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A Study on Urinary Cadmium Concentration and
Renal Indices of Inhabitant in an Abandoned Mine Area

Jung-Duck Park®, Chan-Byung Park®, Byung-Sun Choi’, Eun-Yong Kang', Yeon-Pyo Hong
Im-Won Chang’, Byung-Yeol Chun?®, Min-Hae Yeh®

Department of Preventive Medicine, College of Medicine, Chung-Ang University!
Kwang-Myung Health Center?

Department of Preventive Medicine, College of Medicine, Kyung-Pook National University?

Urinary cadmium is used as a sensitive indicator for internal Cd dose, and increased
excretion of N-acetyl-B-D-glucosaminidase(NAG), £,-microglobulin(MG) and total pro-
tein are useful indices for renal dysfunction by chronic exposure to Cd. The target
group was 184 inhabitant(82 men and 102 women) in an abandoned mine area known
as exposure to low level Cd. The control group was took 160 individuals{64 men and
96 women) in Cd not-exposed area.

Urinary Cd concentration was significantly higher in the target group than the con-
trol. The geometric mean of urinary Cd for male was 2.56ug/ 2, 2.80,ug/g creatinine
and 2.504g/S.G. in the target group and 1.19ug/£, 1.364g/g creatinine and 1.17.ug/
S.G. in the control. For female 2.69ug/0, 3.94,Lg/g creatinine and 2.63.2/S.G. in the
target group and 1.27u5/ L, 1.97;ug/g creatinine and 1.254g/S.G. in the control, re-
spectively. In addition, urinary Cd of the target group had affected by the period of
residence and dietary habit for the rice and the vegetables from the target area. These
findings suggest the chronic exposure to Cd of the target population.

Mean excretion of urinary NAG, £,-MG and total protein were not significant be-
tween two groups. In the target group, urinary NAG activity and total protein were
significantly correlated with urinary Cd, but /92-MG was not related. Urinary ex-
cretion of NAG, /92-MG and total protein were significantly increased in 10= than in
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{2 of urinary Cd level. In 2 ~ 10 group of urinary Cd level, the excretion of NAG significantly

increased while not showed for §,-MG. In present study, urinary excretion of NAG was rela-

tively sensitive than £,-MG in chronic exposure population to low level Cd.
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Table 1. Distribution of exposed and control
group by sex, age and smoking habit

Unit: person(%)

Male Female
Variables
Exposed Control Exposed Control
Agelyears)
20~39 14 (17.1) 13(20.3) 17(16.7) 25 (26.0)
40~59 36 (43.9) 22(34.4) 51(50.0) 26(27.1)
Above 60 32(39.0) 29(45.3) 34(33.3) 45(46.9)
p-value N.S. {0.01
Smoking
Smoker 61 (74.4) 54(84.4 7(6.9) 17(17.7)
Non-smoker 21 (25.6) 10(15.6) 95(93.1) 79 (82.3)
p-value N.S. (0.05
Total 82(100.0) 64(100.0) 102(100.0) 96(100.0)

! p-value is the product of x¥2-test
2 N.S. : Not significant
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Table 2. Distribution of exposed group by the
period of residence and the dietary
habit of produced rice and vegetables

in cadmium exposed area

Period of

Variables  residence(years) Rice Vegetables

10~29 Above30 Yes No Yes No

No. 67 117 154 30 158 26
(%) (36.4) (63.6) (83.7) (16.3) (85.9) (14.1)
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Table 3. The mean urinary cadmium concen-
tration of exposed and control group in

male and female

Exposed Control

Sex Units p-value
n GM! GSD! n GM! GSD!

wl/l 8 256 277 64 119 210 (0.0l

(259) (1.10) (L17) {112)

Male glgCr 82 280 238 64 136 194 (001
(2.84) (1.08) (1.34) (1.10)

E5.G. 82 250 277 64 117 211 (001
(2.53) (1.10) (1.15) (112) -

w/@ 102 269 252 96 127 217 (0.0l
(2.69) (1.09) (1.27) (r.09)

Female pg/g Crl02 394 259 9 197 210 (0.01
(3.95) (1.08) (1.97) (1.08)

(5.6 102 263 252 9 125 217 {001
(2.63) (1.09) (1.24) (1.09)

/0 184 263 263 160 1.24 214 (001
(2.65) (1.07} (1.23) (1.07)

Total 4gfgCri84 338 253 160 170 208 (001
(3.41) (1.06) (1.68) (1.07)

@f5.G. 184 257 262 160 121 214 (001
(258) (1.07) (L21) (1.07)

| Geometric mean and geometric standard deviation
2 Values in parentheses are expressed as age adjusted value
3 p-value is the product of age-adjusted covariance analysis
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Table 4. The mean urinary cadmium concen-
tration of exposed and control group

by age group in male and female

Age Exposed Control

(years)  gmiGSD! n GM! GSD!

Sex Units p-value

20~39 14 1.69 3.25 13 1.00 1.75 NS.
/@ 40~59 36 262 250 22 095 229 (0.0l
Above 60 32 3.00 282 29 153 1.98 (0.0l

20~39 14 1.72 282 13 130 177 NS.
Male ;g/g Cr 40~59 36 3.08 1.85 22 1.02 191 (0.01
Above 60 32 3.11 267 29 1.73 1.88 (0.0l

20~39 14 1.63 3.28 13 098 1.82 NS.
wfS.G. 40~59 36 257 248 22 093 229 (0.0l
Above 60 32 291 282 29 151 196 (0.0l

20~39 17 196 238 25 1.08 219 (0.05
/@ 40~59 51 266 276 26 1.15 242 (0.0l
Above 60 34 3.20 219 45 1.48 1.98 (0.0l

20~39 17 243 227 25 116 236 (0.01
Female ;tg/g Cr 40~59 51 396 275 26 193 178 (0.01
Above 60 34 497 234 45 267 179 (0.0l

20~39 17 192 236 25 1.04 2.18 (0.05
22/S.G. 40~59 51 261 275 26 1.13 244 (0.1
Above 60 34 3.10 220 45 1.46 1.98 (0.0l

| Geometric mean and geometric standard deviation
2 p-value is the product of t-test
3 N.S. : Not significant
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Table 5. The mean urinary cadmium concen-
tration of exposed and control group
by smoking habit in male and female

Table 6. The mean urinary N-acetyl- 8-D-gluc
osaminidase activity of exposed and

control group in male and female

Smoker Non-smoker

Group Sex  Units p-value
n GM! GSD* n GM! GSD?

Exposed Control

Sex Units p-value
n GM! GSD!. n GM! GSD!

w@/® 61 265 270 21 232 3.03 NS
(263)(1.14)  (235)(1.24)

Male gfgCr 61 286 225 21 262 282 NS.
(2.85)(1.12)  (2.66)(1.20)

12fs.G. 61 258 271 21 228 301 NS.
(2570.14)  (231)(1.29)

/@ 7 408 171 95 261 256 N.S.
(3.89)(1.41)  (2.62)(1.10)

Female :gfgCr 7 7.96 161 95 3.74 261 NS.
(7.37){1.40)  (3.76)(1.10)

5.6 7 396 1.73 95 255 256 N.S.
(3.78)(1.41)  (2.56)(1.10)

Exposed

U/e 82 150 377 64 169 326 NS

/@ 54 121 212 10 1.08 204 NS.
(1.22)(1.10)  (1.05)(1.26)

Male 4glgCr 54 1.39 192 10 118 207 NS.
(1.40)(1.09)  (1.15)(1.23)

1fS.G. 54 119 213 10 L05 205 NS.
(1.20)(1.11) (1.02)(1.26)

Control
;zg/Q 17 1.30 1.89 79 1.27 2.23 N.S.

(L.21)(1.20)  (1.29)(1.09)

Female ugfgCr 17 1.83 208 79 200 211 NS
(1.59)(1.16)  (2.04)(1.07)

@fS.G. 17 1.26 191 79 1.24 224 NS.
(1.17)(1.20)  (1.26)(1.09)

! Geometric mean and geometric standard deviation

2 Values in parentheses are expressed as age adjusted value
3 p-value is the product of age-adjusted covariance analysis
3 N.S. : Not significant

/0 2A 279 1.004g/ € S} 2p)7} gld oL}, 40~
594123} 604 o] ol M E Z270] 2.62ug/0 X
3.00ug/ 0, hFF) 0.954/0 L 1.53ug/ 0 BA £
o3 z2to] 7k AATHp(0.01). AN M & FZ 70
20~394 2 1.96ug/ 0, 40~594 T2 2668/ £,
604 O] Aol 3.204g/ L ZA HZ TS 1.08, 1.15,
1.48ug/ £ ol ¥]&) =& AR ZNA st =A%k
(3 4, p{0.05 === p(0.01).

Fdolvol 42 23 AEFFEE YA 3

e 4o 1:7 m{n I
>.I|

(1.53) (1.15) (1.65) (1.17)

Male UfgCr 82 165 332 64 192 29% NS
(1.68) (1.13) (1.87) (1.15)

USG. 82 147 376 64 165 3.26 NS
(1.50) (1.15) (L61) (1.17)

Ufg 102 135 278 9 099 379 NS.
(1.35) (1.12) (0.99) (1.13)

Female UfgCr 102 199 303 9 154 368 NS.
(199} (1.13) (1.54) (1.13)

USG. 102 132 277 9 097 387 NS
(1.32) (1.12) (0.97) (1.13)

U/2 184 141 321 160 122 366 NS
(1.42) (1.09) (1.22) (1.10)

Total UfgCr 184 183 316 160 168 339 NS
(1.84) (1.09) (1.67) (1.10)

US.G. 184 138 320 160 1.20 365 NS
(1.39) (1.09) (.19} (1.10)

! Geometric mean and geometric standard deviation

2 Values in parentheses are expressed as age adjusted value
3 p-value is the product of age-adjusted covariance analysis
4 N.S. : Not significant
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Table 7. The mean urinary N-acetyl-8-D-gluc-
osaminidase activity of exposed and
control group by age group in male

and female

Age Exposed Control

(years) 1 GmiGSD! n GM! GSD!

Sex Units p-value

20~39 14 1.13 3.67 13 101 244 NS.
U/@  40~59 36 1.20 444 22 135 381 NS.
Above 60 32 2.19 293 29 254 288 NS.

20~39 14 113 350 13 130 202 NS.
Male UfgCr 40~359 36 1.40 371 22 1.42 328 NS.
Above 60 32 233 263 29 288 282 NS.

0~39 14 110 366 13 0.99 2.43 NS.
US.G. 40~59 36 1.18 441 22 132 382 NS.
Above 60 32 2.14 292 29 248 288 NS

20~39 17 1.27 350 25 1.24 286 NS.
U/¢ 40~59 51 138 2.90 26 0.81 433 NS.
Above 60 34 135 232 45 0.97 405 NS.

20~39 17 1.59 3.75 25 137 250 NS.
Female U/g Cr 40~59 .51 206 3.13 2 136 482 NS.
Above 60 34 2.10 259 45 1.77 3.77 NS.

20~39 17 1.24 348 25 1.21 286 NS.
US.G. 40~59 51 135 290 26 0.80 431 NS.
Above 60 34 132 231 45 096 402 NS

! Geometric mean and geometric standard deviation
2 p-value is the product of t-test
3 N.S. : Not significant
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Lﬂ Er°ﬂ 1 Z @%‘v’f%i Z2 5 tf a1l

4. 2% B,-microglobulin HijAIZ

ke 8F AE B, -MGHIAHS T2 T 49,648

Table 8. The mean urinary f,-microglobulin of
exposed and control group in male

and female

Exposed Control

Sex Units p-value
n GM! GSD! n GM! GSD!

w/0 82 497 32 64 598 40 N.S.

(50.1) {1.2) 59.1) (1.2

Male gfgCr 82 545 35 64 679 45 NS
(5.0 (1.2) 67.1) (L2

wg/sG. 82 486 32 64 585 40 NS
(49.0) (1.2 (57.8) (1.2

g/l 102 496 30 9% 494. 32 NS
(49.6) (1.1) (49.3) (1.1)

Female uglgCr 102 730 35 9% 771 37 NS
7.1 L) (0 (1)

1gfS.G. 102 485 3.0 9% 484 32 NS
(485) (1.1) (484 (1)

/0 184 496 31 160 533 35 NS
(49.8) (1.1) (53.1) (L1

Total (glgCr184 641 35 160 733 40 NS
(645) (1.1} (728 (1.1)

#2/5.G. 184 485 31 160 *522 35 NS
(4.7 (1Y (52.0) (1.1)

! Geometric mean and g'eometric standard deviation

2 Values in parentheses are expressed as age adjusted value
3 p-value is the product of age-adjusted covariance analysis
4 N.S. : Not significant

[0, NZT 533ug/ 0 2A 2Fo]7k AATH AHE
Fae A EETe o5 #Ha ﬂZ-MGHH ek
29.7ug/ @ H 1L, HZPE 59.8ug/0 24 FAHL
o3 2]z} gdTh Azt M = L2 B
& A, MGUAFEL 49,68/ 0, U RFE 49418/ 02
A H ekt 83 B,-Meul RS Seloteldoly
B Z02 R Aolw v FFeR F 2T
off zjo]7} GIATHE 8).

2% B -MGUIATEE A 7ol what B4 2,
Z2T d2E] 2% Bt v Fo] JF T

& 53 2to]7} QIRITHAR 9).

rlo rlr

ko
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Table 9. The mean urinary f,-microglobulin of
exposed and control group by age
group in male and female

Table 10. The mean urinary total protein of ex-
posed and control group in male and
female

Age Exposed Control

(years) n GM! GSD! n GM! GSD!

Sex Units p-value

Exposed Control

Sex Units p-value
n GM! GSD!' n GM! GSD!

20~39 "14 290 25 13 573 44 NS.
#/0  40~59 36 43.1 31 22 67.8 42 NS.
Above 60 32 737 3.4 29 554 37 NS

20~39 14 292 24 13 739 41 (0.5
Male ,ug/g Cr 40~59 36 503 34 22 71.2 51 NS
Above 60 32 785 3.8 29 629 44 NS

Male mg/@ 82 599 641 64 67.1 494 NS

(60.1) (6.4 (66.9) (7.3)
Female mg/@ 102 47.2 419 96 555 458 NS.
(47.2}  (43) (55.5) (4.5)

Total mg/g 184 529 532 160 601 475 NS.
(529) (3.7 (60.1) (4.0

20~39 14 284 24 13 561 44 NS
/5.6 40~59 36 422 31 22 663 43 NS.
Above 60 32 72.0 34 29 542 37 NS.

20~39 17 390 24 25 420 23 NS.
el 4~59 51 564 3.2 26 484 3.2 NS
Above 60 34 46.1 3.0 45 546 38 NS

20~39 17 490 26 25 46.4 26 NS
Female /zg/g Cr 40~59 51 843 36 26 812 3.7 NS
Above 60 34 71.8 3.8 45 993 42 NS

20~39 17 381 24 25 411 23 NS.
18/S.G. 40~59 51 55.2 3.2 26 475 3.2 NS.
Above 60 34 452 30 45 55.7 38 NS

! Geometric mean and geometric standard deviation
2 p-value is the product of t-test
3N.S. : Not significant

2279 87 W FEWAZTL 52.9+53.2mg/0
22X HETY 60.1+£47.5mg/ 0 BT} thh H o,
3k ztol & QI A2 e dAte

Z279 ﬂ-s H FHATEL 59.9+64.1mg
/2, tZ70] 67.1£49.4mg/ 0 1, AN = E2
0] 47.2+41.9mg/ 0, THZ 0] 55.5+45.8mg/ 0 2
A g BRolA] T F7ho) f-ol§ Zolr} JIUTHE
10).

2% FONARe A9 w24 4, 2
BTER T2FH 220 FAF 2ol U

! Values in parentheses are expressed as age adjusted value
2 p-value is the product of age-adjusted covariance analysis
3 N.S. : Not significant

Table 11. The mean urinary total protein of ex-
posed and control group by age
group in male and female

Age Exposed Control

{years) o GMigspi n GMi GSDR

Sex Units p-value

20~39 14 69.9 1039 13 57.1 444 NS.
Male mg/@ 40~59 36 499 549 22 65.5 432 NS.
Above 60 32 66.9 51.0 29 72.8 56.2 NS.

20~39 17 60.6 728 25 623 47.2 NS.
Female mg/@ 40~59 51 43.7 29.4 26 50.2 451 NS.
Above 60 34 458 37.2 45 547 46.1 N.S.

1 p-value is the product of t-test
2 N.S. : Not significant

6. Z2x2| IXEM| 2 25 JI=8 S

EZ27N A ZAAGol| AF3 717k} o] 2] oA
AujE B HrFo AT e 85 FI=E
FEE 2N 2, %ii“ﬂ*i ZARA Dol 10~29
= 2054/ L,
301 o] AFTL 3.04ug /L EH HAF71 7ol A
§ 8% AT Jl=F s57F BokAe Al Aukp
F Z2A Qo)A A &S F3s
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Table 12. The mean urinary cadmium concen-
tration by the period of residence and
the consumption of produced rice and
vegetables in cadmium exposed area

Cadmium in Urine

Table 13. The Pearson’'s correlation coefficients
between the level of urinary cadmium
and renal function -indices, such as

' N-acétyl- B-D-glucosaminidase activity, 5,-
microglobulin and total protein in ex-

Variables gl @ uglg Cr 18/8.G. posed group .
GM! GSD! GM! GSD! GM! GSD! cd (ug/ @) d (uglg Cr) cd (18/5.G.)
10~29 205 2.83 250 299 200 283 NAG 0.2184* NAG 0.1770* NAG  0.2138*
Period of  (n=67) (2.26) (1.14) (2.84) (1.13) (2.20) (1.13) (u/e) (ufg cr) (uis.Gc)
Residence Above 30 3.04 244 4.03 217 297 244 ,BZ—MG 0.0432 ,BZ-MG 0.1356 ﬂz—MG 0.0414
(years) (n=117) (2.87)(1.10) (3.74) (1.09) (2.81) (1.10) {ug/2) {1glg Cr) (ugfs.G.)
p*-value (0.01 {001 (0.01 Total Total Total -
. - . : ok
Yes 2.85 257 3.63 235 278 2.57 Protein  0.1955 Protein -0.0143 Protein 0.1939
(n=154) (2.83)(1.08) (3.60) (1.08} (2.77) (1.08) (mg/2) (mg/0) (mg/2)
Rice No 174 266 236 3.31 170 266 *: p(0.05, *: p{0.01
(n=30) (1.79)(1.19) (2.44} (1.18) (1.75) (1.19)
pt-value  (0.05 (0.0 (0.05
Yes 276 259 360 2.40 271 258 7he® TR frold ATt AATHp(0.05)
{n=158) (2.76) (1.08) (3.60) (1.07) (2.70) (1.08) LF FUNEe v A 499 BjEoE vAJ
Vegetables No 195 275 230 3.6 1.87 276 oo 9% S Ewet ool AABTATL
(n=26) (1.97) (1.20) (2.33) (1.19) (1.89) (1.20) 37l 83 7I=F T2 FY R 17} ’:
pFvalue  NS. (0.05 N.S. Rk p(0.01), 2 HL 2 BAYZ B H
! Geometric mean and geometric standard deviation -04 61 }B}T\’_V\ 6] o] 312'}\‘:}‘ 2% B 2'MG Hﬂ}g%k% -9-';65 '7]'
2 Vilues in parentheses are expressed as age adjusted value =B 29§93 A} ATHE 13).
3 p-value is the product of Pearson’s correlation analysis be- 62 e mo
L. o] ot ol A} o) el ol
tween the period of residence and urinary cadmium con- 2T FHEES 2070 UT, 20014 100727 2
centration, p*-value is the product of age-adjusted covari- 10.00] 4102 FEEle] 9= Fle B Z+ A7)
ance analysis 280 HHFXE B4 A}, 92 NAG L=
4 N.S. : Not significant = = o el=1 = -
27 Jt=F el Wt Kog 2ol7} 9o, 2%

= A5 92 HF FEE S5 2854/ 0 24
B AT 1.74ug/ 0 BT} £roJ31A] 29koH, A
olE|dF} H|F o2 ARG wolE 2-& A3
ok AFE HHIE AFEEY 25 HR IIEE 5
EE

3ol el g Apol7k AATHp(0.05, F 12).

1. 23 FIEEST ISR 72| 2

[«

FEE 2.0ug/ € VIREZol B8] 2.0/ 0 01 10.04g
/2 PR 10.04g/ @ O] NAG BAE7} F9
8t S7FskdtHp(0.01). HIFo 2 BG3 MY 9
B Hd ol oy, AgolEdog w3l
AN E 8F 7= T w2} NAGEAE
7} 27HE e AL Aoy, BAF R folsy
= %M 10ug/g creatinine®] -2 2.0ug/g creat-
inine"] Thtol] HIS|A] -0 E oF 5% oA Z7}
=] Aot

8T BT B,MG M8 ZFE 8F JI=F F50) u
2 frelgk 2ot giglon, AgolEldoe s Ry

BAANME 22 N BrE ] u ZvleE 3

ox
ot



Table 14. The mean vaiues of renal function indices, such as N-acetyl-8-D-glucosaminidase activity,
B,-microglobulin and tota! protein, according to the level of urinary cadmium in exposed

group
ucd € 2.0 22 vucd (10 10 £ ucd
Renal Index Units N " " " — " p*-value
n GM GSD n GM GSD n GM GSD
u/e 69 0.94(0.95) 3.16(1.15) 101 1.65(1.64) 2.97(1.12) 14 3.49(3.45) 292(1.35) 0.01
p-valuet 0.002 0.001
NAG UlgCcr 43 1.421.49) 2421.19) 120 1.841.83) 3.44(1.11) 21 296(273) 272(1.29) NS
p-value® 0.306 ‘ 0.056
Ufs.G 70 093094} 3.13(114) 100 l.6l(1.61) 2.98(1.12) 14 3.40(3.35) 2.911.35) (0.0l
p-value® 0.003 0.001
gl 8 69 43.0(44.8)  28(1.1) 101 54.7(53.6) 3.2(1.1) 14 49.5(46.6)  3.6(1.4) N.S.
p-value® 0318 0.906
B,-MG wlgcr 43 48.0(50.8)  3.3(1.2) 120 63.6(63.4)  3.3(1.1) 21 121.0(109.7)  5.3(1.3) N.S.
p-value® 0.323 0.026
w8fs.G. 70 41.7(433)  2.8(1.1) 100 54.0(53.1)  3.2(1.1) 14 48.2(45.4)  3.6(1.4) N.S.
p-value’ 0.258 0.888
Total mg/ @ 69 40.4(38.4)  43.0(6.3) 101 55.5(56.4) 52.0(5.1) 14 96.1{99.0) 80.5(13.8) (0.0l
Protein p-value 0.029 0.001

1) *: Geometric mean and geometric standard deviation, 2) Values in parentheses are expressed as age adjusted value, 3) UCd : cad-
mium concentration in urine, 4) ptvalue presents a statistical significance with the UCd(2.0, 5) p Tvalue is the product of age-adjus

ted covariance analysis

ol 9lo), 8% 7= 8 10.0ugfg creatinine©] Ao CE ¥rE FleREgd e o]l 2K,
219 B,-MG M-S 2.04g/g creatinine?] ¥l H] 75 & v she AREL 50| d AEEM 2
& frefshAl 7+t tHp(0.05). FEAol e EAF 3 &89 N75S vy
FoNE wjdE2 0F 7=k T uet F gt Flegoll e A FaEs FAE] A
718 A Eol Slol, 8F Fl=F FE 2.0u/L 01 Ho g A Al=g S Ay SA4ge A
10.0ug/ @ P THE 10.00g/ @ 0] d20] 2.0/ R VI HH 7V wiEAlsg @408 st 8% Jles
ol vj8) frelatA F7Fskthp(0.05, & 14). Fre 7oA #Ad Aol v e =g
’ of gt Z2E wkddls AoR A R vy
No: % e AREME FATsY, oF Tl E iidES
AR =g FA ol vleEtng Fh= gl i H
7te g Z29) gist WPt o g AR Jle=E o8 TN AA E2gd-S wtddle= A EEA AF
FHFgH AN g, LT IIEE TEE A o] &%) 11 9ITHPiscator, 1985; Shaikh %, 1987).
715AEE BHgdke 8F FEUE, albumin, A E ol A e 2 dRAM Y 25 ¥
2 S A(B,-MG, retinol binding protein F), ©] T NEBFEE 256/ £, 2.80ug/g creatinine
2x(Catt, Xt §) @ FAk(NAG, Alkaline phos- 2.5018/8.G. 24 HZT9 11948/ £, 1.364g/g creat-
phatase §) 5o 3t o] F AF= dA G 2% 7} inine % 1.174/5.G. 5.5} ¥3E0H (p(0.01), A=} 73
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M= Z279] B 2F 7I=E FTEE 2694
/2, 3.94ug/g creatinine ¥ 2. 63/1g/S G.2A] 2T
1.27ug/ £, 1.97ug/g creatinine T 1.25.g/S.G. Bt} ¥
tHp(o.01). olH AFE At F(1995)0] B gt
A4 71FER) NEEEEE VIELE 8F #
T lEEERE £ 23 F, 715 B 7l=EE
T 0.00lmg/m3 ©13F8 AZZ:T, 0.001 ~ 0.01mg/m?
HHE FHEL, 00Img/mso]FE 1E2FOE T
s W, AZRT Jl=gFHEA 8F BT 7}
CH 255 1.8ug/0, 7F T2 4L 3.8ug/0 18]
27 7.9ug/0 2 VERS A3} s & o,
AT IAEY 27 B JEEFEE RT
& AFz o vla) dro, ZE M e AFETL
oha EUT 3, d29] Jl=E ¥ dA g
A8 tyeR 3 dF ZAAF HedAY
At 2% Hi Jl=F TEU) 1.80ue/8,
2.10ug/g creatinine, ® A= 1.59ug/ £, 3.034g/g creat-
inineol2} T, 99X FlME U} 4.68ug/0,
5.33ug/g creatinine, 92} 4.49ug/L, 8.43ugfg creat-
inine(Kido, 1992)°] BlalA = B AT7Anr} wglt),
7RERt 2 AQFL € =g T €
glo) Blaf o} vlwa 2o n|ge] Fl=fof £
ZH 1 kol oW Bz vl ATHEE AL, 1995). ©]
AT A, B 9F Al EEEt 22 7M o
Zatol Bl #A vEhd AE AW 7leg F2%o]
Z270lA O grhe AL Yulsi, o] ujgol
np o B2 ¥ FlEgd] HeE TIHUSS
AALs| ZTHWHO, 1992). o o)A o] th2Fe
27 Ads 4 E A8 Fgo] 53 Ao
7%??3‘}%:— FRE EH”—E alofof a5l o, A HALS]
zol ol A BHie| A e
o2 id Al Q12 w&2X99
xL_gz] th‘sl—gézyq 27.] =1l AgzzLOk
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£ B8l

Al fevelolA] YRR Flefo F2H A
e guk FHE glojA 8% Fl=ge] ARt
B33 A A k2 Ao, dutEez 7}
TE HZEFGME 8F FlERo] g/ olslE ¢
212 UATHWHO, 1992). )% AR tlZ279] 83
B IEF BEE 124w/ 02X =B 25

[e]

A ghe geozd BN F27 tAs
2% A=gol EzAde] AT Jide] 245 ¥
A Jeike %) ow F27 3 E2Addoly
WY BAEE A AREY 8% BF A=
B5Erh ERAsld s 548 HHA
ore *}u% o vl3) 7 et B 502 pj%o} u
o} Z2A%0] AZFO2H vFolus} 4710 2
A gl E2URSL BAY 5 UATH

AW FTE 7= g 54282 AN g
9] E28ol tigh wol71deg Aol fEHE A

a1k Gl el metallothionein(MT) ¥ Z2¢E 1 @
& 2% Ft=gol o8 VYERdtHGoering# Klaas-
sen, 1983). GAlo] o] 7l=gof] Z2A|ol= MT
2HHT 2 FEE =gl Js) =gl =4
go] Uehper Bt 24 AVl 139 &
o] Yeh-hHDudley &, 1985), 23] Fk=go] o
Aoz L2ACdE MTY A2E Qe 7H=E9
EA0 t3t HAdo] A7icHSendelbach®} Klaassen,
1988). 7I=gol WA O R EZA] 2775 Aol
oA 5 7142 90l ol B o,
o2 g3} 2o vlMoz 49D 3l

2 s 288 Az 2R AeE
(cd-MT)o] A1zt0] Aol wek BF0 = falsjo] A
o] M= Hrenal proximal tubule)ol|A A&

3 g hrgodM cd-MT7F HalEo] Ft=8o] f
glEedl, ARz MTY 5 E] JhHom
1ol mlsl o} Z#H oz Ael &4 &, 294

A
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A
v

Al #e] AuN ¥} EAEle AoR dnsta
(Cherian, 1982; Dudley 5, 1985). ©|¢} & 717

o

WA Th=g Z2ol o 27530l 4 29
Azrte) AeAe 4o AFF715e) Aol 7]
Aste] AAAoE ofg] TR Bk, Fhk, Tk

% o] 2k Fo| zHHrt.
oyl A7olN N715 HIHARE o §H 8F
NAGEAES §-MGF 7IEBZR9) Bdso] B
g S Age 2 S995)el AT Jl=F A+
TEAE AR 8F FEEEES vlal - BAg
B MGHIAZ A o2 HuAE7} vjujd 4o
.
£% NAGEAES f.MG 2 T )4zl
b 2AF A3, 9% HE NAGEAR(7IEHEEA)
27 oAz} 1,500/ 2 7 1,350/ R,
e 4 1.690/2 9} 0.99U/2 BA F EM
Rt 24o|7} glgith. 8F NAGEAE= dFo] 5
7Fad w2t AEldoes 7k 4 Slol(Kunin 5,
1978) AF 7ol ©}E 0F HF NAGEHEE ML -
B2As9 oy Zega izl f2l3 2ol7} §l
ek B A7 8F NAGEARY AeHuAE
239+3.25U/0, 2.8412.56U/g creatinine ¥ 2.34+
3.16U/5.G.9l dFs]o], ole AFke JdZE ZE2A
Z o 1A AERF(1992)0] B 2.80+
1.64U/ € 7} 2.26+1.25U/g creatinine?h= ]38l 0
uh A3H F(1994)0] B AHHOE Aol £
5] R T27l9] 3.51+£2.010/0 7 5.424+5.53U/g
creatinine, ] %2} 5(1993)¢) #7} T2 oA 5.71+
434U/ € 2} 3.63£1.67U/g creatinine, A= 5(1993)
o] Rug 279 4.62+3.420/8 % 295+ 1.32U/g
creatinine EChe thh Witk B MG W% 2
T dUANN A7 29.7g/ 0 (EFTAF 3.20g/0) T
49.648/ L (ETHA} 3.00g/0)01R T, UZF o)
A 27 59.8ug/ 0 (EEHAL 4.0ug/8)T 49.4.g/0
(B3 3.1/ 0)2AM F 2090 T3 2jo)7) ¢l
Atk ole FFHeE AAHE FHX 50~100g
/2] ¥91E HoluA = RoltHKjellstrom?} Pis-

-

=

ro
N £

=

R F W

cator, 1977; Kawada &, 1989). 0|8l A3} & o &
2T WIREC] JIEE Z270] H3o2H A%
of Aol vl A Aoz 4% 4 Qirt.
aHy, 8F I2F $5E WHO(1992)01A4 AlAl
gt 2% 1= 8o AN 2.00g/0 9 SV} =
ERoA Fleg HF ZEAESY dg d4ae 7)
Z9] Audeo] AFHE 10w/ 0 (=FH, 19942
olgdlo], 8F = FEE 200%HE, 20004

8F 7l=F 2 25 T NAG B4E, 4,-MG
wjAdE 2 SRS EM3 27, NAGEHE
FoAge 9F =g 2,009kl v 2.000%8
10.07]%HE 2 10.00] 320l A] FofstAl F7HE AL,
B,-MG w8 F Fdoleld BN 8F JIEF
10.00]/g<0] 2.07] 2zl Bls) folstA F7hE At
B, -MGE A& TlA(11,800 Da)2A /A
o2 JAAE 4A B A HAIE S
B, MGE 29 A A R FE=], o] W 4l
Ao 7)50) AstE Heole aFos wiEE
o] H|BFH R F7hE ] A $4de 2717
H2A 840 A= o, LUgIME
1989\ old] ZEz} EFARNTA =g HFIE
gl e 23 A gE02 AelF o] o] &5 1 9]
THieE Y, 1994). NAGEAEE AT A L9
gladkgol EMste AR A4 exocytosis
o s FHHezT 25 felsu, AR 4
A A 25 27t S7IEHLockwood 9}
Bosmann, 1979). WElA] o] Aol Za2 . o4z}
% 8% 7I=F 10,0034 uj At A7)5 Aslrt
(g AT PUHEZR FF WG VAL FHX
8

u
Ao 428, @

o
T
1

A E ARY TR 4o
A, 8% £ -MGHAEHL 85 FF=Fo| 10ug/g creat-

2

inineo] 4 Fojol Z7lEE Aoz delA lo)(Chia
5 1989; 73t 5, 1995) WAET} oA Fgo]
it} 284, 8F NAGEAEE 71288 FHFshe
ZEAEAM F71E ¥ ohd}, 8F JlcE lO;zg/g
creatinine®|SPIME. F715]0] A7l5Asle] w7k

—436—



A2 B193n UrHchia 5, 1989; Kawada &,
1989; Jung 5, 1993). £ AFIME B MG WL
aAgoteloz B3 2o AT 10.0u4g/g creatinine
ol Aol M F71E A0 NAG BAEE 2.0ug/L ©
A 1 STt FTIEASH, 8F NAGEA
7} B -MGHAFRT 8F fEEEEe) O 4w
o] ot NEF F2E whYshe AEEAM 4,-MGH
o A1zsr st
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Tl AT AN 222 EFARS
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