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Introduction
Lead is a toxic metal that is ubiquitously distributed 
in the environment because of its usefulness in 
many areas but can be hazardous to health when 
ingested or inhaled. The characteristics of lead such 
as its malleability, ductility, corrosion resistance, low 
melting point and its abundant availability are reasons 
lead is still being used today despite its hazardous 
nature (Ara & Usmani, 2015). Since lead is a non-
biodegradable environmental pollutant (Kumari & 
Kumar, 2023), it continues to pose serious threat to 
human health especially in countries where its use 
is not well controlled. Though, most countries have 
phased out the use of leaded gasoline many years 

ago, including Nigeria phasing it out in 2003 (Ojo et 
al., 2010), lead is still being used in the manufacture 
of household items such as paints, pipes, batteries, 
children toys, jewelry and cosmetics. Hence, lead 
persists as a major public health threat due to its 
widespread use. Lead affects almost all the organs 
in the body. The nervous system is mostly affected 
both in children and adults (Ara & Usmani, 2015). 
Vulnerable groups of the population including 
reproductive women and children are at higher risk 
of being affected by lead toxicity. For instance, 
children absorb more lead than adults (Collin et al., 
2022) which makes them to be more susceptible to 
its neurotoxic effects. Pregnant women exposed 
to lead can get it transferred to the fetus, posing 
the risk of miscarriage, preterm birth and impaired 
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fetal development. While many research has been 
conducted on lead toxicity, significant knowledge 
gap remains especially concerning its effect on 
children and women reproductive age (which are the 
vulnerable groups focused in this review). This review 
is therefore needed to understand existing scientific 
findings on the exposure pathways, mechanisms of 
toxicity and health impacts on vulnerable groups. This 
will guide clinicians and policy makers in making 
informed decisions that will help to mitigate risks and 
improve health outcomes in these vulnerable groups 
of the populace. 

Materials and Methods
This review used a systematic approach to gather and 
synthesize relevant literature on the toxicity of lead 
in vulnerable populations. Databases searched are 
PubMed, Scopus, Web of Science and Google scholar. 
To tailor the search down to the scope and objective of 
the review, keywords and Boolean operators used are; 
‘lead toxicity’, ‘lead poisoning’, ‘children’, ‘pregnant 
women’, ‘children’, ‘lead toxicity AND children’, 
‘lead toxicity AND pregnant women’,’lactating 
women’, ‘health effects’. The search was restricted 
to peer-reviewed articles, government reports, WHO 
reports and public health databases published in 
English language. Articles that were not related to 
human subjects were excluded while the selected 
articles were further considered based on scientific 
rigour, sample size, clear objectives and how much 
relevant they are to the topic. More than 70 studies 
were reviewed but 40 were eventually considered 
after filtering to remove those that did not meet the 
selection criteria

Results and Discussion
Lead Exposure Sources
Paint with lead content, polluted soil, contaminated 
water and air constitute major pathways of 
environmental lead exposure. A review study to 
evaluate sources of lead exposure worldwide found 
that environmental sources of exposure in Nigeria 
include electronic waste, paint and batteries (Obeng-

Gyasi, 2019). Different studies have identified lead-
based paint as a major source of lead exposure, 
especially in children living in old houses built before 
1978 when leaded paint was banned (Body et al., 1991; 
Obeng-Gyasi, 2019; Gulson et al., 2004; swaringen 
et al., 2022; Castro et al., 2019; Jacobs et al., 2002). 
Leaded paint in old homes can chip to create lead dust 
when damaged or removed thereby increasing the 
risk of exposure, mostly in children when they ingest 
or inhale the lead dust. A handful of study have also 
found lead in contaminated water, soil and polluted 
air to be culpable of lead poisoning (Gleason et al., 
2019; Redmon et al., 2020; Forsyth et al., 2019). Air 
lead arises as a result of industrial processes such as 
smelting, illegal mining and poor waste management. 
The group of the populace most vulnerable to lead 
exposure are children and women of childbearing 
age (Ortega et al., 2021; WHO, 2003). Children are 
majorly exposed through the eating of contaminated 
soil (as a result of the frequent mouthing of hands and 
objects they engage in) and inhalation of air lead. In a 
nutshell, children are exposed exogenously. Women 
of child-bearing age, on the other hand, are more 
prone to endogenous exposure. This is because lead 
stored in the bones (from past exposures that could 
date back to decades) are released into the blood 
during physiological changes such as in pregnancy 
and lactation (Gundacker et al., 2021). Hence, in 
addition to ongoing present exogenous exposure, 
pregnant and lactating women face the risk of lead 
toxicity from past exposures as the half-life of bone 
lead spans up to three decades.

Mechanism of Lead Toxicity
The presence of lead triggers the production of 
reactive oxygen species (ROS) (Patrick, 2006). ROS 
are molecules that are capable of damaging cells 
and tissues. Lead causes increase in the yield of free 
radicals and decreases the availability of endogenous 
antioxidant reserves (such as glutathione) responsible 
for neutralizing the ROS generated in individuals 
exposed to lead (Sani & Amanabo, 2021). This happens 
as a result of the binding of lead to sulfhydryl groups 
on protein leading to the inability of glutathione to 
neutralize ROS since it has been deactivated (Sani 
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& Amanabo, 2021). Lead has also been found to be 
the cause anaemia in exposed individuals due to the 
inhibition of enzymes associated with the building of 
the heme group in haemoglobin (i.e. heme synthesis) 
(Singh et al., 2018). Another mechanism of lead 
toxicity is its ability to disrupt brain function by 
inhibiting the action of calcium as a regulator of 
cell function (Ortega et al., 2021). As seen in Figure 
1, Lead is capable of mimicking calcium in some 

cellular processes which disrupts its regulation thus 
leading to the malfunctioning of the blood vessels. 
Some studies have inferred that there are no safe levels 
of blood lead as adverse effects have been noticed 
even at low doses (Glorennec et al.,2010; Oulhote et 
al.,2011; Lanphear et al., 2005). Hence, blood lead 
levels previously thought to be safe might still pose 
some risks, especially to the brain. Succinctly put, 
lead can be toxic even at assumed safe low levels .

Vulnerable Population Group
Children are the most vulnerable group because of 
factors such as hand-to-mouth activities (resulting 
in more lead ingestion) and permeable blood brain 
barrier (BBB) as a result of yet to be developed tissues 
(Markowitz, 2021). Since the tissues of children 
are not fully developed, their absorption rate is 
significantly more than that of adults; about 40-50% 
compared to 10% in adults (Ara and Usmani, 2015). 
Lead, when ingested or inhaled, goes directly into the 
blood and gets distributed to tissues such as the bones 
and other soft tissues. The half-life of lead in bone is 
about 2 decades (Ciosek et al., 2021). Hence, it can 
be in the bone for an increased period of time without 
posing any risk as it is considered nontoxic in this 
tissue except when released back into the systemic 
circulation. However, there is higher toxicity risk at 

the onset of pregnancy and during lactation. This is 
because at these periods, more calcium obviously 
needed by women (to meet the demands of fetus 
and breastfed infants) gets sourced from the bone, 
particularly in women with inadequate calcium intake. 
Since lead mimics calcium (due to similarities in their 
atomic and ionic structures), as calcium is released, 
lead is also simultaneously released. This explains 
why men are at lesser risk of exposure, particularity 
endogenously when compared to women. 

Health Effects 
Studies have shown that lead majorly attacks the brain 
or the central nervous system, leading to neurotoxicity 
(Cleveland et al.,2008; Naranjo et al.,2020). Long 
term (chronic) exposure to any amount of lead has 
been linked to intellectual disability, shortened 

Figure 1: Lead Toxicity Mechanism
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attention span, affective disorders (such as anxiety 
and depression) and visual impairment (Naranjo et 
al.,2020). Exposure to lead starts from the womb 
(prenatal exposure) as lead can cross the placenta 
and impair the development of the fetus due to 
interference with calcium metabolism (Mandal et 
al., 2022). Prenatal exposure has been found to be 
responsible for impairment in neurodevelopment as 
low levels of prenatal lead exposure correlates with 
reduction in cognitive function. Some studies have 
found blood lead levels in neonates to be higher 
than that of the mother (Bellinger, 2005). In younger 
children, lead exposure causes both pervasive and 
permanent effects. According to a study done in 2015, 
13% of reading failure and 14.8% of Mathematics 
failure has been traced to lead exposure (Evens et al., 
2015). In a human study by Wang et al., (2009) to 
assess the adverse health effects of lead in children, 
it was found that 5.7% and 11.7% of the subjects had 
ADHD (Attention Deficit Hyperactive Disorders) 
and mental retardation respectively. Also, it has been 
established that maternal bone lead levels directly 
correlate with infant blood lead levels and unbilical 
cord lead levels (Popovic et al., 2005).

Women exposed to lead are at risk of various 
complications during pregnancy, including 

spontaneous abortion, low birth weight, reduced 
fertility, impaired menstruation , delayed conception 
and hormonal imbalance (Vigeh et al., 2011; Zhang 
et al., 2015; Kumar et al., 2020; Gopal et al., 
2022). Vigeh et al., (2011) reported that BLL was 
significantly higher in mothers who delivered preterm 
babies than in mothers who delivered full term babies 
(4.46 ± 1.86 and 3.43 ± 1.22 respectively). It was 
generally inferred in a review study that long term 
exposure to lead has adverse effects on fetal viability 
as well as fetal and childhood development as lead 
can readily cross the placenta (Kumar et al., 2020). 
Increased blood lead levels have also been found 
to be associated with delay in the onset of puberty 
(Naicker et al., 2010). Blood lead levels of as low as 
3μg/dL could cause significant delays in breast and 
pubic hair development in most girls used as subjects 
in a study (Selevan et al., 2003). In Nigeria, women 
with history of miscarriage were found to have blood 
lead levels of 7.25μg/dL in pregnancy which turned 
out to be responsible for about 47.6% increase in 
the incidence of miscarriage (Amadi et al., 2017). A 
summary of the exposure sources and the resulting 
health effects are given in Table 1.

Vulnerable Group Exposure Source and 
Routes

Health Effects References

Women Exogenously (by ingest-
ing contaminated food  
or water and inhaling 
polluted air) and endog-
enously (by increased 
bone Pb turnover during 
pregnancy and lactation)

Preterm birth, miscar-
riage, low birth weight, 
menstruation imbalance, 
delay in the onset of 
puberty,  

Nacker et al., 2010; Sel-
evan et al., 2003; Amadi 
et al., 2017; Gleason et 
al.,2019; Zhang et al., 
2020

Children Exogenously mainly 
through the ingestion of 
contaminated soil and 
dust and inhaling pollut-
ed air  

Reduced IQ, ADHD, 
anxiety, depression, 
shortened attention span, 
visual impairment, de-
velopmental delays 

Naranjo et al., 2020; 
Ulang et al., 2009; Cas-
tro et al., 2019

Table 1: Lead Exposure Sources and Health Effects in Vulnerable Populations



Journal of  Science, Technology and Innovation Research
Special Issue December 2025 | 485-493JOSTIR Publication 2025 | ISSN: 1118-3896

The Organization for Women in Science for the Developing World (OWSD) Nigeria National Chapter 7th Biennial 
International Conference July 6 - 10, 2025 Special Issue: The Federal University of Technology, Akure (FUTA)

489Karokatose & Adewumi

Blood Lead Levels before and after Leaded 
Gasoline Phase-Out
Increase in blood lead levels could be caused by the 
inhalation of air-borne lead released from leaded 
gasoline through vehicle exhaust according to human 
study done by Ojo et al.,(2010) after the phase-out of 

leaded fuel in Nigeria. The study showed a significant 
decrease in the BLL of subjects (6.81±2.61 μg/
dL) when compared to a prior study done by the 
same author in the 1990s before the 2003 phase out 
(12.0±6.0 μg/dL). Though, leaded fuel use has been 
banned globally, its effect is still being noticed. 

From the studies reviewed (Table 2), it was observed 
that there was significant decrease in blood lead 
concentrations after phasing out leaded fuel in 
Nigeria which simultaneously has reduced toxicity 
across various population groups (Ojo et al., 2010; 
Ademuyiwa et al., 2007). However, some studies still 
reported elevated blood lead levels years after phase-
out, especially in subjects with ongoing exposure 
either exogeneously or endogeneously (peculiar to 
pregnant and lactating women) as seen in Figure 2. 
This agrees with the findings of the author in a recently 
published study (Karokatose et al., 2025) where the 
output of the simulation done showed elevated blood 
lead levels in women of child bearing age several 
years after the phase-out of leaded gasoline.

Regulatory Measures and Guidelines
In order to control and minimize the risks of lead 
toxicity, it will be helpful to put standards in place. 

Table 2: Blood Lead Levels pre Phase-out and post Phase-out of Leaded Fuel
Year of Study BLL (μg/dL) References

1994 12.0 Ojo et al., 2010

1997 10.6 Nriagu et al., 1997

2000 15.2 Pfitzner et al., 2000

2005 8.7 Wright et al., 2005

2010 6.81 Ojo et al., 2010

2016 3.1 Bello et al., 2016

2014 71 (Exposed) Ajumobi et al., 2014

2010 28.8 (Pregnant) Nkolika & Benedict (2010)

2015 43.5 (Exposed) Saliu et al., 2015

2012 26.3 (Pregnant) Ikechukwu et al., 2012

2015 45.43 (Exposed) Alli, 2015

Figure 2: Graph Showing Blood Lead Levels Pre 
and Post Phase-out of Leaded Fuel
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The root cause of toxicity which is primarily exposure 
must be dealt with. This can be achieved primarily 
through public awareness campaigns about this 
pollutant. Public health professional should educate 
people about the dangers of being exposed to lead 
after sensitizing them of likely exposure sources. 
Children should be encouraged to wash their hands 
frequently to minimize exposure through ingestion. 
Households should use more of cold water from taps 
in place of hot/warm water as the latter has been 
found to contain higher amounts of lead. Hot water 
taps contain 260 times more lead than cold water tap 
(Triantafyllidou & Edwards, 2012).

Also, intake of calcium supplements especially by 
pregnant and lactating women is important to reduce 
endogenous exposure through bone resorption. 
Maintaining adequate dietary calcium reduces the 
mobilization of calcium and consequently, lead from 
bone stores. This happens because the body, when 
satisfied with calcium intake, has less need to resorb 
bone to maintain blood calcium levels. Thus, reducing 
the risk of bone breakdown. Chelation therapy is 
another great way of reducing the body burden of 
lead, particularly when blood lead concentration is 
very high. Lead-chelating agent including EDTA has 
more affinity for lead than calcium. Hence, lead binds 
to the chelating agent and get excreted in the urine, 
leaving behind only the useful calcium (Parui et al., 
2024).  This mechanism is described in Figure 3.

For these safety measures to be effective, it is 
important that environmental remediation is done to 
reduce ongoing exposure significantly, particularly 
where people are occupationally exposed through 
mining or smelting. 
 

Conclusion
Lead toxicity keeps being a major and persistent 
challenge to the health of the public, especially 
in populations at higher risk including children 
and reproductive women. Despite global efforts to 
reduce environmental lead exposure, residual and 

endogenous sources especially those emanating 
from historical exposure and physiological changes 
during pregnancy and lactation continue to pose 
serious risks. This review has highlighted the major 
pathways of exposure, the biological mechanisms of 
toxicity, and the wide-ranging health impacts on both 
mothers and children, including neurodevelopmental 
disorders, reproductive complications, and hormonal 
disruptions.

The evidence clearly demonstrates that there is 
no identifiable safe threshold for lead exposure, 
particularly for developing brains and physiologically 
dynamic populations. Therefore, proactive strategies 
such as public education, policy enforcement, 

Figure 3: Chelation Therapy
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calcium supplementation, chelation therapy and 
environmental remediation must be prioritized to 
reduce both current and future risks. Further research 
is also needed to close existing knowledge gaps, 
especially to determine the efficacy of intervention 
strategies.
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