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ABSTRACT - For this paper we analyzed heavy metals including lead, cadmium, arsenic and mercury, and con-
ducted risk assessment on 171 types of herbal medicines used as foods and drugs distributed in Seoul’s Yangnyeongsi
and Kyungdong (Gyeongdong) herbal medicine markets. The concentrations of the heavy metals were measured by
the ICP-MS and a mercury analyzer. The detection ranges of the lead, cadmium, arsenic and mercury were found to
be ND-4.719 mg/kg, ND-1.019 mg/kg, 0.002-8.696 mg/kg and ND-0.058 mg/kg, respectively. Artemisiae Capillaris
Herba exceeded the standards of the MFDS (Ministry of Food and Drug Safety) for cadmium items, and Actinidiae
Ramulus et Fulium et Fructus Vermicultus exceeded the standards for arsenic items. The non-carcinogenic risk assess-
ment showed that there were no items exceeding 1 and that they were safe. The risk of carcinogenicity to lead was
below 107 in all items and was evaluated as safe. The risk of carcinogenicity of arsenic was almost all in the range of
10 to 10°°. All %PTWI are considered to be safe below 100.
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Materials and Methods

A8

MEFPAG F NG AN FEEe AteE
FAAE 29F 2 1714 (Table 1)ol st &, 7I=F, H]
&, 725 14 sk

AFEE S 2eFAZRAXMQ Gradient,
Millipore, MA, USA)Z A| 23+ 182Q0]4e] ZR4E A}
gotem Aldgd Ao a3 HNO, (Wako Pure
Coporation, Osaka, Japan)2 AME-3}A T Al gol AL&-F
microwave-& express vessel 59 ZAEL 5% HAakgo
of 24A7F H ¥ ZEF SHTE AFHEIRIAL, NE 2
3 & 5ASFA|(Avantec, Hyundai micro Co, Seoul,
Korea)E AM&-3te] of3}&t5ict.

w, 7hES, HlA &9 EFE942] Multi-element standard
for ICP/MS (10 pg/mL, Agilent, Santa Clara, CA, USA)%}
T2 A8 N2 Hg standard solution (10 pg/mL, Agilent,
Santa Clara, CA, USAYS ARS8 Th 28] o, 71=%, Y]
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Table 1. List of samples for the mornitoring of heavy metals

Number of

Sample samples

Pueraria root 6
Licorice
Ginger
Visci ramulus et folium
Lycium fruit

Platycodon root

co o0 Wi &N~ o0

Angelica gigas root

—_
—

Liriope tuber

Actinidiae ramulus et fulium et fructus vermicultus

oo W

Atractylodes rhizome white

Ju—
—_

Poria
Poria sclertum cum pini radix
Cnidii fructus
Hawthorn fruit
Cornus fruit
Dioscoreae rhizome
Zizyphus seed
Nelumbo seed
Acanthopanax root bark
Schisandra fruit
Achyranthes root
Cinnamon bark
Leonurus herb
Artemisiae capillaris herba
Peony root
Cnidium rhizome
Gastrodia rhizome

Gardenia fruit

O K W A 9 U W LWL PR WY NN O W W

Astragalus root
Total 171

&, 79 g HAFE Slst] v ds 7EEE
2 ZAE vaaHdETATYY 2E2UAFEZ (1575
Pine Needles, National Institute of Standard & Technology
3} 1570a : Spinach Leaves, National Institute of Standard
& Technology)g AFE3IATH 4, 7l=8 2 H]49 =3
2 Microwave Digestion System (MARS 5 Version
194A01, CEM, NC, USA)3} Octapole Reaction System
(ORS)°] FZ ¥ Inductively Coupled Plasma-Mass
Spectrometer (Thermo SCIENTIFIC iCAP RQ, Bremen,

Germany)& AR&3tod, 29 SHL F2247]
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(Mercury analyzer NIC, MA-2, Nippon Instrument Co,
Tokyo, Japan)E A}&-3Ft}.

A U S5 AP i HlA, TlEE ARl
ot FAEATE o, 7hEE R 4] F4-2 Octapole
Reaction System (ORS)©] F2F% Inductively Coupled
Plasma-Mass Spectrometer (Thermo SCIENTIFIC iCAP
RQ, Bremen, Germany)E AF&3lG o, 77|84 A4S
Table 29 2t} AL Tl BFHAE 5% HNO,
galo= a3l 0.5, 1.0, 2.5, 5.0, 10, 20, 50 = 100 pg/
kg SEE XAste A oM, A5} TLT WHe
2 At Al AR FE5 TS Fosith
T2 hgl=ord Ak Al 28 AAIEY 5
FTas5 A £ AFgE Y met A E AT
EFYHL 0.001% L-cysteine (98%, Nacalai Tesque Inc,
Tokyo, Japan) &4 22 3]4{sle] 2.0, 5.0, 10.0 3 20.0 pg/
kgol HF=% A =8NS ARSIt & 48

w, Hl, e oS Ank AIER 28, Aok
G

4 7l

o

Table 2. Operating conditions and parameters for ICP-MS

Parameter Operating Conditions
Plasma flow 14 L/min
Nebulizer gas flow 1.1 L/min
Auxiliary gas flow 0.8 L/min
Torch alignment sampling depth 5 mm
RF power 1550 W
Pump speed 40 rpm
Stabilization delay 5 sec

Table 3. Operating conditions and parameters for the mercury
analyzer

Parameter Operating Conditions

Mode selector Standard : 1, Sample : 2

Gas washing bottle Buffer solution : H,0 = 1:1

Flow meter 0.5 L/min
Mercury collector H; Preheating at about 160°C
Decomposing furnace H, Heated at about 850°C
Carrier gas Purified dry air

Heating mode Two available modes

Heating temperature 600°C
Standard : unnessary
Additive Sample : MHT"
+Sample+MHT+BHT?+MHT

"' HG-MHT : mercury analysis additive.
2 HG-BHT : mercury analysis additive.

7= HG-MHT, HG-BHT (Nippon Instruments Co.,
Tokyo, Japan)S ARE-sFTE 717] 4 %712 Table 3%

2t

HAl= Bt

Al e H7HE st fAeiA LYWt =E FH(Average
daily dose, ADD), W¢9]3] =(Cancer risk) & Y29
S =47 (Hazard index, HI)S-2 ofe] 2]"920& o]-&-3}]
A2t dAHFE=ZZH(ADD) A& Al 4d HFHE
o A FookFbA A F o FEPAE I Hio] @AY oF
JARR AY ORA| A ol A kel ok A oke] dU B8NS
SAY. HaAl TS TAA A5PE FAske] 65.43 kg
A& oen ol gyt v HA A S
72.25kg, 97 57.87 kgol HAlFolth. 7IFES o
2 7974, A=F 85.741¢] Bt 82745 A Eske] ALk
sttt AES 297 F5 F 4 F5 ginger (A7),
lycium fruit (7-7]1A}), dioscoreae rhizome (2FeF),
schisandra fruit (2P2he= 71 A kel AdUE-8FFo] #|
Al FA] kol ZlEp o 2 ALteLh 1 9 =&7|7F
S IHEAS] S W 7IgeE] 70, HEeHEA
o] A 30doz HEPL =EVEE 365UE ALt
SHATH. wekelal = ot vkl =5 A str] gk &
A & (Slop factor, SF)3 =4 33 X](Reference dose,
RfD)E Table 401 UeERHAT

TR T A2 FH7HE SIS JECFA) Il A A
A& A FAH S -LHPTWIS 225 pgkg bw.), 7H=5
(7 pg/kg bw.), B12x(15 ug/kg bw.) 2 524 pg/kg bw.)S Hl
wate] %PTWIE 73 § 98l 55 %7kt

>

tlo kI

CxIRxEDxEF

ADD(mg/kg/day) = BWXAT

(1)
ADD (Average daily dose): ¥ Y™ =Z% F(mg/kg/day)
C (Concentration of heavy metal): A|5.2] T5< 5% (mgkg)
IR (Intake rate): A1 82| 4138 (kg/day)

ED (Exposure duration): =2 7]7H(years)

EF (Exposure frequency): =251 (day/year)

BW (Body weight): A5 (kg)

AT (Averaging time): 5 (years)

Canver risk = ADD x SF 2

SF (Slope factor): 'ZH7HA &

ADD
HQ(Hazard quoitent. non—cancer risk) = ﬁ (3)

HI(Hazard index) = 3>"HQ C))



Table 4. Toxicity indices of heavy metals

Slope factor Reference dose

Metals

(mg/kg/day) (mg/kg/day)
Pb" 0.0085 0.0005
Ccd? ND* 0.001
As? 1.5 0.0003
Hg” ND 0.0003

YMOE (Ministry of Enviroment) (2018).
2USEPA (1991, 1992).

»API (American Petroleum Institute) (1998).
“ND : Not Determined.

Results and Discussion

7S U ¥, U4

o, &, FEE R o0 BEEAL A 47
o AFHL A, HHH) WA HAHAOR 1 2
3} 0.999 o1l FRAZRYGE b Iek. vz, 7}
- X

B, 729 AEIM= ZH2F 0.0054 pgkg, 0.0146 pg/ke,
0.0004 pg/kg, 0.0010 pg/kgel ATt W, Hl&, 7tEw, 729
A AE ZH2E 0.0164 pg/kg, 0.0442 pg/kg, 0.0012 pg/ke,
0.0030 pg/kge] ATHTable 5).

Slr&& M= ETHSAY 5 EFEE 1575 pine
needles®} 1570a spinach leavesE AA| 59} TLg =7

\

o Z 33 WHE A|g3 A3 Ha e W 967, HlA
99.0, 7F=F 96.0 L3 F2L2 96.9%°] A THTable 6).
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Aem Fa el geome A

2= 25-27 A
5 5 AT, Aohgs B

smgkgoldh® B4 A7 BE /1A olilz vy,
A

gol o HEFS ND-4.719 mg/kee] HANTL o
FS 0371 mgkeol Atk @el M e Wit AL

YUERA F5-2 achyranthes root(-7-5)% 1.319 mg/kg ©|A
ok ge] At HAEF 39 391 F5S A ER achyranthes
root(--&, 1.319 mg/kg), acanthopanax root bark(2 7}3],
1.274 mg/kg), artemisiae capillaris herba(2171 &, 1.143 mg/kg)
° 2 et 7tEES tEAQl 84 felEdE
, ARAL, F 237, A 73 AAs dEE F

A e AR oA Ut Tt=ge] 587
Z5o] w2} 0.3 mgkg, 0.7 mgkg, 1.0 mgkg®]dt=
= Aok Ft=ge] SRS ND-1.019 mg/kge] H 9
oA AZET UL artemisiae capillaris herba(2171 %) 1719]
A1 0.7 mg/kg 71590 1.019 mg/kge] HEE o] 1233 A
o2 Yehgth 7t=Ee A4 FFEES 0.094 mgkeol
Roem 7Pt =2 Bt AEFS UYERA F52 artemisiae
capillaris herba(Q1F )2 0.574 mg/kg 01T JI=8-2] Ha
HAEH 39 391 £55 A9 HEWA artemisiae capillaris herba
017 %, 0.574 mg/kg), achyranthes root($-<&, 0.237 mg/kg),
ginger(3 7, 0.184 mg/kg)= o2 YERHQITE HlAE 37
o e Exske a5EAEA 3 548 7 2

o

£ 7o BegEdelr U Fud e 2

DA A2 My
o rlo ug o

R

Table 5. LOD and LOQ of heavy metals analyzed

LOD" LOQ? Lineari
Fas U3 Bement oy ke )
, 7EE, Hla, 20 F5E W RS Table 734 Pb 0.0054 0.0164 0.9999
2ok @3 3, B, EY #2724 E, 53E T 3 As 0.0146 0.0442 0.9998
of s EAlste] dIEEE FolE =Fo] 2 Cd 0.0004 0.0012 1.0000
T A=t AbgelAl doA AYPH R =EEAY, FA He 0.0010 0.0030 1.0000
o o8 =&HT Ut oz Fo ojgo] So ES3 Y Limit of detection.
AE Aol AFE) Ge oz dA A A 2 Limit of quantitation.
Table 6. Heavy metal recovery rate by CRM"
Element Certified (mg/kg) Measured® (mg/kg) Recovery(%) CNI%)
Mean”+SD Mean+SD
Pb” 0.167+0.015 0.162+0.009 96.7 5.86
As® 0.068+0.012 0.067+0.001 99.0 1.89
Ccd” 0.233+0.004 0.224+0.007 96.0 2.94
Hg” 0.0399+0.0007 0.0387+0.001 96.9 1.49

D Certified reference meterial .

? Measured ICP-MS and mercury analyzer.

% Coefficient of variation.

“) Mean values obtained from three measurements.

 The CRM of Pb, Cd and Hg was Pine Needles (NIST 1575a).
® The CRM of As was spinach leaves (NIST 1570a).
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At} Hlae] & 0UAe B2k AdL 50| ALY E
= Aoln sl 5120 AHgE 43 Fol W)
o) Bkt o 54 09 AT, ko) 8¢

712 3 mgkgol3lth. actinidiae ramulus et fulium et
fructus vermicultus(Z-F) 174914 8.696 mg/kge] HEF
of FAS Ao® uetEth WA TS 0.002-
8.696 mg/kg®] WA HAEHJAIL H]Ae] HA| FH3
2o 0.152 mg/kgol Atk HlAe M 2o Hi HEH
S yehd FZ& actinidiae ramulus et fulium et fructus
vermicultus(ZH 5)Z 1.837 mg/kg ©IUt} ¥]49] A A
% 39 39 F5& A3 HH actinidiae ramulus et fulium

et fructus vermicultus(5-3 5., 1.837 mg/kg), achyranthes root

7 Sol 2 =

Z 548 Holy 53] ik

gol A Al Eloke] A3l A% ot I
2 dHA A, 29 §871E2 0.
Az B 7153 o flE veEitth 4

A

o AEFS UePd F5-LS artemisiae capillaris herba(3]
Z1%)2 0.024 mghkg ©IATH 22 B AEF 49 39
Z29 A artemisiae capillaris herba($1%1%, 0.024 mg/
kg), poria sclertum cum pini radix(3-41, 0.013 mg/kg), cnidii
fructus(AF3AE, 0.012 mgkg)= o2 YeERAT) ol 29
B AEFS 9, 7I=F, Hlae] B HAEFRT St

£ BIPEG §ALS A3kE LR,

(%%, 0.647 mg/kg),

acanthopanax root bark( 2713,

0.266 mg/kg)- o2 YEP T F23E2 A7 F
Table 7. Contents of heavy metals in HMFD"
Sample Pb(mg/kg) Cd(mg/kg) As(mg/kg) Hg(mg/kg)
Pueraria root 0.416+0.080% 0.114+0.096 0.112+0.029 0.003+0.004
(0.302-0.516)" (0.025-0.299) (0.064-0.143) (ND*-0.009)
Licorice 0.112+0.084 0.042+0.085 0.083+0.054 0.001+0.003
(0.037-0.281) (0.003-0.248) (0.008-0.181) (ND-0.008)
Ginger 0.210+0.216 0.184+0.111 0.125+0.096 0.001+0.001
& (0.001-0.498) (0.063-0.300) (0.072-0.269) (ND-0.002)
Visci ramulus et folium 0.762+0.398 0.171£0.112 0.104+0.055 0.010+0.008
(0.085-1.243) (0.021-0.300) (0.034-0.172) (ND-0.018)
Lycium fruit 0.054+0.053 0.079+0.057 0.022+0.013 0.002+0.003
4 (ND-0.136) (0.031-0.145) (0.002-0.035) (ND-0.006)
Platveodon root 0.449+0.552 0.122+0.068 0.047+0.040 0.006+0.005
Y (0.034-1.524) (0.036-0.263) (0.040-0.132) (ND-0.012)
Angelica gieas root 0.253+0.165 0.160+0.100 0.145+0.083 0.001+0.003
& g (0.022-0.466) (0.013-0.300) (0.034-0.254) (ND-0.008)
Litione tuber 0.221£0.217 0.078+0.056 0.108+0.073 0.004+0.005
p (0.041-0.782) (0.006-0.195) (0.024-0.261) (ND-0.012)
Acft:lllljgztrg‘iﬁ: ¢t 0.348+0.334 0.0790.124 1.837+3.835 0.002:£0.005
. (0.060-0.797) (0.007-0.299) (0.057-8.696) (ND-0.011)
vermicultus
Atractylodes rhizome 0.290+0.297 0.154+0.140 0.069+0.022 0.002+0.003
white (0.032-0.914) (0.013-0.466) (0.040-0.098) (ND-0.009)
Poria 0.269+0.349 0.031+0.073 0.063+0.080 0.007+0.006
(0.011-1.061) (0.001-0.250) (0.006-0.260) (ND-0.020)
Poria sclertum cum pini 0.289+0.186 0.027+0.021 0.025+0.005 0.013+0.015
radix (0.075-0.408) (0.003-0.043) (0.020-0.031) (ND-0.029)
Cnidii fructus 0.276+0.159 0.105+0.092 0.205+0.071 0.012+0.012
(0.115-0.432) (0.036-0.210) (0.144-0.283) (0.003-0.026)
Hawthorn fruit 0.600+0.668 0.034+0.022 0.056+0.039 0.006+0.006
(0.050-2.240) (0.011-0.086) (0.016-0.124) (ND-0.015)
Cornus fruit 0.074+0.036 0.005+0.006 0.012+0.005 0.003+0.003
(0.029-0.139) (0.002-0.019) (0.005-0.018) (ND-0.007)
Dioscoreae rhizome 0.055+0.096 0.035+0.024 0.069+0.105 0.006+0.005
(0.001-0.271) (ND-0.065) (0.008-0.300) (ND-0.015)




Table 7. (Continued) Contents of heavy metals in HMFD
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Sample Pb(mg/kg) Cd(mg/kg) As(mg/kg) Hg(mg/kg)
Zizvohus seed 0.170+0.247 0.027+0.040 0.115+0.170 ND
P (0.016-0.455) (0.001-0.074) (0.014-0.312)
Nelumbo seed 0.135+0.220 0.046+0.026 0.041+0.013 0.001+0.001
(0.012-0.465) (0.009-0.065) (0.029-0.059) (ND-0.002)
Acanthopanax root bark 1.274+0.699 0.117+0.045 0.266+0.199 0.006+0.007
p (0.662-2.458) (0.061-0.181) (0.030-0.616) (ND-0.018)
Schisandra fruit 0.093+0.066 0.017+0.024 0.016+0.009 0.002+0.003
(0.026-0.222) (0.002-0.070) (0.009-0.033) (ND-0.007)
Achvranthes root 1.319+£1.929 0.237+0.158 0.647+1.022 0.007+0.005
Y (0.088-4.719) (0.072-0.469) (0.036-2.454) (0.001-0.013)
Cinnamon bark 0.094+0.076 0.183+0.102 0.033+0.022 0.004+0.008
(0.047-0.182) (0.067-0.258) (0.017-0.059) (ND-0.013)
Leonurus herb 0.997+0.965 0.029+0.031 0.079+0.041 0.005+0.009
(0.234-2.083) (0.008-0.064) (0.031-0.103) (ND-0.016)
Artemisiae capillaris herba 1.143+1.583 0.574+0.307 0.201+0.210 0.024+0.019
P (0.182-3.950) (0.275-1.019) (0.068-0.574) (0.014-0.058)
Peony root 0.132+0.237 0.062+0.046 0.046+0.029 0.002+0.003
Y (0.002-0.658) (0.002-0.119) (0.015-0.090) (ND-0.007)
Cridium rhizome 0.123£0.087 0.039+0.018 0.131£0.097 0.003+0.003
(0.051-0.247) (0.023-0.065) (0.039-0.258) (ND-0.007)
Gastrodia rhizome 0.278+0.087 0.086+0.025 0.074+0.019 0.001+0.001
(0.212-0.337) (0.060-0.109) (0.062-0.096) (ND-0.001)
. . 0.7114+0.084 0.037+0.013 0.033+0.028 0.008+0.010
Gardenia fruit
(0.027-1.821) (0.024-0.051) (0.012-0.075) (ND-0.020)
Astragalus root 0.168+0.157 0.018+0.012 0.061+0.060 0.003+0.003
g (0.030-0.521) (0.003-0.032) (0.014-0.198) (ND-0.008)
Total 0.371+0.607 0.094+0.131 0.152+0.688 0.005+0.007
(ND-4.719) (ND-1.019) (0.002-8.696) (ND-0.058)
YHMFD : Herbal medicine used for food and drug.
Mean£SD.
) Range.
“ND : Not Detected.
Hol= B2t QA A gk dekelse] S48 BA S =
HoFgg F AR AR AT 3= e Az mE A ¢ WY PO T & 9
% (Average daily dose, ADD)"?0g 3 & =X o 9F o) g Hsl= Jo] oty Z o
A (RD)E E-&35ke] L9 (Cancer risk, CR) 2 B Ol =2AHRE /X3 2% ATk FARE e =
o9l =X 4~(Hazard index, H)E AF&3Iit}. 70 & Z7d2 5|3 Cancer slope factor(SF, &A1=HE
& AAZH FANEFH7FEALI(JECFAP YA A 3t 3 dukgo g 104-107Ak0] &) weFE] (7]
HAFAHSEZFHPTWD S HlaLste] %PTWIS] &8 232 109 JAAAE Basty] 98 Adsitta &
Bttt e AA e =55 sted F8E el
A FE5) MEIAEHQS T RES HA  E7h 109 FEelsteld AAARS wEa 9 G2
H) a9 S =X 42(HI)= Table 87 7Hom 7+ A5 o 1 <k A= I g
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Table 8. The hazard index of heavy metals in HMFDV

Sample Hazard quotient (HQ) Hazard index
Pb cd As Hg (HD)
Pueraria root 0.069 0.009 0.031 0.001 0.110
Licorice 0.014 0.003 0.017 0.000 0.033
Ginger 0.033 0.014 0.032 0.000 0.080
Visci ramulus et folium 0.211 0.024 0.048 0.005 0.287
Lycium fruit 0.008 0.006 0.006 0.001 0.021
Platycodon root 0.050 0.007 0.009 0.001 0.066
Angelica gigas root 0.034 0.011 0.032 0.000 0.077
Liriope tuber 0.037 0.007 0.030 0.001 0.074
Actinidiae ramulus et fulium et fructus vermicultus 0.039 0.004 0.339 0.000 0.383
Atractylodes rhizome white 0.039 0.010 0.015 0.000 0.065
Poria 0.057 0.003 0.022 0.002 0.084
Poria sclertum cum pini radix 0.048 0.002 0.007 0.004 0.061
Cnidii fructus 0.034 0.006 0.042 0.002 0.084
Hawthorn fruit 0.100 0.003 0.015 0.002 0.120
Cornus fruit 0.010 0.000 0.003 0.001 0.013
Dioscoreae rhizome 0.009 0.003 0.018 0.002 0.031
Zizyphus seed 0.036 0.003 0.040 0.000 0.079
Nelumbo seed 0.022 0.004 0.012 0.000 0.038
Acanthopanax root bark 0.155 0.007 0.054 0.001 0.218
Schisandra fruit 0.014 0.001 0.004 0.001 0.020
Achyranthes root 0.219 0.020 0.179 0.002 0.420
Cinnamon bark 0.008 0.008 0.005 0.001 0.021
Leonurus herb 0.332 0.005 0.044 0.003 0.383
Artemisiae capillaris herba 0.190 0.048 0.056 0.007 0.300
Peony root 0.022 0.005 0.013 0.001 0.040
Cnidium rhizome 0.014 0.002 0.024 0.001 0.040
Gastrodia rhizome 0.034 0.005 0.015 0.000 0.054
Gardenia fruit 0.071 0.002 0.006 0.001 0.080
Astragalus root 0.056 0.003 0.034 0.002 0.095
YHMFD : Herbal medicine used for food and drug.
g 7S W G 19 olte] Hl&E ¢ro] WAsh= 4 Fructus Vermicultus(FHE)= ¥ F 3.56% Achyranthes
TR AoFg FdiEe] HFAE AT el tig T Root(+5) 1.88%H 8] HE&E ¢ro] BT 5 3= A
)

=5
F F AFoE N8R QlE HFHske vlavt BE R
78] 2ehe 78 stoll RS EE AESal A=
Table 99} Zth. HlZxol tigh Lol =r} 10* % o
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Vermicultus(E3 5)9  Achyranthes Root(%-&)% Z+z}
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Sample Pb As
Pueraria root 6.86x107 3.26x107
Licorice 1.35%x107 1.78x10°
Ginger 3.23x107 3.41x10°
Visci ramulus et folium 2.09x10%¢ 5.03x10°
Lycium fruit 8.35x10*® 5.99x10°
Platycodon root 4.94x107 9.22x10°
Angelica gigas root 3.34x107 3.38x10°
Liriope tuber 3.65x107 3.16x10°
Actinidiae ramulus et fulium et fructus vermicultus 3.83x107 3.56x10™
Atractylodes rhizome white 3.82x107 1.62x107
Poria 5.62x107 2.31x10%
poria Sclertum cum pini radix 4.77x107 7.26x10°
Cnidii fructus 3.34x107 4.38x107
Hawthorn fruit 9.90x107’ 1.62x10°
Cornus fruit 9.77x107® 2.68x10
Dioscoreae rhizome 8.53x10* 1.89x10°
Zizyphus seed 3.56x107 4.25%10°
Nelumbo seed 2.23x107 1.21x10°
Acanthopanax root bark 1.54x10° 5.69x107
Schisandra fruit 1.43x107 4.24x10
Achyranthes root 2.18x10° 1.88x10™
Cinnamon bark 7.77x10° 4.85x10
Leonurus herb 3.29x10° 4.57x10°
Artemisiae capillaris herba 1.88x10° 5.86x107
Peony root 2.18x107 1.34x10°
Cnidium rhizome 1.35%x107 2.53x10°
Gastrodia rhizome 3.36x107 1.59x10°
Gardenia fruit 7.04x107 5.79x10°
Astragalus root 5.54x107 3.56x107

DHMFD : Herbal medicine used for food and drug.
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Table 10. The %PTWI of heavy metal contents in HMFD

Pb Cd As Hg
Sample TO'[E'II weekly % TOt?ll weekly % TO'[E'II weekly % Totgl weekly %

(pg/kgmb;i}v(.e/week) PTWP (ug/kglrll;[.gizlv(jweek) PTWI (pg/kgmb;.awkjweek) PTWI (ug/k;g‘avlv(jweek) PTWI

Pueraria root 0.67 2.67 0.18 2.92 0.18 1.20 0.00 0.10
Licorice 0.13 0.52 0.05 0.80 0.10 0.65 0.00 0.04

Ginger 0.31 1.26 0.28 4.41 0.19 1.25 0.00 0.03

Visci ramulus et folium 2.04 8.15 0.46 7.32 0.28 1.85 0.03 0.67
Lycium fruit 0.08 0.32 0.12 1.90 0.03 0.22 0.00 0.07
Platycodon root 0.48 1.92 0.13 2.08 0.05 0.34 0.01 0.15
Angelica gigas root 0.33 1.30 0.20 3.28 0.19 1.24 0.00 0.04
Liriope tuber 0.35 1.42 0.13 2.01 0.17 1.16 0.01 0.16
Actinidiac ramulus et fulium 0.37 1.49 0.08 135 1.97 13.10 0.00 0.06

et fructus vermicultus

Atractylodes rhizome white 0.37 1.49 0.20 3.16 0.09 0.59 0.00 0.05
Poria 0.55 2.19 0.06 1.00 0.13 0.85 0.01 0.34

Poria sclertum cum pini radix 0.46 1.86 0.04 0.69 0.04 0.27 0.02 0.52
Cnidii fructus 0.32 1.30 0.12 1.99 0.24 1.61 0.01 0.36
Hawthorn fruit 0.96 3.85 0.05 0.88 0.09 0.59 0.01 0.24
Cornus fruit 0.10 0.38 0.01 0.11 0.01 0.10 0.00 0.10
Dioscoreae rhizome 0.08 0.33 0.05 0.83 0.10 0.69 0.01 0.22
Zizyphus seed 0.35 1.38 0.06 0.89 0.23 1.56 0.00 0.00
Nelumbo seed 0.22 0.87 0.07 1.18 0.07 0.44 0.00 0.04
Acanthopanax root bark 1.50 6.00 0.14 2.21 0.31 2.09 0.01 0.17
Schisandra fruit 0.14 0.56 0.03 0.41 0.02 0.16 0.00 0.07
Achyranthes root 2.12 8.47 0.38 6.09 1.04 6.92 0.01 0.26
Cinnamon bark 0.08 0.30 0.15 2.35 0.03 0.18 0.00 0.09
Leonurus herb 3.20 12.80 0.09 1.48 0.25 1.68 0.02 0.43
Artemisiae capillaris herba 1.83 7.34 0.92 14.73 0.32 2.15 0.04 0.98
Peony root 0.21 0.85 0.10 1.58 0.07 0.49 0.00 0.08
Cnidium rhizome 0.13 0.53 0.04 0.67 0.14 0.93 0.00 0.07
Gastrodia rhizome 0.33 1.31 0.10 1.62 0.09 0.58 0.00 0.02
Gardenia fruit 0.68 2.74 0.04 0.57 0.03 0.21 0.01 0.18
Astragalus root 0.54 2.16 0.06 0.94 0.20 1.31 0.01 0.26

YHMFD : Herbal medicine used for food and drug.

P PTWI : Provisional tolerable weekly intake.
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