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Table 1. Microwave digestion program (safety pressure 100psia)

stage 1 2 3 4
trme.min. 30 20 30 20
power, %o 50 60) 70 80
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= = (ppm by weight)

£Cd 0.025 ppm,

Metal Cd Cr Pb

Wavelength, nm 2288 359.3 283.3

Lamp current, mA 7.5 7.5 7.5

Shit. nm 1.3 1.3 1.3

Cuvette type Pyro tube Pyro tube Tube type

Carrier gas, mL/min 200 200 200

(atomization) (30) (30) (30)

Sample volume, uL 2() 20 20)

Light/Temp control OFF ON OFF

Temp program, C/sec
dryimng 80— 140,40 S0— 140/40 80— 120/30
ashing 700/30 450/30 350/30
atonzing 2900/7 2200/7 2000/10
cleaning 30003 3000/3 2400/
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Table 3. Recovery of heavy metals in spiked Chinese drug samples (N=—14)

Metal spiked(ppm) Recovery(%o C.V.("%)
Cd 0.47-0.94 119.2+13.8" 1.6
Cr 0.95-1.89 97.2+11.0 1.3
Mn 38.0-57.7 83.013.7 4.4
Pb 0.47-0.94 00.8 4.0 4.4
*Mean=®S.D.

Table 4. Heavy metal content (ppm) in Chinese medicine (5/EGHEEEH

Lo 198 Jofi 3 2 5l
R
7 A Cd(1)* Cd(2) Cr(l) Cr(2) Mn(1) Mn(2) Pb(1) Ph{2)
) ().547 ND** 6.84 R.06 24 1 6.6 ND ND
A KI ND 0.030 5.6% 7.67 19.4 8.0 ND 0.429
5718 0.053 ND 4.71 5.97 [7.5 7.0 ND ND
B i ().262 ND 2.10 3.12 253 252 ND (0.855
R ().326 ND 297 * 6.03 233 257 ND (),282
i ND ND 214 2.53 22 ] 21.9 ().350) ND
C K ND 0.040 1.89 2.49 0. ] 19.7 ND ND
0.060 ND 4.85 5.22 19.9 20, ] ().389 ND
i 0.074 0.03] | 77 2.19 6.07 21.9 ND ND
D ¥ 0.056 ND 400 2 48 123 238 ND N
T 0.075 ND 271 3.34 223 73,5 ND ND
E O 0.383 ND 247 391 27.3 26. ] ().256 NI
77 (.33 ND 1.75 295 35.5 36.0 ND ND
5 0.171 ND 241 (.83 48 9 57 0.266 ().295
F R ().224 ND .75 211 1.5 3.0 ND ND
B ND ND 219 253 5.8 11.9 ND 0).363
G (0.111 ND 3.08 3.32 184 191 ND ND
H & 0.063 (1.038 5.30) 195 305 17.0 ND ND
F 0.068 (.030 7 80 1.72 154 14.5 ND ND
T 0).058 ND ND 281 19.5 103 ND ND
T ) 0.041 NI (1.573 7.59 745 22 ND ND
;Eﬁf ................ g ok NI 02— 66 000 - (1 703
J B 0.072 (.037 7 ()7 1.65 1.0 8.2 ND (). 488
7 ND (1.039 .56 5.39 13.8 21.0 ND ().654
*1L2) the first and the second collected sample

$ $ - : - ¥ T ' c . .
NIY concentration below the lower hmit of cabibration curve

* & K ”
s sample not available
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Cr 0.5 ppm. Mrz 5.0 ppm. Pb 0.25 ppm, )L 805 B 150.333+0.543 ppm (EH169.0% B i

S HERG TR S e ORI AN A IRFTR] B B e S EAA02S ppm L T ), B3 E F50.164£0.176
2 A ]ﬁtﬁfﬁﬁgghﬁﬂﬁﬂgﬁm MR A, T BE L 48 A1 ppm( H 116.8% 5 & B 1E0.025 ppm L M), {H
FOREA R AR, HENE ﬁh%é&%ﬁﬂ%m RIS S E RS B e (e s {8 B2 100
(b BR 22 /N A 1 5%, T lR]—fe R TR IR ppm) , BT R ELEN & 85 A IHE , & SR i I
i WEJ,;E:“: R A /| Jm(mm%ﬁw}ﬂhﬁ =i Hil, B SR GRS ] B ] FR S SE A R 2 A
fo TS A (NDLMWEJ EE{%‘ F‘Z% > A 2B KRR ST RIS B AR S =, EM
ERIE N T ppm, ¥ 7 B 38.5+25.5 ppm,J f&36.1+£23.1 ppm,A i 35.0%

88:_%2“02 ppm( H H16.

HAL0.5 ppm,u\ 19.7 ppm,! F& 33.6%17.9 ppm,B & 33.618.8

Table 5. Heavy metal content (ppm) in Chinese medicine (33 AL)

E o Y ] i AL
i
5, A Cd(h* Cd(2) Cr(1) Cr(2) Mn(1) Mn(?2) Pb(1) Ph(2)
A T 0.097 0.297 .48 3.67 R4 .1 61.5 0.599 0.266
3%4 (.039 0.363 1.66 4.25 721 67.2 ND** 0).282
e 0.042 ND 3.53 3.74 56.9 241 ND ND
B ¥ 0.027 ND 7.89 3.70 69 3 37.0 ().593 ND
1 ND ND .56 5.63 70.4 35.7 0.639 ND
i 0.077 0.048 4.55 4.55 10.8 67.9 (.847 0.964
C X (0.045 ().043 8.26 1.29 1.4 6X.3 1.23 ().920
AL 0.030 ND |.55 4.61 5.67 35.4 ND ().277
D ¥ (1.274 ().144 4.03 7.23 15.2 84.9 0.274 1.62
372 (1.532 0.092 3.69 4.77 33.7 75.4 4.6] 2.95
E i ND 0.256 6.60) R 97 10.2 64.8 269 ND
7 (). 188 ND 206 9.84 9G4 834 (0.513 ND
i (1.640 (.063 | 67 4.81 () .4 43.6 ().358 ().37%
Fox (0.195 ().159 6. 70) 6.65 72.7 33.6 ().257 ND
e 0,105 (1.256 3110 .43 37.4 19.6 ND ND
G ().083 ND 101 5.79 R2.5 44.5 ND 166
*, ND ND 209 1.24 31.2 16.6 ND ND
Mo ().146 (}.388 3 45 782 62.6 R2.6 2.77 ND
K7 (0.620 (.170 300 Y07 30.8 141 1.01 110
I W 0.076 0776 201 168 2316 65.8 3.71 0.806
F7 1.07 (.475 179 |65 RIS 697 (.977 1.09
% ................ % ok N l} 442 __________________ 4(}4 .................. (}575
S VA ND 4.47 50.6 (3.550
L (.675 ND 614 5.75 53.2 243 ND ND

# i - oo ok ok
(L)L2) the first and the second collected sample

&k

& E H

NI concentration below the

- sample not avatlable

Tower himut of cahihration curve
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ppm, Df#30.7+22.6 ppm, G#28.4+16.4 ppm, H ppm, B JEGEEEH24.4+7.1 ppm, U¥)E513.2£3.3
B% 27.9+t20.5 ppm,C & 25.9%17.2 ppm, F f& 23. ppm, S REFAC ESB = fﬁﬁﬁmﬁ",-yfm
4+15.8 ppm. A~E] B R H PR EMEE A, [ B2, U < 84 S w HI HH BRI,
— 2 SR E R R FEEE IR | N7 LU B 4 B 5 5 100 ppm £ 7 25 R Y
AS[E] (B0 L W SR I B 5 A, P55 NI FIR, B8 IEE LS, EHKN T Hs
U hE ¥ %:ﬁﬂ?%’ﬁﬂ) 5= 2 [A]— SR EE T [a 9t &7 T —RERE R 44 E, AR S Bl A AR L FEu ,EE
ZESES EEHEEREAE K SRR HE U e T A B4 BT E A, AR A B
”Eﬂ%%ﬁia =, S REFE53.6124.7 ppm, fili P N %T%#ﬁéﬁﬁﬂ%?’%; 1 Nl ol | K7
R 553591159 ppm, K £ 0 FF29.0E15.2 SRSy B E SN REESE S RHE
Table 6. Heavy metal content (ppm) in Chinese medicine (CRERLFH
% E,i!ﬁﬂ 7{ :E %% **D ;:
i _
¥ Al Cd(* Cd(2) Cr(1) Cr(2) Mn(1) Mn(2) Pb(1) Pb(2)
e ().385 0.025 4.57 1.25 37.7 27.1 0.475 0.320
A KL 0.059 ND** 2.92 2.65 288 27.1 ND 0.374
T ND 0.056 2.21 1.69 202 17.9 ND 0.780
i 0.287 0.049 4.84 2.98 20.2 27.3 ND 0.966
B i 0.067 0.071 1.59 2.50 26.4 22.8 ND ND
AL 0.030 0.057 1.02 0.773 15.2 6.00 ND 0.986
i 0.269 0.079 1.78 2.62 114 12.1 ND ND
C ¥ 0.079 0.076 2.24 2.42 20.4 27.5 ND ND
AL ND 0.071 2.67 3.46 20.6 17.1 ND ND
D i 0.062 0.086 2.57 4.52 R.65 481 ND ND
3V 0.097 0.210 1.03 0).855 9.87 43.3 ND ND
E i 0.318 0.045 3.99 2.35 32.1 31.0 0.298 1.23
i ND 0.167 2.06 252 26.8 27.2 ND ND
£ 0.067 0.069 1.72 0.727 0.9 .43 ND ND
F R 0.191 (0.058 7.52 4.37 10.3 9.75 ND ND
B 0.355 - Rk ND — 2.6 — (14
55 ().095 0.193 1.97 .81 33.6 37.3 ND ND
G 0.065 0.202 3.40 4,75 20.9 31.8 ND 0.747
AL 0.037 0.122 4.23 208 50.2 318 ND ND
H % 0.094 0.050 1.19 1.01 18.7 14.6 ND 0.936
pavi 0.172 0.101 1.21 1.39 10.0 15.9 ().725 ND
| 0.054 0.062 2.59 5.25 543 478 ND ND
i (0.082 0.069 1.86 4.63 23.5 459 ND ND
el 0.051 — 1.10 — 71.8 — ND -
| Y 0.274 0.130 4.49 0.762 10.5 32.8 ND ND
L 0.267 0.084 2.69 ().769 65.6 15.9 0.269 ND

*(1).2): the first and the second collected sample

& . . v . ~ . .
*NID concentration below the lower limit of calibration curve

*FE gqample not available
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= o U -
AR, B EREE, BIEw, B s B, B EGS .
1983. ﬂﬁitﬁﬁ%d\%mﬂ%&ﬁ UE(rh g ok
A ARG A B TR E A B (DOHS2- L BB SR pIOT Gy e kG e 8 SR L e
TD-026), i AR A< ¥ A% 55 T A BT - = B B H) #.3 - 109-114.
2 S AR, S EREEE L1984 THEMIC 2 &=
AT . YR N EFATEWHITER.4
43-44.
Table 7. Heavy metal content (ppm) in Chinese medicine (P4 R
i
% Al Cd(1) Cd(2) Cr(1) Cr(2) Mn(1) Mn(2) Pb(1) Pb(2)
5 0.223 0.320 1.57 2.43 59.9 22.9 ND** ND
A K 0.257 0.187 1.64 1.83 50.8 27.8 ND ND
71d 0.236 0.154 5.19 3.83 34.6 32.8 ND ND
B X 0.216 0.571 3.32 6.18 50.7 222 ND 0.343
34 0.245 0.521 2.79 4.24 61.4 21.8 ND 0.305
i 0.338 0.389 2.69 1.28 44.6 17.0 ND ND
C K 0.260 KR ND — 402 - ND —
e 0.351 0.136 0.940 3.69 56.9 20.7 ND ND
D 0.114 0.668 0.595 3.37 46.0 222 0.566 ND
VA — 0.636 — 3.75 — 22.0 — 0.456
E # 0.231 0.133 211 1 81 50.7 27.7 ND ND
T (0.323 0.139 7.89 1.77 52.3 23.8 ND ND
st — 0.631 — 262 24.6 — 0.273
F K 0.641 0.591 1.29 2.28 25.2 23.9 0.660 ND
e 0.517 0.292 209 [.24 20.6 16.5 ND 0.284
et 0.076 0.156 3.40 2.18 202 20.2 ND 0.338
G 0.307 0.131 274 1.34 24.5 1.1 ND ND
0.282 0.125 2.59 1.59 22.5 19.9 ND 0.382
H X 0.094 0.146 4.68 1.50 14.5 242 0.468 ND
o 0.132 — 1.15 — 215 ND
i 0.969 0.483 1.92 6.95 42.0 19.0 ND ND
R — 00.546 — 696 0 17.0 — ND
't 0.059 0.137 1.56 1.19 73.9 36.9 1.56 ND
#L 0.579 — 2.11 — 73.8 — 0.811 —

*1)L2) the first and the second collected sample

* . - . 1. - .
NI concentration below the lower himit of calibration curve

- sample not available
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3.8 1EAT,

1984 . 5t 'ﬁ""%‘ffﬂ“‘%ﬁ&ﬂ%m """ ﬁﬂ%
& RAE . WY R BRI AP 4

45-51.
4*-'J“*“?d§i, = )\ﬂ:l W&u,fﬁ 1988 %%Mﬂ

%ﬁx 60 160-164.

1989 . &A1 rh 2 5 ]

A,

224,

6. R E S RS . 1083 /NG A,
HEHE .25

Wm%x%ﬁﬁ%iﬁgﬁﬁ 7 i
17 PR G R B

8. Behera.

‘Hﬁ&a?.l48:
B.K.

19-27.

and Misra, B.N.
of the Effect of Industnal Effluent on Pig-
2.6~

xL ‘ﬁiim Thhkm B R At E .7 - 223- ments. Proteins. Nucleic Acids and the
Table 8. Heavy metal content (ppm) in Chinese medicine (PU4%75)
i TG 7] B
Y Cd(1y* Cd(2) Cr(1) Cr(2) Mn(1) Mn( Pb(1) Pb(2)
5t 0.666 0.141 3.91 2.71 14.9 23 ND** ND
A K (0.108 0.065 1.03 2.23 1.2 3.5 ND ND
B ().127 0.030 0.661 [.81 2.9 5.6 ND ND
B i 0.113 (0.140 1.29 ND .79 17.8 ND ND
A 0.134 0.115 1.9% ND 11.7 15.7 ND ND
5 0.193 0.163 1.52 0.584 6.96 8.89 ND ND
C 5 0.152 0.145 5.90 1.64 7.82 10.0 ND ND
AL 0.132 (0.139 1.05 ND 7.32 G.12 ND ND
D i 0.223 0.080 1.97 ND 11.4 1.4 0.403 ND
K (0.250 (.151 2.92 ND 14.6 (2.3 ().298 ND
E i 0.112 ().149 ().883 ND 10.3 128 ND ND
e (.095 0.110 (0.655 ND 7.54 10.5 ND ND
i ().139 (0.103 4.15 2.72 319 29 ().40] ND
F ¥ (0.213 0.109 201 1.86 5.53 2.0 ().259 ND
7 ().149 0.110 208 1.40 7.26 0.0 (0.363 ND
i ().145 0.103 (3.85] ND RO 10.8 ND ND
G & (0,130 (.093 1.56 ND 865 0.3 ND ND
L ().207 0.099 | %O ND 16.2 16, ] ND ND
H 1L 0.16] 0.036 200 ND 17.5 7.36 (0.417 ND
I ().295 (0.156 735 | .68 174 1.6 ND NI
3 0,150 ().174 117 202 1.6 15.% N ND
i (.20 (.10 [.30 N 6.4 11.9 N ND
A 1Y) 0.19s 0 K pIR, .78 ND
L 0182 (.040) 109 ND 9.90 11.6 ND NI

el . |
(1)L2): the first and the second collected sample

ND: concentration below the lower himt of cabibration curve

L

o sample not available

[983. Analysis
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Commercial Restorative Chinese Medicines
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ABSTRACT

This study undertook the analysis of Cd,
Cr. Mn., and Pb constituents in the various
forms of five restorative preparations from ten
GMP Chinese medicine laboratories. Collected
samples of the commercial drugs were digested
with HNO:-HClOs in the presence of microwa-

ving, followed by atomic absorption spec-
trophotometric analysis. The results showed

higher levels in the Mn content (27.9=19.8
ppm) than Cr (2.86£2.04 ppm), Pb (0.247=0.
578 ppm), and Cd (0.157=0.167 ppm). based on
the dry weight of the samples. The variation of

heavy metal contents between laboratories, pre-
scriptions, prescribed doses, and lot numbers
may be attributed to the differences in the origin
of raw materials as well as the additives used in
the processing procedure. Comparison between
prescriptions exhibited higher heavy metal cont-
ents (53.61=24.7 ppm, the sum of Cd, Cr, Mn
and Pb) in Kim-So-Ku-Gien-Wan. For purposes
of safety and quality in Chinese drugs, 1t 1s nece-
ssary to confine individual heavy metal content
on the basis of potential toxicity.

Key Words : Atomic absorption spectrophotometry, Chinese medicine, heavy metal content.
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