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Abstract This study was carried out to monitor the current status of pesticide residues in selling agricultural
products via online and assessed their safety in 2014. A total of 124 samples were purchased six times from
March to August 2014 twenty online shopping malls randomly. These samples were analysed 208 pesticides by
multiresidue method using a GC-ECD/NPD and a LC-MS/MS and confirmed by a GC-MSD. As a result of
analysis, residual pesticides samples were 11 (8.9%) such as leek, young radish, welsh onion etc, of which 2
samples (1.6%) such as sesame bud (Chlorothalonil), artemisia (Chlorpyrifos) were violated Korea Maximum
Residue limits (MRLs). 11 kinds of pesticides (19 times) were detected in 11 samples. Risk assessment evaluated
human health exposure with the ratio of EDI (Estimated daily intake) to ADI (Acceptable daily intake) of
pesticides detected. %ADI (the ratios of EDI to ADI) were 0.04~95.70% and some samples represented a fairly
dangerous levels. In particular, Chlorothalonil in the sesame bud was shown as a significant risk close to 100% of
%ADI. Accordingly, it is recommended to strengthen a safety check on agricultural products in online sales.

Key words online, agricultural products, pesticide residues, MRLs, %ADI
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Table 1. The number of samples collected for the monitoring of pesticide residues in agricultural products sold via online websites

No. of samples

Agricultural products

Common

Environmentally friendly Total

Water Dropwort
Celery

Welsh Onion
Leek

Stalk and Stem Vegetables

2 6

Bomdong
Chicory
Whorled mallow
Shepherd’s purse
Saltmarsh Sandspurry
Ssamchoo
Ssambaechu
Sesame bud
Artemisia

Leafy Vegetables .
Young radish
Ulgaribaechu
Chwinamul
Leaf beet
Chamnamul
Lettuce
Spinach
Crown daisy

Perilla leaves
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Table 2. List of selected pesticides used in this study (208 pesticides)
Acetamiprid Acrinathrin Boscalid Bromacil Bromobutide
Anilofos Azinphos-methyl Cadusafos Captafol Captan
BHC (o, B, y, 8 TAD) Bifenthrin Carbophenothion Chinomethionat Chlordane
Bromopropylate Butocaboxim Chlorothalonil Chlorpyrifos Chlorpyrifos-methyl
Carbaryl Carbofuran Clothianidin Cyazofamid Cyflufenamid
Chlorfenapyr Chlorobenzilate Cyhalothrin Cymoxanil Cypermethrin
Chromafenozide Cinosulfuron DDT (DDE, DDD *3%})  Deltamethrin Diazinon
Cyfluthrin Cyprodinil Dicofol Dieldrin Diethofencarb
Cyproconazole Dicloran Dimethoate Dimethomorph Dimethylvinphos
Dichlofluanid Dimethenamid Diphenylamine Dithiopyr Edifenphos
Dimepiperate Diphenamid EPN Esprocarb Ethaboxam
Diniconazole Endrin Ethoprophos Etoxazole Etrimfos
Endosulfan (o, B, Sulfate$7])  Ethion Fenazaquin Fenbuconazole Fenhexamid
Ethiofencarb Fenarimol Fenothiocarb Fenoxanil Fenoxycarb
Fenamidone Fenobucarb Fenthion Fenvalerate Ferimzone
Fenitrothion Fenpyroximate Fluacrypyrim Fluazinam Fludioxonil
Fenpropathrin Flonicamid Flumioxazine Fluquinconazole Flusilazole
Fipronil Flufenoxuron Fluvalinate Folpet Forchlorfenuron
Flufenacet Flutolanil Heptachlor (epoxide 3 3}) Hexaconazole Hexaflumuron
Flusulfamide Fthalide Indanofan Indoxacarb Iprobenfos
Fosthiazate Imibenconazole Isazofos Isofenphos Isoprocarb
Imazalil Iprovalicarb Lufenuron Malathion Mecarbam
Iprodione Kresoxim-methyl Mepronil Metalaxyl Metconazole
Isoprothiolane Mepanipyrim Methiocarb Methomyl Methoxychlor
Mefenacet Methidathion Molinate Myclobutanil Nitrapyrin
Methabenzthiazuron Metolcarb Ofurace Oxadiazone Oxadixyl
Methoxyfenozide Nuarimol Paclobutrazol Parathion Parathion-methy]l
Novaluron Oxaziclomefon Pentoxazone Permethrin Phenthoate
Oxamyl Pendimethalin Phosphamidone Pirimicarb Pirimiphos-ethyl
Penconazole Phosmet Prochloraz Procymidone Profenofos
Phosalone Probenazole Propoxur Prothiofos Pyraclofos
Pirimiphos-methyl Propisochlor Pyrazophos Pyributicarb Pyridaben
Promecarb Pyrazolate Pyrimidifen Pyriminobac-methyl Pyriproxyfen
Pyraclostrobin Pyrimethanil Quintozene Simeconazole Spirodiclofen
Pyridaryl Quinalphos Tebufenpyrad Tebupirimfos Teflubenzuron
Pyroquilon Tebufenozide Terbuthylazine Tetradifon Thenychlor
Tebuconazole Terbufos Thiazopyr Thifluzamide Thiodicarb
Tefluthrin Thiamethoxam Tolclofos-methyl Tolylfluanid Tralomethrin
Thiacloprid Tiadinil Tricyclazole Trifloxystrobin Triflumizole
Thiometon Triazophos Vinclozolin Zoxamide Dichlorvos
Triadimefon 3.4.5-Trimethacarb ~ Aldicarb Aldrin
Triflumuron Azoxystrobin Bendiocarb Benzoximate
A A% 3|8, AE8A A WEYEA FH
® AFTH ER 4 =] SRR 2 F AN ASe wEUZHAL A2014-363, A% MY
o} 7% F AAY)E 7%t iy ME L] 273k AESEon BREol
AESA e PR AR FHF 71 A oF 008~
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Table 3. Analytical conditions of GC (ECD, NPD, MSD)

Detector GC-ECD GC-NPD GC-MSD
Inlet Temp. 250°C 250°C 250°C
Det. Temp. 300°C 300°C 300°C

Flow rate 1.0 mL/min 1.0 mL/min 1.0 mL/min

Column DB-5MS DB-5MS DB-5MS

185°C (0 min)
190°C (0 min) 4°C/min 190°C (0 min)
Oven Temp 7°C/min 240°C (3 min) 10°C/min
290°C (13 min) 20°C/min 290°C (3 min)
290°C (5 min)
Table 4. Analytical conditions of UPLC-MS/MS.
UPLC-MS/MS

Flow rate 0.45 mL/min

Inj. Vol. 10 pul

Column Aquity UPLC-BEH C18 (2.1 x 50 mm x 1.7 pm)

Time (min) A (%) B (%)

0.0 95 5

0.2 95 5

Gradient 3.0 0 100
35 0 100

3.6 95 5

5.0 95 5

=

0.5 mgkg’t H=5 HAEH e #7iet 7 33] 9HE A
ATt A 35E "= 70% o, v 38 74
7+ HolAlGE 10% oW Z STt

AZ3 (limit of detection, LOD)2} & ZF&H| (limit of
quantification, LOQ)= Z} T =Y XFEqS ARSI 6
3] Wb EAete] 42 ARREIRS 7|22 o] ICH
(International Conference on Harmonization)o|4] A|A] g+ ¢
oz SAsIRT A4 HAE= 0.05 mgkg oW
2 &

LOD = 3.30/S

LOQ = 100/S

o = the standard deviation of the response
S = the slope of the calibration curve

ADDE o]83te] %ADIS AbEste] Wrleiglon, A4
< ofgfol 2. 2P Foke] YA H & F(maxi-
mum permissible intake: MPIy& ADIC 3¢l Ha AF

2l 55 kg (KFDA 2004)y& w3to] 2H=st9itt.

EDI = 3 # 27 #H(mg/kg) x & Q2] E 4 3 #H(g/day)/1,000
MPI = ADI x 55 kg

%ADI (Hazard index) = (EDI/ADI) x 100

%MPI = (EDI/MPI) x 100

2y o 2%

~
N
zr , A3 9 A= Table 5
Aepzro] AlF - A3 SAHEOA HEE RE 114
o] BFF THEAE AR Hrtete] & AN 8
P A w83k th. GC-ECDZ& 2% 2F(Pro-
cymidone, Chlorothalonil) GC-NPDZE 15 <F(Chlorpyrifos),
2 9] §5%kS LC-MS/MSE #43 A3} 7} Fopdz A
olgh AgE Uehlilen, s % AEI, A=
Tabel 5ol VR wiel 2o}, AEE woF 1159 Al
= 0.9923~1.00002.2 }5g A4 S Bk 248 &
°Fe] LODE 0.002~0.04 mg/kg 502 75202 Ad
0.05 mg/kg ol 2H, 3]&-2 80.7~100.7%, HolAlT=
10% o= Jept & A9 Adg FA oz A&t



20l mof SME MRS Mef U oMM Tt 27
Table. 5. Validation parameters such as LOD", LOQ? and recoveries of pesticides detected in lettuce
No. Pesticide Pesticide residues Correlationfoeﬂicient LOD (mg/kg) LOQ (mg/kg) Recovery +
(mg/kg) () (n=16) (n=6) RSD (%) (n=3)
1 Chlorpyrifos 0.38 1.0000 0.035 0.107 96.7+223
2 Procymidone 4.4 0.9995 0.004 0.011 97.0+ 1.5
3 Chlorothalonil 3.2~8.7 0.9955 0.002 0.007 99.9+5.1
4 Azoxystrobin 0.08~1.5 0.9990 0.03 0.09 872+6.0
5 Flufenoxuron 0.15 1.0000 0.04 0.13 82.63+7.7
6 Cymoxanil 0.1 0.9959 0.01 0.04 93.8+75
7 Acetamiprid 0.1 0.9985 0.03 0.09 94.5+3.1
8 Tiadinil 0.2 0.9940 0.04 0.13 81.3+4.2
9 Dimethomorph 0.1~0.4 0.9975 0.03 0.1 100.7+ 1.9
10 Fenpyroximate 0.1 0.9980 0.03 0.09 80.67£2.6
11 Thiamethoxam 0.1 0.9923 0.02 0.07 86.1 +3.1
1) = Limit of detection, 2) = Limit of quantification
Table 6. Pesticides detected in agricultural products
Sampling month Agricultural products Pesticide detected Concentration (mg/kg) MRL (mg/kg)
March Chwinamul Procymidone 22 5.0
Azoxystrobin 0.6 3.0
April Chwinamul Azoxystrobin 1.5 3.0
July Chwinamul Thiamethoxam 0.1 1.0
Azoxystrobin 0.1 3.0
March Leek Procymidone 4.4 5.0
March Perilla leaves| Azoxystrobin 0.08 20
Flufenoxuron 0.15 20
April Artemisia Chlorpyrifos 0.38 0.01
Cymoxanil 0.1 0.5
Acetamiprid 0.1 3.0
Tiadinil 0.2 1.0
May Young radish Dimethomorph 0.1 2.0
June Young radish Dimethomorph 0.4 2.0
May Sesame bud Dimethomorph 0.1 20
Fenpyroximate 0.09 7.0
Chlorothalonil 32 5.0
August Sesame bud Chlorothalonil 8.7 5.0
June Welsh Onion Dimethomorph 0.07 3.0
Ao R Ak &AUTHTable 6). 75 FolA 2% FAAFOIL, 552 A
AFek Ae, A, €5 5 GAF Afles 978
ESE M 4y Foll HlsiA ArH] T FHF o] Hol wof AxA] FoF
L2l e 203M AHEL = 2255 124719 o] QA FAE HAEEC] =2 JoE AGHIH. F5
T Tl 9 st ARser RUE Y AARE AAl e A3s B9 v 6ds AAket 3, Ae 61
a3ith. & 124719] 221 Al S 5 1137(91.1%)°0 ARt 271, G5 7708 ARt 271ex ZHrEeke] A
A AFEefo]l AEHA Fgkom, 1174(8.9%)2] Al &AM Zx=lo] ZH2} 50%, 33.3%, 28.6% 02 AZES YE
HrEeke] AEHUT FEEEE 22F T T5(G1.8%)0 A2, FAvzelld AEEe] 7P =3dth BF At whkol
A Zseke] AEHUL, 155(68.2%)1M = HEol =X A AEHAL, 3 FEolA = woo] HEEA 4%
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SN REICVIRE SN
B Azoxystrobin
B Dimethomorph

H Procymidone
8 Chlorothalonil
M Flufenoxuron
i Chlorpyrifos
1 Cymoxanil

| Acetamiprid
K Tiadinil
M Fenpyroximate

H Thiamethoxam

H no residues detected
with R<MRL
B with R>MRL

Fig 1. The ratio of samples detected and types of pesticides detected.
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F38 FAHE £:9] Chlorpyrifos, Z45=2] ChlorothalonilS #|
Q)8lal 38 715 Ui¥] Bt 20.8% F = 0l UTh
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Table 60114 ¢7to] shite] FAFEoA 2% o9l soke]
AZE = 757F Btk & shte] HAA9A Chlorpyrifos,
Cymoxanil, Acetamiprid, Tiadinil 47}#]2] ko] FA|d]
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Chlorothalonil 37F4]¢] &¢Fo] FAdl AZHA. htel
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1996). -, A= SolA %
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TRSBIIE =1

U 27388715 (MRLYS 2343 FHE2 ZHF5oko]
AEE 4 11 T 24(1.6%) 22 YeERthFig. 1). &
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0.38 mgkg AZEALL, 7%=l Chlorothalonile 547
= 5.0mgkes 1.79] Z3ste] 8.7 mgkg HAEE UTH(Table
6). GC-ECD, NPD& #Z3}3 GC-MSDZ #8215 Chlo-
rpyrifos?}  Chlorothalonil®] total ion chromatogram(TIC)3}
spectrum- Fig. 29} 72T},
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= B AT LS UEie 40% o] 719
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F71A ASAEL T ol EA A%k $ acetyl-
cholinesterase(AChE) &24:9] JA|A= L& STH Taylor
1985). 35S WAlst=tl ARSHA 3=, AY B A& F
o] Z=ol ARt o2t SAS AT HAHORE ARE
"ok f71901A AAle fraidwoe] Al&atA wsllEof 2t
FEAE fle 202 ¢4 =l (Lemus and Abdelghani
2000), & AFA 7IEXE A W ZFete] HEE AL
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AEE 107 F=Hr)
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&
R
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Fig. 2. Typical total ion Chromatograms (TICs) and Mass spectra of 2 samples (Artemisia, Sesame bud) violated Korea Maximum
Residue limits (MRLs). A: TIC of Chlorpyrifos detected from Artemisia, B: Mass spectrum of Chlorpyrifos detected from Artemisia,
C: TIC of Chlorothalonil detected from Sesame bud, D: Mass spectrum of Chlorothalonil detected from Sesame bud.
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Table 7. Risk assessment for human health exposure pesticides detected in vegetables

Average of

Agricultural Pesticide ) Food daily ADI”? EDI? MPI¥
e detection 2 %ADI®  %MPI
commodities detected value (mg/kg) Intake”(g) (mg/kgb.w./day) (mg/day) (mg/man/day)
. Azoxystrobin 0.08 22 0.2 0.000176 11 0.0880 0.0016
Perilla leaves
Flufenoxuron 0.15 22 0.01 0.00033 0.55 3.3000 0.0600
Dimethomorph 0.10 22 0.2 0.00022 11 0.1100 0.0020
Fenpyroximate 0.09 22 0.02 0.000198 1.1 0.9900 0.0180
Sesame bud
Chlorothalonil 5.95 29 0.02 0.01309 11 65.4500 1.19
*With R > MRL 8.7 ' ' 0.01914 ) 95.7 1.74
Leek Procymidone 4.40 1.77 0.1 0.007788 5.5 7.788 0.1416
Chlorpyrifos 0.38 22 0.01 0.000836 0.55 8.3600 0.1520
.. Cymoxanil 0.10 22 0.013 0.00022 0.715 1.6923 0.0308
Artemisia .
Acetamiprid 0.10 22 0.071 0.00022 3.905 0.3099 0.0056
Tiadinil 0.20 22 0.0072 0.00044 0.396 6.1111 0.1111
Young radish Dimethomorph 0.25 0.35 0.2 0.0000875 11 0.0438 0.0008
gﬁ};ﬁ Dimethomorph 0.07 10.95 0.2 0.0007665 11 0.3833 0.0070
Procymidone 2.20 22 0.1 0.00484 5.5 4.8400 0.0880
Chwinamul  Azoxystrobin 0.73 22 0.2 0.001606 11 0.8030 0.0146
Thiamethoxam 0.10 22 0.012 0.00022 0.66 1.8333 0.0333

a) Food daily intake (g) : Korea national health and nutrition examination survey, KFDA, 2007 etc.

b) Acceptable daily intake.

¢) Residual concentration (mg/kg) x daily food intake/1000.
d) Maximum permissible intake = ADI x 55 kg.

e) %ADI (Hazard index) = (EDI/ADI) x 100.

) %Maximum permissible intake = (EDI/MPI) x 100.

OtMM HI}
o] AZE FAES A AFHALS vl YA
golr 7] 98 A 71 SHATH(Table 7). ZHFsk
o] AZHE TS A} A o] Y-S %ADI
FHHHE 5o A &% Chlorothalonil®] B3k
|2kek 2ro] 65.5%% 7 E=3koH, thEoR oA
158 %33t AZE Chlorpyrifos©] 8.4%Z e}

WAt} o]= %ADI(Hazard Index)7} 100%=S ol o 9
st AGET e A ¥Fo] 2 w(Chun and
Kang 2003), ¥ 7oA AEH AR5 7 A5 Hd
AEAE S 43 A3 0.04-65.5%2 HAE Yeh}
v 23 kA,

a2 587 1EXE 2343 AeolA] 71Z%F Chlorothalonil
S HrE R 95.7%% 100%9) 285 =212 Uebith
M AE vl oE BE W) AlFelA 5T S
oL} st Falo] AMEE FAME 53 7ro] F7HE BUH
H ARS BEiM oz A9 kA AeEvh Hast
A

F
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