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ABSTRACT: Objective To establish a method for the determination of 13 kinds of pesticide residues in
agricultural products by array-thin film micro-extraction (aTFME) combined with high performance liquid

chromatography-tandem triple quadrupole mass spectrometry. Methods The samples were crushed and
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homogenized, and the polyacrylonitrile-hydrophile lipophile balance (PAN-HLB) was prepared as aTFME film material
for oscillating adsorption for 30 min, the eluent (acetonitrile:methanol:water=17:2:1, V:V:V) was added to shake and
elute for 30 min. Utilizing Agilent Poroshell 120 EC-C,g3 chromatographic column (150 mmx3.0 mm, 2.7 pm) to
separate, using methanol and 0.1% formic acid solution system as mobile phase for gradient elution, electrospray ion
source positive ion scanning, multiple reaction monitoring mode detection, matrix-matched standard curve method
for quantification. Results The 13 kinds of pesticide compounds had a good linear relationship in a certain
concentration range (r>>0.99); the limits of detection and quantification in pear, Chinese cabbage and tea samples
range from 0.08 to 1.2 pg/kg and 0.20 to 4.00 pg/kg; the recovery experiments were performed at low, medium and
high levels utilizing standard sample spiked into blank samples, and the recovery rates of the 3 kinds of samples were
70%—-114%, 72%—-121%, and 70-121%. Conclusion The aTFME pretreatment applied in this study has the
advantages of simple operation, high efficiency, low consumption of organic reagents, reuse, and high sensitivity,
which provide technical support for the detection of pesticides in agricultural products.
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T 25 DR S P AR ER B, X A e 7 A A E0E
TERIFEE o 2019 AEFRIEA TR A Rk 145.6 U7 t, H
b, AHLBRAR SR AR il A 7t e Iz AR R, 2y
RO, AHHER B R B 2eX NP2 REERE U™ B, [Rl
IFAES0R . B . B RUGT. BEE A VLB 25 1
H, BRAR RSB, A T ST
b FP 2R R AE R P R IR | OB mi e 2
RS RS R M e S A PLBES Y, Brmmefey
Xt ARG T 5 /N, A HL A - 5 K AR A 0 fige st ] e 4
SR A IR AT RS . I, A7 R AR 2y
BRER TR DU A%, WA RGN rh 22 R A 24 5 B X 0 TE £ A 22
SRAERESL ., BT, 75 rp A2 25 B —Ber 1
A %8 3 B 7 1 810 4% G OBAR €233 (high performance
liquid chromatography, HPLC)!"™ | AR 433 R B 14 AR (gas
chromatography tandem mass spectrometry, GC-MS/MS)' | &
AU A 8 3 - B R T 3% 4% R (high  performance  liquid
chromatography-tandem mass spectrometry, HPLC-MS/MS)
034 e, HPLC-MS/MS HA S5y B | o R Bk
DA, 2 G v v A 24 5 BEAG I o R AR UE 7 2 —
ERERNE, TR &R 2 2%, HPLC-MS/MS
— P T X S AT T ALk B L G (S TS Y RN R AR T T
PEU, i A B 2 E Y HPLC-MS/MS il 22
B OMERREE . RRDUYEEE . RIURCRSE, IETE AR H
R 2 Z2 5% R B e At 2 —1 e,

AT it T AR 24 22 B B AN v R DL I A B AL A
QuEChERS!" | [##HZ5 Bl (solid phase extraction, SPE)!'"2% |

[ A ZE B (solid phase microextraction, SPME)?!4&  Hirp
QuEChERS J5 AL B FEAE SR BRI T . A ML IR
AR AT . WAL AE; SPE TEAEBG 2 75 2RI
BB TN TR RIS Ak . AR, R . VR, XD
FTAL B PR S 2%, 5 SIS LV 7 AR IR
2B, FFAEREDYZ | BRI | e LA ER A AR R A B 22
SPME ik HATHFENR . BRI, B i mh,
AT BT B AR EA T, AEAEfIE, ZetEv NG
AP,y v i R FT A EAEAE AT, 2012 4F JIANG
SRR T R R [ AR £ B (thin film micro-extraction,
TFME) Fif &b ¥ 7 75, 1% 7 206 W BB b i 3t A2 AN 45 B R
WA R TR TEME W, 54 TR T
Hh42) S TEME SN R A S BESE A1 5 H AR Y
SR A A A DR LA R, TR B S, H vHA
BV, PR AT HPLC-MS/MS #1773 #r . TEME
FEAEE, ik, MR —R, DR I o B 1A
TR, LR T R, LA, TFME 4553l ARy,
THREIA ML R R IRRD, S nag ar o7 (a1 0
JIE8 ] AH 2% B (array-thin film micro-extraction, aTFME)¥1J
F TEME, ¥ 2> TFME S35k 20 G hy aTFME i,
FRAEFE S AR AT A, SCELRE SR AL AL F . aTFME 78
fRT(E . R, KT AEAY LR P3RS TRINRCE, JAensE
EFIM, BT aTFME B HPLC-MS/MS 7ER AR 254
S EREE A5 YL S LB At T )

AWFEFI A aTFME FiAb PR #4454 HPLC-MS/MS
AR, #57 aTFME-HPLC-MS/MS #1047 i v 13 Flfe 2l
FREAM L. DB KEAZE. S5 ERA MR 8.
ZEHIFCFAES:, MR GB 2763—2021 { &% 4 FE K RiE
AR R KR B ), $E 4 T 13 R AR 251N B
b, b 7 R 2578 3 FiRESL TP A BoORBR B R RLE
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WEOR . KR . L IRER (WA . AR, B
DS (R R | LSRR, IE HUBR) . ESS(MEER =) |
BRI NE S (A ) | IS (IR TRE R ) . B ALk aTFME
AL RS AA R . BRIBORR B . W BRI . VR

VR ILIT ) S ST 00 25 0, SCBL T ARG L AR . ARG
W, SRy S b A 24 22 55 B 10 e AR A R S H

1 MR5ERE

1.1 #MR5R

BHERL . RIASE . SRAR I T U B AS b SR i

FH (3% 4%, 2¢[E Thermo Fisher Scientific A ]); &
TR (o Hral, E2ERBLFRRARAR);, ZHER ., ER
WE . MEERER, EHRR, RE. AR FRERETA. R
WEOR . KRS . MEERRE . IR bk . e . =k 13
Fhfe 25 HRE L (100 mg/L, KREEFTRIERHA RAF).

1.2 UFE5E%

Infinite 1290-6460 =SB (L3l - 5 K BTG . Agilent
Poroshell 120 EC-Cyg (4 3%4(150 mmx3.0 mm, 2.7 pm)(3E
[ Agilent 23 F]); IKA MS3 HERTRA#% . IKA T25 Bl 513
HL(HEE KA /2 H]); PAN-HLB, PAN-SAX #Fl aTFME 7
JE . CONCEPT-96 aTFME Z£ Bt 4§ ¥ #8 (% # FOCUS
Technology /A #l); P-DW-20-C 96 I LA (35 [E Axygen A A]);
CAP 225D 154532 —RV-(f8E Sartorius 22 F]); 0.22 pm
A WAL UE BB A SR R BHE A BR A A ); Milli-Q
E B TR & AR (3 E Millipore 24 ) o
1.3 XEHE
1.3.1  AFEIRR G B4

13 Fife 240 4y 5B 0.2 mL 100 mg/L 5 Frk
AR, EF 10 mL R, DUHEDES, 13 Rk 2y
WIRESN 2 mg/L, RAF-20°CHRH; SR &b BT
PRI 1 10 mL A IIA 0.1 mL 13 R %R,
PAAEZKE2S, 13 R fe 24 BTk BE 457 0.02 mg/L, BRFECHLA;
13 Fhfe 25451 TSR ) 10 mL &= HMA 0.5 mL
RAEERT, LILiKER, IEESh 0.1 mg/L, #E
FAFZE 0.050, 0.020, 0.010, 0.005 mg/L; 25 i FH 1% AL :
H i S5 K S RBUR G, BRCELA .

132 HEHR

BEER 12 ANFRIAEHE IO F RS, I T &35y
SFEAIE, FREL 500 g MyREIE A R B AIH AL 8000 r/min
A1% S min B BIRLY); B4 BB R 2K, g
A I, BRBULH 255 g, A 150 mL 4K
T8 5 O B AT 3L 8000 r/min A3 5 min; FREUT-4#4%
10 g IIABEK 1 L#E 30 min; F3RFEFAE FE SR BOK
FET 50 mL 25,08 IRAA—20°CHET;

1.3.3 aTFME #IX

B aTFME T E fE 2R G L7, B 96 TRALAR &
JETE aTFME W IET Iy, B 56k aTFME #B2 A 1.5 mL &
fbdirh, &8 30 min; PR aTFME #IEIE A 1 mL $2BUK
850 r/min JR3% Wt 30 min J5BUH; 55K aTFME i
B mL SRR, YREVEDL 30 min; WREL 96 BRALARH
Ve, = 0.22 pum M ZHAH, (7 HPLC-MS/MS i
70T, ACFRSE AR AL F B aTFME IR A 1.5 mL H i
500 r/min JRFHE AR, EH 3K, FK 3 min, TG
HEASRAE AT E
14 USESHSH

WA 3% 4514 Agilent Poroshell 120 EC-C g A
(150 mmx3.0 mm, 2.7 pm), i 35°C, #EFEHE 1 L, Hish
HA K 01%F R, FahitH B NHEE, Jii# 0.3 mL/min, £
BEVERE UL 1.

Fz1 BEEREHY

Table 1 Gradient elution conditions

Bfl/min ~ WEIAH A/% s B/%  JiE/(mL/min)
0 90 10 0.3
4.5 25 75 0.3
115 5 95 0.3
12.0 5 95 0.3
12.1 90 10 0.3

i S EBEZE IE B F-(electron spray ionization+,
ESI+); F4# 720 2 5 Wil (multiple reaction monitoring,
MRM); THSIRE R 300°C; TS E N 6 L/min; S
A 400°C; B 11 L/min; BAEHLEN 4000 V;
FALRE TN 35 psi; WEMEHL Ry 500 Vo 13 B2 (15
T M 2505 B K 5k B3 BR & (maximum residue limit, MRL)
W2,

1.5 HIEAE

BdiiEk GraphPad prism 7.0 Z-ArAb3E, Horb B M
2450 H | way ANOVA 3 tifg il .

2 HER55H

2.1 NEE

[ 1 7 aTFME-HPLC-MS/MS J5 B 46 4 25 5% ¥ 7
B HeH aTFME SRR AT VB 38500 W BF 7 e 141
ZJ5ts aTFME RNR ASRIUR, TR A 25 b & 9
PR SR BRSBTS D, 3K aTFME K,
WIR A2 AL A Y G I 2 aTFME 38158 - i 2 W ff-F
fir; BUCH aTFME S50 I A VR W B, R 25L& Wt
BEEBE S, &J5XPERRE T HPLC-MS/MS Kaill, i
Wi WAEACAARHE T 2R A5 13 Rl i & sk & | 2
R 13 B2k A 2 O I
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Table 2 MS/MS analysis parameters and MRLs of 13 kinds of pesticide compounds

MRL {#/(mg/k ¢ : . . )
o BT TR MRL fit/(me/ke) AL gwrmn  FEFm)  BHLEY
F1 > j(lil% IV
< R K

i 160%* 30

b CoHsN;0 191.1 3 / / 90 192.1
LW R sHoN30, 132 30
- 211%* 5
I6E H g CsH,oCIN5OsS  291.7 0.3 5 / 80 292 181 0
209% 8
Mk H bk CoH;(CINsO,  255.7 0.5 02 0.5 100 256.1 175 0
126* 20

I K CioHy CIN 222.7 2 1 1 90 223
I H bR 10Hi11 4 90.1 35
199%* 5
IRAR CsH,NOsPS, 2293 0.01 0.01 0.05 80 230 71 "
165.1%* 10

LNEpAY C1,H,sNO; 2213 0.02  0.02 0.02 100 222
123.1 20
y 199* 5
PR C,H,,05PS; 2764  0.01 0.01 0.01 80 277 143 s
A 171%* 5
PR C-H,,0,PS; 2924 0.0l 0.01 0.01 60 293 143 s
T 270* 9
IK AL C,HsNO,PS 289.3  0.01 0.05 0.05 100 312 236 0
183* 25

R H;;N 199.3 1 / / 120 200
=313 Ci2H3N3 107 25
” 300.9% 15
I THE A b CyiHp,CINO, 3879 0.5 / / 140 388.1 L6 30
A 197* 9
= W ] CiHCIN;O, 2937 05 / / 107 294 6 .
S 286* 10
= CiHigNsO5PS  313.0 / 0.05 / 120 314.1 162 20

T N E IR T, /2R R A .

e M L ki =
i
Cal
HPLC-MS/MS 5
——— =
aTFMEM 596 - F LAk £ B ][R /min

W1 2R, 2 WEHE; 3 nk Hunkk; 4 0 ks 5 SRR 6 e E R 7 RN 8 FRREREIN; 9 K BEHREE; 10 MEERAE; 11 M THEn ok,

12 =W 13 =i
1 aTFME-HPLC-MS/MS J i il 25 5% # 7R 2 1]
Fig.l Schematic diagram of detection of pesticide residues by aTFME-HPLC-MS/MS method
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+MRM (214.0->124.9) +MRM (292.0->211.0) +MRM (256.1->209.0) +MRM (223.0->126.0) +MRM (230.0->199.0)
x10% 4.495 min x10* 5.473 min x10* 6.00] min x10% 6.339 min x10% 6.460 min
L . ‘ED( 10 L 25| OF
208+ %( 20 |
M 061 M15
" 0.4 % 1.0 |
0.2 0.5
0 0

4.0 45 50

S S R I E—
55 60 65 7.0

50 55 6.0 55 6.0 6.5 6.0 65 7.0
{4 £4 His} ] /min 4 B3 B} ] /min £ B4 Hisf [8] /min 3 83 B} 1] /min 14 B4 s} [B] /min
+MRM (222.0->165.1) +MR4M (277.0->199.0) +MRM (293.0->171.0) +MRM (312.0->270.0) +MRM (200.0->107.0)
x10* 7.537 min X%?s o 7.992 min x10* 8.071 min x103 8.217 min x10* 8.790 min
3.0 v . |
! HERL gy 30 B IE TR . AKewR
= =0t 20+
%37 M 1.5} L5F
& 2 X 1.0 1.0 -
1r 05 F 0.5
0 — L= 0 ————— 0
7.0 7.5 8.0 7.0 7.5 8.0 8.5 7.5 8.0 85 75 8.0 85 9.0 8.0 85 9.0
PRER B[] /min PRER B[] /min PER 8] /min {5 B2 I [ /min {5 B2 I} 7] /min
+h?394(3884->3009) +MRM (294.0->69.0) +MRM (314.1->162.0)
X
gg T 9.184 min x10* 9.363 min x10° 9.429 min
OF , 25| 1.2
M 2.5 %MEW M 20 L M 10}
% 20 ﬁ 15 F ﬁ 0.8
o5t 0.5 [ 05
0 - : ' 0— - , - 0
85 9.0 95 8.5 9.0 9.5 10.0 85 9.0 95100
P B8 5[] /min £ B s} [B] /min P B i} ] /min
B2 13 Rl it a ¥ 2 = i

Fig.2 MRM chromatograms of 13 kinds of pesticides

2.2 KWEMHMHK
22,1 GEBEAA L R KA A 6944

MRS AR 2E B2 aTFME R AL i 43 e s i 45
% K 255 /K -7 (hydrophile-lipophile balance, HLB)5
i 85 F- 42 e (strong anion exchange, SAX)YEH, BEFRLL —
G HETRE - 205 5 U o I ) 2 e e e MR A A T A R,
A B N % (polyacrylonitrile, PAN) 43 B il %5 i
PAN-HLB., PAN-SAX, #4LiXMifl aTFME XS 13 Figk
LA IR T RE 7 o B aTFME WETELIE, 1 96 IRFLIR
FIAAREGHE 1 mL, 850 r/min JRHWFT 60 min; AN ABEBIR
(ZJ5:7k=16:4, V:V, FF)1 mL, 850 r/min $E3% YEN 60 min.
SEHL4NE 3A B/, PAN-HLB Xt 13 Rl 2546454 1 W% iR 3
AT PAN-SAX, Wi IHZRN 62%~110%, PAN-SAX A4 [}
FRMET 13%. MHRISEIARET, SRR, WEe
TR AR AT & . PAN-HLB f£7£55 K
SHK MR REREIAL, 13 R 25405900 A B RR IR |
G R A P B DL R AR | SR AR A M A
5 PAN-HLB H L be TR 14 356 P R — 2 M SE R A 5
1 [ i 7= A 0 AR 1, R bR 2540 & s A Wi 3k 2
PAN-HLB, PAN-SAX Y 13 Flk 2554 A 1 I 8 138
P e FTE IR R M R BN, ULk PAN-HLB fEH

aTFME #RE 75 225550 .

AW 13 FR 2 S WITESEIUR S aTFME 2
SEFN A, SEAGRT aTFME MEBERT 4 25404 i R o S5t
IR BN AR 5 RS B 18] (5~60 min) X} 13 Fhfe 21bA
IR R, 45 R0 3B BR: 5~30 min 4 13 Al 24k
AW I SRR, 30 min IR FRIA R 76%~120%, 1
KB 2 60 min, 7 PR 250G P A AN FIFLRE
WA, ZUER . R . IR s R AR R
8%~17%, WEHUEE | FHPEBELAN . LI R e 15 A
3%~12%, BEARTH I 60 min I 13 Fhae 2 kG4 i 2
s, AT S de T BSR4 60 min.
222 RIBCEBBRE LA

FEUOK pH 22 25405 W8 3B, W RESS RN
aTFME WZF0R . FETHE I F A pH[ZY (pH 4.52)
KE(pH 5.92). ZW(pH 6.03)], LA 50 mmol/L ZFRH5
alizK pH, 4> 31%%% pH 5.5 5 pH 7.0 % 13 R 24k 4 it
BCRIIFN . 1 H PAN-HLB {E} aTFME i, 850 r/min ¥
Gt 30 min, MIAPERLR(ZE7K=16:4, V:V, FIF)1 mL,
850 r/min JRFGVEML 1 ho Z5RIE 4 BIR: 13 R 25 7R
pH 7.0 #1 pH 5.5 Fy IR 25 R FOR B 2, 22 B FRAIRHR I
W pH XTSI g, R SC I A BRI, i A
P pH TR LAk .
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150 [ C3J PAN-HLB
Il PAN-SAX

100 p t h

50

o U

W B2 /%
oy f——————m

F¥ @‘ F S E @
e &@Qﬁﬁ
Zizé’iﬁ'%
B -~ 5 min
150  -= 15 min
=+ 30 min
-* 60 min
100 F
o\\"
=
=
50 F
0
‘&‘ ¢ Qi%‘r @“ﬂ“ %‘
@%, s %‘%’%@@ IO
Zﬂiﬂ@é

Pl 3 SRR (A) IR B FRF < (B)XS 13 bk 245 1o (L5200 (n=3)
Fig.3 Effects of film materials (A) and adsorption time (B) on the
response of 13 kinds of pesticides (n=3)

200 r mm pHS5.5

=1 pH 7.0
ns

150 F

ns ns NS ns 1ns

ns
ns ns 1S ns

ns ns

/%
2

50 F

0
%b eﬁm» & Q?&/ @ &

1@5*‘1‘%

TF: ns AJL R #FHMEREST, P>0.05,
Bl 4 pH X 13 Fhefe 285m0 3 B8 0 (n=3)
Fig.4 Effects of pH on the response of 13 kinds of
pesticides (n=3)

223 HBLRL HRBLE ) a9 AL
i 208 | FE L KBS 3 R a(Z G 7k =16:4);
b(Z A EE:K=17:2:1); c(HEE), 2 HNFHLX 3 Fpye
WO 13 Fiofe 25 1 U B BE 1 o %6 PAN-HLB /£ 5 aTFME
WA, 850 r/min JR3% W HF 30 min, ANA R 3 FhUE R
4% 1 mL, 850 r/min JRFHVEM 1 h, ZERFEHIE 5A): M
W MVEIACR AR, X 6 Rk 2L B YT/ T
30%; PEBLH a X 13 R 250 & Wit Bt e, (A4
KT 70%; PEWLH b X 13 FhR GG WL R A
90%~120%, 2= WL L Y 58 B0 v RE % 16 2 BT A B A5 4 i
aTFME 5[ Ve LV A e R o BRI b, 3% 2 G - FF ok
=17:2:1 1E R 13 PR 254 G Ui
BN R PRI ] (5~60 min)% 13 Fhgk 254k &40k
WS, 25 9L UL 5B, VR aTFME M 5 min B, 13 Rl
LA IIIVEIR R 70%~86%, KIS KR 2L EGWTE
S ) P R AT B, HE IR ) 22 30 min, 13 Rk 2i{L
BV E 83%~104%; ARSI 2 60 min,
13 Fpe 254k & e S G N B/ o St m IR,
HEFE 30 min /E A B EVRRRET

= P a
10T e vl b
- R c
c\\" 100 t 11 i
Jé@- |
= |
B 50 !
|
| |
0
Frg¥ ok i%é FELFSH R
RCCCAE Sy
B i?”iﬁ‘*
120 r ~* 5min
=& 15 min
10 £ - 30 min
100 L =* 60 min
§
= 90
R
80 k
70 +
RN S S
s %% %%%y % %& 8
<&
RGP

H:a NOEIK=16:4;b G HEEK=17:2:1; c HH .,
&5 AS[ESE IR (A) T BT I (BYXT 13 Fifrofe 24 i 1j (B 5 0 (n=3)
Fig.5 Effects of different eluents (A) and elution time (B) on the
response of 13 kinds of pesticides (n=3)
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2.3 FIEME
231 R

BRI ZRIX 3 FE S AR E a4
AR .. BEDE . ZmRAE, rTReRsRadn k26
B TSR AT 7 A S U0 (matrix effects, ME)P® 2, ik
SHI e R (1 5 A o AR 2320 ME/%=B/Ax 100%(A K]
FRUR(E, B RFEFARRRBAL), 2ME-1|<20%, WZF:H I
FETRB; 24 20%<|ME-1| < 50%, FETEHESEEERRN; 24
[ME-1p>50%, W 75 %¢ 58 2k BT 2 i o FF 3 FloRE & 4T
aTFME-HPLC-MS/MS, {&#EAZ ME/%=B/Ax100%11% ME
SEME(n=3), M 3 MRESE R AT UG H 13 R 2578 3 Fil
ST RN BTN, FEASHEm 8 Rk 2RI
LT, 5 P2y A S BTN ERLILTh 6 Pk
BUATCHE AN, 7 PR 245 0 Th A SN TER FISRSE T
7 Rl 25BN T TR, 6 Fif 245 A Hh 53 g

F3 & 13 MRAERYN
Table 3 Matrix effects of samples on 13 kinds of pesticides

232 AR TEAMXZ

Sy 88 AV SO 0007 S v RGO A B, S ol T
5 DG FE A v il 2 R R I 25 SR UEA T AR AE . S T RE
Fi2 M8 1.3.3 " aTFME $2EU5 A0 38, 75 3 Fhas (ke a3
PO, 17 10 mL Z255HI0A 0.5 mL R 2565 & W, Iz A
B ARBOR E R B LI, 13 FRZ5HE N 0.1 mg/L, B
FRBA55 3 F 0.050, 0.020, 0.010, 0.005 mg/L A F 5%k
JEVC AR E ARV O . RSB &AM, M
HPLC-MS/MS i I B A A AR(Y), 4R 24 JoT ek e B Ay i Al
FR(X, mg/L), T H R B 5 i 4 ke L 3%
4, 1€ 0.005~0.100 mg/L yulE N, 13 FR 2578 3 Fhofe ™ 5h
PRI RIFEME R, HXRBHKT 0.99; 4R
3 REAE R AT 10 505 M HL T H ARG BRI 1B, 13 gk
2 B 0.08~1.20 pg/kg, E RN 0.20~4.00 pg/ke,
i GB 2763—2021 H13&TF 13 Flfe 24y f5 5% B3 BR (i 22
Ko KEMNZS . B RAZEX 3 AR S A AT AR S L bR
iy 2 ARG 25 SR A T AR O

e = = e 233 LSRR
TR P ) 916 4 GB 2763—2021 X 13 Fif 2454k A5 P HLAE (1) MRL
e o 318 872 91.9 9 0.01~3 mg/kg, PEFEAK. T, & 0.01. 0.05, 0.50 mg/kg 3
M £ ot 71.8 74.4 99.4 AN HEF IR D SE G . TORE R 45 10 g, AR5 13 Fi
VEHLK 780 13.5 99.0 R ZARIE S B4R 5.25.250 pL, 500 r/min #E % 30 min, 2
;\j}ﬁ 11(1): 21 igéi J5 %3t aTFME-HPLC-MS/MS 487 . A48 3L ik 28 11
B e T B 1023 79.0 114.2 B3 PR AEAE YRR TR S PR, 3L REASE. 4
FA B 105.7 76.3 120.6 3 AR G BIBCR R 70%~114% . 72%~121% .
ﬁffgfﬁ 13‘3‘-; ;’(7);’ 1233 70%~121%, AAXTARIEMR 28T 12% (n=3), A e 4
i o i o 7. BEBLABL 3 R B RE S A FRGI, 45 R 6, ZERL
S 103.5 81.6 128.5 KR 2 RSB i 32.2 pg/kg, HAx 12 PR 255K B
=B 98.2 80.5 119.5 f&T 5.0 ug/kg, FEMIIFTFS GB 2763—2021 [IHLE o
F4 BHKABRTNSERZKMER?E
Table 4 Linear equations of 13 kinds of pesticide solvents and matrices
&Y PRt FL T BUIL R KT R
ZWR Y=5442.9X+3574 Y=9539.3X+1177.4 Y=6465.5X+78012 Y=8797.2X-2676
W 1L R Y=2495.5X-3451.7 Y=7289.3X+28179 Y=6210.6X+35418 Y=7869.8X+5822.9
g v ok Y=2212.3X-5244.4 Y=5027.1X-1066.9 Y=3839.3X+13818 Y=5945.1X+3311.3
W H K Y=4470.5X-9573.9 Y=15200X+25584 Y=15905.1X+149382 Y=17595X+11087
SRR Y=5465.4X-7873.5 Y=17910X+13204 Y=8894.8X+22016 Y=22612X+16519
EAED) Y=13279X-20807 Y=56114X+37935 Y=16641X+48468 Y=50175X+22504
FH B T BN Y=8434.4X-9745.6 Y=33878X+49476 Y=12185X+36537 Y=33757X+25399
SiEER T Y=3165.6X-4933.5 Y=16412X+28434 Y=4159.7X+16132 Y=16199X+2001.8
IR I 8 Y=8814.61X-738.77 Y=1569.1X+18.3 Y=8863.2X+25032 Y=1042.4X-1723.6
W Y=8695.9X-16975 Y=6695.9X-16975 Y=9707.96X+2085.8 Y=6733.54X-1995.1
975 T N ek Y=11057X-24164 Y=4495.4X-3285.3 Y=2864.6X-3593.7 Y=4668.5X-3739.8
= I i Y=9955X-20846 Y=19208X+229.03 Y=16190X-2281.1 Y=20503X-23335

=W gk

Y=40328X-78534

Y=112903X+34432

Y=90587X+940.08

Y=119536X-19956
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Table 5 Recoveries and relative standard deviations of 13 kinds of pesticides in matrix (n=3)
o IR % 5 K%
/(mg/kg)
[ AE RS Ao o D 2 e AERT AR A 22 P& AT Ao M O 2
1% 1% 1% 1% 1% 1%

ZWHR 0.5,0.05,0.01 121,101,108 2,28 78,76,74 2,11,4 118,116,115 2,12
W He R 0.5,0.05,0.01 109,82,92 2,4,12 110,96,99 2,8,7 94,9291 2,13
M, H ok 0.5,0.05,0.01 115,104,116 1,2,11 76,74,76 3,52 121,119,121 6,4,1
g H fpk 0.5,0.05,0.01 105,88,92 3,2,10 72,70,71 2,32 113,113,119 2,4,7
IRR 0.5,0.05,0.01 120,94,103 1,2,11 87,93,88 1,54 93,91,90 1,2,2
TEH A 0.5,0.05,0.01 114,107,116 1,3,10 114,111,111 3,2,1 118,119,115 1,1,4
FH il S 0.5,0.05,0.01 95,79,87 1,2,7 92,93,91 2,4,1 121,110,116 2,23
FH RN 0.5,0.05,0.01 74,72,74 2,23 86,85,86 43,0 86,91,84 2,2,6
TR Wt 0.5,0.05,0.01 102,86,93 3,2,6 111,100,107 2,9,5 91,95,95 2,13
% B i 0.5,0.05,0.01 121,109,113 1,2,4 107,107,104 1,6,3 107,109,105 1,3,3
o1 T P 0.5,0.05,0.01 112,107,112 2,13 79,80,79 4,1,0 88,87,87 4,6,0
A ] 0.5,0.05,0.01 107,117,107 1,3,6 92,101,94 2,8,5 121,119,117 3,2,2
= T 0.5,0.05,0.01 78,70,93 4,15 76,87,87 1,6,11 73,72,103 2,33

6 3MEMREMLER
Table 6 Test results of 3 kinds of samples

FE AR 2558 B it/ (ng/kg)

I
fean S 5 PNEES
ZHWR 3.2 322 5.2
15t 13 0.9 1.1
it e Bk 0.4 4.1 0.7
WE H Jpk 4.7 32 0.2
R 0.3 24 0.0
ENEY) 0.2 0.0 1.0
FR el SN 0.1 0.0 23
FRHEREIR 0.4 0.0 0.0
IR B 0.3 0.0 1.1
W M 1.8 0.1 1.9
o T M b 0.3 0.3 1.2
= 31| 0.0 0.0 13
=R 0.0 2.8 2.0
3 & i

AR aTFME X8 KESE . SR TR, %F
W R | BRI S B RGE T, # T 13 P E AR
K246 E W aTFME-HPLC-MS/MS Kl J7 . AHES T
SPE, aTFME & THEGERIC, AL 8 . ¥ ibiX 2Emii b
PRI PRAE SR AT AR A R A T AL A P, A3
BB 15 h, DT3RS T ORE AN AL R M T
QEChERS, aTFME 7EZRUI R RTE R E L 532
W, PR VR | mL, BEART APLA R E; aTFME ¥
W B AR T A8 FE AN A R, RS RERS E AR, T
PIlIES SERZN VNN CE R B SN UE A T = 8 TO  a  L ] )
KA AEAE SRR, A LA FT ST T R b A 2 iR T
TR o B 2R X AN 25 R E A T IE, S5 R IESE X 13

P 251k & W0 SR S UER 0, KT FiR, aTFME
5 HPLC-MS/MS BXH, HA misk IR EE RS, &
A7 i HP AR 2 22 5% B B DR AGIN J vE ELAT LA R

SE Mk
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