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Abstract: In low-income communities, non-electric fuel sources are typically the main cause of
Household Air Pollution (HAP). In Umlazi, a South African coastal, informal settlement, households
use electric- and non-electric (coal, wood, gas, paraffin) energy sources for cooking and heating.
The study aimed to determine whether respiratory ill health status varied by fuel type use. Using
a questionnaire, respondents reported on a range of socio-demographic characteristics, dwelling
type, energy use for cooking and heating as well as respiratory health symptoms. Multivariate
Poisson regression was used to obtain the adjusted Odds Ratios (ORs) for the effects of electric and
non-electric energy sources on prevalence of respiratory infections considering potential confounding
factors. Among the 245 households that participated, Upper Respiratory Tract Infections (URTI,
n = 27) were prevalent in respondents who used non-electric sources compared to electric sources for
heating and cooking. There were statistically significant effects of non-electric sources for heating
(adjusted OR = 3.6, 95% CI (confidence interval): 1.2–10.1, p < 0.05) and cooking (adjusted OR = 2.9,
95% CI: 1.1–7.9, p < 0.05) on prevalence of URTIs. There was a statistically significant effect of electric
sources for heating (adjusted OR = 2.7, 95% CI: 1.1–6.4, p < 0.05) on prevalence of Lower Respiratory
Tract Infections (LRTIs) but no evidence for relations between non-electric sources for heating and
LRTIs, and electric or non-electric fuel use type for cooking and LRTIs. Energy switching, mixing
or stacking could be common in these households that likely made use of multiple energy sources
during a typical month depending on access to and availability of electricity, funds to pay for the
energy source as well as other socio-economic or cultural factors. The importance of behaviour and
social determinants of health in relation to HAP is emphasized.
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1. Introduction

Human respiratory health is adversely affected by the use of polluting fuels such as coal, wood
and paraffin (also known as kerosene) for cooking and indoor space heating [1]. About 4 million people
die prematurely each year from diseases attributable to Household Air Pollution (HAP) caused by
inefficient cooking practices, paired with solid and liquid fuels, besides poor ventilation practices [1].
HAP has been associated with increased risk of suffering stroke, ischaemic heart disease, chronic
obstructive pulmonary disease (COPD) and lung cancer [1,2]. Women and children are especially
at risk of exposure to HAP given the amount of time they typically spend indoors. The type of fuel
used often determines the nature of the health outcomes, for example, biomass smoke exposure has
been associated with an increased risk of chronic bronchitis and COPD, and around 15% of those
experiencing long-term exposure to wood smoke suffer from COPD [2,3]. Women exposed to smoke
from coal fires also have an elevated risk of lung cancer [2,3]. Similarly, though considered a cleaner
fuel than coal or wood, exposure to fumes created by burning paraffin has been shown to impair lung
function and increase asthma [4].

The burden of disease attributable to HAP, specifically from solid fuel burning, has been estimated
for South Africa [5]. In 2000, about 20% of households were exposed to indoor smoke from burning
of solid fuels causing 2489 deaths in the country. This figure doubled in the latest Global Burden of
Disease study [6] and most of the disease burden was among Black African households. In South
Africa, and elsewhere, exposure to HAP from solid fuel burning is a pressing public health problem,
particularly in low-income communities [7–11].

In households using wood, paraffin or coal for heating and/or cooking [2], the effects of exposure
to indoor air pollution may be exacerbated by other confounding factors including, for example,
poor ventilation in the dwelling, inefficient stoves, smoking and burning of incense and mosquito
repellent, indoor temperature and relative humidity levels [7,12]. The type of fuel used by low-income
communities within and across countries varies depending on, for instance, the resources available
or cost of fuel [13]. In Uganda, paraffin is used for lighting and contributes towards HAP in rural
communities [14]. Biomass solid fuel, such as cow dung, is preferred in many Indian rural villages
for cooking in indoor kitchens [15]. In China on the Tibetan Plateau, wood stoves are a source of heat
and contribute greatly to fine particulate matter exposure, especially for women, in rural kitchens [16].
Depending on the source, size and chemical composition of the particulate matter, as well as the
duration of the exposure to the suspended particles, different respiratory and cardiovascular health
impacts are triggered [17]. Exposure to gaseous indoor pollutants can lead to a variety of health effects
by influencing cardiovascular, respiratory and central nervous systems. The physiological status of the
exposed person, the pollutant concentration, and the exposure time are all factors which influence the
impact of exposure to a certain indoor pollutant on human health [18].

In South Africa, low-cost coal is readily available in the interior of the country, near coal mines and
coal-fired power stations [19]. In these areas, low-income communities usually use coal for heating and
cooking purposes, while electricity is used for lighting. Due to limited availability of wood and coal
in certain coastal regions on the eastern seaboard of South Africa, the use of paraffin for heating and
cooking is relatively common, including for cooking and heating [20]. Though exposure to pollutants
from paraffin is often considered to have a lower health impact relative to solid fuels, fumes from
paraffin burning activities have been found to cause Lower Respiratory Tract Infections (LRTIs) such as
pneumonia and bronchiolitis [20]. Moreover, health risks are reduced when electric sources of energy,
rather than solid or liquid fuels, are used for heating and/or cooking [21]. It is a goal of the South
African government to provide electricity to all dwellings in the country [22] with one key benefit
being the reduction of exposure to HAP [23]. This study aimed to determine whether respiratory
health status in a coastal, low-income community in KwaZulu-Natal differed according to what type
of fuel was used (i.e., electric versus non-electric for heating and for cooking).
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2. Materials and Methods

2.1. Study Area

The study was carried out between 1 April and 31 August 2017 in Umlazi Township in the City of
eThekwini, KwaZulu-Natal province, South Africa (Figure 1). Umlazi is the fourth largest township in
South Africa covering an area of 47.5 km2. It has a population of 404,811 inhabitants living in 104,914
households (on average, four individuals per household). The population is predominantly Black
African (99%), and the main language spoken is isiZulu [24].

Umlazi lies within the South Durban Industrial Basin [25] where emissions from oil refineries,
chemical plants and heavy traffic contribute further sources of air pollution in the area. Air quality
monitoring programmes indicated that the industrial basin has among the highest air pollution levels
in the country [26,27].
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Figure 1. Umlazi Township in relation to the province of KwaZulu Natal, South Africa.

Two wards from the five located in Umlazi were purposefully selected for inclusion in the study.
The two wards had similar socio-economic conditions; however, they differed in respect of housing
characteristics. Both wards comprised free-standing and/or semi-detached formal houses (brick,
single-story dwellings), and backyard shacks (mixed materials used for walls, single-story) while one
of the wards also had hostels (brick, multiple stories) built during the Apartheid era for mass housing
of labour. Using a reported asthma prevalence (one of our outcomes of interest) of 10% in children and
12% among adults living in south-central Durban, South Africa [27,28], together with a 5% margin
of error and an estimated 80% response rate, the minimum sample size was calculated as 377. Using
satellite maps from the eThekwini Town Planning Unit, 400 housing units were randomly selected
from the two selected wards.

2.2. Survey

A pilot exercise to test and refine the questionnaire was carried out among a sample of participants
from both study wards. Thereafter, a cross-sectional study was conducted by randomly selecting two
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hundred houses (dwellings) from each ward after a random starting point was selected. The random
starting point was a corner on a residential block (north-east, north-west, south-east, south-west). A
random starting house was selected choosing one of the first three houses on the corner with the help
of a list of random numbers [29]. Thereafter, every 10th house was selected for inclusion in the study.

A questionnaire was administered to the head, or primary caregiver, of each selected household,
by a trained research assistant. The questionnaire was designed to collect data on demographics,
socio-economic status, housing characteristics, fuel use patterns and health outcomes (as shown in
Table 1). The questionnaire was made available in both English and isiZulu, and study participants
were able to choose which of the two languages they were most comfortable using for the interview.
Prior to conducting the interview, participants gave written, informed consent to participate in the
study. All data were double entered using EpiData software (version 3.1, EpiData Association, Odensa,
Denmark). Permission to conduct the study was obtained from the City of eThekwini and the local
ward councillors in advance of the study. Research ethics clearance was granted by the University of
Pretoria Research Ethics Committee (Certificate number: GW20160825HS, 3 November 2018).

2.3. Questionnaire

The questionnaire (provided in the Supplementary Materials) was based on several models used
in epidemiological studies on respiratory diseases, namely the ATS-DLD-78-A questionnaire [30],
the Canadian Air Quality and Health Study questionnaire (NHW/HPB-190-03040), the Harvard
School of Public Health’s Children’s Health Study Questionnaire (NHW/HPB-190-03210) and the Vaal
Triangle Air Pollution and Health Study (VAPS) questionnaire [31]. Personal information collected
included gender, age, home language, education level and duration of residence in ward. Respondents
were asked about type of dwelling in which they resided, as well as number and purpose of each room.

Respondents were asked about fuel use patterns, including type and frequency of fuel used, for
cooking and heating. They were asked about ventilation practices, presence of pets in the house,
smoking practices, and presence of mould or mildew on any indoor surfaces. Regarding health,
respondents were asked about allergies (hay fever, sinusitis), selected respiratory diseases (bronchitis,
pneumonia, asthma) and ill health symptoms (earache, rhinitis, runny nose, wheezing and cough).
Further questions aimed to ascertain use of (any) medication, and work absenteeism due to illness.

2.4. Data Management and Statistical Analyses

Questionnaire data were coded, captured and underwent quality control checks prior to analysis.
Following initial univariate analyses, selected variables were recoded. For example, fuels for cooking
and heating were categorized into electric (i.e., electricity) and non-electric (i.e., wood, coal, gas,
paraffin) following the practice in a similar study [32].

Respiratory symptoms and illnesses were categorized into Upper (URTIs) and Lower Respiratory
Tract Infections (LRTIs). URTI included hay fever, runny nose and ear-ache, and LRTI included
wheezing, bronchitis and asthma. The aim was to examine the likelihood of having a URTI or
LRTI or not, in relation to exposure to suspected risk (non-electric sources of heating and cooking)
and protective factors (electric sources). For this reason, respondents who did not report having any
respiratory tract infections were made the reference category allowing for comparison of the magnitude
of risk for electric versus non-electric sources. Multivariate Poisson regression was used to estimate
the effect of electric and non-electric fuel use (considering confounding factors and co-variates) on
URTIs and LRTIs. Risk factors were modelled with associated outcomes, adjusting for other associated
risk factors identified from the literature. These factors can be grouped into air pollution sources
(e.g., the presence of smokers in a given household or the parental occupation), basic demographics
(e.g., employment and educational status of the respondent, as well as hospitalization for respiratory
related ailments) and other household-related factors (e.g., housing type and ventilation practices
during winter) [32,33].
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The associations were expressed as unadjusted and adjusted odds ratios (ORs) along with their
95% confidence intervals (CIs). Missing values were automatically excluded in each model; therefore,
each multiple regression model had a different sample size (the smallest being 71 cases of URTIs
and LRTIs combined). To obtain adjusted ORs for the effect of using electric or non-electric fuels for
heating and cooking on the LRTIs and URTIs, both variables were placed in an initial regression model.
This was followed by the addition of a potential confounder in a stepwise manner starting with the
most statistically significant from the univariate analysis. At multiple regression level, variables were
deemed significant if p-values were <0.05. Regression analyses were not conducted for those health
outcomes that had fewer than 20 study participants. All statistical analyses were performed using
STATA version 14 [34].

3. Results

3.1. Sample Description and General Profile of the Study Population

A total of 245 households’ respondents completed the questionnaire, resulting in a response rate of
61% (n = 245/400). Time constraints to complete the lengthy questionnaire as well as inconvenience for
surveys conducted after working hours contributed to the relatively low response rate. More women
(61%) than men were respondents to the questionnaire (see Table 1). Most dwellings (80%) were either
free-standing or semi-detached structures. Nearly two-thirds of households (62%) relied on electricity
for cooking. Paraffin was the second most frequently used fuel for cooking (18%). The predominant
energy sources used for heating were non-electric sources when combined, i.e., wood and coal (12%),
gas (4%), and paraffin (27%) versus 18% for electric heaters. Twenty-two percent of respondents
reported that someone in the home smoked (either cigarettes, cigars and/or a pipe) in the dwelling
daily. Most households opened doors and windows in winter months (80%) and pets were not allowed
to enter most dwellings. Mould/mildew was found to be present in half of the study dwellings.

3.2. Prevalence of Respiratory Health Outcomes

Table 1 lists the levels of respiratory ill-health outcomes, divided into URTIs and LRTIs. Hay
fever was the most frequently occurring URTI. Wheezing, a LRTI, was the most commonly reported
respiratory ailment. The overall prevalence of LRTIs was higher than that of URTIs.

Table 1. Demographic variables and living conditions of the study population (n = 245).

Questionnaire Variable Response Item Percentage of Participants
n = 245 (%)

Gender of the respondent
Male 38.9

Female 60.7
Missing 0.4

Type of home

Single unattached dwelling 44.9
Single attached dwelling 39.4

Hostel 14.5
Missing 2.0

Main fuel used mostly for cooking

Electricity 61.6
Paraffin 17.7

Gas 13.9
Electricity and Gas 5.5

Wood/coal 1.2
Missing 3.2

All heating methods used in the
household

Portable electric heater 17.6
Gas heater 4.1

Paraffin 27.3
Wood/coal 11.8

Missing 38.8
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Table 1. Cont.

Questionnaire Variable Response Item Percentage of Participants
n = 245 (%)

Open doors and windows in
winter

No 19.7
Yes 80.3

Missing 0.4

Mould or mildew in the home
No 50.2
Yes 49.8

Missing 0.0

Pets allowed in the home
No 92.2
Yes 7.8

Missing 0.0

A household member smokes
inside the dwelling on a daily

basis

No 77.5
Yes 21.6

Missing 0.82

Does the respondent currently
smoke?

No 78.8
Yes 21.2

Health status—URTI (past month)
Hay fever 7.8

Runny nose 3.7
Ear ache 2.5

Health status—LRTI (past year)
Wheezing 15.9
Bronchitis 6.9
Asthma 3.7

The prevalence of URTIs and LRTIs was highest among those respondents who used electricity
for cooking (although the overall number of URTIs and LRTIs was relatively small) (Table 2). For
heating, the prevalence of URTIs was higher among those respondents who reportedly used paraffin.
The prevalence of LRTIs among respondents who used electricity versus paraffin was similar (i.e., 30%
and 27%, respectively). There were 14 missing responses for energy type used for heating among
people who reported with LRTIs.

Table 2. Prevalence of grouped URTIs and LRTIs according to individual energy source for heating
and cooking.

Energy Source URTI n = 27
n (%)

LRTI n = 44
n (%)

Used for cooking

Electricity 15 (57.7) 25 (62.5)
Paraffin 4 (15.4) 9 (22.50)

Gas 6 (23.1) 2 (5.0)
Wood/coal 0 (0.0) 0 (0.0)

Missing 2 8

Used for heating

Portable electric heater 6 (22.2) 13 (29.6)
Gas heater 2 (7.4) 4 (9.1)

Paraffin 13 (48.2) 12 (27.3)
Wood/coal 0 (0.0) 1 (2.3)

Missing 6 14

URTI: Upper Respiratory Tract Infection; LRTI: Lower Respiratory Tract Infection.

3.3. Multiple Regression Analysis

Table 3 provides the OR estimates of URTIs and LRTIs by electric versus non-electric energy
source used for heating and cooking activities. There were statistically significant effects of non-electric
sources for heating and cooking on prevalence of URTIs (although the CIs are relatively wide). There
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was a statistically significant effect of electric sources for heating on prevalence of LRTIs (again with
relatively wide CIs due to the small sample).

Table 3. Odds ratio estimates of effects of electric versus non-electric energy sources for heating and
cooking on prevalence or URTIs and LRTIs *.

Energy Source Prevalence (%) p-Value OR (95% CI) Adjusted
p-Value

Adjusted
OR (95% CI) a

Any URTI (n = 27 **)

Heating
Non-electric a 33.3 <0.05 3.0 (1.3–6.7) <0.05 3.6 (1.2–10.1)
Electric b 22.2 0.50 1.4 (0.5–3.7) 0.90 1.1 (0.3–4.4)

Cooking
Non-electric c 37.0 0.08 2.1 (0.9–4.9) <0.05 2.9 (1.1–7.9)
Electric d 18.5 0.65 0.8 (0.3–1.8) 0.37 0.6 (0.2–1.7)

Any LRTI (n = 44 **)

Heating
Non-electric e 43.2 0.32 1.4 (0.2–2.7) 0.28 1.5 (0.7–3.3)
Electric f 29.5 <0.05 2.3 (1.1–5.0) <0.05 2.7 (1.1–6.4)

Cooking
Non-electric g 25.0 0.76 1.1 (0.5–2.4) 0.95 1.0 (0.3–3.0)
Electric h 56.8 0.68 0.8 (0.4–1.6) 0.72 0.8 (0.3–2.0)

* Respondents who did not report any LRTI and URTI were used as the reference category. ** Numbers of URTIs and
LRTIs by fuel type do not add up to 27 and 44 (i.e., to 100%), respectively, due to missing data. a Model was adjusted
for current smoking status, employment status, working in a dusty environment, leaving windows and doors open
in winter, Environmental Tobacco Smoke (ETS) exposure at home. b Model adjusted for current smoking status,
employment status, leaving windows and doors open in winter, ETS exposure at home, previous hospitalization
for respiratory related ailments, house type. c Model was adjusted for current smoking status, level of education,
employment status. d Model was adjusted for employment status, previous hospitalization for respiratory related
ailments, working in a dusty environment, leaving windows and doors open in winter, current smoking status.
e Model adjusted for current smoking status, employment status, working in a dusty environment. f Model was
adjusted for current smoking status, employment status, working in a dusty environment, leaving windows and
doors open in winter, ETS exposure at home. g Model was adjusted for current smoking status, level of education,
employment status. h Model was adjusted for level of education, employment status, current smoking status.

4. Discussion

The study aimed to determine whether respiratory ill-health status in a low-income, coastal
community in KwaZulu-Natal in which multiple energy sources are used for cooking and heating
activities varies according to electric- and non-electric fuel type. Bearing in mind the small sample
size, there was some evidence of a relationship between use of non-electric fuels for cooking and
heating and URTIs. Also, even in households in which electricity was reportedly used for heating,
LRTIs still occurred among individuals living in those homes. It is likely that, despite electricity
being the predominant energy source for cooking, other respiratory risk factors (such as non-electric
fuels used for heating) exist in the dwelling, the community, as well as in individuals’ occupational
settings. While electricity is the most common reported source of energy for cooking, it may not be
used all the time and ‘energy switching’ or ‘energy stacking’ may occur, depending on access to and
availability of electricity, funds to pay for the energy source as well as other socio-economic or cultural
factors like fuel-use preference [35]. Households may make use of one or numerous energy sources
at a time to cover their varying energy needs [35]. While this study did not ask specific questions
about energy switching, future studies should do so. Electricity, for instance, is commonly used for
lighting, refrigeration and entertainment purposes in a low-income community setting, whilst more
dirty fuels, such as coal, wood or paraffin are used for heating and cooking. A recent study in Louiville,
a low-income community on the Mpumalanga Highveld in South Africa, showed that households rely
on wood and paraffin, but also electricity, to complete their basic household activities [35]. Although
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up to 70% of households in Louiville were connected to the electricity grid, the high price of electricity
limited its usage, and households resorted to using cheaper, more dirty fuel types (namely wood,
coal and paraffin) for activities such as cooking and heating [36]. In Samora Machel, a low-income
community in Cape Town, people relied mostly on paraffin and wood for their main energy needs,
and 38% of households used electricity for radio, refrigeration and communication activities [37].

Though the results of this study show that electricity represents a main energy source for cooking,
the wide range of energy sources listed by households for cooking and heating indicates that the
probability of energy mixing/stacking at a household level in these homes in Umlazi is likely to be
high. The South African 2011 Census states that between 70% and 90% of surveyed households made
use of electricity for heating, cooking and lighting and that less than 10% of households used paraffin
or other dirty fuels for the same activities [24]. In Umlazi, in which almost a quarter of the people have
no source of income [24] it is very likely that the concept of energy poverty, i.e., the lack of access to
modern energy services necessary for human development [38] is a reality and electricity may not be
used all-month long.

Half of the respondents reported mildew and mould in their homes. Damp and mouldy housing
have been linked to chronic LRTIs [39,40]. Given that relative humidity is typically high in Umlazi,
since it is a coastal town in a subtropical area, it is reasonable to state that the mould could represent
an important risk factor contributing to LRTIs in Umlazi. Households in which electricity is most
commonly used for heating and cooking purposes were reported to have presence of mould, and so
those suffering from respiratory problems in these households were possibly suffering from respiratory
impacts resulting from fungal aerosol exposure.

One in five respondents indicated the presence of ETS in their homes. Exposure to active and
passive smoking is associated with increased risk of respiratory infections [41,42]. In those households
in which smokers were present, respiratory infections may have been exacerbated by smoke inhalation,
either active or passive. A similar exposure-response study in Kenya showed that smoking increased
the risk of URTIs in a low-income community setting in which indoor air pollution was prevalent [43].

Eight out of ten households reportedly ventilated their homes even during winter months.
Increased ventilation typically decreases the concentration of indoor air pollution due to mixing
and dilution of indoor air though the infiltration of ambient air into the home and through the
escape of indoor air pollution into the ambient environment [44]. In wintertime, however, it is well
documented in many South African low-income communities that ambient air quality present outdoors
is particularly poor [45], and infiltration of pollution into households, which use mainly electricity for
heating and cooking purposes, is a possible contributing factor to indoor air pollution. As Umlazi is
heavily impacted by the industrial activities taking place in the so-called “pollution hot spot” of South
Durban Basin, it is likely that infiltration of outdoor air pollution into homes occurred [46–48].

The study sample size was constrained by budget and resources; however, a representative sample
was achieved by random starting point selection in at two wards in Umlazi. A low-response rate is
not uncommon in cross-sectional household surveys conducted in urban townships [49], however, we
did attempt multiple house visits by fieldworkers during recruitment to increase sample size. Despite
questionnaire piloting and pre-site field visits, we did not consider the possibility of fuel switching
occurring in Umlazi and additional questions should have been included on this topic in the study
questionnaire. Small changes to some questions’ structure, for example, separation of wood and coal
as two distinct solid fuel types, would have been advantageous too. The questionnaire should also
have asked about lighting. Indoor air quality exposure and measurement of indoor temperatures
within households would have given additional insight into HAP exposure, however, this was not
possible within the constraints of the study scope.

Due to the relatively small sample size and the low use of wood/coal (1% of households used
wood/coal for cooking/heating) no associations were found between URTIs or LRTIs and wood/coal
for cooking or heating purposes. There is sound evidence of the relationship between indoor burning
of wood/coal indoors and respiratory morbidity and mortality, including in South African [50,51].
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Electricity is the recommended energy source for indoor use in homes to reduce HAP according to
the World Health Organization [52]. In our study, it is likely that the expense and perhaps even the
availability of electricity (‘loadshedding’ or planned power outages are common in South Africa)
constrained its continuous use, and these factors should be further investigated in Umlazi.

5. Conclusions

Despite the small sample size, we found some differences in respiratory health status in a coastal,
low-income community in KwaZulu-Natal according to type of fuel (electric versus non-electric for
heating and for cooking). Electricity was the main fuel source used for cooking and non-electric
sources (combined paraffin, wood, coal and gas) for heating. There were statistically significant effects
of non-electric sources for heating and cooking on prevalence of URTIs, and surprisingly a statistically
significant effect of electric sources used for heating on prevalence of LRTIs (although CIs were
relatively wide). For the latter, we consider that energy switching could be common in these households
that likely made use of multiple energy sources during a month. The importance of behaviour and
socio-economic determinants in relation to HAP is critical when defining a comprehensive approach
to understanding the relationship between respiratory health status, air pollution and fuel use type.

Supplementary Materials: The following are available online at http://www.mdpi.com/1660-4601/16/4/550/s1,
Figure S1: Household and health survey questionnaire.

Author Contributions: Conceptualization, S.A.B. and C.Y.W.; methodology, S.A.B. and C.Y.W.; formal analysis,
T.K.; investigation, S.A.B.; writing—original draft preparation, C.Y.W., B.W. and T.K.; writing—review and editing,
S.A.B., C.Y.W., B.W. and A.M.; visualization, T.K. and B.W.; supervision, C.Y.W.; project administration, S.A.B. and
C.Y.W.; funding acquisition, S.A.B. and C.Y.W.

Funding: This research was funded by South Africa’s National Research Foundation, PhD Fund 2018-1, in the
form of a Thuthuka Grant to S.A. Buthelezi and the South African Medical Research Council.

Acknowledgments: All the participating households and respondents are acknowledged for their contribution to
the study. Caradee Y Wright receives research funding support from the South African Medical Research Council
and the National Research Foundation of South Africa.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. World Health Organization. Household air pollution and health. Available online: http://www.who.int/
news-room/fact-sheets/detail/household-air-pollution-and-health (accessed on 8 November 2018).

2. Ezzati, M. Indoor air pollution and health in developing countries. Lancet 2005, 366, 104–106. [CrossRef]
3. World Health Organization. Global Health Observatory (GHO) Data. Household Air Pollution. Available

online: http://www.who.int/gho/phe/indoor_air_pollution/en/ (accessed on 14 November 2018).
4. World Health Organization. Air Pollution. WHO Guideline for Indoor Air Quality: Household

Fuel Combustion. Available online: https://www.who.int/airpollution/guidelines/household-fuel-
combustion/en/ (accessed on 14 November 2018).

5. Lam, N.L.; Smith, K.R.; Gauthier, A.; Bates, M.N. Kerosene: A review of household uses and their hazards
in low- and middle-income countries. J. Toxicol. Environ. Health B. Crit. Rev. 2012, 15, 396–432. [CrossRef]
[PubMed]

6. GBD 2017 Risk Factor Collaborators. Global, regional, and national comparative risk assessment of 84
behavioural, environmental and occupational, and metabolic risks or clusters of risks for 195 countries and
territories, 1990–2017: A systematic analysis for the Global Burden of Disease Study 2017. Lancet 2018, 392,
1923–1994. [CrossRef]

7. Norman, R.; Barnes, B.; Mathee, A.; Bradshaw, D.; South African Comparitive Risk Assessment Collaboration.
Estimating the burden of disease attributable to indoor air pollution from household use of solid fuels in
South Africa in 2000. S. Afr. Med. J. 2007, 97, 764–771. [CrossRef] [PubMed]

8. Petzer, G. Indoor Air Quality Issues in South Africa. In Proceedings of the 2009 National Association for
Clean Air Conference, Vanderbijlpark, South Africa, October 2009.

http://www.mdpi.com/1660-4601/16/4/550/s1
http://www.who.int/news-room/fact-sheets/detail/household-air-pollution-and-health
http://www.who.int/news-room/fact-sheets/detail/household-air-pollution-and-health
http://dx.doi.org/10.1016/S0140-6736(05)66845-6
http://www.who.int/gho/phe/indoor_air_pollution/en/
https://www.who.int/airpollution/guidelines/household-fuel-combustion/en/
https://www.who.int/airpollution/guidelines/household-fuel-combustion/en/
http://dx.doi.org/10.1080/10937404.2012.710134
http://www.ncbi.nlm.nih.gov/pubmed/22934567
http://dx.doi.org/10.1016/S0140-6736(18)32225-6
http://dx.doi.org/10.7196/SAMJ.673
http://www.ncbi.nlm.nih.gov/pubmed/17952235


Int. J. Environ. Res. Public Health 2019, 16, 550 10 of 12

9. Bruce, N.; Perez-Padilla, R.; Albalak, R. Indoor air pollution in developing countries: A major environmental
and public health challenge. Bull. World Health Organ. 2000, 78, 1078–1092. [PubMed]

10. Smith, K.R.; Mehta, S. The burden of disease from indoor air pollution in developing countries: Comparison
of estimates. Int. J. Hyg. Environ. Health 2003, 206, 279–289. [CrossRef] [PubMed]

11. Bruce, N.; Pope, D.; Rehfuss, E.; Kalpana, B.; Adair-Rohani, H.; Carlos, D. WHO indoor air quality guidelines
on household fuel combustion: Strategy implications of new evidence on interventions and exposure-risk
functions. Atmos. Environ. 2015, 106, 451–457. [CrossRef]

12. Naicker, N.; Teare, J.; Balakrishna, Y.; Wright, C.Y.; Mathee, A. Indoor temperatures in low cost housing in
Johannesburg, South Africa. Int. J. Environ. Res. Public Health 2017, 14, 1410. [CrossRef]

13. Rehfuess, E.A.; Puzzolo, E.; Stanistreet, D.; Pope, D.; Bruce, N.G. Enablers and barriers to large-scale uptake
of improved solid fuel stoves: A systematic review. Environ. Health Perspect. 2013, 122, 120–130. [CrossRef]

14. Muyanja, D.; Allen, J.G.; Vallarinno, J.; Valeri, L.; Kakuhikire, B.; Bangsberg, D.R.; Christiani, D.C.;
Tsai, A.C.; Lai, P.S. Kerosene lighting contributes to household air pollution in rural Uganda. Int. J.
Indoor Environ. Health 2017, 27, 1022–1029. [CrossRef]

15. Sidhu, M.K.; Ravindra, K.; Mor, S.; John, S. Household air pollution from various types of rural kitchens and
its exposure assessment. Sci. Total Environ. 2017, 586, 419–429. [CrossRef] [PubMed]

16. Ni, K.; Carter, E.; Schauer, J.J.; Ezzati, M.; Zhang, Y.; Niu, H.; Lai, A.M.; Shan, M.; Wang, Y.; Yang, X.; et al.
Seasonal variation in outdoor, indoor and personal air pollution exposures of women using wood stoves in
the Tibetan Plateau: Baseline assessment for an energy intervention study. Environ. Int. 2016, 94, 449–457.
[CrossRef]

17. Deng, Q.; Deng, L.; Miao, Y.; Guo, X.; Li, Y. Particle deposition in the human lung: Health implications of
particulate matter from different sources. Environ. Res. 2018, 169, 237–245. [CrossRef] [PubMed]

18. Fazlzadeh, M.; Rostami, R.; Hazrati, S.; Rastgu, A. Concentrations of carbon monoxide in indoor and outdoor
air of Ghalyun cafes. Atmos. Pollut. Res. 2015, 6, 550–555. [CrossRef]

19. Language, B.; Piketh, S.J.; Wernecke, B.; Burger, R. Household air pollution in South African low-income
settlements: A case study. In Proceedings of the 24th International Conference on Modelling, Monitoring
and Management of Air Pollution (AIR 2016), Crete, Greece, 20–22 June 2016.

20. Muller, E.; Diab, R.D.; Binedell, M.; Hounsome, R. Health risk assessment of kerosene usage in an informal
settlement in Durban, South Africa. Atmos. Environ. 2003, 37, 2015–2022. [CrossRef]

21. Gordon, S.B.; Bruce, N.G.; Grigg, J.; Hibberd, P.L.; Kurmi, O.P.; Lam, K.B.; Mortimer, K.; Asante, K.P.;
Balakrishnan, K.; Balmes, J.; et al. Respiratory risks from household air pollution in low and middle income
countries. Lancet Respir. Med. 2014, 10, 823–860. [CrossRef]

22. Department of Energy. IEP Planning Workshop. Overview of Universal Energy Access Strategy.
Available online: http://www.energy.gov.za/files/IEP/Polokwane/Overview-of-Universal-Energy-Access-
Strategy.pdf (accessed on 8 November 2018).

23. Goldemberg, J.; Martinez-Gomez, J.; Sagar, A.; Smith, K.R. Household air pollution, health, and climate
change: Cleaning the air. Environ. Res. Lett. 2018, 13. [CrossRef]

24. STATS SA. Statistics South Africa. Statistics by Place. Ethekwini. Umlazi. Available online: http://www.
statssa.gov.za/?page_id=4286&id=10459 (accessed on 08 November 2018).

25. Niranjan, I. A Case Study of Environmental Health in the South Durban Basin. Master’s Thesis, University
of KwaZulu Natal, KwaZulu Natal, South Africa, January 2005.

26. Diab, R.; Prause, A.; Bencherif, H. Analysis of SO2 Pollution in the South Durban Industrial Basin. S. Afr.
J. Sci. 2002, 98, 543–546.

27. Nriagu, J.; Robins, T.; Gary, L.; Liggans, G.; Davila, R.; Supuwood, K.; Harvey, C.C.; Naidoo, R. Prevalence of
asthma and respiratory symptoms in south-central Durban, South Africa. Eur. J. Epidemiol. 1999, 15, 747–755.
[CrossRef]

28. Naidoo, R.N.; Robins, T.G.; Batterman, S.; Mentz, G.; Jack, C. Ambient pollution and respiratory outcomes
among schoolchildren in Durban, South Africa. S. Afr. J. Child Health 2013, 7, 127–134. [CrossRef]

29. Frankfort-Nachmias, C.; Nachmias, D. Research Methods in the Social Sciences, 5th ed.; St. Martin’s Press:
New York, NY, USA, 1996.

30. Ferris, B.G. Epidemiology standardization project. Am. Rev. Respir. Dis. 1978, 118, 1–120. [PubMed]

http://www.ncbi.nlm.nih.gov/pubmed/11019457
http://dx.doi.org/10.1078/1438-4639-00224
http://www.ncbi.nlm.nih.gov/pubmed/12971683
http://dx.doi.org/10.1016/j.atmosenv.2014.08.064
http://dx.doi.org/10.3390/ijerph14111410
http://dx.doi.org/10.1289/ehp.1306639
http://dx.doi.org/10.1111/ina.12377
http://dx.doi.org/10.1016/j.scitotenv.2017.01.051
http://www.ncbi.nlm.nih.gov/pubmed/28209408
http://dx.doi.org/10.1016/j.envint.2016.05.029
http://dx.doi.org/10.1016/j.envres.2018.11.014
http://www.ncbi.nlm.nih.gov/pubmed/30476747
http://dx.doi.org/10.5094/APR.2015.061
http://dx.doi.org/10.1016/S1352-2310(03)00125-0
http://dx.doi.org/10.1016/S2213-2600(14)70168-7
http://www.energy.gov.za/files/IEP/Polokwane/Overview-of-Universal-Energy-Access-Strategy.pdf
http://www.energy.gov.za/files/IEP/Polokwane/Overview-of-Universal-Energy-Access-Strategy.pdf
http://dx.doi.org/10.1088/1748-9326/aaa49d
http://www.statssa.gov.za/?page_id=4286&id=10459
http://www.statssa.gov.za/?page_id=4286&id=10459
http://dx.doi.org/10.1023/A:1007653709188
http://dx.doi.org/10.7196/sajch.598
http://www.ncbi.nlm.nih.gov/pubmed/742764


Int. J. Environ. Res. Public Health 2019, 16, 550 11 of 12

31. Terblanche, P.; Opperman, L.; Nel, C.M.E.; Reinach, S.G.; Tosen, G.; Cadman, A. Preliminary results of
exposure measurements and health effects of the Vaal Triangle Air Pollution Health Study. S. Afr. Med. J.
1992, 81, 550–556. [PubMed]

32. Albers, P.N.; Wright, C.Y.; Voyi, K.V.V.; Mathee, A. Household fuel use and child respiratory ill health in two
towns in Mpumalanga, South Africa. S. Afr. Med. J. 2016, 105, 573–577. [CrossRef] [PubMed]

33. Wright, C.Y.; Nkosi, V.; Wichmann, J. Respiratory Health Symptoms among Schoolchildren in Relation to
Possible Food-Related Risk and Protective Factors. Int. J. Environ. Res. Public Health 2018, 15, 502. [CrossRef]

34. StataCorp. Stata Statistical Software: Release 14; StataCorp LP: College Station, TX, USA, 2015.
35. Israel-Akinbo, S.O.; Snowball, J.; Fraser, G. An Investigation of Multidimensional Energy Poverty among

South African Low-income Households. South Afr. J. Econ. 2018, (in press).
36. Mgwambani, S.L.; Kasangana, K.K.; Makonene, T.; Masekameni, D.; Gulumian, M.; Mbonane, T.P.

Assessment of Household Energy Poverty levels in Louiville, Mpumalanga, South Africa. In Proceedings of
the Domestic Use of Energy Conference, Cape Peninsula University of Technology, Cape Town, South Africa,
3–5 April 2018.

37. Lloyd, P. The Energy Profile of a low-income urban community. In Proceedings of the Domestic Use of Energy
Conference, Cape Peninsula University of Technology, Cape Town, South Africa, 29 March–2 April 2014.

38. Ismail, Z.; Khembo, P. Determinants of energy poverty in South Africa. J. Energy South Afr. 2015, 26, 66–78.
39. Krieger, J.; Higgins, D.L. Housing and Health: Time Again for Public Health Action. Am. J. Public Health

2002, 92, 758–768. [CrossRef]
40. Weinmayr, G.; Gehring, U.; Genuneit, J.; Buchele, G.; Kleiner, A.; Siebers, R.; Wickens, K.; Crane, J.;

Brunekreef, B.; Strachan, D.P.; et al. Dampness and moulds in relation to respiratory and allergic symptoms
in children: Results from Phase Two of the International Study of Asthma and Allergies in Childhood
(ISAAC Phase Two). Clin. Exp. Allergy 2013, 43, 762–774. [CrossRef]

41. Fell, A.K.M.; Svendsen, M.V.; Kim, J.L.; Abrahamsen, R.; Henneberger, P.K.; Toren, K.; Blanc, P.D.; Kongerud, J.
Exposure to second-hand tobacco smoke and respiratory symptoms in non-smoking adults: Cross-sectional
data from the general population of Telemark, Norway. BMC Public Health 2018, 18, 843–851. [CrossRef]

42. Vanker, A.; Gie, R.P.; Zar, H.J. Early-life exposures to environmental tobacco smoke and indoor air pollution
in the Drakenstein Child Health Study: Impact on child health. S. Afr. Med. J. 2018, 108, 71–72. [CrossRef]

43. Ezzati, M.; Kammen, D.M. Indoor air pollution from biomass combustion and acute respiratory infections in
Kenya: An exposure-response study. Lancet 2001, 358, 619–624. [CrossRef]

44. Tunno, B.J.; Naumoff Schields, K.; Cambal, L.; Tripathy, S.; Holguin, F.; Lioy, P.; Clougherty, J.E. Indoor
air sampling for fine particulate matter and black carbon in industrial communities in Pittsburgh.
Sci. Total Environ. 2015, 536, 108–115. [CrossRef]

45. Wernecke, B. Ambient and Indoor Particulate Matter Concentrations on the Mpumalanga Highveld. Master’s
Thesis, North West University, Potchefstroom, South Africa, May 2018.

46. Guastella, L.; Knudsen, S. South Durban Basin Multi-Point Plan: Case Study Report. Air Quality Act
Implementation: Air Quality Management Planning; Department of Environmental Affairs and Tourism:
Pretoria, South Africa, 2007.

47. Kistnasamy, J. The Relationship between Asthma and Outdoor Air Pollutant Concentrations of Sulphur
Dioxide, Oxides of Nitrogen, Ozone, Total Reduced Sulphates, Carbon Monoxide and Respirable Particulate
Matter Less than 10 Microns in Learners and Teachers at Settlers Primary School in Merebank, South Durban.
Master’s Thesis, Environmental Health, Durban Institute of Technology, Durban, South Africa, 2005.

48. Vissers, A. Perceptions of Air Pollution and its Impact on Human Health in the South Durban Basin:
A Community Perspective. Master’s Thesis, University of South Africa, Pretoria, South Africa, 2010.

49. Wittwer, R.; Hubrivh, S. Nonresponse in Household Surveys: A Survey of Non-respondents from Repeated
Cross-sectional Study “Mobility in Cities—SrV” in Germany. Transp. Res. Procedia. 2015, 11, 66–84. [CrossRef]

50. Barnes, B.; Mathee, A.; Thomas, E.; Bruce, N. Household energy, indoor air pollution and child respiratory
health in South Africa. J. Energy South Afr. 2009, 20, 1–13. [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/1598646
http://dx.doi.org/10.7196/SAMJnew.7934
http://www.ncbi.nlm.nih.gov/pubmed/26428755
http://dx.doi.org/10.3390/ijerph15030502
http://dx.doi.org/10.2105/AJPH.92.5.758
http://dx.doi.org/10.1111/cea.12107
http://dx.doi.org/10.1186/s12889-018-5771-4
http://dx.doi.org/10.7196/SAMJ.2018.v108i2.13088
http://dx.doi.org/10.1016/S0140-6736(01)05777-4
http://dx.doi.org/10.1016/j.scitotenv.2015.06.117
http://dx.doi.org/10.1016/j.trpro.2015.12.007
http://dx.doi.org/10.17159/2413-3051/2009/v20i1a3296


Int. J. Environ. Res. Public Health 2019, 16, 550 12 of 12

51. Shezi, B.; Wright, C.Y. Household air pollution exposure and respiratory health outcomes: A narrative
review update of the South African epidemiological evidence. Clean Air J. 2018, 28, 43–56. [CrossRef]

52. World Health Organisation. Fuel for Life. Household Energy and Health. Available online: http://www.
who.int/airpollution/publications/fuelforlife.pdf. (accessed on 14 November 2018).

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.17159/2410-972X/2018/v28n1a11
http://www.who.int/airpollution/publications/fuelforlife.pdf.
http://www.who.int/airpollution/publications/fuelforlife.pdf.
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Area 
	Survey 
	Questionnaire 
	Data Management and Statistical Analyses 

	Results 
	Sample Description and General Profile of the Study Population 
	Prevalence of Respiratory Health Outcomes 
	Multiple Regression Analysis 

	Discussion 
	Conclusions 
	References

