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About this report:

The ASAP-East Africa vulnerability scoping studies explore the experiences of those particularly vulnerable
populations, occupations and locations in the East African cities of Addis Ababa, Kampala and Nairobi, exposed
to high levels of both indoor and outdoor air pollutants. By undertaking vulnerability scoping studies, the
research team seeks to generate a more textured understanding of specific characteristics and factors
associated with vulnerability to air pollution. This will allow the exploration of these vulnerabilities across cities
and facilitate the development of targeted recommendations that respond to the needs of specific populations,
occupations or locations.
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Executive Summary

Air pollution is a global environmental health threat, contributing to an estimated 3-7 million deaths per year
globally. Whilst various types of air pollution exist, particulate matter (PM) air pollution contributes the most to
global burden of disease. The effects of air pollution on human health are well documented in a range of
epidemiological studies; exposure increases the risk of lung cancer, heart disease, bronchitis and other
cardiorespiratory conditions. Whilst air pollution is considered to impact on all groups, particularly when exposed
over prolonged periods of time, some groups are considered to be more susceptible than others. Low income
groups are often considered more vulnerable given dependency on polluting fuels and increased susceptibility.
The sixth of the ASAP-East Africa vulnerability scoping studies explores the vulnerability of low income
households in Kampala. Vulnerability scoping studies provide readers with a synthesis of existing evidence and
theoretical approaches to the study of air pollution exposure. This synthesis in turn contextualises the empirical

data gathered during the study and allows the reader to relate findings to existing literature.

This study has explored the exposure of low income groups in Kampala via the deployment of low cost PM
sensors in indoor settings. The study also probed perceptions of low income groups regarding air pollution.
Findings underscore the vulnerability of low income groups to air pollution and suggests that people from low
socioeconomic backgrounds are likely to face a dual burden of exposure in both indoor and outdoor
environments. Data gathered during this study indicates that air pollution levels in indoor (household) and outdoor
(AIR QO monitoring sites) settings regularly exceed WHO guideline amounts. Average PM concentrations, in the
PM:zs size range, were measured to be 72.61 + 64.42 ug/m2in households that used charcoal and firewood
compared to 43.46 + 33.44 pg/m?efor households that reported using LPG and electricity. Further to this, air
pollution levels tend to peak during cooking periods, consistently recording levels beyond air quality indices. Data
gathered from the AIR QO monitoring sites showed that ambient levels of air pollution are also of concern,

averaging 41.64 yg/m2and peaking at 73.47 ug/m? (moderate to unhealthy levels).

Survey findings suggest that low income groups are relatively cognisant of their inherent vulnerability to air
pollution, perceiving their vulnerability on a scale of 1-5 at an average of 3.08/5 (five indicating extreme levels of
vulnerability). Low income groups also demonstrated a mixed understanding of the potential sources of air
pollution, though this is to be expected given the relative lack of knowledge regarding air pollution in many
societies. This study underscores that good air quality in household environments is central to the provision of a
safe, healthy, productive, and comfortable living environments. Given the inherent vulnerability of low income
groups to air pollution exposure, coupled with the significant proportion of time certain household members spend
indoors, it is clear that there is a need to develop policies that protect low income groups from exposure to
unhealthy levels of air pollution in such settings. This is a particularly pressing concern given the extent of energy

poverty and informality across the global south.
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Introduction

Air pollution is a global environmental health threat contributing to an estimated three million deaths per year
worldwide (Lelieveld et al., 2015). The Global Burden of Disease project (World Bank & IHME, 2016) estimates a
figure for premature deaths closer to 5.5 million (one in every ten and the fourth highest factor for causing early
death). The most extreme estimates are presented by the World Health Organisation (WHO, 2014), reporting that

in 2012 over seven million people died - one in eight of total global deaths - as a result of air pollution exposure.

The effects of air pollution on human health are well documented in a range of epidemiological studies; exposure
increases the risk of lung cancer, heart disease, bronchitis and other cardiorespiratory conditions (Kelly & Fussell,
2015). The economic cost of this health loss is also significant, the World Bank estimates that globally in 2013 air
pollution led to an estimated $5.11 trillion in welfare losses, and $225 billion in lost labour income (World Bank &
IHME, 2016). The World Bank concludes that air pollution “is not just a health risk but also a drag on
development...By causing illness and premature death, air pollution reduces the quality of life. By causing a loss

of productive labour, it also reduces incomes” (ibid: 2).

Whilst these headline figures are alarming, they tend to gloss over the disproportionate impact of poor air quality
on certain populations, locations and occupations. Common approaches to assessing the impact of air pollution
have tended to assume an equal vulnerability, sensitivity or susceptibility to air pollution (Stilianakis, 2015). This
assumption masks differences in exposure and risk across populations, locations and occupations with air quality
in cities varying both spatially and temporally (Kathuria & Khan, 2007). Although average changes in risk
associated with exposure to air pollution are considered small, some individuals or groups can be considered

more vulnerable or susceptible than others, for example low income groups (Avis & Khaemba, 2018).

Vulnerability scoping studies

The ASAP-East Africa vulnerability scoping studies explore the experiences of those particularly vulnerable
populations, occupations and locations in the East African cities of Addis Ababa (Ethiopia), Kampala (Uganda)
and Nairobi (Kenya), exposed to high levels of indoor or outdoor air pollutants. By undertaking vulnerability
scoping studies, the research team seeks to generate a more textured understanding of specific characteristics
and factors associated with vulnerability to air pollution. This will allow the exploration of these vulnerabilities
across cities and facilitate the development of targeted recommendations that respond to the needs of specific

populations, occupations or locations.

Whilst air pollution is considered to impact on all groups, particularly when exposed over prolonged periods of
time, some groups are considered to be more susceptible than others. The WHO considers as vulnerable groups;
young children, the elderly, persons with certain underlying diseases, foetuses, groups exposed to other toxicants
that interact with air pollutants and those with low socioeconomic status (WHO, 2004). The sixth of the ASAP-East
Africa vulnerability scoping studies explores the vulnerability of low income groups living in the Namuwongo

informal settlement in Kampala.



Vulnerability scoping studies provide readers with a synthesis of existing evidence and theoretical approaches to
the study of air pollution exposure. This synthesis in turn contextualises the empirical data gathered during the

study and allows the reader to relate findings to existing literature.
Low income groups and air pollution

Rapid urbanisation, inequality and environmental risk! are global trends exerting an impact on society. It is
broadly accepted that for the first time, the majority of the world’s population lives in what can loosely be classified
as ‘urban areas’. In 2014, an estimated 54% (around 3.8 billion people) lived in towns or cities (UNDESA, 2014:
1). By 2050, 66% of people are projected to be living in urban areas, with the highest rates of urban growth
expected in low- and middle-income countries (LICs and MICs) (ibid.).

More specifically, it is in poor informal or slum settlements on the peri-urban periphery that growth is expected to
be greatest, indeed poverty in LICs and MICs is becoming increasingly urban. The growth of informal settlements,
slums or poor residential neighbourhoods is a global phenomenon accompanying the expansion of urban
populations. An estimated 25% of the world’s urban population live in informal settlements, with 213 million
informal settlement residents added to the global population since 1990 (UN-Habitat, 2013: 126-8). Informal

settlements are residential areas where (UN-Habitat, 2015; Brown, 2015):

e inhabitants often have no security of tenure for the land or dwellings they inhabit;

e they may squat or rent informally;

e neighbourhoods usually lack basic services and city infrastructure;

¢ housing may not comply with planning and building regulations and is often situated in geographically and

environmentally sensitive areas.

A number of interrelated factors have driven the emergence of informal settlements: population growth; rural-
urban migration; lack of affordable housing; weak governance (particularly in policy, planning and urban
management); economic vulnerability and low-paid work; marginalisation; and displacement caused by conflict,

natural disasters and climate change (UN-Habitat, 2015b).

Many governments refuse to acknowledge the existence of informal settlements, which undermines citywide
sustainable development and prosperity. These settlements are often geographically, economically, socially and
politically disengaged from wider urban systems and excluded from urban opportunities and decision-making (UN-
Habitat, 2015). According to the World Bank? the percent of the urban population living in informal settlements in
Uganda was 54%, Kenya 56% and Ethiopia 74%.

1 Environmental Risk can be defined as the “actual or potential threat of adverse effects on living organisms and the
environment by effluents, emissions, wastes, resource depletion, etc.

2 National differences mean the distinction between urban and rural populations is not amenable to a single definition for all
countries or even to the countries within a particular region: 6% of countries have no official urban definition and 11% report
that their population is either entirely urban or entirely rural (Buettner, 2014).

3 https://data.worldbank.org/indicator/EN.POP.SLUM.UR.ZS
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A recurrent issue in informal settlements is the quality of housing. Homes in East African informal settlements are
typically constructed of tin/corrugated iron roofing and mud or tin/corrugated iron sheet walls. According to the
African Population and Health Research Centre (APHRC, n.d.), most households rent one room measuring circa
10 x 10 feet with rooms often serving multiple functions i.e. as a kitchen, bedroom and living room (APHRC, n.d.).
The rooms usually have one door and one window, although in some cases there are no windows. Poor quality

housing has been shown to impact negatively on health and wellbeing, increasing the risk of ill-health or disability.

Living in informal settlements may also increase exposure to environmental risk. Exposure to environmental risks
are determined by a number of technological, environmental, and behavioural factors and key environmental
health issues in the global south include poor water and sanitation, flooding, indoor air pollution from solid fuels
and urban ambient air pollution. In the context of this report, air pollution is the focus, both household and
ambient. Whilst various estimates of mortality associated with air pollution exist, the WHO asserts that there are
4.2 million deaths every year as a result of exposure to ambient (outdoor) air pollution and 3.8 million annually as
a result of household (indoor) exposure primarily related to smoke from cooking and heating®. It is important to
note that the estimated mortality rate associated with air pollution based on general population studies may not be

representative of the effects on certain subgroups (Cakmak et al., 2007).

Low income groups are often disproportionately exposed to higher levels of air pollution related to poor housing
structures, close proximity to air pollution sources and dependency on certain fuel sources for cooking, heating
and lighting. The location of low income areas and informal settlements may exert a significant impact on air
quality and exposure. Global evidence suggests that low income areas are often located in close proximity to
busy highways, within industrial zones or near open dumpsites. This is a product of individuals seeking livelihood
opportunities and of market forces as locations with higher environmental risks are perceived to be less valuable.
The Namuwongo informal settlement is located in close proximity to an industrial area with numerous respondents
in our survey identifying emissions from factories as a source of pollution. The European Environment Agency
(2009: 14) has commented that “poorer people, immigrants, and other disadvantaged groups typically inhabit the
worst parts of the city, for example near contaminated sites, and are more affected by the lack of green space and
public transport services, by noise and dirty roads and by industrial pollution”. It is also suggested that populations
living in such areas are more vulnerable as they have fewer coping mechanisms to deal with risk (e.g. lower levels

of awareness or social capital) (Environment Agency 2009).

Outdoor measurements of PM2.s concentrations in informal settlements in Nairobi found that there were spatial
and temporal variations with areas close to major outdoor sources such as dumpsites having higher
concentrations, while mornings and evenings were also noted to have elevated levels (Avis et al., 2019; Egondi et
al., 2016). In a context of weak or non-existent policies to minimise emissions from various sources, certain

informal settlements may experience high exposure to air pollution compared to other areas of the city.

4 https://www.who.int/airpollution/en/
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Conversely, given the density of informal
settlements and the limited road network in
some areas, outdoor air quality might be better

in informal settlements.

Alongside ambient (outdoor) air pollution,
indoor air quality is a concern in informal
settlements. Household Air Pollution (HAP),
largely generated by domestic fuel combustion
using biomass fuels (such as wood, dung and
coal burned in simple stoves) leads to high
pollutant exposures in and around the home
and contributes to ambient air pollution.
Exposure to domestic cooking smoke is
currently the world’s single largest
environmental health risk, responsible for circa
4 million early deaths each year, predominantly
in LIC and MIC settings. Globally, whilst the

Figure 1: Deaths per capita attributable to HAP in 2016, by region

(WHO, 2018: 2)
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number of people cooking with solid fuels has declined, disparities persist, and populations in the global south
continue to suffer the highest exposure to HAP (Health Effects Institute (HEI), 2019: 8). In 2017, 3.6 billion people

(47% of the global population) were exposed to HAP from the use of solid fuels for cooking predominantly in sub-

Saharan Africa, South Asia, and East Asia. In East Africa, many households rely on kerosene (paraffin) for

cooking and lighting as well as charcoal or wood for cooking. In the poorest of households, the use of plastic

waste, cloth rags and other unconventional fuels has been reported (Muindi et al., 2014).

This scoping study explores the intersection of these issues (urbanisation, inequality and environmental risk) in

Kampala. When considering the impact of poor air quality on the health of low income groups there is an

established body of evidence that highlights that the poorest are particularly vulnerable to the adverse effects of

air pollution. Impacts may result in rising medical costs and demand for health services, as low income groups are

more likely to suffer from chronic diseases, including respiratory diseases, such as chronic obstructive pulmonary

disease (COPD), asthma and pneumonia (Bentayeb et al. 2012). Those with lower incomes may also be less able

to reduce or minimise their exposure due to a number of factors primarily related to limited assets.

Available studies, drawn from a range of geographic settings, suggest that low income groups people are often

exposed to poor air quality in the locations where they spend significant proportions of time. In such environments

a number of factors affect air quality including emissions from indoor sources, household ventilation and the

penetration of air pollutants from surrounding areas. Studies exploring this issue in East Africa are, however,

limited. The present study seeks to address this paucity of evidence and was initiated to fulfil four objectives:




1) to measure the levels of PM2s in households in Kampala and assess low income groups exposure to air
pollution;

2) to study the relationship between indoor (i.e. household) PMa.s concentrations and socioeconomic status;

3) to investigate perceptions of air pollution amongst low income groups;

4) to develop recommendations to improve air quality or reduce exposure to air pollution amongst Kampala’s

low income groups.

Methodology

Based on initial findings from urban profiling and stakeholder mapping alongside data collected in Work Packages
1-5 (WP), six case studies (two per city) are being undertaken that explore the spatial and demographic impact of
air pollution, focusing on areas exposed to high levels of air pollution, or particularly vulnerable populations. Case
studies focus on the following subset of vulnerability issues: vulnerable locations (e.g. informal settlements or
areas close to sources of pollution such as roads or factories); vulnerable populations (e.g. the urban poor,
women, children or the elderly who may be more susceptible to air pollution) and vulnerable occupations (e.g.
street vendors, motorcycle taxi drivers that may be exposed to higher levels of PM over sustained periods of
time). A mixed methods approach is used, combining quantitative and qualitative data collection and drawing on
other WPs. This approach includes:

A desk review to identify and incorporate existing and available information, including previously conducted
research, surveys and assessments. Our desk review was undertaken using a Boolean methodology searching a

range of databases and including both academic and grey literature.

Standardised surveys will be conducted in vulnerable areas and amongst vulnerable groups. Surveys will be co-
designed with research partners and tailored in relation to findings from WP1-5, urban profiles and stakeholder
mapping. A total of 20-30 surveys will be conducted per case study. Survey modules will be tailored for specific

occupations, locations and populations®.

Semi-structured key informant interviews will be undertaken with a minimum of five stakeholders including
relevant representatives of; Local Government, Private Sector, Civil Society Organisations and Informal

Community based organisations.

Synthesis of data collection and analysis (WP1-5), information gathered from other WPs will also inform the

development of vulnerability scoping studies.

Study site

The ASAP-East Africa research team partnered with Makerere University Lung Institute (MLI) and residents of

Namuwongo to undertake this study. Kampala is the capital and largest city of Uganda. It occupies a series of

5 This scoping study includes 38 completed surveys.
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hills at an elevation of circa 1,190 metres and is situated in the southern part of Uganda. Kampala lies north of
Mengo, the former capital of the 19th century kingdom of Buganda. It was selected in 1890 by Frederick Lugard
as the headquarters of the British East Africa Company. In 1962 Kampala (a municipality since 1949) became the
capital of independent Uganda. The city proper had an estimated population of 2,577,000 people in 2015, by
2035 the population is forecast to grow to over 7,000,000 (UN DESA — World Urbanisation Prospects®). This is
considered an underestimate of the population given that the Kampala metropolitan area consists of the city
proper and neighbouring districts (Wakiso, Mukono, Mpigi, Buikwe and Luweero) which are rapidly growing,

forming a large urban conurbation.

Kampala has experienced significant urban growth in recent decades and is considered to be one of the fastest
growing cities in East Africa with an annual urban population growth rate of circa 5.2% (ACTogether, 2014). The
city has expanded in all directions with growth primarily concentrated along the city’s main roads. The Urban
Extent of Kampala in 1988 was 16,492 hectares growing to 30,698 hectares in 2003 and 51,321 hectares in
20157,

According to UN Habitats (2007: 10) situation analysis, informal settlements make up at least a quarter of the total
city area, housing roughly 60% of the city population. Kampala has 57 informal settlements dispersed across the
city’s five divisions: Central, Kawempe, Nakawa, Rubaga and Makindye. This study is focused on the Makindye
division where approximately 409,500 people live in fifteen informal settlements: Bukasa, Ggaba, Kabalagala-
Kataba, Kabalagala-Kikubamutwe, Kansanga, Katwe |, Katwe I, Kibuye I, Kibuye II, Kisugu, Lukuli Kilombe,

Nsambya, Gogonya, Nsambya, Kevina, Salaama and Wabigalo.

More specifically Namuwongo (the focus area of this study) is located in the Wabigalo informal settlement which
was founded in 1970. Wabigalo encompasses an area of approximately 41.9 acres, the majority of which is
owned by private individuals (60%) with the remainder owned by the Church (40%). There are 9,000 households
in Wabigalo, with an average household size of four and a total population of 36,000 (ACTogether, 2014: 44). The
most common type of house occupied by people in Makindye division is the tenement (locally known as mizigo)
(ACTogether, 2014). This is a multi-unit structure with three or more housing units that are either one or two
roomed. Housing structures serve a wide range of purposes and meet a variety of needs e.g. as homes and
businesses. As a result of their location, residents of Namuwongo must cope with natural location hazards
including floods, exposure to garbage dumps, busy roads, power lines, open drains, and industrial hazards.
These areas are also subject to evictions, crime, community violence and riots (ACTogether, 2014). Interestingly,
neither ACTogether (2014) nor UN Habitat (2007) identify air pollution as an issue of concern despite widespread

reliance on polluting fuels.

6 https://population.un.org/wup/Download/
7 http://www.atlasofurbanexpansion.org/cities/view/Kampala
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To gather data on low income group’s exposure to indoor air pollution, the ASAP-East Africa research team

monitored indoor air pollution in 20 households throughout September to November. Air pollution was monitored

via the deployment of air pollution monitors installed within the household (e.g. Bartington et al., 2017).

Measurements were collected using calibrated Alphasense optical particle counters (OPC-N2) which recorded

PMz.s and PM1o at ten second intervals, aggregated to one-hour time steps. The calibration approach, and the use

of the OPC-N2, is discussed in Crilley et al. (2017) and Pope et al. (2018). Sensors were located in the primary

cooking area at a distance and height of 1.5 meters from the stove. Whilst low income groups are considered

more exposed to indoor air pollution than other groups, it is important to note that they do not spend their entire

day at a single location, but move between home and other environments (work, recreation or community areas).

It is therefore important to complement household monitoring with data from outdoor locations. In this instance we

gathered data from air quality monitors operated by AIR QO located at Central Kampala and Bugolobi.

A survey was also undertaken with residents of
Namuwongo. Thirty eight volunteers were recruited
by MLI spread across Namuwongo. Exploring
perceptions of air pollution provides an opportunity
to investigate attitudes towards this issue and draw
associations between perceived and actual
exposure. A number of studies have identified
correlations between perceptions of air quality and
monitoring data (Hunter et al., 2004), others
challenge this association (Semenza et al., 2008).
Given the small number of participants involved, the
survey is used for illumination purposes to identify
areas of future research and to identify broad trends
and differences across participants responses.

Surveys were conducted in English and Bantu.

Vulnerability and air pollution

Image 1: Location of Namuwongo (red bordered area) and AIR

QO Monitoring Sites (Green Icons)
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Understanding vulnerability to air pollution presents a unique challenge for researchers. Authors commonly refer

to vulnerability as the level of exposure of human life, property and resources to the impact from hazards (in this

case air pollution) (Fussell, 2007; O’Brien et al., 2009). Factors, such as sex, age, education, and occupational

exposure can modify the relationship between hazards and mortality (Kan et al., 2008). Further to this, the effects

of air pollution exposure on health are considered greater in people from lower socioeconomic backgrounds

(O’Neil, 2003). According to Stilianakis (2015: 10-11) exposure to air pollution may have different effects on

individuals and population groups due to differences in innate and acquired characteristics. Innate characteristics

are mainly biological and physiological and reflect the capacity of the human body to respond to exposure.

Acquired factors, such as socioeconomic status, are those that affect social coping or adaptive capacity and do
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not allow the individual or the population group to minimise exposure. Vulnerability is thus considered to involve

two components:
e External risks, shocks and stresses to which an individual or household is subject.
e Internal abilities which offer a means for coping without causing damage or loss (i.e. adaptive capacity).

The ASAP-East Africa programme adopts the WHO’s (2004 ) definition of vulnerability i.e. “the likelihood of being
unusually severely affected by air pollutants either as a result of susceptibility to the effects of these substances
or as a result of a greater than average exposure”. Three dimensions of vulnerability are commonly identified in

the literature and are explored in the ASAP-East Africa Vulnerability Scoping Studies (Howe et al., 2013):
e Exposure i.e. the degree to which the subjects or areas could be effected by air pollution.
e Susceptibility i.e. the likelihood or being harmed by air pollution.
e Adaptive capacity i.e. the ability to take actions to either reduce or avoid risk.

Vulnerability may thus be compounded by factors including location; adaptive capacity (i.e. the ability to protect
oneself from harm including access to materials, technology, knowledge, information and social protection) the

extent of assistance and support, including services, resources and technical expertise, that society can provide.

For an overview of relationships between population, location

and occupation characteristics and associated factors that Table 1: Survey respondents ranking of issues of

. - . 1= t i , 10 = least i
contribute to vulnerability see Avis and Khaemba (2018: 20). concern (1 = most pressing concern east pressing

concern)
An individual’s vulnerability to air pollution is thus complex, the
product of interactions between environmental stressors, Concerns
innate and acquired susceptibility, differential exposure and 1. Lack of access to clean 6. Government corruption
adaptation mechanisms (US EPA, 2003). Further to this, rolets
vulnerability to air pollution consists of a number compounding 2. Lack of employment 7. Poor quality schools

opportunities
factors inherent in the individual and influenced by broader

. . . 3. Crime 8. Energy shortages
social or environmental contexts e.g. smoking and co-
exposures. It is also important to note that concerns regarding 4. Poor health care 9. Food shortages
air pollution compete for space alongside a number of other 5. Lack of clean drinking 10. Too few citizens
water participating in politics

issues and may be mediated by these (see table 1).

Vulnerability Dimensions

In the context of ASAP-East Africa research, exposure to high levels of particulate matter (PM) is a focus. PM or
atmospheric aerosols is the term used to indicate any solid or liquid particles suspended in the atmosphere.
Atmospheric particles vary widely in their physical parameters such as size and chemical composition. PM is

generated from a variety of natural and anthropogenic processes. Natural sources of PM include dust storms,
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ocean/sea spray (sea salt), dust erosion due to wind, forest fires, volcanic eruptions, and the release of biogenic
PM (e.g. pollen and spores). Man-made sources include traffic, non-combustion and combustion industrial
processes, power plants, construction activities, agricultural activities (including waste burning) (Haq & Schwela,
2008: 6). A key contributor to heightened levels of PM in urban settings is the combustion of solid and liquid fuels
for power generation, domestic heating, cooking or lighting and in vehicle engines. PM of small size fractions are
considered to be particularly detrimental to public health as they can enter the respiratory system and lead to
respiratory disease, asthma, strokes, cancer and heart disease (Thurston et al., 2016). Other health-effects of
exposure to air pollution include dermal absorption and ocular exposure which may result in eye or skin irritation.
The smaller the size of PM particle, the more impact they are considered to have on health. PM2.s and PMio are
particulate matter with aerodynamic diameters less than 2.5 and 10 um, respectively (Seinfeld & Pandis, 2016).

The PMz; size fraction is the focus of this study, having greater association with determinental health outcomes.

To guide discussions of vulnerability to air pollution, the ASAP-East Africa research team have adapted the US
Environmental Protection Agencies (US EPA) Air Quality Index Scale to illustrate how different levels of air
pollution contribute to different health impacts amongst different groups. An air quality index identifies limits on the
amount of a given pollutant in the air. The standards are designed to protect people’s health and have been
calculated to allow a margin for people most at risk e.g. the young and old and people with pre-existing health
conditions. The ambient air quality standards most often utilised include those developed by the European Union,
the United States and the WHO. The WHO air quality standards (25 ug/m3 24 hour mean) are not legally binding,

rather they represent a guideline for countries and are significantly tougher than those suggested by others. Table

2 provides a guide to different levels of exposure to PMz.s over a 24 hour period, health implications associated

with that level of exposure and provides a cautionary statement identifying those groups likely to be affected.

Table 2: Air Quality Index scale as defined by the US EPA (2016)

PM_.s ug/m? (24 hour
average)

Air Pollution Level

Health Implications

Cautionary Statement for PM, 5

Sensitive Groups

0.0-12.0 Good Air quality is considered satisfactory, None
and air pollution poses little or no risk.

12.1-35.4 Moderate Air quality is acceptable; however, for Active children and adults, and people
some pollutants there may be a with respiratory disease such as
moderate health concern for a very asthma should limit prolonged outdoor
small number of people who are exertion
unusually sensitive to air pollution.

35.5-55.4 Unhealthy for Members of sensitive groups may Active children and adults, and people

experience health effects. The general
public is not likely to be affected.

with respiratory disease such as
asthma should limit prolonged outdoor
exertion




Exposure

Exposure denotes the degree to which subjects or areas could be affected by air pollution. The level of exposure
is generally defined by several components and measures, including: the frequency and intensity of exposure and
the location relative to sources of air pollution. Exposure to air pollution is thus largely determined by the
concentration of air pollutants in the environments where people spend time, and the duration spent within them.
To understand exposure of vulnerable populations to air pollution it is therefore important to identify the micro-

environments in which they spend significant amounts of time.

In the context of this report, exposure to HAP is the primary focus. Indoor air quality refers to the quality of the air
in a home, school, office, or other building environment. The potential impact of indoor air quality on people’s
health is considered important for a number of reasons. People who are often most susceptible to the adverse
effects of pollution (e.g., the very young, older adults, people with cardiovascular or respiratory disease) tend to
spend more time indoors. Indoor concentrations of some pollutants may also reach particularly harmful levels,

particularly in those households dependent on polluting fuels for cooking, heating or lighting.

Interest in low income group’s exposure to environmental risk factors such as air pollution has increased in recent
years given. A number of studies have focused on PM:zs in terms of mass and source contribution in both indoor
(Okello et al., 2018; Simoni et al., 2015; Bentayeb et al., 2015; Mendes et al., 2015) and outdoor settings (Simoni
et al., 2015; Rajagopalan et al., 2018). Of particular interest is the work of Okello et al. (2018) who gathered data
on 24-hour personal exposure to HAP across six groups defined by age and gender 