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Lead (Pb) and arsenic (As) are among the top ten (10) chemicals of major public health
concern worldwide which accrue death and disabilities. Pb causes 0.6% of global burden of
disease leading to 143,000 deaths and 600,000 intellectual disabilities, mainly among young
children of low- and middle-income countries. Pb is a man-made hazard pervasively present
in the environment. Gasoline is the primary source of Pb. The control of Pb in primary source
has increased the importance of secondary sources of Pb exposure globally including food,
house dust and soil.

While As occurs naturally in earth crust (a natural hazard) and most of the exposure to
population occurs through drinking groundwater. An estimated 140 million people are
exposed to As above 10 ppb globally. The long-term exposure to As lead to development of
cancers of liver, lung and bladder. The As is also associated with hypertension, diabetes,
cognitive disabilities among children and adverse pregnancy outcomes such as abortion and
premature births. The most frequent and typical adverse effects of arsenic appear as
pigmentation of unexposed areas of the skin and the symmetrical hardening (hyperkeratosis)
of palms of soles. The adverse health effects of As is still evolving and it may affect all organ
and systems of the body.

Although Pb has been controlled in gasoline (primary source) in Pakistan since 2001, there
has been consistent reports of exposure to Pb and high blood lead levels among vulnerable
population (pregnant women, newborn and children), particularly urban population in
Pakistan. One of the recent studies conducted in 2008 in the heart of the city of Karachi
(megacity) reported that about 90% of newborn’s cord blood had levels of Pb above 5 pg/dl. In
scenarios where primary sources of exposure are controlled, the secondary sources such as
food, dust and soil becomes more important source of exposure for several decades. Thus,

there was a need to investigate the secondary sources of Pb exposure among the urban




population of Pakistan.

Similarly, several studies have reported presence of As in groundwater along Indus river in
Pakistan. Previous studies had shown low prevalence of arsenic skin lesions among
population exposed to As. However, the policy makers were not convinced about the health
burden of As in Pakistan. Therefore, I carried out an investigation of health burden of As in
high exposed areas along River Indus to estimate the As associated health burden among
these population.

I, therefore, conducted a health exposure assessment of Pb and As in urban and rural areas

among the vulnerable population of Pakistan. In this respect, I present three linked studies.
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The first study was carried out to identify the main sources of exposure to Pb among
pregnant women, newborn and young children in an urban area (Karachi), Pakistan. The
study assessed the Pb intake of pregnant women, newborn and one-to- three-year-old children
from secondary sources including food, water, house dust, respirable dust, and soil around the
house. We collected three-days food duplicates for the pregnant women and 1-3-year-old child
from the same households. The exposure of Pb through cooking utensils were also tested. The
house dust was collected using vacuum cleaners and the respirable dust. The inductive
coupled plasma mass spectrometry (ICP-MS) was conducted to determine the Pb levels in food,
water and blood samples. Energy dispersive x-ray fluorescence (EDXRF) method was used to
determine Pb in house dust and respirable dust. We also conducted fingerprinting of the Pb
isotopic ratios (LIR) of gasoline and secondary sources including food, house-dust, respirable
dust, soil, surma (eye cosmetics) of exposure in the blood of pregnant women, newborns (cord
blood), and children.

The eye cosmetics (surma) was considered a major source of exposure to Pb among the
women and children in Pakistan. The second study determined the Pb levels in nails of rural
women and possible contamination from external sources.

Previous studies have reported the presence of As in groundwater and associated health
effects. However, these studies were not able to convince policy makers regarding the health
burden of As among the population. One of the reason was that the study showed low
prevalence of arsenic skin lesions, as the areas surveyed were both affected and non-affected
by As. Therefore, the third study was conducted to determine the adverse health effects
(typical arsenic skin lesions — pigmentation in unexposed areas and symmetrical hardening of
palms and soles) among a population highly exposed (in villages within 18 km of the river as
identified by previous study) to As through groundwater in rural areas along river Indus in

Pakistan.
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The first study found that the main sources of exposure to Pb for children were food and
house-dust, and those for pregnant women were respirable dust and food. The LIR results
suggests the same that food, house-dust, respirable dust are the main sources of exposure for
blood lead levels. However, the LIR of surma and also gasoline was distinct from blood and
have little contribution to blood lead levels.

The second study identified that surma was a potential external source of contamination for
a commonly used biomarker of Pb i.e. nails. Of the 84 nail samples, 13 had Pb levels above
which survival of human were not possible. The LIR of these nails showed that it had
similarity to LIR of surma. Therefore, nails may not be suitable a biomarker in environments
such as Pakistan where surma use is common.

The third study found higher prevalence of skin lesions among population exposed to high
levels of As in the villages along river Indus. About 90% population in these villages were
drinking water above 100ppb. The prevalence of skin lesions among population exposed to As

100ppb and above were between 12 to 14%.
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Overall, findings of my studies suggested that urban women and children are exposed to

!

high levels of Pb through secondary sources including food, house-dust and respirable dust.
Also, the use of eye cosmetics makes nail biomarker ineffective in determining exposure levels
in such scenarios as they may also be externally contaminated. The rural population living
along river Indus are exposed to naturally occurring As through groundwater and have high

prevalence of adverse arsenic skin health effects.
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Therefore, regular monitoring of Pb in secondary sources is required. The simple measures
of regular wet-mopping of living rooms may reduce the exposure to Pb. Furthermore, the food
production, processing, and packaging needs to be monitored to identify the sources of
exposure of Pb. Arsenic (As) in groundwater along river Indus require strategies such as
switching of wells. The groundwater handpumps along River Indus have safe and unsafe
wells lying usually close to each other. Population need to be made aware about the hazards of
As and safe handpumps need to identified for safe use of drinking water. About 13 to 15
million people live along the length of River Indus within the high risk zones where As in
groundwater is above 100 ppb. Thus, immediate measures need to be undertaken to protect

these populations from hazards of As.
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