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Application of Modern Analytical Technology in Pesticide Residue Detection of Agricultural Products

LI Ting-ting et al
Abstract

(Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan, Hubei 430072)
The classification of the main pesticide residues in agricultural products was elaborated, the common detecting technologies and the

latest typical research achievements were reviewed, the advantages and disadvantages of the various detection methods were evaluated.

Key words Pesticide residue; Detecting techniques; Analytical methods

RN —Fh EERIPHAE RA B, 802 Kt
W FA A oh, A RTE 2 W F Rl A2 7 AR 25 Fh
B2 AP 2 ALK 2 T TR IR I A 2 U
B AR 2y, LA KA PR SR B AR R RIS o X8
R TR, — 3o B T ARAEY b, — 23 W ik T
b3 RAHUK IR R AR A 25 i A ) SR SOk, 28
i — ROV R LA B N, i R B P
B 0 NSRRI o PRI, R DR R A T A
AR ™ i AR 24 55 BRI 73T B A A 2% R T i

PGB B S M — PO 52 2 SR il PR i 2 R AT
SEPERE R IIHTEOR , — T B A 2 5% B A ik i A i
2 22 A 27k B TR A AN g [T AC AR RS, Hh B R P
SFEOR . TGRSR B L i HA RS Z 8147 3 AN
AL AR, F TSR — R 255% B M7 ik R
JITA AL Rl . SET I, SR AR 2 I 5 B A T ik
PEAT TSI T BB e, B 45 5 A 25 5%
LR TWIRESIUFE Vi
1 RHGSERERIIK

T AN 25 0 B B ) R ], — ey 2 A
ARG A K 52 SR . Al R
BEFERT G 1A 254 A DL A 25 (OCPs) A AL B A 25
(OPPs) | & 5 HT [ T S A< 25 (CBs) UL BR HU 4G TR 6 A< 2
(PYRs) FI=WREBR A5 (TRZs) S RFFEAZ (R 1),

AP HAT B R IRVE AN 5 R MR S5 4 11, 1983
ARTEFR E G C PR IL . i T AP R 2
W A R A, BUEAESE I 10 AR R 7E 2 BRI
A FPEREE S B (M K 55 ) LA A B A
PRATS ) T A e B B e R 28 A AR A 2522 4
AR A e U

AU 25 S A TR Bl Tl B RIS, — L7 [ A A

ELTE FEAFRMNERED LT LEARHA B (y22012107)
TEERAN 4545 (1985 - ), %, 3 KA, By 2L 52 00 )7, A4, K

HIAF B T ik F A%, E-mail : litingting@ ihb. ac. cn,
RS EE 20130331

B R A =R Iz Al IR A HLIE S BRIl AR
2510 70% L) 1o A HLBEAR 25 2 R IR Ta S sl R e 2
— AT TR, BT AEVER, G B R 5RRE,
AR (RO Hofgil b ) ) iR AR 25 B A AR DL
e 5 it 1) 5 PR 0 B R 285 S P L TR AR B T 5 s, e A
Xof NIRRT RS S U

F1 FERGHEBREDLRY

e s V] I3 ]

0CPs I AR
E¥es AL
RAAR B S U
PN 5 et
R AN et SR
g KW
B> AR
BRiRL T R
SILICH S
Sk R R
L& Xt B
WHELA fRAHE
O IR JE P

CBs T PYRs sk s4 e
P4k PR AT
TEE AR S E AR
R K ARG AR
D TRZs Bt
REZ, [p2tes

OPPs T K FhAHE
=

S8 W P B 2A 20 R — R IR R E A 5 4, ]
S A PICE AR SR, WO IR S B A TN IR
U AL EA PR K A £ IR B 7

OB HUAG TS AR 24 2 UL T IR B HUA T 1) AL~ S R AT
A RS HAR U ) e AR R A LA AL
e B E T PR IR ISR 7 10 ~ 100 475, $UABR HUAG IR DA T /N
(AR E ARG, SO0 N 28 4, W BRI 75 AR /I e L A
R, R R IBIIR & A7 5k B DR He 3G TR



41 £ 11 49

FIEE AR TEARAR T S0 R 2R G Al F o 52 4825

G L W 5 3 AR P AS P R

SRISBR RO H R R A A A K
FHEA 1 ANRIE T AR50, R e A h R e A2 4E , R )
REAE , o5 R T R AR T ANS B 1 FH 1 i 2 /KR - T /K 15
Yo Tl =R AW A YEE, Bl =R awe
BT UE B S —Fh B T N I TR XA s
KA fEER R
2 RHBGMHSBERNBAARERE

H HTH TR 2GR0 0 )T A 1R Z A FE (5 4 s A 4
AR AT - TR AR B E AT s AH T R 2l
HBRAEE AN TR] , T DA A A 24538 FH Y it AN ]
2.1 SHBIEE(GC) MG EEH TR e,
SRR Ay, A O HARTE T3 8 R 58 (BAE (i) M
i 22 48 (R 28 ) A4

TR HA 2355 X AR AR 25 i B
A (0 A — ke FH 1 52 AR 4L A 100% —FF B i S e, 5%
35% 1§, 50% A — IR EEA LT 14% 50% FNHEIR I
RukE i, (BANIFER, b o sl dl 6] o3 b7 5t 2 55 A
2yt — AR R, Bl T A LA 25 TR &Y BT A
p,p’-DDE \p,p’-DDD N REGSAR ff- 4 43 85, 11 ELXF 20 Ff LA
RN I S I EGSIEE SIS, S TE
Hy ZB EH B ARG HE, U ZB-MR1 I ZB-MR2 # He AL 45 o 1
HERES IR B S 4P 104 BSOS

AR i R AT R AR BRI B L 3 R T AR
G o ) R OGP T SR e 36 5 3 A R U 25, 7 AR 245 8% B2 43
B i g BRI ER AT HL (73R 28 (ECD) | 14 28 ek
K25 (XSD) | KA BE A 5 (FPD) | &M B T A A il
#5(FID) 5 & SR 2% (AED) 45

HEL A BRI 8 2 — oot el F PR o LA — o I e PR
P RO R ISR IS . H TR R ER R 25 LA AL
SRR T LA GC I v T4l 3G I 2 BEA T ARG
1M H K H ST GC-ECD kA HBR#E 0.1 ~20.0 ng/g, kK
A ARG I X6 7 AL AR 2457 AR A g i SO (8, AR 22 SCRiR A A
GC-FPD XA HUBEAZE 5% BRI " BRI 2% (NPD) Xof
R AP R HA RS i AR R I A HL
AR TNE TR R A 25 | R SRR X 2 PGl 25 e
IRBIRREBR Ry 2 ~ 66 ng/g(3K2), EAMPEERHCNEHIR
PEH, PSA [EAHAEHUHSHE, 7 H GC-ECD K FID A0 & ik
SRS A PLSEURHURR R 35 E 2 A 25 5% B 20 4 B
HRIAE 70% ~110% ,RSD 4 3.5% ~14.2% ™',
2.2 SHEBERILEAE(GC-MS) BB AEA
SR AT R MR A AT ) R O T LA
IR YRS 5 T 5 SR € 33 T Ay, SR BB P A B % 2
G ( SIM) 122 2 17 15 K i ( MRM) R 6% 4 fff 2 22 1 AN 52
BT By B A AR S A TR A R A SRS DU 1) 8T
AR SRR TR I K J88 J5 1), EAT 62 of [ 5 /D il FH S 77
Wb AP SRS . 5 GC IR MSD A 2 A 5
A5G B DU ZFT | B BH R = T DU AT, S0 ) 3 T a1

PR BRSFIR] A SIM ST (0 R B 1 0 R e b A 7 M A o
5t

Praybylski Z-AF 58 2 B, SOAH (0335 — B9 9l 3 0 % 1%
(GC-ITMS) J&—FhZ2 5% B ARSI J5 3 , T R ARSI i v 11
AUV A BB = JRIR N-C R |2k H R i S HAth
— B35 e . Hajslova 257 il GC-MS-ECD/NPD )77 44
W7 37 s WA 2 (OPPs ,OCPs . PYRs Fl CBs) , £ & X} i
W ECECE B R 2R R RS, PR AE 62% ~
103% ",
2.3 RKENSHEBIERIEREMAZ(LP-GC-MS) < JiEKH
BT 3 Sl s | G 4 N ) @ | YR e | S A b D
TS AR AR 2, WA HLBRAR 2 rh K el AR SR AL
SRR R | ST R S T AR A 2 P ARSI I
B2 2 B ISR AR A B, B 1 AT FH £ A
N3 5 R AR I FHTE R, LP-GC-MS 745 A i B,
R AR AR AR 2 A T 2%,

Walorczyk 5% Ff] LP-GC-MS-QQQ 721l & T Hisg 78 Fft
PRZGHREA o TR 2 ARG A R, Horp — AN M
FHfEGEFE HP(10.00 m x0.32 mm x0.25 pm) , 5 —A4J&
SR (2.50 m x 0. 15 mm) , Ff44 25 1 5 {48 GC-MS E 1L
e AESE GC-MS 31 4n /P B | 20 BE PP e 28 A 25 i
AT HIRIG, I FLu R E AN &, 1 A LP-GC-MS 43 # R
E TR I L0 T TR 4 AR RR . 78 2 T A
AT E AR 2 VU 4 R BB , T LP-GC-MS 6 A fig %
PEAETAR AR, s A1 7EAH RV B2 4RSI T P, LP-GC-MSS
(LR IR G R BNBEAZ 1A 51 0. 999, i {48 GC-MS [AH &
ZHAF 0.973 ~0.9997" | Arrebola 2544 7K S 3R B 4
BEAE Al LP-GC-MS-MS #4743 47, Kl th 72 Fhfe 25, K
SR TR AN EAL L, DR, LP-GC-MS-MS
HeH B 32 B A AT s [l s 2 T 50% |, 1 ELAR Eb F GC-MS-MS
T P A BRAH2ZE A 0. 01 mg/kg ; M2 BRYGFE A 0. 1
~10.0 pg/kg, FICER 70.3% ~126.9% 7,
2.4 £THSHBIEE(GCxGC) GC xGC & 20 g
90 AR H BB L 2 Ak (TSR R Bl o B LN TR] T S B
ARARST I 2 S gk DL % Oy R4S A i e SR s, 4656
1SR RE 3 B BB — ARy, VR T 28 SR A ek AER 2
SCAOTERE R A TR — 250 B S AR RN I R SR
FIEIE B R IE 2246 . 58 MU R A L, GC
x GC HAT Ay e oy WA 25 i K AR G o0 o P 5
M HETRZHCC AR ] GC x GC il 5% 5 RATI ] i
W FHEATRGIN >, oA 343 SCHRAS GC x GC 5 oA 0] 2%
AT, ] 40 Khummueng 2844 GC x GC 55 XUK: Il #3 38 &
(NPD il ECD) — K [ BEAT 41 R 24 (5% Fa A "
2.5 HAEGBIEE(LC) AM OSSR AURB H  —BE
R[S & I EC e o | R e g e B S D
AT IFRAATR 7™ it o AR 430N B3 R 45 T 2 A 24 N e Bk
R PR AR 25 HA AR M sl s 1, i A EANE 5
SRR TR R FH R A TS



4826 GBR A

2013 £

TORH T 5 FH A0 RS 00 48 A7 D G A I 45 | 5% AR I 4
(UV), F2 225 3 2o A0 9y o A 5% SME T A e A T
PR S o BORLER AT 19 W B AR — E B BB R N A 5 S
WS Hh TR B = MR AR 2 T K i i e T B W 7
220 ~225 nm J 255 nm A7 SRSMIC, BT L R A B B G
#or (DAD )t B R AR P 2 A B A= 4 b (1 = W2 2
A0S 5 46 T SR e B8OV € 3 — A 7 ¥ 2] ok [ B A 00 K 7 e
13 Bl = W S Bk 55 50), G I PR 2% T 20 pg/ml, 9 Hr A% 2R
U3 o

2.6 BHEBIEFUEEKAE(LC-MS) UG 5E I R i
JEE RIS IS B £ F RTIZ A 1) [ B o A — 2 R PR,
TR (335 I F AR i BAT 19 MS/ M f14 22 B 1wy A
MR AR 338 35 10 75 A 00 o B ot 410 5 4
e R RYRICR , BERE IR B B A ARG BR . 7R VAR (3
BRI AR i, EST A APCT J2 9805 A 8 5, EST &=
SEEH TN B T AL A 4, APCT ISE H T S A A
SERAEA G o A4S T T, 368 A RO -5 AN ] B B
FRIR ), ALAE B PUZAT |2 1 DF AN A T [ i B RO

R2 KM RERAKBET T EEGHE

5 12 IyEHAR 5 PR IR // % E= BT
h 16 Ff OCPs GC-MS2 DB-5ms,30 m 0.3 ~4.5 ng/g 75.0 ~112.0 [12]
il 9 il OCPs GC-ECD DB-5 25 m 71.0 ~110.0 (8]
A4y 22 Ff OCPs GC x GC-TOFMS, VF-5MS 30 m 0.2~1.0 ng/g 43.0~119.0 [13]
il 12 Ff OCPs GC-ECD,DB-608,30 m 1.0 ng/g 94.0 ~103.0 [14]
A4y 24 Fif OPPs GC-FPD SPB-608,15 m 3.0 ~66.0 ng/g 72.0 ~109.0 [9]
A4 5 F OPPs GC-FPD DB-1 10.0 ng/g 75.0 ~104.0 [10]
LES 7 1 OPPs GC-NPD DB-1701,30 m 2.0 ~34.0 ng/g 32.0~102.0 [11]
24y 6 ff CB LC-MS, Alltima-C18,5 wm 3.0 ~8.0 ng/g 76.0 ~104.0 [15]
HAk 1 fl CB LC-DAD 5.0 ng/g 85.0 ~90.0 [16]
ik 10 Ff' CBs LC-Fluorimetry , NovaPak C18,4 um 2.0 ng/g 66.0 ~87.0 [17]
24y 2 i TRZs LC-DAD €18 ODS,5 wm,DAD 200 ~400 nm 500.0 ng/g - [18]
24y 2 ff PYRs GC-ECD HP-5 30 m 0.75 g/L - [7]
A1y 14 # PYRs GC-FPD DB-5 30 m - 60.0 ~119.0 [19]
RES 236 Fhi 5% GC-ITMS ZB-5 ms 0.3 ~45.0 ng/g 70.0 ~121.0 [6]
ES| 22 ff OCPs,23 1 OPPs ~ GC-MS2 VF-5 ms,30 m - 72.0~91.0 [2%
S OPPs,0CPs,CBs, TRZs ~ LP-GC-MS 98;_';):11%‘: 8 ((GL%'_“G’[E)) 2
o OPPs,0CPs, PYRs LP-GC-MS 0.01 ~2.50 pg/kg 70.0 ~110.0 [22]
it OPPs,0CPs,CBs,TRZs ~ LC-TOF-MS 0.04 ~150.00 pe/kg - [23]
T 4 Fp OCPs,2 it OPPs,1 Ffi CBs LC-DAD LiChrospher, RP-18 5 jum 0.10 ~0.23 ng/g >90 [24]
o OPPs, CBs LC-MS 0.5 ~10.0 ng/ml 70.0 ~110.0 [25]

VRIS P RN B0 Y FR 40 B8 ARSI 7 Y5 AR T 3
WA BT L RERS IR BEAR AN FE AP B . Hernandez S5 1,
BT LC-MS/MS il GC-MS 7 i P4 % e vp A 5 4G I o (1 22
S SE R N-F IR L T iR L BRI IR AL A 1 RIR2E
KIAWNR Hr AR g ERR R R E Y FIEAE A H GC-MS i
AR, FH LC-MS/MS Jy i U] G 1K 3] 42 e 11 T A S5 i) s
PR . Osaka ZEA/F55 W, JLP- 45309 OCPs 49y 5 K HAC 5
FEPIARRERE ] GC 5 GC-MS SR A7 kil , {5 -l B A1, <
R T TR I A R s ) BB A0 4G 1 R AN R
i LC-MS/MS W &3k 21 45 4 (1) R AFE , FF LC/APPL/MS
I IERERS I PPb 2% 175 S04 (HCB) AT 48560 ™
2.7 REGREFBRNA R KEAZG5R AR ik R
RERSTESCI0 % TP kAT, JF FLAR S i 4R B b o 7 4 2% #E
i, ARSI AR AR 55, T DA I AT ok A Ji e o — bkt | R Bl
A REIS TR LU0 2 IS NI TR I () A 5% 7 v , A 435 Tl 17
R AR A AL R BRI G 28 W FBFHI 7 (ELISA) BER . %
PO B SR B & — M A HT A ELRE AR T
BRI AR 0 B & — 1, SRR A5 A I —
SER AL LR AR 245, % AN [ ol 288 1) A 245 46 I A L s B
P, B RE 52 2 B AE G AR AT FE A . (H K 3t ok

AL B B DA I T ik an SR BE LAH: B B RS o 3,
JEHRZEAN T 5 S AT R A HOR B S AN H B8 5¢
¥, R A ORI AE L O H B2 S R kR
[EE2IS
3 HivFIRE

UTAESR, th TAR G I (L phy B — e 24 1) AR 25 K R
# FE A2 5% B AR ISR T 33X 20 A L PR A B A
OIMTEARSR I T B M B 2R o H R SR AG I 7 ik A 2
A 2 ) B, B AF AT AR 2 T BRI, Uit i ol 5
R BEREEOR AGIEAR . th T8 Bl 254 3 A [8] ) 4y 2
P, RS —FhAe 25k B A 7 ik RERS L T AT Y
A2 R BRI AT RN 5 VR AR A AR A B ) R AR A
—E MRS T o OR (0 3 v A0 BB vk — e T 120
BRI AR AN A PRI R PR 20 43 38 G TR
IR T R A LS LR PR B A LA 2 5
LP-GC-MS B SRAETRAMI L AL & W ARSI, (F R Y €335 A
B G TR I MR RPN, 70 52 ) 81 5 A ) 0 B RE T
JEHIRAESy B R 73 SR PR 5 YRR €0 15 0 FIROA 33 i 1k
FHREAEAER M b 32 20 ] T = 45 YRR T R oA 2 =
WS LA L2 AT AR AR 0 s A 24 PR ke B A D D7 v B L R



41 £ 11 49

FBEF ARSI RARER T SR 5% G0 o 2R 4827

B AEJHE R H i TS R T, HRRE SRR —
R SR LR A 2y, H TR D BULM AR 25 BEHTIZ A
AT

TR Ja RETT 8] B AR BRAS B A 5 J I 1l Bk 17 3t

ST A R LG | [l R ROR 2 B A i d 2o

SRR FBOR , ANZ 4 2 (% 73 B B LI R AGHI 2% 3 IR A

WA 3 SRR 2R SR,

SE 0k

[1] BENBROOK C M. Organochlorine residues pose surprisingly high dietary
risks[J]. J Epidemiol Community Health,2002,56:822.

[2] BAI Y H,ZHOU L J,WANG. Organophosphoruspesticide residues in mar-
ket foods in Shaanxi area,China[J].J Food Chem,2006,98:240 —242.

[3] 457, HERN , 25 ISR SR BE R I e R AR [T ] Ay
#,2005,30(7) 47 -49.

(4] Zgzbel, AT M. BSR4 A B T S5 A TR .
FRALR KR ,2006,37(4) 1552 - 556.

[5] US EPA Method 8081A[S].1996.

[6] PRZYBYLSKI C,SEGARD C. Method for routine screening of pesticides
and metabolites in meat based baby-food using extraction and gas chroma-
tography-mass spectrometry[ J]. J Sep Sci,2009,32.1858.

[7] GOULART S M,DE QUEIROS M E L R,NEVES A A et. al. Optimization
and validation of liquid-liquid of isoprocarh and sodium 2-isopropylphenate
with bovine serum albumin[ J . Talanta 200875 :1320.

[8] LONG A R,SOLIMAN M M,BARKER S A. Isolation of drug residues from
chromatography with electron-capture detection [ J]. J Chromatogr, 1991,
74:493.

[9] MUCCIO A DI,PELOSI P,CAMONI I et al. Selective ,solid-matrix disper-
sion extraction of organophosphate pesticide residues from milk [ J]. J
Chromatogr A,1996,754 :497.

[10] SCHENCK F J,WAGNER R. Screening procedure for organochlorine and
organophosphorus pesticide residues in milk using matrix solid phase dis-
persion (MSPD) extraction and gas chromatographic determination[] ].
Food Addit Contam,1995,12.535.

[11] JUHLER R K. Optimized method for the determination of organophospho-
rus pesticides in meat and fatty matrices[ J].J Chromatogr. A,1997,786:
145.

[12] HAJSLOVA J, HOLADOVA K, KOCOUREK V, et al. Matrix-induced
effects:a critical point in the gas chromatographic analysis of pesticide
residues| J]. J Chromatogr A,1998,800:283 —295.

[13] HAYWARD D G,PISANO T S,WONG J W. Multiresidue pesticide analy-

sis of ginseng powders using acetonitrile- or acetone-based extraction,sol-

id-phase extraction cleanup,and gas chromatography-mass spectrometry/
selective ion monitoring ( GC-MS/SIM) or -tandem mass spectrometry

(GC-MS/MS) [J].J Agric Food Chem,2010,58.5884.

MURALIDHARAN S,DHANANJAYAN V,JAYANTHI P. Organochlorine

pesticides in commercial marine fishes of Coimbatore, India and their

suitability for human consumption[ J]. Environ Res,2009,109.15.

BOGIALLI S,CURINI R,DI CORTIA A et al. Simple and rapid assay for

analyzing residues of carbamate insecticides in bovine milk :hot water ex-

(14

[l

[15

[

traction followed by liquid chromatography-mass spectrometry[ J].J Chro-
matogr A,2004,1054.351.

[16] LIMSUWAN S, TANSAKUL N,NAU H, et al. Penetration studies of prop-
oxur and phoxim from eggshell into whole egg after experimental exposure
and application in henhouses[J].J Agric Food Chem,2007,55:6401.

[17] RAWN D F K,ROSCOE V,TRELKA R,et al. N-methyl carbamate pesti-
cide residues in conventional and organic infant foods available on the

Canadian retail market,2001 —03[J]. Food Addit Contam,2006,23:651.

[18] BARANOWSKA I, BARCHANSKA H,PYRSZ A. Distribution of pesti-
cides and heavy metals in trophic chain[ J]. Chemosphere ,2005,60:1590.

[19] MUCCIO A DI,PELOSI P,CAMONI I,et al. elective extraction of pyre-
throid pesticide residues from milk by solid-matrix dispersion[J].J Chro-
matogr A,1997,765:51.

[20] GARRIDO-FRENICH A,MARTINEZ VIDAL J L.,GRUZ SICILIA A D, et
al. Multiresidue analysis of organochlorine and organophosphorus pesti-
cides in muscle of chicken,pork and lamb by gas chromatography-triple
quadrupole mass spectrometry[ J]. Anal. Chim. Acta,2006,558 :42 —56.

[21] WALORCZYK S, GNUSOWSKI B. Fast and sensitive determination of
pesticide residues in vegetables using low-pressure gas chromatography
with a triple quadrupole mass spectrometer [ J]. J Chromatogr A,2006,
1128:236 —243.

[22] MORENO J L F,LIEBANAS F J A,FRENICH A G,et al. Evaluation of
differentsample treatmentsfor deter mining pesticide residues in fatvege-
table matrices like avocado by low-pressuregas chromatography-tandem-
mass spectrometry[ J ]. ] Chromatogr A,2006,1111.97 —105.

[23] FERRER I, THURMAN E M. Matching unknown empirical formulas to
chemical structure using LC/MS TOF accurate mass and database search-
ing:example of unknown pesticides on tomato skins[ J]. J Chromatogr A,
2007,1175:24 -37.

[24] NAVAS DIAZ A,GARCIA PAREJA A,GARCIA SANCHEZ F. Liquid
and gas chromatographic multi-residue pesticide determination in animal
tissues[ J ]. Pestic Sci, 1997 ,49.56.

[25] LIU M,HASHI Y,SONG Y et al. Simultaneous determination of carba-
mate and organophosphorus pesticides in fruits and vegetables by liuid
chromatography-mass spectrometry[ J]. J Chromatogr A ,2005,1097:183 —
187.

[26] Faefe skZks, /% S, 5. RO — SFREEREENE S e
2 APZERA [T ] ST, 2005,24(1) 100 - 102.

[27] ARREBOLA F ] ,VIDAL J L M,GONZALEZ-RODRIGUEZA M ], et al.
Reduction of analysis time in gas chromatography application of low-pres-
sure gas chromatography-tandem mass spectrometry to the determination
of pesticide residues in vegetables[J].] Chromatogr A,2003,1005.131 —
141.

(28] VFIEIRE, H25, AL, 5. 42 FELT]. taik,
2001,19(2) :132.

[29] DASGUPTA S,BANERJEE K,PATIL S H,et al. Optimization of two-di-

mensional gas chromatography time-of-flight mass spectrometry for separa-

SR ISR N HE

tion and estimation of the residues of 160 pesticides and 25 persistent or-
ganic pollutants in grape and wine[ J]. J Chromatogr A,2010,1217;3881.

[30] KHUMMUENG W ,MORRISON P,MARRIOTT P J. Dual NPD/ECD de-
tection in comprehensive two-dimensional gas chromatography for multi-
class pesticide analysis[ J].J Sep Sci,2008,31:3404.

[31] #BEZ, i, KB, 5. i@ i E K 13 Frh—lfiee

FIZ TR EL)]. e ,2006,34(6) 787 ~790.

[32] HERNANDEZ F,POZO O J,SANCHO J V,et al. Multi-residue liquid
chromatography tandem mass spectrometry determination of 52 non gas
chromatography-amenable pesticides and metabolites in different food
commodities| J].J Chromatogr A,2006,1109.242 —252.

[33] OSAKA I,YOSHIMOTO A,NOZAKI K et al. Simultaneous L.C/MS anal-
ysis of hexachlorobenzene and pentachlorophenol by atmospheric pressure
chemical ionization (APCI) and photoionization ( APPI) methods[J]. A-
nal Sci,2009,25.1373.

[34] i, ISR, (25, 5. BURGBE I - SHREISENE SiESE

PR EIERZGFREE [T . VR0l #412,2011(6) :2363 —2368.
[35] {168, 55, VP, Z5. Waters HPLC #0552 /K S e 7 Fhufe 255584
EAELT]. NSl R, 2012(2) :52 - 53.



