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Detection of pesticideresiduesin fruits and vegetables by gas-liquid
microextraction combined with gas chromatogr aphy-mass spectrography
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ABSTRACT: Objective To establish a method for the determination of pesticide residues in fruits and vegetables
by gas-liquid microextraction (GLME) and gas chromatography-mass spectrometry (GC-MS). Method The 0.1 g of
homogeneous sample was directly added into GLME for extraction and purification. The volume was adjusted to 100
pL and the samples were analyzed by GC-MS with internal standard method. Result The 30 kinds of pesticide
had good linear relationships in the range of 0.001~1 mg/kg, and the correlation coefficients were 0.9951~0.9999.
The limits of detection were 0.001~0.021 mg/kg and the limits of quantitation were 0.003~0.070 mg/kg. The average
recoveries were 67%~119% (n=3) with relative standard deviations of 1%~26%. Conclusion The method is fast
and accurate, which can satisfy the quantitative analysis of various pesticide residues in fruits and vegetables.
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RS £ i P A AR 25 5% B SATE M T . H RTAER AT AL Ly s
PR AR BN AE I BORAEI ., BRI 2 B2 5 ik E &
Iz T ARERAG I, (ARG R ST AP E AR B 5t L HE
IFEST . SLIARAE S A BB S >, Tk A 2 5k R
PRI E T2, Bl e 2 amamm TES, ahwe
— PR R R T R A A TR VA S
RE I SAH G- BTk (X, Sk Sl 245k BB i pheatda i . <
T AR BB AR R S R AT Bl R 9 2 B (gas purge micro-
syringe extraction)H AR % I AL, 38 32 A HAGA: il 228 1717 %
T il A0 0 S S B ), S AR R T R — o A
A0 I RE S ET AL IR e, 38 T R R B 4R R M) I
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(gas-liquid microextraction, GLME) 5 < AH {43 5 1% 1% (gas
chromatography-mass spectrography, GC-MS)BcF, #4. T
— T SR B A i rh R B A 24 A DR | VR AL 3 Tk,
AIAE 5 min 58 BUAE RO ik, SAEGERTAL 5 P A L H
AR P TR A 2 5k B B A
PR

2 MRERE

21 X5

{XF: FA25 SPHRMLCEEE 956 va A ml); IR
(GLME, L3683 A4WF%); GC 2010 QPMS 2010 quadruple
MS S - BT A (H AR B A |

A NEE(ETELE, EEK Fisher 2Awl); 1ECbE(EE
afi, K Fisher 2 w); WARPRHERTUREE . PU& (R —H
7K | BEER = KRR (3E1E Accustandard /8 A)); R FRARE LR
AR PSR R ); JEK NapSO4(NayS04=99%, HilH
WAL CABRA R, FIRITE 400 CHIBE 12 h, T FHRE,
VG ).
22 ZLWTE
22.1 #RELH)

PRUETE R : WERR BB I — & B A AR 25 R SR TR T 20
mL FRft, MECkes 225, SmEm 1 f 10
mg/L IR A AR HEE T

BAANARIE W A (naphthalene-dg) , PU4E ] —H
ZE(TCMX). R =KWK (triphenyl phosphate), HEAfFSH—
ERFUEACNFR AT T 20 mL 8P, AECkEs

{ERNAR: A HE (phenanthrene-d o). TR UL EF
WA T 20 mL 50, HIEC ke A2 2, &
1A 10 me/L A% 45

FRUER S TAEW: HERH IR BOR SR fER (10 mg/L),
HIEC e B B R, B A EE /35128 1.5, 10, 50, 100,
200, 500, 1000 #2000 pg/L AYFRAERSNEWR, FEAIA
BRMPAMER (10 mg/L), # PIFRH N 200 pg/Lo
222 HemATa

(D) RAFEFRAR ] &

ESERES L BURE SR A% GB 2763-2016 57 A $AT, #ikE
di DRI 513 — A AT, T B 0 AR 2 AT v 11
FERARIN, BHFIRBRRIC . KRR T—18 CRURIAFE.

(2)32H

FREL 0.1 ¢ ifFECHETIE 0.001 g), IIAFIRESE T,
TINABACHAROMARSZ R I A BFRY), B S0 pL IEC ki
BRI AE] 200 pL 448 BAE S HOH, BB A SR
Sl BERBURE: 300 C. KFiHiE: 2 mL/min, &%
MR 0 °C AEBUHT A 5 min Z5 444, 84T GLME 4%,
HEEEHG, Ve, EAFERIRTRZ ) 80 uL, A 20 uL
T A% JE (phenanthrene-d,o), &%), F F S AH @ % - B 1%
W 5E o
223 AMEEREEN

(DS AR S5 A

ZHES DB-SMS A3 BAE AR (30 m=0.25 mm,
025 pum), EREHEERIT: 40 CHREF | min, KRJ5LL
20 ‘C/min FEFEFHEZE 130 °C, FLAS5 ‘C/min FHEE 220 C,
245 1 min, FLL 5 C/min FHEZE 250 'C, 1#%F 1 min, FLA
10 ‘C/min FHR % 290 °C, {#£57.5 min, FLL 10 ‘C/min FHE
2300 C, {#4F 2 min,

Q)FTE S

B SR, 4U¥ =99.999%, i 1.34 mL/min, HEC
T 290 C, FHRMAT: 2.0 L, #RET: ROMVRIERE,
B TR ED, RdifeE: 70 eV, B FIREE:
230 °C, GC-MS IR EF: 280 °C . ¥EFEBF WA ARk s
Y HEE—AERE T, 23 MEWE . BUATE
TN By 8 i R LR, 3B B3 ARG, AL S
PREEE . BT s T AEEE TSN
FEHAE, 20% 1.
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Tablel Retention time, precursor ion, quantification ion and the peak ratio between precursor ionsand

225 FEME

P AR 1.

guantification ions of the compounds

Sk YR 00 R A O 0 TR R, ARy SR FH DS AR s B
FERME, RN ER AT ACIE(phenanthrene-Dyg), 54k

o) ey 1R _Ea“l‘ﬁJ R EMEF 1 EPER T2
(min) (m'z) (m/z)
MR 57 A4 25 (naphthalene-Dy) 7.75 136 137(11.1) 134(9.14)
bR DY 4 Ja] — R (TCMX) 15.28 207 244(75) 136(50)
7R W52 — KR (TPP) 31.09 326 325(80.62) 77(74.21)
1 PUS il FE 7K (tecnazene) 14.72 261 203(135) 215(113)
2 Hb 2B 9 (fonofos) 18.64 246 137(141) 174(15)
3 25 1z (pyrimethanil) 19.08 198 199(45) 200(5)
4 L7 4 i (malathion) 22.32 173 158(36) 143(15)
5 5% B (fenthion) 22.81 278 169(16) 153(9)
6 W% R (pendimethalin) 23.96 252 220(22) 162(12)
7 JX. # (penconazole) 2431 248 250(33) 161(50)
8 14 -£ S (heptachlor epoxide) 24.26 353 355(80) 315(50)
9 FRZE W (fenamiphos) 26.33 303 154(56) 288(31)
10 £ 4% (hexaconazole) 26.58 214 231(62) 256(26)
11 ZX 75 7 (benalaxyl) 29.67 148 206(32) 325(8)
12 JMERE (tebuconazole) 30.98 250 163(55) 252(36)
13 % ¥ (piperonyl butoxide) 31.29 176 177(33) 149(14)
14 T (dichlorvos) 8.29 109 185(34) 220(7)
15 N7N75(d-HCH) 20.00 219 217(80) 181(99)
16 TSR (pentachloroaniline) 20.24 265 263(63) 230(8)
17 -E 4 (heptachlor) 21.19 272 237(40) 337(27)
18 5L (chlorpyrifos) 22.61 314 258(57) 286(42)
19 I (aldrin) 22.64 263 265(65) 293(40)
20 X (parathion) 22.98 291 186(23) 235(35)
21 2 & SH(g-chlordane) 25.35 373 375(96) 377(51)
22 fiii+-1(endosulfan-1) 25.89 241 265(66) 339(46)
23 Feii 2 (isoprothiolane) 26.64 290 231(82) 204(88)
24 44T %P (p,p-DDE) 26.94 318 316(80) 246(139)
25 Ik B3 (dieldrin) 27.06 263 277(82) 380(30)
26 53k [G 5l (endrin) 27.96 263 317(30) 345(26)
27 Tif-2(endosulfan-2) 28.51 241 265(66) 339(46)
28 2,4 % (0,p'-DDT) 28.83 235 237(63) 165(37)
29 i3~ 54 255 (Cis-permethrin) 35.71 183 184(15) 255(2)
30 - R (trans-permethrine) 35.95 183 184(15) 255(2)
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31 REFEMHRPHERMAREIIE

7 FORBRREEMIGLIA S SR, AP N, B
Bk SR ) 3 AR & 30 R 2[R GC-MS
Rz R 2.

MR 2 85T LIE H, 3 A AP & 30 Fi BARIHE

2 HamIAREYER KRR ERE (n=3)

HRE MR, 7E 67%~119%2 8] 1% 5320 F T2 5
AFRAHEI
32 FHELZMTEEMKEHIR, E=2R

12 3 AT, 30 FlRZ57E 0.001~1 mg/kg TR N L
PRI, MCREAE 0.9951~0.9999, #H R 0.001~0.021

mg/kg, & RN 0.003~0.070 mg/kg.

Table2 Recoveriesand relative standard deviations of the spiked matrices (n=3)

(AR k3 BB HE FEBE k] R

s R RSD  [lFE RSD  [HIEE RSD  MIgE RSD [HYgE RSD [IgFE RSD [HEFE RSD
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)

St 70 15 100 21 79 10 84 21 77 22 74 15 69 15
Py G ) — R 85 10 94 17 85 13 110 16 71 22 70 7 83 11
WEIR = 2K 93 18 97 10 71 23 112 5 117 21 74 16 82 11
PUSRT IR 102 13 97 22 111 8 91 19 74 22 78 7 70 12
Hb AR 83 13 87 12 97 7 73 5 80 18 82 13 112 17
R 95 19 87 16 98 9 80 8 71 21 114 21 71 17
R 85 15 95 22 106 15 101 4 103 20 99 9 83 14
FE BB 90 17 119 21 118 11 74 5 69 17 70 11 70 10
THRR 104 10 91 22 93 14 85 14 70 22 76 15 70 16
I TR 82 17 76 9 87 10 78 11 74 12 93 22 78 9
WHEAER 84 15 113 7 85 16 70 1 96 24 67 16 75 10
IR 82 19 80 7 91 11 77 8 70 12 77 13 89 11
WAL 81 16 81 4 87 10 78 14 72 26 73 11 84 17
KRR 81 9 73 7 79 9 76 8 71 16 70 11 71 8
TG Mg 83 15 81 12 99 8 80 18 72 12 93 15 87 5
Ak 75 7 99 25 82 13 70 1 70 12 72 17 73 19
(e 89 16 99 24 117 5 101 23 71 18 77 10 82 20
Vavavay 86 7 95 12 90 6 84 16 68 14 72 7 87 7
TR 78 13 93 22 90 5 76 7 67 18 67 12 107 8
& 91 11 95 24 99 9 76 4 72 12 70 21 99 10
AL 73 4 87 17 94 8 81 6 68 22 73 14 87 7
SR 108 16 111 20 107 14 94 18 78 12 72 13 74 12
PORTRTz 75 11 78 18 91 11 79 14 70 12 95 18 84 16
R 80 9 82 16 93 10 78 12 89 16 78 22 70 9
Bift-1 80 10 84 16 87 8 75 9 67 12 70 13 76 7
T 7 79 18 77 10 83 10 76 9 87 13 84 18 81 10
4,4 79 6 83 12 83 12 73 8 67 16 78 7 72 12
2K 75 8 86 12 86 10 74 5 80 7 84 9 73 10
SR I 77 7 96 18 87 11 80 3 73 12 76 15 79 11
-2 83 17 90 7 87 16 74 10 65 22 71 13 81 4
2,4-TH T 86 10 115 3 112 7 83 4 74 20 70 5 83 12
M-S 4 79 4 82 12 84 14 75 11 70 18 69 6 82 9
S-SR 56 74 7 81 12 89 9 82 17 67 16 78 4 71 7
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Table3 Linear ranges, limits of detection limit, and limits of quantitation of 30 pesticide residues

KL/ ML (mg/kg) eVl FEREL G BR (mg/kg) & B R (mg/kg)
IERTEERS S 0.001~1 Y=0.322X-0.0918 r=0.9966 0.002 0.007
b B 0.001~1 Y=0.026X-0.001 r=0.9999 0.007 0.023
WS e 0.001~1 Y=0.1253508X-0.004 r=0.9999 0.018 0.060
E i i i 0.001~1 Y=0.623X-0.031 r=0.9998 0.006 0.020
FE 0.001~1 Y=0.0912X-0.004 r=0.9998 0.006 0.020
ZHRR 0.001~1 Y=0.142X-0.049 r=0.9951 0.021 0.070
T T 0.001~1 Y=0.19X-0.034 r=0.9989 0.002 0.007
WELA 0.001~1 Y=0.136X-0.022 r=0.9971 0.004 0.013
R 0.001~1 Y=0.221X-0.013 r=0.9999 0.006 0.020
(RN 0.001~1 Y=0.086X-0.015 r=0.9989 0.012 0.040
KRR 0.001~1 Y=0.087X—0.005 r=0.9999 0.006 0.020
G e 0.001~1 Y=0.016X-0.002 r=0.9984 0.001 0.003
Tk 0.001~1 Y=0.0004X+0.0003 r=0.9964 0.010 0.030
e 0.001~1 Y=0.037X-0.015 r=0.9986 0.002 0.007
VAVAVAN 0.001~1 Y=0.287X-0.023 r=0.9998 0.004 0.013
TR 0.001~1 Y=0.075X-0.0266 r=0.9988 0.011 0.037
+& 0.001~1 Y=0.093X-0.017 r=0.9987 0.002 0.007
BESEIR 0.001~1 Y=0.074X-0.025 r=0.9989 0.004 0.013
SCLH 0.001~1 Y=0.037X-0.01 r=0.9951 0.010 0.030
X 0.001~1 Y=0.008X+0.0003 r=0.9995 0.012 0.040
&S 0.001~1 Y=0.026X-0.002 r=0.9990 0.015 0.050
i t-1 0.001~1 Y=0.01X-0.002 r=0.9977 0.009 0.030
g R 0.001~1 Y=0.042X-0.01 r=0.9960 0.016 0.053
44T 0.001~1 Y=0.148X-0.019 r=0.9986 0.014 0.047
K G 0.001~1 Y=.033X-0.002 r=0.9989 0.018 0.060
Sk G 0.001~1 Y=0.034X-0.011 r=0.9988 0.017 0.057
i Ft-2 0.001~1 Y=0.02X-0.002 r=0.9985 0.012 0.040
2,4 - T 0.001~1 Y=0.061X-0.011 r=0.9977 0.008 0.027
5= - 55 2 it 0.001~1 Y=0.307%X+0.005 r=0.9999 0.011 0.037
S-S T 0.001~1 Y=0.306X+0.006 r=0.9998 0.005 0.017

33 REFEEMRPRAKRBENER 4 7 B
Zr T

PSSy T R € L RN [ = Sl G LI A I L e 73
(pyrimethanil), &% AL & 360 ) = B 85 (triadimenol),
TESE . BRBAR O Hh RS I 30 5 =X - 52 24 6 (ci s-permethrin),
ZERA R 899, 224, 8.80 K 30.6 pg/kg, KT ESZAR
. GB 2763-2016 £ T % 4= F bRkt & i P e 2 e Kk
P PR R G B I LRE

ASCUURBR IS B S AL, L GLME B GC-MS 7
W, WFPELIA . dESE . MR A N BERE R S AR
25 SRR AR b 30 Bl SR UEA PRGN . v FH ARG
PR AR e sk, SR FNT 5 min, HILFINFR[ENK
FIEEHN 67%~119%, FIXFREMmMZEILEN 1%~26%(n=3),
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