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ABSTRACT - This study was conducted to monitor residual pesticides in ginseng and balloon flower roots and
to assess their risk to human health. All of 112 samples consisted of ginseng and balloon roots were purchased from
traditional domestic markets and supermarkets in nine provinces of Korea in 2012. Multi-residue analysis of 122 pes-
ticides was conducted and the analysis was performed by gas chromatography-electron capture detector, gas chroma-
tography-nitrogen/phosphorus detector, and high-performance liquid chromatography. Seven pesticides were detected
in 12 root samples and the detection rate was 10.7%. The detected twelve root samples were 10 ginseng root samples
and 2 balloon root samples. Pesticides detected in root samples were procymidone, kresoxim-methyl, endosulfan,
cypermethrin, tralomethrin, tetraconazole and chlorfluazuron. Among them, two pesticides as tetraconazole in a bal-
loon flower root and cypermethrin in a ginseng root exceeded the recommended maximum residue limit set by Korea
Food and Drug Administration. Five pesticides detected from 10 root samples were identified as unregistered pesti-
cides in Korea. In order to do risk assessment with Korean medicinal plant 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 0.006% to 0.333%. Taken together, it demonstrates the pesticides found in the two root sam-
ples were below the safety margin, indicating no effect on human health.
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Acetone, acetonitrile, dichloromethane 2 n-hexane<
Kanto Chemical Co. (Tokyo, Japan)] &F7-F7EA8-S A}
|31t A8 florisil cartridge (1,000 mg, 6 mL)2} NH,
cartridge (1,000 mg, 6 mL)= Varian Inc. (Lake Forest, USA)
S AHE-3F AL, sodium chloride(T= 99.5% ©178)¢} sodium
sulfate anhydrous=%= 99.0% ©1/3)= Junsei Chemical Co.
(Tokyo, Japan)®] guaranteed pured= AHE-3}S T

Ao

T 122%2] EFFL Dr. Ehrenstorfer GmbH (Augsbug,
Germany) 52 Chem Service (West Chester, USA)2] #|3=
S ARSIt EFEA N 7F dwe] &all=ell wht acetone
I} acetonitrileS ©]-83} 1,000 mg/LZ A3, ©] &
THNES At ARESIATE A g Foke HE7|W
EHFE Table 29} 7t}

ML

Table 1. Results for pesticide monitoring on medicinal plants

Sampling  Medicinal No. of No. of Detection
area plant analysis detection rate(%)
Balloon
Seoul  flower root 8 0 0
Ginseng 8 0 0
Balloon p | 125
Suwon  flower root
Ginseng 8 1 12.5
Balloon
Daejoen  flower root 8 0 0
Ginseng 8 0 0
Balloon
Gwangju flower root 8 : 12:5
Ginseng 8 3 37.5
Balloon
Daegu  flower root 8 0 0
Ginseng 8 3 37.5
Gyeong- lgalloon 3 0 0
buk ower root
Ginseng 8 1 12.5
Balloon
Busan  flower root 8 0 0
Ginseng 8 2 25.0
Balloon 56 ) 35
Total  flower root
Ginseng 56 10 17.9

GC M i 5 UF s P2 2MY

ma 3k A1 E 50 gl 100 mL acetonitriles 3 713 &
homogenizerol| 4] 387+ 14 v, F&3ATh o E
Al&ol| sodium chlorideE 3 715le] FHAIZI & ¢
ST A 10mLE F st 40°Ce] F87F0A 7t
% T acetone/n-hexane (2/8, v/v)Z A|-&3l3ld A&
AR 2 o] &3t} Florisil cartridge (1,000 mg, 6 mL)ell
5mL2] n-hexane® 2 S XA & 5mL2| acetone/n-hexane
(28, vv)& TAH R AT HAE AEE
cartridge®l] Y38 Tl acetone/n-hexane (2/8, vIV)Z &=
sto] et EEstal, 5 A" AEE acetoned] A&l
3te] GC-ECD (Shimadzu GC 2010) 2 GC-NPD (Varian
CP 3800)E ©]8-5}%] Table 39 WY O Z 77184513t}

]

A
SuAc)
rot

HPLC 2M T 5% UF s 2 24d
HPLC 48 AS= v, FE3k =17+ 24

el & A 10mLE FHste] ZUs= F methanol/
methylene chloride (5/95, v/v)2 A-831815tt. NH, cartridge
(1,000 mg, 6 mL)°l methylene chloride 5 mLE & x4
S AHAE AFEE cartridged] FY3I TS methanol/
methylene chloride (5/95, v/v)& §&3to] Zds= & &
acetonitrile®]] #]-&3] 5l¢] HPLC-UVD(YoungLin 930D)<
o]-&3to] Table 4°] WH o= 7]7]&A &t
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Table 2. Pesticide groups categorized with instruments and detectors for multiresidue analysis

Analytical instrument

Analyzed pesticides

Lufenuron, Flufenoxuron, Vinclozolin, Dichlofluanid, Tetraconazole, Tolyfluanid, Procymidone,

GC-ECD (Group 1)
GC-ECD (Group 2)

GC-ECD (Group 3)

Kresoxim-methyl, Bifenthrin, Fenamidone, Tetradifon, Acrinathrin, Cypermethrin, ,Difenoconazole, Tralomethirn
Chlorothalonil, Fthalide, Fipronil, a-Endosulfan, Chlorfluazuron, Flutolanil, Chlorfenapyr, -Endosulfan,
Endosulfan-sulfate, Nuarimol, Fenpropathrin, Fenarimol, Pyridaben, Flucythrinate, Deltamethrin, Fenvalerate
Tefluthrin, Dicofol, Penconazole, Captan, Folpet, Isoporthiolne, Thifluzamide, Fenoxanil, Iprodione,
A-Cyhalothrin, Cyfluthrin, Indoxacarb, Azoxystrobin

Triflumuron, Probenazole, Disulfoton, Etrimfos, Triadimefon, Paclobutrazole, Ofurace, Zoxamide, Permethrin,

GC-ECD (Group 4)

GC-NPD (Group 5) Tebuconazole, Fenazaquin, Pyraclofos

GC-NPD (Group 6)

GC-NPD (Group 7) Fenbuconazole

GC-NPD (Group 8) Azinphos-methyl
GC-NPD (Group 9)

HPLC-UVD (Group 10)
HPLC-UVD (Group 11)

HPLC-UVD (Group 12) Imibenconazole

Prochloraz, Halfenprox, Pyridaryl, Pyrimidefen
Metalaxyl, Phosalone, Iprobenfos, Chlorpyrifos-methyl, Parathion, Triflumizole, Profenofos, Cyproconazole,

Fenthion, Dimethoate, Pirimiphos-methyl, Chlorpyrifos, Myclobutanil, Fludioxonil, Diniconazole, Metconazole
Ethoprophos, Terbufos, Diazinon, Fosthiazate, Fenothiocarb, Phorate, Mepronil, EPN, Furathiocarb,

Cadusafos, Tolclofos-methyl, Malathion, Cyprodinil, Hexaconazole, Buprofezin, Triazophos, Etoxazole,

Tebupirimfos, Methidathion, Thizopyr, Phenthoate, Flusilazole, Edifenphos, Tebufenpyrad, Pyrazophos
Carbendazim, Cymoxanil, Pyroquilon, Primicarb, Dimethomorph, Dimethylvinphos, Diflubenzuron,
Pyraclostrobin, Fluacrypyrim, Pyriproxyfen

Imidacloprid, Pyrimethanil, Clothianidin, Forchlorfenuron, Tebufenozide, Boscalid, Chromafenozide,
Pencycuron, Trifloxystrobin, Fenpyroximate

Acetamiprid, Thiacloprid, Tricyclazole, Ferimzone, Diethofencarb, Mepanipyrim, Cyazofamid, Teflubenzuron,

Table 3. GC-ECD/NPD conditions for the analysis of pesticide residues in medicinal plants

GC-ECD GC-NPD
Instrument Shimadzu GC Q2010 Varian CP-3800
Column DB-5 capillary column, [30 m(L.) x 0.25 mm(I.D.), 0.25 um(film thickness), (J&W Scientific, CA)]
Temperature Column oven
Calescence(°C/min) Temperature(°C) Hold time(min)
80 2
200 2
220 4
300 4
Injector 260°C
Detector 300°C
Flow rate N, 60.0 mL/min N, 3.0 mL/min
H, 10.0 mL/min
Air 60.0 mL/min
Injection mode Split(50:1) Splitless

Injection vol.

1.0 uL

B4 -rl*ﬂ 157}

= RUHY A3y A4S
2 94 ﬁ—&—?ﬂ Ek(estlmated daily intake: EDI)3}

oF9] Oé?jlﬁﬂz%ﬂ*q-ak(acceptable daily intake: ADI)S 4t
d ) T oko] AojdFFo 7 SAEl o=

H] 33} 7}6—5— Aolth, WA ZREoke] dLHHAF
A H(EDI, mgkg bw/day)S AHE3sH7] $lste] FabEolA

A28 BEAFHmgke)l ST FAE] JU2FAA
Hkeys Foka F=ele] FFAF(55 kg2 o] F

Aot 283 7] ZREt dAFAHHFHAHEDD S

o] HHATE %3}04 FAE 2olE %} gh=le] %t
g],oil;]_ w
7 &8 ZHADI, mg/kg bw/day)oﬂ Eley
o] Bhole] Aok oJolelel A
3] (mg/person/day)S T3t viA|EIO®E FFFF
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%ADIZ AHE 3} TH0,
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Table 4. HPLC-UVD conditions for the analysis of pesticide resi-
dues in medicinal plants

HPLC-UVD
Instrument YoungLin 930D
Column Shiseido Capcell Pak C-18
[250 mm(L.) x 4.6 mm(1.D.)]
Wave length 254 nm
Mobile phase Gradient(A : acetonitrile, B : water)
Time(min)  A(%) B(%)

0 20 80
40 80 20
50 80 20

Injection vol. 20.0 uL
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Table 5. Risk assessment for pesticides detected in medicinal plants

Medicinal Pesticide ~ No. of sample

Detection

Daily food Average conc.”

MRL

EDI

ADIY

[\ d)
plant detected detected  range (mg/kg) intake(g) (mg/kg) (mg/kg) (mg/person/day) 7#ADI
Balloon  Tetraconazole 1 0.52 0.97 0.52 0.2 0.00050 0.402 0.126
flower root Chlorfluazuron 1 0.11 0.97 0.11 -9 0.00011 1.815 0.006
Tralomethrin 1 0.61 1.63 0.61 -9 0.00099 0.550 0.181
Procymidone 3 0.38-1.83 1.63 0.87 -9 0.00142 5.500 0.026
Ginseng ~ resoxim- 3 1.97-2.77 1.63 2.49 ) 0.00406  22.000  0.018

methyl

Endosulfan 2 0.51-0.84 1.63 0.68 - 0.00110 0.330 0.333
Cypermethrin 1 0.48 1.63 0.48 0.1 0.00078 1.100 0.071

9 {(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/kgbw/day) x 55 kg (average body weight ofKorean adults)

9 (EDI/ADI) x 100
9 Not established MRL
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