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Reference values of lead in blood and related 
factors among Korean adolescents: the Korean 
National Health and Nutrition Examination 
Survey 2010–2013
Min-Gyu Choi, MD, Mi-Jung Park, MD, PhD, Shin-Hye Kim, MD
Department of Pediatrics, Inje University Sanggye Paik Hospital, Inje University College of Medicine, Seoul, Korea

Purpose: This study aimed to assess the reference values and factors influencing blood lead levels 
among Korean adolescents. 
Methods: The study population consisted of 1,585 adolescents (801 males, 784 females; aged 
10–19 years) who participated in the Korea National Health and Nutrition Examination Survey 2010–
2013. We analyzed blood lead concentrations in relation to demographic/lifestyle characteristics for 
all participants. “Reference values” of blood lead levels were calculated as the upper limit of the 95% 
confidence interval of the 95th percentile.
Results: The average “reference value” for blood lead concentrations among Korean adolescents 
was 2.25 μg/dL (2.49 μg/dL for males, 2.07 μg/dL for females), and the geometric mean of the 
blood lead concentrations was 1.34 μg/dL. Males had higher blood lead concentrations than 
females (male, 1.48 μg/dL; female, 1.19 μg/dL; P<0.001). Elementary school students had higher 
blood lead concentrations than junior and senior high school students (1.44 μg/dL vs. 1.31 μg/dL, 
P<0.001). Participants living in detached houses had higher blood lead concentrations than those 
living in apartments (P<0.001) and current smokers had higher concentrations than nonsmokers or 
participants with secondhand smoke exposure (P<0.05). Additionally, participants with excessive 
alcohol consumption had higher levels than non-drinkers (P<0.001). 
Conclusion: This study provides national reference data on blood lead concentrations stratified by 
demographic and lifestyle factors among Korean adolescents. Further studies are needed to elucidate 
the relationship between increased lead exposure and demographic factors including type of housing.
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Introduction

Lead is a widespread, nondegradable pollutant, which is ubiquitous in the environment. 
Human beings are exposed to lead from food, water, dust soil, paints, and leaded gasoline1). 
Lead exposure has been shown to have a number of negative impacts on human health. 
Particularly, it has a number of negative impacts on children and adolescents, including 
cognitive and motor deficit, growth impairment, anemia, autism, and attention deficit 
hyperactivity disorder2).

There have been many studies on the national estimates and negative impacts of heavy 
metal exposure in Korean adults3,4). Due to the preventive policies including elimination of 
lead from gasoline and paint since 1990s, the mean blood lead levels (BLLs) of the Korean 
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adults decreased from 9.46 μg/dL in 1993 to 2.61 μg/dL in 2005 
3,5). However, there have been no nationally representative data 
on BLLs in Korean children and adolescents. Only a few studies, 
with small sample sizes, demonstrated negative associations 
between blood lead concentrations and body iron status, growth 
of height, or neurocognitive function in children and adoles
cents57). Largescale studies with recent data are scarce.

Children and adolescents are more vulnerable to the toxic 
effects of heavy metals compared to adults, because of their 
behavioral features, high absorption rate of lead from the gastro
intestinal tract and immature hepatic detoxification systems8). 
Since 1991, “level of concern” for children’s blood was over 10 
µg/dL2). However, a number of studies have demonstrated adverse 
health effects of lead exposure in children at lower BLLs below 
even 5 µg/dL, and virtually no safe BLL in children has been 
identified68). Therefore, national reference data is essential in the 
surveillance and diagnosis of environmental overexposure, 
identifying highrisk groups and setting strategies for reducing 
lead exposure, particularly in children and adolescents. Some 
countries including United States (US) and Germany have 
established reference values including geometric means and 
upper limit of lead exposure for this purpose. Recently, data on 
blood concentrations of heavy metals, including lead, among 
Korean adolescents (≥10 years old) have been included in the 
Korean National Health and Nutrition Examination Survey 
(KNHANES) from 2010 to 2013. In the present study, we inves
tigated the blood lead concentrations stratified by sociodemo
graphic and lifestyle factors in Korean adolescents using data 
from KNHANES. 

Materials and methods

1. Study participants
The data for the present study were obtained from the 

KNHANES, 2010–2013. A total of 4,167 individuals, aged less 
than 20 years, participated in the 2010–2013 survey. We excluded 
individuals who did not have adequate blood samples for mea
surement of lead level. After exclusions made, the sample for the 
crosssectional analysis comprised a total of 1,585 children and 
adolescents aged 10–19 years (801 males, 784 females). Written 
informed consent was obtained from all participants or from their 
parents. This study was exempt from institutional review board 
approval, as the study used publicly available deidentified da
tasets.

2. Data collection and study variables
Demographic variables include age, gender, and region. Age 

was categorized as elementary school (10–12 years), junior high 
school (13–15 years) and senior high school (16–19 years). Re

gions were grouped as rural (administrative divisions of counties 
or small cities of less than 500,000 population) and urban (admi
nistrative divisions of counties or cities of more than 500,000 
population) areas. Household income was calculated based on 
equivalized income (total household income divided by the 
square root of the numbers of household members), and grouped 
into 4 quartiles. Type of housing was categorized into 5 groups; 
apartment, detached house, row house, multifamily house, and 
commercial building.

Smoking status was grouped as nonsmoker (participants who 
never tried smoking in the previous 30 days), secondhand smoke 
exposure, and current smoker (participants who smoked cigarettes 
on at least 1 day in the previous 30 days). Alcohol consumption 
was indicated as ‘yes’ when the participant consumed at least one 
glass of alcohol every month over the previous year. Excessive 
alcohol consumption was defined as consuming 7 drinks or more 
(for males) or 5 drinks or more (for females) on a single occasion 
and consuming more than 2 times per week.

3. Determination of lead concentration in whole blood
BLLs were measured using overnight fasting blood samples by 

graphite furnace atomic absorption spectrometry (AAnalyst 600, 
PerkinElmer, Finland) with Zeeman background correction 
(SpectrAA800, Varian Instruments, Australia). The interassay 
coefficients of variation were 8.5% at 4.7, 36.8, and 68.7 μg/dL. 
The detection limits for blood lead were 0.23 μg/dL, and there 
were no participants whose blood levels were below the detection 
limit. The reference values of BLLs were calculated as the upper 
limit of the 95% confidence interval (CI) of the 95th percentile, 
according to the International Union of Pure and Applied Che
mistry guideline9).

4. Statistical analysis
Statistical analysis was performed using IBM SPSS ver. 18.0 

(IBM Co., Armonk, NY, USA). Sampling weights were used in all 
analysis to take the complex sampling into account. Demogra
phic and biochemical data are presented as either means± 
standard error or proportions, while heavy metal concentrations 
are presented as geometric means±95% CI. The distributions were 
skewed; therefore, the BLLs were logtransformed to calculate the 
geometric means. Selected percentiles were calculated by demo
graphic and lifestyle factors. Adjusted geometric means and 95% 
CI were calculated using analysis of covariance to compare the 
BLLs by different demographic and lifestyle groups after adjust
ment for the covariates. For all analyses, P values were twotailed 
and P<0.05 was considered statistically significant.
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Results

1. General characteristics and blood lead concentrations of the 
study population
General characteristics of study population are presented in 

Table 1. The mean age of the study population was 14.9 years. No 
significant differences were found between genders in age, re
gion, type of housing, household income, and alcohol consump
tion. The proportions of participants who are current smokers 
(4.5% vs. 1.4%) and participants drinking excessive alcohol (8.3% 
vs. 2.7%) were significantly higher in males than in females (P< 
0.001). 

Table 2 demonstrates the geometric means presented with 
selected percentiles and their 95% CI values of blood lead con
centration by gender and age. Overall, the geometric mean of 
BLLs was 1.34 μg/dL (1.48 μg/dL in males, 1.19 μg/dL in females, 
P<0.001). The reference value of BLLs calculated as the upper 
limit of the 95% CI of the 95th percentile value was 2.25 μg/dL 
(2.49 μg/dL in males, 2.07 μg/dL in females). The geometric mean 
of BLLs in participants aged 10–12 years (1.44 μg/dL) was 9% 
higher than participants aged 13–19 years (1.31 μg/dL). The 
reference values of BLLs gradually decreased with age: from 2.52 
μg/dL at age 10–12 years to 2.21 μg/dL at age 16–19 years. 

2. Comparisons of blood lead concentrations by demographic 
and lifestyle factors
The crude and adjusted geometric means of blood lead con

centrations by demographic and lifestyle factors are presented in 
Table 3. The crude and adjusted geometric means of BLLs were 
significantly higher in males than in females (P<0.001), and they 
were significantly higher in participants aged 10–12 years than in 
participants aged 16–19 years. Participants who lived in detached 
houses or row houses, who were current smokers, and who drank 
excessive alcohol had significantly higher blood lead concen
trations (P<0.01). Significant differences were not found by re
gion nor household income.

Table 1. General characteristics of the participants

Characteristic Total 
(n=1,585)

Male 
(n=801)

Female 
(n=784)

P 
value

Age (yr) 14.9±0.1 14.8±0.1 14.9±0.1 0.528

Age group (yr) 0.252

10–12 372 (31.1) 197 (32.5) 175 (29.6)

13–15 396 (33.1) 205 (33.8) 191 (32.3)

16–19 430 (35.9) 204 (33.7) 226 (38.2)

Region 0.890

Urban 1,340 (84.5) 676 (64.4) 664 (84.7)

Rural 245 (15.5) 125 (15.6) 120 (15.3)

Type of housing 0.437

Apartment 883 (55.7) 432 (54.0) 451 (57.5)

Detached house 459 (29.0) 242 (30.3) 217 (27.7)

Row house 883 (55.7) 59 (7.4) 46 (5.9)

Multifamily house 105 (6.6) 54 (6.8) 51 (6.5)

Commercial building 32 (0.2) 13 (1.7) 19 (2.4)

Household income 0.283

Quartile 1 190 (12.1) 104 (13.5) 86 (10.8)

Quartile 2 422 (26.9) 208 (26.9) 214 (26.9)

Quartile 3 489 (31.2) 244 (31.9) 245 (30.8)

Quartile 4 467 (29.8) 217 (28.1) 250 (31.4)

Smoking status 0.004

Nonsmoker 859 (54.6) 422 (53.0) 437 (56.2)

Secondhand smoke exposure 628 (39.9) 308 (38.7) 320 (41.1)

Current smoker 87 (5.5) 66 (8.3) 21 (2.7)

Alcohol consumption 0.140

No 1,380 (88.0) 691 (86.8) 689 (89.1)

Yes 188 (12.0) 105 (13.2) 83 (10.8)

Excessive alcohol consumption <0.001

No 1,526 (97.0) 762 (95.5) 764 (98.6)

Yes 47 (3.0) 36 (4.5) 11 (1.4)

Values are presented as mean±standard error or number (%).

Table 2. Geometric mean and selected percentiles of blood lead concentrations (μg/dL)

Variable No. GM (95% CI)
Selected percentiles (95% CI)

50th 75th 90th 95th

Total 1,585 1.34 (1.31–1.37) 1.27 (1.24–1.30) 1.58 (1.55–1.63) 1.98 (1.92–2.03) 2.19 (2.13–2.25*)

Sex

Female 784 1.19 (1.15–1.24) 1.12 (0.08–1.15) 1.41 (1.36–1.46) 1.70 (1.65–1.78) 2.00 (1.86–2.07*)

Male 801 1.48 (1.43–1.52) 1.41 (1.39–1.45) 1.73 (1.69–1.80) 2.11 (2.04–2.16) 2.30 (2.23–2.49*)

Age group (yr)

10–12 473 1.44 (1.39–1.49) 1.37 (1.31–1.42) 1.72 (1.66–1.77) 2.06 (2.00–2.15) 2.24 (2.16–2.52*)

13–15 522 1.31 (1.26–1.37) 1.21 (1.16–1.26) 1.52 (1.47–1.58) 1.93 (1.84–2.03) 2.23 (2.04–2.32*)

16–19 590 1.31 (1.26–1.37) 1.23 (1.20–1.27) 1.55 (1.51–1.58) 1.89 (1.81–1.99) 2.13 (2.01–2.21*)

GM, geometric mean; CI, confidence interval.
*Reference values of blood lead levels were calculated as the upper limit of the 95% confidence interval of the 95th percentile.
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Discussion 

We report the geometric mean (1.34 μg/dL) and reference val
ues (2.25 μg/dL) of BLLs in Korean adolescents, and the sug gested 
demographic and lifestyle factors associated with higher BLLs 
including: male gender, elementary school age, living in detached 
houses, smoking and excessive alcohol consumption. The main 
strength of this study is that it is the most recent and largest scal
ed study on the reference values of blood lead and the associated 
factors in Korean adolescents.

We found that the geometric mean BLLs in Korean adolescents 
was comparable to those of German adolescents (1.57 μg/dL)10), 

and Belgian adolescents (1.48 μg/dL)11). However, the geometric 
mean BLLs in Korean adolescents was higher than the reported 
values of 0.68 μg/dL in US adolescents12), 0.8 μg/dL in Canadian 
adolescents13) and 0.96 μg/dL in Japanese children14), and lower 
than 5.7 μg/dL in Chinese adolescents. In Korea, the BLLs have 
been markedly decreased since 1993 when leaded gasoline had 
been banned. The mean blood lead value in Korean children, 
which was as high as 27.8 μg/dL in the early 1990s15), dramati
cally decreased to 3.05–3.46 μg/dL in 200716), and now it is as low 
as 1.34 μg/dL. However, recent epidemiological studies demons
trate that there is no safety margin for lead exposure in children; 
rather a continuum of toxicity17). Therefore, longterm public 
health plans should be continued to reduce lead exposure in 
Korean adolescents by the government.

Consistent with other studies18), males had higher blood lead 
concentrations than females in this study. More frequent outdoor 
activities in males than females would explain this difference. 
Also, higher rates of smoking and excessive alcohol use, which 
are welldescribed risk factors, may also contribute to the in
creased lead exposure in males. Male adolescents may need more 
supervision and health education to prevent lead exposure.

Regarding impact of age in BLLs, a few studies have demons
trated an increasing trend of BLLs from newborn babies to child
ren, which peaks at the age of 3–6 years. This trend then gradu
ally decreases by age, probably due to decreased handtomouth 
behaviors19,20). Among adults aged ≥20 years, blood levels seems 
to be increased by age, probably due to mobilization of accu
mulated lead from bone into blood13). However, studies on blood 
lead concentrations by age among adolescents are scarce. In this 
study, we demonstrated that elementary school students had 
significantly higher BLLs than junior and senior high school 
students. Anecdotally, the students in higher grades tend to spend 
much more time indoors to study and are more likely to pay 
attention to personal hygiene. Also, the absorption rate from the 
gastrointestinal tract, which is higher at a younger age, might be 
relatively lower among students in higher grades. All of these 
factors may affect the decreasing trend of BLLs. 

In this study, we found that adolescents living in detached 
houses had higher BLLs than those living in apartments. There is 
only one previous study that has shown living in detached houses 
is associated with higher lead exposure than living in apart
ments21). It is possible that detached houses tend to be older build
ings, which might have been painted with lead paints or have 
deteriorated paints on the outer walls compared with apartments. 
Also, apartments may have scheduled maintenance programs to 
reduce possible exposure to heavy metals. Therefore, regular 
surveillance of lead exposure should be emphasized for indoor 
dust or water pipes, particularly in detached houses.

Previous studies have shown that lower household income was 
associated with higher BLLs in adults and children11), and it is 

Table 3. Crude and adjusted geometric mean of blood lead concen-
trations (μg/dL) by participant characteristics

Factor No.
Geometric mean (95% CI)

Crude Adjusted‡

Total 1,585 1.34 (1.31–1.37) -

Sex

Female† 784 1.19 (1.15–1.24) 1.33 (1.30–1.37)

Male 801 1.48 (1.43–1.52)** 1.57 (1.46–1.68)**

Age group (yr)

10–12 473 1.44 (1.39–1.49)** 1.61 (1.48–1.76)**

13–15 522 1.31 (1.26–1.37) 1.47 (1.33–1.61)

16–19† 590 1.31 (1.26–1.37) 1.42 (1.29–1.55)

Region

Urban† 1,340 1.33 (1.30–1.37) 1.48 (1.36–1.61)

Rural 245 1.38 (1.30–1.47) 1.52 (1.37–1.67)

Type of housing

Apartment† 883 1.26 (1.22–1.29) 1.43 (1.34–1.51)

Detached house 459 1.41 (1.35–1.47)** 1.55 (1.47–1.63)**

Row house 105 1.45 (1.32–1.58)** 1.55 (1.41–1.68)

Multifamily house 105 1.32 (1.22–1.41) 1.46 (1.35–1.58)

Commercial building 32 1.23 (1.06–1.40) 1.43 (1.26–1.60)

Household income

Quartile 1 190 1.37 (1.30–1.44) 1.52 (1.38–1.67)

Quartile 2 422 1.36 (1.31–1.42) 1.50 (1.35–1.64)

Quartile 3 489 1.35 (1.27–1.42) 1.51 (1.37–1.66)

Quartile 4† 467 1.29 (1.23–1.35) 1.48 (1.34–1.62)

Smoking status 

Nonsmoker† 859 1.31 (1.26–1.35) 1.45 (1.31–1.59)

Second hand smoke exposure 628 1.34 (1.29–1.40) 1.46 (1.32–1.60)

Current smoker 87 1.56 (1.45–1.68)** 1.60 (1.43–1.76)*

Excessive alcohol consumption

No† 1,526 1.33 (1.30–1.37) 1.42 (1.30–1.54)

Yes 47 1.57 (1.46–1.68)** 1.59 (1.43–1.75)**

CI, confidence interval.
*P<0.05. **P<0.001.
†Reference for comparison of geometric mean in each variables. ‡Adjusted for 
all variables in the table.
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possibly explained by older dwellings and a greater absorption 
rate due to calcium or iron deficiency among lowincome fa
milies. In this study, participants with lower household income 
had higher BLLs than participants with higher household income; 
however, there was no statistical significance. Furthermore, one 
recent study among Korean adults also failed to show a signifi
cant difference in lead exposure according to the household in
come. We can assume that this difference in lead exposure by 
household income is relatively weak compared with other vari
ables such as smoking or housing type in the Korean general 
population in comparison to US Americans or Canadians13,22). 

In this study, higher BLLs were found to be associated with 
current smoking and excessive alcohol consumption. The positive 
associations between smoking and higher lead exposure have 
been demonstrated in many studies13,23), and this is explained by 
the lead content in cigarettes and its release into the smoke. Also, 
frequency and amount of alcohol consumption have been re
ported to be correlated with lead exposure, as there is lead content 
in various alcohol products23) and in containers of alcohol made 
by lead crystals24). Since adolescence is an important period dur
ing which lifestyle habits are formed, antismoking and antial
cohol advertisements for teenagers would be necessary in order 
to reduce lead exposure during adolescence and in later life. 

There were some limitations to our study. Firstly, the study was 
crosssectional, and therefore, causality cannot be inferred. Se
condly, the construction year of housing was not investigated in 
KNHANES, so we could not assess the effect of housing type in
dependently from the construction year. Nevertheless, to our 
knowledge, the present study is the largest scaled study that has 
demonstrated the reference values of blood lead and the associat
ed factors in Korean adolescents using the most recent nation
wide data. This reference data including upper limit of BLLs in 
Korean adolescents may play a role in the surveillance and diag
nosis of environmental overexposure, and can be used in further 
studies on negative health impacts of lead exposure. Also it offers 
public health and healthcare providers information that can be 
used in lead hazard reduction strategy. 

In conclusion, we found that BLLs of Korean adolescents are 
comparable to those of German and Belgian children, while they 
are greater than in US, Canadian, and Japanese children. This 
study also provides national reference data on blood lead con
centrations stratified by demographic and lifestyle factors among 
Korean adolescents. We suggest that policies, surveys, and stra
tegies to reduce lead exposure in children and adolescents should 
be focused on both lifestyle habits and dwelling environment.
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