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LEAD EXPOSURE OF CHILDREN ATTENDING PRE-SCHOOL FAGILITIES iN PRETORIA

SUMMARY

Obijectives

. To estimate the exposure to lead of 5-year old children
attending pre-school facilities in two different socio-
economic areas, Pretoria East and Soshanguve in
Pretoria, using existing exposure measurement tools,
activity patterns and pollutant concentrations in air and soil;

. To determine the influence of external factors on the
inhalation exposure of children to lead particles in air.

Population and methods
Design: Cross-sectional.

Setting: Pre-school facilities in Soshanguve, representing a lower
socio-economic area, and in Pretoria East, representing a higher
socio-economic area, during winter (July 2001).

Participants: Thirty pre-schools in Soshanguve (random sample)
and 24 in Pretoria East (known pre-schools in the selected area),
involving a total of 216 five-year old children; 120 from Soshanguve
and 96 from Pretoria East.

Main outcome measures: Exposure to lead in air, lead
concentrations in surface soil and dust, risk factors associated with
inhalation exposure to lead particles.

Main measurement methods: Questionnaires, time-activity diaries,
lead concentrations in air, soil and surface dust, statistical analyses.

Results: Environmental lead levels, especially in air, were generally
low. No significant difference in estimates of indoor lead inhalation
exposure was found between pre-schools in the two areas.
Estimates of outdoor inhalation exposure were significantly lower in
Soshanguve, as measured both by total inhalation exposure on the
survey day and by traffic counts. The average surface dust lead
loadings on window sills, and objects such as book cases, were
significantly higher in Soshanguve. Average soil lead concentrations,
including concentrations in sandpits and playground areas, were also
significantly higher in Soshanguve.
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Multivariate analysis indicated that mean log exposure to lead
(assessing inhalation exposure - not differentiating by area) was
associated with a variety of factors. For intervention purposes, five of
these factors were selected as being the most important, on the
basis of statistical testing. The variables of most practical importance
were:

) monthly fees paid at the school

. sloping of the street on which the pre-school was located
. traffic volume

. number of children/m? outdoors, and

. surface area (m?)/child indoors

Inhalation lead exposure was positively associated with the first two
and inversely associated with the last three variables.

Conclusions and Recommendations: Recommended factors to be
considered when planning future pre-schools include the following:

) Proximity of the site to busy roads and other sources of
lead. Traffic volumes on these roads should be monitored
in advance.

. Facilities should not be built on sites close to steeply
sloping roads.

) Cleaning procedures used at a pre-school should not use

appliances that disperse dust so-as to minimize exposure
to resuspended lead.

. Reduce time spent outdoors if the facility is close to
sources of pollution.

As the scope of the study did not include quantification of the
measures mentioned above, further research is recommended. This
study did not sufficiently address the impact of activity patterns on
exposure of children in a South African setting as compared to
standardised exposure equations developed by the USEPA,
warranting the need for further research in this field.
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GLOSSARY

Absorption
The process of active or passive transport of a substance, across

biological membranes or other barriers, into an organism *.

Acute exposure
A single exposure to a toxic substance that results in severe
biological harm or death.

Air particulates
Airborne particulates include windblown dust, emissions from
industrial processes, smoke from the burning of wood and coal, and

motor vehicle or non-road engine exhausts.

Air pollutant
A potentially harmful agent occurring in the air usually as a resuit of

human activities .

Ambient air

Any unconfined portion of the atmosphere: open or outdoor air.

Background level
In toxic substances monitoring, the average presence of a

substance in the environment.

Biomarkers
A measure of a chemical, cellular, immunologic, genetic, or
physiologic signal or biologic event or state in biological media,
including in tissue, cells or fluids.

BTech in Environmental Health
Bachelors degree in Technology consisting of a year of study after
completing a national diploma in Environmental Heaith at a South
African Technikon.
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Chronic effect
An adverse effect on a human, animal or vegetation in which
symptoms recur frequently or develop slowly over a long period of

time.

Cyclone
A cyclone is a device used to separate coarse and fine suspended

particles

Developmental disorders/effects
Adverse effects such as altered growth, structural abnormality,

functional deficiency, or death observed in a developing organism.

Dose
The amount of a substance to which a person is exposed, often

expressed in relation to body weight.

Dose-response
The process of characterising the relationship between the dose of
an agent administered or received and the incidence of an adverse

health effect in exposed populations .

Emission
Pollution discharged into the atmosphere from smokestacks, other
vents, and surface areas of commercial or industrial facilities; from
residential chimneys; and from motor vehicle, locomotive, or aircraft

exhausts.

Environmental fate
The destiny of a chemical or biological pollutant after release into
the environment, involving temporal and spatial considerations of

transport, transfer, storage and transformation.

Environmental Tobacco Smoke (ETS)
‘Second hand smoke’; tobacco smoke inhaled by someone in

proximity to a smoker.
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Exposure
Contact with a chemical by swallowing, by breathing, or by direct
contact such as through the skin or eyes. Exposure may be short

term (acute) or long term (chronic).

Exposure assessment
ldentifying the pathways by which toxicants may reach individuals,
estimating how much of a chemical an individual is likely to be
exposed to, and estimating the number of individuals likely to be
exposed.

Exposure variable
A variable estimating inhalation exposure to lead, created in this
study. This variable incorporated data on time-activity patterns and
lead concentrations in air. Lead concentrations in soil and dust were

measured as proxies for ingestion exposure.

FEV,
A measure of the maximum amount of air during a forced vital
capacity determination that can be expelled in 1 second.

Hazard
A source of risk that produces risk only if an exposure pathway
exists, and if exposures create the possibility of adverse

consequences.

Hazard identification
Determining if a chemical can cause adverse health effects in
humans and what those affects might be.

Hazardous substance
Any material that poses a threat to human health and/or the
environment. Typical hazardous substances are toxic, corrosive,

ignitable, explosive, or chemically reactive.
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Heavy metals
Metallic elements with high atomic weights, e.g., mercury,
chromium, cadmium, arsenic, and lead; can damage living things at

jow concentrations and tend to accumulate in the food chain.

High risk community
A community located within the vicinity of numerous sites or
facilities or other potential sources of environmental exposure/health
hazards that may provide high levels of exposure to contaminants

or pollutants.

Indicator/proxy
In biology, an organism, species, or community whose
characteristics show the presence of specific environmental

conditions.

Indoor air

The air inside a habitable structure or means of transportation.

indoor air pollution

Chemical, physical, or biological contaminants in indoor air.

ingestion
Swallowing, such as eating or drinking, during which chemicals can
get inside the body.

Inhalation
Exposure may occur from inhaling or breathing in contaminants
because they can be deposited in the lungs, taken into the blood, or
both.

Lead (Pb)

A heavy metal that is hazardous to health if breathed or swallowed.

Mean exposure
Mean inhalation exposure of 5-year olds attending 6 hours and
more, determined in this study. If all four children at a pre-school

were eligible for inclusion, the mean exposure consists of the
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average of four observations. If only one child was eligible for
inclusion, the mean exposure consists of the exposure of the one
child.

Mean log exposure
Log transformed variable of mean exposure, assessing inhalation

exposure to lead (see mean exposure)

Mbawula
A container with holes at the bottom used for cooking and heating
purposes

Micro-environment
A physical three-dimensional space with a well-characterised,
relatively homogenous pollutant concentration level over a specified
period of time.

Monitoring
Periodic or continuous surveillance or testing to determine the level
of compliance with statutory requirements and/or pollutant levels in
various media or in humans, plants, and animals.

NIOSH

National Institute of Occupational Health and Safety

Particulate Matter
Collective term used to describe small solid and liquid particles that
are present in the atmosphere over relatively brief to extended
periods of time.
PMi and PM,5: Particulate matter with an aerodynamic diameter of
less than 10 and 2.5 um respectively.

Respirable suspended particulate matter (RSP)
This is the respirable fraction of airborne particulates based on the
internationally accepted ‘Johannesburg Curve’ for size distribution,
ie particle aerodynamic diameter of less than 7.0 micron (ie PM;) %
This terminology is used instead of PMy, (particulate matter with
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diameter less than 10 um) as the cyclones used in the study have a

cut-off point of 7 um.

Total suspended particulate matter (TSP)
This refers to all airborne particulates as collected by a personal

gravimetric sampler without particle size selection .

Typical winter day
A sunny day where the day temperatures average 16 = 4 °C °. in

Pretoria.

USEPA
United States Environmental Protection Agency
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CHAPTER 1

1. INTRODUCTION AND LITERATURE REVIEW
1.1 Environmental Health

Environmental health, as a sub-field of public health, evaluates and
modifies the effects of human activity on environmental quality and
thus on human health *. Environmental threats to human health are
many, being divided into "traditional hazards" associated with lack of
development, and "modern hazards" associated with unsustainable

development °,

There is a wide range of traditional hazards related to poverty and
"insufficient" development, including: lack of access to safe drinking
water; inadequate basic sanitation; indoor air pollution from cooking
and heating using coal or biomass fuel as well as inadequate solid
waste disposal. Modern hazards include:

) “‘water pollution from populated areas, industry and

intensive agriculture;

. urban air pollution from motor cars, coal power stations
and industry;

. climate change;

. stratospheric ozone depletion and

. transboundary pollution” °.
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The environmental health hazard pathway is indicated in Figure 1 °.

1. Source emission and effluent

l Fate and transport

2. Ambient conditions
(chemical actors) (air, water, soil)

l Human activities
3. Human exposure/impact 1
(inhalation, ingestion, dermal) |
Toxicological and pharmacokinetic properties
h 4
4. Dose
Individual variability and susceptibility
\ 4
5. Effect

(morbidity — mortality)

Figure 1.  Environmental health hazard pathway °

1.2 Health Risk Assessment framework

A central function of environmental health is determining the risk
associated with a particular environmental agent or mixture of agents

and acting on this information to reduce or eliminate such risk *°.

The concept of science-based risk assessment has been divided into

four basic components:

. hazard identification;

o dose-response assessment (often including toxicological
studies);

. exposure assessment and

. risk characterization.

The resulting risk is the chance or probability of adverse health

effects in those who are exposed * 7.
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In order to realistically assess and prioritise risks, accurate estimates
of both exposure and toxicity are necessary. Most resources have
focused on toxicity only. This has resulted in a lack of knowledge
about important exposure mechanisms and routes for many agents,

which are a major source of uncertainty in many risk assessments *.

The Health Risk Assessment framework is indicated in Figure 2.

Hazard
identification

/ N\

Dose-Response -~iliswmmm Exposure
Assessment wEE—E- A csessment

N\ /

Health Risk
Characterisation

Figure 2.  Health Risk Assessment framework &,
1.3 Exposure assessment

During day-to-day activities everyone comes into contact with
environmental pollutants through breathing air, drinking water,
consumption of food, and encounters with soil or dust. This contact
between people and pollutants requires the simultaneous occurrence
of two events: (i) the presence of a pollutant in an environmental
medium, and (ii) contact between a person and the specific medium.
The National Association of Sciences defines exposure to a chemical
contaminant as "an event consisting of a contact at a visible external
boundary, such as the skin, nose, and throat, between a human and
the environment at a specific concentration and for a specific interval
of time; the units to express exposure are concentration multiplied by

time" 9,10, 11,12, 13, 14'
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Four basic characteristics are important when describing exposure to
an environmental chemical:
(i) Route - exposures may occur via inhalation, ingestion, or
absorption;
(ii) Magnitude - the pollutant concentration;
(i)  Duration - the duration of exposure and

(iv)  Frequency - the rate at which exposure occurs.

Although concentration is the most commonly reported parameter,
exposure data are more useful when expressed as a concentration

over a specified time period ™.

Exposure is a key element in the chain of events that begins with the
release of pollutants into the environment, and leads to
environmentally induced disease or injury, via concentration of the
pollutant in one or more environmental media and internal or

delivered dose '* 1°,

If there is no exposure, no effects or disease can be expected '* 7.
This chain of events as shown in Fig. 1 forms the conceptual basis

for understanding and evaluating environmental health °.

Exposure is not necessarily a stable parameter and may display
variation over time '®. Inadequate characterization of exposure tends
to bias the results of environmental health studies and may confound
causal associations '®. Accurate assessment of exposure is therefore
a crucial element of every study of health effects related to various

environmental factors .

In recent decades there has been a significant increase in the
number and diversity of chemical toxicants to which humans are
exposed. Traditional exposure studies focused on occupational
exposures, which generally occur at higher levels than community

exposures. Serious adverse heaith effects may, however result from

4



LEAD EXPOSURE OF CHILDREN ATTENDING PRE-SCHOOL FACILITIES IN PRETORIA

lower exposures as well. Besides agent-specific characteristics,
serious health effects at low dose can be due to prolonged,
continuous exposure (compared to intermittent exposures in the
occupational setting), and due to specific susceptibility of the
population involved, such as children whose physical development

places them at special risk *°.

1.3.1 Variability and uncertainty in environmental exposure
assessment

There is both uncertainty and variability associated with the
measurement of exposure. Variability is an inherent characteristic of
populations and of physical and biological processes.

1.3.3.1 Variability

Variability can result from the nature and intensity of exposure, the
susceptibility to pollutants that may be related to age, lifestyle,
genetic background, gender or ethnicity. In addition to human
variability, exposures may also vary due to temporal and spatial
factors associated with the emissions source, such as wind speed,

wind direction, thermal and biological influences '°.
1.3.3.2 Uncertainty

Uncertainty, on the other hand, represents lack of knowledge about
the true value of an exposure estimate. Imprecise measurement
techniques, sampling error, use of models, and use of assumptions
to bridge data gaps all contribute to uncertainty '®. Uncertainty can be
reduced through further studies or improved techniques.

1.3.2 Exposure pathways

Detection of a chemical in measurable quantities in a medium does

not necessarily indicate exposure. For an exposure pathway to be

5
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complete, a mechanism for transfer of the chemical from the medium

to the receptor is necessary. Pollutants can move along different

pathways from the emission or source to people 7

Figure 3 provides a generic overview of the major pathways by which

people come into contact with environmental pollutants °

l Emission Sources
I ek
i " E
O
[,;,j ' N B ot Y |
LA | | Soil . | Water | Food |
[ S— R PR
j 1 T
: —— [ S R - . .
‘ ! ‘ | | 5 i
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* Dermal Contact | i Ingestion, or | b c i ‘ .
with Air | Dermal Contact |* . Dermal Contact | | Contaminated
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i J | ¥ l Pcﬂutants |
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Figure 3. General environmental exposure pathways °

These pathways have traditionally been examined individually.

Figure 3, however, indicates that multiple pathways can contribute to

ultimate exposure and internal dose for a single pollutant. For
example, children can be exposed to lead by drinking water, by
breathing indoor and outdoor air, by eating paint, house dust, sail,
and food - all of which contribute to increased blood lead levels. This

reality of multiple, simultaneous exposure pathways and the need to

account for it in exposure assessments is the basis for the concept of

"total human exposure”.

Assessment of “total human exposure”

estimates exposure through all relevant pathways of environmental

6
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exposures experienced by individuals. This should provide a more

realistic understanding of exposure patterns °.

Ideally, all exposure assessments would be based on data reflecting
all media and all pathways. In reality, the costs and, in some cases,
the technical feasibility limits the ability to achieve this. Therefore, it is
most important to focus on those pathways that lead to the highest
exposure in individuals or the population of concern. For example,
when considering exposure to gaseous pollutants, inhalation is
normally the most important pathway #°. Other routes of exposure
should only be investigated once this main pathway has been

measured.
1.3.3 Factors influencing exposure of individuals to pollutants

Similar exposures to a pollutant may lead to different health
outcomes in different populations as a result of a variety of
conditions, including nutrition, ethnic, climatic or geographic
conditions, the type of pollutant mixture, or temporal patterns in
exposure 2'. For a given exposure, the resultant dose will depend on
host characteristics including age, gender, metabolism, breathing

rates and activity patterns 22,

Children are a specially vulnerable group with respect to air pollution
exposure because of their stage in physical development, their
higher rates of metabolism, and their higher exertion levels '® 2324 25
Children's exposures to environmental contaminants could be
expected to be different, and often higher from those in adults % %°.
They drink more water, eat more food and breathe more air per
kilogram body weight than adults. Differences in exposure are
therefore partly due to differences in physiologic function and
surface-to-volume ratio. However, differences in the behaviour of
children, particularly the way in which they interact with their
environment, may also affect the magnitude of exposure to

contaminants %°. Childhood diseases associated with these reasons

7
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for increased exposure include birth defects, asthma, leukaemia, and

learning disabilities 2% 2728,

1.3.3.1 Characteristics of children of relevance to

environmental exposure assessment

Both physiological and behavioural characteristics have an effect on
children's exposure to environmental contaminants. These
characteristics are a function of age, sex, race/ethnicity, and socio-
economic status (SES)®. Children's activities and physiological
status change substantially from birth to maturity. All of these
characteristics make it difficuit to categorise children and collect data
on their exposure. Children should not be treated as one group, and
differences in physiology and activity pattems compared to other
children and to adults should be considered when conducting

research on environmental exposure %°.

Not much data are available on the magnitude of children's exposure
to most environmental toxicants, except for exposure to lead and to
environmental tobacco smoke (ETS). Information on the nature of
their unique susceptibility to these toxicants is even less available. To
rectify these gaps in information, exposure assessment tools and
strategies specifically suited to measure exposure in children need to
be developed, validated, and refined '°.

Physiological deveiopment

The ratio of surface area to body weight is larger in children than in
adults, with the surface-area-to-body-weight ratio for newborn infants
being more than twice as high as that for adults. This ratio decreases
by approximately one-third within the first year of life and reaches
adult values around 17 years of age. The high ratio results in a
relatively high loss of body heat to the environment, necessitating a
higher rate of metabolism to maintain body temperature. In addition,
children need extra metabolic energy for growth and development.

These two factors are the most important reason for the greater

8
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needs for food and oxygen per kg body weight in children compared
to adults. The higher breathing rate and food consumption rate
required to meet these physiological demands will result in relatively
higher exposures to environmental contaminants in air and food in

children compared to adults in the same environment 2 2,

The absorbed dose is influenced by age-dependent barrier properties
of the skin, the respiratory tract lining, and the gastrointestinal tract
lining. The permeability of the skin is highest at birth and decreases
in the first year to such an extent that the skin of a one year old is
similar in terms of permeability to that of an adult. In addition, a
subcutaneous fat layer develops at approximately 2-3 months in
infants and persists through the early toddler period. This layer can
act as a sink for lipophylic chemicals absorbed through the skin.
Changes in the permeability of the lung epithelial cells during
childhood have not been reported. However, the alveoli continue to
develop until adolescence, increasing the surface area for absorption
so that the same exposure might lead to a higher absorbed dose as
a child ages . The period required for complete development of the
human lung extends over the first 6-8 years of life. The
developmental events occurring during this period are the
continuation of events that begin before birth and include
cytodifferentiation of epithelial and interstitial cell populations,
morphogenesis and reorganisation of the gas exchange area, and
the development of the respiratory mucosal immune system *. The
developing lung may be seriously affected by exposure to
environmental agents. This can be illustrated by studies of the effects
of environmental tobacco smoke on pulmonary function in children. It
has been shown that the forced expiratory flow rates (FEV,) of
children exposed to environmental tobacco smoke (ETS) are

measurably lower than children with no exposure %°.

After birth, the gastric pH is relatively high, and only reaches adult
levels of acidity after several months of age. Gastric pH affects
absorption by changing the ionisation state of chemicals. Absorption

9
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and permeability in the gut are also regulated to provide nutritional
intake appropriate for age. For example, calcium absorption in
children is much higher than in adults, probably to satisfy growth
needs. The same mechanism used to actively absorb calcium is also
responsible for the absorption of similar positive ions such as lead. It
has been estimated that an adult will absorb only 10% of ingested

lead, compared to 50% ingested by a 1-2 year old child % %°,

The tissue distribution of chemicals also varies with the
developmental stages of a child. It has been shown from animal
models that more lead is retained in the infant animal brain than in
the adult. Lead also accumulates faster in children's bones. This

accumulation rate doubles from infancy to the late teen years %°.

Kidney function is yet another mechanism that is influenced by
development. Glomerular filtration rate at birth is only a fraction of
normal adult values. It increases to aduit values by about one year of
age. The ability to concentrate urine only reaches adult levels at
around 18 months of age. Finally, children also differ from adults
because their organs are still growing and differentiating, and
exposure to environmental pollutants may disrupt both of these
processes resulting in different pathology than in adults 2°.

Behavioural development

Children's behaviour and the way children interact with the
environment influences the magnitude of their exposure to

contaminants 2% %°,

The way in which infants and toddlers move (i.e. crawling, using
hands) is different from the way in which aduits move, and this
places them at significant risk for exposure to contaminants in the air
and on residential surfaces that may not be as important for older
children and adults. As the motor function of children develops, they
will spend less time playing on the floor and touching other potentially
contaminated surfaces .

10
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It can be problematic to use developmental milestones as often used
by paediatricians, and other health and education workers, as
indicators of exposure in children because there is great variation
between the time of first achieving a milestone and the time of
performing the same activities regularly, and between different
children reaching the same milestones. Developmental milestones
may, nevertheless, provide a useful basis for categorizing children in

exposure studies in the absence of more precise criteria 2.

Children’s “mouthing” behaviour, with its potential for contacting and
moving contaminants from objects and surfaces in the environment,
needs to be characterized and quantified. An infant will put almost all
objects in their environment into their mouths during the first two
years of life as a means of exploring their environment, while young
children transport objects by using their mouth as a third hand.
Teething, which includes biting and chewing of fingers and objects, is
also an important stimulus for mouthing activities and usually starts
between 4 and 7 months of age. Mouthing activities will vary from

child to child resulting in a highly variable impact on exposure %°.

The breathing zone for a child is much closer to the floor than that of
an adult and the exact zone depends on the mobility and height of
the child leading to different exposures from those of adults in the
same spaces. Within these zones, for example, heavier chemicals
such as large respirable particulates settle out and radon
accumulates rendering a child more susceptible to these

pollutants 2% 2631,

Physical activity

Exposure to contaminants is also a function of the following aspects
of physical activity:
(i) The type of physical activity, such as playing games or
watching television

1
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(i) The location of the physical activity, such as outdoors, at
school or in the living room, but also temporal location of
activity

(i)  The intensity of the child's activity level while engaged in
physical activity %°.

Different activities result in different exposures by different pathways.
The location where a child is engaged in physical activity determines
the exposure media that are contacted, while the intensity of the
child’s activity level determines the contact rate with those media.
Differences in duration and frequency of periods spent in particular
locations lead to different exposures and risks to children. This varies
with age and developmental stage. Seasonal and geographic
differences in activity patterns, and differences in the use of indoor
and outdoor spaces may result in additional variation in exposure

among children of similar developmental stages %°.

Studies conducted in the Vaal Triangle indicated that South African
children spend up to 20% more time outdoors than children in the
United States of America. This can have important consequences for

their total exposure to industrial and other forms of pollution 3233,

Diet and eating habits

Children's diets are very different from those of adults. Young
children and infants eat more fruit and milk products in proportion to
their body size than adults 2 Some infants and toddiers may go
through phases where only a few preferred foods are eaten for long
periods of time, potentially modifying the dietary exposure of young
children to environmental contaminants, such as, pesticide residues

in fruit, compared to adults °.

The way in which children handle food while eating may also
influence their exposure to environmental contaminants. Small
children may sit on the floor to eat and often pick up and eat foods
that have fallen on the ground. They also eat most of the food with

12
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their hands rather than with utensils. Exposure to environmental
pollutants will be higher when children handle and eat foods that
have come into contact with the floor or other contaminated
surfaces?.

Gender

The location in which children spend their time may also be
influenced by gender, especially in older school-aged children. Boys
in this group are more likely than girls to play outdoors, and are more
likely to be involved in energetic activities, whereas girls are more
likely to sit and go for walks. Thus, when assessing exposure for
school-aged children, gender differences in activity level and activity
type need to be considered. There are insufficient data to indicate
whether there are gender differences in the activity levels of infants
and toddlers. It would be useful for exposure modelling to know at
what age the gender differences emerge as well as the extent to

which these influence exposure 2.

Health outcomes may also differ by gender. There are gender-related
differences in rates of growth and in maximum lung size, with giris
achieving this earlier than boys. Girls may therefore be more affected
by air pollutants than boys, or at least the maximum effects of
pollution may be seen at different ages *°.

Socio-economic status (SES)

The SES of the child is likely to affect the child’s exposure to
environmental contaminants. Although there is evidence to suggest
that low-income groups tend to be more exposed to many
environmental pollutants than the general population, data to
characterize the relationship between SES, ethnicity/race, age and

exposure are insufficient %°.

13
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Environmental factors that may be influenced by SES include:
(i Residence - whether it is an urban, suburban or rural area;
(i)  Proximity to source of pollution, such as distance from a
toxic release inventory site;
(iii)  Housing, including the age, condition and type;
(iv)  Activity patterns, including hygiene, housekeeping, activity
level, child care; and

(v)  Diet and drinking water supply %

Although data are available on the influence of housing, location and
SES on environmental exposure and adverse health outcomes in
adults and children, there is not an abundance of data on the
relationship of these influences on children's activities and potential
contact with the environment. Proximity to parks and play areas and
the floor on which children live in a block of flats may influence where
young children play and the amount of time urban children play

outside %,

Race or ethnicity

No difference in the behaviours of children of different races has
been found in day-care centres in the USA. This does not mean that
differences that are culturally or economically driven might not exist
when the children are at home or away from the day-care setting %°.
In South Africa, however, race is likely to influence whether or not
children attend day-care centres, and also the type and quality of

centres.

Physical location

Children’s physical location changes during their development. The
newborn is usually near the mother or held by the mother, leading to
very similar exposures to those experienced by the mother. The
newborn often spends more time in one environment for long periods
of time, rather than in several different environments. Infants and
toddlers are often put on floor surfaces. They will therefore be more

exposed to chemicals associated with these surfaces. Children in

14
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these stages may therefore experience continuous exposure to
noxious agents because they are not able to move from their
environment 2°,

Infants in urban areas seem to be at increased risk of mortality due to
ambient air pollution, and both rural and urban children develop
asthma and acute respiratory infections (ARI) as a result of exposure
to indoor and outdoor air pollution °.

School-aged children spend a significant part of their time at school,
which can be very different from their home environment. Schools
are often built on land that is relatively unattractive for economic
reasons. These sites may be near highways, under power lines, or
on old industrial sites %.

Adolescents begin to have greater autonomy in determining their
own physical environments, often misjudging or ignoring the risks to
themselves. Many adolescents may also be placing themselves in
hazardous occupational environments resulting from activities such

as part time jobs 2°.

Vehicular congestion found in a city along with the tall buildings
restricts airflow and thereby provides increased opportunity for
contamination through respiration. Air pollutants that are found near
busy roads as a product of traffic exhaust, such as NO, and
particulate matter, have been shown to be associated with
respiratory illnesses in children **. Airborne contaminants fall to the
ground, where children sit and play, leading to higher levels of
exposure. In addition, the application of pesticides occurs in urban
areas for pest control in homes, gardens, schools, and golf
courses . The health effects of airborne pollutants are mostly
caused by personal exposure in indoor micro-environments, rather
than by levels of pollution in ambient air *. A ‘micro-environment is
a physical three-dimensional space with a well-characterised,

relatively homogenous pollutant concentration ievel over a specified
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period of time *". There is consistent evidence that indoor air pollution
increases the risk of chronic obstructive pulmonary disease and of
acute respiratory infections in childhood, one of the most important
causes of death among children under 5 years of age in developing

countries 1% 383,

In surnmary, environmental exposure in children is substantially
different from exposure in adults who occupy the same
environmental space, and this should be taken into consideration
when attempting to measure the health effects of pollution in
children. Yet, specific exposure data for children are not readily
available.

1.3.4 Pollutants of concern for children

Most children, even in South Africa live in urban and peri-urban
environments facing urban problems such as traffic, smog, industrial
plants, and older housing. Chemical releases from incinerators,
factories and support services, such as dry cleaning, also contribute
to the ambient mixture of toxins to which children can be exposed
daily. Environmental pollutants associated with urbanization can

easily impact on the growth and development of children 2% 4°,

Chemicals that pose hazards to children based on their potential for
high exposure in children or, because children have unique
susceptibilities to them, are especially important. Criteria that can be
used to determine whether air pollutants are of major concern for
children’s health include:

- Presence in residential or school air;

- Presence in soil and dust in and around residences and

schools; and

- Presence in tissues of children %°.

On this basis, the following pollutants, associated with indoor and

outdoor air poliution are of great importance: solvents, pesticides,
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lead, mercury, polychlorinated biphenyls (PCBs) and other heavy

metals

23, 26

listed in Table 1, together with their pathways of exposure.

Only a few have been adequately studied. These are

Table 1. Pollutants of concern for children and pathways of
exposure
Pollutant Likely sources Health Most important pathways of exposure *
effects/target organ | Inhalation Ingestion Dermal
absorption
Combustion Acute: increases in
processes, re- asthma attacks and 1-3
Particulate condensed broncmt}s_ {depending
matter : Chronic: increased
organic and : : 1 on poilutant | NA
(PM2.5 and metal vapours risk of chronic adsorbed to
PM10) . respiratory disease, .
and acid di irat particle)
aerosols ©° car !otreggxra ory
mortality
Lead dust, lead-
.’ . . 2 (25-40%
Lead based gamt. Ngurotm%cant in through 1 3 (rare)
contaminated children inhalation)33
soil
Insecticides,
Pesticides pesticides at Many 1 2 1
| home, work '®°'
f Motor vehicles, . 51
i NO,, 8S0O,, O power plants 57 Respiratory 1 NA NA
NA Not applicable
a 1-3 indicates the relative importance of the specific pathways for exposure

in children; 1=most significant, 3=least significant

The effects on health of particulate matter and lead exposure in
children are particularly relevant in this study, therefore these two
pollutants are discussed in more detail below.

1.34.1 Particulate Matter

Airborne particulate matter is a complex mixture of pollutants
released from many sources, the most important of which are
industries, motor vehicles, residential wood burning, and construction
and demolition. Airborne particulate matter is usually found in a
range of sizes. Particulate matter is generally thought to provide a
good indicator of the health damaging potential of air pollution, and
there are well-established techniques for measuring it, with levels
expressed as the weight of the particles in micrograms per cubic

metre of air sample, written as ug/m? 4" 42 43.80,
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Coarse particulates (PMzs.10) are mostly produced by mechanical
processes, such as wear and tear on motor vehicles, industrial
processes, fugitive dust from roads and industries, as well as cooking
and resuspension of particles resulting from cleaning or from
people’s movements. Fine particulates (PM,s5) originate from
combustion processes, re-condensed organic and metal vapours and
acid aerosols. Combustion particles are generally below 1 micron
(um) in aerodynamic diameter ** ®. Manmade sources are usually
concentrated in urban areas where populations are concentrated.
Particulate matter can be classified as aerosols, fog, fumes, mist,
smog or smoke, depending on its physical state and origin “°.
Particulate matter in the air may deposit on and cause damage to
plants, metal surfaces, fabrics and buildings. It may enter soil and
surface water as a result of wet or dry deposition and thus
contaminate the soil and water, depending on the chemicals
adsorbed to the particles.*.

The personal exposures to particulate matter have rarely been
studied in children. Studies among adults indicate a poor correlation
between outdoor concentrations of particle mass and personal
exposure. The use of outdoor concentrations of PMy; as a proxy
measure for personal exposures can, therefore, misclassify personal
exposure and result in an attenuation of exposure-response
relationships *. Most personal exposure studies have related daily
variations in outdoor concentrations to daily variations of health end
points. At present only limited information is available on the
correlation within one subject between personal and outdoor

concentrations of PM1o *.

Table 2 outlines the advantages and disadvantages of measuring

different sizes of particulate matter over different periods of time.

18


http:particles.44

LEAD EXPOSURE OF CHILDREN ATTENDING PRE-SCHOOL FACILITIES IN PRETORIA

Table 2. Measurement of particulate matter: Usefulness of
site and duration of measurements
TSP RSP PM2.5
Monitoring over an 8-hour period
More readily More health relevant — Most health relevant — very fine
detected by respirable and penetrate  particulates, penetrating very deep
Advantages available equipment  deeper into lungs; more into lungs — absorbed into blood
over shorter relevant for estimating stream — most relevant fraction for
exposure periods*® lead exposure lead exposure assessment
Limited by available
Contains particles equipment*® Available equipment® rot able to
, that are both Low probability of detect enough in clean ambient
Disadvantages/ ) . .
limitations respirable (<~1O um) detectmg'measurable ‘ enwr.onment ‘
and not respirable (> amounts in clean ambient Applicable equipment not
10 ym environment over short available
periods (eg 8 hours)

Monitoring over a 24-hour period (or 2 consecutive 8-hour periods)

High probability of
detecting sufficient
particulate matter

Readily detected by
available* equipment

High probability of detecting

Advantages
9 sufficient particulate matter

* May dilute peak exposure data

Disadvantages/  * Logistical — will have to return to day-care centre

limitations * Available monitoring equipment cannot monitor continuously for a period longer than
12 hours before recharging — will have to use alternative monitoring equipment

TSP: Total suspended particulates

RSP: (Respirable Particulate Matter) Particulates with an aerodynamic diameter
of less than 7 pm

PM2.5: Particulates with an aerodynamic diameter of less than 2.5 ym (fine
particulate matter)

Available equipment: Gillian monitoring pumps

*

Health effects of PM

Exposure to indoor air pollution, especially to particulates, resulting
from the combustion of biomass such as wood, crop residues, dung
and charcoal has been implicated as a cause of respiratory and eye
diseases, including conjunctivitis and possibly cataracts, and
blindness *’. Exposure to coarse particles is primarily associated with
the aggravation of respiratory conditions, such as asthma. Particles
with diameters below 10 um, and particularly those of less than
2.5 pym in diameter, can penetrate deeply into the lungs and appear
to have the greatest potential for damaging health '* *% “° Fine
particles are most closely associated with such health effects as

increased hospital admissions and emergency room visits for heart
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and lung disease, increased respiratory symptoms and disease,

decreased lung function, and even premature death > .

In considering susceptibility to PM, the following characteristics are
most relevant for assessing potential health effects:
(i) Particulate size;
(ii) Chemical components in particulate matter;
(i)  Biological components in PM such as pollen, spores,
viruses, or bacteria; and

(iv)  Anthropogenic PM components

Epidemiological identification of adverse health effects associated
with increased PM levels has resulted in greater attention being
given to susceptible subpopulations such as asthmatics, children,
and persons with cardiopulmonary disease *°. Children are especially
sensitive to particulate matter, which may cause respiratory disease
and aggravate asthma. Exposure of the mother to particulate matter
early in pregnancy has also been implicated in adversely affecting

foetal growth **- ¥

. There is a mounting body of evidence that there
is an association between urban particulate air pollution (specifically
fine  airborne  particles) and  overall morbidity  and

5,16.52,53,54.55.5657 Rasearch has also shown that children,

mortality
who breathe smoggier air, have lower lung function growth than

children who breathe cleaner air 2.
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1.3.4.2 Heavy metals such as lead (Pb)

Of all the pollutants to which exposure occurs via multiple pathways,
lead is probably the best known and most studied. Lead, a heavy
metal, is found in air, soil, and water and it can be inhaled, ingested
or absorbed. Environmental sources of lead include leaded petrol,
stationary sources such as smelters, uncontrolled burning of waste,
burning of solid waste or biomass for cooking purposes, refuse
incineration and environmental residues from previous motor vehicle
emissions. All the above leads to deposition in dust, soil, food and

water 74659,

Potential sources of lead in buildings and schools include lead
contained in roof materials and in paint on the surfaces of
buildings . Children aged between 1 and 5 years, and foetuses are
the most sensitive to the adverse health effects of lead 3% ' &1 62,
Individual exposures to lead as well as the uptake efficiencies of
individuals vary significantly. Control of human lead intake requires

attention at all potential sources .

LLead emissions from motor vehicles

The average particle size of lead particulate matter emitted from
motor vehicles is slightly less than 1 ym; and ranges from 0.1-10 pym.
Almost half the lead emitted in exhaust fumes is less than 0.25 ym in
size, while approximately 90% is completely respirable 3. Motor
vehicle fuel consists of many different compounds of lead that can be

emitted into the atmosphere 5% &,

Most of the lead (90%) found in the atmosphere of a city is from
motor vehicles. Studies have shown that there is a relationship
between (i} traffic volume, (ii) proximity to the highway, (iii) engine
acceleration versus constant speed, (iv) wind direction and the
amount of lead in the air 8 8 ©.67. .69 The gtmospheric “residence
time” of lead is dependent on the size and weight of particles as well

as on meteorological conditions. Most airborne lead derived from
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traffic falls within 100 m of the road. This area is also referred to as
the near exposure zone. Fallout levels decrease exponentially with
distance from the road *. Lead emitted into the atmosphere has a
lifetime of around 7-30 days and may therefore be subject to long-
range transport .

Table 3 provides information on traffic density and lead concentration

in the air in Cape Town in 1996, when no unleaded petrol was

available.
Table 3. Traffic density and atmospheric lead in Cape Town
in 1996 *
Density of traffic (vehicles/day) Lead content in air (ug/m®)
>20 000 2.1
18 000 1.3
8 000 1.3
1 000 0.9
250 0.4-0.7

The decrease of lead in petrol has resulted in a marked reduction in
the atmospheric levels in many countries '°. No studies have been
found to document the impact of the introduction of lead-free petrol

on air levels of lead in South Africa.

Fate and transport of lead

Atmospheric lead falls as either wet or dry deposition. Lead is
relatively immobile in soil. It enters the soil as lead sulphate, or is
converted to this compound, which is relatively soluble and could
leach through soil if not transformed. Soils with a pH greater or equal
to 5 and with at least 5% organic matter retain atmospheric lead in
the upper 2-5 cm of the undisturbed soil. Urban areas tend to have
higher concentrations of heavy metal contaminants, including lead,
than rural areas due to the greater amounts of atmospheric

deposition 2.
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Human exposure {o lead

Human exposure to lead arises from the following main sources:

(i) Inhalation of airborne particles. Adults inhale about 20 m®

of air daily. Therefore, if an urban lead concentration of 0.1
ug/m?® is assumed, intake is 2 pg/day. As the efficiency of
lead absorbance is about 70%, it can be estimated that an
average adult has in intake of 1.4 yg per day. Cigarette
smoking also exposes an individual to lead.

(i) Ingestion of lead through food. The concentrations of lead

will vary between different types of food and even between
different batches of the same food. Absorption of dietary
lead is much higher in young children than in adults ™.

(i)  Drinking water and beverages. Concentrations of lead in

drinking water vary greatly, due to the presence or
absence of lead in the household plumbing system.
Gastrointestinal absorption of lead from water and other
beverages is very dependent upon food intake. Absorption
of lead is delayed after meals .

(iv)  Ingestion of lead-rich surface dust by children through

hand-mouth activity. Many studies have indicated that
surface dust and soil are very important lead pathways for
children and infants % 7', Lanphear and Roghmann found
that dust lead loadings (ug/m?) were more predictive of
children’'s blood lead levels than dust lead

concentrations (ug/g) *.

Although decreasing in many developed countries, lead exposure
remains a major public health issue in cities and industrialized areas
in developing countries °. It is estimated that about 80-90% of lead in
urban air in these areas is derived from leaded petrol. However,
research shows that only 25-40% of total human exposure is through
inhalation of lead-contaminated dust. The major pathway is
ingestion . The relative importance of the inhalation and ingestion

exposure routes differs between children and adults. Adults absorb
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15-70% of inhaled lead compared to only 2-17% in children.
However, children inhale a greater volume of air in relation to body
size and can therefore build up a relatively larger dosage. In the case
of ingestion, children absorb up to 50% of lead ingested while the
figure for adults is 10% "> ™. A study has indicated that the highest
average blood lead levels were found in 5-year old children because
this age group tends to play for longer periods in contaminated
environments 7. It has also been recorded that there is a higher
incidence of lead-related poisoning during the warmer months &', No
reason was provided for this.

No childhood blood surveillance programme is in place in South
Africa, although a number of epidemiological studies involving the
determination of blood lead levels have been undertaken in various

parts of the country over the last 15 years 7.

1.4 Methods of estimating exposure of children to pollutants

with specific reference to lead

Actual exposure of children to pollutants can be measured either
directly through personal monitoring or indirectly by combining
information on pollutant concentrations with information on their
activity patterns in each micro-environment where the children spend
time. Information on these activity patterns is useful for
understanding the relationship between levels of pollution and

behaviour 76 2.
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1.4.1 Direct measurement of exposure

Direct exposure assessment measures contact with a chemical in a
medium over a specific period of time, often using more than one
personal monitoring technique, including:

(i) Micro-environmental samplers, such as passive samplers
that measure average concentrations of airborne lead over
a period of time;

(i) Personal monitors, such as active samplers worn by
volunteers that measure real-time concentrations of
airborne lead; or |

(i)  Biological measurements in human tissues, such as

determination of blood lead concentration ® 7.

1.4.1.1 Micro-environmental samplers

Micro-environmental samplers such as passive badges uses a
lightweight, relatively tamper-resistant monitor that can be used on
children. Problems may arise when using these and other personal
monitors in pre-school children, as it might be difficult to explain the
implications of tampering with the equipment to young children.
Personal NO,; measurements with diffusion samplers have been
used among pre-school children, although rejection of a large
amount of sample tubes can be expected when used on small

children 13.26.36. 78

1.4.1.2 Personal monitoring

Personal air exposure monitors are devices that are worn on the
person and that can therefore measure an individual's total
exposure’®. Although these monitors do not measure resulting body
burden, they do estimate the intensity of an individual's total
exposure to airborne agents better than fixed-site area monitors.
Personal air monitors have been found to be acceptable to subjects
from 7 to 85 years of age. Monitoring backpacks that can be worn
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successfully by children of all ages have, however, not been
developed yet. Personal monitoring is therefore seldom done for

infants or pre-school children 18 26.13.78.79

1.4.1.3 Biological monitoring

There has been great interest in the development of bioclogic markers
for exposure because of the difficulty of obtaining accurate and
unbiased exposure information from study subjects using samplers
and because of difficulties in estimating the actual dose that
exposure can produce. Biologic markers generally give a
quantitative, or at least semi-quantitative, estimate of dose '*. Some
biological markers may provide an estimate of cumulative exposure,
for example bone lead, mercury or cocaine in hair. However, most
biological markers can assess only relatively recent exposure ™.
Biological monitoring is best done in combination with other modes of
exposure assessment, including exposure questionnaires or
monitoring in air, water or soil '® ®. Table 4 outlines the different
biomarkers that can be used in assessing lead exposure together

with their advantages and disadvantages.
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Table 4. Different indicators of lead exposure
Exposure Uses/Advantages Disadvantages
indicators
Blood » Reflects acute exposure (within | » Ethics — obtaining consent

3-6 wks) *’
» Through all routes of exposure

o Traumatic experience for pre-school
child

¢ Contamination potential

¢ HiV risk for both those who take
samples and do analysis

+ Does not provide indication of long-
term exposure

» Does not differentiate between routes
of exposure

e Influenced by extraneous factors,
such as variation in analytical
methodology 82

¢ Special EDTA blood containers

Hair or nails » Provides information regarding | » Ethics — obtaining consent
tissue storage and long-term | e Does not provide information on
exposure (1-3 months) 8z acute exposure
» All routes of exposure * Analysis very expensive
» No special procedure for | e Does not differentiate between routes
storage of exposure
» Only minute amounts excreted
* Inconsistent laboratory resuits
Urine » Total excretion of lead over | e Ethics — obtaining consent

24-hours %

* Only minor amounts excreted

« Concentration varies widely
throughout the day *

e Does not differentiate between routes
of exposure

* Mustbe keptat4 °C

1.4.2 Indirect measurement of exposure

Indirect measurement estimates exposure by combining information

on concentrations of chemicals in the environment with information

about the timing and nature of individual contact with the chemical. In

using this approach the actual exposure for the individual is not

measured but instead an ‘average exposure’ is assigned based on

observations of activiies in which the person engages. This

approach

relies on validated models of exposure that were

developed using direct measurements ®. The specific information
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needed to conduct an indirect assessment depends on the specific

routes of exposure for the contaminant 2" 267677,

Information on the following exposure factors is required to be able to
undertake an indirect assessment of exposure:
(i) Contaminant concentrations in the exposure media in the
environment where the individual spends time;
(i)  Activity patterns which, amongst others determine contact
rates of the individual with the exposure media;
(i)  Contaminant transfer efficiency from the contaminated
medium to the portal of entry; and
(iv)  Contaminant uptake rate(s) .

The major advantages of the indirect method are lower costs and
ease of use. T