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Abstract

Background Lead poisoning is a source of health problems in
humans. A chronic complication of lead poisoning in children is
permanent intellectual impairment.

Objective To assess for a correlation of blood lead levels and
intelligence quotient (IQ) in children.

Methods A cross-sectional study was performed in children aged
6 to 8 years in the Talawaan (a rural area) and Wenang (an urban
area) Districts, North Sulawesi, from April to July 2012. Blood lead
levels were measured using the graphite furnace atomic absorption
spectrometry technique; and intelligence was measured with the
Wechsler Intelligence Scale for Children-Indonesian version.
Results There were 50 subjects from the Talawaan District and 54
subjects from the Wenang District in this study. The mean blood
lead level in the Talawaan District subjects was significantly higher
than that of the Wenang District subjects [25.8 (SD 16.98) ug/dL
vs 11.4 (SD 13.81) ug/dL, respectively; (P<0.001)]. There was a
weak negative correlation between blood lead level and IQ in the
Talawaan District children (P=0.038; r=-0.3). As such, there was
a0.05 IQ point decrement associated with each increase of 1 ug/dL
in blood lead level in Talawaan District children. However, there
was no correlation between blood lead level and IQ in the Wenang
District children (P=0.42; r=0.03).

Conclusion There is a weak negative correlation between blood
lead level and IQ in children living in a rural area, however, this
correlation is not found in children living in an urban area.

[Paediatr Indones. 2014;54:127-31.].
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ead poisoning remains a global health hazard,

especially in developing countries. The main

source of lead pollution is found in our living

environment.!-3 Children are particularly
susceptible to lead poisoning, because they have a
higher absorption rate for lead compared to adults,
and they have an immature blood-brain barrier. Lead
can interfere with other essential metals involved
in neurotransmitter metabolism. In addition, lead
has a long half-life and is excreted slowly from the
body. Chronically elevated blood lead level during
brain development results in cognitive impairment,
which is mostly irreversible even after the exposure
has been eliminated.*> As such, early detection and
intervention in those with high blood lead levels are
necessary.

Children in less developed countries are
more vulnerable to the effects of lead on cognitive
impairment, because they may also have caloric and
micronutrient deficiencies, limited resources for early
intervention and are less likely to be examined for
lead exposure.® Several studies have shown a negative
correlation between lead poisoning and intelligence
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quotient (IQ) in children, regardless of the wide age
range, hemoglobin levels, and nutritional status.?-10
Previous studies in Indonesia had shown a high blood
lead level among children in urban areas, however, the
long term effects on children’s intelligence has not
been established.!!13 The role of the environment
in a child’s intelligence is well known, however,
accumulating effects of lead poisoning has never
been determined. The aim of this study was to assess
for a correlation between blood lead level and IQ in

children.

Methods

A cross-sectional study was held in the Wenang
District, Manado, and Talawaan District, North
Minahasa, from April to June 2012. A random
sampling method was conducted among 6 to 8-year-
old first graders from 7 chosen schools, resulting in 54
children from the Wenang District and 50 children
from the Talawaan District who met the inclusion
criteria.

This study was conducted in two different
environments to assess for a correlation between
blood lead level and IQ of children living in rural and
urban areas. Wenang District represented an urban
area in Manado with a high risk of exposure to lead
from leaded gasoline combustion in vehicle exhaust,
whereas the Talawaan District represented a rural
area with less exposure to lead from vehicles. The
blood lead level of Talawaan District children would
presumably be the result of lead exposure from other
environmental sources. The US Centers for Disease
Control 1991 guidelines for safe blood lead levels was
used as a reference for our subjects. 14

The inclusion criteria were healthy, non-
anemic, active, school-aged children who lived in
the Wenang or Talawaan Districts during sample
collection. Exclusion criteria were other risk factors
of developmental delay, such as prior central nervous
system infection, prematurity, neonatal asphyxia,
neonatal jaundice, low birth weight, or congenital
abnormalities. Children with bone fractures or blood
abnormalities that occurred within the 3 months prior
to sample collection were excluded. Written informed
consent was obtained from the children’s parents after
they received a complete explanation of this study.
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Socioeconomic and demographic information
was obtained through questionnaires, while the history
of previous illnesses, birth history, and development
of the child were obtained by parent interviews. Sub-
jects underwent complete physical examinations and
anthropometric measurements before blood specimens
were obtained.

One blood specimen (8 mL) was taken from
each subject. Blood lead levels were determined using
a graphite furnace atomic absorption spectrometry
(GFAAS) technique,!® with a 0.1 ug/dL limit
of detection for lead. Intelligence quotients of
the children were measured using the Weshcler
Intelligence Test for Children-Indonesian version.

Results were analyzed with T-test to compare
mean blood lead levels and IQs of the children in
Talawaan and Wenang. Pearson’s correlation test was
used to assess for a correlation between blood lead
level and IQ. For simple correlation analysis, we used
SPSS version 20 software. A P value of <0.05 was

considered to be statistically significant.

Results

A total of 104 children, consisting of 50 children
from the Talawaan District and 54 children from the
Wenang District, were included in the study. Table
1 shows the characteristics of subjects. The mean
blood lead level of Talawaan District children was
significantly higher than that of Wenang District
children (25.8 vs 11.4 mg/dL, respectively; P<0.001)
(Table 2). There were significantly more children in
the Talawaan District with blood lead level =10 mg/
dL compared to those in the Wenang District (90% vs

Table 1. Characteristics of subjects

Talawaan Wenang
Characteristics District District
n=>50 n=>54

Mean age (SD), months
Gender, n (%)

81.7 (5.33) 79.7 (4.77)

Female 22 (44.0) 29 (53.7)
Male 28 (56.0) 25 (46.3)
Mean birth weight (SD), kg 3.2 (0.46) 3.4 (0.45)
Mean body weight (SD), kg 20.2 (2.75) 20.9 (2.25)
Mean height (SD), cm 115.6 (6.42) 115.1 (4.91)
Mean BMI (SD), kg/m? 15.1 (1.16) 15.8 (1.34)
Mean head circumference (SD),cm  50.3 (1.22) 49.7 (0.91)
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Table 2. Blood lead levels and 1Q of subjects

Variables Talawaan Distrik ~ 95% CI Wenang Distrik 95% ClI P value
n =50 n=>54

Mean blood lead level (SD), pg/dL 25.8 (16.98) 21.0t0 30.7 11.4 (13.81) 7.7t015.2 <0.001

Mean total IQ (SD), points 96.1 (3.13) 95.2 0 97.0 97.3 (2.62) 96.61098.0 0.032

Mean verbal 1Q (SD), points 43.9 (2.42) 43.2t044.6 444 (2.61) 43.6 t0 45.0 0.203

Mean performance |1Q (SD), points 50.2 (2.69) 49.4 t0 50.9 51.4 (2.20) 50.8 to 52.0 0.008

31.5% children, respectively; P<0.001). Furthermore,
the mean total IQ level of Talawaan District children
was significantly lower than that of Wenang District
children (96.1 vs 97.3 points, respectively; P=0.032).
Also, the mean performance IQ level of Talawaan
District children was significantly lower than that
of Wenang District children (50.2 vs 51.4 points,
respectively; P=0.008). However, there was no
significant difference in verbal 1QQ between districts
(43.9 vs 44.3 points, respectively; P=0.203). These
results are shown in Table 2.

Statistical analysis revealed a weak inverse
correlation between blood lead levels and mean
total IQ of the Talawaan District children (r=-0.3;
P=0.038). This correlation was best approximated
by the formula Y=97.2-0.05X, when Y was total IQ
and X was blood lead level. There was a 0.05 IQQ point
decrement associated with an increase of 1 ug/dL in
blood lead level of Talawaan District children, as shown

in Figure 1. There was no significant correlation
between blood lead levels and IQQ of Wenang District
children (r=0.03; P=0.42).

Discussion

The blood lead levels of the Wenang District children
were moderately high, but for the most part, lower
than that observed in other Indonesia town. However,
these results were higher than the first study of blood
lead level in Manado by Wagiu et al., where there were
more children with blood lead level =10 ug/dL (17%
vs 2.5%).16 The three primary schools in the Wenang
District are located in urban areas with high traffic
density. The air lead level in Manado in 2005 (1.789
ug/dL) exceeded the recommended levels determined
by the Environmental Protection Agency (1.5 ug/dL)
and the World Health Organization (1 ug/dL).1"18
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Figure 1. Correlation between blood lead level and 1Q of Talawaan District children

This correlation presented as: Y = 97.2 — 0.05 X
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Our blood lead level results were consistent with
a modest effect of location, with respect to leaded
gasoline exhaust released from the vehicles. The
increased number of vehicles results in more lead
exhaust released from leaded gasoline and inhaled
by children.

Blood lead levels of the Talawaan District chil-
dren were significantly higher than that of Wenang
District children. These results were even higher than
those observed in all previous studies in Indonesia.
Four primary schools in the Talawaan District are lo-
cated in rural areas with minimal traffic pollution. Un-
expectedly high lead levels may be due to other sources
of exposure located near those villages. Furthermore,
traditional gold mining is run by local people located
2 km from those villages. Many trucks with travel on
the main roads of those villages carrying raw mate-
rial for gold mining. This material exposes children
to leaded dust which can be inhaled. Motorcycles,
as the main means of transport in those villages, also
worsen the air pollution. The amalgamation technique
of gold purification results in waste products, known
as tailing, which contains lead, mercury, arsenic, and
zinc. Those toxic metals may be a source of land and
water pollution.’® The study on the Dimembe gold
mine showed that acidic waste and high levels of
metals exceeded those recommended by the Ministry
of Environment for field watering.2® Also, Rumengan
reported a higher content of waste products from gold
mining in the Talawaan River compared to others.?!
In addition, Barbosa et al. reported lead intoxication
in children living near a gold mining area.!” The
US CDC reported death due to lead poisoning and
increased numbers of children with blood lead level
of =45 mg/dL.22

The mean total IQ of the children in the urban
area (Wenang District) was significantly higher
than that of children in the rural area (Talawaan
District). The mean performance IQ in the urban
area was also higher than that in the rural area. The
verbal IQs in both districts were lower compared to
performance 1Qs. Similarly, a previous study showed
that in terms of the initial impairment that might
be caused by lead poisoning, the verbal IQ may
be influenced by lower blood lead levels, whereas
performance IQ started decreasing at higher blood lead
levels, accompanied by an increase in hyperactivity
score.23-26
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There was a weak correlation between blood
lead level and IQ of Talawaan District children, but
this correlation was not found in Wenang District
subjects. This difference may be due to the presence
of higher blood lead levels in Talawaan compared to
Wenang subjects. These findings were similar to a
study by Zalina et al.,” however, showed less strength
correlation than previous studies.2027 Other potential
factors influencing intelligence, such as genetics and
socioeconomic background, were difficult to control
for. Parental education and access to education and
information may play a role in child intelligence.
Also, the postulation that gold mining was the
main source of lead exposure in this study remains
unconfirmed. Further studies are needed to address
these limitations.

This is the first study in Manado to assess for
an association between blood lead level and its
effect on IQ in children. A strength of this study was
the GFAAS method for blood lead level analysis,
which has a better lower limit of lead detection
compared to previous studies. The narrower range
of subjects’ age in our study eliminated the influence
of increasing blood lead deposition according to age.
A limitation of this study was not adjusting for other
potential influencing factors, such as genetic and
social influences, differences in parental education
and access to information, which may have affected
the results.

The study show there is an urgent need for
regular monitoring of blood lead levels in Indonesian
children. Monitoring may help us identify those with
toxic levels, as determined by the CDC. Prevention
and early treatment should be started before the toxic
effect of lead becomes irreversible. Also, there is a
need for an epidemiological study to determine the
source of lead exposure in the rural area of Talawaan
District.
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