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Abstract

The purpose of this study was to investigate some heavy metals (Pb, Cd, Cr, Cu, Hg) in 52 commercial herbal
pills used as general processed food, to identify weekly heavy metal intakes from herbal pills and to evaluate
their potential health risks. The samples were digested with a microwave and determinations of heavy metal
residues were carried out by inductively coupled plasma mass spectrometry (ICP-MS) and mercury analyzer.
The mean values of heavy metal contents for herbal pills used as general processed food were Pb 0.421 (0.032~
1.630), Cd 0.157 (0.011~0.515), Cr 1.033 (0.112~9.933), Cu 6.923 (1.333~16.755), Hg 0.010 (0.001~0.088)
mg/kg. Lead contents of herba and cadmium of algae, herba were high (ANOVA-test, p<0.05). Levels of cadmium
concentrations exceeding WHO reference values (0.3 mg/kg) were observed in 10 samples (4 species). The
significant correlation was observed between Pb and Cd (r=0.633, p<0.01). The weekly intakes of Pb, Cd, Cr,
Cu, Hg from herbal pills were 1.112 (0.072~5.088), 1.614 (0.029~9.257), 3.000 (0.252~ 23.690), 0.182 (0.008~
1.235), 0.220 (0.000~0.420)%, respectively, as compared with the Provisional Tolerable Weekly Intake (PTWI)
established by Joint FAO/WHO Expert Committee for food safety evaluation. Our data suggest regulations
limiting heavy metals in herbal pills used as general processed food.
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Table 1. List of herbal pills used as general processed foods
for analysis of heavy metals

Classification Main material Number of
by used part Samples
Algae Laminaria Japonicae Thallus 4
Cortex FEucommiae Cortex 1
Acanthopanacis Cortex 1
Fruct Mume Fructus 1
ructus Rubi Fructus 2
Radix Angelicae Gigantis Radix 1
a Platycodonis Radix 4
Rhizoma Alli Bulbus 3
Dioscoreae Rhizoma 1
Carthami Tinctorii Seed 1
Semen Dolichoris Semen 17
Glycine Semen Nigra 3
Oryzae Semen 1
Artemisiae Capillaris Herba 7
Herba Leonuri Herba 2
Potentilla kleiniana 1
Batryticatus Bombyx 1
Others Lentinus edodes 1
A= Ll ghgd
=

2009 1~11€% * o=

A A & ditEAFeE fEEI Je FOVAFE F
521& 7Yt &%
FTUEE AFERAER £
Japonicae Thallus) 473} 1
A{FZF(Eucommiae Cortex) 173, 7V3(Acanthopanacis
Cortex) 171} 2%, A5 3% Evi{ml & (Mume Fructus)
174, R (Rubi Fructus) 27} 2%, B8){3HA(Angelicae
Gigantis Radix) 17, =2} X (Platycodonis Radix) 471} 2%,
W)= 7w 5 (Al Bulbus) 37, vH( Dioscoreae Rhizoma)
174} 2%, FAHZ-I N (Carthami Tinctorii Seed) 171, &
(Dolichoris Semen) 177, & (Glycine Semen Nigra)
37, B (Oryzae Semen) 171} 4%, & (Artemisiae Cap-
illaris Herba) 77, YR Z(Leonuri Herba) 27, =%
(Potentilla kleiniana) 17} 3=, 71eH ¥l (Batryticatus
Bombyx) 173, £ 1W A (Lentinus edodes) 173} 2%t}
% Al FAE AFRIY TR des2E 5 7IEt
FTEF 404, FHR7MEF 61, FAEVHEF 24, IR
A 2 7 3182 Fig. 13 2o

Al o+

2 Ao AMEE £ PRIMA & UHQ-MKII water
purification(ELGA, High Wycombe, Buckinghamshire,
England)€ ©]43t4 182 MQ FF o2 A5t} 28313
o BEE Adzxae ZEdEd ¢ Egjzagdd Ads
AFE-3F 2. PTFE(polytetrafluoroethylene) vessel-& 7%
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Fig. 1. Food type of herbal pills used as general processed
foods.

(v/v) Aobell 24X BAgE & 2552 A -3t AMS-SEA
ok A8 9] Eafo] A8 A4S EP-S(Electronic grade,
Dong Woo Fine Chem., Seoul, Korea)& A}&3tg o, &
& & o= 93}e] Nylon syringe filter(13 mm 045 ym)&
Whatman(Middlesex, UK)& AF&-3t9th 3RS o, 7}
=F, 3E 79 =g 559 1,000 mg/kg(MERCK, Darm-
stadt, Germany)& 5% A4l &3t ALE3H AL, &
#F¥-2 NRC (National Research Council Canada)oll A 7+

ar
0]
H

Ay

#9155 A (certified reference material, CRM)<I
=
=

Mess-3& AH&-3t3th

ANEE TAseH7] A7 B4 71(JAM 505, O.T wellbeing,
Gyeonggi-do, Korea)E AH8-3lHo. ¥, £3ll X+ Micro-
wave Digestion System(MARS 5 Version 194A06, CEM,
North Carolina, USA)S ©]&3tAt A& T W, 7§, 2
= T8+ ICP-MS(ELAN DRC-2, Perkin-Elmer, Concord,
Ontario, Canada)E °]&3ld SH39oH, &2 T
Mercury Analyzer(DMARSO, Milestone, Vergamo, Italy)&
o] &3fe] 43ttt

% o

ol

AlRQ| Xz
Alg AHs E4 dEAF 34 AAE f8te] 87
F & BAF AAE EHVIE FA 2ot g IE
o] it sto] Ao Bt AMESIHH Al 03 g&
vto]|Z 2 90| B8 PTFE(polytetrafluoroethylene) vessel
(OMNI/XP 1500)el A= 38] gof} d2H70%) 10 mLE 7}
T Hoodoll A 16417t ¥x]3ke] o v] &3] 8} o} Microwave
Digestion System 2.2 1,200 W poweroll 4] 15% &<t 200°C
(800 ps)7HA] A1) ¥ 108 5 258 FA5 £3
3hal -20°Ce] WaAdA 2412 By st & 27]5it) o %
3o AHE-E S F53H7] 938k 800 W powerdl| A4 15
B Zot 120°C7HA] A5A17)1 2L, 587F 400 W powerol| A 58
¢ 120°CE FAS E3llE AEE 5
ste] 30 g0 2 B Aetal o} § A|FE Ao F AL AT

*4

H5hn 2258 7}
L)

7172

AAEY F d, 7t=H, F, T2l ICP-MSE ©]83}

Supgo) - o 8 - AIF - FUY

Table 2. Operating conditions for ICP-MS instrument

Rf power 1,500 W
Lens voltage 6.75 eV

Ar plasma gas flow rate 19 L min’
Ar nebulizer gas flow rate 0.86 L min*

Nebulizer
Spray chamber
Quadrupole chamber

Meinhard type
Cyclonic type
1.23x107° torr

Dwell time 600 ms
Pb/Mass 208
Cd/Mass 114
Cr/Mass 52
Cu/Mass 63

Table 3. Operating conditions for mercury analyzer instru-
ment

Decomp. temp. 650°C

Decomp. time 130 sec
Purse time 60 sec
Amalgam. time 12 sec
Record time 30 sec

gom, 717184 =742 Table 29 2o 22
Ak AE F 30 mgs AFAEFTA7I7F F2E Mercury
AnalyzerE AM&3ste 719 718 7ol (Combustion gold
amalgamation method)(31)2.2 ZA3 Qo 77|24
Table 33 ZT}.

o

7]4 9 (National Institute of Standard Technology, NIST)

A (certified reference material,

o < S48 o, JtEH, A5,

T BS EFAFEAL Peach Leaves(NIST CRM

1547 E AH&3te] XA 89 TL3tA A st ICP-MS

£ ol&3to 573

29 B BEF
Mercury AnalyzerZ =

o EANE AFsta #4247

Table 49} 2t}

SHAz|

B A3 = SPSS Version 128 ©]&3}o] 4 E9] o] &
A g wE Hot, AT} FDBAE T
o] o] § R FFE9 AFol= ANOVA TESTE ©]
o B2k £ 5 0=0.05 FFANA Gt dFAHA-H
(Duncan’s multiple range test)S AA sl F-9948S AZ

o,

oo 1> o
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Table 4. Elemental quantities by ICP-MS and mercury analyzer for certified reference material (CRM)
Certified value Determined value Coefficient of R
D (mg/ke) (mg/ke) oefficient o ecovery
Element CRM N ke erke variation (%) (%)
Mean = SD Mean+SD
Pb NIST 15477 5 0.87+0.03 0.63+0.01 2 724
Cd NIST 1547 5 0.026+0.003 0.026 +0.002 6 99.5
Cr NIST 1547 5 ? 0.83+0.06 7 83.0
Cu NIST 1547 5 3.7+04 2.7+0.1 4 73.8
Hg NRC MESS-3Y 5 0.09120.009 0.08940.004 4 97.8

})Number of samples. PNational Institute of Standard and Technology.
YValues are not certified and are given for information only. YNational Research Council Canada.

= 5% A4kl 3Aste] 0.1~1000 pg/kg® ZAE 5, ICP-
MSZ SAste Ad=5ds A 4%, 7l=F, 257, 7
2] B 09999 oo o] 4RABACHE BATh F
253~1004.00 ng ®H7} HEE EFAFEZD Mess-35 F
3t & Mercury AnalyzerZ =7 3]
0.9999¢] o] F#AAAC)E BT
Miller¢} Miller(32)2] W ol we} ICP-MSeF Mercury
Analyzerg o]&3 217zt 2449 1389 =74
7234 (Limit of detection, LOD) % A 34| (Limit of
quantitation, LOQ)E +3% 23}, ¢, 71=+, &, 729
A2 0034, 0.004, 1.826, 0448 pg/kg©) T, 3 FarA| =
0.113, 0.013, 6.088, 1.493 ng/kgolth. =22 w9 xFH
i

A=A} AFAAE 78 23 72 0.047, 0.155 pg/kg
ol At

Standard deviation of the blank
The slope of the calibration curve

LOD=3.3x

Standard deviation of the blank

LOQ=10x The slope of the calibration curve
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AL FFAZE42 Peach Leaves(NIST CRM 1547)E A}
g3t EAIE 9 T8 A F ICP-MS&2 43}
o 3FES FIPon, $£2& NRC2 Mess-35 A3}

o] Mercury Analyzer® 5733l 34&S sotalqint. 1
A% |, 7HEE, 28, e, 72 deEed 747 124,
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W% A 4= (Coefficient of variation, %) T3tgoH, o, 7+
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cy for Research on Cancer)ol A+ &, 7l =&, & zt7+
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i3] A A, Group 3(AFE gk T o R o
3 EFE F )z EFEHUGE).

SOVEH LR7FEAFAAN AV | 7tEg, AF, T
g, & FFs A4urRd P 0.42100.032~1.630), 0.157
(0.011~0.515), 1.033(0.112~9.933), 6.923(1.333~16.755), 0.010
(0.001~0.088) mg/kg2.Z Kim 5(35)9] it & 4, 71=
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Table 5. The content of heavy metals in herbal pills
Classification . . »  Pb (mg/kg) Cd (mg/kg) Cr (mg/kg) Cu (mg/kg) Hg (mg/kg)
Main material N
by used part mean (range) mean (range) mean (range) mean (range) mean (range)
Algae Laminaria Japonica 4 0.375"? 0.304° 1579 2,295 0.023°
g P (0.144~0611)  (0.193~0.431) (0.444~3.020) (1.333~2.972) (0.017~0.028)
FEucommiae Cortex 1 0.930 0.175 1.291 4.146 0.013
Cortex Acanthopanacis Cortex 1 0.328 0.287 0.370 6.836 0.007
Total 5 0.629" 0.231% 0.831™" 5.491% 0.010™
(0.328~0.930) (0.175~0.287) (0.370~1.291) (4.146~6.836) (0.007~0.013)
Mume Fructus 1 0.409 0.011 0.512 1.695 0.001
Fubi Froctus 5 0.128 0.096 0.783 5.890 0.002
Fructus ctus (0.113~0.144)  (0.090~0.102) (0.691~0.874) (5.831~5.948) (0.002~0.003)
Total 3 0.222° 0.068" 0.693® 4.491* 0.002*
°(0.113~0.409) (0.011~0.102) (0512~0.874) (1.695~5.948) (0.001~0.003)
Mushroom Lentinus edodes 1 0.526" 0.394¢ 0.574™ 10.364° 0.016™
Angelicae Gigantis Radix 1 0.830 0.338 2.230 5.867 0.004
Platvoodonts Badix 4 0.542 0.168 0.765 4703 0.014
Radix J (0.304~0.914)  (0.129~0.204) (0.270~1.264) (2.726~6.100) (0.002~0.045)
Total 5 0.600° 0.202° 1.058% 4936 0.012%*
(0.304~0.914)  (0.129~0.338) (0.270~2.230) (2.726~6.100) (0.002~0.045)
. 0.205 0.052 0.329 4.356 0.005
Alli Bulbus 3 (0114~0254) (0.035~0.066) (0.118~0528) (3.407~5950) (0.003~0.008)
Rhizoma Dioscorea batatas Decaisne 1 0.104 0.088 0.353 5.424 0.002
Total 4 0.179* 0.061* 0.335" 4623 0.004
ot (0.104~0.254)  (0.035~0.088) (0.118~0.528) (3.407~5.950) (0.002~0.008)
Carthami Tinctorii Seed 1 0.168 0.238 0.515 10.102 0.001
Dolichoris Semen 17 0.128 0.063 0.314 9.226 0.005
(0.032~0.328)  (0.035~0.120) (0.112~1.209) (4.091~12.459) (0.001~0.031)
Sermen . 5 0.322 0.086 2.020 10.924 0.007
e gra (0.104~0.642)  (0.054~0.124) (0.189~4.544) (4.970~16.755) (0.001~0.018)
Oryzae Semen 1 0.054 0.031 0.219 4.460 0.035
Total 9 0.153" 0.072° 0.552" 9.280° 0.007*™
(0.032~0.642) (0.053~0.238) (0.157~4.544) (6.962~16.755) (0.001~0.035)
. . 0.979 0.353 1.420 6.610 0.007
Artemisiae Capillaris Herba T 317" 1 630)  (0283~0515) (0.404~3.956) (3568~12.459) (0.004~0.014)
Leomuri Herba 5 1.292 0.143 1519 5.684 0.049
Herba (1.242~1.343)  (0.136~0.149) (0.604~2.434) (5519~5.850) (0.011~0.088)
Potentilla kleiniana 1 0.884 0.227 9.933 7.165 0.014
Total 10 1.032° 0.298° 2.291° 6.480" 0.016™
(0.347~1.630) (0.136~0.515) (0.404~9.933) (3.568~12.459) (0.004~0.088)
Batryticatus Bombyx 1 0.557 0.045 1.412 3.876 0.019™
0 Lentinus edodes 1 0.526 0.394 0.574 10.364 0.016%
thers
Total 1 0.542° 0.220" 0.993" 7.12" 0.018™
ota 1 (0526~0557) (0.045~0.394) (0.574~1.412) (3.876~10.364) (0.016~0.019)
Total £ 0.421 0.157 1.033 6.923 0.010

(0.032~1.630)

(0.011~0.515)

(0.112~9.933)

(1.333~16.755)

(0.001~0.088)

UNumber of samples.
“Means with different letters differ significantly from each other (p<0.05).
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=] 1074 AT ©] Q“%t Z 3157 #AF T 29719 Shof
Al A, & 60070 F 69719 A A Ft=H] VIES
Z3389 g+ Han 5@2D3 Yim 5369 XY ¢ &
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ZIete FHL AEZFA GAvE dEE 3 FAF F
47 = 271(0.431, 0.370 mg/kg), ﬂﬁ%i‘r 74 = 57
(0.315~0.515 mg/kg), FA3F 17(0.338 mg/kg), T A

3 171(0.394 mg/kg)ol ATt o] AL frEgtefA|o] &7
ol E FHE T, Hl&, 20 vt Fl=F] 7|ES
2t FAF Aol 2dvhE Kim 5(38)e] Bie} &
g3t ZHE YEHATE Seo 54DY AFE BH shekx|
= = @A B FeE A A Hed, FAjol &
Asts FF%50] &Y A =F Aldl= Pb, Cd, Hg Z+Z}t 94.8,
959, 333%E HA3l, A8 XA AFIE FFERT=
AA R HdH 3= °L3— ]U]?ﬂ' FFol Ftkal Baskal glok
Ty & AR 3 XJ]% a1 AR Qe
A =HEZ e ATk
upepa] 2 o o= “-.40}1 U T
CUEH gut7tz2Fd o g Ft=Fe] V1EAA
2 #AE7E dagh AHolnh AREH l‘?—ﬁm 7t=w HEFS
A BEH ] ZF(algae) 0.304 mg/kg> U (Herba) 0.298 mg/
kg> A (cortex) 0.231 mg/kg> ¥-E] (radix) 0.202 mg/kg>
A (semen) 0.072 mg/kg> Al (fructus) 0.068 mg/kg> B

=1
=

<1alg Bzt 1043
7](rhizoma) 0.061 mg/kg <A 2 AZHJL. 7I=F =
ANzFe A *}“lﬂ Xﬂﬁ‘)ﬂ’ﬂ T4 FFoZ =4

oA
Eﬂﬁ ATH42). F
mg/kg o 2 %POEXH 715(0.
‘F“ro] Ak o AREHE-9E
ek 3 ZF(algae) 0.023 mg/kg> A (Herba) 0.016 mg/
kg> B (radix) 0.012 mg/kg> A2 (cortex) 00.010 mg/
kg> A (semen) 0.007 mg/kg> B8] 7)(rhizoma) 0.004 mg/
keg> &) (fructus) 0.002 mg/kgel ATt L& H=FS A

off,
=t

mg/kg ©]3h)el Hlaf e

S ARRS AFA Y FFo] g F-Hol His) f£9%
o7 =Skt

Ago] AAd fFafstA 2&ste AL 67F AFS X3
ste A Aol 357, J5 55 B3 A=
=] 7H A%, S5 A HH A%, dHs 53 wE
Huh, A AH A ] Aoy MAS o 557
%o} FEAZ FHLOIALL. WA FHEH Bl 7]
Fo] AAEYA L& T2 HF AZFLL 1.033(0.112

~9.933) mg/kgelATth ¥ ZE AESFHFL 2 (Herba)
2.291 mg/kg> 3 ZF(algae) 1.579 mg/kg> 8] (radix) 1.058
mg/kg> 7 & (cortex) 0.831 mg/kg> Full(fructus) 0.693 mg/
kg> A (semen) 0.552 mg/kg> 2] = 7](rhizoma) 0.335
mg/kgelAth A& E3 O E &5 2ol & dE=E
AHE S AlFol A9 FHF o] ThE Rl Blste {9 A<l
FEOE o BYEIE AHES AFAAMY JAFF
o] ARl FFoZ Ygith AES EYS 7|Wto R Ag}t
7] ol Edel HEste ey B ReEv)e SEE5TEH

THE Y

o] & Zolgte e WHE B AT M E e
£719 T4 FFol e, ozl B Al ALgE
gE7)E vk vi2 S vl BEdste] HE5E o
o Z7) oz Azhg)
TElE Al FAERCEA A, 3P, Ao o
of o @Ay} Agtste] F&o] ukA, *91

#Aste 5 BFEAAEY JF AHH A 7 E, AE
=, e A=, g 9 13 214 Hls A %PE}.
Faleo Ha AL 6.923(1.333~16.755) mg/kge] o,

2o ]9 AEHLS AR (semen) 9.280 mg/kg> U (Herba)
6.480 mg/kg> 78 A (cortex) 5491 mg/kg> B8] (radix) 4.936
mg/kg> )= 7](rhizoma) 4.623 mg/kg> <€ H (fructus)
4491 mg/kg> | ZF(algae) 2.295 mg/kgo| Uttt ot & =&
Zrof] 3| ?‘3191 e NEZR/E AFES AlFol A FTF

of 59 £FOE Uik,

) 539 %%i‘ﬂ]/ﬂ T T EHH o] {2 S (Herba)©l
U |2 F(algae)l M T34 FFFo] =& AL =ZE YE
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Table 6. Correlation coefficients among heavy metal contents

Pb Cd Cr Cu Hg

Pb 1.000

Cd 0.633™ 1.000

Cr 0.453"  0.354™ 1.000

Cu -0.106 -0.160" -0.060 1.000

Hg 0.299™  0.142 0109  -0.212"  1.000
"p<0.05, “p<0.01, respectively.
W=, Y(Herba)?l TF4E HT &L Cu 6.480 mg/

kg> Cr 2.291 mg/kg> Pb 1.032 mg/kg> Cd
Hg 0.016 mg/kg A1 2 YESTH

AEFE FAFFHANE &, 7I=F, 2E, 7, 729 FF
7o} FBBA = Table 67 2tk g2 7=H(r=0.633, p<
0.01), Z&(=0.453, p<0.01), (r=0.299, p<0.01)=} <
A Ao ABRBAE HALE o] AL St=Fo] GFA &
2 7ol EA s Ba(40)sk FA AEgS R =
B2 AF0=0.354, p<0.0D)Z F FLBAE BAoY +
2 (r=-0.160, p<0.05)%}= Fo] ZFHBJAE Bt 7=
F2(r=-0.212, p<0.0D)Z Fo FAAAE HHYTh

0.298 mg/kg>

=
gl

olgHA-I .E17|.

FOLFE AR7ESAEFE A A FFE tig kA
= Bt el AFS T FEE5Y FUHAEAHFT PTWI
£ vl s} O/PTWI~ T |, 7tEE, 22 FAO/
WHO 35 #3172 A1 &7 93] (Joint Expert Commit-
tee on Food Additives: JECFA)Oﬂ A A A ] B
S 2 A AZA FAo] ol FAFNHHHE ‘%k(Provr

sional Tolerable Weekly Intake: PTWI)S 242} 25, 7, 5 ng/
/kg/weekZ Adte] Pt QTH43). A2 A= 1)
=373 H 5 A (U.S. EPA)9] IRIS o] e o] 2o A vk 73
T3 338 (chronic oral reference dose: RfD)& Zro}
3.0 mg/kg/day= AH8-3lH e, F2l= FAO/WHO 352
FT7E99 3 (The Joint FAO/WHO Codex Alimentarius
Commission)oll Al A AIS 191 1¥€ 4338 % PMTDI
(Provisional Maximum Tolerable Daily Intake) 0.5 mg/
kg/dayE ©]-& 3t TH44).
ICP-MS % Mercury AnalyzerE o] 83}le] ZA}sH A&
FEE T, 5 SOVAF FAIE e 138 ”—ZH
1d AASF e AFY 19 H4HF, =%
Lol A AAISL = 20093 A2 'E}Z]' 69.5 kgdf]-
535 kg9 H1Ql 615 kg2 o83l /5 F< ()
7t EFS T3 TEEHFY FUx
. EE??_ PTWI, chronic oral reference dos
V=g, 2, A&, FE9 PTWIE 7217 25, 7,
5, 21, 3500 ng/kg/week 2 A 3le] F4¥ FHE
3 %PTWIZS F-3lo] Table 79 YERAAT

W, 7t=R, 3E, 7, F29 FOHATS 47 FG
0.280(0.018~1.272), 0.113(0.002~0.648), 0.630(0.053 ~4.975),

. o]%i—l

4 AT - g

L=

6.366(0.289~43.217), 0.011(0.000~0.210) pg/kg bw/week
olglem, %PTWI= 1.112(0.072~5.088), 1.614(0.029~9.257),
3.000(0.252~23.690), 0. 182(0.008~1.235), 0.220(0.000~0.420)
%01t Wt AL 7|Fo 2 3 BPTWIS AHE 2
T SO H ?4_‘1]'7}* 2] T FEES AHAFS oA
fﬁ TOoFE FHEHATH

P FAO/WHOON A AAst U= AAF1L 33 &F
(PTDI: Provisional Tolerable Daily Intake) ¥ PMTDI,
IRIS®] A FAH F2&FRMD)IS T &, 7t=+H,
aE, 79, 29 PTDIE 247} 36, 1, 3, 500, 0.7 pg/kg/day
2 3o, FOVFE A ES 5 25 19 44
Zoll gk FalAFE ot o 22 WP o E 38 Table
8l et AT &, 7t=H, AF, 78, 729 FalAFe
- 0.011(0.001~0.050), 0.016(0.000~0.093), 0.030(0.003~
0.237), 0.002 (0.000~0.012), 0.002(0.000~0.043)°] At}

FWEH d7teAES T3 AF 1 keT
19 5% A3 Fug/ke bw/day)
194 3318 FPTDD(ng/kg/day)
SCLEH divbeAF AH Al TS5 W
Aoz Jrtd ¢ oy, B A
o7 AdFste oz v A%
2 F R ANEde

=

3 O

=

KR
p—

ZAZ O

2 A7 e AFd FFE Jde FOUFE Irrte2
% 18% % 5271 microwaveZ F2#3 & ICP-MS ¥
Mercury Analyzerg ©|-83ste] &, 7l=§, 28, 78, ¥
S B3 A3 g 0.421(0.032~1.630), 0.157(0.011

~0.515), 1.033(0.112~9.933), 6.923(1.333~16.755), 0.010

(0.001~0.088) mg/kge] AEEAh AH8HE B F A&
FZE 2B 9 (Herba, 1.032 mg/kg)e] THE H-9d] H]

A oA FFo 2 =grow Aul(fructus, 0.222 mg/
kg), ¥2]Z7](Rhizoma, 0.179), A (semen, 0.153 mg/kg) &
A9 o FEFo]l Yo E FTtHp<0.05). t=F gt 5

Z 5 (algae, 0.304 mg/kg), €(0.298 mg/kg)S AHE3F A&
A F9FQ FFo 2 =A ZFIFTFH(p<0.05). T3 7}
ZELS gAuE YEE 3 SAF F 41 F 2740431,
0.370 mg/kg)oll A, ARA&3 = 74 F 571(0.315~0515 mg/
kg)ol A, DA 174(0.338 mg/kg), B AE 171(0.394
mg/kg)ol A FHeAl 71E<] 0.3 mg/kegs 2Hse FELE
AZHAT wehA FOVFEEH RS2 F g 7=
B9 2&3% 7IEAA 9 Ut a3 Aotk i REe
o] 4™ U(Herba)d] Ta&HE H FFe
Cu 6.480 mg/kg> Cr 2.291 mg/kg> Pb 1.032 mg/kg> Cd
0.298 mg/kg> Hg 0.016 mg/kg 412 YEISTh S00)E

25
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AFS 5 F55Y F443 S FAO/WHO A A A]

e ZAFIHL AL PTWD, 19 19 A6 &%
(PMTDD3} v =273 2353 (US. EPA)9] WHAATAH 3
&R} Bl w3} %PTWIE F3tark 249 F3r
AHAFHR %PTWIE &, 71=F, 28, 78, ¥ 474 3
0.280(0.018~1.272), 0.113(0.002~0.648), 0.630(0.053~4.975),
6.366(0.289~43.217), 0.011(0.000~0.210) pg/kg bw/week
o]l o™, %PTWIE 1.112(0.072~5.088), 1.614(0.029~9.257),
3.000(0.252~23.690), 0.182(0.008~1.235), 0.220(0.000~0.420)
%2 FOLFE i7PEAES 58 T4 dHATS oA
3 Fxoz BoE )
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