~ LEAD EXPOSURE
~ IN AFRICAN CHILDREN

~ CONTEMPORARY SOURCES AND CONCERNS

LS

(Zax) World Health
%Y Organization

reconaLorriceror Africa




AFRO LIBRARY CATALOGUING-IN-PUBLICATION DATA

Lead exposure in African children: contemporary sources and concerns.Lead exposure

1 Lead poisoning
2 Children
3 Environmental health

World Health Organization. Regional Office for Africa

ISBN: 978-0-86970-787-6

©WHO REGIONAL OFFICE FOR AFRICA, 2015

Publications of the World Health Organization enjoy copyright protection in accordance with the provisions of Pro-
tocol 2 of the Universal Copyright Convention. All rights reserved. Copies of this publication may be obtained from
the Library, WHO Regional Office for Africa, PO. Box 6, Brazzaville, Republic of Congo (Tel: +47 241 39100; +242 06
5081114; Fax: +47 241 39501: Email: afrobooks@afro.who.int). Requests for permission to reproduce or translate this
publication — whether for sale or for non-commercial distribution — should be sent to the same address.

The designations employed and the presentation of the material in this publication do not imply the expression of
any opinion whatsoever on the part of the World Health Organization concerning the legal status of any country,
territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. Dotted lines on
maps represent approximate border lines for which there may not be full agreement.

The mention of specific companies or of certain manfucturers’ products does not imply that they are endorsed or
recommended by the World Health Organization in preference to others of a similar nature that are not mentioned.
Errors in ommission excepted, the names of proprietary products are distinguished by initial capital letters.

All reasonable precautions have been taken by the World Health Organization to verify the information contained in
this publication. However, the published material is being distributed without warranty of any kind, either expressed
or implied. The responsibility for the interpretation and use of the material lies with the reader. On no account shall
the World Health Organization or its Regional Office for Africa be liable for the damages arising form its use.

PRINTED IN SOUTH AFRICA.

v B M prqinseny Be B4 dws g

FOREWORD
In 2010, African Ministers of Health and Environment, in the Luanda Commitment (which followed the Libreville
Declaration of 2008), highlighted their “concerns over the adverse effects on human health and the environment
from the use, disposal of and exposure to hazardous chemicals and wastes which pose a major challenge for
many African governments”. Lead is one such hazardous substance, to which far too many Africans are exposed,
from far too many sources, on a daily basis. This report shows that exposure to lead results in a range of health,
social and education effects that have a direct and huge effect on African economic productivity and prospects.

A source of both concern and optimism is the knowledge that lead poisoning is preventable. With the available
strategies and programmes, and with sufficient political will, we have the power and the means to eliminate lead
exposure in Africa, thereby giving African children a greater chance of reaching their full potential in life, and
lowering health and educational costs. Action to prevent lead poisoning will also help boost African economies
by billions of dollars.

The Luanda Commitment paves the way for the development of a concerted programme of action for the Pre-
vention of Lead Poisoning in African countries. Urgent, comprehensive and sustained action in this regard will
reap huge, and much needed, health, social and economic benefits for African countries, and should therefore
be implemented without delay.

Dr Matshidiso Moeti
Regional Director
World Health Organization (African Region)
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UMMARY
3 ul, but toxic substance, which has been known and used in hundreds of products and processes over
a. Research conducted over the past century in particular, has produced unequivocal evidence of the harm
d by lead, especially in young children and at the foetal stage. For example, even at low levels in blood, lead has
associated with hearing loss, learning difficulties and poor school performance, lower levels of tertiary educational

ment and a decline in lifetime earnings. Studies have also shown that widespread lead exposure has a depressive

community prospects and on economies. In recent decades a growing body of evidence has associated
yosure with elevated levels of aggression or violence. At highly elevated levels, a range of clinical effects have
emonstrated, including anaemia, damage to a range of organs, permanent muscular paralysis, coma or death.
lly, hundreds of African children have died from lead poisoning in the past decade, including in Nigeria as a
ence of artisanal gold mining, and in Senegal from battery recycling.

asing out of leaded petrol in most of the continent’s countries by 2006 is a laudable achievement which benefits

alth and prospects of millions of African children. However, Africa lags behind other regions, in putting in place the

entalmeasuresneededtoeffectivelyprotectpeopleagainstleadfromarangeofothersources.Studiesundertakenin

f African countriespointtoongoingleadexposurefrom multiple sourcesin Africanhomes,schoolsandworkplaces.

lude lead paint, mines and smelters, battery manufacturing and recycling plants, automotive repair facilities,

ted cottage industries, hobbies and recreation involving lead (such as fishing, jewellery making and the use

of lead ammunition), geophagic practices under certain conditions, the use of certain traditional medicines, and the
“home brews’, to mention but a few.

| effects of lead exposure exert an enormous economic cost on African
ealth economists conservatively estimate that around US$134.7
ear because of lead exposure.

d exposure and poisoning, there is an urgent need for a concerted
atincludes research and surveillance, regulation of the lead content
campaigns, implementation of worker protection programmes that
sessments, the identification of high risk settings, processes
ehabilitation programmes where necessary.

fc. =d by Ms Hawa Senkoro, Technical Officer,
O Regional Office for Africa (Inter-Country Sup-
erall guidance of Dr Georges Alfred Ki-Zerbo,

of the WHO Collaborating Centre for
ica, were responsible for collation of the
was reviewed by Dr Joanna Tempowski,
d their insightful comment are gratefully
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1 WHAT IS LEAD?

Lead (Pb) is a blue or silver grey metal which has been mined
for thousands of years. It is found naturally in the environment
(WHO, 2010; IARC, n.d.), usually in coal and ore with other metals
such as zing, silver and copper (WHO, 2001). It is estimated that
three hundred million tonnes of lead have been released into the
environment through mining and ore processing over the last five
centuries (Tong et al., 2000; Hernberg, 2000).

Lead has a range of properties which have made it very useful in
modern society. For example, it is soft, malleable, a relatively poor
conductor of electricity, highly resistant to corrosion, and is able
to absorb sounds and other vibrations, as well as radiation. Lead
also has a low melting point and is resistant to fire (WHO, 2001).
These characteristics have made lead a very versatile substance,
and it is used in literally hundreds of products, including protective
equipment (for example x-ray shields and fire protection gear),
petrol (as an anti-knocking agent - though this use is close to being
phased out globally), paint (to increase durability of the pigment
and speed up drying), cabling, ammunition, jewellery, hair dye,
computer and electrical equipment, wheel balancing weights and
fishing sinkers, to mention but a few (Science Encyclopedia, n.d;
WHO, 2001). Recycled lead accounted for 45 percent of global lead
supply in 2003. Most of the recycled lead comes from used lead-
acid batteries, with the remainder coming from other sources such
as lead pipes, sheets, cable sheathing and wastes from fabricating/

processing operations (UNEP, 2010).

The extensive use of lead has resulted in widespread human

Figure 1 (Top) Lead (Pb): atomic weight 207.2,
atomic number 82, melting point 327°C,
density 11.3 g/cm3. (Below) Lead in its natural

it persists for very long periods. Due to atmospheric transmission, form (Source' Periodic Table, n. d.: Northern
. . , N.d.;
lead can affect the most remote regions of the world (WHO, 2010). Industrial Hygiene, 2011).

exposure to this toxic metal. There are no natural mechanisms for

the breakdown of lead, and once released into the environment

Figure 2 Deposition of lead (micrograms per kilogram) in the ice in Greenland. The green arrow points
to the sharp increase since 1940 attributed mainly to combustion of lead alkyl additives in petrol.
(Source: WHO, 2008).
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2 THE HEALTH AND SOCIAL EFFECTS OF LEAD

The detrimental effects of lead have been known for centuries. However, increasingly sophisticated
studies undertaken in the past few decades in particular, have associated lead exposure with a wide
range of abnormal laboratory findings and detrimental health effects (see Table 1). Despite growing
awareness of the risks for health, the metal continues to be mined and used across the globe.
Notwithstanding exposure reduction efforts at global, national and local levels in recent decades, lead
remains a major public health problem throughout the world, especially in poorly resourced countries.

Unlike many other metals, such as iron and zinc, lead performs no useful function in the human
body - it only causes harm. The Centers for Disease Control and Prevention (CDC) in the United
States of America has set a reference level for lead in children’s blood at the 97.5th percentile of the
distribution in that group — currently it equals 5 pg/dl. Similarly, in France, the 98th percentile of the
blood lead distribution in children under the age of 7 years equals 5 ug/dl (WHO, 2015). However
there is widespread scientific consensus that there is no safe level of exposure to lead. Environmental,
socio-economic and biological factors affect the degree to which individuals may be exposed to, and
harmed by, lead. Children, especially those under the age of five years, are recognized to be a group
that is particularly vulnerable to lead - both in terms of exposure and the health consequences.

Why Are Children Particularly Vulnerable to Lead Exposure?

Children’s hand-to-mouth behaviour and highly exploratory nature, which leads them to touch and
taste objects and substances with which they come into contact, are amongst the reasons for their
increased vulnerability to lead. Mouthing and/or swallowing lead-containing, or lead-coated, objects
or substances may result in appreciable body lead burdens in children. A habit of chewing nails or
sucking fingers may also increase the ingestion of lead-contaminated soil or dust particles, for example
from lead paint on the interior or exterior surfaces of dwellings, furniture and playground equipment
(WHO, 2008, Mathee et al., 2009). Very high blood lead levels are often found in children with pica for
soil and paint. Figure 3 summarises the key sources and routes of lead exposure.

Figure 3 Sources and routes of lead exposure (Naicker, 2012; adapted from Fewtrell et
al., 2003; 2004)
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Children’s particular vulnerability to the health effects of lead
exposure also stem from their immature organ systems and
relatively ineffective mechanisms for the metabolism of lead. The
rate of absorption of lead in the gastrointestinal tract in infants and
children is greater than in adults (40% versus 10% respectively).
Nutritional deficiencies, such as of iron and calcium (which are
more common in children), increase the rate of absorption of lead
(Bellinger, 2004; Wright et al., 1999; Bradman et al., 2001).

Lead is retained in the bodies of children for longer periods than
adults (Bellinger, 2004; Manton et al., 2000). Children’s incompletely
developed organs and systems, such as the renal and hepatic
systems, leads to less effective detoxification and elimination
mechanisms compared to adults (WHO, 2010). Transport of lead
through children’s immature blood-brain barrier leads to a higher
risk of adverse neurological and developmental effects (WHO, 2010).

What happens to Lead in the Body?

The amount of lead absorbed by humans depends on the particle
size and its solubility. Other factors affecting lead absorption
include individual characteristics such as age, sex and nutritional
status (Barbosa et al.,, 2005). Lead entering the blood stream usually
constitutes 1to 5% of the total body lead. At low lead concentrations
95 to 99% of blood lead is bound to red blood cells (RBC) and 1%
is found in the plasma. At higher lead concentrations, a larger
percentage of lead is distributed in plasma. Plasma lead is relatively
easily exchanged into bone and soft tissues such as the kidney and
the brain. The amount of lead bound to red blood cells is reduced
by half (i.e. half-life) after approximately 36 days; for lead found in
plasma, the same process takes less than an hour (Sakai, 2000).
Figure 4 illustrates the lead metabolism pathway from ingestion to
excretion and/or storage.

In the soft tissues lead affects various cell processes, leading
to a range of toxic effects. The half-life of lead in soft tissues is
approximately 40 days. In bone it replaces calcium and this is where
70 to 80% of lead is stored in children, compared to 90 to 95% in
adults (Barry, 1981, Ambrose et al., 2000). Lead can be stored in bone
for years, and continues to accumulate throughout an individual’s
lifetime. Rabinowitz (1991) estimated that the half-life of lead in
bone ranged from 10 to 30 years, reflecting chronic or lifetime
exposure (Rabinowitz, 1991; Hu, 1998).

Bone acts as aninternal source of lead. At times, such as when bones
are fractured or during menopause, lead from bone is released into
the blood. This is of particular concern during pregnancy when lead
may be transferred across the placenta to the foetus (Réllin et al,,
2009; Ambrose et al,, 2000). After birth, babies may be exposed to
lead during breast feeding (Goyer, 1990; Gulson et al., 2004; Bradman
et al., 2001). Studies have also shown that release of lead from bone
stores is elevated during the period after childbirth, leading to

increased levels of exposure in breastfed babies (Rothenberg et
al,, 2000; Gulson et al., 1998; Hernandez-Avila et al.,, 1996). Calcium
supplementation has been shown to decrease the risk of lead
release from bone during breastfeeding (Ettinger et al,, 2006; 2007;
Hernandez-Avila et al., 2003).

Bones are in a constant, dynamic process of breaking down and
forming new bone. In childhood the rate of bone breakdown and
formation is elevated, with lead constantly being released from
bone into the blood stream (O’Flaherty, 1995). Different types of
bone have different turnover times; the patella for example, has a
shorter turnover time than the tibia (Barbosa et al., 2005).

Some of the lead in plasma is excreted, mainly through faeces
and urine. In early post natal life and in very young children the
elimination via an immature renal system is significantly decreased
compared to adults. Very small amounts are excreted in saliva and
sweat. The excretion process is however inefficient, and most lead
remains stored in the body (Sakai, 2000; Ambrose et al., 2000).

Figure 4 Lead metabolism pathway (Naicker, 2012)
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What are the Health Effects of Lead?

Lead exposure and poisoning are associated with a wide range of
signs and symptoms; however, most are varied and non-specific,
making the diagnosis of lead exposure on clinical grounds difficult.

Clinical Effects at High Levels of Exposure

Symptoms such as drowsiness, exhaustion, convulsions, permanent
muscular paralysis, coma and eventually death can occur at very
high blood lead concentrations of 100 ug/dl and above. Acute, high
concentrations of lead in blood, for example from 70 ug/dl to 100
g/dl, can produce severe kidney abnormalities. Initially this may be
reversible but if lead exposure continues then irreversible chronic
effects may result. In children, if treatment occurs within two
months of exposure, there is usually good recovery (Chisolm et al,,
1968). Gastro-intestinal abnormalities (anorexia, nausea, vomiting,
stomach cramps) are likely to occur (WHO, 2010) at levels >50 ug/
dl. At blood levels of 240 pg/dl, lead affects the activity of enzymes
needed for the proper functioning of red blood cells (ATSDR,
2007), leading to anaemia. Lead also decreases the life span of red
blood cells, further contributing to the development of anaemia
(ADSTR, 2007). Haemolytic anaemia occurs when high levels of lead
exposure occur over a short period of time. Blood lead levels under
<30 ug/dl affect Vitamin D metabolism and calcium levels, leading
in turn to abnormal growth and bone development (Table 1).

Table 1 Clinical effects associated with specific blood lead
concentrations

Clinical effects in children
Death

Severe brain damage 100
(Encephalopathy)

Blood lead in pg/dl
>100

Kidney damage
Severe anaemia
Severe stomach cramps 50

Damage to haemopoiesis 40
(decreased haemoglobin
synthesis)

Reduced vitamin D 30
metabolism

Increased risk of hypertension 20
in adulthood

Impaired nerve function- 20
increased nerve conduction
velocity

Increased level of erythrocyte  20-10
protoporphyrin

Decreased vitamin D

metabolism

Decreased calcium

homeostasis

Developmental toxicity

Hearing impairment
Decreased growth (including puberty)
Impaired peripheral nerve function
Transplacental transfer
Reduced 1Q,
Behaviour problems

Effects of Low Blood Lead Levels on Intellectual Capacity
and Behaviour

Usually, lead exposure results from chronic exposure to low lead
levels. At levels of <10 pg/dl lead exposure impairs neurological
(Lanphear et al, 2005; Bellinger 2004; Canfield et al, 2003;
Bernard 2003) and physical (Kaji and Nishi, 2006; Vivoli et al., 1993;
Frisancho and Ryan, 1991) development in children, with adverse
consequences in adulthood. Hearing loss has been shown to occur
at blood lead levels from <10 pg/dl (NTP Monogr, 2012; WHO, 20071;
Swartz and Otto, 1987).

Lead easily crosses the blood brain barrier. The half-life of lead
in brain tissue is approximately two years. At lower blood lead
concentrations studies have shown decreased IQ scores, behavioural
abnormalities (including aggressive antisocial
decreased impulse control) and increased risk of developing
attention deficit hyperactivity disorder (ADHD) (Lanphear et al,
2005; Canfield et al., 2003; 2004; Bellinger et al., 1994; Braun et al,
2006; Needleman et al., 2002; Nevin, 2000; Naicker et al., 2012).

behaviour and

Lead is
characteristics of Conduct Disorders and Oppositional Defiant
Disorders (DSM 1V, 2000). This type of behaviour includes temper
tantrums, argumentativeness, active defilance and refusal to comply
with adult requests and rules, deliberate attempts to annoy and
upset people, frequent anger and resentment, mood instability,
substance abuse, aggression towards people and animals,
destruction of property, and deceitfulness, lying or stealing (AACAP
n.d,; DSM 1V, 2000). The longitudinal Cincinnati Lead Study showed
thatin children aged between 15 and 17 years there was a significant
association between lead exposure and antisocial behaviour
(Dietrich et al,, 2001). The longitudinal Port Pirie Cohort study found
similar results (Burns et al,, 1999). Cross-sectional studies have also
pointed to effects such as delinquency and aggressive behaviour in
children exposed to low levels of environmental lead (Bellinger et

associated with behavioural problems, including

al,, 1994; Needleman et al., 1996). In Africa, while there are numerous
studies pointing to high levels of lead exposure in children, there is
a dearth of information on the health effects of chronic exposure to
low level environmental lead. In 2012 Naicker et al. found that in a
birth cohort, boys (13 years old) with higher blood lead levels (mean
6.3 pg/dl) were more likely to exhibit socio-behavioral problems
(attacking people, arguing). Studies have shown that antisocial or
aggressive behaviour in childhood can result in criminal activity
as the individual gets older (Liu & Wuerker, 2005). Evidence from
ecological and cross sectional studies conducted in the USA
suggests that lead exposure and criminal activities are significantly
associated with each other (Wright et al., 2008; Nevin, 2000; 2007;
Stretesky & Lynch, 20071).

In adults associations between prenatal and early childhood
exposure to lead and adult onset behavioural and mental disorders
such as schizophrenia, depressive and anxiety disorders have been
found (Opler et al. 2008; 2004; Guilarte, 2009; Eum et al., 2012). Over
the past decade studies have highlighted the impact of chronic
and cumulative lead exposure on cognitive decline in elderly men
and women (Shih et al,, 2007; Weuve et al., 2009). Cognitive decline
has been shown to be a strong predictor for the development
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Table 2 Historical evidence of health effects due to lead exposure

DATE OF
DISCOVERY

370 BC
2BC

1AD

1498 & 1577

16 century

18 century

1767

1831
1832
1839

1854

1899

1898
Beginning of

20th century

Late 19th and
early 20th
century

1934

1951

1960

1960's

1970's

1970-PRESENT

PERSON RESPON-
SIBLE FOR THE
DISCOVERY

Hippocrates
Nicander
Dioscorides
Eberhard Gockel

Paracelsus

Ramazzini

Sir George Baker

Laennec
Charles Thackrah

Tanquerel des
Planches

Alfred Baring
Garrod

Behrend

Alfred Baring
Garrod
Jefferis Turner

JJL Nye

Vigliani and
Angerleri

RF Sheets
Haeger-Aronsen
Bonsignore and

colleagues

Globally

Globally

DOCUMENTED NEGATIVE HEALTH EFFECTS

Colic
Lead palsy
Clinical manifestations of lead poisoning

Epidemics of lead toxicity

“Miners disease”

Paralysis, lethargy, cachectic, toothless potters

Devonshire colic- palsy, encephalopathy, pallor and
abdominal cramps

Anaemia
Plumbism

Abdominal, neurological and arthritic signs of lead poison-
ing.
Lead gout

- Basophilic stippling of erythrocytes (RBC) - Counting of
these stippled cells used in health surveillance in lead
workers from first half of the 20th century until 1960's.

Increased excretion of porphyrins in urine
Childhood lead poisoning documented

Renal effects like Fanconi syndrome in adults who had
lead poisoning in childhood.

-Abortions and stillbirths in women working in lead
industry.

-Higher mortality of children born to these women.
-Infertility in male workers

Also used to induce illegal abortions

Showed that incorporation of iron into haem was disrupt-
ed, thus protophorphyrin accumulated in the RBC

Lead decreased lifespan of RBC which also contributes to
the anaemia. Introduction of chelating agents which was
sometimes used in symptomless workers as prophylaxis

Excretion of aminolevulinic acid (ALA) in urine of lead
workers

- By late 1960's new methods for measuring lead were
now developed - dithizone method and then later
atomic absorption spectrophotometry which improved
medical surveillance of workers

Subclinical manifestations in adults and children were
noted.

Biological disruption by low level lead exposure continues.

HEALTH EFFECT ATTRIBUTED
TO LEAD

No
No
Yes

Yes, due to lead used in wine
and ciders

Yes

Yes

Yes, due to lead weights crush-
ing apples to make cider

Yes
Yes

Yes, based findings on 1200
cases
Yes

Yes

Yes
Yes
Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

of dementia (Blacker et al., 2007; Elias et al.,, 2000; Kawas et al.,, 2003; Morris et al,, 2001, Small et al,,
2000). In addition to the neurological effects of cumulative lead exposure, lead adversely affects the
cardio-vascular system and results in hypertension, ischaemic coronary heart disease, cerebrovascular
accidents, and peripheral vascular disease (Vazizi and Gonick, 2008).

3 LEAD EXPOSURE IN A HISTORICAL CONTEXT

Evidence of toxicity due to lead exposure was documented as early as 370 BC (Tong et al,, 2000).
References to possible toxicity from lead exposure were found in Egyptian papyrus scrolls; however
the link between lead exposure and detrimental effects on health was only made around 1AD.
Dioscorides made the association between lead exposure and toxicity, and Pliny reported that toxicity
from lead was common in people who built ships. In ancient Rome lead was used in pipes, glazed
pottery, cooking utensils, pots used to boil and condense grape juice and to sweeten wine (Hernberg,
2000). Lead poisoning was common in the ancient Roman Empire, especially among the Roman elite
(Needleman, 2004; Woolley, 1984). Higher concentrations of lead were found in bones taken from the
tombs of the upper classes, relative to working class graves (Gilfillan, 1965; Hernberg, 2000). Table 2
illustrates the historical evidence of lead toxicity.

4 SOURCES OF LEAD EXPOSURE IN AFRICA

As seen in the figure below, in a recent self-assessment exercise undertaken in the African Region of
WHO, the majority of countries identified a range of ongoing, lead-related public health concerns.
The sources of lead reported included mining, paint, petrol, toys and occupational sources (WHO,
2014). This section of the report outlines the findings of selected studies undertaken in various African
countries on sources of, and exposure to, lead in various population groups, in order to paint a picture
of the range of sources of lead, to which African children may be exposed, often simultaneously.
Annexure 1 to this report, tabulates African studies of lead exposure and poisoning, though the list is
not exhaustive.

Figure 5 Lead exposure as a public health concern in countries of the
WHO-AFRICAN REGION: SELF ASSESSMENT (Source: WHO, 2014)
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Petrol

Since January 2006 the majority of African countries no longer make
leaded petrol available to the general public. The cessation of the
use of leaded petrol in Africa, and most of the rest of the world,
constitutes a major milestone that will reap public health and social
benefits for generations to come (leaded fuel may however still be
available for aviation purposes). Studies in Africa have shown that
past use of leaded petrol predisposed children living or attending
schools in close proximity to heavily trafficked roads to elevated
blood lead levels (von Schirnding et al., 1991a; von Schirnding et al,,
1991b). Epidemiological studies conducted in the 1980s and early
1990s in South Africa (a period in which petrol lead concentrations
in the country were amongst the highest in the world) showed
that large proportions of urban children especially, were at risk of
excessive exposure to environmental lead.

In 1991, when the maximum permissible petrol lead concentration
in South Africa country equalled 0.4 g/L, blood lead levels among
children attending inner city schools in Cape Town averaged
around 16 ug/dl, and more than 90% of children had blood lead
levels above 10 pg/dl (the level widely regarded as an action level
at the time, but which has since been replaced with lower reference
levels (Betts, 2012)). Socio economic status, housing conditions,
and proximity of children’s schools and homes to heavily trafficked
roads were among the factors significantly associated with elevated
blood lead levels. In 1996, unleaded petrol was partially introduced
in South Africa. Four years later, when unleaded petrol constituted
around 30% of the market share of petrol in the country, a study
undertaken at the same schools as in 1991, indicated significant
reductions in the mean blood lead concentration, and in the
proportion of children with blood lead levels of 10 pg/dl or higher.
The 2002 follow up study of 429 first grade children (mean age
equalled 7 years) showed that the mean blood lead level had
dropped to 6.4 ug/dl, and that 10% of children had blood lead levels
equalling or exceeding 10 ug/dl. Differences in blood lead levels
persisted however across suburbs with varying levels of traffic. For
example, the mean blood lead level among children attending
school in a busy inner city Cape Town area was 6.9 pug/dL, while that
in a relatively low traffic suburb was 4.8 ug/dL (Mathee et al., 2006).

Similarly in Gaborone (Botswana), a blood lead survey conducted
among children under the age of 7 years, showed that blood lead
levels ranged from 1.6 to 28.6 pg/dl, and that 31% of the children
had blood lead levels exceeding 10 ug/dl. Children who lived
in close proximity to busy roads were at particular risk of having
elevated blood lead levels (Mbongwe et al., 2010).

The phase-out of leaded petrol across large sections of the African
Region has been an important step in reducing the risk of exposure
to environmental lead amongst the continent’s children, and thus
constitutes a major public health achievement.

Lead in Paint
Awareness of the toxicity of lead, including in paint, goes back
decades. Historically lead poisoning was referred to as painter’s

colic or painter’s palsy, and there is an old saying “crazy as a painter”
referring to the strange and manic behaviour of lead-poisoned
painters. Famous artists such as Goya and van Gogh are thought to
have suffered from lead poisoning (Montes-Santiago, 2006).

Since the phase-out of leaded petrol in 2006 in most parts of the
world, lead paint has emerged to be one of the most important
sources of public exposure to lead, especially among children.
Lead has been added to paint for many decades, to provide
colour, increase paint’s durability, as well as to reduce the drying
time. Since lead is not bio-degradable, leaded paint can remain a
source of exposure to lead, and lead poisoning, for many decades
after application to surfaces in homes, schools, playgrounds and
other settings. With the passage of time, and the deterioration or
weathering of lead-based residential paint, lead particles may be
released, resulting in elevated lead levels in house dust and garden
soil. Home dust and soil levels may become particularly elevated
during and after periods of renovation or refurbishment. Young
children, who spend considerable amounts of their time crawling
or playing on the ground, or who display pronounced mouthing
behaviour or pica, are at particular risk of lead exposure.

Given the high cost and challenges of safely removing lead paint from
homes and schools in Africa, the most prudent and cost-efficient way
to protect children is to prevent its use in the first place. In this light,
it is of concern that African countries have lagged behind others
in controlling the lead content of paint (Mathee et al,, 2007). In the
USA and some European countries for example, the use of lead in
paint was regulated in the 1970s. By contrast, legislative controls, or
the fastidious implementation thereof, appears to be absent in the
majority of African countries. Recent studies indicate the availability
of paint, in some instances with extremely high lead concentrations in
a range of African countries, including Céte d'lvoire, Ethiopia, Ghana,
Cameroon, Nigeria and South Africa (Clark 2009; UNEP, 2013). Studies
of new enamel paint in South Africa indicated lead levels up to 189
000 ppm (compared to the current recommended maxima which
range from 90 to 600 ppm in several countries) in 83% of samples
tested. Warnings of the high lead content of paints were seldom
visible on paint cans (Mathee et al.,, 2007).

Paint Lead Levels in African Homes

Lead paint has been applied to a range of surfaces in settings that
may put children at risk of lead exposure, including in schools,
homes, playgrounds, educational equipment and toys (Mathee et
al,, 2007). For example, a study of levels of lead in dwellings across
the city of Johannesburg, South Africa, showed that 20% of the
homes sampled had lead-based paint. Lead based paint was found
across the socio-economic spectrum, and in old, as well as new,
homes, indicating the ongoing use of lead paint (Montgomery and
Mathee, 2005).
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In 2002, during a survey of blood lead levels in 383
grade 1 children attending schools in the Johannes-
burg suburbs of Alexandra, Soweto and Riverlea, a
7-year old girl was found to have a blood lead level
of 44.4 ug/dl, which was considerably higher than
the sample mean of 9.4 ug/dl. When the analysis
was repeated a month later, her blood lead con-
centration was found to equal 52 ug/dl. During a
subsequent home investigation it was revealed that
the girl had a severe pica habit, and was often ob-
served to ingest soil and paint from inside the family
apartment. Analysis of water, soil and paint sam-
ples pointed to paint as being the main source of
lead. Highly elevated paint lead levels were found in
paint collected from her home, as well as her school,
where she had also reportedly ingested paint chips.
This case led to a series of further investigations be-
ing undertaken by the research team, which even-
tually culminated in the promulgation of regula-
tions to control the use of lead paint in South Africa
(Mathee et al., 2003).

REGULATION OF THE LEAD CONTENT OF PAINT IN

SOUTH AFRICA

After investigations showed that large numbers of South African
children were being exposed to lead in paint applied to homes,
schools, playground equipment and toys, the South African
National Department of Health introduced regulations to control
the use of lead in paint in the country. The regulations, which
stipulate that the maximum permissible lead level of paint

intended for use by the general public should be limited to 600
ppm, came into effect in 2010.

While the promulgation of regulations to control the use of
lead in paint in South Africa was a major step towards improved
childhood lead poisoning prevention, few investigations have
been undertaken to monitor compliance in South Africa, and to
take action against paint manufacturers who flout the new laws.
In this light, the new regulations may not be fully realizing their
potential to prevent lead exposure and poisoning in the country,
especially amongst children.




In a study of the lead levels in paint collected from residential,
commercial,churchand school buildingsin Nigeria, residential paints
were shown to have the highest lead levels. It was also noteworthy
that paint lead levels decreased with the age of the building. Thus
in the City of Aga, relatively new commercial buildings (aged 5 to
10 years) had the highest paint lead levels (Nduka et al, 2008). Also
in Nigeria, a further study of new enamel paints showed that 96%
of paint samples collected in Nigeria had levels that exceeded 600
ppm (the mean level was 15 750 ppm) (Clark et al., 2009).

Lead Paint on Toys

Paint chips or flakes may be dislodged from toys during handling
or play. It is therefore a major concern that lead paint has been
applied to children’s toys in several parts of the world. Children with
pronounced mouthing behavior, or with pica, are at particular risk.
In 2008 Schmidt reported the recall of millions of toys exported from
China to the USA due to the paint lead content (Schmidt, 2008). In a
survey of 1200 children’s products, 35% were found to contain lead.
Around 17% had lead levels exceeding 600 ppm (Schmidt, 2008).

A small screening study of children’s toys in South Africa showed
lead levels up to 145 000 ppm in the applied paint. The toys had
been purchased from major toy stores, supermarkets, stationery
stores and flea markets, and were of local as well as international
origin (Mathee et al,, 2007). High levels of lead have also been found
in children’s jewelry imported in the USA (Schmidt, 2008).

Lead Paint on Playground Equipment

Lead paint has been applied to playground equipment in many
parts of the world. As the lead paint decays it may result in elevated
soil lead concentrations in the vicinity of play infrastructure
(Takaoka et al, 2006), and pose a serious risk of lead poisoning to
children with pica for paint or soil (Moore et al, 1995). A study of
the lead content of paint applied to playground equipment in and
around Johannesburg was undertaken in 2008. In the 49 play parks
included in the study, paint lead levels (measured using a Niton
X-ray fluorescence analyser) ranged up to 10.4 mg/cm?2. Forty eight
percent of the measurements exceeded the reference level of 1 mg/
cm2 in force at the time, and lead paint was found in 96% of the
parks studied (Mathee et al,, 2009).

The elimination of lead paint is a high priority for children’s
environmental health. Since a relatively small number of companies
(some of which are international companies) constitute a large
market share of paint in most African countries, the regulation of
the lead content of paint in Africa could be achieved with relative
ease, with the guidance and support from initiatives such as the
Lead Paint Alliance.

Occupational Exposure to Lead

Protective measures, such as legislation, enforcement capacity,
safety gear, monitoring and surveillance initiatives and awareness
programmes, which are usually strictly enforced in developed
countries to prevent occupational exposure to lead, are often

absent or weakly enforced in many African countries. Limited
awareness of the hazards of lead may underlie risky behaviour in the
workplace, such as eating, drinking and smoking in lead exposed
workplace settings, and limited hand washing (Adela et al., 2012).
Poor workplace practices in lead-related occupations may also pose
a risk of lead exposure to the children and families of workers, since
lead particles may be transferred from work to home via workers'
hair, skin, clothing, footwear and vehicles (Knishkowy & Baker, 1986).

- Automotive Garage Workers

Working in automotive garages may involve spray painting,
soldering, welding and mechanical work, all of which are associated
with lead exposure. For example, spray paint and certain lubricants
and grease, may contain lead (Clausen & Rastogi, 1977). A study
of garage workers in the town of Jimma, Ethiopia, showed blood
lead levels ranging from 11.7 to 36.5 pg/dl, which were significantly
elevated compared to a control group. Blood lead levels tended to
be highest in those who had worked at the garage for the longest
time, and in those who chewed “khat” (a plant whose leaves are
widely chewed in the region for its stimulating effect) (Adela et al,,
2012). Khat chewers in service for three years had blood lead levels
61% higher than non-chewers over the same period of service.

Table 3 Blood lead levels of the garage workers and
controls (adapted from Adela et al, 2012)

Mean blood Range % with blood
lead level (SD) lead levels > 10
pg/dl
Garage workers  19.8 (4.46) 11.7 to 36.5 100
Control group 10.7 (2.22) 5.6t015.6 56

A study carried out in automotive workshops in four towns in Osun
State, Nigeria, found that elevated soil lead levels were widespread
(Abidemi, 2011), with the highest lead levels found around an
automotive welding facility.

Table 4 Concentration of Pb levels in soil of automotive
workshops in four towns in Osun State, Nigeria (adapted
from Abidemi, 2011)

Town Type of facility Mean soil lead ~ Standard
level (mg/kg) deviation

Osogbo Auto-mechanic 703 25

lkirun Auto-electrical 325 10

Iragbiji Auto-electrical 1068 10

Iree Auto welding 2460 16
» Mining

Mining is an important economic activity, but also a major source
of environmental pollution in Africa, particularly in southern
Africa. In their struggle to earn a living through mining, in both
the formal and informal sectors, many African communities have
become highly exposed to lead. Some of the worst incidents of lead
poisoning in the world have occurred around African mining sites,
including Zamfara (Nigeria) (CDC 2010; Dooyema et al, 2012; Greig et
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International Action to Eliminate Lead in Paint |
Lead Paint Alliance

In 2002, at the World Summit on Sustainable Development
(WSSD) held in Johannesburg, South Africa, nations agreed to
phase out lead. The United Nations Environment Programme
(UNEP) and the World Health Organization (WHO) were invited to
establish a global alliance to promote phasing out the use of lead
in paints, to be called the Global Alliance to Eliminate Lead Paint
(Lead Paint Alliance ). The Lead Paint Alliance’s broad objective
is to promote a phase-out of the manufacture and sale of paints
containing lead and to eventually eliminate the risks that such
paints pose. Substitutes for lead paint are cost effective and
relatively easy to obtain, and have been used in many countries
for decades. They have proven to be viable, cost- effective
alternatives to lead paint. Establishing legal limits on lead in new
paint has been shown to be an effective tool to decrease the sale
and use of lead paint, and this is currently an important focus of
the Lead Paint Alliance’s initiatives.




al., 2014; Plumlee et al., 2013) and Kabwe (Zambia) (CDC, 2014; Yabe
etal, 2015).

« Aggeneys, South Africa

The town of Aggeneys, located in the far north-western part of
South Africa, near the border with Namibia, was developed to
support the operation of a lead mine. A survey of the blood lead
levels of young school children in Aggeneys, and in the comparison
non-mining town of Pella, around 40 kilometres away, showed that
despite a higher socio-economic status (usually a protective factor),
blood lead levels in Aggeneys children were significantly elevated
relative to their Pella counterparts. The mean blood lead level in
Aggeneys was 16 pg/dl, compared to 13 ug/dlin Pella. In Aggeneys
and Pella respectively, 98% and 85% of children had blood lead
levels > 10 pg/dl. Elevated blood lead levels were associated with
having a father who worked in the mine (von Schirnding et al., 2003).

« Zamfara, Nigeria

Zamfara State, in north western Nigeria, has become synonymous
with rich gold deposits as well as one of the worst outbreaks of
lead poisoning in world history. Zamfara is characterised by a high
level of artisanal gold mining. However the gold ore in Zamfara is
particularly rich in lead (Plumlee et al, 2013). In May 2010, a team
of doctors from Medicines Sans Frontiers brought to light a high
number of child deaths from lead poisoning in Zamfara State
villages where artisanal gold mining was practiced. A subsequent
study conducted by a group of international and national experts
involved the administration of a cross-sectional, door-to-door
questionnaire in two affected villages (CDC, 2010). Blood samples
were collected from children, and soil samples taken from dwellings
for lead content analysis. The results showed that 25% of children
under the age of five years had died in the previous year (other
investigations have revealed that well over 400 children in the area
had died from lead poisoning). Most children had experienced
convulsions prior to death. Among 204 children on whom blood
lead tests were undertaken, all had blood lead levels exceeding 10
pg/dl, and 97% had blood lead levels >45 pg/dL (the level at which
the initiation of chelation therapy is usually advised). Statistical
analyses pointed to involvement in ore processing activities and
high soil lead levels around the dwelling as being significantly
associated with elevated blood lead levels (CDC, 2010; Dooyema et
al,, 2012; Greig et al,, 2014).

- Kabwe, Zambia

The town of Kabwe, in Zambia, is built around a decommissioned
lead-zinc mine and a smelter, which operated between 1902 and
1994, with little regard for environmental and public health. The
closure ofthe mine was effected withoutany precautions being taken
to protect the local population against environmental lead hazards
or provisions for decontamination. In this highly impoverished area,
people continue to sift through the contaminated soil searching
for lead nuggets to sell, and children play in the soil and bathe in
the stream running from the mine through the centre of the local

town (Blacksmith Institute, 2015). Kabwe has been described as
counting amongst the top ten most contaminated sites in the world
(Blacksmith Institute; 2013). For example, soil lead levels ranging
from 9 to 51 188 mg/kg have been measured in the surrounding
areas (Nakayama et al., 2011).

In 2012, a study of 246 Kabwe children under the age of 7 years
showed alarmingly high blood lead levels, ranging from 54 to
427.8 ug/dl. The median levels in the three study towns of Chowa,
Mukulu and Kasanda respectively equalled 39.3 pg/dl, 57.1 pg/dl
and 82.2 pg/dl. In Chowa, Mukulu and Kasanda respectively 18%,
25% and 57% of children had blood lead levels that exceeded 65
pg/dl. The highest blood lead levels were found in children under
the age of two years (Yabe et al., 2015). Elevated lead levels have also
been found in livestock in Kabwe relative to neighbouring towns.
Free range chickens from Kabwe showed higher levels of lead than
commercially available counterparts (Yabe et al, 2013).

Cottage Industries/Informal Sector

It is estimated that between 2005 and 2010, two thirds of
employment opportunities in Africa were in the informal economy
(Charmes, 2012). Cottage industries constitute a sub-group within
the informal economy usually involving small enterprises in which
one or more members of a family or household work from the home
setting. When hazardous substances are used in cottage industries,
all members of the family may be exposed. Cottage industries
associated with subsistence fishing, battery recycling, electrical
repairs and jewellery for example, may cause lead exposure amongst
all who reside in (or close to) the home (even if they are not directly
involved in the work/industry). Women, young children and those
with pre-existing ill health conditions, who spend a considerable
portion of their days in the home setting, may be particularly
vulnerable. Lead exposure in cottage industries may be worsened
by limited knowledge and awareness of the associated risks (Teare
et al, 2015). A study undertaken in five settings of poverty in
Johannesburg showed that in certain neighbourhoods, as many as
37% of households operated one or more cottage industries, many
of which involved the use of lead (Teare et al., 2015).

« Subsistence Fishing in South Africa

In African subsistence fishing communities (as well as amongst
recreational fisher folk) the practice of melting lead to craft fishing
sinkers is widespread. A study undertaken in two remote fishing
villages in South Africa in 2012 showed that 18% of households
had a member who regularly melted lead. Lead collected from
the shoreline (lost fishing sinkers), from wheel and tyre centres
and from metal recycling depots, was usually melted in the yard
of the dwelling, or inside the home. Children in 11% of households
usually watched as lead was being melted, and 4% of children had
themselves melted lead. In two households (n = 160) a member
had accidentally swallowed a lead sinker (6% of children had been
observed to place lead sinkers in their mouths), and one had been
burned by molten lead. Only 20% of the study respondents were
aware of the health hazards of lead (Mathee et al,, 2013).
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Blood lead levels in the study children, who were in grades 0, 1 and
2 (their ages ranged from 6 to 14 years, with the mean age being 7.5
years), ranged from 2.2 to 22.4 ug/dl, with the mean level being 6.9
pg/dl. Nearly three quarters of the children studied had blood lead
levels of 5 ug/dl or higher (the current reference level in the USA -
(Betts, 2012). Further details of the blood lead distribution is given
in the table below.

Table 5
Blood lead distribution by town (ug/dl)
Town Geometric Median  Range %>5  %>10
Mean (95% Cl ) pgzdl pg/dl
Struis Bay 6.5(5.83;713) 6.1 22t0178 716 9.9
Elands Bay 82(7.29;9.19) 7.2 2410224 76.0 21.5
Total 6.9 6.1 22t0224 738 15.6

« Recycling of Batteries in the Informal Sector

The manufacture of batteries accounts for approximately 80% of
lead mined in the world (van der Kuijp, 2013). Lead acid batteries are
used in automobiles, electric bikes and solar panels, amongst other
products (Were, 2012; van der Kuijp, 2013). Some African countries
have no workplace regulations to minimize lead exposure and
protect the health of workers (Adela et al 2012). Elevated air lead
levels have been found in Kenyan battery manufacturing plants
and concomitant, elevated blood lead levels in workers (Were et
al, 2012). Were et al also showed that blood lead levels were higher
among workers involved in battery recycling relative to battery
manufacture. Furthermore, the study revealed elevated air lead
levels in settings in which scrap metal, welding and paint industries
were being undertaken. Elevated blood lead levels in battery plant
workers were associated with hypertension and increased plasma
cholesterol levels (Ademuyiwa, 2005).

A 1998 study of South African battery plant workers found an
exposure-response relationship between blood lead levels and
renal function (Ehrlich et al, 1998), evident from 40 to 50 pg/dl.
New workplace lead regulations were promulgated in South Africa
in 2002, addressing aspects such as exhaust ventilation systems,
worker education, personal protective equipment and health
surveillance (Dyosi, 2007).

Lead used in car batteries generates a huge amount of lead waste
across the globe (Haefliger et al,, 2009). In the neighbourhood of
Thiaroye Sur Mer (population approximately 100 000), located on
the outskirts of Dakar, Senegal, the main economic activity over
several years, has been the informal recycling of lead-acid batteries.
As is typical of many informal sector industries in Africa, the practice
was unregulated, and usually undertaken in open-air settings. Over
time, levels of lead in the soil escalated. Following a steep rise in the
price of lead, and with growing prospects of relatively high incomes,
residents started collecting bags of soil from contaminated areas,
and carting them home. At home, people, mainly women, would
sift through the soil to collect lead fragments, often in the presence
of children.

In 2007/8 at least 18 neighbourhood children died from a disease of
the central nervous system. Initially the diagnoses included cholera,
meningitis and cerebral malaria. Lead poisoning was diagnosed
after the realisation that the mothers of several of the children
were involved in the recycling of used lead-acid batteries. A study
conducted on the siblings and mothers (n = 81) of the deceased
children showed that blood lead levels were highly elevated.
Among 50 children studied, blood lead levels ranged from 39.8 to
613.9 ug/dl, with the mean level equalling 129.5 ug/dl (Haefliger et
al.,, 2009)

- E-waste

It is estimated that around 20 to 25 million tons of electronic
waste (e-waste) is produced annually in the United States, Europe
and Australasia (Robinson, 2009), and transported to developing
countries, mainly Africa and Asia (Nnorom and Osibanjo, 2008).
E-waste consists of discarded electrical and electronic products,
and includes television sets, computers microwave ovens, cameras,
mobile telephones, printers and audio equipment (Frazzoli et
al, 2010). In 2005 the Basel Action Plan (BAN) reported that more
than 500 shipping containers of used electronic and computer
waste entered Africa through Lagos, Nigeria on a monthly basis.
According to the Nigeria Computer Dealers Association, around
three quarters of this equipment is considered unusable (BAN,
2005). E-waste contains a range of metals such as copper and gold,
which are targeted for extraction and recycling (Robinson, 2009).
For example, one metric ton of computer waste may contain more
gold than 17 tons of gold ore (Khalig et al, 2014).

Lead is contained in certain types of e-waste, especially small
electrical and electronic equipment - up to a weight of
approximately 2.9 g/kg (Morf et al, 2007). During informal recycling
activities, crude methods, such as open pit acid baths, may be
used to recover lead and other metals. The process usually also
incorporates open burning to reduce the volume of waste such as
plastics, as well as for metal recovery. For example plastic-coated
cables may be burned to extract copper (Frazzoli et al, 2010). Apart
from toxic metals, those involved in e-waste recycling may thus also
be exposed to particulate matter and polychlorinated biphenyls
(PCBs), which may also contaminate surrounding soil, food sources
and surface water (Nnorom and Osibanjo, 2008).

In 2013, Olafisoye et al. conducted a study to investigate toxic metal
pollution in and around Alaba International Market, Nigeria's largest
e-waste site. Samples of soil, water and plant material were collected
for metal content analysis. The results showed elevated levels of
lead, which declined with soil depth and distance from the e-waste
site. Agbogbloshie is the largest e-waste recycling site in the world,
and also counts among the ten most polluted places on earth
(Blacksmith Institute, 2013). A health study undertaken amongst
Agbogbloshie workers revealed highly elevated urinary lead levels
(Asante et al, 2012). A further study showed very high lead levels in
soil and ash sampled from open burning sites in Agbogbloshie (up
to 14 000 mg/kg) (Song et al, 2009).
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« African Traditional Brews

Traditional, home-brewed alcoholic drinks are popular in many
African cultures (Mosha 1996). Home brews are usually made
from fermented products, but various formulations may include
additional constituents, some of which may have harmful health
effects. A detailed study of the methods and ingredients used in
making of Khadi, a popular traditional African beer in Botswana, has
been conducted. It was found that in some instances, the contents
of lead acid batteries were being added to enhance potency (Pitso,
2006). It has also been shown that high temperature processing,
elevated acidity and prolonged storage in metal containers may
contribute to the highly elevated levels of lead in certain African
beers (Mosha et al, 1996). An analysis of a range of traditional beers
in Dar es Salaam, Tanzania, revealed lead levels ranging from 0 to
0.82 ppm (Mosha et al., 1996).

- Traditional Medicines

In September 2012, the South African media reported that around
eight young people were being treated for lead poisoning in
Durban. All those affected had ingested an Ayurvedic treatment
for acne, which was confirmed by laboratory analyses to have a
very high lead content (Mathee et al, 2015). The product had been
imported into South Africa from India via an internet supplier, and
sold to the general public from health shops as well as through a
direct sales network. The case raises serious concerns about public
health risks from contaminated “traditional” or “natural” medicines,
and the limitations of public health protection mechanisms in place
in South Africa and other African countries in this regard.

« Cultural or Traditional Practices (Geophagia)

Geophagia (the deliberate ingestion of soil) is defined as a form
of pica, and has been known for centuries. The motivations for
practising geophagia are poorly understood, but amongst the
reasons postulated are religious beliefs, cultural, nutritional and
medicinal practices, as well as famine, perceived enhancement
of appearance and pregnancy-related cravings. In a study
undertaken in Dar es Salaam (Tanzania) around 64% of pregnant
and breastfeeding women had pica, with soil being the most
common substance ingested (Nyaruhucha, 2009), while 74% in a
group of pregnant women from Nairobi (Kenya), reported the habit
(Ngozi, 2008). Ingestion of soil has also been shown to interfere
with the bioavailability of micronutrients (leading to micronutrient

deficiencies), geohelminthic infections, anaemia, hypokalaemia,
peritoneal mesothelioma and intestinal obstruction or perforation
(Thihalolipavan et al., 2013; Klitzman et al., 2002; Abrahams et al.,
2006). Geophageous behaviour may increase exposure to metal
contaminants in the soil, including arsenic and lead. In a study
undertaken in the City of New York, women with pica were shown
to have higher blood lead levels compared to their counterparts
who did not practise pica (Thihalolipavan, 2013).In a cross-sectional
study of 307 pregnant women, 23% reported practising pica, with
20% ingesting soil specifically. Geophagic women had significantly
elevated blood lead levels and lower haemoglobin levels compared
to non-geophagic women. At the 5% level of significance, anaemia
(haemoglobin levels < 10 g/dl), craving of non-nutritive substances
in a previous pregnancy and geophagia practices were associated
with elevated blood lead levels.

« The Use of Lead in Cosmetics — Port Harcourt, Nigeria
A study of a range of cosmetic products available in the City of
Port Harcourt (Nigeria) indicated a potential public health concern
in some items, with lead levels exceeding international guidelines
being found (Orisakwe and Otaraku, 2013). In 2011 during a routine
clinic visit in Boston in the United States of America (USA), a
6-month old infant of Nigerian descent was found to have a blood
lead level of 13 ug/dl. Further investigations pointed to tiro as the
source of lead. Tiro, a Nigerian cosmetic and folk remedy which
had been acquired from a street vendor in the City of llorin, Kwara
State, Nigeria, had been applied to the baby's eyes since the age of
two weeks. Laboratory analysis of the tiro revealed a lead content
of 82.6%. Tiro is similar to “surma” in Asia and kohl in the Middle
East, which have also been implicated in cases of lead exposure and
poisoning (CDC 2012).

Hobbies/Recreation

» Recreational Shooters

Preliminary results from a study currently underway at several
shooting ranges and archery centres in Johannesburg are pointing
to elevated lead exposure in those using lead ammunition. Amongst
users of guns, blood lead levels were more than three times higher
than amongst those who only practiced archery. The highest blood
lead levels however, were found in staff at the indoor shooting
ranges studied (de Jager et al, 2014, unpublished data). There were

also concerns regarding poor hygiene and safety practices at the
shooting ranges, such as eating and drinking within shooting areas,
including amongst child users of the shooting ranges.

Lead in Food

Food, soil and dust account for more than 80% of lead ingested on
a daily basis (WHQO, 2010). The range and nature of lead sources in
the surroundings determine the amount of lead in soil and plants,
with some of the highest levels found around mines and smelters.
Food, including staple foods such as fish and spinach, has been
determined to be a pathway of exposure to lead in a range of African
settings (Makokha et al., 2008; Omwenga et al., 2014; Ombaka, 2014).

A study undertaken in Cameroon showed that lead exposure could
occur from the use of artisanal cookware. Amongst the materials
used to produce cookware were scrap metals from engine parts,
radiators, cans, and construction materials. While the lead content
of the cookware was relatively low, use of the pots and pans for
cooking resulted in exposures as high as 260 pg of lead per serving.
Given the widespread nature, and high frequency of use of artisanal
cookware in certain communities, the public health impact could
be significant (Weidenhamer et al.,, 2014).

Lead soldered food cans may contribute significantly to food lead
levels, especially in acidic food and drinks. Alcoholic drinks tend to
be acidic, and contact with lead-containing packaging or products
used in their manufacture may cause leaching of lead into the
drinks. The smoking of tobacco is also associated with increased
lead intake (WHO, 2010).

5 DISCUSSION

This report gives an outline of the broad range of sources of lead
to which African communities continue to be exposed. The health
risks and the vulnerability of children, in particular, to lead exposure
and poisoning, have been summarized. Detrimental health effects
have been shown at high, as well as very low levels of exposure to
lead. There is now widespread consensus, that even at low levels
of lead exposure, consequences such as reductions in intelligence
scores and learning problems, socio-behavioural problems such as
aggression and delinquency, and effects such as hearing loss ensue.
The implications for the individual and society are enormous, and
include lowered educational attainment, lowered lifetime earnings
and achievement, as well as sub-optimal economic prospects at
community level. A recent health economic study conservatively
estimated that annually, around 98.2 million 1Q points are lost in
Africa due to lead exposure, translating into economic losses of
USS 134.7 billion. These losses in economic productivity did not
include the economic impact associated with the role lead plays
in other outcomes such as cardiac disease and violence (Attina and
Trasande, 2013).

Extracting from selected publications, the report outlines the
ongoing lead exposure situation from various sources in a range
of African countries. It can be seen that African children continue
to be exposed to lead from multiple sources, often simultaneously.
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Thus recent studies document lead exposure in the African
populace from, amongst other sources, mining, cottage industries,
petrol, paint, battery manufacture and recycling, lead melting in
subsistence fishing industries, traditional medicines, the use of lead
ammunition, application of cosmetics, such as tiro, and e-waste.
Since this work did not involve the conduct of an exhaustive
literature review, and because there is a dearth of research on lead
exposure in Africa, it is likely that further sources of lead exposure
exist. Poverty is a key determinant of lead exposure and poisoning
in African children, as powerfully and tragically illustrated in the
artisanal mining settings of Zamfara State, Nigeria, and Kabwe,
Zambia.

Despite knowledge of the ongoing exposure to, and detrimental
health and socio-behavioural consequences of, lead, preventative
action has been slow. Evidence of the harmful effects of lead
exposure was established in the latter part of the nineteenth
century, leading the United Kingdom to act to protect workers
in lead industries. Childhood poisoning from lead paint was first
noticed in Australia in 1892, but the Australian Lead Paint Prevention
Act was only passed in 1920. In the USA legislation to control the use
of lead in paint was enacted in the 1970s. Despite research evidence
demonstrating extremely high levels of lead in paint, many African
countries still do not have regulations in place to control this
important public health hazard (Clarke et al, 2009; Mathee et al,
2007; UNEP, 2013).

In recent decades measures to control and prevent lead exposure
have been a priority in well-resourced parts of the world.
These include international conventions to protect the rights of
children, including protections against lead exposure, and laws
and regulations controlling lead use in paint and petrol (Tong et
al,, 2000). In the USA there are programmes specifically aimed at
reducing lead exposure such as the US Department of Housing and
Urban Development (HUD) Lead-Based Paint Hazard Control Grant
Program. Six years after commencing this intervention an evaluation
showed that dust lead levels decreased by 75% in homes (Wilson
et al,, 2006). Blood lead standards for children were set, and have
been incrementally lowered over time. Screening, intervention and
evaluation was conducted country-wide until average blood lead
levels dropped, and now only high risk populations are routinely
screened. National educational awareness initiatives are still in place
in the USA.

Comprehensive action to protect people on the African continent
against lead exposure has unfortunately been particularly patchy,
and has lagged behind other regions. Most African countries
discontinued the use of lead in petrol only in 2006, compared to
the 1970s in the USA and several European countries). Protective
measures have been put in place in some parts of Africa, but they
do not always keep abreast of international trends and progress.
Occupational blood lead standards for workers in developing
countries for example, are often not as stringent as in developed
countries.

Lead exposure reduction efforts in Africa may face complex
challenges and obstacles. A strategy to address lead exposure in
Africa will have to grapple with a broad array of sources of lead in
African countries, in the formal as well as informal sectors. In some
African settings lead exposure is life threatening, and requires urgent
intervention. Artisanal mining for example has been associated
with two of the worst lead poisoning episodes in history in Kabwe,
Zambia and Zamfara State in Nigeria, where it resulted in the deaths
of hundreds of children in recent years. Lead poisoning from the
informal dismantling of batteries in a suburb of Dakar, Senegal,
has also resulted in child deaths. Numerous studies have pointed
to para-occupational exposure in the families of those who work
in mines and other settings where lead is used, such as battery
manufacturing and recycling plants. Even in such high risk settings,
key programmes such as blood lead screening are often non-
existent, as are lead hazard education programmes and materials.
Lead-related cottage industries, which are often concealed from
occupational or environmental health scrutiny, will require special
attention and innovative thinking. Widespread and severe poverty is
a major impediment to the prevention of lead poisoning, with the
need to generate an income often overwhelming environmental
health considerations.

Alongside action to address severe lead poisoning outbreaks,
there is a simultaneous need for programmes in African countries
to address chronic, low levels of lead exposure in children, as well
as adults. The following may form the foundation for such national
lead poisoning prevention programmes in African countries:

- Establishment of lead poisoning prevention offices, programmes
or focal points in all African countries;

- Research and surveillance to identify high risk settings and groups
(for example around mining sites, in neighbourhoods with a high
prevalence of cottage industries, coastal and inland subsistence
fishing communities, pregnant women who practise geophagia,
users of lead ammunition (both occupational and recreational),
and users of contaminated traditional medicines);

- Blood lead screening, especially in high risk settings and groups;

- Development of policies and legislation to prohibit the use of
lead in paint (and other sources), and the enforcement of such
legislation;

- Setting of standards and guidelines for blood lead levels in
children, pregnant women and adults;

- Development of protocols to respond to cases of lead poisoning;

- High-profile and comprehensive public education programmes
on the sources, pathways of exposure and health hazards of
lead. Amongst the target groups for education programmes
could be school children, those attending ante-natal and child
health clinics, those working in lead-related industries (especially
in cottage industries). There is also a need for greater awareness
amongst health personnel of the sources and pathways of
exposure to lead (for example some traditional medicines and
cottage industries);

- Participation in national and international partnerships, and
expert networks, to share experiences and best practices.
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CONCLUSIONS AND RECOMMENDATIONS FOR ACTION

Lead exposure is a major public health concern in virtually all
African countries. Addressing lead exposure in Africa is a complex
challenge, since communities are often exposed, simultaneously
(Tong et al., 2000) to multiple sources of lead, and poverty is a key
factor underlying much of the lead exposure scenario in Africa.
Many lead exposure reduction targets are therefore realisable only
in the longer term.

Where lead-related legislative controls exist, the enforcement
capacity is often limited.

The phase-out of leaded petrol in most African countries in 2006
constituted a major public health milestone, with studies indicating
concomitant reductions in child blood lead levels. Growing
momentum to curb the use of lead in paint, in which the WHO/
UNEP-led Lead Paint Alliance is playing a key role, is also very
encouraging. African Ministers of Health and Environment, in the
Luanda Commitment of November, 2010, have already highlighted
their “concerns over the adverse effects on human health and the
environment from the use, disposal of and exposure to hazardous
chemicals and wastes which pose a major challenge for many
African governments”. The Luanda Commitment paves the way
for the development of a concerted programme of action for
the Prevention of Lead Poisoning in African countries. Urgent,
comprehensive and sustained action to prevent lead exposure and
poisoning will reap huge, and much needed, health, social and
economic benefits for African countries, and should therefore be
implemented without delay.

Conflict of Interest Statement
The authors declare no conflicts of interest.

——ra o

REFERENCES
AACAP (American Academy of Child and Adolescent Psychiatry), n.d. Avail-
able from: www.aacap.org [Accessed September 2008].

Abidemi OO. Levels of Pb, Fe, Cd and Co in soils of automobile workshop in
Osun State, Nigeria. Journal of Applied Science and Environmental Man-
agement 2011,15:279-282.

Abrahams PW, Follansbee MH, Hunt A, Smith B, Wragg J. Iron nutrition and
possible lead toxicity: An appraisal of geophagy undertaken by pregnant
women of UK Asian communities. Applied Geochemistry 2006;21:98-108.

Adela Y, Ambelu A, Tessema DA. Occupational lead exposure among auto-
motive garage workers — a case study of Jimma town, Ethiopia. Journal of
Occupational Medicine and Toxicology 2012;7:15.

Ademuyiwa O, Ugbaja RN, Idumebor F, Adebawo O. Plasma lipid profiles and
risk of cardiovascular disease in occupational lead exposure in Abeokuta,
Nigeria. Lipids in Health and Disease 2005;4:19.

Ambrose, TM, Muhammad A-L, Scott MG. 2000. Bone lead concentrations by
in vivo X-Ray fluorescence. Clinical Chemistry 2000;46:1171-1178.

Asante KW, Ausa T, Biney CA, Agyekum WA, Bello M, Otsuka M, et al. Multi-
trace element levels and arsenic speciation in urine of e-waste recycling
workers from Agbogbloshie, Accra in Ghana. Science of the Total Environ-
ment 2012;424:63-73.

ATSDR (Agency for Toxic Substances and Disease Registry). 2007. The toxico-
logical profile for lead. Atlanta, GA.: U.S. Department of Health and Human
Services. Available from: http://www.atsdr.cdc.gov/ToxProfiles/tp13.pdf
[Accessed September 2015].

Attina TM, Trasande L. Economic costs of childhood lead exposure
in low- and middle income countries. Environmental Health Per-
spectives  2013;,121:1097-1102.  Available from: http:/ehp.niehs.nih.
gov/1206424/7utm_source=rss&utm_medium=rss&utm_cam-
paign=1206424 [Accessed October 2015].

BAN (The Basel Action Network). The digital dump: Exporting re-use and
abuse to Africa, 2005. Available from: http://ban.org/library/TheDigit-
alDump.pdf [Accessed July 2015].

Barbosa F Jr, Tanus-Santos JE, Gerlach RF, Parsons P. A critical review of bio-
markers used for monitoring human exposure to lead: Advantages, limita-
tions and future needs. Environmental Health Perspectives 2005;113:1669-
1674.

Barry PS. Concentrations of lead in the tissues of children. British Journal of
Industrial Medicine 1981;38:61-71.

Bellinger DC. Lead. Pediatrics 2004;113:1016-1022.

Bellinger DC, Bellinger AM. Childhood lead poisoning: the tortuous path from
science to policy. The Journal of Clinical Investigation 2006;116:853-857.

Bellinger D, Leviton A, Allred E, Rabinowitz M. Pre-and postnatal lead expo-
sure and behaviour problems in school-aged children. Environmental
Research 1994;66:12-30.

Bernard SM. Should the Centers for Disease Control and Prevention's child-
hood lead poisoning intervention level be lowered? American Journal of
Public Health 2003;93:1253-1260.

Betts KS, CDC Updates guidelines for children’s lead exposure. Environmental
Health Perspectives 2012;120:a268.

Blacker D, Lee H, Muzikansky A, Martin EC, Tanzi R, McArdle JJ, et al. Neuropsy-
chological measures in normal individuals that predict subsequent cogni-
tive decline. Archives of Neurology 2007;64:862-871.

Blacksmith Institute. Top Ten Toxic Threats in 2013: Cleanup, progress, and
ongoing challenges. Available from: http://www.blacksmithinstitute.org/
new-report-cites-the-world-s-worst-polluted-places.html [Accessed 30
July 20151,

Blacksmith Institute. Kabwe lead mines, 2015. Available from: http://www.
blacksmithinstitute.org/projects/display/3 [Accessed 07 August].

Bradman A, Eskenazi B, Sutton P, Athanasoulis M, Goldman LR. Iron deficiency
associated with higher blood lead in children living in contaminated envi-

ronments. Environmental Health Perspectives 2001;109:1079-1084.

Braun JM, Kahn RS, Froehlich T, Auinger P, Lanphear BP. Exposures to environ-
mental toxicants and Attention Deficit Hyperactivity Disorder in US chil-
dren. Environmental Health Perspectives 2006;114:1904-1909.

Burns JM, Baghurst PA, Sawyer MG, McMichael AJ, Tong S. Lifetime low-level
exposure to environmental lead and children’s emotional and behavioural
development at ages 11-13 years. American Journal of Epidemiology
1999,149:740-749.

Canfield RC, Henderson CR, Cory-Slechta DA, Cox C, Jusko TA, Lanphear BP.
Intellectual impairment in children with blood lead concentrations below
10pg/dl. New England Journal of Medicine 2003;348:1517-1526.

Canfield RL, Gendle MH, CorySlechta DA. Impaired neuropsychological func-
tioning in lead-exposed children. Developmental Neuropsychology
2004; 26:513-540.

CDC (Centers for Disease Control and Prevention). Notes from the field: out-
break of acute lead poisoning among children aged <5 years — Zamfara,
Nigeria, 2010. Morbidity and Mortality Weekly Report 2010;59:846. Avail-
able from: http.//www.cdc.gov/mmwr/preview/mmwrhtml/mm5927a3.
htm [Accessed 21 July 2015].

CDC (Centers for Disease Control and Prevention). Infant lead poisoning as-
sociated with use of Tiro an eye cosmetic from Nigeria — Boston, Massa-
chusetts, 2011. Morbidity and Mortality Weekly Report 2012;61:574-576.

CDC (Centers for Disease Control and Prevention). Notes from the field: Se-
vere environmental contamination and elevated blood lead levels among
children — Zambia, 2014. Available from http://www.cdc.gov/mmwr/pre-
view/mmwrhtml/mm6344a7.htm  [Accessed 29 July 2015].

Charmes J. The informal economy worldwide: trends and characteristics.
Margin - The Journal of Applied Economic Research 2012;6:103-132.

Chisolm JJ. The use of chelating agents in the treatment of acute and chronic
lead intoxication in childhood. Journal of Pediatrics 1968:73:1-38.

Clark SC, Rampal KG, Thuppil V, Roda SM, Succop P, Menrath W, et al., Lead lev-
els in new enamel household paints from Asia, Africa and South America.
Environmental Research 2009;109:930-936.

Clausen J, Rastogi SC. Heavy metal pollution among autoworkers. |. Lead.
British Journal of Industrial Medicine 1977,34:208-215.

Dietrich KN, Succop PA, Berger OG, Bornschein RL. Early exposure to lead and
juvenile delinquency. Neurotoxicology and Teratology 2001,23:511-518.

Dooyema CA, Neri A, Lo Y-C, Durant J, Dargan PI, Swarthout T, et al.  Out-
break of fatal childhood lead poisoning related to artisanal gold min-
ing in Northwestern Nigeria, 2010. Environmental Health Perspectives
2012;120:601-607.

DSM IV (Diagnostic and Statistical Manual of Mental Disorders IV), American
Psychiatric Association, Washington D.C. 2000. Available from: http://
www.terapiacognitiva.eu/dwl/dsm5/DSM-IV.pdf [Accessed October 2015]

Dyosi S. Evaluation of preventative and control measures for lead exposure
in a South African lead-acid battery recycling smelter. Journal of Occupa-
tional and Environmental Hygiene 2007;4:762-769.

Ehrlich R, Robins T, Jordaan E, Miller S, Mbuli S, Selby P, et al. Lead absorption
and renal dysfunction in a South African battery factory. Occupational
and Environmental Medicine 1998;55:453-460.

Elias MF, Beiser A, Wolf PA, Au R, White RF, D'Agostino RB. The preclinical phase
of Alzheimer disease: a 22-year prospective study of the Framingham Co-
hort. Archives of Neurology 2000;57:808-813.

Ettinger AS, Hu H, Hernadez- Avila M. Dietary calcium supplementation to
lower blood lead levels in pregnancy and lactation. The Journal of Nutri-
tional Biochemistry 2007;18:172-178.

Ettinger AS, Tellez-Rojo MM, Amarasiriwardena C, Peterson KE, Schwartz J, Aro
A, Hu H, Herndndez-Avila M. Influence of maternal bone lead burden and
calcium intake on levels of lead in breast milk over the course of lactation.
American Journal of Epidemiology 2006;163:48-56.

Eum K, Korrick SA, Weuve J, Okereke O, Kubzansky LD, Hu H. et al. Relation

Page 25 4



of cumulative low-level lead exposure to depressive and phobic anxi-
ety symptom scores in middle-age and elderly women. Environmental
Health Perspectives 2012;120:817-823.

Fewtrell LJ, Kaufmann R, Priss-Ustiin A. Lead: Assessing the burden of disease
at National and Local levels. World Health Organization, Geneva, 2003. .

Fewtrell LJ, Priss-Ustiin A, Landrigan P, Ayuso-Meteos JL. Estimating the
global burden of disease of mild mental retardation and cardiovascular
diseases from environmental lead exposure. Environmental Research.
2004;94:120-133.

Frazzoli C, Orisakwe OE, Dragone R, Mantovani A. Diagnostic health risk
assessment of electronic waste on the general population in develop-
ing countries’ scenarios. Environmental Impact Assessment Review
2010;30:388-399.

Frisancho AR, Ryan AS. Decreased stature associated with moderate blood
lead concentrations in Mexican-American children. American Journal of
Clinical Nutrition 1991;,54:516-519.

Gilfillan SC. Lead poisoning and the fall of Rome. Journal of Occupational
Medicine 1965;7:53-60.

Goyer RA. Transplacental transport of lead. Environmental Health Perspec-
tives 1990;89:101-105.

Greig J, Thurtle N, Cooney L, Ariti C, Ahmed AO, Ashagre T, et al. Association of
blood lead level with neurological features in 972 children affected by an
acute severe lead poisoning outbreak in Zamfara State, Northern Nigeria.
PLoS ONE 2014;9:€93716.

Guilarte TR. Prenatal lead exposure and schizophrenia: Further evidence and
more neurobiological connections. Environmental Health Perspectives
2009;117:A190-191.

Gulson BL, Mahaffey KR, Jameson CW, Mizon KJ, Korsch MJ, Cameron MA, et
al. Mobilization of lead from the skeleton during the postnatal period is
larger than during pregnancy. Journal of Laboratory and Clinical Medicine.
1998;131:324-329.

Gulson BL, Mizon KJ, Palmer JM, Korsch MJ, Taylor, AJ, Mahaffey KR. Blood lead
changes during pregnancy and postpartum with calcium supplementa-
tion. Environmental Health Perspectives 2004;112:1499-1507.

Haefliger P, Mathieu-Nolf M, Lociciro S, Ndiaye C, Coly M, Diouf A, et al. Mass
lead intoxication from informal used lead-acid battery recycling in Dakar,
Senegal. Environmental Health Perspectives 2009;117:1535-1540.

Hernandez-Avila M, Gonzalez-Cossio T, Hernandez-Avila JE, Romieu |, Peter-
son KE, Aro A, et al. Dietary calcium supplements to lower blood lead
levels in lactating women: a randomized placebo-controlled trial. Epide-
miology 2003;14:206-212.

Hernandez-Avila M, Gonzalez-Cossio T, Palazuelos E, Romieu |, Aro A, Fishbein
E, etal. Dietary and environmental determinants of blood and bone lead
levels in lactating postpartum women living in Mexico City. Environmen-
tal Health Perspectives 1996;104:1076-1082.

Hernberg S. Lead poisoning in a historical perspective. American Journal of
Industrial Medicine 2000;38:244-254.

Hu H. Bone lead as a new biologic marker of lead dose: recent findings
and implications for public health. Environmental Health Perspectives
1998106 (Supplement 4): 961- 967.

IARC (International Agency for Research on Cancer). Inorganic and organ-
ic lead compounds, n.d. Available from: http://monographs.iarc.fr/ENG/
Monographs/vol87/mono87-6.pdf [Accessed 18 September 2015].

Kaji M, Nishi Y. 2006. Lead and Growth. Clinical Pediatric Endocrinology
2006;15:123-128.

Kawas CH, Corrada MM, Brookmeyer R, Morrison A, Resnick SM, Zonderman
AB, et al. Visual memory predicts Alzheimer’s disease more than a decade
before diagnosis. Neurology 2003;60:1089-1093.

Khalig A, Rhamdhani MA, Brooks G, Masood S. Metal extraction processes for
electronic waste and existing industrial routes: A review and Australian
perspective. Resources 2014;3:152-179.

Klitzman S, Sharma A, Nicaj L, Vitkevich R, Leighton J. Lead poisoning among
pregnant women in New York City: Risk factors and screening practices.
Journal of Urban Health 2002;79:225-237.

Knishkowy B, Baker EL. Transmission of occupational disease to family con-
tacts. American Journal of Industrial Medicine 1986;9:543-550.

Lanphear BP, Hornung R, Khoury J, Yolton K, Baghurst P, Bellinger DC. et al.
Low-level environmental lead exposure and children’s intellectual func-
tion: An international pooled analysis. Environmental Health Perspectives
2005;113:894-899.

Liu J, Wuerker A. Biosocial bases of aggressive and violent behaviour - im-
plications for nursing studies. International Journal of Nursing Studies.
2005;42:229-241.

Makokha AO, Mghweno LR, Magoha HS, Nakajugo A, Wekesa JM. Environ-
mental lead pollution and contamination in food around Lake Victoria,
Kisumu, Kenya. African Journal of Environmental Science and Technology
2008;2:349-353.

Manton WI, Angle CR, Stanek KL, Reese YR, Kuehnemann TJ. Acquisition and
retention of lead by young children. Environmental Research 2000;82:60-80.

Mathee A, Khan T, Naicker N, Kootbodien T, Naidoo S, Becker P. Lead exposure
in young school children in South African subsistence fishing communi-
ties. Environmental Research 2013;126:179-183.

Mathee A, Naicker N, Teare J. Retrospective investigation of a lead poisoning
outbreak from the consumption of an Ayurvedic medicine: Durban, South
Africa. International Journal of Environmental Research and Public Health
2015;12:7804-7813.

Mathee A, Réllin HB, Ditlopo NN, Theodorou P. Childhood lead exposure in
South Africa. South African Medical Journal 2003;93:313.

Mathee A, Rollin H, Levin J, Naik I. Lead in paint: three decades later and
still a hazard for African children? Environmental Health Perspectives
2007;115:321-322.

Mathee A, Rollin H, von Schirnding Y, Levin J, Naik I. Reductions in blood lead
levels among school children following the introduction of unleaded pet-
rol in South Africa. Environmental Research 2006:;100:319-322.

Mathee A, Singh E, Mogotsi M, Timothy G, Maduka B, Olivier J, et al. Lead-
based paint on playground equipment in public children’s parks in Jo-
hannesburg, Tshwane and Ekurhuleni. South African Medical Journal
2009;99:819-821.

Mbongwe B, Barnes B, Tshabang J. Zhai M, Rajoram S, Mpuchane S et al. Ex-
posure to lead among children aged 1-6 years in the city of Gaborone,
Botswana. Journal of Environmental Health Research 2010;10:17-26.

Montes-Santiago J. Goya, Fortuny, Van Gogh, Portinari: lead poisoning in
painters across three centuries. Revista Clinica Espafiola 2006,206:30-32.

Montgomery M, Mathee A. A preliminary study of residential paint lead con-
centrations in Johannesburg. Environmental Research 2005,98:279-283.

Moore SI, Kosatsky T, Beausoleil M, Eade N. Lead intoxication in a child related
to the ingestion of playground paint chips — Quebec. Canada Communi-
cable Disease Report 1995; 21(2): 9-11.

Morf LS, Tremp J, Gloor R, Schuppisser F, Stengele M, Taverna R. Metals,
non-metals and PCB in electrical and electronic waste — Actual levels in
Switzerland. Waste Management 2007;27:1306-1316.

Morris JC, Storandt M, Miller JP, McKeel DW, Price JL, Rubin EH, et al. Mild cog-
nitive impairment represents early-stage Alzheimer disease. Archives of
Neurology 2001;58:397-405.

Mosha D, Wangabo J, Mhinzi G. African traditional brews: how safe are they?
Food Chemistry 1996,57:205-209.

Naicker N, Richter L, Mathee A, Becker P, Norris S. Association between en-
vironmental lead exposure and socio-behavioural adjustment: Find-
ings from the Birth to Twenty Cohort. Science of the Total Environment
2012;414:120-125.

> Page 26 LEAD EXPOSURE IN AFRICAN CHILDREN CONTEMPORARY SOURCES AND CONCERNS

Naicker N. Lead exposure and its impact on the health of adolescents: the
birth to twenty cohort (Doctoral dissertation, Faculty of Health Sciences,
University of the Witwatersrand, Johannesburg). 2012.

Nakayama SM, lkenaka Y, Hamada K, Muzandu K, Choongo K, Teraoka H, et al.
Metal and metalloid contamination in roadside soil and wild rats around
a Pb-Zn mine in Kabwe, Zambia. Environmental Pollution 2011;59:175-181.

Nduka JKC, Orisakwe OE, Maduawguna CA. Lead levels in paint flakes from
buildings in Nigeria: a preliminary study. Toxicology and Industrial Health
2008,24:539-542.

Needleman H. Lead poisoning. Annual Review of Medicine 2004;55:209-222.

Needleman HL, McFarland C, Ness RB, Fienberg SE, Tobin MJ. Bone lead lev-
els in adjudicated delinquents. A case control study. Neurotoxicology and
Teratology. 2002;24:711-717.

Needleman, H, Reiss AJ, Tobin MJ, Biesecker GE, Greenhouse JB. Bone lead
levels and delinquent behaviour. Journal of the American Medical Associ-
ation 1996;275:363-369.

Nevin R. Understanding international crime trends: The legacy of preschool
lead exposure. Environmental Research 2007;,104:315-336.

Nevin R. How lead exposure relates to temporal changes in 1Q, violent crime,
and unwed pregnancy. Environmental Research 2000;83:1-22.

Ngozi PO. Pica practices of pregnant women in Nairobi, Kenya. East Afr Med
12008;85(2):72-79.

Nnorom IC, Osibanjo O. Electronic waste (e-waste): Material flows and man-
agement practices in Nigeria. Waste Management 2008;28:1472-1479.

Northern Industrial Hygiene. Lead 2011. Available from: http://www.north-
ernih.com/Lead.html [Accessed September 2013].

NTP (National Toxicology Program). NTP Monograph: Health Effects of
Low-Level Lead. 2012. Available from: http:/ntp.niehs.nih.gov/ntp/ohat/
lead/final/monographhealtheffectslowlevellead_newissn_508.pdf  [Ac-
cessed October 2015].

Nyaruhucha CN. Food cravings, aversions and pica among pregnant wom-
en in Dar es Salaam, Tanzania. Tanzania Journal of Health Research
2009;11(1):29-34.

O'Flaherty EJ. Physiologically based models for bone-seeking elements. V:
Lead absorption and deposition in childhood. Toxicology and Applied
Pharmacology 1995;131:297-308.

Olafisoye OB, Adefioye T, Osibote OA. Heavy metals contamination of water,
soil and plants around an electronic waste dumpsite. Polish Journal of
Environmental Studies 2013;22:1431-1439.

Ombaka O, Ndanu A, Kibaara DI, Njiri AO, Kosgei KW. Spectrophotometric de-
termination of traces of lead (Il) in spinach samples marketed in Chuka,
Kenya. International Journal of Modern Chemistry 2014;6:1-17.

Omwenga |, Kanja L, Nguta J, Mbaria J, Irungu P. Assessment of lead and cad-
mium residues in farmed fish n Machakos and Kiambu counties, Kenya.
Toxicology and Environmental Chemistry 2014;96:58-67.

Opler MGA, Buka SL, Groeger J, McKeague |, Wei C, Factor-Litvak PM, et al. Pre-
natal exposure to lead, §-aminolevulinic acid, and schizophrenia: further
evidence. Environmental Health Perspectives 2008;116:1586-1590.

Opler MGA, Brown AS, Graziano J, Desai M, Zheng W, Schaefer C, et al. Prena-
tal lead exposure, 6-aminolevulinic acid, and schizophrenia. Environmen-
tal Health Perspectives 2004;112:548-552.

Orisakwe OE, Otaraku JO. Metal concentrations in cosmetics commonly used
in Nigeria. Scientific World Journal 2013. Available from: http://dx.doi.
0rg/10.1155/2013/959637 [Accessed August 2015].

Periodic Table, n.d. Available from: http://www.periodictable.com/Ele-
ments/082/index.html [Accessed September 2015]

Pitso JMN. Field tales of hazardous home brewed alcoholic beverages: the
case of Selebi Phikwe, Botswana. African Journal of Drug & Alcohol Stud-
ies 2006;6:89-103.

Plumlee GS, Durant JT, Morman SA, Neri A, Wolf RE, Dooyema CA,
etal. Linking geological and health sciences to assess child-
hood lead poisoning from artisanal gold mining in Nigeria.
Environmental Health Perspectives 2013;121:744-750.

Rabinowitz MB. Toxicokinetics of bone lead. Environmental
Health Perspectives 1991,91: 33-37.

Robinson BH. E-waste: An assessment of global production and
environmental impacts. Science of the Total Environment
2009;408:183-191.

Rollin HB, Rudge Y, Thomassen A, Mathee A, Odland J@. Levels
of toxic and essential metals in maternal and umbilical cord
blood from selected areas of South Africa- results of a pilot
study. Journal of Environmental Monitoring 2009;11:618-627.

Rothenberg SJ, Schnaas L, Perroni E, Hernandez RM, Ortega JF.
Blood lead secular trend in a cohort of children in Mexico
City, II: 1990-1995. Archives of Environmental Health 2000;55:
245-249,

Sakai T. Biomarkers of lead exposure. Industrial Health.
2000;30:127-142.

Schmidt CW. Face to face with toy safety: Understanding an
unexpected threat.  Environmental Health Perspectives
2008;116:A70-A76.

Science Encyclopedia, n.d. Available from: http://science jrank.
org/ [Accessed September 2015].

Shih RA, Hu H, Weisskopf MG, Schwartz BS. Cumulative lead dose
and cognitive function in adults: a review of studies that
measured both blood lead and bone lead. Environmental
Health Perspectives 2007,115:483-492.

Small BJ, Fratiglioni L, Viitanen M, Winblad B, Backman L. The
course of cognitive impairment in preclinical Alzheimer
disease: three- and 6-year follow-up of a population-based
sample. Archives of Neurology 2000;57:839-844.

Song B, Lei M, Chen T, Zheng Y, Xie Y, Li X, et al. Assessing the
health risk of heavytals in vegetables to the general popu-
lation in Beijing, China. Journal of Environmental Science
2009;21:1702-1709.

Spivey A. The weight of lead: Effects add up in adults. Environ-
mental Health Perspectives 2007;115:A30-A36

Stretesky PB, Lynch MJ. The relationship between lead exposure
and homicide. Archives of Pediatric and Adolescent Medi-
cine. 2001;155:579-582.

Swartz J, Otto D. Blood lead, hearing thresholds, and neurobe-
havioural development in children and youth. Archives of
Environmental Health. 1987:42:153-160.

Takaoka M, Yoshinaga J, Tanaka A. Influence of paint chips on
lead concentration in the soil of public playgrounds in Tokyo.
Journal of Environmental Monitoring 2006;8:393-398.

Teare J, Kootbodien T, Naicker N, Mathee A. The extent, nature
and environmental health implications of cottage industries
in Johannesburg, South Africa. International Journal of Envi-
ronmental Research and Public Health 2015;12:1894-1901.

Thihalolipavan S, Candalla BM, Ehrlich J. Examining pica in NYC
pregnant women with elevated blood lead levels. Maternal
and Child Health Journal 2013;17:49-55.

Tong S, von Schirnding YE, Prapamontol T. Environmental lead
exposures: a public health problem of global dimensions.
Bulletin of the World Health Organization 2000;78:1068-1077.

UNEP (United Nations Environmental Protection) Programme.
Final review of scientific information on lead, version of
December 2010.  Available from: http://www.unep.org/
hazardoussubstances/Portals/9/Lead_Cadmium/docs/In-

Page 27 4



terim_reviews/UNEP_GC26_INF_11_Add_1_Final_UNEP_Lead_review_
and_apppendix_Dec_2010.pdf [Accessed September 2015].

UNEP (United Nations Environmental Protection) Programme. Lead in enam-
el paints. National paint testing results: A nine country study 2013. Avail-
able from: http://www.unep.org/chemicalsandwaste/Portals/9/Mercury/
Documents/publications/Lead_in_Enamel_decorative_paints.pdf  [Ac-
cessed September 2015].

van der Kuijp TJ, Huang L, Cherry CR. Health hazards of China'’s lead-acid
battery industry: a review of its market drivers, production processes, and
health impacts. Environmental Health 2013;12:61.

Vazizi ND, Gonick HC. Cardiovascular effects of lead exposure. Indian Journal
of Medical Research 2008;128:426-435.

Vivoli G, Fantuzzi G, Bergoni M, Tonelli E, Gatto MR, Zanetti F, et al. 1993. Re-
lationship between low lead exposure and somatic growth in adoles-
cents. Journal of Exposure Analysis and Environmental Epidemioliology
1993;3(Supplement 1):201-209.

von Schirnding Y, Bradshaw D, Fuggle R, Stokol M. Blood lead levels in
South African inner-city children. Environmental Health Perspectives
19913;94:125.

von Schirnding YER, Fuggle R, Bradshaw D. Factors associated with elevated
blood lead levels in inner city Cape Town children. South African Medical
Journal 1991b;79:454-456.

von Schirnding Y, Mathee A, Kibel M, Robertson P, Strauss N, Blignaut R. A
study of pediatric blood lead levels in a lead mining area in South Africa.
Environmental Research 2003;93:259-263.

Weidenhamer JD, Kobunski PA, Kuepouo G, Corbin RW, Gottesfeld P. Lead
exposure from aluminium cookware in Cameroon. Science of the Total
Environment 2014;496:339-347.

Were FH, Kamau GN, Shiundu PM, Wafula GA, Moturi CM. Air and blood lead
levels in lead acid battery recycling and manufacturing plants in Kenya.
Journal of Occupational and Environmental Hygiene 2012;9:340-344.

Weuve J, Korrick SA, Weisskopf MG, Ryan LM, Schwartz J, Nie H, Grodstein F, et
al. Cumulative exposure to lead in relation to cognitive function in older
women. Environmental Health Perspectives 2009;117:574-580.

WHO. Lead. Chapter 6.7. Air quality guidelines- second edition. WHO regional
Office for Europe, Copenhagen, Denmark. 2001. Available from: http:/
www.eurowho.int/__data/assets/pdf_file/0005/74732/E71922.pdf  [Ac-
cessed September 2015].

WHQO. Children’s Health and the Environment. WHO training package for the
health sector. 2008. Available from: http://www.who.int/ceh/capacity/
Lead.pdf [Accessed September 2015].

WHO. Exposure to lead: a major public health concern. Geneva, Switzerland.
2010.  Available from: http://www.who.int/ipcs/features/lead..pdf [Ac-
cessed September 2015].

WHO. Chemicals of public health concern in the African Region and their
management — Regional Assessment Report. July 2014. Available from:
http://apps.who.int/iris/bitstream/10665/178166/5/9789290232810.pdf
[Accessed September 2015].

WHO. Questions and answers: International lead poisoning prevention aware-
ness campaign week of action 25-31 October 2015. Available from: http://
www.who.int/ipcs/lead_campaign/QandA _lead_week2015_EN.pdf [Ac-
cessed October 2015].

Wilson J, Pivetz T, Ashley, P, Jacobs D, Strauss W, Menkedick J, et al. Evaluation
of HUD-funded lead hazard control treatments at 6 years post-interven-
tion. Environmental Research 2006;102:237-248.

Woolley DE. A perspective of lead poisoning in antiquity and the present.
Neurotoxicology 1984;5:353-361.

Wright JP, Dietrich KN, Ris MD, Hornung RW, Wessel SD, Lanphear BP, et al.
Association of prenatal and childhood blood lead concentrations with
criminal arrests in early adulthood. PLoS Medicine 2008;5: 0732-0740.

Wright RO, Shannon MW, Wright RJ, Hu H. Association between iron deficien-
cy and low-level lead-poisoning in an urban primary care clinic. American
Journal of Public Health 1999;89:1049-1053.

Yabe J, Nakayama SMM, lkenaka Y, Muzandu K, Choongo K, Mainda G, et al.
Metal distribution in tissues of free-range chickens near a lead-zinc mine
in Kabwe. Environmental Toxicology and Chemistry 2013;32:189-192.

Yabe J, Nakayama SM, lkenaka Y, Yohannes YB, Bortey-Sam N, Oroszlany B, et
al. Lead poisoning in children from townships in the vicinity of a lead-zinc
mine in Kabwe, Zambia. Chemosphere 2015;119: 941-947.

APPENDIX 1 A COMPILATION OF SELECTED STUDIES OF LEAD EXPOSURE IN AFRICAN COUNTRIES

Algeria Environment 2011 Inhalation Analysis of tree pine NA NA
-air pollution needles

Aissa & Kéloufi. Determining the heavy metal
pollution in Mascara (Algeria) by using Casuari-
na equisetifolia. Ecologia Balkanica 2012;4:1-7.

Algeria Soil NS Inhalation Soil and vegetation NA NA
-industrial analysis

Benselhoub et al. Bioecological assessment
of soil pollution with heavy metals in Annaba
(Algeria). Vasile Goldis University Press
2015;25:17-22.

Benin Traditional 2012-2013 Ingestion Analysis of Moringa NA NA
medicine oleifera (also known as related to presence of lead and cadmium in
the drumstick tree) leaf Moringa oleifera Lam. leaves powders mar-
powders keted in Cotonou (Benin). Food and Nutrition
Sciences 2014;5:770-778.

Aissi et al. Evaluation of toxicological risk

Benin Food 2010 Ingestion Analysis of fish from NA NA
-fish Lake Nokoué

Hounkpatin et al. Assessment of exposure risk
of lead and cadmium via fish consumption

in the lacustrine village of Ganvié in Benin
republic. Journal of Environmental Chemistry
and Ecotoxicology 2012;4:1-10.

Benin Food NS Ingestion Irrigation water, soll NA NA
-vegetables and vegetable analysis.

Koumolou et al. Health-risk market garden
production linked to heavy metals in irrigation
water in Benin. Comptes Rendus Biologies
2013;336:278-283.

Botswana  Environment NS Inhalation/ Children 1-6 years 213 0 Mbongwe et al. Exposure to lead among chil-
-Soil ingestion of age — blood lead dren aged 1-6 years in the city of Gaborone,
-Paint analysis and soil-lead Botswana. Journal of Environmental Health
analysis Research 2010;10:17-26.

Pitso. Field tales of hazardous home brewed
alcoholic beverages: the case of Selebi Phikwe,
Botswana. African Journal of Drug Alcohol
Studies 2006;6:89-103.

Botswana  Traditional NS Ingestion Ingredients in home NA NA
home brews brews
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Cameroon  Paint 2012 Ingestion News report NA NA Pittsburgh Post-Gazette. PPG refuses to
recall leaded paint in Cameroon. Available
from: http://www.post-gazette.com/news/
world/2012/02/06/PPG-refuses-to-recall-lead-
ed-paint-in-Cameroon/stories/201202060268
(accessed 19 August 2015)

Cameroon  Food NS Ingestion Analysis of cookware NA NA Weidenhamer et al. Lead exposure from
-cookware and utensils aluminium cookware in Cameroon. Science of
the Total Environment 2014;496:339-347.

Cote Food 2009 Ingestion Vegetable analysis NA NA Koffi et al. Cadmium and lead levels in some

d'lvoire -Vegetables vegetables sold in Abidjan and estimated
dietary intakes in the Ivorian adult. Journal of
Nutrition and Food Sciences 2013;4:251.

Democrat-  Petrol NS Inhalation Sample population of 485 0 Tuakuila et al. Blood lead levels in the Kinshasa
ic Republic Kinshasa, 0-70 years population: a pilot study. Archives of Public
of Congo of age Health 2010;68:30-41.

Democrat-  -Petrol ABSTRACT Inhalation Urban and rural pop- 335 0 Tuakuila et al. Elevated blood lead levels and

ic Republic  -Battery recy- ulation sources of exposure in the population of Kin-

of Congo  cling shasa, the capital of the Democratic Republic
-Geophagia of Congo. Journal of Exposure Science and

Environmental Epidemiology 2013;23:81-87.

Democrat-  Oil industry NS Inhalation/ Workers 24 0 Mputu et al. Evaluation of lead occupational
ic Republic ingestion exposure in an oil company in Kinshasa.
of Congo Presented at the 7™ International Symposium

on Recent Advances in Environmental Health
Research. September 12-15, 2010, Jackson,
Mississippi.

Ethiopia Petrol 2008 Inhalation Analysis of roadside NA NA Teju et al. Determination of the levels of lead
soils in the roadside soils of Addis Ababa, Ethiopia.
Ethiopian Journal of Science 2012;35:81-94.
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Ethiopia Battery NS Inhalation Male and female adults, 15 0 Geleta & Alemu. Assessments of lead toxicity
charging/ 18 to > 46 years of age awareness among battery charging garage
repairs workers of Jimma Town, southwest, Ethiopia.

Journal of Biological and Chemical Research
2014;31:1063-1071.

Ethiopia Construction NS Inhalation Adult male and female 45 0
construction workers

Gebrie et al. Elevated blood lead levels among
unskilled contruction workers in Jimma, Ethi-
opia. Journal of Occupational Medicine and
Toxicology 2014;9:12.

Ethiopia Environment ABSTRACT Inhalation/ Children NS NS Tvinnereim et al. Lead levels in primary teeth
-urban vs. rural ingestion -Analysis of primary in children from urban and rural areas in Ethio-
incisor teeth pia. Ethiopian Medical Journal 2011;49:61-66.

Ethiopia Food 1998 Ingestion Vegetable analysis NA NA [tanna F. Metals in leafy vegetables grown in
-vegetables Addis Ababa and toxicological implications.
Ethiopian Journal of Health and Development
2002:16:295-302.

Ethiopia Food 2008 Ingestion Analysis of fish tissues ~ NA NA Dsikowitzky et al. Assessment of heavy metals
-fish in water samples and tissues of edible fish
species from Awassa and Koka Rift Valley
Lakes, Ethiopia. Environmental Monitoring
and Assessment 2013;185:3117-3131.

Ghana Petrol NS Inhalation/ School age children 100 (50 boys, 0
ingestion 50 girls)

Golow & Kwaansa-Ansah. Comparison of lead
and zinc levels in the hair of pupils from four
towns in the Kumasi municipal area of Ghana.
Bulletin of Environmental Contamination and
Toxicology 1994;53:325-331.

Ghana Petrol 2001 Inhalation Road dust and roadside  NA NA Kylander et al. Impact of automobile
soil analysis emissions on the levels of platinum and lead
in Accra, Ghana. Journal of Environmental
Monitoring 2003;5:91-95.
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Ghana Battery recy- NS Inhalation Child labour NS NS Ide & Parker. Hazardous child labor: Lead and
cling, neurocognitive development. Public Health
Automobile Reports 2005;120:607-613.
radiator repair,
Construction,
Glassworks,
Stained glass
production,
Ceramic

pottery.

Ghana Steel process- NS Inhalation Soil analysis NA NA Aboh et al. Assessing levels of lead contam-
ing plant, ination in soil and predicting pediatric blood
Lead battery lead levels in Tema, Ghana. Journal of Health
recycling plant, and Pollution 2013;5:7-12.

Mechanic
workshop,
Waste oil recy-
cling plant,
Municipal
waste disposal
site,

Municipal
playground,
School parks,
Schools,
Residential
facilities,

Auto work-
shops,

Scrap yards

Ghana E-waste 2008 Inhalation Male e-waste workers 20 0 Asante et al. Multi-trace element levels and
-Agbogbloshie arsenic speciation in urine of e-waste recycling
workers from Agbogbloshie, Accra in Ghana.
Science of the Total Environment 2012;424:63-
73.

Ghana E-waste 2010 Inhalation Soil/ash analysis NA Itai et al. Variation and distribution of metals
-Agbogbloshie and metalloids in soil/ash mixtures from
Agbogbloshie e-waste recycling site in Accra,
Ghana. Science of the Total Environment
2014;470-471:707-716.
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Ghana Geophagia NS Ingestion Analysis of clay soil NA Tayie et al. Geophagia clay soil as a source
samples of mineral nutrients and toxicants. African
Journal of Food, Agriculture, Nutrition and

Development 2013;13:1-14.

Ghana Food NS Ingestion Analysis of spices NA Nkansah & Amoako. Heavy metal content of
-spices some common spices available in markets in
the Kumasi metropolis of Ghana. American
Journal of Scientific and Industrial Research
2010;1:158-163.

Ghana Water 2004-2005 Ingestion Water analysis NA NA Obiri. Determination of heavy metals in water
-borehole from boreholes in Dumasi in the Wassa West
District of Western Region of Republic of
Ghana. Environmental Monitoring and Assess-
ment 2007;130:455-463.

Ghana Water 2008 Ingestion Water analysis NA NA Obiri et al. Evaluation of lead and mercury
-borehole neurotoxic health risk by resident children in
-tap water the Obuasi municipality, Ghana. Environmen-
-surface water tal Toxicology and Pharmacology 2010;29:209-
212.

Ghana Experimental NS Ingestion Palm oil administered NA NA Twumasi et al. Treatment of lead-poisoned
-rats to lead-poisoned rats rats through oral administration of palm oil
extracts. African Journal of Biochemistry
Research 2014;8:43-51.

Kenya Paint NS Inhalation/ Paint analysis NA NA Nganga C. Lead in Kenyan household paint.
ingestion IPEN 2012. Available from http:/ipen.org/
sites/default/files/documents/Lead%20in%20
Kenyan%20Household%20Paint%20Sept.%20
2012.pdf (accessed 20 August 2015).
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Kenya Petrol 2006-2007 Inhalation Children <6 years 200 0

Were et al. Use of human nails as bio-indica-
tors of heavy metals environmental exposure
among school age children in Kenya. Science
of the Total Environment 2008;393:376-384.

Kenya Geophagia 1997 Ingestion Pregnant women 52 0 Geissler et al. Perceptions of soil-eating and
anaemia among pregnant women on the
Kenyan coast. Social Science and Medicine

1999;48:1069-1079.

Kenya Mining NS Ingestion (via  Water analysis NA NA
-Migori gold hand washing)
mining belt

Odumo et al. Energy Dispersive X-ray Fluores-
cence analysis of mine waters from the Migori
gold mining beltin Southern Nyanza, Kenya.
Bulletin of Environmental Contaminationand
Toxicology 2011;87:260-263.

Kenya Battery recy- NS Inhalation Dust wipe samples 3 children NA
cling taken at Owino-Uhuru  diagnosed
informal settlement with lead poi-
(houses, a nursery soning prior to
school, a playground, study
and vegetable garden)
for analysis

Kamoniji . Lead poisoning from used lead
acid battery recycling: A case study of Ow-
ino-Uhuru, Mombasa, Kenya. Presented at The
Geological Society of America Northeastern
Section — 47" Annual Meeting, 18-20 March
2012, Hartford, Connecticut.

Kenya Battery recy- 2014 Inhalation Children of the Owino 200 NS
cling Uhuru district, 9-12
months of age

Standard Digital News. Slum residents
tested for lead poisoning. Available

from: http://www.standardmedia.co.ke/
article/2000148046/slum-residents-test-
ed-for-lead-poisoning (accessed 20 August
2015)

Kenya Battery recy- NA Inhalation Workers 141 0
cling,
Auto mechanic,
Radiator
repairs,

Kenya Sugarindustry 2014 Inhalation/ Use of lead sub-ace- NA NA
ingestion tate in Kenya's sugar
factories — Occupation-
al Health and Safety
document

IUF Global Sugar Program & KUSPAW: Re-
search on Occupational Safety and Health
Issues. Available from: http://www.iuf.org/
sugarworkers/wp-content/uploads/2014/09/
PUB-KUSPAW-Research-documents-July-2014.
pdf (accessed 02 September 2015).
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Kenya Geophagiaand 1998 Inhalation/ Pregnant women, 223 0 Odhiambo et al. A survey of blood lead levels
environmental ingestion 15-40 in pregnant women attending two public
exposure prenatal clinics in Nairobi City, Kenya. Journal

of American Science 2009;5:41-51.

Jumba et al. Animal Health Problems Attribut-
ed to Environmental Contamination in Lake
Nakuru National Park, Kenya: A Case Study

on Heavy Metal Poisoning in the Waterbuck
Kobus ellipsiprymnus defassa (Ruppel 1835).
Archives of Environmental Contamination and
Toxicology 2007;52:270-281.

Kenya Environment NS Ingestion
-game reserve

Waterbuck study NA NA

Kenya Environment NS Inhalation/ Males and females, NS NS
-urban vs. rural ingestion 18-71 years

Mogwasi et al. Effect of environmental
exposure on the lead levels in human blood
in Kenya. Journal of Environment and Earth
Sciences 2012;53-63.

Kenya Environment NS Inhalation Children and adults, 120 0
-dump site 0-70 years of age

Owino et al. Lead metal exposure to residents
in informal settlement: A case study of resi-
dents in Nakuru Municipality, Kenya. Kabarak
Journal of Research and Innovation 2015;3:41-
47. Available from:
http://www.academia.edu/11706968/
Lead_Metal_Exposure_to_Residents_Resid-
ing_in_Informal_Settlement_A_Case_Study_
of_Residents_in_Nakuru_Municipality_Kenya
(accessed 20 August 2015).

Kenya Food ABSTRACT Ingestion Food and soil analysis NA NA Kunguru & Tole. Contamination of soils, maize,
-maize wheat and milk with lead from motor vehicle
-wheat emissions in Uasin Gishu district, Kenya. Dis-
-milk covery and Innovation 1994,6:261-264.
-soil
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Kenya Food NS Ingestion Food, soil and water NA NA Makokha et al. Environmental lead pollution
-vegetables analysis and contamination in food around Lake
-cereals Victoria, Kisumu, Kenya. African Journal of
-legumes Environmental Science and Technology

2008;2:349-353.

Kenya Food 2007-2009 Ingestion Food, soil and water NA NA Makokha et al. The effects of environmental

Tanzania -maize analysis lead pollution in Kisumu, Mwanza and Kam-

Uganda -beans pala. The Open Environmental Engineering
-fish Journal 2011;4:133-140.

Kenya Food ABSTRACT Ingestion Acute lead poisoning NA NA Mbaria et al. Forensic case of lead poisoning
-dairy cows of dairy cattle from a battery manufacturing company in
Nakuru, Kenya. Japanese Journal Veterinary
Research 2014;61.

Kenya Water NS Ingestion Water analysis NA NA Chege et al. Physico-chemical analysis of
-groundwater groundwater in the Gazi-Mrima Hill region of
Kwale County, Kenya. Asian Journal of Science
and Technology 2013;4:55-58.

Madagas-  Water 2012-3013 Ingestion Water analysis NA NA Akers et al. Lead (Pb) contamination of

car -groundwater self-supply groundwater systems in coastal
Madagascar and predictions of blood lead
levels in exposed children. Environmental
Science and Technology 2015;49:2685-2693.

Malawi Food 2003 Ingestion Analysis of farm-raised ~ NA NA Purchase & Juma. Determination of lead levels
-fish fish in farm-raised fish (Oreochromis shiranus) in
Zomba district, Malawi. Malawi Journal of
Aquaculture and Fisheries 2009;1:2-5.

Mali Traditional 2002 Ingestion Plant analysis NA NA Maiga et al. Determination of some toxic and
medicine, essential metal ions in medicinal and edible
Food plants from Mali. Journal of Agriculture and
-vegetables Food Chemistry 2005;53:2316-2321.
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Namibia Mining NA Inhalation General information NA NA Mapani et al. Human health risks associated
-Berg Aukas with historic ore processing at Berg Aukas
(Pb, Zn and Grootfontein area, Namibia. Communica-
vanadium tions of the Geological Survey of Namibia
mine) 2009;14:25-40.

Namibia Environment ABSTRACT Inhalation/ Analysis of organs NA NA Magwedere et al. Lead and cadmium levels
-Wild spring- ingestion and tissues of wild in liver, kidney and muscle of harvested wild
bok springbok springbok (Antidorcus marsupialis) under

extensive management in southern and
southeastern Namibia. South African Journal
of Wildlife Research 2013;43:52-60.

Namibia Food 2012 Ingestion Analysis of the black NA NA Vellemu & Omoregie. Lead pollution: A
-black mussel mussel and sediments growing concern along the Namibian coastal
-sediments from Walvis Bay waters. International Science and Technology
harbour Journal of Namibia 2014;3:21-34.

Nigeria Paint 2006 Inhalation/ Paint analysis NA NA Adebamowo et al. Lead content of dried
ingestion films of domestic paints currently sold in
Nigeria. Science of the Total Environment
2007;388:116-120.

Nigeria Paint 2006 Ingestion Paint analysis NA NA Clark et al. Lead levels in new enamel
household paints from Asia, Africa and
South America. Environmental Research
2009;109:930-936.

Nigeria Petrol NS Inhalation Analysis of vehicular NA NA Agbo S. Effects of lead poisoning in children,
emissions in Proceedings at a Workshop on Vehicular
Emission and Lead Poisoning in Nigeria, 1997.
Eds. Falomo AA and Chikwendu CC. Organ-
ised by Friends of the Environment (FOTE)
Lagos, 20-28.

Nigeria Petrol NS Inhalation Roadside soil analysed ~ NA NA Fakayode & Olu-Owolabi. Heavy metal
contamination of roadside topsoil in Osogbo,
Nigeria: its relationship to traffic density and
proximity to highways. Environmental Geolo-
gy 2003;44:150-157.
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Nigeria Petrol NS Inhalation Roadside soil and vege- NA NA Amusan et al. Effect of traffic density on heavy
tation analysed metal content of soil and vegetation along
roadsides in Osun State, Nigeria. West African
Journal of Applied Ecology 2003;4:107-114.

Nigeria Petrol 2002 Inhalation Analysis of suspend- NA NA Obioh et al. Chemical characterization of
ed particulate along suspended particulate along air corridors of
motorways motorways in two Nigerian cities. Journal of

Applied Sciences 2005;5:347-350.

Nigeria Petrol 2006 Inhalation Soil and vegetation NA NA Okunola et al. Levels of trace metals in soil
analysis and vegetation along major and minor roads
in metropolitan city of Kaduna, Nigeria.
African Journal of Biotechnology 2007,6:1703-
1709.

Nigeria Petrol NS Inhalation Tree bark analysis NA NA Majolagbe et al. Concentration of heavy
metals in tree barks as indicator of atmo-
spheric pollution in Oyo Town, Southwest
Nigeria. Archives of Applied Science Research
2010;2:170-178.

Nigeria Petrol NS Inhalation Review article NA NA Orisakwe et al. Metal pollution in Nigeria: A
biomonitoring update. Journal of Health and
Pollution 2014;4:40-52.

Nigeria Mining 2010 Inhalation/ Children < 5 years 204 118 chil-  Dooyema et al. Outbreak of fatal childhood
-Zamfara ingestion dren < lead poisoning related to artisanal gold mining
Syrshad  in Northwestern Nigeria, 2010. Environmental
died Health Perspectives 2012;120:601-607.
during
previous
year

Nigeria Mining NS Inhalation/ Ore and soil analysis NA NA. Plumlee et al. Linking geological and health
-Zamfara ingestion sciences to assess childhood lead poisoning

from artisanal gold mining in Nigeria. Environ-

mental Health Perspectives 2013;121:744-750.
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Nigeria Mining 2010-2011 Inhalation/ Children aged <5 years 972 14
-Zamfara ingestion with VBLL >45 ug/dL

Greig et al. Association of blood lead level
with neurological features in 972 children
affected by an acute severe lead poisoning
outbreak in Zamfara State, Northern Nigeria.
PloS ONE 2014;9:€93716.

Nigeria Mining NS Ingestion Soil analysis NA NA Mohammed & Abdu. Horizontal and vertical
-Zamfara distribution of lead, cadmium, and Zinc in
farmlands around a lead-contaminated gold-
mine in Zamfara, Northern Nigeria. Archives of
Environmental Contamination and Toxicology
2014,66:295-302.

Nigeria Mining NS Inhalation Soil analysis NA NA Ezeh & Chukwe. Small scale mining and heavy
-Ishiagu metals pollution of agricultural soils: The case
of Ishiagu Mining District, South Eastern Nige-
ria. Journal of Geology and Mining Research
2011;3:87-104.

Nigeria Oil industry NS Ingestion Analysis of seafood, NA NA Ololade et al. Influence of diffuse and chronic
water and sediment metal pollution in water and sediments on ed-
ible seafoods within Ondo oil-polluted coastal
region, Nigeria. Journal of Environmental
Science and Health, Part A 2011;46:898-908.

Nigeria Cement NS Inhalation Analysis of cement NA NA Gbadebo & Bankole. Analysis of potentially
manufacturing dust in the vicinity of toxic metals in airborne cement dust around
industry cement manufacturer Sagamu,

Southwestern Nigeria. Journal of Applied
Sciences 2007;7:35-40.

Nigeria Battery recy- NS Inhalation Workers 20 workers 0 Abiola O. Total blood and urinary lead levels
cling Ingestion in battery charging artisans in two metropol-
Dermal itan cities of South West Nigeria. Journal of
absorption Applied Biosciences 2009;14:796-799.
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Nigeria Lead workers ABSTRACT Inhalation Workers, 22-58 years 130 0 Anetor & Adeniyi. Decreased immune status
in Nigerian workers occupationally exposed to
lead. African Journal of Medicine and Medical

Science 1998,27:169-172.

Nigeria Lead workers NS Inhalation Workers 270 adults 0 Alasia et al. Association of lead exposure,
serum uric acid and parameters of renal
function in Nigerian lead-exposed workers.
International Journal of Occupational and

Environmental Medicine 2010;1

Nigeria Auto-mechan- NS Inhalation Workers, 25-50 years. 25 0 Dioka et al. Liver and renal function tests in
ics, Liver and renal function artisans occupationally exposed to lead in Me-
Battery char- analysis chanic Village in Nnewi, Nigeria. International
gers, Journal of Environmental Research and Public
Welders. Health 2004;1:21-25.

Nigeria Auto-mechan- NS Inhalation Workers, men and 148 0 Ademuyiwa et al. Erythrocyte acetylcholin-
ics, women esterase activity as a surrogate indicator of
Auto-painters, lead-induced neurotoxicity in occupational
Panel beaters, lead exposure in Abeokuta, Nigeria. Envi-
Petrol station ronmental Toxicology and Pharmacology
attendants, 2007;24:183-188.

Welders,
Vulcanizers.

Nigeria Automobile 2002 Inhalation Workers, 19-54 years 52 0 Dosumu et al. Biomarkers of lead exposure in
garage auto-mechanics in Abeokuta, Nigeria. Trace
Elements and Electrolytes 2005;22:185-191.
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Nigeria Automobile 2011 Inhalation Auto repair workers 353 workers 0 Saliu et al. Comparative assessment of blood
garage (2 female, 31 lead levels of automobile technicians in
male) organised and roadside garages in Lagos,

Nigeria. Journal of Environmental and Public
Health 2015. Available from: http://dx.doi.
0rg/10.1155/2015/976563 (accessed 18
August 2015).

Nigeria Tricycle repair 2013 Inhalation/ Workers 20 0 Nwachukwu et al. Nature and extent of lead
ingestion (pet- poisoning in tricycle repairers in Nigeria.
rol siphoned Sci-Afric Journal of Scientific Issues, Research
by mouth) and Essays 2014;2: 83-84.

Nigeria E-waste NS Inhalation General information NA NA Schmidt CW. Spheres of influence. Unfair
trade: E-waste in Africa. Environmental Health
Perspectives 2006;114:A232-235.

Nigeria E-waste NS Inhalation General information NA NA Nnorom & Osibanjo. Electronic waste
(e-waste): Material flows and management
practices in Nigeria. Waste Management
2008,;28:1472-1479.

Nigeria Printing presses NS Inhalation/ Analytical estimation NA NA Oke et al. Occupational lead exposure in
dermal ab- printing presses: An analytical approach. The
sorption Pacific Journal of Science and Technology

2008;9:263-271.

Nigeria Occupational ABSTRACT Inhalation/ Adults 270(190test 0 Alasia et al. Occupational and environmen-
and ingestion subject, 80 tal lead exposure in Port Harcourt, Nigeria:
Environmental controls) analysis of its association with renal func-

tion indices. Nigerian Journal of Medicine
2010;19:407-414.

Nigeria Geophagia NS Ingestion Pregnant women NA NA Abrahams et al. Human geophagia, Calabash

Kenya -Chalk and soil analysis chalk and Undongo: mineral element nutri-
tional implications. PloS ONE 2013;8:253304.
Available from doi:10.1371/journal.
pone.0053304 (accessed 14 August 2015)

Nigeria Geophagia 2013 Ingestion Pregnant women NA NA lieoma et al., Assessment of heavy metals
-Clay analysis in edible clays sold in Onitsha metropolis of
Anambra State, Nigeria. British Journal of Ap-
plied Science and Technology 2014,2114-2124.
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Nigeria Traditional ABSTRACT Ingestion Medication analysis NA NA Healy et al. Traditional medicine and lead-con-
medicine taining preparations in Nigeria. Public Health
1984;98:26-32.

Nigeria Traditional NS Ingestion Analysis of medicinal NA NA Obi et al. Heavy metal hazards of Nigerian
medicine plants herbal remedies. Science of the Total Environ-
ment 2006;369:35-41.

Nigeria Medication NS Ingestion Analysis of paediatric NA NA Oriskwe & Nduka. Lead and cadmium levels
-Paediatric syrup of commonly administered pediatric syrups in
syrup Nigeria: A public health concern? Science of

the Total Environment 2009;407:5993-5996.

Nigeria Environment NS Inhalation Tree bark analysis NA NA Odukoya et al. Pb, Zn, and Cu levels in tree
-atmospheric barks as indicator of atmospheric pollution.
Environment International 2000;26:11-16.

Nigeria Environment ABSTRACT Inhalation/ Blood and urine NS NS Ademuyiwa et al. Lead levels in blood and
ingestion analysis of university urine of some residents of Abeokuta, Nigeria.
students, petrol station Trace Elements and Electrolytes 2002;19:63-69.
attendants and preg-
nant women

Nigeria Environment 2004 Inhalation/ Focus group discus- NA NA Adebamowo et al. An examination of
-domestic ingestion sions knowledge, attitudes and practices related to
lead exposure in South Western Nigeria. BMC
Public Health 2006:6:82.

Nigeria Environment NS Inhalation/ Children 2-9 years 653 0 Nriagu et al. Lead poisoning associated with
-lead and ingestion Pb/Malaria association malaria in children of urban areas of Nigeria.
malaria International Journal of Hygiene and Environ-

mental Health 2008;211:591-605.

Nigeria Environment NS Inhalation School children 197 0 Esimai & Awotoye. Estimation of lead in urine
of school children in south western Nigeria
and effect of ascorbic intervention. African
Journal of Environmental Science and Tech-

nology 2009;3:370-375.
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Nigeria Environment 2006-2008 Inhalation Pregnant women,17-49 214 0 Adekunle et al. Assessment of blood and
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@ Lead is a poisonous substance

@ Lead is especially harmful to the
health of children

@ Melting lead to make fishing sinkers
is very dangerous
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