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Determination of Heavy Metals and Arsenic in Crude Drugs

Hiroko SHIODA*, Tomoko HAMANO*, Junichi NAKAJIMA *and Ichiro YASUDA*,

Crude drugs, increasingly used in a number of countries as alternative remedies, have raised worldwide concerns

about their quality and safety. Accordingly, the Japanese Pharmacopoeia is currently establishing standards for

heavy metal and arsenic impurities in crude drugs. However, its limit tests do not reveal the content of each metal

and therefore are not sufficient for ensuring the safety of crude drugs. The precise content of each metal is required.

Therefore, using an atomic absorption spectrometer and other measures, 51 samples of 10 crude drugs were

examined for the contents of mercury, arsenic, lead, cadmium, copper and chromium. In comparison with foods,

the samples showed the same levels of mercury and copper and slightly higher levels for the other four metals.

Keywords: E4>J& heavy metal, t 3 arsenic, ZE3E crude drug, /KR mercury, 7 lead, KX 7 A cadmium, #i copper,

7 & I chromium
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RBERE L TAEEREZERT 2 EIEINT 212060, 2
DMEREZENEIZ DN TORRLAHRICEH E->TET
WAY L FE T, ARENLKBEEOEERRH I &
OHENRBHY 2P, WHO THAEEKPORMBIZET D
B E BAEIZBRET D0 A KT A 2OV TR & D
ZLEThD. HARIERF (HR) ZBWTH, AFEFoE
ERLE Ve EOHBEEFITHET .

L2 L, BRTIERERBRTHY, E&BLNEENE
B EOREEA STV D 0TIV, —JF, B4
BENERS~KETHEAROEREIRSERICL Y B
L7, FEOREEEZFMT 5 IIEERB T L OEEN
MEL RN, BIEZNOIZOWTOREIZHE Y 20,
ZIT, INLOEREHET 20, HERFOEEOR
BEZTDEBZONMEOMELERT L 10 £33 %
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KER, ©FE, $h, WRITULA, HKOInL0ERE D &
FELI-OTHRET 5.
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1. EERMH

FRE 18 FEEEHLE, ENICHET 5 43K 10 FREE 51 30EHC
OWCTHE L. A2y, YavuFxay, Hr¥kxay,
HAF Y, hvV o, huXx XXay, JauF, &
DXL SHEROA T L 6 BB ETAR SR L L.
ZRELD 9 B GE TR 7225 gl W TR LIRS L
7.

2. AERVIEZER
ARERIIATREA & LT, EET VI (USnAl B, H
BA ANV A V) ROREET b U U A& KB
NI LOEERAGY (RINAIM, AARAL AV LAY
D) & & 572> Lo 700 CT 3 BRI LI ENMBVILER LW 72,
g~ 72> 6 KFM, Ik ) U LARRTH ) —
TR %, OMORIEL ORI A EeRNEH %
LAY

SRfERESE LT, ERITAR ISH%E (BR15) vFE
FRERVEICYE U ORI U 7oA 4, 3 on SR VERIR (B9
HALF R OFEMEE T35 1000 mg/L % 5@ HAR L CTH
WL FRIE & L, KERIZ 0.001 %L-3 AT A RITE, 80,
7RO T 0.5 mol/L HEEE A FHV -,

3. K&

BEERlE, 7L 20 TI100 CETHRUWERTED |, /KdR
HEEE NS —ET <A HAE) 1, ~—F=2)—
SP-3D (AARA AV LAY #) | 7 L — AR
JEERHE, BIRYEE —~ 2 Z-5000 %4, ICP 1,IRIS CID
NI HEEE (ARY Yy —L v - T yia (1K) &)
i LAY

4. HERBARRUTIZERBROAS

1) KR : MK 0.1 g % EREICFEILL, TOEEHNS.
REFEHERE (0.1 ppm) A IEMEIZ 100 p LELY, 3Bk FER
IBET 5.

2) R K04 g ZIEMICFFIL, BHJF 15 b HEHREBRE
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c BRI OFRES 4 IRICHE T CTIRILT 5. Wk, REMIC
H#E 3 mL 2%, KB ETIEL CGENL, KEMXT
IEfEIZS0mL & L, BBHAKR E 3 2. 3UBRAIK 25 mL % 1E
eI &V, 20 %HEEE 10 mL K (N20 % 3 ikl U v LK
5mL ZMxz, 0.5 mol/L¥FEEIZ CIEMEIZS0mL & Lizb D
PRI E T 5.

b FIEUERR (0.1 ppm) % EMEIZ 0 mL, 0.5mL , 1 mL,
2mL X OV3mL & 0 LT RUBHAIR & FIRRICEE L, RIER
weET 5.

3) SR RI UL K3 g ZIEMICFFELL, B 1S
& ERBIELE 3 BICHE T T (520 C) T 2. Wk, £
K1 mLZMZ, K ECAREEL, REMEERE3 H
THEL, 2 10mL 2 T2 oME+ 5. Wk, K%
MZIEMIZ 25 mL & L, #BHAK E 9 5. 3UBHANR 15 mL
HIEMEIZED, 25 %7 U KF T =T AEHR 7.5
mL Iz 7%, 7ueeFe— LT —fRE ToE=
TR (28 %) KROMEMEZEZHNTHIT S, HIZ5 %Y xF
NOFFINANI RS DY T LR 4 mL ZINZ 15 53
B, GAKAFINA Y TF N b (MIBK) 15 mL 1%,
IR & 5 HiE L5 S iz MIBK J8 2 3 BRIRHE & 9 5.

PRI O R X U MESIEYERR (45 1 ppm) % IEfEIZ 0 mL,
1.5mL, 3mL, 6 mL &XO*15mL & Y 0.5 mol/L ¥fg% N x
TIEMEIZ 15 mL & L, DATRBHANR & RIARICERE LIEYER
T 5.

4) HiR O v A g O R T A L RIERICIRAL, B
A, B 10mL 2012 C2 oINS 5. Wk, P
HEAR 0.3 mL 2 EfEICIN %, FIZKZMAIEMEIC 25 mL
L, BB E T 5. WIEERKE LT, 41> M) UA
FEAEE (1000 ppm) % 100 ppm (AR L CHWS.

i} N7 v MEATERERR (% 100 ppm) % EMEIZ 0 mL,
025 mL XON05 mL &V, £ & ICPEEHERIK % EMELZ 0.3
mL %, 0.5 mol/L MEFEVANK CIEMEIZ 25 mL & L, FEVER
e+ 5.

5. SH&H

1 KSR OKERMEIERERE) - INEEALSME Low Mode,
—BtH 350 °C 4%y, —BrH 700°C6 47.

2) B UKFE(LRAEIEEN 7 L — AW ER)
CHEWNE 193.70m, AU » b 1.3nmm, BEFT R (T
F L) 2.0L/min, BYAT A (Z25%) 15.0 L/min, 5
B RSy, WEEs; 1.0 8.

3) KOOI FI UL (7 L—ARTWIGEESR)
EW R $42833 nm, & KV .A223.8 nm LA FEEDS
Mréeth L FmL.

4) ARk v (ICP) : &AW 1150w, 75
A=A T )22 25 Limin, i A7 2 7422 0.5 L/min,
HIERE $32204n0m, 7 K3 7 A 226.5nm, i 327.4 nm,
7 v 5 205.6nm, A > kU4 2422 nm.

#w R
HREAJEOFER % Tablel-1 KOV 121" LTz, 7eds,
HIPRS e OVE 'R T Z 2, KER 0.003 ppm K TF 0.005
ppm, 3% 0.13 ppm K T* 0.35ppm , £, $AK O o A 0.4
ppm XX 0.8 ppm, H K I 7 A 0.09 ppm XY 0.17 ppm T
5. Fie, #, L7 v 2OWERKE (ppm) OHEZ)
BN — L ETE LT

1. 7kéR

TRTOEFENORH I, ITFARS (Mg )
B, IREE) DIEIZFRT . YA 22 (575, 0.024~0.044 ppm) ,
YavFxaw (55 0.005~0.016 ppm) , B> Fa v (1/5,
0.015ppm) , ¥ A A (2/5, 0.006, 0.010 ppm) , B>/
7 (1/5, JEBVRED) , U (5/5, JEHMRE~0.027 ppm) ,
FXa v (55 0.005~0.010ppm) , V=X (3/5 E
B ~0.007 ppm) , A7 L2 (5/6, 0.005~0.009 ppm)
AUt Fam (2/5 0.007, 0.008ppm) ThHoT-.

2. X

10 &P v, Avxay, VavZrRO4 UL
YO AEENSIRE S, YA v (575, R ~2.09
ppm) , > a UXa v (05, BFa v (2/5, EHRE) ,
AFD (0/5) , Ay v (05 , bUFk (05 , FF
a v (0/5) , VawvXy (25 JEEE, 281 ppm) , &
7Ly (16, BBEE) ROk F=v (05 Tholz.

3. #

WAERPFA vy, YayXay, Hr¥av ROty
Lo DAEEN SR ENTZ. YA 22 (3/5,1.1~2.1 ppm),
YavFxavw (1/5 L1 ppm) , Br¥av (3/5 EBE
E~18 ppm) , A4 (0/5) , AV (05 , +v
x* (05 , ¥%av (05 , Vavgr (05 , FUL
> (56, EBMREE) RO Faw (05 Thol.

4. AFREOL

10 AR T oY 7 2BRS 9 AT DR Sz, YA v
> (5/5, 0.66~1.00ppm) , > aw7xaw (55, JEHFLE
~0.34 ppm) , HrF=a v (45 JEBFEE~0.30 ppm) ,
LA (5/5, BERE) , o 'v (05, huF (475,
ERE~0.52ppm) , Fxa v (/5 EHEE) , V=
T X (45, 0.42~049 ppm) , AT L (6/6, JEHIFRE
~0.78 ppm) ROV F =2 (4/5, JEBFEE~0.21 ppm)
THol.

5. fA

10 £ RTH O ppm A—F — T & iz, 1 v
> (5/5,47~73ppm) , > a ¥ 3 v (5/5, 4.1~7.6 ppm) ,
¥ avy (5/5 22~4.1ppm) , XA AU (5/5 2.6~4.5
ppm) , BV (55, 57~6.6ppm) , L (5/5 3.4



Tablel-1.

Contents of Poisonous Metals (Hg , As, Pb, Cd, Cu and Cr) in Crude Drugs (ppm)

Country

Crude drug of origin Hg As Pb Cd Cu Cr Total *
-1 0.024 Tr. n.d. 0.76 4.7 2.9 8.4
Asiasarum -2 0.025 Tr. n.d. 1.00 5.0 2.4 8.4
Root -3 0.044 1.54 2.1 0.66 6.0 4.6 13.4
FAr) 0.036 2.09 1.3 0.82 73 2.6 12.0
-5 0.027 1.05 1.1 0.66 5.5 1.8 9.1
-1 0.005 n.d. n.d. 0.22 4.1 Tr. 5.0
-2 China 0.006 n.d. n.d. 0.34 4.3 0.9 5.5
G/S;i2¢) -3 China 0.012 nd. nd. 0.23 5.5 1.2 6.9
-4 0.010 n.d. 1.1 0.29 7.1 1.8 10.3
-5 0.016 n.d. n.d. Tr. 7.6 2.0 9.8
-1 n.d. n.d. 1.1 n.d. 2.2 1.0 4.3
Processed -2 n.d. Tr. Tr. Tr. 2.8 1.3 5.0
Ginger -3 China n.d. n.d. n.d. 0.30 2.7 Tr. 3.7
Frxav) 4 n.d. Tr 1.8 Tr. 2.4 1.0 5.3
-5 0.015 n.d. n.d. 0.17 4.1 1.7 6.0
-1 n.d. n.d. n.d. Tr. 2.6 Tr. 3.5
-2 0.006 n.d. n.d. Tr. 4.5 Tr. 5.4
(I;h;;’f;’) China 0.010 n.d. n.d. Tr. 4.0 Tr 4.9
-4 n.d. n.d. n.d. Tr. 3.7 Tr. 4.6
-5 n.d. n.d. n.d. Tr. 3.1 Tr. 4.0
-1 China n.d. n.d. n.d. n.d. 5.8 1.0 6.8
-2 Tr. n.d. n.d. n.d. 6.4 Tr. 7.1
G(lj]yf/yf/{hr;z)a 3 China n.d. n.d. n.d. n.d. 6.4 Tr 7.1
-4 n.d. n.d. n.d. n.d. 6.6 1.1 7.7
-5 n.d. n.d. n.d. n.d. 5.7 Tr. 6.4

*% Total : Total contents of Hg, Pb, Cd, Cu and Cr.

n.d.: not detected
Tr.: Hg ; <0.005 ppm,

~91ppm) ) , ¥Fa v (55 57~69ppm) , V=X
> (5/5, 7.6~9.5ppm) , A7 L (6/5, 2.0~21.4 ppm) )
EXEr¥aw (55 7.0~102ppm) THo7-.

6. 0L

10 BT R ThBMB I, A (5/5 1.8~4.6
ppm) , a vUXxa vy (55 EHEE~20ppm) , I *
a v (55, ERE~17ppm) , A4 (5/5, EHE
), By (55, BEHEEE~1.1ppm) , hUF (5/5,
JEWFRE~19 ppm) ) , ¥F =37 (55, 1.0~14 ppm) ,
Yok (55, 1.1~28ppm) , AU L (1/5, 1.2 ppm) )
EOtr®aw (55 1.2~22ppm) Thol-.

7. EEREEBRCSEEOHRES
AiER%E, A ROEELE TED S REM,VTH 10 ppm,
LT 5720, e EBEELS SA&RE, KB, 8, A FIv

Pb,Cuand Cr; <0.8ppm , Cd ;<0.17 ppm , As;<0.35 ppm

L, ROV v AOBILEOAFERT L. RERED
i % T B BRI D K L7 & L TE oIt
ELTRDI. ZORER, 12 (5/5, 84~13.4ppm) ,
vavFxav (55 50~103 ppm) , FrFa v (55,
3.7~6.0ppm) , XA A (5/5, 3.5~54ppm) , WYV
(5/5, 64~7.7ppm) , b ¥ (5/5, 4.1~109ppm) , ¥
¥av (55 72~8lppm) , V=& (5/5 92~123
ppm) , A7 L 2 (6/6, 2.2~22.9 ppm) K Ut v F =2 7 (5/5,
83~12.6ppm) Th 7.

z B
1. KER
REBIIRIRTIAL oA L, BBENZHBIT 50T, MM
Pyt (<0.01~0.03 ppm) &LV HEWME, FricaMHE (0. 01
~1.36 ppm) IZZL<EENTNDY 1O Znb Lzl
T, SEMHSHAE (Tr. ~0. 044 ppm) 1ZHFITEH WO H D



Tablel-2. Contents of Poisonous Metals (Hg , As, Pb, Cd, Cu and Cr) in Crude Drugs (ppm)
Country %
Crude drug L Hg As Pb Cd Cu Cr Total
of origin
-1 Japan Tr. n.d. n.d. n.d. 3.4 Tr 4.1
Japanese -2 Japan 0.006 n.d. n.d. Tr. 4. 0.9 5.7
A li
ngeiea 5 China 0.027 n.d. n.d. 0.30 9.1 1.3 10.7
Root
(b7 %) -4 0.008 n.d. n.d. 0.52 8.5 1.9 10.9
-5 0.005 n.d. n.d. Tr. 6.6 1.0 7.8
1 0.009 n.d. n.d. Tr. 5.7 1.3 7.2
Platycodon -2 0.008 n.d. n.d. n.d. 6.8 1.3 8.1
Root -3 0.010 n.d. n.d. n.d. 6.8 1.0 7.8
Fxav) 0.007 n.d. n.d. n.d. 6.6 1.4 8.0
-5 0.005 n.d. n.d. n.d. 6.9 1.1 8.0
-1 Tr. n.d. n.d. 0.49 7.6 2.3 10.4
Japanese -2 Tr. Tr. n.d. 0.42 8.5 2.8 11.7
Gentian -3 China n.d. n.d. n.d. 0.45 9.5 2.3 12.3
1 N
Yavs) -4 0.007 n.d. n.d. 0.43 7.9 2.3 10.6
-5 China n.d. 2.81 n.d. n.d. 8.1 1.1 9.2
-1 China 0.006 n.d. Tr. 0.66 3.2 n.d 4.6
-2 0.005 n.d. Tr. 0.64 5.3 n.d. 6.6
Coptis -3 China 0.006 n.d. Tr. 0.73 15.1 n.d. 16.5
Rhizome
Fvryr) -4 China 0.009 n.d. Tr. 0.78 21.4 n.d. 22.9
-5 Japan n.d. Tr. n.d. Tr. 2.0 n.d. 2.2
-6 China 0.005 n.d. Tr. 0.50 2.1 1.2 4.5
-1 0.007 n.d. n.d. 0.21 7.0 1.6 8.8
Cnidium 2 0.008 n.d. n.d. 0.18 8.4 2.2 10.8
Rhizome -3 n.d. n.d. n.d. Tr. 6.9 1.2 8.3
(Brxa=v) n.d. n.d. n.d. n.d. 9.3 1.8 111
5 n.d. n.d. n.d. 0.16 10.2 2.2 12.6
* Total : Total contents of Hg, Pb, Cd, Cu and C

n.d. : not detected

Tr.:Hg; <0.005 ppm, Pb,Cuand Cr;<0.8ppm , Cd;<0.17 ppm , As;<0.35 ppm

TR,

AP D &, A W6 BT RTH D 0.02 ppm
LB L, 10 EFEP iR ELOREES bIcXbD)
TEWMEZ R L. KIS, Yavxay, RURROGY
VUDEWRHERE R L. £, hrFdavid, vav
HOWREZRGE L UIFR LT OED, ¥ a v h a2 EHET
BlLizvavxav ks, 2ENCEWMEEZRLEE. &
B L7z 2 b oAKE, FREAFE—2 v METikie
WZOTEEIZTEX 220V, Brfa vk, LoEHENT
TRAERDZ LT, KBOGHENRHT-EHESND.

2. X

b FRITRRITIL oA L, KEBREEANEE (0.20~17.50
ppm) CUEESE (H2084 ; 12.0~60.0 ppm) (Z£ < BH BN
T3 » 1Y ARl Fx b L7430 10 flET 4 flE
T, ZOIFEAENERELREETHDLIN, A

X5 REHT R CT oL, frc A3, 4, 503
BT 1~2 ppm L ANEW L OMEER L. £72, U
27X 1TFEHZ S 3 ppm TVMEZ R T H OO LTz,
INHOfEE, AR 1S BRECIRETEDY A v kY
27 Z U ORER 5 ppm L VRV, 4% LEELTY
SHENRH D EBbb.

3.

i, ATy, vavka vk oFa vo 3 TEHA
6 3B D 1 ppm UL ERRH &2, BBEICBT 5 £k
RO EFEDIZEALE T 1ppm LT TH DR, =
LT D &L ARIEEIEOCEVEEZ R LTV D LD
N5 BHERTIE, 7L U8 80%L EE EVMEA TR LT,

4. AhFEHLA
ARHTOIEEAETR TR EN S 4R T 10 FEE



FTRThoBmE SN, GBIV TUIRLFEDOEEN
ENE NS ZKT0.06~0.2 ppm?) THDH DXL,

ARIOBHEIX Tr.~1.08ppm, D55 0.2 ppm LA

25 3kF (51 3B 50 %) , 0.4 ppm LLETH 15 508 (9
30%) EEWBRHEAE R L. BB, YA vy, VavX
VROF T L DERNED T AT AN SERE
NEL I b, BRI Y AOBGR IR~ OBATIIRN &
wWbhhs® 12 Lal, REHIVEEEOLONS
WOT, FEREETD.

5. &R
BEFOIZEAETNTHLBH SN 5 MENE TR
T, ARG 10 AET TR, G&ICO0NT
1%, AEIORKEE 21.4 ppm b AL CHETESEOE W
PNBKE (12.3~2049 ppm) EITIFEHL LY, £FEMIC
bR EEREThH o STk, BRAICRIT 5
FRFAEN 10mg/A LY LBRESR TSR, B hOR
ER SO 1 AEREL 1~4mg? ERESh b2 E
FOAEEKOBBREIT R SRV VETHD
s, BAROMAPAEEEEE L THEN DV TILRR-E
W EEZB.

RN LD ZETHE VRO LN T2.

6. /8L

8 &[RRI E M EILHER T, ARl 10 FETNTrb
BHENnz, GEICOVTH —fRAM L D LRm O EE Y
Thoto. AFRNCHD &, 10 FEEF 9 FE ORI
100 % THDDITK L, AT L ATBRHERPMELS, 6 ek
13D LR S g hotz.

7. EREZHRCOHSEROREE

ERERS SR, K, 8, W RFIVLA, RO =
LAORMIBBEDOGF ZRERE LTHIH LR,

AR L7 10 O AR, AR 15 TESBOMRE
ERRESINTHNDIOIE, YavFxaw, A4y, b
VU, hUFRKOFFa v SHET, £OREMIIVT
b 10 ppm TH 5. TOMREME L 5 FEO AR R %
L CHDE, YaUFxavd 103ppm, FUFD 10.7
ppm &N 10.9 ppm & 7R L7c 3 30K, M x7=. H
J& 15 OREEE, 4 RIFHA LR onibi T bk
THEBRTELED THEL TS, LB b
73 250G B R OREBRIE CTEBRICRIST 5RO EIX
ARER I %L, EAEEENTH - 23E, ARR
BRI DR L B 5.

2T, ENoeREE R RO THONTER L BRI
o T AFRBROFER OB 2 MR T 2720, SEFW
72 hUx S BEHZOWTEBRICHRESRHER AT 72
TORER, WERE 41 ppm K57 ppm 2R L7 kU1,
2 OREIIEER I b, MEE 109 ppm 2R L7Z b
U4 ORAE, BEEKERBETChHoT. £z, BERE

10.7 ppm X' 7.8 ppm /s L7z U -3, -5 OEAIE, 5
e L0 EEWLFETRE D OFIRTITEE Lo 7223, 131,
AREIC L 2B EEROBEEFEREFRTH T2,
BT, WAL LEL LRVWDT, A7) —= Tk
ELTIEAEREEEbNS.

L2 L, @BICEVPHEREEER~GEZ2HELRRD
78, ZERMEEZREDD AT, LR CHENRD - -
B, AT 5MHx 0EROEEERRTILENRD D
EEZD.

—77, HJF 15 [ZHMEAA 220 5 i, A2y, Bk
av, VauXy, FvL ROy Fa2uDHT, YA
VU, VauF RO R a v DREENENoTL. £
OfEIFWT Y 8 ppm LLET, HBOMRE 10 ppm & A
ZHREHEEERO DR, IS OEE EEITFICH
DERICER LTS, @BREOEGEDT, FMEMPET5
SREETY AR OMIZ, FAEERREFLRLTWVHED
HEECEIEICE EN D2 A MY, T TRERP COHYERE~
BREHIZIV BT A EEZLND. DD, £FEFD
BEEBICET 2RO, @ROREE L TTIA
, BERITLOFERTHMTH2ONEE LN EBbs.

£ & 0H

Arl, HESRORBEZZITOT UV E RO DIR L OR
EAERT D 10 B DAL 51 FEHI S W TR IO E
FHEE M, KB, BFE, 7, W RITA, LD B A
DEREFRE L. TOFRER, KEITEMED 67 %$H HIEHF
FREE~0.044 ppm, b FEIL 20 %H SEBFREE~2. 81 ppm,
NI EIRD 24 %0 HIEBFRE~2.1 ppm, B KI T AZE
KD 75 %H> SIEHFREE~1. 00 ppm, SITEIED 98 %05
2.0~21. 4 ppm K OV7 & AFRKRD 90 %7 & IEBIFEE ~4. 6
ppm R &7z, KEBE OO E BITREM & FRETH-
T2, Mo 4 THEOERIT, BHLVOSLEN ST
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