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Abstract

BACKGROUND: This study was conducted to monitor
residual pesticides in domestic agricultural products and to
assess their risk to human health.

METHODS AND RESULTS: 123 samples containing
both general and environment-friendly certified agricultural
products were purchased from traditional domestic markets
and supermarkets in six provinces of Korea. Multiresidue
analyses of one hundred twenty-two pesticides except for
herbicides were performed with gas chromatography-electron
capture detector, gas chromatography-nitrogen/phosphorus
detector, and high-performance liquid chromatography.
Sixteen pesticides were detected in 45 agricultural product

two kinds of unregistered pesticides in korea were also
detected in two samples.

CONCLUSION(S): In order to do risk assessment by
agricultural products consumption, estimated daily intake
of residual pesticides were determined and compared to
acceptable daily intake, referring to %ADI values. The
range of %ADI values was from 0.038% to 2.748%. Taken
together, it demonstrates the pesticides found in agricultural
products samples were below the safety margin, indicating
no effect on human health.

Key Words: Pesticide residue, Monitoring, Agricultural
product, ADI

samples, which were 38 general, 6 low pesticide and 1 of M B
GAP agricultural product samples and the detection rate
was 33.6%. Pesticides detected in agricultural product e e AE T A ALF teoR seuet
samples were cypermethrin, lufenuron, fenvalerate, =1 ARl Y AFTe] B2 AEolth 53] B Ter"ﬂ
bifenthrin, chlorfenapyr and iprodione. Residual concentration = PRl S 7—i phytochemicalsE The S
of 18 samples were exceeded the recommended maximum skaL olo] &gt st AEowA HE FeAo] v F4
residue limit set by Ministry of Food and Drug Safety and wa Qlek A Fol= A HH7 JXto] diAlE Aa Ay &
sk 2t WellE WAl FAFES S8 vheket ok
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a4 thLee et al, 2004; Kim et al, 2009; Kim et
al, 2011; Do ef al, 2012).

Tk WallE, x50 WAl AMEH1 ke 2
&, e T 9 ey A S ArErrEd At
Aghs IS 7 v w28 A3 #7490 W
A s 7 Sle FEAS 7HAAL QitKLee et al,
2009). F g0 R FakEo| HAHE AREE S
A9 2 FAORE QE AAle faletA A8 = itk
upebA olefgt Foke] Q-5 WAlekal HWlIziztel JEiE
TA BEF 7} P AR, ARSI, 7)o e 4
3 3¢ gAY Tl st oAM= weke] AU
A8 87 skl AR AR AAs] Al
3tal QTHNam ef al, 2006; Kim et al, 2007).

Jeivh T AEPAT B AR - A IS AHRE
O] Aol thghk BBzt op7]e} A, A kel digk A4l
S7he =E, o2 A% kd wAEY ok 5909, §
5], AR WEAJTFA = dist B gS AXA
HHHuh and Kim, 2010; Jin and Keum, 2011). }4]
W SERAATEE] Hare] mEd [T EARES] ¢

33002 HEHU ot & FFEoE FAbEel gk 4]
Ake] AlglE Alarst] SeiMe AAFGAINE &n)Ate] o=
© BE WAlel AR A g ok #A=rt "gdolgt sl
KLee et al, 2012).

S S AR A, Tk, 2Ry Tl AAE
T otk 58] AFe] A9 skl Al thit AhrE o
RorE AAAAZR B 91%] F71AA Fk AA a3}
dem, FAL ALE 7R EdTE AAAAC R &
oF AHFE dA%] =Y 4 vk Zev ARl AeEHE
RS A 7ol R oAU E A Foll ATt

olatal ool whet AlH I} A Foll®= A AAEA
of AF F sk S AT SlEiA
Foll w218l B7F A= Fw8] AlAEo]of g
HHwang et al, 2011; Lee et al, 2010; Do et al, 2012).

A 2 AN e AT FEEHL e A
E7 #gsakEe] gt R E gelstr] fste] =
Y & s T RE eR ARsoks AR,

0 ARE YR 7 AR A8 Sk o 4R
2 #4930l Aale BrskaA sk

Mz X AE

StE

AlEE 2012 695H 997H4] A= 97 EA(AE, T
o, o, 35, O, AT, 9d, £, o] giFetE, 9
s 9l AAelAM 5 2 AR 6087 Haol 638
T AAeA AFES Felela, ot
Eg} Wighdoa #asaaT) 3187 Evar A E
AHER] GAPsAHE, soksitsE W Al soksiHES Table
13 Zo] Flakdlek A% Algs AFede] 2rAd
o wl RS AAS & #Asete] B4 A7 20T W
Fale] sk A8 AlsE ARESISITH

Alef

sk F4o) AR acetone Kanto Chemical
Co.(Tokyo, Japan)?] ZF-52REA8-2 AHE-8I1IL acetonitrile,
dichloromethane %! nhexane Burdick & Jackson
Inc.(Muskegon, MI, USA)2| soHtAE-& A3
ol gAlel AHg-E florisil cartridge(1,000 mg, 6 mL)9}
NH, cartridge(1,000 mg, 6 mL):= Varian Inc.(Lake
Forest, CA, USA)S ARM-31911, sodium chloride(s=%
99.5% ©]’4)9} sodium sulfate anhydrous(<=E 99.0% ©]
3+ Junsei Chemical Co.(Tokyo, Japan)< AHE-sISIT
A st

5°F 1222 3£ Dr. Ehrenstorfer GmbH(Augsbug,
Germany) 5= Chem Service(West Chester, PA, USA)
o] AlES AHESIGITE AN 7F Ade] fallwel et
acetone?} acetonitriles ©]-83t°] 1,000 mg/LE ZAIst
Ak Zb wekd] HEFS vlwst & HEV] HE 25
Table 29} o] yro] 379 HEE Al7Kretention time)
o] AAA| Y= wrEQr) 7h Hoks R kel &
acetone¥ acetonitrile® 3]4]3lo] 10 mg/Le] &3 %+
F &dEs Azxsich

Table 1. Collected sample number and detection rate of pesticide residues monitoring in agricultural products

Non-certified

Certified agricultural products

agricultural Environment-friendly certified Total
Agricultural products agricultural products
products General Pesticide-free Low pesticide GAP
No. of No. of No.of No.of No.of No.of No.of No.of No.of No. of Detection
analysis detection analysis detection analysis detection analysis detection analysis detection rate(%)
Apple 48 18 0 0 12 4 0 0 60 22 36.6
Peach 48 20 1 0 8 2 6 1 63 23 36.5
Total 96 38 1 0 20 6 6 1 123 45 36.6
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Table 2. Classification of pesticide for multiresidue analyses of agricultural products

Analytical . ..
Instrument List of pesticide
GC/ECD Lufenuron, Flufenoxuron, Vinclozolin, Dichlofluanid, Tetraconazole, Tolyfluanid, Procymidone, Kresoxim-
(Group 1) methyl, Bifenthrin, Fenamidone, Tetradifon, Acrinathrin, Cypermethrin, Difenoconazole, Tralomethirn
Chlorothalonil, Fthalide, Fipronil, a-endosulfan, Chlorfluazuron, Flutolanil, Chlorfenapyr, 3-endosulfan,
GC/ECD . . . . . .
Endosulfan-sulfate, Nuarimol, Fenpropathrin, Fenarimol, Pyridaben, Flucythrinate, Deltamethrin,
(Group 2)
Fenvalerate
GC/ECD  Tefluthrin, Dicofol, Penconazole, Captan, Folpet, Isoporthiolne, Thifluzamide, Fenoxanil, Iprodione, A
(Group 3) -cyhalothrin, Cyfluthrin, Indoxacarb, Azoxystrobin
GC/ECD Triflumuron, Probenazole, Disulfoton, Etrimfos, Triadimefon, Paclobutrazole, Ofurace, Zoxamide,
(Group 4) Permethrin, Prochloraz, Halfenprox, Pyridaryl, Pyrimidefen
GC/NPD  Metalaxyl, Phosalone, Iprobenfos, Chlorpyrifos-methyl, Parathion, Triflumizole, Profenofos, Cyproconazole,
(Group 5) Tebuconazole, Fenazaquin, Pyraclofos
GC/NPD . . N . . . o e
(Group 6) Fenthion, Dimethoate, Pirimiphos-methyl, Chlorpyrifos, Myclobutanil, Fludioxonil, Diniconazole, Metconazole
GC/NPD  Ethoprophos, Terbufos, Diazinon, Fosthiazate, Fenothiocarb, Phorate, Mepronil, EPN, Furathiocarb,
(Group 7) Fenbuconazole
GC/NPD  Cadusafos, Tolclofos-methyl, Malathion, Cyprodinil, Hexaconazole, Buprofezin, Triazophos, Etoxazole,
(Group 8) Azinphos-methyl
GC/NPD .. . . . . .
(Group 9) Tebupirimfos, Methidathion, Thizopyr, Phenthoate, Flusilazole, Edifenphos, Tebufenpyrad, Pyrazophos
HPLC/UVD Carbendazim, Cymoxanil, Pyroquilon, Primicarb, Dimethomorph, Dimethylvinphos, Diflubenzuron,
(Group 10) Pyraclostrobin, Fluacrypyrim, Pyriproxyfen
HPLC/UVD Imidacloprid, Pyrimethanil, Clothianidin, Forchlorfenuron, Tebufenozide, Boscalid, Chromafenozide,
(Group 11) Pencycuron, Trifloxystrobin, Fenpyroximate
HPLC/UVD Acetamiprid, Thiacloprid, Tricyclazole, Ferimzone, Diethofencarb, Mepanipyrim, Cyazofamid, Teflubenzuron,
(Group 12) Imibenconazole

Al2o| MAz|

7438 AR 50 goll 100 mL acetonitriles 7}t &
homogenizerollX 3%+ 1% wid|, FE319] sodium
chlorideE Z7ketal XBAIZ & AEefsiGith o
10 mLE F3lo] 40C o] 844 71955 5 acetone/
mrhexane(2/8, v/v)®2 Agalisto] GAlE A RE o]&33A
. GC w44 AlEE florisil cartridgeo]l 5 mL2
rrhexane®® Z#XW ¥ 5 mL% acetone/rnhexane
(2/8, v/v)ye TAFHOR AL AAE AEE
cartridge®ll %3t th3 acetone/mhexane(2/8, v/v)°.
2 gZot] AsksSety, 55 ¥ AlEE acetoned]
Agafatalty. HPLC #4918 Alsel diaix= 749 10
mLE FH3to] 7455 $ methanol/methylene chloride
(5/95, v/v)= A&3l38t3Ith. NH, cartridge®] methylene
chloride 5 mLE Ee{Edl & GAE AEE cartridgecl
T9)%F T methanol/methylene chloride(5/95, v/v)%
GE0to] AUEF & F acetonitriled] A-g-2lfeF3ith

7|1712M =A
GC-ECD*= Shimadzu Q2010(Shimadzu, Japan)& AR
393 A9 DB-5[30 m(L) X 025 mm(LD.) X 025

pm(film thickness)]E AM-3I3ITE. Carrier gasi= Na, 55
60 mL/minZ 43I8ItE Injection volumes 1 plL,
injectori= split ratio 50:1% ARSI O™ injector &%+
250C, detector &5+ 320C0|312H, oven 25 80C ol
A 23 B ek 200C 7H4 10C /ming] 52 5-2A]
0 % 220C7H4] 2C/min®] S5 F2AIA 4387F fAl8tal
300C7H] 10C /min®] 5= S 5 437 F313ick:

GC-NPD+= Varian CP-3800(Varian, USA)S AM-3191
t}. 48L& DB-5[30 m(L.) < 025 mm(LD.) X 025
pm(film thickness)]E AHE3F31aL, carrier gas®= N, H,
2 airo]li Np9 42 3 mL/min, Hp9 #4210
mL/min®™ air® #%& 60 mL/minE 4881
Injection volume<>- 1 pL, injector+= splitless®= AR&-aF3]
on 2EF72 GC-ECDS} 5daith.

HPLC-UVD+= YoungLin 930D(YoungLin, Korea)<
AMgslgIT) B8 ARe- C-18[250 mm(L.) X 4.6 mm(LD.)]
& ARSI 552 1.0 mL/min©] 312" mobile phase
+ water?} acetonitriles AHE5F19 ™, gradient 20%
acetonitrile®l*] 80% acetonitrile ©Z 403t &) &
1027 743131t} Injection volume<> 20 pL, detector
wavelength= 254 nmollA] #4&k3ich
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AR HEE ek AFoRERPAA A 1L
Algt 5827 (maximum residue limit, MRL)o]
upet 23 o -5 Frlsiglon, 33w AdSA el et &
7] B FsoksitEellA soke] HEE B AESIAN Zﬂ7
Z Aol wt soRbRs 87150 1/20 Zebd
T SRR Wl AseksaEe] Ag %‘3}}}%51&
7158 1/25 23S 35 FA3 SR Bselth
AzE wofo] ' sAkEel tist 2HRe L7 ] 27
w7 o2 soto] HAEHUE BF v oM A - 5 WA
= aflrh RS ekl AEwie el %’&E"ﬂ o gk
Codex Alimentarius Commission(CAC) 7155 W21,
7)z0] A oA kA AZTA WE 4 AR &
oF |87 1 vl F daleakat Al 13,14
A AR Eield A FY tiEwa(d, AR, 3
7 2 AT SeliAe ARFE 4 F8)el &t %“”ﬂ'
o] HAA7|Ee wWETh el 38t sk HA7E
npA AAEo] QA ki AEed Hd4 FEl woF
el 871 1 soVIE 5 HAAVIEs A 8sto] HA

_l

(e

e

e e

FAES BsA Hoh
LFSetY I 2o "ot
AZE ok e H7h= Ahn 5] Hu3KKim ef
al, 2011; Ahn et al, 2012) = & 4= = HA7s)
LA e RUEE 9 YEid Hrkel 22 wHo
2 ARSI
Znt o st

M ek 245 st AEEA(limit of detection,
57 7hed A2HETS ol&ato] of
e Aol whe} ARkt FoFd Zé%f&?zﬂt 0 02 mg/kg o
T 2AFoRRPEA A IAG FAE F AREF e
A e Ao A% 0.05 mg/kg ollﬂi el o

3 ol

3

N g9 (mL) 1

FUZF (uL) AEF (g)

LOD (mg/kg) = 717144 H2AEF (ng) X

MO 3|+EAIY
# W}éL Azl TS f71sAHE 5 skl A
FHA o2 MRS AdEete] woF 253 8945 02 mg/kg
EL 1 0 mg/kg FEo® Agsto] AR B9 Fd U
o7 ST AE ok A oA w]z} B F
ek i 24N A BE 70% ol 180%
oJatoliL, 4227k 30% oltfoltt. 04?01%1 et Ab
o, 5 OMW AU FoF] 3580] 70~121%
U o A O R AR ThsRela, AR 10%

F

AT AT 1238E o ARsoke BAg A
= Table 3¢l A4 vho} o] 5oto] A%H AR 454

o= xﬁﬂ H/\% A=

32
@
)

6% AEES AHEI

WAF F Alhe BEANE 1874, Awksats 473004
o] AEHNT, HEY 52 lufenuron, chlorothalonil,

flutolanil, iprodione, bifenthrin, fenpropathrin, permethrin,
cypermethrin, fenvalerate©.= 9&2] o] FEH Sl
©] <= chlorothalonil, iprodione, fenpropathrin, cypermethrin
o AEEE BFHHLIIZ olshz Ueh} bda s70l900
4, AsoksikE Abelx HER bifenthrin(MRL, 0.5
mg/kg) ¥} fenvalerate(MRL, 2.0 mg/kg)< 478871+
1/2% 2335 om, W rks ARtelA 759 lufenuron
(MRL, 0.3 mg/kg)? permethrin(MRL, 0.05 mg/kg)<>
Abtell AAE AFRERVIES 2oel] FARE sAER
vhEbstt) BEgt BsAE Aol HEE flutolanil- <t
Fol-871e] AR A Y FEHIAZE Ho| QA
e wRo R AN ARy
Heohs #EAE 204, GAPSAE 14, Alseksit
& 27F°l4 lufenuron, tetraconazole, procymidone,
chlorfenapyr, iprodione, bifenthrin, A-cyhalothrin,
cypermethrin, fenvalerate, difenoconazole, indoxacarb,
teflubenzuron 0.2 & 12%£9] Foko| AEHI HasAat
E H3ot 97olA AEE lufenuron(MRL, 0.5 mg/kg),
chlorfenapyr(MRL, 1.0 mg/kg), bifenthrin (MRL, 0.3
mg/kg), h-cyhalothrin(MRL, 0.5 mg/kg), cypermethrin
(MRL, 2.0 mg/kg)< Hwotell A48 HislerleS 293t
Gom, AEoksits Hpol 1764 %
(MRL, 0.5 mg/kg)< A73471% 1/22
& FhEE et B3 dElleakE Heok 1304 e
¥ tetraconazole<> Fzotel tish 1H75]87]F0] A= o]
WA LAY FEIAE Hof A ek Foko R FHlEel
ok HAAG AMg o ARG siEE ddEth GAP
FAER AT B Hpoloa] HEH fenvalerated] HE
EEE 1.23 mg/kgl® 535871 5.0 mg/kg ©lst
R
% 5(Do et al, 2012)°] ATt 7= A5 J’]@Tar‘)]
sk Sa%7K2006 ~2010)° w=H 2AF 3
2335569.7%)°IM skl HAEHAUL, o] F /‘M@‘r 5
sollA 7P vkt seko] AEHUThL Barsk 213 ol
B Aol AlRtel HpololA tekst Foko] HEE I
Sk ARk} ot 0] aA|¥o] QMA] 22 flutolanil
4 tetraconazole®] AEEH=H o= FHIEC] TS A
eNel o) Aol ARE-SE O‘-t— ok =k ARl Bk
WallZel A8 7hsd sk AN wlEelzt H2E3
th mEbA 2HkE s *}%e R B e
AlE FoRS AR B IS AREOAl FAIAA Fol

A% difenoconazole

_1__‘,]. ]-o% t'x%-cl
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o & Zlog AZtHL of AEEAY] AWE w3k 3k AR Bt el det
o] 9] QTEAE AN HER o AFFS WA <l T AA AR FE o] FeRgith

=
=
shbEel Ade FEolgit vt A AT sk

= & & = o]
A AEE Feko) dlY sok AR e 28 &
Hete 213 Q% FAES =2 7Hde Bskar okd
3 HARE e AnRbelA] wujEY] W] 18 QlF
FARES A A S AL F AEE FeuS
S 7slsknt s AAAA M FE dA% 7SS A4t
Z3F Foll® 5 18 AF bRl st A& AL
o7 Bod Row g
TS| 2ol T}

g EolA HEE Fool digt flsid Bk 9
ADI tn] o] H &7 AHE3%tTable 3). HAEE &
o thet el et AFHoENEH o dLHFHFY

= H
(estimated daily intake, EDI)& 945 818K
2 Pro] 78 %ADI #to® Arkelelct B AHFES
= EPAY $1814 F7hdRel] wel &5 olskl A&

>
J
4 2o o &2

)

49 1Y FEAEHZF %ADIE A Ed Ao A9 4o
Aol A 211 g/dayEH FHEE R %ADI
lufenuron 1.096%, chlorothalonil 1.170%, flutolanil
1.133%, iprodione 0.831%, bifenthrin 2.071%, fenpropathrin
2.748%, permethrin 1.910%, cypermethrin 1.553%,
fenvalerate 1.834%°% YER} fenpropathrin®] 7V 2
%ADI Fte B3Ot AR AFF] mhE flalde w2 A
o= Uehdth Heote] 44 A% skl il %ADI k-
lufenuron 0.309%, tetraconazole 0.744%, procymidone
0.033%, chlorfenapyr 0.316%, iprodion 0.127%, bifenthrin
0.426%m cyhalothrin-A  0.426%, cypermethrin 0.555%,
fenvalerate 0.426%, difenoconazole 0.261%, indoxacarb
0.512%, teflubenzuron 1.244%% 2 2 Ho] H<=0l9]
el oJet SEdE W Alow vERtT

Table 3. Risk assessment of pesticides detected from agricultural products

. Pesticide No. of - Detection Daily food Averageconc.a> MRL EDI” ADI o d)

Commodity detected sample range intake(g) (mg/kg) (mg/kg) JoADI
detected  (mg/kg) (mg/person/day)

Lufenuron 3 0.21~0.55 21.09 0.400 0.3 0.00844 0.770 1.096
Chlorothalonil 2 0.34~0.88 21.09 0.610 2.0 0.01286 1.100 1.170
Flutolanil 1 2.66 21.09 2.660 5.0° 0.05610 4.950 1.133
Iprodione 3 0.70~2.11 21.09 1.300 2.0 0.02742 3.300 0.831
Apple Bifenthrin 4 0.43~0.69 21.09 0.540 0.5 0.01139 0.550 2.071
Fenpropathrin 1 2.15 21.09 2.150 5.0 0.04534 1.650 2.748
Permethrin 3 1.90~3.31 21.09 2.490 0.05 0.05251 2.750 1.910
Cypermethrin 7 0.21~1.50 21.09 0.810 2.0 0.01708 1.100 1.553
Fenvalerate 3 0.40~1.41 21.09 0.957 2.0 0.02018 1.100 1.834
Lufenuron 4 0.18~1.24 3.78 0.629 0.5 0.00238 0.770 0.309
Tetraconazole 1 0.79 3.78 0.790 1.0 0.00299 0.402 0.744
Procymidone 1 0.48 3.78 0.480 10.0 0.00181 5.500 0.033
Chlorfenapyr 4 0.82~1.99 3.78 1.196 1.0 0.00452 1.430 0.316
Iprodione 1 1.11 3.78 1.110 10.0 0.00420 3.300 0.127
Peach Bifenthrin 1 0.62 3.78 0.620 0.3 0.00234 0.550 0.426
A\-Cyhalothrin 2 0.98~1.49 3.78 1.239 0.5 0.00468 1.100 0.426
Cypermethrin 7 0.28~3.13 3.78 1.614 2.0 0.00610 1.100 0.555
Fenvalerate 2 1.23~1.25 3.78 1.240 5.0 0.00469 1.100 0.426
Difenoconazole 1 0.38 3.78 0.380 0.5 0.00144 0.550 0.261
Indoxacarb 2 0.70~0.79 3.78 0.745 1.0 0.00282 0.550 0.512
Teflubenzuron 1 1.81 3.78 1.810 1.0 0.00684 0.550 1.244

3 {(Number of sample below LOD X 1/2 LOD) + >(detected concentration)}/number of total sample.
® Average concentration(mg/kg) > daily food intake(kg/kg bw/day).

9 ADI(mg/kg bw/day) X 55 kg(average body weight of Korean adults).

9 (EDI/ADI) < 100.
9 MRL of strawberry.
9 MRL of apple.
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0|5} % ADISIS] IS B3 S Hrhe 915124
8% Ao PEVIE 4IPS 99 /18 ARE )
Fesue, SOl YRt FF A AR
EUEY AR 2 QoHATS B4 Wz B

A AAHCR o|FojAof B o7 Pzt

12 o Lo

o OF

=R
) f SAHEe) A QNS Wk 2012
W A% 6 EAIA S5 gl SR Alstel B4
olell thste] 123%9] MBS $AT] AFERS HAHY

o} 12259 okl dis] GC-ECD, GC-NPD % HPLC-
S o]g3t tHEEAH R FFsoks B,
A A Fsoke] AEE AEs AesAEelA] 387, A
FEAEA 64, GAPEAHECA 1822 AlEeA 16
Z9 Fofo] A&EHY 33.6% AZES UYEMIULE < A4
8 A%F WIEE cypermethrin, lufenuron, fenvalerate,
bifenthrin, chlorfenapyr, iprodione 0|3t} §eFo] 7
8 NE T AFsEs 2k AlRE 185o%
14.6% AZEHUCH, T 2= gk FFs]87]Fe] A%
wo] QA AU FHIA] EHolQA] ok FoR 2319 Al
FolA 288 sl HAEH] 1.6% AFES Hrh
B ATl HEE sl dld AR AFHE QA
T9E Asoke] dIAHEEH bl ddHHFRE
A 0.033%°14 F L 2.748% % “sAHE AF ol 23t s
2 G2 AoF ehgth
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