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Abstract 

In South Africa one of the strongest influences on domestic indoor air quality is the type 

of energy used for heating, cooking and other household purposes.  Emissions from fuel 

combustion, along with housing factors, can result in respiratory infections, a leading cause of 

death in the country.  In this study I examine the relationships between energy types, patterns of 

use, housing conditions such as improper ventilation and overcrowding, indoor air quality and 

respiratory health in poorer communities of Msunduzi Municipality, South Africa.  These 

variables were examined using an ecohealth perspective through the integration of data 

concerning individual time-activity budgets, housing materials and structure, energy sources used 

for heating, cooking and lighting, respiratory symptoms and continuous real time monitoring of 

indoor air pollutants (particulate matter (PM), carbon dioxide (CO2), carbon monoxide (CO) and 

sulphur dioxide (SO2)).  A total of 20 dwellings, displaying large variability in housing structure 

and energy patterns, were sampled for 24 hours (hr) over a period of 60 days.  The mean 24-hr 

average indoor concentrations measured were as follows:  PM2.5= 16 ± 11 µg/m3, PM10= 78 ± 46 

µg/m3, CO= 5 ± 6 ppm and SO2= 0.18 ± 0.27 ppm.  Mean indoor concentrations measured were 

significantly greater than mean outdoor concentrations (p<0.0001 (PM2.5), p=0.017 (PM10), 

p<0.0001 (CO), p<0.0001 (SO2)). Although PM concentrations increased with the use of 

increasingly inefficient-burning fuel types (gas < paraffin < wood), no significant differences in 

the means were found across these fuel types.  It is thought that the high degree of variability 

among dwellings and the small sample size in this study obscured any statistically significant 

relationships.  No significant differences in mean concentrations were found across different 

housing types either.  Indoor exposures were, on average, highest among very young children 

(ages 0-5) and elders (ages 51+).  All age groups reported experiencing high levels of respiratory 

symptoms, with the elder group (ages 51+) reporting the highest percentages for each symptom.  

This study will be used to inform local governments and NGOs of local indoor air pollution and 
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exposure risks, so that policy and resources can be allocated accordingly to improve physical 

environments. 
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Chapter 1                                                                 
Introduction and Background 

1.1 Introduction  

Today over 31.6 percent of the world’s urban population lives in low-income settlements 

that possess poor human living conditions, commonly referred to as “slums” (UN Habitat 2003).  

Rapid urbanization is one of the leading causes of slums as expanding cities are unable to keep 

pace with increasing demands for housing, services and infrastructure.  A lack of genuine 

political will to understand and address the proliferation of squatter and informal settlements also 

exists, and as such, the problem can often be seen as the product of failed housing policies, law 

and delivery systems, as well as failed national and urban policies (UN Habitat 2003).  In an 

attempt to address these issues, South Africa has adopted a wide-scale delivery program of low-

income housing and electrification.  This program, however, still cannot meet the needs for 

housing and services.  As a result, the growth of slums, with their associated health risks, 

continues to rise.   

Living in slums not only infringes on the basic human right to adequate shelter and 

security, but also creates a series of problems, including damage to human and environmental 

health (Yassi et al. 2001).  The environmental impacts of slums include problems, such as air 

pollution (both indoor and ambient), pollution of watercourses, deforestation and concomitant 

soil erosion (CSIR 2002).  Unplanned urban expansion and sprawl has also led to settlement in 

unsuitable areas.  For example, many people settle in river valleys vulnerable to flooding, prime 

agricultural land, or areas riddled with pollution due to their close proximity to highways and 

factories (Sharma et al. 1998).  These problems, along with other housing considerations such as 

overcrowding and improper ventilation, are potential contributors to a host of health problems 

that include airborne infections, respiratory infections, pneumonia and tuberculosis, amongst 

others (WHO 1992 and 2000).  Health issues are further exacerbated by socio-economic factors 
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like poor nutritional status, lack of education and low income, typically characteristic of slums.  

Due to the complexity of the situation, there is a pressing need to identify potential environmental 

stressors, to examine adverse health effects and to clarify the link between the two as a first step 

in minimizing risks to occupants. 

After decades of research in the environmental health field, there is no widely shared 

consensus about the strength of relationships between built environments and health.  This lack of 

association could be due to the environmental, geographic and temporal complexity of the 

subject, as well as the diversity of social groups living in slums (Lawrence 2004).  One area of 

recent focus, indoor air pollution (IAP) exposure and its effect on respiratory health, demonstrates 

this complexity.  While literature across the globe continues to grow, consensus concerning the 

causal relationship between IAP exposure and health effects has not been reached.  Many factors 

are currently blurring this relationship; these factors include but are not limited to:  housing 

considerations, building materials and overcrowding, grade and combinations of household fuels 

used, socio-economic factors, cultural factors, exposure and measurement flaws, and the 

combustion conditions and spatial dispersion of pollutants (Sharma et al. 1998; Ezzati et al. 2000; 

WHO 2000).  In order to assess potential health implications of IAP, the level of ambient 

pollution inside dwellings and the level of exposure that people receive must be quantified within 

cities.  Once this is achieved, data can be aggregated to design local, national and global IAP 

policy strategies.  In addition, shorter-term intervention strategies can be implemented to 

minimize immediate health risks, if necessary.  

1.2 Research Objective 

A multidisciplinary team, including researchers at Queen’s University, the University of 

Western Ontario and the University of KwaZulu-Natal, has been assembled to study the 

connections between urban ecosystems and human health in Msunduzi Municipality, South 

Africa.  The idea to study these connections largely emerged from the current environmental and 
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human health challenges posed by urbanization and uneven development in South Africa’s urban 

areas.  This group, through its research, aims to assist the municipality in confronting the major 

challenges of maintaining and improving housing and health for the poor.  The central research 

question to be answered by the team is:  in what contexts and under what conditions do new 

housing developments, and improvements to existing housing, have impacts on peoples’ 

individual health, the social health of communities, and the urban environment?  The research 

approach used to answer this question was to compare the health, environmental and social 

dynamics across a range of settlement types available to low-income families in the city.  These 

settlement types included formal areas, informal settlements, older townships, insitu upgrading 

areas fairly near the city centre and “traditional” homestead areas on the urban-rural periphery.  

The different areas allowed comparison of different built environments and their impacts on 

people’s health.  Data was and is being collected on the types of housing present, the health of 

occupants, the social characteristics of households and neighbourhoods, the existence of and 

exposure to environmental hazards and the state of the environment in housing developments.  

Given the complexity of the evolving situation, and the diversity of housing and urban 

development initiatives being postulated in the city, the end goal of the project is to build a strong 

partnership with stakeholders and decision makers that will result in the capability to address very 

dynamic environmental health issues as they emerge in the city.  In addition, building 

interdisciplinary, action-based research processes and creating learning based organizations with 

effective linkages to policy formation in the local context is a key goal.  

The study described in this thesis, which will be part of the larger project, aims to 

contribute to the knowledge of environmental hazards present in housing developments and 

potential exposure to these hazards.  More specifically, the main objective of my study is to 

examine the interrelationships between housing, energy use, indoor air quality and human health 
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in marginalized communities of Msunduzi Municipality.  From this objective, several questions 

were posed to aid in the research process: 

 
1. What are the relative contributions of various factors to indoor air pollution?   

2. Do levels of indoor air pollution differ based on the type of household fuel used? 

3. Do levels of indoor air pollution differ based on ventilation provided within the dwelling? 

4. How do time-activity patterns of occupants influence exposure? 

5. What levels of respiratory ill health, if any, are occupants currently experiencing? 

 
In this exploratory study, I hope to quantify levels of indoor air pollution found across a variety of 

non-uniform dwellings that use multiple household fuels.  While a small sample size is used, a 

wide array of variables will be examined, thus providing a detailed snapshot of the area.   Once 

IAP levels are quantified, it can be suggested whether IAP exposure may lead to adverse 

respiratory health in occupants.  The end goal of this research is to better understand the 

relationship between built environments, indoor air pollution and their combined effect on the 

health of a small number of families.  From this goal, a combination of policy, intervention 

strategies and future research directions may be recommended. 

1.3 Thesis Organization  

The structure of this dissertation will be as follows:  the first chapter will review the 

relationships between built environments, indoor air quality and health in the context of 

developing countries.  The second chapter will discuss the ecohealth approach which frames the 

overall study, as well as the methodology that was used to carry out data collection.  The results 

and comparisons across other studies will be presented in the third chapter.  The fourth chapter 

will conclude with a general discussion on the relevance of the study on a local, national and 

international level, limitations to the research, future directions of study and lastly, 

recommendations for the future. 
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1.4 The Importance of Studying Built Environments and Environmental 
Health Risks in Developing Countries 
 

Providing adequate shelter and accompanying infrastructure and services in urban areas 

has been a fundamental problem for both national and municipal governments.  This problem has 

resulted in a rapid increase of exposure to environmental health risks at the city, neighbourhood 

and household level.  This section will explore:  how the inability to provide housing has led to 

the creation of slums, the major environmental health issues present in these areas, the 

international policy that has arisen to address the issue and the need for local research.  

1.4.1 Urbanization and Growth as a Catalyst for Housing Shortages 

 Over the past 50 years, urban populations in developing countries have exploded and will 

continue to do so well into the next 30 years (UN Habitat 2003).  There are many reasons behind 

this urban growth.  First of all, population mobility has increased such that people can now move 

from one area to another with relative ease.  This mobility has facilitated rural-urban migration, 

which is taking place as people search for new economic opportunities to improve livelihoods.  In 

addition to economic migration, warfare and environmental degradation and/or hazards have 

increased the number of refugees seeking safety and employment in receiving countries.  

Secondly, an increase in urbanization, although unequal among developing countries, has created 

more economic activity, entertainment, amenities and efficiencies in urban centres, which in turn 

attracts immigration (WHO 1997).  This ‘new urban revolution’ presents a serious challenge for 

national and local authorities (UN Habitat 2003) as cities are facing severe pressure to provide 

adequate infrastructure, housing and services to its people.  

1.4.2 The Creation of Slums 

The most serious problems are commonly found among poor and lower-middle income 

families who make up the majority of urban dwellers in developing countries (Rondinelli 1990).  

Due to resource deficiencies, poor urban management and the absence of effective urban 
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governance, many poor people are unable to afford proper housing or there is simply not enough 

to go around.  As a result, slums and informal settlements are proliferating as the urban poor are 

trying to provide their own solution.1  There are many characteristics associated with slums and 

these include: lack of basic services, substandard housing, often illegal building structures, 

overcrowding and high density, unhealthy living conditions and hazardous locations, insecure 

tenure and poverty and social exclusion (UN Habitat 2003).  According to UN estimates there are 

over 900 million people living in areas defined as slums with these characteristics, and the 

number is expected to increase to 2 billion by 2030 unless major changes are made to present 

policies and practices of urban managements (UN Habitat 2003 as cited by Payne and Majale 

2004). 

1.4.3 Environmental Health Risks Present in Slums 

 The largest researched health risk in urban slums is exposure to indoor air pollution from 

inadequate ventilation and the use of low cost fuels.  Other environmental health risks in slums 

stem from poor sanitation, a lack of waste disposal facilities, the presence of vermin, accidents 

involving fuel (poisoning and fires) and overcrowding (UN Habitat 2003; Satterthwaite 1993; 

WHO 1997).  Exposure to these risks may lead to a host of health effects, which are outlined in 

Table 1.1.   

 

 

 

 

 

 

 
1 A vein of research exists, which specifically looks into self-help housing as a solution.  While creative, 
this is potentially problematic as access to adequate shelter is a basic human right.  As such, housing should 
be provided to all people by their respective government.   
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Principal Risk Factor Health Effects 

Defects in buildings Insect and rodent-vector diseases, overcrowding-related illnesses, dust- and 
damp-induced diseases, injuries, burns, neuroses, violence 

Defective water supplies Faecal-oral diseases, insect-vector diseases, heart disease, cancer 

Defective sanitation Faecal-oral diseases, insect and rodent-vector diseases, stomach cancer 

Poor fuel/inadequate 
ventilation 

Acute respiratory infections, perinatal effects, heart disease, chronic lung 
disease, lung cancer, fires/burns 

Defective refuse storage 
and collection 

Insect and rodent-vector diseases, injuries, burns 

Defective food storage 
and preparation 

Excreta-related diseases, diseases due to microbial toxins, cancer 

Poor location Enhanced respiratory disease risk, chronic lung disease, heart disease, cancer, 
neurological/reproductive diseases, injuries, neuroses 

Table 1.1.   Indicators of unhealthy living conditions in slums.  Source:  WHO 1997. 

 

At the household level, environmental health risks are especially selective, with women and 

children disproportionately sharing the burden (McGranahan 1993).  According to the World 

Health Organization (WHO), over 40% of the global burden of disease attributed to 

environmental factors falls on children below five years of age (WHO 2007).  Given the 

magnitude of these environmental health issues, it has been necessary to develop international 

policies aimed at reducing environmental health risks to urban slum dwellers. 

1.4.4 International Policy Responses to Environmental Health Issues 

Many international policy measures have been developed to improve housing conditions 

and health in developing countries.  Some of these policies and programs include: 

Agenda 21: promoting sustainable human settlement development 

Agenda 21 was adopted at the United Nations Conference on Environment and Development in 

1992.  A major theme of the agenda is the eradication of poverty by giving poor people more 

access to the resources they need for sustainable living (Payne and Majale 2004). 

Health For All 
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This program was informed by a series of major world conferences held in the 1990s, including 

the Rio Conference (1992).  It has three explicit goals, which are:  increasing life expectancies 

and improving quality of life for all, improving equity in health between and within countries, 

and access for all to sustainable health systems and services (WHO 1998 as cited in Thomas et al. 

2002).  The policy associated with the program proposes a series of actions needed to make 

health central to development. 

The WHO Healthy Cities Program  

The program emerged largely in response to the deteriorating health conditions linked with 

urbanization.  While its concept is underpinned by the principles of the WHO Health for All 

strategy and Local Agenda 21, it is a unique program that places special emphasis on health 

inequalities and urban poverty, the needs of vulnerable groups, participatory governance and the 

social, economic and environmental determinants of health (Thomas et al. 2002). 

The Habitat Agenda 

This agenda was adopted by 171 governments at the United Nations Conference on Human 

Settlements (Habitat II) in 1996.  The main objective of this policy is two-fold:  to ensure 

adequate shelter is provided for all and to ensure the sustainable development of the world’s 

urban areas (Payne and Majale 2004). 

Cities Alliance 

This organization was developed in 1999 by the World Bank and UN-Habitat with the objective 

to realize the vision of ‘cities without slums’ through actions plans in two areas: city development 

strategies and slum upgrading to improve living conditions by 2020 (UN Habitat 2003; Payne and 

Majale 2004). 

The Millennium Development Goals 

These goals were agreed upon by the UN in 2000 in an attempt to integrate the principles of 

sustainable development into countries policies.  Of particular importance is target 10 which 

seeks to halve the proportion of people without access to safe drinking water and basic sanitation 
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by 2015 and target 11 which aims to achieve a significant improvement in the lives of at least 100 

million slum dwellers by 2020 (Payne and Majale 2004). 

The programs and policies mentioned above represent an important step in finding a 

solution to the health, equity and housing issue.  While many countries, including South Africa, 

have adopted these policies, a disconnect between policy and local action still exists.  Thomas et 

al. (2002) have suggested that in South Africa development professionals are sometimes 

inadequately informed about the links between health and development issues.  As a result, these 

issues are not adequately addressed in local development policies.  A need, therefore, exists for 

research to highlight the linkages between built environments and health, particularly at a local 

level (Thomas et al. 2002).  This idea of local research informing local policy will remain a 

central focus in this dissertation. 

1.5 The Broad Picture of Housing and Energy Issues in South Africa 

While South Africa is very similar to other developing countries in its struggle to provide 

affordable, adequate housing along with basic services to the poor, it has a unique political past 

that has helped shaped the situation today.  In this section, the political past of South Africa, in 

particular the establishment of apartheid, will be discussed first, and then the current situation will 

be outlined and discussed.  

1.5.1 The Legacy of Apartheid 

Under apartheid, the National Party ‘sought to create harmony’ among different ethnic 

groups by reducing points of contact to a minimum (Davies 1981).  As a result of this philosophy, 

South Africa’s urban space was rapidly reorganized.  The Group Areas Act (1950) became the 

legal mechanism to enforce the planned, residential segregation of towns into “white”, 

“coloured”, “Indian” and “African” areas 2 (Seekings 2000; Goodlad 1996), which not only 

limited where people could live but also where they could obtain employment.  Many African 
 

2 These terms were created by apartheid regimes and are still in use today. 
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workers were confined to migrant hostels and shack settlements on the peripheries of town, 

outside of designated “white” areas.  Some families were resettled to small, overcrowded and 

standardized ‘matchbox’ housing in highly planned townships that were located well outside of 

central business districts (Seekings 2000; Tomlinson 1990).   

 During the mid-1980’s, however, urban areas began to explode into ‘township revolts’, in 

which African townships and some Coloured townships protested against both the denial of equal 

political rights to all and the injustice of current housing and development policies (Mufson 1990 

as cited in Seekings 2000).  Struggles with housing and service provision ultimately became an 

integral part of the broader struggle against apartheid, and as such, land invasions and boycotts 

against rent, service charges and bonds were strategies adopted to abolish apartheid (Royston 

1998 as cited in Durand-Lasserve and Royston 2002).  Eventually these events, coupled with a 

more broad-based political outcry and violence, allowed South Africans to democratically elect 

the African National Congress (ANC) into power.  The ANC set out to implement a new social 

and economic policy document called the Reconstruction and Development Programme (RDP).  

Through this RDP program, White Paper documents were constructed and implemented as policy 

to address urgent issues such as housing and energy provision.  At this time approximately 7 

million people were living in informal dwellings on unserviced sites, with another 2 million 

living in informal dwellings on serviced sites.  About 1.5 million households were estimated to be 

homeless, and almost half (46%) of the population did not have electricity (Goodlad 1996).  The 

“Housing White Paper” was developed under the RDP, and it promised to address the current 

housing shortage by constructing one million subsidized houses 3 within 5 years after the election 

(Goodlad 1996).  Along a similar vein, the “White Paper on Energy Policy” was developed to 

provide direction for energy service delivery and implementation (World Energy Council 2001).  

To achieve the lofty goal of universal access, a national, accelerated electrification program 

 
3 These government subsidized dwellings would be commonly known and referred to as “RDP Housing”. 
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(AEP) was implemented to provide, as a starting point, electricity to 2.5 million homes from 

1994-1999.  Both of these policies were implemented with mixed success, which will be 

discussed below.   

1.5.2 Implementation of White Paper Policies 

The Housing White Paper 

 Between 1994 and 2000, 1,129,612 houses had been constructed, which resulted in 

“secure homes” for 4.5-5 million people (CSIR 2002).  While the number of homes indicates a 

substantial achievement, the quality has been put into question, particularly in terms of space and 

construction standards (CSIR 2002).  Many houses have collapsed or have been left unfinished.  

There is also a concern over the “ghettoisation” of new housing developments caused by 

inadequate servicing and maintenance, as well as lack of consolidation or improvement of 

minimal starter homes and delays in provision of social, education, commercial and recreational 

facilities (Huchzermeyer 2001).  In addition to these concerns, many new houses and townships 

continue to be placed on urban peripheries, placing people far from jobs and services (Seekings 

2000), and thus continuing the legacy of apartheid.  To compensate, many people sell or rent out 

their subsidized houses and move back to squatter settlements to be closer to economic 

opportunities (Huchzermeyer 2001).  The government has responded to some of these concerns 

with revisions to existing policy; however, much more aggressive action is required.  According 

to Statistics South Africa (2001), while the proportion of households living in formal dwellings 

increased from 66% in 1995 to 70% in 1999, there was also an increase in the proportion of 

households living in informal dwellings from 8% in 1995 to 12% in 1999.  As of 2000, South 

African’s homeless population was estimated to be at around 3 million families (Bond 2000 as 

cited in Oldfield 2000). 

The White Paper on Energy Policy 

 The target to electrify 2.5 million homes by 1999 was in fact surpassed, and by the end of 

2000, more than 3.1 million connections were made (Spalding-Fecher 2002).  Despite this 
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achievement, only two in every three households has access to electricity (Matooane et al. 2004).  

Moreover, many of these houses do not use electricity to meet all their needs, with only 50% 

using it for cooking (Matooane et al. 2004).  Research has indicated that many low-income 

households find electricity more expensive than they anticipated, and as a result, they tend to 

revert back to less expensive fuels (paraffin in particular) for cooking and heating (Rukato 2002).  

Currently the poor pay a disproportionate amount of their income on energy, with those in the 

lowest income category spending about eight times more than the national average of 0.6% of 

household expenditure on energy (CSIR 2002).  In this respect, the electrification program is 

unsuccessful, as IAP created through fuel burning continues to affect many households. 

1.6 Challenges to Studying the Factors Associated With Housing, Energy, 
Indoor Air Quality (IAQ) and Health 
 

 As can be shown from South Africa’s past and present situation, the provision of 

adequate housing and services is faced with challenges.  In addition to the challenge of provision, 

is the issue of the long-term sustainability of housing provided.  To that end, researchers have 

begun to clarify the health issues, amongst other issues, associated with built environments, so 

that sustainability can be assessed.  In the past, research has consisted of examining one 

environmental hazard present in a precise situation, in order to establish causal relationships.  The 

same approach is often undertaken when assessing IAP.  However, it should be recognized that 

exploration of IAP by a single discipline in isolation may obscure many of the interrelationships 

between housing, energy, indoor air quality (IAQ) and health (Lawrence 2004).  In addition, 

many other factors including socio-economic status can further confound and tangle the web of 

relationships (Shaw 2004).  Herein lies the paradox:  when all factors are examined collectively, 

it becomes extremely difficult to disentangle any causal relationships that may exist.  Figure 1.1 

illustrates the interconnectedness and magnitude of factors that may contribute to adverse health 

effects due to housing and IAP in slums.      
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Figure 1.1.  Links for understanding the health impacts of indoor air pollution for housing and energy 
factors.  (ARI= acute respiratory infection, ALRI= acute lower respiratory infection).  Source:  Ezzati and 

Kammen 2002. 

 

The following section will attempt to clarify the link of housing and energy to IAP and 

consequently to health by reviewing existing literature. 

1.6.1 What is IAQ? 

 While indoor air quality is influenced by both the quality of outdoor air and the 

emissions characteristics of indoor sources, the latter tends to be the primary cause of indoor air 

quality problems in homes today (Health Canada 1989; EPA 1995).  In developing countries, 

major sources of indoor air pollution include fuel combustion, environmental tobacco smoke, 
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building materials, dust and outdoor air pollution (Listorti and Doumani 2001).  Other factors 

such as inadequate ventilation, high humidity and temperature levels can affect the concentrations 

of some pollutants (EPA 1995).  IAP sources and contributing factors are discussed in more detail 

below. 

1.6.2 Sources of Indoor Air Pollution:  Indoor Fuel Combustion 

In developing countries, many poor households are still dependent on biomass and less 

efficient fossil fuels to meet their domestic energy needs.  South Africa is no exception, with 

approximately 45% of households still reliant on paraffin4, gas, coal, wood or animal dung as 

their main cooking fuel (Statistics South Africa Census 2001).  Examples of types of stoves used 

to burn paraffin, liquefied petroleum gas (LPG) and wood fuels in Msunduzi Municipality are 

provided in Figure 1.2 (A-C). 

 

 

 

 

 

 

 

 
4 The terms paraffin and kerosene are used interchangeably in this thesis. 
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A B  

 

 C

Figure 1.2 (A, B, C).  Various cooking stoves used in Msunduzi Municipality.  Clockwise from top 
left: a paraffin (A), gas (B) and wood (C) stove. 

 

While the provision of electricity is an issue in rural areas, in urban slums dependence on “dirty” 

fuels often stems from a lack of financial resources (Ezzati et al. 2004).  The link between 

poverty and ineffecient energy sources has been evaluated by many researchers, and research has 

shown that limited access to clean energy and energy insecurity are identified as indicators of 

poverty by the poor themselves (May and Norton 1997 as cited in Ezzati et al. 2004).  Generally 

as income increases, a transition up the ‘energy-ladder’ takes place toward fuels that are 

progressively more efficient, cleaner and convenient, as well as more expensive (Figure 1.3) 

(WHO 2000; Ezzati et al. 2004). 
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Figure 1.3.  The energy ladder.  It should be mentioned that in practice many household use a 
combination of these fuels to meet their needs.  Source:  WHO 2000. 

 

When fuels lower on the energy ladder are burned in dwellings, they often undergo 

incomplete combustion, releasing harmful emission products into the air, thus contributing to 

indoor air pollution.  These emissions can include carbon monoxide, sulphur oxides, nitrogen 

oxides, particulates, formaldehyde and polyaromatic hydrocarbons (Röllin et al. 2004).  The 

quantity of each pollutant released is dependant on combustion conditions such as energy density, 

combustion temperature and air flow, and pollutant emission rates which vary with time and 

stove geometry (Ballard-Tremmer and Jawurek 1996; Ezzati et al. 2000; Ezzati and Kammen 

2002).  Ventilation characteristics, unique to each dwelling, also add temporal and spatial 

variation to pollutants, and as such, the level of exposure to occupants in the dwellings is varied 

and often unpredictable.   Past and current literature illustrates this point:  while mean averages of 

particulate matter (PM) are generally higher for solid coal or biomass fuels when compared to 

cleaner fuels, there is still a high degree of variance and overlap in the distribution of values 

across fuel groups (Brauer and Saksena 2002).  Studies have even found that although paraffin is 

less polluting than biomass fuels, women using paraffin had similar exposure to respirable 
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particles as women using wood for cooking (Raiyani et al. 1993; Saksena et al. 2003).  

Consequently, levels of IAP from fuel burning, exposure levels and potential health risks to 

individuals can vary greatly amongst dwellings.  

1.6.3 Sources of Indoor Air Pollution:  Housing Characteristics and Design 

Housing characteristics can also contribute to IAP in developing countries, largely 

through the amount of ventilation provided by its design and materials.  In South Africa 

“informal” houses are constructed with non-permanent materials like cardboard and mud, 

whereas low-cost formal dwellings are built with more permanent materials like brick and 

cement.  Examples of each type of dwelling found in Msunduzi Municipality are provided in 

Figures 1.4 and 1.5 (A,B). 
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A

B

Figure 1.4 (A, B).  Examples of formal (“RDP”) housing.  Formal dwellings are provided to the poor 
through government subsidies and are constructed by contractors out of permanent materials. 
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A

 

 B

Figure 1.5 (A,B).  Examples of informal dwellings.  Informal dwellings are built by occupants 
themselves out of non-permanent, re-used materials. 
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Despite the more permanent quality of low-cost formal housing, low-grade construction materials 

used in formal dwellings often create a more sealed or “tight” structure than found in informal or 

traditional5 housing, thus preventing exchange of outdoor air for ventilation purposes (Godish 

1995) and trapping combustion products inside the dwelling (WHO 1992).  In many low-cost 

housing projects, sustainable construction materials such as air bricks, which promote ventilation 

and damp-proofing, are not used because the focus remains on accelerated service delivery and 

cost efficiency (Thomas et al. 2002).  Consequently, the only ventilation provided in most 

dwellings is through open windows and doors.  While most formal houses have at least an 

entrance door and approximately two to four windows, windows often cannot be opened due to 

poor construction, thus limiting air exchange in the dwelling (Gansan et al. 2004).  Besides 

reducing the incidence of respiratory infections from exposure to IAP, proper ventilation can 

reduce irritation due to smoke and dust, as well as reduce the problem of high indoor humidity 

(Lacey 1994 as cited in Gansan et al. 2004; Listori and Doumani 2001).   

Both formal and informal dwellings are currently unable to regulate indoor temperature 

and humidity because of cheap building materials and little insulation.6  This factor, along with 

inadequate ventilation, can lead to dampness and mould growth, further contributing to poor 

indoor air quality (Singh 1994 as cited in Gansan 2004).  Gansan (2004) found that houses in the 

province of KwaZulu-Natal with poor ventilation, dampness and mould growth reported higher 

levels of respiratory symptoms such as asthma, cough, sinus problems and chest infections.  This 

finding is supported by Chen (1998) who found, among the indicators of indoor environment, that 

home dampness was the most significant factor in relation to children’s respiratory health.  Other  

materials used in the construction of informal and low-cost housing may also influence IAQ.  For  

 
5 Traditional housing is defined in this study as dwellings that are constructed with traditional materials 
such as thatched roofs, wood and mud walls and typically have separate structures for living and cooking 
activities (multiple dwellings for one household). 
6 One study observed traditional housing to be more thermally efficient than low-cost (RDP) housing 
(Makak and Meyer 2006). 
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example, earth-material floors, present mostly in informal houses, pose significant health hazards 

through long-term exposure to dust, a common aerosol (Listori and Doumani 2001).  Asbestos 

roofing, also present in informal houses, poses a chemical threat to the lungs if asbestos dust is 

dislodged into the air and inhaled (Yassi et al. 2001).  Mathee et al. (2000) discovered that many 

low-cost housing developments in South Africa have been constructed using asbestos cement 

products; however, housing maintenance is performed by household members without proper 

safety equipment.  Work on asbestos roofs required sawing and cutting, which respondents 

noticed (46% of the time) released asbestos dust into the environment. 

1.6.4 Additional IAP Sources 

According to Bruce et al. (2000), other sources of indoor air pollution may exist in 

developing countries, beyond indoor fuel burning and inadequate ventilation.  These sources 

include:  smoke from nearby houses, the burning of forests, agricultural land and household waste 

and industrial and vehicle emissions.  Pollution from these sources can easily infiltrate dwellings 

as windows and doors are often left open during the day, even during the winter.  An inherent 

contradiction exists in these areas:  windows must remain open to provide ventilation inside 

dwellings when cooking, but when open, windows allow neighbourhood and sometimes 

industrial pollution to enter the dwelling.  Additional sources, which have been examined in 

previous studies, include environmental tobacco smoke and pesticides (mosquito coils) (Dasgupta 

et al. 2004).   

1.6.5 Pollutants Associated with IAP 

 The literature generally refers to six “criteria” pollutants — particulate matter (PM), 

sulphur dioxide (SO2), nitrogen dioxide (NO2), carbon monoxide (CO), lead and ozone — which 

correspond mostly to ambient (outdoor) air pollution.  No comparable criteria pollutants gauge 

indoor air quality, however (Listorti and Doumani 2001).  This study has chosen to examine the 

levels of particulate matter, carbon monoxide, carbon dioxide (CO2), and sulphur dioxide that 
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exist in dwellings, based upon emissions released from the combustion of household fuels 

currently in use in Msunduzi Municipality, South Africa.  In order to better understand how these 

pollutants create adverse health effects, one must first look at the physiological processes 

underlying the health impacts of exposure. 

1.6.6 Physiological Impacts of Pollutants 

To understand the physiology and movement of pollutants through the body, pollutants 

must first be divided into two categories: aerosols (PM) and gases (CO, CO2, and SO2).  Aerosols 

are small solid or liquid particles that are suspended in air to form a mixture (Yassi et al. 2001).  

These particles are generated with different size distributions depending on the source, and the 

size of the particles in turn determines how the particle behaves in the human respiratory tract.  

While larger particles carry much more substance, they are less likely to have an effect on the 

body because they do not penetrate into the lower respiratory tract.  Smaller particles, those with 

aerodynamic diameters of less than 10 µm and especially those with diameters less than 2.5 µm, 

enter the airways with greatest efficiency and may be deposited in the alveoli, which are the 

deepest structures of the lungs (Yassi et al. 2001).  Patterns of deposition within the lungs are 

shown in Figure 1.6 below.  
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Figure 1.6.  The human respiratory tract.  Larger (coarse) particles in air pollution are more likely to 
deposit in the upper respiratory tract.  Smaller (fine) particles penetrate deeply into the lower respiratory 

tract.  Source:  Yassi et al. 2001. 

 
 

Adverse health effects created by gases, on the other hand, are often a result of their 

solubility in water and their chemical reactivity.  Once inhaled, soluble gases dissolve into the 

water surface of the pulmonary tract and are removed, whereas insoluble gases are not dissolved 

and removed.  Insoluble gases will then penetrate to the alveoli more efficiently.  In addition, 

gases can adsorb onto the surface of particulates, which then travel to the alveoli.  When this 

happens the effects may be different and sometimes greater than exposure to either the particle or 

gas alone.  Ultimately once inhaled particles or insoluble gases reach the alveoli, they may release 

their constituents readily into the blood stream.  The degree to which they enter the blood and are 

delivered to the body’s tissues depends on the concentration inhaled, the duration of exposure, 

their solubility in blood and in tissue, the reactivity of the compound, and the respiratory rate of 

the individual (Yassi et al. 2001).   
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  Whether adverse health effects are displayed in an individual exposed to these pollutants 

depends largely on the dose (= pollutant concentration x exposure duration) received as well as 

their biological susceptibility to adverse health effects from exposure.  Population groups that 

tend to be more susceptible to the effects of air pollution include:  infants, children, the elderly, 

people with cardiovascular and respiratory diseases and people with impaired immune systems 

(EPA 2001 as cited in Matooane et al. 2004; ATS 2000).    Table 1.2 summarizes and describes 

health effects displayed in the general population resulting from exposure to the pollutants 

evaluated in this study.   

 
Pollutants 
 

Health Effects

 
Particulates 
 

 
 Affects respiratory tracts and embedded into alveoli, carrier of many 

secondary pollutants and carcinogenic trace elements 
 Symptoms include: wheezing, exacerbation of asthma, respiratory infections, 

chronic bronchitis and chronic obstructive pulmonary disease and 
exacerbation of chronic obstructive pulmonary disease, eye irritation, 
allergies 

 
Carbon Monoxide 
 

 Formation of carboxyhaemoglobin reduces oxygen intake of blood 
 Symptoms include: headache, nausea, fatigue, shortness of breath, low birth 

weight, increase in perinatal deaths, coma 
  

Sulphur Dioxide 
 

 Symptoms include: wheezing, exacerbation of asthma, exacerbation of 
chronic obstructive pulmonary disease, cardiovascular disease 

 
 

Table 1.2  Major sources and health effects of indoor air pollutants.  Information was derived from 
Lawrence and Taneja 2005, Bruce et al. 2000, and Yassi et al. 2001. 

 

Realistically, people living in urban slums are exposed to a mixture of these pollutants, and as 

such their health outcomes may be different due to additive, synergistic or antagonistic effects of 

pollutants (WHO 2000).  Moreover, Matooane et al. (2004) argues that the South African 

population is more vulnerable to indoor air pollution because of compromised health status 

resulting from diseases, behavioural choices, poverty, unemployment and lack of access to proper 

services.  Epidemiologists conducting IAP and health research in developing countries have 



   

 
 

25

attempted to incorporate these issues into their studies with varying degrees of success.  These 

efforts are discussed below. 

1.6.7 Evidence of Health Effects of Pollutants (Epidemiological Studies) 

Epidemiological studies undertaken in developing countries have aimed to establish a 

causal link between exposure to IAP and health effects in real life settings.  According to reviews 

of these studies, there is good evidence that exposure increases the risk of acute lower respiratory 

infections in children, chronic obstructive pulmonary disease in adults, and lung cancer where 

coal is used exclusively (WHO 2000; Bruce et al. 2000).  Links have also been emerging with a 

number of conditions such as asthma, low birth weight, perinatal mortality, tuberculosis, eye 

diseases and cancer of the upper airway (Bruce et al. 2000; Ezzati and Kammen 2002; WHO 

2000).  Research has indicated that a disproportionate risk of exposure to IAP exists in women, 

infants and young children, as they spent the majority of time indoors and cooking (Sharma et al. 

1998, Ezzati et al. 2000).  While researchers further investigate the relationship between IAP and 

the health of women and children, methodological limitations continue to plague studies.  

Inconsistent results due to these limitations have prevented consensus on the issue and have 

slowed the implementation of policy and interventions.  Limitations include a general paucity of 

studies for many health conditions, imprecise measurements of pollution and/or exposure, the 

observational nature of all studies, and failure to deal with confounding variables (Bruce et al. 

2000; Ezzati and Kammen 2002; WHO 2000).  Progress is being made, however.  Recent 

literature has emerged which has examined the exposure-response relation for indoor air pollution 

and acute respiratory infections (ARI).  This relation was developed through simultaneous 

monitoring of IAP and health status for more than 2 years (Ezzati and Kammen 2001).  Studies 

such as this one, highlight the need for more sophisticated exposure characterization research in 

the future.  
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1.7 Msunduzi Municipality, South Africa   

 Msunduzi Municipality (Figure 1.7), formerly known as Pietermartizburg before its 

municipal boundaries were extended post-apartheid, was chosen as an appropriate case study site 

to study IAP and its health effects for several reasons.  First, the area is similar to other South 

African cities in terms of housing shortages, growing numbers of informal settlements and the use 

of mixed, inefficient household fuels.  As a result, the methods used to evaluate environmental 

health risks related to housing and energy use in this study (and the larger project) can be used as 

a model for other cities.  Secondly while its larger, neighbouring city, Durban, has attracted much 

research, little data related to housing and health exists in Pietermartizburg and the surrounding 

area.   In particular, no previous air quality data inside dwellings exists in the city.  Lastly, ties to 

the University of KwaZulu-Natal Pietermaritzburg Campus were established prior to this study, 

which provided us with the expertise and experience of a recognizable local partner.  This 

partnership proved invaluable in the field, as participants felt more comfortable interacting with a 

familiar institution.  In this section, a description of the study site, including its climate, 

demography, layout, local environmental issues, and housing and service delivery status will be 

discussed. 
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a 

c

b 

 

Figure 1.7.  The Msunduzi Municipality.  The new boundaries are illustrated by the outside (black) line, 
while the old boundaries are represented by the inner (red) line.  The City of Pietermaritzburg is indicated 

by the red star.  The Edendale area, which will be discussed briefly on pages 29 and 32, is circled.  Area "a" 
is one of our 3 study sites, which is referred to as Cinderella Park.  Area "b" is another study site, referred 

to as Ambleton.  Area "c" is another study site, referred to as Peace Valley 2.  Source:  Msunduzi 
Municipality 2002. 

 

1.7.1 Geography and Climate 

 Msunduzi Municipality and its downtown core Pietermaritzburg, is located 120 km 

inland off the east coast of South Africa in the province of KwaZulu-Natal (Figure 1.8).   
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Figure 1.8.  Pietermartizburg, South Africa.  Source:  http://www.welt-atlas.de/datenbank/karten/karte-2-
92.gif 

 

 

While the average temperature ranges from 23-30°C, it can fall below 0°C during the winter 

months (May-September).  During these months, the weather is mainly clear and sunny with little 

precipitation (ranges from 10-70 mm per month).  However, this season is also characterized by 

frequent atmospheric inversions that lead to the production of smog conditions which can 

sometimes persist for several days at a time.  In the summer, temperatures can reach 40°C and 

precipitation increases (approximately 100 mm per month). 

1.7.2 Population and Demographics 

Msunduzi Municipality, with a population of approximately 550 000 in 2001, is the 

capital and second largest city of the province of KwaZulu-Natal.  Demographically, it is a young 
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area with almost 70% of its citizens under the age of 35; however, this is expected to change as 

the number of children is decreasing and the AIDS pandemic is wiping out large numbers of the 

younger generation.  Currently an estimated 100,000 residents are HIV positive, leading to 250 

deaths per month (Msunduzi Municipality 2002).  The incidence of tuberculosis, an associated 

disease of HIV/AIDS, has also increased dramatically in the Pietermaritzburg-Edendale area (see 

Figure 1.7) (Msunduzi Municipality 2002).  Although the municipality has the most educational 

institutions per capita in South Africa, only 50% of residents have completed a school 

qualification.  The dominant language spoken is isiZulu (75%) followed by English (22%). 

1.7.3 Housing Delivery and Status 

 According to the 2001 census data, the number of citizens living in “formal” dwellings 

has increased by 3.4% from 1996 to nearly 70%.  Currently, however, 13% of households are still 

living in informal dwellings (Statistics South Africa Census 2001).  The municipality estimates 

the backlog of low-cost housing in the Pietermaritzburg and Greater Edendale urban areas to be 

17,000 units as of 2002 (Msunduzi Municipality 2002).  In terms of housing delivery, 2,602 

houses were completed and handed over to occupants in the 2005 financial year (Chief Financial 

Officer Report 2005), which is short of the proposed goal of 5,000 units per year (Msunduzi 

Municipality 2002).  The number of households living in different dwelling types in Msunduzi 

Municipality is shown below (Figure 1.9).  
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Figure 1.9.  Number of households that occupy different dwelling types in Msunduzi Municipality.  
Source: Statistics South Africa Census 2001. 

 

1.7.4 Service Delivery and Energy Use 

 The report of the Chief Financial Officer (2005) states that sizable progress was made 

with respect to the installation of infrastructure necessary to distribute electricity within the city.  

In addition, it maintains they have implemented several water and sanitation projects in the city in 

an attempt to maintain the Council policy of providing free basic water to its people.  The 2001 

census data support these claims as there have been marked improvements in comparison to 1996 

census figures.  As of 2001, 70% of households have access to running water either inside the 

dwelling or in the yard outside (Statistics South Africa Census 2001).  85% of households have 

access to electricity for lighting purposes (with 13% still using candles) and nearly 70% use 

electricity for cooking (with 2%, 18% and 9% using gas, paraffin and wood, respectively for 

cooking).  The number of households and their respective cooking fuel is displayed in Table 1.3.  

While the table is reflective of the area, it is not particularly reflective of the sites visited in this 

study, as almost all dwellings sampled used gas, paraffin and wood for cooking.  Electricity is 

provided by both the municipality and Eskom, and each provider claims that majority of 
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households have access to electricity.  If an area does not have electricity, it could be because:  

the households have not applied for electricity, either because they cannot afford the service or 

they were 'missed' when marketing was done in the areas, the households may be in 'infill' sites 

where houses have only recently been developed, or the development may not have been planned 

according to accepted town planning norms (Msunduzi Municipality 2002).   

 

Energy Source for Cooking Households 

Electricity  90279 

Gas  2927 

Paraffin  23027 

Wood  12213 

Coal  604 

Animal dung  551 

Solar  390 

Other  394 

 

Table 1.3.  Number of households using different types of cooking fuel in Msunduzi Municipality.     
Source: Statistics South Africa Census 2001. 

 

1.7.5 Potential Issue Affecting the Study: Recurring Ambient Air Pollution 
 

 The city has a history of the air looking “suspiciously smoky” and smelling “strange at 

times” (Gumbi, May 2006), which has concerned many citizens.  During this past year (2006) and 

particularly during the winter, groundWork, an environmental justice group, received numerous 

calls from residents who requested that groundWork take action against the ongoing pollution in 

the area and government’s inability to deal effectively with the perpetrators causing this pollution 

(groundWork Press Release, Sept 2006).  Many people have pointed the finger at industries, such 

as the FSS Oil Refinery, close to Peace Valley 2.  When this site was sampled by groundWork, 

the chemicals found in the air included: benzene, toluene, m,p-xylene, chlorobenzene, 

chloroethane, chloromethane, hydrogen sulphide, ethyl benzene, methyl ethyl ketone, 
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tetrachloroethane and styrene.  Some of these chemicals were elevated above health threshold 

levels and international standards (groundWork Press Release, Sept 2006).  Due to the magnitude 

of complaints, the municipality also conducted a survey of the area, which screened for hydrogen 

sulphide and BTEX (benzene, toluene, ethyl benzene and xylene).  They found that hydrogen 

sulphide levels far exceeded the European threshold for odour, and BTEX concentrations were 

high enough to exceed some annual standards.  FFS claimed the report was unproven and 

speculative, and they stated that the emissions were likely coming from the Edendale Valley 

where other large industries and traffic concentrations are located (Singh, Jan 2007).   

While many citizens claim industries are at fault for current ambient air pollution 

problems, other possible sources include highway traffic, agricultural burning and local 

neighbourhood fuel burning.  In addition, climatic and topographical features are responsible for 

atmospheric inversions, which further contributes to the pollution problem.  This phenomenon 

prevents the upward dispersal of pollution so pollutants become trapped closer to ground level, 

producing a blanket of visible smoke and fog (Simpson and McGee 1996).  Only when the 

inversion disappears later in the day does the air clear.  Currently these short-lived episodes go 

undetected when standard monitoring techniques and the conventional practice of averaging 

results over a month are used by local authorities.  As well, Msunduzi Municipality is situated in 

a hollow formed by the valleys of the Msunduzi River and its tributaries, and the city is 

surrounded by steep hills rising 400 metres above the basin floor (Figure 1.10).  This local 

topography exerts a significant influence on air circulation over the city and on the dispersion of 

air pollution (Simpson and McGee 1996).  In a study by Simpson and McGee in 1993-1994, both 

of these factors were found to have a marked effect on both particulate and gaseous pollutant 

concentrations, leading to peak hourly concentrations which exceeded daily averages in 

Msunduzi Municipality (Simpson and McGee 1996).     
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Figure 1.10.  Illustration of the topography of Msunduzi Municipality. 

 

 This ongoing ambient air pollution is important to discuss within the context of this study 

because literature has shown that outdoor air pollution can sometimes dramatically affect indoor 

levels (Dasgupta et al. 1994).  As such, it is important to recognize that ambient air pollution may 

be contributing to indoor air pollution and health outcomes in Msunduzi Municipality along with 

other indoor emission sources.  

1.8 Introduction Summary 

This study aims to quantify levels of IAP in low-income areas of Msunduzi Municipality.  

Once levels are determined, exposure patterns will help determine whether a link to respiratory ill 

health can be made.  In order to investigate this link, an ecosystem approach to human health will 

be used.  This approach and the data collection methods employed will be discussed in the 

following chapter. 
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Chapter 2  

Methodology 

2.1 Guiding Framework for the Study 

As discussed in the previous chapter, the field of housing, indoor air quality and health is 

multidimensional.  In order to explore the relationships that exist, it is important to use a 

framework that acknowledges its complexities rather than one that limits or simplifies complex 

relationships.  In this study an ecosystem approach to human health (“ecohealth” for short) was 

used as the guiding framework.  This approach was developed by the International Development 

Research Centre (IDRC) as an innovative response to human health problems resulting from the 

transformation or management of the environment and/or human health (Lebel 2003).  It is 

similar to other existing approaches, including the ecological perspective (Lawrence 2004) and 

the human ecology approach to human health (Parkes et al. 2003). These approaches are both 

holistic and interdisciplinary in their design, and they acknowledge that there are links between 

humans and their biophysical, social, and economic environments that are reflected in an 

individual’s health (Lebel 2003) (Figure 2.1).  

 

Figure 2.1.  The ecosystem approach acknowledges that health is dependent on economic, environmental 
and community factors.  Traditional methods focus more on economic and community factors, to the 

detriment of the environment.  Source: Lebel 2003. 



   

 
 

35

This realization is important, particularly in developing countries where the typical biomedical 

approach (one pathogen=one disease) is inadequate as it does not address the connections 

between disease, socioeconomic factors and the environment where sick people live (Lebel 

2003).  The approach promises to aid in the understanding of not only all the factors (biological, 

cultural, economic, social, political and psychosocial), but also the interrelationships associated 

with health and built environments.   

When using this framework it is important to establish definitions of what is meant by 

health and the environment in this study. 

Environment 

In the ecohealth approach, the environment is largely defined in terms of how it can 

affect the health of humans.  Typically, there are four main categories— physical, biological, 

chemical and social— each of which can pose a potential environmental threat to human health.  

Common descriptors of these categories are listed in Table 2.1. 

 
Type of Determinant  

Common Descriptors 
 
Physical Factors 

 
Climate variations (temperature, precipitation, extreme events), housing, noise 
 

Biological Factors Disease vectors (insects, rodents, viruses), wastes 
 

Chemical Factors Agrochemical products (pesticides, fertilizers), heavy metals, atmospheric 
pollutants, dust 
 

Societal Factors Employment, culture, religion, income, education, racial and gender discrimination 
 

 

Table 2.1.  Examples of environmental determinants of health.  Source: Forget and Lebel 2001. 

 

In this thesis, I have chosen to investigate specific physical and chemical factors found within 

built environments, that is, environments designed and constructed by humans.  Built 

environments and exposure to biological and chemical factors associated with them are generally 

classified by WHO and others as potential “traditional environmental health risks” (WHO 1997; 



   

 
 

36

Thomas et al. 2002).  These risks stem largely from “insufficient” development and poverty 

(WHO 1997; Thomas et al. 2002).  A traditional risk in this study is indoor air pollution from 

household fuel use.  On the other hand, “modern environmental health risks” are often related to 

rapid “development” that takes place without ensuring adequate environmental and health 

standards are followed (WHO 1997).  Modern risks in this study could include industrial 

pollution and vehicular emissions, and tend to relate to the environment outside the home.  

Because of where poor communities are situated, they often find themselves affected by both 

traditional and modern environmental health risks (Forget and Lebel 2001).  As such, developing 

countries must develop a strategy that addresses both traditional and modern risks as they move 

through “risk transition” (Smith 1993).  In this thesis, the traditional risk of indoor air pollution 

will be explored in the modern, broader context. 

Health 

The WHO states that health is not merely the absence of disease but a state of optimal 

physical, mental and social well-being (Lawrence 2004).  Given this definition, the ecohealth 

approach recognizes that good health will require the absence of exposure to chemicals and 

biological agents, as well as positive influences of the physical, psychological and social 

dimensions of daily life (Lawrence 2004).  Therefore, importance is placed on managing all 

aspects of health through the management of the “ecosystem”.  The component of the ecosystem 

that I will be referring to in this study is the home environment. 

2.2 Integration of Quantitative and Qualitative Methods in the Research 
Process 
 

 There is a growing acknowledgement of the benefits to be gained from combining 

qualitative and quantitative methods in development research (World Bank 2000).  This 

integration of methods is stressed in the ecohealth approach and is evident in its goal of 

transdisciplinary research.  The advantage of transdisciplinary research is that it enables scientists 
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and social scientists from different disciplines and key local actors to develop a common vision of 

community priorities, while preserving the strength of their respective areas of knowledge (Lebel 

2003).  The Urban Ecosystems and Human Health Project employs both qualitative and 

quantitative methods to investigate the housing and health issue, and this study tried to emulate 

this approach on a smaller scale.  While my study uses predominately quantitative research 

methods, qualitative observations were to inform and improve the quality of the quantitative data.  

This technique was particularly helpful to explain unique trends or extreme cases of indoor air 

pollution where additional information was required to determine why these cases differed greatly 

from the norm. 

2.3 Objectives 

 The first objective of this study was to understand if indoor air pollution was an issue in a 

variety of low-income dwelling types in Msunduzi Municipality.  If indoor air levels exceeded 

World Health Organization guideline values, I sought to determine which indoor source was the 

largest contributor to IAP.  Lastly, I investigated indoor exposure levels and the prevalence of 

respiratory symptoms in these communities to assess whether a link exists between exposure to 

indoor air pollution and health effects.   

2.4 Methods 

2.4.1 Sample Selection and Timeframe 

A total of 20 dwellings were selected to sample across three different wards in Msunduzi 

Municipality: seven in Ambleton, seven in Cinderella Park, and six in Peace Valley 27 (see 

Figure 1.7 on page 27 and Figure 3.1 on page 47).  These houses were selected from a larger 

sample of houses (n= +300) previously visited by the Urban Ecosystems and Human Health team 

and were stratified to include specific housing and fuel variables.  Both formal and informal 

 
7 Seven houses were meant to be sampled in Peace Valley 2; however, a car accident and time restrictions 
prevented this from happening. 
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ions of these fuels. 

dwellings were visited, and indoor air quality was measured in dwellings that used electricity, 

paraffin, gas, wood and/or combinat

The relatively small sample size in this study reflects the time-intensive and expensive 

nature of real-time IAP monitoring.  Unlike other studies that use air samplers which average 

pollutant concentrations over 24 hours, two real-time instruments were used in this study.  As a 

result, each dwelling required 24 hours to sample and then an additional 24 hours to charge 

batteries.  Similar studies, which have employed real-time monitoring techniques, have used 

sample sizes of 20-30 dwellings as well (Saksena et al. 2007; Park and Lee 2003; Lawrence and 

Taneja 2005; Adonis and Gil 2001; Muller et al. 2003; Brauer et al. 1996).  In addition, a small 

sample size provided us with a more detailed case study, and as such, more information 

concerning physical, technical and family parameters affecting IAP and exposure could be 

collected.  While larger studies are more representative of whole populations, the aforementioned 

issues are not always as adequately addressed (Ahmed et al. 2005).        

Dwellings were visited from June-August 2006, during the winter season.  Winter was an 

appropriate sample time because fuel usage increases due to heating requirements.  Temperatures 

can drop as low as 0 °C during winter months in Msunduzi Municipality.  This study, 

consequently, illustrates IAP and exposure during the heating season, which is expected to be 

higher because more energy is used and windows are opened less frequently.  As well, 

temperature inversions occur within the city during winter months, causing ambient air pollutants 

to be trapped closer to ground level, which can then enter dwellings more readily.  As a result, the 

values presented in this study are expected to be higher than if data were collected during the 

summer months. 

2.4.2 Participant Recruitment 

A knock-on-the-door approach was used to initiate contact with future participants.  If the 

head of the household was unwilling to participate or no one over the age of 16 was home, the 
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next household was approached.  At each dwelling, we first approached either the female or male 

head of the household to be the principal respondent.  If they were not present, we then asked 

householders to self-appoint a respondent, provided that they were at least 16 years old.  This 

approach was similar to one employed in a Durban study (Nriagu et al.1999).  We asked all 

participants to verbally consent to taking part in the research process after they were read, in 

Zulu, what their participation would entail (Appendix A).  Once consent was obtained, 

instruments were set up and we began the survey with them. 

2.4.3 Survey Development 
First of all, a general survey was administered by the Urban Ecosystems and Human 

Health team to each dwelling prior to our visitation.  This survey provided us with the majority of 

our demographic, household and health information (Appendix B).   

In order to collect information related to IAP exposure and other contributing factors, a 

second survey was developed (Appendix C).  Part A of the survey provided a space where 

observations concerning dwelling characteristics, energy technology, ventilation and immediate 

outside environments could be made.  Part B asked questions concerning ventilation techniques, 

general household fuel use and lastly the time-activity patterns of each family member.  

In addition to the two surveys, we asked a family member at each dwelling to record the 

duration (both the start and end times) of fuel use within the dwelling for cooking, heating and 

lighting purposes (Appendix D).  This sheet acted as a “fuel diary”, and it allowed us to identify 

whether peaks of indoor air pollution corresponding to times when fuel was used indoors. 

We chose to use fuel diaries and surveys after consulting a paper by Freeman and Saenz 

de Tajada (2002), which explored the different methods for collecting time/activity pattern 

information related to exposure to combustion products.  Both of these tools allowed us to capture 

extensive amounts of information within a short period of time.  They also required little 

dependence on the literacy of our sample and worked within budgetary constraints.  In addition, 

an extensive literature review of IAP studies revealed that the majority of researchers chose to use 
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surveys as part of their data collection methods.   This literature review also formed the basis for 

questions that were asked in the second survey.  A standardized American Thoracic Society 

survey also helped shape the respiratory questions asked (Ferris 1978).  Before the survey was 

finalized, researchers within the university as well as a local research assistant (Simphiwe 

Mbanjwa) were consulted to validate that the instrument could be used in the field. 

2.4.4 Survey Administration 

The survey was spoken aloud to the chosen participant (the female head of the household 

where possible) in Zulu and was filled in by a research assistant in English as answers were given 

(Figure 2.2). 

 

Figure 2.2.  Simphiwe Mbanjwa, the research assistant, filling in a survey with a participant. 

 

We asked each participant to provide us with information concerning all members of the 

household.  If other members of the household were present, they were encouraged to share 

information concerning their own time-activity patterns.  In total, we obtained time-activity 

profiles for 93 people.  The fuel usage sheet for the 24-hr sample period was composed in Zulu 

and was left at each dwelling for the participant to fill in for the 24-hr period that the house was 

sampled.  The Zulu writing proved to be a hindrance for one family where Zulu was not spoken.  
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The sheet was translated into English for the participant so that she could fill it out.  It is expected 

that little recall bias was present when filling in the fuel usage sheet as the recall period was only 

24-hr; however, some recall bias could have been present with the time-activity profiles as 

participants were asked for “average values” over the summer and winter seasons.  This could 

have created some guessing, although the purpose was simply to obtain general values.  Lastly, 

observations were made during sampling concerning housing characteristics, such as building 

materials, cooking practices, as well as the general quality of life and daily activities that took 

place in the communities.  

2.4.5 IAP Monitoring 

Levels of total suspended particulates (TSP) and PM (differentiated based on 

aerodynamic diameter: 10, 7.5, 2.5 microns) were measured using an Aeorcet 531 Particulate 

Profiler.  Temperature and relative humidity levels, which could affect IAP concentrations, were 

also measured with the Aerocet 531.  CO2, CO and SO2 were measured using a Dräger X-AM 

7000.  Both of the instruments provided us with real-time measurements, which took place over a 

24-hr time period, where possible, in each dwelling.  

At times, technical difficulties prevented us from recording 24-hr measurements for PM, 

although the measurement period was always at least 8 hr.  These difficulties included: 

participant interference with the equipment and inadequate battery life.  Other studies have 

reported similar problems (Saksena et al. 2007).  The concentration of PM was averaged over and 

recorded in 2 minute intervals, whereas CO2, CO and SO2 was averaged over and recorded in 1 

minute intervals.  Measurements were first taken outside of the dwelling for 30-60 minutes, after 

which the instruments were set up inside at approximately 1.5 metres away from any cooking 

devices.  The instruments were set up at breathing level where possible, but sometimes 

instruments were placed on counters or tables at waist height.  When wood was used for cooking 

or heating outside, we asked participants to carry the equipment outside and leave it 1.5 metres 
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away from the fire only during the time of wood burning.  The instruments, as well as the fuel 

usage sheet, were collected the next day after 24-hr had lapsed.   

For 10% of the houses visited, spatial variations of pollutants within the dwelling were 

measured during cooking.  This measurement consisted of moving equipment to 3-5 different 

locations within the dwelling for a period of at least 5 minutes each.  

Also, additional outdoor air quality measurements were made in two of the communities.  

Rain prevented the third site from being sampled.  Measurements were taken at 3 different 

elevations from 9 am until 4 pm. 

2.4.6 Real-Time Monitoring vs. Conventional Air Samplers 

 Real-time monitoring instruments, which were used in this study, produce a reading for 

every time interval (normally every one or two minutes) over a sample period.  In contrast, air 

samplers are more conventional devices which sample ambient air for 24 hours.  The sampler 

only provides one data point at the end of sampling, whereas the real-time instrument provides 

many data points over a 24-hr period, thus allowing the researcher to construct a time-series.  Air 

samplers are more commonly used in IAP studies in developing countries as they are inexpensive 

and can easily be left in a dwelling for a period of time.  Real-time instruments on the other hand 

are far more expensive, which can be prohibitive when it comes to leaving an instrument in a 

dwelling.  However, because real-time monitors can provide the researcher with far more 

information and because they are becoming more cost-efficient, more studies are utilizing them.  

Dasgupta et al. (2004) used both types of instruments in their study; however, they found that the 

real-time personal data RAM (PDR) reading provided a very useful perspective on the timing of 

pollution as it showed the variation that exists with a 24-hr cycle inside individual households.   

Ezzati et al (2000) also used a PDR monitor, which again showed high-intensity peaks of 

emissions over a 24-hr period.  This information would not have been captured with conventional 

air samplers alone. 
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2.4.7 Operation of Equipment 

 The Aerocet 531 was used as a Mass Profiler, which provided a quick indication of 

particle mass concentration per cubic foot of sampled air.  Through a laser-diode-based optical 

sensor, it uses light scatter technology to detect, size and count particles.  Particle size fractions 

measured include: PM1, PM2.5, PM7, PM10 and TSP.  The instrument uses the stored particle count 

data from eight different particle size ranges and a proprietary algorithm to derive the mass 

concentration for the aerosol sample.   

 The Dräger X-AM 7000 is a portable gas measuring instrument, which uses 

electrochemical (CO and SO2), catalytic and infrared sensors (CO2).  The monitored air penetrates 

by diffusion into the measuring cuvette.  The infrared sensor works by using broad-banded 

radiation, which passes through the cuvette and is multi-reflected, passing through an optical wall 

before hitting two narrowband interference filters.  If the air contains CO2, a part of the radiation 

is absorbed in the wavelength range of the measurement filter and a reduced electric signal is 

given.  Electrochemical sensors (used to measure CO and SO2) work by diffusing air through a 

membrane into the liquid electrolyte in the sensor.  The flow of electrons generated by the 

reaction is a measure of the gas concentration, and at the same time, oxygen in the air reacts at the 

counter electrode electrochemically. 

2.4.8 Technical Quality Maintenance 

Quality control measures were used for both the Aerocet 531 and the Drager X-AM 7000 

throughout the research process.  Both instruments came with certificates of calibration upon 

arrival.  The Drager X-AM 7000 was re-calibrated once more upon arrival in South Africa by 

certified Drager technicians (June 13, 2006).  Additionally, the Drager X-AM 7000 underwent a 

fresh air calibration process weekly in a fresh air area outside the university.  This process was 

done in order to improve the zero-point accuracy of the instrument.  The Aerocet 531 underwent 

a zero count test weekly as well to reduce false counts caused by air leaks or spurious noise. 
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2.4.9 Ethical Consideration 

The proposal for this research was submitted and approved by the General Research 

Ethics Board of Queen's University, Kingston, Ontario.  Approval for entry into township areas 

was also obtained from ward councilors.  Lastly, verbal consent was obtained from heads of 

households participating in the survey.   

Colour handouts translated into Zulu were given to participants after the 24-hr period, 

which outlined basic tips to reduce indoor air pollution (Appendix E).  As well, a family picture 

was taken and given to each household.  Pamphlets translated into Zulu were distributed to each 

community, which explain the results of the study and provide further, more detailed tips on how 

to reduce exposure.  Lastly, a stakeholders report was distributed to all stakeholders of the Urban 

Ecosystems and Human Health project.  

2.4.10 Exposure Assessment 

Exposure can be assessed through both direct and indirect measures.  Direct measures of 

exposure consist of using personal samplers or testing for biological markers (Yassi et al. 2001).  

Both of these approaches were far too costly, time-intensive and invasive for the scope of the 

study.  Rather, we chose to employ indirect measures of exposure.  Typically, indirect measures 

can consist of monitoring, modeling, questionnaire administration and time diaries (Yassi et al. 

2001).  As mentioned previously, we used a combination of survey information, time-activity 

patterns and IAP monitoring.  These methods generally provide a more detailed assessment than 

the use of proxy measurements employed in epidemiologic research. 

2.4.11 Data Analysis 

 As noted, this study was largely exploratory.  Twenty, non-uniform dwellings were 

visited, and as a result, the ability to perform statistical analysis on the data obtained was limited.  

Descriptive statistics formed the basis for analysis, which provided a summarization of the data 

obtained.  This analysis was performed using SPSS for Windows 14.0, a statistical software 
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package for the social sciences.  Analysis included:  descriptive statistics for indoor and outdoor 

pollutant concentrations, a Mann-Whitney test for significance differences between indoor and 

outdoor air pollution concentrations, and an one-way ANOVA to test for a significant difference 

between means across fuel and housing types.  P-values < 0.05 were accepted as statistically 

significant.  From this analysis, I was able to identify the largest contributor to the creation of IAP 

and determine how different fuel and dwelling types could affect IAP concentrations. Any 

consistency found with existing knowledge and literature was used to defend results.  In addition, 

exposure values were calculated and respiratory symptom prevalence rates were determined; both 

values were compared to those found in existing studies to defend the accuracy.  
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Chapter 3 
Results and Discussion 

3.1 Ward Description 

 

The Msunduzi Municipality is currently divided into 37 wards (Figure 3.1).  

 

 

Figure 3.1.  37 wards of the Msunduzi Municipality.  Neighbourhoods within wards 18, 23 and 34 were 
sampled in this study and are circled in red above.  As shown by the figure, the population in this study was 
predominately Black African.  This map illustrates that the spatial legacy created by apartheid, with White 
populations largely present in the City of Pietermaritzburg and Black African populations pushed onto the 

periphery of the city.  Source:  Statistics South Africa 2003. 

 

Neighbourhoods within three low-income wards surrounding the city centre were chosen to study 

in detail.  GPS coordinates were taken at each dwelling visited and were used to identify houses 

using a combination of aerial photography and GIS (Figure 3.2 (A,B,C)).  At times, malfunctions 
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with the GPS instrument prevented us from taking a reading.  Because the majority of the 

dwellings visited have no street name and/or house number, GPS coordinates will allow us to go 

back to these dwellings to provide families with follow up material. 

 
A 

 
B
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C 

 

Figure 3.2 (A,B,C).  Aerial photos of Ambleton (A), Cinderella Park (B) and Peace Valley 2 (C).  The 
dots represent dwellings that were sampled.  Dots are missing if GPS coordinates were not obtained. 

 

 

Each site is described in more detail below. 

 

 

 

 

 

 

 

 

 



   

 
 

49

Ambleton (within Ward 18) 

Resting on the urban-rural periphery of Msunduzi Municipality, Ambleton (Figure 3.3) 

predominately consists of formal RDP houses.  Exposure to environmental pollution in the area is 

likely minimal as industry is not present; however, the settlement is exposed to environmental 

hazards as it is placed in a steep valley of the Msunduzi River, which floods during heavy storms.  

The ward is located just under 10 km from the city centre, thus placing it far from employment 

opportunities.  

 

 

Figure 3.3.  A snapshot of one area within Ambleton. 
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Cinderella Park (within Ward 34) 

Cinderella Park (Figure 3.4), situated just east of the city centre, is within urban boundaries.  The 

ward is close to many of the city’s industries as well as the major N3 highway (both less than one 

km away), which runs from Johannesburg to Durban.  While this area is subject to environmental 

pollution from industries and traffic, people live here as it is close to the highway and places of 

employment.  The area contains a mixture of informal settlements, RDP houses and other 

dwellings.   

 

 

Figure 3.4.  A snapshot of one area within Cinderella Park. 
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Peace Valley 2 (within Ward 23) 

Peace Valley 2 (Figure 3.5) is also located within urban boundaries, but it is situated on the west 

side of town, away from the N3.  It also consists of a combination of informal, RDP and other 

dwellings.  Small-scale industry is present in this area, and ambient air pollution and odour 

problems are often cited as concerns by its residents.     

 

 

Figure 3.5.  A snapshot of one area within Peace Valley 2. 
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3.2 Indoor Environment Characteristics 

Within the 20 dwellings sampled, 11 were formal and 9 were informal.  Of the formal 

dwellings, 7 were located in Ambleton and 4 were in Cinderella Park.  Of the informal dwellings, 

3 were located in Cinderella Park and the remaining 6 were in Peace Valley 2.  A description of 

housing and energy characteristics is summarized in Table 3.1. 

Variables Count (n=20) 

Roof Materials Corrugated Iron 17 

  Asbestos 3 

Wall Materials Brick or Cement 12 

  Mud 5 

  Wood 2 

  Other 1 

Floor Materials Cement 14 

  Mud 5 

  Other 1 

Is the kitchen a separate room? Yes 5 

  No 9 

  Partitioned by 

curtain 
6 

Main Energy  (Cooking) Electricity 1 

  Gas 4 

  Paraffin 12 

  Wood 3 

Dwelling Type Formal 11 

  Informal 9 

Dwelling Area > 30 m2 1 

  30-60 m2 16 

  > 60 m2 3 

Number of rooms 1-2 14 

  3-4 6 

Number of windows ≤4  15 

  >4 5 
Number of People Living in the 
Dwelling 

0-4 9 

  5-8 11 

 

Table 3.1.  Housing Characteristics of the sample (n=20 dwellings). 
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Formal dwellings consisted almost exclusively of corrugated iron roofing (100%), brick 

or cement walls (100%), and cement flooring (91%).  Conversely, informal dwellings were 

inconsistent in their composition.  67% of informal dwellings possessed corrugated iron roofing, 

while 33% used asbestos panels for roofing.  The majority of informal dwellings were made of 

mud walls (56%), with 22% of walls made of wood, 11% of brick or cement, and 11% of other 

materials such as cardboard and/or plastics.  Floors in informal dwellings were constructed with 

either mud (56%) or cement (44%).  Housing materials observed in our study are similar to those 

found across the majority of South African slums.  A study conducted by Thomas et al. (1999) in 

Port Elizabeth (PE), South Africa, which examined household environments and health across 

1000 households of different incomes, supports this statement.  Researchers found that materials 

used in informal dwellings consisted predominately of wood or iron sheet walls, corrugated iron 

roofs and mud floors and were associated with the lowest income groups.  Materials found in 

formal dwellings consisted mainly of brick or cement walls, asbestos or corrugated iron roofs and 

cement floors, and were associated with low-middle income groups.  In contrast, the materials 

found in the highest income groups were usually brick walls, roof tiles and cement floors 

(Thomas et al. 1999).  The PE study further observed that dampness, poor ventilation and poor 

thermal efficiency were problems only identified in dwellings occupied by the lower wealth 

groups (Thomas et al. 1999).  These issues were observable across all dwellings sampled in our 

study, which were solely comprised of low-income groups. 

All dwellings were relatively small in size.  The mean dwelling size was 44.9 m2 (range: 

15.0-138.0 m2), and the average number of rooms per dwelling (excluding the toilet if one was 

present) was 2.15 (range: 1-4).  Of the twenty dwellings sampled, the mean ratio of persons per 

one room was 2.28 which is overcrowded as defined by UN Habitat 8 (UN Habitat 2003).  

Crowding was also an issue of concern in the PE study, particularly among the lowest three 

 
8 Overcrowding is defined as more than two persons per room.  No value per square metre was provided. 
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wealth quintiles (2.3 persons/room in the low income group, 2.66 persons/room in the lower-

middle income group and 2.55 persons/room in the middle income group).   

Inside most dwellings, especially formal dwellings, an overwhelming smell of paraffin 

was present.  The fumes were prevalent even when cooking was not underway and when 

windows and doors were left open.  In addition to the lingering smell of fuel, many houses had 

black soot along walls and ceilings from repeated burning of household fuel.  Upon inspection, no 

apparent mold was seen growing in any of the dwellings.  However, some participants directed 

my attention to cracks in the walls or floors of their dwellings.  Averaged temperature (mean= 21 

ºC, range: 11.5-24.9 ºC) and humidity levels (mean= 44.5 %, range: 30.9-61.1 %) were quite 

varied with and across dwellings.  This variance in temperature and humidity could be a direct 

result of inexpensive building materials.  Makaka and Meyer (2006) examined the temperature 

stability of traditional houses versus low-cost modern (RDP) housing in the Eastern Cape, South 

Africa.  They found that during a 24-hr period in which outdoor temperatures ranged from 15-

31.7 ºC, the temperature inside dwellings exhibited less of a temperature swing for traditional 

stone-clay huts (4.3 ºC, range: 17.6-21.9) and for traditional wood-clay huts (5.6 ºC, range: 17.3-

22.9) than for formal RDP houses (11.7 ºC, range: 16.2-27.9).  The researchers attributed the high 

temperature swing in RDP houses to light-weight construction materials and highly conductive 

corrugated iron sheets, which have a lower thermal capacity and faster response to heat input. 

No dwelling possessed a chimney.  As a result, the only ventilation source within 

dwellings came from open windows and doors.  The mean number of windows was 3.7 (range: 0 

- 7).  Windows were not always functional, however.  Some glass windows were sealed shut; 

others were broken.  These were issues also identified to be barriers to ventilation in another 

South African study (Barnes et al. 2004).  

In 25% of dwellings, the kitchen was a separate room.  45% of the sample consisted of 

one room dwellings, and 30% of dwellings partitioned the kitchen from the bedroom by using a 

curtain.  These rates could be of importance as levels of IAP are thought to increase in enclosed 
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kitchens.  In a study by Balakrishnan et al. (2002), PM4 concentrations were highest in enclosed 

kitchens (1442 µg/m3), followed by kitchens with partitions (970 µg/m3) for solid fuel use.  In a 

separate study by Balakrishnan et al. (2004), indoor living room and kitchen PM4 concentrations 

were higher in kitchen that were partitioned versus those that did not have a partition.  This 

finding was not significantly different, however.  While kitchen levels could potentially be 

higher, partitions are useful in reducing IAP in other areas of the house.  

40% of dwellings reported having no heating source. 35% of dwellings used firewood 

outside to heat themselves and the rest used other fuels inside to heat their dwelling.  This finding 

suggests that heating does not play a large role in the contribution to IAP, except perhaps through 

outside infiltration of wood smoke. 

Lastly, the majority of dwellings were surrounded by a small yard area, which consisted 

mostly of open soil, some grass and occasionally a small garden and some trees.  Nearby roads 

were usually small dirt or gravel roads with very little local traffic.  Larger, paved roads with 

more vehicle traffic were, for the most part, found further away from dwelling areas.  As such, 

dust from dirt and gravel roads are probable contributors to particulate levels indoors; however, 

traffic pollution is suspected to provide a minimal contribution to IAP in these areas.  
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3.3 Socioeconomic Profile  

Within the 20 dwellings, information was obtained on 92 individuals.  Demographic 

information regarding participants is displayed in Table 3.2. 

Variables 
Count  

(n= 20 households, 
92 individuals) 

Sex* 

  

Female 47 

Male 44 

Age  

  

  

  

0-5 16 

6-15 20 

16-50 47 

51+ 9 

Household Monthly Income  
(Rands) 
  

  

  

0 - 1,499 19 

1,500 - 2,499 0 

2,500 - 3,499 1 

3,500 and more 0 

Head Education* 

  

  

  

  

  

No schooling 7 

Some primary 6 

Complete primary 1 

Secondary 4 

Grade 12 0 

Higher 0 

Type of Employment (Head) Formal Sector 3 

  Informal Sector or Self-

Employed 
4 

  Not working 11 

  None of these 1 

Family Size 0-4 9 

 5-8 11 

Time at Current Location Less than one year 4 

 Between one and four 

years 
7 

 Five years or more 9 

 All one's life before now 0 

Any smokers in the house? Yes 10 

  No 10 

Table 3.2.  Demographic information of the households sampled (n=20 dwellings, 92 individuals).  The 
asterisk (*) indicates missing values. 
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The population sampled was a relatively young one (median age= 22.5 years; maximum 

age= 76 years), which included an almost equal number of men (49%) and women (51%).  The 

median family size was 5 (range: 2 - 8).  Almost three-quarters (72%) of heads of household had 

either no schooling or only a limited amount of primary education.  Few heads of the household 

were employed by the formal sector (16%).  21% were either employed within the informal sector 

or were self-employed.  Over half of heads were unemployed (58%).  Almost all households 

managed to live on less than 1500 Rands per month (approximately equivalent to $225 CAN in 

2007).  The majority of households (95%) did not pay for housing/accommodation or health care.  

Instead, major expenses comprised of food, transportation and education fees.  A sustainability 

analysis performed by CSIR (2002) for South Africa found similar spending habits for poor 

households.  They reported that the poorest households spend 75% of their disposable income on 

food and energy, leaving families with little money to spend on housing (CSIR 2002).  Just under 

half (45%) of the households had been living in their dwelling for five or more years, which could 

suggest that this type of housing is not just for an interim period.   

Half of dwellings included people who were smokers; however, only one of these 

households said that they smoked inside the dwelling.  All other smokers confirmed that they 

never smoked inside the dwelling.  Because of this statement, we assumed in this study that 

environmental tobacco smoke (ETS) was not a large contributing factor to indoor air pollution 

within dwellings.  With the large peaks of IAP created through indoor fuel burning, ETS is often 

found to be an insignificant source in comparison.  One study found that indoor fuel burning was 

a larger contributor to PM10 than tobacco smoke in dwellings where 64% of parents actively 

smoked inside (Adonis and Gil 2001).  Another study found PM4 concentration was not 

correlated with tobacco smoking in the house (Balakrishnan et al. 2004).  However, it should be 

noted that tobacco smoke inhalation could be a contributing factor to some of the respiratory 

symptoms that are stated later in this thesis.  
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3.4 Air Pollution Concentrations 

Measurements were first taken outside of each dwelling and in each ward to determine 

any possible levels of outdoor air pollution.  The mean values measured in each ward are found in 

Table 3.3. 

 

 
PM2.5 

(µg/m3) 
PM10 

(µg/m3) 
TSP 

(µg/m3) 
CO2 

(ppm) 
CO 

(ppm) 
SO2 

(ppm) 
 
Ambleton 2.5 ± 2.3 27 ± 33 40 ± 47  272* ± 53 0.0058 ± 0.059 0 ± 0 
 
Cinderella Park 

 
6.4 ± 7.6 

 
61 ± 64 

 
96 ± 94 

 
251* ± 91 

 
0.35 ± 0.85 

 
0.055 ± 0.13 

 
Peace Valley 2 

 
2.1 ± 4.1 

 
24 ± 38 

 
40 ± 67 

 
310* ± 46 

 
0.44 ± 0.97 

 
0.014 ± 0.059 

 

Table 3.3.  Mean outdoor pollutant concentrations (± standard deviations) in each ward.  (*After CO2 
calibration by Dräger technicians, levels fell 100 ppm below expected values.  It is estimated that the values 
presented here should be approximately 100 ppm higher.  No further analysis will be made regarding CO2 

due to this fact and because little analysis has been done in previous studies, so results could not be 
triangulated with other literature). 

  

Cinderella Park displayed the highest mean level of particulates (TSP= 96 µg/m3), while 

Ambleton and Peace Valley 2 had similar, lower levels (TSP= 40 µg/m3).  All areas had similar 

levels of CO2.  However, Cinderella Park and Peace Valley 2 had higher levels of CO and SO2 

(CO= 0.35 and 0.44 ppm, SO2= 0.055 and 0.014 ppm, respectively) than Ambleton (CO= 0.0058 

and SO2= 0 ppm) did.   

It is difficult to compare the outdoor values found in this study to those in the existing 

literature for a number of reasons.  First of all, a paucity of studies which measure outdoor air 

quality to inform indoor air pollution sources within developing countries exists.  Rather, the 

majority of studies simply measure indoor environments.  Secondly, if an IAP study has 

measured outdoor air quality, they have not necessarily used the same parameters or the same 

units of measurements found in this study, thus further inhibiting comparisons.  Lastly, different 

levels of urbanization and whether the study takes place in a rural or urban area can drastically 

affect outdoor air pollution levels.  In a study by Lawrence and Taneja (2005), which took place 
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in rural India, similar levels of CO were found (0.07-0.29 ppm), but SO2 values were lower than 

those found in our study (0.003-0.009 ppm).  A study by Saksensa et al. (2007b) in Delhi, India 

cited both higher RSP (or TSP) levels (280 µg/m3) and CO levels (3 ppm) than those found in our 

study.  Another study by Saksena et al. (2003) in Delhi found higher levels of RSP (150-380 

µg/m3).  Overall, the reason behind the lower ambient air pollution levels found in this study 

when compared to the latter two studies could be instrument limitation, as the instruments in this 

study were designed specifically for measuring point sources rather than more diffuse, multiple 

sources found in ambient air.  In addition, Delhi is a mega-city, which boasts the title of fourth 

most polluted city of the world (Saksena et al. 2007b), and as a result outdoor air pollution levels 

are expected to be higher. Lastly, a local air quality (Andrew Simpson) expert mentioned that 

ambient air pollution levels have declined in recent years as the country has set more stringent 

industrial pollution standards to minimize pollution. 

Measurements were then taken inside each dwelling (n= 20) for 24 hours where it was 

possible (Table 3.4). 

 

 PM2.5 
(µg/m3) 

PM10 
(µg/m3) 

TSP 
(µg/m3) 

CO2 
(ppm) 

CO 
(ppm) 

SO2 
(ppm) 

Mean 16 78 108 528 5.3 0.18 

Median 14 74 96 466 2.1 0.070 

Maximum 42 198 263 1078 27 1.1 

Minimum 2.7 12 15 271 0.00 0.00 

Range (= max – min) 39 186 249 807 27 1.1 

Standard Deviation 11 46 63 232 6.3 0.27 

 

Table 3.4.  Descriptive statistics of concentrations of PM 2.5 & 10, TSP, CO2, CO and SO2 found inside 
dwellings (n=20). 

 

Mean particulate levels inside dwellings ranged from: 16 µg/m3 for PM2.5 to 78 µg/m3 for PM10 to 

108 µg/m3 for total level of suspended particulates.  Mean CO2 levels were 528 ppm; mean CO 

levels were 5.3 ppm, and mean SO2 levels were 0.18 ppm.   Again, it is challenging to compare 
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these values to those found in other studies as they may not: exhibit identical:  housing, fuel 

characteristics, parameters, units of measurement, sample timeframes, and/or season to monitor 

pollutants.  There is a growing recognition that this area of study needs to establish consistent 

methodologies and technologies in order to facilitate comparisons (Röllin et al. 2004; WHO 

2000).  Currently, the majority of studies that focus on indoor air pollution in developing 

countries choose to sample dwellings that use biomass fuel, as this produces the highest levels of 

pollutants and therefore poses the greatest health threat (Ezzati et al. 2000; Balakrishnan et al. 

2002).  Nevertheless, some comparisons can be made with studies that similarly sampled 

dwellings with mixed fuel usage (combinations of gas, kerosene, wood, coal and/or electricity 

use) and employed similar sampling techniques.  Röllin et al. (2004) found 24-hr, mean RSP 

(TSP) values ranging from 83 ± 122 µg/m3 in electrified dwellings to 162 ± 256 µg/m3 in un-

electrified dwellings in rural South Africa.  These values are quite similar to TSP values found in 

our study, which also consisted of electrified and un-electrified dwellings.  Adonis and Gil (2001) 

measured the following 24-hr concentrations in Chile: PM10= 173 ± 14 µg/m3, SO2= 0.118 ± 

0.015 ppm, and CO= 9.5 ± 1.7 ppm.  Except for SO2, these values are roughly twice as high as 

the values found in our study.  A reason for the higher values could be because Santiago is a zone 

saturated with ozone, PM10 and CO; consequently, background indoor levels could be higher 

from outdoor air infiltration (Adonis and Gil 2001).  Some studies have also chosen to 

differentiate pollution levels based on individual fuel types that were evaluated in my study.  

These values will be discussed and compared later in Section 3.7.   

While many policy researchers tend to view indoor and outdoor air pollution as separate 

issues in developing countries (Dasgupta et al. 2004), it may be argued that measurement of local 

ambient air quality is important when assessing sources of indoor air pollution as many urban 

slums are plagued with outdoor air pollution, which has the potential to infiltrate dwellings 

(Smith et al. 1994 as cited in Smith 2002; WHO 2000 as cited in Röllin et al. 2004).  As such, 

this study has measured both indoor and outdoor air values as discussed above.  However, in the 
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few studies that have measured both indoor and outdoor air quality, no consensus concerning just 

how much infiltration of outdoor sources can affect indoor air quality exists.  Overall, indoor 

concentrations for all the pollutants measured in this study were found to be significantly greater 

than outdoor concentrations (p<0.0001 (PM2.5), p=0.017 (PM10), p<0.0001 (CO), p<0.0001 

(SO2)).  This difference suggests that outdoor air pollution is not a major contributor to indoor air 

quality in low-income dwellings of Msunduzi Municipality.  Adonis and Gil (2001) measured 

indoor air pollution in a poor region of Chile and found that 24-hr concentrations were also 

statistically higher indoors that outdoors (p< 0.0001).  As a result, they concluded that the 

pollutants measured inside dwellings were primarily from indoor emissions sources and not from 

outside infiltration. A study by Saksena et al. (2003) in India reached a similar conclusion.  The 

study found indoor background levels (ie. non-cooking levels) to be far greater than outdoor (near 

ambient) levels, which meant that high indoor background levels could not be from infiltration of 

outdoor air alone.  Lawrence and Taneja (2005) also found that indoor concentrations for all the 

pollutants measured in rural India were greater than outdoor concentrations except for PM10.  

However, they also found positive correlations between indoor and outdoor concentrations of CO, 

NO, NO2, SO2 and PM10, which suggested that while indoor sources have a considerable effect on 

IAP, outdoor sources also contribute to IAP.   

3.5 24-hr Household Variation and Cross-household Variation  

High levels of indoor variability were observed within houses during a 24-hr period.  

Examples of this variability are shown in the 24-hr profiles for two dwellings below (Figure 3.6 

(A,B)). 
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Figure 3.6 (A,B).  24-hr time series profiles for varying sizes of PM (A) and for CO, CO2 and SO2 (B). 
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This 24-hr variation was demonstrated in many other studies (Saksena et al. 2007a; Dasgupta et 

al. 2004; Park and Lee 2003; Ezzati 2000b; Saksena et al. 1992).  At the time of sampling, we 

asked participants to write down the time period in which fuel was used in their dwelling for 

cooking, lighting and heating purposes.  Once this information was cross-referenced to indoor air 

measurements, it became evident that often peaks in emissions corresponded with approximate 

times when fuel use was recorded (Figure 3.7).  
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Figure 3.7.  Peaks of emissions for CO (above in red) and TSP (above in blue) displayed during times of 
fuel use. 
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Other studies have highlighted this trend as well, although many of these studies only 

examined biomass burning.  Continuous measurement of CO levels in a study by Röllin et al. 

(2004) showed that measurable levels of CO coincided with the time of cooking activities in 

dwellings that used wood.  Similarly, Park and Lee (2003) found that particulate concentrations 

changed drastically during overall monitoring time and peaks were strongly associated with 

frequency of wood burning stove use.  Ezzati et al. (2002) found that peaks in emission 

concentrations commonly occurred when fuel was added or moved, the stove was lit, the cooking 

pot was placed on or removed from the fire, or the food was stirred.     

Variation inside a dwelling does not only exist within a 24-hr period; it can also exist day 

to day.  According to Ezzati et al. (2000), emissions in a single dwelling can vary each day 

because of:  fuel characteristics such as moisture content or density, air flow, type of food 

cooked, or whether the household uses multiple stoves or fuels.  Due to time constraints we were 

unable to revisit dwellings to determine how large day-to-day variation was.  Other studies have 

examined this, however.  Jin et al. (2005) conducted multiple measurements in the same dwelling 

and found that standard deviations of the mean varied between 10% and 100%.  Despite this large 

range in variation, they stated that more variation in pollution existed across different households 

than within households.  Ezzati et al. (2000a) visited 20% of the dwellings within their sample in 

between 6-15 times to monitor intrahousehold variation.  Again, they found that while variation 

within a household exists, the variation is not as high as interhousehold variation.   

Similarly in this study, variability was demonstrated across houses within the sample.  

This pattern can be illustrated through the wide ranges that pollutants exhibited across dwellings 

(TSP range: 15-263 µg/m3, CO range: 0-27 ppm, SO2 range: 0-1.1 ppm).  There are many 

possible explanations behind this variation.  Inter-household variation was suggested to be 

strongly affected by structural arrangements: cooking locations, construction materials, and 

ventilation practices in a study carried out in Bangladesh (Dasgupta et al. 2004).  The duration of 
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stove use, quantity and grade of fuel used, and stove use behaviour are other commonly cited 

reasons behind interhoushold variation (Jin et al. 2005).  Similarly, each dwelling visited 

displayed unique structural and behavioural differences in the amount and duration of fuel use.  

Dasgupta et al. (2004) stated that interhousehold differences in pollution and accompanying 

exposure are largely attributable to two factors: the level of peak concentrations during cooking 

and the rate at which concentrations decline after cooking.  All of these factors make it difficult to 

accurately assess IAP levels and corresponding exposures across dwellings. 

3.6 Comparison to WHO Air Quality Guidelines 

All outdoor measurements fell below WHO air quality guidelines except in Cinderella 

Park, where PM10 and SO2 24-hr guidelines were exceeded.  It is likely that these elevated values 

are attributable to vehicular emissions from the N3 highway, as well as the increased level of 

industry present.  In addition, I noticed more households had fire pits outside their dwelling in 

this area, and as such, emissions from outdoor smoke may contribute to higher ambient air 

pollution levels.  Piles of burning garbage, which is often not collected by municipalities, around 

the informal settlement may have also contributed to outdoor smoke and higher ambient pollution 

levels.   

Inside dwellings, while only 15% exceeded PM2.5 (24-hr) guidelines, 65% of dwellings 

exceeded PM10 (24-hr) guideline values.  40%, 45%, 35% and 30% of dwellings exceeded the 

multiple guideline values established for CO (8-hr, 1-hr, 30 minute and 15 minute, respectively).  

Lastly, 60% of dwellings exceeded SO2 (24-hr) guidelines.  No guideline values have been 

established for CO2 by WHO.  The 24-hr mean indoor concentrations found in this study are 

compared to WHO guidelines and those found in previous studies where mixed fuels were also 

used below (Table 3.5).  The large difference between outdoor versus indoor levels exhibited in 

this study was also exhibited in a study conducted by Adonis and Gil (2001).  They found that 
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outdoor air pollution levels were largely within air quality guidelines whereas indoor air quality 

levels represented an important health risk.  

 

  
WHO 

Guideline 
 

Mean 
Concentration 
(Range) (24-hr) 
In this Study 

Mean Concentration 
(Range)* 
(24-hr) 

Previous Studies 

 
Reference 

 
 

 
PM2.5 (µg/m3) 
24-hr 
 

 
25 

 
16 

(2.7-42) 

 
(71-98) 

204 

 
Andresen et al. 2005 
Brauer et al. 1996 

PM10 (µg/m3) 
24-hr 

50 78 
(12-198) 

(101-291)  
173 

(200-1200) 
311 

  

Dagupta et al. 2004 
Adonis and Gil 2001 
Ellegård 1996 
Brauer et al. 1996 

CO (ppm) 
8-hr 

10 5 
(0-27) 

1 
1.8 

(0.36-21) 
9.5  
30** 

Saksensa et al. 2007 
Lawrence and Taneja 2005 
Röllin et al. 2004 
Adonis and Gil 2001 
Bailie et al. 1999 
 

SO2 (ppm) 
24-hr 

0.044 0.18 
(0-1.1) 

0.06 
0.54** 

 

Lawrence and Taneja 2005 
Bailie et al. 1999 
 

 

Table 3.5.  Comparison of IAP studies to WHO guideline values.  The studies here represent those where 
mixed fuels (ie. LPG, kerosene, wood and other biofuels) were used inside dwellings.  (* The range 

represented here is the range of means for individual fuels in studies where concentrations were given 
based on fuel type.  ** Hourly average reported rather than the 24-hr average). 

 
 

Upon comparison, the mean values in our study fell between or below concentrations 

measured in previous studies.  The frequency and level of exeedances in this and other studies are 

particularly worrisome, as values established by WHO are designed to protect the health of an 

“average” individual (WHO 2005).  The population examined in these studies, however, are often 

more vulnerable to the health effects of air pollution than an "average" individual in a more 

developed country would be.  Factors that could greatly increase susceptibility of individuals to 

the health effects of IAP in this study are: HIV/AIDS, low socioeconomic status, low education 

levels, little access to health care and poor housing quality (Matooane et al. 2004).  Furthermore, 

factors like low socioeconomic status and education levels can contribute to behaviours which 

may increase an individual’s risk of exposure to indoor air pollution.  For example, a study 
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conducted by Ahmed et al. (2005) demonstrated that many women in Guatemala were unaware 

of the link between health and smoke.  A study conducted in South Africa by Barnes et al. (2004) 

also discovered that many mothers viewed smoke as an irritant associated with symptoms such as 

coughing and eye irritation, but they were unaware of the association between smoke and serious 

illnesses such as pneumonia.  Lack of information and understanding can exacerbate IAP and its 

exposure in many poorer communities.  As a result, interventions and more stringent policy 

measures are necessary for protection of the health of vulnerable populations.  

 Furthermore, 24-hr WHO guidelines inadequately protect individuals from exposure to 

high-intensity emissions episodes (Smith 2002).  Currently, only 24-hr average concentrations of 

PM2.5 and PM10 not to be exceeded are provided by WHO.  However, this study and others 

(Saksena et al. 2007a; Dasgupta et al. 2004; Park and Lee 2003; Ezzati 2000b; Saksena et al. 

1991) have shown that peaks of emissions, related to fuel burning, are released over a 24-hr 

period.  These indoor emissions peaks can greatly exceed the 24-hr guideline value for outdoor 

air (sometimes by more than 100 fold), placing those near to the fuel source at increased health 

risk from exposure (Saksena et al. 2007).  However when concentrations are averaged over 24-hr, 

averages can fall below guidelines if baseline levels are low, thus creating a false sense of safety.  

This problem can place many individuals, particularly women and children at risk.  Ezzati et al. 

(2000a) demonstrated that these high-emissions episodes account for a considerably larger 

fraction of exposure (~ 30-60 %) in young and adult women because they spend the most time 

cooking near the fire.  Average 24-hr concentrations of pollutants were compared to averages 

when fuel was burned to determine if averages during fuel use captured the high-intensity 

emissions episodes found in many biomass studies (Figure 3.8 (A,B,C,D)).   
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Figure 3.8 (A,B,C,D).  24-hr or 8-hr indoor averages vs. averages during fuel use for PM2.5 (A), PM10 
(B), CO (C) and SO2 (D).  Mean concentrations found inside dwellings are depicted by the dark blue bars.  
Mean concentrations during fuel burning are depicted by the light blue bars.  The red line represents the 

WHO established guideline value not to be exceeded for that time frame (24-hr for PM2.5, PM10 and SO2; 8-
hr for CO).  Some averages during fuel use are missing due to illegible responses by participants in their 
fuel diary.  If an indoor average appears to be missing, it is because the value for that dwelling was zero 

(this only occurred for CO and SO2). 
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When averages during fuel use were compared to 24-hr averages (or 8-hr averages in the 

case of CO), averages during fuel use were found to be generally greater than 24-hr (or 8-hr) 

averages.  Particulate levels during cooking hours were similarly found to be significantly higher 

than time-weighted average concentrations in another study (Park and Lee 2003).  Upon 

comparison, fuel averages sometimes exceeded WHO safe limits when 24-hr averages did not.  

On rare occasions, however, 24-hr averages exceeded fuel averages.  This discrepancy may be 

explained by multiple factors.  First of all, it is possible that clocks which were used to report fuel 

use time were not in sync with the internal clock of the IAP monitoring instruments.  Second, 

many households reported approximate fuel use times (ie. 9 am – 10 am), which may be because 

some households did not own clocks and had to either guess or ask their neighbours for the time.  

As a result, some of the fuel averages may not have captured the entire time fuel was used inside 

a dwelling.  Third, when fuel sources are extinguished, time is required for pollutants to dissipate.  

Kandpal et al. (1994) demonstrated that it took more than 30, 20, 10 minutes before indoor CO 

concentration from coal, kerosene and LPG cookstoves, respectively, were reduced below WHO 

safe limits after being extinguished.  At times, it was shown to take up to 50 minutes for CO 

levels to return to baseline.  Similarly, Adonis and Gil (2001) found that when the source of 

combustion was turned off, the concentration of CO, SO2 and PM10 diminished but still remained 

above the corresponding standard for several hours due to inadequate ventilation.  As such, the 

lag time after cooking devices were extinguished could increase average 24-hr values, thus 

making them at times higher than fuel averages.  Fourth, in the case of CO, 8-hr averages were 

sometimes similar to the overall length of time that fuel was used in the dwelling.  As well, the 8-

hr average often encompassed the high-intensity emissions episodes, which could explain why 

some averages are similar or higher than fuel averages.  Lastly, as noticed in the Dasupta et al. 

(2004) study, if a household uses a “cleaner” fuel such as paraffin but neighbours were burning 

biomass in the area, baseline values inside could be similar or higher to fuel use periods due to 

outside infiltration.  This infiltration may contribute to higher 24-hr averages than fuel averages.  
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Notwithstanding the exceptions, fuel averages indicated the potential to exceed WHO guideline 

values where 24-hr averages would otherwise have not.  

3.7 The Effect of Fuel Type on IAP 

Mean particulate levels increased as more inefficient-burning fuel (gas<paraffin<wood) 

was used in dwellings.  This trend was expected, as it was demonstrated in many studies 

(Balakrishnan et al. 2004; Dasgupta et al. 2004; Balakrishnan et al. 2002; Adonis and Gil 2001; 

Ellegård 1996; Kandpal et al. 1994; Raiyani et al. 1993) and is shown in Figure 3.9.  However, a 

one-way analysis of variance (ANOVA) did not indicate any significant difference in the means 

of PM across fuel types (F= 1.60, p= 0.23 (PM2.5), F=0.72, p=0.56 (PM10), F= 0.63, p=0.61 

(TSP)), likely due to the small sample size.  When Röllin et al. (2004) investigated indoor air 

quality in electrified and un-electrified dwellings in South Africa, they observed a similar trend.  

It was found that dwellings that used solid or mixed fuels for cooking had the greatest proportion 

of measurable RSP, while dwellings that used paraffin or electricity had lower levels of RSP.  

When they examined the differences between the various fuels, however, the differences did not 

reach statistical significance (χ2= 5.81 on 3 d.f., P= 0.121).  Balakrishnan et al. (2002) also did 

not find a significant difference between gas and kerosene fuels; however, wood was found to be 

significantly different from all other fuel types examined.  Significant differences between wood 

and other fuels were also reported by Ellegård (1996). 
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Figure 3.9.  Box plots showing the distribution of mean 24-hr concentrations of varying sizes of PM 

across different fuel types.  The ends of the box are at the quartiles, and the length of the box is termed the 
interquartile range (IQR).  The median is marked by the line within the box.  The bars extending outside the 
box extend to the smallest and largest values found within 1.5* IQR.  Circles represent outliers.  Values are 

reported as mean ± standard deviation.  Gas (n=4): PM2.5= 13 ± 7.2, PM10= 54 ± 20, TSP= 73 ± 25.  
Paraffin (n=12): PM2.5= 13 ± 11, PM10= 78 ± 52, TSP= 110 ± 71.  Wood (n=3): PM2.5= 27 ± 10, PM10= 106 

± 49, TSP= 139 ± 72. 
 

 

No significant difference was observed between fuel types and mean CO (F= 0.23, 

p<0.88) (Figure 3.10).  Gas and paraffin released slightly higher levels of CO than wood.  This 

trend was not observed in the very few IAP studies which explored how fuel type affected CO 

concentrations.  Studies conducted by Saksena et al. (2007 and 2003) found CO levels to increase 

in the following order: kersosene (3 ppm), LPG (6 ppm) and wood (12 ppm).  Another study 

found that the highest average concentrations for CO were found in houses that used firewood 

and coal (rather than kerosene or gas) (Adonis and Gil 2001).  Higher CO levels found in 

dwellings that used gas or paraffin could be from outside infiltration of domestic cooking fuel in 

the area, as was suggested in a study carried out in Mozambique (Ellegård 1996). 
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Figure 3.10.  Box plots showing the distribution of mean 24-hr concentrations of CO across different fuel 
types.  Gas (n=4)= 5.2 ± 5.4.  Paraffin (n=12)= 5.9 ± 7.1.  Wood (n=3)= 3.4 ± 3.7. 

 
 

When the relationship between fuel type and mean SO2 was explored, it was observed 

that paraffin created the highest level of SO2 in dwellings (Figure 3.11).  However, the 

differences were not statistically significant (F= 1.5, p<0.25).  Kandpal et al. (1994) similarly 

observed an increase in SO2 emissions from the transition of LPG to kerosene.  They did not 

include wood burning in their study.  Wood burning is not a major source of SO2, so it was 

expected that it would release the lowest levels. 
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Figure 3.11.  Box plots showing the distribution of mean 24-hr concentrations of SO2 across different fuel 
types.  Gas (n=4)= 0.070 ± 0.14.  Paraffin (n=12)= 0.27 ± 0.31.  Wood (n=3)= 0.050 ± 0.070. 

 

 

 As illustrated in this section, there is a paucity of studies that evaluate how different fuels 

contribute to indoor air pollution in developing countries.  Past studies have typically focused on 

biomass burning and RSP; however, more recent studies have begun to investigate how “cleaner” 

fuels or the combination of biomass and cleaner fuels can contribute to multiple indoor air 

pollutants.  A summary of fuel types and pollutant concentrations found in this study and in 

previous studies is provided in the table below (Table 3.6).  Differences across studies may be 

caused by:  cooking stove type, grade of fuel, housing conditions and ventilation, cooking habits, 

sampling season and weather conditions (Park and Lee 2003). 
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Gas/LPG Paraffin (Kerosene) Wood or Solid Fuels 

 
This Study 

 
Previous Studies 

 
This Study 

 
Previous Studies 

 
This Study 

 
Previous Studies 

 
PM2.5 (µg/m3) 
 

 
13 ± 7.2 

 
71-73 (Andresen et al. 2005) 

69 (Brauer et al. 1996) 
 

 
13 ± 11 

 
98-155 (Andresen et al. 2005) 

 
27 ± 10 

 
44 (Park and Lee 2003) 
555 (Brauer et al. 1996) 

PM10 (µg/m3) 54 ± 20 ~ 250 (Adonis & Gil 2001) 
73 (Balakrishnan et al. 2004)* 
78 (Balakrishnan et al. 2002)* 

200 (Ellegård 1996) 
226 (Brauer et al. 1996) 

78 ± 52 ~ 300 (Adonis and Gil 2001) 
203 (Balakrishnan et al. 2004)* 
80 (Balakrishnan et al. 2002)* 

760 (Ellegård 1996) 

106 ± 49 489 (Adonis & Gil 2001) 
500 (Balakrishnan et al. 2004)* 

459 (Saksena et al. 2007b)* 
847 (Balakrishnan et al. 2002)* 

132 (Park & Lee 2003) 
1200 (Ellegård 1996) 

768 (Brauer et al. 1996) 
 

TSP (µg/m3) 73 ± 25 200 (Kandpal et al. 1994) 
890 (Saksena et al. 2007) 
500 (Raiyani et al. 1993) 

110 ± 71 810 (Kandpal et al. 1994) 
44 (Röllin et al. 2004) 

690 (Saksena et al. 2003) 
520 (Raiyani et al. 1993) 

139 ± 72 186 (Röllin et al. 2004) 
1370 (Saksena et al. 2003) 
2630 (Raiyani et al. 1993) 

CO (ppm) 5.2 ± 5.4 6 (Saksena et al. 2007) 5.9 ± 7.1 3 (Saksena et al. 2003) 3.4 ± 3.7 57 (Adonis & Gil et al. 2001) 
12 (Saksena et al. 2003) 

 
SO2 (ppm) 0.070 ± 

0.14 
- 0.27 ± 

0.31 
- 0.050 ± 

0.070 
0.295 (Adonis & Gil et al. 2001) 

Table 3.6.  A comparison of mean concentrations (± standard deviations) found in this study to the mean concentrations found previous studies, which 
measured different pollutants according to fuel type used inside dwelling.  (* PM4)
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3.8 The Effect of Housing Type and Ventilation on IAP 

It was expected that different types of housing would affect IAP levels through their 

ability to release pollutants (through ventilation) created during fuel burning.  As formal houses 

are typically better sealed than informal dwellings, it was hypothesized that IAP concentrations 

would be higher in formal dwellings.  However, no significant difference was observed 

between housing type and concentration of particulates, CO or SO2 (Figures 3.12-3.14).  An 

ANOVA test verified this statement.  Again, a statistically significant difference would be 

difficult to observe in our study as each informal dwelling possessed unique design features.  In 

order to correct for this, a larger sample size with more homogenieity is necessary.   
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Figure 3.12.  Box plots showing the distribution of mean 24-hr concentrations of varying sizes of PM 
across different housing types.  The ends of the box are at the quartiles, and the length of the box is 
termed the interquartile range (IQR).  The median is marked by the line within the box.  The bars 

extending outside the box extend to the smallest and largest values found within 1.5* IQR.  Circles 
represent outliers.  Values are reported as mean ± standard deviation.  Formal (n=11): PM2.5= 13 ± 10, 

PM10= 78 ± 57, TSP= 107 ± 77.  Informal (n=9): PM2.5= 18 ± 12, PM10= 78 ± 33, TSP= 108 ± 46. 
 

 



   

 
 

77

InformalFormal

Housing Type

30.00

25.00

20.00

15.00

10.00

5.00

0.00

C
O

 (p
pm

)

 

Figure 3.13.  Box plots showing the distribution of mean 24 -hr concentrations of CO across different 
housing types.  Formal (n=11)= 4.4 ± 4.6.  Informal (n=9)= 6.1 ± 7.8. 
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Figure 3.14.  Box plots showing the distribution of mean 24-hr concentrations of SO2 across different 
housing types.  The asterisk (*) depicts an extreme outlier.  Formal (n=11)= 0.14 ± 0.19.  Informal 

(n=9)= 0.23 ± 0.35. 

    

The role of housing and consequently ventilation as a determinant factor of IAP has 

been indirectly addressed in other studies through the use of variables such as housing type and 
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construction materials.  In general, however, consistent patterns regarding the impact of 

housing and ventilation have not emerged from observational studies (Brauer and Saksena 

2002).  Dasgupta et al. (2004) used regression analysis to determine which of the following 

variables could affect PM10 concentrations: cooking time, duration of fire after cooking, stove 

location, the use of iron, mud, thatch and concrete for construction, the placement and size of 

windows, doors and ventilation spaces between walls and roofs, ventilation practices employed 

by household members, smoking practices and the use of lanterns and mosquito coils.  Among 

these variables, they found that only stove locations, building materials and opening doors and 

windows after cooking significantly affected household PM10 concentrations through their 

impact on ventilation.  Furthermore, they found that certain building materials such a mud walls 

can prevent pollutants from escaping, potentially increasing PM10 concentrations by 253 µg/m3 

(in the baseline case).  Ramakrishna (1988) and Menon (1988) (as cited in Brauer and Saksena 

2002) both found roof type to be a statistically significant determinant for TSP and CO 

concentrations.  Several other studies have found kitchen type and/or volume to have an effect 

on IAP (Bruce et al. 2004; Mehta 2002 as cited it Bruce et al. 2004), but again it is difficult to 

draw comparisons from these studies as kitchens vary greatly within one area and across 

countries. 

It was expected in this study that the provision of ventilation by opening of windows 

and doors during fuel use could play a far larger role in reducing IAP levels than the provision 

of ventilation by building materials and structure does.  However, only 10% of dwellings 

reported that they always left windows and doors open when cooking.  85% reported that they 

only sometimes leave windows and doors open during cooking times.  Nothing was reported 

for the remaining 5%.  It is suspected that the majority of households open windows when 

temperatures rise; however, when temperatures drop in winter, families are forced to close 

windows to preserve warmth.  Barnes et al. (2004) also observed that the need for warmth was 

a key barrier to reducing the duration of fuel use and to keeping windows open during and after 
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cooking.  Despite inconsistencies with opening windows during cooking, it was found that as 

the number of windows increased in a dwelling, the concentration of particulates decreased 

(Figure 3.15), although this correlation was weak.  While this trend was not observed for CO 

and SO2, other studies have found that the number of windows and doors can affect CO levels 

as well (Saksena et al. 2007).  
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Figure 3.15.   A scatter plot of the concentration of varying sizes of PM vs. the number of windows 
inside a dwelling. 

 

3.9 Time-Activity Budgets and Indoor Exposure Levels 

 The time spent in various microenvironments by different age groups and genders is 

shown in Table 3.7.  Age divisions were based on a study by Ezzati et al. (2000a), which stated 

that children ≤ 5 years of age have additional susceptibility to acute respiratory infections and 

at higher ages chronic conditions begin to show.  The division at 15 years of age was chosen as 

basic education ends at this age in South Africa and many youth enter the workforce.  It was 

observed that, in general, children within the age group 0-5, regardless of their gender, along 
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with males aged 16 and older, spent the most time indoors.  Females in the age groups of 16-50 

and 51+ spent the largest number of hours cooking (1.6 and 1.4 hr, respectively).  It was 

reported that on average 3.3 hr per day were spent by family members cooking in the winter.   

 
 

 Hours 
inside (w) 

Hours 
inside (s) 

Hours 
outside 

(w) 

Hours 
outside 

(s) 

Hours at 
school/ 

work 
(w) 

Hours at 
school/ 

work 
(s) 

Hours 
cooking 

  Mean Mean Mean Mean Mean Mean Mean 

0-5 Male 15 12 8.8 12 1.3 1.4 .00 

0-5 Female 16 16 7.2 7.8 1.4 1.4 .00 

6-15 Male 12 12 12 12 6.9 6.9 .20 

6-15 Female 12 11 13 13 7.6 7.6 .00 

16-50 Male 14 13 9.0 9.5 4.5 4.3 .69 

16-50 Female 12 12 11 12 3.0 3.0 1.6 

51+ Male 13 12 11 13 6.0 6.0 .00 

51+ Female 12 11 12 13 1.1 1.1 1.4 

 

Table 3.7  Mean duration of time spent indoors, outdoors, at work or school, and cooking (in the winter 
and in the summer) by various subgroups of household members (n=92 individuals). 

 

Indoor exposures were calculated and can be found in Appendix F.  Because 

concentrations used to calculate exposures were averages, they ignored the contribution of peak 

emissions during cooking to exposure values.  As a result, this calculation could have 

underestimated acute exposures of those most affected by high emissions released during 

cooking (Saksena et al. 2007a; Ezzati et al. 2000).  Rather than go into more detail about 

exposure values, a description of how much time individuals spent indoors is a better tool (for 

the scope of this study) to assess possible health risks to certain groups.  Like previous studies, 

women were the main cooks in households.  As such, it can be inferred that they were exposed 

to the high peaks of emissions released during cooking, which was demonstrated in earlier 

Section 3.5.  While males typically spent more time indoors and hence had higher exposure 

levels in our study (Appendix F), they were unlikely to be exposed to high emissions periods in 
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the same way that female cooks are, as they spent less time (or no time at all) cooking.  

Children aged 0-5 were reported to have spent the most time indoors among any age group.  In 

addition, children are almost always with their mother inside when she is cooking.  Barnes et 

al. (2004) discovered that South African mothers in low-income areas face a number of barriers 

which prevent them from removing children from kitchens when fuel is being burned.  These 

barriers will be discussed later in Section 4.3.   As a result, children are assumed to have high 

exposures as well.  In fact, we observed that children had among the highest levels of exposure 

in our study (Appendix F), despite the limitations present. 

There are some shortcomings to how time-activity pattern data was collected, which 

could affect the hours reported above.  Firstly, to answer the survey questions participants had 

to rely on recall.  This shortcoming could have led to “recall bias”, which is inevitably present 

in any study that employs this method.  One study did compare the reliability of recall to that of 

direct observation of time spent in the kitchen and found that women could recall the amount of 

time spent in the kitchen even when they did not use watches or clocks (Engle et al. 1997).  

Conversely, another study found that women tended to overestimate time in the kitchen using 

recall compared to observation by 1.5 times (Saksena et al. 1992 as cited in Engle et al. 1997).  

Secondly, general estimates of time spent in certain microenvironments ignore variation 

between days (Engle et al. 1997).  Lastly, the hours estimated to non-respondent members of 

the household are less reliable.  When other members of the household were home, they often 

provided their own responses.  However, infants and others not present could not speak for 

themselves. 

In order to more accurately measure exposure, several methods should be employed in 

future studies.  First of all, personal monitors could be used, rather than measuring pollutant 

concentrations found in different microenvironments.  However, even personal monitors have 

limitations, as most aggregate exposure over time and space.  This method does not capture 

high-intensity emissions episodes, which has been shown to occur in this and other studies.  
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Ezzati et al. (2002) demonstrated that average daily concentrations alone were not a sufficient 

measure of exposure (in the case of biomass burning) as certain members of the household are 

consistently closest to the fire.  Personal monitors do accurately depict how much time is spent 

in different microenvironments; however, they have a huge participant burden associated with 

them (Freeman and Saenz de Tejada 2002).  As such, they would have been inappropriate for a 

population which already is laden with many economic, social and physical burdens.  In 

addition to personal monitors, a more detailed time/activity diary could have provided more 

information concerning exposure variables.  However, this method is inappropriate for the 

given population as it requires levels of literacy, which was not consistent within our sample 

(Freeman and Saenz de Tejada 2002).  It also requires participant training, thus increasing the 

participant burden and making people more reluctant to participate.  Lastly, observation 

techniques could have been used to verify estimates given; however, this would have been 

extremely time-intensive for one researcher, making it virtually impossible to employ. 

3.10 Respiratory Symptoms  

A high percentage of sampled individuals reported experiencing respiratory symptoms 

that may be related to exposure to indoor air pollution.  Based on reports (and irrespective of 

age group), 84% had a blocked or runny nose; 79% had eye irritation; 79% had chronic coughs; 

57% had shortness of breath, and 32% had wheezing.  It was found that the age group 51+, 

followed by the 16-50 age group, had the highest percentages of self-reported symptoms among 

those sampled.  All respiratory diseases and the age groups that are experiencing them are 

summarized in Table 3.8.   
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  Chronic 
Cough Wheezing 

Shortness 
of Breath 

Blocked-
Runny 
Nose 

Eye 
Irritation 

Age 0-5 (n=17) 82.4% 23.5% 58.8% 82.4% 68.8% 

  6-15 (n=18) 66.7% 26.3% 42.1% 78.9% 78.9% 

  16-50 (n=46) 83.0% 34.0% 61.7% 87.2% 83.0% 

  51+ (n=9) 88.9% 55.6% 66.7% 88.9% 88.9% 

 

Table 3.8.  Self-reported prevalence rates for acute respiratory symptoms classified by age groups 
(n=92 individuals). 

 

A study conducted by Mathee and Swart (2001) also found runny noses and productive 

coughs to be the most commonly reported symptoms in informal settlements of Johannesburg, 

South Africa.  Similarly, the PE study previously mentioned showed that a runny nose was the 

most common symptom in children (28%) (Thomas et al. 1999).  Other commonly experienced 

symptoms were both wet and dry coughs (13% and 11%, respectively).  Another study in 

Durban, just 80 km from Pietermaritzburg, found self-reported prevalence rates for respiratory 

symptoms to be: 37-40% for wheezing, 16-28% for shortness of breath, 33-35% for chronic 

cough, 44-50% for frequent blocked-runny nose (Nriagu et al. 1999).  Other reported symptoms 

were 32% for chronic phlegm and 16-27% for sinusitis.  Again, blocked-runny nose and 

chronic cough were among the highest reported symptoms.  However, the rates presented in the 

Durban study are substantially lower than the ones present here, except for wheezing which 

displayed similar rates.  It is possible that the population in our study over-reported rates.  The 

prevalence rates for self-reported symptoms indicative of asthma (wheezing and shortness of 

breath) found in the Durban study were much higher than for doctor diagnosed asthma (10-

12%) (Nriagu et al. 1999).  As such, the researchers feared that symptoms were over-reported 

in their study.  However, they realized that under-reporting is a more likely explanation as few 

doctors in local health clinics are trained to diagnose asthma.  The combination of lack of 

training to diagnose asthma and poor accessibility to health care are driving factors behind the 
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decision to ask participants to self-report respiratory symptoms rather than to state any ARI or 

asthma doctor diagnoses.  It is expected that the prevalence rates reported in this study are 

slightly over-reported; however, doctor diagnosed asthma or ARIs may have drastically under-

reported respiratory problems within the sample.  ‘Environmental worry’ and anxiety in the 

population could have also influenced the degree of symptom reporting, as has been reported in 

other studies (Terblanche et al. 1992; von Schirnding 1991). 

 The symptoms reported in this study suggest there is a higher prevalence of ARIs rather 

than asthma in the population.  However, there is no mechanism by which to link respiratory 

infections to exposure to IAP.  Previous studies have linked respiratory ailments to a range of 

contributing factors including:  environmental tobacco smoke and cigarette smoking, use of 

insecticides (mosquito coils), home dampness, crowdedness, socioeconomic status and age, the 

absence of ventilation in kitchens, and cooking fuels (Surjadi 1993; Nriadu et al. 1999; Thomas 

et al. 1999).  In addition, ailments such as HIV/AIDS and tuberculosis could be contributing 

factors to respiratory ailments in this study.  The use of tobacco products could also contribute 

to respiratory symptoms.  However, based upon epidemiologic studies that have linked IAP 

exposure to respiratory ailments, including chronic airway disease, asthma, acute respiratory 

infections, it can be said with some confidence that IAP exposure is one of the factors that 

contributes to these ailments (Mishra 2003 a and b; Pérez-Padilla 1996). 
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Chapter 4 
Conclusions 

4.1 General Discussion and Conclusions 

 This study provided 24-hr indoor concentrations and exposures to PM10 & 2.5, CO2, CO 

and SO2 for low-income dwellings in Msunduzi Municipality, South Africa.  To date, a handful 

of IAP and health effect studies have been conducted in South Africa.  However, only three of 

these studies have included any sort of IAP measurements (Röllin et al. 2004; Muller et al. 

2003; Terblanche et al. 1992) and only one has examined informal settlements in an urban area 

(Muller et al. 2003).  No studies to my knowledge have measured IAP and exposure levels in 

new low-cost RDP housing.  This paucity of research is surprising, as literature has repeatedly 

reported the existence of poor indoor air quality and accompanying respiratory symptoms being 

exhibited in many low-income areas (Mathee and Stewart 2001; CSIR 2002; Thomas et al. 

1999; Thomas et al. 2002).   Moreover, only one study on indoor smoke exposure and 

respiratory disease has been carried out in Pietermaritzburg itself (Kossove 1982), but it was 

conducted in 1982 and did not include any IAP measurements.  Clearly, our study aims to fill a 

gap in current IAP literature on both a local and national level.  This gap has been identified as 

a severe problem in South Africa when it comes to aggregating data to inform policy 

development (Thomas et al. 2002).  As such, this study provides a much needed detailed 

perspective on an environmental health hazard and its effect on marginalized groups within a 

city.  Future research in South Africa must provide detailed accounts of how IAP and other 

environmental hazards are affecting marginalized populations in other cities.  Once this has 

been achieved, the spectrum and severity of environmental health risks in South Africa can be 

assessed and policy can then appropriately address and minimize these risks.    

 Upon review, indoor concentrations of PM10, PM2.5, CO and SO2 were found to be 

significantly greater than outdoor concentrations in all of our study sites within Msunduzi 
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Municipality.  This finding leads us to believe that indoor emission sources are the largest 

contributor to IAP in this area.  Other studies, in different regions, have reached a similar 

conclusion.  It is expected that outside infiltration of ambient air pollution from industry and 

neighbourhood fuel use also plays a role, albeit a smaller one.  Because almost all families did 

not smoke indoors, the contribution of environmental tobacco smoke to IAP was suspected to 

be minimal.  Real-time monitoring and fuel use records demonstrated that peaks of indoor air 

emissions are created when fuel is burned indoors.  Levels of pollution increased as more 

inefficient burning fuels were used (gas < kerosene < wood).  This trend was consistent with 

previous studies.  Although it was expected that housing type would contribute significantly to 

IAP, no difference between formal and informal dwellings existed.  This finding could suggest 

that RDP houses have similar ventilation properties to informal dwellings; however, it more 

likely that the high variability between dwellings and the small sample size obscured any 

significant relationship.  Children were reported to spend the most time indoors, and as such, 

they are presumed to be exposed to levels of high emissions similar to female cooks.  Lastly, 

while a large percentage of the population self-reported respiratory symptoms characteristic of 

acute respiratory infections, the eldest group displayed the highest prevalence rates for all 

symptoms (chronic cough, wheezing, shortness of breath, blocked-runny nose and eye 

irritation). 

 The above findings suggest that IAP is indeed a problem in low-income areas of 

Msunduzi Municipality, and that occupants are currently facing health risks from exposure to 

IAP.  This conclusion is not different from many other poverty-stricken areas across the world.  

As such, the current study aims to contribute to the growing consensus which has been 

developed through documentation of IAP, exposure levels and adverse respiratory outcomes in 

developing countries.  It is hoped that while no causal link has been established between IAP 

exposure and health outcomes yet, the information provided by this and other studies 

concerning IAP concentrations, exposure levels, trends in fuel use and the close association 
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with poverty will be more than enough evidence to provoke global action to improve the 

situation.  Both the World Bank and WHO have identified IAP in developing countries to be 

among the most critical global environmental problem facing populations today (WHO 2000; 

Smith 1993), and as such, international policy has been developed or is being developed to 

address the issue.  However, IAP remains disproportionately the burden of individuals and 

families that do not possess the resources to cope with the environmental stress, thus policies 

and interventions must first reduce the barriers that poverty creates.  Recommendations will be 

provided later in this section that range from not only short-term, cost-efficient solutions that 

can be employed by households immediately to reduce risks, but also long-term, more costly 

solutions that will require government support to be successfully implemented.     

4.2 Limitations and Future Research Directions 

The WHO has recognized that a fundamental flaw exists in all IAP research to date: 

there is no mechanism by which to draw comparisons across studies.  This inability to compare 

research is attributed to a lack of uniformity in methods, small sample sizes, differences in the 

profiles of exposure determinants and local research capacity limitations (WHO 2005).  As a 

result, little consensus has been reached with respect to the severity of IAP and its implications 

for human health.  This study is no exception.  Like many previous studies which chose to 

employ real-time monitoring techniques, our sample size is relatively small.  Consequently, the 

analysis performed in this study is largely descriptive.  However, this study was designed to 

provide a detailed snapshot of IAP in Msunduzi Municipality, rather than to facilitate 

comparisons of IAP across many developing countries.  Once IAP has been identified to be an 

issue in an area, future studies would benefit from a larger sample size.  A large sample size, 

although very time-intensive, will ensure that issues such as variability within and across 

households will not prevent the identification of trends.  
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Limitations were also placed on this study’s ability to accurately characterize exposure 

levels.  Insufficient time-activity data to correspond with real-time measurements prevented us 

from identifying any peaks of exposure; therefore, exposure values could have been 

underestimated for a portion of the population.  No information was obtained on other possible 

sources of exposure to pollutants, such as occupational exposure.  In addition, while time 

patterns were recorded for many different microenvironments of exposure (home inside, 

outside, work, school), pollutant concentrations were only measured inside and outside 

dwellings.  Consequently, daily integrated exposures, which encompass exposures in different 

microenvironments, could not be calculated.  It is often impossible to conduct measurements in 

every microenvironment of exposure due to time and cost restraints.  Therefore, the main 

consideration should be to gather data that will give the most accurate overall assessment, while 

limiting costs (Lawrence and Taneja 2005).  Upon this recommendation, we sought only to 

determine IAP and exposure levels inside dwellings.  Future studies, with larger research 

budgets, would benefit by either using:  personal monitors and detailed time-activity diaries, or 

real-time monitors in multiple microenvironments and detailed time-activity diaries.  

Furthermore, increasing the cost efficiency of instruments will permit more researchers to use 

these methods. 

 In South Africa and other countries, low-income dwellings tend to use multiple (mixed) 

fuels for different purposes.  Reasons for multiple fuel use range from availability or 

accessibility of fuel to length of cooking time to the amount of financial resources available 

(Clean Energy Group 2004).  Because multiple types of fuel are used inside a dwelling, it is 

difficult to determine the relative contribution of each type of fuel to IAP.  In this study, all of 

the analyses were based upon the type of fuel used for cooking.  It would be beneficial for 

future studies to ask households more questions concerning the type of fuel used for each 
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household activity (which was done) and the frequency and duration of each type of fuel used 

(which was not done).    

Lastly, time pressures placed restrictions on the duration of sampling.  No time was 

allotted to testing intra- and inter-household variation.  Given that limited variability in weather 

conditions existed during our study period, intrahousehold differences are possibly minimized.  

However, many studies have demonstrated large variability within a dwelling.  This finding 

stresses the need for future studies to take multiple measurements in each dwelling.  In 

addition, sampling only took place during the winter season, which is expected to be when IAP 

is elevated.  Ideally, IAP measurements taken during the summer would help determine 

“baseline” concentrations and exposure levels. 

This study has demonstrated that a number of barriers exist when trying to accurately 

quantify IAP levels and exposures in low-income areas of South Africa.  There are a number of 

future directions that should be the focus of any future IAP study in South Africa.  These 

include: 

 IAP should first be assessed through a pilot study.  If IAP is an issue, a second study 

should be employed using a much larger sample size over a longer time period. 

 A combination of air samplers, real-time monitors and personal monitors could be used 

effectively to gauge IAP and exposure in multiple microenvironments. 

 A more detailed fuel and time diary is necessary to determine which types of fuel 

contribute the most to IAP and who is in the house when fuel burning is taking place. 

 If comparisons are to be made between formal and informal dwellings, each type of 

dwelling in the sample must exhibit similar homogeneity to others in its group. 
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 Clearly, formal, low-cost dwellings are inappropriately designed for inadequate 

electrification.  Future research should focus on how ventilation can be improved in 

these dwellings until electricity can become more financially accessible. 

 Lastly, there is a need for a universal methodology to be established for IAP in South 

Africa.  If accomplished, future studies will be able to aggregate their data more 

effectively to inform future development policies. 

4.3 Recommendations 

In the majority of the literature, a common recommendation for reducing IAP 

concentrations is to make a switch to “cleaner” fuels.  While many studies have found “cleaner” 

fuels, such as paraffin and LPG, release lower concentrations of pollutants when compared to 

biofuels, human exposures could still be similar owing to activity patterns, ventilation factors 

and other socio-economic parameters (Saksena 1999 as cited in Brauer and Saksena 2002).  For 

example, in South Africa paraffin users tend to cook indoors with their infants; however, when 

wood is used for cooking, it often takes place outside while infants are left indoors.  As a result, 

a switch to cleaner fuels could result in higher exposures for certain groups.  Because cleaner 

fuels are more expensive, many households are and will be forced to use them in conjunction 

with other “dirtier” fuels, thus limiting potential benefits.  Also, other problems arise when 

switching to cleaner fuels.  For example, paraffin can create other health risks such as fires, 

burns and poisoning (Paraffin Safety Association, no date), and many people believe LPG 

canisters pose an unacceptable risk of explosion due to the gas being under pressure (Clean 

Energy Group 2004).  These are some of the many issues, which make designing energy 

interventions extremely difficult in South Africa.  Clearly, the adoption of cleaner fuels, 

especially LPG, is a potential solution which must be used in conjunction with other strategies.   

Adoption of “cleaner” fuels may also require that the government subsidize certain 

fuels and/or more efficient appliances to ensure widespread use (Clean Energy Group 2004).  In 
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the future, further attention should also be given to alternative fuels such as ethanol (in gel 

form) and biodiesel, which could be produced by energy crops (Ballard-Tremeer and Mathee 

2000).  Alternative fuels, while unsustainable as any energy source is, may provide a stepping 

stone until more sustainable, renewable technologies are developed.  The government has made 

progress with respect to advancing towards renewable energy and technologies.  A solar cooker 

field test was designed and implemented from 1996-2003 to evaluate user acceptance of the 

stoves and market feasibility of commercialization.  After phase one was completed, 90% of the 

stoves were still in use (Clean Energy Group 2004).  The stove is currently locally produced by 

Sunstove Organization and is sold for R250 (approximately $40-45 CAN in 2007), which may 

still be cost-prohibitive for many households.  Solar electricity has also been provided to 

northern, remote parts KwaZulu-Natal in 1999 by BP and Eskom, and the government has 

provided subsidies to cover 50% of the investment costs to ensure service fees do not exceed a 

level that is inaccessible to the poor (Clean Energy Group 2004).  Again, governments will 

have to remain committed to ensuring that these technologies are available to those who need it 

the most. 

Another field which has emerged recently in South Africa is energy efficient housing 

design.  By designing homes with energy efficiency in mind, the amount of energy required to 

keep a dwelling comfortable can be reduced dramatically (Klunne 2002).  As such, fuels used 

to heat dwellings could be minimized, thus reducing IAP.  Although heating was not suspected 

to be a large source of IAP, other studies demonstrated that it may contribute to nighttime IAP 

(Saksena et al. 2003).  Principles of energy efficient home design include:  passive solar design, 

using earth bricks rather than hollow cement blocks, using concrete, bricks or clay for flooring 

to trap in heat and solar radiation, double-glazing windows, constructing roof overhangs on 

northern sides of dwellings, ceiling installation, insulation through building cavity walls, 

plastering walls or using panels, and sharing walls in the form of row houses or semi-detached 
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houses (Klunne 2002).  If all new low-cost dwellings implemented at least the principle of 

passive solar design and ceiling installation, energy efficiency could be greatly improved.  

Many organizations have partnered together to develop the Eco Home Advisors Programme, 

which has developed a significant amount of energy efficient homes in Kimberley, South 

Africa (Clean Energy Group 2004).  Programs, like this one, are needed in other parts of South 

Africa, and governments should update building codes to include some of the principles 

mentioned. 

All of the recommendations mentioned thus far require substantial government support, 

and as a result, it could take many years before they are implemented on a large scale.  Short-

term interventions can be implemented, however, with minimal government support.  

Ventilation and behavioural initiatives may offer substantial IAP exposure reductions and can 

often be implemented immediately (Balakrishnan et al. 2004); thus, they can lower health risks 

until policy and enforcement measures can be designed.  In addition, these measures can be 

effected at little or no cost (Muller et al. 2003).  Currently, numerous ventilation strategies 

could be employed.  In new low-cost housing, the use of air bricks could promote ventilation 

(Thomas et al. 2002).  Cooking windows and hoods can also work to promote ventilation 

(Ballard-Tremeer and Mathee 2000).  In addition, opening at least two sources of ventilation 

(windows and/or doors) while fuels are being burned is a ventilation and behaviour 

intervention, which has demonstrated success in reducing IAP exposure (Barnes et al. 2004).  

During sampling to test interventions, 20 out of 29 families improved their practice of opening 

multiple windows (Barnes et al. 2004).  Cold weather was cited to be prohibitive for this 

method, however.  Fixing non-functioning windows could also improve ventilation; however, 

when researchers asked four families to do so, the cost of fixing it was found to be prohibitive 

in all cases (Barnes et al. 2004). 
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In terms of behavioural interventions, different strategies exist and have been tested to 

determine their effectiveness.  One tested strategy is reducing the duration that fuel is burned.  

Only 13 out of 26 families were able to successfully implement this strategy (Barnes et al. 

2004).  Again, warmth was the key barrier.  In addition, reducing fuel burning duration serves 

to increase responsibilities placed on already over-burdened mothers (Barnes et al. 2004).  

Another strategy is reducing the amount of time children spend next to fuel sources.  16 of 28 

families were able to do so.  Barriers to implementation include cold children and the guilt of 

leaving unhappy children in the care of someone else (Barnes et al. 2004).  Other strategies are: 

using pot lids to reduce total emissions during fire burning; separation of cooking and living 

areas (which many families have done through the use of a curtain); and stove maintenance and 

sound stove operation such as trimming wicks on paraffin cookers to reduce noxious fumes or 

avoiding overfilling stoves that might lead to increased emissions (Ballard-Tremeer and Mathee 

2000).    

 Lastly and most importantly, participation of community organizations and local social 

units is crucial for the success of any intervention (Ballard-Tremeer and Mathee 2000).  An 

intervention must be tailored to fit the needs of a community and the needs of different genders.  

A study on coping with environmental stressors by urban slum dwellers showed that significant 

gender differences existed in the behavioural strategies used in confronting environmental 

problems, including air pollution (Siddiqui and Pandey 2003).  Males reported greater 

helplessness, whereas females reported problem-solving behaviour (Siddiqui and Pandey 

2003).  This finding could suggest that females have developed their own coping strategies, 

which researchers should try to understand before interventions are designed.  In addition, by 

involving communities in the process of finding solutions, a sense of ownership and 

commitment to the success of interventions will be developed, thus leading to greater 

implementation (Ballard-Tremeer and Mathee 2000).    
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Appendix A- Letter of Information 

Letter of Information/Oral Consent (To be translated into the Zulu language) 
 
1. This research is being conducted by Leah Savage, a MES candidate under the supervision 

of Dr. Gary van Loon, Dr. Louise Winn and Dr. Allison Goebel as part of a larger project 
involving researchers at Queen’s University, the University of Western Ontario (both in 
Canada) and the University of KwaZulu-Natal. 

2. The topic that is being researched is titled “Urban Ecosystems and Human Health in South 
Africa.” The main purpose of the study is to find out if living in different types of housing and 
neighbourhoods in the city affects people’s health and the quality of the social environment. 
The particular aspect of the study that participants will be asked to take part in is issues of 
indoor air pollution, which may pose related health risks. Interviews will be conducted in 
which the participant will be asked to state their opinion on questions related to energy use 
and household activities. Researchers will also take air quality measurements over a period 
of time (up to 8 hours) throughout the day and make observations regarding the type of 
housing and the general environment around the house and neighbourhood.  Participants 
may be asked if they are willing to allow air quality measurements to be taken for more than 
one day. 

3. Participants will be interviewed once which is expected to last for no more than 30 minutes. 
There may be follow-up interviews to clarify or expand on points.  

4. There are no known physical, psychological, economic or social risks involved with the 
participation in the research.  

5. Participation in the research project is completely voluntary and participants are free to 
withdraw at any point during the research for any reason they may deem fit. 

6. Participants do not have to answer a question/questions that they are not comfortable with. 
Participants may ask to have any of their information removed from the study. 

7. Hand-written notes will be taken of the interview, filling in a questionnaire. 
8. The confidentiality of the participants shall be protected by means of concealing the names 

and identities of the participants, and the information in the form of raw data shall be kept 
safe in a locked drawer, either under the care of Prof. Fincham at the University of 
KwaZulu-Natal and/or under the care of Dr. Allison Goebel of Queen’s University, Canada. 

9. This research will contribute to several Masters dissertations (including mine) of both South 
African and Canadian students. Some of the research will also be used for academic 
publications, including possibly in book form, by the students and the professors involved. 
The academic community and any other interested person will have access to these 
publications. The research will also be used to develop policy briefs for municipal officers, 
Ward Councillors and community workers whose work involves the relevant areas, and 
information for local urban residents in relevant forms such as radio programming and/or 
booklets. The work will also be used in the development of new courses to be taught at the 
UKZN.  

10. There is no remuneration provided for participating in this research. 
11. Any complaints or queries regarding the nature or manner of research can be forwarded to 

the following persons/bodies: 
 

Prof. Rob Fincham (South African Team Leader) Fincham@ukzn.ac.za 
Director, Centre for Environment, Agriculture and Development (CEAD) 
University of KwaZulu-Natal, Pietermaritzburg 
Private Bag X01, Scottsville, 3209, South Africa 
Tel: (27) (0) 33 260 6156 Facsimile (27) (0) 33 260 615 
 
 
Dr. Allison Goebel (Canadian Team Leader) goebela@post.queensu.ca  
Departments of Environmental and Women’s Studies, Queen’s University, 
Kingston, Ontario, Canada K7L 3N6. 
Tel. (01) (613) 533-6000 ext. 75904 
 

mailto:Fincham@ukzn.ac.za
mailto:goebela@post.queensu.ca
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General Research Ethics Board (Queen’s Canada) 
Chair:  Dr. Joan Stevenson 
email:  stevensj@post.queensu.ca tel. (01) (613)533-6000 ext. 74579 
Queen’s University, Kingston, Ontario, Canada K7L 3N6 
 
ORAL CONSENT PROCESS: 
Do you agree to participate in this interview? YES/NO 
Do you agree to have your words quoted without your name used? YES/NO 
Participant’s Pseudonym_________________________

mailto:stevensj@post.queensu.ca


 

Appendix B- Urban Ecosystems and Human Health Survey 

Urban ecosystems and Human Health Project: UKZN and Queen’s U.  2006 

Parts Z and A. 
 
Survey #1. Housing, families, quality of life, services, communities and environments.  

 
PART Z: Non-site specific information  
Time Started:____________Time Ended Questionnaire:__________ 
 
Z1. Date:___________________ 
Z2. Enumerator Team 
01__ 
02___ 
03___ 
04___ 
05___ 
06___ 
07___ 
 
Z3: Survey Number:__________________________ 
 
PART A: To be completed by the research team through observation. This part can be 
completed after the interview part if it seems more appropriate. 

A1. Location of dwelling 

a. Ward 
01__8 semi-rural 
02__9 semi-rural 
03__16 Edendale 
04__17Ambleton new RDP housing 
05__18 Ambleton new RDP housing 
06__21 Edendale 
07__23 Peace Valley 2 in situ upgrade 
08__33 Eastwood/PG Bison 
09__35 Sobantu 
10__Acacia/Bisley social housing 
11___Pilot survey area (Cinderella Park) 
 
b. Neighbourhood or name of area (if known)___________________________ 
c. GPS reading ___________________________________________________ 
________________________________________________________________ 
d. House number (municipal data if available) __________________________ 
e. Street name if available ._________________________________________ 
f. Aspect 01__North    02__south   03__east   04__west 

A2. State of access road or pathway 

01______Paved 
02______Dirt 
03______No access road, pathway 
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A3. Accessibility of road or pathway to dwelling 

a. accessible by vehicle  00__YES   01__NO 
b. accessible by wheelchair  00__YES   01__NO 
c. accessible by foot only  00__YES   01__NO 
 

A4. Topology of dwelling site—check one 

01____flat terrain 
02____moderate slope 
03____steep slope 
04____flood plain 
 
A5. Dwelling type: the main structure(s) used by the household surveyed –check one 
(Census categories)  
01____formal dwelling (dwelling on separate stand or yard, flats and townhouses; made from brick or cement 
blocks) 
02____informal dwelling (shacks or informal settlements) 
03____traditional dwelling 1 (homestead of multiple structures all made from traditional materials) 
04____traditional dwelling 2 (homestead of multiple structures, some with formal material and some with 
traditional materials) 
05____other accommodation (in a backyard or shared property) 
 
A6. Dwelling and stand size (measure by tape measure or by steps outside building)  
_____total number of buildings 
_____dwelling area (total of all buildings excluding outdoor toilets) (m²) 
_____yard area (m²) 
 

A7. State or condition of the main buildings 

a. glass in all windows    00__YES   01__NO 
b. roof complete and in place   00__YES   01__NO 
c. doors on all doorways   00__YES   01__NO 
d. built of face brick     00__YES   01__NO 
e. built of concrete block   00__YES   01__NO 
f. exterior painted    00__YES   01__NO 
g. any outbuildings    00__YES   01__NO 
h. any extensions on main dwelling  00__YES   01__NO 
 
A8. Immediate outside environment (yard and garden) 

a. home vegetable garden  00__YES   01__NO 
b. shade and/or fruit trees   00__YES   01__N 
c. grass cover     00__YES   01__NO 
d. flower gardens or borders                    00__YES   01__NO 
e. dirt ground     00__YES   01__NO 
f. paved ground    00__YES   01__NO 
g. rubbish     00__YES   01__NO 
h. grey water     00__YES   01__NO 
i. open human waste or evidence of broken toilet 00__YES   01__NO 
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A9. Inside Dwelling 

a. evidence of rubbish   
b. evidence of open wood/coal smoke                               00__YES   01__NO 
c. unventilated kerosene or paraffin cooker/heater 00__YES   01__NO 
d. exposed electrical wires     00__YES   01__NO 
e. existence of a refrigerator     00__YES   01__NO 
f. number of windows _____    
g. number of rooms including the kitchen but excluding the toilet_____ 
 
A10. Is there water storage? 
00__YES      
01__NO 
If no, skip questions A11 and A12. 
 
A11. If there is water storage, what size is the container? 
01___25 litres or less 
02___greater than 25 litres 
 
A12. How clean is the water storage container? 
01___fairly clean 
02___dirty, not very clean. 
 
 
 
Urban ecosystems and Human Health Project: UKZN and Queen’s U.  

Parts Z, B, C and D. 

 

Survey #1. Housing, families, quality of life, services, communities and environments.  

 
PART Z: Non-site specific information  

Time Started:____________ 

Time Ended Questionnaire:_____________ 

 

Z1. Date:___________________ 

Z2. Enumerator Team 

01__ 

02___ 

03___ 

04___ 

05___ 

06___ 

07___ 
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Z3: Survey Number:__________________________ 

Part B. Questions for the Head of Household 

This section asks you questions about your household members, dwelling, services and 

environment. 

 

B1. Please identify the type of household headship. Check ONE. (answer both a and b) 

a. type of household b. status of head 

01__female headed 01__grandparent 

02__male headed 02__parent 

03__joint headed 03__child  

  

B2. How many people usually live here (i.e. sleep here at least 4 nights/week for most 
months of the year)? 
____ 

 

B3. How long have you been living here? Check ONE. 
01____less than one year 

02____between one and four years 

03____five years or more 

04____all one’s life before now 

B4 Where was the last place you lived before here? B5 For how long there? B6 In what 
type of dwelling? 
 

B4. Where was the last place 

you lived before here? (ie 

name city, township, 

informal settlement, rural 

area etc) 

B5. For how long 

there? 

B6. In what type of dwelling? 

 01___less than one 

year 

01_____formal dwelling 

02___between one and 

four years 

02_____informal dwelling 

03___five years or 

more 

03_____traditional dwelling 

04_____all one’s life 

before now 

04_____other accommodation 
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B7. Who owns this (current) dwelling? (that is in relation to the respondent) 
 01____self (respondent) 

 02___spouse of respondent 

 03___father of respondent 

 04___mother of respondent 

 05___other relative of respondent 

 06___other person who is not related to respondent 

(Specify)…………………………………………. 

 

B8. What is the type of occupancy arrangement of the dwelling? Check ONE. 
01__occupied by owner and/or owner’s family members 

02__rented by formal agreement (written lease or agreement) 

03__rented by informal agreement (no lease or written agreement) 

04__occupied rent-free 

05__ Other (specify)…………………………………………… 

 

B9. How did you and your household get access to this dwelling? Check ONE. (ie the one 
method that succeeded) 
01___I/We asked/were given by the Ward Councillor 

02___I/We asked/were given by our traditional leader 

03___I/We were approached by municipal officers 

04___I/We applied to the municipality 

05___I/We applied to the Department of Housing (provincial) 

06___I/We arranged it privately 

07___I/We inherited it 
08___Other (specify)………………………………………………………….. 

 

B10. In the case of a death of the household head, will others in the household be able to 
stay living there? Check ONE. 
00__YES    

01__NO 

02__don’t know 

03__other, please explain…………………………………………………………………. 

……………………………………………………………………………... 

B11. Have you made a will? 
00__YES    

01__NO 
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B12. What is the approximate household income/month from all sources and all earning 
members? 
01__ 0-1,499 

02__ 1,500-2,499 

03__2,500-3,499 

04__3,500- 

 

B13. Approximately how much does the household spend per month on the following? 
a. Housing/accommodation____________ rands/month 

b. Food/groceries____________________  rands/month 

c. Transport________________________  rands/month 

d. Education________________________  rands/month 

e. Services (e.g. water, electricity, sanitation, etc) ____________ rands/month 

f. Health care________________________  rands/month 

g. Savings club_______________________ rands/month 

h. Others? (specify)___________________ rands/month



 

 

Person a. 
Age 

b. 
Sex 

c. Relation-ship to 
Head 

d. Years of 
schooling complete 

e.Attendi
ng school 
or 
training 

f. Employment g. Collects a 
pension, social 
welfare, child 
grant or disability 
payment 

f. Work Location 
(area or company) 

1 Head  00__F 
01__M 

00___head 
01___spouse 
02___child 
03___parent 
04___other relative 
05___other non-relative 

01__No schooling 
02__Some primary 
03__Complete 
primary 
04__Secondary 
05__Grade 12 
06__Higher 

00__Y 
01__N 

01__ Employed in formal sector 
02__ Informal sector/self-employed 
03__not working 
04__none of these 

00__Y 
01__N 

 

2  00__F 
01__M 

00___head 
01___spouse 
02___child 
03___parent 
04___other relative 
05___other non-relative  

01__No schooling 
02__Some primary 
03__Complete 
primary 
04__Secondary 
05__Grade 12 
06__Higher 

00__Y 
01__N 

01__ Employed in formal sector 
02__ Informal sector/self-employed 
03__not working  
04__none of these 

00__Y 
01__N 

 

3  00__F 
01__M 

00___head  
01___spouse 
02___child 
03___parent 
04___other relative 
05___other non-relative 

01__No schooling 
02__Some primary 
03__Complete 
primary 
04__Secondary 
05__Grade 12 
06__Higher 

00__Y 
01__N 

01__ Employed in formal sector 
02__ Informal sector/self-employed 
03__not working 
04__none of these 

00__Y 
01__N 

 

4  00__F 
01__M 

00___head  
01___spouse 
02___child 
03___parent 
04___other relative 
05___other non-relative 

01__No schooling 
02__Some primary 
03__Complete 
primary 
04__Secondary 
05__Grade 12 
06__Higher 

00__Y 
01__N 

01__ Employed in formal sector 
02__ Informal sector/self-employed 
03__not working  
04__none of these 

00__Y 
01__N 

 

5  00__F 
01__M 

00___head  
01___spouse 
02___child 
03___parent 
04___other relative 
05___other non-relative 

01__No schooling 
02__Some primary 
03__Complete 
primary 
04__Secondary 
05__Grade 12 

00__Y 
01__N 

01__ Employed in formal sector 
02__ Informal sector/self-employed 
03__not working 
04__none of these 

00__Y 
01__N 
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B14. Continued for extra people. For each member of the hou d, please indicate their personal characteristics as listed. sehol

06__Higher 

6  00__F 
01__M 

00___head  
01___spouse 
02___child 
03___parent 
04___other relative 
05___other non-relative 

01__No schooling 
02__Some primary 
03__Complete 
primary 
04__Secondary 
05__Grade 12 
06__Higher 

00__Y 
01__N 

01__ Employed in formal sector 
02__ Informal sector/self-employed 
03__not working 
04__none of these 

00__Y 
01__N 

 



B15; B16; and B17. What is your main energy source for: Check ONE in each column. 
 

B15 Lighting  B16 Cooking B17 Heating 

01__Electricity 01__Electricity 01__Electricity 

02__Gas 02__Gas 02__Gas 

03__Paraffin 03__Paraffin 03__Paraffin 

04__Wood 04__Wood 04__Wood 

05__Coal 05__Coal 05__Coal 

06__Animal dung 06__Animal dung 06__Animal dung 

07__Solar 07__Solar 07__Solar 

08__Candles 08__Candles 08__Candles 

09__other (please specify) 09__other (please specify) 09__other (please specify) 

 

B18-B21. What is your main water source for:  

B18 Drinking B19 Cooking B20 Bathing B21 Laundry 

01__Piped Umgeni 

water (at/in dwelling) 

01__Piped Umgeni 

water (at/in dwelling) 

01__Piped Umgeni 

water (at/in dwelling) 

01__Piped Umgeni 

water (at/in dwelling) 

02__Piped Umgeni 

water (communal 

tap) 

02__Piped Umgeni 

water (communal tap)

02__Piped Umgeni 

water (communal tap)

02__Piped Umgeni 

water (communal tap) 

03__Piped spring 

water 

03__Piped spring 

water 

03__Piped spring 

water 

03__Piped spring water 

04__Borehole 04__Borehole 04__Borehole 04__Borehole 

05__Rain-water tank 05__Rain-water tank 05__Rain-water tank 05__Rain-water tank 

06__Dam 06__Dam 06__Dam 06__Dam 

07__Reservoir  07__Reservoir  07__Reservoir  07__Reservoir  

08__Spring 08__Spring 08__Spring 08__Spring 

09__Stream/River 09__Stream/River 09__Stream/River 09__Stream/River 

10__Water vendor 10__Water vendor 10__Water vendor 10__Water vendor 

11__None of these 

(Specify) 

 

11__None of these 

(Specify) 

 

11__None of these 

(Specify) 

 

11__None of these 

(Specify) 
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B22. Have you consumed drinking water that is NOT from Umgeni (municipal water) IN 
THE LAST WEEK? 
00__Yes 
01__No 
02__If yes, what is the source?  Explain further if 

desired………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………… 

 

B23. Do you think your household members use soap and water to wash hands regularly (2-

3 times per day)? 

00__Yes 

01__No 

02__don’t know 

 

 

B24. How are baby nappies washed? Check ONE. 

01____with soap and water in wash tub  
02____with water only in wash tub 

03____with soap in sink or bathtub 

04____with water only in sink or bathtub  

05____in river or stream with soap 
06____in river or stream without soap 

07____in an automatic washing machine 

08____other (Specify)……………………………………………………. 

09____don’t know 

10____don’t have any nappies to wash (skip next question) 

 

B25. If baby nappies are washed in a wash tub, how is the waste water usually disposed of? 
CHECK ONE. 
 

01___water is dumped on the ground in the yard/garden 

02___water is dumped in a flush toilet  

03___water is dumped in a pit latrine 

04___water is dumped in a common or vacant area 
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05___water is dumped in river or stream 

06___other (Specify)…………………………………………………. 

07___don’t know 

08____not applicable 
 
B26. Which of the following municipal services to you receive? 
a. Water  

00__Yes 

01__No 

02__don’t know 

 

b. Electricity  

00__Yes 

01__No 

02__don’t know 

 

c. Sewerage  

00__Yes 

01__No 

02__don’t know 

 

d. Household waste removal  
00__Yes 

01__No 

02__don’t know 

 

B27-29. How do you pay for municipal services? 
 B27. Water B28. Electricity B29. Waste Removal 

01__Card system 01__Card system 01__Card system 
02__Municipal bill 02__Municipal bill 02__Municipal bill 

03__Community levy 03__Community levy 03__Community levy 

04__Other (specify) 04__Other (specify) 04__Other (specify) 

05__Don’t pay 05__Don’t pay 05__Don’t pay 

06__not applicable 06__not applicable 06__not applicable 
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B30. What type of toilet facilities does the dwelling have? (Census categories) Check ONE. 
01___ own flush toilet (connected to sewer system) 

02___own  flush toilet (with septic tank) 

03___ own flush toilet (with on-site drainage) 

04___own Chemical toilet 

05___ Pit latrine with ventilation 

06___ Pit latrine without ventilation 

07___ Bucket latrine 

08___community (shared) toilet 

09___ None 

 
B31. How many people regularly use this toilet? 

01_______ 

02_______don’t know 

 

B32. If there is a flush or chemical toilet, does it work…..?—Check ONE. (If don’t have a 
flush or chemical toilet go to B34) 
01___Always 

02___Mostly 

03___Sometimes 

04___Never 

 

B33. If the flush toilet does not work sometimes, what do you do when it is not working?—

Check ALL that apply. (If toilet always works, go to B35). 

01___bucket system 

02___use a neighbour’s, school’s or other toilet in the area 

03___bush system 

04___other (list)………………………………………………….. 

 

B34. If you have a pit latrine system, what do you usually do when it is full? CHECK ONE. 

01___call municipality to empty it 

02___have it emptied privately 

03___relocate the latrine 
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04___other (Specify)……………………………………………………………………………… 

 

B35-B43. Please state your level of satisfaction for each aspect of your dwelling listed. 

Aspect of 

dwelling 

Very 

satisfied 

Somewhat 

satisfied 

Neither 

satisfied or 

dissatisfied 

Somewhat 

dissatisfied 

Very 

dissatisfied 

Not 

applicable 

B35. Quality 

of materials 

(walls, roof, 

windows, 

etc) 

01 02 03 04 05 06 

B36. Size of 

dwelling 

01 02 03 04 05 06 

B37. 

Location  

01 02 03 04 05 06 

B38. Stand 01 02 03 04 05 06 

B39. Cost 01 02 03 04 05 06 

B40. Level 

of repair 

01 02 03 04 05 06 

B41. Water 

services  

01 02 03 04 05 06 

B42 

Electricity 

Services 

01 02 03 04 05 06 

B43 

Sanitation 

Services 

01 02 03 04 05 06 

 

B44. Please comment on any aspect with which you are somewhat dissatisfied or very 

dissatisfied. 

………………………………………………………………………………………………. 

………………………………………………………………………………………………. 
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………………………………………………………………………………………………. 

………………………………………………………………………………………………. 

 

B45 Any other comments regarding housing services? 
……………………………………………………………………………………………….. 
……………………………………………………………………………………………….. 
……………………………………………………………………………………………….. 
……………………………………………………………………………………………….. 
 

B46. Which of the following best describes your relationship to others in your community?  

a. I know my neighbours          

00__Yes  01__No 

b. I share food, money or labour with neighbours or other community members   

00__Yes  01__No 

c. I have extended family in my community      

00__Yes  01__No 

d. I share food, money or labour with my extended family in the community  

00__Yes  01__No 

e. I have no community relationships       

00__Yes  01__No 

f. Don’t know          

00__Yes  01__No 

 

B47-50. In times of need or crisis, who would you turn to for help for the following problems?  
Problem 

Type 

Who to turn to? 

B47. health 

issues 

a. family members    00__Yes  01__No 

b. neighbours     00__Yes  01__No 

c. church or other faith-based group(s)   00__Yes  01__No 

d. government service provider   00__Yes  01__No 

e. non-governmental or community organization 00__Yes  01__No 

f. no one     00__Yes  01__No 

g. other 

(specify)……………………………………………………………………………..
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B48. 

housing 

problems 

a. family members    00__Yes  01__No 

b. neighbours     00__Yes  01__No 

c. church or other faith-based group(s)   00__Yes  01__No 

d. government service provider   00__Yes  01__No 

e. non-governmental or community organization 00__Yes  01__No 

f. no one     00__Yes  01__No 

g. other 

(specify)……………………………………………………………………………..

B49. 

financial 

problems 

a. family members    00__Yes  01__No 

b. neighbours     00__Yes  01__No 

c. church or other faith-based group(s)   00__Yes  01__No 

d. government service provider   00__Yes  01__No 

e. non-governmental or community organization 00__Yes  01__No 

f. no one     00__Yes  01__No 

g. other 

(specify)……………………………………………………………………………..

B50. 

accidents or 

injuries 

a. family members    00__Yes  01__No 

b. neighbours     00__Yes  01__No 

c. church or other faith-based group(s)   00__Yes  01__No 

d. government service provider   00__Yes  01__No 

e. non-governmental or community organization 00__Yes  01__No 

f. no one     00__Yes  01__No 

g. other 

(specify)……………………………………………………………………………..

 

 

B51. Which of the following best describes your feeling of safety in your community? Check 

ONE only. 

01___You ALWAYS feel safe in your community 

02___You MOSTLY feel safe in your community 

03___You SOMETIMES feel safe and SOMETIMES feel unsafe in your community 

04___You MOSTLY feel unsafe in your community 
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05___You ALWAYS feel unsafe in your community 

06___Don’t know 

 

 

B52. How do you feel about the following places in your neighbourhood or community? 

 pleasing/restful/ 
enjoyable 

Neither 
pleasing nor 
threatening 

Unsafe/ 
threatening 

Not 
applicable 

a. River 01 02 03 04 

b. Park 01 02 03 04 

c. Community 
hall 

01 02 03 04 

d. 
Forest/woodlands
/bush 

01 02 03 04 

e. Sports field 01 02 03 04 

 

B53-B55. In your environment do you feel there are any threats to human health and safety? 
 

B53. Any health and 
safety threats in the 
dwelling? 

B54. Any health and safety 
threats in the community or 
neighbourhood? 

B55. Any health and safety 
threats in the environment 
as a whole (i.e. city or 
nation?) 

00__Yes 
01___No 
 

00__Yes 
01___No 
 

00__Yes 
01___No 
 

02__Specify if “yes”. 
 
 
 

02__Specify if “yes”. 02__Specify if “yes”. 
 
 

 

B56.  Do any of the following characteristics exist in your neighbourhood to the extent that they 

are physically or psychologically distressing to be near? Check ALL that apply. 

 

a.___noise     00__Yes 01___No 

b.___bad odours   00__Yes 01___No 
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c.___smoke or fumes    00__Yes 01___No 

d.___unsightly areas                    00__Yes   01___No 
e.___mosquitoes                          00__Yes   01___No 
f.___flies     00__Yes 01___No 

g.___rats     00__Yes 01___No 

h.___roaming dogs    00__Yes 01___No 

i.___other distressing things (Specify)…………………………………………………………. 

j.___Please comment on the sources or other aspects of items 

picked.………………………………………………………………………………………………

……………………………………….………………………………………………………………

………………………………………………………………………………………………………

………………………………………….. 

 

B57. Which of the following best describes your feelings about this dwelling? Check ONE only. 

01__I have a strong attachment to this place as my home and where I belong. 

02__I stay here but my real home is somewhere else. 

03__I hope to find a better to place to live soon. 

04__I dislike this place but have no other options. 

05__I like this place but am afraid that I will be forced to leave here soon. 

06__Other (Specify)…………………………………………………………. 

 

B58. Do you have any final things you would like to tell us about your home, community or 

environmental issues?  

………………………………………………………………………………………………………

……………..………………………………………………………………………………………

……………………………..………………………………………………………………………

……………………………………………..………………………………………………………

……………………………………………………………. 

 

PART C. Health Issues. We would now like to ask you a few questions about the health status of 

the household members. 
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C1-C7. Which of the following symptoms or diseases a) are people in your household 

experiencing NOW, and b) have people in your household experienced in the last YEAR?  

(input a number for each box) 

 

Symptom or 
condition 

Number of Persons 
0-4 years 
 

Number of Persons 
5-14 years 

Number of Persons 
15 and over  years 

C1. Bloody 
diarrhoea (>3 loose 
stools a day) 

a. Now 
 

b. in last 
year 

c. Now 
 

d. in last 
year 

e. Now 
 

f. in last 
year 

C2. Watery 
diarrhoea (>3 loose 
stools a day) 

a. Now 
 

b. in last 
year 

c. Now 
 

d. in last 
year 

e. Now 
 

f. in last 
year 

C3. Asthma 
(diagnosed by health 
professional) 

a. Now 
 

b. in last 
year 

c. Now 
 

d. in last 
year 

e. Now 
 

f. in last 
year 

C4. TB (diagnosed 
by health 
professional) 

a. Now 
 

b. in last 
year 

c. Now 
 

d. in last 
year 

e. Now 
 

f. in last 
year 

C5. Scabies 
(diagnosed by health 
professional) 

a. Now 
 

b. in last 
year 

c. Now 
 

d. in last 
year 

e. Now 
 

f. in last 
year 

C6. Cough with 
Sputum for more 
than 3 weeks 
(observed by 
household head) 

a. Now 
 

b. in last 
year 

c. Now 
 

d. in last 
year 

e. Now 
 

f. in last 
year 

C7. Sores or legs. a. Now 
 

b. in last 
year 

c. Now 
 

d. in last 
year 

e. Now 
 

f. in last 
year 

 

C8-14. The following question is about injuries, such as a broken bone, cut or burn, head 

injury, or sprained ankle that occurred in the past 3 months, and were serious enough to 

require medical attention by a doctor, nurse, dentist, traditional healer, or limit normal 

activity.  
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Injury a. Number of 
Persons 0-4 
years 

b. How many of 
these injuries took 
place at home?  

c. Number of 
Persons 5-14 
years 

d. How many of 
these injuries 
took place at 
home? 

e. Number  
of Persons 15 
and over 
years 

f. How many of 
these injuries took 
place at home? 

C8. Broken or 
fractured bone 

      

C9. Burns or 
scalds 

      

C10. Cuts, 
scrapes or bruises 

      

C11. Poisoning       

C12. Dental 
injury 

      

C13. Dog Bite.        

C14. Other 
(specify) 
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C15. Does anyone in the household smoke cigarettes on a daily basis? (If no, go to question C18.) 

00__Yes 01___No  

 

C16. If there is a smoker in the household, does this person smoke inside the dwelling? 
01___Always 

02___Sometimes 

03___Never 

04___Don’t know 
 
C17. Would you like to make any comments about the health of your household members? 
………………………………………………………………………………………………………
……..………………………………………………………………………………………………
……………..………………………………………………………………………………………
…………………….. 
 

D. 1 Would you be willing to allow team members to visit your home again within the next few 

months to complete 1. indoor air quality testing; and/or 2. health status research? This will 

include more questions for you.  

 

a return visit for air quality testing. 

00__Yes 01___No  

 

a return visit for health status research. 

00__Yes 01___No  

 

AT END: THOSE ARE ALL OF OUR QUESTIONS. THANK YOU FOR YOUR PATIENCE 

AND PARTICIPATION.  

 
Reflections or comments about the interview (to be completed by the survey team) 
 
___________________________________________________________________ 
 
___________________________________________________________________ 
 
___________________________________________________________________ 
 
___________________________________________________________________ 
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Appendix C- Air Quality and Health Survey 

 
Air Quality and Health Survey 
 
Date: __________________________ 
 
Location of Dwelling: 
___  (01) Ambleton 
___  (02) Cinderella Park 
___  (03) Peace Valley 
 
GPS Reading ____________________________________ 
 
 
PART A:  To Fill in By Observation 
 
1.  Dwelling Characteristics 
 
a)  Building Materials: 
 
Roof:  ____  (01) Corrugated Iron 
           ____  (02) Tile 
           ____  (03) Asbestos 
           ____  (04) Other: Please describe ____________________________________ 
 
Walls:  ____ (05) Brick/Cement Block 
            ____ (06) Mud 
            ____ (07) Corrugated Iron 
 ____ (08) Wood 
            ____ (09) Other:  Please describe ____________________________________ 
 
Floor: ____ (10) Cement 
            ____ (11) Mud 
            ____ (12) Wood 
            ____ (13) Other:  Please describe _____________________________________ 
 
b)  Location of Kitchen: 
 
Is the kitchen a separate room?  ____ (01) yes 
    ____ (02) no 
    ____ (03) partitioned by a curtain, etc. 
 
c)  Location of Heat Source: 
 
Where is the heating source usually located overnight?    ____ (01) main room 
          ____ (02) bedroom(s) 
           ____ (03) kitchen 
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           ____ (04) other: please describe  
                          
_____________________________ 
        ____ (05) no heating source 
 
2.  Energy Technology 
 
a)  What type of stove/ paraffin burner is used for cooking? (please list make and model) 
 
 
 
 
 
3.  Ventilation 
 
a)  Does a chimney exist? ____ (01) yes 
       ____ (02) no 
 
 
b)  If one exists, is it part of the combustion sources? ____ (01) yes 
              ____ (02) no 
  
4.  Immediate Outside Environment 
 
a)  What is the proximity of the house to a road or highway (in metres)? *use aerial 
photography to determine 
 
 
 
b)  Is the road: _____ (01) paved? 
             _____ (02) dirt? 
 
 
PART B:  Questions for the Head of the Household or Representative 
 
* Where possible, please direct questions to the head FEMALE* 
 
1.  Identify the respondent: 
 
     _____ (01) head female 
     _____ (02) head male 
     _____ (03) older child (must be over 16 years) 
     _____ (04) other: please list __________________________  
 
2.  Ventilation 
 
a)  Is a window or door left open when:  
 
cooking? ____ (01) always _____ (02) sometimes ____ (03) never  
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lighting? ____ (04) always _____ (05) sometimes ____ (06) never 
heating? ____ (07) always _____ (08) sometimes ____ (09) never 
 
3.  Time/Activity Patterns 
 
a)  How many hours per day (on average) are spent using fuel for the following in each season: 
 
 Winter Summer 

Cooking (01) (02) 

Heating (03) (04) 

Lighting (05) (06) 
 

b) Please fill in the following chart for each member in the household (estimation is fine): 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



Person a) Age b) Sex c) Hours spent inside 
dwelling? 

d) Hours spent 
outdoors? 

e) Hours spent at 
work/school? 

f) Hours 
Spent 

Cooking? 

g) Respiratory Symptoms 

   (i)Winter (ii)Summer (i)Winter (ii)Summer (i)Winter (ii)Summer   

1. head 
 
 

 01 __ F 
02 __ M 

       01__ Chronic Cough 
02__ Wheezing 
03__ Shortness of Breath 
04__ Blocked-Runny Nose 
05__ Eye Irritation 

2. respondent 
 
 

 01 __ F 
02 __ M 

       01__ Chronic Cough 
02__ Wheezing 
03__ Shortness of Breath 
04__ Blocked-Runny Nose 
05__ Eye Irritation 

3. main cook 
 
 

 01 __ F 
02 __ M 

      * 01__ Chronic Cough 
02__ Wheezing 
03__ Shortness of Breath 
04__ Blocked-Runny Nose 
05__ Eye Irritation 

4. 
 
 

 01 __ F 
02 __ M 

       01__ Chronic Cough 
02__ Wheezing 
03__ Shortness of Breath 
04__ Blocked-Runny Nose 
05__ Eye Irritation 

5. 
 
 

 01 __ F 
02 __ M 

       01__ Chronic Cough 
02__ Wheezing 
03__ Shortness of Breath 
04__ Blocked-Runny Nose 
05__ Eye Irritation 

6. 
 
 

 01 __ F 
02 __ M 

       01__ Chronic Cough 
02__ Wheezing 
03__ Shortness of Breath 
04__ Blocked-Runny Nose 
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Person a) Age b) Sex c) Hours spent inside 
dwelling? 

d) Hours spent 
outdoors? 

e) Hours spent at 
work/school? 

f) Hours 
Spent 

Cooking? 

g) Respiratory Symptoms 

05__ Eye Irritation  

7. 
 
 

 01 __ F 
02 __ M 

       01__ Chronic Cough 
02__ Wheezing 
03__ Shortness of Breath 
04__ Blocked-Runny Nose 
05__ Eye Irritation  

8. 
 
 

 01 __ F 
02 __ M 

       01__ Chronic Cough 
02__ Wheezing 
03__ Shortness of Breath 
04__ Blocked-Runny Nose 
05__ Eye Irritation 

9. 
 
 

 01 __ F 
02 __ M 

       01__ Chronic Cough 
02__ Wheezing 
03__ Shortness of Breath 
04__ Blocked-Runny Nose 
05__ Eye Irritation 

10. 
 
 

 01 __ F 
02 __ M 

       01__ Chronic Cough 
02__ Wheezing 
03__ Shortness of Breath 
04__ Blocked-Runny Nose 
05__ Eye Irritation 
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Appendix D- Time-Fuel Diary 

Date:________________________________ 

Location: ____________________________ 

 

To Fill Out During the Day: 

 

What times did you cook today? 

Start Time Finish Time 

1.  

2.  

3.  

4.  

5.  

6.  

7.  
 

What times did you heat your dwelling? 

Start Time Finish Time 
1.  

2.  

3.  

4.  

5.  

6.  

7.  
 

What times did you light your dwelling? (only fill out if candles or paraffin were used) 
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Start Time Finish Time 
1.  

2.  

3.  

4.  

5.  

6.  

7.  
 

 
 

 



 

Appendix E- Health Education Tool 

Ways To Reduce Exposure to Indoor Air 
Pollution 

 
 

 
 

 

 

 

 

Improve ventilation: Open 
windows and doors during 
and after cooking. 

 

Child Location: try to keep  
children away from 
cooking areas. 
 

 

 

 

 

 

 

  
 

 

 

Reduce smoke: Reduce 
time spent cooking and 
heating where possible. 
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Appendix F- Indoor Exposure Calculations 

By combining time activity pattern data with indoor air pollution concentrations, indoor 

exposure levels were calculated in this study for each individual by using the equation: 

E = t i ci   

where t is the time that an individual spends in the indoor environment (i) and c is the 

concentration of the pollutant measured in that indoor environment (i).  It is recognized that this 

calculation does not include all possible microenvironments of exposure, and hence does not 

provide a comprehensive assessment of total human exposure to indoor air pollution.  However, a 

daily-integrated approach to assessing exposure, as described in a study by Ezzati et al. (2000), 

was beyond the scope of the study.  Daily indoor exposure levels calculated in this study were for 

the winter season, as IAP monitoring was conducted during this time (Table F). 

 

 

 PM2.5 
exposure 

PM10 
exposure 

CO  
exposure 

SO2 
exposure 

  Mean 
(µg(h)/m3) 

Mean 
(µg(h)/m3) 

Mean 
(ppm(h)) 

Mean  
(ppm(h)) 

0-5 Male 202 1005 97 4.4 

0-5 Female 190 871 133 1.06 

6-15 Male 161 841 59 2.0 

6-15 Female 130 610 20 0.94 

16-50 Male 175 841 116 4.0 

16-50 Female 177 811 59 2.02 

51+ Male 464 1442 20 0.53 

51+ Female 81 652 117 4.9 

 
Table F.  Daily indoor exposure levels differentiated by age and gender. 

 

From this calculation, it was found that males aged 51+ had the highest level of exposure to PM 

2.5 & 10, followed by 0-5 males and females.   However, it should be noted that only a small amount 

of males (n=2) were present in the 51+ age group.  As such, the exposure values for this group 
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should not be generalized to other populations (within that age and gender group).  In addition, it 

should be noted that exposure values were calculated by using an average concentration, and as 

such, it does not incorporate any peaks of exposure.  Therefore, it is unclear whether females are 

subjected to high-emissions periods, which could leave them exposed to high concentrations of 

pollutants, as mentioned in previous studies (Ezzati et al. 2000).  Based on the limited 

calculations which could be done, groups which reported they spent time cooking exhibited the 

highest levels of CO and SO2 exposure (6-15 males, 16-50 males and females, and 51+ females).  

Children (0-5 years of age) also exhibited high levels of CO and SO2 exposure, presumably 

because they are inside the dwelling when cooking is taking place.  

A handful of studies chose to similarly evaluate exposure based on gender and age 

groups.  However, in the majority of studies the age categories are not analogous to this study, 

nor is the aerodynamic diameter of PM.  As such, it is extremely difficult to explore similarities 

across studies.  Terblanche et al. (1993) evaluated exposures of children aged 8-12 in the Vaal 

Triangle in South Africa.  He used personal monitors to determine exposure and found a similar 

difference between youth males and females.  Males were found to have higher exposures than 

females did; this finding is consistent with our study.  Conversely, Ezzati and Kammen (2002) 

found that PM10 exposure concentrations were lowest among males aged 6-15 and 16-50 and 

highest among females aged 6-15, 16-50 and >51.  Females exhibited the highest exposures due 

to frequency and proximity to fire during cooking.  Engle et al. (1997) also reported high rates of 

exposure among women and young children.  While those who cooked exhibited high CO and 

SO2 exposure concentrations in this study, the trend was not observed for PM.  The small sample 

size in this study makes it difficult to look for exposure trends; however, this is a limitation 

currently facing many other IAP studies as well.  More detailed personal monitoring or detailed 

time diaries are necessary to accurately assess exposure, and as such, these are recommendations 

for future South African studies.  
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