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Heavy Metal Contents of Herbal Medicines
Unregistered in Official Compendiums

Herb Medicine Inspection Team

Kwang-ho Hwang, Sung-deuk Lee, Jung-sook Lee, Sook-kyung Ko,
Hee-soon Kim, Yoo-kyung Kim, In-sil Yoo, Dong-yoon Kim,
Kee-young Han and Young-zoo Chae

Abstract

This study was carried out in order to evaluate the content of lead, arsenic,
cadmium and mercury in herbal medicines unregistered in official compendiums. Exactly
59 types and 146 items of herbal medicines were treated by microwave digestion
method, and heavy metals(lead, arsenic, cadmium) were analyzed by ICP-MS(Inductively
Coupled Plasma-Mass Spectrometry), and mercury was determined using a Mercury
analyzer(MA-2). The range and average content of heavy metals in the herbal medicines
were as follows : [Range: (arsenic ND~2.553 mg/kg, cadmium ND~0.352 mg/kg, lead
ND ~ 6.128 mg/kg, mercury ND~0.222 mg/kg), Average: (arsenic 0.158 mg/kg, cadmium
0.072 mg/kg, lead 0.773 mg/kg, mercury 0.013 mg/kg)]., 6 individual heavy metal standards
of herbal medicines were exceeded: Polygala japonica(Youngsincho) 6.128 mg/kg(in
lead), Salicornia herbacea L.1(Hamcho) 0.458 mg/kg(in cadmium), Salicornia herbacea
L.2(Hamcho) 0.368 mg/kg(in cadmium), Eucommia ulmoides oliver(stem of doochung)
0.352 mg/kg(in cadmium), Chrysanthemum indicum L.(yagook) 0.330 mg/kg(in cadmium),
Silkworm larvae(wongamah) 0.308 mg/kg(in mercury)

Key words : ICP-MS, MA-2, Heavy metals, Herbal medicines, Official compendiums
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Table 1. Information of herbal medicines unregistered in official compendiums

Case

Parts used

Scientific name

Korean name

Semen

Fagopyrum esculentum

Folium
Radix

Lycium chinesis miller Iycill

Heliantus tuberosus

Cortex

Cudrania tricuspidata

A

Celastrus orbiculatus Caulis

=
€]

A}

o

Animal

Silkworm

Fructus

Trapa bispinosa

2l

il

Lignum
Herba

Broussonetia kazinokii

S
kil

Commelina communis L.
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Table 1. (Continued)

A = Cirsium maackii Herba 1
o 2] A} Helianthus tuberothus L. Radix 1
FEA Eucommia ulmoides oliver Ramulus 4
4 Sorbus commixta Lignum 4
Hdd Angelica utilis makino Folium 1
317 Fraxinus rhtynchophylla hance Cortex 1
IR Actinidia arguta Caulis 6
A Poria cocos Cortex 1
Ab}s Luffa cylindrica Caulis 1
A5 Acer tegementosum maxim Lignum 5
bl % Saururus chinensis Herba 8
A 735 Zingiber officinale Cortex 1
A Rhynchosia volubillis Semen 1
vl 5 Ailanthus altissima Cortex 4
4 Pinus densiflora Folium 7
4 Pinus densiflora Ramulus 2
T4 Cornu bubali Animal 1
A4 Diospyros kaki L. Folium 6
4 x Commelina communis Herba 1
PR Semen pruni Fructus 5
ofTF Lespedeza cuneata Herba 6
oful Polygonati mutiflori Caulis 3
of=r Chrysanthemum indicum L. Flos 1
- Momordica charantia Cortex 1
GAz Polygala japonica Herba 1
A A} Rasa multiflora thunberg Semen 1
S 7t g Acanthapanax sessiliflorus Fructus 2
© 714} Cornu bos tauri Animal 1
Ao} Silkworm larvae Animal 2
|} Oenothera odorata Semen 5
Az Oenothera odorata Herba 1
FA2He] Citrus junos Cortex 1
&3 Castanea crenata Cortex 1
A5 Oryza sative Testa 3
HgE Alnus japonica steudal Lignum 1
439 Sorbus commixta Cortex 3
il Eugenia caryophyllata Cortex 1
A -5 Hovenia dulcis Lignum 7
bt Rhododendron mucronulatum Radix 2
A Harpagophytum procumbens Radix 1
=%k Stachys sieboldii Animal 1
2} Juglans regia L. Cortex 1
o E Clerodendrum trichotomum Folium 1
2 7 & Chicorium intybus Folium 1
B 2} Poncirus trifloiata Semen 4
YLt Vitis labrusca Radix 5
I=s Vitis labrusca Caulis 5
sk x Salicornia herbacea L. Herba 6
Elicgss Endothelial dysfunction Radix 4
3} =1 Betulae platyphyllae Cortex 1
Total 59 Kinds 146 Cases
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Table 2. Case of samples according to parts used

Caulis Cortex Flos Folium Fructus Herba Ligum Radix Ramulus Semen Testa Animal Total

Domestic 16 16 1 17 5 26 18 16 3 13 3 3 137
Imported 1 3 1 1 3 9
Total 16 17 1 17 8 27 18 17 3 13 3 6 146

2. AE38Y =H &
1) Pb, As, Cd M= st THMe| I 24717
kel FRHEA 7]% 5L AR (5)
upeh o, v A9 e
gloll Microwave Dlgestlon System (MARS 5
Version 194A01, CEM, North Carolina,
USA)E o] &3l9 Tt A gle] A= nlo]aE
dolB #3 &7l AR 0.5gS AYUSH D"O}
Y AXH(Electronic grade) 12mLE 7}3 &
Hoodoll A W=ate] oulia] § &71& HaHst
11,200 W powerd| A 1587F 200 C7HA] A4
7 St 2EE Ak, 187 210C7HA
z frAlsta oAl 17 220C7}
A e AZ F 5t frAske] skt olE
g 2rlsta g7)el  HAikstra
(Electronic grade) 1mLE 7Fato] @4x171 &
ZTETE 7}0}01 50 mLZ 3]A1 &} /\]-ahq_oﬂoi
skaet.

Table 3. Operating conditions and data acquisition
parameters for ICP-MS

Parameter Operating conditions
Rf power 1,500 W
Argon gas flow rate
Plasma 15.0 L/min
Auxiliary 0.27 L/min
Carrier 0.85 L/min
He gas flow rate 2.5 mL/min
Sampling and skimmer cones Pt
Acquisition parameters Quantitative
Points/mass 3
Integration time/mass 0.1
Total acquisition time/replicate 7.28
Replicate 3
Total acquisition time/sample 21.84

2245 913l Octapole Reaction System(ORS)
o] B2=% Inductively Coupled Plasma-Mass
Spectrometer (Agilent 7500ce, Agilent, Tokyo,
Japan)& AR&ste] SAstelon, 717134 24

< 3 37 2o

T AsAETFH7I7E F2E Mercury
analyzer (Model MA-2, Nippon Instruments
Co., Japan)& AHS-sTE Al 50 mgs 3

< 713AA o

(Combustlon Gold
a4 253.7 nmol| A
F 49} 2}

algamatlon Method)
Asion 717 EAREE

HE;>

Table 4. Operating conditions of mercury analyzer

Parameter Operating conditions
Mode selector Standard.i 1
Sample : 2

Gas washing bottle Buffer solution : HoO =1:1

Flow meter 0.5L/min

Mercury collector Hs Preheating at about 160C

Decomposing furnace Hy  Heated at about 850C
Carrier gas Purified dry air

Heating mode Two available modes

Heating temperature 600C
- Standard @ unnecessary
Additive Sample : M+S+M+B+M*

* M : Sodium carbonate anhydrous : Calcium
hydroxide = 1 1
B @ Aluminium oxide anhydrous

S @ Sample
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3. ZE Ay

Pb, As, Cd ZFE&H2 ICP-MSE multi-
element standard(10g/ml, Agilent, USA)E
AE T8l Aot sYe FE A4 &9(16.8%
HNOs) 2.2 0.5, 1.0, 2.0, 5.0, 10, 20, 50 %
100 ug/kgo.2 ZAEt 1 Hg 5892 Hg &
=Y H(1,000 mg/kg, Wako, Japan)S 0.001%
L-cysteine £9(98%, Nacalai Tesque Inc.,
Kyoto, Japan) &2 0.5, 1, 2, 5, 10 ¥ 20
ug/kgo & At AgHE A

s

O, 1,

0.020, 0.089, 0.009 pg/kg °laL, AFgA=

0.034, 0.062, 0.272, 0.026 ug/kg °IATt. &,

FIEH, W] AEAL 0.5~100 pg/ked

A AXA(r=0.9995~1.0000)% B, 5
2.0-20 pg/kge] FEAA r=0.9999S Hr}.

FAA WA kA 59% 1467 (AF 1374,

, =R,
5 A= ® 59
2t A FHE FasrEgS 14 0.158 mg
0.773 mg/kg, F=

EHE~
2.553 mg/kg, J1=F EHE~0.352mg/kg, F =
T BHE~0.222 mg/kgel

Ak g 5(2)2 FAA FAE ALAN FF
ghokA) (1,44271) 9] B el HlA 0.100 mg/
414 mg/kg, T

()

el

[e)
8=

0.010 mg/kg ©| H3)] 25
2ufjol 7}k

&
el

[¢)

FEol9la 53

195 (" 1),

Concentrat

[mg/ke]
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07
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Fig. 1. Comparison of heavy metals according
to registered and
official compendiums.

unregistered  in

Table 5. Heavy metal contents in herbal medicines unregistered in official compendiums

NO. Sample name Case As(mg/kg) Cd(mg/kg) Pb(mg/kg) Hg(mg/kg)
1 L 2 ND* 0.029 0.021 0.002
2 714 1 2.553 0.262 1.299 0.033
3 =5 1 0.047 0.057 0.125 ND
4 I B 1 ND ND 0.080 0.001
5 Abs 1 0.003 0.032 1.060 ND
6 ol 1 0.039 0.006 0.063 0.010
7 < 1 0.224 0.020 0.208 ND
8 g 1 0.017 0.007 0.110 ND
9 e L] 3 0.192 0.040 1.332 0.006
10 oA = 1 0.094 0.201 1.521 ND
11 o 2] A} 1 0.080 0.011 0.062 ND
12 A 4 0.021 0.186 1.108 0.004
13 o4 4 0.032 0.070 0.552 0.008
14 B 1 0.005 0.028 0.228 ND
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Table 5. (Continued )

15 25 1 ND 0.020 0.363 0.002
16 IR 6 0.030 0.071 0.628 0.001
17 £y 1 0.512 0.068 4.333 0.010
18 AtakE 1 0.219 0.261 3.711 0.070
19 b = 5 0.011 0.179 0.846 0.009
20 Al 2 8 0.074 0.016 0.618 0.027
21 A7} 1 0.749 0.154 2.965 0.006
22 A 5 1 ND 0.031 0.146 ND
23 ELE 4 0.024 0.022 0.591 0.005
24 %9 7 0.104 0.084 1.079 0.025
25 ! 2 0.016 0.114 0.270 0.002
26 7t 1 0.209 ND 0.302 0.004
27 A 6 0.044 0.038 1.093 0.030
28 A = 1 0.048 0.092 0.628 0.020
29 PE & 5 0.016 0.010 0.192 0.004
30 oFTHF- 6 0.032 0.034 0.297 0.006
31 oFu T 3 0.153 0.043 0.739 0.018
32 oFr 1 ND 0.352 0.724 ND
33 F 1 0.016 ND 0.090 ND
34 RS 1 1.266 0.240 6.128 0.075
35 ERR 1 0.035 0.009 0.042 ND
36 Q79 H v 2 0.037 0.029 0.134 0.001
37 -7k 1 ND 0.005 0.390 0.010
38 Ao} 2 ND 0.026 1.171 0.222
39 AA= 5 0.068 0.038 0.494 0.005
40 dAx 1 0.014 0.049 0.728 0.006
41 Fr A 1 0.021 0.009 0.081 ND
42 & 1 ND 0.024 0.081 ND
43 A 57 3 0.378 0.050 0.127 0.007
44 A oF 1 ND 0.022 0.334 ND
45 55 3 0.035 0.082 1.059 0.007
46 7 ko] 1 1.000 0.058 0.996 0.011
47 A5 7 0.016 0.015 0.297 0.001
48 sl 2 0.021 0.010 0.053 ND
49 He 1 ND 0.016 0.095 0.008
50 =47 1 0.019 0.013 0.364 ND
51 FA} 1 ND 0.001 0.106 ND
52 Ao % 1 ND 0.020 0.490 ND
53 27 2 1 ND 0.135 0.202 ND
54 e <} 4 0.432 0.017 0.572 0.002
55 IR 5 0.158 0.067 0.452 0.007
56 R 5 0.084 0.080 0.342 0.005
57 % 6 0.179 0.243 1.158 0.013
58 A 4 0.014 0.192 1.477 0.002
59 5y 1 ND 0.265 0.937 0.109
Mean 0.158 0.072 0.773 0.013

* ND : Not detected.
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1
24%, 15.5%, 6.5% —’FZ‘EE | RS RS

& FAGT. 3 A ek A S skl
2} HAA Al ARRE %7]x]°ﬂ BEY 595 ¢
skl ¥4 0.014 mg/kg, 7H=F 0.009 mg/ke, &
0.043mg/kg, & 0.001 mg/kg I AEAE EY
it 5% vA 6.600 mg/ke, FF=F 0.650
mg/ke, ¥ 38.900 mg/kg, F& 0.086 mg/kg I} H]
Wkl FEE oo] AH R A7 Zo 77t
9 B& AAE #7793, 4).

2f
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ook
30

44 Al A4 1467 5 6719]
o= UrE‘rk}%Eﬂ el A <dal
27} 6128mg/kg FhegelA Fhx 27le] 747t
0.458 mg/kg, 0.368 mg/ke, TFZ] 0.352 mg/ke,
ok 0.330 mg/kg, FEolA Axtolrt 0.308 mg/
kg ol HAV|ES 2Fshe FES o
(5). Aol FAFAYES B FEJAYTO
2 200613l YA olA FA A
ATHE). A 7]E 2HE 41%2 o
Ao Al FAA o FAE FEEHE A
Z3H 20099 2 5%, 20101 1.3%¢°] Hl&) 2
=2 FAATH2). AgoFEA gl A gherA)
&5 AXE AWU} 20003 Zol&= V&%
5%fH°ﬂ~tﬂ A st dE A
FA-A FAE dFAE o
N FEEE ZAD] o] FoXa 9l v
grekao] 7= wElel AR ol
>0 =

o o rob & ofy
Hlo¥9 oxl 3 12 mo ol rﬁ N

|o

[e]
749, B9] 0. 512 edz} 0.432, XH 7 0. 378
ol 0.224, A5 0.219, 7 0.209 mg/kg

olal FFEFS] 4 ok 0.352, 33 0.265,
7719 0.262, AHHs 0.261, 3% 0.243, 9A%
0.240, A% 0.201, &g 0.192, FFA
0.186, AH4& 0.179mg/kg 2 vEbon ol
739 GAx 6.128, B3 4.333, Albs 3.711,
A7F9] 2,965, hAZ 1.521, s 1.477, 270
vl 1.332, 7719 1.299, Qzke} 1.171, ¥x
1.158 mg/kg o1 om &9 AL Axtol (0.222,
stE3) 0.109, FA1% 0.075, AHs 0.070, 7
g 0.033, Al 0.030, AWz 0.027, £9
.020, okil%s 0.018 mg/kg ©I%d

AGFEo A =2 o

g EEE R
TS YEhd galxe) Yxtole %&A}oi o}
Ak ghekAl Bt AAAR] F2 #YE Sl o

Z(mg/kg)> Testa
(0.378), Folium(0.209), Semen(0.162), Cortex
(0.147), Herba(0.143), Caulis(0.080), Radix
(0.065), Fructus(0.047), Animall(0.044), Lignum
(0.017), Ramulus(0.011), Flos(0.000)<=o]} 2
o, JF=E9 Bt 3 (mg/ke) S Flos(0.352),
Ramulus(0.110), Radix(0.109), Herba(0.092),
Caulis(0.078), Folium(0.074), Lignum(0.073),
Cortex(0.055), Testa(0.050), Semen(0.027),
Fructus(0.016), Animall(0.012)s=0]1a @]
Hit M- (mg/kg) S Herba(0.988), Folium
(0.961), Cortex(0.916), Caulis(0.779), Flos
(0.724), Radix(0.698), Animall(0.577), Ramulus
(0.555), Lignum(0.498), Semen(0.384), Fructus

(0.179), Testa(0.127)=o2 YElt 22
SEASHA7E 0.078 mg/kg= WA =gkom
iz 284 Aok gHarol ‘51'9}‘:} Fe54

2 7 =2 HEHYE UEd FEESE A
™ H|AE FoliumolA E4&~ 2.553 mg/kg, 7}
T H-E Herbaold 0.035~0.458 mg/kg, o 53

fz
e}
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Table 6. heavy metal contents in herbal medicines unregisterd in official compendiums(mg/kg)

Part Number Heavy metal Min Max Mean SD
Caulis 16 As ND* 0.370 0.080 0.116
Cd ND 0.261 0.078 0.059
Pb ND 3.711 0.779 0.881
Hg ND 0.070 0.010 0.018
Cortex 17 As ND 1.000 0.147 0.294
Cd ND 0.265 0.055 0.066
Pb 0.080 4.333 0.916 1.093
Hg ND 0.109 0.011 0.025
Flos 1 As ND ND ND 0.000
Cd 0.352 0.352 0.352 0.000
Pb 0.724 0.724 0.724 0.000
Hg ND ND ND 0.000
Folium 17 As ND 2.553 0.209 0.590
Cd ND 0.262 0.074 0.064
Pb 0.202 2.167 0.961 0.499
Hg ND 0.049 0.023 0.015
Fructus 8 As ND 0.224 0.047 0.070
Cd 0.001 0.035 0.016 0.010
Pb 0.043 0.394 0.179 0.102
Hg ND 0.014 0.002 0.004
Herba 27 As ND 1.266 0.143 0.243
Cd 0.008 0.458 0.092 0.113
Pb ND 6.128 0.988 1.141
Hg ND 0.093 0.017 0.021
Lignum 18 As ND 0.070 0.017 0.018
Cd ND 0.255 0.073 0.079
Pb 0.096 1.208 0.498 0.359
Hg ND 0.034 0.005 0.008
Radix 17 As ND 0.586 0.065 0.135
Cd ND 0.330 0.109 0.103
Pb ND 3.716 0.698 0.911
Hg ND 0.015 0.004 0.005
Ramulus 3 As ND 0.022 0.011 0.009
Cd 0.025 0.204 0.110 0.074
Pb 0.245 1.127 0.555 0.404
Hg ND 0.003 0.004 0.001
Semen 13 As ND 1.665 0.162 0.440
Cd ND 0.060 0.027 0.018
Pb ND 2.105 0.384 0.676
Hg ND 0.010 0.002 0.005
Testa 3 As ND 0.683 0.378 0.283
Cd ND 0.089 0.050 0.035
Pb 0.071 0.227 0.127 0.072
Hg ND 0.012 0.007 0.005
Animall 6 As ND 0.209 0.044 0.075
Cd ND 0.047 0.012 0.016
Pb 0.063 2.135 0.5717 0.705
Hg ND 0.308 0.078 0.113

* ND : Not detected.
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HerbaolA 0.227~6.128 mg/kg, 181 & (0.044), Lignum(0.017), Ramulus(0.011),
Animallol A E71%~0.308 mg/kgo 2 A1}, Flos(0.000)&o)gem. 7t=g9] Ha 3h5%
2 (mg/kg) & Flos(0.352), Ramulus(0.110),

ol FHEY ol o, F7], £ 22 A Rad1x(0.109), Herba(0.092), Caulis(0.078),
F7b ARy foHQl oA =9ka, Ve Folium(0.074), Lignum(0.073), Cortex
< 298 AEE AP o BTt o= (0.055), Testa(0.050), Semen(0.027),
Ase] Aol we FE5e] FYEEte Fructus(0.016), Animall(0.012)s=0]1aL ‘e
AR 8l E7], Foll A 5= o] Udd A At -3 (mg/kg)-> Herba(0.988), Folium
oz A7t ol A (1) F&HH Tu5 (0.961), Cortex(0.916), Caulis(0.779), Flos
A HirgEel £71F 2.046 mg/kg A 1886 (0.724), Radix(0.698), Animall(0.577),
mg/kg, ?‘2}% 1.116 mg/ke, E35 1.377 mg/ke, 5 Ramulus(0.555), Lignum(0.498), Semen

F 1.165 mg/ke, Fe=7]7 1.116 mg/kg <} H] (0.384), Fructus(0.179), Testa(0.127)
53 JJr% UERRITE FFEES oRg 59 elA o2 Yeigt 72 FEAddArt
AR 12A AEHJL HAe TS HEHS 0.078 mg/kg= W] A =gkom ywr] A&
7 wlon oo Ae AA Hary} Wb vl A Ak gyo] Wkt
e =

FAATA ekl HE) FEs LHdTe] B
& 07 ZALE QP dobA] Bt AA A1
24 E £4 B Q8 o5 w4A dekel o it

o g LHAEHE A Ak v 2okt s

Los4A vigAder 14689 35458 2% | Kim JS, Hwang SW, Kim JM and Ma JY :
F& M 0.158 me/ke, 7H=F 0.072 mg/ke, Monitoring research for heavy metals as
W 0.773me/ke, 72 0.013mg/ke oI endocrine disruptors in herbal medicines
AEURE A =HE~2.553 me/ke, 7HE and Ssangwha-Tang. Korean J. of
# wHE~0.352m/ks, W =4HE~6.128 Oriental Medicine, 6:117~122, 2000.
mg/kg, & BHE~0.222 mg/kgo| ATt 9. 3235 FBE 1A 127 A5A 7

2. AEAANIE A8 A A 14671 F 64 g AES s Hwa  7uy
o] 7I&S 2HskE Ao Yehged gl ICP-MS 2 MA-20] ]38+ AJSk Zo] S
A Gzt 6.128 me/kg, TF=wOlA dx T4 seE 2A(2010), MeARASAAT
2710] Z+7} 0.458 mg/ke, 0.368 mg/ke, % 211 46:51~70. 2010.

A 0.352mg/kg, °F= 0.330 mg/kg, =2l 3 ulES) A5 ARR oAb A 87 =
A 5otk 0.308 mg/kg oIl Ml &7 EE Fazo FAFE(2006), FEATEEA A
Ziets F2S gl 159 (A12%), p163~167, 2006.

3. ok&ed wWxd HT FFF(mg/ke)S 4. DA 289 e Hud, AdE, %
Testa(0.378), Folium(0.209), Semen(0.162), 712 $FA AN - AR B Fak
Cortex(0.147), Herba(0.143), Caulis(0.080), BE OEA(2010). NeARASAATAR
Radix(0.065), Fructus(0.047), Animall 46:125~133. 2010.
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Al A2010-75%, AYeF

. Lee YS, Choi JG, Kang OH and Kwon
DY : Origin and description study for
Herba Plantaginis unregisterd in official
documents(2009). Journal of Oriental
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Pharmacy, 2(1):25~31, 2009.
Aras AAdHE, 83, 71:'—’?{], 157
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