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Abstract: Blood lead level and its impact on haemoglobin and intelligence among school children near lead based
industries, and to supplement them with a nutritious food for its effect, were studied. Blood was withdrawn from 120
children (9-12 years) and lead was estimated by Lead Care Analyzer Kit and haemoglobin by auto analyser. Culture Fair
Non-verbal Test was used to assess the Intelligence Quotient. After pre-test, the experimental group (n = 60) were given
nutritional supplementation for 3 months and education on hygiene measures, while the control group (n = 60) did not
receive them. Food supplementation and education significantly decreased the lead level in the experimental group
(8.8+0.5 to 6.9+0.4, ug/dL, mean + SE) but not in the control group. The intelligence score improved in the experimental
group but not in the control group. A negative correlation was observed between the lead level and intelligence. No
improvement was observed in the haemoglobin. This study shows that the blood lead level in children near lead based
industries is high and is negatively correlated with intelligence. Supplementation of nutritious food and education on

hygiene measures have decreased the lead level and increased the intelligence score.
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INTRODUCTION

Many heavy metals in our environment are toxic to
humans and animals. Heavy metals like iron and zinc play
an important role in our body, but many have no
beneficial effect on our health. One among them is lead
and its toxic effects are well known (Burke et al., 2011).
Lead is very common in the environment and
ubiquitously used in several products viz., pipes;
batteries; paints; glazes; vinyl products; weights,
ammunitions, cable covers and radiation shielding
(Vishwanath et al, 2012). Mining, smelting, occupational
exposures and traditional medicines used in some
countries also increase the lead burden and cause
neurotoxicity (Gilani et al. 2015).

Children are vulnerable to lead exposure, because of their
developmental and behavioral differences (Landrigan,
1999; Bellinger, 2008). They are more susceptible than
adults to the toxic effects, since lead is considerably
absorbed from the gut mucosa in children (Bao et al.,
2009). In Adults, the absorbed lead is almost excreted, but
in children significantly large amount is retained leading
to accumulation (Legget, 1993; Gordon et al., 2002). In
children with nutritional deficiencies like iron deficiency,
lead is absorbed appreciably (Bradman et al., 2001;
Ahamed et al., 2007; Vishwanath et al., 2008; Kordos,
2010). The lead levels in children in urban settings are
generally higher when compared to rural settings due to
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environmental pollution. Though, they may be
asymptomatic, sudden symptoms may occur at a later
stage (Kishore Kumar and Kesaree, 1999).

The developing nervous system is more vulnerable to the
toxic effects of lead and can cause permanent damage to
the brain (Hou et al., 2013). Lead can interfere with the
growth of children, and in their ability to think and
concentrate. It is directly associated with lower
Intelligence Quotient (1Q) (Lidsky and Schneider, 2003).
Many reports are available that the level of blood lead in
children varies from small amounts to very large amounts
(Ajumobi et al., 2014). Present scientific evidence has
shown that in children there is no acceptable safe lead
level (Liu et al., 2013; Dapul and Laraque, 2014). Even
low concentrations of lead have been shown to interfere
with biochemical pathways and at higher levels of 10
pg/dL biochemical and neurobehavioral effects have been
shown. Higher lead levels can cause anaemia, hearing
loss, and can affect kidneys, heart and brain. At extremely
high levels of lead exposure, ataxia, cerebral edema,
paralysis, coma and death may result (Goyer, 1993).

The aim of the present study is (i) to evaluate the lead
levels of children living in the vicinity of lead based
industries and to correlate it with haemoglobin and 1Q,
and (ii) to study the effect on the level of lead and
haemoglobin by providing the children with nutritional
supplementation, and teaching on general hygiene to
reduce the lead contamination.
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MATERIALS AND METHODS

Participants: One hundred and twenty children of both
sexes in the age group of 9 to 12 years living in the
vicinity of industries with particular reference to lead
based industries like battery industries (< 2 km) were
included for this study. The children were selected from
two schools from Peenya (Bengaluru, India) after
obtaining permission from the authorities and randomly
assigned as control and experimental groups. A sample
size of 120 was taken based on power analysis. Including
a 10% for drop outs, the sample size was estimated as 60
for control and 60 for experimental group. From each age
group 15 children were selected randomly in the control
and experimental groups. Informed consent was obtained
from the mothers of children for their participation in the
study and the children were also informed about the study.
This study has the approval of the Institutional Human
Ethics Committee of Saveetha University
(002/10/2012/IEC/SU). This study was carried out from
September to December 2014.

Inclusion and exclusion criteria: Children of both sexes
whose mothers agreed to the participation of their
children were included. Children who were irregular in
their morning breakfast and who were suffering from
bleeding disorders were excluded.

Pre-test phase: On the first day, 2 mL of venous blood
from the ante-cubital vein was collected from all the 120
children (control and experimental groups) in an EDTA
vacutainer. It was labelled with child’s name, age, sex and
a serial number. Lead estimation was carried out using
“Lead Care Il Blood Lead Test Kit” at St. John’s Medical
College, Bengaluru. Haemoglobin was estimated by using
Automated Haematology Analyser (Sysmex 1800) at
Padmashree Diagnostic Centre, Bengaluru as per the
instrument manufacturer’s method.

During-test phase: On the same day, after withdrawing
the blood, the experimental group children were given a
cereal powder (36 g) to be mixed with 250mL of milk as a
supplementary health food. A commercial product (FDA
approved) comprising of malted barley (40%), wheat
flour (27%), milk solids (14%), sugar, calcium, vitamin C,
iron, zinc, magnesium and selenium to fight against lead
toxicity in the body was used. The supplementary health
food was provided for 3 months duration (excluding
Sundays) in the morning after the school prayer. A
responsible person from the school supervised and
ensured that the children take the supplementary health
food in the morning. There were not much absentees and
if absent that day, the supplementary health food was
omitted. On the 4™ day, non-verbal intelligence test was
administered to all 120 children (control and
experimental) in their school premises by using Culture
Fair Intelligence Test (Rao and Singh, 2013). The test

comprised of 4 sub-tests (Test 1 - series with 12 items,
Test 2 -classification with 14 items, Test 3 - matrices with
12 items, Test 4 — conditions with 8 items; total 46 items).
The 1Q test used was non-verbal pictorial intelligence test.
The 1Q test papers were distributed to all the children
(control and experimental groups on separate days). The
instructions about filling the test paper with examples
were explained by one investigator. After the completion
of the I1Q test by the children the papers were received by
the second investigator and scored them as per the
guidelines given in the procedure. The scores were
handed over to the first investigator. On the 7™ day for the
experimental group, structured teaching program was
given on the impact of lead among children, with
PowerPoint presentation for 45 minutes duration.
Handout was distributed in English and regional language
(Kannada) to all the mothers for future reference.
Between 10 to 14 days the experimental group children
were demonstrated general hygiene measures, including
hand washing technique with soap solution, and advised
to follow before eating.

Post-test phase: After 3 months, post-test was carried out
similar to the pre-test on all the 120 children (control and
experimental groups) by withdrawing 2 mL of blood and
administering the 1Q test.

The control group children were not given the nutritional
supplementation and the education on general hygiene
measures during the study. However, after the completion
of the study, the control group children were also
provided the supplementary health food for 1 month
period. Structured teaching was administered regarding
the impact of lead and its prevention. Handouts were
distributed to all the mothers. The control group children
were also demonstrated general hygiene measures.

STATISTICS ANALYSIS

The data were expressed as mean + SE, and as frequency
distribution. Paired and unpaired ‘t’ test, x* test and
Pearson’s correlation coefficient were used. For y° test the
blood lead level was categorised as <10 pg/dL (acceptable
level) and >10ug/dL (high level), haemoglobin as <11
g/dL (anaemic) and > 11 g/dL (normal), and intelligence
score as <110 (average) and >110 (above average). The
analysis and the plotting of graphs were carried out using
SigmaPlot 13 (Systat, USA).

RESULTS

The blood lead and haemoglobin levels, and the
intelligence score of control and experimental group in
the pre-test and post-test is given in table 1. The control
and experimental group blood lead and haemoglobin
levels, and the intelligence score in the pre-test were not
significant. But, the blood lead level in the experimental
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group in the post-test was significantly lower than the
control group. The haemoglobin level and the intelligence
score of the experimental and control group in the post
test was not significant.

The blood lead level of the control in the pre-test and
post-test was not significant (paired’ test). But, in the
experimental group the post-test blood lead level was
significantly lower than the pre-test level (table 1). The
mean lead level of the experimental group was
significantly lower than the control group in the post test
(p < 0.05). In the control group the maximum lead level
observed was 21.7 ug/dL in the pre-test and at post-test it
was 29 pg/dL. In the experimental group the maximum
lead level observed was 20.8ug/dL in the pre-test and at
post-test it was 16.2ug/dL. In the control and
experimental group the haemoglobin was lower in the
post-test compared to the pre-test level (paired ‘t’ test).
The difference was small and the level was within the
normal level. No significant difference was observed in
the intelligence score between the control and the
experimental groups in the pre-test, while in the post test
the score was higher in experimental group compared to
the control group but the difference was not statistically
significant (P = 0.061). The pre-test and post-test scores
of the control group was not significant by paired ‘t’ test,
while in the experimental group the pre-test and post-test
scores were statistically significant.

No association was observed in the blood lead and
haemoglobin levels in the control and experimental
groups in the pre-test and post-test (table 2). A significant
association was observed in the intelligence in the control
and experimental groups in the pre-test and post-test (y2
= 5.637; P<0.05). The correlation studies of blood lead,
haemoglobin and intelligence of control and experimental
groups in pre-test and post-test is given in table 3. None
of the variables were correlated, except the blood lead and
intelligence in the control post-test was negatively
correlated (r =-0.340; P=0.011). The overall correlation of
blood lead, haemoglobin and intelligence of all the
samples (two times measurement of 120 children, n =
240) is shown in fig. 1. The blood lead and haemoglobin
was not significantly correlated. But, the blood lead and
intelligence was negatively correlated (r = - 0.159; P =
0.014), while haemoglobin and intelligence was not
significantly correlated.

DISCUSSION

Lead is a toxic heavy metal and there is no safe level of
its exposure. Lead levels in blood greater than 5ug/dL are
considered as higher (Yabe et al., 2014). Studies in
Indonesia showed lead levels of 6.8 and 5.9 ug/dL for
male and female respectively (lriani et al., 2012). In
Chinese preschool children mean blood lead levels at 6.4
pg/dL, were associated with behavioural problems (Liu et
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al., 2014). Levels more than 20 pg/dL are reported in
India near industrial areas (Ahamed et al., 2005; Roy et
al., 2009; Palaniappan et al., 2011) and also in several
countries viz., China (Liu et al., 2011), Mexico (Garcia-
Vargas et al., 2014), Nigeria (Ugwuja et al., 2014), and
Palestine Sawalha et al., 2013). Very high levels of more
than 300 pg/dL are reported from Nigeria (Ajumobi et al.,
2014). In the present study, the lead level was 8.7+0.3
(mean £ SE) pg/dL with a maximum of 21.7 pg/dL. Many
parents and caregivers are not aware of sources of lead,
risks of lead poisoning, its impact on children and the
measures to prevent lead exposure. Public health staff
should be given instructions and blood test of children for
lead level living near lead based industries should be
made a necessary.
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Fig. 1: Correlation of blood lead, haemoglobin and
intelligence in children (n = 240).

Lead exposure leads to abnormal neurobehavioral and
cognitive development in children (Ahamed et al., 2005).
Children living near lead based industries in China
showed higher blood lead levels and their Intelligence
Quotient was low (Wang et al., 1989). High lead levels
due to electrical waste exposure with temperament
changes were observed in Chinese children (Liu et al.,
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Table 1: Blood lead, haemoglobin and intelligence of control and experimental groups in the pre-test and post-test.

Significance Unpaired Significance Paired ‘t’ test
S. ‘7 test
No. Parameter Group mean + SE Con-Exp | Con-Exp Control Experimental
Pre-test Post-test Pre - Post Pre - Post
Control Pre-test 8.7+04
1 Blood Lead | Control Post-test 83+05 t=0.281 | t=2.075 t=1.286 t=9.068
(ug/dL) Experimental Pre-test | 8.8+ 0.5 P=0.779 | P=0.04 P =0.204 P <0.001
Experimental Post-test | 6.9+ 0.4
Control Pre-test 13.1+£0.1
9 Haemoglobin | Control Post-test 12.9+0.1 t=1.907 | t=1.272 t=3.697 t=6.252
(g/dL) Experimental Pre-test | 13.4+0.1 P=0.059 | P=0.206 P <0.001 P <0.001
Experimental Post-test | 13.1 +0.1
Control Pre-test 924+1.9
3 Intelligence | Control Post-test 95.1£21 t=1.400 | t=1.891 t=1.575 t=3.474
Score Experimental Pre-test | 91.0 +£2.0 P=0.613 | P=0.061 P=0.121 P<0.001
Experimental Post-test | 100.5 + 2.0

Values are mean + SE (n = 60)/ Con = Control/ Exp = Experimental

Table 2: Association of blood lead, haemoglobin and intelligence of control and experimental groups in pre-test and post test.

S. Parameter Group Con Con Exp Exp 2Control szperimental
No. Pre-test | Post-test | Pre-test | Post-test X P X P
1 Eé‘;gd - 18 ﬁgﬁgt ‘1"2 582 ‘1‘2’ 591 2552 | 0110 | 1.819 0.177
’ raemoglobin S ﬂ ngt 519 519 600 600 0.508 | 0476 0 !
3 g:fg:ggence - ﬂg 582 ‘1"2 582 ‘2"8 1.936 | 0.164 | 5.637 0.018

Table 3: Correlation of blood lead, haemoglobin and intelligence of control and experimental groups in pre-test and post test

Variable Pre-test
Control Experimental
Blood lead Haemoglobin | Intelligence Blood lead Haemoglobin | Intelligence
Blood lead - r=-0.121 r=-0.167 - r=-0.052 r=-0.081
P =0.358 P =0.203 P = 0.695 P =0.543
Haemoglobin - - r=-0.028 - - r= 0.094
P =0.872 P=0.475
Post-test
Control Experimental
Blood lead - r=-0.004 r=-0.340 - r=-0.097 r= 0.108
P =0.979 P=0.011 P =0.482 P=0.434
Haemoglobin - - r=-0.130 - - r=-0.019
P =0.320 P =0.886
n =60 n =60

2011). Studies conducted in Australia showed lead levels
of 10 to 30pg/dL and a reduction in IQ in children
(Baghurst et al., 1992). Reduced intelligence quotient and
academic performance occur at levels even below 10
pg/dL. Blood lead concentrations even below 10pg/dL
were associated with increased risk of behavioural and
developmental problems and negative impact on cognitive
development in children (Liu et al., 2014).

A detailed analysis was done in the present study of the
changes in blood lead levels, haemoglobin, and
intelligence. The children were initially assessed and a

supplementary health food was given for a period of 3
months. The parents and children were also given
instructions to avoid exposure to polluting materials
including lead. Supplementation of micronutrients and
hygiene measures are very effective in reducing the blood
lead levels (Rhoads et al., 1999; Jordan et al., 2003). Iron
fortified food was shown to significantly decrease the
blood lead levels in children (Zimmermann et al., 2006).

Several studies have shown that haemoglobin is
negatively correlated with blood lead level in children
(Shah et al., 2010; Counter et al., 2012). In the present
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study, a negative correlation was observed between blood
lead level and haemoglobin, but it was not statistically
significant. The maximum blood lead level observed in
the present study was about 30pg/dL, where as low
haemoglobin levels have been reported, when the blood
lead level was more than 50ug/dL.

To reduce the body burden of lead, where very high blood
lead levels are observed, chelation therapy is
recommended with EDTA (ethylene diaminetetraacetic
acid) or DMSA (dimercapto succinic acid), but further
contamination has to be reduced by way of teaching
(Hryhorczuk et al., 1985; Flora, 2002).When the blood
lead level is very high with symptoms, chelation therapy
should be considered along with environmental,
nutritional and educational interventions (Koike, 1997;
Campbell and Osterhoudt, 2000). High lead level may
require drug treatment, but they are not readily available
and supplementation and avoidance is the better solution.
Lead accumulation in the body takes a longer time
following exposure and hence longer time of avoidance
and supplementation are required. Health workers can
focus on the problems and educate the public but
government and non-government agencies should work
for reducing the lead exposure (Carlisle, 2009).

CONCLUSION

This study shows that the blood lead level in children near
lead based industries is high and is negatively correlated
with intelligence. Supplementation of nutritious food and
education on hygiene measures have decreased the lead
level and increased the intelligence score.
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