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— Abstract —

Blood and Urinary Cadmium Concentration of Residents around
Abandoned Metal Minesin Busan and Gyeongsangnam-do

Hyo Jun Kim, Byoung Gwon Kim, Dae Seon Kim?, Jeong Wook Seo,
Byeng Chul Yu?, Young Wook Kim?, Young Seoub Hong

Department of Preventive Medicine, College of Medicine, Dong-A University,
Division of Environmental Epidemiology, National Institute of Environmental Research(NIER), Korea?,
Department of Preventive Medicine, College of Medicine, Kosin University?,
Department of Occupational Medicine, Masan Samsung Hospital®

Objectives: To evaluate the blood and urinary cadmium concentration levels of around abandoned
metal minesin comparison with a control group.

Methods: Blood and urinary cadmium concentration levels were analyzed through investigations of
the dietary habits and dietary water of subjects living near abandoned metal mines (exposure group)
(n=190) in comparison with those living in designated control areas (control group) (n=256).

Results: The blood cadmium (1.93 wug/ [ ) and urinary cadmium (2.41 ug/g cr) concentrations of the
exposure group were significantly higher than those of the control group (blood cadmium: 1.19 ug/ I,
urinary cadmium: 1.94 wg/g cr). Both concentrations were significantly higher in vegetarians in both
groups.

Conclusions: The exposure group had higher blood and urinary cadmium concentrations than the con-
trol group. We attributed the elevated blood and urine cadmium levels in the abandoned mine residents to
the influence of the abandoned mine sites.

Key Words: Blood cadmium, Urinary cadmium, Abandoned metal mine
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(1) 83 7I=F 2 83 71=F A8 A4

g7 7l=F 345 A8 W8 3 mE sodium heparin
tube (vacutainer cap)ol MF 3t Fu¥A F=s 2
AL T 3 ER JHE AR eveigien, B4
AR 4T (2~8C)2 WA EASTE A Hof
roller mixer® 7 ¥o] A7|A] FL= thA] £33 & 7
Attt 87 7t=w S35 9181 15 ml conical tube
o AFHst] W B e AR ERkeigien &
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A A7 4T@~8T)d W BASAY. olF FAn  eF Jl=go A Ao BAE7 5T AP}
A 2 B4 Al roller mixerdl A A&ol A71#] I REFE SIS o) Eoitt. AR e EH A F
BEs T £33 F 2SIt 0.8 mi¢h 7128 £ 0.1 ml, 0.1% HNO;s mE 4]
87 7t=gY AF 2473 & AF7E A% W TteE o] Akttt 7l=F EF &9E 1,000 ppm A
&G 4 el AFolt A olEedt o b BENE £9(Sigma) g ol EF A=E B4
S0l EAlste] dAl wE AF AT o] A2 dlall 39A o g9 FFA 8 (Whole
(2) 8% 7l=% % 85 7l=F 4 Blood Metal Control, Bio-Rad)E& o|&3ate] 3 =3g]
435 7t=w A8E 4571 918 Triton X-100 2 < T
ml 2} ammonium phosphate ((NHy):HPOs) 2 g& Zeeman atomic absorption spectrometer-
A7k & "ol 1000 WS 2ol 0.2% Triton graphite furnace (VARIAN spectro AA 2407) (°]
X-100 sG-S AxsA. 7k=F 1000 ppm T AAS 2 718)E o] &3] HlER WHORE A3
Ad 0.1 mE Eol2F2 10 ml A5k 7k=F 1000 o BMxde 49 228.8 nm, lamp current
ug/dl ETENE A x3 ¥ DAEE A5t TFEEY 4.0 mA, width 0.5 nmelA A% 2% 140CE 65%
= UEAY AEdAEE AR 0.9 net 7= ZF 3lgl &= 600CE 45%7F, UAtsl &= 2500TCE 3
B EFY 0.05 m, B 0.05 wE Aol AEAAE. 23 3AE ANN ZHw, 2F =g A4S 2
Table 1. General characteristics of study subject
Male Female
Characteristics Exposure Control Exposure Control
p-value p-value
N=63(%) N=80(%) N=127(%) N=176(%)
Age(years)
(mean=std) 65.3+13.6 63.7+12.6 69.1+12 65.5+9.6
<54 7(11.2) 16(20.0) 0.0391 16(12.6) 27(15.3) 0.0005
55-59 15(23.8) 13(16.2) 7(5.5) 19(10.8)
60-64 2(3.2) 12(15.0) 11(8.7) 25(14.2)
65-69 9(14.3) 14(17.5) 16(12.6) 44(25.0)
70-74 14(22.2) 8(10.0) 30(23.6) 28(15.9)
>75 16(25.4) 17(21.3) 47(37.0) 33(18.8)
Period of residence(years)
<14 13(20.6) 19(23.8) 0.5369 15(11.8) 25(14.2) 0.1595
15-29 5(8.0) 3(33.7) 13(10.2) 21(11.9)
30-44 6(9.5) 10(12.5) 18(14.2) 42(23.9)
45-59 9(14.3) 17(21.2) 43(33.9) 45(25.6)
>60 30(47.6) 31(38.8) 38(29.9) 43(24.4)
Alcohol drinking
Yes 24(38.1) 35(43.7) 0.4953 87(68.5) 118(67.0) 0.7889
No 39(61.9) 45(56.3) 40(31.5) 58(33.0)
Smoking
Current-smoker 24(38.1) 37(46.2) 0.5721 7(5.5) 17( 9.6) 0.0373
Non-smoker 12(19.0) 15(18.8) 93(73.2) 139(79.0)
Ex-smoker 27(42.9) 28(35.0) 27(21.3) 20(11.4)
Food consumption type
Vegetable 42(66.7) 54(67.5) 0.9161 98(77.2) 151(85.8) 0.0528
Meat & vegetable 21(33.3) 26(32.5) 29(22.8) 25(14.2)
Water consumption type
Tap water 29(46.0) 34(42.5) 0.8114 50(39.4) 91(51.7) 0.0600
Ground water 25(39.7) 36(45.0) 54(42.5) 53(30.1)
Other 9(14.3) 10(12.5) 23(18.1) 32(18.2)
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Table 2. Geometric mean concentration of blood cadmium («g/L) between exposure and control group
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Exposure (n=190)

Control (n=256)

Characteristics p-value*
GM (CL 95%) GM (CL 95%)
Total 1.93(1.78-2.1) 1.19(1.11-1.28) <0.0001
Gender
Male 1.62(1.39-1.89) 1.01(0.89-1.15) <0.0001
Female 2.11(1.91-2.33) 1.28(1.17-1.4) <0.0001
p-value' 0.0039 0.0027
Age (years)
<54 1.51(1.04-2.2) 0.98(0.8 -1.2) 0.0275
55-59 1.65(1.26-2.17) 1.15(0.94-1.39) 0.0242
60-64 2.34(1.72-3.2) 1.36(1.14-1.62) 0.0021
65-69 1.77(1.41-2.21) 1.27(1.1-1.46) 0.0127
70-74 2.13(1.86-2.44) 1.24(1.02-1.5) <0.0001
>75 2.08(1.81-2.39) 1.18(0.98-1.41) <0.0001
p-value 0.0847 0.1911
Peride of residence (years)
<14 1.2(0.91-1.59) 1.01(0.87-1.17) 0.2654
15-29 1.77(1.19-2.62) 1.2 (0.95-1.53) 0.0729
30-44 2.34(1.97-2.79) 1.29(1.06-1.58) <0.0001
45-59 2.02(1.76-2.31) 1.22(1.06-1.41) <0.0001
>60 2.18(1.93-2.46) 1.2 (1.05-1.38) <0.0001
p-value <0.0001 0.3271
Alcohol drinking
Yes 2.01(1.82-2.22) 1.22(1.11-1.33) <0.0001
No 1.83(1.58-2.13) 1.15(1.01-1.3) <0.0001
p-value 0.3022 0.4536
Smoking
Current-smoker 2.07(1.63-2.64) 1.4 (1.18-1.65) 0.0063
Non-smoker 2.05(1.86-2.26) 1.17(1.06-1.28) <0.0001
Ex-smoker 1.65(1.38-1.99) 1.06(0.91-1.23) 0.0002
p-value 0.0699 0.0483
Food consumption type
Vegetable 2.01(1.82-2.22) 1.26(1.17-1.36) <0.0001
Meat & vegetable 1.74(1.49-2.03) 0.93(0.78-1.12) <0.0001
p-vaue 0.1384 0.001
Water consumption type
Tap water 2.17(1.9 -2.48) 1.38(1.29-1.49) <0.0001
Ground water 1.72(1.5 -1.96) 0.89(0.77-1.03) <0.0001
Other 1.94(1.62-2.34) 14 (1.17-1.69) 0.0151
p-vaue 0.0421 <0.0001

GM: Geometric Mean, CL:Confidence Limits, *: p-value for independent t-test,

' p-value for one way ANOVA.
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AR (one way ANOVA)S AAsi e FA)d z+ Z o}
a9 pel we =Fw dET A SREE
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Table 3. Geometric mean concentration of urinary cadmium (ug/g cr) between exposure and control group
- Exposure (n=190) Control (n=256)
Characteristics p-value*
GM(CL 95%) GM(CL 95%)
Total 2.41(2.17-2.67) 1.94(1.8-2.1) 0.0013
Gender
Male 2.18(1.82-2.61) 1.92(1.7-2.16) 0.2436
Female 2.53(2.22-2.88) 1.95(1.77-2.15) 0.0016
p-value' 0.1911 0.8362
Age (years)
<54 1.32(0.9 -1.92) 1.82(1.54-2.16) 0.1164
55-59 2.24(1.69-2.99) 2.08(1.61-2.7) 0.6976
60-64 2.86(1.82-4.49) 1.62(1.27-2.06) 0.0192
65-69 2.56(1.86-3.52) 1.93(1.67-2.23) 0.1047
70-74 2.64(2.15-3.25) 1.88(1.51-2.34) 0.0242
>75 2.71(2.31-3.18) 2.33(1.98-2.74) 0.1876
p-value 0.0014 0.1338
Peride of residence (years)
<14 1.67(1.25-2.23) 1.75(1.5 -2.05) 0.7515
15-29 2.09(1.27-3.44) 2.15(1.71-2.7) 0.9173
30-44 2.52(1.88-3.4) 1.97(1.6 -2.42) 0.1690
45-59 2.59(2.13-3.15) 1.82(1.54-2.16) 0.0078
>60 2.7 (2.32-3.15) 2.09(1.83-2.38) 0.0120
p-value 0.0381 0.4871
Alcohol drinking
Yes 2.42(2.12-2.75) 2(1.79-2.22) 0.0250
No 2.39(2-2.85) 1.86(1.68-2.07) 0.0181
p-value 0.9142 0.3835
Smoking
Current-smoker 2.32(1.6-3.36) 2(1.71-2.33) 0.4597
Non-smoker 2.56(2.24-2.93) 1.91(1.72-2.12) 0.0007
Ex-smoker 2.18(1.85-2.58) 1.98(1.66-2.35) 0.4015
p-vaue 0.4209 0.8832
Food consumption type
Vegetable 2.47(2.18-2.8) 1.95(1.79-2.13) 0.0023
Meat & vegetable 2.23(1.84-2.7) 1.92(1.62-2.27) 0.2388
p-value 0.3907 0.8587
Water consumption type
Tap water 2.29(1.9 -2.77) 1.81(1.61-2.03) 0.0323
Ground water 2.56(2.23-2.94) 1.99(1.77-2.24) 0.0058
Other 2.32(1.78-3.03) 2.3 (1.9 -2.79) 0.9615
p-value 0.6113 0.0821

GM:Geometric Mean, CL:Confidence Limits, *p-value for independent t-test, ' p-value for one way ANOVA.
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0.47 w/g cr2A4 =&TdA FostA =%t
(p=0.0013). &% 7l=%°] H# s FHdAe =
E0d gz Atoldl freolgh o]zt gl

S wZolF 2.53 ug/g cr, WET 1.95 wg/g cro2
wEo] frolstAl Edth(p=0.0016). 18l EF 7=
2 2 JY e TEE fo3 Ato]E Holx] &gk
1 9 A7) a9 e wE =E 3T 2T
Bt zfolg BHH, S5 59 AA oAt FA4
o2 {23k AolE B YA 820 dF oA
T frelek ztolE Btk ZF 29l ¥ HA 87 =R
FE BAHEA Ade wEToAe dHES AL 2
© 8QldA frefgk Aozt gilth(Table 3).
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Table 4. Adjusted multiple-regression of blood cadmium concentration (ug/L)

Dependent Variable Coefficient Standard error t p-value

Constant 0.73 117 -2.01 0.0453

Group
Exposure 164 1.05 9.46 <0.0001
Control 1.00

Gender
Male 0.72 1.07 -5.03 <0.0001
Female 1.00

Smoking
Current-smoker 1.40 1.08 431 <0.0001
Ex-smoker 1.07 1.07 1.02 0.307
Non-smoker 1.00

Water consumption type
Others 0.72 1.06 -5.64 <0.0001
Ground water 0.99 1.08 -0.2 0.8427
Tap water 1.00

Age 1.01 1.00 4.27 <0.0001
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(p€0.0001). A=) 1A F71gl wet 85 JI=F &
Te 1,018 Z7aE Aoz uehtt(pd0.0001)
(Table 4).

6. HEIEY & 770l HE EYE
ST

2T ItEE

% FtEEI ] o R Mg MAske] £
Az Al e TR, AT EAENE W
o] 9 Jl=F %J‘—‘E ol Hate] 1,184
THp=0.0092). AF a1oz JHe oA Hlsted
o°l 0.968) UHAl veptod BAAC R folsiA] ¢
UTHp=0.5815). 214 F7el ofrl 5ol vl A
s AHshke 4 12102 fosi =4 Uehde
o (p=0.0325), TF2 A%E AFeE A$e 11302
E}ouv BAACE freofabA] ekskth dA”e] 14 7t
o wet 25 Jl=F FEE 1.01H S7iske Ao
YERLTHp<0.0001) (Table 5).

o oHE Hox
O e o mﬁL’
Y

2

% 2% Jlcg

1o
e
i

=
o

718w FEE 1.19 w/ ! (AHEH 1.39+0.80 ug‘/
DE Uepston #a&3it 2193 229 1t &
ol gt kol EATH(p<0.0001).
ol 20044 A AT HFEHHE Aol ¥
F1EF Atedd FE 3.3 we/ 1, ERAY AEg
T 2.2 ug/l Bt} vre = Au%“ 2008 ik A
H &3t FRIAADGRA A Y] HF
dF =g AEETE = 1.39 ug/lld_t‘ré =& 3o
2 Yehgt”, 39 Jl=gd =254 ge 4kl 403
W e R g b Il AN 3 85 7tER 7]
BT F= 1.6 we/ 1, AR 1.4 we/1"E 2 A7)
3 iz dF 7teF 7T $E 1.0lwe/ 1, o
/3 1.28 ug/ | Bt} & AR E BIth dRielS o
o7 g ofAlo} IR Hi dF Jt=F sk #st
TIkeda 5 AelA L& 1.82ue/ 1, &= 1.37 wg/ 1,
=2 0.61 g/, WA 0.83 wg/ 1, THolAlo} 0.74 ug/
12 A9 2 2ol BYn”, 4R =7} vl u}
29 w2 0.47 we/ 1Y, 59 0.44 ug/ 12 o}Alo} =
Zhef mlaf - W Zo g2 eyttt gl vt
A diklFEEe 8% ey dAwEAe gl A

Hz JFurlEXE2 AARAZ]F(World Health

f
iy
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2 AFdre daE534 A9Frla gzA9 FRzt Organization)®] 8% 7l=& Hx7]E 5 we/ (o dist
o dF 9 9F Jl=F FEE S5t Ak Qe 4 o P s=7t 2Fste AGEe gt o)y 0}/\]0}
Agd 9EE AN W F A Jl=F % A dukel 2R A FIER Eer} =7 s
ApolE gotE Al sttt 1 A3t A ZFAA 89l fole thaksht, Sejualel YE-S u] 2 ofx|o} 37}
& RANE W ATEYN Acle] 4T PR BRE o 3050 =g B2 Aee Fade del 44E
W22 FHUE9 s= Hstd 1.64W =%om zAow 3t= Aydy Beo] Q= o,j;u 99} QR 2
(p€0.0001), &% 7I=F FT=v HTHEL A Ho AoA itz Ao Fleg drde] o2 Yk vl
1,189 =3kH(p=0.0092). 15 FAZ AWER AFE =i Yehls 2L Kol d7ARYso s 9% Ay
B AGFUEe] BF Jh=Ee] Ve ¥ 193 £ odnh AlER wEe] B FRo] $ABS 5 o F
wg/ 1 Akt 2.24+1.12 wg/ 1), A FHE] AR e ez A de vF FF ATE T HF
Table 5. Adjusted multiple-regression of urinary cadmium concentration (ug/g cr)
Dependent Variable Coefficient Standard error t p-value
Constant 0.75 121 -1.54 0.1250
Group
Exposure 1.18 1.07 2.61 0.0092
Control 1.00

Gender
Male 0.96 1.07 -0.55 0.5815
Female 1.00

Water consumption type
Others 113 1.07 181 0.0707
Ground water 121 1.09 214 0.0325
Tap water 1.00

Age 1.01 1.00 5.06 <0.0001
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