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Abstract: This paper is the monitoring results of some heavy metals (lead, cadmium, arsenic, mercury) in herbal
medicines and their intake rates. The monitoring of lead, cadmium, arsenic and mercury was carried out on 600
samples with 60 kinds of herbal medicines. And the transfer ratio of heavy metals in the water-boiled drinks w
as calculated. The results show that lead was detected over the Maximum Residue Limits (MRL) in 10 samples
(7 species). Cadmium was detected over the MRM in 69 samples (19 species). Arsenic was detected over the MRM
in 3 samples (3 species). Mercury was detected over the MRM in 13 samples (10 species). We need continuously
monitoring to ensure confidence and safety for these herbal medicines. In case of the water-boiled drink, average
intake rates of lead, cadmium, arsenic and mercury are 9.77%, 6.72%, 26.1% and 6.79%, respectively.
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21. 24 717] # Ak

211 M 77|
AlE5 #AE 98l AFESE Inductively coupled

plasma mass spectrometry (ICP-MS)+= Perkin ElmerA}
9] Elan 6100 DRC plus2A #2712 Tuble 13} 7+
F& A4S 98] ARESH Automatic mercury
analyzer (AMA)E MilestoneAl AMA25424 £4 %
71L& Table 29+ 7t} A g AH&E #47]:= HANIL
Abe] FM-904T(C)y& AHE-sEATE 4 A9 eH9&
AAE7] Al EH71E AHEsH] Aol SRR 39
AHL 3 F, RS 12 Balste] 2 A 8S AME

Table 1. The operating condition of ICP-MS

Descriptions Conditions

R.F. generator Free-running type, 40 MHz

R.F. power 1400 W
Coolant gas flow rate 17.0 L/min.
Auxiliary gas flow rate 2.00 L/min.
Nebulizer gas flow rate 1.05 L/min.
Sample uptake flow 1.00 mL/min.

Nebulizer Concentric type
Cychronic type

Torch Demountable

Spray chamber

Interface cones Platinum

Quadrupole chamber vacuum Under 1x107® torr

Dwell time 600 ms
Pb/Mass 208, 206
Cd/Mass 114, 112
As/Mass 75

Table 2. The operating condition of AMA

Descriptions Conditions

Wavelength 253.65 nm
Interface filter 254 nm
Bandwidth 9 nm
Detector Silicon UV photodetector
Working range 0.02~600 ng Hg
Drying Temp. 300 °C
Drying Time 80 sec.
Decomposition Temp. 850 °C
Decomposition Time 150 sec.
Waiting Time 60 sec.
Amalgam-heating Time 12 sec.
Recording Time 30 sec.
Sampling mode Auto
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2 AFA AR AR B A AlEF(AR
=) oldelH, AHg3 &2 SR z
FAIA GASE Folt), TS 45 T4 AR B4
3 A2 ol A8 HNO;9F H,S0, Al €F(Dong Woo
Fine-Chem, Kyeong gi, Korea) ©]3. HCIO,=(Jusei,
Tokyo, Japan) AF9] GR¥ A1 2K(60%) ©|T}. 5% F5
AEES HFEdL(PE sciex Concord, Ontario,

Canada) AHAl 10 mg L™ & Y sked AM8-319 Tt

B ot

22. BM A2

B 7o AHgE A8E FUdM 5P e
= ¢ kAl 607 EC tte] AlE F 1018 F
60071 E o= a9t A= 4 A3 17-19 °Coll
A BASIA, FUsA AR 300 g2 FHS 7=
Zskth - FA BA7F | A E A3)g 7]
Fol, ¥ Haste] AlEE ARSI

23. Af gy

231 Al® Ax2| =H(Acd dgestion)

Loz vE W vl FaL JATE Fol A A
58wk EHE A A EE 5 ¢ #5250 mL
)7 o] o} A 50~70 mLE ARl we} A
QW 31FE FoF WA sl qu)EsE g oS oF
200 °C2] Hot Plate?]ol] 7+ #3ll, A Al712Z, W&
wol vl & W7bA] 10 mL A4tE 3-43HE o
7VE AL, FAE H0,2-3S F7He W &Eo)
u) 3 1] FAo] g ZA] A8l Fof FF7F 50
mLE ¥ A o BAET a7 23 A5
g o7 F 100 mLF-¥] Feha=e ¥ 100
mLo] E f7}A] SHFTE A= F ICP-MSE 4]

3}‘9&1;}_.14,15

232 3|21 HIgAE

4wl gk £ ERe] 3egd JEg 2
AL A g2 FH9 o AFEE 0.05 mg mL™!
HA EEE9S HUHe F o/l E EUHY Ao} 2
= F2 B ol &3ty AAY ¢ F 2 ARE

gow Axel A FRE H5e% B4 2 A
3 Atk @8, AAY HY A 2Fe A
Qs v AP SRS v A

o . upAL . ZFolE - A -

AAA

e o AR A e YD vt AEE
HA71sHA 3 s M HgS AR H ICP-
MSZ #4313t} 2F B2 o] uEts wje] o
A7 N8BS RS T8 5 YT

233 B X=hi
Ao ALgE BAl71= UE AleF DWP-5000 M

S AMEER e AR 50 gt B 800 mLE BHA| 7]
QFell WL 10 7+ WAS T 150 & B BAE
AR T 150 #o] A v2 GA71E W
2)gict, 'S 213 $ 79t o 7kal 500 mL w2
Ayl g 9y FAFE F& s 1 Ae
EEo] 4L tS 10 mLE Fdl S19 o] F4 2
SIS ol &3kl WA & F 10 mLY-¥] Zep=a
of BEsiA w HA o7 AgsISAT

234, 24

9, 7IEE, HAE & F= A 4 JAAE
(Acid digestion) ¥ &4 1?1 ICP-MSE ©| &3}
HA 2 A% BAEAT 2 RS %
Fesdol #AA
o] &3tz AT T
o] &3t 0.1 g
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-4 7] (automatic mercury analyzer)
o AEE F3l A7 EA s
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3. &dn ¢ ng

3.1. Algido| RaM HE

olm] 7l&st A3 W Fa4de FHs] Hst
o AlE AAE A e g 4 AdP s
gl on, o] 59 A3 Table 36 JER AT
ool A8 A, geo At IFES 96.7%, TI=F
L 86.9%, HlAE 91.1%, HEAFL ZH7F 95.1%,
102.1%, 82.0%, RSDE Z+2; 3.1, 2.5, 4.4(%) 24 H]
A Fook A Aok 282 71714821 AdA
I BFEs dFe] st A A5, AA 7171
A4 Foll 4B AR FYF7IvITE FEEHCR g
Qlete] 7171 Adejet L Ho R Qs WA= LAE

oL EN

Table 3. Recovery results for acid digestion method n =6

Recovery (%) Accuracy (%) RSD (%)
Pb 96.7 95.1 3.1
Cd 86.9 102.1 2.5
As 91.1 82.0 4.4
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Fig. 1. Calibration curves of 2®Pb, "*Cd and "As.
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Fig. 2. Calibration curves of Hg.

Table 4. Limits of detection and quantification of each element

Pb Cd As Hg

(ugkg") (ugkg) (ugkg™) (ugkg™)
LOD 0.02 0.01 0.12 0.27
LOQ 0.06 0.03 038 0.82

AFEd e IA 9FS VAR e Zoz Aot
o] o] AR UE AME-3IS T Table 4914
= 2 A8 E U HAESHA (LoD)Y A H A

(LOQ)E HER .

i

2. % ZLUEZ #n
ZollA SEE L Y= F - o] sok) 60F Zol
10704 & 60070 2] Al Bl ek W,

7heg, B, 2 Ul /79 $9% ZUHES 4
st om, oo et RUEY A Tuble 59 7+
o 60F 50 AR F Ul FF TEFE ZFF S
mg Kg™', 7F=F 03 mg Kg, ¥4 3 mg Kg™!, 52
0.2 mg Kg'¢] &8 A= o]slel kA= 42, %
9, 234, 27, AEF, HAE, 4E, A %

A3, ol 9719, A3, AR, Aol oA,

)
9#
£
>
P b

O

= 2



132 47 - FeH - AAA - WA - FAE - AN - WA

A=} il

Table 5. Results of concentration range of heavy metals in the oriental herbal medicines. n=10

Range of concentration

Sample name Pb cd As Hg
(mg Kg™) (mg Kg') (mg Kg™) (mg Kg™)
Puerariae Radix 0.12-2.80 0.02-0.30 0.02-0.18 0.002-0.02
Osterici Radix 0.28-1.60 0.03-0.30 0.06-0.56 0.008-0.03
Cassiae Semen 0.02-0.27 0.00-0.10 0.01-0.15 0.005-0.09
Platycodi Radix 0.10-2.39 0.03-0.30 0.00-0.93 0.006-0.04
Codonopsis Radix 0.08-0.62 0.01-0.17 0.03-13.64 0.008-0.06
Liriopis Tuber 0.13-0.49 0.07-0.16 0.04-0.43 0.006-0.02
Ledebouriellae Radix 0.33-0.88 0.03-0.56 0.10-1.74 0.003-0.08
Atractylodis Rhizoma Alaba 1.52-3.97 0.29-0.63 0.04-0.39 0.003-0.02
Adenophorae Radix 0.10-4.05 0.12-0.96 0.04-1.40 0.008-0.06
Acori Graminei Rhizoma 0.14-0.93 0.01-0.19 0.04-1.71 0.005-0.06
Bupleuri Radix 0.20-6.84 0.02-0.50 0.08-2.35 0.006-0.02
Achyranthis Radix 0.11-0.86 0.02-0.81 0.00-0.28 0.02-0.03
Atractylodis Rhizoma 0.10-5.66 0.01-0.59 0.02-0.61 0.003-0.03
Alismatis Rhizoma 0.03-0.25 0.11-0.30 0.00-0.24 0.006-0.13
Glycyrrhizae Radix 0.00-0.17 0.00-0.02 0.07-0.27 0.001-0.02
Moutan Cortex Radicis 0.10-0.87 0.03-0.35 0.06-0.35 0.002-0.02
Dioscireae Rhizoma 0.02-0.39 0.04-0.11 0.02-0.96 0.002-0.02
Polygalae. Padix 0.16-1.59 0.01-0.94 0.28-2.94 0.003-0.05
Paeonia Radix 0.05-0.56 0.02-0.16 0.03-0.27 0.003-0.01
Fraxini Cortex 0.06-0.63 0.00-0.08 0.00-0.35 0.001-0.02
Cnidii Rhizoma 0.06-0.79 0.03-0.60 0.06-0.46 0.003-0.05
Coptidis Rhizoma 0.50-2.63 0.39-0.82 0.09-0.38 0.008-0.03
Cimicifugae Rhizoma 0.10-1.36 0.01-0.06 0.04-0.67 0.008-0.05
Acanthopanacis Cortex 0.21-3.24 0.02-0.16 0.02-2.10 0.007-0.03
Forsythiae Fructus 0.05-0.85 0.00-0.04 0.02-2.01 0.004-0.01
Polyporus 0.18-1.06 0.20-0.62 0.07-0.48 0.01-0.06
Raphani Semen 0.05-0.67 0.01-0.56 0.24-2.01 0.007-0.67
Plantaginis Semen 0.06-0.69 0.01-0.18 0.04-0.49 0.01-1.59
Nelumbinis Semen 0.02-0.25 0.07-0.13 0.02-0.26 0.003-0.01
Magnoliae Flos 0.51-2.38 0.03-0.11 0.05-0.58 0.01-0.05
Morindae Officinalis Radix 2.45-5.29 0.09-0.15 0.19-0.42 0.01-0.03
Alpiniae Oxyrhyllae Fructus 0.04-0.52 0.01-0.04 0.01-0.28 0.005-0.08
Linderae Radix 0.24-1.52 0.50-1.26 0.01-0.21 0.01-0.03
Junci Medulla 0.31-0.91 0.10-0.30 0.18-0.62 0.03-0.27
Thujae Semen 0.08-0.55 0.05-0.07 0.08-0.85 0.06-0.17
Epimedii Herba 0.14-0.70 0.05-0.29 0.06-0.25 0.007-0.24
Schizonepatae Spica 0.20-4.48 0.02-0.12 0.02-1.74 0.007-0.24
Etythrinae Cortex 0.04-0.44 0.02-0.10 0.01-0.86 0.004-0.04
Zea mays Linne 0.35-2.43 0.03-0.08 0.13-0.70 0.009-0.15
Uncariae Ramulus Et Uncus 0.52-2.20 0.12-0.50 0.10-1.23 0.008-0.02
Clematis florida 1.17-12.90 0.11-0.27 0.42-2.52 0.001-0.03
Typhae Pollen 0.12-307 0.00-0.03 0.19-1.67 0.004-0.02
Chrysanthemi flos 0.08-1.16 0.02-0.27 0.04-0.27 0.002-0.06
Scrophulariae Radix 0.01-0.65 0.06-0.18 0.05-0.41 0.001-0.08
Aurantii Immaturus Fructus 0.00-1.18 0.00-0.06 0.00-0.19 0.002-0.04

Analytical Science & Technology
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Table 5. Continued
Range of concentration
Sample name Pb cd As Hg
(mg Kg'™) (mg Kg') (mg Kg'™) (mg Kg'™)
Sophorae Radix 0.05-1.56 0.01-0.15 0.03-0.25 0.001-0.04
Zedoariae Rhizoma 0.79-1.58 0.19-0.55 0.08-3.30 0.005-0.05
Citri Reticulatae Viride Pericarpium 0.06-0.55 0.00-0.04 0.00-0.23 0.002-0.02
Drynariae Rhizoma 0.14-2.10 0.06-1.17 0.05-0.61 0.01-0.22
Arctii Fructus 0.00-0.41 0.03-0.15 0.05-1.00 0.002-0.29
Taraxaci Herba 0.38-5.28 0.07-0.17 0.28-1.21 0.008-0.05
Farfarae Flos 0.01-1.96 0.01-0.06 0.08-0.39 0.003-0.07
Pogostemonis Herba 0.44-1.68 0.01-0.03 0.07-0.42 0.001-1.21
Arecae Pericarpium 0.05-0.38 0.02-0.08 0.01-0.19 0.005-0.03
Tsaoko Fructus 0.10-0.34 0.02-0.09 0.01-0.29 0.002-0.09
Artemisiae Capillaris Herba 0.39-1.23 0.17-0.48 0.05-0.18 0.007-0.02
Rubi Fructus 0.17-0.92 0.04-0.07 0.04-0.32 0.003-0.06
Perilla frutescens 0.13-856 0.01-0.09 0.21-1.08 0.003-0.97
Torilis japonica 0.20-1.15 0.04-0.39 0.07-3.50 0.006-0.02
Prunus nakail Levelle 0.00-0.39 0.00-0.01 0.03-0.43 0.01-0.26
A9, SET, Su 7k A A4, wah A, E woh
39, ek, B, 23 BEAZA F 20FR0]  5£e9 A9 02 mgKg'o HEIANE 23
At. AEE 137001, 2 F5- WEAGH AS), 24,
991 4% 3 mg K 'S8 WANE BAD ARE SUL S D B, S0, B9 A0
107lelH, L EES A%, BE, ASG) A%), 98 @0 4%), S 0FSolT A4 A$E
1.59 mg Kg™', 4=k 1-4 3% 121 mg Kg''o g2 7}

AN A%E), 3, T39, A2A 1850}

JI=E2 A9 03 mg Kg"ﬁ] 34 A= 23}
#*ARE BE 6lod, 2 EES WEQN 4F),
WO HE), AN HE), N2 AE), ¢
G AE), A2 AF), 9AL B9, 99X, AF
(27H E) ﬁ?ﬂ(lmﬁ ng) 2133(67}] @E) LHE—Z}
@h AZ) 2107 A2), 275N 42), o=
G A=), RGN A=), FJANEH A=), AP
KGN AE) 19F 0]t} o] F 3 ok 1070
o] RE XN BA FtEFo| 7|EXNE 2HQ T, W
20 orfo] AlZoA, AFL 6o ABo)A], L bt
o] A8 47 o]FloA] Tt Ro] 7ERE 27519
o} e, o5 FHefRle] A9 A&H Q1 RUE o)
a3k o 4= YT

Hl &9 34 3 mg Kg'o] 58 dAAE 249
ARE PheIR, 2 FEe FRN AE), obe, A
87 3FEo|th APEAR39] 740l 3.50 mg Kg,
0}&.7¢] A= 330 mg Kg' &2 Vel v &
-5 % 13. 64 mg Kg'e] Hmd E& xre u
ATk Ao ALo= AR O T FRIANE 23}
ah= 7397t qu1(0 7%) Bl3A A Aoz e
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Table 6. Results of intake rate of heavy metals in water-boiled drinks

Intake rate (%)

Sample name

Pb Cd As Hg
Codonopsis Radix-5 13.9 13.3 24.0 0.77
Atractylodis Rhizoma Alaba-9 14.0 3.16 43.7 40.7
Bupleuri Radix-9 3.18 2.72 10.4 3.89
Atractylodis Rhizoma-5 8.12 7.52 12.4 4.78
Coptidis Rhizoma-2 15.2 9.76 38.5 7.39
Morindae Officinalis Radix-1 2.20 8.76 15.7 1.08
Linderae Radix-2 29.5 12.2 78.7 1.11
Clematis florida-8 1.94 3.51 6.69 1.73
Zedoariae Rhizoma-1 9.73 2.33 21.3 1.27
Perilla frutescens-3 0.01 3.97 9.46 5.13
80
— 60
® ® Pb
[}
8 40 mCd
% m As
= il
£ 20 B Hg
. sl E.”L |5
2 . %% . gf- $9 2% 3T b
E 1z g g ¥ 3% E8 5E 2%
é o> S 5 = 5 o RE U= ;_j a5
Sample name
Fig. 3. Graph of intake rate of heavy metals in water-boiled drinks.
FHUAZORE & TR AEE NEE T4 A =gt 2% A$- 78.7%, W& S 43.7%
2 717t AR vhEo] AA FHEE Az A § o] A 38.5%=A FHpRT =2 VM AFE
o BEE 23] olB B AL, 2w
HEUHY 23 A7 td 55 45 2771 oA T2 7% ol E0] 0.77%(F4H~40.7%(H &)<
A0% we YRR B2 109 AR 4 M UAT Hepislen, Bagsl rowelaln. oo
NE, FE, 99, =541, 29k 984, o1F, ZV\Z} = 7IEES] A9 RV R o] Eo] fA S

o 7+ *\Hgé ZA }‘HE*’LE} olo gt Axe
Table 63+ Fig. 33+ 7th. o] 78 AL 001%
(AF221)~29.5%(L. 252 o]PES YeSlon, Ha
e 9.77%01A . 2.9k A= 29.5%= TE Als

o] vla) HlwA E& oY ES HIYTH

FIEE9 AS, 7H AFHE ATE 9T ol E)
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