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Environmental Exposure to Arsenic, Lead, and Cadmium in 
People Living near Janghang Copper Smelter in Korea

Concentrations of heavy metals exceed safety thresholds in the soil near Janghang Copper 
Refinery, a smelter in Korea that operated from 1936 to 1989. This study was conducted to 
evaluate the level of exposure to toxic metals and the potential effect on health in people 
living near the smelter. The study included 572 adults living within 4 km of the smelter and 
compared them with 413 controls group of people living similar lifestyles in a rural area 
approximately 15 km from the smelter. Urinary arsenic (As) level did not decrease according 
to the distance from the smelter, regardless of gender and working history in smelters and 
mines. However, in subjects who had no occupational exposure to toxic metals, blood lead 
(Pb) and cadmium (Cd) and urinary Cd decreased according to the distance from the 
smelter, both in men and women. Additionally, the distance from the smelter was a 
determinant factor for a decrease of As, Pb, and Cd in multiple regression models, 
respectively. On the other hands, urinary Cd was a risk factor for renal tubular dysfunction 
in populations living near the smelter. These results suggest that Janghang copper smelter 
was a main contamination source of As, Pb, and Cd, and populations living near the 
smelter suffered some adverse health effects as a consequence. The local population should 
be advised to make efforts to reduce exposure to environmental contaminants, in order to 
minimize potential health effects, and to pay close attention to any health problems 
possibly related to toxic metal exposure.
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INTRODUCTION

The most common sources of metal pollution are mines, smelt-
ers, and atmospheric dispersion (1). In addition to polluting the 
environment, heavy metals are known to induce adverse health 
effects in people living in polluted areas. Previous studies have 
reported smelters in Mexico (2,3), the United States of America 
(4), and Chile (5), giving off fumes containing sufficient arsenic 
(As), lead (Pb), and cadmium (Cd) to make long-term health 
management necessary for nearby residents. 
 Metallic elements such as As, Cd, Pb, manganese (Mn), and 
mercury (Hg) that occur together with copper (Cu) in copper 
ore are released during refinement in the form of vapor and 
particulate matter (6). The Janghang Copper Refinery was es-
tablished in 1936 in the town of Janghang in Seocheon County, 
Chungnam Province, Republic of Korea, and smelted Cu, Pb, 
and tin (Sn) until 1989. While it was operational, pollutants pro-
duced from the smelting process contaminated the soil and 

water surrounding the refinery. A detailed soil investigation by 
the Chungnam Province Institute of Health and Environmental 
Research found that the concentration of zinc (Zn) and Cd ex-
ceeded safety thresholds within a 500-m radius of the refinery, 
while those of Pb, Cu, As, and nickel (Ni) exceeded safety thresh-
olds within an 800-m radius. Crops harvested near the smelter 
were also polluted by heavy metals. According to a study pub-
lished in 2011, the safety limit for Pb residue in crops was ex-
ceeded in 4 out of 10 areas around the smelter (7). In some ar-
eas, the Cd concentration in rice was higher than the human 
tolerance limit, forcing complete destruction of the harvested 
crop and banning of cultivation in those areas. However, no 
previous study has evaluated levels of exposure to toxic metals 
in residents of the area around the smelter. 
 This study was conducted to determine exposure to toxic met-
als and resulting health effects in people living near the smelter 
and to test if the smelter is a major source of high toxic metal 
exposure in the residents near Janghang smelter.
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MATERIALS AND METHODS

Participants
The study participants included people aged 30 years or older 
who had been living within 4 km of the Janghang Copper Refin-
ery (exposed group) and people with similar ages and lifestyles 
living in a rural area of Seocheon County located approximately 
15 km from the refinery (control group). Individuals were given 
information about the purpose of this study, and those who 
wished to participate provided written consent. Face-to-face 
interviews were conducted by experienced interviewers using a 
structured questionnaire that included demographic questions, 
as well as questions on history of smoking, alcohol consump-
tion, and work history. Of 985 prospective participants (exposed 
group 572, control group 413), 185 people had worked in jobs 
exposing them to heavy metals, such as refinery or mining work. 
Participants were divided into four exposed groups based on 
their place of residence from the smelter: E1 group for < 1 km, 
E2 for 1-2 km, E3 for 2-3 km, and E4 for 3-4 km from the smelter, 
respectively. The control group included subjects who lived over 
15 km away from the smelter. Participants gave fasting blood 
and urine samples in the morning, and samples were stored at 
-80°C until the day of analysis. 

Determination of toxic metal levels in biological samples
We quantified the concentrations of Pb and Cd in blood and 
those of urinary As and Cd. Pb in blood was determined using a 
polarized Zeeman atomic absorption spectrophotometer (Mod-
el Z-2700, Hitachi, Tokyo, Japan). Determination of Cd in blood 
and urine was performed with a flameless atomic absorption 
spectrophotometer (Model Z-8270, Hitachi) equipped with a 
Zeeman graphite furnace. Briefly, blood or urine was added to 
nitric acid and diluted with diammonium hydrogen phosphate 
and 1% Triton X-100, followed by vigorous mixing. The detec-
tion limits were 0.059 µg/dL for blood Pb, 0.02 µg/L for blood 
Cd, and 0.01 µg/L for urinary Cd.
 Total As concentration in urine was analyzed using an atomic 
absorption spectrometer (Model 5100, PerkinElmer, Waltham, 
MA, USA) coupled with a hydride generation system (FIAS-400, 
PerkinElmer). Briefly, each urine sample was mixed with hy-
drochloric acid (HCl), ascorbic acid, and potassium iodide in a 
ratio of 2:2:1:1; the mixture was then incubated for 1 hour, fol-
lowed by dilution with 10% HCl. Reducing agents were 0.2% 
sodium borohydride and 0.5% sodium hydroxide; the mobile 
phase was 3% HCl, and argon (Ar) was used as the carrier gas. 
The detection limit of this method was 0.2 µg/L.
 For samples with concentrations of an element below the 
limit of detection, we recorded the concentration as the limit of 
detection divided by the square root of 2 (8).

Determination of N-acetyl-β-D-glucosaminidase activity 
The activity of N-acetyl-β-D-glucosaminidase (NAG) was mea-
sured using a reaction in which sodium m-cresolsulfonephtha-
leinyl N-acetyl-β-D-glucosaminide was hydrolyzed to N-acetyl-
β-D-glucosaminide and m-cresolsulfonephthalein by NAG. 
Quantitative analysis of NAG activity was performed using a 
commercial kit (Shionogi, Osaka, Japan) following the manu-
facturer’s protocol. In brief, a synthetic substrate solution (1 mL) 
was incubated at 37°C for 5 minutes. The supernatant of the 
urine samples (50 mL), obtained by centrifugation, was mixed 
with a warm synthetic substrate solution, and the mixture was 
then incubated in a 37°C water bath for 15 minutes. The stop-
ping solution (2 mL) was then added and mixed thoroughly.
 The absorbance of the samples and NAG standard solution 
were measured at wavelengths of 580 nm, using a spectropho-
tometer. Urinary NAG activity, measured in U/L, was normal-
ized to urine creatinine levels to obtain U/g creatinine.

Determination of bone mineral density
Measurement of bone mineral density (BMD) was performed 
with an ultrasound bone densitometer (Osteopro; BMtech, Seong-
nam, Korea) on the right calcaneus. The coefficient of variation, 
a marker of the precision of measurement, was below 1%. The 
apparatus was calibrated every day for quality assurance. A sin-
gle experienced operator conducted all measurements. For sta-
tistical analysis, we used Z-score, which is the comparison to 
the age-matched normal distribution of calcaneal bone miner-
al distribution.

Statistical analyses
Statistical analyses were performed using Statistical Package for 
the Social Sciences (SPSS) version 21.0 (IBM, Armonk, NY, USA). 
All data on heavy metal levels were transformed to a log-nor-
mal distribution, as distribution was skewed. Differences in de-
mographic factors among groups were compared using the χ2 
test. Statistical comparisons of means were performed using 
analysis of variance (ANOVA) with Duncan as a post-hoc analy-
sis, and multiple linear regression analysis was applied to test 
relationships between variables. Statistical significance was set 
at P < 0.05.

Ethics statement
The study protocol was approved by the institutional review 
board of Chungbuk National University (CBNU-IRB-2011-BQ02), 
and written informed consent was provided by all subjects.

RESULTS

The mean age of participants in exposed subgroups and the con-
trol group are shown in Table 1. The mean age of subjects in the 
E4 group was significantly lower than those of the other groups 



Kim Y-D, et al. • Environmental Toxic Metal Exposure from Janghang Copper Smelter  

http://jkms.org  491http://dx.doi.org/10.3346/jkms.2016.31.4.489

(ANOVA with Duncan analysis; P < 0.001). The mean duration 
of residence at the present living site in E3 and E4 groups were 

significantly shorter than in other groups (P = 0.002). There was 
no difference in gender and smoking or drinking status among 

Table 1. Characteristics of 985 subjects of this study

Parameters
Exposed groups (by distance from smelter) Control group

≥ 15 km
P

E1 ( < 1 km) E2 (1-2 km) E3 (2-3 km) E4 (3-4 km)

No. of subjects 108 312 122 30 413 -
Age, yr 63.67 ± 12.50 63.04 ± 11.92 64.63 ± 10.28 57.33 ± 10.76 65.86 ± 11.42 < 0.001*
Duration of residence, yr 40.58 ± 19.27 39.79 ± 21.10 37.64 ± 19.09 29.63 ± 22.55 43.27 ± 22.74 0.002†

Gender
   Male
      With work history in smelter
      Without work history in smelter  
   Female
      With work history in smelter
      Without work history in smelter  

49 (45.4)
30
19

59 (54.6)
  8
51

129 (41.3)
  63
  66

183 (58.7)
  17
166

52 (42.6)
27
25

70 (57.4)
  1
69

15 (50.0)
  3
12

15 (50.0)
  1
14

158 (38.3)
    0
158

255 (61.7)
    0
255

0.511‡

Smoking status 
   Smoker§

   Non-smoker
21 (19.4)
87 (80.6)

44 (14.1)
268 (85.9)

24 (19.7)
98 (80.3)

6 (20.0)
24 (80.0)

50 (12.1)
363 (87.9)

0.924‡

Drinking status 
   Drinker
   Non-drinker

50 (46.3)
58 (53.7)

168 (53.8)
144 (46.2)

64 (52.5)
58 (47.5)

13 (43.3)
17 (56.7)

188 (45.5)
225 (54.5)

0.638‡

Level of toxic metals, geometric means (geometric standards deviation)
   Urinary As, µg/g creatinine 8.78 (1.64) 9.25 (1.67) 9.41 (1.68) 8.14 (1.51) 8.36 (1.63) 0.035
   Blood Pb, µg/dL 4.85 (1.53) 4.16 (1.61) 4.11 (1.55) 3.57 (1.70) 3.13 (1.49) < 0.001ll

   Blood Cd, µg/L 3.62 (1.86) 2.59 (1.82) 2.53 (1.66) 2.20 (1.75) 1.71 (1.69) < 0.001¶

   Urinary Cd, µg/g creatinine 3.62 (2.04) 2.71 (2.01) 2.55 (1.83) 1.88 (1.90) 1.66 (1.98) < 0.001**

*Different group by Duncan analysis followed by ANOVA, E4 group vs. other groups; †Different group by Duncan analysis followed by ANOVA, E3 and E4 groups vs. other groups; 
‡P by chi-square test for trend; §Defined as smoking > 20 pack-years for lifetime; llDifferent group by Duncan analysis followed by ANOVA, E1 group vs. E2 and E3 groups vs. 
E4 group vs. control group; ¶Different group by Duncan analysis followed by ANOVA, E1 group vs. E2, E3 and E4 groups vs. control group; **Different group by Duncan analysis 
followed by ANOVA, E1 vs. E2 and E3 vs. E4 and control group.

Fig. 1. Duration of residence, smoking status, and alcohol consumption adjusted geometric means of urinary arsenics (A), blood lead (B), blood cadmium (C) and urinary cad-
mium (D) according to distance of residence from Janghang smelter in men. Trend lines indicate linear decrease among subjects without a working history in the smelter.
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groups (Table 1). Correlation coefficients between metals show-
ed wide range from 0.066 to 0.539, although all cases were sta-
tistically significant (urinary As vs. blood Pb, blood Cd and uri-
nary Cd: 0.109, 0.066, and 0.539, respectively; blood Pb vs. blood 
Cd and urinary Cd: 0.278 and 0.169, respectively; blood Cd vs. 
urinary Cd: 0.488) (data not shown). 
 Fig. 1 and 2 show blood and urinary concentrations of toxic 
metals, which were adjusted for duration of residence, smoking 
status, and alcohol consumption to account for confounders, 
according to occupational history in the smelter and gender. 
 In men, the mean urinary As concentration was similar in all 
groups, including the control group, regardless of a working his-
tory in the smelter or mines. There was no correlation of urinary 
As according to subgroup. A similar trend was found in women 
except E3 and E4 groups have only one person respectively. 
 For men with a history of working in the smelter, the mean 
blood Pb concentration was highest in the E4 group and the 
other groups had similar levels. For men without a working his-
tory in the smelter, E1 group had the highest blood Pb concen-
tration, followed by E3, E2, and E4 group, respectively. The con-
trol group had the lowest level of blood Pb concentration. A sim-
ilar trend was shown in female subjects, although it was higher 
in men than in women in all groups. The blood Pb concentra-
tion showed a significant inverse association with residential 
distance from the smelter in subjects without a working history 

in both sexes (P < 0.001 in both sexes).
 The mean blood Cd concentration was highest in E1 group, 
with a working history in men among all groups, and was the 
lowest in the control group. Subjects with a working history show-
ed higher blood Cd concentrations than those without a work-
ing history in every group. The blood Cd concentration also 
showed a significant decrease with residential distance from 
the smelter in subjects without a working history in both sexes. 
In women, although blood Cd concentration was not higher in 
subjects with a working history, there was a correlation of blood 
Cd with residential distance in subjects without working history 
(P < 0.001). In all groups, the level of Cd was higher in women 
than in men. A similar trend was shown in women, but there 
was no difference of blood Cd concentration according to work-
ing history in women. The urinary Cd levels showed similar trends 
with blood Cd levels in both sexes. 
 We performed multiple linear regression analysis to find de-
terminants for As, Pb, and Cd levels. In the model, age, sex, smok-
ing and drinking status, working history in the smelter, and resi-
dential distance from the smelter were included as independent 
factors. Age, sex and the distance from the smelter were signifi-
cant factors to urinary As levels (Table 2). In the model used for 
blood Pb, age, sex, drinking status, working history, and distance 
from the smelter were significant factors (Table 2). For blood 
Cd, age, sex, and residential distance from the smelter were sig-

Fig. 2. Duration of residence, smoking status, and alcohol consumption adjusted geometric means of urinary arsenics (A), blood lead (B), blood cadmium (C) and urinary cad-
mium (D) according to distance of residence from Janghang smelter in women. Trend lines indicate linear decrease among subjects without a working history in the smelter.
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Table 2. General linear models for urinary As and blood Pb in study subjects 

Variables
Log (urinary As) levels Log (blood Pb) levels

β SE (β) T P β SE (β) T P

Age, yr 0.003 0.001 4.991 < 0.001 0.002 0.000 3.923 < 0.001
Sex (1: Male, 2: Female) 0.076 0.016 4.683 < 0.001 -0.127 0.013 -9.993 < 0.001
Smoking status (1: No, 2: Yes) 0.002 0.001 1.453 0.147 -0.001 0.001 -0.620 0.535
Drinking status (1: No, 2: Yes) -0.003 0.013 -0.235 0.814 0.021 0.010 2.059 0.040
Working history in smelter (1: No, 2: Yes) 0.000 0.000 0.066 0.947 0.000 0.000 5.891 < 0.001
Distance from the smelter, km -0.014 0.005 -2.867 0.004 -0.034 0.004 -8.971 < 0.001

Table 3. General linear models for blood and urinary Cd in study subjects

Variables
Log (blood Cd) levels Log (Urinary Cd) levels

β SE (β) T P β SE (β) T P

Age, yr 0.004 0.001 6.837 < 0.001 0.007 0.001 9.664 < 0.001
Sex (1: Male, 2: Female) 0.096 0.018 5.391 < 0.001 0.267 0.019 13.772 < 0.001
Smoking status (1: No, 2: Yes) 0.001 0.001 0.699 0.485 -0.001 0.001 -0.483 0.629
Drinking status (1: No, 2: Yes) -0.003 0.014 -0.198 0.843 -0.003 0.015 -0.204 0.838
Working history in smelter (1: No, 2: Yes) 0.000 0.000 1.408 0.159 0.000 0.000 2.777 0.006
Distance from the smelter, km -0.072 0.005 -13.463 < 0.001 -0.079 0.006 -13.526 < 0.001

Table 4. Geometric means and geometric standard deviation of urinary NAG activity 
and Z-score in calcaneal BMD by groups

Markers Exposed group Control group P *

Urinary NAG level, U/g creatinine† 5.61 ± 0.30 4.54 ± 0.35 0.019
Z-score in BMD -0.06 ± 1.09 -0.01 ± 1.23 0.508

*P by Student’s t-test; †Adjusted with age. NAG, N-acetyl-β-D-glucosaminidase; BMD, 
bone mineral density.

Table 5. General linear models for urinary NAG activity by groups

Variables
Exposed group Control group

β SE (β) T P β SE (β) T P

Age, yr 0.113 0.032 3.517 < 0.001 0.053 0.020 2.636 0.009
Sex (1: Male, 2: Female) -0.494 -0.809 0.611 0.541 0.643 0.560 1.148 0.252
Smoking status (1: No, 2: Yes) -0.012 0.050 -0.243 0.808 -0.002 0.053 -0.032 0.975
Drinking status (1: No, 2: Yes) 0.477 0.587 0.813 0.417 0.405 0.505 0.802 0.423
Urinary Cd, µg/g creatinine 0.495 0.174 2.839 0.005 0.211 0.170 1.239 0.216

NAG, N-acetyl-β-D-glucosaminidase.

Table 6. General linear models for Z-score in calcaneal bone mineral density by groups

Variables
Exposed group Control group

β SE (β) T P β SE (β) T P

Sex (1: Male, 2: Female) 0.000 0.105 0.000 1.000 0.068 0.155 0.439 0.661
Smoking status (1: No, 2: Yes) -0.001 0.007 -0.221 0.825 -0.014 0.015 -0.958 0.338
Drinking status (1: No, 2: Yes) 0.045 0.076 0.593 0.553 -0.209 0.138 -1.510 0.132
Urinary Cd, µg/g creatinine -0.007 0.022 -0.302 0.763 -0.090 0.047 -1.920 0.056

nificant factors in the model used. For urinary Cd, age, sex, work-
ing history in the smelter and residential distance from the smelt-
er were significant factors (Table 3).
 Table 4 shows the average level of urinary NAG and Z-score 
for BMD in exposed and control groups. Age adjusted levels of 
urinary NAG were 5.61 ± 0.30 U/g creatinine in exposed groups, 
and 4.54 ± 0.35 U/g creatinine in the control group. There was a 
statistically significant difference between the exposed and con-
trol groups (P = 0.019). However, the Z-score was -0.06 ± 1.09 in 
exposed groups, and -0.01 ± 1.23 in the control group, and there-
fore, there was no difference between groups (P = 0.508). 
 Tables 5 and 6 demonstrate determinant factors to influence 
the level of urinary NAG and Z-score for BMD. In a multiple lin-

ear regression model, age and urinary Cd levels were risk fac-
tors for increased urinary NAG levels in exposed groups; how-
ever, it was not a risk factor in the control group. In the model 
for the Z-score in calcaneal BMD, the urinary Cd level was sig-
nificant in the control group only.
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DISCUSSION

Smelters are known to be a major source of metal contamina-
tion, but there are limited cases in Korea. This study was con-
ducted to assess if people who had been living near the Jang-
hang Copper smelter were exposed to high levels of toxic met-
als, and if their health was impaired by the smelter. We com-
pared the level of several toxic metals and markers of their ef-
fect between people living within 4 km of the smelter (exposed 
group) and people living over 15 km from the smelter (control 
group). To evaluate health effects by environmental exposure 
to toxic metals, we stratified individuals with occupational his-
tory in smelters or mines and with residential distance from the 
smelter. Among the exposed groups, E4 group had a significant-
ly lower mean age, and E3 and E4 groups had a significantly 
lower mean duration of residence than the control group. There-
fore, in this study we used adjusted mean of toxic metal levels 
with duration of residence in comparison between groups. Smok-
ing and drinking can also result in toxic metal exposure; how-
ever, there was no difference between groups in smoking or drink-
ing status.
 In the present study, we analyzed total As in urine and showed 
that urinary As in individuals with a working history in the smelt-
er showed higher value than in those without a working history. 
The concentration of urinary As had a geometric mean of 9.13 
µg/g creatinine (8.39 µg/L) in the exposed groups of this study. 
Even when the study subjects were residents living near the 
smelter, the levels of As in the present study were lower than 
those reported in other heavily contaminated areas, such as 
Bangladesh, 20.77 μg/L (9); China, 28.30 μg/L (10); Taiwan 20.71 
μg/g creatinine (11), but higher than that of the general popula-
tion in Korea, 7.10 μg/L (12). Although urinary As did not show 
a decrease according to the distance from the smelter using 
univariate analysis, which may be due to the element’s short 
metabolic half-life, multiple linear regression models showed 
that urinary As levels were significantly inversely associated 
with the distance from the smelter. This evidence suggests that 
this smelter might be a major source of As exposure to the pop-
ulation living nearby. Arsenic is a known human carcinogen. In 
a study of workers in a US copper smelter, there was a positive 
correlation between exposure to As and kidney and bone can-
cer (13). Therefore, it is necessary to continuously monitor the 
health status, including cancer development, of residents living 
near this smelter. 
 Blood Pb levels in exposed individuals ranged from 2.74 to 
8.57 µg/dL according to sex, distance from the smelter, and work-
ing history. These levels were lower than those in children living 
near a copper-smelter in San Luis, Potosi, Mexico (10.6-14.8 µg/
dL according to age) (14). The copper smelter in San Luis was 
still in operation at the time of the survey, while the Janghang 
smelter was shut down approximately 13 years prior to the pres-

ent study. The difference in blood Pb levels between the two 
smelters might be attributed, in part, to these facts. However, 
the levels of blood Pb in the present study were higher than those 
in the Korean general population, 2.61 µg/dL by Korea National 
Health and Nutrition Examination Survey (KNHANES) III, 2005 
(15). In the control participants of this study, the blood Pb level 
was 3.09 µg/dL. This was also higher than in the Korean general 
population, possibly because they were older, on average, than 
the Korean general population. In individuals without a work-
ing history at the smelter, blood Pb levels were decreased with 
increasing distance from the smelter. Additionally, in the multi-
ple linear regression model used, distance from the smelter was 
a determinant factor of blood Pb levels. This is also evidence to 
suggest that the Janghang copper smelter was a major contami-
nation source of Pb, as well as As, in the population living near 
the smelter.
 In this study, blood Cd levels in exposed individuals ranged 
from 1.95 to 4.43 µg/L, according to sex, distance from the smelt-
er, and working history. These levels were higher than those in 
the Korean general population (1.53 µg/L; KNHANES III, 2005) 
(15) and were similar with those of retired copper smelter work-
ers in Canada (16). Residents living within 1 km of the smelter 
(E1 group) showed particularly high blood Cd levels (2.99 µg/L 
in men and 3.95 µg/L in women). Blood Cd levels decreased 
with distance from the smelter. 
 The same trend was observed for urinary Cd levels. In men 
without a working history in the smelter, urinary Cd levels ranged 
from 1.26 to 2.15 µg/g creatinine in overall exposed participants, 
levels higher than that in the control group (1.11 µg/g creatinine). 
In exposed female residents without a working history in the 
smelter, urinary Cd, which ranged from 3.05 to 4.93 µg/g creati-
nine, was higher than in the control group (2.06 µg/g creatinine). 
These results are in agreement with those of some other studies 
(2,17). Soto-Jiménez and Flegal (2) have reported that children 
living near a smelter complex in Mexico showed higher Cd lev-
els in hair than children in control areas. In a Russian case-con-
trol study, schoolchildren living near a copper smelter were re-
ported to have a higher prevalence of incipient renal damage 
by Cd and Pb exposure than control children (17).
 Cadmium measured in whole blood and urine reflects long-
term exposure levels to Cd (12). In subjects without an occupa-
tional history of working in the smelter, levels of Cd in blood and 
urine showed a decreasing trend with distance from the smelt-
er, and these results suggest that the people living near the smelt-
er were subjected to significant Cd exposure from contaminat-
ed soil, water, and crops at least until cultivation was banned in 
the area in 2007. Also, it is possible that exposure to these met-
als has continued even after the cultivation ban via inhalation 
from contaminated soil near the smelter.
 Chronic Cd exposure can give rise to renal tubular dysfunc-
tion and bone damage (18,19). We measured urinary NAG con-
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centration as a marker of renal tubular dysfunction and BMD 
for bone damage. In the present study, age adjusted geometric 
mean of urinary NAG activity was significantly higher in exposed 
groups than in the control group (P = 0.019). This result is con-
sistent with previous reports that urinary NAG level is a good 
indicator of Cd-induced renal damage (19). Level of Z-score for 
BMD showed no significant difference between the exposed 
and control groups, and in the general linear model used, uri-
nary Cd level was a determinant factor for decreasing Z-scores 
in the control group only. In this study, we measured mineral 
density of calcaneus bone with a portable device, which is less 
precise when compared to dual-energy x-ray absorptiometry 
(DEXA). In order to accurately assess bone damage caused by 
Cd exposure, it is necessary to use a precise measurement such 
as DEXA. 
 We showed overall exposure levels to several toxic metals in 
residents living near an abandoned copper smelter in Korea. 
Although our data cannot clearly link particular health effects 
of exposure to toxic metals from the smelter, they do show that 
residents living near this smelter were subject to high degrees 
of multiple toxic metal exposures. 
 Although the Janghang Copper Refinery was shut down sev-
eral decades ago, people living near it are still being exposed to 
heavy metals. Therefore, people who live near a site contami-
nated with toxic metals should be advised to make efforts to re-
duce exposure to environmental contaminants in order to min-
imize potential health effects and to pay close attention to any 
health problems possibly related to toxic metal exposure. For-
tunately, after this survey was finished, authorities of Chungnam 
Province and Seocheon County initiated a program to monitor 
toxic metal exposure and its health effects, which could lead to 
minimization of further exposure to hazardous metals in this 
population.
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