5 IR , 45 00 22 BT I R 1k 2% w4k
F TR BISCRTE 80%—100% 2 1], 1 S AE I NaCL #E47 R 43 15 110 3635 36 v e, R 43 4 245 ISR AE 100%—120% 2
Vi), DA O AR S 06 e 20 A - 2 v A R A 7 it i A 3L
2.1.2 Hfbr

ST T 3 AR R A A« (1) 150 mg PSA +900 mg MgSO, ; (2) 150 mg PSA+150 mg C18+900 mg MgSO, ;
(3)300mg PSA+900 mg Mg SO, ; (4)300 mg PSA+150mg C18+900 mg MgSO, . iTAh T A2 & SBR[l 3 | 45 B k3, A
[ 2EL ) ) FmT SR 22 R (i 3 B 4% 150 mg PSA +900 mg MgSO, #H47144k.
2.2 JERAE

TER MRS 2 RS 1Y 227 Bl 2578 3 b (RS I 5 VR 04T 7 YR 25000 S0 UE . 8 I [ i S 36 152 2,510
20,50 .200 wg-kg ~' R, BEANREE 5 ASTAT. AR 2 IR Y [ I AR B 11 ISR RSD 45 SR A T vk i B PR IR Y
FEHEFR (LOQ) 7B S 2 [ 28 > 60% H. RSD < 20% 14 35 A 78 i v . 245 SRR B, 227 Rl 25 vh 5 178 Bk 25 LOQ
2 pgrkg A EELAY 78.4%  HALAKZ Y LOQ 1 5—20 pg-ke A2fi]. AU A7 i AT ARG 1 R AU IR 2L

J5 L e o ) 8 PV SIS RN 3L B AR A TIEA , 95 BT R12 \5.,10,20,50,100,200 pg- L™ S5 R FKH 227 Fpak
21 LR U A 5 R B 0.967—0.999 Z i), 46 K FHR K T 0.99. 56 T bR A BE b 19 R MBI , AT IR g~ i
TR R RO H A T AR BHEATHE

BTN (%) = (;— - 1) x 100

S

P ,S,, S 2 by S o e 0 70 b g 2R AR R BUKNE /N T 2090 S 855 B SO0, 209%0—50% 4y HH AR S BTN,
KT 50% Ay 5 H O ph PET 1wl DL, 140 A2 R B 55 3 SO, i AR 25 1) 48.5% , 104 AR 25 R B A5 3 T2
B, o5 AR AR 25 11 45.8% , 13 AR ZGFRBLHSRAL BN, o5 A RA 2509 5.7 % . DA R — 2 B AR 24 Dy v 45 15 B RO
ATt ol 35k T A o 2 S BRI A G
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Fig.1 The matrix effects of 227 pesticides

2.3 SEBREEAL AN
TE L AR A8 2822 TS 5 DS [R) R RRLFRD e 2 3 S M P MR 4R 20 > R SRR il #2 IR B SR D5 SR 6T T R 25 5% B AG N, A6
INEER UL 2 3K A 25 15 B b0 175 W R T IDC A A TR W B T 1% | 3 LI K T Y Pl T L AR WA A | R R | Sh L
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T P FER M SR R | ki R R S F 9 AN RBAT LS AR HURVRT L ASBR RIS [F A 2 1 R
TRIVAGE HH e B 22 S0 658 R s T P PR RIS 85 K1) 1009% A6 1, 475 TR M RS 1 9 5 A v, i KOG 1 W B R460.7 gk ' T R Rk
FERAR, B KA MR BE N 87.0 pg-kg ~IRZR B G | W 196 BT Jie | B A ML GG T vl | Wk ot 8 R 3G A G ) SRR v KT
55% , HoAth e 2446 1 2R 4G, — I % R ARG 10 Mk B v, b 814.3 g-kg 1, PR IR R AE BG4 3 HH AV 8 ) W RO I B9
BB T R, R ik R

800 |-

400

200

Concentration/(ug-kg™")

2 SEPRRR LGS

Fig.2 The results of real samples analysis

3 %512 ( Conclusion)

AHIFFEIE 1 R AR SRR AL . 1 38 227 FARZGER B 10 PROBUGIN T vk AR B SR R AR L

R B ] B R T 2 A T T BT AR ) RS % B RSB K AR T 3k T 20 A SE B T 3 i 119
SIHT B T ARG S CR A 5 k T T e v R 24k BRI R A E A
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