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The Effect of Exposure Factors on the Concentration of Heavy
Metals in Residents Near Abandoned Metal Mines

Sanghoo Kim', Yong-Min Cho?, Seung-Hyun Choi*, Hae-Joon Kim', Jaewook Choi'

'Department of Preventive medicine, Korea University, College of Medicine;

*Institute for Occupational & Environmental Health at Korea University

Objectives: This study assessed the factors that have an influence on the residents exposed to heavy metals, and we utilized the
findings to establish the proper management of abandoned metal mines in the future.

Methods: For a total of 258 residents who lived close to abandoned mines in Gangwon-province and Gyeonggi-province, the
exposure factors and biomarkers in their blood and urine were comparatively analyzed via multiple regression analysis.
Results: The blood levels of lead and mercury and the cadmium levels in urine were found to be higher in the study group than
that in the average Korean. For the blood levels of heavy metals according to each exposure factor, all of them were found to
be significantly higher in both of the group residing for a longer period of time and the group living closer to the source of
pollutants. Multiple regression analysis disclosed that all the heavy metals, except lead, in their blood were significantly
reduced in proportion to the increased distance of inhabitancy from the mines. Their other biomarkers were within the normal

ranges.

Conclusions: We found that the distance between the residential village and the mines was a factor that affects the blood level
of heavy metals in the villagers. This finding could be an important factor when developing a management model for the areas
that surround abandoned metal mines. (ED note: I much like this important study.)
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Table 1. Characteristics of study group

Variables n (%)
Sex
Male 130 (52.4)
Female 118 (47.6)
Age (y) Mean+SD 50.1+23.9
Period of residence(y)
Mean+SD 33.6+23.7
<20 98 (39.5)
20 - 50 69 (27.8)
> 50 81(32.7)
Smoking
Non-smoker 168 (67.7)
Ex-smoker 23(9.3)
Smoker 57 (23.0)
Alcohol
Non-drinker 156 (62.9)
Drinker 92 (37.1)
Drinking water from the communal wells
Yes 164 (66.1)
No 84 (33.9)
Diet of local grains
Yes 143 (57.7)
No 105 (42.3)
Distance from pollution source' (km)
Mean+SD 3.14+1.56
<2 52 (21.5)
2-5 148 (61.2)
>5 42 (17.4)

SD: standard deviation.
'6 missing values.
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Table 2. Comparison between results of heavy metal
levels in study group and Korean average

Subjects
GM (95% ClI)

National average’

Variables GM (95% ClI)

Blood Pb (ug/d)* 326(308-3.44)  1.98(1.95-201)
Urine As (zg/gcr)  10.99 (9.46 - 12.51)  45.08 (44.17 - 46.00)
Blood Hg (1e/ 1 )* 3.35(300-370)  3.00 (2.93-3.07)
Blood Cd (&/ 1 ) 0.80(0.71-0.89)  1.02(0.92- 1.08)
Urine Cd (ug/gcr)*  1.11(0.91-1.31) 076 (0.73-0.78)

Pb: lead, As: arsenic, Hg: mercury, Cd: cadmium, GM: geometric
mean, Cl: confidence interval.

'Ministry of Environment Korea, 2008 [1].

*p<0.01 by t-test.
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Table 3. Comparison ofheavy metal levels in each group

Group Blood Pb (mg/dL) Urine As (mg/g Cr) Blood Hg (mg/L) Blood Cd (mg/L) Urine Cd (mg/g Cr)
Period of residence (y) Mean+SD
<20 2.71 + 040 7.95 + 0.64 3.10 + 0.54 0.60 + 0.61 0.53 + 1.12
20 - 49 3.38 + 0.32 12.85 + 0.70 327 +0.72 0.96 + 0.55 1.61 + 0.79
> 50 3.95 + 0.37 13.99 + 0.53 3.79 + 0.78 0.99 + 0.57 1.85 + 0.70
p-value' <0.01 <0.01 <0.01 <0.01 <0.01
Distance from pollution source (km) Mean+SD
>5 2.58 + 0.39 7.52 + 0.67 2.42 + 0.61 0.51 + 0.57 0.45 + 0.90
2-5 3.41 + 0.37 11.56 + 0.64 3.57 + 0.69 0.85 + 0.63 119 + 1.05
<2 3.45 + 0.45 13.40 + 0.67 3.72 + 0.67 0.95 + 0.49 1.76 + 0.85
p-value' <0.01 0.02 <0.01 <0.01 <0.01
Drinking water from the communal wells Mean+SD
No 3.04 = 0.38 9.53 + 0.70 3.28 + 0.62 0.73 + 0.66 0.94 +1.02
Yes 3.38 + 0.41 11.81 + 0.65 3.39 + 0.71 0.84 + 0.61 1.21 +1.09
p-value' 0.03 0.18 0.38 0.38 0.04
Diet of local grains
No 3.09 + 0.37 9.88 + 0.71 3.03 + 0.63 0.78 + 0.62 1.00 + 1.18
Yes 3.52 + 0.39 12.66 + 0.60 3.64 +0.73 0.88 + 0.64 1.32 + 0.89
p-value' 0.07 0.12 0.01 0.14 0.416
Unit is geometric mean +standard deviation.
Pb: lead, As: arsenic, Hg: mercury, Cd: cadmium.
'Analysis of variance.
Table 4. Linear regression modelingin relations of exposurefactors with levels of heavy metals
B coefficient SE p-value? 95% Cl
Period of residence (y)
Blood Pb (mg/dL)' 0.01 0.01 0.77 -0.01, 0.01
Urine As (mg/g cr)? -0.02 -0.02 0.37 -0.01, 0.01
Blood Hg (mg/L)' 0.01 0.01 0.89 -0.01, 0.01
Blood Cd (mg/L)' -0.01 -0.04 0.64 -0.01, 0.01
Urine Cd (mg/g cr)' 0.01 0.01 0.55 -0.01, 0.01
Distance from pollution source (km)
Blood Pb (mg/dL)' -0.11 0.14 0.44 -0.04,0.02
Urine As (mg/g cr)? -0.07 0.03 <0.01 -0.13,-0.02
Blood Hg (mg/L)' -0.1 0.03 0.01 -0.15,-0.04
Blood Cd (mg/L)' -0.09 0.02 <0.01 -0.14,-0.04
Urine Cd (mg/g cr)' -0.16 0.04 <0.01 -0.23,-0.09
Drinking water from the communal wells (0:No, 1:Yes)
Blood Pb (mg/dL)' -0.03 0.05 0.46 -0.12,0.06
Urine As (mg/g cr)? -0.05 0.07 0.45 -0.18,0.79
Blood Hg (mg/L)' -0.04 0.10 0.70 -0.23,0.15
Blood Cd (mg/L)' -0.11 0.08 0.14 -0.26,0.04
Urine Cd (mg/g cr)’ -0.24 0.13 0.06 -0.49, 0.01
Diet of local grains (0:No, 1= Yes)
Blood Pb (mg/dL)' 0.01 0.04 0.98 -0.09, 0.09
Urine As (mg/g cr)? 0.06 0.08 0.42 -0.09, 0.22
Blood Hg (mg/L)' 0.11 0.09 0.24 -0.07,0.29
Blood Cd (mg/L)' -0.01 0.08 0.91 -0.16,0.14
Urine Cd (mg/g cr)' 0.03 0.12 0.81 -0.21,0.27

SE: standard error, Cl: confidence interval, Pb: lead, As: arsenic, Hg: mercury, Cd: cadmium.

'adjusted by sex, age, alcohol, and smoking history.

‘adjusted by sex, age, alcohol, smoking history, eating seafood in less than 24 hours, and using pesticides.

*Statistical analysis by multiple regression.
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Table 5. Comparison of biomarkers in each group by distance

Distance from pollution source (km)Mean+SD’

Variables p-value?
>5 2-5 <2
Hemoglobin (g/dL) 14.33 + 0.09 13.59 + 0.13 13.51 + 0.08 0.01
Cholesterol (mg/dL) 175.76 + 0.17 177.90 + 0.22 193.82 + 0.20 0.03
r-GTP(mg/dL) 12.61 + 0.97 19.81 + 0.87 21.00 + 0.39 <0.01
Total protein (g/dL) 7.57 + 0.07 7.05 + 0.07 6.93 + 0.05 0.03
Total bilirubin (mg/dL) 0.60 + 0.47 0.62 + 0.35 0.73 + 0.31 0.01
NAG (ulL) 4.48 + 0.73 3.54 + 0.88 3.08 + 0.91 0.33
B82-MG (mg/L) 0.05 + 0.98 0.07 + 1.08 0.06 + 0.87 0.24

r-GTP: 7-glutamyltranspeptidase, NAG: N-acetyl- 5 -D-glucosaminidase, g2-MG: g 2-microglobulin.

'Geometric mean+standard deviation.
*Analysis of variance.
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