
ABSTRACT

Children are particularly vulnerable to adverse health
effects associated with heavy metal exposure. The
goal of this study was to investigate the relationship
between proximity to an industry complex and blood
lead and urinary cadmium levels for children aged
7-13 who lived in Ulsan where a big petrochemical
complex is located. We conducted a questionnaire
survey to collect data including sociodemographics,
daily habits, residential environment, etc. We also
analyzed blood lead and urinary cadmium levels using
Atomic Absorption Spectrometry (AAS). Data were
analyzed using regression analysis. All statistical
analyses were conducted with SAS software version
9.2. We calculated distance by using a Geographic
Information System (ArcGIS version 10.0). The geo-
metric mean blood lead level was 1.55 μg/dL (boys:
1.59 μg/dL, girls: 1.51 μg/dL), and the geometric
mean urinary cadmium level was 0.51 μg/g creati-
nine (boys: 0.45 μg/g creatinine, girls: 0.58 μg/g
creatinine). In the results of regression analyses, we
found that urinary cadmium levels significantly de-
creased as distance between residence and industrial
complex increased after adjusting for age, gender,
income, passive smoking and the length of residence.
This result was opposite to that for lead levels. Our
observations support the hypothesis that urinary
cadmium levels in children are related to their proxi-
mity to an industrial complex.

Key words: Blood lead, Urinary cadmium, Children,
Korea, Heavy metal

1. INTRODUCTION

Human exposure assessments using biomarkers have

been conducted in many countries. The NHEXAS
(National Human Exposure Assessment Survey) has
been running since 1995 in the United States and the
GerES (German Environmental Survey) has been con-
ducted since 1985 in Germany. In Korea, the “Korean
National Human Exposure and Bio-monitoring Exa-
mination” has been conducted to investigate concen-
trations of harmful chemical substances including
heavy metals and identify risk factors. Based on the
results of this assessment, a survey entitled “A Pro-
spective Cohort Study of Environmental Pollutants: A
study in an industrial complex area” was performed
targeting an industrial area where residents are more
likely to be exposed to harmful substances.

Lead and cadmium represent heavy metals which
have deleterious effects on the human body and are
available from various sources. The main sources of
general lead exposure are gasoline, industrial emissions,
and lead paint. Lead exposure through inhalation and
ingestion is increased near lead-emitting industries
(Zheng et al., 2008; Levallois et al., 1991). Toxic effects
may occur in the central and peripheral nervous sys-
tems, blood, kidneys, cardiovascular, endocrine, im-
mune systems, gastrointestinal tract, and male repro-
ductive organs (Nordberg, 2007). Cadmium is used in
electroplating and galvanizing, as a cathode material
for nickel-cadmium batteries, and as a color pigment
in paints and plastics. In the general population the
major source of cadmium is food (Klaassen and Wat-
kins, 2003). Cadmium is also absorbed by inhaling air
which is polluted by environmental tobacco smoke,
house dust, and industrial emissions. It is more effec-
tively absorbed in the airways (up to 66%) than in the
gastrointestinal tract (3-7%) (Schoeters et al., 2006).
It is excreted very slowly from the human body and
accumulates mainly in the kidneys. The principal long-
term effects of low-level exposure to cadmium are
chronic obstructive pulmonary disease, emphysema,
and chronic renal tubular disease (Klaassen and Wat-
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kins, 2003).
In Korea, lead levels in the air had been decreasing

on an annual basis and in recent years have maintained
a constant level (National Istitute of Environmental
Research, 2010). In 2009, lead levels of major cities
were 0.0296-0.0697 μg/m3 and there were no cases
that exceeded Korean annual standard of 0.5 μg/m3.
Cadmium levels were 0.0007-0.0028 μg/m3 in 2009
which are below the World Health Organization (WHO)
guideline of 0.005 μg/m3/year (National Istitute of
Environmental Research, 2010). According to the
“Korean National Human Exposure and Bio-monitor-
ing Examination”, the geometric mean of blood lead
levels for adults was 1.98 μg/dL (male: 2.55 μg/dL,
female: 1.77 μg/dL) and that of the urinary cadmium
was 0.76 μg/g creatinine (male: 0.60 μg/g creatinine,
female: 0.84 μg/g creatinine) (National Institute of
Environmental Research, 2008).

A more effective way of resolving problems associ-
ated with heavy metals would be to reduce the expo-
sure level rather than to provide treatment after health
effects have occurred. There are data demonstrating
that children develop signs and symptoms at low blood-
lead concentrations and have higher absorption of lead
than adults. Also, the urinary excretion of cadmium
peaks in the age range of 6-12 years. This peak is ex-
plained by the increased intake per person in this par-
ticular age range and the growth rate of the kidney,
leading to a peak in kidney cadmium concentration.
The calorie intake per person increases rapidly during
the period of 6-20 years-of-age; therefore, it follows
that the daily intake of metal also increases during this
time. As such, management of sources is needed in
areas where children have an increased opportunity for
exposure (Nordberg, 2007).

In epidemiology, exposure assessment is the classifi-
cation of attributes of subjects or environmental agents
relevant to their health, with the assignment of numer-
als or other signs to these classes according to prede-
termined rules. The variable of real interest, the true
exposure, may not be directly measurable or it may
be difficult or impossible to define (Armstrong et al.,
1992). People spend much time in residence and live
around the residence (Brasche et al., 2005; Jenkins et
al., 1992). So we assumed that the location of residence
is related to his level of exposure. It is clearly not a
cause of disease but an indicator of level or probabili-
ty of exposure to some true cause which may be un-
measured or unknown (Armstrong et al., 1992). 

The goal of this study was to investigate the relation-
ship between proximity to an industry complex and
blood lead and urinary cadmium levels for children
aged 7-13 who lived in Ulsan where a big petrochem-
ical complex is located. 

2. METHODS AND MATERIALS

2. 1  Study Population
The study entitled “A Prospective Cohort Study of

Environmental Pollutants: A study in an industrial com-
plex area (Ulsan)” had been performed since 2003.
Institutional Review Board (IRB) approval was obtain-
ed for the study. All participants were recruited via
phone or information from contacted schools. We chose
subjects participated in 2010, 7-13 years-of-age for
our study (N==434). We limited study subjects to 434
participants who had exact address information and
both blood lead levels and urinary cadmium levels
available.

2. 2  Questionnaire Survey and Sampling
Informed consent was obtained from each partici-

pant. A questionnaire was used to gather individual
information on socio-demographic factors, daily habits,
disease and drug history, residential environment, out-
door environment, etc. The questionnaire was sent to
subjects beforehand so they could fill it out and bring
it with them when they came for a physical examina-
tion, or for those who could not get the questionnaire
in advance they received and answered it at the time of
the exam. Following the physical examination, blood
(20 mL) and urine (50-100 mL) samples were collected.

2. 3  Laboratory Methods
Lead and cadmium concentrations were analyzed at

the Seoul Clinical Laboratory using Atomic Absorp-
tion Spectrometry (AAS). Internal quality controls
were assessed in every series of samples to check the
reproducibility and accuracy of the measurements. In
addition, the laboratory took part in external quality
assessments organized by the National Institute of
Environmental Research in Korea. The main parame-
ters used for lead and cadmium determination were
wavelengths of 238.3 nm and 228.8 nm, respectively.
The limits of detection were 0.02 μg/dL for lead in
blood and 0.01μg/L for cadmium in urine.

2. 4  Statistical Analyses
Independent sample t-tests or analysis of variance

(ANOVA) were used to determine the differences bet-
ween the groups classified by gender, area, age, income,
passive smoking and the length of residence. Simple
and multiple regression analyses were carried out in-
cluding gender, age, income, passive smoking and the
length of residence. The models took the form:

Yi==β0++β1 (distance)++β2 (gender)++β3 (age)
++β4 (income)++β5 (passive smoking)
++β6 (the length of residence)
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where Yi is the level of blood lead or urinary cadmium.
Variables such as gender, income, passive smoking,
and the length of residence were included as dummy
variables. All analyses were conducted with SAS soft-
ware version 9.2.

2. 5  Calculation of Distance between
Residence and Industrial Complex

We used address information that were collected by
the questionnaire and the location of SK industrial
complex (600, Hwangseong-dong, Nam-gu, Ulsan,
Korea) that is one of representative industrial complex
in Ulsan. We calculated distance by using a Geogra-
phic Information System (ArcGIS version 10.0). 

3. RESULTS

Table 1 summarizes the descriptive statistics of blood
lead and urinary cadmium levels by gender, age, in-
come, passive smoking, and the length of residence.
The geometric mean lead level value was 1.55μg/dL,
and the geometric mean cadmium level was 0.51μg/g
creatinine. Lead levels in boys were higher than in
girls, while cadmium levels in boys were lower than in
girls. In the case of cadmium, the difference between
boys and girls was significant. When lead and cadmi-
um levels were evaluated by age, both differed signi-

ficantly, but they did not show definite trends. Income
and passive smoking were not related to lead and cad-
mium levels. Cadmium levels showed a decreasing
trend with increasing the length of residence but not
significant.

In simple regression analyses of lead levels, distance
and age were identified as significantly related to lead
levels. Lead levels were higher as distance and age
increased. Distance was significantly related to lead
levels after adjusting for gender, age, income, passive
smoking, and the length of residence (see Table 2).

In case of cadmium levels, distance, gender, and age
were related significantly. Contrary to the results of
lead levels, cadmium levels were lower as distance and
age increased. Cadmium levels in girls were signifi-
cantly higher than those in boys. In the multiple logis-
tic regression models, after controlling for gender, age,
income, passive smoking, and the length of residence,
distance was significantly associated with cadmium
levels (see Table 3).

4. DISCUSSION

In this study, we investigated 434 subjects (boys: 206,
girls: 228) 7-13 years-of-age, living in Ulsan. We con-
ducted questionnaire surveys and analyzed blood lead
levels and urinary cadmium levels. Statistical analyses
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Table 1. Summary statistics of the study population and associations with lead (Pb) and cadmium (Cd) levels.

N
Pb (μg/dL) Cd (μg/g creatinine)

GM±GSD p-value GM±GSD p-value

Total 434 1.55±0.15 0.51±0.05

Gender
Girls 228 1.51±0.14 0.58±0.07
Boys 206 1.59±0.16 0.45 0.45±0.04 0.00

Age (years)
7-10 31 1.63±0.12 0.59±0.04
11 149 1.14±0.23 0.66±0.05
12 254 1.84±0.09 ⁄0.00 0.43±0.04 ⁄0.00

Income (won/month)
Less than 3 million 98 1.47±0.19 0.54±0.05
3 million or more 300 1.55±0.15 0.38 0.51±0.05 0.38
Missing 36 1.74±0.09 0.53±0.06

Passive smoking
No 286 1.53±0.16 0.53±0.06
Yes 137 1.60±0.16 0.48 0.47±0.05 0.31
Missing 11 1.51±0.10 0.55±0.05

The length of residence (years)
1 or less 46 1.50±0.14 0.54±0.05
2-3 257 1.48±0.17 0.52±0.05
4 or more 120 1.70±0.14 0.06 0.48±0.05 0.88
Missing 11 1.81±0.01 0.53±0.06

GM, geometric mean
GSD, geometric standard deviation



were performed to assess the relationship between bio-
markers collected from the children and distance bet-
ween residence and industrial complex. The geometric
mean lead level value was 1.55μg/dL (boys: 1.59, girls:
1.51), and the geometric mean cadmium level was 0.51
μg/g creatinine (boys: 0.58, girls: 0.45). According to
multiple regression analysis, both lead and cadmium
levels were significantly associated with distance. But
lead levels increased and cadmium levels decreased
as distance increased.

The mean lead level values from this study were
lower than the results of most other studies, but cad-
mium levels were higher than those of other studies
(see Table 4). Compared to the major cities of Korea,

the mean values of lead in the air in Ulsan were low.
The cadmium levels in the air decreased recently but
were the highest in the major cities in 1993-2001
(National Istitute of Environmental Research, 2010).

Children are more sensitive to heavy metal exposure
than adults for several reasons. Their exposure is in-
creased by universal hand-to-mouth activity, their gut
absorbs lead more readily than an adult’s, and the de-
veloping central nervous system (CNS) is more vulner-
able to toxicants than the mature CNS (Needleman,
2004). Cadmium is excreted very slowly and accumu-
lates in the body, mainly in the kidneys. This process
begins at a young age so current exposure will be a
burden in coming years (Schoeters et al., 2006).
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Table 2. Association of blood lead levels with variables based on regression analyses.

Variables
Unadjusted Adjusted

N
β SE p-value β SE p-value

Distance 434 0.03 0.01 ⁄0.00 0.02 0.01 0.00
Gender

Boys 206 reference reference
Girls 228 -0.05 0.07 0.45 -0.07 0.07 0.40

Age 434 0.16 0.05 0.00 0.14 0.05 0.01
Income (won/month)

Less than 3 million 98 reference reference
3 million or more 300 0.08 0.09 0.38 0.11 0.09 0.20

Passive smoking
No 286 reference reference
Yes 137 0.05 0.08 0.50 -0.02 0.08 0.77

The length of residence (years)
1 or less 46 reference reference
2-3 257 0.04 0.12 0.77 0.03 0.12 0.79
4 or more 120 0.22 0.13 0.09 0.30 0.13 0.02

SE, standard error

Table 3. Association of urinary cadmium levels with variables based on regression analyses.

Variables
Unadjusted Adjusted

N
β SE p-value β SE p-value

Distance 434 -0.05 0.00 ⁄0.00 -0.05 0.01 ⁄0.00
Gender

Boys 206 reference reference
Girls 228 0.20 0.05 0.00 0.16 0.05 0.00

Age 434 -0.09 0.02 0.01 0.05 0.03 0.17
Income (won/month)

Less than 3 million 98 reference reference
3 million or more 300 -0.06 0.07 0.38 -0.04 0.06 0.51

Passive smoking
No 286 reference reference
Yes 137 -0.06 0.06 0.31 0.03 0.05 0.58

The length of residence (years)
1 or less 46 reference reference
2-3 257 -0.04 0.09 0.69 0.00 0.08 0.97
4 or more 120 -0.05 0.10 0.61 -0.03 0.09 0.71

SE, standard error



Many studies focusing on children and heavy metals
have been conducted. Lead was mainly investigated
in regards to behavior (Mendelsohn et al., 1998) and
intellectual impairment (Jusko et al., 2008; Lanphear
et al., 2005; Canfield et al., 2003). Compared to studies
of lead, research on cadmium in children is lacking
(Schoeters et al., 2006).

In our results, lead levels in girls were lower than
those in boys and cadmium levels in girls were higher
than those in boys. In humans, the absorption of cad-
mium in low body iron stores was higher than that in
bodies with normal stores. Because of low iron stores
in women, absorption of cadmium and urinary cadmi-
um levels in women were higher than those in men
(Nordberg, 2007; Marie et al., 2006). This result is in
agreement with other studies (Kolossa-Gehring et al.,
2007; Moralez et al., 2005; Demoliou et al., 2004;
Hoffmann et al., 2000; Paschal et al., 2000; Cambra
et al., 1995).

Socioeconomic status is reportedly an important pre-
dictor related to lead and cadmium levels. People of
high socioeconomic status reportedly had lower levels
compared to those of low socioeconomic status (Menke

et al., 2009; Richter et al., 2009; Kolossa-Gehring et
al., 2007; Moralez et al., 2005; Bernard et al., 2003).
In this study however, lead levels showed an increas-
ing trend with rising income in contrast to previous
studies, but it was not statistically significant. The rela-
tionship between cadmium levels and income was also
not significant, but showed a decreasing trend with
increasing income which is in agreement with previ-
ous studies.

Ulsan, where the participants lived, is a representa-
tive industrial city in Korea. There have been various
industrial complexes (automobile, vessel, and petro-
chemical) in the city since the 1960s when Korea ini-
tiated economic development. In the 1970s-1980s,
environmental problems occurred and health issues
emerged as well. Researchers still take interest in Ulsan
as a study area even though the quality of the environ-
ment has been better due to citizens and government
efforts to improve conditions since the 1990s (the Ulsan
History Compilation Committee, 2002).

There are various studies reporting differences in
lead and cadmium levels among areas, mainly near
particular points including industrial sites (Sanna, 2003;
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Table 4. Study results of blood lead levels and urinary cadmium levels in children.

Population group N Total Boys Girls

Children living in Ulsan in Korea age 7-13 yearsa 695 AM 1.66 1.71 1.61
GM 1.49 1.55 1.43

US children age 1-5 yearsb 2532 AM - - -
GM 1.9 1.9 1.9

Blood lead levels German children age 8-10 years living in an industrial areac 245 AM 2.68 - -
(μg/dL) GM 2.50 - -

Mexican-American children age 1-17 yearsd 3325 AM 3.47 3.78 3.15
GM - - -

German children age 3-14 yearse 1560 AM 1.82 1.94 1.69
GM 1.63 1.75 1.51

Children living in Ulsan in Korea age 7-13 yearsa 695 AM 0.72 0.63 0.81
GM 0.54 0.49 0.59

US children age 6-12 yearsf 776 AM - - -
GM 0.09 - -Urinary cadmium Thailand children age 9-15 yearsg 849 AM 0.127 0.125 0.129levels GM - - -(μg/g creatinine) US children age 6-11 yearsh 3053 AM - - -
GM 0.100 - -

German children age 6-14 yearsi 732 AM - - -
GM 0.087 0.078 0.098

AM, arithmetic mean
GM, geometric mean
athis study results
bJones et al., 2009.
cWilhelm et al., 2002. 
dMoralez et al., 2005.
eKolossa-Gehring et al., 2007.
fRichter et al., 2009.
gChaiwong et al., 2009.
hPaschal et al., 2000.
iHoffmann et al., 2000; Units are μg/L (Creatinine was unadjusted).



Alonso et al., 2001), abandoned metal recovery plants
(Kosatsky et al., 1994), lead-reclamation plants (Lev-
allois et al., 1991), or e-waste recycling towns (Zheng
et al., 2008). According to these studies, blood lead
and urinary cadmium levels in children who live near
industrial sites were higher than those who live in com-
parison area.

In this study, we found evidence in support of the
hypothesis that where one lives is related to exposure
to pollutants such as lead and cadmium. We found that
urinary cadmium levels were significantly decreased
as distance between residence and industrial complex
increased after adjusting for age, gender, income, pas-
sive smoking and the length of residence. This result
is opposite of that for lead levels. Sources of lead vary
so that people are exposed anywhere, regardless of
where they live, while exposure to cadmium is specific
so that urinary cadmium levels may differ according to
area of residence. Lee et al. (2001) showed the study
results that difference in blood lead levels between
children who had lived near industrial area in Ulsan
and children who had lived in suburban districts de-
creased over the years. It might be result from an in-
crease of exposure source for lead except industrial
sites.

There are several limitations of this study. First, we
selected some elementary schools and recruited stu-
dents to participate in the study. The schools were
chosen so that areas of residence did not spread evenly
but might be congregated in some spots in Ulsan.
Therefore, bio-marker levels of study subjects may
not be representative of their areas. 

Second, the location of industrial complex was con-
sidered as a dot although there are various industrial
complex like a petrochemical plant, shipbuilding yard,
etc. in Ulsan. The dot was located near seaside so that
it is possible that distance was overcalculated and the
relationship was underestimated. But the relative dis-
tance might not change because distance was calculat-
ed on same basis to all of participants. So that would
not affect its validity.

Third, since passive smoking is related to lead and
cadmium levels (Arora et al., 2008; Willers et al., 2005)
we researched the frequency of passive smoking but
there were many missing values (~24.7%). Parents’
occupations are also reportedly an important factor
associated with lead and cadmium levels (Zheng et al.,
2008; Bernard et al., 2003; Cambra et al., 1995; Will-
ers et al., 1988), but we did not include this variable
in our investigation; therefore, it is possible that our
results remain confounded by unmeasured covariates
despite the fact that we controlled for other important
factors.

Lastly, variables accounting for food ingestion were

not considered in this study though food ingestion is a
major source of lead and cadmium exposure to human.
Because food ingestion is not associated with the dis-
tances between residence and industrial complex, ex-
clusion of food ingestion might not undermine the
validity of this study.

5. CONCLUSIONS

We investigated the relationship between blood lead
and urinary cadmium levels and the proximity to indus-
trial complex for children aged 7-13. In this study
results, blood lead levels were increased while urinary
cadmium levels were decreased as distance from indus-
trial complex was increased. Our observations support
the hypothesis that urinary cadmium levels in children
are related to their proximity to an industrial complex.
There are lots of exposure source of lead and cadmi-
um besides industrial complex so further studies con-
sidering various exposure sources are required.
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