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Research progress for detection technology of pesticide residue in
agricultural products and water
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ABSTRACT: Pesticide residues refer to pesticide residues in crops, water bodies, soil and other pesticide
protoplasms and metabolites due to the use of pesticides. Pesticide has the characteristics of strong toxicity, good
stability, biological aggregation and so on, and it is very easy to occur enrichment in the environment and eventually
enter the human body. Its residual problem has posed a great threat to human health and other organisms in the
environment. Therefore, monitoring pesticide residues in food or the environment plays an important role in human
health and biodiversity protection. With the continuous exploration and development of science and technology,
pesticide residue detection technology has also made a major breakthrough. This paper summarized the methods and
hazards of pesticide residues and analyzed the pretreatment methods (liquid-liquid extraction, solid-phase extraction,
QuEChERS extraction and other methods) those commonly used in the detection of pesticide residue. Besides, this

paper also compared the advantages and disadvantages of several pretreatment methods. Furthermore, this article
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reviewed the latest application of traditional analytical techniques for pesticide residues in recent years and new

detection and analysis techniques, and proposed the challenge and the future development in this field.
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Fig. 1 Accumulation process of pesticides in the environment

AT, EWStE X E Mgy iR 2R AR KR
V15 B 5 (maximum residue limits, MRLs){E 4 BH A HLE . H
THRF SN ER B Y ATG YY), EE TR T RZ BRI o
Mok . FEGER0R I H AR ALFE RO @ IE L | AR (i
BTk U0 AR i ER IR U Y R S R A
PSP R AN f piE U ARSI T A A SRR M
Fe AR 53 B35 1 AR U8V A Al 7 o 24 5% B 4G I 58 9 400
Bz R AEGE T RAE AR BR T HLA e R U ks

PESERR L, (IR W PEREEFE TR AW 0 . ATAL B4R A
Z . RPN 53 B AR K- SR AES m ABeb s B L A A DB
AR GGE Jy 25 5% F BT S 1B A 5 1), TSNS
P AETER T, AT e R A . BRSO A B (HI
BIBORAE Z T2 Z2 5% BRI T i h i A — € R R, B iE
— R

ARG X 7K I 58 T AR 57 it 1) AR 24 3 BB A 0 v v Y
BRI T2, VLB AR GE 53 e R FUHT B R = Btk A7 1
IR, FEXS L T JURRAS [R) B AL BEECAR A sl s, B4 T
W S A BRI BT BNAS, S A TR B R R i T I
TR X —SUCY BIAATER IR, PREFI AR W L AT T
PR, DA SR ABFR TARR LS, hIREK
77 i R e 245k B WA 1 A DGR v R B T v 5 o
PR
2 HRERESE
2.1 &-RER

W - FE B (liquid-liquid extraction, LLE)J2&:4§—Fhiz 4
PR IBCRI T2 BE Ay oL A2, 30 R T A LI R 5 K M AR B,
I A B A E AR P A 22 S S 3 85 o EL T T I A
RAIECH . ZROBR. )RE%. I ME A
S SN GG B R gR 45 S, BRI K
i 16 A HLE 4 2 (organochlorine pesticides, OCPs)ill,
#; H BR (limit of detection, LOD)fik & 0.6~1.5 ng/L, tx[m
T 80.1%~109.0%, A H FRAK FL'sf 0 %l o 2 Ak
1 T, WO FE JOATT AR LT R BT A Bl S8 AR TR AR FE B
(salting-out homogeneous liquid-liquid extraction,
SHLLE)?" | 7 i W ¥ 13 2% B (dispersive liquid-liquid
micro-extraction, DLLME)?*24 | 23 S $iif % Wk Wk 19 35 B
(air-agitated liquid- liquid micro-extraction, AALLME)™,
DA B 5 [ AR A2 U5 5 AU BOR &5, 628 BUBORAE I
JUARBIAR T it ZKAAFII vh R 24 5% B ARG DU 5 T A 38 1712
HI . Farajzadeh 253060 b T 25 S04 B TR IEE BURITA)
ORI AL 2 FhHTAL 3 5 1, Ny T AR g i Rk
Y4 B T 4k & M (gas chromatography-flame ionization
detection, GC-FID) /3 K 5k v = sk 84 24 (1) 40 M7 7 32 o 1E
LT, AALLME-GC-FID #1 DLLME-GC-FID 4%
B B A3 518 0.20~1.1 ng/mL 1 1.9~5.9 ng/mL; FHXT
i HE Al 2= (relative standard deviation, RSD, n=5)43 %N
1%~4% Fl 3%~5%; A5 [ 05 4 53 531 2 92%~105% Fil
92%~104% 2 FIHTAL By IEARAE IR | W28, PREEACUF

CES R
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[& #HZE B (solid phase extraction, SPE) 5 . 2 T
PP TR AR 20 G WAE N T Yy . LR B bR
380 LA R B 00 1, PS8 AT A3 AT ALV IR R ok,
LA S A — ST, R DR R A R i T Ay B
RAGEPILL HLB Sy [ AHAE OB BRI SO 35
TR H AR FIRE AR ANE KR 87 Rk 20588, 1
W5, R HBR A 0.1~6.6 ng/L; LUK FIHEAK N
LS, FRMREE M 5 ng/L A 20 ng/L B, 90% L4 iy BARAR
25 [ # oy 60%~120%, RSD(n=4)4 0.01%~9.7%. Z%:E
S Hb R FH 4 R VLI 11 DX 3R 2 KR 1) 2 2 24 1) AR
W, A 20 FALA PR H

EIUAE, i B g BEA Rt 32 87 52 B 267, InshRgfk
B A£7 B P RHSS o Liu 25205 F MOF-199 ShAEL i mETE R
b S50 AR A U B 55, Bif HPLC-MS/MS U 7K
M, R, S R MR R N
0.05~0.1 pg/L; kxR K 72.3%~91.53%, RSD Ky
1.5%~9.1% o FH LU AR GE AW R AA R, BT UM ) i A SELEL A
PRAES 70, P IAr (AR BUE R A Frt T, [FRTER
TE 1 22 S FH ARG N 47 A Rk 2 5 g e 1 T

2.3 QuEChERS 12EE

2003 4, Anastassiades P AR H T QUEChERS J5
W, HIFRHURRE 2 A HUAHIRI, PR BRAKCR Yo g1k,
TREE Ao B AN AL B AL PSA ZeBRIL R T4 o AR AER]
i, RRTEATEIAHS, 3R BRZ R4 5% )
TG L, AR5 AP R Z . Golge %1
MR, 4564 ul B AR d b, #r T
LC-MS/MS J ik 3 Hiks £y 115 Rl 255% B8 . iz F ik
J&i ) QuEChERS # ShHTAL IR 53, BriAG BARsr 44 B ks

1.0~11.0 pg/kg A1 2.0~30.0 pg/kg, RSD<19%, FISCRIEF
81.7%~111% UTAFEN A S A 25 Gl 7 i T A5 H43i,
Luo % PShg g v 82075 P Bk QUEChERS T 7 4 5 B 541,
FH I 7 0 e 9 A HIL SR 4% 24 (organochlorine  pesticides,
OCPs) 5% B ; i i 15 76 4k B I 18 33 {07 (gel permeation
chromatography, GPC)-S A € - B2 B SR R B /AT AS T
AL LI 25 AE RS TT, 26 Fl OCPs 5% B 91 LOD
40.01275~3.150 ng/g, Fifi HARYIH) r*>0.9985; H N AIH
[ 5 % BE 4r B/ F O1L1% M 15.0%, AR 18] ik 3R 78
64%~126% L N .
24 HMFHE

Han Z5PF% T —Fh LT ZBERR YN K 4 (multiwalled
carbon nanotubes, MWCNTSs) ) fij FpR 3 1Y) £ & 3 i 51k
773 (multiplug filtration cleanup, m-PFC), 32 JE 3RS
b MWCNTs & G BHE AR S, HAE 5TEG
AT, A S AL RS SR B 2 UG b B
TR IE KRG . R 124 R 25k,
KRR A 0.1~1.3 pg/ke, AT AT 3R bR 25 09 5 5 IR R
0.2~4.3 pglkg. REELZM LR 70% %2 120%Z [H]
(n=5), RSD<20%., WF7E &M, 57 8 A A BUE A e,
m-PFC 75 AT H AR« S A B A M R 3 1) 1
YRR, LT HT 7 ) HLA BT 14 B A 5 o

B B RTAR Ry Ah, A HAAE B ik, i sk
W ZE B (continuous-flow microextraction, CFME )13 i -
% # I (continuous sample drop flow-microextraction,
CSDF-ME), A7 7 5 75 BT 1 g A ot i Ak 8 A 5 B I B
S, X RERPRE S AT AR FE T IR EAT TR, IR BAE E )
T 1.

R RARERROENSNLSE

Table 1 Extraction and purification methods for pesticide residue detection

T A B 532 ORI B e Fp Hefb b R LoRIENE T e e
- LLE T K OCPs ¥ GC-ECD! PR RA . WET T A
e SHLLE e BRI " HPLC-MS/MS?2! IS — 1Ak WHRIFER R
DLLME H ik FIBR HL A P X GCP4 & T AR 4T FEHTRE ST
AALLME 7K =k I GC-FID?¥ AR 2y H3E
K, K 2R HLB GC-MS™! FALROCR G .
T AD PR B 2y
A I e =g A B HPLC-MS/MS!*! FeE HEAT ?ﬂ%ﬁiiﬁﬁﬁz
0% OCPs NH, £ LC-MS/MSP! b R LR
i E253 PSA LC-MS/MS™ . N .
QUEChERS I L P 2514 PSA+Cis+HLB ~ UPLC-MS/MS"" ﬁq;?ggif i AR
IOk LD OCPs PEMELT S GPC-GC-MS2P ‘y@; *E;ZJ@ " HERHE ]
£ £k Cis+PSA+GCB  LC-Q-TOF-MSE? Y
HAh m-PFC LAY EZ ] MWCNTs GC-MS/MS?” 7 FHAE AR R A5 5 A
Jrid CFME B OCPs o GC-MSB ST TR E AR B
CSDF-ME Bt =R o HPLCPY PRBE AU FEMT K4
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3.1 RHEeEEMNREEE-RERIEE

AT, FUSAER . 2O . SIMEMER . )
A7 BB R U 45 S A 1% 5 YRR e B EBk PR I 1A 24 5% B 40
Mrith 40 B . R A0S T b A A AR RO
AR E RS 6 Fra P iRy, FIHZOLR
TS 6 Fhfe Z5A0HE HHBR A 0.5~3.0 pg/kg, 7k ENIKER
AT A 86.4%~103.0% 5 FMG I #% 8 7R A0 s, gk
I, ZTH/NmN T, (AFEZ5R A s R 2 R
s TSRS A A = R . R AL B, SRS
AT SEIAL A O TR R PR R D A A 24 A S S 4R T
1A% o 2% 25 25 PSR FH 8 1 O €5 33 H T 3 A e
Priisgrh 248 FhR 2558 B, SR T ESI 1E £ i B Fl 22 2 i
Wl (multiple reaction monitoring, MRM )R Z X 4k 24 5% B
AT EEAE B HT . 98% LA b b 4% 25 [ iR 15 Bl
63.0%~126.4%, RSD 7E 0.5%~26.7% Z i), LOQ H
0.001~0.030 mg/kg.

543 ¥ B 3% 4% R (high resolution mass spectrometry,
HRMS) Al 3R I H Ak & W Bk B FF B F I RS ff o o 2K,
5@ s R, TR SEBT 4347 40 0 R R M R E
BT, TEANT YK TR 258 BRI o & ¥ T T EAE
FH . W2 1402350k T QUEChERS R A7 v, 456 Wi
- DU FF HR I RAT B MBI RE R R, B T £ 249 Fb
RZGFRETHRA T . L T — PSR R e A
FRTIEEIREE, FEXT 11 Fh A 5 04 3 STl i T A
249 FhAL AW 41K R R (r7>0.99), 7k BEBR A
10~100 pg/kg, 7£ 11 FPEEsErh 3 ANUIIZKF19°F- 3 [l ik
W OE A B R 23.2%~133.2%, 35.6%~137.6% il
38.7%~140.2%, RSD 7£ 1.3%~19.2%3 [l P (n=6),, Del 217
XF T LC/Q-Orbittrap MS I LC-QqQ MS/MS 2 Ffid A fifi
TGN 139 Fkdl, ELERRAEAERSET, 4
KEEACE I IBETRIE, 250 B I 5 240 e A 255K
mREE, 2 A H T ANFEE TP EIE LAY 8 H

®2 FERRERSFERIEESUROE (%)
Table 2 Percentage of identified compounds in screening of
pesticides in different food samples(%)""!

TInAR e EE /(ug/kg) +5 FA T+ £ 2

10 97 95 89 86
50 97 96 95 94
100 99 98 98 96
500 99 98 99 98

3.2 SHEeEEMSHEe - fIRRIEE

SR TS IS TR M R 1 R T IR S A AT
AR R B BAME S, H LA SO R A I 2 A
FHH AR A % (electron capture detector, ECD)., & KIEES
FAL K I % (flame ionization detector, FID). JFi {4 M & .
KGRI 5 (fame photometric detector, FPD)%, HH
ECD &M (6 3 46 0 25 vh 28 B0 o () — b, TR LB &
Kl & A HLIG Yl o IR OB X 23S g 295
P 25 5% B 7 T IR T AL BR T 3k, Tk —RHZ R Z
s A AE A I B B, B Cleanert TPT 15 25 8 28 FllbR
PEZ4 IR, GC-MS BEAT40#T; ik e i — i Skt b, A
FAPI R A 57K SR et B R R 25 e Bt 4% 75, AER 4R
BURKEINT LB 20 . BRI, EiRfEs
BF, FEmER TR 0.01~0.10 mg/ke, LLYETEEN
0.01~1.00 mg/L, r*>0.99 . J5 I — K ks [l 4 R Ny
51%~135%, RSD H 3.7%~18%; J7 i — [l i % K
68%~99%, RSD 4 3.5%~8.2%., Farina Z501% F <0 HH (5,33%
G54 HL TR AS I #8 (GC-ECDY T & 17— Flv ] 8 53 04 43
Mk, Jud 2R3 rh 15 Rl 255k Bk e i
WM, Fia BARE-& YR LOD JEH ) 0.02~4.5 ng/g, *E
HIRIEREN 0.2~45 ng/g; X EIERTE 60%~128%22 [A],
RSD H 0.2%~19.8%.

2014 4£, He 2513 QuEChERS AL H 7 ¥adh &
SOM RS- TSR R T AR 219 R 2y s iE
B AT RN E EIRAE 5~50 pgke, Ltk
JLFEA 2~200 pe/ke, AHSE R B r*>0.99, ARIIFRAKTF-TF K
ZRA T R LE 70%~120%(n=6)T5E N . Yang 2547
FH GC-FPD %54 1AL 1Y QUEChERS HiALBH 5 -0 & ) 47
R H = SR A PUBE AR 25, TR, 44 PR 251
LOD I LOQ 4 5I1E 0.004~0.02 pg/mL F1 0.01~0.04 pg/ml
LRI, EEEBCRIE 76.62%~113.7%22 18, —&R IS
SRR R N 2R, SRS L 7 258 /8 AR 25 bt
th, HUA R | R R R R 40 s R
ETER N
3.3 RESHNIE

UTAESR, — Rl 3 T BT AR -0 I A0 AR 1 R R 4G )
R AWM R —— T BE 9 5 R (enzyme-linked
immunosorbent assay, ELISA), 7313 it Al K AEAS Y
PRI P B O TR R . RS L AU
B, 2011 4F, Wang ST A Wy R LA M) 38 1 22 A4
SRV A MRS, PR T R R - SEREY 1
PR B o W B8 v, R FIUE O0,0- 2 3 Hlik
2y, TR, MRS BARRZAAE 0.1~10000 pg/L i
Bl N 2R PE 6 R R UF o d3 K 40 i 6 B (half maximal
inhibitory concentration, 1Cso)FIIFR510 34 pg/L
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0.0248 pg/L, JIAREE S I EIBCRLE 70.1%~117.8%Z B, #H
LB RIAE Pl i AR A BT, ARSI K TR
PR PR A 2 TS R T4 . (R AREE, AR 2 5%
B A AT S P B AT e R AN e I R B A TR AR 2 —
34 EMEHIKE

A 90 AU, £ 40% H ik (capillary electrophoresis,
CEYR L/ Bam . 5T B s b A S e s ol 1
AR € 3 AN R OB Bk Y AN A . Li PV T —
FhE BRI H R F R R EY), KRG WER
HHEBUR, kT —Fp A Gos e - B AN vk ik, L
HETECE AR R, AERESMER, %5 LOD
M ICso 4> 51K 0.16 mg/L F 0.13 pg/L, [E 4 K K
78.8%~103%. CE TEACZH 258 /3t TAE P ir kg .
Amelin S5 i) B 404 L TR 4 B RN R AT AR M AR 2 L R
F HLB & EHKAKAKF R, KB FRTE 0.2~
1 pg/L, [EER AT 80%~95%; HHXTFRiEMm 22 A #E 1L 10%.
[K| CE A7 1646 D FR A =5 (4 i B, >k CE TR0k ) 5 LA,
T AU ARG I T B4 B BT R R
3.5 KiESHE

H HIFEAR BRS04 R FH A8 22 I 1A A 9 i ik |
P2 EREE T LIRS, D6 EE i R AR 2 4 5]
— A SR IR SRR ] A s A S O G e v
TN — 22 ¥R BE B TSAL T/ o 3k = WP S S5 g 1 S vy, 75
RO SAH VBRI R C R, 7Efk
&R, MU 0.024~0.56 mg/L, KHBR % 0.03
mg/L o % 7 %M E K R 90.4%~100.4%, RSD K
2.61%~4.14%. $2HIEEXT 5 A SRR A 0B S
TEHAT AT DA B TR . HAh rmifER, AT
TEEMBETE R —F b . Ak, HARRLURE R e
AT RN B K ST ASHIN R BB 1) 2 TR R R 2
A2 BN E NN Z K, T A SE B S R 4 A e A
S IRURL, K BRSSO B B T
£, VAR EPRES0 E B, AR GZ PR S B g
e A B P i S 140471
3.6 FEEMIZA
3.6.1 AEMERE L

LT A ) D B A A SRR A BT HOR AE A v
AR 25 5% BRI 7 T © A — 2 WS R, ARSI -,
224143 10 TR B 5 B R G2 IR M 9T 3 . S AR A D
FEENGDOR I TR A A AR S G, AR R &
TRIGE, MBS T 2R M. Tao EET
— Y4 )R Pd @ Au % - SRR, I TR e R AU
W) AR ER AL AL B8R, R TR I AL 2l . fEd
FEZRMETT, DA AR, 1 5 5 v B 2Rk L ),
LAMEVE R 3.6~100 nmol/L, #iMFR Ky 3.6 pmol/L. 7ELFR

R I BT I SE SRR, % YL AR e R B . SN
OB LT B T SE B T — 2P
3.62 o TFEHEHEA

H 43 1 Bl 5 3B & ¥ (molecular imprinted polymers,
MIPs) 7t 24 Ak 27 A% Jlk i 1) R A% JBbA 6 R R O 43 B 3 2R
AR AR T, R H R4 B AR B — TR S
fi1l . Chen ZE0—FfAg WL AR 245 (19 [A1{A (O, O'- - F 3L A
FOBEMmE ) N, B LG IR T RERRAR, & T —Fhi
[ MIP., R FH 43— B 0 [0 AR A A 6 SRR B i I 7 5
PEPLBEAZIREE, 4RERY], 5 RN E £ REELF
36~452 £, RSD(N=5)4 1.59%~4.07%; 7E = & H A Inx [l
WS 87.48%~97.85%. FET MIPs (ML AR 1ERSE
PE AT RS T B ORI, LR I A 2 AR B A
Ml i AT S8 B K. SRT, MIPs T I & FRiS b5
A HTAS MIPs 5T I MIPs i FH T S2 Bras: il A i 5%
A S ] R
3.6.3 BOREHAK

— RIS A . RN . A ES L R SRR AR BT
LB AL A B T AR —— i S R, B
SRR PP, 5 T A DR T W SR A, SR S
ik, BRI —Fh A A AR RO R S . 17
THRVE T — Wi CD i, SEGERE L SO SAar il
HIT, 456 BATHER RS Ir e &, AT DUR] B R ok
SR S A MU A ZOE H IR R IR 255k B, ToriE
FHG PG, mEERN, UFERM: gk
bR, s R sk BN E R R ERE R, Bk
RS, FESEAER D, [RIBIRI R MR  E A MR
PEREARAL T e A s Rt 2

4 RHEERE

e G iR AT AR BRER A AR 3 DUT ) 43 B vefl
MUESRRETI AL s BAR SN, FERSAETT, ORME, %55
AN R . SR ] ZREALRRE AL, FE SR RTAL FE
MreeARBER B RAFI I LRt X H BT Z 3
T by AR B AR ME LSRRG, 27 B B AR e J T i ) Bk
ik BUR H AITAEAR)™ iy A2 5% B ORI B AR AN Ay 15
AFFE C 2 B, (EARRIE AN, RIBERAR, 708
REJIAS AN 5y T BRI 75 2 F R S RS I B AR A7 AR A9
FRA, HSHTE N ZPRER AL, A SLABRAKIA
FUEE, IR AR 2R B I BOR A SR e R e

BEAE KA £ i 4 R R B AR i i, A DI 25
. PR L T A R S HT  v EA T I S A
A R HE A A 2 KRS, AR B I I o B i A A Y
B ARRAZY 5 B A P AR S B UM AR 25
B, sR@k, LA SR LR, RE
Bt o3 M BORMAS S5 G BT R e T, SR I . (485 )




178

1 i 2 A iR AR I

1l F10 %

SR TSR X 5T Ui Ak B 5 VR R0 23 BB AR B B A 2y

HASR AR IR AN LIRS+ 0 A2, TT R R i 5
REUE . Ak,

g

o0 S PR 1) A 2455 BRI TR e M 7 10K 2

ARAMIETE AT T 18] o
SECHE

[10]

1 AR/, VLA FRER 2GS
EERIZERTSE, 2000, (3): 40-43,

15 Y5 T R DR [

Hua XM, Jiang XL. Characteristics and control counter measures of
pesticide pollution and lts damage on environment in China [J]. Res
Environ Sci, 2000, (3): 40—43.

Fenik J, Tankiewicz M, Biziuk M. Properties and determination of
pesticides in fruits and vegetables [J]. TrAC Trends Anal Chem, 2011,
30(6): 814-826.

fijk, HHEeml, LR, 45 ﬁ-Fl?FE$H3(/
M SR BE KB 24 Rk 24 5% 9
1487-1493.

S ASCHUAR (05— H IR 52 ] o
- BT AE AR, 2017, 36(12):

He X, Ma YF, Zhao HX, et al. Simultaneous determination of 24 pesticide
residues in environmental water using solid-phase extraction and high
performance liquid chromatography-tandem mass spectrometry [J]. J Inst
Anal, 2017, 36(12): 1487-1493.

Golge O, Kabak B. Determination of 115 pesticide residues in oranges by
high-performance  liquid  chromatography—triple-quadrupole ~ mass
spectrometry in combination with QUEChERS method [J]. J Food Comp
Anal, 2015, 41: 86-97.

Samsidar A, Siddiquee S, Shaarani SM. A review of extraction, analytical
and advanced methods for determination of pesticides in environment and
foodstuffs [J]. Trends Food Sci Technol, 2018, 71: 188-201.

Wu QH, Zhou X, Li YM, et al. Application of dispersive liquid-liquid
microextraction combined with high-performance liquid chromatography
to the determination of carbamate pesticides in water samples [J]. Anal
Bioanal Chem, 2009, 393(6-7): 1755.

Bursic V, Gorica V, Zarko 1, et al. Development and validation of new
multiresidue method for the determination of multiclass pesticide residue
using LC-MS/MS in onions [C]. Proceedings of the International
Symposium on Analytical and Environmental Problems, 2016.

BRIKME, @ovh, Bk, 55, e RORAH -5 0 BT PR i A 1
FHRZRR R [I]. ATk, 2014, 42(4): 579-584.

Chen DW, Gao J, Lv B, et al. Rapid screening and confirmation of
pesticide residues in potato by high-resolution benchtop q exactive LC-MS
[J]. Chin J Anal Chem, 2014, 42(4): 579-584.

FLIS, JRT, VRV, 4G B RO (R HR I s 43 T R R A v A
quP’”"FEFﬁ*WJ 1. S3HHEaE, 2017, 45(2): 245-252.

Kong C, Zhou Z, Wang Y, et al. Screening of chemical drugs in fishery
inputs by ultrahigh performance liquid chromatography-orbitrap high
resolution mass spectroscopy [J]. Chin J Anal Chem, 2017, 45(2):
245-252.

X2, TV, BN, S AR - DOR AT e S BB B R 43 B
AT R A5 P 2 R i AR IS AN 42 Fh k24 (]

I3k, 2016, 44(3): 423-429.

Liu Y, Ding T, Liao XQ, et al. Direct determination of 42 chemical drugs
illegally added in herbal medicines and dietary supplement by high
performance field

liquid chromatography-quadrurpole/electrostatic

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

orbitrap high resolution mass spectrometry [J]. Chin J Anal Chem, 2016,
44(3): 423-429.

Andras¢ikova M, Hrouzkova S, Cunha SC. Combination of QUEChERS
and DLLME for GC-MS determination of pesticide residues in orange
samples [J]. Food Addit Contam A, 2013, 30(2): 286—297.

PRIZ, #IRRR, PMEE, . R EARG-BER BRI Ok 20 Fvfk
ZFREA[I]. S3ATINILAEAR, 2016, 35(4): 394-399.

Chen X, Dong ZL, Sun YY, et al. Determination of 20 kinds of pesticide
residues in rice by gas chromatography-tandem mass spectrometry [J]. J
Instrum Anal, 2016, 35(4): 394-399.

PNGEZS, SR, EIRI, S A AR TE L BRI (- A (-
JO I P 0 DROHURS I 5 S P R R 2 2 ER R ], a5, 2014, 32(10):
1124-1130.

Sun XJ, Guo MM, Wang SY, et al. Rapid determination of pesticide
multiresidues in porphyra by dispersive solid-phase extractioncoupled
with online gel permeation chromatography-gas chromatography-mass
spectrometry [J]. Chin J Chrom, 2014, 32(10): 1124-1130.

Yang J, Wang H, Jiang Y, et al. Development of an enzyme-linked
immuno-sorbent assay (ELISA) method for carbofuran residues [J].
Molecules, 2008, 13(4): 871-881.

Morozova VS, Levashova Al, Eremin SA. Determination of pesticides by
enzyme immunoassay [J]. J Anal Chem, 2005, 60(3): 202-217.
Garcia-Ruiz C, lvarez-Llamas G, Puerta A, et al. Enantiomeric separation
of organophosphorus pesticides by capillary electrophoresis: Application
to the determination of malathion in water samples after preconcentration
by off-line solid-phase extraction [J]. Anal Chim Acta, 2005, 543(1):
77-83.

Sarkar T, Narayanan N, Solanki PR. Polymer—clay nanocomposite-based
acetylcholine esterase  biosensor  for
detection [J]. Int J Environ Res, 2017, 11(5-6): 1-11.

Garcia R, Cabrita MJO, Freitas AMC. Application of molecularly

organophosphorous  pesticide

imprinted polymers for the analysis of pesticide residues in food-A highly

selective and innovative approach [J]. Am J Anal Chem, 2011, 2(2):

16-25.

hWF5H, AR, XWAR, 45 TR0 AE I— A (2 T ) el T 7K

16 R HLEAE] (1], FREEYL ST, 2016, 38(11): 72-78.

Qiu XM, Dong XL, Liu YD, et al. Simultaneous determination of 16

organochlorine pesticides in groundwater by liquid-liquid extraction/gas

chromatograpy [J]. Environ Pollut Control, 2016, 38(11): 72—-78.

Bk, w08, Rk, 45 *"ﬁﬁhﬁb/ﬁu&$ﬁlﬁcﬁ£§dﬁ@ﬂﬁﬂk )

B — B T M/ 2 23 W T 0 i e S P PORT IR A 255k B (0] AT

MK, 2018, 37(6): 639-645.

Lv B, Xin SK, Chen DW, et al. Determination of neonicotinoid residues in

honey by target single ion monitoring/high resolution mass spectrometry

combined with salting-out assisted liquid-liquid extraction and PVPP

cleanup [J]. J Inst Anal, 2018, 37(6): 639-645.

FAR, By, BURRL 5. ERATHH I AR IROHCAE U 23 HICHS A A% -
R BCTBURH €0 3 T 0 A B BT S A 25 R (D). sk

23], 2015, 34(6): 681-685.

Wang D, Hou CJ, Zhao EC, et al. Determination of neonicotinoid residues
in honey by ultra performance liquid chromatography-tandem mass
spectrometry combined with salting-out homogeneous liquid-liquid

extraction and dispersive solid-phase extraction [J]. J Inst Anal, 2015,



LERE Ul

FEAFYE, A ARG UK AR 255 B A I AR BT

179

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

34(6): 681-685.

MR, £, BHR, & SHORRIEEEORTE M @ R E
A2 5% B A T B BT (9], BRARAS 58 (fk 2 20 ), 2013, 49(8):
1011-1016.

Cui SM, Wang WP, Miao JG, et al. Application of dispersive liquid-liquid
micro-extraction to GC-determination of residual amounts of pesticides [J].
Phys Test Chem Anal B, 2013, 49(8): 1011-1016. .

Farajzadeh MA, Mogaddam MR, Aghdam AA. Comparison of air-agitated
liquid-liquid microextraction technique and conventional dispersive
liquid-liquid micro-extraction for determination of triazole pesticides in
aqueous samples by gas chromatography with flame ionization detection
[J]. J Chromatogr A, 2013, 1300: 70-78.

e, TR, BRI A A A ORI B - i
UE H W P A PR UG RS 2 R R (7). AT, 2014, 33(2):
192-196.

Xiao Y, Zhang L, Zhao EC, et al. Determination of pyrethroid residue in
cabbage by gas chromatography combined with dispersive solid-phase
extraction and dispersive liquid-liquid extraction [J]. J Inst Anal, 2014,
33(2): 192-196.

R, AL, FNTTOR, S TR A B OR €3S - I T ] A0 3
KK 87 ﬂliﬁz!][J]. i, 2012, 30(3): 318-326.

Song W, Lin SS, Sun GD, et al. Simultaneous determination of 87
pesticides in river water and seawater using solid phase extraction - gas
chromatography - mass spectrometry [J]. Chin J Chromatogr, 2012, 30(3):
318-326.

Liu G Li L, Huang X, et al. Determination of triazole pesticides in
aqueous solution based on magnetic graphene oxide functionalized
MOF-199 as solid phase extraction sorbents [J]. Microporous Mesoporous
Mater, 2018, 270: 258-264.

Anastassiades M, Lehotay SJ, Stajnbaher D, et al. Fast easy multiresidue
method employing acetonitrile extraction/partitioning, “dispersive
solid-phase extraction” for the determination of pesticide residues in
produce [J]. J AOAC Int, 2003, 86(2): 412—431.

Luo YB, Li X, Jiang XY, et al. Magnetic graphene as modified quick, easy,
cheap, effective, rugged and safe adsorbent for the determination of
organochlorine pesticide residues in tobacco [J]. J Chromatogr A, 2015,
1406: 1-9.

Han Y, Song L, Zou N, et al. Rapid multiplug filtration cleanup method for
the determination of 124 pesticide residues in rice, wheat, and corn [J]. J
Sep Sci, 2017, 40(4): 878—-884.

Gan J, Lv L, Peng J, et al. Multi-residue method for the determination of
organofluorine pesticides in fish tissue by liquid chromatography triple
quadrupole tandem mass spectrometry [J]. Food Chem, 2016, 207:
195-204.

BEWAE, XIS, Wk, 4. QuEChERS-H8 RO (o 3% - e S i ik
W R rh 38 FACZFREAJ]. AMHTLA, 2017, 45(9): 1397-1404.
Dong YL, Liu WJ, Cao J, et al. Determination of 38 kinds of pesticide
residues in  nuts by QuEChERS-ultra  performance liquid
chromatography-tandem mass spectrometry [J]. Chin J Anal Chem, 2017,
45(9): 1397-1404.

W, DA, BRNS, AF. ORI (- A R A T I T k pR

T A Bt P A LA 25 5 BR ). 73BTk, 2016, 44(7): 1125-1132.

Pan XB, Yi XH, Shi YY, et al. Rapid screening and confirmation of

[33]

[34]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

residue compounds in foods from regulation of pesticides in HongKong by
liquid chromatography coupled with high resolution quadrupole
time-of-flight mass spectrometry [J]. Chin J Anal Chem, 2016, 44(7):
1125-1132.
Wu L, Hu M, Li Z, et al. Dynamic microwave-assisted extraction
combined with continuous-flow microextraction for determination of
pesticides in vegetables [J]. Food Chem, 2016, 192: 596—602.
Ahmadi-Jouibari T, Pasdar Y, Pirsaheb M, et al. Continuous sample drop
flow-microextraction  followed by  high  performance liquid
chromatography for determination of triazine herbicides from fruit juices
[J]. Anal Methods, 2017, (6): 980-985.
FRRRAE, BEAR, KL, S5 ARSI A -SRI - 25 RO ik
SR TR B AU RIS AR (7], FALRR IR (k25 4, 2010, 46(7):
816-819.
Cheng SH, Tang B, Zhen L, et al. HPLC determination of residual
carbamate pesticides in fruits and vegetables with on-iine post-column
derivatization and fluorescence detection [J]. Phys Test Chem Anal B,
2010, 46(7): 816-819.

PRz, VEREEL, ME, S5 8 RORAH 61 - R I 5
e 248 P 255K ER[T]. (i, 2016, 34(9): 835-849.
Li LY, Xu XM, Lin H, et al. Rapid detection of 248 pesticide residues in

e PR I

vegetables by ultra high performance liquid chromatographytandem mass
spectrometry [J]. Chin J Chromatogr, 2016, 34(9): 835-849.
Gomez-Ramos M, Rajski L, Heinzen H, et al. Liquid chromatography
orbitrap mass spectrometry with simultaneous full scan and tandem
MS/MS for highly selective pesticide residue analysis [J]. Anal Bioanal
Chem, 2015, 407(21): 6317-6326.

RN, BhRE, PR, AR SMIERE-FEA 5 SOH @A E AT
RN T 295 AR 25 2% B (3], A3 BrillidzEd, 2015, 34(6):
625-638.

Su JF, Zhong MS, Chen J, et al. Multi-residue determination of 295
pesticides in tea and its products by gas chromatography-mass
spectrometry and gas chromatography [J]. J Instrum Anal, 2015, 34(6):
625-638.

Farina Y, Abdullah MP, Bibi N, et al. Determination of pesticide residues
in leafy vegetables at parts per billion levels by a chemometric study using
GC-ECD in Cameron Highlands, Malaysia [J]. Food Chem, 2017, 224:
55-61.

He Z, Wang L, Peng Y, et al. Multiresidue analysis of over 200 pesticides
in cereals using a QUEChERS and gas chromatography-tandem mass
spectrometry-based method [J]. Food Chem, 2015, 169: 372-380.

Yang Y, Kong W, Zhao L, et al. A multiresidue method for simultaneous
determination of 44 organophosphorous pesticides in Pogostemon cablin
and related products using modified QUEChERS sample preparation
procedure and GC-FPD [J]. J Chromatogr B, 2015, 974: 118-125.

Wang L, Zhang LJ, Lv W, et al. Determination of organophosphorus
pesticides based on biotin-avidin enzyme-linked immunosorbent assay [J].
Chin J of Anal Chem, 2011, 39(3): 346-350.

Li J, Lu J, Qiao X, et al. A study on biomimetic immunoassay-capillary
electrophoresis method based on molecularly imprinted polymer for
determination of trace trichlorfon residue in vegetables [J]. Food Chem,

2017, 221:1285-1290.
Amelin VG, Bol’shakov DS, Tretyakov AV. Separation and quantification



180 L 22 A TR AR I A 4 5510 45
of polar pesticides in well, surface, and drinking water by capillary [52] #EZe, BFHEE, A, 5. BRI R AR A b i N 0
electrophoresis [J]. J Anal Chem, 2012, 11: 904-924. [7]. S3HrA4, 2015, 34(4): 483-487.

[45] R, WM, ZEE. SOWEERNER IR M A (1] B Dong L, Huo DQ, Zhou J, et al. Progress on application of microfluidic
AR ER (k2240 01), 2010, 46(6): 645-647. chip in food safety analysis [J]. J Instrum Anal, 2015, 34(4): 483-487.
Cheng DX, Zhao YP, Zuo GQ. Determination of residual amount of [53] MaBA, HBEESE, WK, 5. FFAERPuEAG I A s Ot A iF
organophosphorus pesticides by fluorospectrophotometry [J]. Phys Test [0, Rk, 2017, 38(12): 292-297.

Chem Anal B, 2010, 46(6): 645-647. Ye JM, Shao JM, Yang P, et al. Fabrication and application of centrifugal

[46] Furini LN, Constantino CJL, Sanchez-Cortes S, et al. Adsorption of microfludic chip for rapid detection of pesticide residues [J]. Food Sci,
carbendazim pesticide on plasmonic nanoparticles studied by 2017, 38(12): 292-297.
surface-enhanced Raman scattering [J]. J Colloid Interface Sci, 2016, 465: ( ﬁ_ e é% $EF f& _9»% i,t_* )
183-189.

[47] Shi G, Wang M, Zhu Y, et al. Synthesis of flexible and stable SERS
substrate based on Au nanofilms/cicada wing array for rapid detection of

o 19 fEE®EN
pesticide residues [J]. Opt Commun, 2018, 425: 49-57.

[48] Tao L, Song D, Li Y, et al. Bimetallic Pd@Au nanorods based
ultrasensitive  acetylcholinesterase biosensor for determination of FFE MEHRgE, TEMRRSES
organophosphate pesticides [J]. Sens Actuators B, 2018, 255: 2575-2581. IKERRAEREBHEER S EFE.

[49] BUEHE, BXAE, AUKGHT, S5 BETA0RBRG 51 ENEHARBI T E-mail: magnolia7319@163.com
[31. Mk aE, 2018, 37(5): 607-613.

Yan MM, Zhao FN, She YX, et al. Advance of molecularly imprinted
technology based on nanomaterials[J]. Chin J Anal Lab, 2018, 37(5):
607613, LB, Bt BEMRRA, TEWR

[50] Chen J, Zhang WT, Shu Y, et al. Detection of organophosphorus pesticide FEAKE R R ERE KRR .

[51]

residues in leaf lettuce and cucumber through molecularly imprinted
solid-phase extraction coupled to gas chromatography [J]. Food Anal
Methods, 2017, 10: 3452-3461.

MR, B, AR, GF. AT ENBAUKRYOEIRE RIS 2 ).
SRR, 2016, 35(5): 576-580.

Lei PC, Zhong LP, Li XH, et al. Molecularly imprinted polymer coated
quantum dots as fluorescence probe for detection of atrazine in water

samples [J]. Chin J Anal Lab, 2016, 35(5): 576-580.

E-mail: kongcong@gmail.com

TEIE, i, MRAE, ETEHRSE
RKERRERESEERSEN.
E-mail: xdyh-7@163.com



