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Trend of the Changes in the Level of Blood Lead, Urinary Arsenic and
Urinary Cadmium of Children in Ulsan ; 3-year Follow-up Study
Choong Ryeol Lee, Cheol In Yoo, Ji Ho Lee, Hun Lee, Yangho Kim
Department of Occupational and Environmental Medicine, College of Medicine, University of Ulsan
Objectives : To obtain basic data on blood lead level and urinary ~ respectively. The mean levels of urinary cadmium in children living
level of arsenic and cadmium of children living near a petrochemical  near the petrochemical estate were 1.15 ug/g creatinine, 1.05 ug/g
estate and a suburban area in Ulsan, Korea and to observe the trend  creatinine, and 1.71 ug/g creatinine in the year 1997, 1999, and 2000,
of the changes in the leve! of these metals in these children. respectively, whereas those of the children living in the suburban area
Methods : The study subjects comprised 626 children living near a  were 0.74 ug/g creatinine, 1.29 yg/g creatinine, and 1.48 wg/g
petrochemical estate and 299 children living in a suburban area of  creatinine, respectively. There were increasing trends in the level of
Ulsan. We analyzed the level of lead, arsenic and cadmium using  blood lead, urinary arsenic and cadmium of children in Ulsan, and the
atomic absorption spectrometer. differences in the level of these metals were disappearing between the
Results : The mean levels of blood lead in children living near the  children living in other areas year by year.
petrochemical estate were 5.25 ug/di, 5.24 ug/di, and 7.24 ug/dl in the Conclusions : These resuits suggest that the amount of exposure
years 1997, 1999, and 2000, respectively, whereas those of children  to lead, arsenic, and cadmium is increasing from year to year, and
living in the suburban area were 3.81 ug/dl, 4.75 ug/dl, and 7.19 ug/d!  there is a need for periodic biological and atmospheric monitoring of
respectively. The mean levels of urinary arsenic in children living near  these metals in Ulsan.
the petrochemical estate were 4.57 ug/g creatinine, 4.78 ug/g
creatinine, and 6.02 ug/g creatinine in the year 1997, 1999, and 2000 Korean J Prev Med 2001;34(2):166-174
respectively, whereas those of children living in suburban area were
2.35 uglg creatining, 4.75 yg/g creatinine, and 7.07 wg/g creatinine,  Key Words: Blood lead, Urinary arsenic, Urinary cadmium, Children
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Figure 1. Location of study schools.
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Table 1. The results of environmental survey executed by the automated air
pollution monitoring system between 1996 and 1999

unit : ug/m?/3 month
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Table 2. Distribution of age and sex of study subjects unit : person
School A B Cc
i - ) Total
Year Age(Years) Boy Girl Subtotal Boy Girl Subtotal Boy Girl Subtotal
8 16 13 29 57 55 112 25 25 50 191
1997 11 30 23 53 71 61 132 25 25 50 235
Subtotal 46 36 82 128 116 244 50 50 100 426
8 12 14 26 23 26 49 28 22 50 125
1999 11 15 10 25 26 24 50 25 25 50 125
Subtotal 27 24 51 49 50 99 53 47 100 250
8 19 6 25 25 25 50 24 25 49 124
2000 11 16 8 24 25 26 51 25 25 50 125
Subtotal 35 14 49 50 51 101 49 50 99 249
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Table 3. Mean blood lead level of study subjects unit : yg/d|
Year Variables No. G.M”* (min-max) G.S.D." pvalue
1997 School A 82 7.98(0.85-11.50) 1.15  <0.001

B 244 4.39(0.41-11.33) 1.36 0.086
C 100 3.81(0.01-8.62) 230

Area Industrial 326 5.25(1.01-11.50) 147  <0.001
Suburban 100 3.81(0.01-8.62) 230

Sex Boy 224 5.03(0.85-11.50) 1.58 0.130
Girl 202 4.75(0.01-9.95) 1.84

Age 8 years 191 4.84(0.41-11.33) 1.57 0.331
11 year 235 4.94(0.01-11.50) 1.83
Subtotal 426 4.86(0.01-11.50) 1.70

1999 School A 51 6.40(2.51-10.72) 137 <0.001

B 99 4.89(2.24-10.23) 131 0.761
C 100 4.75(2.75-15.85) 135

Area Industrial 150 5.24(2.24-10.72) 1.37 0.002
Suburban 100 4.75(2.75-15.85) 1.35

Sex Boy 129 5.26(2.24-12.02) 137 0.118
Girl 121 4.95(2.29-15.85) 1.36

Age 8 years 125 4.97(2.24-15.85) 142 0.175
11 years 125 5.24(3.02-11.75) 1.30
Subtotal 250 5.11(2.24-15.85) 1.36

2000 School A 49 7.53(5.25-11.48) 1.18 0.179

B 101 7.11(5.37-9.55) 1.14 0.861
C 99 7.19(5.01-10.47) 1.16

Area Industrial 150 7.24(5.24-11.48) 1.15 0.679
Suburban 99 7.19(5.01-10.47) 1.16

Sex Boy 134 7.25(5.01-14.48) 1.17 0.563
Girl 115 7.18(5.25-10.47) 1.14

Age 8 years 124 7.28(5.25-11.48) 1.16 0.380
11 years 125 7.16(5.01-10.0) 1.15
Subtotal 249 7.22(5.01-11.48) 1.16

G.M.*; Geometric mean, G.S.D"'.; Geometric standard deviation
p-value was obtained by ANOVA and student t-test of comparing each school with C School
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Table 4. Mean urinary arsenic level of study subjects

unit : ug/g creatinine

Year Variables No. G.M*.(min-max) G.S.D.' pvalue
1997 School A 82 5.17(0.83-35.48) 1.95 0.005
B 244 4.40(0.21-58.88) 2.30 0.009
C 100 2.35(0.22-6.03) 1.90
Area Industrial 326 4.57(0.21-58.88) 220 0.009
Suburban 100 2.35(0.22-6.03) 1.90
Sex Boy 224 4.24(0.44-58.88) 2.15 0.034
Girl 202 3.59(0.21-35.48) 2.35
Age 8 years 191 3.55(0.34-35.48) 221 0.031
11 years 235 4.26(0.21-58.88) _ 227
Subtotal 426 3.93(0.21-58.88) 2.25
1999 School A 51 5.17(0.0748.98) 338 0.899
B 99 4.60(0.21-29.51) 3.58 0.978
C 100 4.75(0.07-39.81) 3.58
Area Industrial 150 4.78(0.07-48.98) 2.53 0.956
Suburban 100 4.75(0.07-39.81) 358
Sex Boy 129 5.68(0.1743.61) 2.65 0.008
Girl 121 3.95(0.07-48.98) 3.17
Age 8 years 125 4.92(0.07-48.98) 31 0.660
11 years 125 4.63(0.07-39.81) 2.77
Subtotal 250 4.77(0.07-48.98) 294
2000 School A 49 8.83(5.25-23.44) 142 0.018
B 101 5.00(1.51-17.78) 161  <0.001
C 99 7.07(3.02-31.62) 1.58
Area Industrial 150 6.02(1.51-23.44) 1.67 0.013
Suburban 99 7.07(3.02-31.62) 1.58
Sex Boy 134 6.42(1.51-18.62) 1.56 0.981
Girl 115 6.41(1.51-31.62) 1.74
Age 8 years 124 6.71(1.51-31.62) 1.76 0.167
11 years 125 4.83(1.45-13.49) 1.64
Subtotal 249 6.42(1.51-31.62) 1.64

G.M.*; Geometric mean, G.S.D.! ; Geometric standard deviation
p-value was obtained by ANOVA and student t-test of comparing each school with C School
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Table 5. Mean urinary cadmium level of study subjects

A ofglo] 59 ¥

unit : ug/g creatinine

Year Variables No. G.M*.(min-max) G.S.D.' pvalue
1997 School A 82 1.16(0.32-5.25) 1.70 0.034
B 244 1.20(0.10-15.14) 2.12 0.007
C 100 0.74(0.05-11.75) 2.30
Area Industrial 326 1.15(0.14-15.14) 201 0.009
Suburban 100 0.74(0.05-11.75) 2.30
Sex Boy 224 1.11(0.05-15.14) 2.31 0.288
Girl 202 1.00(0.19-6.03) 1.95
Age 8 years 191 0.70(0.05-15.14) 2.15 0.041
11 years 235 1.13(0.12-11.75) 2.09
Subtotal 426 1.04(0.05-15.14) 2.12
1999 School A 51 0.96(0.39-9.33) 1.71 0.007
B 99 1.09(0.40-15.14) 1.81 0.084
C 100 1.29(0.44-5.37) 1.59
Area Industrial 150 1.05(0.39-15.14) 1.78 0.003
Suburban 100 1.29(0.44-5.37) 1.59
Sex Boy ' 129 1.12(0.39-12.88) 1.65 0.679
Girl 121 1.15(0.41-15.14) 1.80
Age 8 years 125 1.10(0.40-9.33) 1.68 0.285
11 years 125 1.18(0.39-15.14) 1.76
Subtotal 250 1.14(0.39-15.14) 1.72
2000 School A 49 1.49(0.63-5.89) 1.60 0.998
B 101 1.83(0.49-16.22) 2.09 0.071
C 99 1.48(0.56-14.13) 1.87
Area Industrial 150 1.71(0.49-16.22) 1.94 0.087
Suburban 9 1.48(0.56-14.13) 1.87
Sex Boy 134 1.47(0.65-16.22) 177 0.015
Girl 115 1.80(0.49-14.13) 2.06
Age 8 years 124 1.75(0.49-16.22) 2.07 0.060
11 years 125 1.50(0.56-11.22) 1.75
Subtotal 249 1.62(0.49-16.22) 1.92

G.M.*; Geometric mean, G.S.D."; Geometric standard deviation
p-value was obtained by ANOVA and student t-test of comparing each schoot with C School

1.0

Log(Pb}) : ug/dl

ey
------

N SCHOOL

— A

1999

2000 YEAR

Figure 2. Blood lead level by year.

Hl4 o FlEf FE wiskge] - 3 A=A 171
g

%141011"1 EAME 2ole) EF A

29 oH-E E'Il Lee S{14]

8. 7 ug/dl, 9
14 ugldi 2 TN 9] o} o

Aeert oA =itk o
fq 013175} kol ‘:’“Z]"d‘_rlol

§l

Kim 5{13]& 19924 o} 74
Sohm 4shdAl 10098 ez §

558 248 HEAFAY
6.00 yg/diz} H1% v} glon Kim $

Y
=

[B0)= g9 FHlo AddF o
FEE 54 w/d, AFAY FRL 50 ug

/diZ} BI8F L, Yang $[31]2 AE,
A7), 5, ARAGY dol =&d Aol
N 20~504 Atole] 52599 & w o
AHEY] dF Ao BE ZAMA o
£ | 8% 7|steET 5.79 ug/dlo]

[
o, o] 49 ZAIEY 5 55Tt A
3 91002 19934 o]E T Fjukgo]
AHEoE THE™e] A7bEE A9 Yol
03 g/l oA 0013 g/ | 2 743197 1)
Tog ‘;F‘xé O}ME]'-

Park#} Jeong[32]¢] el =ZH Ao
A= 16~254 Alole] A7l 1457 &
Aoz 3 At oJstd o9 AA
8% der: AETEFo| 14.83 w/dl,
71 o} 330 14.06 ug/dl 2 LJEPEO M- A
&, 2 AT A T iEA] Ao
199 b A9E 2 Aoz g
Wt

9|29 22 1 Pikle £[12]¢] 6
~19419] 2 AXTE 19 w/dE B
1% v} 913 Rifai F{33]2 =447
FEAAY a8ja weAg g TR
aolEY FF A¥EE 2AEYEY
ARG roloA BF AERI} 104
wg/dl 2 BN G 42 yg/dl, 297



172 o1%= - g9l -

AT - o1} - FlokE

1.0

Log(As) : ug/g creatine

47,2

3

“1997 1999

2000 YEAR

Figure 3. Urinary arsenic level by year.

Log(Cd) : ug/g creatine

2

SCHOOL

“1997 1999

2000 YEAR

Figure 4. Urinary cadmium level by year.

o

99} 43 yg/dlHTE g0 HS
B sk

2 AdTg4 Y dF A FEE 1997
ZA e A 25849 449 Kim
(1312} Lee S[14]0] ZAsh Aaprc) o
& oy B 25840 mYx| g
C 258 A7k Yol a2y 2000
d 2AF e S 2584 7)8t
H A7} Lee 51419 $AtAY ofgo]
8% 99 H&sg e Kim §{13)
= Eurh gt A
APE EEskE B st AP
g 7HYsHE 2000039 £ARS Bk
99 19953 dxF 573 v Ao
2 FREN 12E $AxGe Ay

ofil rL

r

Lo
<}
—
<
o
o
s
ek

o]
A2 ofdoled} woA e dxg A
Ee 7 2E Hsd dor 344
o FYAGe] Z4F AGAAA e
T 2% g FYste AsA Fol
29dez 5= v, LA
35 @ HiE gl YlE A el
A 3ol A vz o] gi7] o Fat

Hol &4 A Ao n2A Jekg 1))
Ak, 2 4% AT M} A1E A
A o] Ho] EoME C 2581
A2 WEFH 7T § 4Ud Aow
FRET. A BHR YA
Z3% ARAME W] F A5t
1998 H1& B F ZAadhe=d vk
2 dATeA Y offe] HF Ak A
258E AYstae AR fd =
7behe 73S BY o)y 9 7
B3] Slate] &F A} 258w Q2
A 71F (BEEEsE 24 59 AF
=2 ZANE Had 318 At 2
S Aoz AzHEg.

TH TR ofFo)E Aoz 3 |

& 24 AT 2= Baker S{18]0] T4
El oolE Yigoz FAIG 4
dAe 25 7T WAsES 187
ug/ | & B8} 1, Bencko S[19]0] A

ol

olF oz AR 8% 46U
EE

e 11.0 wg/ ! 2} B8 w8
Morse 5{20]0] A|HA F4 9 olgo]&
gz zA 23 2% ¥4 ey
T 0.059 wg/mitt Hlx =% oo

' 2% Ha AEETE 0018 ug/nlz
N2 A 2o]Z Btk B & nl
it} DiazBarriga S[34]1% A|dA Fd
oelZ Aoz 2F viE 23}
o] 7|} ETOE 191.1 ug/g Crolet B
suon, 78 Ada, v 2 Med
A 5~144 o™olE gy 2F
H)4E 249 Trepka S211S 2% ]
A7) 7)1 o8 5.1 w/ 1 o) Bus}
Aok HAEA T ofdolE gor
ZAFS Hwang 5[22]2 2% u]49] 7)
199 do] 8.6 wg/! e BudAT) vlA

{0

[

FE & 844 E HUE oEoE 1
Ao 2 § Kurttio 53519 AFAAE
L5 )29 71848 o] 0.058 ug/mio]L}
e A4tel g 2EE 0.005 w/nlE A
2 A% Aolg Bove BRuE 3 uf
Ak '
2 A7 8F HATREE 19973 =
AbHE YA 25 3Ho) =9t
999d ZAF WiE oG C =
E:‘lfo AR

off |o
2 1% L

o —

2

o

ob

oo T ox X >

1 oo B~ rlo 8
lo >,
A e

P

oxl 2
n
2
(o
+
ko
ol
=
b
off
b
ox rif -
>
18
o

N oy L
dlo
ofo
4
=
20{;‘2
>
H

En olﬂ r
1o
1> o2k
o o
o

fo ofm

Az whd Frte e

oot —

P
lo
[t
_,>L il
fu
i,
u)
ko
ofx

N

ek gk Log

Z7keo] 20000 ZAL) A= Trepka
52113 Hwang 5(22]9] &¢
do| A} Axe} 43 gAY
Hol3itt. o= o H2E &
F5o| 7] AFAY ofdo]

re
H

S
o Pk

=

5

A ok

T

71} wob 29 Aoz %
% ujol o] AES ¥

# b

& 2714 477} Qelof &

oxl

N

Rl ooft = =
T N N Tl I L

z (o

_

iz
o



274 {7+ ¢ =20, Kowal $23]
of uiAdH o FlEgd wEHE A

Strehlow[24]= o}A3AF T8 FHES
Ao A 2% 8% FIEFY A
& 7tol 0.68 w/g Crojn 2T
0.60 ug/g Crolg} B.1 shiu}.

E3 dul FHE-S ZALSE Staessen
Z[25]18 8% FI=Bo] 0.84~1.42 ug
/24 hour2 B 1&g on, FUqME
Hwang 5[36]°] $34 =&Ho| §l&
31~494 ARES WdoE ZAG 4
3 2% FHERY AeH o] 0.003+
0.002 g/mizta X113 v} 9l Kido 5
261 BAoA =g =&2HE FY
2L ez A 2F FEFol
42~4.8 ug/g Croldt 23y,
Kawada $[27]& 1.67~2.95 ug/g Cro]
g} B 7k

a7 25 /lEF s HE Y
TAFgo] Had M £9oy ¥
A9e) A 25347 B 25842 1999
Qo] dA] 74 F F7HEE AL, 1Y
A9 C 25842 wd F7HE 3.
19994 ZAM) A 27 H 9] C 2534
o] FEA Y xFAR EA Yepd
Q1 1 & 3t
sgao] HEAHA

rlo

29 dA39 ek

HE o7k BF A, 8F HA 4
Fled w57t v)=e] Awde] € o
AE St AARAZ T Ax 7)EH R}
E oy a1 st A 5 #
M A2E 5F ()FE =

d Flete Aog FAH7

2

2 o -

A of2lo] 5 AF o, 8T

[yl
a2
o%
ol
m
ol

ALt oae) A =
Hel ofdel7t gl
ks g3 M4402 o5 A9
& u2s T AEY

A AFHAPEE28 A0R AR FLh
B a7 A3g

off rf
!

N
oxl
o
ol
o
ae rlo
>
=
il
:gll::’
m
ol
2

~N
-

o, il ol
3

Ly

1

ket grole} st 2l
474l random error2 UFERE 9
7hzke] elgAele 2 £A7E §7) o
of I g o= AxE A 5 3
102 AZka 24 2AF O od
o] AFsle X499 AL F9
)BE FEIAE WYs] Rl F
B3 L&Y 42 ¥F

fu
1
o
-
=
-3

>y

: g@imlor-{noﬂo:ﬁ o tot by
b
M
e
e

~ >1-1l:1 c aj
o fo
o o
oot =
B b
N
Iy
i

i
offt
rx
o
1]
b
[l
o,
M
e
oft
o
OEL
X

~
4p>
e

ol b
oz
~ N &
o o ) b Ee}
o
ool R lo
UE e
4z N
Te
° T g 30
=
b

fi oy
e
=
2
19‘('14
[e3

o {o gy
b
o
ea

29
=

¢

w0

flo A
2
o
S
|o
o
o3l
A
2 —
=
o,
[
Sl

O
-y
N
s
=

v
gl
-y

lo M4
Nl

S
{0

iz jo
Lo
E oz

¥
©
Ir
o
X
)
>
X
2,

MU SLHY mok 2

EN NN
i

i

nl oo

o r

ut

o=

el

([
r

w
>
>
1o
o 1>

[
o
o}
2
e
2
i\
ol
[

i e
LN
2
oft
ol y
o
= 5
ox
Ho
O]

mo
=
ox
fl Ho
&
=
b
_\‘EL
[t f
e

f

e

B oo
31:(

o

=

o

>

ol ot
N

3

B O 3R fo LR U2 e B ooz
S e fo

,{*go{xo{wo
% o rLorg
o™ o o brr
:%_TR‘{‘)“OEXE
rLow g

B T
i\l;jo]ﬂ RO
2_‘1-‘-?(-" o

>
EROE

]

fo

>

18,

B e fo
%
cle
>

_l 0(' Oﬁ. O’lrl
ol

~

9‘11‘

xR P

o

[
NE,
X
I
i
W
23

v
5

o -3d 2424 173

2= i =781k 85 A=
' 258489 B 252

ol 2
%
L2 — lo
=

1997 o] % 744 T v F78IG L
=

oz 8
g i
o
2
)
<}

rr o

= E
§48 5% ()34 5YL A %
AR 27H 477 BLF Ho2 AR
2.
k2

—

Needleman HL, Gastonis CA. Low-level
lead exposure and the IQ of children: A
meta analysis of modern studies. JAMA
1990; 263(5): 673-678

Needleman HL, Scell A, Bellinger D, et al.
The long-term effect of exposure to low
doses of lead in childhood: An 11 year
follow-up report. New Eng J Med 1990,
322: 83-88

Centers for Disease Control and Pre-
vention. Preventing Lead Poisoning in
Young Children: A statement by the
Centers for Disease Control. Atlanta, GA:
Centers for Disease Control, 1985

Baghurst PA, McMichael AJ, Wigg NR, et
al. Environmental exposure to lead and
children’ s intelligence at the age of seven
years. New Eng J Med 1992; 327(18):
1279-1284

Centers for Disease Control and Pre-
vention. Preventing Lead Poisoning in
Young Children. Atlanta, Centers for
Disease Control, 1991

Davis JM, Svendsgaard DJ. Lead and child
development. Nature 1987; 329: 297-300
Mushak P, Davis JM, Crocetti AF, et al.
Prenatal and postnatal effects of low-level
lead exposure: Integrated summary of a
report to the US congress on childhood lead
poisoning. Environ Res 1989; 50: 11-36
Schwartz J, Angle C, Pitcher H. Rel-
ationship between childhood blood lead
levels and stature. Pediatrics 1986; 77(3):
281-288

Schwartz J, Otto D. Blood lead, hearing
thresholds, and neurobehavioral devel-



174 o134 - %24 - olAZ - o] - LYZ

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

opment in children and youth. Arch
Environ Health 1987; 42: 153-160
Schwartz J, Otto D. Lead and minor hear-
ing impairment. Arch Environ Health 1991,
46: 300-305

Weitzman M, AschengrauA, Bellinger D,
et al. Lead-contaminated soil abatement
and urban children’ s blood levels. JAMA
1993; 269(13): 1647-1654

Pirkle JL, Brody DJ, Gunter EW, et al. The
decline in blood lead levels in the United
States: The National Health and Nutrition
Examination Surveys(NHANES). JAMA
1994; 272(4): 284-291

Kim JW, Lee JJ, Kim CY, et al. Lead level
in blood, scalp hair, and toenail of ele-
mentary school children. Korean J Prev
Med 1995; 28(1): 73-84(Korean)

Lee YH, Lee DH, Kim JH, et al. Blood lead
level of children. Korean J Occup Med
1995; 7(1): 82-87(Korean)

Yoo CI, LeeJH, Lee CR. Blood lead levels
of children in Ulsan industrial area. Korean
J Prev Med 1998; 31(2): 240-248(Korean)
Jeong KC. A handbook of occupational
poisoning. 1st ed. Skoul: Sinkwang Press
Co., 1995(Korean)

Lee CR, Yoo CI, Lee JH, et al. Urinary
levels of arsenic, cadmium, and zinc of
children in Ulsan industrial area, Korean J
Prev Med 1999; 32(1): 1-8(Korean)

Baker EL, Hayes CG, Landrigan PJ, et al.
A nation-wide survey of heavy metal
absorption in children living near primary
copper, lead, and zinc smelters. Am J
Epidemiol 1977; 106: 261-273

Bencko V, Chladek V, Pihrt J. Health
aspects of buming coal with a high arsenic
content. II. hearing changes in exposed

20.

21.

23.

24.

25.

26.

27.

28.

children. Environ Res 1977; 13: 386-395
Morse DL, Harrington JM, Housworth J, et
al. Arsenic exposure in multiple envi-
ronmental media in children near a smelter.
Clin Toxicol 1979; 14: 389-399

Trepka MJ, Heinrich J, Krause C, Schulz
C, Wjst M, Popescu M, Wichmann HE.
Arsenic burden among children in indus-
trial areas of eastern Germany. Sci Total
Environ 1996; 180(2): 95-105

. Hwang YH, Bomschein RL, Grote J, et al.

Environmental arsenic exposure of children
around a forier copper smelter site.
Environ Res 1997, 72(1): 72-81.

Kowal NE, Johnson DE, Kraemer DF, et
al. Normal levels of cadmium in diet, urine,
blood, and tissues of inhabitants of the
United States. J Toxicol Environ Health
1979; 5: 995-1014

Barltrop D, Strehlow CD. Cadmium and
health in Shipham. Lancer 1982; 2: 1394-
1395

Staessen J, Bulpitt CJ, Roels H, et al.
Urinary cadmium and lead concentrations
and their relation to blood pressure in a
population with low exposure. Br J Ind
Med 1984; 41(2): 241-248

Kido T, Shaikh ZA, Kito H, et al. Dose-
response relationship between urinary
cadmium and metallothionein in a Japanese
population environmentally exposed to
cadmium. Toxicology 1991; 65(3): 325-332
Kawada T, Shinmyo RR, Suzuki S. Urinary
cadmium and N-acetyl-beta-D-glu-
cosaminidase excretion of inhabitants
living in a cadmium-polluted area. Int Arch
Occup Environ Health 1992; 63(8): 541-
546

Ulsan: metropolitan city. 2000 Whitebook

29.

30.

31.

on the environment of Ulsan. Ulsan:
Samjeong Press Co., 2000(Korean)
Whelton A, Watson AJ, Rock RC.
Nitrogen riietabolites and renal function. In:
Burtis CA, Ashwood ER, eds. Tietz
textbook of clinical chemistry, 2nd edition.
Phiadelphia: Saunder, 1994

Kim JH, Moon JK, Park GW, et al. Lead
levels in maternal and umbilical cord blood.
Korean J Occup Med 1996; 8(3): 414-
422(Korean)

Yang JS, Kang SK, Park IJ, Rhee KY,
Moon YH, Sohn DH. Lead concentrations

" in blood among the general population of

32.

33.

34.

35.

36.

Korea. Int Arch Occup Environ Health
1996; 68: 199-202

Park JD, Jeong KC. Blood lead level in
Korean young persons. J Joongang Med
Col 1985; 10(4): 353-361(Korean)

Rifai N, Cohen G, Wolf M. Incidence of
lead poisoning in young children from
inner city, suburban, and rural com-
munities. Ther Drug Monit 1993; 15(2):
71-74

DiazBarriga F, Santos MA, Mejia JJ, et al.
Arsenic and cadmium exposure in children
living near a smelter complex in San Luis
Potosi Mexico. Environ Res 1993; 62(2):
242-250

Kurttio P, Komulainen H, Hakala E, et al.
Urinary excretion of arsenic species after
exposure to arsenic present in drinking
water. Arch Environ Contam Toxicol 1998;
34(3): 297-305

Hwang ID, Ki NS, Lee JH, et al. Heavy
metal concentrations and their interre-
lationships in women s blood and urine in
small towns. Korean J Prev Med 1987,
20(1): 49-55(Korean)



