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ABSTRACT - The study was conducted to estimate the contents of heavy metal in commercial herbal medicines
(1047 samples of 132 species) which were collected from markets in Seoul and to analyze the contents of heavy metals
of herbal medicines by classifying them by parts. The samples were digested using microwave method. The contents
of heavy metal (Pb, Cd, and As) and Hg were determined using Inductively coupled plasma-Mass spectrometer (ICP/
MS). And the contents of Hg were obtained by Mercury analyzer. The average values of heavy metal in herbal medi-
cines were as follows [mean (minimum-maximum), mg/kg]; Pb 0.870 (ND-69.200), As 0.148 (ND-2.965), Cd 0.092
(ND-2.010), and Hg 0.007 (ND-0.137). And the average values of heavy metal by parts in herbal medicines were as
follows [mean (minimum-maximum), mg/kg]; Ramulus 2.046 (0.065-4.474), Herba 1.886 (0.048-10.404), Flos 1.874
(0.052-5.393), Cortex 1.377 (0.011-4.837), Radix 1.165 (0.012-70.111), Rhizoma 1.116 (0.016-5.490, Fructus 0.838
(0.017-4.527), Perithecium 0.729 (0.013-4.953), Semen 0.646 (0.006-4.416). The average values of heavy metal of
imported herbal medicines except Radix were higher than domestic ones. By decoction of herbal medicines exceeding
the tolerances, average intake rates of Pb, As, Cd and Hg were obtained as 6.1%, 40.3%, 4.7%, and 2.2%, respectively.

Key words: herbal medicines, heavy metals, ICP-MS, decoction, intake rates.
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Table 1. List of the herbal medicines used for monitoring
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3 7tk N gE FUHA oF 300 g2 F & Mixer (FM-681,
Hanil, Seoul, Korea)& #213 & s0vA] A& 2 F 7Y
£7)0] B#ste] ARSI

Part

Latin name

Achyranthis Radix, Aconiti Lateralis Radix Preparata, Adenophorae Radix, Angelicae Dahuricae Radix,
Angelicae Gigantis Radix, Angelicae Tenuissimae Radix, Araliae Continentalis Radix, Astragali Radix,
Aucklandiae Radix, Bupleuri Radix, Clematidis Radix, Codonopsis Pilosulae Radix, Dipsaci Radix, Gleh-

Radix (32)

niae Radix, Glycyrrhizae Radix et Rhizoma, Osterici Radix, Paeoniae Radix, Platycodonis Radix, Polyga-

lae Radix, Puerariae Radix, Rehmanniae Radix Preparata, Salviae Miltiorrhizae Radix, Saposhnikoviae
Radi, Serophulariae Radix, Scutellariae Radix, Trichosanthis Radix, Sohorae Radix, Curcumae logae
Radix, Sanguisorbae Radix, Rehmanniae Radix, Morindae Radix, Polygoni Multiflori Radix

Acori Gramineri Rhizoma, Alismatis Rhizoma, Anemarrhenae Rhizoma, Arisaematis Rhizoma, Atractylo-
dis Rhizoma Alba, Atractylodis Rhizoma, Cimicifugae Rhizoma, Cnidii Rhizoma, Coptidis Rhizoma, Cur-

Rhizoma (22)

cumae Longae Rhizoma, Cyperi Rhizoma, Dioscoreae Rhizoma, Fritillariae Thunbergii Bulbus, Rhei

Undulatai Rhizoma, Sparganii Rhizoma, Zingiberis Rhizoma, Alpiniae Officinari Rhizoma, Drynariae Rhi-
zoma, Imperata Rhizoma, Sinomeni Caulis et Rhizoma, Curcumae Rhizoma, Polygonati Rhizoma

cortex (9)

Acanthopanacis Cortex, Cinnamomi Cortex, Eucommiae Cortex, Kalopanacis Cortex, Magnoliae Cortex,
Mori Cortex, Moutan Cortex, Phellodendri Cortex, Ulmi Cortex

Ramulus (5)

Akebia Caulis, Cinnamomi Ramulus, Mori Ramulus, Uncariae Ramulus, Bambusae Caulis in Taeniam

Agastachis Herba, Artemisiae Capillaris Herba, Ephedrae Herba, Leonuri Herba, Menthae Herba, Peril-

Herba (15)

lae Folium, Pogostemonis Herba, Taraxaci Herba, Visci Herba, Lophatheri Herba, Dendrobii Herba, Cyn-

omorii Herba, Artemisiae Argyi Herba, Epimedii Herba, Siegesbeckiaae Herba

Amomi Fructus Rotundus, Amomi Fructus, Aurantii Fructus Immaturus, Chaenomelis Fructus, Corni
Fructus, Crataegi Fructus, Forsythiae Fructus, Gardeniae Fructus, Hordei Fructus Germinatus, Longan

Fructus (23)

Arillus, Lycii Fructus, Ponciri Fructus Immaturus, Rubi Fructus, Schisandrae Fructus, Zizyphi Fructus,

Zamthoxyli Fructus, Anethi Fructus, Mume Fructus, Hoveniae semen Cum Fructus, Kochiae Fructus,
Tribuli Fructus, Xanthii Fructus, Anisi Stellati Fructus

Arecae Semen, Cassiae Semen, Castaneae Semen, Coicis Semen, Cuscutae Semen, Massa Medicata Fer-

Semen (19)

mentata, Nelumbinis Semen, Persicae Semen, Plantaginis Semen, Psoraleae Semen, Raphani Semen, Thu-
Jjae Semen, Trichosanthis Semen, Zizyphi Semen, Tritici Levis Semen, Arctii Semen, Myristicae Semen,

Alpiniacae Katsumadaii Semen, Armeniacae Semen

Flos (5)

Carthami Flos, Chrysanthemi Flos, Lonicerae Flos, Schizonepetae Spika, Syzygii Flos

Perithecium (2) Polyporus, Poria Sclerotium
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chusetts, USA)Z AZ3 182MQo)de] AL AR8-3H9T).

g, vk, =g M

Age w#fe FA 2 AR 052 FYsA ol
ulo]ZZ o] B2 Express Vesselol €32 70% HNO, 12mL
& 713t ¥ HoodolA] 1647404 x| 3led ofju] £ & 3
% Microwave Digestion System (MARS 5 Version 194A01,
CEM, North Carolina, USA).2 2331101, 600W(E-&
1200W : Vessel 307 o]%dd 73-%) PowerollA] 1587+ 200°C
A ASAZ] F SBT L2 KAS, 187F 2100C71A]
A F SR FABIE ThA] 12 220°C7HA] Al
I F 58 fA8k Bk B3 9, €718t
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S 5% HNO, 8d0=2 343t (.5, 1.0, 2.0, 5.0, 10, 20,

Table 2. Operating conditions and data acquisition parameters for
ICP-MS

Parameter Operating conditions
Rf power (W) 1,500
Argon gas flow rates

Plasma 15.0 L/ min
Auxiliary 0.27 1./ min
Carrier 0.85 L/ min
He gas flow rate 3.0 mL / min
Sampling and skimmer cones Nickle
Acquisition parameters Quantitative
Points / mass 3
Integration time / mass 0.1 sec
Mean acquisition time / replicate 7.28
Replicates 3
Mean acquisition time / sample 21.84 sec

50 2 100 pgke ST A AP, NE F
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32 84

B3 AE S0mgE AE3]| Dol +2E4]7](Mercury
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Table 3. Certified concentration of constituent elements

Elements Certified (mg/kg) Measured” (mg/kg)  Recovery RSD LOD" LOQ R
Mean SD Mean? SD (%) (%)” (ughkg)  (uglkg)
Pb 0.870 0.030 0.789 0.011 90.7 1.4 0.0367 0.108 0.9996
As 0.060 0.018 0.062 0.001 103.3 1.6 0.011 0.034 0.9999
Cd 0.026 0.003 0.026 0.001 100.0 3.8 0.035 0.108 0.9999
Hg 0.031 0.007 0.029 0.001 93.5 3.4 0.009 0.033 0.9999
"Measured ICP - MS and Mercury Analyzer
"Mean values obtained from three measurements.
JRSD (%) = standard deviation/mean value x 100
“Limit of detection (LOD) =3.3 x 6/8
Limit of quantitation (LOQ) = 10 x ¢/S
Table 4. Heavy metal contents in herbal medicines by parts
Pb As Cd Hg Total
part fom  No-ofsamples  (mgig) (mg/ke) (mgke) (mgke) (mgke)
Radix 3 330 0.88+3.861Y  0.189x0.259  0.090+0.105 0.007=0.009 1.165+3.939
(ND-69.200)Y  (ND¥-2.432) (ND-0.883) (ND-0.081)  (0.012-70.111)
Rhizoma 2 141 0.777+0.903  0.164+0239 0.167+£0255 0.007+£0.011  1.116 = 1.083
(ND-4.618) (ND-1.803)  (ND-2.010) (ND-0.093)  (0.016-5.490)
cortex 9 68 1.166 + 1.157 0.113£0.134  0.088 £0.091 0.009 £ 0.010 1.377 £ 1.197
(ND-4.399) (ND-0.724) (ND-0.420) (ND-0.063)  (0.011-4.837)
Ramulus 5 41 1.818 £ 1.325 0.082+£0.107 0.136+0.176 0.010+£0.008 2.046+1.420
(0.028-4.405) (0.001-0.600)  (0.003-0.810)  (0.001-0.031)  (0.065-4.474)
herba 15 90 1.532+1.534 0.233+£0.421 0.107£0.103  0.013+£0.012 1.886+1.916
(ND-7.190)  (0.002-2.965)  (0.003-0.461)  (ND-0.059)  (0.048-10.404)
Fructos 23 158 0.661 + 0.858 0.119+£0.272  0.053+0.061 0.006 £ 0.006  0.838 £ 1.001
(ND-4.098) (ND-2.423) (ND-0.240) (ND-0.039) (0.017-4.527)
Semen 19 164 0.552+ 0305  0.048+£0.082  0.043£0.052  0.003 £ 0.003 Q.646 +0.598
(ND-4.370) (ND-0.600) (ND-0.250) (ND-0.017) (0.006-4.416)
flos 5 30 1.495+1.299  0.267+0337 0.092+0.080 0.021 £0.026 1.874 + 1.536
(ND-4.290) (ND-1.286)  (0.001-0.340)  (ND-0.137)  (0.052-5.393)
Perithecium 2 2% 0.592+1.124  0.071£0.121 0.057+0.144  0.009+0.010 0.729+1.296
(ND-4.644) (ND-0.510)  (0.001-0.610)  (0.001-0.037)  (0.013-4.953)
Total 132 1047 0.870 = 2.345 0.148 £ 0255 0.092+0.144 0.007x=0.010 1.116 £2.461
(ND-69.200)  (ND-2.965)  (ND-2.010) (ND-0.137)  (0.006-70.111)

PMean = standard deviation
JDetection range
ND : Not Detected

H| A& 103.3%, 7F=F 100%, 2 93.5%A k. &3 9
AFHA A3 g, vla, =g AL 0.5-100 pgke
FEOAA Fel A9 R*=0.9996, Hl49} 7FEB-S R?=0.9999
2 Yeito, s AL 0.5-20 pgkg FE14 R*=
0999% 433 AHAES Bt =3 |, va, 7i=E 2
29 AEITAE 0036, 0.011, 0.035, 0.009 pg/ke, 3 =
A= 0.108, 0.034, 0.108, 0.033 ugkg® o]+ LA w}
E Aoke) dEFs /1SRt g Be glog Ay
o] Blgigo] FEH A tH(Table 3).

otgxois $ILUT W}
FERAEE W A, ACE, 520 S 29T

ZA7K(Table 4), AHAAN TS SF4 Hd §H2 9 0.870 mg/
kg, ¥4 0.148 mg/kg, 7I=F 0.092 mgkg, T2 0.007 mg/
kgol3L, AZH e F ND-69.200 mg/kg, B4 ND-2.965 mg/
kg, 7F=%& ND-2.010 mg/kg, 52ND-0.137 mg/kg= Wt
v}, okg-roid ol g ke E715(1.818) > 4(1.532)
> 3H5E(1.495) > B9 5(1.166) > B8] 5(0.880) > e &7 H
0.777) > Sl F(0.661) > HAF(0.592) > EA+(0.552) &2
2 QAL & 0T vEsten, AEWsE AR
W o ER9e] vs dfFe] A& H97F ND-7.190 mgkg=
WA e 545 5 9 /E71E] Smekedl AE
oret W) YR goll thet LGATIF U ole g
o] A, 27), 3 72 AAETE ASHETE 7274
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Fig. 1. Heavy metal contents of herbal medicines based on the using parts and production area. Domestic 345 samples of 56 spieces and

imported 702 samples of 76 species were tested.
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Fig 2. Distribution of herbal medicines which exceeded individ-
val heavy metal standards. Herbal medicines were classified by
the using part.
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Table 5. Intake rates of heavy metals after decoction

E9h g AU oA AR BT 59 2 A
@ ) AR £ =BT BB FAT £ 99
T ES A B Bkl 3o & 57 e
PAE Bt o) 95} u $79 RIAY VR
A 87 SolA A, AAHEE BR0AS) JFL W
2 5400 299 Pegel 202 2 49 293 9

e, BE 3O 489 Besh Aakel AF Fyo)

o
7 o
ok

.9_*?54‘11 FUR A e B thet €2 38he S
F A& FHs TlEE 2ol tE Aot %8.
& AoE R\t

Intake rate(%)
Part Sample name
Pb As Cd Hg Total
Taraxaci Herba 2.8 2.2 14.6 0.0 4.0
Ecliptae Herba 0.5 18.0 33 0.0 1.3
Artemisiaelwayomogii Herba 435 70.0 4.0 0.0 17.6
Herba Siegesbeckia Herba 43 8.0 22 0.0 4.9
®) Siegesbeckia Herba 3.2 21.7 2.7 0.0 42
Agrimoniae Herba 22 364 23 0.0 4.1
Artemisiae Capillaris Herba 14.2 85.3 9.3 0.0 13.7
Artemisiae Argyi Folium 49 34.1 9.1 0.0 133
Bupleuri Radix 0.1 13.8 1.6 0.0 0.2
Linderae Radix 25.0 90.0 10.0 0.0 15.8
Puerariae Radix 16.9 66.7 11.5 0.0 15.8
. Aucklandiae Radix 29 429 4.3 12.5 4.5
Rg‘;’x Curcumae Radix 33 50.8 34 0.0 5.0
Dipsaci Radix I 4.1 11.5 53 0.0 7.2
Dipsaci Radix I 32 179 34 0.0 52
Dipsaci Radix III 0.8 20.1 6.2 0.0 6.0
Morindae Radix 0.6 11.6 0.0 5.9 1.1
Curculiginis Rhizoma 39 163 4.4 16.7 6.2
Belamcandae Rhizoma 0.6 6.3 4.7 0.0 2.7
Atractylodis Rhizoma I 1.2 28.6 2.3 0.0 2.6
Atractylodis Rhizoma I 3.9 47.4 6.3 0.0 6.4
Atractylodis Rhizoma I1I 4.8 332 9.5 0.0 7.5
Rhizoma .
(1) Curcumae Rhizoma I 0.3 313 1.9 0.0 1.7
Curcumae Rhizoma Il 10.3 83.3 8.0 0.0 10.2
Drynariae Rhizoma I 3.5 27.5 3.5 0.0 4.6
Drynariae Rhizoma Il 0.0 84.4 5.2 0.0 5.1
Coptidis Rhizoma I 7.7 46.4 11.5 0.0 103
Coptidis Rhizoma II 9.7 65.9 8.2 11.1 11.4
Cinnamomi Ramulus I 133 81.7 0.0 0.0 11.6
Raigb)tlus Cinnamomi Ramulus 1T 7.2 48.2 0.0 0.0 7.3
’ Cinnamomi Ramulus 111 53 98.0 1.2 235 5.7
Perithecium Polyporus 1 0.0 11.5 0.0 5.3 14
2 Polyporus I 0.0 12.7 0.0 0.0 0.9
Cortex Cinnamomi Cortex 2.3 43.7 0.0 0.0 29
Total (34) 6.1 40.3 4.7 22 6.5
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J|EL T} vlofxle] A H, 39| F3L o]\ XA}

FE50] 24 AEE A F BFE 34790 Wiske
24zt & Ag Azl FFE oY ES Yol AN Table
5) B Hollxe] 3 o]AEL 0.0%43.5%] HHE vesk
th | B olPEL 6.1%RoH IA2(43.5%)S £33
29K25.0%), 21718(14.2%), Z(16.9%), ©}F&11(10.3%), 7
AN133%)y5°] FHgErt B ol ES BT} v]iy
2% BA A v MErEe 2948 AgE ey
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£l 403%2 433 &4 Jepdth vliae OE d4E
o vlsjA] iR olgEo] TA YeElded $¢lR, <Rl
T, 29, o}, FHHE, AX T 70%0)3e] & oJPE
£ B3t Fl=ge] 738 gdiae] o|PEL 0.0%-14.63%
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sxe ALHA BUE AA AAH #27F 9e
sAlen, FF kAl Ay F wode] Aoz <3
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2 o

£ AFdM e UM fEEHE A 13285 10474
& LR 3l |, HA, FlEE, 29 S &4
3 LEAEE TR v B8 A8 micro-
wave W& o|&slo] R en d, Jt=E, vlae i
A¥ Eekzu}l A7) (ICPMS)E ol-&3le] B39
L F& BA71E ol &3l S AAANEY F
& B T 0.870 (ND-69.200) mg/kg, B4 0.148
(ND-2.965) mg/kg, 7F=8 0.092 (ND-2.010) mghkg, &
0.007 (ND-0.137) mg/kg & & UEbsTE H8 W, Hl4, 1=
B, 722 3% AA 285 FFE VIE0E & 48N
Ad T4 A HaTHFE E7]F 2046 (0.065-4.474),
UF 1.886 (0.048-10.404), 3}51.874 (0.052-5.393), £ F
1377 (0.011-4.837), B2F 1.165 (0.012-70.111), B E/FH
1.116 (0.016-5.490, =& 0.838 (0.017-4.527), HIAF 0.729
(0.013-4.953), EAF 0.646 (0.006-4.416)¢] &2 2 Velst
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