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ABSTRACT: Objecive To establish a method for the quantitative determination of 13 kinds of pesticide residues,
including chlorothalonil, chlorpropham and diquat, in palm oil by QuEChERS-ultra performance liquid
chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods Palm oil samples were extracted with
acetonitrile in a citric acid system. This method employed octadecylsilane-bonded silica gel (Cg) for defatting
purification. This study employed liquid chromatography-tandem mass spectrometry for detection, with external standard
quantification. Using a 5 mmol/L ammonium acetate aqueous solution-methanol mixture as the mobile phase, perform
gradient elution. Chromatographic separation was performed using a Kinetex C;g column (100 mmx4.6 mm, 2.6 pm),
multi-reaction monitoring mode. The electrospray ionization source (ESI) simultaneously scaned the positive ion
mode and negative ions. Results In 2 kinds of food matrices—palm oil and palm kernel oil, 13 kinds of
pesticides exhibited good linear relationships within their respective concentration ranges and the correlation
coefficient was greater than 0.990. The limit of detection was 0.003 mg/kg, and the limit of quantitation was
0.01 mg/kg. Method validation experiments were conducted on palm oil and palm kernel oil at 3 different spiked
levels. The results showed that the recovery rates of 13 kinds of pesticides on the 2 kinds of substrates ranged from
71.0% to 112% and 80.1% to 108.5%, respectively. With relative standard deviations all below 15%. The intraday
precision ranges for palm oil and palm kernel oil were 1.0%-9.3% and 1.6%-8.8%, and the daytime precision ranges
were 2.9%—15.6% and 2.6%—-9.3%, respectively. Conclusion This method features simple pretreatment, high
sensitivity, and good accuracy, making it suitable for the qualitative screening and precise quantitative analysis of 13
kinds of pesticide residues in palm oil. It provides a testing basis for food imports and exports.

KEY WORDS: ultra performance liquid chromatography-tandem mass spectrometry; palm olein; palm stearin;
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RAERLA AR
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1.1 MR RSN

S5 BT FH AR AR R R R Y o T

13 Fhufe 2R e UL R R (CAS 5 69806-40-2)
AL R R (CAS 5 72619-32-0). BHEBE(CAS =
23560-59-0), HIHEFE(CAS 5 74223-64-6), ABHE(CAS
31 64902-72-3), FHEM(CAS T 70-30-4). WM (CAS
51 131-89-5), HEFE(CAS 51 50-31-7). JEANM(CAS S
4097-36-3). HEFEG#FE(CAS 5 97780-06-8) . FBLER(CAS
5:2136-79-0) . FEAH(CAS 5: 75-99-0), $EREH(CAS 5
1420-07-1)(4iE>90%) . B, ZJE . LR (tikal). +
INJot FE R BE B BE I (C o) (118 2238 S I R IRy A BR 2
Al); BRIREE . S Ldh AR AR A (e, T
REFER IR R M AR A ), F&ER 0+ R
FRHEABRAR).

AB SCIEX6500+QTRAP = 5 DU A3 J5t 5k F A (i e
W55 B R, R A A A E); XIR Pro = B0
WL(Fs 3 = 6000 1/min, 3%[E Thermo Fisher Scientific /24 H));
HP-30-2 20 42 R A HE 3 d (RN A IR BHEL 61 47 A R A
l); LA 2000 KOF-CREE 0.01 g, RKHETITAE 2L B
ARAEBRAHD
12 SEWHE
1.2.1 AR/ & F 5 Sk BF

PRAERE TR MEDRFRIRL 13 PR ZAREATR 1 mL + 10 mL
P, HZIEEAEZZIELE, MHl SRR E N 10 pg/mL
HIEESIR, 4 *CUKFR NEEGORTE, BR0H 6 1~ H .

FRufErh EA T MERASIR 1 mL FREREASTR T 10 mL %5
Wi, HOIEERZZIBL, BURRTEIREN 1.0 pg/mL
H R E)VE, 4 °CUKAR NG, ARUW 3 4~ H .

PRl TARVE W SR FH s 10 56 0 318 IOV e ol s o 1A
TR N 1, 2, 5, 10, 20, 50 ng/mL, BT .
1.2.2 Heuaia#

HEFIFRIL 3 g IXKET 50 mL BRI BB 0BT, %
AIA 2 mL 4K, R 30 s BK SERMEMoI 2R G BEs
A 15 mL ZHE & 1 Bk &1, & T iRk & bl
FUPR% 1 min; FEHEMIKINA QUEChERS £h1U (5% 4 ¢ Jok
TEREE . 1 g &AkEh . 1 g MR K G, 0.5 g iTiE
R 4R ER oK G ) BVRIZUER Y | min, SRJECAE L
HLHR, DL 4500 r/min PYFEH L 5 min, WIS 2 mL
27 50 mg Cg MEERELCAE, IWHERA 1 min, 4500 vmin 24
A0 3 min, WG 0.22 pm A HLEERR S A T2 .
123 &iEius

A A N S mmol/L ZREIKIER, B HHEE,; ik

H:: Kinetex C5 (100 mmx4.6 mm, 2.6 pm); Aifi: 35 °C; 3E
Fede: 2 pL; BN BAGE AR P ILER 1.
*1 HERBRER

Table 1 Gradient elution procedure

A 6] /min A% B/% ?’ﬁﬁ,
/(mL/min)

0 95 5 0.6
0.5 95 5 0.6
1.0 50 50 0.6
2.5 50 50 0.6
3.5 0 100 0.6
7.5 0 100 0.6
8.0 95 5 0.6
9.0 95 5 0.6

124 JRiEE&H

K F L IR% 25 B F-J5i (electrospray ionization source, ESI)IF
BRI, BANEREE: 300 °C; i 9 L/min; BF
TRIREE: 350 °C; WEZEHLIE: 5500 V (ESI+), 4500 V (ESI-); £
FOW W AR 2K (multi reaction monitoring, MRM)3K Bt 55 1
MTETEL, BERS 28, BT AamER 80V,
13 Ffe 2 mAEME R F . i AR S50 3R 2,

F2 BMKRARLSH

Table 2 Mass spectrometry parameters of the
13 kinds of pesticides

it a)/ BT Tl 3
min Jiatip DDy

ESI+  376.0/316.0* 16.0

a2

LI R R 5.93

ESI+ 376.0/288.0 24.0

o ESIH+  376.0/316.0% 16.0
FAGRILF AR 5.93

ESI+ 376.0/288.0 24.0

ESI+  411.1/196.3* 259

A i e 3.89
ESI+  411.1/170.1 20.0
\ ESI+  251.0/127.0% 22.0
BRI 5.58
ESI+  251.0/125.0 24.7
A ESI+  382.0/167.0% 20.0
P 3.10
ESI+  382.0/199.0 10.0
ESI+  358.0/167.1* 25.0
S 3.28
ESI+  358.0/141.1 25.0
» ESL-  404.8/368.8*  —30.0
T 1A 5.82
ESI-  404.8/196.8 -20.0
e ESI-  265.0/218.3*  -36.1
L i 5.54
ESI-  265.0/190.3 —40.0
» ESI-  224.8/180.9*  —12.0
HZEE 3.29
ESI-  222.8/178.9 -12.0
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ESI-  258.9/178.8%*  —15.0 % 5k
ES-  256.9/1768  -15.0 TEHL 0.1% B /K W . 5 mmol/L ZIR%: . /KAER7K
o ESI-  140.9/96.9*  -12.0 M, WAL AT DU 13 R 259 I ol .
e 2 T w9049 100 0.1% FY i /K Vi V5 T A A ARG . A B S L A 1y
] ESL. 239.1/207.1% 36,0 RBUEEEOR, (AL RRFEARGEIRR . R R PRI
o 5.38 BSL 23901941 300 V73 JH A1 e i A T 7K AH R 2R v ) fige 85, 7T g S A O 22
SL sions 00 W1 PR, 5 mmol/L Z R BVE W V28 vh R J1 A% T sl AH
TR 15 5.50 : ' pH, IR HEAR 25, H5R Y g A B A A B K VR, M
ESI-  253/133.8 -30.0

fE*FnE R T

1.3 HIEALIE

i3t SCIEX Triple Quad™ Z& 45 SCIEX OS 2.0 fiE
TR AR RGE AT R R SoE L e T, A
WPS Office 2022 1 {4745 73 Al Origin 8.5 B AFHEA T
RN
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Fig.2 Total ion chromatogram of 13 kinds of pesticides
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— T BT mVz302.9 1Y T RET AR BIRRE B X vz
302.9/258.9.mVz 302.9/256.9 1% #8 43 Hr st i i 42 41K, UL I 3a;
Mz 302.9 HIZR LB BR R IL(COO-) MHHE, A mz258.9
MR BT, TR AER T, R EZULCC
TS ELRINHE L mvz 256.9 RIFERERE . vz 258.9. miz
256.9 ENEEE T, FRKBLRRR EL(COO-) 5 i & 1 P[]
RN, AR Mz 1789, mz176.9 BIRER BT, RUREE
15325 I 3k 5 2R IR TR I 2 0 I L 25 vy HL A o
5 PR 0 e 7, SRR 1) v e g 5 %l vz 258.9/178.9

m/z256.9/176.99 WL 3b, RZERAAEMN B FEAT, G
TR E (I UE S T8 T [M-H] mvz i 224.8, h—FA4HE 8
T, FEEESA 1 NRIEM 3 AFEEFBEUCEE, AR
TRMER DT RIZES, $ miz h 222.9 B8 77741 miz
178.8 BE R B T e B 1, [FNH miz 224.9 B3 1)™
A vz 180.9 R B T et L IRk AR
FE. RiFERERE, Z5RERW, “HEFrAENE TR R
FETE i, R R B X vz 222.9/178.8 iz
224.9/180.9.,

a 20, b 35_
30}
15t 55|
) S 20f
X 10 X
= 2 5]
= i
E e
st 104
5t
0 _ K - “ MMM
0 L
0 5 10 0 5 10
{5 B s} 7] /min £ B4 B ] /min
7F:a. Mz 302.9/258.9. 302.9/256.9; b. mVz258.9/178.9. 256.9/176.99,
B3 ABRR B Tk Rl

Fig.3 Chromatograms of chlorophthalate ion pairs

2.2 REUAFIRERE

T A A A YR O LR L R e B A E ER BUA R . LI 1E
i FRIGAR, BARIFRBGCE . AR RTSEE T
01%LTRENE . LN AR 7R (5 JOK AR AR EE . S AbaN
FAEBREN K G . MR NI R K AN 13 Rk
RGO, [EISCR AN 4 FTR - 05 B4R IR, T
I . AR 0 R B ARTE RN 55.2%~65.4%, S HT R
IR . JHE . FRARE . AN S A B R A S e
W OH+, ERSET K, ML NG S5EE WA R ZEI, 5
il F B RS, B G IR IR T4y
X R BRARCER, T SR TR AR 2 AR BRI, 0.1%
LR OGRS, BREBRERINELM 12 Fh 251 Bk
R EFF, SECERTC IR BR M 45 T S BRER &2 1 5tk
AXEE T AR, HFRIEE SRR 0% T b e ke 0
N EE A R B, DTS I [T 2 R i A TS K
TR . SN, BRI KA Y . AR AN gk
KEY, RURE WIS, ITEREZE AR T
pH MFCE, i HANY S G RIF B, 25 REG0R,
SRR UG HREL S Y E Y LR R
88.2%~97.4%, SEKERM EISCRIEREE 92.1%, 454 % B4
BUARIEBRATIE TR IR R W IS AT B

110
100
90
80
oy
= 30 71
E 30 ——0.1%Z R
19 —— PRI R
O 1 L L 1 L
Ty
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G
éﬁﬁ featy

4 R YAEARE RS
Fig.4 Extraction effects of pesticide compounds in
different solvents

AR HEE

AR VR S AR AR TR & R, kRS
ARERRIER T, #Ef xSt P ton] ikt
THIEIE LR A B BT Y B TR . AR RR S &0 4R
U B BRI R . R . AR b ES,
GB 23200.121—2021 & fh & e E AR E MRS
331 e 2 B AR 5% B8 B 00 E VRO 4 - R RS
) XM AE SRR S S ] GPC AT B alifh, 12T TEAER
B R g T B oA 24 % B i A 3L e 5 PR ) I B 90 N-
N 3L Z % (primary-secondary amine, PSA). Cjs, H:H Cg

2.3



262 B 24 iR AR I 2 4l

FH1TE

PR R . W RRRE i, o DS R G S ] W45 2 5 1Y)
TR PSA SR AT LAAT 85 2 i o v R B
MEWilR . AHLER . (3 | BT IARDY, K25 H
FH Cis 4t PSA AWK R(IRER L 1:1), TR E
U Cos F1 PSA SRBRIR . 2P BiAl | 225 3 T Ik,
JE IR X KA A W BV E AT HLAR 251, PSA A A A
B2 R SR o T R T g R A 249 T ol S R S B T e
BE T (URAH Cg g bmt, 13 R 2y R B R 45E
80%LA b, HRAETT L VAR RBRAET, NI btk
R Cyg R
24 CFAEWNERE

THABRE & A BRI & =, AR B 5 A 2 2 %) el i
TR EOHCRAE B2, SR EBRAYK, 7EH
BIERHATAEBRY), U Cx FHEAEARD
e R BRA T, Fhb 20 BUR 9%, 520 H bRk G 4 0 1l
R ARG LIEER IO RE AL, 558 THE 0.2 mg/kg WK
T Crg &30, 40, 50, 60, 70 mg)Xf 13 2y 44k,
BOR . 24 Cog & /N T 30 mg, ANENMARIETTH BUATH; Cog
A=A 50 mg B, [ & & &, [k EE FE Y
81.2%~102.5%, FHIERT 50 mg if, #BoMb-E i s
TN R, BB AT REAT RE IR B, 13 R b5 Co Y
FISCRAE B L 5,

120

®30mg
40 mg
W50 mg
m 60 mg
m 70 mg

5 Cis HEXT 13 Fib & Py e o0

Fig.5 Recovery rate of 13 kinds of compounds with different
amounts of Cyg

25 ERMMN

TR R A I B 408 2 2%, I 356 B 4 4 AT BB X H A
P& B 77 A s F B0 B R SR O . B 0N, (matrix
effects, ME)=(FE T VU it b o i 28 A 230 /7 790 s ofe il 28
—1)x100%%, ME TEA 4 558503400, ME {8 b 22 R
WIS o [ME|<20% A 55 3L BRI . 20%<|ME|< 50% 4 H
ZEIE TR | [ME[>50%) T3 3 TR0 (ME[>50%) 1, %
R EERER . AT IR AN, P RR . AL
SUME R R | SR A SISO, SERR S IR R

BORPCHI PRt 2 77 A T E o, 13 Fhfegh MEs WL 3.

F 3 ARHEEHFIARHI R 13 R AR MEs
Table 3 MEs of 13 kinds of pesticides in palm olein and palm

kernel oil
IME|/%
latey]
T VB A

FML IR R 29.3 27.4
e BRI R R 29.3 27.4
JHe AR 2.5 5.8
B 6.4 10.2
Hi i e 17.5 15.6
SR R 27.2 30.2
B 18.8 10.6
MEL) 19.5 14.5
R 46.2 42.1
ANkAR 66.6 54.5
RN 53.4 46.2
R 5.6 15.6
R By 8.9 12.7

2.6 JIEEFIIE
26,1 &MXZLEHER, 2R

LA A 245 3L I D T A M T A 7 V0 1 JB 2 R B Sy A Al
FR(X, mg/kg), XoF I A TR R AR R (Y), 22 il B ofi il 26
HATR LA R RS AR R A7) SRR, 13 Flufe 2
TE 1~50 ng/mL JEWRET RN LR RIF, P KT
0.990, T EARERTHEAZEER . LA 3 A5 HL(SIN=3) R 17
AR, 10 f5 R0 L (SN=10)X R A0H i N E =R . 13
R 2 e H B4 0.003 mg/kg, R4 0.010 mg/kg( 4).
TF A ) G R Tk v A 24 % B i B B AR v, O i R
AT SRR AN T 3K o
262 HEELEKE

PEBUZS MR | AR IRE A, 2 B |
& 3 MACE BRI TAEE#(0.01. 0.02. 0.05 mg/kg),
ATIAKEHAT 6 YOFATIEE, AU K [R5
X BRE N 22 (relative standard deviation, RSD)(F 5). 454
T, 13 FhA 24 A AR B R BSE AR A I RE & S 38 TRl
BN 71.0%~112.0%. 80.1%~108.5%, 2 L& RSDs
H 1.0%~9.3%. 1.6%~8.8%, #itiHEL: 3 d NEEME 6
YR BIEZ 00 B RS % . A A b B
A5 2% BE 4301 h 2.9%~15.6%Fl1 2.6%~9.3%, FeHAFT s~ )7
AT R A VR RO B R, R R AR e AT AR
R 2% B ARG R
263 FEFREESAN

FESEBRFE SR IN H, 35 UK TR R ARA AR 2
FRERER, BOUE T Jy ik i S S TR
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T4 BHKRBGEMESE. HEXRY. TR, RUER
Table 4 Linear equations, correlation coefficients, limits of quantitation and limits of detection for 13 Kkinds of pesticides
el iy B3 (S) JE 1 fi/(mg/kg) #: B /(mg/kg)
TN R R Y=1.87264¢9X-3.76083e5 0.99901 0.010 0.003
TR AR FH R R Y=1.87264e9X-3.76083¢5 0.99901 0.010 0.003
lEENTHES Y=9.52467e8X-11951.29569 0.99820 0.010 0.003
B Y=1.96657e8X+17752.45799 0.99819 0.010 0.003
PR 2 Y=7.90677¢7X+4.06524¢4 0.99801 0.010 0.003
AR Y=2.72287e8X+5.21362¢4 0.99877 0.010 0.003
B Y=1.75732e8%+8.01608¢4 0.99631 0.010 0.003
T Wi 19 Y=1.65141e8X-6.31536¢4 0.99341 0.010 0.003
B Y=2.40776e6X+3780.64547 0.99708 0.010 0.003
SABRRR Y=1.42280e7X+684.78220 0.99852 0.010 0.003
BN Y=5.04864¢6X+13992.48504 0.99243 0.010 0.003
TR Y=5.37966e8X-3.77820e4 0.99862 0.010 0.003
TR 13 Y=4.30632¢7X+6.28550e4 0.99838 0.010 0.003
£S5 13 FKRBEARERHFERHZ 0 B A AR E R (n=6)
Table 5 Spiked recovery rates of 13 kinds of pesticides in palm oil and palm kernel oil (n=6)
e FIAKE FEA i TR {3
(mg/kg) FHME/(mg/kg)  BICERTEE/%  RSDs/% - )M /(mg/kg) ] 59 L% RSDs/%
0.01 0.02300 74.7~81.0 3.9 0.00953 91.5~97.5 2.2
FEA 0.02 0.05500 82.1~97.8 6.3 0.02030 91.8~103.2 5.8
0.05 0.15000 96.3~105.0 2.9 0.04800 92.4~100.3 4.1
0.01 0.02700 84.0~97.7 7.0 0.08970 80.7~95.6 5.7
T 0.02 0.05560 88.7~97.3 3.5 0.01980 82.2~108.1 8.8
0.05 0.15600 101.0~109.0 2.6 0.05000 95.7~108.5 8.0
0.01 0.01080 101.0~110.0 2.1 0.01010 94.7~105.4 3.9
MEL) 0.02 0.02150 104.0~112.0 3.0 0.02010 97.1~104.4 2.6
0.05 0.05250 103.0~108.0 2.2 0.05010 96.0~105.0 35
0.01 0.00909 71.0~85.0 5.5 0.01110 94.7~99.6 1.8
B 0.02 0.01870 87.5~100.0 47 0.02000 97.2~103.2 2.1
0.05 0.04880 101.0~109.0 43 0.04790 91.7~102.0 4.6
0.01 0.00984 91.9~106.0 52 0.01010 97.2~104.4 3.1
TR 0.02 0.02090 82.1~97.8 1.0 0.02040 96.2~105.5 3.2
0.05 0.04970 96.3~105.0 3.4 0.04910 95.1~100.6 2.7
0.01 0.00856 80.3~92.3 5.8 0.00867 81.0~90.0 3.9
A By 0.02 0.01990 97.0~107.0 4.2 0.01850 84.6~101.6 7.6
0.05 0.04680 86.6~99.6 5.8 0.05010 86.9~107.7 7.4
0.01 0.02750 85.7~98.3 4.8 0.00883 81.3~95.5 8.3
SAMKIR 0.02 0.05510 86.3~97.8 5.4 0.02010 94.5~101.7 3.3
0.03 0.14800 91.3~101.0 6.0 0.05130 98.8~107.0 2.9
0.01 0.10000 94.8~107.0 4.6 0.01010 94.3~108.5 55
RN R R 0.02 0.01990 94.9~107.0 2.8 0.02010 96.8~104.6 2.8
0.05 0.04730 85.4~103.0 7.1 0.04790 90.5~101.7 42
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=58
oy TINAKF-/ Tt A i
(mg/kg) P /(mg/kg)  BIKCRIER/%  RSDs/% SEHIE/ (mg/kg) [B]5 5 /% RSDs/%
0.01 0.09800 93.2~107.0 5.4 0.00964 91.4~103.3 47
JHe AR 0.02 0.01950 92.0~104.0 43 0.01980 93.6~104.2 3.9
0.05 0.04510 84.8~94.2 4.0 0.04750 91.1~100.5 4.1
0.01 0.00956 91.9~101.0 3.5 0.09740 92.0~103.1 47
B 0.02 0.01960 94.0~104.0 3.6 0.01960 93.2~100.8 3.5
0.05 0.04750 92.8~99.8 2.9 0.04760 91.7~97.6 3.4
0.01 0.00814 75.1~95.4 9.3 0.09380 87.1~105.0 7.4
H e 0.02 0.01860 85.0~99.5 5.6 0.01950 87.8~104.3 6.5
0.05 0.04680 88.8~99.6 4.8 0.04920 96.5~100.8 1.6
0.01 0.00906 83.9~98.7 6.6 0.09410 80.1~102.6 8.6
ANERE 0.02 0.01880 106.0~112.0 4.0 0.01800 83.3~91.8 3.9
0.05 0.04370 94.4~110.0 4.7 0.04280 80.1~89.1 42
3 é’ﬁ i ‘Q Cereals and Oils Processing, 2010(11): 6-9.
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