
ORIGINAL ARTICLE

National estimates of blood lead, cadmium, and mercury levels
in the Korean general adult population

Nam-Soo Kim • Byung-Kook Lee

Received: 24 November 2009 / Accepted: 11 February 2010 / Published online: 3 March 2010

� Springer-Verlag 2010

Abstract

Objectives To assess the extent of exposure to lead,

cadmium, and mercury in the Korean general adult popu-

lation using a representative sample.

Methods We studied blood concentrations of three heavy

metals in a representative sample of 1,997 Koreans as part

of the Third Korean National Health and Nutrition Exam-

ination Survey (KNHANES III) performed in 2005.

Results The geometric means of the blood lead, cad-

mium, and mercury concentrations were 2.61 lg/dL,

1.53 lg/L, and 4.15 lg/L, respectively [95% confidence

intervals (CIs), 2.50–2.71, 1.48–1.58, and 3.94–4.36,

respectively]. Women had significantly lower blood lead

and mercury concentrations in adjusted and unadjusted

analyses but no difference between genders was observed

in blood cadmium analysis. The geometric means of blood

lead and mercury levels were higher in subjects older than

40 years than in those younger than 40 years. Smoking

status only affected the blood lead concentration, with this

being higher in smokers than in nonsmokers. Blood cad-

mium levels did not differ with demographic and lifestyle

variables after covariate adjustment. Blood mercury con-

centrations were higher in those who consumed alcohol

and also increased with the frequency of fish consumption.

Conclusions This biomonitoring study of blood heavy

metals in the Korean general population as part of KNH-

ANES III provides important reference data stratified by

demographic and lifestyle factors that will be useful for the

ongoing surveillance of environmental exposure of the

Korean general population to heavy metals.
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Introduction

Rapid industrialization and urbanization during the last 3–4

decades has resulted in a considerable amount of chemicals

(including heavy metals) accumulating in the environment

(Jeong et al. 1991; Lee 1999). In recent years, there have

been several nationwide episodes of imported toys con-

taminated with lead paint and endocrine disrupting chem-

icals (Korea Consumer Agency 2002), and also cadmium

intoxication has occurred due to soil contamination with

cadmium from abandoned metal mines in the Kosung area

(Korean Ministry of Environment 2004).

Increased awareness of environmental pollution world-

wide has led to the establishment of environmental health

survey systems in many countries (Batariova et al. 2006;

Link et al. 2006; Schulz et al. 2007; Mahaffey et al. 2009).

The growing concern about exposure to environmental

pollutants in Korea provided the impetus for including

human biomonitoring of lead, cadmium, and mercury in

the Third Korean Health and Nutrition Examination Survey

(KNHANES III). The purpose of the biomonitoring com-

ponent of the survey was to establish reference values for

specific heavy metals across different demographic and

lifestyle characteristics (Korean Ministry of Health and

Welfare 2005). The implementation of chemical biomoni-

toring in KNHANES III in 2005 ushered in a new era of

ongoing assessment of the exposure of the Korean general
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population to specific environmental chemicals (Korean

Ministry of Health and Welfare 2005).

National surveillance of the exposure to toxic substances

is essential for identifying and targeting high-risk groups,

evaluating interventions, tracking exposure over time, and

monitoring exposure during emergency situations (Guallar

et al. 2006; Iqbal et al. 2008; McKelvey et al. 2007).

Furthermore, it is necessary to make international com-

parisons of environmental exposure levels, since they can

vary significantly between countries.

Korea is the first country in Asia to incorporate biomon-

itoring in national health and nutrition surveys. We present

data on blood lead, cadmium, and mercury concentrations in

a representative national sample of Korean adults, stratified

by demographic and lifestyle characteristics.

Methods

Study design and data collection

This study was based on data obtained in KNHANES III,

which became officially available in March 2009. KNH-

ANES III is a complex, stratified, multistage, probability-

cluster survey of a representative sample of the noninsti-

tutionalized civilian population in South Korea. The survey

was conducted by the Korean Ministry of Health and

Welfare during April and May in 2005 and consisted of

four components: the Health Interview Survey, the Health

Behavior Survey, the Health Examination Survey, and the

Nutrition Survey.

The survey population included all noninstitutionalized

civilian Korean individuals aged 1 year or over. The survey

employed stratified multistage probability sampling units

based on geographical area, gender, and age, which were

determined by household registries of the 2000 National

Census Registry (the most recent 5-year national census in

Korea at the time). A total of 246,097 primary sampling

units, each consisting of approximately 60 households,

ultimately constituted the survey sample pool.

In the present study, 600 sampling units were randomly

selected from the 246,097 primary sampling units so as to

represent the overall Korean population.

From 600 sampling units, 12,001 households were ran-

domly selected. Once selected as a participant of KNHANS

III, each subject was interviewed by a qualified interviewer at

his or her home. A total of 33,848 participants completed the

Health Interview Survey and the Health Behavior Survey,

which represents 99.1% of the total population of 34,154. For

the Health Examination Survey and the Nutrition Survey,

200 sampling units were randomly selected from the sam-

pling frame of the 600 previously selected sampling units. A

total of 7,597 participants (70.2% response rate) who visited

mobile health examination unit completed the Health

Examination Survey, and 9,047 participants (80.5%

response rate) completed the Nutrition Survey (Korean

Ministry of Health and Welfare 2005) via individual inter-

views performed at their homes. A total of 5,501 of the 7,597

participants who completed the Health Examination Survey

were 20 years old or older, which constituted another of the

inclusion criteria of the present study.

Out of 5,501 adults who received a health examination

in the 200 primary sampling units, 10–12 subjects from

each sampling unit were randomly selected while main-

taining a uniform distribution across gender and five age

groups (20–29, 30–39, 40–49, 50–59, and C60 years) to

yield a total of 2,000 subjects. The data for 3 participants

were excluded due to incomplete information, and so 1,997

subjects were included in the final KNHANES III data file

(Fig. 1).

Fig. 1 Flow chart of sample

design and participation rate of

KNHANES III
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Age was reported at the time of the interview for the

Health Interview Survey and categorized into the above-

mentioned five categories. Education level was catego-

rized into three groups: less than high school, high school,

and college or higher. The area of residence was divided

into urban areas (classified as administrative divisions of a

city) and rural areas (not classified as administrative

divisions of a city). Information about smoking and

alcohol consumption was collected during the Health

Interview Survey. Smoking status was divided into three

categories: current smoker, past smoker, and nonsmoker.

Alcohol consumption (henceforth referred to as ‘‘drink-

ing’’) was assessed by questioning the subjects about their

drinking behavior during the month immediately prior to

the interview. The subjects were asked about their aver-

age frequency of drinking (in days per month) and the

average amount consumed on a single occasion (in mil-

liliters). Data on the average amount and number of

drinks consumed were converted into the amount of pure

alcohol (in grams) consumed per day. The drinking status

was categorized into four groups according to the mean

daily alcohol consumption: nondrinker, light drinkers (1–

15 g), moderate drinkers (15–30 g), and heavy drinkers

([30 g).

To evaluate the association between blood mercury and

fish consumption, information about the frequency of fish

and shellfish consumption was obtained from the Nutrition

Survey of KHNANE III. The Nutrition Survey component

of KHNANE III listed the following nine fish- and shell-

fish-related foods: mackerel, tuna, yellow croaker, pollack,

anchovy, seafood paste, squid, clam, and pickled seafood;

these are the seafood consumed most frequently in Korea.

The consumption frequency was categorized into three

groups based on the consumption of at least one type of fish

or shellfish on the Nutrition Survey checklist: (1) less than

once per week, (2) once per week, and (3) more than once

per week during past year.

All participants provided written, informed consent to

participate in the study and were reimbursed 10,000 won

(approximately US$ 10) for their time and travel expenses

incurred visiting a mobile health examination unit.

Determination of heavy metals in whole blood

To assess the levels of heavy metals in whole blood, 3-ml

blood samples were drawn into standard commercial

evacuated tubes containing sodium heparin (Vacutainer�)

during the health examinations. Blood lead and cadmium

were measured by graphite furnace atomic absorption

spectrometry with Zeeman background correction (SPec-

trAA-800, Varian Instruments, Australia).

Blood samples were diluted 1:15 and 1:10 for blood lead

and cadmium analyses, respectively, with 1% Triton X-100

in 1% nitric acid using ammonium dihydrogen phosphate

as a modifier, and 15-ll aliquots of the samples were

injected onto the platform of the furnace.

Blood mercury was measured by a cold vapor atomic

absorption spectrometric method using a dedicated

mercury analyzer (M-6000A, CETAC Technologies,

USA). The instrument was operated at a wavelength of

253.7 nm. Whole blood (0.5 mL) was placed in the

digestion vessel, and 5.0 mL of HNO3 was added to

assist in the dissolution of the sample. After microwave

digestion followed by 1 h of cooling in a freezer, the

samples were diluted to 50 mL with distilled water for

analysis.

Quality assurance and control

All blood heavy-metal analyses were carried out by Seoul

Medical Science Institute (SMSI), a laboratory certified by

the Korean Ministry of Health and Welfare. For the

internal quality assurance and control program, commercial

reference materials were obtained from Bio-RAD (Lyph-

ochek� Whole Blood Metals Control), which showed that

the coefficients of variation were 8.5% for three blood lead

samples (reference values: 4.7, 36.8, and 68.7 lg/dL),

14.5% for three blood cadmium samples (reference values:

0.37, 1.11, and 4.30 lg/L), and 8.3% for three blood

mercury samples (reference values: 4.7, 36.8, and 68.7 lg/L).

In terms of external quality assurance and control, the

SMSI has passed the German External Quality Assessment

Scheme operated by Friedrick Alexander University, which

is a standard protocol for measuring chemicals at low

concentrations. The SMSI also held a certified license from

the Ministry of Labor as one of the designated laboratories

for special chemicals including heavy metals and certain

organic chemicals. Additionally, 30 subsamples were ran-

domly selected and reanalyzed by the Korean Institute of

Science and Technology. There were no significant dif-

ferences in the blood heavy-metal levels measured by the

two laboratories.

For the determination of detection limit, a blood

sample was obtained from nonexposed person, 3 heavy

metal’s concentration were determined in 5 preparations

across the 5 different days, and calculation of limit of

detection was made according to IUPAC guideline using

39 SD.

The detection limits for blood lead, cadmium, and

mercury in the present study were 0.23 lg/dL, 0.30 lg/L,

and 0.36 lg/L, respectively. There were 6, 8, and 13 par-

ticipants with levels below the detection limit for lead,

cadmium, and mercury, respectively.

For these participants, we imputed a level equal to the

detection limit divided by the square root of 2 (Glass and

Gray 2001).

Int Arch Occup Environ Health (2011) 84:53–63 55

123



Statistical analysis

Statistical analyses were performed using SAS (Version

9.2, SAS Institute, Cary, NC) and SUDAAN (Release 10.0,

Research Triangle Institute, Research Triangle Park, NC),

which is a software package that incorporates the sample

weights and adjusts the analyses for the complex sample

design of the survey. Survey sample weights were used in

all analyses to produce estimates that were representative

of the noninstitutionalized civilian Korean population.

The levels of all three blood heavy metals were log-

transformed since their distributions were skewed, and the

unadjusted geometric mean [95% confidence interval (CI)]

and selected percentiles were calculated by gender, age

group, smoking status, drinking status, area of residence,

and educational level using the Proc Descript function in

SUDAAN. The blood mercury level was analyzed by

adding the frequency of fish consumption as a classification

variable.

To compare the geometric means of the levels of the

three heavy metals in different demographic and lifestyle

groups while controlling the covariates [age, gender,

smoking status, drinking status, area of residence, and

frequency of fish and shellfish consumption (for the anal-

ysis of blood mercury)], adjusted geometric means and

95% CIs were calculated using analysis of covariance

(ANCOVA) calculated by Proc Regress function.

The Nutrition Survey was carried out separately from

the Health Examination Survey, and only 1,749 individuals

completed both surveys. Therefore, only 1,749 subjects

were included in the analysis of blood mercury with the

frequency of fish consumption.

Results

The blood concentrations of lead, cadmium, and mercury in

the study participants by general demographic and lifestyle

characteristics are listed in Tables 1, 2, and 3, respectively.

Unadjusted geometric means of blood heavy metals and

adjusted geometric means calculated by ANCOVA are

presented with their 95% CI values and selected percentile

values. Overall, the geometric means of the blood lead,

cadmium, and mercury levels of all participants

(n = 1,997), representing Koreans adults aged C20 years,

were 2.61 lg/dL, 1.53 lg/L, and 4.46 lg/L, respectively

(95% CIs, 2.50–2.71, 1.48–1.58, and 3.94–4.36).

The geometric mean of the blood lead level was lower in

women (2.29 and 2.35 lg/dL in unadjusted and covariate-

adjusted analyses, respectively) than in men (2.98 and

2.90 lg/dL in unadjusted and adjusted analyses, respec-

tively) and was higher in older groups than in younger

groups. The geometric mean of the blood lead level was

higher in current and past smokers than in nonsmokers

(p \ 0.05) in adjusted and unadjusted analyses and higher

in drinkers than in nondrinkers in the unadjusted analysis

but not in the comparison using ANCOVA. The blood lead

level was lower in subjects educated to at least college

level than in subjects with less than high school education

in an unadjusted analysis (p \ 0.01) but not in an adjusted

analysis.

The geometric mean of the blood cadmium level was

lower in women (1.49 lg/L in unadjusted and adjusted

analyses) than in men (1.57 and 1.56 lg/L in unadjusted

and adjusted analyses, respectively), but the difference was

only statistically significant for the unadjusted comparison.

The blood cadmium level was significantly lower in

women than in men in an adjusted analysis excluding the

smoking status and significantly lower in more-educated

subjects than in less-educated subjects in an unadjusted

analysis (p \ 0.05) but not in an adjusted analysis. The

blood cadmium level was significantly higher in past and

current smokers than in nonsmokers in an unadjusted

analysis (p \ 0.05), but the difference disappeared in an

adjusted analysis.

The geometric mean of the blood mercury level was

lower in women (3.67 and 3.81 lg/L in unadjusted and

adjusted analyses, respectively) than in men (4.71 and

4.53 lg/L in unadjusted and adjusted analyses, respec-

tively). The blood mercury level differed significantly with

drinking status in both adjusted and unadjusted analyses,

but it did not differ between smokers and nonsmokers or

with the area of residence in adjusted analyses.

The geometric mean of the blood mercury level was

significantly higher in subjects who consumed fish and

shellfish once per week or more than once per week than in

those who consumed fish and shellfish less than once per

week (p \ 0.05 or p \ 0.01, respectively) in unadjusted

and adjusted analyses. But the absolute difference between

low- and high-consumption groups was only 0.67 and

0.64 lg/L in unadjusted and adjusted analyses, respec-

tively, corresponding to a variation of only 18% with fish

consumption (3.71 and 4.38 mg/L in the low- and high-

consumption groups, respectively).

Discussion

We used KNHANES III biomonitoring data to establish

reference values for the levels of lead, cadmium, and

mercury in the Korean general adult population. The

overall geometric mean of the blood lead level from

KNHANES III was 2.61 lg/dL in all of our 1,997 subjects

and was higher in men (2.98 lg/dL) than in women

(2.29 lg/dL) in an unadjusted analysis, with similar values

being obtained in a covariate-adjusted analysis.
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Several previous surveys (Berode et al. 1991; Pirkle et al.

1994; Batariova et al. 2006; Menke et al. 2006; McKelvey

et al. 2007; Saraiva et al. 2007) found that the blood lead

levels were higher in men than in women due to higher lead

exposure and higher blood hematocrit levels, which is due

to lead in blood being bound to erythrocytes (WHO 1995;

Vahter et al. 2002). We also found that the blood lead level

differed significantly with gender, being 30% higher in men

than in women. Interestingly, this gender-related difference

in blood lead levels in the Korean population is less than

that in the United States National Health and Nutrition

Examination Survey (US NHANES) survey data, where the

blood-lead-level ratio of women to men was 1:1.60–1.83

(Yassin et al. 2004; Muntner et al. 2005). Korean women

are less likely than men to have an outdoor job and so would

be expected to have much lower blood lead levels. In

addition, smoking is known to increase blood lead levels

(Berode et al. 1991; Navas-Acien et al. 2004), and our

survey also found that the geometric mean of the blood lead

level was significantly higher in smokers than in non-

smokers and past smokers. Taking the smoking variable

into account when evaluating possible differences in blood

lead by gender should result in the blood lead level being

lower in Korean women than in women from Western

countries, where the prevalence of smoking among women

is higher than in Korea (Kim et al. 2006).

Table 1 Geometric mean and selected percentile of the blood lead concentration (in lg/dL) in the Korean population aged C 20 years from the

third Korean National Health and Nutrition Examination Survey (KNHANES III) performed in 2005

Sample

size

Geometric mean (95% CI) Selected percentiles (95% CI)

Crude Adjustedb 50th 75th 90th 95th

Total, age C 20

years

1,997 2.61 (2.50–2.71) – 2.74 (2.63–2.81) 3.72 (3.61–3.82) 4.81 (4.65–4.96) 5.61 (5.37–5.94)

Gender

Femalea 997 2.29 (2.18–2.41) 2.35 (2.21–2.49) 2.39 (2.31–2.50) 3.21 (3.09–3.34) 4.19 (3.91–4.41) 5.05 (4.68–5.46)

Male 1,000 2.98 (2.84–3.11)** 2.90 (2.75–3.07)** 3.11 (3.01–3.29) 4.12 (4.00–4.30) 5.18 (4.96–5.43) 6.23 (5.62–6.46)

Age group

20–29 yearsa 268 2.30 (2.12–2.48) 2.29 (2.11–2.49) 2.40 (2.27–2.56) 3.12 (3.00–3.50) 4.00 (3.69–4.52) 4.93 (4.20–6.45)

30–39 years 482 2.49 (2.32–2.66)* 2.49 (2.32–2.67) 2.62 (2.55–2.76) 3.72 (3.49–3.87) 4.65 (4.34–4.94) 5.18 (4.94–5.60)

40–49 years 496 2.77 (2.58–2.95)** 2.76 (2.58–2.94)** 2.85 (2.72–3.06) 3.88 (3.67–4.10) 5.03 (4.66–5.27) 5.79 (5.31–6.70)

50–59 years 400 2.90 (2.72–3.09)** 2.87 (2.70–3.06)** 3.01 (2.82–3.29) 4.22 (3.96–4.40) 5.24 (4.83–5.60) 6.10 (5.52–6.80)

C60 years 351 2.75 (2.56–2.94)** 2.80 (2.60–3.02)** 2.81 (2.66–2.96) 3.76 (3.53–3.99) 5.00 (4.64–5.43) 5.91 (5.35–6.53)

Smoking status

Nonsmokera 1,025 2.34 (2.23–2.46) 2.54 (2.40–2.69) 2.44 (2.37–2.59) 3.31 (3.19–3.40) 4.27 (4.03–4.57) 5.11 (4.80–5.43)

Past smoker 386 2.75 (2.55–2.95)* 2.49 (2.28–2.71) 2.90 (2.61–3.07) 4.05 (3.85–4.24) 5.14 (4.71–5.54) 5.72 (5.46–6.55)

Current smoker 586 3.05 (2.89–3.21)** 2.82 (2.66–3.00)* 3.16 (3.01–3.39) 4.15 (3.98–4.37) 5.12 (4.95–5.53) 6.32 (5.57–6.72)

Drinking status

Nondrinkera 488 2.53 (2.33–2.52) 2.52 (2.34–2.71) 2.59 (2.48–2.78) 3.48 (3.24–3.77) 4.68 (4.33–5.10) 5.45 (5.08–6.51)

Light drinker 543 2.43 (2.30–2.56) 2.56 (2.43–2.69) 2.44 (2.36–2.62) 3.41 (3.23–3.59) 4.45 (4.13–4.80) 5.25 (4.90–5.70)

Moderate

drinker

318 2.49 (2.26–2.54) 2.54 (2.32–2.78) 2.72 (2.59–2.88) 3.63 (3.37–3.97) 4.65 (4.25–4.97) 5.59 (4.77–6.58)

Heavy drinker 648 2.90 (2.72–2.75)* 2.75 (2.59–2.92)* 3.04 (2.92–3.25) 4.04 (3.89–4.26) 5.07 (4.90–5.46) 6.19 (5.57–6.49)

Residence area

Rurala 426 2.83 (2.51–3.15) 2.67 (2.51–2.85) 2.96 (2.75–3.15) 4.02 (3.83–4.34) 5.27 (5.04–6.02) 6.76 (5.71–7.97)

Urban 1,571 2.56 (2.45–2.67) 2.59 (2.48–2.70) 2.68 (2.60–2.78) 3.62 (3.52–3.76) 4.66 (4.49–4.83) 5.47 (5.18–5.75)

Education

Less than high

schoola
625 2.75 (2.59–2.91) 2.67 (2.51–2.85) 2.80 (2.68–2.94) 3.91 (3.75–4.17) 5.11 (4.81–5.42) 5.94 (5.48–6.67)

High school 737 2.63 (2.47–2.78) 2.62 (2.47–2.78) 2.75 (2.62–2.88) 3.83 (3.67–4.02) 4.91 (4.68–5.16) 5.65 (5.31–6.29)

College or

higher

635 2.48 (2.36–2.61)** 2.55 (2.43–2.68) 2.60 (2.52–2.82) 3.51 (3.34–3.60) 4.29 (4.07–4.54) 5.05 (4.71–5.69)

a Reference for comparison of geometric mean in each classification variables
b Adjusted for all demographic and lifestyle variables in the table

** p \ 0.01; * p \ 0.05; CI confidence interval
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The overall geometric mean of the blood lead level of

KNHANES III is 2.61 lg/dL, which is less than one-fifth

of the blood lead levels in the 1980s of the Korean popu-

lation exposed to environmental lead (Kim et al. 1992; Kim

and Cho 1994). Korea began phasing out leaded gasoline in

1986, since when blood lead levels have steadily declined

(Park et al. 2008), with the decline becoming more rapid in

the early 2000s (Korean Ministry of Environment 2005).

Recent data indicate that the mean blood lead levels in the

Korean general population range from 2.0 to 4.0 lg/dL

(Park et al. 2006; Kim et al. 2007; Park et al. 2008).

The blood lead levels in Koreans are still twice as high

as those in the recent US NHANES data (Muntner et al.

2005) but are similar to those in the Japanese general

population (Zhang et al. 1999, 2000; Ikeda et al. 2000a, b)

and a little lower than those in some European populations

(Becker et al. 2002; Batariova et al. 2006). No convincing

explanation is available for the persistent international

differences in blood lead levels between the United States

and other countries (including some European countries

and Korea), where levels remain higher even after the long-

standing complete ban on leaded gasoline. Food and other

environmental conditions could explain the differences, but

this will require further studies that involve ongoing bio-

monitoring of the general populations.

In the 1999–2002 US NHANES, the geometric mean of

the blood lead level was 1.7-fold higher in the oldest group

(C60 years) than in the youngest group (18–39 years)

(Muntner et al. 2005). In KNHANES III, we found that the

geometric means of the blood lead levels were 1.26- and

Table 2 Geometric mean and selected percentile of the blood cadmium concentration (in lg/L) in the Korean population aged C 20 years from

KNHANES III

Sample

size

Geometric mean (95% CI) Selected percentiles (95% CI)

Crude Adjustedb 50th 75th 90th 95th

Total, age C 20

years

1,997 1.53 (1.48–1.58) – 1.55 (1.51–1.60) 2.06 (2.01–2.15) 2.59 (2.52–2.69) 2.98 (2.88–3.15)

Gender

Femalea 997 1.49 (1.44–1.54) 1.49 (1.43–1.56) 1.50 (1.44–1.58) 2.02 (1.97–2.10) 2.53 (2.43–2.71) 3.01 (2.86–3.23)

Male 1,000 1.57 (1.51–1.64)* 1.56 (1.49–1.64) 1.60 (1.53–1.68) 2.13 (2.04–2.24) 2.63 (2.54–2.77) 2.97 (2.82–3.16)

Age group

20–29 yearsa 268 1.52 (1.41–1.62) 1.52 (1.42–1.63) 1.52 (1.44–1.64) 2.01 (1.88–2.28) 2.59 (2.44–2.92) 3.13 (2.82–3.38)

30–39 years 482 1.41 (1.34–1.49) 1.42 (1.35–1.50) 1.43 (1.35–1.53) 1.92 (1.79–2.06) 2.48 (2.35–2.63) 2.78 (2.65–3.05)

40–49 years 496 1.54 (1.46–1.61) 1.54 (1.47–1.61) 1.55 (1.49–1.68) 2.12 (2.01–2.24) 2.57 (2.43–2.69) 2.91 (2.69–3.10)

50–59 years 400 1.60 (1.51–1.69) 1.59 (1.50–1.68) 1.63 (1.53–1.74) 2.17 (2.02–2.37) 2.74 (2.56–3.04) 3.24 (2.96–3.53)

C60 years 351 1.64 (1.55–1.73)** 1.63 (1.54–1.72) 1.66 (1.57–1.75) 2.17 (2.02–2.26) 2.62 (2.47–2.79) 3.02 (2.72–3.50)

Smoking status

Nonsmokera 1,025 1.49 (1.43–1.55) 1.51 (1.44–1.58) 1.52 (1.46–1.59) 2.02 (1.97–2.12) 2.54 (2.46–2.67) 2.94 (2.81–3.22)

Past smoker 386 1.51 (1.43–1.59)* 1.47 (1.39–1.57) 1.52 (1.42–1.64) 2.03 (1.90–2.18) 2.54 (2.42–2.66) 2.77 (2.62–3.08)

Current smoker 586 1.61 (1.54–1.69)** 1.59 (1.52–1.68) 1.62 (1.53–1.71) 2.19 (2.06–2.33) 2.76 (2.55–2.93) 3.12 (2.91–3.28)

Drinking status

Nondrinkera 488 1.55 (1.47–1.52) 1.52 (1.45–1.60) 1.62 (1.54–1.70) 2.10 (2.00–2.20) 2.61 (2.45–2.76) 2.93 (2.73–3.14)

Light drinker 543 1.51 (1.43–1.53) 1.53 (1.45–1.61) 1.50 (1.41–1.58) 2.03 (1.95–2.19) 2.57 (2.42–2.86) 3.06 (2.80–3.39)

Moderate drinker 318 1.46 (1.37–1.47)* 1.47 (1.39–1.57) 1.49 (1.43–1.58) 2.03 (1.89–2.20) 2.61 (2.46–2.81) 2.95 (2.75–3.40)

Heavy drinker 648 1.57 (1.50–1.56) 1.56 (1.50–1.63) 1.58 (1.49–1.68) 2.09 (1.97–2.25) 2.59 (2.48–2.77) 3.04 (2.77–3.19)

Residence area

Rurala 426 1.60 (1.48–1.73) 1.58 (1.46–1.70) 1.63 (1.53–1.72) 2.19 (2.03–2.30) 2.73 (2.53–2.92) 3.11 (2.90–3.29)

Urban 1,571 1.51 (1.46–1.56) 1.52 (1.47–1.57) 1.53 (1.49–1.59) 2.04 (1.99–2.13) 2.57 (2.48–2.67) 2.95 (2.83–3.14)

Education

Less than high

schoola
625 1.62 (1.55–1.69) 1.58 (1.50–1.66) 1.68 (1.60–1.78) 2.18 (2.11–2.28) 2.69 (2.53–2.85) 3.14 (2.90–3.47)

High school 737 1.52 (1.46–1.58)* 1.54 (1.48–1.60) 1.53 (1.47–1.62) 2.05 (1.97–2.20) 2.59 (2.47–2.77) 2.97 (2.79–3.18)

College or higher 635 1.46 (1.39–1.54)** 1.48 (1.40–1.56) 1.48 (1.42–1.56) 1.98 (1.88–2.07) 2.50 (2.42–2.69) 2.91 (2.71–3.21)

a Reference for comparison of geometric mean in each classification variables
b Adjusted for all demographic and lifestyle variables in the table

** p \ 0.01; * p \ 0.05
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1.20-fold higher in older groups (50–59 and C60 years,

respectively) than in the youngest group (20–29 years).

Subjects in the older group would have had a greater

exposure to environmental lead due to the presence of

leaded gasoline during their lifetime, with the resulting

accumulation of lead in bone possibly partially explaining

the difference with age. Lead is predominantly stored in the

human body in calcified tissues, with 90–95% of the total

lead burden contained within bone in nonoccupationally

exposed adults (Todd et al. 2001). The long half-life of

bone lead means that lead accumulated in bone during

childhood is retained throughout most of the adult life.

The other possible explanation for the age-related ratio

being smaller in the Korean population than in the US

population is that most Koreans would not have been

exposed to indoor paint containing lead because they

generally use paper decorative surfaces to finish indoor

walls. While the geometric mean of the blood lead level

was higher in the older groups than in the youngest group,

the level was lower in those aged C60 years than in those

Table 3 Geometric mean and selected percentile of the blood mercury concentration (in lg/L) in the Korea population aged C 20 years from

KNHANES III

Sample

size

Geometric mean (95% CI) Selected percentiles (95% CI)

Crude Adjustedb 50th 75th 90th 95th

Total,

age C 20 years

1,997 4.15 (3.94–4.36) – 4.46 (4.29–4.64) 6.54 (6.29–6.77) 8.95 (8.66–9.35) 10.83 (10.27–11.89)

Gender

Femalea 997 3.67 (3.45–3.89) 3.81 (3.57–4.06) 3.93 (3.76–4.11) 5.82 (5.54–6.14) 7.79 (7.36–8.26) 9.36 (8.77–10.31)

Male 1,000 4.71 (4.42–5.01)** 4.53 (4.16–4.94)** 5.03 (4.83–5.31) 7.61 (7.17–8.02) 9.64 (9.33–10.42) 12.23 (11.18–13.01)

Age group

20–29 yearsa 268 3.84 (3.35–4.32) 3.77 (3.32–4.29) 4.11 (3.68–4.47) 5.95 (5.45–6.46) 8.60 (7.44–9.03) 9.39 (8.67–11.67)

30–39 years 482 3.95 (3.63–4.27) 3.91 (3.60–4.24) 4.26 (4.06–4.65) 6.40 (5.91–6.79) 8.84 (8.27–9.46) 10.15 (9.49–11.50)

40–49 years 496 4.65 (4.34–4.96)** 4.63 (4.35–4.94)** 5.00 (4.69–5.43) 7.28 (6.68–7.91) 9.62 (9.03–10.53) 12.36 (10.54–14.02)

50–59 years 400 4.40 (4.02–4.77)** 4.41 (4.03–4.83)* 4.66 (4.37–5.14) 7.23 (6.42–7.69) 9.67 (8.57–11.21) 12.54 (10.60–14.70)

C60 years 351 4.01 (3.66–4.36) 4.17 (3.81–4.56) 4.28 (3.96–4.63) 6.17 (5.66–6.73) 8.46 (7.76–9.65) 10.76 (9.20–12.87)

Smoking status

Nonsmokera 1,025 3.74 (3.48–4.00) 4.06 (3.71–4.43) 4.03 (3.81–4.24) 6.06 (5.74–6.30) 8.13 (7.64–8.54) 9.76 (8.87–10.77)

Past smoker 386 4.52 (4.13–4.91) 4.13 (3.78–4.50) 4.77 (4.32–5.07) 7.56 (6.67–8.20) 9.71 (9.16–10.98) 12.16 (10.55–14.67)

Current smoker 586 4.74 (4.45–5.03)** 4.34 (4.03–4.68) 5.05 (4.81–5.33) 7.40 (6.69–7.88) 9.59 (9.08–10.28) 11.74 (10.64–13.13)

Drinking status

Nondrinkera 488 3.71 (3.40–3.72) 3.72 (3.45–4.01) 3.93 (3.70–4.13) 5.77 (5.41–6.24) 7.85 (7.40–8.58) 10.50 (8.74–12.87)

Light drinker 543 3.93 (3.64–4.11) 4.11 (3.81–4.43) 4.22 (3.97–4.54) 6.19 (5.81–6.46) 8.50 (7.86–9.50) 10.49 (9.26–12.53)

Moderate drinker 318 4.04 (3.71–4.13) 4.13 (3.82–4.47) 4.27 (3.94–4.71) 6.07 (5.53–6.47) 8.03 (7.28–8.47) 9.05 (8.23–9.70)

Heavy drinker 648 4.76 (4.37–4.52)** 4.52 (4.15–4.92)** 5.30 (4.91–5.58) 8.02 (7.44–8.41) 9.83 (9.43–10.88) 12.11 (11.41–13.47)

Residence area

Rurala 426 4.59 (4.07–5.12) 4.51 (4.07–4.99) 4.86 (4.43–5.18) 7.27 (6.55–7.97) 9.78 (9.07–11.11) 13.75 (10.98–15.61)

Urban 1,571 4.06 (3.83–4.28)* 4.07 (3.87–4.29) 4.39 (4.18–4.60) 6.38 (6.17–6.65) 8.74 (8.47–9.12) 10.53 (9.78–11.60)

Fish consumption (frequency)

Less than once per

weeka
465 3.71 (3.40–4.03) 3.73 (3.43–4.05) 3.90 (3.54–4.21) 5.85 (5.45–6.31) 8.66 (7.69–9.28) 10.48 (9.00–11.48)

Once a week 524 4.24 (3.83–4.65)* 4.22 (3.85–4.61)* 4.68 (4.41–4.98) 6.54 (6.19–7.11) 8.77 (8.15–9.32) 10.03 (9.38–10.93)

More than once per

week

760 4.38 (4.09–4.66)** 4.37 (4.11–4.66)** 4.61 (4.28–4.97) 6.94 (6.57–7.53) 9.35 (8.69–10.02) 12.25 (10.32–12.77)

Education

Less than high

schoola
625 4.16 (3.85–4.47) 4.16 (3.82–4.53) 4.42 (4.09–4.67) 6.59 (6.16–7.08) 9.03 (8.51–9.78) 11.74 (10.07–13.79)

High school 737 4.20 (3.94–4.46) 4.14 (3.89–4.41) 4.61 (4.35–4.83) 6.43 (6.17–7.02) 8.97 (8.43–9.51) 10.56 (9.81–12.16)

College or higher 635 4.09 (3.76–4.42) 4.16 (3.86–4.48) 4.27 (4.06–4.79) 6.54 (6.15–6.94) 8.84 (8.42–9.54) 10.50 (9.62–12.04)

a Reference for comparison of geometric mean in each classification variables
b Adjusted for all demographic and lifestyle variables in the table

** p \ 0.01; * p \ 0.05
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aged 50–59 years. Several recent studies of blood lead

levels in the Korean general population have also found

that the levels were lower in those aged C60 or C70 years

than in younger groups (Kim et al. 2007; Park et al. 2008,

2009). This could be partially explained by cohort effect of

very old age group who were exposed to environmental

lead less frequently than next younger age group in their

life period.

The geometric mean of the blood cadmium levels of

men (1.57 lg/L) and women (1.49 lg/L) in KNHANES III

is similar to that found in a 1992 field study of Korean

subjects (Yeon et al. 1992): 1.80 and 1.50 lg/L, respec-

tively. Our geometric mean cadmium levels in both gen-

ders were slightly lower than those in the Japanese general

population (Ikeda et al. 1994, 2000a, b, c; Kurihara et al.

2004) but were two- to fourfold higher than those in the US

population (McKelvey et al. 2007; Tellez-Plaza et al. 2008)

and other south Asian populations (Zhang et al. 1999).

Diet is the primary source of cadmium in areas that are

not contaminated with cadmium (Watanabe et al. 2000;

Shimbo et al. 2001). Moon et al. (1995) also found that

dietary intake was the main source of cadmium exposure in

the Korean general population. Tsukahara et al. (2003a)

reported that rice is the main source of cadmium intake

among the Japanese general population and explained that

59–69% of the total variation in urine, cadmium was

attributable to rice consumption. Ikeda et al. (2004) found

that dietary cadmium intakes in both polluted and unpol-

luted areas in Japan were gradually decreasing but that the

current intake level (25–30 lg/day) in unpolluted areas

was still higher than the levels in other rice-dependent

areas in Asia. They also reported that 30–40% of the die-

tary cadmium intake in the Japanese population comes

from rice consumption. On the other hand, the dietary

cadmium intake among Korean women has been reported

to be 21.2 lg/day (Moon et al. 1995) and 18.4 lg/day

(Moon et al. 2003), values that are somewhat lower than

that for Japanese women. The differences in dietary cad-

mium intakes might explain the differences in blood cad-

mium levels between Korean and Japanese populations.

Several studies of Asian populations have also found

that blood cadmium levels are higher in northeast Asian

populations (Korean, Japanese, and Chinese) than in

Western countries, which are characterized by a lower rice

consumption (Soong et al. 1991; Berglund et al. 1994;

Zhang et al. 1997; Ikeda et al. 2000c; Watanabe et al. 2000;

Batariova et al. 2006). Reeves and Chaney (2008) sug-

gested that the poor nutritional quality of polished rice in

terms of zinc and iron contents is of worldwide concern

because marginal deficiencies in these heavy metals

enhance cadmium absorption from diets containing low

cadmium concentrations by up to tenfold. These results

indicate that rice consumption is a possible cause of higher

cadmium levels in populations consuming rice-based diets.

However, Tsukahara et al. (2003b) reported no significant

effect of iron deficiency on the cadmium body burden or

kidney dysfunction among the Japanese general female

population.

In addition to dietary sources of cadmium affecting the

general population, cigarette smoking is also known to be a

source of cadmium exposure. Biomonitoring of cadmium

in the general population has shown that cigarette smoking

can significantly increase blood cadmium levels, with

average concentrations being two- to fivefold higher in

smokers than in nonsmokers (Jarup et al. 1998; Batariova

et al. 2006). However, our analysis of KNHANES III data

showed that the blood cadmium level was statistically

affected by the smoking status only in an unadjusted

analysis and not in an adjusted analysis.

In contrast to the situation for blood lead levels, the

blood cadmium level did not differ with gender in KNH-

ANES III. From a study of nonsmoking men and women in

Sweden, Olsson et al. (2002) suggested that higher blood

cadmium level in women can be explained by higher

absorption due to a low iron status, whereas the blood

cadmium levels did not differ with gender in Japanese

subjects (Kurihara et al. 2004) and adult residents of New

York city (McKelvey et al. 2007).

Measurements of total mercury in whole blood include

both the inorganic and organic forms. In the general pop-

ulation, the total blood mercury concentration is due

mostly to the dietary intake of organic forms, particularly

of methylmercury (World Health Organisation 1995; Ma-

haffey et al. 2004). Total blood mercury levels are known

to increase with fish consumption (Jarup 2003; Mahaffey

et al. 2004; Mozaffarian and Rimm 2006). A health and

nutrition examination survey of residents of New York city

found that the crude weighted geometric mean level of

blood mercury was 2.73 lg/L, with the levels in men

(2.67 lg/L) and women (2.78 lg/L) being more than

threefold higher than those in the 2001–2002 US NHANES

(0.83 lg/L). However, Hightower et al. (2006) reported

that blood mercury levels are significantly higher in Asian,

Pacific Islander, Native American, and multiracial groups

than in the other groups included in the US NHANES. This

was also confirmed by a survey of New York city residents,

in which the blood mercury level was highest (at 4.11 lg/

L) in the Asian population, and very similar to the value in

the present study (4.15 lg/L).

Fish consumption is highly influenced by cultural and

socioeconomic factors (Sanzo et al. 2001; Bjornberg et al.

2005; Vahter et al. 2007; Karouna-Renier et al. 2008;

Mozaffarian and Rimm 2006). The geographical charac-

teristics of islands mean that the Japanese and Taiwanese

populations consume more fish than the populations of

inland countries. Blood mercury levels of women were
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recently found to be significantly higher in Japan and

Taiwan than in Korea (Hsu et al. 2007; Sakamoto et al.

2007), while geometric means of the blood mercury levels

in both genders were higher in our Korean population than

in the general populations of European countries (Seifert

et al. 2000; Vahter et al. 2000; Berglund et al. 1994; Ba-

tariova et al. 2006; Schulz et al. 2007). Moreover, the mean

blood mercury level was more than twofold higher in our

Korean population than in a Swedish population with a

higher consumption of fish (Ask et al. 2002; Bjornberg

et al. 2005).

Mahaffey et al. (2004) and Schrober et al. (2003) found

that the blood mercury level increases with the frequency

of fish and shellfish consumption in an analysis of 1999–

2000 US NHANES data. Similar findings were obtained for

residents of New York city (McKelvey et al. 2007) and in

an EPIC cohort study of the Spanish population (Sanzo

et al. 2001). All of the above-mentioned papers reported

that the blood mercury level varied by at least 100% with

the fish consumption. As expected, our analysis of KNH-

ANES III data revealed an association between the fre-

quency of fish consumption and blood mercury level, but

the difference between the low- and high-consumption

groups was not as great as that reported for Western

countries, being only 18%. Similar findings were reported

for pregnant women in Korea (Kim et al. 2005), Taiwan

(Hsu et al. 2007), and Japan (Yaginuma-Sakurai et al.

2009). The reason for these large differences between

different regions worldwide is unclear, but it is obvious that

Korean blood mercury concentrations are high irrespective

of the level of fish consumption.

The mercury levels in the most frequently consumed fish

are lower in Korea than in Japan and United States,

because Koreans generally do not consume high-mercury-

content fish and shellfish such as sharks, swordfish, wall-

eye, and lobster (Mahaffey et al. 2004). Therefore, the

reason for the blood mercury level being higher in Korea

than in the United States and European countries remains

to be determined but this might be due to other environ-

mental sources such as soil, water, and air. Further research

is needed into why the blood mercury concentration is high

in the Korean general population, with a particular focus on

Korean women of child-bearing age.

There are inconsistencies in the gender differences in

blood mercury levels. Although two general population

studies from the Czech Republic (Batariova et al. 2006)

and New York city (McKelvey et al. 2007) found that the

blood mercury concentrations were higher in women than

in men, the present study and a Quebec study (Mahaffey

and Mergler 1998) found the opposite result.

In our study, age, smoking, and area of residence

exerted no significant effects on the geometric mean of the

blood mercury level, but it was higher in heavy drinkers

than in nondrinkers.

Our finding of higher blood mercury levels in those aged

40–59 years is consistent with biomonitoring data from

New York city (McKelvey et al. 2007).

Our findings are subject to some limitations. We only

measured total blood mercury without measuring meth-

ylmercury and inorganic mercury concentrations in the

whole blood. Unlike the high correlation between total

blood mercury and frequency of fish consumption found

in Western countries, our data revealed that only a small

proportion of the blood mercury concentration was

attributable to a high frequency of fish consumption. A

future study should thus analyze the organic and inor-

ganic portions of total blood mercury to clarify the pro-

portion of methylmercury that comes mainly from fish.

Inorganic mercury has been found to represent a marginal

proportion of the total mercury concentration in many

Western studies (Sanzo et al. 2001; Mahaffey et al.

2004), but we did not consider the possible contribution

of inorganic mercury sources, such as tooth amalgam

treatments.

Only a few metals were included in the first set of

KNHANES data, and more chemicals are expected to be

included in future surveys. Also, the survey schedule of

KNHANES was changed from a time-framed design to an

ongoing annual survey program, which includes the bio-

monitoring of chemicals as an important part of the Health

Examination Survey.

Future KNHANESs should include not only the adult

population but also subjects younger than 18 years who are

eligible for health examination programs. This would make

it more consistent with the US NHANES, which covers all

members of the population aged from 1 year upwards in

order to monitor all groups who might be susceptible to

environmental chemicals.

The KNHANES is an important source of information

about the health of the Korean general population. Fur-

thermore, the inclusion of biomonitoring in the KNH-

ANES is a very encouraging and promising step toward

evaluating possible associations between the environment

and health.

Awareness of the importance of international coopera-

tion for environmental protection is growing. The analyses

of biomonitoring data from the Korean general population

reported here have provided new and useful information

about one Asian population for use in international com-

parisons in environmental health research and other related

scientific areas.
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