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— Abstract —
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Objectives: This study was conducted to assess the concentration of urine cadmium and health risks of
residentsin the vicinity of abandoned metal mines in Gyeongsangbuk-do.

Methods: The concentration of cadmium in the soil, water, and agricultural crops was measured in
Gyeongsangbuk-do, Butdeun and Suksan, which have abandoned metal mines. We measured the concen-
tration of cadmium in the urine of residents from the following areas: 78 from village A, 99 from village
C and 147 from control areas. Other health-risk assessments were performed on each resident, such as
mesasuring the concentration of 8-MG and a bone density test.

Results: In abandoned mine areas, the mean concentration of cadmium was higher in agricultural soil
and in the crops than in that of control areas. The concentration of cadmium in the stream exceeded the
guideline level. In regard to provisional tolerable daily intake (PTDI) of cadmium, the actua intake rate
through crops was 33.81%, 72.74% in abandoned mine areas and 5.03%, 6.16% in control areas.
Residents in abandoned mine areas, A village and C village had a geometric mean of urine Cd of 1.90 .
/g cr and 1.45 /g cr. These measurements were significantly higher than those of residents in control
areas, B village and D village, 0.59 /g cr and 0.65 /g cr (p<0.01). Following adjustments for age, sex,
smoking habit, and occupational history, the concentration of urine cadmium of residents in the Butdeun
abandoned meta mine was higher by 1.62 /g cr as compared with the control group (p<0.01). Residents
from the Suksan abandoned metal mine also had a higher concentration by 1.07 /g cr (p<0.01). A mul-
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Conclusions; Based on these measurements, areas with abandoned metal mines contaminated streams,
agricultural soil, and crops of the adjacent areas, with cadmium. Because residents in the adjacent areas
intake contaminated crops, their urine cadmium was increased. Despite alack of evidence demonstrating
the detrimental effect of increased urine cadmium in residents, an additional study is needed to assess the

health risks of residentsin the vicinity of abandoned metal mines.

tiple linear regression analysis was performed for the factors associated with T-score, and this showed
Key Words: Abandoned metal mine, Urine cadmium, Health-risk assessment

that the concentration of urine cadmium was not an influential factor.
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Fig. 1. Map of the study area. A village and C village are aban-
doned mine areas, B village and D village are control areas.
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Table 1. General characteristics of study population at abandoned mine areas and control areas

o Butdeun Suksan
Characteristics
Avillage(N=78) Bvillage(N=73) p-value Cyvillage(N=99) D village(N=74) p-vaue
Age (yrs) 63.0+9.1 65.4+11.1 0.15* 64.7+11.8 67.7+10.8 0.09*
Sex Male 34(43.6) 31(42.5) 0.89' 37(37.4) 31(41.9) 0.55"
Female 44(56.4) 42(57.5) 62(62.6) 43(58.1)
Smoking  Yes 16(20.5) 7( 9.6) <0.01" 11(11.2) 10(13.5) 0.15"
Ex 4( 5.1) 19(26.0) 20(20.2) 7( 9.5
No 58(74.4) 47(64.4) 68(68.7) 57(77.0)
Alcohol Yes 55(70.5) 45(61.6) 0.25" 43(43.4) 26(35.1) 0.27'
No 23(29.5) 28(38.4) 56(56.6) 48(64.9)
Job Farming 63(80.8) 58(79.5) 0.30" 63(63.6) 58(78.4) 0.26"
Others 15(19.2) 15(20.5) 36(36.4) 15(20.3)
* T-test.
' Chi-square test.

** A village, C village: abandoned mine area; B village, D village: control area.

Table 2. Concentration (mg/L) of cadmium in water at abandoned mine areas and control areas

Areas

Cadmium concentration

Butdeun abandoned mine area

Stream* Om
500 m
634 m
929 m
1954 m
Control site1
Control site 2

Drinking water Groundwater
Waterworks

Groundwater at control area

Suksan abandoned mine area

Stream* Om
258 m
574m
1057 m
1580 m
2811 m
Control site

Drinking water Groundwater
Waterworks

Groundwater at control area
Waterworks at control area

0.743
0.184
0.183
0.097
0.013
0.003
0.001
ND'
ND
ND

0.005
0.006
0.004
0.003
0.002
0.002
0.001
0.001
0.001
0.001
ND

* Distance from mine tailings waste site.
' ND: not detected.

** Stream guideline: 0.01 mg/L, Drinking water guideline: 0.005 mg/L.
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Table 3. Concentration (mg/kg) of cadmium in rice farming soil and rice at abandoned mine areas

Areas

Cadmium concentration in soil

Cadmium concentration in rice

Butdeun abandoned mine area**
477 m*
610 m
777m
1693 m
1838 m
1996 m
2090 m
2414 m
2671 m
3053 m
Suksan abandoned mine area
894 m
974 m
1048 m

0.113 0.055
0.273 0.236
0.105 0.016
ND' 0.046
0.095 0.067
0.637 0.056

ND 0.015
0.076 0.200
0.142 0.228

ND 0.007
1434 0.274
1.376 0.154
0.834 0.134

* Distance from mine tailings waste site.
" ND: not detected.
** Earth brought from another place.

Table 4. Average concentration (mg/kg) of cadmium in agricultural soil and crops at abandoned mine areas and control areas

Butdeun Suksan
A village B village p-value* Cvillage D village p-value*
Rice farming soil 0.132 0.072 0.199 1.215 0.170 0.034
Dry-field farming soil 0.068 0.035 0.522 0.431 0.071 0.281
Rice 0.087 0.012 0.033 0.187 0.015 0.026
Red pepper 0.028 0.030 - 0.047 0.023 -
Bean 0.058 0.020 - 0.142 0.040
* T-test.

Table 5. In regard to provisional tolerable daily intake (PTDI)
of cadmium, the actual intake rate through crops(%o)

Suksan
Cvillage D village

Butdeun

Avillage B village

Rice 33.22 4,62 7152 5.73
Red pepper 0.28 0.30 0.46 0.22
Bean 031 0.11 0.76 0.21
Total 33.81 5.03 72.74 6.16

A $47120.01 mg/L)<s ZFstar JA &%e

SHFZ &5 wolalth. ArtvlaSdiAdeln &
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A9l D village stsl 4] 7lEg sEe 4
715S Z23tA] FtH(Table 2).
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Table 6. Adjusted urine cadmium concentration («/g cr) of the subjects at abandoned mine areas and control areas

Butdeun Suksan
. . p-value* . . p-value*
A village (N=78) B village (N=73) Cyvillage (N=99) D village (N=74)

Mean+SD 228+14 0.69+0.4 <0.01 2.04+2.0 0.97+0.9 <0.01
(Geometric mean, SD) (1.90, 1.9) (0.59, 1.8) (1.45, 2.3) (0.65, 2.6)
Range 0.33~6.66 0.07~1.98 0.05~12.65 0.04~4.17
Percentile rank

5th 0.66 021 0.42 0.13

10th 0.80 0.28 053 0.18

25th 1.26 041 091 0.26

50th 1.97 0.58 1.36 0.81

75th 2.74 0.88 2.56 1.22

90th 473 1.20 4.32 1.89

95th 5.62 1.54 7.21 358

* T-test.

Table 7. Multiple linear regression test for urine cadmium concentration of the subjects at abandoned mine areas and control areas

Independent variables B coefficient SE. p-value 95% ClI
Butdeun  area(B village=0, A village=1) 1.62 0.16 <0.01 1.30~ 194
Age (yrs) 0.02 0.01 <0.01 0.01~ 0.04
Sex (female=0, male=1) -0.63 0.18 <0.01 -0.99~-0.27
Smoking (no=0, yes=1) 0.08 0.25 0.76 -0.42~ 0.57
Occupationa history (no=0, yes=1) -0.73 0.29 <0.01 -1.30~-0.16
Suksan area (D village=0, C village=1) 1.07 0.27 <0.01 0.54~ 1.59
Age (yrs) 0.01 0.01 0.41 -0.01~ 0.03
Sex (female=0, male=1) -0.35 0.29 0.23 -0.92~ 0.22
Smoking (no=0, yes=1) -0.01 0.4 0.99 -0.83~ 0.81
Occupationa history (no=0, yes=1) -0.05 0.3 0.85 -0.56~ 0.46

lage®] A= 19 AP AH & tste] A village
= &5 %3l *ﬁﬂﬂb 7tEF] AAES
33.22%°19 1, A3 13 TS 3 Jl=F HIES
el gk 33.81%%A4 FHZX]@ 5.03% 5t & £+
olitt. C villaged 7%+ &2 B3 AFHste 7l=%
o] AHEL T1.52%= e, &y u3et T 5
& =g AFeES T e 14 78*;8”3-.401&&4
72.714% 24 NZAY 6.16%E0 @R w& FFo
(Table 5).

HFEF A9 A villagedt C village FHES
Z Jl=F = 7T 47 1.90 we/g Cr(’l‘}g%i"
2.28 wug/g cr, W9 0.33~6.66 wg/g cr), 1.45 wg/g
cr(AtEE T 2.04 wg/g cr, ¥ 0.05~12.65 wg/g cr)
o= txA9Ql Bvillageet D village FUE2 7138t
Bt 0.59 wg/g cr(RFEE T 0.69 we/g cr, W 0.07~
1.98 wg/g cr), 0.65 wg/g cr(Ar&=H 0.97 we/g cr,
9 0.04~4.17 ug/g cr) Bt} BAFCE FolstAl =

(p<0.01) (Table 6).
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Table 8. Urine 8-MG concentration of the subjects at abandoned mine areas and control areas

Butdeun Suksan
A village B village p-value* Cvillage D village p-value*
Mae 327.0+200.7 346.3+222.3 0.72 359.5+351.1 296.8+109.4 0.36
Female 498.3+264.0 448.9+269.0 0.40 404.2+223.8 414.9+221.2 0.81
Total 425.2+252.4 404.7+253.5 0.62 387.0+278.8 367.1+190.3 0.59

* T-test.

Table 9. Multiple linear regression test for the factors associat-

ed with bone mineral density (T-score)

Independent variables B coefficient  S.E.

p-value

Urine cadmium (ue/g cr) 0.004
Age (yrs) -0.08
Sex (no=0, yes=1) 0.68
Weight (kg) 0.03
Smoking (no=0, yes=1) -0.32
Alcohol (no=0, yes=1) -0.39

0.05
0.01
0.21
0.01
0.25
0.17

0.94
<0.01
<0.01
<0.01

0.22

0.02
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