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Abstract — This study was conducted to investigate the content of foreign mineral materials and heavy metals (Pb, As, Cd, Hg)
contained in commercial herbal medicines (1504 samples) classified by parts used, and the effect of removing heavy metals
by washing treatment (take 50 g of the sample and put 1000 ml of distilled water, shake it gentle by hand for 1 min). The 5%
trimmed means of acid-insoluble ash value (%) were as follows; above ground parts (0.76) and underground parts (0.52). Those
of the total amount of individual heavy metals value (mg/kg) were as follows; caulis (1.33), flos (1.23), herba (0.91), cortex
(0.76), rhizoma (0.73), radix (0.67), semen (0.44) and fructus (0.39). Acid-insoluble ash content was correlated with Pb in
herbal medicines of underground parts (+=0.446) (p<0.01). After washing, the removal rate of heavy metals contained in 6 radix

herbal medicines shows 33-13% respectively.

Key words — Herbal medicines, Heavy metals, Mineral, Acid-insoluble ash, Washing treatment
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Table I. List of the herbal medicines used for monitorings
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Parts used N(n)"

Latin name (number of sample)

Above ground parts 40(539)
- Caulis 2(18)
- Cortex 4(107)

- Flos 5(57)

- Fructus 11(109)

- Semen 7(86)

- Herba 11(162)

Bambusae Caulis In Taeniam (4), Lonicerae Folium et Caulis (14)

Eucommiae Cortex (21), Mori Cortex (45), Moutan Cortex (30), Phellodendri
Cortex (11)

Chrysanthemi Flos (20), Farfarae Flos (8), Magnoliae Flos (7), Schizonepetae
Spika (18), Syzygii Flos (4)

Alpiniae Oxyphyllae fructus (6), Amomi Fructus (10), Citrii Unshius Pericarpium
Immaturus (30), Cnidii Fructus (4), Foeniculi Fructus (3), Hordei Fructus
Germinatus (12), Kochiae Fructus (3), Ponciri Fructus Immaturus (29),
Terminaliae Fructus (4), Viticis Fructus (4), Xanthii Fructus (4)

Myristicae Semen (3), Cuscutae Semen (11), Dolichoris Semen (5), Plantaginis
Semen (23), Psoraleac Semen (10), Raphani Semen (23), Thujae Semen (11)

Agastachis Herba (17), Artemisiae Argyi Folium (5), Artemisiae Capillaris Herba
(21), Cistanchis Herba (3), Ephedrae Herba (30), Epimedii Herba (7), Geranii
Herba (1), Leonuri Herba (13), Menthae Herba (25), Perillae Folium (29),
Taraxaci Herba (11)

Underground parts
- Radix

44(965)
27(616)

- Rhizoma 17(349)

Achyranthis Radix (36), Adenophorae Radix (19), Angelicac Dahuricae Radix
(24), Angelicae Decursivae Radix (16), Angelicae Tenuissimae Radix (13),
Araliae Continentalis Radix (54), Astragali Radix (49), Bupleuri Radix (30),
Clematidis Radix (12), Codonopsis Pilosulae Radix (13), Cynanchi Wilfordii
Radix (22), Gentianae scabrae Radix et Rhizoma (4), Glehniae Radix (15),
Glycyrrhizae Radix et Rhizoma (56), Morindae Radix (6), Osterici Radix (41),
Paeoniae Radix (60), Peucedani Radix (12), Polygoni Cuspidati Radix (3),
Polygoni multiflori Radix (6), Rehmanniae Radix Preparata (43), Rhei Radix et
Rhizoma (11), Sanguisorbae Radix (3), Saposhnikoviae Radix (13), Scrophulariae
Radix (14), Scutellariae Radix (34), Sophorae Radix (7)

Acori Gramineri Rhizoma (23), Alismatis Rhizoma (41), Anemarrhenae Rhizoma
(17), Arisaematis Rhizoma (11), Asiasari Radix et Rhizoma (6), Atractylodis
Rhizoma Alba (22), Atractylodis Rhizoma (13), Cimicifugae Rhizoma (22),
Cnidii Rhizoma (54), Coptidis Rhizoma (20), Curcumae Longae Rhizoma (11),
Cyperi Rhizoma (51), Dioscoreae Rhizoma (36), Gastrodiae Rhizoma (7),
Pinelliae Tuber (5), Smilacis Rhizoma (3), Sparganii Rhizoma (7)

Total 84(1504)

YNumber of items (Total number of analyzed samples)



Vol. 45, No. 1, 2014

@stact.
sl MESNEE - IR TS % Ut ErRe

A& 2g8 B 71D F 550°ColA F 4hr o) sk

5 - 9, e, 7l=we EYde S2EIAEAA
2] 4 2|(MARS 5 Version 194A01, CEM, NC, USA)< ©]
Sa3int. #af8710 AR 0.5 g5 AEsAl YL ZAH70%,
Electronic grade, DongWoo, Seoul, Korea) 12 ml7}8te] 7}
225 WEsta 2 1200 WellA 15 min, 190°C7HA] %
SA1713L 15 min 238 o]& A7k 23 & 2]
3laL, PEAE 9] Zef~To)| SHFAZEAA(MQ Gradient,
Millipore, MA, USA)IA A28 S/HT(182MQ)E %
ofate] 50 g2 BlAste] Al AlxEit B4
Octapole reaction system(ORS)©| F-2F¥ ICP-MS(Agilent
7500ce, Agilent, Tokyo, Japan)E A-&-3}910m, HHd-2
multi-element calibration standard 2A(8500-6940, 10 pg/mg,
Agilent, Tokyo, USAYS A8} H|S=3 w0] B8
dow gsidlon, AdA FAIHAS 7 A5
Fmgkeys Foth. 223 71713 B R edeR
18k B4 oAb A WA (SOP)l whet YA 52
Mz7]uheh B2E9(10, 100 peke)C 2 S91stgiTh
o] £ A8 50smgs AU Bol FE47]
(Model MA-2, Nippon. Japan)s A-g-sted 71 7)sl=ol2
o= 2537 nmeld B4 ST A2 AR
£ & HF-89(25828-1B, 1,000 mg/kg, kanto, Japan)2-
0.001% L-cysteine(98%, Sigma, St. Louis, USA)S.Z2 ZA]|
ste] AFR-3l9 3, & 7HAlE HG-MHT, HG-BHT(Nippon,
Japan)S ARESIATH TR ES SAl 48] 918
Halas ¥ SHAEE vt HoR FRISEE
< o] &3Ath ASEHL Institute of Standard and
Technology2] Peach Leaves(1547)5 #AIA 89} FUs =

fo de r

43

ZAoNA 370 olde] AlFRE BAlEl AlFAHE EYE 7}
A 348, EFHA 283 HEAITE 3Tk 4
23 (LOD)e} A H3HA|(LOQ)= W2 FFHae} A
Ao 718710 2SR Wil wet FFEAS 53] WhE
=43t Hpko = A7 yE 2t oo 2ol mEt
ARSI EEAI S MSARASTAATY a5t
EA Ao BakE]of3)

LOD=3.3x0/S, LOQ=10x0/S (o: ¥+&-¢] ¥FHx}, S: 7
gl 71870)

FMXE] — A 1; A& 50 g SFHS5 1000 miS- 715
3 PEAE ] €7]0] Wil 502 | min Y 5 A= 2
A AZ71(50°CPIA 24 hr AZBIATE 241 2; 4 1S 3
3] RHESISITh

25 AAE%) =[A A 55 -7 5 555
A A Fa4]1x100

EH2A _SPSS EAZ 213 (version 12.0 KO, SPSS
Inc., Chicago, IL, USA)S ©o]-&-3to] oF&-H-9]of] mE 5%
2 i (trimmed mean), A= 3 (box plot) 28] 2L ¥
Al TR, o] F-S ANOVA £4] 5 Duncan’s test
(p<0.05)2 AAIBt FoldS ST

slg Ad - FFISEAS ol&dl] S4T I5ES
(%) 'F 90.8, H]Z: 100.5, 97.3, 2 96.1°]1 Atk H, H] &,
FrEE] AHAL 0.5-100 pgkg FEo1A4 R*E 0.9992-
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AL Bk B3 |, ¥4, JtEE, £ AEdAe
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Table II. Certified concentration of constituent elements (NIST 1547, Peach leaves)

Elements Certified (mg/kg)  Measured (mgz/)kg)” Recovery c.v.? Lop” LOQ R?
Mean+SD Mean+SD (%) (%) (ug/kg) (ug/kg)
Pb 0.87+0.03 0.79+0.02 90.8 6.3 0.036 0.108 0.9992
As 0.060+0.018 0.060+0.003 100.5 5.0 0.011 0.034 0.9995
Cd 0.026+0.003 0.025+0.001 973 4.0 0.020 0.064 0.9999
Hg 0.031+0.007 0.030+0.001 96.1 3.3 0.009 0.026 0.9994

YMeasured ICP/MS and mercury analyzer
Mean values obtained from three measurements

Coefficient of variation = (standard deviation/mean value)<100 (n=3)
DLimit of detection (LOD)=3.3x0/S, Limit of quantitation (LOQ)= 10xc/S(c: the mean standard deviation, S: the individual slope)
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Table 1L The 5% trimmed mean" of total ash, acid-insoluble ash and heavy metals contents in herbal medicines

Parts used P2 Total ash  Acid-insoluble ash Heavy metals (mg/kg)
(%) (%) Pb As Cd Hg
Above ground parts 539 6.31 0.76 0.48 0.14 0.07 0.009
- Caulis 18 342 0.44 0.95 0.16 0.21 0.012
- Cortex 107 6.53 1.02 0.51 0.18 0.06 0.010
- Flos 57 5.51 0.74 0.89 0.25 0.08 0.013
- Fructus 109 4.99 0.62 0.28 0.08 0.02 0.004
- Semen 86 4.72 0.68 0.21 0.11 0.11 0.005
- Herba 162 8.70 0.83 0.63 0.17 0.10 0.014
Underground parts 965 443 0.52 0.34 0.23 0.10 0.007
- Radix 616 453 0.59 0.34 0.24 0.08 0.007
- Rhizoma 349 4.25 0.39 0.34 0.21 0.17 0.007
Total 1504 5.05 0.59 0.39 0.20 0.09 0.008
"The mean computed by excluding the 5% largest and 5% smallest values from the sample
“Number of analyzed samples
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Fig. 1. The box plots of total ash, acid-insoluble ash and heavy metals by the parts used, Box plot: 1) Maximum (Greatest value),
2) Upper quartile (25% of data greater than this value), 3) Median, 4) Lower quartile (25% of data less than this value), 5) Min-

imum (Least value).
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Table IV. Correlation coefficients among total ash, acid-insoluble ash and heavy metals content
I Acid-insoluble ash
Parts used n
Total ash Pb As Cd Hg
Above ground parts 539 0.553** 0.228** 0.267** NS NS
- Caulis 18 NS NS 0.594%* NS NS
- Cortex 107 NS 0.473%* NS 0.478** NS
- Flos 57 0.330* NS NS NS NS
- Fructus 109 0.523%** NS NS NS NS
- Semen 86 0.347%* NS NS 0.227** NS
- Herba 162 0.837*%* 0.202%* 0.468** NS NS
Underground parts 965 0.546%* 0.446%* 0.226%* 0.099%** NS
- Radix 616 0.561%* 0.509%* 0.230** 0.223%* NS
- Rhizoma 349 0.536%* 0.167** 0.186** 0.127* NS
Total 1504 0.569%* 0.312%* 0.183** NS NS
**p<0 01, *p<0.05, respectively NS; Not significant
Number of analyzed samples
Ty, Wy ) A, 3y o)tk A 5 e Table V. Correlation coefficients among lead, arsenic,
M= 27 > 9 > %2 > %3 > ¥y > WaZzr] > duj > cadmium and mercury in herbal medicines
B> 4 w0, BEHOE AN £, 9, 2], ¥ o Pb A Gl He
oA F=F& ko] Bk, By A PEEA g Pb 1504 1.000
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31-9] 0.34 B} dhe] Bxv) Wlth(Fig 1). A & Cd 1504  0.283** 0.117**  1.000
A J5-2] kAol 3187 SmgkgS _J_J»]'T‘S_]_' A8 Hg 1504  0.236** 0.325%* 0.101**  1.000
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Fig. 2. Comparison of content of heavy metals in herbal medicines before and after washing treatment, 1) The same lower case let-
ters (a-c) in the same column are not significantly different at p<0.05, 2) 1¥ washing; take 50 g of the sample and put 1 L of dis-
tilled water, shake it gentle by hand for 1 min, 3 washing; repeated 1 washing three times, 3) Dry the washed sample in a drying
machine (50°C) for 24 hours
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Table VI. The content” of heavy metals and loss on drying in herbal medicines before and after washing treatment

Herbal medicines 2) ) Heavy metals (mg/kg) Loss on drying4)
(Korean name) n Washing Pb As cd Hg (%)
Angelicae Gigantis Radix 15 0.31£0.08°  0.12+0.05°  0.19£0.09°  0.004+0.002" 2.240.6"
(27) 1 0.19£0.07°  0.08+0.04° 0.16+0.09™ 0.004+0.002" 2.540.6"
31 0.13£0.08"  0.05+0.03*  0.12£0.08*  0.0040.002" 2.740.2°
Astragali Radix 15 0.47+0.55"  0.06£0.03°  0.03+0.01°  0.008+0.008" 4.140.8°
&) I 0.32+0.55*  0.03+0.02°  0.02£0.01* 0.008+0.010" 3.7+0.8°
31 0.25+0.40°  0.03+0.02°  0.02+0.01*  0.004:0.004" 3.9+0.4°
Glycyrrhizae Radix et Rhizoma 15 0.15£0.16°  0.1120.06°  0.03£0.02°  0.002+0.002* 3.5+0.5°
(Fz) I 0.11+0.13*  0.06+0.03*  0.02+0.02"  0.001+0.001" 4.0+1.0°
31 0.08+0.09°  0.05+0.02°  0.02+0.02*  0.002:0.002° 3.6£0.4°
Paconiae Radix 15 0.20£0.10°  0.10+0.04°  0.14+£0.08"  0.006:0.004 5.442.6°
(k) 1 0.13£0.06*°  0.07+0.02°  0.11£0.06"  0.006+0.004" 44413
31 0.10£0.05*  0.06+0.02°  0.10£0.06*  0.005+0.002° 4.040.9"
Platycodonis Radix 15 0.22+0.11*  0.05+0.04"  0.07£0.03*  0.004+0.002° 7.543.1°
A7) 1 0.17+0.07°  0.04+0.02°  0.07£0.03*  0.0040.002° 6.742.8"
31 0.16£0.06"  0.04+0.02°  0.07£0.03*  0.004+0.002" 5.5+0.7°
Rehmanniae Radix Preparata 15 0.27+0.13°  030+0.21*  0.02+0.01°  0.008+0.005" 8.6+0.6°
(%73 1 0.16£0.12*  0.25+0.17°  0.02£0.01*  0.006+0.002" 8.8+0.3"

3" 0.12+0.10°  0.23+0.17°  0.02+0.01"  0.005+0.003" 9.1+0.7"

UThe same lower case letters (a-c) in the same column are not significantly different at p<0.05

*Number of analyzed samples

1 washing; take 50 g of the sample and put 1 L of distilled water, shake it gentle by hand for 1 min, 3" washing; repeated
1" washing three times

Dry the washed sample in a drying machine (50°C) for 24 hours
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