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a  b  s  t  r  a  c  t

Background:  This  study  examined  levels  of blood  lead  and  mercury,  and  urinary  cadmium,  and  associated
sociodemographic  factors  in  3–18 year-old  Korean  children  and  adolescents.
Materials  and  methods:  We  used  the  nationally  representative  Korean  Environmental  Health  Survey  in
Children  and Adolescents  data  for 2012–2014  and  identified  2388  children  and  adolescents  aged 3–18
years.  The  median  and  95th  percentile  exposure  biomarker  levels  with  95%  confidence  intervals  (CIs)  were
calculated.  Multivariate  regression  analyses  were  performed  on  log  transformed  exposure  biomarker
levels  adjusted  for  age,  sex,  area,  household  income,  and  father’s  education  level.  The  median  exposure
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biomarker  levels  were compared  with  data  from  Germany,  the  US,  and  Canada,  as  well  as  the  levels  of
Korean  children  measured  at different  times.
Results: The  median  levels  of  blood  lead  and  mercury,  as well  as urinary  cadmium  were  1.23  �g/dL,
1.80  �g/L, and  0.40 �g/L (95%  CIs,  1.21–1.25,  1.77–1.83,  and 0.39–0.41,  respectively).  The blood  lead  lev-
els  were  significantly  higher  in boys  and  younger  children  (p  <  0.0001)  and  children  with  less  educated
fathers  (p  =  0.004)  after  adjusting  for covariates.  Urinary  cadmium  level  increased  with  age  (p <  0.0001).
The  median  levels  of blood  mercury  and  urinary  cadmium  were  much  higher  in  Korean  children  and  ado-
lescents  than  those  in  their  peers  in Germany,  the US, and Canada.  Blood  lead  levels  tended  to  decrease
with increasing  age and  divergence  between  the sexes,  particularly  in  the  early  teen  years.  Median  levels
of  blood  lead  and urinary  cadmium  decreased  since  2010.
Conclusion:  Sociodemographic  factors,  including  age,  sex,  and  father’s  education  level  were  associated
with environmental  exposure  to heavy  metals  in  Korean  children  and  adolescents.  These  biomonitoring
data  are  valuable  for ongoing  surveillance  of environmental  exposure  in  this  vulnerable  population.
© 2016  The  Authors.  Published  by  Elsevier  GmbH.  This  is an  open  access  article  under  the  CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Environmental exposure to heavy metals is a known cause
of a range of developmental disabilities in children (Stein et al.,
2002). A low concentration of lead in the blood is a risk factor
for attention deficit hyperactivity disorder among Korean children
(Ha et al., 2009). Blood lead concentration is inversely correlated
with arithmetic and reading scores in US children and adolescents
at concentrations <5.0 �g/dL (Lanphear et al., 2000). Mercury is a
neuro, nephro, and immunotoxic element that places the develop-
ing fetus and young children at particular risk (Bose-O’Reilly et al.,
2010). A US study showed that children with higher urinary cad-
mium concentrations have an increased risk for learning disability
and special education needs (Ciesielski et al., 2012).

Children are particularly susceptible to environmental exposure
to heavy metals due to their physical and biological characteristics
compared with adults (Morello-Frosch et al., 2011). Children have
higher ratios of skin surface area to body weight and their suscep-
tibility to environmental toxicants is associated with differences in
rates of absorption, distribution, metabolism, and excretion of toxi-
cants (Faustman et al., 2000). Children also have increased exposure
to environmental toxicants because they play outside, frequently
place their hands in their mouth, and have increased skin contact
with surfaces via crawling. Moreover, their exposure to environ-
mental hazards occurs by inhalation, dermal contact, and ingestion
(Hubal et al., 2000; Levin et al., 2008).

Children spend most of their time at home; therefore, sources of
environmental exposure in the living space are particularly impor-
tant (Hornberg and Pauli, 2007). Furthermore, the socioeconomic
status of a child affects their environmental exposure to toxicants
and their susceptibility characteristics given a certain level of expo-
sure to a harmful environment (Kohlhuber et al., 2006).

We  conducted a nationally representative biomonitoring
project in children and adolescents in Korea to examine the sta-
tus of environmental exposure to lead, mercury, and cadmium
based on sociodemographic factors. This study primarily aimed to
report the representative levels of blood lead and mercury and
urinary cadmium in Korean children and adolescents aged 3–18
years and secondarily to show the distributions associated with
sociodemographic factors including age, sex, household income,
area of residence, and father’s education level using the 2012–2014
Korean Environmental Health Survey in Children and Adolescents
(KorEHS-C).

2. Materials and methods

2.1. Study subjects

We  used the 2012–2014 KorEHS-C data to investigate blood lead
and mercury levels, as well as urinary cadmium in Korean children

and adolescents. The KorEHS-C is the first nationwide representa-
tive survey on the environmental health of children and adolescents
in Korea, and a detailed description of the study design, protocol,
and the field work has been provided previously (Ha et al., 2014).
The KorEHS-C used an institution-based sampling strategy to rep-
resent all children and adolescents in Korea, i.e., based on school,
kindergarten, and child-care facilities in which 97.5% of children
and adolescents aged 6–18 years and 87.5% pre-school children
aged 3–5 years among whole population identified in the 2010
National census attended. The sampling units were stratified by
area, school grade, and age, and 120 schools and 63 kindergartens
and child-care facilities were selected randomly.

We identified 2388 children and adolescents aged 3–18 years for
this study. Blood lead and mercury levels were determined for the
2346 participants and urinary cadmium levels were taken for 2379.
Instead of blood cadmium, urinary cadmium levels were deter-
mined because they represent chronic exposure, whereas blood
cadmium concentration is an indicator of current exposure.

This study was approved by the Institutional Review Board of
Dankook University Hospital and a written consent was obtained
from the students’ parents or guardians before enrollment.

2.2. Lead, mercury, and cadmium measurements

Venous blood (10–15 mL)  was collected from all participants.
Whole blood for the lead level measurements was frozen, stored at
−20 ◦C, and then thawed and prepared for assay using an atomic
absorption spectrometer-graphite furnace (Analyst 900-Zeeman
collection, Perkin Elmer, Singapore). The blood samples for mer-
cury determination were stored at −70 ◦C until analysis and were
analyzed by flow injection cold-vapor atomic absorption spectrom-
etry (DMA-80; Milestone, Bergamo, Italy). Details of the methods
were described previously (Ha et al., 2014). Urinary cadmium level
was measured in the first morning spot urine in children and ado-
lescents in schools and in 12-h urine of pre-school children by
inductively coupled plasma mass spectrometry (ICP-DRC-MS II;
PerkinElmer). The detection limit was  0.20 �g/L.

Commercial reference materials were obtained from Bio-Rad for
internal quality assurance and control (Lyphocheks Whole Blood
Metals Control; Bio-Rad, Hercules, CA, USA). The laboratory passed
the German External Quality Assessment Scheme operated by
Friedrich-Alexander University, and the Quality Assurance Program
operated by the Korea Occupational Safety and Health Agency as
part of external quality assurance and control.

2.3. Sociodemographic factors

Sociodemographic data were collected using a questionnaire
administered to parents or guardians of all age groups, teach-
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