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ABSTRACT

This study was carried out to find out some characteristic responses of biological samples under
the exposure of trace .metals with the considering of Sex, age, residence period and smoking.
Blood, Urine and Hair were collected from 116 dwellers in the vicinity of a smelting factory.
Cd, Cu, Pb and Zn concentrations were determined by flame atomic absorption spectrophotometry
and the following results were found important.

1) The concentrations of trace metals in the blood were 0.010+ 0.003 pyg/m/ in Cd, 0.82+0.11
pg/m/ in Cu, 0.23%0.13 uyg/m/ in Pb and 5.78+ 143 yg/m/ in Zn, those in the urine were
1.7+ 1.7 ug/l in Cd, 16.5%+ 16.0 ug/l in Cu, 24.6% 23.0 pg/l in Pb and 367.7% 283.4 ug/l in Zn,
and those in the hair were 0.52+ 0.56 pg/g in Cd, 11.00+ 4.01 ug/g in Cu, 853+ 7.05 ug/g
in Pb and 383.23%+ 110.56 ug/g in Zn.

2) In sex, the concentrations of Zn in the blood and urine of male were higher than those
of female, however, the concentrations of Cd and Zn in the hair of female were higher than
those of male.

3) The concentrations of Cd, Pb and Zn in the urine showed an increasing trend by age.

4) While the concentration of Cd in the urine increased, the concentration of Pb in the hair
decreased by residential period in all the samples.

5) The concentrations of Cd and Zn in the blood and that of Zn in the urine of smoking group
were higher than those of non-smoking group. The concentration of Pb in the blood of smok-
ing group and those of Cd, Pb and Zn in the urine of non-smoking group showed increasing
the trend by age. The concentrations of Cd and Zn in the urine of non-smoking group,
the concentration of Zn in the hair of smoking group showed increasing trend by residential
period, however, the concentrations of Pb in the blood and hair and that of Zn in the hair
showed decreasing trend by residential period.

6) When the correlations of the concentrations between Zn (main smelting metal) and other
metals were analyzed, Zn in the blood was significantly correlated with Cu, Pb and Zn in
the urine (positively) and Zn in the urine was significantly correlated with Zn in the blood,
Cd, Cu and Pb in the urine, and Pb in the hair (positively). Zn in the hair was significantly
correlated with Cd in the urine and Cu in the hair (positively).

7) Consequently, it was useful to note that samples of urine showed higher sensitivity under
the metal exposure than those of blood and hair in individual sampling. In addition, as trace
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metals showed higher accumulation in the hair of the groups, sampling of hair was more
highly recommended than those of urine and blood in group sampling.

Keywords : Characteristics, sample, exposure, metals.
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Table 1. Distribution of the subjects by sex and
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Table 2. Distribution of the subjects by residence

age periods
Sex/Age 20~29 30~39 40~49 50~59 60~69 Total Sex/Year ~5 6~10 11~15 16~  Total
Male 5 15 10 6 47 Male 18 3 6 20 47
Female 3 28 13 11 69 Female 16 16 8 29 69
Total 8 43 23 17 116 Total 34 19 14 49 116

mine tetraacetic acid(E.D.T.A)& o) w-Fo] 587
u}x1%l ¥ deionized waterZ 33] A % sle] 60T 2]

Table 3. Classification of the subjects by smokers
and nonsmokers

~ ot e Sex Smokers  Nonsmokers Total
dry ovenell#] 1085 5-QF #IEA1A 5HH HEE
(st Male 27 20 47
N o Female 5 64 69
PR, SERY, AEEATRR REET % O
SHopHEEL NA-2 Table 1~33% it} Total 32 84 116
Table 4. Trace metal concentrations in blood, urine and hair
(Unit : Blood pg/mi, Urine pg/l, Hair pg/g)
Sex Cd Cu Pb Zn
Blood Avg+ S.D. 0.010+ 0.003 0.79+ 0.14 024+ 011 6.11+ 1.16*
M Range 0.002+ 0.019 048+ 1.13 N.D.—-048 352—-8.71
Median 0.010 0.77 0.24 6.15
Avg+ SD. 0.009+ 0.003 0.84+0.22 0.23+0.14 555+ 1.56
F  Range N.D.—0.015 047172 N.D.—-0.67 2.03—13.9
Median 0.010 0.83 0.20 549
Avgz SD. 0.010+ 0.003 0.82+0.11 0.23+0.13 5.78+ 143
T Range N.D.-0.019 0.47—-1.72 N.D.—0.67 2.03~139
Median 0.010 0.79 0.22 5.80
Urine Avg+ SD. 1.4+£09 169+ 136 272+ 24.2 480.7+ 360.9**
M Range 02—-44 N.D.—64.0 N.D.—92.3 60.0—1642.5
Median 13 14.6 19.8 351.1
Avg+ S.D. 1.9+ 19 162+ 176 227+ 222 286.1+ 1726
F  Range N.D.—11.0 N.D.—95.0 N.D.—84.1 96.0—945.0
Median 14 115 17.3 237.7
Avgt SD. 1.7+ 1.7 16.5% 16.0 246+ 23.0 367.7+ 2834
T  Range N.D.—11.0 N.D.—95.0 N.D.—92.3 60.0—1642.5
Median 1.3 13.7 18.8 2723
Hair Avg* SD. 0.36% 0.47 10.73+ 4.22 7.08* 6.58 340.7+ 101.1
M Range N.D.—2.03 6.62—33.23 N.D.—30.6 168.0—664.0
Median 0.21 9.68 5.53 316.0
Avgt+ S.D. 0.63+ 0.60* 11.48+ 5.32 952+ 8,51 412.2+ 108.0*
F  Range N.D.—2.03 444325 N.D.—424 246.0—741.0
Median 0.39 9.70 7.25 398.0
Avgt SD. 0.52% 0.56 11.0+ 4.01 8.53+ 7.05 383.2+ 110.6
T Range N.D.—-2.03 4.44—33.23 ND.-424 168.0—741.0
Median 0.33 9.69 6.29 357.0

*p<0.05, **p<0.01.

M :Male, F:Female, T:Total, Avg.+ S.D.: Average* Standard Deviation.
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Table 5. Trace metal concentrations in samples by age groups

(Unit : Blood pg/ml, Urine pg/l, Hair pg/g)

Age (years) Sample Cd Cu Pb Zn

20~29 Blood 0.012+ 0.004 1.02+0.35 0.15+0.15 543+ 0.95
Urine 1.3+ 0.6 136+ 7.3 144+ 13.7 411.3+ 2395
Hair 0.254+ 0.240 11.79+ 3.16 794+ 381 378.8+ 100.9

30~39 Blood 0.009+ 0.003 0.76+ 0.16 0.25%+ 0.13 568+ 1.38
Urine 13+ 0.8 184+ 19.1 204+ 169 2820+ 171.7
Hair 0.564+ 0.613 10.75+ 3.29 9.60+ 10.11 379.7+ 108.3

40~49 Blood 0.010+ 0.003 0.84+0.16 0.21+0.09 595+ 1.22
Urine 21+21 129+ 54 32.1+ 282 365.1% 238.1
Hair 0.718% 0.721 11.36+* 6.47 8.19+ 6.59 383.7% 106.5

50~59 Blood 0.009+ 0.003 0.86+0.19 0.23+0.12 6.04+2.22
Urine 1.9+ 2.1 129+ 139 28.9+ 29.6 433.5+ 439.8
Hair 0.389+ 0.395 9.01+ 1.82 6.42+ 6.21 395.8+ 123.7

60~ Blood 0.010+ 0.004 0.78+ .12 0.26+ 0.15 5.68+ 0.93
Urine 21x15 23.0+ 215 23.5+20.1 470.81+ 304.3
Hair 0423+ 0.421 13.39+ 7.68 948+ 6.23 376.8+ 119.3

Total Blood 0.010+ 0.003 0.821£0.11 0.23+0.13 578+ 143
Urine 1.7+ 1.7 16.5% 16.0 24,6+ 23.0 367.7+ 283.4
Hair 0.52+ 0.56 11.00+ 4.01 8.53+ 7.05 383.2+ 1106

Average= Standard Deviation.
3. MR 1. 431
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M Cde B17F 0010+ 0.003 pg/md, &F7}
0.009+ 0.003 pg/ml, Cue B-F7}F 0.79€ 0.14 pg/ml,
7F7} 0.84%0.22 pg/ml, Pbs BF7) 024+ 0.11
ug/ml, & 023+ 0.14 yg/mi 2, Cd2} P BF 7},
Cu= #f7F of7b =4 Jebdodd £E3 e
Ak Zne HF7} 0.008+ 0.004 ug/mil, F7} 0.
006£ 0.002 ug/mi 2. HF7F TR} ko H
BEfE R E U rHP<0.05).

2) &K

W fES B BRI Cdve BF7) 14519
ug/l TFE 19+ 19 ug/l, Cuxs BT} 169+ 136
pg/l TF7F 1621 17.6 ug/l, Pbi= Y7} 272+ 24.
2pg/l, fofE 2271222 g/l MERIR HET
%5 B T glelon) Zng A4S, BT 480.7+ 360.
9ug/l, LT 286.1% 1726 ng/l& BF7 HEH
FRo BV F3Ucp<0.01).
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Table 6. Correlation between metals in samples and age, period of residence

Age Period of Residence
Male | Female | Smoker |Non-smoker| Total Male | Female | Smoker |Non-smoker| Total
Blood | Cd
Cu
Pb 3737 ~—.2024 —.1542
30) (62) 77
p=.021 p=.057 p=.090
Zn 2016
(62)
p=.058
Urine | Cd 2128 .1808 1795 1844 1997 1975 .1559
(44) (60) (74) (104) (60) (74) (104)
p=.083 | p=.083 p=.063 |p=.030 p=.063 p=046 |p=.058
Cu —.2062
61)
p=.055
Pb 1976 1824 .1559 2194
(44) (75) (105) (44)
p=.099 p=.059 |p=.056{p=.076
Zn 2877 1775 2324 2025 1772
(44) (61) (75) (105) (75)
p=.029 | p=.086 p=.022 |p=.019 p=.064
Hair | Cd
Cu
Pb —.2103 -.1735 | —.1585
(69) (84) (116)
p=.041 p=.057 |p=.045
Zn 3458 —.1423
(32) (84)
L J p=.026| p=.098
7 BFRG B4 JEbtHp<0.05). Cue 2. FilR3I

TF7} 10.73+ 4.22 ug/g 4 F7} 11.18+ 5.32 pg/g, Pb
= BF7F 7.08+6.58 ug/g LwF7F 9.52+ 851 ug/g
2.2 7t i 4 Jebgd ot HER-L dldok
Zei Znell M= B-F7) 34068+ 101.05 ug/g &F
41222+ 10798 pg/ge 2 Hl Rol EiEe e
238 BF7 wFHE} @A JehdrHp<0.05).1
2l e Hdol} ko wls) FL&HHE AbDE
2 FE2E vehIded Cdel A mks Rl
vl&) zbzk of 506 9F 3000, Cul 7% 10812} 600
v, Pbel 7% 30wHs} 3008, Znol 7S 180wie}
10004) o] F& FEE el g e
A48 Bk

dedde] wE Yol u muhy wgEde]
& Table 59 #om A= 9 FEgkad £ R
BN 4Bae) AR E Table 6o vFehigich

(1) I

Cd % Cu®| 3¥ Hax& AddzTolAd ab
ol7} glsle™ Pb, Zng A$E £k AHAE
Lolo] Zotel whE AAF WEE ¥ 5 ggdovt
Pbt &7l A(p<0.05) Zng o xbF-oll 4 t}o]di
w2 F7} FEE W.9cHp=0.058).

2) %

R Cdel oAy Haxlx | Zrlo uk}
FolAlE e Brkp<0.05), Cud v —EdH
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Fig. 3. Correlation between Zn in urine and age.
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Table 7. Trace concentrations in samples by period of residence

(Unit : Blood pg/mi, Urine pg/l, Hair pg/g)

Period (year) Sample Cd Cu Pb Zn

~5 Blood 0.010% 0.004 0.83+0.22 0.24+0.16 5.891 1.25
Urine 14+ 08 18.9+17.3 2091+ 22.8 394.3+ 305.6
Hair 043+ 048 11.15% 4.58 7.98+% 7.56 385.5+ 1109

6~10 Blood 0.008+ 0.004 0.83+0.16 0.22+0.12 5.69% 1.51
Urine 1.9+ 1.3 16.1+ 99 295+ 235 290.1+ 168.4
Hair 0.71%+ 0.58 11.54+ 590 12.39+ 10.56 395.7+ 105.8

11~-15 Blood 0.010% 0.002 0.77£0.15 0.23+0.12 5.83+1.16
Urine 1.5+ 14 232+ 278 213+ 156 430.1% 386.1

Hair 047+ 0.65 9,50+ 1.96 7.45+ 7.89 3731+ 877

16~ Blood 0.010+ 0.004 0.82+ 0.18 0.23+0.11 5.73+ 1.61
Urine 20+ 2.1 146+ 135 262+ 24.8 361.3+ 2725
Hair 0.52+ 0.59 11.11£ 5.28 7.73% 0.65 381.3+ 120.7

Total Blood 0.010+ 0.003 0.82+0.11 0.23+0.13 578+ 1.43
Urine 1.7+ 1.7 16.5+ 16.0 246+ 230 367.7+ 2834
Hair 0.52% 0.56 11.00+ 4.01 8.531+ 7.05 383.2+ 110.6

Avg+ Standard Deviation.
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45- ' :
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= r=—0.15847 !
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. ‘ |
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Year of Residence
Fig. 4. Correlation between Pb in hair and period
of residence.

Cde] MG R 315l &R 0.0111 0.003
ug/mi, FEREREC] 0.009+ 0.003 pg/mi 8 WRERE
A HESA A vebdoip<0.01). Znx RER
6.20% 1.85 pg/mi, FERIERF 562+ 1.20 pg/mi 2 F
Hfifiol A WEERee) JEERE R o) B HAS
HrHp<0.1). Cugl Pbe] 558 MR 271 9
Qe RS M Phbwt vielol IEAHBES ®3ich
(p<0.05). "RfEERES] Mfarf Pbe} volele] #A) & Fig.
5o Jehydch

(2) %
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A A5k vholete] Ao A FEIREREC) WERE KB

Table 8. Trace metal concentrations in samples by smoking

(Unit : Blood pg/mi, Urine pg/l, Hair pg/g)

Division Sample Cd Cu Pb Zn
Smoker Blood 0.011+ 0.003** 0.82+0.13 0.256+0.12 6.20+ 1.85*%
Urine 1.8+ 1.7 18.8+17.2 251+ 229 498.7+ 387.0**
Hair 045+ 0.54 11.75+ 5.93 8.80+t 7.42 373.53+ 124.44
Nonsmoker Blood 0.009+ 0.003 0.82+ 0.21 0.23+0.14 562+ 1.20
Urine 1.7£15 156+ 155 244+ 23.2 3153+ 2109
Hair 0.55+ 0.58 10.71+ 4.44 843+ 8.04 386.93+ 105.36
Total Blood 0.010% 0.003 0.82+ 0.11 0.23+0.13 5.78+ 1.43
Urine 1.7+ 1.7 16.5+ 16.0 246+ 230 367.7+ 2834
Hair 0.52+ 0.56 11.00* 4.01 8.53+ 7.05 383.2+ 1106

*p<0.1, **p<0.01.
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el oW $BE MRS Holx| ok, (EEH
Rkel Bl A= Pbrl &kl A SRS
Bl (p<0.05), IERFER A MRS Hodokp<
0.1). Zn9) 558 £EERE e BAE HeolA
SER|eF IR M= EEF ZnI TEAERS ¥l
KA(p<0.05) FEMRAER ol M= SRS 2.9 cHp <O0.

200+ Y=2.858x+326.553 ;
L r=0.3458 :
1 p<005 ,
® |
g 525 + . ;
= ;
< : .
o : ‘
= :
N

0 10 20 30 40 50 60 70
Year of Residence

Fig. 7. Correlation between Zn in hair of smoking
group and period of residence.

1). AA A 8e =ut F Pbe}l AF7|5twe] #AE
Fig 4l Jeldlel e Fig 7ol FdAT9 = 3
Zn3} AFA7kee] AAE el

5. &8RS B

Table 9ol &8EAKNA & BRI MBS
el il

(1) I

Mg Cdg Cu-B, Cu-Ust IFHIRHS RHelow,
mg Cux Cd-B, Cu-H®} EARRS 23, M
¥+ Pb Cu-H, Pb-He} IEHRES Bolo, o
Z Zne Cu-U, Pb-U, Zn-Ug} &2 IEHHEES Rt

2) K

b Cde Zn-U, Pb-H, Zn-He} EHBES vied
Wela, e Cux Cd-B, Zn-B, Pb-Ue TFEHBAS
Helow, FeR Pb: Zn-B, Cu-U, Zn-U, Pb-Het
FAERE-e welon, R Zng Zn-B, Cd-U, Cu-U,
Pb-U, Cu-H, Pb-H, Zn-He} FAERS B3ich

(3) %

Egd Cd-& Cu-H, Pb-H, Zn-He} FAHEES 2
A, FE Cus Cu-B, Pb-B, Cd-H, Pb-H, Zn-
He} THRAS wolow, £8F Pba Pb-B, Cd-U,
Pb-U, Cd-H, Cu-He} [EAMRES 24x, £89F Ine
Cd-U, Cd-H, Cu-He} IEfBIS Bk

v. ¥ &

1. Cd

FEYE EHAL Mg 0.003~0.054 pg/
ml, JRell4 04~25pg/l, B A= 041~15 pg/
golzba sldewl K FEMES K 257} o] Ml
Brel e o 5 sk
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Table 9. Correlation between metals and metals in total samples

Blood Urine Hair
Cd Cu Pb Zn Cd Cu Pb Zn Cd Cu Pb Zn
Blood| Cd
Cu | .1823
107)
p=.030
Pb
Zn —.1368
107)
p=.080
Urine| Cd
Cu | .4888 1646 | 2000 | .1304
(100) (100) | (100) | (104)
p=.000 p=.051|p=.023|p=.093
Pb 1385 | 2697 1661
(100) | (100) (105)
p=.085|p=.003 p=.045
Zn 1548 | 4472 | 3024 | 3369 | .3361
(160) | (100) | (104) | (105) | (105)
p=.062|p=.000|p=.001|p=.000|p=.000
Hair | Cd 1585 1414
(106) (104)
p=.052 p=.076
Cu 2129 | 2129 3042
(107) | (107) (115)
p=.014|p=.014 p=.000
Pb 1911 1799 1728 4575 | 2817
07 (104) (105) (115) | (116)
p=.024 p=.034 p=.039 p=.000(p=.001
Zn |—.1253 1459 1916 1952 | .3829
107 (107 (104) (115) | (116)
p=.099 p=.067 p=.026 p=.018{p=.000

Tokyosl| BEfEshs 609%5% ¥R 2 R Cds
EE ZA13) Tsuchiya'® 2] B 1ol 2J3twl v}o]e]
el uhel CABE7F Eolxl+ fHAE Holed,
B M o]l fHEe] el 25 (p<0.05),
it )= Tsuchiya®l FEfEet ¥dg 1.7
pg/lE viepgel

ol uball My, &AM viold o 8LE
B 4 gldlem, BEHERC] o2 gl sl
Roll Qledlrint —E3t #L-5 B F77F gl mig,
Eol M= ol ERE KHolA de HoR n]Fo

-
€.y

Cde] BEHEZA Mkl EEXNOE Roho
CABE7l oS B 15871 sl 7oz 449
ok AAE hngEEr 509 nEalE §We) #E
olatolojutolfy Bl N3t WAL mugel A=
& Kk LBEE S5Hsladg B Cde RellAql
S¥rste] etk

FR 3= olufolojutol i BT B2 Kol 4 104
+10pg/t8] Cdxp EEZ &N 1371 14 pg/ie]
Cd, el 2A]e] I gdtge]l BT FRAA 44
04 pg/e] Cde Radlgon, 4T B#E Rl
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A 150 pg/l, FHEE A 185+ 56 pg/l, FiHHR
Hug el T fERCN A 38+ 0.6 ug/l2 #EsId=w
S B oluololuol BHES RelAel Cd
BEE 42~330 pg/Holeba WS,

2. Cu

i Cuoll &) Sumino’¥ 1.1 pyg/ml, FIHME
1.33~1.78 uyg/miz} sleded, T8+ 1.0~15pg
/mig} 3Fict. Underwood'®& 1MifFdr Cusool
s, IF# A BT-7F 11+ 012 ug/ml, ©=7} 1.23
£0.16 pg/mid o, MERS 7% 2.691 0.49 pg/m/,
RYQUE 167 pg/md, ZtEEIMN 2.36 ng/ml, Hodg-
kini% 142 pg/ml, Wilsond# 0.79 ug/m/zaL slgich

Fa A 1H Culkls 06~16mg 5 90% Ll
kol BErthe=z Hfh el FK(0.01~0.06 mg),
18%(0.1~0.3 mg), HIMm0.02 mg), fHE, & S8
EF‘X&‘Q—E—H]”“S‘”) j:;%_.m%—: FEEP CUQ‘ ‘ﬂ-‘?}%- 0.
039~0.296 ug/mie} a+s1.om, 52l s fimte
17~31 ug/gelet sk

3. Pb

Pbe IEHEfE sl fFH'e #HF 14705 A
FAE 8014 RAEHE F— EEANA W
EB T Mg 0.15~0.62 pg/mf, 3o 9.1~237 ug/l=t
stk

Claeys B%& —igfEe] i Pbell s 1981
b 19831 dlejel® 7+zb Malta 307+ 119 pg/l e}
243+ 70 pg/l, Mexico 269+ 77 ug/l<} 195+ 48 ug/l,
Bellgium 165+ 39 ug/l¢t 137+ 19 pg/l& 2. 313483
o},
] Phiz &l 242 PhBEFEe k& 713
Fe Aart Ha ok g

gk, ofe] Wikl A, Wiy EEY W, Wik KE
Ega)A] o} MR ol E820] PbE A Kakstn
olobar dhe=dl, b Ao o] Tiih Phigiis el
Blal 2~5u HT B} wod, MERchE 10~
159, R Hole 100~500uiv} ol o) EE2r
% Pb Bl dslde e, Bl oet &
£} Aot fumWel o)shd 2~284 pg/gele}
o ko)

e} W] Phi= F#ES el A Hhns)
At Bk Pby %A dvkm otedx ol

4. Zn
EE MEh Znd Holyst pkw A Ko
vk L ZEE] KTFEk] i AKEEC R wEo}

7hedle s §9 29, B2 & 13Fe) 4
Hrlw ghoptv

MHEE EHAY MK 545~7.34 ug/ml, €5
170~260 pg/g, R+ 300~800 pg/iet dtsien, A
o] gE2Y T In GBS BTUF 72~220
ppm, 7} 80~320 ppmO. 2 G vlr} gl o,
5 5o ojsbd feviele] HTFE 54.6~343.0
ppm, = 3824~614.71 ppm e & Hitiho R F
e Heoh oFo Eoba @i e adch

<
#t
=

E AA, 3 el AFsbe zgdyew wEg
% Ao i, R, BES A3
B pEel REEE mE E
fEifs], T 5 AR Btk o2 SR S-S
fugEste] £ vl 1 Fye obga 3ol

1. M+ HELBe #Es Cd 0.010+0.003
ig/m/, Cu 0.82+ 0.11 uyg/m/, Pb 0.23% 0.13 pug/m/,
Zn 5.78% 1.43 pg/mict.

2. K tEeEBe BEE Cd 17+ 17w/, Cu
165+ 16.0 pg/l, Ph 24.6+ 23.0 ug/l, Zn 367.7+ 283.4
ug/ls3ct.

3. B T MEEBY BE+s Cd 0521056 ug
/g, Cu 11.00+4.01 ug/g, Pb 853+ 7.05 pg/g, Zn
383.23* 110.56 pg/gich.

4. YRl el A, 97 A M Zn(p<
0.05), M Znp<00DelA wFEch ol EA4
vy ow, ool 739 B4 Cd(p<0.05), Zn(p<
0.05)ol 4 9-F-2rt %A viebdcok

5. FEpThe] Btk da= 2B REel X R Cd,
Pb#} Zne] IEHRH-S ¥.9cthp<0.05).

6. FH{E HARATER] BllfRel = 28 Skl M R
Cd-S TFHERNS ®ola(p<0.l), E&% Pb-S i
B B 9vkp<0.05).

7. BEste) AANY mEk A% Cdp<0.1)7
Zn(p<0.D A, K2 749 Zn(p<0.D)ol A Wi@EEfo)
IERERRE B}k AL sotew, M Phbe MRt
o 4, B Cd(p<0.1), Pb(p<0.1), Zn(p<0.05)& Ik
ROl A T IEHIRE-S R, JEREREC)
Mgt Pb, €420 Pb, Zno) BT AR SHBE-S
Bl vk, JpREREe) JRep Cd(p<0.05), Zn(p<0.1)
I L] EER Zn(p<0.05)0] JEHEMARIEE IE
S 2ot

r
N
‘f
- 2
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8. RIS HIS B o, 1F WUHSE Zno
A5 mEF Zne R Cu, Pb, Znd} EHRES
Balew, ke Zne M+ Zn=} KK Cd, Cyu, Pb
e 3 &G Pbat EARES By, 8 Ind
Reb Cd, 8% Cd, Cu®l FHEREe Roich

9. ABSHE FIHE BB R2EA dg
Y EBIE B fhalliac) Kol ol g
RIES BYom, £ e gl BiMS B
fAAC sdelAde K7L Hlol g ZuelgoiAde
Efo] w9 HHT AHE FHYE & U A=
AL = T}
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