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Background. Lead exposure has significant detrimental effects on the health and wellbeing of children. In resource-poor countries,
information on the extent of lead exposure is often inadequate owing to the lack of surveillance and screening programmes.

Objective. To determine the degree of lead exposure in children residing in South African urban areas.

Methods. A cross-sectional survey was conducted in schools in Johannesburg, Cape Town and Kimberley in 2007 - 2008. Blood lead levels
were assessed in a total of 1 349 grade 1 children using the LeadCare Analyser system. Parents completed a structured questionnaire on
sociodemographic profiles and risk factors to provide information about socioeconomic status and other risk factors for lead exposure.
Results. Blood lead levels ranged from 0.8 - 32.3 ug/dl. The mean blood lead level in the total sample was 7.97 pg/dl; 74% had blood lead
levels >5 ug/dl. The highest proportion (84%) of children with blood lead levels >5 ug/dl was in Johannesburg. In the multivariate analysis,
socioeconomic status was significantly associated with blood lead levels 25 ug/dl.

Conclusion. Lead exposure in South African urban areas remains widespread. The risk of lead poisoning in some areas and certain groups of
children may be increasing despite the phasing out of lead-containing petrol. Children living in poverty continue to be the most vulnerable.
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Exposure to environmental lead continues to be a
major public health challenge, despite progress made
by governments and international organisations to
eliminate some of the most important sources of
exposure, such as petrol and paint. In South Africa
(SA), incremental reductions in the maximum lead content of petrol
commenced in 1986, with the use of leaded petrol discontinued in
2006." In 2009, legislation was passed banning the use of lead
in paint used in homes and for children’s toys and furniture.”
However, the use of lead continues in many other products and
services, e.g. in the mining, fishing and hunting sectors, as well as
in numerous cottage industries.”’ As a result, soil and dust around
homes and schools may have elevated lead loads from historical and
various current sources.”

In Cape Town, SA, cross-sectional studies have shown a decline
in blood lead levels (BLLs) among 7 - 11-year-olds from a mean of
11.9 pg/dlin 1991 to 9.1 pg/dl in 2002. Approximately 10% of children
had BLLs 210 pg/dl in 2002.” In Mumbai, India, after the phasing
out of leaded petrol, the proportion of children with very high BLLs
(=10 pg/dl) dropped from 60% in 1997 to 37% in 2002." However,
a recent study of children aged 6 - 7 years in Chennai, India, showed
that 54.5% had BLLs >10 pg/dl, with a mean BLL of 11 pg/dl"” BLLs in
developing countries are markedly higher than international guidelines
permit.” In addition, because of local lead sources, there may be areas
and child groups with BLLs >10 ug/dl. In resource-rich countries such
as the USA, the average BLL for children is around 3 pg/dl, which is a
significant decrease from levels found in the 1970s."

Nevertheless, BLLs as low as 3 pg/dl have been associated with
adverse cognitive and behavioural outcomes in children.”"
Widespread exposure to low levels of environmental lead may have a

Al

large public health impact, especially in resource-poor countries such
as SA where resources to mitigate the adverse effects are limited, and
where there are no blood lead surveillance and screening programmes.

Objectives

To assess BLLs of grade 1 children attending schools in the cities of
Cape Town, Johannesburg and Kimberley, and to explore risk factors
for increased levels of exposure. This study is a follow-up of previous
cross-sectional surveys conducted in 1995 and 2002 in the same schools.

Methods

Study population

A cross-sectional, analytical study was undertaken between 2007 and
2008 at primary schools in the cities of Cape Town, Johannesburg
and Kimberley. These were the same towns and schools included in
previous such studies."*"" Cape Town, the largest coastal city in Western
Cape Province, covers ~2 400 km® with a population of ~3.4 million in
2007. Johannesburg, in Gauteng Province, covers ~2 300 km’with a
population of 3.8 million; it is one of the fastest growing cities in the
world. Kimberley, until 1914 a diamond mining town, is the capital
of Northern Cape Province, with a population of ~200 000. Schools
were selected to reflect lead exposure in children spending time close
to, or distant from, heavily trafticked roads. Children in grade 1 were
included in the study after obtaining written informed consent from
their parents or guardians, and assent from the children themselves on

the day of the study.

Data collection
Structured questionnaires were designed to obtain information
about the health of the study children, household socioeconomic
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status, housing type and other potential risk factors for elevated
BLLs. Questionnaires were available in English and Afrikaans, which
were the predominant languages spoken in the selected towns. The
translation of questionnaires was by professional translators and
back-translated for accuracy. Questionnaires were distributed by
the schools to the homes of study children in advance, and self-
administered by parents or guardians. Parents were requested to
return completed questionnaires and consent forms to the school on
the following day. Respondents were provided with contact details for
the research team, and were encouraged to make contact in the event
of any uncertainty about the questionnaire.

On the day of data collection, height and weight measurements
were taken of each child. Finger-prick blood tests were obtained
for BLLs using the LeadCare 1 Analyser system (ESA Biosciences,
USA). Whole blood from the capillary tube was decanted into the
LeadCare containers containing reagent. After 1 minute, a 50 pl
pipette was used to transfer the blood/reagent mixture onto a
sensor strip. The sensor was inserted into the analyser and a result
was displayed in 3 min. This system has been used in previous
studies and its reliability demonstrated."” Disposable sterile blood
sampling equipment and aseptic sampling techniques were used
throughout.

Analysis

Participants’ BLLs were the dependent (outcome) variable. BLLs
were not normally distributed but skewed positively and thus were
log transformed; however, this did not change the findings. BLLs
were analysed as a continuous variable in the bivariate analysis using
Students t-test and then stratified into low (<5 pg/dl) and high
(=5 g/dl) levels to determine odds ratios (ORs) in the bivariate and
multivariate analysis. The US Centers for Disease Control (CDC)
has recently recommended a new reference level based on the US
population of children aged 1 - 5 years who are in the top 2.5% of the
national blood lead distribution. Currently, this level is 5 pg/dl, and
was used to dichotomise the blood lead distribution in the current
study.” Predictor or risk factor variables included sex of the child,
socioeconomic factors, housing type and conditions, and behaviour
of any child or adult in the household that might lead to increased
exposure to lead. A p-value <0.05 was considered significant. All
factors that were significantly associated with high BLLs were
included in the multivariate analysis. Data were analysed using
Stata 12 statistical software.

Ethics

Ethical approval for the study was secured from the Human Research
Ethics Committee of the University of the Witwatersrand in Johannes-
burg. Written consent forms were completed and signed by parents
of the children prior to data collection and blood sampling. Parents
were informed that participation was voluntary, and of their right to
withdraw at any time without detrimental consequences. The ethics
approval number for this study was M070458.

Table 1. Blood lead distribution by city

Results

Sample characteristics

A total of 1 349 grade 1 children (51% boys) were included; 36% (479)
were from Cape Town, 52% (704) from Johannesburg and 12% (166)
from Kimberley. The mean age was 7.62 years (ranged 5 - 12 years).
About 96% were SA citizens.

Most (33%) households earned <R1 000 (US$ 110) per month.
Only 17% of households earned >R5 000 (>$550) per month. Over
91% of households had at least one employed adult. Households
consisted of an average of 6 people. Of the total, 77% lived in formal
dwellings; 39% of dwellings required major repairs, and 40% reported
having peeling paint inside or outside the home. Electricity was the
main source of energy for cooking in 90% of homes, and 60% of
homes had copper or plastic water pipes. A total of 52% of homes
were reported to be situated within one block of a busy road.

Analysis of behavioural risk factors showed that 43% of children
lived with an adult who smoked, and that 32% of the sample lived in
a household that included a member whose occupation potentially
involved lead use, e.g. vehicle repairs, spray painting, building or
renovation, painting, welding, or repairing of electrical appliances.
A total of 28% of children played with pets, 22% used homemade or
traditional remedies, and 9% used make-up such as eyeliner or kohl
pencils, which potentially contain lead.

Blood lead results

The mean BLL in the total sample was 7.97 ug/dl (standard deviation
(SD) +4.37), while the median was 7 pg/dl. Individual BLLs ranged
from 0.8 to 32.3 ug/dl, and 74% of the sample had BLLs =5 pg/dl. The
Johannesburg sample had the highest proportion, at 84% of children
with BLLs >5 pg/dl, while 57% and 66% were similarly affected in
Kimberley and in Cape Town, respectively (Table 1).

The percentage of children with BLLs <5 pg/dl increased in all
three sites from 2002 to 2007. The proportion, however, with BLLs
>10 pg/dl increased in Kimberley and Cape Town, although the
overall difference was not significant (p=0.26) (Fig. 1).

Risk factors for high BLLs (=5 pg/dl)

In the bivariate analysis, only 3 variables were significantly associated
with an increased risk of exposure: male child, household income
<R1 000, and use of traditional medicines. After adjusting for
confounding variables in the multivariate analysis, only low income
levels were significantly associated with high BLLs, with an OR of 1.4
(Table 2). Being male or using traditional medicines increased the
odds of having an elevated BLL (OR >1.2), but the association was
not statistically significant.

Discussion

The study demonstrates the extent of lead exposure and poisoning in
urban SA children. Lead poisoning is preventable, yet 74% of children
had BLLs >5 pg/dl (i.e. more than the current reference level of the
CDC)." The proportions with BLLs >5 pg/dl for the Kimberley and

Town Mean (ug/dl) Median (ug/dl) Range (ug/dl) <5 (ug/dl), % 25-9.9 (ug/dl), % =10 (ug/dl), %
Kimberley 6.45 5.3 2.8-32 43 44 13
Cape Town 7.08 6.1 1-304 34 48 18
Johannesburg 8.94 8.1 0.8-32.3 16 51 33
Total 7.97 7 0.8 - 30.4 26 49 25
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Fig. 1. Blood lead level trend over 5 years in 3 cities. (A) Trend in children’s
BLLs <5 ug/dl. (B) Trend in children’s BLLs >10 ug/dl.>")

Table 2. Multivariate regression results for BLLs >5 pg/dl

Adjusted OR
Variable (95% CI) p-value*  95% CI
Male sex 1.28 0.07 0.98 - 1.67
Income <R1 000 1.38 0.02 1.05 - 1.82
Using traditional 1.21 0.25 0.87 - 1.67
medicines

OR = odds ratio; CI = confidence interval.
*p-value significant at <0.05; pseudo = 0.009.

Cape Town samples were 57% and 66%, respectively. As many as
a quarter of children in the sample had BLLs =10 pg/dl (which is
the level previously endorsed by the World Health Organization
(WHO), but currently under review). Children in Johannesburg
were most seriously affected, having the highest proportion with
BLLs >10 pg/dl (33%). In the Kimberley and Cape Town samples,
13% and 18% of the sample, respectively, had BLLs 210 pug/dl.

The most notable risk factor for lead exposure in this study was the
socioeconomic status of the children. Children in households with an
income <US$125 per month were significantly more at risk of having
BLLs =5 pg/dl. Many previous studies have consistently highlighted
the role of low socioeconomic status in increasing the risk of lead
exposure.™ People in poor communities have a greater likelihood
of having jobs involving lead (and a higher risk of para-occupational
exposure), a higher level of involvement in cottage industries
(potentially leading to lead exposure in the home setting), poorer

levels of nutrition that may exacerbate the effects of lead exposure,
and fewer resources to prevent lead exposure and mitigate the health
effects, especially the sociobehavioural problems, that arise from lead
exposure.'” It bears noting that there is a large, and growing, gap
between the rich and poor in SA, which is among the most unequal
societies in the world.

In the 2002 survey, 78% of children in the same schools in
Johannesburg had BLLs >10 pg/dL"™ The decline in children with
very high BLLs indicates a reduction in exposure that might be
attributed to the discontinuation of leaded petrol. Similar findings
have been found in other countries.*”” However, in Cape Town
in 2002, 10% of children in the same schools had BLLs >10 pg/dl
compared with 18% in 2007,"" representing an 8% increase in BLLs,
which may be due to the residual effects of past usage of leaded petrol,
and leaded paint in homes, toys, playground equipment and informal
industries.® It must also be noted that different methods were used
to assess BLLs in 2002 compared with the 2007 survey; however,
previous studies have found the LeadCare system to be comparable
to formal laboratory analytical methods.” There may be pockets of
children in urban SA that continue to be at risk, despite the removal
of major sources of exposure.

Boys were found to have a significant increase in mean BLLs in
the 2002 survey."” The present study showed that, after adjusting
for confounding factors, being male was not a significant risk
factor, although the mean BLL was 0.63 pg/dl higher in males than
in females. In other resource-poor countries, such as Uganda and
India, no association was found between sex and BLLs.”" However,
a study conducted in an older cohort of children (13 years of age) in
Johannesburg, found that male sex was a significant risk factor - OR
3.01 (95% CI 2.41 - 3.77).""

Household factors such as informal housing, housing with chipped
or peeling paint or needing repair and positioned near a busy road,
and behavioural factors such as smoking, childhood pica and playing
with pets did not influence BLLs in this study. Recent publications
have highlighted the use of certain types of traditional medicine
that has resulted in cases of lead poisoning in children and adults."”
While 22% of children in this study were reported to take traditional
medicine, this proved to be not significant.

Study limitations

There are several limitations to the present study. It is a cross-
sectional analysis and therefore measured blood lead at a single point
in time. Since blood lead indicates current exposure (1 month), past
exposure might have been different. BLLs could also be high owing to
release from bone stores at the time of measurement. Unfortunately,
owing to financial constraints, concurrent analyses of possible
sources of exposure such as soil in homes and schools, paint and dust
swabs could not be conducted.

Given this evidence that lead poisoning in SA is a serious
and widespread public health problem, it is imperative that the
National Department of Health establish a programme on lead
poisoning prevention that would include the development of a
national surveillance network, identification of high-risk groups,
services and products, and introduce screening programmes in high-
risk areas and groups.

Conclusion

This study has highlighted that, 1 - 2 years after the discontinuation of
leaded petrol, children’s BLLs remain unacceptably high and that, in
some areas, the proportion of children with very high BLLs (10 pg/dl)
has been rising. The major contributing factor is childhood poverty.
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