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Chapter 1
INTRODUCTION
1.1 Background
The World Health Organisation (WHO) reports that 25% of all preventable
diseases are due to a poor physical environment.1 Furthermore, over 40% of the
global burden of disease attributed to environmental factors falls on children below
five years of age, who account for about 10% of the world's population.2 The
burden of disease is defined as lost healthy life years, which includes those lost to
premature death and those lost to illness as weighted by a disability factor
(severity).3 The WHO estimates that the number of people exposed to unsafe
indoor air pollution levels exceed those exposed to unacceptable outdoor air
pollution levels in all of the world’s cities collectively.4 Air pollution is the largest
single environment-related cause of ill health among children in most countries.1,5 In
other countries it is the second, after the scarcity of safe water. Globally, 2.6% of all
ill-health is attributable to indoor smoke from dirty fuels (such as wood, animal
dung, crop residues, coal, paraffin), nearly all in poor regions.1,4 Dirty fuels are also
referred to in the literature as ‘solid’ fuels. Distinction is also made between biomass
fuels or biofuels and fossil fuels. Biomass fuels comprised any material derived from
plants or animals, which is deliberately burnt by humans. Wood is the most
common example, but the use of animal dung and crop residues is also widespread.5
Fossil fuels refer to any carbon containing fuel e.g. coal, peat, petroleum and natural
gas derived from the decomposed remains of prehistoric plants and animals.6 Indoor
air pollution is a serious global public health risk demanding significantly improved
research and policy-making contributions. No case in support of environmental
action is deeper than that of the need to eradicate health risks.
Despite all the shortcomings of epidemiological studies, they are important in
linking exposure to human health directly.7-22 The ultimate endeavor of
epidemiology is to identify modifiable determinants of disease occurrence and
progression and to contribute in testing the efficacy and effectiveness of
interventions on these determinants including the health services. Environmental
epidemiology is specifically focused at linking environmental exposure to human
health. It is the study of the distribution of health-related states or events in
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specified populations in relation to determinants/hazards in the living environment
of these populations and the application of this study to the control of such
hazards.23,24 The term “environment” comprises everything that is not genetic, such
as diet, smoking and even exercise. However, environmental epidemiology has a
more restricted connotation, referring to those environmental factors that are
outside the immediate control of the individual, such as active smoking. A
comprehensive introduction to the science of environmental epidemiology and
environmental health is beyond the scope of this article. The reader may consult
Yassi et al., Baker et al. and Beaglehole et al. in this regard.23-25
The reader is referred to Chapter 2 for an introduction on the chemical properties
of air pollutants and their environmental fate and transport, exposure assessment,
adverse health effects from mainly outdoor low levels of air pollution, health
evidence and research needs for indoor air pollution and the relevance of air
pollution epidemiological studies in South Africa.
1.2 Impetus for this thesis
Much of what must be done to prevent various morbidity and mortality outcomes
lies outside of the sphere of health care. Therefore interventions should be targeted
at risk factors and determinants (primary prevention), rather than only diagnosing
and providing medical treatment for those already affected (secondary and tertiary
prevention). This is parallel with the ultimate endeavour of epidemiology research:
to identify modifiable determinants of disease occurrence and progression and to
contribute in testing the efficacy and effectiveness of interventions on these
determinants including the health services.25 Given the tremendous health impact of
air pollution exposure, as identified in the previous section, the focus of this thesis is
on primary prevention, that is the identification of outdoor air pollution and the use
of highly polluting fuels for cooking and space heating as risk factors, whilst
controlling for confounding. Motivation for the use of the selected health and
exposure data along with the focus on the selected health outcomes in the data
analyses will be deliberated in this section.
Unfortunately, despite the large and expanding literature (especially in developed
countries), relatively few people have reaped the potential health benefits identified
in environmental epidemiology. This situation is worse in many developing
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countries, including South Africa, where indoor and outdoor environmental and/or
occupational exposures exceed national and international standards or guidelines by
a considerable amount. Regrettably very little is done to rectify these trends in the
country. Possible reasons are the lack of risk management strategies (such as
interventions), failure to extrapolate results from developed to developing countries
with complete confidence, weak design and/or implementation of local studies
leading to presence of systematic and random errors or even the complete lack of
studies conducted in developing country settings.
In an ideal world with unlimited funds it will be possible to conduct the perfect air
pollution epidemiological study, which will be able to follow a vast number of
people up from the day they were conceived to the day they die with detailed
quantitative exposure, health and confounder measurements, whilst implementing
interventions derived from the study results during the follow-up period. However,
we are living in a world with limited funds for research and more so in the case of a
developing country like South Africa, where approximately 5% of the research
budget is spent on health related research, compared to 30% in developed
countries.26 In this regard, developing countries face a double hurdle: they often do
not have easy access to routinely collected data and they face considerable
difficulties in disseminating the information they themselves generate. Thus it is the
lack of funding that drives the lack of detailed, accurate and valid information to
minimise measurement error and bias in epidemiological studies along with the lack
of research capacity to disseminate information to the research community and
policy makers.
Local researchers emphasised in 1990 the necessity for policies to be enlightened by
research that highlight the connection between environment and health.27 Other local
researchers stressed the fact that most health research concentrates on the
identification and description of the problem, whilst action orientated research is
neglected.28 A study conducted in 1991 by the South African Medical Research
Council (MRC) highlighted the deficiencies in public health research, particularly
with regard to policy-directed health systems research.26,29,30
Recognising the importance of health research, the White Paper for Transformation
of the National Health Systems in South Africa formally adopted the Essential
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National Health Research (ENHR) strategy in 1997 as a mechanism to drive the
health research agenda setting.28,31 The 1996 ENHR Priority Setting workshop was
the first attempt in South Africa to develop criteria for priority setting for the
country’s health research. Recommendations for implementing the ENHR action
included promotion and advocacy, a mechanism, priority setting, capacity building,
networking, funding and evaluation.
In order for the public to benefit from epidemiological results, these must be
translated from theory into public health practice more efficiently. This process
requires the epidemiologist to be involved in the process of addressing the solutions
to the problems they study. Given the finite resources available to protect health,
there is a need to weight different risks and to allocate preventive resources to get
the maximum benefit. Population attributable fractions (PAFs), also known as
population attributable risks, are useful for estimating the proportion of disease
cases that could be prevented if one or more risk factors for that disease were
reduced or eliminated.32-39
Furthermore, the new National Health Act (Act 61 of 2003) may offer relief to the
lack of political commitment to environmental health and improve the dilapidated
function – along with air quality measurements - in South Africa.40 The Act has
been developed from the 1996 Draft National Environmental Policy.41 This policy
stipulated the paradigm shift of the old ‘health inspector’ model to a community
development approach in addressing environmental health issues by transferring
accountability for most environmental health services from provincial level to metro
and district municipalities. Regrettably environmental health is not presently a main
concern in municipality budgets.
The science of environmental epidemiology is essential to implement Clause 70 of
the new National Health Act (Act 61 of 2003).40 It stipulates that health research
priorities should be identified in the country on the basis of burden of disease, costeffectiveness of interventions aimed at reducing the basis of burden, the availability
of human and institutional resources for the implementation of an intervention at
the level closest to the affected communities, the health needs of vulnerable groups
such as women, older persons, children and people with disabilities and the health
needs of communities.
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In order to prioritise on health research needs a country should ideally use risk
estimates projected from local epidemiological studies in the calculation of the
attributable risk due to a specific risk factor and consequently the computation of
the disease burden indicators. Disease burden indicators are expressed as daily
adjusted life-years lost due to ill health (DALYs) or years of life lost (YLLs).3
South Africa, a middle income country, is faced by health risk factors from a First
World situation (such as industry, traffic, aging population) along those from a
Third World situation (such as domestic burning dirty fuels, poor sanitation,
overcrowding). Results deduced from epidemiological studies conducted in
developed countries and even other developing countries are not merely applicable
in this country. In the South African context economical, social and cultural factors
may render the population more vulnerable to increased air pollution exposure, due
to factors such as poor hygiene, overcrowding, dusty environments, poor nutrition,
open dwellings, outdoor lifestyles and the escalating HIV/AIDS epidemic. It is
estimated that 10.5 million lives might be lost to AIDS by 2015 in the country.42
The reader is referred to Chapter 2 for more information on the vulnerability of the
South African society as well as published indoor air pollution concentrations due
to dirty fuel use.
However, although locally derived risk estimates is desired for application in local
policy decisions, Yach et al addressed the methodological difficulties in undertaking
epidemiological studies in developing countries.43 They pointed out the use of
ecological and cross-sectional studies in determining the relationship between risk
factors and disease and consequently applying detailed analytical studies to
determine the reasons for these relationships. In South Africa, detailed analytic
epidemiology studies will have to compete with the demands on limited public and
research funds for work on common diseases of pressing current importance, such as
HIV/AIDS, malaria, TB. Therefore analytical studies should not merely
redocument the impact of known risk factors, but should provide a basis for
designing interventions, albeit technical or socio-behavioural. Innovative research
options, should therefore be explored to enhance air pollution epidemiology in the
country, which in turn may improve public health and inform policy.
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Considering the immense health impact of air pollution exposure, the need for local
risk estimates to apply in burden of disease calculations and the lack of funding for
air pollution epidemiology studies in the country, it is important to prioritise on
which health outcomes to focus. On the one hand there are indoor air pollution
research gaps identified by a WHO report, Smith, Ezzati et al and Bruce et al and
on the other hand the local prevalent health outcomes as identified by the ENHR.4447

South Africa, as a developing country, also has an obligation to enhance

understanding of health issues related to other developing countries.48-50 Twenty
health priority areas were identified by the ENHR, of which 5 correspond with
indoor air pollution research gaps, namely injuries, TB, cancer, respiratory infections
and perinatal conditions.28
The new National Health Act (Act 61 of 2003)40 transfers accountability for most
environmental health services from provincial level to metropolitan councils and
district municipalities. It was therefore logical to approach a local metropolitan
council for in depth statistical analysis of its air quality data. The main air pollution
hotspots in the country are Durban, Johannesburg, Cape Town, Pretoria, Richards
Bay, Witbank and the Vaal Triangle. Cape Town was selected as the city adheres to
stringent quality assurance guidelines from the US-EPA when monitoring outdoor
air pollution.51
Air quality monitoring in the cities of South Africa has been in place for decades,
for example in Cape Town it commenced during 1958 with the introduction of the
first monitoring station collecting SO2 and smoke concentration data.51 Bailie et al
pointed out the deficiencies in the Cape Town monitoring equipment and lack of
information on trends in photochemical smog levels.52 They called for an upgrading
of monitoring of air pollution in the city and for appropriate steps to prevent its
further increase. Progress was made in the mean time.
Various environmental challenges confront the Cape Town area. These are primarily
the consequence of the growing population of over 3.15 million people and their
concurrent need for infrastructure, housing, employment and education.51 Outdoor
air quality remains a key issue in Cape Town, largely because of the visible air
pollution, particularly during March to August - known as the ‘brown haze’. The
brown haze is associated with calm atmospheric conditions and low level
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temperature inversions. It occurs over most of the City and is typically most severe
in the morning.
A few years ago the National Association for Clean Air (NACA) commenced a
pilot study executed by the Energy Research Institute (ERI) of the University of
Cape Town.53 The key objective of the study was the source apportionment of the
brown haze. Conclusions were that small particles are the single largest cause of the
visible brown haze; vehicular emissions are accountable for 65% of visible
degradation, of which 49% is caused by diesel driven vehicle emissions; industry is a
notable source, in particular low level emitting industries, the industrial contribution
estimated to be 22%; wood burning and natural sources, such as wind-blown dust
and sea salt, contribute very little towards the brown haze and assuming a laissez
faire approach, air pollution is projected to escalate by 48% from 1997 to 2007.
Due to the lack of a computerised health data management system in the country, it
was not feasible to conduct a time-series study using the high quality outdoor air
pollution data from Cape Town. However, as will be addressed in Chapter 2,
indoor and personal air pollution concentrations often correlate poorly with
outdoor air levels.54-65 Indoor, personal and outdoor correlations are dependent on
the pollutant under investigation. Nevertheless, time-series studies are at least
steppingstones to address air pollution epidemiology in the country.
The local MRC was contacted to provide the 1998 South African Demographic
and Health Survey (SADHS) data free of charge. The data were analysed in more
detail than reported in the SADHS report.66 It was the first national adult and child
health survey conducted across the entire country. Data from this survey provided
the opportunity to examine the prevalence and determinants of various diseases in a
representative national population rather than a selected high risk population, as has
been the case in most previous studies in developed countries.
Studies addressing cardiovascular diseases were identified as one of the indoor air
pollution research gaps.44-47 The 1998 SADHS collected information on the
prevalence of heart attacks and various risk factors on demographics, diet, lifestyle
and the environment. A preliminary analysis was conducted on the 1998 SADHS
data as a pilot study during June 2004. The preliminary results indicated that too
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few cases of lung cancer, still births and perinatal deaths were reported. Birth weight
data were also missing for the vast majority of participants. However, respiratory ill
health is the main reason for use of the health services in the country and is also one
of the research priorities identified by the ENHR.67
A recent report by Statistics South Africa, listed the ten leading underlying natural
causes of death for different age groups during 1997, 1999 and 2001.68 Infant
deaths were mostly due to causes related to the perinatal stage, as also reported in
the literature.69-82 However, between 22.6% and 18.7% of infant deaths were due to
unexplained causes. It is likely that some of these premature deaths may be
attributed to high indoor air pollution exposure. A local study conducted 15 years
ago reported that acute respiratory infections (ARI)(such as pneumonia) were then
the principal cause of death amongst young children in large parts of country.83 This
is supported by international findings that ARI are a leading cause of childhood
illness and death worldwide, accounting for an estimated 6.5% of the entire global
burden of disease4. In addition there is no simple and rapid treatment for ARI as is
the case with diarrhoeal disease and oral rehydration therapy.
A series of 5 papers on child survival appeared in The Lancet during 2003 and
described a major public health challenge: more than 10 million children dying each
year because they have not been reached by known and effective interventions.84-88
One of the most challenging Millennium Development Goals (MDGs) is addressing
this global public health dilemma, to achieve a 66% reduction in child mortality by
2015 (Goal 4, Target 5).89 The MDGs adopted by the United Nations in 2000
provide an opportunity for concerted action to improve global health. They place
health at the heart of development and establish a novel global compact, linking
developed and developing countries through clear, reciprocal obligations. Over the
past 20 years, the hazards of indoor air pollution has been documented by a
growing body of literature44-47 but very few studies focused on its impact on infant
and child mortality. Another MDG is addressing the proportion of dirty fuel use in
countries (Goal 7, Target 9, Indicator 29).89
Additionally, asthma and other chronic diseases were the main cause of death of
South Africans in 2000.90 Recent publications highlighted that prevalence rates of
chronic respiratory diseases are escalating in developing countries.91-97 Most
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environmental epidemiological studies in South Africa focused on children health.98112

TB is also one of the diseases targeted by the MDGs (Goal 6, Target 8): start to

reverse the incidence of TB and eradicate the disease by 2015.89 This thesis
therefore placed priority on determining risk factors of adult and childhood
respiratory health and 1-59 month mortality.
Demographic and health surveys (DHS) are usually of cross-sectional design. As
there is no follow-up, these surveys are less time-consuming and costly than more
rigorous prospective cohort studies. Due to the inherent characteristics of health
surveys, they do not adhere to some of Hill’s causation guidelines (Table 1):
temporal relation, reversibility and strong study design.
Table 1 Hill’s causation guidelines25
Temporal relation

Does the cause precede the effect (essential)

Plausibility

Is the association consistent with other knowledge (e.g.
regarding mechanism of action, evidence from
experimental animals)

Consistency

Have other studies had similar results?

Strength

What is the strength of the association between the
cause and the effect?

Dose-response

Is increased exposure to the possible cause associated
with increased effect?

Reversibility

Does the removal of a possible cause lead to reduction
of disease risk?

Study design

Is the evidence based on a strong study design?

Judging the evidence

How many lines of evidence lead to the conclusion?

However, the function of a DHS is not to prove causation, but to answer specific
questions about the population related to measurements taken at a point in time, to
provide information on intercorrelations among variables in the population at that
current point in time, to detect high-risk groups, to give hints about causal relations,
to generate hypotheses, to provide a baseline for comparisons with future
measurements and to measure changes in health and risk factor prevalence rates
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through a sequence of surveys.113,114 The results from these surveys are also
important descriptively in health administration, planning and policy analysis as
information on disease prevalence is often required to assess the need and demand
for health services and to evaluate intervention programs in specific target
populations. Thus DHS data are mainly applied in secondary or tertiary prevention.
Although the weaknesses of DHS are known, this thesis will investigate the
association between indoor air pollution indicators and various health outcomes
nevertheless. During the statistical analyses, various limitations regarding
confounding and exposure assessment will be identified and the usefulness of
secondary exposure and health data will be assessed. Recommendations will be made
how to address these limitations in future SADHS in order to improve the link
between indoor air pollution indicators and various health outcomes.
1.3 Research question
Does air pollution (using secondary exposure and health data) pose a significant
potential risk on human health (specifically respiratory health of people >15 years
and <5 years as well as 1-59 month mortality) in South Africa?
The following hypothesis will be tested:
Air pollution (using secondary exposure and health data) poses a significant potential
risk on human health (specifically respiratory health of people >15 years and
<5 years as well as 1-59 month mortality) in South Africa.
1.4 Aims
This thesis will attempt to investigate the usefulness of analysing secondary South
African air pollution exposure and health data to project preliminary risk estimates
for adult respiratory health, under five ARI and 1-59 month mortality due to
exposure to indoor air pollution from using dirty fuels for cooking and heating
purposes and ultimately improve public health in the country. These preliminary
risk estimates will be used to determine preliminary attributable fractions and finally
approximate estimates of the number of cases of disease or premature mortality that
could be avoided if indoor air pollution due to combustion of dirty fuels for
cooking and heating purposes could be completely eliminated in South Africa.
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Furthermore, it will contribute to the current body of knowledge of strong evidence
(ARI, chronic bronchitis) and moderate evidence (TB) on dirty fuel use. The
findings of these analyses will be compared to the status quo of air pollution
epidemiology in the country. The use of outdoor air pollution data from Cape
Town in future time-series studies will be evaluated. Lastly, the study will
investigated the current and future health implications due to outdoor PM10 mass
exposure in the Khayelitsha sub-district in the City of Cape Town.
The specific aims are:
1. To determine the number of air pollution epidemiological studies
conducted in South Africa and critically review them for study design and
the strength of their results in linking air pollution exposure to human
health.
2. To determine the temporal inter-site correlations of 24-hour averaged
outdoor PM10 mass, NO2, NO, SO2, O3 and CO concentrations in Cape
Town whilst controlling for seasonal effects.
3. To investigate the current and future potential health implications due to
outdoor PM10 mass exposure in the Khayelitsha sub-district in the City of
Cape Town.
4. To determine the potential risk factors for adult respiratory diseases and
symptoms in South Africa, whilst controlling for a number of confounders
and effect modifiers.
5. To determine the whether the use of wood, animal dung, coal and paraffin
for cooking and heating poses a potential risk for acute respiratory
infections (ARI) in preschool children (0-59 months) living in South
Africa, whilst controlling for a number of confounders and effect modifiers.
6. To determine whether the use of wood, animal dung, coal and paraffin for
cooking and heating poses a potential risk for childhood mortality (1-59
months) in South Africa, whilst controlling for a number of confounders
and effect modifiers.
1.5 Study design and structure of thesis
Chapter 2 will address the status quo of air pollution epidemiology in the country
through a narrative review. In light of the lack of unique South African exposure-
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response curves, the next chapter will address the question whether outdoor air
pollution is homogenously distributed in Cape Town, South Africa (Chapter 3).
This is useful to know when conducting relatively easy and inexpensive time-series
studies, which outputs can be used to derive exposure-response curves. If outdoor
concentrations of a particular air pollutant are homogenously distributed within a
city area there will be inadequate exposure variation. Consequently health data
cannot be linked to these outdoor air pollutant concentrations during time-series
analyses. Chapter 4 reports on the current and future health implications due to
outdoor PM10 mass exposure in the Khayelitsha sub-district in the City of Cape
Town. Next the 1998 South African Demographic and Health Survey (SADHS)
data were analysed in more detail than reported in the SADHS report. This
endeavour resulted in the calculation of unique South African risk estimates for
adult (15 years and older) respiratory health (Chapter 5), under five respiratory
health (Chapter 6) and 1-59 month mortality (Chapter 7) due to exposure to
indoor air pollution from using fossil and biomass fuels for cooking and heating
purposes. Chapter 8 presents a general discussion on the main results of Chapters 27 and their bias and limitations. The final chapter will concentrate on research
recommendations and will also look at the application of the results in policy and
interventions.
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