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DB-1701P BYNEFEUEAT 438, 76 F 25 7 % F I (electron impact source, EI)AllZ2 5 by B F Wi I (multiple
reaction monitoring, MRM)BE =0 22, JEFiprfEM &R IE, Nirka &, GR 3 MW E 500~
5000.00 ng/mL i [ P4 R AFktk, MR BB AR T 0.99, & &R (limits of quantification, LOQ)¥J N
0.01 mg/kg, 7£ 3 NERINZKF(0.01, 0.10, 1.00 mg/kg) F, JFREIMCRIE RN 73.23%~110.00%, FHXHRAE 2
(relative standard deviation, RSD)H 1.33%~8.14%. #&i® ikt . REL. MEmf, WEA TR PEE 2. 4
B SIS TR 17 DR O 2 A )

X8RI Bk, ARG SBUTSEEE; KR QUEChERS; UM 0 i- — 8 DUARFF ik

Determination of 3 kinds of pesticide residues in garlic by QuEChERS-gas
chromatography-triple quadrupole mass spectrometry

CHEN Yan-Min', CHEN Li-Xiang, GUO Hai-Rou, ZHAO Yuan-Chun, HE Kun-Peng

(Guangdong Food Industry Research Institute Co., Ltd., Guangdong Food Quality Supervision and Inspection Station,
Guangdong Food Industry Public Laboratory, Guangzhou 511442, China)

ABSTRACT: Objective To establish a method for the determination of trichlorfon, propamocarb and cypermethrin
residues in garlic by QUEChERS pretreatment combined with gas chromatography-triple quadrupole tandem mass
spectrometry. Methods  Garlic was mashed, extracted with acetonitrile-acetic acid (99:1, V:V), anhydrous
magnesium sulfate, sodium acetate and ceramic homo-protons, purified by anhydrous magnesium sulfate and
ethylenediamine-N-propylsilyl, and separated by using a DB-1701P capillary column. The results were measured in
an electron bombardment source and multi-reaction ion monitoring mode, corrected by the matrix standard curve, and
quantified by the internal standard method. Results The linearity was good over the range of 5.00-5000.00 ng/mL,
correlation coefficients (r?) were greater than 0.99, and limits of quantification were 0.01 mg/kg. The recoveries were
in the range of 73.23%-110.00% at the 3 addition levels (0.01, 0.10, and 1.00 mg/kg). The relative standard

deviations were 1.33%—8.14%. Conclusion This method is simple, sensitive and accurate, and is suitable for rapid
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screening and quantitative determination of trichlorfon, propamocarb and cypermethrin in garlic.

KEY WORDS: trichlorfon; propamocarb; cyhalothrin; garlic; QuUEChERS; gas chromatography-triple quadrupole

mass spectrometry
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Ko, VERFATEFE D EHEYZ—, HAP; kO
PR . DU RS IR A 4 2y i Y R H
HI ARG R FEEWA R A T AL E; BT
b, E KGR ST 60%M 5, R R KGR
AT E A R ED AR RIS KR, FEKGRR
R RE R, 2ol fin—Se A 2ok By i 5 AR o BoE
0 B LR S A4 G 2 R R o R R 9 o 214,
BATB 0 . 28 L5ER . HHT, GB 2763—2019 (&
A E AR UE B A AR 2R R AR B R ) o BA
HRTEBZERE SRR AL E Y 0.20 me/kg; W KR 1Y
RoE s, R, RORBREEE 0.02 me/kg, X
FARGT O R R R RE Y 0.2 mg/kg, 20 SCHR, 5T Ko
rhfe 25 5% BB AN s pE SR B, TR REE B3 6 TR
AR R . T R SR SR A RS DU T R RIS

EUR, X FBirr s p il s ik A SO ik
VBOAR 2335 TR T OV RIBOR €033 H R B O, R T AR
JaL, S SR FH A B € i 2 TR R (i I k),
R FHACAR €8 3% o 1% vk AT A 1 e B> . HET, GB
2763—2019 48 2 ¥k 32 TP R R R I AR ESY NY/T
1379-2007 &i3erh 334 R L5 AIE HH (il 5
T FVBORH € 1% JT3E 7 D bR HE SR T AR B i 2 i
# 11 (multi-mode injector, MMI), #FEE N 20 pL, XH{U#R
[LNER 3 & 2N ol S Tl o S N i IO A R = K
Ty AT 2R 25 5% B Rl I A i, 25 8O B0 R U
IR BEAT P A

QuEChERS # AU A K BILISK, Hi T if b 3R 7] 41
FLERVERT A, BT iz B TR IR B i A 25 5% B 20 A
QuEChERS # FI AL #1 LA N-N % 2 — Ji& (N-propyl
ethylenediamine, PSA) . C;3 il 1 2 1k Bk 22 (graphitized
carbon black, GCB)F!' th THGRBI ARk, EHHENA
J AR SRS RS, HOR 32 25 PSA 1
QuEChERS b4 RFIEA T Hi AL Bk, T A3 &k 25 B s o
WA, DO RMBERELRR . Hoh, Jrikiad
QuEChERS AR A4 BE 77 A5 Ay =T DU T 53 3K o %
YR FRVASCIR FH, 5 7R Dol 20 6 R 358 7 1 5 i R B e [ ),
SRy 5 1) R AR B A T A A R

AHFFER ] QUEChERS #Hfk, UM i -— T DUk T
Jtit% (gas chromatography-tripe quadrupole tandem mass
spectrometry, GC-MS/M )il KFrHE A B . 7555 FUF1 A

FUTRAIME, AR E B, D00 KoRe P AR 25 5% B i e S it
TINES B MRS

1 MR5RE

1.1 E5RF

TRACE 1300-1SQ 9000 = T PU 4 #T - A {0 1% 5 1%
15 A (35 [ 28 Bk C R A BR 22 |]); MS3 basic S025 I i€
BT MR E S A RAFD; 3K15 Hs .o bl
(M RHRIE 3 25 4 A FRZA Wl ); AR323CN HLFRP( |
T B S AR A BR A A o

FOE A, EEURAEE(1000 mg/L, b SRR A
BB W ), FEEEE(999.0 pg/mL, HrEL 5T S 0 A% Ak
YR A RAFD); HA L5 (99.9%, £E Accu Standard
A,

VKR (BT ey . FH 2R (ta 1k 2l ) Ok e i RS R B
AR FD; JKBREREN . TKBRRREE . BE IR AN (4 Bral) .
P (354 (T MNAE2=R A ), 0 S k(i al, %
78 JE F /K [FFPR2 H]); QuEChERS L4 1(7% 150 mg
PSA. 900 mg MgSO,4). QuEChERS #{b4 2(4& 150 mg
PSA. 150 mg CsEC. 900 mg MgSO,) (‘&SR 4 B
23 F]); PSA /NEE(500 mg/3 mL) | A7 S8 AL iR BA - R R A
(500 mg/500 mg/6 mL)(T 44 LA /R B A BRA F] ) o
1.2 XWFFE
1.2.1 AR RAATfE TAEER

IRATRERRIE: 20 I 100 L BE B, FAERE.
SR F AR SR E 10 mL SRS, FAPEE 4,
BE L 10.00 mg/L B PP a9

WAL -MPR T FREC 10.01 mg IR L SERE
YR, FANBEZZE 10 mL, Bl 1000.00 mg/L A NAR
A PRI DI AR, el B2 1.00 mg/L i AR
R

2 BT TR RIS (RGRFE S, S 3RIB0SHb S,
I -

TR MEMLL: AW 2 mL S ARFIFRE
10 mL &, ZRELT . WIBGE SR AR TR
% 10 mL RE T, HNIERZE 1| mL, JERTTREKE N
5.00. 10.00. 50.00 ., 100.00 500.00., 1000.00, 5000.00 ng/mL
HI R FBRAER I, TSI 100.00 pL AR, RS,
FEFLUE RS, JEVR L BN ES TR E . LB & YR 5
RS AR Y BT R HOA RS AR BR (X, ng/mL), tb&Y)
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SRR ARG 74 e T AR5 PR )0 TET R EE R A AR (Y), VS
RSN ZR o
122 ASara

(D) RAR AR &

FEM AN EL: KFREE L LR BN IRIRS), A 4T
IR RE R AT SRS, TR IR A

()42

FREL5.00 g(K5 i % 0.01 @)FEdh & 50 mL B.04H, i
A 10 mL ZJE-BERR(99:1, V:V), 6 g To/KBREREEF 1.5 g kiR
N, —WY T, WRBE 5 min, 8500 r/min .0 5 min,

34k

5 mL F3EW RS 150 mg PSA. 900 mg MgSO, 1
15 mL H4LEH, IWHEIRS] 1 min, 8500 r/min %.[> 5 min,
HERR I 2 mL F3 T 10 mL iR, EREET, A
IR 1 mL &%, MANAE 100 pL, T 0.22 pm HFLuEE,
FHFIE o
123 Aq8 & - B BT E Lt

(D) SAH TS S

{4,384 DB-1701P(30 mx0.25 mm, 0.25 pum); #AE M
T 280 °C; HEFERY 1.0 pL; PEREDTEC A RVERE; 3
AP 1.0 mL/min, fEFRA; FHEFET: WIHIEREE 60 °C,
A3 1 min, LA 30 °C/min FHfE = 200 °C, FiLL 5 °CHEE
225 °C, T 3 °CTHE ZE 240 °C, FFLA 60 °CTHE = 300 °C,
£+ 6 min,

Q)&

i, 725 i B T (electron impact source, EI); £ )% )i/

B4 - W (multiple reaction monitoring, MRM), &I JE
%5300 °C; HE IR K 280 °C; TE . FEE . FAUR
BETR AR AL P BR B TR) L o X R P X I
%% 10

2 ZERE5SH
2.1 BIMEEAS R
211 RERGEMmA

By, A E AN QUEChERS #2 U 4
AOAC 2007.01%71 BS EN 15662—2008", A ffF 5% 3 173
2 HAKE A R IIA S & 0.025, 0.05. 0.50, 2.50,
5.00 pg MIFLCA . FEEE WU SRR SE R, 43 3ok H 2 A
B AT S g0 X . o, $2HO 7L 1 R BS EN
15662—2008 77 ¥:, F 10 mL ZJEF 4 g #ifREE. 1 g A
Rfh . 1 g FPRIR BN . 0.5 g FrARIR A A K 1 R R X 5
FXEIbR G W KA S A TER L SR 2 SR AOAC
2007.01 {5, F 10 mL NG -BEERVE I (99:1, ViV)FT 6 g
TOKBRRREERT 1.5 g BERREN, — Wik %35 5+ X nbr s 1)
FOFRRE S R AT PRI, L BRI oA 238 K A X A o i D 2
(relative standard deviation, RSD) .3 2, MFE 2 il LI
X TP ECE R R AE R, 2 RO = ik
BT EARMEZKR . (BXFRE% R, RA AOAC 2007.01,
FH 5 -BEBRIEW(99:1, VIV)RYIRBUSCR B 245 F BS EN
15662-2008 W BCRR o

F1 HEHR. BEE. SEFHEMTEELEMN GC-MS/MS SHEHESH

Table1 GC-MS/MS analysis condition parameters of trichlorfon, propamocarb, cyhalothrin and heptachlor epoxide

e Ew PR B2 i} []/min FE R B TR (m/z) HEA# fE L/ V FE M X (m/z) iR B RV
1 [ENL 5.95 109/79 10 185/93 20
2 R 6.53 188/58.1 10 129/58.1 20
3 BAELH 12.79 352.8/262.9 15 354.8/264.9 15
4 AR 18.52,18.75 181/152 35 197/141 15

Fz2 2 MHRETAM AT RAKRBMIRIEW R (=3)

Table 2 Recovery rate of pesticide residues in garlic by 2 kinds of extraction methods (n=3)

[AgEL

HiwE SRR TR

findrdt/ug B 1/% RSD1/% I 2/% RSD2/% [FICE 1/%RSD1/% [N 2/% RSD2/% B 1/% RSD1/% [EIR 2/%RSD2/%

0.025 118.50 4.64 109.75 3.42 38.00
0.05 118.38 2.80 128.50 1.46 47.00
0.50 75.68 6.31 111.40 4.26 64.00
2.50 84.68 2.94 109.57 2.45 68.80
5.00 81.27 5.20 116.04 1.02 70.80

7.89 70.00 2.86 93.00 4.93 89.00 7.02
2.81 66.50 2.71 94.50 5.57 86.50 6.67
3.13 67.60 0.89 103.45 7.50 90.05 3.15
3.31 63.74 2.23 108.41 3.81 81.11 4.60
2.08 63.60 2.61 105.51 2.02 90.45 297
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FER A AOAC 2007.01 MAREBUT L IRTIR T, X2
WARBUE T, BRI BT 2 ARG nbr i
W, TSR R RS S RGTAER S RSN 1.00
mg/kg BIRFRBAPERES: . LA 5 mL gBBEE, SR 10~30 mL

Z AR B 2 - B2 (99: 1, V:V)H 8 [ i ot Ko L
BRI THRE, TR, S5 3. N 3 Al LLE
H, R 10 mL ZJE-BERR(99:1, V:V) Al LA 2 Ko Hr Rl e
R RN IR RGBT 2

#3 NEHRIVETN KFRH R A% BRI E W E(n=3)

Table 3 Extraction recovery rate of pesticide residues in garlic with different extraction volumes (n=3)

[E FEAE L R KR
FEIBUAT/mL B /% RSD/% B/ % RSD/% ISR /% RSD/%
10 94.66 3.02 87.52 5.43 0.8802 3.75
15 101.44 4.52 86.32 5.45 0.8022 4.82
20 91.92 4.86 79.58 4.05 0.7904 5.54
25 92.16 3.79 85.36 3.89 0.7982 4.92
30 80.68 6.20 82.48 4.95 0.7796 4.49

212 #ibi XikdE

AHIE ST I8 1 A28 R AR AR B AR A T,
AR B 0.01.,0.10 1 1.00 mg/kg Kas BAPERE S, W
10 mL ZJ-FERR(99:1, V-V)$RBUS, FIA IR 5 kAL,
TR FERT A TR AT T 0 I B 0 . AR5
KA EE )7 2 QUEChERS k4% 1(7 150 mg PSA .
900 mg MgSO,4). QuEChERS ¥+{b4 2(% 150 mg PSA.
150 mg CsEC. 900 mg MgSO,). PSA /N FIf B4k hk 2
SHIEBE AR RNREE YA R 5 =X [l i 34085 5
K1, 2, 3,

Hd, ST PSA /IMEFIA 88 ALk 2B -5 3 & A A TR
B, FEELS TR TER: H S mL OE-F
HK(3:1, VIV)IEfL, 1€ 5 mL 25 FIREIRBUR H A 0.20 mL
) 10.00 pg/mL FRAHRAET RV, RSB BRI B4,
FHZE-HZRG:1, VIV)BER, KRR EE I 5 mL BRI,
AR ZET, 1 mL WEIEE, 1A 100 pL NARE TR, 185,
B, FHLINGE, A A4 S mL YRR TP AR A 0
SLIRZE R 4. 5. K 4 FIE s aTLAE -, B 15 mL
B ZRE-FR G, VIV)E LK PSA HEAIE S5 1h e BB -2 3
EAEM FMBE R FRE RS FUT AR T e

L 1~3 FTLAE ), K 7 8 RN SR A8 R A
4 FpOR G X 2z g mCR 22 R, B¥A T
80.00%~120.00% 2 [6]; {H&ECE W R A S 1 is by
SR, AL T 80.00%~120.00% 2 6], Hofig ik iy A7
P EDSCR R B LS, AR g ik R b, T REAETE ik
Wy I B A A B B A OR e 22, SR TR v
AR DRI SE RO f 2, SRR R . ORI
R 1A RABFIE ik 7 K o

140 BAELEL W2 BPSA/ME O AR EEE A1

il o Ta

0.01 010 1.00
ForHEE B R (mg/kg)

1 [l e A5 20O R AN ) i B2 37T e i (n=3)
Fig.l1 Recovery rate of different concentrations of trichlorfon in
garlic by different purification methods (n=3)

}‘2‘8 BRLAT L WE{LAE2 BPSA/ME [ 7 BMLRR R Ak

I W

0.01 0.10 1.00
KPR R i/ (mg/ke)

P2 AR AT 20 Ko A [ e B 1 76 23 B T W (n=3)
Fig.2 Recovery rate of different concentrations of propamocarb in
garlic by different purification methods (n=3)

120 EWMLE WAL BPSAME OF SRR L AR

I

P 3 AN TR] e f 5 20 s v AN [l e B2 ) SR TR B R [l W (n=3)
Fig.3 Recovery rate of different concentrations of cyhalothrin in
garlic by different purification methods (n=3)

T 1L B 2 A 3 SR AR 22 K 4.

0.01 010 1.00
R AR & i/ (mg/kg)
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Table 4 Standard deviation of different compounds during garlic purification experiment (n=3)
RSD/%
ast’]
LA 1 i 2 PSA /M 1 Bl - I AR
BE R 1.6~2.5 0.8~1.5 1.0~3.5 0.4~1.7
FEE L 1.0~3.2 0.9~7.9 0.1~1.1 0.4~2.9
SRR e 0.3~6.1 0.2~4.2 0.1~2.9 1.2-2.8
B TEER e WSR-S 2.2 BIRIERIER
Eﬁ i B 1.00 uL 9 1.00 mg/L IRA SRS AS R PERY
g s FEFiE1T EHL. Forf, DB-1701P #1 HP-5 #ERH“1.2.37Y
= 10 FHREFRF, T WAX i FREEM 52 &, R AR
E 0.5 PR WITRTIRE 60 °C, {#FF 1 min, DA 30 °C/min FHEZE
'é 200 °C, F-LL 5 °CFHIEE 225 °C, F-LL 3 °CFHEZ 240 °C,
B gk Sk Sok EIOK BEK BAK {745 7 min, JLAEHILIE 6. ML 6 AT LU, B SR

B4 AFBEBEREOT PSA /MR A 5 U 5
Fig.4 Effect of different elution volumes on the purification of

garlic extract by PSA cartridge

o0

uﬂﬁ ——FE R R -

&1 5

& 4

¥ 3

2,

81

E] 0 =) d i 5 -

5 F—K BR FEZR EIK BTRK HNIK
Bl 5 ORRIYEIE R BO 2 2 2 AR e Ak KR OB Y 5

Fig.5 Effect of different elution volumes on the purification of
garlic extract with an amino composite column

FRE R S RER HP-5 A5, 3K B ARG TR 5 H.
fEEHI RIS, MEFFAEEEMEH WAX Az E1 R
FiE i, kg, SR, 3 fhfk2isk & 7R A
DB-1701P #Hi#f11 B 5, i%E g S 20 RIPRAE, Br
VARG R A DB-1701P 4.

23 MR KRUERFEER

FONIE AR E AR BCR 12,10 ikl 4%, I
PEFEFUCHL A RN LR, S5 0K 5. Bra i, AEEA
SR E A BELE 5.00 ~ 5000.00 ng/mL 3 F LNE LR BT,
KRB BIRT 0.99. BA M F 8B A R A R Y
o PR S /N =315, 255558 0.005 mg/ke; & FRT%
SN =10314 25140 0.01 mg/kg. i BRI F N
R tORERAA DN N

1.4e6 HE H 1.8¢7 BER . 1.00e2 [ s ssns
s
1.0¢6 ‘ 7.50e1
i i
H b e 1.0e7 | s 5 00c1
s 2 - B 200
121 5.0e5 Z 5.0¢6 ] E
- = l 2.50el
0.0¢0
0.0¢0 ——, {73 0
5.00 6.00 7.00 7.40 5.30 6.00 700 770 16.00 17.00 18.00 19.00
PR B 5[] /min £ B s} 7] /min 5- 58 B5} (] /min
9.0e6 ; 7.0e6 7.0¢e7
7.5¢6 | "n 6.0e6 ;\ 6.0¢7 |
[l |
- 2 5.0e6 | '\l 2 4.06 'I‘\ 4007
g = i \
T 2 ) se6 f \ *:‘ 2.0¢6 &ﬁ *3 2.0¢7 h
i 4
(1)'862 _L¥ (;.geg s 0.0e0 | ——HH—
_1.0e ~1.0e ~1.0e7
5.00 6.00 7.00 7.40 5.30 6.00 7.00 7.70 16.00 17.00 18.00 19.00
L3 B3 B[] /min £ B2 5} ] /min {54 B 7] /min

Fl6  ANFEIEAEXT 3 Rl 24 5% B i i 142w

Fig.6 Effect of different chromatographic columns on the peak of 3 pesticide residues
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1.6¢7 3.5¢7 7.0e7 ,
3.0e7 ' 6.0e7
1.0e7
i 2.0e7 “ 1
= = % e §4w
= & 5.0e6 = 1.0e7 =
= 2 © = 2.0e7 |
0.0¢0 0.0e0 - 0.0e0
—2.0e6 —5.0e6 —1.0e7
5.00 6.00 7.00 7.40 5.30 6.00 7.00 7.70 16.00 17.00 18.00 19.00
PR Rl /min (B F]/min (R FRE B/ min
6(2%)  AFEREFEXS 3 Flrofe 2255 B 1Y) Hi e 52 o
Fig.6 Effect of different chromatographic columns on the peak of 3 pesticide residues
*x5 HEH BERNSSSRENERRERZNEESE, HXRBMLMETEE
Table 5 Regression equations, correlation coefficients and linear ranges of the standard curve of matrix for
trichlorfon, propamocarb and cyhalothrin
=2 L& LM P () LAEE I/ (ng/mL)
1 BE R Y =2248.088X —16.594 0.9988 5.00~5000.00
2 AL Y =3237.593X +45.398 0.9999 5.00~5000.00
3 SRS Y =9346.947X +253.934 0.9996 5.00~5000.00
2.5e5
2.4e5
2.2e5
2.0e5
1.8e5
1.6e5
1.4e5
% 1.2e5
;1
‘]",:ET' 1.0e5
8.0e4
6.0e4
4.0e4 R B
2.0e4 ‘ SER HEER )
0.0¢0 [ EE
—2.0e4
—4.0e4
—5.0e4
5.64 6.25 7.50 8.75 10.00 11.25 12.50 13.75 15.00 16.25 17.50 18.75 20.33
PR I 6] /min
[ 7 FEFFR 0.01 mg/kg MRM {33 4]
Fig.7 MRM Chromatogram of matrix spiked 0.01 mg/kg
24 HBEESDOERER

3 #it5itie

5T R QUEChERS $iA&, #sr T Kips i i s
R U S RS TR 1 I vk . S AR BT

25 FREAE S R 2% T 0.01, 0.10. 1.00 mg/kg 1R
BARUE S R, HeBR<1.2.27 89 J7 iR A TR S 5 (n=3),
TR INAR ISR, 255 3R 6. %y I ECE HUmpR Rk

H 83.77%~110.00%, FHXTFRUENNZE R 2.40%~7.44%; Fa%s
B FR B & 75.22%~98.73%, AH X AR E W 22
1.37%~4.10%; ST B IAR EMCEN 73.23%~96.00%,
AHRIARAEM ZE N 1.33%~8.14%,, %45 R, g, B
4 GB/T 27404—2008 35K

3 SRR SRR Ak, B 7 IR BOSCR A
PRI, TR B R AR I A B, A KPR T 5 T 1 o
FIF E M . GC-MS/MS i SR, A AR T
P, AL B E NIRRT KRR PR R R
FHUTAIRPR Bk, 2R 0E, 3 Pk 25 5% B bt
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B dn 2 A R R A

1 LERVES

i 2k 2k Pk A S R BB R T 099, & BRI N
0.01 mg/kgo — HHIEISCR . K& &AMEH. B2
S5 VAT R AR 24 5 BR R I O AN A R, E T KRR R
A H LR A EORT SRR A R 1 P s S — T
SR ARAE NY/T 1379—2007 8538 h 334 fhfe 2 2 5% 52
PRI 2 AR L T i T YRR 23 i 1 ) A L, R AR
TAXER T R AL A, AR TR ROR L AR ik TR
R WERR . SR R AR 2 R B A S B T

F B H MR

F6 RFPHER. BEHMSESHEENTHMIREY R
R EREN=3)
Table 6 Average spiked recoveries and relative standard
deviations of trichlorfon, propamocarb and cyhalothrin in
garlic (n=3)

FS ks BINE/(mg/ke) FHIEIER/%  RSD/%
1 [HEL 0.01 110.00 7.44
0.10 98.80 6.51
1.00 83.77 2.40
2 FaRE 0.01 98.73 4.10
0.10 81.07 1.98
1.00 75.22 1.37
3 SR 0.01 96.00 8.14
0.10 73.23 133
1.00 77.77 2.30
S 3k
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