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Abstract: This study investigated the contents of Pb, Cd, As, and Hg for 4333 samples with 209 types of
herbal medicines distributed in Seoul area from 2019 to 2021, and evaluated risk assessment according to
medicinal part used and origin. The contents of heavy metals were analyzed by inductively coupled plasma
mass spectrometry (ICP-MS) and mercury analyzer. The average contents (mg/kg) of heavy metals by medicinal
parts were 0.123 to 1.290 for Pb, 0.018 to 0.131 for Cd, 0.034 to 0.290 for As, and 0.003 to 0.015 for Hg.
The contents of Pb were higher in Leaves and Whole Herbs (above-ground part) than underground part (Radix
& Rhizoma) (ANOVA-test, p <0.05). The contents of Cd were high in Leaves, Radix & Rhizoma, and Stems
& Woods (ANOVA-test, p<0.05), and exceeded regulatory limits in various types. Levels of Pb, Cd
concentrations exceeding regulatory limits were observed in 8, 22 samples (8, 14 types). No sample exceeded
regulatory limits of As and Hg. In the comparison between countries of origin, the contents of Cd, As, and
Hg were high in imported herbal medicines (t-test, p <0.05). As a result of the risk assessment, except for
Thujae Orientalis Folium and Spirodelae Herba, the MOE values of Pb were all 1 or more, and most samples
were safe. The Hazard Index (HI) for Cd, As, and Hg were evaluated to be less than 100 % even if the risk
(%) of each heavy metal was added, and the risk from taking herbal medicines was evaluated to be safe.
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Table 1. List of the herbal medicines used for monitoring

Medicinal Parts Used

N(n)"

Herbal medicines

Fructus

36(700)

Terminaliae Fructus (14/-/14)?, Lycii Fructus (27/5/22)

Rosae Laevigatae Fructus (9/-/9), Zizyphi Fructus (19/19/-)
Viticis Frustus (14/-/14), Amomi Fructus Rotundus (19/-/19)
Rubi Fructus (5/-/5), Amomi Fructus (34/-/34)

Crataegi Fructus (45/-/45), Corni Fructus (41/21/20)

Forsythiae Fructus (33/-/33), Mume Fructus (12/-/12)
Schisandrae Fructus (25/12/13), Evodiae Fructus (15/-/15)
Longan Arillus (45/-/45), Arctii Fructus (21/-/21)

Alpiniae Oxyphyllae Fructus (16/-/16), Kochiae Fructus (10/-/10)
Ponciri Fructus Immaturus (32/1/31), Tribuli Fructus (15/-/15)
Xanthii Fructus (11/-/11), Amomi Tsao-ko Fructus (20/-/20)
Gardeniae Fructus (39/10/29), Foeniculi Fructus (8/-/8)
Chaenomelis Fructus (23/14/9), Cnidii Fructus (16/-/16)

Mori Fructus (8/-/8), Anethi Fructus (9/-/9)

Ligustri Fructus (17/-/17), Perillae Semen (20/-/20)

Aurantii Fructus Immaturus (36/-/36), Hoveniae Semen Cum Fructus (8/-/8)
Meliae Fructus (5/-/5), Piperis Longi Fructus (8/-/8)

Carthami Fructus (11/1/10), Piperis Nigri Fructus (10/-/10)

Pericarpium

4(111)

Arecae Pericarpium (21/-/21), Zanthoxyli Pericarpium (13/-/13)
Citri Unshius Pericarpium (50/22/28), Citrii Unshius Pericarpium Immaturus (27/-/27)

Stems & Woods

10(179)

Akebiae Caulis (19/19/-), Sappan Lignum (28/-/28)

Lonicerae Folium et Caulis (13/2/11), Gleditsiae Spina (7/-/7)

Cinnamomi Ramulus (40/-/40), Spatholobi Caulis (9/-/9)

Visci Herba (15/2/13), Mori Ramulus (8/8/-)

Uncariae Ramulus et Uncus (18/-/18), Bambusae Caulis In Taeniam (22/11/11)

Leaves

6(54)

Eriobotryae Folium (7/-/7), Sennae Folium (10/-/10)
Perillae Folium (16/3/13), Thujae Orientalis Folium (7/6/1)
Artemisiae Argyi Folium (9/6/3), Mori Folium (5/5/-)

Cryptogams

3(106)

Poria Sclerotium (78/6/72), Polyporus (22/-/22)
Massa Medicata Fermentata (6/3/3)

Semens

25(417)

Euryales Semen (9/-/9), Pharbitidis Semen (18/-/18)

Cassiae Semen (12/5/7), Trichosanthis Semen (23/1/22)
Raphani Semen (29/-/29), Persicae Semen (34/-/34)

Thujae Semen (12/-/12), Dolichoris Semen (8/-/8)

Arecae Semen (26/-/26), Zizyphi Semen (9/-/9)

Nelumbinis Semen (32/-/32), Myristicae Semen (14/-/14)
Coicis Semen (28/22/6), Plantaginis Semen (31/-/31)

Alpiniae Katsumadaii Semen (15/-/15), Armeniacae Semen (29/-/29)
Sinapis Semen (13/-/13), Castaneae Semen (11/11/-)

Allii Tuberosi Semen (6/-/6), Benincasae Semen (5/-/5)
Glycine Semen Preparatum (8/1/7), Cannabis Semen (16/-/16)
Pruni Nakaii Semen (9/-/9), Drabae Semen (7/-/7)

Cuscutae Semen (13/-/13)

Whole herbs

20(226)

Pogostemonis Herba (11/-/11), Ephedrae Herba (51/-/51)
Menthae Herba (24/16/8), Cynomorii Herba (11/-/11)
Epimedii Herba (12/-/12), Leonuri Herba (8/7/1)

Lycopi Herba (10/5/5), Geranii Herba (5/3/2)

Agastachis Herba (18/4/4), Dianthi Herba (5/1/4)

Cirsii Herba (3/-/3), Chelidonii Herba (8/8/-)

Spirodelae Herba (6/2/4), Dendrobii Herba (17/-/17)
Houttuyniae Herba (7/4/3), Melandrii Herba (3/3/-)
Cistanchis Herba (7/-/7), Artemisiae Capillaris Herba (7/7/-)
Taraxaci Herba (6/3/3), Artemisiae Iwayomogii Herba (7/6/1)
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Table 1. (Continued)
Medicinal Parts Used N(n)" Herbal medicines

Eucommiae Cortex (7/3/4), Moutan Cortex (45/-/45)
Mori Cortex (33/6/27), Acanthopanacis Cortex (34/8/26)
Tree barks & 12(323) Cinnamomi Cortex (44/-/44), Lycii Cortex (22/-/22)
Root barks Kalopanacis Cortex (22/1/21), Phellodendri Cortex (28/1/27)
Magnoliae Cortex (53/-/53), Ulmi Cortex (25/10/15)
Albizziae Cortex (5/2/3), Betulae Cortex (5/-/5)

Sophorae Flos (7/-/7), Lonicerae Flos (11/-/11)
Syzygii Flos (17/-/17), Prunellae Spika (9/-/9)
Schizonepetae Spika (23/-/23), Carthami Flos (31/-/31)
Puerariae Flos (6/-/6), Chrysanthemi Flos (17/-/17)
Magnoliae Flos (30/-/30), Maydis Stigma (5/-/5)
Typhae Pollen (7/-/7)

Puerariae Radix (39/21/18), Glycyrrhizae Radix et Rhizoma (64/1/63)
Osterici Radix (25/19/6), Curcumae Longae Rhizoma (15/-/15)
Zingiberis Rhizoma (18/4/14), Alpiniae Officinari Rhizoma (15/-/15)
Sophorae Radix (19/2/17), Drynariae Rhizoma (16/-/16)
Trichosanthis Radix (25/11/14), Cibotii Rhizoma (12/-/12)
Platycodonis Radix (39/14/25), Salviae Miltiorrhizae Radix (26/-/26)
Angelicae Gigantis Radix (34/28/6), Codonopsis Pilosulae Radix (37/-/37)
Rhei Radix et Rhizoma (14/-/14), Araliae Continentalis Radix (28/28/-)
Liriopis Tuber (60/16/44), Imperatae Rhizoma (10/-/10)
Pinelliae Tuber (11/-/11), Sinomeni Caulis et Rhizoma (17/-/17)
Saposhnikoviae Radix (26/3/23), Angelicae Dahuricae Radix (48/17/31)
Atractylodis Rhizoma Alba (55/2/53), Aconiti Lateralis Radix Preparata (26/2/24)
Dioscoreae Rhizoma (40/14/26), Sparganii Rhizoma (18/-/18)
Asiasari Radix et Rhizoma (22/-/22), Rehmanniae Radix Preparata (70/13/57)
Cimicifugae Rhizoma (27/-/27), Bupleuri Radix (47/3/44)
Curcumae Rhizoma (25/-/25), Linderae Radix (34/-/34)
Gentianae scabrae Radix et Rhizoma (9/-/9), Achyranthis Radix (47/7/40)
Curcumae Radix (5/-/5), Polygalae Radix (30/-/30)
Ginseng Radix (10/10/-), Lithospermi Radix (11/-/11)
Asteris Radix (14/-/14), Paeconiae Radix (75/21/54)

Radix & Rhizoma 82(2054)  Fritillariae Thunbergii Bulbus (27/-/27), Anemarrhenae Rhizoma (30/-/30)
Rehmanniae Radix (25/-/25), Atractylodis Rhizoma (26/-/26)
Cnidii Rhizoma (55/19/36), Arisaematis Rhizoma (7/-/7)
Gastrodiae Rhizoma (21/-/21), Asparagi Tuber (36/-/36)
Alismatis Rhizoma (40/13/27), Polygoni multiflori Radix(16/-/16)
Glehniae Radix (29/1/28), Cyperi Rhizoma (59/23/36)
Scrophulariae Radix (33/8/25), Corydalis Tuber (32/-/32)
Scutellariae Radix (46/2/44), Astragali Radix (57/19/38)
Coptidis Rhizoma (36/-/36), Polygonati Rhizoma (19/8/11)
Angelicae Tenuissimae Radix (21/11/10), Phragmitis Rhizoma (9/-/9)
Aucklandiae Radix (37/-/37), Ampelopsis Radix (5/-/5)
Stemonae Radix (5/-/5), Cynanchi Wilfordii Radix (9/9/-)
Lilii Bulbus (4/-/4), Belamcandae Rhizoma (6/-/6)
Adenophorae Radix (10/1/9), Acori Gramineri Rhizoma (36/4/32)
Dipsaci Radix (36/-/36), Polygoni Multiflori Caulis (5/-/5)
Peucedani Radix (10/10/-), Clematidis Radix (16/-/16)
Gypsophilae Radix (5/-/5), Angelica acutiloba (25/10/15)
Angelicae Decursivae Radix (3/-/3), Remotiflori Radix (5/-/5)
Rhei Undulatai Rhizoma (8/-/8), Sanguisorbae Radix (10/-/10)
Gentianae Macrophyllae Radix (12/-/12), Smilacis Rhizoma (5/3/2)
Patriniae Radix (7/-/7), Polygoni Cuspidati Radix (8/-/8)

Flowers 11(163)

209 2)
4333/703/3630
Total 4333))

YNumber of items (Total number of samples)
ITotal number of samples/No of domestics/No of imports

Analytical Science & Technology



The content and risk assessment of heavy metals in commercial herbal medicines 271

Mo AHgSHATh AEE A Ee|FEIAB AL
FYh B 719 L AT B L B}
A AT GRSk ee) met Table |

3} o] HF BT

2.1.2. AlgF & 7]7]

A4 AH8H BE Aok EF6 F3te Al%S
TYst ARSI, SFTE 2eFAIRFA Milli-
Q EQ 7000 with RiOs essential 5, Merck, Darmstadt,
Germany)Z ©]&3lo] 182 MQ 522 BAH &7
TFE AHEEIlem, A ge A Al E flal ALk (Wako
Pure Coporation, Osaka, Japan)S AM8-3F5 Tl A & ol
AMEE RE &)= EEdEd 2 Z == A
2L A3 2™, microwaved express vessel
5% A & 24A7F HE T 255 FHRTE A
A3tk A5 E3] § 5A o 34| (Avantec, Hyundai
micro Co, Seoul, Korea)S AFE-51o] o 7}51% )

7= E, vAe £ 25899 Multi-element
standard for ICP/MS (10 pg/mL, Agilent, Santa Clara,
CA, USA)E A&3lla, 2 XFEFS IRMM
(Institute for Reference Materials and Measurements,
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Table 2. Operating conditions and parameters for ICP-MS
and mercury analyzer

Instrument Parameter Oper'aFlng
conditions
RF power 1,550 W
Ar gas flow
Plasma gas flow 15.0 L/min
ICP-MS  Nebulizer gas flow 1.03 L/min
Auxillary gas flow 0.90 L/min
He gas flow 4.5 ml/min
Analytical elements As, MCd, 2%Pp
Decomposition temp. 650 °C
Decomposition time 130 °C
Mercury Purse time 60 sec
analyzer Amalgam. time 12 sec
Record time 30 sec
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C x DD x ET x EF
BW x AT x CF

ADD (ng/kg b.w./day) = M
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=2 270

ADD (Average daily dose) :

[ADD : Dose rate averaged over a pathway-specific
period exposure expressed as a daily dose on a per-unit-
body-weight basis]

NES FTH

B
=

C (Concentration of heavy metal) :
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DD (Daily Dose) : U Y58 2F(g/day)
717 H(year)
EF (Exposure Frequency); =21 (day/year)
BW (Body Weight) : 8% (kg)
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20
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Table 3. Elemental quantities by ICP-MS and mercury analyzer
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PPo AFEe Buss
(Reference point)S. 2 Wl X W}
(Benchmark Dose Lower Confidence Limit) (BMDL,)

ARBEEL, o] FHE dUHH=EHADD)SE Lhe
=EQHG R &SI 4714 BMDL,,
JopRol A AIAI G A A 9% AESA
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ADD (Average Daily Dose) : Human exposure (pg/
kg b.w./day)

223 E72A
BE BAE 38 o4 W 24adT, B4 A%

or the Social Sciences,

A=

244 9

+ SPSS 24.0 (Statistical Package for
IBM SPSS Inc., Chicago, IL, USA)E A}-g3}¢]
o] B+, EFUA ¢ HAE At ¢
oFER9] 7he] FoAHdE SHREE TTest, ANOVA-
tests ARE-SFe] 241819 0, AR © 2= Duncan’s
multiple range test (p <0.05)% A3} T}

3. d1 4 9|
31. 3+ ZF
g, 7teE B HAe RS 0.5~50 pgkesl F

for certified reference material

Certified Measured

Element (mg/kg) (mg/kg) Rec;very C.(;/. ’ LOEZ) LO(E) Lin;a;rity
Mean® < SD Mean = SD (%) (%) (nghkg)  (ugkg) (R%)
Pb¥ 0.0049 £ 0.0012 0.0047 + 0.0001 95.1 3.11 0.0010 0.0033 0.9997
Ccd” 0.3592 + 0.0067 0.3295 + 0.0039 91.7 1.21 0.0002 0.0006 0.9999
As® 0.068 + 0.012 0.066 + 0.004 96.9 6.69 0.0030 0.0092 0.9998
Hg” 0.128 +£ 0.017 0.126 £ 0.002 99.6 1.23 0.0007 0.0019 1.0000

UCoefficient of variation = (standard deviation/mean value)
ILOD =3.3 x (o/S), ?LOQ =10 x (c/S)
o: standard deviation of the response, S: slop of the calibration curve
“Mean values obtained from three measurements
SKRISS CRM 108-10-004
SNIST CRM 1570a
"IRMM CRM BCR®-277R
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o] A SXC.V.)E 3.11, 121, 6.69, 1.23 %= ZH =Tt
(Table 3). HolAF7t 15% ©]8td w) dolgol that

A o] YT ZOoE HyE oz B o

Ao A5t i EOlD%
FFiolEZ oje}

T e %‘%k(mgﬂ(g)%
0.685, 3 7 0.604, 3}

& At
Agq =

1228, &5

_|1m

m?i

HAxF 1.290, ¢

0.586, (73)

Table 4. The content of heavy metal in herbal medicines by medicinal parts used (Unit : mg/kg)
Medicinal n
Parts Used N Pb Cd As Hg

Above ground parts

2)a
Fructus 700 0.232 + 0.394

0.042 + 0.063%

0.077 + 0.138®

0.004 + 0.004*

(ND-4.615)” (ND"-0.568) (ND-1.157) (ND-0.041)
Pericarpium " 0.156 + 0.177° 0.018 + 0.026° 0.034 + 0.033° 0.003 + 0.003°
(ND-1.029) (ND-0.199) (ND-0.208) (ND-0.018)
Stems & Woods 179 0.685 + 0.887% 0.116 + 0.142¢ 0.071 + 0.092% 0.010 £ 0.010¢
(ND-5.400) (ND-0.604) (ND-0.579) (ND-0.074)
Leaves 54 1.228 + 2.829% 0.131 + 0.154¢ 0.290 + 0.453f 0.015 + 0.012f
(0.010-20.112) (ND-0.620) (ND-3.265) (ND-0.050)
Crytogams 106 0.355 + 0.605° 0.074 + 0.139" 0.087 + 0.116° 0.009 + 0.011¢¢
(ND-2.886) (ND-0.928) (ND-0.463) (ND-0.083)
Semens 417 0.123 + 0.521° 0.043 + 0.052% 0.046 + 0.082% 0.003 + 0.005
(ND-8.700) (ND-0.335) (ND-0.980) (ND-0.070)
1.290 + 10.895° 0.105 + 0.191¢ 0.191 + 0.340% 0.012 £ 0.012¢
Whole herbs 226 (ND-164.000) (ND-2.096) (ND-3.073) (ND-0.081)
Tree barks & 123 0.604 + 0.805 0.100 + 0.111¢¢ 0.143 + 0.164¢ 0.008 + 0.009"
Root barks (ND-4.391) (ND-0.552) (ND-1.074) (ND-0.079)
Flowers 163 0.586 + 0.495° 0.059 + 0.060% 0.212 + 0.264° 0.007 + 0.006"
(ND-2.679) (ND-0.318) (ND-1.825) (ND-0.06)
Total 2279 0.456 + 3.519 0.066 = 0.107 0.104 + 0.193 0.006 % 0.008
(ND-164.000) (ND-2.096) (ND-3.265) (ND-0.083)
Underground parts
Radix & Rhizoma 2054 0.367 = 0.601° 0.126 + 0.239¢ 0.155 + 0.211% 0.004 + 0.005°
Total (ND-6.599) (ND-8.200) (ND-2.607) (ND-0.090)
YNumber of samples
2Mean + SD.
JRange.

“ND : Not Detected.

SEach group (a to f) has statistically significant difference by Duncan’s multiple range test at p < 0.05.
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Table 5. The content of heavy metal in herbal medicines by origin (Unit : mg/kg)

Medicinal " Pb Cd

As Hg

Parts Used Domestic Imported Domestic

Imported

Domestic Imported Domestic Imported

Above ground parts

0.419 £ 1.34770.462 + 3.761 0.064 % 0.148 0.066 % 0.098 0.074 + 0.151%0.109 % 0.199 0.006 + 0.008 0.006 + 0.008

326/1953 (ND-20.112)” (ND*-164.000) (ND-2.096)

Underground parts

(ND-0.928)

(ND-1.650)  (ND-3.265) (ND-0.081) (ND-0.083)

0.252 + 0.412%0.393 + 0.633 0.097 +0.085%0.133 + 0.260 0.123 = 0.172% 0.162 + 0.2180.003 + 0.003%0.005 + 0.005

37711677

(ND-4.295) (ND-6.599)  (ND-0.711)

(ND-8.200)

(ND-2.136)  (ND-2.607) (ND-0.017) (ND-0.090)

0330+ 0.969 0.430 + 2.792 0.082 +0.120%0.097 + 0.194 0.101 + 0.165% 0.134 % 0.2090.004 + 0.006%0.006 + 0.007

Total - 703/3630 " \1p20.112) (ND-164.000) (ND-2.096)

(ND-8.200)

(ND-2.136)  (ND-3.265) (ND-0.081) (ND-0.090)

YNumber of samples
?Mean + SD.
YRange.

“ND : Not Detected.

S¥p-value shows significant differences of heavy metal contents between domestic and imported herbs (t-test, <0.05)

F 0367, 234 EF 0355, FAF 0232, FIF
0.156, A5 0.1230| U th G AR A2 F
2 FR/7F A 2 FEY o] o4
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ARG A FOA FHR] FELE =4 IR
g e FES vEd A Fe] BRietk H|
RATEE =tatzh 9] dheFAle] =g Hd T
2Fo] 0.082, =40 0.0972 F-& <l ZJol7) 9
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Table 6. The estimated human daily exposure and MOE value of Pb for risk characterization in herbal medicines

Radix & Rhizoma

(2.50~481.23)

(1.54~373.98)

(2.61~700.69)

Pb (MOE)"
Medicinal Parts Used Domestics Imports
Mean Max Mean Max
Fruct 184.96? 477.15 81.04 271.40
fuctus (15.87~587.68)°) (143.45~2024.23) (3.65~755.71) (20.17~2576.29)
o 166.66 56.15
Pericarpium 247.14 49.43 (110.13~244.07) (20.66~76.02)
45.43 21.62 91.18 13.42
Stems & Woods (17.20~125.33) (6.79~56.55) (11.63~483.05) (1.89~46.37)
Leaves 49.45 21.01 69.82 38.62
(3.72~107.17) (0.85~48.67) (13.56~279.66) (3.71~157.44)
Crvotosams 1816.11 610.98 373.75 157.93
rypog (34.85~3537.37) (42.84~1179.12) (33.61~378.64) (7.41~451.65)
Semens 826.48 239.99 422.74 146.27
(246.43~1700.35)  (139.07~344.67) (38.69~2024.23) (2.67~674.74)
60.53 30.09 67.93 4332
Whole Herbs (4.03~191.63) (1.55~134.03) (0.68~265.68) (0.17~265.68)
182.95 151.91 59.90 21.16
Tree barks & Root barks (23.64~548.50) (11.95~548.50) (10.15~167.52) (3.06~72.66)
Flowers ) ) 108.02 28.00
(5.11~590.40) (1.32~115.41)
136.95 74.38 99.71 32.66

(2.46~207.02)

YMOE : Margin of Exposure = BMDL,, (benchmark dose lower confidence limit)ADD

YMean
JRange

(74.38) > T F(151.91) > FAF(239.99) > I 7(477.15)
> 2312 E7(610.98) ol on, it T EF
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A AxF FolAe 89 F+as Hdlgkel
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thulste] %= YeERN Atk Table 7). F&5F-914E JI=F
Aztel o] Yl se A=A 7E ] =
Ak =90 ZFzE 0.1348~1.7357 %, 0.3012~1.5651 %=
o] GA vebgth 28u Y T 24 R B
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Table 7. The hazard index (%) of heavy metals in herbal medicines by medicinal parts
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Hazard Index (%)"

Vol. 36, No. 6, 2023

Medicinal Domestics Imports
Parts Used cd As Hg cd Hg
Mean Max Mean Max Mean Max Mean Max Mean Max Mean Max
0.19717 03644 0.0014 0.0083 0.0135 0.0366  0.1912 04641  0.0063  0.0239 0.0219 0.0800
Fructus  (0.0080~ (0.0080~ (0.0006~ (0.0006~ (0.0065~ (0.0084~ (0.0027~ (0.0093~ (0.0001~  (0.0004~  (0.0063~  (0.0147~
0.6225)” 0.7718) 0.0030) 0.0425) 0.0294) 0.0785)  0.9912)  1.8520) 0.0566)  0.1073)  0.0514)  0.2103)
0.0639 03012 0.0020  0.0078 0.0167 0.0622
Pericarpium ~ 0.0213 02170  0.0008  0.0030 0.0168 0.0841  (0.0228~ (0.0619~ (0.0015~ (0.0031~  (0.0140~  (0.0280~
0.1206)  0.7078)  0.0026)  0.0119)  0.0206)  0.0925)
st g 04543 08707 00061 00117 00526 00920 05582 14497 00086  0.0235 0.0831 0.2142
;‘/‘(‘)f)g‘: (0.0142~ (0.0285~ (0.0009~ (0.0028~ (0.0140~0 (0.0360~  (0.0228~ (0.2576~ (0.0009~ (0.0061~  (0.0051~  (0.0206~
1.2227) 1.6451) 0.0124) 0.0174) .1285) 0.1519)  12116) 3.7051)  0.0278)  0.0489)  0.2337)  0.5187)
04009 0.6239 0.0071 00129 0.0909 0.1402  0.5733 09293  0.0182  0.0528 0.0555 0.1109
Leaves  (0.1156~ (0.2045~ (0.0025~ (0.0042~ (0.0327~ (0.0514~ (0.0246~ (0.1334~ (0.0057~ (0.0081~  (ND~ (ND~
0.8640) 1.2846) 0.01473) 0.0233) 0.1612) 02103)  1.3629) 2.0215) 0.0349)  0.1774)  0.1234)  0.2570)
0.0590 0.1348  0.0011 0.0022 0.0304 0.0500 02385 07259  0.0042  0.0188 0.0375 0.1305
Cryptogams  (0.0447~ (0.1341~ (0.0004~ (0.0011~ (0.0073~ (0.0219~ (0.0753~ (0.1035~ (0.0007~  (0.0013~  (0.0036~  (0.0067~
0.0734) 0.1354) 0.0018) 0.0034) 0.0534) 0.0781)  0.5398)  1.6509)  0.0077)  0.0414)  0.0594)  0.2338)
0.1152  0.1898  0.0005 0.0013 0.0050 0.0191  0.1437 04398  0.0044  0.0148 0.0215 0.0765
Semens (ND~ (ND~ (ND~ (ND~ (ND~ (ND~  (0.0124~ (0.0249~ (0.0003~ (0.0010~  (ND~  (0.0140~
03735) 0.5913) 0.0010) 0.0041) 0.0070) 0.0393)  05913)  1.8472)  0.0207)  0.0726)  0.0561)  0.1963)
0.8407 17357 0.0174 0.0279 0.0850 0.1696  0.6448  1.1232  0.0208  0.0326 0.0908 0.1396
Whole Herbs (00302~ (0.0605~ (0.0024~ (0.0040~ (0.0224~ (0.0379~ (0.0445~ (0.0934~ (0.0024~  (0.0024~  (0.0051~  (0.0154~
2.6508) 6.8340) 0.0630) 0.0757) 02383) 0.5678)  2.4809) 32812) 0.1001)  0.1366)  0.3855)  0.6426)
Tree barks & 02552 04054 00053 00173 00225 00361 03842 07448 00104  0.0311 0.0530 0.1607
Root barks  (0-0578~ (0.0578~ (0.0005~ (0.0005~ (ND~  (ND~ (01174~ (0.1627~ (0.0011~ (0.0025~  (0.0168~  (0.0421~
0.7959) 0.9358) 0.0175) 0.0785) 0.0421) 0.0622)  0.8314) 1.6332) 0.0402)  00974)  0.1865)  0.7014)
04263 11199 00175  0.0472 0.0530 0.1607
Flowers - - - - - - (0.0107~  (0.0534~ (0.0011~  (0.0034~  (0.0168~  (0.0421~
23787)  6.4469)  0.0474)  0.1408)  0.1865)  0.7014)
Radix & 04218 08021 00150 00399 00216 00576 07192 15651 00130  0.0378 0.0361 0.1040
Rhizoma  (0:0391~ (0.0391~ (0.0012~ (0.0012~ (0.0051~ (0.0051~ (0.0293~ (0.1200~ (0.0012~ (0.0019~  (ND~ (ND~
1.4981) 2.6469) 0.1820) 0.6240) 0.0467) 0.1963) 10.5249) 26.7361) 0.0609)  03864)  0.2243)  0.4626)
DHazard Index (%) : ADD (ug/kg b.w./day)/HBGV (ug/kg b.w./day) x 100
IMean
9Range
dayS Hg50] 14 Ghopy) Bgoz Q13 vl 913} 4.4 =
EE JAEERMIE UY] %= JERN ATK Table 7).
oFg- RO A& Huighe] Hae fElEE AA=E 201958 202197kA] M EA Gl A {F=H =
AZE ] S =9 ZHE 0.0013~0.0399 %, 2090F 9] Fekx] 433374 thAte g i, 7t=E, u]
0.0078~0.0528 %= vi-§- S Al UEht b Aoz A& 52 A2 fElease dEe AL, oFE
sk, B e
T QA EEZMAT TS A FFEAAAA Y W, IR, H&e 22 S35 %%, Microwave
2 FHHaE 7 R Frt A whEr F7H4 Digestion SystemS A&-3te] A2t #3] & ICP-MSS
F A 3.7 pgkg bwiweekE A AISIF OB ZH o] ARESt SN, 22 AR E AH 2R
e HNea] Foka] Hgo® QI3 2o AFE o Fske] ZHAANUTh wel EoW gy
S eI AtKTable 7). SFEF-1E 2 Hulgtel 3 0.123~1.290 mgkgS 2 AFH-919 A2Fo} ARl
79 FEAlEs AA=EFA7E W] T4 9 A=A et BUEE A3 979 vgE
Z+Z} 0.0191~0.1696 %, 0.0622~0.2142 %= vj-$- w2 =] xR0 sl AxFY dAx, ¥4, vk},
Szoz B el 723} Ao 22t 1102 F 8704
W e Zssse, AEEel Ya drode
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0.018~0.131 mgke® 97, 2()F. 5
L}EFSE © H (ANOVA-test, p <0.05), T+%

HNER 7EAE 2HHAT SERe 4, 9
H 5

Lo
=
o
FR
>
B
S
1o
k=)
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