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Abstract assessment, the values of cancer risk probability were
0.3~5.9x10” which were less than the acceptable cancer

BACKGROUND: The current study was carried out to risk of 10°~10" for regulatory purpose. Also, Hazard

investigate Cd, Hg, Pb and As contaminations in 222 quotientvalues were lower than 1.0.

commercial medicinal plants and to estimate the potential CONCLUSION: Therefore, these results demonstrated
health risk through dietary intake of commercial medicinal that human exposure to Cd, Hg, Pb, and As through dietary
plants in Korea. intake of commercial medicinal plants might notcause

METHODS AND RESULTS: The Cd, Hg, Pb, and As in adverse health effects although some medicinal plants were
medicinal plants were analyzed by ICP/MS and mercury higher than the standard limit values for Cd and Pb.
analyzer. The potential health risk was estimated using risk

assessment tools. Total amount of Cd in medicinal plants Key words: Arsenic, Health risk, Heavy metal, Medicinal
with 29% samples exceeded the standard limit legislated in plant, Safety

‘Pharmaceutical Affairs Act’ while all plant samples were

lower than the standard limit value for As, Hg, and Pb. M 2

However, when applying the standard limit for root

vegetable (fresh weight) in the Food Sanitation Act, four QLY Fu] AEo] 2|5, 4he] A7 Szo] FAIE W
samples exceeded the standard limit of Pb. For health risk A AzZyo] i3t $Alo] Yg 2w 1 gtk o|2 ol 1}

2t 7
Ay A7 FHOoR ol gy ofgAEo] Fole WA o
]
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Table 1. The number of medicinal plant samples collected from market in Korea

Seoul Su-won Dae-jeon Gwang-ju Jeon-ju Gim-cheon

P.  ginseng 3 4 2 8 4 9

P, grandiflorum 7 8 3 8 4

C.  lanceolate 5 6 5 7 4 3

A.  membranaceus 6 6 7 6 6

A gigas 6 7 4 7 6

D.  batatas 4 5 8 5 6 4

Z.  officinale 8 4 3 6 6 3

C.  officinale 3 3 3
o] Z7b5ka QIrkKim, 2013). oje} 2& WEK: Set  E@ Cd 31871303 mg/kg)e Eike A2 107 77
o} ORgAE ik WSkE Sofl FRIE 4 Sl=tl, wRaA o] Ak EHIX(Artemisia iwayomogi) ©-= UERITE o]
AlZH X}E'L(MAFRA 2014)0] w= 20134 7]& 4 dho = Yim 5(2009)2 60049 4% stefd 534 o
2} oRgAE APAEES 75550 MTOZ o] 20041 44,821 BUEPS 433 A1 818713 21 shopy 934 & 727

MTEEP 69% S7Fet olck SHAINE =uf oFgAtE AR
ol mid FrIgelE E-skaL, =i Al AL RE
S S Zopr] 2ol eFgAE ¥ E S A
S Ho|i Stk A=xoffFrEddd] AR st T,
A& SolA =UTH FhefA T2 2004 $ 55,704,000 4]
20149 $ 122,791,000 109 -5<F 28] o] F71si3ith
olg}l Zro] F&L R Y oFRZE Alojo] WHAFHA X

= ol ohgABo| YRt QA St e gtk 53]
Wyolt G HUT 4 Uk FFE L vk 2 F4
AL AT, A 5O GO W $4At 0
53 o) claf vhepe] FE4 L vt B8] FHHo]
A SIS F7HL 5 Ak @ o2 AEEAAA

2]
= MA & HFAE QoA AQuE = 99 FAE F
w4 SAAH Totat el sakE a4 s8I A
Ao 72A R BAE FH R A= wgit o
=3 Q= FARE 25947 AQF k] S54(Cd, Cu, Hg,
Pb) ¥ v|AE A= sAE F5
Al Cd2 3594, Pb2 6524 0] 7|&2&
ZAHE ATHMEDS, 2006). ©%-0] H2|E oF
OF§AE Y] Aol AFET % 4 9 HAE ¢
, YR FEHES F

2 rr F
)
\
X
f
>
9
o

al

(hyperaccumulator) 2.2 4&# < E} 1 A= A, 744,
A4 59 o2 AR WS Taraxacum mongolicum)
o Aol HYE URE AFHL AWK (Marricaria
recutita L.)2 Cd 18 £07 dHF o (Wei ef al,
2008; Masarovi¢ova et al, 2010), 29 a%E A 7Y

o1Z(Dianthus chinensis)S Cd, Zn 2L FEY ASHHIER

HFAFo] Q= Ao R YERYTLai and Chen, 2004). =3}
Y GF okeE = EX ZEoA 4= T4 Fhako| =
< AHE & 4 Atk Jang 5(2012)2 10074(1055) 9
5 dob] F4 WS BAsel) kel opggol
Pb 51§7](5 mg/kg) Hr e TS MY St
H(Selaginella involvens) i A& 107 5 870] 7]
£S5 2319 om, Hyt Pb ¢k 9.5 mg/kg= LERITH

of Tarte R YERIL, ol w8 HANN w5 =4l =
24 Aoz gl £9, #5 By BAWIL L A4
e dads Az
AnHo=z okgz}% OFAA FHE Qi = LAFCR
Al SANA w2 5 Qs 2F 2AUL ule] kol
8l S84 % uld 1ES kgl et Hue J+
2] tido] ZE]ofop gith oje HEof Algel & T

FEABL A% BUHYS B3 0971% Zt Z}%Ql

B A%S Aol avztel A B4 Fue Hash
Sk U W) & AL F oF8AEe) 354 4

1:1&
r*° j‘

M=z U g

I

e
(2
e

A= o7l BA (Mg, = i3, B A5
22000 1T AFHE B EAATI FF 5 HEAE,
QA (Panax ginseng), w=2}A|(Platycodon grandiflorum),
= Codonopsis lanceolate), 37)(Astragalus membranaceus),
S F(Angelica gigas), "H Dioscorea batatas), Y73 (Zingiber
officinale), A3 Cnidium officinale) % 22278 3314 th
(Table 1). 43t % okrgztE 2 U7} 72o] AR
ez a3 WAR SRS R QA WA AF
T 65C oAl z1zsto] HA| AMg-5HSIE

7I=EE, ©, HA ¥ 2 24
FEAE F Ula, AR, & BUS S5 42T FER
= 9F 3 g-& Microwave-§ Teflon vessel®] F3}al 62% 2
A} 7~8 mL, IAFSLA 2~3 HE-S Y1 Microwave
digestion system (ETHOS, Milestone, Italy)©= 200C
oA 2087 Halston), Lo 7, SRS Aol B
Zekrag 0§54 20 mL7X) &3 o045 um)sh
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Table 2. Toxicity indices of toxic metals

Elements Slope factor (SF) (mg/kg/day) Reference dose (RfD) (mg/kg/day)

As 1.5 0.0003

Cd - 0.001

Hg - 0.0003

Pb - 0.004
o] ICP-MS (Agilent Technologies, 7500a)% 243}itt. Aibstoich 1 &) a7 HAEAY] A Bt 7t
Tas % HlA 242 ] itk a4 d452 flsl S8 el 70, wiEREEY A9 309 o A, eEl
AL 2R FEAGERESFIEY) Y 4gl 7= T= 365°‘i AAIH Tt Lee et al, 2011). HoA= 4
H 98.03%, & 104.06%, H]Z4, 100.10%E L, o) & #5He EAY ARE Faste] 247 64.59 kg, 8199

Aupc} Al&2e] 10, 50 ug/kg~ Hrtsto] slegs gelet
A7} 84~115%9] 35S LAt

40 BAO okgzrm @ oF 01 g& 4284V

T
(Mercury analyzer, DMA 80, Milestone)of] ¢t 7}
G718t e R SAsHA

SAata mwot

S okeAE 5 Fas 9 ula g A e

mota} e} Bq. 10 wet o4zt A0 mE 34 2o
APt e EH(Average daily dose, ADD)-S AH&E3aL ©]
olgste] Eq. 29F 33 o] werf|sleh-E(Cancer risk

robability, CR)Z} H]Zet9elle(Hazard quotient, HQ)

Z¥7y HrlelcHLee ef al, 2011; Na et al, 2013).

M wo

sl

il

CXIRXEF <X ED
ADD (mg/kg /day) = —

C (Concentration of toxic metals) = 2F&2Hzs =
% 9 v)% BeHmg/kg)

IR (Intake rate) = ¢F82E AF& (kg/day)

LEWE (day/year)

ED (Exposure duration) = =&7]7} (years)

BW (Body weight) = A% (kg)

AT (Averaging time) = H1 (days)

Eq.

—_

q
5

j

EF (Exposure frequency) =

CR = 1-exp (ADD -SF) Eq. 2
ADD = d9%#-%% (mg/kg/day)
SF (Slope factor) = 1A (mg/kg/day)

HQ = 7 Eq. 3

ADD = YUH#-ZE%F (mg/kg/day)
RD (Oral reference dose value) = 334 F%F (mg/kg/day)

dUFFeEF AHF A Fagh FEAE AHES B
A7} Qe PAR 2013 oFgAHEAYAMA A A 7(MAFRA,
2014)0f AAE oA B Sy Ak F RS U
2t FQATRE e the 365U R Zh7te] o gAE HFHHS

9
Agstnt BASSIEE A4e] Aag BerESH)
SAE B AT o 34 23 F dlan 495 g o
A= H)4a SF 29 283519 3(US EPA, 2015), B9 Y
e AFg Al Zadt FAHHERD)= Lim 5(2008)3
Zhuang 5(2009) AAR2E -85} tHTable 2).

ololel 24

kg zlR o] 22 FEFe HA)| TA|Ho] Q= T /1A 7]
= A (AR, AEAR) e vaskgitk 3% wlolE=
B, 2L A, Jagh mEAs

-~

o]
B Fo=2 Yepdon, B4 & 7T AW E4LS SAS
9.3 software (SAS Institute, Cary, NC, U.S.A.)& ©] &3]
Sealsiott
Zat 9 D3
olgxlz 5 534 U HlA Y

w2 AollA =AY 8FE £F oFEAHE F S5 (Cd,
P, Hg) W ¥4 1% RS Fig. 19 Lishich 2 ok

2 H4(0.26 mg/kg) > FH(0.25 mg/
kg) > A4750.20 mg/kg) > Z812](0.13 mg/kg) > g
(0.10 mg/kg) > UH0.07 mg/kg) > S14H0.06 mg/kg) >
371(0.05 mg/kg) <=o= YePal, Pb sk AY7H0.45
mg/kg) > F7(0.44 mg/kg) > t]H(0.44 mg/kg) > T}
(0.38 mg/kg) > A7(0.31 mg/kg) > =eA(0.30 mg/
kg) > £71(0.26 mg/kg) > A4H0.20 mg/kg) =S & Lk
ST B2 45 9 okantze Aol S8 T Bl
spalo] w2} 7t okgdE o Cd, Pb ol ThE 4 ork
SHATE B A Lo A zF k820l Wit Cd, Pb ko] okl
Ard 4(R =0.72, p<0.01)& UEld Aoz Ko} o] SE4
= EYer -rE1 SE Zlor ddEy, Anpros ERO
oFg 2k 0] Cd, Pb tf_/;%kg_ v, BEEsHE o
8, 9, Ae TEAET, oM, W v S0ER
o 28] QAL 3= AEedo R urquq o]g]- Zro]
o o] Cdit P& $Al0] Wol Fshe Auks 413
ATIIAE 2 2 ot Liu 5 007)0] T2 1959] %
2|4 EE #H43(Cd: 0.5 mg/L, Pb: 2.0 mg/L)2 ¥<=s}H
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Fig. 1. Box plot of Cd, Pb, Hg and As, concentrations in commercial medicinal plants.

A Auist Ayl Alternanthera philoxeroides, Zizania
latifolia, Echinochloa crus-galli, Polygonum hydropiper,
Monochoria vaginaliszt 742 A&o] thE Fof H|g| Cd
3} Pb& BAjo] Wol Fat Ao ek,

ohgts U] W Hg WS QK347 ng/kg) > AT
(2.53 pg/kg) > vd(2.44 pg/kg) > FF(2.09 pg/kg) >
T2|(1.57 ng/kg) > "H0.97 pg/kg) > A3730.66 ng/
kg) > 871053 ng/kg)o 2ol 714 &1, G717} 7}
A We Hg 988 Uretick E9 o848 ) B As &
F2 H3(0.26 mg/kg) > F7(0.15 mg/kg) > ©H0.06
mg/kg) > ¥7](0.035 mg/kg) > A7}0.026 mg/kg) >
T22(0.025 mg/kg) > <1440.024 mg/kg) > T©|H(0.022
mg/kg) 0 & o] 7 w1, Hyo] 7MY W2 As e
<= UEith 9FA] gt uie} o] ofgAE & Cd, Pb 9
F ole =& WS YeRAT, Hgdt As oFeke 2442}
o b =% =4 I o4 YEA itk Jang
S (2015) A3} ot RIRE oFA Aol 11355 &
116719 gHeFE 3sto] Hgot AsE EA45H3l=d, 1 2
I} 7zko) ghoRA B+t Hg - N.D~8 pg/kg, As 3

< 0.08~044 mg/kg= UEht & AF-ANe} vkt &
= YRk

A U oFARRIol oJAsEe] AlFolorEetHA
A RhRlsreb” B gkl = ob QiRteR( A oh) ARy
3 oFgat=el gt Cd, Pb, Hg, As 3 7|82 114
A=, & A oY orAE F HYS AlYstale
A&EZ 71% Cd 0.3 mg/kg, Pb 5 mg/kg, Hg 0.2 mg/
kg, As 3 mg/kgs ZilelA= EM, HY (A2 Pb,
Hg, As 7|2 b4 2% 715} 595kt Cdo 7o)
0.7 mg/kg= IAJEC|QIL}. o]F 7|&S & AF-ZH}e} 1
W HH oFgAE 5 Pb, Hg, As & R 7] olstz
urebstth shAIRE Cd gh2 AA) 2227 oF8A= 5 177
o] 7|&& 2o, 1 F T 11HeR V& 21
A7 718 WekaL, 1 ohg o2 A 47, =2k, 2 7
Zt 14 eow vtk "yo Ae Cd 7ol 07
mg/kg o= IA|E0] QlojA & A i Y Folle 7]
& 20 97t A o oRgAE V1S SYsHAl
Cd 7|15 A&std 1019 Hgo] 0.3 mg/kgs 2=
Aoz AN E3F AlEH Al 7] TE AEY

F

=

o
fil

ofr
41 R o

F
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71 9 At ofshd Q4 kA, oY, A2 SR
Aol x|, o] F 4l =l gYel Cd, Pb §
g 712 AT 7% 474 02, 20 mg/kgola A7

Cd Pb 7|52 2% 0.1 mg/kgo 2 JA|E o] Qi) o] 7]

29 B A7ENARE F94 599 vastng ol
EE}X] oy, A7 +2dHEE A8t A T Ve
HsEE HA AR T A 47 AE7FPb 7S 23t
= ACE Uetth Bae 5(2014) M= et ZeE A
oz Hl e AEHESEE AR 7% olsholA A
wEAlE AFst $545(Cd, Cu, Pb, Zn) &= &
A, A 7% e Al R et Eds Cdol
AN 71 FS ZISYIL, 23t ARSE 54%0] DL
A EE Al Z QM 7|29 A8l 1.5% Algute] Cd 7]&
Zulslgt o)ef 7o AnE B u $HAFo=z o8 I
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Fig. 2. Cancer risk probability of As in commercial
medicinal plants.

92 AMgets SRaE Tl giE Cd 7]Z0] A4 Hol
of 8k Aoz Helrh
s "It

UG F - EZHADD) I A H(Slope factor, SF)
= o83l Akt T PIsEE-> Fig. 20 AAISIGITE $HA]
AE B ol ARt Biel o] WelojsiEtE 4 Al
Q3F SF gro] H]zxof hsfafut AA o} Q= WAZ o84
£ A700] ol ula Wolgale RS AR v > <)
AF > A7 > DL;] > A > gy > kR > 3] £08
HrokolaErl o Aoz yelytth A ofeAdE F 74
o USSR ok SFAEE vl 10008
5.9%0] ukg Fot vl YA weHslsetEo) o Zow
el 71 e 9l vl o 200 w8 S v

t}. o]M,J AL 2A5E v|A gl gy thgo g ko

£o n 0hgoR A Ueht A% ) vk @

AFS Btk AA| okgHEo] |
dutr oz AEE= 38 +F 10-6~10-4 H
B, & AtolA STt As 6‘3% &
Ago" A-A Q] AL u|x

Fohd o w22 2

ANZ O
‘l—"'—

‘E‘O
e

HESHISIEHQ) A 23 Table 33 o, 4
A k8259 HQ+= Cd, Hg, Pb, As X5 1 o|sl=2 L}
B, SF8RE MR Q1 M S e e
Aoz Holtt thut z+zke] Cd, Hg, Pb, Ase HQE 34t
sl Aol o5 SPlEA 15x10°% b S, 3717t
51x10°2 71 W Aoz vepyct

4 Q) e ol
AT B 0 A o

o Y ¢ sledl, A

HLEP:EE}- olo} e
el Ao 5 4R BAI
N W AuE 2AR

Table 3. Hazard quotients (HQ) of As, Cd, Pb and Hg in commercial medicinal plants

Hazard quotients (HQ)

cd Hg Pb As
P. ginseng 35 x 10* 75 x 10° 3.3 x 10* 52 x 10*
P. grandiflorum 22 x 10* 9.1 x 10° 13 x 10™ 14 x 10™
C. lanceolata 59 x 10* 1.8 x 10° 25 x 10* 1.7 x 10™
A. membranaceus 1.2 x 10° 3.9 x 107 14 x 10° 25 x 10°
A. gigas 15 x 10 41 x 10° 6.5 x 10° 29 x 10*
D. batatas 19 x 10™ 85 x 10° 25 x 10* 5.7 x 10
Z. officinale 7.6 x 10 82 x 10° 42 x 10* 32 x 10™
C officinale 2.8 x 10° 23 x 10° 2.1 x 10° 24 x 10*
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£ o A FLE e FEAE 70| dAste] YTst
AL, 558 WelE = Qdoks Hola, F A o8 e
AEOZ FAof| o] &EE FEAEL MZ TE 7|Fo 9
3 T e o= Qltke Mol weba @A oAb}
A EHA ZH TAIEY] Qi oF8AE FH4(Cd, Pb)
7129] T Hejet A8 71EA 2 AHET} oA
g9l oFg2hE Auf 9 5o A&KFHOZ oFH Ao
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