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Determination of Post-harvest Fungicide in Citrus Fruits Using LC-MS

Su-Jeong Choi*, Eun-Jeong Kim, Jae-In Lee, In-Soon Cho, Won-Hee Park, In-Sook Hwang,
Moo-Sang Kim, and Gun-Hee Kim'
Gangnam Agro-marine Products Inspection Center,
Seoul Metropolitan Government Research Institute of Public Health and Environment
'Department of Food and Nutrition, Duksung Women's University

Abstract Post-harvest fungicide residue was measured in citrus fruits. Samples were collected from local markets in
Seoul and analyzed using liquid chromatography coupled with mass spectrometry (LC-MS). LC-MS results were validated
for the assay of pesticides by using linearity, accuracy, precision, and limits of detection and quantification. The linearity
in the concentration ranged from 0.005 to 2.0 mg/kg (R*>0.999). Sample recoveries ranged from 80.2 to 98.3% with
relative standard deviations below 4.0% for spiking levels from 0.01 to 1.0 mg/kg. The limits of detection ranged between
0.002 and 0.008 mg/kg, and the limits of quantification ranged between 0.006 and 0.027 mg/kg. The highest residue levels
for carbendazim, thiabendazole, imazalil, and azoxystrobin in citrus fruits were 0.541, 0.958, 0.721, and 0.052 mg/kg,
respectively. The pesticide residues found in citrus fruits were blow maximum residue limits (MRLs) and are not a serious

public health problem.
Keywords: pesticide residue, LC-MS, citrus fruits
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A o]l chlorpyrifos, pirimiphos-methyl 5-©] AFE-%|32, AbA]
ZA] captan, thiabendazole, o-phenyl phenol, benomyl 52 23
A2|7b &17k=le] Jom3), HIolle At Ao Bk <kd
St pyrimethanil, fludioxonil, azoxystrobin AMgEl= FAolth
@). FEIURlIM = AFoFEdA A Al 2012-18004
Y dEFe 78 T AHIUAAAZR fludioxonild} azoxystrobin®]
57587150l AEAHAUTKS).

AEFe FREe sk WHLeE+= GC (gas chromatog-
raphy)®ll ECD (electron capture detector) (6), NPD (nitrogen-
phosphorus  detector) (7,8), PFPD (pulsed flame photometric
detector) (9) == MS (mass spectrometry) (10,11) 5] Thsh
72712 o3 uhlo] Irk. e} A2 GCE o3 BAl]
A 23, FAS W BopEe] AGHE FAHCA LC
(liquid chromatography)ell MSE Zgtst #ARo] Bo] 20|31 9]
TH(12). AT FeREAel 2ole A B4¥2 single quadrupole
(13-16), triple quadrupole (17-19), ion trap (20), time of fligh
(1) ol AHEEZ Stk MS HE719] 7
A e FEE AT, ¢ U4
T ATk12).
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M= ol ghH Zejdgd vdge] U 273ste] YE(-20°C)LAsHA A
3} TH(Table 1).
Mz
20124 199X 129714 AgelM fRBE e AEF 5T Alef A EH|
G, 24X, F7, A, 48) 10049 AES FAsI 43 EFF carbendazim (99.5%), thiabendazole (98.3%), imazalil
T Ae A FEE EAsITh Alge Fd JAE 2471 (97.0%), pyrimethanil (99.0%), azoxystrobin (99.0%)] 3}8}2 =
(Blixer 5A Plus, Robot Coupe, Jackson, MS, USA)Z 3|3} £ Table 29} 7™, Dr. Ehrenstorfer GmbHA} Augsburg, Ger-

o manyplH FLE S AT F5 R B4 ASEE ethyl
Table 1. The list of citrus fruits acetate (Wako, Osaka, Japan)= Aok B488 A143192

A=,
Commodity Origin methanol (J.T.Baker, Phillipsburg, NJ, USA)& HPLC 552 A&
Groups £ Sampl £ Sampl 5

(No. of Samples) (No. of Samples) 3}, sodium sulfate anhydrous (Wako), formic acid (Fluka,
Mandarin (35) Korea (35) Buchs, Germany)> =57 S5°lde 2& ARSI, S/HTE
Kumquat (7) Korea (7) Z &4 AZ71(ELGA, Marlow, UK)Z A|Z¥ & AR-3I
Citrus fruits Orange (31) R Ubsl'A (ZfSS)’ Ct}}lllfzf(g)’ . ARE 3] f18) H7+8 EH 11’89} 0.2 um nylon s_yri—nge
. epublic of South Africa (1) filter's WhatmanAHBrentford, UK) A< AH-3I9.0m, F20
Grapefruit (16) USA (16) AHg-El #&7]= Macro ES (Omni International, Kennesaw, GA,
Lemon (11) USA (1) USAp|Z, 871E AIAZ w) A3 719 371 EYELA NVC-

Total 100 2100 (Eyela Co., Tokyo, Japan)3iTh.

Table 2. Pesticide structure, molecular weight, selected ions for analysis and fragementor voltage

Pesticide Structure Molecular weight Selected ions (m/z)" Fragementor voltage (V)

H
|

. M
T
Carbendazim Or S NHCO,CH, 191.2 192, 160 140
- “'“"M:

I
Thiabendazole = N F5 201.3 202, 175 240
L5

L3'—_..-=-'-‘-'““'.L JII;_]L:H-;,LLH—L‘,HE
=
Imazalil L ‘T!H-.z 296.0 297, 159 220
il

N__N__CHs
Pyrimethanil @' T ’/\|]’ 199.3 200, 183 250
=t

OO
|
Azoxystrobin E “‘D’I*/l‘u = 403.4 404,372 160
CH D\)\t
I e 0,CH;

DThe first selected ion is used for quantification and the second for confirmation purposes, respectively.
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Table 3. The operation parameters of the LC-MS for analysis of pesticides

Instrument Parameter Conditions
Column Eclipse plus C,4, 3.0x100 mm, 3.5 pm
. A: 0.1% formic acid in methanol
Mobile phase B: 0.1% formic acid in water
Gradient Time (min) 0 27891114
LC parameter Solvent A (%) 2550 60 60 65 75 25
Flow rate 0.5 mL/min
Injection volume 10 pL.
Column temp. 40°C
Polarity ESI
Drying gas flow 12 L/min
MS parameter Drying gas Temp. 350°C
lonspary voltage 5,500 V
Nebulizer pressure 35 psi
Capillary voltage 3,500 V

oo =X

XY Z carbendazimS methanol®] =©]37, thiabendazole,
imazalil, pyrimethanil, azoxystrobin< acetonitrile®] =] 100 mg/L
2 50| 20°CoA WE REASIHA ZFdoR XG9S
o, EFEFZLAL 0005 0.025 005 0.1, 025, 0.5, 1.0, 2.0
mg/l F=7t HEE olF R s|A5te] ARSI

¥
AN 0l

£ 9 HH

A7 AT FH-L Fernandez 5(12)2] WHS FL313ch
B3 AR 258 Eo} #&7]9] YL sodium sulfate anhydrous
40 g¢} ethyl acetate 50 mLE ¥©] 2,000 rpmeoZ 287+ J&0 2
#4313 & o]Z sodium sulfate anhydrous® 1PS oJZx|ol] &
gt § e AYPL 23] wHEAY ¢ & &uE 40°C olste
TE A A sFL AFES 015 SmLoll &3AA
02pm AR R Aate] 7171240 ARE-EFATE

71718

2 Aol AME-gF LC/MSE 1200 series liquid chromatogra-
phy/6130 single quadrupole mass selective detector (Agilent,
Santa Clara, CA, USA)= 3% Z& AME-38I3laL, MSe| o] 23}
Wha)e A AHEF-o]- 28 electrospray ionization, ESI)H 2] positive
mode®] 3, o]29] Fg WAoo R ATt A R T
H LOMSE o83 9 Al Azvteaedlel ot} E4s)
At FEXASZE Eclipse plus Cyq (3.0x100 mm, 3.5 um, Agi-
lent) ZHES AFE3I O, ©o]542 0.1% formic acide Z3HsH
TEH(A)F 0.1% formic acidS E33F methanol (B)S A3
2710 BE 25%°] o= AlZsle] 11 7] BE 75%°] £
o] HEE 7187] A0 AMEEIY, G452 0.5 mL/mingth.

AR ol &5 e] AL drying gas® F43(99.99%)5
12 L/min®] §%22 AR, 718F 2%& 350°C, 40 psi &
ARIECE AFE EFAIZ|ZL fragmentor voltage= Table 29} 7+
o] A&sldrh. Capillary voltageE= 3,500 VL, S40]eg A
gl3sle] AE3= selected ion monitoring (SIMyHS ARE-3I3ATH
(Table 3).

[ |
B Ado] 24 (linearity), & (accuracy), 824 (precision),

ZHZ& e (limit of detection) % 7 #&HA| (limit of quantification)Z
84 AFE 8tk AL EFEZEAS 0.005, 0.025,
0.05, 0.1, 0.25, 0.5, 1.0, 20 mg/L F=7} HE=E o|5dog 3
Mgt § LC-MSol| FYste] 4ozl FTAH o2 HE AFAS
2t ATE AT AL F] HEHA 2 A F
ZTFE7F 001, 0.1, 1.0mgkegl 2 5% A7kt & 3)5g3 4
HEZAAE ZG3Hh. dEsHlet AgeAle o] A&

A 2 ol AEdAY A g AT F, 74
& AzeA] 1914 sul 4

Atele] =S F7Fste] Az
FloRRY s S SAT YoerHE BE
=

J20EOM B AHEH

T2 F A A 55 2l 918 LC-MSE AR5t
BF=4e] ARvEORD AdFAAEHS IS AR
A7100M Z}7ke] FoF FFEHS flow injection analysis (FIA)
HPHO 2 ESI positive modeol| 4] fragmentor voltage, scan mass
rangeE WISIAIZ|HA HA Q] o|23P7} He 2718 28T 2
< ESI positive modedllA] C, AHES FHAIA HFE AR &
stal weke] EE7t Al fvlxd e Akt 4] &
S HE Aol 2S FISIHA] fragmentation®] FE3}A
oJU= fragmentor voltage &S AAASIATE o] Ad=Z LC-
O] ARREE o]t W] HFAN AHEHOR [M+H]7H
710l & (base ion)O. = AEE o] Agol 0w HeHiy, 54
o] 252 Table 29} Fig. 1o YEIYh. EEFELS] #HEE
A1 Z+& Fig. 29} 7ro] carbendazim 243, thiabendazole 3.2%,
imazalil 7.4%, pyrimethanil 7.9%, azoxystrobin 11.0:0l A&F%]
A, AR s B4 BEled 28 At

e AN 2

2
)

ML HEE o M
AREF BHES A9 BN AHL 98] FPRFEAL =

Agh $ LC-MSE #4350tk L A3 Table 49} 720] carbenda-
zim, thiabendazole, imazalil, pyrimethanil, azoxystrobin®|lA] 34|
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Fig. 1. Mass spectra of pesticide standard solutions by LC-MS. Peak identification: A. Carbendazim, B. Thiabendazole, C. Imazalil, D.

Pyrimethanil, E. Azoxystrobin.

FRY) 0999 o] ek HadS vER, AW o5
=) gff ze,] AZETHS Fig 20 e

KR
AZETAE carbendazimS 0.002 mg/kg, thiabendazoles 0.004
mg/kg, imazalik> 0.005 mg/kg, pyrimethanik> 0.008 mg/kg, azox-

ystrobin 0.007 mg/kg$l o™, A #F3A= carbendazim 0.006

mg/kg, thiabendazole 0.014 mg/kg, imazalil 0.016 mg/kg,
pyrimethanil> 0.027 mg/kg, azoxystrobin 0.022 mg/kg%i tH(Table
4). ol FAFTFA1U3] (Codex) B FH(22)914 A= 7]

0l AFF|E7IF2 12 TE 0.05mgkg ©]5ke] A sAo =
A etstint.

¢ SEVERTE SEIPY
Aoy 2 Ay AFS 93 woko] AZSE A LS A E
EEENE WL F AN ol 38) Wy HPsA A58
P el HETTrt A&, HESH 100, AESHA 9
1008] ==21 0.01, 0.1, 1.0 mgkg’t H=5 54 Hriste] &
A wokel 7 HrbsRe] wE 3482 Table 59 7ol
carbendazim 84.7-98.3%, thiabendazole 85.9-88.0%, imazalil 86.7-
92.1%, pyrimethanil 82.0-90.2%, azoxystrobin 80.2-92.3%, “Jthit
FHA=  carbendazim  0.48~3.93%, thiabendazole 0.94-3.15%,
imazalil 0.87-2.51%, pyrimethanil 0.58-1.86%, azoxystrobin 0.49-
2.77%% BATE 2= 2 A7 oA Al 28 &
Ak i3k 23S B|4e )\H:H ZH3} 5o HYE o)

&sto] ddsiaL gledl, Slle B 70-120% 3 dthEEd

i

2 20% ©18K22), FHATANA AN F5ge 70-120%3) A
TEFAR} 20% ©l8123), FANEFAANLSE H8E 60-120%
o} ANEZAAL 15-30% 0|5t FATTL Yrh24). B AFolA
AN BFE HA 80% ol 4T HUA 4.0% o|3te] Wo|AF
S Yepfo] Ul 2 =A14 71ES UEsIh

e HER § 7= F M2 47N NREY 2M2n
5 T ZEFFE ddez 5 z; Ay A dEge
ZARE A= Table 691 HERH & 1004 5 AEFelM=
91719 ARlA FHREofe] AEHo] 91%%] AEES VeI
HEF 70 e AETes Aund Y EFY 29
A, AHE, d&2] 7% thiabendazole®} imazalilo] 2 AEHA

o} QAR et AZrtETYLS Fig. 39 eI, thiabenda-
zole= FHUl 0958 mgkg, imazalil> ZHU] 0.689 mg/ke, azox-
ystrobin Zth 0.051 mgkg HEEIAT}. AHZo| A thiabendazole
2 A 0.897 mg/kg, imazalik> i 0.651 mg/kg, azoxystrobin
Hd 0.032mgkgel HAEHIJ, #HE2 thiabendazole TH
0.286 mg/kg, imazalil T 0.721 mgkegol AEEATH LA

FUHZHFSE7IFEMRLYE 2343 AA= flev, £ 2=/
o 43 3 AHA|Z thiabendazoleZ} imazalil®] o7 OI o] A}
458 U £ At AHAA QAR WE 3 & X7 A
oA EXZAFE 2 Blasco 5(25)2 AT-olA= carbendazim
0.28-0.50 mg/kg, imazalil 0.40-0.42 mgkg®] AZE= 2™, Fernndez
5(26)2] AAAM = thiabendazole 0.20-1.76 mg/kg, imazalil 0.02-
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MSD1 TIC, MS File (CACHEM32\1\DATA\CITRUS0119\CITRUS 2013-01-19 17-09-05\004-0501.D)
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Fig. 2. Total ion chromatogram (TIC) and extracted ion chromatogram (XIC) of pesticide standard solutions (0.1 mg/kg) by LC-MS.
Peak identification: A. Total ion chromatogram (TIC), B. Carbendazim, C. Thiabendazole, D. Imazalil, E. Pyrimethanil, F. Azoxystrobin.

Table 4. Linear equations, correlation coefficients, LODs and LOQs of pesticides”

Pesticide Linear equation Correlation coefficient (R?) LOD? (mg/kg) LOQ? (mg/kg)
Carbendazim y=7626701.9x-217216.7 0.9995 0.002 0.006
Thiabendazole y=7035280.1x+118734.9 0.9998 0.004 0.014
Imazalil y=6394147.2x+208167.6 0.9993 0.005 0.016
Pyrimethanil y=12820472.9x+307705.5 0.9995 0.008 0.027
Azoxystrobin y=5453057.5x+95182.9 0.9996 0.007 0.022

DInstrument linearity range: 0.005-2.0 mg/L
?Mean value from 3 measurements

Table 5. Recovery and precision of pesticides in mandarin

. 0.01 mg/kg 0.1 mg/kg 1.0 mg/kg
Pesticides
Recovery (%) +RSD (%)

Carbendazim 98.3+£3.36 91.7+£3.93 84.7+0.48
Thiabendazole 87.4+0.94 85.9+3.15 88.0+1.14
Imazalil 92.1+2.51 87.0+0.87 86.7+1.95
Pyrimethanil 90.2+1.86 86.2+1.38 82.0+0.58
Azoxystrobin 92.3+1.84 80.2+0.49 83.6+2.77

Y"Mean value from 3 measurements

L&A
thiabendazoleZ} imazalilo] Zo] AFEES ¢ 4+ ANLH, car-
bendazime oAl &%= tiio] w54k QAR AR, v

& carbendazime Zero tolerance H 02 AMg-S FA|3IAL 9
o A7AI tEA et 53] vl A9 Au) Al woF

o
SEE Sl 94T 83 0 J)Ee] ASHAW 558

o gate] FoF A7t MO R S EH] JoBERE(2), 75 ¥
Sl gk F7F Fa & Zlo|th, AVE e ARES T
AAR 9eH27) AR, H&E, A5l imazalil, chlorpyrifos

5ol AEHY 58 T A7 AgA|et ASAY] AMge] =& A
S & £ A}k "R Yyl gEFoll thiabendazolew}

imazalil®] #5F35]187152 712} 10, Smgkegl 2 A= o] Aot
imazalil®] =887 b=, &, FHATHEVIAN =2F 7
ol 8l 5mgkgl 2 FAISIL U2} thiabendazoled] thalk -
Zugte] #8712 10mgkgl & WFH AR 7EFHE 7+
o §8A%e] 3871F 5mekeel HIEH thh =T wlEbA
AAZ He 190 dRge] ekt sidsie $Evets &
4 5 dAel vAle dFS ZHd 7ES FHAT FEL
2 Aslsteiol & AolthQ).

U AR 749 EAd 8 F HAFAQ thiabenda-
zole?} imazalil> AEHA 2o, 742 carbendazim3} azox-
ystrobin®] ZZE =3, ZHzF Hdl 0394, 0.052 mgkg HEENL,
&9 7% carbendazimit ) 0.541 mgkg AEEUT HEE
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I ) AFHE7IEMRLYS 2338 AAls figlod, g9
A9 73 A woF AxA] AX FEd ug} Zole AR A
WMo E 3 A HE FRREAIZIZE A 7oA Ho 30Y
2 AA o] 00(28), &% carbendazim¥} azoxystrobin &}
A AE okl MRS ¢ T AMh AVE e HRE
oF FAIAR ) 9J31H(27) ZEolE fenitrothion, chlorpyrifos &
A5A9} EPN, phenthoate, dicofole, methidathion & 71947
FENATE AEE] AFAL ASelAe] Aol =L, £
A AYg FE0] IARES & F AU

T AL T AERY FHAFAAE EY, Cho TG
chlorpyrifos A& E°] EJYTHL RIS, Yun 5(29)2 A+4
o= Hlx], #E A AF )M chlorpyrifos 28.6%, imazalil

Table 6. Summary of pesticide residues monitoring in citrus fruits

16.7% HEE UL, Q#A] oA thiabendazole®] HEE o] 4=
3 F Xz Foo] AFIL ¢ & JATh

a8y FAFe] dREee A i AFE AEA
AZ A F719A Fol HaF 91% AAEAT} AJIL(30),
g = A2l we] B 2ulA] HAAA A imazalil 0.181-
1.014 mg/keollort, AL A7 5ol 0.084 mgkgo =
Hag AdE Bo9) A AR FHFE BA8] =
o 4 drh

o g 7

il
13
[of
it
fr
i
2
o
A
ol
5%,
flo
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9]

N
DY
e
i
o
lo
ot o off
o ugu
fol =
4 W2
X
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o
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Commodity Pesticide No of detected sample Detection range (mg/kg) Average value (mg/kg) MRL (mg/kg)

Mandari Carbendazim 33 0.008-0.394 0.115 5.0
andarin Azoxystrobin 28 0.007-0.052 0.029 1.0
Thiabendazole 30 0.018-0.958 0.408 10

Orange Imazalil 30 0.175-0.689 0.332 5.0
Azoxystrobin 28 0.007-0.051 0.038 5.0

Kumquat Carbendazim 2 0.026-0.541 0.283 5.0
Thiabendazole 14 0.012-0.897 0.361 10

Grapefruit Imazalil 15 0.034-0.651 0.294 5.0
Azoxystrobin 13 0.010-0.032 0.021 7.0

L Thiabendazole 7 0.009-0.286 0.175 10
emon Imazalil 1 0.002-0.721 0.357 5.0

MSD1 TIC, MS File (C:ACHEM32\1\DATA\CITRUS0119\CITRUS 2013-01-19 17-09-05\025-3401.D) ES-API, Pos, SIM, Frag
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Fig. 3. Total ion chromatogram (TIC) and extracted ion chromatogram (XIC) in orange by LC-MS. Peak identification: A. Total ion
chromatogram (TIC), B. Carbendazim, C. Thiabendazole, D. Imazalil, E. Pyrimethanil, F. Azoxystrobin.
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