Korean Journal of Environmental Agriculture

Korean J Environ Agric (2012) Online ISSN: 2233-4173
Vol. 31, No. 2, pp. 164-169 _ hitp://dx.doi.org/10.5338/KJEA.2012.31.2.164 Print ISSN: 1225-3537
Research Article Open Access
o AR =X = =1xIE20]| X220 O 2] al OJ=zlA
Il 5 SME = RS 2R gzt DLIEE 2 2l =Hot
1 =1 = 1 —_ 1 =11 =1 2 1*
oRle MU' Mol UFY' UK YU AN
AEetn S-Ag e, A sk S8 et

Monitoring of Pesticide Residues and Risk Assessment for Fruit Vegetables and

Root Vegetables of Environment-friendly Certified and General Agricultural Products
Ji-Woon Ahn,' Young-Hwan Jeon,' Jeong-In Hwang,' Hyo-Young Kim,' Ji-Hwan Kim,' Duck-Hwa Chung’ and
Jang-Eok Kim" ("School of Applied Biosciences, Kyungpook National University, Daegu 702-701, Korea, *Division
of Applied Life Science, Gyeongsang National University, Jinju 660-701, Korea)

Received: 13 June 2012 / Accepted: 25 June 2012
(© 2012 The Korean Society of Environmental Agriculture

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

BACKGROUND: This study was conducted to monitor the

residue of pesticides and to assess their risk in domestic

agricultural products, such as fruit vegetables, tomatoes,

oriental melons and root vegetables, garlic, potatoes and
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METHODS AND RESULTS: 250 samples containing both Q% ol 7|7} H¥riHuh and Kim, 2010; Jin

TaE 5L

general and environment-friendly certified agricultural and Kuem, 2011). AAROR =akmo] obdAs AL
products were collected from traditional markets and 2 Ay 87 324 A8z AT 47}
supermarkets in 6 cities. 132 pesticides except for N&H o7 ZIlEa Qlomn AL o] o Hn| §7
herbicides were analysed using the multi-residue @ethods gl ol 2o 2odS ZA 0% 2000d o]F wld 20% o)Ak
by GC/ECD, GC/NPD and HPLC/UVD. 17 kinds of o] A5 A4AIE Bolal ItHKim and Lee, 2009; &
pesticides were detected from 42 samples, which were 32 Sz AAATY ATRIA, 2010). T EAHEEA a9

. .. .. hl . R84 i 7 . A=Y 1o 1t
general, 1 organic, 4 pesticide-free and 5 low pesticide o] AEAEALE Q147 Al whew ok 104 7+ 17

agricultural products. Among those, myclobutanil detected 012 7} 2= 20004 24485004 20114 160,6285 % OF
in 1 potato and procymidone detected in 10 oriental melons

, < idos for usino | 64.6W S7F3ISIaL Q15 AE 2000 2,03%haclA 2011
wereunregsteredpesﬂmdes or using 1nKor§a. Fenbuconazole 172 674ha. ok 83.74) 2519100 AARES: 20004 35,406
detected in 1 potato and phorate detected in 1 tomato were

. Eojlr 1,819,228 0 % oF 5041 Z75I% e HSHEAME
exceeded over the MRLs established by Korea Food and

Drug Administrati o] F5L tfeiA At glo M vlFe] w2 F5
g ministration. o 2ol JrBEH 20114 7)F DEAEAE) AF S
CONCLUSION: Based on these results, a risk assesment cor M o e ee m

. . R FHAY AT 93649 dow A FErR
was conducted using a percentage of acceptable daily

. 28798 A= RO hebsdeh. oleld olfs Ak
intake(%ADI). %ADI ranged from 0.0064% to 4.6035%, o EE2o) )8 HluA A7 At Lol oy

and showed these values have no effect on human health. @?Ll —Er;ﬂ Ps37] dFolcjin and Keum, 2011),
2] Ak W o] Sk sl
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THHong, 2009). whebx] el 1994358 187 <l
T TR AR E S8 s EARE AAlEeler,
2009 o] $HE] YA fF - HulldAR Aldsto] HAA
FARE AAfEkaL Sk 2y A e ks s
bl tiet RUHHS 55H sk AHs AR
A5re]8r)Eel 2AG Aol SRS FE T3]
witol] AAAQ1 AT UE =EE ke
Tk Al 20 shkE AHE B ekl =F
o] QFHEAle] gt o= AU F7]E A (health
safety limits)& <AZ 3 A =E37FHe E3lAN 7S
SFtH(Park et al,2010). 1wl dist s w2kl 94
o5 Hrlshr] SlsiA AEdEE AAE ARseseTE
o] g A zHrsokroldF HDietary intake of
pesticide residue)& 1531 ©]7& ADI %@ vlwg 2
97} QthLee ef al,1994). 2Jo1AHZS c5shs Yo
2 UNEP/FAO/WHOOIA &= BE Algef tigt 24 43
FE SAshe Aol 7P Ags WolEkar g 44
o7 Agsr] oje)e FAHo] UrkLee et al,1995). 2lo]
AT T e FAE T 29EAY ol wAAAL
W, 749910 Riste] meEt gepH7] wiite] Al&HoR

de Jort 9lom, ADISH HlwE S5 Qe 7=
oko]l A5 g A4 HAMTIE AAS 9% 7%
524 w9 F23tHHan et al,2003).
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B3} BPHE TS FHIFANE steksp] S5l
0 #E AR F AR 2ARE o 2, 2
o A8E EUE 7 BRI AEE YR e 1A
2 Fgst] JAE Bhskn AnlAel ta oo ok

A3 N2 el =gl Hla ek,
Mz o U

W=
A 67 =AME, g, B, 35, i, o, F4h el
thegrts, Wakd 330 3 AN 7S T Al 2

ErEef Fel, ZA 3F vk, ARk ke ol
BT A Tl thEvkEgl Wt
oA A FARE A ATk BAIE SAbE(R]
A, FsekettE, Aweksike)s Telste] T 25074 9
|55 Table 13} o] FJaioich. 791 Alae 4534
dFeE AT RERANel wel S 2uAA
T Adsto] dAdskelal, FAFE HAE AT F o2
ot A A74A4-20C WEare] Byshis #48 AsR

AFesiint

R

oox T o

> o

1o

Al

Acetone, acetonitrile ¥ rrhexanes Burdick &
Jackson Inc.(USA)9| -seFdHi4]8-8 AM-3I3ith Florisil
4l NH, SPE cartridge(1 g, 6 mL)+= Varian Inc.(USA)<
AR5} 31, sodium chloride(5=% 99.5% ©)’) <} sodium
sulfate anhydrous(:tE 99.0% ©1’d)< Junsei Chemical

Co.(Japan)®] guaranteed purew= AHE-3F3ITH

=452t

59F 132%2] %555 Dr. Ehrenstorfer GmbH(Augsbug,
Germany) 5= Chem Service(West Chester, PA, USA)
o] AEE AHESISlTE BFAe 7F Al galel et
acetone®} acetonitriles ©]-8-3t0] 1,000 mg/L=E A8}
1, o] BFAIAE FMste] ARt
AlE2e| M 2|

43 AR 50 goll 100 mL acetonitriles 718t ¥
homogenizerellx| 33t 1% wh, FE3t9] sodium
chloride® #H7Fsta MEAIZI 3 QAlEelsigich A4
10 mLE F3lo] 40C Y FE A s 5 acetone/
nhexane(2/8, v/v)Z A-galisto] GAl& AEE o] &30
th GC +44 A&+ florisil SPE cartridge(1 g, 6 mL)°]l
5 mL% nhexane®#Z ZHHW % 5 mL9 acetone/
nhexane(2/8, v/v)E xR 07 SHI3IA 7]l AAE Al
#E SPE cartridgeo] %1% Uhr acetone/n-hexane

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

Non-certified

Environment-friendly certified

. agricultural products agricultural products Total
Agricultural General Organic Pesticide-free Low pesticide
product
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(%)
Garlic 35 0 7 0 2 0 0 0 44 0 0
Onion 36 6 3 0 13 2 0 0 52 8 154
Potato 36 4 3 0 10 1 0 0 49 5 10.2
Tomato 36 11 8 1 10 1 3 0 57 13 22.8
Oriental 55 12 0 0 0 0 13 4 48 16 33.3
melon
Total 178 33 21 1 35 4 16 4 250 42 16.8




166

AHN et al.

2/8, v/v)Z &Fsto] A¢sFHeta, F =
acetone®l| A-g-31313ch HPLC w418 A=l disirle 4
AN 10 mLE Fstl #A¢s5H F 5% methanol FHr
methylene chloride® A&-2l3}3ith. NH, SPE cartridge
(1 g 6 mL)°ll methylene chloride 5 mLE &&|Hdl &
YAE AEE SPE cartridgeell 4% T 5% methanol $
+r methylene chloride® 853101 71365 ¥ 5~ acetonitrile
ol A-g-alisk3irh

717124 =2

%k A3 DB-5[30 m(L.)x0.25 mm(L.D.)x0.25 um(film
thickness)| & AH-3F3lal, Carrier gas= Np, H, ¥ air©]
i Np9 %2 3 mL/min, Hy9] -2 10 mL/min®]™
air?] %2 60 mL/minZ 413131tk Injection volume
< 1 uL, injectori= splitless® ARSI O =71
GC/ECD$} &dsk3lth

HPLC/UVD+= YoungLin 930D(YoungLin, Korea)<
ARgElITE 44 A7 C-18[250 mm(L.) x 4.6 mm(LD.)]
= ARESISITE 7452 1.0 mL/min©] 813l mobile phase:

water?} acetonitriles ARSI CH, gradient= 20%

GC/ECD+
ARHEEFR AL 72 DB-5[30 m(L.) x 0.25 mm(LD.) x 0.25
pm(film thickness)]& AH8-3}3ITE Carrier gasi= No,
%2 60 mL/minE #4331t Injection volume 1 pL,
injector= split ration 50:1% ARE-3}31.9™ injector &%
= 250°C, detector &%+ 320C 0|91, oven <5+ 8

acetonitrile®l|X] 80% acetonitrile© 2 40%37F S &
1027 743131t} Injection volumes> 20 uL, detector
wavelengthi= 254 nmel|A] 41313tk
el F4s fste] dld 132%9] sS AEVEE
F5 ARE] HAAA] ¥5F Table 28 o] 1217502 L}
o] ARgSRSiTh

Shimadzu Q2010(Shimadzu, Japan)<

0CoA 28 =<k 5438t 200C 744 10C /ming] &%

2 A F 220C7H] 2C /min®] 5 F2A1A 48 HESU| 2ol HIt

7 A48k 300C 74 10C /min?] $E2 5247 3 4 A=E Fok] 98 H7l= Kim $°] Ru3KKim ef

W fAs T al, 2011) = 2 GAFIA L A F7kel 22 wRe
GC/NPD*= Varian CP-3800(Varian, USA)S AR&3} 2 AT

Table 2. Pesticide groups for multiresidue analysis in fruit vegetables and root vegetables

Analytical . -
Instrument List of pesticide
GC/ECD  Lufenuron, Flufenoxuron, Vinclozolin, Dichlofluanid, Tetraconazole, Tolyfluanid, Procymidone, Kresoxim-methyl,
(Group 1) Bifenthrin, Fenamidone, Tetradifon, Acrinathrin, Cypermethrin, ,Difenoconazole, Tralomethirn
GC/ECD  Chlorothalonil, Fthalide, Fipronil, Endosulfan-a, Chlorfluazuron, Flutolanil, Chlorfenapyr, Endosulfan-§3,
(Group 2) Endosulfan-sulfate, Nuarimol, Fenpropathrin, Fenarimol, Pyridaben, Flucythrinate, Deltamethrin, Fenvalerate
GC/ECD  Tefluthrin, Dicofol, Penconazole, Captan, Folpet, Isoporthiolne, Thifluzamide, Fenoxanil, Iprodione,
(Group 3) Cyhalothrin-A, Cyfluthrin, Indoxacarb, Azoxystrobin
GC/ECD  Triflumuron, Probenazole, Disulfoton, FEtrimfos, Triadimefon, Paclobutrazole, Ofurace, Zoxamide,
(Group 4) Permethrin, Prochloraz, Halfenprox, Pyridaryl, Pyrimidefen
GC/NPD  Metalaxyl, Phosalone, Iprobenfos, Chlorpyrifos-M, Parathion, Triflumizole, Profenofos, Cyproconazole,
(Group 5) Tebuconazole, Fenazaquin, Pyraclofos
GC/NPD thi imeth rimioh th . . . 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 .. hidathi hi henth . . h h
(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 midacloprid, Pyrimethanil, Clothianidin, Forchlorfenuron, Tebufenozide, Boscalid, Chromafenozide,
(Group 11) Pencycuron, Trifloxystrobin, Fenpyroximate
HPLC/UVD Acetamiprid, Thiacloprid, Tricyclazole, Ferimzone, Diethofencarb, Mepanipyrim, Cyazofamid, Teflubenzuron,

(Group 12)

Imibenconazole
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AE el ojsl B ke Bk, e, vhs,
A Bl Gt F w FEelr e FgEo] 70~127%
2 e B SARRA 0% A Thselglal, A et

FEolgleh
AEsor BUER Hi
Wl AEH AR AFoIeREIARAN

i

[e)
AlgE RS 87l w23 o FE Flsksl o &
G sl 28710l AAE o] QA ke Foko] A
ZHUE A9 A -5 Bl dig 247152 CODEX
71E& A83tlthYang et al,2006; Kwon et al,2010).

A A7 2508 o R REeks e da=
Table 37 #9kor| Fofo] HEH AlRe 240% A4 &
A ARG 132% HAEES A 1 SellA] 2587
TS 2= AlZE 27107 0.8% AEEHSNoH, REE7]
T 23 FAHES A FANE ErkESA fenbuconazole
(MRL 05 mg/kg)o] 0.67 mg/kg, Ha5AHE 7oA
phorate(MRL 0.2 mg/kg)”} 3.2 mg/kgoZ 7H7} 1714
587 2SIt AREE71Ee] AAE] QA 4A
U F5TA Hol Al $ ek AYEAE AAtelA
myclobutanil? #AFiE 9 Asoksits el
procymidone ©. % WEF{TE

SR AFWIEE FoelM 33%= 7P & HEE
YERRSLAL, T v o R ErfECA 22.8% HEEHSITE Y
= 154%7F AZE UL vhsellAE A HE0] =7 date
] ZFztelA] 10.2%7F AZE=H Tk F2lelA= procymidone,
triflumizole, cadusafos, chlorpyrifos@® 4% 5°ko| A&
¥9lo, procymidones A|2|eh 3F9] wok 747k
Fo]871% olgtE kst ol B EAE 857 A
FoFEAHE 274104 EH procymidone®] ¢ Helel| T
St s8]l AARuo] A 7] wtel ARk sof
of ffadol st ¢l meh WES] bAgh ok AR 1
Fo] o]Fofrof 3 7107 AlnHrh ErkE AlgelA s
A 114, f71sE 14, Feekeits 1802 5 135¢lM
soko] HAEEIk AEH ¥R procymidone, iprodione,

cypermethrin, fenbuconazole, diazinone, ethoprophos,

g

cadusafos, azinphos-methyl % 8F°]™ fenbuconazole
& AQJR 759 Foke JFS8IIE olshE bl el
2 YERtOY, fenbuconazole?] -2 EnfEo] A%
MRL(0.5 mg/kg)e ZIdh= 2 O02 Heht F48 sita
2 =tk 27k A|5olA= methidathion, phorate,
chlorpyrifos, EPN, myclobutanil®] 71%%|3{tE Mycdobutanil
o] 735 Al g 53l 8r1ee] A A o]
woll FA3eE FAER ddEn FeeksitEeld HEd

methidathion H3F F-244sHA| AHH 2107 Hol sH=
of theh QFAg ok ARG wHo] AlEE Zlow dekE
nhEelAs seko] HEHA efskom, utelM= terbufos
9} etoxazole©] HEE o B AF3]87]E olsk®
2328 Bt el

A 7 AFE 59 procymidone $] 1652 -5oF
W AFSWE d3s A9 EY procymidone®] 7 Wol 7
ZH3lom thso® terbufos$ith Procymidone> 27],
aF, 90|, ke, XL, ), ol gl Jeo] Aulasgol
W} JavaES WAlshst gl AREE HIRAI| A
AtAlR ErbEel Fefolr 143] AZEHSITE Han 5(2003)
& AN =2 Al AR SRR 2 Aol
F 37 AelA 2olgh W ErHECA procymidone©] #
ZHAT B8l oM, Lee 5(2005)04 Halgh W]
of AEAZ A E71] sopARE-A E el procymidone©]
EnpEoq A%E 2100, Han 5(2003)7 Kim 5(2007)&
procymidones =4l & A= FoF AFRAH EUE
FelA e A% sefolgt Baskglet. vk ozl Noh
2010y A 5 sike § Aok ZUEY 9 <t
A% 7ol AeAge] F59F ErkEelA procymidone
o] AEHthL Basgl o, Kim 5(2005)2 54 &
ThahEe] FoRRAE ZARATOIA procymidone?] AER]
7 7P =8kl Barsiglt) & Al A% procymidone
o] AENET} 7H & 0% Hol o] H3] Wol AHE 1L
A AR YR
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Table 3. Risk assessment of pesticides detected from commercial agricultural products
. Detected No. of  Detection Daily food  Average EDI” ADI” N
Commodity L. detected  range intake conc.” (mg/kg/ (mg/kg/ %ADI
pesticide sample  (mg/kg) (g (mg/kg) (mg/kg) day) day)

Onion Terbufos 7 =0.02 17.05 0.0113 0.05 0.00019  0.0330  0.58383
Etoxazole 1 =0.02 17.05 0.0102 0.1 0.00017  2.2000  0.00791
Methidathion 1 =0.02 23.6 0.0104 0.02 0.00025  0.0550  0.44625
Phorate 1 32 23.6 0.0751 0.2 0.00177  0.0385 4.60353

Potato  Chlorpyrifos 1 =0.02 23.6 0.0104 0.05 0.00025  0.5500 0.04463
EPN 1 =0.02 23.6 0.0104 0.1 0.00025  1.1000 0.02231
Myclobutanil 1 =0.02 23.6 0.0104 B 0.00025 1.6500 0.01488
Procymidone 10 0.16~1.97 11.3 0.1726 - 0.00195  5.5000 0.03546

Oriental Triflumizole 1 0.8 11.3 0.0265 20 000030 1.0175  0.02943

melon  Cadusafos 2 =0.02 11.3 0.0104 0.01 0.00012  0.0165 0.71224
Chlorpyrifos 3 =0.02 11.3 0.0106 0.5 0.00012  0.5500  0.02178
Procymidone 4 0.07~0.82 11.7 0.0305 5.0 0.00036  5.5000  0.00649
Iprodione 1 2.28 11.7 0.0498 5.0 0.00058  3.3000  0.01766
Cypermethrin 1 0.30 11.7 0.0151 0.5 0.00018 27500  0.00642

Tomato Fenbuconazole 2 0.43~0.67 11.7 0.0289 0.5 0.00034  1.6500  0.02049
Diazinon 1 =0.02 11.7 0.0102 0.3 0.00012  0.1100 0.10849
Ethoprophos 3 =0.02 11.7 0.0105 0.02 0.00012  0.0220 0.55841
Cadusafos 1 =0.02 11.7 0.0102 0.05 0.00012  0.0165 0.72327
Azinphos-methyl 1 =0.02 11.7 0.0102 0.3 0.00012  0.2750 0.04340

¥ {(Number of sample below LOD x 1/2 LOD) + X(detected concentration)}/number of total sample.
" Average concentration(mg/kg) x 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) x 100.
E) Not established MRL.

AEFE Fofo] sk dllw A AFE A #
g9 19 FHAHHFY %ADIZ A gl HEd
terbufos”} 0.5838%, etoxazole®] 0.0079% % YERTE 9]
T AR AEFsEE A WA AR terbufos
ADI7} GHA A= o] %ADI7} A vebstch ke 1Y
o) F 72 23.6 kg/dayZH %ADI %2 methidathion
0.4463%, phorate 4.6035%, chlorpyrifos 0.0446%, EPN
0.0223%, myclobutanil 0.0149% % phorate”} 7H¢ 52
%ADI #t= H3ith o= AEE 57t 1L phorate®] ADI
7} 0.0385 mg/kg/day® e AdwET W] diEow
AlREH olF A9 HEE tE AEES e W
%ADI #t= B.51a1, 7HAke] 3ol o3t Qe v Al
2 A= qleh &F9ke] %ADI 45 procymidone 0.0355%,
triflumizole 0.0294%, cadusafos 0.7122%, chlorpyrifos
0.0218% % w2 Fia Kol kel Aol &gk flaide
Ae Ao ke e %ADIE 7HE A dehd
cadusafosv AZEE=7F A HERA QAR ADI7F
0.0165 mg/kg/day= 37 A7xo] %ADIZ} A HERst
otk 149 ErkE AlReld FAR sibEe] AAEHIElE

Estal, ErkES] 91 A9l %ADI %k procymidone
0.0065%, iprodione 0.0177%, cypermethrin 0.0064%,
fenbuconazole 0.0205%, diazinon 0.1085%, ethoprophos
0.5584%, cadusafos 0.7233%, azinphos-methyl 0.0434%
o7 yeht ErfES A3 me e w2 sow
FAEIE 170 ErkE Aol FoRdRs8YIEAE
ZIpsto] FAS FAHER BHESlSolE 6kl EvlE
o Aol oF e w2 Ao veht A4, e
A ErHES FAelE EAVE §ls Alow wddnh

Q oF
Axr 67 EAOIA feH AL Sl sk T ARl Bt

B9l 9], AR vRs 7Aool it ok
o) SAsh9S Bkl S8 250

Aol N8+ GC/ECD,
GC/NPD % HPLC/UVD%E o] &3 TR AR o

2 ARk BAs B4 A% 28 AR 1759
soto] ABHOM, BYFAE 324, AR 19, ¥
SOREAHE 44, A5oRs e 5ol AEth 149 #

o ¥
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sikE Aol A A& ¥ myclobutanil, 85°] #YsAHE
gl 279 Ageksabe Felolr HE% procymidones- 4
o dist Fof FRs87|Fo] A A ¢ Fefo]
o, AYFAHE A HEE fenbuconazole 17387
Ty sk EvpEolA AE¥ phorate 139 A 1
&e71EAE 2t FAY FAEE EREHAY AE
T O HEFS EOE o 1Y A EEE At
E3t0] AES T MY HFHEE seko] ATA A=
AS=E Hrist Ay ADI tin] A 0.0064%°14 # it
4.6035% % == %ADI #he R 55 SAHE AFel
ot §EAdS I Aor AdHSnk

i U el
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