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# E: BB &3~ EMR-Lipid dSPE %5 & S HH (4 3% - 5 BE 5 i ¥ (gas chromatography-tandem mass
spectrometry, GC-MS/MS)[FI B E F R0 218 PR 23R A AN . FE  FEMRHCIERBGEZR R
B WK RIS B EMR-Lipid dSPE A3HUE AHAEE Gk, AR 235 - BT i 156 B A 22 5 Wil (multiple reaction
monitoring, MRM)RLRN, SR ALV BCAR MR NPRAE B B8R 218 FRZGTE 5~200 ng/mL i N4k
PSR B, MEREI KT 0.995, 7 0.05, 0.10. 0.50 mg/kg 3 DISHIACE I EILZE N 63.3%~119.9%, FXF
FRUET 22 (relative standard deviations, RSDs) A 0.78%~18.10%, & &R (limits of the quantitation, LOQs)}y 10~
20 pg/kg. G50 AIEHIACERMIR . SR REUE . MERG R FURE S, REWEE FORIM T 218 Pk 2 2R
M BT R
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Simultaneous determination of 218 Kkinds of pesticide residues in coin oil by
gas chromatography-tandem mass spectrometry combined with
EMR-lipid dSPE

TAN Jin-Ping, WANG Yu, CHEN Yu-Zhong, HUANG Xiao-Qing, LIN Ze-Shan,
ZHAO Jin-Li, WANG Cheng-Long, HUANG Song, LIU Jia"

(Guangzhou Food Inspection Institute, Guangzhou 510410, China)

ABSTRACT: Objective To establish a method for the simultaneous determination of 218 kinds of pesticide
residues in corn oil by EMR-Lipid dSPE combined with gas chromatography-tandem mass spectrometry
(GC-MS/MS). Methods The samples were extracted with acetonitrile and degreased by refrigerated centrifugation,
and then used EMR-Lipid dSPE purification tube to purify 218 kinds of pesticides. The target compounds were
detected using multiple reaction monitoring multiple reaction monitoring (MRM) on GC-MS/MS system and
quantified with internal standard method by the matrix match standard solutions. Results Two hundred and eighteen
kinds of pesticides had good linear relationships in the range of 5200 ng/mL, with the correlation coefficients were
greater than 0.995. The average recoveries of the 218 kinds of pesticide residues ranged from 63.3%—-119.9% at the
spiked levels of 0.05, 0.10 and 0.50 mg/kg, with the relative standard deviations (RSDs) of 0.78%—18.10%. The
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limits of the quantitation (LOQs) were 10-20 pg/kg. Conclusion This method has the advantages of simple

pretreatment, high efficiency, high sensitivity, accuracy and precision, and can meet the requirements for the analysis

of 218 kinds of pesticide residues in corn oil.

KEY WORDS: EMR-Lipid dSPE; gas chromatography-tandem mass spectrometry; multiple reaction monitoring;

corn oil; pesticide residues
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TR E AN iR B & 2R R YR A,
BAMRSHERNE, BREFEWERHZ —. REE
FORMAE RS 2R E, FRMA R SRR st RIF. A&
T, HUARME A e Rl 2ok i e AN T ke et £ P 4 245 7] g 9 3
RETRE M, 2o AR lfa Y. s i T
SR RS I AR AU RO, AR 24 5% BR AR Y KUK 25 A7
FItssE N, Ao AR 2 B W B A AR o R R AR 2y
B B PR A R B A%, B R EoR KA bR E GB
2763—2019C f b L ZZARME Bah PR 255 BR ) o
TN BR R 21k 533 T, Horh b R F ORI ANAE P i
(A AR A REHCE 7 W, ¥ & BB
(L E KRB WA AR EECR 36 W, b RN EE K
BB EHE R 0.02~1 me/kg. HHI, XTF &S 200
Fh UL b A 24555 B8 R AR 53 LB 20, HRHR 43 BT R T 1Y)
J7 R R KB RE A O DR b e 7 — Ffot A ik v A PR
{18 B 2R 2R B AR I VA A

£ AR I 3 B AR T R T R 4 A, TR 2 Ak
2R NRVEE R, FEIRBGS LI BR AT BR BRI LR . =
S FEN TR M AX R AUE YA S 1SN m . B,
T A 25 2 58 B AT 3 VL B A BB
(gel permeation chromatography, GPC), WAL . A
ZE B (solid phase extraction, SPE). 43 #{ [& #H £ B &
(disperse solid phase extraction, dSPE) . & i [if #H A B
£ (matrix solid phase dispersion, MSPD)fl QuEChERS
(quick, easy, cheap, effective, rugged, safe)ff R4, GB
23200.113—2018C B fn & A b ie FEPIRME R it b 208
Filige 245 B FAR P 5% BA B 0 e ASOAH €8 RS- B i B0 TV )
GB 23200.116—2019€ B i & A= R KR e R IRAE £ it o
90 Fi MLBE A 25 M ILACTI ok B Bk i ORH €83
B2 R T A 2 2 5% B Rk ik B GPC
% . SPE {:F1 QUEChERS 5%, GB 23200.113—2018 H12k
A GPC Jy i xd ( FliasEA ik, At i< X AR,
HWEEL R GPC Y, X SLBe 2 MRS IR & E R B . Hifg
VLR F 25 3L, GPC J SPE ¥k, SO (iif- 3 106  i
£ (gas chromatography-tandem mass spectrometry, GC-
MS/MS)illE ZEEAFIh 28 Fhfe2h, HARTTA RHERR KER
SRSy, (BRR AR GPC Fl SPE k5 BRI | kb

il

B K TR AR & B AR A UOR I 2 AR R,
TPT-SPE #:#+4k, GC-MS/MS 7 %E 32 FFIh H 40 Pl 24 5%
B, BARBEAMERER . RS RE, HERHY
TPT-SPE ILAERTHE ], AiEFFX KAt bRz £
FRA B POE T A . kel WL, S L Rk 2 IR e R G
fb, LIPS0 . ATEE A AN AR B Y TR
H— 5 BIMERE

AR5 T ORI R NR IR A SRR S, IR R
KRG, WA AR T LBR™ i EMR-Lipid dSPE 4y
R A 25 B AL i A 30 D vk, #E S — R RE AT oK R
218 Fhfe 2 Z2 5% BB A DL . 08 . MERRY GC-MS/MS 45l
D5, DAMHSEEE F oK AR 24 2 5% Bl R, A &
K A 2% BRI W 4R AR AR

1 MR5ERZE

1.1 #R5ERF

94 Pl 25 IR GARME I . 13 PR AR AR UEA R
106 FRZJRGAREER . 5 R ZNR SR HEIER ORI
50 mg/L, Jb5 BePure 23 Fl); M E L & (LEE 99.36%,
f# [ Dr. Ehrenstorfer /A #)).

N, IFc ke, ZE(i%al, 56E Fisher Chemical
/A )); EMR-Lipid dSPE 3 HUE (Part No:5982-1010) .
EMR-Lipid Polish J 24 (Part No: 5982-0101)(3%[E Agilent
NG

{6 35%4:: TR-PESTICIDE II (30 mx0.25 mm, 0.25 pum, 3£[#
Thermo Fisher Scientific 23 ).

TR T
1.2 NFE5EE

Agilent 7000D GC/TQ A% - AR K BT 1A (LA Ha
TR, £E Agilent 2AH]); ME2002E H T K (Fi+
Mettler Toledo 7% Tl); Milli-Q Reference # 4li /K #L(3
Millipore 2% H]); MS 3digital iR EIR A4 . HS 501 digital &
Wt (FE1E IKA 2 F]); 2-16KL B i3 2 AL (8 1 Sigma 2
#]); N-EVAPTM 112 Z MY (ZE [E Organomation 23 7).
1.3 ZWFE
1.3.1  AFAEBR 4 B4

RAPAERE R (10 mg/L): MERIH 1 mL A& 259R
BAMER A IE S BE =11 (VERZE 5 mL, #6
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-18 °C1#4f%.

PRI HERFRER 10 mg IR 4A-E AT 0.1 mg)
FHIEE SRR ERZE 10 mL, JRA1EE5] 1000 mg/L Y
PIbRAE T

PRI FIE OB RS 2 mg/L 1Y NARIA T -
132 Hsara s

(D42

VERIAREL 1.0 ¢ FRIMEE SR = 0.01 g)F 50 mL %
OEE T, A 2 mg/L AR AL S NPRE IR 125 pL, REE
15 min, A 10 mL ZJEIRFGHEEL 20 min; T 8000 r/min
~18 °CY¥R VR & .1> 3 min.

(2)41k

il EMR-Lipid dSPE 43 HE AHZEHUE LA S mL /K IF:
SLEMREER A, A 5 mL S ZEEY), S5 IRBER A 1 min
J& 8000 r/min B0 3 min; Hf HiE R &2 2 EMR-Lipid
Polish 2 Z£4%5, IWEIR-E 1 min J5 8000 r/min 5.0> 3 min;

HER B4 mL IR T 45 °COKB AR 2R T, HIECEE:

WE=1:1 (V:NREIIEFER, REERE 1 mL, 1R5)
Jait 0.22 pm AFLUEHE, FEIERE 3BT
1.3.3 A7/ TAF B 64 Bl

R ME AR : B2 = 0TR G An fE A A W A
PR TR I IE % R E=1:1 (V- EFIE R 5. 10, 20, 50,
100, 200 pg/L(MFRBTE MBI 100 ng/L)RIE AR AE 1.
YR

FEFUCHLbRIE TAEM: TR AR aRIE 1.3.2 5%
(AITAR)AL B 2] 22 (SRR, BL—& B 1R A hn il
AN PN PRS2 R R EC I AR 5. 10, 20, 50, 100,
200 pg/L(NFRIEEI N 100 pg/L)AYHER PCERARAE AW

S HHR 3 F] (analyte protectants, AP)FRAE T/EW: I
— 32 12 TR A B VA 5 VBRI PR AR VA T IE L o AT il =1:1
(V:EEFIECH], & 1 mLARER DA 50 uLIRA AP AT
] 5,10, 20, 50, 100, 200 pg/L(N xR &K EY N
100 pg/L)iJ AP FRiE TAEW .
13.4 AFm

o LR FRIBRIE TAER . FERRVCEChRE TAERA AP 45
WETAERSY AT GC-MS/MS W2 FE43 B~ prvi 15
FEFIARIERRZE L TR AERNZR AP ARUERNZR LR T e, $%
(D HE RSB (matrix effect, ME), >4 ME=-20%~20%
FFIFEFRN; 24 ME=—50%~—20%8%, 20%~50% Jg 2535
WS 24 ME <—50%3Y, = 50%H} Jysm LTk .

ME /%= (Ss—m ~1) x100% (1)
S

KA Sm R SR VT ECARE T ZREL AP ARvERNZE ORI, Ss
U FIARE D ZE i bR
135 BBELEH

(O

FEIR: 40 °CH£43 1.5 min, LA 25 °C/min F+& 90 °C, {f

¥f 1.5 min, FFLL 25 °C/min F+ £ 180 °C, LA 5 °C/min T}
% 280 °C, L4 10 °C/min J+2 300 °C, fi4F 5 min; HEFE
FHREE: 270 °C; #EFERE: 1 Ly AAMRUERE, B AR
(99.999%); yii#: 1.2 mL/min,

Q)&

i, FZ i (electron impact, EDJARE: 280 °C; &K 4THL
s 35 pA; AR 280 °C; W FRIAEIREE]: S min; filf
T AUT99.999%); VK Z77(99.999%); HBEL
o W (multiple reaction monitoring, MRM)FA A2
1.3.6 ZyEAE

@1 Agilent MassHunter Qualitative Analysis /4%
KA B AT EME T, i Agilent MassHunter & &
ST AR A2 A B WA T E B 04T Tl Excel BF#EAT
gt k. .

2 FER5HH

2.1 FUFHEREE

TR MR AR BUG 75 2 4 b B 305k, KBk Kl
JEFHABIE ST, el RER/UERIE Yy, B T3 rE
W0 4 1 #1R o AR BIF 5% 25 5% 0 0R R AIR T R R T
EMR-Lipid dSPE 438X [ #HZ£H EMR (enhanced matrix
removal) 7 V£ F1Z% GB 23200.116—2019 #rfE FH 900 mg
MgSO,. 150 mg Z —J&-N-PN EfE bt (primary secondary
amine, PSA). 150 mg C;5 (QUEChERS J7 ¥5)W iR REHE BURK
Mgk . IR RO A B 2t Bk 2 FhigbrikE,
FHAH L f 5[5 DT AR HEV WA TREE, IR R4 T 8
50, 100, 500 pg/kg 3 AT EIBARIL, 5K LA 1~2,

LRI, EMR J7i5t 218 FR 25k 59 s BIieR
H 63.3%~119.9%, ik 2sK, HISERAE 70%~110%4
24k & WA 215 Fh; QUEChERS J5 kXt 218 Rl 25k &M
JNEISCRTE 19.0%~125.2%, EICRLE 70%~110%14 2510 &
Y 196 Fl, A 6 Fife 2L G N A I EISCRZER, g
K AR FAMEE A ISR BN T 20%, — s 5EE . X
S BRI AN RISCR TR T 120%. EMR-Lipid dSPE
YRR B B LR i, B S B L BRAE Sl P B2
YIRS, AEX BTt i g, AHEL QuEChERS J5ik
ARSI, RIS EMR kst Aot g 218 Fif
P THEIGAE
22 ERBE

o TR X SRR B R i A AR, 1 R R A
B SR AR AN U SR SR RN, A A A — 1T 2 S BRI
Hife . Zih2e R BIE 2L, 5 —Jy 2 R i g P A
RE VR EELS DR A 00 R I RO AT A AT RN <
AWFFEER 1.3 AREA 218 FRZ5bSYTERE LR
(matrix) F1 43 BT AR 37 7] (AP) H (19 5 5T 800 (ME), 45 4 I %]
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3. 7E matrix H, 5 32 AR 25 R BN 55 LRV, 111 Flgk
RN IR, 75 FhAZG R I B s 7
AP 1, A5 101 R 2 2k 55 TN, 62 AR 25 R BN
FRAFILTURON, 55 FhARZG RN REL AN . AT, BESR
BN ek 435 SR Aff B A5 T AN AT 22
8EMRJ7: 8 QuEChERSJTH:

250 -

200 F
= 150 -
< 100

50

<60 60~70  70~110  110~120

IR /%

120~130

BT 2 Rl s i s in ISR Heds

Fig.1 Comparison of the recoveries of 2 kinds ofpurification methods
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Fig.2 Comparison the recoveries of 5 kinds of pesticides purified
by 2 kinds of methods in oil (n=6)

AP H T P S (035 1 R0 AR (3 - AR I B
TE ¥ AR 25 5% B8 oA AG 0 R 54 5 Ak g e R O1S1 s hm
AP AN T T B o U O AR ME VA WA T A 1 R 44
XA, A AT ERERNSSAME, E BRI % FE PRk
TR AR (R B 1) L O (4 e 22— o A T R BE B0 3K
A5 B VA 0 P A R, MR SRR, AR R T iR
FHTFAR 25 5% B8 ARSI 1) Jee A AL 48 0% LT3 1) D-1LI B4 e
FI LT VB WER - IS ALA AP X 218 Flife 25 5L Ak ni (4 5%
Wl AT 1.3.2 SLHPBRMFATH IR 50, 100, 500 pg/kg 3
IKOF [l eS8, 4350 matrix ARAERIZR R AP b7 2%
AT, HUEE matrix IHZEAT AP #ZRE BTSRRI
W, DR 4, 455030, matrix (42 E R0, 218 Fh
AL A P TSR YT 2 60%~120% 0 E R, AP #i £k E
A 158 MR 21465 2 60%~120%1ZK, H 64
FhR 25405 AN 2 IBCRESR (b 6 Rk A Ililies
KT 60%, 58 FibGWEIBCRAT 120%). Hitk, 4B
SR FH 5 o DG e A v VR A 7 ik

N matrix ZAP
120 ¢

100
80

N
o L

<20 20~50
TR/

REGWAY M

3 218 FIREGA A MITEAT: S BURN S0 BT OR3P 5] o 9 Bk Bz
Fig.3 Matrix effects of 218 kinds of pesticides in sample matrix and
analyte protectants
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Fig.4 Comparison of the recoveries by the curve of analyte
protectants and matrix

23 ZMEE. EER. BEWERMBEEE

TEE KA RS D, 435N 0.05.0.10.,0.50 mg/kg
3 KPR G PRI TR, FSCg0 AT v I [l S S0,
BAKPES 6 W WS IR ISR AR 2=
(relative standard deviations, RSDs) %K (B AR IS =A%
R0 7 2 FR (limits of quantification, LOQs). #4241k
G ERRR . BISCE  AXTERAE 2 . BRI ZAEOC R AL
(P)IF 1(FE 1, 7EXF 218 R 2515 S BLI TR, R
FHEB A 928 X R A A 2y 804750 e, AR DLIX ) 3%
TRIEFRIR), 218 R 254b & IR A AR TR W A S B I
[ (total ion chromatography, TIC)WLIE 5. Z5HRFEH: 7E 5~
200 ng/mL PR VTN, 218 PR Z51b & Y139 H RITFIIZE
PXZ, KT 0.995, LOQs K 10~20 pg/kg, /2 GB 2763
HT B BRI R AR 0.02 mg/kg RYFRERESR; 7E 0.05,
0.10. 0.50 mg/kg YA MNAET, 38 = %
63.3%~119.9%, RSD Hj 0.78%~18.10%, i it T Aqh s 4 24
ZER AT EER

3 Fig5itie

BT TR P 22 2 0 AR 2 B B IS, R DL AR Ak B
J7 B ANBEIBEE B X RV AR 25 5% B AT oy s 4R 4l 1 Y
PRI XE ELRES FE /7 o T RE A B 55 R TR H T 1 L TR A,
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AHFFER 2 G4 H  EMR-Lipid dSPE 4% [ AHZE By T
Bt A FR v, 3 s RS I B A i A B A B A
B R [E) | ARAS T % o ASBIFSE XS SR F QUECHERS HiA
AR RGN 5325, 00 A e A 28 SR G 36 50 1 [ iR 2
ANYEREFEAT T B %, EMR-Lipid dSPE 43 3] FH A B9
AR PR EARAS T R A A8 Al S8R LA g (8 o e %6
I 218 Fi A 24k A TR A b v VA T 1) 18 - Bk € 3 3
FATIL, FELRUERE S AL S5CR A BN 0 [l i — 2508
LTEET, R T REUE,

2 b, ARBIEZEN 218 Bl 251644 R FH 43 I A 5 R
HAR(ASPE)REUAHE, 2454 GC-MS/MS £ J i Wi s =X A

DU, DA 5 DG A o v W N A ik e, T T R oK
218 i 2 5% B2 1) 4 R PRHRG  J 1%, % TR RE 12 3E
FH & A Y0 5 5 S la e & rh 2R 2558 B8 1 [R] A
Mo 5HAA I AR, AR5 2 A0 37 T i Ab P A7 o
FikfasE, A RIEFNAEUE ., EHEMEEE, H2aE
TN, A [ 2 TR i 110 R o A0 R sl A ) 22 A 25 9%
BRI TR &

J BRI TS ORI A 25 5% B AR g, R —
Ao A v i S T80 0 T 1 A3 BT DR AP R R, R
KAEAEYIIZERE S A A B B e, #E) EMR-Lipid
dSPE 43 A [ AH A€ B 1o FH T

F 1 EXKd 218 MRABEXRE(), FHIEWE, BXFRERERNEERN=6)

Table 1 Correlation coefficients (r?), average recoveries, RSDs and LOQs of 218 kinds of pesticides in coin (n=6)

-1 [ 4% /% (RSDs/%)

Fe REGAFR EES () LOQs/(ng/kg)
50 pg/kg 100 pg/kg 500 pg/kg
1 T R 0.9983 93.0 (7.52) 84.9 (8.21) 76.7 (6.76) 20
2 i 1.0000 91.4 (6.82) 84.8 (8.39) 87.4 (6.78) 20
3 R 2 ik 0.9963 99.2 (6.59) 82.9 (6.65) 92.7 (9.53) 20
4 TN H i 0.9972 114.6 (6.37) 88.8 (6.48) 93.6 (9.16) 20
5 PR 0.9999 91.7 (9.09) 84.6 (6.81) 86.5 (6.90) 20
6 LR 0.9999 66.7 (2.06) 65.8 (3.74) 65.7 (1.17) 10
7 ] 0.9993 92.6 (5.03) 85.1 (9.13) 88.8 (7.15) 20
8 T AVAVAS 0.9996 71.0 (7.45) 71.0 (8.69) 73.8 (6.39) 10
9 a-ti ¥ 0.9979 90.1 (10.91) 86.1 (6.80) 85.7 (2.39) 20
s 5 67.0~119.9 63.5~104.9 63.3~109.9 g
Hosk 209 FARZG5RH  0.9956~1.0000 (1.54-18.10) (1.28-9.23) (0.78~9.49) 10~20
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Fig.5 Total ion chromatogram in mixed standard solutions of 218 kinds of pesticide compounds
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