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Abstract: In this study, the safety of commercial herbal medicines was evaluated by determining concentration
of hazardous heavy metals. 3,152 samples (244 types) purchased by individual packing unit from market in
Seoul, were analyzed using ICP-MS and mercury analyzer. As a result, the content (mg kg™") of Pb was higher
in the above-ground part (0.92) than underground part (0.43). But in case of As and Cd contents, there is slightly
higher in the underground-parts (0.26, 0.13) than the above-ground parts (0.18, 0.08). There were many herbal
medicines exceeding regulatory limits of Cd comparing with other metals. The levels of Hg seemed to be
different between above-ground part(0.009) and underground part (0.008) but there was no sample exceeding
tolerance limits. In the comparison of imported samples with domestic herbal medicines, it was shown that

Pb, As, and Hg were measured highly in the imported ones, Cd was not significantly different (t-test, p<0.05).
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The significant correlation was observed between Pb and As (r=0.386, p<0.01) but there was no difference

in other parts. The heavy metal contamination of herbal medicines measured in total amount of respective heavy
metals (mg kg™') was high in Flos (6.241) and Caulis (2.238), and decreased in the order of Cortex (1.634),
Herba (1.154), Perithecium (0.861), Rhizoma (0.828), Radix (0.825), Fructus (0.475), and was low in Semen

(0.422) (ANOVA-test, p<0.05).

Key words: heavy metals, herbal medicines, ICP-MS
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Table 1. Classification of herbal medicines used in this experiments

Latin name (korean name)

Acanthopanacis Cortex(2.7Y5), Cinnamomi Cortex ($-7), Eucommiae Cortex (‘7%), Kalopanacis Cor-
tex (31°53]), Magnoliae Cortex (F-¥}), Mori Cortex (™), Moutan Cortex (5-23]), Phellodendri

Carthami Flos (‘&-38}), Chrysanthemi Flos (7=, Lonicerae Flos (&-23}), Schizonepetae Spika (371

Amomi Fructus Rotundus ("™5), Amomi Fructus (A1), Armeniacae Semen (Y1), Aurantii Fructus
Immaturus (R 2}), Chaenomelis Fructus (5-3}), Citri Unshius Pericarpium (F3), Citrii Unshius Pericarpium
Immaturus (%3 3)), Corni Fructus (Y5, Crataegi Fructus (XA}, Forsythiae Fructus (913L), Gardeniae
Fructus (R A}), Hordei Fructus Germinatus (8V), Longan Arillus (£-1), Lycii Fructus (--71A}), Ponciri
Fructus Immaturus (N42), Rubi Fructus (B3-%A}), Schisandrae Fructus (VA}V), Zizyphi Fructus (YN=F)

Agastachis Herba (B3¥), Artemisiae Capillaris Herba (%%, Ephedrae Herba (W}3), Leonuri Herba
(YL %), Menthae Herba (8}3}), Perillae Folium (A+2294), Pogostemonis Herba (383 &), Taraxaci

Arecae Semen (RV%AV), Carthami Tinctorii Seed, Fructus (3-3}A1), Cassiae Semen (A8 AV), Castaneae Semen
(A€, Coicis Semen (2]°121), Cuscutae Semen (EAVA}), Massa Medicata Fermentata () =3F), Nelumbinis
Semen (ARVS), Persicae Semen (=), Plantaginis Semen (R A}), Psoraleae Semen (2.2 X)), Raphani
Semen (NEAV), Thujae Semen (BAFR)), Trichosanthis Semen (Z5-2)), Zizyphi Semen (RFZ2])

Akebia Caulis (35-%), Cinnamomi Ramulus (A1), Lonicerae Folium et Caulis (31%")

Achyranthis Radix (3-%), Aconiti Lateralis Radix Preparata (-A}) Adenophorae Radix (AV3Y), Angelicae
Dahuricae Radix () X)), Angelicae Decursivae Radix (1 %), Angelicae Gigantis Radix (3T), Angelicae
Tenuissimae Radix (3L3), Araliae Continentalis Radix (58, Astragali Radix (371), Aucklandiae Radix (57%F),
Bupleuri Radix (M &), Clematidis Radix (%1% A1), Codonopsis Pilosulae Radix (F7), Cynanchi Wilfordii
Radix (84~ 2.), Dipsaci Radix (5°5Y), Glehniae Radix (3185, Glycyrrhizae Radix et Rhizoma (72), Osterici
Radix (3&), Paeoniae Radix (2+¥), Peucedani Radix (233, Platycodonis Radix (A73), Polygalae Radix
($1A), Puerariae Radix (<), Rehmanniae Radix Preparata (5:X13}), Rhei Radix et Rhizoma (M), Salviae
Miltiorrhizae Radix (%), Saposhnikoviae Radix (8°%), Scrophulariae Radix (8%, Scutellariae Radix (3

Acori Gramineri Rhizoma (A3 7&3), Alismatis Rhizoma (B AV), Anemarrhenae Rhizoma (R 5, Arisaematis
Rhizoma (243, Asparagi Tuber (332", Atractylodis Rhizoma Alba (8%, Atractylodis Rhizoma (%3%),
Cimicifugae Rhizoma (%VV), Cnidii Rhizoma (), Coptidis Rhizoma (33), Corydalis Tuber (2Z2), Cur-
cumae Longae Rhizoma ("33), Cyperi Rhizoma (3-7-A}), Dioscoreae Rhizoma (2}Y2¥), Fritillariae Thunbergii
Bulbus (A3 &), Liriopis Tuber(%-%"), Pinelliae Tuber (R¥5})), Rhei Undulatai Rhizoma (5N3}), Spar-

Parts used n
Cortex 299
Cortex (3™), Ulmi Cortex (F+%9])
Flos 77
Fructus 520
Herba 181
Herba (Z£359)
Perithecium 102 Polyporus (A7), Poria Sclerotium (£-7)
Semen 265
Caulis 95
Radix 1028
=), Trichosanthis Radix (ZF*
Rhizoma 585
ganii Rhizoma (35", Zingiberis Rhizoma (A7)
Total 3152

UNumbers of samples.

AFAZTZAN 2 AT B o)ate] AR
& oFgF-9lol wet Table 13}, A4A] O wet Table 2
P 2ol BRI AlEE A BT (9FE 299
), 2AEE 777), FAUSEE 5207), ABES
1817), MAQEE 1027), A(15F= 2657)), Z71%
ABES 957)01AUL, N 5H-e] B (30FE 10287),
B Z7) 9 Q0FE 5857)0 7 HA 959 244F
3127001 eh AAlE 2GR & Ao, 2ErE
A& s 72 7](DA-280 Gold.A, Daesung ARTLON
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Table 2. Herbal medicines classified by its country of origin

I'll)

Latin name

Acanthopanacis Cortex, Achyranthis Radix, Aconiti Lateralis Radix Preparata, Acori Gramineri
Rhizoma, Adenophorae Radix, Agastachis Herba, Akebia Caulis, Alismatis Rhizoma, Anemarrhenae
Rhizoma, Angelicae Dahuricae Radix, Angelicae Decursivae Radix, Angelicae Gigantis Radix,
Angelicae Tenuissimae Radix, Araliae Continentalis Radix, Arisaematis Rhizoma, Artemisiae Cap-
illaris Herba, Astragali Radix, Atractylodis Rhizoma Alba, Atractylodis Rhizoma, Bupleuri Radix,
Carthami Tinctorii Seed, Fructus, Cassiae Semen, Castaneae Semen, Chaenomelis Fructus, Chry-
santhemi Flos, Citri Unshius Pericarpium, Citrii Unshius Pericarpium Immaturus, Cnidii Rhizoma,
Coicis Semen, Corni Fructus, Corydalis Tuber, Crataegi Fructus, Curcumae Longae Rhizoma, Cyn-
anchi Wilfordii Radix, Cyperi Rhizoma, Dioscoreae Rhizoma, Dipsaci Radix, Eucommiae Cortex,
Forsythiae Fructus, Fritillariae Thunbergii Bulbus, Gardeniae Fructus, Hordei Fructus Germinatus,
Kalopanacis Cortex, Leonuri Herba, Liriopis Tuber, Lonicerae Flos, Lonicerae Folium et Caulis,
Lycii Fructus, Magnoliae Cortex, Massa Medicata Fermentata, Menthae Herba, Mori Cortex, Mou-
tan Cortex, Osterici Radix, Paeoniae Radix, Perillae Folium, Peucedani Radix, Phellodendri Cortex,
Pinelliae Tuber, Plantaginis Semen, Platycodonis Radix, Pogostemonis Herba, Polyporus, Ponciri
Fructus Immaturus, Poria Sclerotium Poria Sclerotium, Puerariae Radix, Raphani Semen, Rehman-
niae Radix Preparata, Rhei Radix et Rhizoma, Rubi Fructus, Saposhnikoviae Radix, Schisandrae
Fructus, Schizonepetae Spika, Scrophulariae Radix, Scutellariae Radix, Taraxaci Herba, Tricho-
santhis Radix, Trichosanthis Semen, Ulmi Cortex, zingiberis Rhizoma, Zizyphi Fructus

Acanthopanacis Cortex, Achyranthis Radix, Aconiti Lateralis Radix Preparata, Acori Gramineri Rhizoma,
Adenophorae Radix, Amomi Fructus Rotundus, Amomi Fructus, Anemarrhenae Rhizoma, Angelicae
Dahuricae Radix, Angelicae Decursivae Radix, Arecae Semen, Arisaematis Rhizoma, Armeniacae Semen,
Asparagi Tuber, Astragali Radix, Atractylodis Rhizoma Alba, Atractylodis Rhizoma, Aucklandiae Radix,
Aurantii Fructus Immaturus, Bupleuri Radix, Carthami Flos, Carthami Tinctorii Seed, Fructus, Cassiae
Semen, Chrysanthemi Flos, Cimicifugae Rhizoma, Cinnamomi Cortex , Cinnamomi Ramulus, Citri Unsh-
ius Pericarpium, Citrii Unshius Pericarpium Immaturus, Clematidis Radix, Codonopsis Pilosulae Radix,
Coptidis Rhizoma, Corydalis Tuber, Crataegi Fructus, Curcumae Longae Rhizoma, Cuscutae Semen, Cyn-
anchi Wilfordii Radix, Cyperi Rhizoma, Dioscoreaec Rhizoma, Dipsaci Radix, Ephedrae Herba, Eucom-
miae Cortex, Forsythiae Fructus, Fritillariae Thunbergii Bulbus, Gardeniae Fructus, Glehniae Radix,
Glycyrrhizae Radix et Rhizoma, Kalopanacis Cortex, Liriopis Tuber, Longan Arillus, Lonicerae Flos,
Lonicerae Folium et Caulis, Magnoliae Cortex, Menthae Herba, Mori Cortex, Moutan Cortex, Nelumbinis
Semen, Osterici Radix, Paconiae Radix, Perillaec Folium, Persicae Semen, Peucedani Radix, Phellodendri
Cortex, Pinelliae Tuber, Plantaginis Semen, Platycodonis Radix, Pogostemonis Herba, Polygalae Radix,
Polyporus, Ponciri Fructus Immaturus, Poria Sclerotium, Psoraleae Semen, Puerariae Radix, Raphani
Semen, Rehmanniae Radix Preparata, Rhei Radix et Rhizoma, Rhei Undulatai Rhizoma, Rubi Fructus,
Salviae Miltiorrhizae Radix, Saposhnikoviae Radix, Schisandrae Fructus, Schizonepetae Spika, Scrophu-
lariae Radix, Scutellariae Radix, Sparganii Rhizoma, Taraxaci Herba, Thujae Semen, Trichosanthis Radix,
Trichosanthis Semen, Ulmi Cortex, zingiberis Rhizoma, Zizyphi Semen

Amomi Fructus, Cinnamomi Cortex, Cinnamomi Ramulus, Longan Arillus, Nelumbinis Semen

Agastachis Herba, Amomi Fructus Rotundus, Arecae Semen, Cinnamomi Cortex,
Persicae Semen, Pogostemonis Herba

Amomi Fructus, Curcumae Longae Rhizoma, Psoraleae Semen, Zizyphi Semen

Atractylodis Rhizoma Alba, Atractylodis Rhizoma, Lonicerae Flos, Lycii Fructus, Phellodendri Cor-
tex, Pinelliae Tuber, Poria Sclerotium, Rubi Fructus

Persicae Semen

Massa Medicata Fermentata

Amomi Fructus Rotundus

Longan Arillus

Country
South Korea 1663
China 1276
Vietnam 73
Indonesia 43
Myanmar 24
North Korea 21
South Africa 19
U.S.A. 18
Guatemala 7
Tailand 5
Laos 3

Amomi Fructus

UNumbers of samples.
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Table 3. Operating conditions for ICP-MS

Parameter Operating condition

R.F. power 1500 W
Argon gas flow rate

Plasma 15.0 L/min

Auxiliary 0.27 L/min

Carrier 0.85 L/min
He gas flow rate 3.0 mL/min
Interface cones Platinum
Acquisition parameters

Points/mass 3

Intergration time/mass 0.1 sec

Total acquisition time/replicate 7.28

Replicates 3

Total acquisition time/sample 21.84 sec
Pb/Mass 208
As/Mass 75
Cd/Mass 112

P& - ANGF - ANY - kT
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Table 4. Recovery rate of spiked metals in Paeoniae Radix
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Addition Recovery" c.v? LOD?Y LOQY
Elements 1 o 0 -1 -1
(mg kg™) (%) (%) (ug kg™) (ug kg™)
- 1.0 93.6 0.97 0,089 027
10.0 109.1 0.35 : :
A 1.0 96.9 0.15 ool 0.034
s 5.0 975 0.17 : :
od 0.1 106.7 1.72 0.020 0.062
1.0 109.4 0.40 : '
- 0.01 94.8 1.27 0.009 0.026
g 0.1 99.3 0.72 : :

UMean values obtained from three measurements using a closed vessel microwave digestion. except mercury by combustion-gold amal-

gamation method
ICoefficient of variance
93.3x0/S
10x0/S (o: the mean standard deviation, S : the individual slope)
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Table 5. Heavy metals contents in CRM
Certified Measured
Elements" = Recovery (%) C.V? (%)
Meanz SD (mg kg™')? Mean+SD (mg kg™)
Pb 0.87 +0.03 0.79 +0.02 90.8 6.3
As 0.060+ 0.018 0.060+ 0.003 100.5 5.0
Cd 0.026+ 0.003 0.025+ 0.001 97.3 4.0
Hg 0.031+ 0.007 0.030+ 0.001 96.1 33

UThe CRM's of Pb, As, Cd and Hg was Peach leaves (NIST 1547)

PMean values obtained from three measurements using a closed vessel microwave digestion.

gamation method
ICoefficient of variation

Table 6. Heavy metal contents” in herbal medicines classified by parts used

except mercury by combustion-gold amal-

G Pb As Cd Hg Total
rou
i n?  mgkg’! n mg kg™ n mg kg™ mg kg™ NP mg kg™
Above 29 0.92+3.59" 5 0.18+0.68" 58 0.08+0.13% 0.009+0.012% 92/1539 1.19443.945%
ground parts (ND~87.2) (ND~20.0) (ND~1.94)  ~ (ND~0.144) (ND~91.83)
Underground 4 0.43+0.87 ) 0.26+0.35 90 0.13+0.15 _ 0.008+0.011 94/1613 0.826+1.097
parts (ND~16.7) (ND~2.44) (ND~1.78) (ND~0.130) (ND~17.53)
Total 33 0678259 0226054 o 0112014 0.009£0.011 186/ 1.005+2.872
(ND~87.2) (ND~20.0) (ND~1.94)  ~  (ND~0.144) 3152 (ND~91.83)
1.3542.61° 0.18£0.25" 0.10£0.10¢ 0.01120.010%¢ 1.63442.746¢
Cortex 4 D-196) T p241)  * ND~06s) T (ND~0.068) 0% (ND~21.64)
+14.0° +1.61¢ +0.08° + f + °
Flos g S34EA0 . 077£161 , 0112008 o 0022:0024° | 624115180
(0.01~87.2) (0.02~11.9) (ND~0.51) (0.001~0.144) (0.09~91.83)
0.34:0.76" 0.09+0.15° 0.04+0.05° 0.006+0.009 0.475:0.852°
Fructus 1 - - - 1/520
(ND~10.5) (ND~2.08) (ND~0.29) (ND~0.12) (ND~11.70)
0.7741.04* 0.25+0.45¢ 0.120.15¢ 0.0150.008° 1.154£1.273%
Herba 2 D662 ' (001-400) " (ND~094) ©0.001~0.057) 181 0.05-6.97)
o 0.64:0.98° 0.11£0.17% 0.10+0.23¢ 0.010£0.014° 0.861+1.116%
Perithecium - 01 4200~ p~079) 0 (ND~1.49) 0.001~0.132) V102 "0 045 34)
Semen 0198044 016123 0.07:0.08" 0.004£0.007 (o 042251377
(ND~4.93) (ND~20.0) (ND~0.44) (ND~0.048) (ND~21.20)
b be d de d
Cauis ;180174 0.24£027 by 019£026 0.01320009% o 2238£1.855
(ND~8.11) (0.01~2.07) (ND~1.94) (ND~0.042) (0.03~8.82)
. 0.43+0.89° 0.27+0.37° 0.11£0.11¢ 0.008+0.011° 0.825+1.117%
Radix 3 ND-167) T (ND244) 2 (ND~1.04) ND~0.130) 221028 \D17.53)
. 0.42+0.83° 0.23£0.31% 0.1740.19° 0.008+0.010° 0.828+1.063%
Rhizoma I (pe1238) (ND-244) % (ND-1.78) (ND~0.090) 93385 (0.08-15.98)

YMean+ standard deviation. The same letters (a-c) in the same column are not significantly different at p<0.05. Numbers in parenthesis

are range. Not Detected (<0.001).
Number of sample exceeded heavy metal standard

INumber of sample exceeded its criteria/Total number of sample analyzed,
Herbal standard criterion announced by KFDA (Not more than-Pb:5, As:3, Cd:0.3, Hg:0.2 mg kg™)
8p-value indicates significant differences of individual heavy metal contents between above-ground part and underground part of herbs

(t-test, <0.05).

G

Wk
H

i

o

weol St (mg kg')S A9 534, 7] 1.80,
1.35, 2 0.77, }A 0.64, 22 034, AHES 0.19

I et 09201902, A sh-e] 2] 043, HelE

71591 0.42 28] H 04301tk &, F71,
FRA7F frol ARl A wol Ested olE

3 5]

H o
T
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Table 7. Comparison of heavy metal contents”

25 22 511

Group

Korea (unit:mg kg™)

China (others) (unit:mg kg™)

n? Pb As Cd Hg

n Pb As Cd Hg

Above ground

Underground

Su/egg 0390648 01120238 0.07:40.13% 0.007:0.007%
(ND~4.32) (ND~4.00) (ND~1.94) (ND~0.065)

45/975 0.3420.64% 0.25+0.36 0.1420.12% 0.007+0.0118
(ND~12.8) (ND~2.44) (ND~1.78) (ND~0.126)

01663 03650643 0.19:0.32% 0.1120.13 0.007:0.009%
(ND~12.8) (ND~4.00) (ND~1.94) (ND~0.126)

1.3544.75 0.24+£0.88 0.09£0.12 0.011£0.014
(ND~87.2) (ND~20.0) (ND~1.49) (ND~0.144)

4ofszg O-S6F112 027:033 0.12+ 0.18 0.009+0.010
(ND~16.7) (ND~2.44) (ND~1.30) (ND~0.130)

117/14g9 |O1E3.68 025£0.70 0.10£0.15 0.010:0.012
(ND~87.2) (ND~20.0) (ND~1.49) (ND~0.144)

68/851

Cortex

Fructus

Herba

Perithecium

Caulis

Rhizoma

0.83+0.97% 0.16£0.21 0.10£0.09 0.009+0.0068
(ND~4.32) (0.01~1.31) (ND~0.41) (0.001~0.029)
0.37+£0.45 0.15£0.31 0.13£0.11 0.015+0.011
(0.02~1.57) (0.02~1.29) (ND~0.45) (0.001~0.035)
0.18£0.29% 0.05+0.08% 0.04+0.05 0.004+0.0065
(ND~2.4) (ND~0.59) (ND~0.29) (ND~0.065)
0.45+0.54% 0.19£0.42% 0.14+0.20 0.013+0.006%
(ND~3.31) (0.01~4.00) (ND~0.94) (0.002~0.037)
0.77£1.29 0.11£0.19 0.08+0.17 0.008+0.005
(0.01~4.20) (0.01~0.79) (ND~0.65) (0.002~0.023)
0.11£0.16  0.04+0.05 0.05+0.05% 0.004+0.005
(ND~0.90) (ND~0.24) (ND~0.25) (ND~0.027)
0.90+£0.73% 0.29+0.32% 0.10£0.26% 0.010+£0.007%
(ND~4.21) (0.01~2.07) (ND~1.94) (ND~0.042)
0.3620.53% 0.27+0.39 0.12+0.09% 0.008+0.012
(ND~4.38) (ND~2.44) (ND~0.60) (ND~0.126)
0.29+0.80% 0.23+0.31 0.17+0.16 0.006+0.008%
(ND~12.8) (0.01~2.42) (ND~1.78) (ND~0.09)

1/81

1/16

-/325

15/107

3/33

Semen -/64

4/62

13/632

32/343

1.54£3.00 0.1840.26 0.10£0.10 0.012+0.011
(ND~19.6) (ND~2.41) (ND~0.65) (ND~0.068)
13/61 6.64+15.5 0.94+1.78 0.10+£0.07 0.024+0.026
(0.01~87.2) (0.03~11.9) (0.01~0.51) (0.001~0.144)
0.60£1.13  0.15£0.22 0.04£0.05 0.008+0.012
(ND~10.5) (ND~2.08) (ND~0.24) (ND~0.120)
1.22+1.37 0.34+0.47 0.10+£0.08 0.018+0.009
(ND~6.62) (0.01~2.44) (0.01~0.46) (0.001~0.057)
0.57£0.79 0.11£0.16 0.11£0.26 0.011+0.017
(0.01~3.26) (ND~0.73) (ND~1.49) (0.001~0.132)
0.21£0.50 0.20+1.41 0.08+0.09 0.004+0.007
(ND~4.93) (ND~20.0) (ND~0.44) (ND~0.048)
22133 3.50+1.83 0.14+0.07 0.35£0.16 0.020+0.008
(0.29~8.11) (0.04~0.35) (ND~0.58) (0.001~0.039)
0.54+1.26 0.29+0.32 0.09+0.13 0.009+0.009
(ND~16.7) (ND~2.40) (ND~1.04) (ND~0.130)
0.60+0.84 0.23+0.32 0.18+0.23 0.010+0.011
(ND~4.49) (ND~2.44) (ND~1.30) (ND~0.078)

17/218

1/195

3/74

7/69

5/201

16/396

33/242

YMean+ standard deviation. Numbers in parenthesis are range. Not Detected (< 0.001).
INumber of sample exceeded its criteria/Total number of sample analyzed
Herbal standard criterion announced by KFDA (Not more than - Pb:5, As:3, Cd:0.3, Hg:0.2 mg kg™")
Mp-value shows significant differences of heavy metal contents between domestic and imported medicinal herbs (t-test, <0.05).

= A&7 £ 0.01-872, 7] ND-8.11, 53¢
ND-19.62 2 F=HE27}F HSlth 34, A9 o2
F21¢}F vaste] wol A tHANOVA-test, p<0.05).
ol £, X9 R MEFTFEY o] =a1, A,
A7 7F T2 F-9Jol] vlste] FF4 o]l AU
£ Ba2e} fARet A Bk T ARt
ARG F9) 20 FEd A =3k Th(i-test, p<0.05).
we] 7188 233 AlgE A
A, E7] 374, o 24, FAEY
A spFe] Ba 37, W E7|59] 17422 HA 442
2, A57F AR g Qo] Bkl FAk
T ek o] Bl E 036, 1.010.2, FAH T
Sk QA (ttest, p<0.05), 71FS 2H3 A FEE
2k 14, = kA= 24010k 28 F4ba
Pake] i FEFA Fo0HQl AolE Bl H9= £
3] 0.83/1.54, 74 0.18/0.60, & 0.45/1.22, Z7] 0.90/
3.50, B3] 0.36/0.54, W) Z7] 59 0.29/0.62.2 5

o

_
O

b

k%

=

)

e

O

)
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AF SRR 7 5o F Q) FFEoA A, FAHFYAL
A|A] ZfolE Hol= F&F7} v, Mg, 723
vl ate] BkTh(t-test, p<0.05).

v 29] (mg kg )2 RdHL] £ 077, & 0.25,
Z7] 024, 39 0.18, A 0.16, 1Al 0.11, FAFE$
0.09 222 FH 0.180] 2, A 312 #a] 027, ¥
YZE7159 023 283 He 0260t HlAE A
BT X H-H T =9k TH(t-test, p<0.05). B]A9] 7]&
< 23 A5 AR 237, 9 1A, AR
702 AA 571019om, Ao M= fidTt A
I £ R Q] Bl E 0.19, 02502 FALR
o} ko] Bk (ttest, p<0.05), 1S 273 Al
B 414, 4 gl 4o 28 =
2HAEdARe] B A FEFollA] AFol7t e Fee A
0.05/0.15, % 0.19/0.34, Z7]%2] 029/0.140.2 <]
AF SRR 7F 3, QE-QJelM EkT, E7159E wt

A TH(t-test, p<0.05).
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Table 8. Correlation coefficients among heavy metal contents
Pb As Cd
Group n"
As Cd Hg Cd Hg Hg
Above ground parts 1539 0.418%* 0.160%* 0.234%* 0.106** 0.134%* 0.219%*
Underground parts 1613 0.331%* 0.354%* 0.158%* 0.084%* 0.315%* 0.051%*
Total 3152 0.386%* 0.145%* 0.196** 0.101** 0.182%* 0.115%*
Cortex 299 0.323%* 0.402%* 0.160%* 0.176** 0.235%* 0.202%*
Flos 77 0.698%* NS NS NS NS NS
Fructus 520 0.437%* 0.288%** 0.092%** 0.230%* 0.155%* NS
Herba 181 0.282%* NS 0.457** NS NS NS
Perithecium 102 0.231* NS NS 0.625%* 0.450%* 0.294%*
Semen 265 0.124* NS NS 0.165%* NS NS
Caulis 95 NS 0.410%* 0.569** -0.247* NS 0.428**
Radix 1028 0.365%* 0.258%** 0.165%* 0.152%* 0.380%** NS
Rhizoma 585 0.257** 0.514%** 0.144** NS 0.159%* 0.094*
DTotal number of sample analyzed
* **= p<0.05, p<0.01, respectively, NS; Not significant
AEF Fhmeg kghe AR E7] 010, 9 el e 239 ARE QAT FAH U
0.12, 3 0.11, 9] 0.10, # 0.07, & 0.04 22]3 A9 29 FF2 0007, 001002 FAbE T 5

Wit 008013, A 3H-e] ¥ElE7] 0.17, ¥ F<
0.11 &3 FHiF 0.130]3} ). 7= =7], Ba=7)
FLoA Betom, A A9 7F A Y THANOVA-
test, p<0.05). A|FH-RT; A7t 7t =F] ol
EUTH(ttest, p<0.05). 71=F2] 715 24 A E+=
AgRel 7] 2374, &4 154, WA 104, A 44, &
3] 471, E5-9] 22 HA 5870 aL, A9
maZ7] 647, R 26002 A 904 AL).
=g A= AT AGFRY 299 7Hed
| E=teh A3 AlE 315274 FollA MEFF59] 7]
233 A5 18671 oI eH, o]FTollN ThEg

238 AL 1487402 o, Bl A Fed) v
o] A o] Bttt =ik =9 kAl <] vl el A
0.11, 0.102.2 4] F9l 2ol B
o)A Rk (ttest, p<0.05), T+=E | 71FS 23
NFEE 7Y e 814, AR 6740t} 28]
I YA JtEE FElA AfolE Hole H
2= A 0.05/0.08, 7] 0.10/0.35, B2 0.12/0.09
o2 YAt sek7E A, 7159l =kar, B
F-9l= W A th(t-test, p<0.05).

29| T mg kg A9 £ 0.022, & 0015,
%71 0013, 329 0.011, HA 0010, Z+ 0.006, A7
0.004 1231 H5 0.0090] 93, A 3HE-2] ¥a] 0.008,
WM Z7)59) 0.008 233 FHF 0.0080] ATk A AR
o} AFHE F2H &7t AR (ttest, p<0.05),

]

¢ AFo] =9k Th(t-test, p<0.05). L& 3L FAHFY A4S
H| 4 oA xpo]S Hole RE= EI 0.009/
0.012, 4 0.004/0.008, ¥ 0.013/0.018, Z7] 0.010/
0.020, ¥22]Z7]3-9] 0.006/0.0102.8 F=4F kA7t
Wk TH(t-test, p<0.05).

kg R Qo uE NEFTFEH FHmg kg) A
0.422, ZHAR-9 04752 AL, ] 0.825, Be]=7)
0.828, HAI 9] 0.861°1 3, o 1.154, £3] 1.634,
=7] 2238, 5% 62419] o2 FFE9] 2]
=SITHANOVA-test, p<0.05).

e o, v, 7lEg, 29| e 7]
HBAE Table 8% ZSkTh E& A9 A|GHE
(=0418), A3 (=033)A, FI=FFHE AFE
(=0.160), A 3}F-(=0354)° 4, F=&3= A&AAA 7¢
k&t A TthHp<0.01). S F-2 SHA| ] Ao A] H] &
of, A Hol A vl &, FFEE FHIAIZE AT o
= 7tEES |, e, okddA g Y ol EAlgth
£ 2%l AR A4S BT vAaE JlEE @
A7 FAIL, 2= A S (=0315)1 4 FA 7}
AT TME S 23 BA7F S THp<0.01). °F
L5900 e NESFEE] WAL, & 19, 7
1, 82, Y Z7| QoA v&, Tt=R, 2 Y
FAIS BATHP<0.01). B1A2E ¥y, 74 sAl, B

AollA 7t=g, 23 AAE BAT It
WAL, 27152104 23 FAE B ATHp<0.01).

oo

ki)
1.3
°
e
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