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ABSTRACT
Exposure to lead can damage the nervous, hematopoietic, and renal systems and is particularly harmful to the developing nervous systems of fetuses and
children. Most children who have elevated blood lead levels do not have any symptoms. When symptoms, such as stomach ache, poor appetite, and irritability
appear they are often confused with other childhood illnesses. The present study was initiated as a national pilot study in Libya to determine the blood lead
concentration in primary school children in Tripoli. A total number of 379 children (198 males and 181 females) aged 6-8 years were included in the study. A
venous blood sample was collected from each child in EDTA blood tubes and then the levels of lead in whole blood were determined spectrophotometry by
graphite electro thermal atomic absorption. The results showed that 213out of 379 tested children (56 %) of the children have a BLLs ≤ 10 µg/dl and 166
children (43.79 %) have high BLLs (> 10 µg/dl); with males representing 51 % (n = 85) and females 49 % (n = 81). 61 of children (16 %) have BLLs between
10-14 µg/dl from which 8.4 % was infected males and 7.79 % was infected females The results also illustrated that 48 out of total 379 children (12.66 %) have
a BLLs between 20-44 µg/dl. Interestingly this percentage was equally divided between both genders (6.33 % each). Finally, four out of 379 tested children
have BLLs above 45 µg/dl (1.06 %). Our results drawn to the conclusion those BLLs were elevated above the safe level in about 44 % of the tested children.
Such children should be evaluated and treated in accordance with CDC guidelines for follow-up care, including care coordination and public health, medical
and environmental management. The child will need regular medical follow-up and re-testing to see if the level of lead has lowered
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INTRODUCTION
Long-term exposure to lead, a naturally occurring metal used in
everything from construction materials to batteries, can cause
serious health problems, particularly in children. Blood
lead concentrations are quite low in the absence of industrial
activities1. There were 2 major sources of industrially derived lead
for children: airborne lead, mostly from the combustion of gasoline
containing tetraethyl lead; and leaded chips and dust, mostly from
deteriorating lead paint. Both contribute to soil lead. Children also
may be exposed to lead through drinking water contaminated by
pipes and fixtures containing lead2. Extremely elevated blood lead
levels (BLLs) >70 µg/dl can cause severe neurologic problems (e.g.,
seizure, coma, and death)5. The long-term effects of elevated blood
lead levels in children may include slow development, reduced
Intelligence Quotient (IQ) scores and learning disabilities, hearing
loss and reduced height and hyperactivity. However, no threshold
has been determined regarding lead's harmful effects on children's
learning and behavior. In 1990, the U.S. Department of Health and
Human Services established a national goal to eliminate BLLs > 25
µg/dl by 2000; a new goal targets elimination of BLLs >10 mcg/dl
in children aged < 6 years by 2010. Determination of blood lead
concentration is a widely accepted biological marker of exposure to
lead. The Centers for Disease Control and Prevention (CDC), World
Health organization (WHO) and the American Academy of
Pediatrics (AAP) currently use 10 µg/dl as the blood lead
concentration of concern (8, 9, 26). However, recent

epidemiological studies suggest impairment of cognition at blood
lead levels even below 10 mcg/dl9. Because children with elevated
BLLs in the 10-25 µg/dl range do not develop clinical symptoms,
screening is necessary to identify children who need environmental
or medical intervention to reduce their BLLs. Interestingly it is
renowned that exposure to lead causes damage in different tissues,
including the immune system but there was no information in the
literature about the effect of both, acute and chronic exposures to
lead in Libya. To this end, the goal of this study was to initiate a
national pilot study in Libya to investigate the blood lead
concentration in primary school children in Tripoli, Libya.
MATERIALS AND METHODS
Human Participant Protection
Even though childhood lead monitoring is a critical public health
tool, a remedial action objectives (RAOs) based on child blood lead
levels raises ethical concerns: public health efforts that are more
reactive than preventive. Institutional review board (IRB) approval
was not required for this analysis as there was no contact with
human subjects for the ethics paper. However the authors did have
IRB approval to study blood lead levels of primary school children
in Tripoli, Libya and this paper resulted from that investigation.
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Preparation of Samples
A total number of 379 children school (198 males and 181 females)
aged 6-8 years were included in this study. The schools were located
in Tripoli city, Libya. The parents of the children were informed
about the aims of the study and were asked to sign an informed
consent. A venous blood sample was collected from each child by
specialized nurses and in presence of a pediatricin. Blood sampling
was performed in the school that the children attended. The samples
were then placed in EDTA blood tubes, closed tightly, labeled
appropriately and immediately transferred to the laboratory, where
they processed. All the materials used for this study including
chemicals and reagents were purchased from Sigma, United
Kingdom unless otherwise stated.
Experimental design
The frozen blood samples collected were thawed at room
temperature for 3 hours. The levels of lead in whole blood were
determined by graphite electrothermal atomic absorption
spectrophotometry by Biocientia Laboratory (Germany) on an
ANALYST 600/Perkin Elmer. Lead values were calculated as the
means of 3 analyses of each sample. The limit of detection was 10
µg /dL, and values below this limit were set to < 10 µg /dL.
RESULTS AND DISCUSSION
Table 1: Blood lead level (BBL) in µg/dl was measured in children
school aged 6-8 years
BLLs (µg/dl)
5-9
10-14
15-19
20-44
>45
Total

Total No. of infected children
213
061
053
048
004
379

percentage
56.20
16.10
13.98
12.66
01.06
100

Experiments were performed in triplicate and the results are expressed as
mean ± standard deviation

Figure 1: Scheme illustrates percentage of males and females
contributed in this study

Figure 2: The percentage of infected children with lead pollution at
different concentration of blood lead levels
The experiments were performed in triplicate, and the results are expressed
as mean ± standard deviation (n = 379)

It is well-known that the lead is most heavy metals commonly cited
as being of the greatest public health concern3-5, the revelation to
lead can harm the nervous, hematopoietic and renal systems (6x,
7x). Elevated blood lead levels (BLLs) as low as 10 µg/dl have been
associated with adverse effects on cognitive development, growth
and behavior among children aged 1-5 years4,5. In this work 379
children school (198 males and 181 females) aged 6-8 years (Figure
1) were tested to determine lead concentrations in their blood. Our
results demonstrated, for the first time, that 213 out of 379 tested
children have a BLLs ≤ 10 µg/dl (56 %) (Table 1) from which 29.8
% was infected males and 26.4 % was infected females. The
Committee on Environmental Health mentioned that the children do
not need any medical management when BLLs at ≤ 10 µg/dl but
parents should take steps to identify possible sources of lead in their
child’s environment in order to prevent any further exposure. The
children foods should be high in calcium, iron and vitamin C and
low in fat11; However, there no totally safe level of lead for children.
Many recent studies have shown that lead level below 10 µg/dl can
lower intelligence10,12. The most common effects at these subclinical concentrations are on the CNS. The best-studied effect is
cognitive impairment, measured by IQ tests. In most countries,
blood lead concentrations peak at approximately 2 years of age and
then decrease without intervention. Blood lead concentration is
associated with lower IQ scores measured at approximately 5
years of age12. It is worth mentioning that the strength of the
association is similar from study to study; as blood lead
concentrations increase by 10 µg/dl; the IQ at 5 years of age and
later decreases by 2 to 3 points12. With BLLs less than 10 µg/dl; a
decrease in IQ of more than 7 points was reported13. Our results also
showed that 166 of the children (43.8 %) have an elevated BLLs (>
10 µg/dl); with males representing 51 % (n = 85) and females 49 %
(n = 81). Most of the reported effects of lead occur at levels above
10 µg/dl. These include a reduction in children IQ, changes in brain
and nerve function (especially behavior). Teachers report that
more inattentive, hyperactive, disorganized and less able to follow
directions were observed on students with elevated tooth lead
concentrations14,15. Furthermore follow-up of some of those
children14 showed higher rates of failure to graduate from high
school, reading disabilities, and greater absenteeism in the final year
of high school16. Elevated bone lead concentrations are associated
with increased intentional dysfunction, aggression and
delinquency17. At these levels the children need a special
management depending on the BLLs. Children with concentrations
10 µg/dl or greater should have their BLLs concentrations
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rechecked; if many children in a community have concentrations
greater than 10 µg/dl, the situation requires investigation for some
controllable source of lead exposure. Children who ever have a
concentration greater than 20 µg/dl or persistently (for more than 3
months) have a concentration greater than 15 µg/dl require
environmental and medical evaluation. Generally, the parents have
to identify and remove possible lead hazards and feed the child with
a diet that will help protect them from lead. Sources of lead can be
found in the home, school, yard or places a child frequently visits.
Lead absorption is increased when there is not enough iron or
calcium in a child’s diet. In this regard, the children foods should be
high in calcium, iron, and vitamin C and low in fat. Figure 2 and
Table 1 clarified that 61 out of 379 tested children (16 %) have
BLLs between 10-14 µg/dl from which 8.4 % were infected males
and 7.79 % were infected females. At this level, the test has to be
repeated within 3 months to confirm the blood lead level. The
parents have to identify and remove possible lead hazards and feed
the child with a diet that will help protect them from lead. The child
will need another blood test in 3 months to see if the level of lead
has lowered. Moreover, a 53 (14 %) of children have BLLs between
15-19 µg/dl from which 7.2 % was infected males and 6.88 % was
infected females (Figure 2). At this level there is a greater risk for
problems with growth and learning. Children can be hurt by lead
and may not look or act sick. Management includes parent education
about lead and dietary and environmental changes. The child will
need another blood test in 3 months to see if the level of lead has
lowered. If the BLL is not lowered, medical management can be
started, with a follow up of the blood lead concentration at 3 month
period. The results also illustrated that 48 out of total 379 children
(12.66 %) have a BLLs between 20-44 µg/dl. Interestingly this
percentage was equally divided between both genders (6.33 %
each). A child with a confirmed venous draw in this range has a high
lead level and needs to be seen by a doctor for a medical exam.
Other measures include complete history and physical examination,
determination of hemoglobin or hematocrit and iron status and
neurodevelopmental monitoring. The child’s medical provider
should be involved in helping bring this blood lead level down by
managing the child’s diet and providing vitamin supplements if
needed. The child will need another blood test within a month to see
if the level of lead has lowered. It seems reasonable to
manage children whose blood lead concentration is 20 µg/dl or
greater as having a higher risk of developmental delay and behavior
abnormalities20. However, it has been reported that although
chelation therapy for children with blood lead concentrations of 20
to 44 µg/dl can be expected to lower blood lead concentrations, it
does not reverse or diminish cognitive impairment or other
behavioral or neuropsychological effects of lead19. There was no
data supporting the use of chelation by succimer in children whose
blood lead concentrations are less than 45 µg/dl if the goal is to
improve cognitive test scores. From Table 1 and Figure 2 it can also
seen that four out of 379 tested children have BLLs above 45 µg/dl
(1.06 %). Children with blood lead concentrations greater than 45
µg/dl may complain of headaches, abdominal pain, loss of
appetite and constipation and display clumsiness, agitation and/or
decreased activity and somnolence. These are premonitory
symptoms of CNS involvement and may rapidly proceed to
vomiting, stupor and convulsions18. Symptomatic lead toxicity
should be treated as an emergency. At this level, the test has to be
taken immediately or within 48 hours to confirm the blood lead
level. A child with a confirmed venous draw in this range has a
dangerous lead level and may need medical treatment. Medical
treatment with chelation therapy using succimer should begin and a
pediatrician experienced in managing children with lead poisoning
should be consulted. Very high levels of lead can damage the brain
and kidneys. The child will need regular medical follow-up and retesting to see if the level of lead has lowered. The mechanisms by
which lead affects CNS function are not known. Lead alters very
basic nervous system functions, such as calcium-modulated

signaling, at very low concentrations in vitro21, but it is not yet clear
whether this process or some other one yet to be examined is the
crucial one. Lead interferes with heme synthesis beginning
at blood lead concentrations of approximately 25 µg/dl22. Both
aminolevulinate
dehydratase,
an
early
step
enzyme,
and ferrochelatase are inhibited. Ferrochelatase inhibition is the basis
of a previous screening test for lead poisoning that measures
erythrocyte protoporphyrin (EP), the immediate heme precursor.
the
lower
concentrations
Because
it
is insensitive to
of blood lead that are of concern now, the test is obsolete for that
use; however, EP measurement is still used clinically in managing
children with higher blood lead concentrations.
CONCLUSION
The conclusions drawn from this study that BLLs were elevated
above the safe level in about 44 % of the children tested. These
children should be evaluated and treated in accordance with CDC
guidelines for follow-up care, including care coordination and
public health, medical and environmental management23-25. Few
children (1 %) have BLLs high enough to warrant intensive medical
treatment (e.g., chelation therapy). However, all children with
elevated BLLs < 10 µg/dl will need follow-up services, including
more frequent blood lead testing, environmental investigation, case
management, and lead hazard control. A wide national survey for
lead blood levels among children aged 6-7 years should be
performed, and if possibly the children with elevated BLLs should
be followed with regular checkups.
Recommendations
The recommended approach to environmental investigation of
a child with an elevated blood lead concentration consists of
· An environmental history and an inspection of the child's
primary residence and any building in which they spend time
regularly.
· Measurement of lead in deteriorated paint, dust, bare soil or
water as appropriate.
· Control of any immediate hazard.
· Remediation of the house, which may require temporary
relocation of the child.
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