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Effect of SipJeonDaeBo-Decoction
on Blood Metal Level in Rats

Hoo Li. Joh., Sun Dong. Lee

Dept. of Preventive Oriental Medicine, College
of Oriental Medicine, SangJi University

ABSTRACT

This study was to investigate the metal accumulation from SipJeonDaeBo-Decoction to rat blood of
Sprague Dawley.

1. There were no significance in body weight, water dose feed ingestion quantity, liver, kidney,
brain, bone weights between the control and the experimental groups. Under the experiment
with drinking waters was no metal ~ 0.65mg/L detected. Metal level within feed found 0.0001
- 376.983mg/kg.

2. In the pack of SipJeonDaeBo-decoction, there detected no metal ~2.086mg/L

3. After P.O(per os) SipJeonDaeBo-decoction, As is detected 2.390+0.812mg/kg in blood ; Cd 0.001
+0.00lmg/kg, Co 0.003+0.00lmg/kg, Cr 0.432+0.234mg/kg, Cu 1.013%+0.373mg/kg, Fe 426.293
+114.842mg/kg, no Hg, Mn 0.109+0.082mg/kg, Ni 0.122:+0.068mg/kg, Zn 3.584 +1.270mg/kg.

4. The concentration of Hazardous heavy metal (As, Cd, Co, Cr, Hg, Ni, Pb) within blood
control group is searched 0.488+0.138 mg/ ¢; experiment I group  0.432+0.080mg/ ¢,
experiment IT group 0.5881+0.213mg/ ¢ . In the concentration of non hazardous heavy metal(Cu,
Fe, Mn, Zn) control group 101.409%+6.832 mg/ ¢; experiment] group 96.062+5.732 mg/ ¢,
experiment [I group 125.1393044.820mg/ ¢ .

5. Correlation among every metal in blood Zn and Cr was 0.87956 ; Cd and As -0.02316, Pb and
As -0.08738, Ni and As 0.07824, Mn and As 0.07824, Mn and Cd 0.04999.

Briefly under the injection of SipJeonDaeBo-decoction, this study was defined within safety in

blood level by P.O. during 10 days.

Key words : SipJeonDaeBo-Decoction, Metal Level, Metal correlation
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FTEAMS A ALK E Sprague - Dawley $1F <] A[Fol 180-240g? & 30vl(AF 3
177-238g, ¢ 187-224g)& FTg'¥ol 2F7Y T F2¥F7|d HEGF(LE 18T - 2T, &%
50%-60%)A 7 ¥ APl A& AT

2) FANE
49717 5 FoIse @@%g% ASARGASN : dDE AL ST 4
He %2 3RAUCH SRIL FEEE AhEol 4HAYA 29VALE HARE 3

SR 48717 TE ALER AR ’*él‘?-._ #1135 2o

Table1.1 Composition of Animal Feed

Compositions rates(%)
za93 221%01%
z A 3.5% 0] A
= 4 % 5.0%©) 5}
x 3 & 8.0% o) 3}t
z % 0.6% o} 3

el 0.4% o} 5}

3) AMURE 2 AAYRY 32
(1) AAuRge] e 2 2y
2 AN ALE oM AZoN FUste] AT AL AHEFAT APNEL 72D
o We) ZaPer Ne, BIe H2s) Dok

Tablel.2 Drug names, Scientific names, Dosage of SipJeonDaeBo- Decoction

Drug names Scientific names (plgfsggge)
A A A B Ginseng Radix 5¢
woE(a ) Atractylodis Japoniae Rhizoma 5g
WBEA (GHEL) Poria(poria cocos WOLF) 5¢
oz (H #) Glycyrrhizae Radix 5g
g A(E = Angelicae Gigantis Radix 5g
SGAF (BR) Rhizoma Rehmsnniae 5g
A =200 B Cnidii Rhizoma 5g

i zbok (15 258K) Paeoniae Radix Alba 5g
g N(#E B Astragali Radix 4g
5 A\ H) Cinnamomum cassia PRESL 4g
A G B Zingiberis Rhizoma Crudus 2g
0 F (K B Zizyphi Fructus 27

F % 50g

(2 AHurge &
AANER(HT 50.0g) 142 F(10¥) 1200.0g8 ART FHE Wol RF@AFE7I(A
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Z3)A1 : Ate)ol £%E 4700cc B P 120T ~122Tol A Ag3ste] FeF packs] o 4
of B¢ ¥ dddgo s AHEEHG

1) 4344

AETL dET AF I Z(FAAN 2PFES] FAE 33T F A 60kgF A FA 100ccE
NEoR g2 AMNF ARFELF X1, AYIZ(F9A 2FETEY FAE AT F A
60kgF A &L 100ccE 71EL2 g7 ATTFS 20 AFFFAF x2)o2 o 10495
Y 138 AFFAFEH/FH)E Adso FT7EA ST

Table 1.3 Experimental Design

T ~

Control 10 100cc/60kg(person) saline PO
Exg:(r)i‘jr;’e;\tal 10 100cc / 60kg(person) SipJeonDaeBo-Decoction X 1 P.O
Exgi:,f;,e[r;tal 10 100c¢c/ 60kg(person) SipJeonDaeBo-Decoction X 2 PO
2) 43y

4ARR 7 424 WsE 2437 Asd A, FRYAD, AR4ATL 29 BHL
zRsom, AAUNRS AA) BT %o FEFEE 2PNt BY FAFR(F
2)% Aae 245EE SAsAT

Sol7ite WY 9oz 10U 1Y 3L FL 1594 Toisgon APFFYFe
A2 H AUAZES, SRR AREADSY, TRAMEEY ABAIYY FEEY, T2AH
# NBEe 34 274, B9 £¥30 3¢ 5 280

H32Ho2 Be TG F oHAHET : ABE, FePA)ete] mEe YIVAYHos sl

FHEHS AN

3) &MAE 2 SFA AT

AAY Ry Agd, Ay, £8, 99 & FFE FA371 ASA EPAL] A3
SW-846 3050A(Cd, Cr, Co, Cu, Fe, Mn, Ni, Zn, As, Pb) @ 7470A(Hg)ol we} A &%
o} Agdn AR, RS Ao ASE A Y AL AMEE A%y, AL vt
HereHAIZ 3 AL . FBYA)E FHE XA F AZARE HHIA A52 AHEFHATH
B AHoAe= Cd, Cr, Co, Cu, Fe, Mn, Ni, Zng BA3}7] ¢JsjA dAFe) AIARE
#Hslod AA (1+1) 10mLE 7}8) 95TolA 10~1587 7143 F ALYy SmLE HUbsiA
3087t 95Col A Eaig & FAashiie-g E3) d% FlEA €& AEE A7 98 19
vtE S gt ZdFIIES FH3 EEATIZ] 98 30% AL E 1~-3ml HUEIA e
olg 43 WEIART. o © A FARELE F 10mLE WA FES vk duoz
AzHs 9 F 015'—}3}@ Frame AA(Perkin Elmer 5100PC)2 ZA3}gon] As, Pbe
Graphite Furnace AA(Perkin Elmer 5100PC with HFA-600)2 ¥ 4}3}%t}. Graphite Furnace
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AAZ BEAE Z$oe dacled o8 14 e MMe BYIM BAssrz §71E
Bole ¥ Q4e ArteiA @3 T st EANRE AT

Hge EPA Method 7470A¢] w2} Ao APAEE w2 H3ld Y+ 718 95T
A 7t F FAFALEFS 7S, oAl 08T ety {rlE B3E AAs A
AE7 BB El s 48 e GHUEF so|=SYolnAolE Efoz @
A A7 Mercury Analyzer(TSP 3200)2.2 ¥A3lgch Hgol A$ o& 49 A3dwynes
g BEYS BAA e FYF Wyog A esle working standard S A A3t .
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[ Start 1

l

Mix sample ; take 1-2g
portion for each digestion

|

Add HNO;3, reflux
repeat HNQO3 reflux until
solution is 5 mL

1

Add reagent water and
H>0; ; heat beaker to start
peroxide reaction

|

Furnace analysis
for As, Pb

Continue adding H-0»

with heating

|

s

v

Continue heating to
reduce volume

|

Type of Analysis ?

ICP or Flame AA
analysis for
Cd, Co, Cr,
Mn, Ni, Zn

o

v

Cu, Fe,

Add concentrated
HCI
and reagent water ;
reflux

l

Dilute with reagent
water and filter

—_—

particulates in digestate

Report concentrations,
and % solids of sample
for dry weight analysis

Cool ; dilute with
reagent water, filter
particulates in

digestate

l

If % solids required,
use homogeneous sample

aliquot

|

Stop

Fig. 1.1 Acid digestion of blood, feed and SipJeonDaeBo-Decoction - SWB46 method 3050A (EPA, 1992).
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Sample Preparation

Lol 4 %

L

Standard Preparation

!

Type of Digestion
Method?

l

Weigh triplicate
samples, add reagent water
and aqua regia

l

Heat, cool, add
reagent water and KMnO,

l

Heat, cool, add sodium
chloride-hydroxylamine

sulfate

l

]

Transfer aliquots
of Hg working
standards to bottles

l

Add reagent water
to volume, add aqua regia,
heat and cool

l

Add reagent water and
KMnO; solution, heat and cool

l

Add sodium
chloride-hydroxylamine
sulfate and reagent water

|

Add reagent water,
stannous sulfate, attach
to aeration apparatus

For analysis run
circulating pump
continuously

—_—

Add stannous sulfate,
attach to aeration apparatus

l

Construct calibration
curve ; determine peak

height and Hg value

|

{ Analyze samples

|

Routinely analyze
duplicates, spiked samples

|

Calculate metal
concentrations

|

Stop

L

"Fig. 1.2 Mercury Analysis of blood, feed and SipJeonDaeBo-Decoction - SW846 method 7470A (EPA, 1990)

3. SAEY

SAS A T2 13 (Version 6.04)& o] &5+ HAEA(ANOVA), z’test, HIEEA
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& & Fo] 257.37+341.87g, 4E I Fo| 253.50+30.82g, A E MFo] 242.20+20.00g°]

L

fo !l W 4 ojs
2y

3@ o £ ol
3

2 ysgod BA4 fel4de g

A, AR, N, Mo ZAE zhz 745~840g, 1.97~2.10g, 1.67~1.83g, 0.42~052g¢

Table 2.1 Body weight change (Unit : g)
Group No. of Animals Body Weight (Mean+S.D.)
Control 10 257.37 £ 34.87
Experimental Group I 10 253.50 + 30.82
Experimental Group 11 10 242.00 = 20.00
P > 005 (P =048)
Table 2.2 Liver weight change (Unit : g)
Group No. of Animals Liver Weight (Mean*5.D.)
Control 10 840 = 1.57
Experimental Group I 10 8.01 = 114
Experimental Group II 10 745 + 1.07
P > 005 (P = 062)
Table 2.3 Kidney weight change (Unit : g)
Group No. of Animals Kidney Weight (Mean*5.D.)
Control 10 210 * 045
Experimental Group 1 10 197 =+ 0.24
Experimental Group II 10 202 + 031

P> 005 (P=014)

Table 2.4 Brain weight change (Unit : g)
Group No. of Animals Brain Weight (Mean+5.D.)
Control 10 1.70 = 026
Experimental Group I 10 1.67 = 0.17
Experimental Group II. 10 183 + 0.08

P> 005 (P =062
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Table 2.5 Bone(Fibula and Tibia) (Unit : @)
Group No. of Animals Bone Weight (Mean*S.D.)
Control _ 10 052 £ 022
Experimental Group 1 10 047 = 010
Experimental Group II - 10 042 + 014

P > 005 (P =062
2. FOIME HMUEE, 2, AR R 2YE 2SSk Hln

a3 21~2118 24 HAYAF 4, F, Al 283 959 FEs Aol A A
48 9 FEH AN Ase EHZ, 059% mg/kg, Cde 4%, 0309 mg/kg, Cox
E£73%, 1421 mg/kg, Cr& 7%, 1141 mg/kg, Cux 0.008 mg/L, 32.866 mg/kg, Fer &
H%&3} 376983 mg/kg, Hge BHZ, E23F, Mn2 0.002 mg/L, 134901 mg/kg, Nix 0.006
mg/L, 2526 mg/kg, Pb= 0.001 mg/L, 0.836 mg/kg, Zn& 0.065 mg/L, 0.976 mg/Le & 1}
25-4=2

AANE"E S 830 Fo4d g3 FoA4F FAZFAAM Aszt Z4zb 0.018 mg/L, 2390+
0.812 mg/L, Cd¥ ztz} 0.004 mg/L, 0.001+0.001 mg/L, Cox Z2z 0.017 mg/L, 0.003
£0.001 mg/L, Cr& ZZ 0.071 mg/L, 0.436£0.234 mg/L, Cux ZZ 0.121 mg/L, 1.013
+0.375 mg/L, Fex zZtZ} 4.526mg/L, 426.293+114.842 mg/L, Hge zZtzt 4%, &4
%, Mn& 77t 2086 mg/L, 0.109+0.082 mg/L, Nix Ztz} 0.181 mg/L, 0.122%0.068
mg/L, Pbe Z+zt 0.081 mg/L, 0.122+0.068 mg/L, Zne Zz} 0.573 mg/L, 3.584+1.270
mg/Lo 2 eyl

- 0.6

- 0.4

Concentration, mg As/L
Concentration, mg As/Kg in Food material

T iy r 0.0
Water Pack Blood Food

Fig. 2.1 As level in pack before injection and blood after SipJeonDaeBo-decoction P.O. injection

Water : Metal Level in Ingested waters

Pack : Metal Level in Pack after Sip-Decoction

Blood : Blood Metal Level after Injection by SipJeonDaeBo - Decoction P.0.
Food : Metal Level in Food
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Fig. 2.2 Cd level in pack before injection and blood after SipJeonDaeBo-decoction P.O. injection
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Fig. 2.3 Co level in pack before injection and blood after SipJeonDaeBo-decoction
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Fig. 2.4 Cr level in pack before injection and blood after SipJeonDaeBo-decoction P.O. injection
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K

=

2.0 20 2

L]

E

?

= )

=3 w

r 1.5 =15 ¢
(=]

=]

E X

3 >

H T

@ 1.0 10 o

£ £

S -

c

g S

2 e

© s 05 ©

3

133

c

[+]

(3]

0.0 - — - v 0.0
Water Pack Blood Food
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Fig.2.8 Mn level in pack before injection and blood after SipJeonDaeBo -decoction P.Q. injection
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Fig. 2.9 Ni level in pack before injection and blood after SipJeonDaeBo -decoction P.O. injection
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Fig. 2.10 Pb level in pack before injection and blood after SipJeonDaeBo-decoction P.O. injection
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Concentration, mg Zn/L
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Concentration, mg 2n/Kg in Food material

Wa'ter Pack Blood Fo'od
Fig.2.11 Zn level in pack before injection and blood after SipJeonDaeBo -decoction P.O. injection

23 212~214€ 47 Hegd - F ¥, £7, @9 1293 ARFY FAEE FAES 2
g1 FFEFE A¥Z2FIY. 489 A&E 7 AHRAA As, Cd, Co, Cr, Hg, Ni, Pb ¥
o Fa34e 2z HF 0001 mg/L, 0976 mg/kge 2 Uelgton Hx FAZddre HF
0.019 mg/L, B 165761 mg/Lo g ztz} velych

=g Z&F4¢ Cu Fe, Mn, Zn 5& 3 AlgdA 42z HF 0.019mg/L, BT 165.761
mg/kg, A3 FAFANA Zzh 1.824 mg/L, 107750 mg/Le g Jgen F5Fa&45e B3
Atgol A 4zt @ 0.007 mg/L, 60.897 mg/kg, #HI} HHFo|M Z+zt 0.697 mg/L, 39457
mg/LE ettt

e6 . 2

0.5 4

0.4 4

0.3 4

0.2

0.1

Hazardous metals concentraion, mg/L

0.0

Hazardous metals concentraion, mg/Kg in Food ma

~ Water - .Pack Blood Food

Fig.2.12 Hazardous metal average level(As, Cd, Co, Cr, Hg, Ni, Pb) in pack and blood after
SipJeonDaeBo-decoction P.O. injection
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Fig.2.13 Non hazardous metal average level(Cu, Fe, Mn, Zn) in pack and blood after
SipJeonDaeBo-decoction P.O. injection
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Fig.2.14. Total metal average level in pack and blood after SipJeonDaeBo-decoction P.O. injection

# 26282 EAXFY {3

1A
o 2y, e

A4 2 335359 482t ¥ F A

EFrv YxTo] 0488+0.138 mg/L, AFIFL 0432£0.080 mg/L, AP+ 0.588+0.213

mg/L2 FAAHY FA4L e 53

2 AN
o 55

S glzFo] 101.409+6832 mg/L, APIF

o] 96.062%5732 mg/L, APITo| 125139+44.800 mg/LE EAHQA §Mo] QAT =&
g4y FAldEssE T £3& v UxTol 40857%£2718 mg/L, ATl
38.686+2.305 mg/L, AANF o] 50409+17.953 mg/LYT}.

Table 2.6 Hazardous blood metal level after SipJeonDaeBo-decoction P.O. ingetstion (Unit : mgfL)
Group Concentration (Mean*S.D.)
Control 0.488 + 0.138
Experimental group I 0.432 + 0.080
Experimental group II 0.588 + 0.213

P> 005 (P =009
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Table 2.7 Non hazardous blood metal level after SipJeonDaeBo-decoction P.O. ingetstion (Unit : mg/L)

Group Concentration (Mean*S.D.)

Control 101409 £ 6.832
Experimental group | 96.062 = 5.732
Experimental group II ' : 125.139 + 44.800

P> 005 (P=053)

Table 2.8 Total blood metal level after SipJeonDaeBo-decoction P.O. ingestion (Unit : mg/L)
Group Concentration (Mean*S.D.)
Control 40857 £ 2718
Experimental group 1 38686 = 2.305
Experimental group II 50.409 = 17.953

P > 005 (P = 0.0514)

E 29¢ 9F &4 2579 F59 ¥ i A= E JUehile 434 Aol

Zn¥ Cro] A BA-L 087956, Zny} Cut 0.69333, Zn¥} Ase 0.67789, Zni} Cox 0.67342,
Cr#} Cox 0661228 Aol ArmAo] 73tA UEhgon, Cdet Ass -0.02316, Pbet As:=
-0.08738% oFg 29 A@Alol JElwton, Nigl Ase 0.07824, Mn¥} CdE 0.04999, Pbs} Cu
£ 0082442 ABAol AR

Table 2.9 Metal correlation in blood metal level

As Cd Co Cr Cu Fe Mn Ni Pb Zn

As
Cd -0.02316

Co 0.26880 0.32820

Cr 058829 0.10024 0.66122

Cu 0.57974 0.04368 0.48464 056788

Fe 0.28066 0.08587 0.45831 0.33817 0.51598

Mn 0.14020 0.04999 0.48517 042662 - 0:19644 0.56290

| Ni 0.07824 0.48353 0.65232 0.45729- 0.36631 0.33580 0.39654

Pb -0.08738 0.60533 0.5&571 0.24011 0.08244 0.11537 0.22867 0.66163

Zn 067789 018235 067342 0.87956 0.69333 055380 0.35835 0.45993 01938 I
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Aol st FLE ol LI 3or £F Bt AME AW Jdsted BaP WSS
£ vEstd B FF FINGES TR ATk ol TR A4 FHolLo
2 4Ye sinl UiRE AAAES FENAES s wHsA Ho o] T i
£ FEUAE o) fo Aoz Fay 4¥e @ ea Lot 53 Agyge

A7 E¥Y] FLQEEAV A SHD Jedl EARINEE Lo 2 AL
g3lEo] 2HPYo] YoluA Fou FE&FE Eook%—oﬂ o] E Ao ai Z#H o) o} EY
2o 9ol HA glo] olE EdLolX AFEssis gk QHEAE A2 2L A3
EA7E H3 e AR A w=§ 2o # , A, 7ME, 2 B9 BAAN g
2 HEHQ) FELP Sol el 2 FTuhgel AP BAH Age vl f Y A
o2 gagn A deM ARe gt F FRedd diE APl 23 ¥ s
Adsne AEFAA olstdcke W, off, 27 59 d7E FFFe] &G

Hoz A FgrtEe] LA AWFT Y A HdAdE"gs 43
FAFo Eolle Fao] AFHoZ SEAANE A %U}‘»} FHE A A H2x2 4
L A

FFAFe 559 AFFE E437] A AEE AXNEHLE vFHAARTAH HIY
g, €34 2 EYY FTTEENAES 98l /e E Method 3050AH (=28 A9E i
FEAAY) Y 74708 (FLBH ) S zneﬂ%}ﬁc}(a‘al.l, 12). ol A" Fol QA/QCHE
HE AESY FFAEY FIFEAFZFE FAHI] AF AFYyez QCHAY
duplicate, matrix spike, matrix spike duphcate Ay Aty gad Aolc,

£ °4—TL«I APEAe 4 L7 10918 Y 4PFES AHESIAL dERTEe vd 4%
FAE g Fo) 97t 60kg T 100ccE 7]402 gFo g Ausle 2548 73:,L
5}932“1, Zzte] AP, 0TS 78 AYTEEAS 4 Fo A 60kg T o & 100
NELR gBoE ALtste 2 AXE g x1, ’.‘:]X*EHEE‘XZ 043}930111 o lZ_%
A 5o 7]2}?1 10%’5“ e 13]’141, 1?—-_3 33 w—°4°}" Az %—1—04 74]/\}3}01 BTF4

1

5 T

oRPJL,_xmlm‘&m{u

@& AT x1, <29 FolF i}om YAEEANE Aol2 YEHEXE Folir] 5o
AAZ Helg

HARFEL AYREE Loty At AAZ7Y AF € FAE S (X21~258A <
dl olzFe HFAFo| 257.37+34.87g, AP 1 F& 253.50+30.82g, AP NFL 242.00+20.00g
o2 dz2FH HadAa FAH FoAdL fiRey an Fa37) FASHAN 14
BAE dzFol 8.40X157g, dE 1T 801+114g, APUTL 745+1.07gx Ao iz
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9 FAE 210+045g, AP 7Y FAe 1.97+024g H4JOFY FAE 202+031ge 2
FAA F4e vt ettt £ H 2 W] FAE Fodo] gl AAMdnge T4
7t FES AFHs 2 FrIFAA A 9L XA e Aoz A o AFE
Spraque-Dawley%¢] ¢4 1053 Hxe A AFQY 204~32g8 el ARom 3
(54~90g)7 H(1.7~19g)9 BAE A WYFOU 43(07~10g)8) ZAE YA
£ Holu, old] W§ F&F Q77 W8 F Aoz AP

AHEEE AP E FoAF F gAFAA Asyl 2390£0.812mg/L, Cds} 0.001+
0.001mg/L, Co7} 0.003£0.00lmg/L, Cr& 0.436%0.234mg/L, Cus} 1.013+0.375mg/L, Fe:
426.293+114.842mg/L, Hge ZHEHA gken, Mn& 0109+0.082mg/L, Nig 0122+
0.068mg/L, Pb 0.122+0.068mg/L, 18]31 Zn& 3584+1270mg/LE AE(2Y 21-211)E Y
v A¥F5E FA571d Packel H#stn e Al F49 Fxd wslA As, Cd,
Co, Cr, Mn, Ni, Hg $& 238 4¥5E& 4% &=/ sz gAY Fojzen
Cr, Cu, Pb, Zn 5& F7isle o2 Jeyth olejd 43dxde & &9 &8, 384
AA9 zte], F49 AW 458 € 2FAE, FEAAY LEAE, APt FAH
A APEE FA4% Alge] 2¥Aze FR Fo IFoF Agdth a8y Cu Zn F
Y4&a&Fe] SR Aol FaRAANEFY vFFEHAEF G Pbe ZH FAAE
0.5mg/L, 11+5.6mg/Lo.2 AP ZAz}ejs dojd Cro] 04mg/L, Pb7} 0.lmg/LE A XK}
23]3 ol AN AAYRGFe FEFE2 AT AA olFH EAZ e Re
2 4Zdd. Sullinan™ F& z+E WA 3F viFFEe HWE BF A7NA A
A ASol Zne FAQ ASE 0971013mg/LHE A7 HAAHAYH AP Y AS
de 069*x01lmg/L, AHEY A$E 047x010mg/L, ¢ 0.61+014mg/L, #EFL
069+0.1mg/LE ZF AWl o} AW FIdIHo =t g2 Wsiyt e =3 Cu,
Mg, Mn, Ca 59 F&Fxdx ¥grt ARk 28u ol AFe JA2AANE BHAA
Botg o AAAEFY 5 4 29 == #3Y9E& vl ¥/ HrlRge 4F 2
o] TS vFF & WES Uehdthe Ao B wEd old] i siMee F9
7t 483t

AMEES EFE ZE AEL Adde A9 EE &0 XFHY ded AW S
aA €2 s 4 Ao WA groupe 2= Pb, Hg, Cd, Cr, As, Ni 5.8 AAY 75
T A FAV g A2 O AAY TR BEC] AFde EY SHE, dF
o] F4E dA o IR W FEE o Ae2ZA AN §ELE
F e 29 LEITE(HATE)olT FUA groupe 2= FHF&RAUY vty oz AT
EE 834%F 54 29A He5HA gn 3930 Agely HIdd ASE AYsA A
FE7F AY dAEA FAHE RAozA FLU b AVzA A FFgel FAHE
F&olg. EHOZE Cy, Fe, Mn, Zn, 5ol A, falg&s g4 AR Sols}
7t 23 mE Jlgel gt a1 BE Zo] F FHF Holrt Utk FEol Fholut 5
Z7IWE Boj7te Rol 9FE F& AAe A AZIRZ AZT & Ao AR EFFANA
14 (diffusible) 49 #F 1 F71Y FF A, dFFd EAsle F5E H5EH
A, ARE F&o] Tt AT = L AEU AN F&o| A= AP Oy
Ao EAGR} o] &80l E I tumover FUolth E§ JANEEL Hesta] Packd] H
T ZEY F43FH 5T 8 AEFY FE5FS 44 EF A R AFEFE
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YA ZF F&Fo vlstd As, Co, Zn Hge ¥AF9 Fo] ¥y} gAY Cd, Cr, Cu, Fe,
Mn, Ni, Pb 5 giR 29 F&EEL 23)g) 493 AeFo] AE2IQh ole Yutyoz o4
2 dFae BL&HUT st d%x) 5o THH Sl RE F&HEo Fxol HlEstd A
Aol HHA Fn B Fo| A2 wEHD Ydkn B 5 o, |

E AT dFo] §3BS, THIE 2 23502 v Mg flasy
TEEE dETol 0488+0.138mg/L, AE 1+ 0432+0.080mg/L, AFNFS 0588k
0213mg/Lg e FIIFHFES o] Z 79| 101.409 +6.832mg/L, AY [ Fo] 96062+
5.732mg/L, A O Fol 125.139i44.800mg/L9iD}. T8 FFE5Y FIHTEFEE {3 =7
EFE s Y RTo] 40.857 £2.718mg/L, A [ 7o) 38.686+2.305mg/L, AP MT°] 50409+
17.953mg/Lo] H&=HAed FlFgS, FAZEA FF5FE0 d2TH Bl FAH #
ol Aol UATHIE 2.12-2.14, §2.6-28). = AP 1 F& dxTo) visiA 238 HAEH] ¥
gton] AYMNFANE hzZy 4813 vl 2F Z7ete 23S Uedch detd o
BEo R E o]fsls FIUEL HAHoz HE 146 128FE oj&Icn B o
grolabe] chgAEEe] shil AAYREEAR A9 AR FFe

HZ Hg5EFE P49 A7) Auz A g Be BAL
T BES S a7sA. =itk o] Z2F IrldlNe kA e FHLPol ATH
A8d BAZ FHEA F5FF0] 30ppmelstE HE71E0L B =}k A A&
71Ee Age ZAHE 23 ded 2L F&3} dRe% Es1F0 fHZLY BHF
9] Jidol Qlo) 2Fr)1Z0 2 AHA Atk olF 7|Fe LT 0 A ALT YE B
E e L7120 30ppmoltez Syt T ATF LGP Ao AWY &
o] giAIEo] A2, 39 Feke AMEL WAL 4 Aok gty o) F EA9 A &
wlE 2 F2EWAN 2 o 712NN AY FEr1Fos Aol s TF FY7)
Z2 M 2F4(Zn, Cu, Fe, Mn, Co 5)¢] $#FL wjo}d Zoldh E§ o ¢ 2 7))
22£4Y, 53 5FFH AAU IAFTEE FASEAM A ARKA, AHLDH Be
QFe e Hoz BuHT Uk JEEY oYF vFF o] AWIHUS wW FArgY,
NEZ22EID, 20142 HY, ARy, 9¢ 5 2874 9P, 71989, Juyrg?, &
4759, AFAF20N, g @ AR e, GLEFY, £3589, U, FeBHEAW
8%, 20} A=Y wwz? £ gerg AWl M4 BAHE Ao AFHT Yok

T3 gz F&zkel A Yol E S ardzsaiel 3% vjFds FFL =
Aste] HAF vlREH AW AT HEd FAREE sxpe] YA Al Ca, Cu,
Zn, Cr 5o @A HEHAe Fe, Mg, Pb 5 &4 stz = 59 uaxe g3
Z Mn, Zn, Cu #3pdst BN 42 vls] FAHSE A Zn, Mn So] Z4d}
Qon Cur JoFol A =7sgdn Rudgoh 19 FAHERAY, ZndLy 3
Z Q#dn ¥ nxe 9F S AFEIVe A vFFLEEd AZHA, B}
Ugl duard) 2 ool ge 983 #drt 92 ¢ 5 o

a%g kel NFANE FRRS FA0Z AFFHo Foy 71&9 oAy AV 93}
W 2o FAZE QA B4 FLE ARF FHH] e AL B o Iy &z
Z2 APFREL AA7A ZRAPAY GAA gL BAF Y FHEY 9o
Agolgun & 4 Jon Fo o I LAY AFrt Fo oy Aoz ArAT

¥ 29 8935 4 479 4TS JEd AHEN Znd Cro) A@AFL 0879, Zn
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Cux 069, ZnT} Ase 0.67, Zn} Cov 0.672 73t Fo] ABAL Uelyoul, Cdat Ase
-0.02, Pb&} Asx= -0.082 <F3 fao) A#AE JeEW I Nigt Ase 007, Mn3} Cde 0.04, 2
g3 Pbo} Cuve 00822 @Ado] gtk ol a5 Ad4de die F4£79 9
F4E FJ8AY AAste Z2AE zelist Eoh Ao ZdAel A .FEES M2 EF
g FAANNY FET &9 4B E MR EFFE JASE AT E BA . Y
oy} FoA7 & F&FEY Aole F&£AA Y stgty 54, 343 % 313 A%,
B, AL B AERY F2FH Ao Fo ostd yedth BN F453F ABAE A
43 o] 83AY LAY ST gAY F48 %L & o °f FFE =
4 4 At $Pe) ost® Cust Cd, ZnFH Cde M2 F4E As)
Ed 2 979 ¥ 299 o] Awgho] zHz} 0.04368, 0.182358 2

o2 Jeh At dAZ2 gx89ey Znd Cu, ZnF FeF
2 ¢8A gled B dA79 A#ge 7k 06933, 05038002 74 [Fo] A
Mol Aztel withe] A2 Veh oo i EH Ze d?ﬂ gasign A

B AT Ang s B H2Z ¥ Eo] $2dte AHY A &3 #5892 U
LASIAAE e F28 FFAE YANEH S —E%cw— g AN 49 T 5o
A& FAYFo M FATLHQA BAe gl Aoz AZAT. a8y g Pol &
P AFPolN Fog o Hopo tiE AxH P F2H B 5 FRHAY Hao] WY A
o2 Alggdh
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V. 48

A Fejrte] LRBEER LS hY] HE2KEEY 3455 5E(As, Cd, Co, Cr, Cu, Fe, Hg Ni,
Pb, Zn)7} Sprague-Dawley 839 dfo) nxe 9T 78l g3 22 AFAE AUk
1. AFE0Y AF, FRAIT L As4A7F T A, =, W A /A3 Aolrt Q1
2. A AHRE FEFT 52 EXE~065m/ LI AIEFY F4E 0.001~376.983 mg/
kg2 HEHAT
3. MR AYF o HEFFHAN &L F&o uhel BEHE~2086 mg/LPESHA
4. AAUEE B3 Pz AsE 2390+0812mg/L, Cd= 0.001+£0.001mg/L, Co= 0.003
+0.001mg/L, Cri= 0.432+0.234mg/L, Cu: 1.013+0.373mg/L, Fel 426.293+114.842nmg/L,
Hge £7%, MnE 0109+0.082mg/L, Ni2 0.122+0.068mg/L, Pbe 0.122+0.068mg/L,
al" Zng& 3584%1.270mg/LLo.2 H&H A}
5. @AZF {3lF&(As, Cd, Co, Cr, Hg, Ni, Pb)s5EE thEFo| 0488+0.138mg/ £, A QI
Te 0432+0080mg/2 AYIO TS 0588+£0213mg/ L 22 BAF FAAHL Ry &
3154 (Cu, Fe, Mn, Zn)¥ 5+ tlZ2Fo] 101.409+6.832mg/ £, A I F& 96.062+5.732
mg/ L, AP O FL 125139+044.820mg/ L 2.2 EAF FJ4L Ak
6. AZE Z+E F&709] APAPL ZnHy Cre 087956, Zn} Cus 0.69333, Cd9} As:
-0.02316, Pb9} Ast -0.08738 18] Ni%} Ast 0.07824, Mni} As: 0.07824, Mn3} Cd
= 0.049992 Jehygoh -
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