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Abstract

BACKGROUND: This study was conducted to investigate
the levels of pesticide residues in fruits and to assess their
risk to human health.

METHODS AND RESULTS: Monitoring of 215 samples
of fruits collected from local markets in incheon during
2013 was performed. 259 pesticides were analyzed by
multi-residue method and Quick, Easy, Cheap, Effective,
Rugged, and safe/Mass/Mass(QUEChERS/MS/MS) method
using Gas Chromatography-Electron Capture Detector/Nitrogen
Phosphorus Detector(GC-ECD/NPD), GC-MS, LC(Liquid
Chromatography-Mass/Mass(LC-MS/MS) and High
Performance Liquid Chromatography-Photodiode Array/
Fluorescence Detector(HPLC-PDA/FLD). In 56.3% of the
samples detected pesticide residues and were not found to
exceed Maximum Residue Limits(MRL). The highest
detected samples were found in citrus fruits(83.9%). Among
the detected compounds, carbendazim(13.1%), imazalil
(11.7%), thiabendazole(10.7%) and fludioxonil(9.8%) were
frequently found in fruits. A risk assessment of pesticide
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residues in fruits was performed by calculating Estimated
Daily Intake(EDI) and Acceptable Daily Intake(ADI).
Also, we were evaluated removal efficiency of pesticide
residues by washing and peeling. The removal efficiency of
pesticide residues in citrus and tropical fruits by peeling
processes were 91.6%. After the washing process, the
removal rates were 43.1%(Cherry, Grape, Blueberry).
CONCLUSION: The level of pesticide residues in fruits
was within the MRL. The range of %ADI values was from
0.00011 to 0.98795%. The process of washing or peeling
reduces the level of pesticide residues. The results of this
research concluded that the detected pesticides are not
harmful to human being,

Key words: Fruits, Incheon city, Monitoring, Pesticide
residues, Risk assessment, %ADI
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(Bao, M.]., et al, 2013; Lee et al, 2011; Zhouk and
Raffoul ]] 2012) Y A= whd 3] Srkska Tk
(FIS 25AH1F 2415, 2011). 474U F/H9} 4= A
17}8}3 A=, o= 71detstol mhE St A xA]
st A2 *?4 A, ekl AR sk L)
g FoF7PE 2 Alo|tHEAIA,
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293z Algel Al Sl TRl 7S]

2012) gF o 2Eade AXA AL AdFske A
EAN anjAEe] 7= sk dist Sk
el stk shAE 719 W s]igo
Zharo| A oheksl sk ARgo] E7HE o] ARdolth
25 AR ket sAHE Aol 20~75% 7t
A A = g9 o B ewd ) AFAE 28R st
a‘q-(Darby, WJ., 1964; Ridgway, R.L., 1978). Zr 1}
ohd A, Asks WEE SRVF tdEEE WAshs
SOk TR S gebA 7 7PEE Aok 8|
F(Maximum residue Limits, MRL) % -§RPIARE 7]
o Adste] #elstal vk Yekrktt thE MRLY 5okt
AAME 7158 UFAE oA Al BAE o E 4
UL} webA ZF -2 2] FAbERbAA gEE HE Ve
o] AR ¢k FoFo] 0.01 mg/kg °1F Fshs B4
9] il 5& ZA5h= Positive list, A= &47]5F0] A
o] A k& iok"ﬂ el EAES dFoR =
Zero tolerance 5= =3t0] A= 25 AL oF
A4 Gref Fatal vk =] A% dd A Ve
o] AAx] QA o2 FiHES] A Codex 71544 Y
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@ olgo] G A%l MR AFERe TR 0

APE AL (AEeleRigkiA s & AARIR,
2011) 9lew, 9 & - ke div] FWAACTAS 2
A ZE)7E ABH L Gl vlE2 A w9 s - dabeel
16.7%¢l &3t Jlog ZAEQILHFHAE 5 AR,

T
2012). B5ohs TUAFES el vlsl & - dakEe] g
#

AF B8-S 7FEA1E 31.9%, A%7)15241% 34.0%, *‘—aﬂﬂs
278% of ula| vtk ujebd FEFEHIL e FUEAHE o
& o HFH0al A&HQ sk ok AP 22

% Zojct,
2 AN AHA AN FEEH e Y AL,

g, A, 719, Ak, da, Ay, BReE, 25 )9Zi
14421 Uil BAF (7, B, 719, S, A FH 2,

£5) 7% 7108 o Aok LIRS 4 16}913
AENEA i sl g 245187170 45

*HIXF°1 Aok séEHO 3} Xﬂﬂ Eoas 1%6}

2
of g1 ke wobgel T sy BIHE WSt =
& A4

oA UEEordl AN Al 29 VAl A zrkE T
(Gas chromatography, GC)¢} A A2 w}E 729 (Liquid
Chromatography, LC) Z 4 7Fsdh AiFsoks e

3kt Oﬂi(*ﬁ‘%% 2012), 2HARARIESY B EARE (2]
X}/\] 159, 2012) 9 b ek AveAr A3t

Table 1. The list of collected sample number by commodity and country

Groups Commodity Country
Orange(16Y) Chile(4Y), Republic of South Africa(2V), USA(10Y)
Citrus Mandarin(15Y) Korea(15Y)
Fruits Lemon(22V) Chile(4Y), Local area(4V), USA(14Y)
Grapefruit(3Y) USA(3Y)
' Kiwi(34D) Chile(5Y), Italy(2V), Korea(14Y), New Zealand(13Y)
gﬁﬁﬁlscal Banana(23V) Peru(3Y), Philippines(20)
Mango(21Y) Local area(2V), Philippine(8Y), Taiwan(2V), Thailand(9Y)
Iszii?tes Cherry(13Y) Korea(2), USA(117)
Berries Blueberry(24Y) Chile(1V), Korea(12D), USA(11Y)
Grape(44Y) Chile(10Y), Local area(22V), Peru(2V)), USA(10Y)
Total 2159

D Number of sample
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(Cho et al, 2013; AM<5HA HASEATAHE, 2005
Yang et al, 2006) tr2] ZEfolEo] Bl oy, vt
AR BaHo g B EJ153 carbendazim, thiabendazole,
imidacloprid, propiconazole, thamethoxam, bitertanol,
tebuconazole, imazalil, acetamiprid I A= =&
A AT AseRE A tHdEs AR 29 Quick,
Easy, Cheap, Effective, Rugged, and safe(QuEChERS)/
MS(Mass)/MS(Mass) (= 15734 ]9, 2012)= ©
LELS

sl 48 ¥FE2 Dr. Ehrenstorfer GmbH
(Augsburg, Bayern, Germany)°llX] 7-qlato] ARg-F31aL,
T2 AN F28 acetonitrile?} Aol 23 hexane,
acetone, dichloromethane, methanol 5= J. T Baker
(Phillipsburg, Montana, USA)®] High Performance
Liquid Chromatography(HLPC)w-& AH-319m, NaCl
& Junsei*Osaka, Japan)< AH-3F3ith. GC, HPLC 4]
< 9Jgt FA 7FERIAIE= Agilent*HLake Forest, Califonia,
USA)<©] Florisil cartridge (1,000mg, 6énL) ¢} NH, cartridge
(1,000mg, 6mL)s 77t AHE3Rltk. QUEChERS Alek
QuEChERS Extract EN method kit (Agilent, Lake
Forest, Califonia, USA)S AM-3}5th

=47171

A7V = AdEAe 18l Gas Chromatography/
Mass Selective Detector (GC/MSD)E Agilent 6890 2
7890A GCell AA¥ Agilent 5973, 5975 Mass Selective
Detector(Agilent, Santa clara, Califonia, USA)2} TOFMASS
Detector(LECO, St. Joseph, Michigen, USA)& AH&-5F31
17, Liquid Chromatograph/Mass/Mass(LC/MS/MS)+=
TSQ Quantum Ultras(Thermo Fisher, San Jose,
Califonia, USA)E ARE3ISIth A4S 93l Gas
Chromatography-Electron Capture Detector(GC-ECD)

9} Gas Chromatography-Nitrogen Phosphorus Detector
(GC-NPD)+= Agilent 6890N, 6890 (Agilent, Santa clara,
Califonia, USA)9} HPLC System(SIT, Tokyo, Japan)<
AT 8. 717184 2241 GC-ECD/NPD, GC-MS
S b R V4 B
Chromatography-Photodiode Array/Fluorescence
Detector(HPLC-PDA/ FLD), LC/MS/MSE ©|-&-3}o] 79
T& A< 8 A4 B3, QUEChERS '3He] <3t
A Alss LC/MS/ MSE °]86to] 982 tHsohs
LA AR 717184 202 Table 2,3,4,59F 2tk

High Performance Liquid

T2

T, Ay ie A AaE AAS 79
QI AHHOE Htato] AAe] siqla, sl G
AHASE FHEste] AFd tEsotdE ARR(AES
) Ag AAE P w3h carbendazim £ 971
QuEChERS(Lehotay et al, 2005) wA1% 2 =A%
Ay ARk BAY s AEA 2M(FH S
Ay, 2012)¢l wet Az stk

AHYHL 55 3 Lol AlE 300~500 g2 ¥l 137t
AR &, T2 o FER 30x B £27 AojFHA 2
3] B v, 221RF B9 Az sITHA el okERkA
2], 2010; You et al, 2011).

2loid It

AEE Aseke] Slald ke 19 31618 Acceptable
Daily Intake, ADI) tht] 20|43 &S AXkste] 43181
thkim ef al, 2013; Ahn ef al, 2012). A&%F 5k H
FOEHE F5F 19 FY4dF F(Estimated Daily Intake,
EDI)< ADICE Uro] 8t %gko® F7lsigith k=<l
39 Hit AFE =l MRL AT o ARE-sh= 55 kge
A1-8-319131, ADIE= MFDS Zt-soFelolEjro] 2 gk 48
sigith AUAFAHADE FUGSA R DA (HAFA T =
wloJok AL 314, 2006) S AHE-EHiTh

Table 2. Operating condition of Gas Chromatography/Mass Selective Detector

Part HP-6890GC + 5975MSD

HP-6890GC + TOF

Column
Carrier gas flow He, 1.5 mL/min

Injector temp. 260C

Split mode splitless
Oven temp 100C (2 min)—10C /min—280°C (15 min)
Scan range 40-550

MS source temp. 230C
MS quad temp. 150C

Injection volume 1 uL

Agilent DB-5MS(30.0 m x 250 m x 0.25 m)

Restek RTX-5MS(30.0 m x 250 gm x 0.25 fm)
He, 1.75 mL/min

250C

splitless

70C(15 min)—20C"/min—>180C(1 min)—>10TC
/min—265C (1 min)—5C /min—300C (4.5 min)

50-550
230C
260C
1 ulL

MSD, Mass Selective Detector; TOF, Time of Fight
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Table 3. Operating condition of Liquid Chromatograph/Mass/Mass

Part Mass/Mass
Detector TSQ Quantum ultra, U. S. A
Column Thermo Hypersil gold (2.1 mm x 100 mm, 3 xm)
Runtime 20 min
Injection volume 5 ul
Column temp. 40C

A: 0.1% formic acid, 5mM ammonium formate in water

Mobile phase B: 0.1% formic acid, 5mM ammonium formate in methanol

Multi-residue method QuEChERS
Time A B Flow Time A B Flow
(min) (%) (%) (nl) (min) (%) (%) (n)
0 95 5 300 0.0 20 80 300
1.0 95 5 300
Gradient condition 1.5 45 55 300 3.0 20 80 300
12.0 10 90 300 8.0 20 10 300
12.1 2 98 300 14.0 90 10 300
15.0 2 98 300
151 95 5 300 16.0 20 80 300
20.0 95 5 300 20.0 20 80 300

TSQ, Triple Stage Quadrupole; QUEChERS, Quick, Easy, Cheap, Effective, Rugged, and safe/Mass/Mass

Table 4. Operating condition of Gas Chromatography-Electron Capture Detector / Nitrogen Phosphorus Detector

Parts Electron Capture Detector Nitrogen Phosphorus Detector
Column Agilent DB5(30.0 m x 250 ¢m x 0.25 gm) Agilent DB5(30.0 m x 250 gm x 0.25 pm)
Carrier gas flow Nz, 1.0 mL/min Nz, 1.0 mL/min
Injector temp. 260C 270C
Detector temp. 280C 300C
Split mode split(50.0:1) splitless

100C(2 min)—10C/min—180C(5 min)—10 120C(2 min)—10C/min—160C(2 min)—10TC

Oven temp T /min—220C(3  min)—10C /min—240C(2 /min—200C (10 min)—10C /min—300C(5 min)

min)—10°C /min—300°C (8 min)

Table 5. Operating condition of High Performance Liquid Chromatography-Photodiode Array Detector/Fluorescence
Detector

Parts Photodiode Array(PDA) Fluorescence Detector(FLD)
Detector Photodiode Array detector, ThermoFisher Fluorescence detector, Shiseido
Column SP pak C18, MG SP column C18, MGII
(4.6 mm x 250 mm, 5 /m) (4.6 mm x 250 mm, 5 /m)
Wavelength 230 nm, 254 nm, 310 nm Ex : 330 nm, Em : 446 nm
Post reactor - Soma S-3810, Japan
Reactor temp - 100C
Post reactor } pumpl : sodium hydroxide reagent (0.05 mL/min)
Pump pump?2 : o-phthalaldehyde reagent (0.05 mL/min)
Runtime 50 min 40 min
Time(min)  A(%) B(%) Flow(mL) Time(min) A(%) B(%) Flow(mL)
0 25 75 1.0 0 30 70 1.0
2 25 75 1.0 2 30 70 1.0
Gradient condition 32 75 25 1.0 20 60 40 1.0
(A: ACN, B: DW) 35 75 25 1.0 25 70 30 1.0
40 75 25 1.0 33 920 10 1.0
41 90 10 1.0 37 90 10 1.0
46 90 10 1.0 37.5 30 70 1.0

47 25 75 1.0 40 30 70 1.0
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Table 6. Recovery(%) and limit of detection(mg/kg) by multi-residue method in lemon

C(l:rerf;ioclij(ifds Fortification level (mg/kg) Recovery?+RSD(%) LOD(mg/kg)
Procymidone!) g:é iz:zi;‘; 0.007
Iprodione? (1)5 1gzgi;750 0.022
Phenthoate? (1)5 Zﬁ?iii 0.023
a-Endosulfan? 8;; 19106.'63;9’68 0.002
B-Endosulfan! 8:; 13‘;?3? 0.002
Endosulfan-sulfate? 8; zggié; 0.005
Cyprodinil? % 1901265;053 0.010
Fludioxonil? (1):3 Zgéi:g 0.013
Chlorpyrifos? 8;; Zzziiézz 0.005
Boscalid® (1)3 1906287;2221 0.008
Azoxystrobin® (1)5 Sé;iz); 0.016

D Detection to GC-ECD; ? Detection to GC-NPD; ? Detection to HPLC-UVD; ¥ Mean Values of Samples(n=3);

9 LOD, Limit Of Detection; RSD, Recovery and Limit of Detection; GC-ECD, Gas Chromatography-Electron Capture
Detector /Nitrogen Phosphorus Detector; GC-NPD, Gas Chromatography-Electron Capture Detector/Nitrogen Phosphorus
Detector; HPLC-UVD, High-performance liquid chromatography-Ultra Violet Detector

Zn 9 o3

A AR EeRRl] e E
Ok Mgl 0.1~2.0 mg/kg WU FE
TEAE A7 S —f? Zb A whet 33 WS A sleg
2 72~116%, “djEZHA*X (Relative Standard Deviation,
RSD%)+= 0.3~17.0%% YEFtHTable 6). -21-52Fe] Al3w)
H AEWE 0.005~0.023 mg/kg Tl R EAEE
Y FReeka e s B4 2% QuEChERS/

MS/MSHS o] 43 3482 AlgAy+= Table 73 Zth
o] A= wollA] F8E= & HY 70~120%, 3T

EEA 20% olatE 2 AT A9 Sale] Ageict B
Fet3ltt. imazalil, acetamiprid ] 73-9- 253 FAICHI
A ARl slego] e Wiell £3EA X8 wHE
2439 QUEChERS/MS/MSH © 2 57313t

F—{u: r

F

]

s DLEE ’*ﬂ}

IAAY 75 9 37 215788 oz AFsors

@}: Table 8%} Zo] & 1217104 FFseke] 4
6.3%2] HEES UEROH, EJO%OJWM] Al
Fi-goke]g7]Fe mEt 2ol ig gkt 8l

O
2
X
5]

Al

r—rlf i r—r" an

R e

G sl el 81l FeiAA ek sakEel ek
© Codex?IE, frAksrks HAAES A&ato] 4 - 5 34
stk 1 At FoF el drEe 2t e itk
T oAk JEeok AS Win = 7b7) 45, 1, 60.8% =
71915 ALlstal AT sk AEEC] A HE
%t Do 5 (2012)°] B715% 8 o X&Ei%k %
ZE 145% ¥ 20051 YUY sk HEE 32.5%(A
SEHA] RASE AR, 2005)) vl&) # u%%—‘% H
o]l Qitk o] A= el AnA ‘jrxﬂ"ﬂi B3 A5l
TEHE FUHLY] T ok HAREIHLRARARIES,
2012) ¥ FH B BAFE] sk AEEAL £ (Choi
et al, 2013; AM=58A] B ATYR, 2005 Yang et
al, 2006)°14 £ HEES BRI 25349 SAUH
Ao R 4 E7Fs ¢t carbendazim, imidacloprid
s 8/l RS FrHALl wE AutE Helth
T8 34719] 7191 T 1044 AR-seke] AEHIL
o, AE¥ oML carbendazim 0.05~0.2 mg/kg (7]
= 3.0 mg/kg) 77, iprodione 0.1~1.1 mg/kg (7| 5.0
mg/kg) 47, procymidone 0.3~1.1 mg/kg (7= 7.0 mg/kg)
370] HEEUth 1 9lell chlorpyrifos, chlorothalonil,
Z¥z} 1730] A& 7190l
< carbendazim-> A g0} By

N

<

fenitrothion, phenthoate©]
A HENET) =
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Table 7. Recovery(%) and limit of detection(mg/kg) by QUEChERS/MS/MS method in lemon

ng;gﬁds Fortification level (mg/kg) RecoveryV+RSD(%) LOD(mg/kg)?
Bitertanol gé 128:33? 0.004
Imidacloprid gé ?887553 0.005
Carbendazim 8; gzzi?’i 0.003
Thiabendazole gé gggi;f 0.005
Thiamethoxam gé 1;5779:;3712 0.002
Tebuconazole 8; zi;igg 0.002
Acetamiprid gé 9986'.1411;'16 0.004
Propiconazole 851_) 191332_;6108 0.005
Butachlor 8; 1902059;9; 0.004
Imazalil gg ;:f;g% 0.003

) Mean Values of Samples(n=3); ? LOD, Limit Of Detection; QUEChERS/MS/MS, Quick, Easy, Cheap, Effective, Rugged,
and safe/Mass/Mass; RSD, Recovery and Limit of Detection

Table 8. Analyzed sample number and detection rate of pesticide residues in fruits

Imported Domestic Total
Type Item No. of No. .Of No. of No. 9f No. of detection
analysis deteoctlon analysis deteoctlon (%)
(%) (%)

Orange 16 16 - - 16(100.0Y)
. Mandarin - - 15 10 10(66.7V)
gﬁtlss Lemon 18 17 4 1 18(81.81)
Grapefruit 3 3 - - 3(100.0Y)
Total 37 36(97.3Y) 19 11(57.9Y) 47(83.9Y)
Kiwi 20 1 14 9 10(29.4Y)
Tropical Banana 23 12 - - 12(52.2V)
Fruits Mango 19 10 2 2 12(57.19)
Total 62 23(37.19) 16 11(68.8) 34(45.99)
plone Cherry 1 7 2 0 7(53.8Y)
) Blueberry 12 10 12 1 11(45.8Y)
BFerrLfllfSS Grape 22 13 22 9 22(50.0V)
Total 34 23(67.6Y) 34 10(29.4Y) 33(48.5Y)
Total 144 89(60.8V) 71 32(45.1Y) 121(56.3Y)

D Percentage of detection(%) = No. of detection/ No. of analysis x 100

B OAE S8l wol AREEE AR 719 Agchs & (Kim et al, 2013). Iprodione %A 7]9ellM "ZAAE 4= 9l
% Q ? t = A AlE Slsto] g EkAle} o] de] ARR-Y

o AS AoA V] Yebh 5 F FhAPeI B =
Aske T RIS WASP) SISl ARgEE ool 3 SItkKoh ef al, 2009).
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o A5 247 T 11704 gere] AEH39

AUlel A A= EReEs 120 5 10w
AEHoIM HEES 83% % 83.3%E ekl 9

2] Astel wel] FAs] v #EE H3ldh o= @A
Al SFElE7E g 283 ApZlE R(EER
J w71, 2012)& F B el FEskaL 9]
Yo Bty EFH2lelA boscalid 0.04~0.48 mg/kg
(71 5.0 mg/kg) 8%, azoxystrobin 0.13~0.57 mg/kg
(71 1.0 mg/kg) 6710] A& CH, 1 9] iprodione,
cyprodinil, chlorothalonil, pyraclostrobin, cypermethrin,
malathion ©] 247} 1314 HEHH SFH2l9] 45 ¥k
= ARE Aigekslgrlee] jlo, ksite ARV
Zgato] A3 stk

T 447 T 227000 7]Eold) Ahsete] HE w3l
ot A% ¥oFe] FH& procymidone 0.02~0.06 mg/kg
(71 5.0 mg/kg) 571, boscalid 0.02~0.30 mg/kg (7I&
1.0 mg/kg) 5%, cyprodinil 0.01~0.13 mg/kg (71 5.0
mg/kg) 47, iprodione 0.08~0.27 mg/kg (71 10.0 mg/kg)
37, imidacloprid 0.06~0.65 mg/kg (715 1.0 mg/kg) 271,
dimethomorph, azoxystrobin, kresoxim-methyl, bifenthrin,
spirodiclofen, trifloxystrobin, fludioxonil, pyraclostrobin,
fenhexamide, myclobutanil, methoxyfenozide, pyrimethanil
s 17% sofo] AZHAU procymidone X%, B7], E
PEE ol Aglasge] WAle] e ARgEs ArAlE A
FHE kel gol HEHE 5% F dholtiAhn et al,
2012; jang et al, 2010; Do et al, 2012). azoxystrobinﬂ}
kresoxim-methyl:> 5> SRFHSIE 7R Az
ARgo] T7hE AL Sl sokelth Boscalids AY=Alel oish
Ao Zgso], o wgololils w2 A 23k
ey Ef-EolAls s A5 gokor FE, 2
o] Al wgo] WAl AHSE= Fefolth FAAY =9 5
e st ABEAREIFARSA BASEdTdR,
2012) Z%E0A boscalid, cyprodinil ©] A4 A& A3}
o btk

FEE woF HEES WY R 83.9%% THE w7
et 250l el e A o} e, AR 90% oV &
oFo] HEF QI THTable 8). ©|¥$t A= Choi 5(2013) K.
3 g At B Ael fARE A9E Bl g
27 Aol w2 ¥ A FEgel Fart s
HA o A RN E AFE7A7E HofAl= 54do] Sirk
nep 2] A e g $ ArlE Adsh] o
woll et ok dert dash 9l dERe A
32411 Post-harvest 41 #?l imazalil 0.07~4.13 mg/kg
(715 5.0 mg/kg), thiabendazole 0.05~1.58 mg/kg (7|
+ 10.0 mg/kg), fludioxonil 0.06~2.50 mg/kg (71
5.0 mg/kg) X AEAQl chlorpyrifos 0.05~0.27 mg/kg
715 03 mg/kg)ol 2% oV Al AEHIck WA T
T Y A SFEAE flal AEshs phenthoate )
carbendazim ‘s°] 7E¥ 3tk

o M
i

ofN

H| 2]
.ol =

=z 2

ofh HI Mg of TL
1o

duHdFe 5 7470 T 3470004 FR-seko] AEH
45.9%2] HEES YERNQItK Table 8). HRbR= 52.2%0114
-soto] AEH % em, carbendazim 0.02~0.19 mg/kg
(71% 5.0 mg/kg)°l 2371 5 971, chlorpyrifos 0.02~0.03
mg/kg (715 0.3mg/kg) 371, azoxystrobin 0.10~0.18
mg/kg (71 2.0 mg/kg) 27, fenhexamide, iprodione,
bifenthrin ©] Z}7} 134 7]% o2 AZH A

Wi 217 F 127004 FR-seke] HE(57.1%) A
11, carbendazim 0.06~0.91 mg/kg (7I5F 5.0 mg/kg) 9
7, azoxystrobin 0.01~0.55 mg/kg (71 0.7 mg/kg) 5
A AZFeh 2 910 endosulfan 0.13~0.34 mg/kg (715
0.5mg/kg) 27, diazinon, imidacloprid, procymidone,
boscalid, fenitrothion ©] Z}4 1744 A&}

Algl= 137 F 7704 FRsefo] 1E(58.8%) HA L
1 fenpropathrin 0.06~0.33 mg/kg (71 5.0 mg/kg) 3
7, trifloxystrobin 0.01~0.02 mg/kg (7|5 2.0mg/kg) 2
4, iprodione, cyhalothrin, imidacloprid, acetamiprid,
boscalid, fludioxonil, triflumizole ©] 27t 174 &5
o] T 9%°] sl HEH U Fenpropathrin 72
of vp gl ZIGE Ao e 2ole AFAE 20102 &
HIZRARIRSQ) AL A7h 529] Aol 71827} 27bo] 4
ZH A Fefolrh. Al Al 12 sk grlwe] A
#5jo] 91 S} RARAME HA 71220 B719] 05 mg/kg
71%=0] A8, 20119 FHi52ks1-871%0l| fenpropathrin
A H8712L 5.0 mg/kg OF F7HEISATHAEoRE
A= 34 2012-13).

7Y olelelk freatdel Mg Vi) galAA] ok
ZHseko] Wol AFH U 71910l A& chlorothalonil,
phenthoate, HRhtol|x] A% carbendazim, fenhexamide,
iprodione, bifenthrin, 1.9] carbendazim, azoxystrobin,
endosulfan, imidacloprid, procymidone, boscalid =
ol Mo Ai-soF s87]se] AAuo] A sk
t}. olgjgt n]5E Fok dA FulelxE TEakE] s
oF 4715 Agel e, Codex 7153 FAFSAHE FA
A5 A8kl Qlrk ol soptRs 87l Ade FakE
olgbal = kdsittal Al & &= ¢lS Aot} o] &M
A Al wAgh Behe A5 sR1Ee ok ARl
SAE et Stk webA A gRE fla sRE
A vles FoRAHS XolEs sorkg wsy FRoF A
AsHA o] Foi oAt Bgt el AT AEE = Foel
gk LeE7FE E3 MRL A7 & th¥eldo] Fe ek 7o
2 Holt} Loy} Positive list, Zero tolerance®} 7+ oF
A AIAE B9l ® ZhF-sekel st A3 H 7L o]
oAXA] FE A= rew AN F B 9A% soF
Ao g7l gk Aejrt Be3 Aow AZhErh

¢

T

thiabendazole(14.2%), fludioxonil(13.0%), carbendazim



118 CHUNG et al.

Table 9. Risk assessment of pesticides detected from fruits

2)
Average Daily food MRL EDI ADI

Detected No. of detected

Commodity pesticide sample (mg /klé) intake(g) (mg/kg) (m%/a?;n/ g%)/g;g o APE
kiwi Carbendazim 7 0.06 0.5 3.0 0.00003 1.65 0.00193
Procymidone 3 0.16 0.5 7.0 0.00008 5.5 0.00145

Iprodione 4 0.45 0.5 5.0 0.00023 33 0.00683

Blueberry Boscalid 8 0.17 0.05 5.0 0.00001 22 0.00039
Azoxystrobin 6 0.24 0.05 1.09 0.00001 11 0.00011

Cyprodinil 2 0.38 0.05 1.09 0.00002 1.65 0.00114

Grape Boscalid 5 0.18 1.2 1.0 0.00022 22 0.00992
Procymidone 5 0.13 1.2 5.0 0.00016 55 0.00287

Cyprodinil 4 0.67 1.2 5.0 0.00080 1.65 0.04861

Iprodione 3 0.57 1.2 10.0 0.00068 33 0.02074

Imidacloprid 2 0.12 1.2 1.0 0.00015 33 0.00440

Orange Imazalil 14 1.09 15 5.0 0.01630 1.65 0.98795
Thiabendazole 12 0.57 15 10.0 0.00852 5.5 0.15494
Chlorpyrifos 4 0.07 15 0.3 0.00111 0.55 0.20114

Fludioxonil 2 0.15 15 5.0 0.00221 22 0.01004

Mandarin Phenthoate 4 0.15 22 1.09 0.00032 0.165 0.19600
Carbendazim 4 0.09 22 5.0 0.00020 1.65 0.01233

Lemon Fludioxonil 16 0.46 0.054 5.0 0.00002 22 0.00011
Thiabendazole 9 0.26 0.054 10.0 0.00001 5.5 0.00026

Imazalil 8 0.37 0.054 5.0 0.00002 1.65 0.00122

Chlorpyrifos 2 0.06 0.054 0.3 0.00000 0.55 0.00055

Grapefruit Thiabendazole 2 0.39 0.02 10.0 0.00001 5.5 0.00014
Imazalil 3 0.78 0.02 5.0 0.00002 1.65 0.00094

Banana Carbendazim 9 0.05 74 0.29 0.00038 1.65 0.02326
Chlorpyrifos 3 0.06 74 0.3 0.00042 0.55 0.07663
Azoxystrobin 2 0.19 74 2.0% 0.00138 11 0.01254

Mango Carbendazim 7 0.10 0.8 5.09 0.00008 1.65 0.00469
Azoxystrobin 5 0.19 0.8 0.79 0.00015 11 0.00136

Endosulfan 2 0.07 0.8 0.59 0.00005 0.33 0.01648

D {(Number of sample below LOD x 1/2 LOD) + >i(detected concentration)}/ number of total sample;

2 Detected average concentration(mg/kg) x Daily food intake(g)/1,000; ® (EDI/ADI)x100; ¥ MRL of similar agricultural
product; ® MRL of Codex; EDI, Estimated Daily Intake; ADI, Acceptable Daily Intake; MRL, Maximum residue limit;
EDI, Estimated Daily Intake; ADI, Acceptable Daily Intake

(9.3%) 2] =0, =t 219 carbendazim(25.0%), procymidone w5z S FAE T 7&% ok AR F SR AR

(17.3%), phenthoate(11.5%), iprodione(7.7%) 2% St} Carbendazim<- ik opet o) oM &
Bt R deli= ti3A]R] Post-harvest 59k imazalil, F Welg 0w NIWs /‘]“%QL post-harvest 1A= 529
thiabendazole 5°] & HEES UeRd Z1& gR1E = QI3 HAME 5 HEES HERITL
tHKruve et al, 2007). W =Uil 7ol 718 =8 A&

=5 12l carbendazim- benomyl, thiophanate-methyl, 2l o}
thiabendazole©] ¥7] benzimidazoleZ] F5 &ekoltt}, B AT sk RUEE 23 5 23] ot e

%St benomyl<> AE §- carbendazim O & W FHE|o] At FF 155 Uigt falide F71skslthTable 9). HE5<F2
288wty 4eiA] 9tk benomyl? -9 ¥ WHE3| %ADIE 25 @ Ix|o|x HEF imazalile] 0.98795%,
of thkstAl o] 8=, Lee 5(2013) F3RtAol oJsbd, A chlorpyrifos 0.20114%% T4 02 %2 %ADIE HERY
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ou}, 2RIx e A9 AR AA st AdFE] whtel AAl
AFsHE A fedS AEE] vobd Zlow F4%
2] e e W 0] %ADI
S YeRl 1 otk S5, W, viueld AEE AR
oFe] A4 BlgEEe] Rsorsgr)Ee] AR ot
Codex, FAFsAHE HA7|58 A48 F&ol st $ls)A
H7HA3 ©4] 0.00011~0.19600% % S& %ADI #2 K
o] 9Jafl S e o7 wokdn) AN 9o
HEeF AFES AE] =2 oly, dd Hd He
o] AFslgrlsel Aol A g sl H& NIER
=

HE Fl tig MRL 414 9

2
N
H
I
tr
i)
:oL_l,
o
ot
2
)
o

L(HA R MA 2l ZFsot AHFEL
sk 2ol o AuAHe z
AAE tde= vk Ted, dA edx, dE, 4, 7
9], A, are) g2 FlFe i AE AlrskaL
IHEREE AFSEL . wEbA 2 el s A
g FEollA] Rsoks FARsto] I AlA gl wE &
FEoF AAENE AuRoltkFig. 1). 1 Ay} R 4
T 91.6% s AV EES Uehsich 58 A
= ol 98.6%9] 7P & ARsek AAES Bl 44
gk, 3] o] 7 gl gere] Aol whE Eore] Aol
et Aol FElehAl b 43tth Lee 9} Lee(1997) &
o] A7l oJabd, #d AA B7)7el gt 714 ek
AAEIR= Fe 91%9] AAES vebd 29 Ak A3t
= 2otk Aol soF ARgel =R A, wok
AR IEE sl woke ARSI &AL A
2 AFshs IR FR 90% o1 A HER
shhaL & <= Sk sAIN, ZrEolu el A
T EFsto] AR & Agels AT F7F A esirh

98.6

W Removal Efficiency(%)

90.3

75 80 85 90 95 100

Fig. 1. Removal efficiency of pesticides by being peeled.

g AASA ar AdF sk S el A Al
At ol gk AH gE Fato] Al Btk Al
of W& Wik AAGT] tist thekst A7} o] FoH
o, Seells A W Bd F ARt B - A Al
zfo7b glokar S A ek w2k, 2006). 1 AellA]
B3, AlE, X5 FEE AA F AFsels W

s AAES BARIESIthFig. 2). At AAES A,

X%, B o7 Yeigon, dsek F Al A&
43.1% ]tk FoFe] = tidt et =E4E AAE
W7} F7Velal(Ko et al, 1996), AHtAl] AlH£o] AR
of Hla} Erh(Fd71Ed AR, 2007) HaLESe
U 2 Aol s o] 57 S YERAA] ottt

Blueberries 283
Cherry 55.5

W Remoxal Efficiency(%)

Grape 455

0 20 40 60 80 100

Fig. 2. Removal efficiency of pesticides by washing,

2 <

QA FEE= 23X, 7191 5 21571 Ao of
afo] A B0k 259l thgt AR5k EUEHS AA|
ek AA A 73U 56.3%004 7Folu] Feko] HE
Hlon, o]F U3AL 60.8%, =it AL 45.1%2]
AEES UEhloy sReE7ES 298t 52
USTE 1 T R o HEES 83.9%% 48] w
TOo R UEpith soPdiE HEWEE carbendazim(13.1%),
imazalil(11.7%), thiabendazole(10.7%), fludioxonil(9.8%)
wo%, HAEd sk Sy B g s
w2 QA FY woke] dUddHFYZE ADI% 0.00011~
0.98795% T2 falide w2 Zlos FYHr). Edl,
s 22 HEE AA sk AAske Y 39 AA
2 91.6%°] FHFEek A7 avE veEgleH, AE & A
Hoh= FHIQ X5 Alg] T e JA F AFY 9
A Ht 43.1%2] ek s B, FdAHd wE

\j—)‘l\—
A AN - AT Al

2 Helth

References

Ahn, JW,, Jeon, Y.H., Hwang, J.I, Kim, HY., Kim, ].H,,
Chung, D.H., Kim, J.E., 2012. Monitoring of pesticide
residues and risk assessment for fruit vegetables and
root vegetables of environment-friendly certified and
general agricultural products, Korean J. Environ
Agric. 31, 164-169.

Bao, M., Shen, J., Jia, Y.L, Li, E.F., Ma, WJ]., Shen, H],,
Shen, LL., Lin, XX, Zhang, LH.,, Dong, XW., Xie,
Y.C, Zhao, Y.Q., Xie, QM.,, 2013, Apple polyphenol
protects against cigarette smoke-induced acute lung
injury. Nutrition 29, 235 - 243.

Cho, YS., Kang, ].B, Kim, Y.H, Jeong, J.A., Huh, JW,,



120

CHUNG et al.

Lee, SH., Lim, Y.S.,, Bae, H]., Kang, HG,, Lee, ].H,
Jung, ES., Lee, BH, Park, Y.B, Lee, ].B, 2012, A
survey on pesticide residues of imported fruits
circulated in Gyeonggido. Korean /. pesticide sci. 16,
195-201.

Choi, SJ., Kim, EJ, Lee, ]I, Cho, 1S, Park, WH,

Kim, MS., Kim, GH, 2013.
Determination of post-harvest fungicide in citrus
fFruits using LC-MS, Korean J. Food Sci. Technol. 45,
409-415.

Darby, W]., 1964. Pesticides: a contribution to agriculture
and nutrition. Am. J. Public Health Nations Health.
54, 18-23

Do, Y5, Kim, J.B, Kang, SH.,, Kim, N.Y.,, Um, MN,,
Park, YB, Oh, MS, Yoon, MH, 2012, Risk
assessment of pesticide residues in fruits collected in
Gyeonggi-do, Korea from 2006 to 2010. Korean J.
pesticide sci. 16, 85-97.

Han, SH.,, Park, SK, Kim, OH., Choi, Y.H., Seoung,
HJ., Lee, Y], Jung, ] K, Kim, Y.H,, Yu, LS., Kim, YK,
Han, K., Chae, Y.Z, 2012. Monitoring of pesticide
residues in commercial agricultural products in the

Hwang, LS.,

northern area of Seoul, Korean J. pesticide sci. 16,
109-120.

Jang, M.R., Moon, HK,, Kim, TR, Yuk, DH,, Kim, J.H.,
Park, S.G., 2010. Dietary risk assessment for pesticide
residues of vesgetales in Seoul, Korea. Korean. J.
Nutr. 43, 404-412.

Kim, GH, Lee, Y.S, Jung, ]S, Hur, ]S, Koh, Y., F,
2013, Optimal spray time, interval and number of
preventive fungicides for the cControl of fruit rots of
green and gold Kiwifruit cultivar. Res, Plant Dis. 19,
1-6.

Kim, Y.H., Lee, S.Y., Kim, C.G., Choi, EJ., Jo, N.G,, Lee,
J. M, Kim, YH, 2013, A survey on the pesticide
residues and risk assessment for agricultural products
on the markets in Incheon area from 2010 to 2012.
Korean ] Environ Agric. 32, 61-69

Ko, BS,, Jeon, TH, Jung, KS., Lee, SK, 1996, Removal
effects of oranic-phosphorus pesticide residue in
lettuce by washing method, Korean J. Rural Med. 21,
159-171.

Koh, YJ., Lee, ].G,, Hur, ]S, Park, DM, Jung, SJ., Yu,
Y., M., 2003, Optimum spray program of preventive
fungicides for the control of postharvest fruit rots of
Kiwifruit, Res, Plant Dis. 9, 205-208.

Kwon, OK,, Hang, SM., Choi, D.D., Park, CW., Song,
B.H., Ryu, GH, Oh, BY., 2001, Survey on pesticide
usage for the development of pesticide use indicator
in fruit vegetable, Korean J. pesticide sci. 5, 40-44.

Lee, MH, Kim, MS, Shin, HG,, Sohn, HY., 2011,
Evaluation of antimicrobial, antioxidant, and antithrombin
activity of domestic fruit and vegetable juice. Korean
J. Microbiol. Biotechnol. 39, 146-152.

Lee, J.B., Moon, B.C., Jin, Y.D., Kwon, HY., Im, GJ.,
Hong, MK, Kang, KY., 2011, Trend Analysis of
Hazard Substances in/on Agricultural Products
Reported. Korean J. pesticide sci. 15, 434-440

Lee, M.G., Lee, SR, 1997. Reduction fector and risk
assessment of organophosphoros pesticide in Korea
food, Korean J. Food Sci. Technol. 29, 240-248.

Kruve, A., Lamos, L., Kirillova, ]J.,, Heodes, K., 2007.
Pesticide residues in commercially available orange
and evaluation of potential washing methods. Proc.
Estonian Acad. Sci. Chem. 56, 3, 134-141.

Ridgway, R.L., Tinney, J.C., MacGregor, T]., Starler, N.J.,
1978, Pesticide use in agriculture. Environ. Health
Perspect. 27, 103-112.

Lehotay, SJ., de Kok, A., Hiemstra, M., Van, B.P., 2005.
Validation of a fast and easy method for the
determination of residues from 229 resticides in fruits
and vegetables using gas and liguid chromatographu
and mass spectromrtric detection. . AOAC Int. 88,
595-614.

Yang, Y.S., Seo, JM,, Kim, J.P., Oh, MS., Chung, JK,
Kim, ES., 2006, A survey on pesticide residues of
imported agricultural products circulated in Gwangju.
J. Food Hyg. Safety 21(2), 52-59.

You, Y.H.,, Lee, Y.S., Kwon, H]J., 2011, Reduction factors
of pesticides with different physicochemical properties
under washing and cooking conditions. Korean J.
Food Sci. Techlol. 43, 537-543.

Zhouk, Raffoul, JJ., 2012, Potential anticancer properties
of grape antioxidants. /. Oncol 803294, 1-8.





