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EFFECTS OF INDOOR AIR POLLUTION FROM BIOMASS COOKING 
FUELS AND LPG  ON RESPIRATORY HEALTH OF WOMEN AND 

CHILDREN IN CHUKWANI, ZANZIBAR 
 
 

By 
 

AZIZA SIBA ABDULKADIR 
 

September 2015 
 
 
Chairman :  Emilia Zainal Abidin, PhD 
Faculty :  Medicine and Health Sciences 
 
 
Introduction: Wood and Charcoal are fuels widely used for cooking by almost 
85% of Zanzibar households in both urban and semi-urban areas. This wide spread 
use of wood and charcoal may impact indoor air quality in homes. Combustion of 
these traditional fuels produces a range of substances detrimental to human-health. 
So far, there is lack of data to quantify the levels of pollutants and their impacts in 
Zanzibar households. This study aimed to assess the levels of exposure to fine 
indoor particulate matter (PM) with aerodynamic size of 2.5µm (PM2.5) and carbon 
monoxide (CO) emitted by combustion of biomass fuels, and determine any 
association with the respiratory health of women and children less than 5 years old 
living in Chukwani-Zanzibar.  
 
 
Methods: A total of 200 households comprising of a mother child pair were 
sampled for the study and 200 questionnaires constituting questions for both 
mothers and their children were administered. In a sub-sample of 20 households, 
24-hour integrated samples were collected in non- uniform households with 
different kitchen types, using different fuels i.e. wood, charcoal and liquefied 
petroleum gas. Cumulative and 24-hour Time Weighted Average (TWA) exposure 
to biomass pollutants among women and children less than five years of old were 
estimated using information on PM concentration levels, and time-activity patterns. 
Prevalence of respiratory symptoms associated with biomass fuels use was 
determined in women 
biomass as fuel. Similar procedures and measurement were performed in 
households using LPG 
 
 
Results: The measured mean 24-hour TWA concentrations and (standard 
deviation) for PM2.5in all 10 homes cooking with biomass fuels was 329 (121) 
µg/m3 (range 28-1600 µg/m3) with an average of 600 (28-2600) µg/m3 during 
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cooking hours and 12 (10)µg/m3 (range 0-352 ppm) for CO. Households using 
cleaner fuel (Liquefied Petroleum Gas) had much lower concentrations 22 (11) 
µg/m3 range (4-48 µg/m3) with an average of 65µg/m3during cooking hours for PM 
and 1.5 (3.5) range (0-36 µg/m3) for CO. From the logistic regression analysis, an 
increase of 100 µg/m3 PM2.5 was associated with increased frequency of reporting 
of phlegm in the morning 1.75 (95%, CI 1.40-2.29), and tightness in chest 2.53 
(95% CI 1.12 -5.31) for women and between 1.38 (0.87-2.22) - 3.28 (1.56-6.90) for 
all symptoms in children. The 24-TWA mean exposure hours for women and 
children were 192.4µg/m3 and 173.6µg/m3 respectively.  
 
 
Conclusion: The results from this study suggest a relationship between respiratory 
health and biomass smoke exposure, thus emphasizing the need for potential 
interventions for the reduction of exposure to indoor air pollution in Chukwani. 
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PETROLEUM CECAIR TERHADAP KESIHATAN PERNAFASAN 
DALAM KALANGAN WANITA DAN KANAK-KANAK DI CHUKWANI, 

ZANZIBAR. 
 
 

Oleh 
 

AZIZA SIBA ABDULKADIR 
 

September 2015 
 
 
Pengerusi :  Emilia Zainal Abidin, PhD 
Fakulti :  Perubatan dan Sains Kesihatan 
 
 
Pendahuluan: Kayu dan arang adalah bahan api yang digunakan secara meluas 
untuk memasak oleh hampir 85% daripada isi rumah Zanzibar di kedua-dua 
kawasan bandar dan separa bandar. Penggunaan kayu dan arang sebagai bahan api 
secara berleluasa boleh memberi kesan kepada kualiti udara dalaman di rumah. 
Pembakaran bahan api tradisional ini menghasilkan pelbagai bahan yang 
memudaratkan kesihatan manusia. Setakat ini, data untuk mengukur tahap 
pencemaran dan kesannya dalam isi rumah Zanzibar adalah terhad.  Kajian ini 
bertujuan untuk menilai tahap pendedahan kepada Particulate 

 ksida 
(CO) yang dilepaskan oleh pembakaran bahan api biojisim, dan perkaitannya 
dengan kesihatan pernafasan wanita dan kanak-kanak berumur kurang dari 5 tahun 
di Chukwani-Zanzibar. Kaedah: Seramai 200 isi rumah yang terdiri daripada 
sepasang ibu dan anak telah terlibat dalam kajian dan sebanyak 200 set soal-selidik 
yang mengandungi soalan untuk ibu dan anak-anak telah diedarkan. Dalam sub-
sampel 20 isi rumah, sampel bersepadu 24 jam telah dikumpulkan dalam isi rumah 
tidak seragam yang menggunakan jenis dapur dan bahan api yang berbeza iaitu 
kayu, arang dan gas petroleum cecair. Bacaan kumulatif dan 24-jam Purata 
Wajaran Masa (TWA) pendedahan kepada bahan cemar biojisim di kalangan wanita 
dan kanak-kanak berumur kurang daripada lima tahun telah dianggarkan dengan 
menggunakan maklumat tahap kepekatan PM, dan aktiviti berdasarkan corak masa. 
Prevalen gejala pernafasan yang berkaitan dengan penggunaan bahan api biojisim 

-
menggunakan biojisim sebagai bahan api adalah ditentukan. Prosedur dan 
pengukuran yang sama telah dilakukan dalam isi rumah yang menggunakan 
LPG.Keputusan: Purata kepekatan 24 jam TWA dan (sisihan piawai) untuk PM2.5 
di semua 10 rumah yang memasak menggunakan bahan api biojisim ialah 

3 (julat 28- 3) dengan purata 600(28- 3 semasa 
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3 (julat 0-352 ppm) bagi CO. Isi rumah yang 
menggunakan bahan api yang lebih bersih (Gas Petroleum Cecair) mempunyai 
kepekatan yang lebih rendah 3(4- 3 3 

semasa waktu memasak untuk PM dan 1.5(3.5) julat (0- 3) bagi CO. 
3 PM2.5 telah 

dikaitkan dengan peningkatan kekerapan pelaporan kahak pada waktu pagi 
1.75(95%, CI 1.40-2.29), dan sesak dada 2.53(95% CI 1.12 -5.31) untuk wanita 
dan antara 1.38(0.87-2.22)-3.28 (1.56-6.90) untuk semua simptom bagi kanak-
kanak. Purata pendedahan 24-TWA 3 dan kanak-

3. Kesimpulan: Hasil daripada kajian ini telah 
menunjukkan perkaitan antara kesihatan pernafasan dan pendedahan asap biojisim. 
Justeru itu, penekanan kepada keperluan untuk mengadakan intervensi dalam usaha 
untuk mengurangkan pendedahan kepada pencemaran udara dalaman di Chukwani. 
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CHAPTER 1 

1 INTRODUCTION 

1.1 Air Pollution and Health 

Burning biomass in traditional stoves emits smoke containing large quantities of 
particulates and gaseous pollutants, which pose serious health consequences for the 
exposed population. Chronic exposure to these pollutants is recognized as an 
important risk factor associated with increased prevalence of several health 
outcomes, with an important consequence on respiratory symptoms, reduced lung 
functions and development of chronic obstructive pulmonary disease (COPD) in 
women in developing countries.  
 

Combustion of household fuels is reported to be responsible for a very substantial 
global burden of disease, estimated at almost 2 million premature deaths caused by 
a wide range of respiratory diseases, adverse pregnancy outcomes and cancer 
affecting people across the whole life course World Health Organization (WHO 
2009).  
 

The most recent estimate of disease burden published by WHO for the year 2012 
reports that Household Air Pollution (HAP),is responsible for 4.8 million deaths 
almost all in low and middle income countries(WHO 2014).The main reason for 
the apparent increase being the addition of cardiovascular disease as an outcome 
(WHO, 2014). 
 

1.2 History of Air Pollution and its Effects on Human Health 

The problem of air Pollution and its effect to human health is an old phenomena 
originating since the down of history of mankind. It in fact, rooted up with the 
discovery and adoption of fire for cooking and heating tens of thousands of years 
ago, which marked one of the basic discoveries of mankind (Staton and Harding 
I998).Fire made possible for the use of a much wider range of foodstuffs and 
greatly improved food safety and health. Fire also enabled humans to expand their 
range to higher latitudes and elevations, and it essentially changed the patterns of 
social and economic developments.  
 

However, though invention of fire was definitely one of the powerful developments 
in all of human history, with fire also came the first anthropogenic pollution in 
history (Staton and Hardin 1998). Evidence from the past remains has revealed 
number of evidence indicating smoke exposure and air pollution episodes in 
historic era. Some of the obvious evidence includes the existence of layers of soot 
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in caves and the presence of black tones in the lungs of mummified bodies from 
Paleolithic times (Staton and Hardin 1998). 
 

Air pollution was first and officially recognised by medical practitioners and 
scientists and was considered as a major cause for respiratory diseases, after some 
dramatic episodes of outdoor air pollution in the developed world. Such episodes 
include the historic air pollution disasters in Meuse Valley, Belgium in 1930, 
Donora, Pennsylvania in 1948, and the Big Smoke during the 5-8 December, 1952, 
in London, that killed more than 4,000 people most of whom were very young or 
elderly, or had pre-existing respiratory problems because of their heightened 
susceptibility to the damage that can be done by air pollutants (WHO, 2012). 
 

1.3 History of Biomass Energy Use in the Word 

Throughout the history, energy has taken one of the most important fractions in the 
human life. Primarily, mankind has transformed chemical energy gained by food 
into heat and mechanical energy. After the discovery of fire people began to use 
wood with the aim of cooking and lighting. Wood and wood coal (charcoal) had 
been extensively used since then. 
 

However, with progressive discoveries of new fuels (coal and oil) and 
improvement of socio-economic profile in developed countries, coal and oil was 
used in competition with wood with biomass energy taking turn in developing 
countries. Thus, dividing energy usage today in two forms; traditional fuels used in 
under developed, and developing countries and modern biomass energy used in 
developed countries. 
 

Even though in the some parts of the world electricity and gas are preferred as the 
cooking fuel, whereas biomass and biomass stoves are only used for recreational 
cooking, biomass like wood, charcoal, and other combustible residues and wastes 
are burned and used intensively as the primary cooking fuels in the developing and 
underdeveloped countries (Ahuja and Tatsutani, 2009). 
 

It has widely been  reported that biomass fuels including firewood, charcoal, dung 
and agricultural residues are used worldwide by 3 billion people (WHO, 2014)and 
in 2030 it is expected that  more than 3 billion people will use biomass for cooking 
although use of electricity is still increasing, too (Renewable Global Status Report, 
2007;International Energy Agency, 2007). 
 

This transition in energy use over the past few centuries, have made half of human 
kind able to afford to switch from traditional biomass fuels (wood, animal dung, 
crop residues rice husks, etc.) to fossil fuels such as kerosene or gas, or to 
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electricity (Malla and Timilsina, 2014), while the remaining half of humankind, 
almost all in developing countries, continues to use biomass fuels or coal, often in 
open fires or in inefficient, smoky stoves (Malla and Timilsina, 2014). 
 
 

 
 
Figure 1.1: Estimated Percentage of Population Using Biomass as Primary 
Cooking Fuel: Map Created from Tabular Data collected by the World Health 
Organization 
 
 
The widespread cooking practices with solid fuels, such as traditional biomass and 
coal, have been found to have severe implications on human health (Rehfues 2011; 
Malla Timilsina, 2014). Combustion of household cooking fuels, mainly solid 
fuels, has been revealed to results in the release of products of incomplete 
combustion resulting in emission of substantial quantities of harmful air pollutants 
and contaminants which have numerous implications for both climate and health 
(WHO, 2009). 
 

These pollutants include toxic particulate matters such as PM10and PM2.5,toxic air 
compounds, such as carbon monoxide (CO), poly-aromatic hydrocarbons (PAHs), 
benzene and formaldehyde, and toxic contaminants such as ash, sulphur and 
mercury (Smith et al., 2012). 
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1.4 Global Burden of Diseases Attributable to Indoor Air Pollution 

WHO and the United Nations Development Program (UNDP) have recognized 
indoor air pollution to be one of the major causes of death and ailments in the 
developing countries, with smoke from indoor cooking fires killing one person 
every 20 seconds (WHO, 2005). Additionally, WHO has confirmed the existence 
of the largest indoor pollutant concentrations and exposures in both rural and urban 
areas of the developing world (WHO, 2012). 
 

Moreover, existing studies, such as Smith and colleagues 2004, WHO (2006); 
Njeru 2011; Malla  and Timilsina,  2014) found that air pollutants, emitted from 
solid fuels often burned indoors on inefficient cook stoves, is one of biggest 
challenges to human health in developing countries.  
 

Additionally, Lim and colleagues (2012), estimated that in 2010, about 3.5 million 
premature deaths were caused by household air pollution (HAP) resulting primarily 
from cooking with solid fuels. They also estimated that there were 500,000 deaths 
from outdoor air pollution caused by household solid fuels use for cooking in Asia 
and Sub-Saharan Africa (SSA) in the same year (Lim et al ., 2012). 
 

Furthermore, WHO has reported that indoor air pollution (IAP) from solid 
household fuel is associated with a substantial global burden of health. WHO 
estimates that exposure to smoke from the simple act of cooking constitutes the 
fifth worst risk factor for disease in developing countries and causes almost two 
million premature deaths per year exceeding deaths attributable to malaria or 
tuberculosis (WHO 2011). 
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Figure 1.2:  DALYs Attributed to Different Risk Factors. Plot created from 
Image from Data from the World Health Organization (2011) 
 
 
World Health Organisation (WHO) has also estimated that indoor air pollution 
from combustion of solid fuels for cooking and space heating is one of the eight 
most important risk factors in global burden of disease measured as disability 
adjusted life years (DALY). In poor developing countries, indoor smoke from solid 
fuels ranking fourth behind only under-nutrition, and unsafe 
water/sanitation/hygiene, unsafe sex, accounting for an estimated 3.7% of the 
disease burden (WHO 2011).  
 

Current estimates by WHO also shows that acute respiratory infection (ARI) is one 
of the leading causes of child mortality in the world, accounting for up to 20% of 
fatalities among children under five, almost all of them in developing countries 
(WHO 2014 ).IAP is thought to cause about one-third of ARI cases which makes 
solid fuels the second most important environmental cause of disease after 
contaminated waterborne diseases and the fourth most important cause of overall 
excess mortality in developing countries after malnutrition, unsafe sex, and 
waterborne diseases (Bruce et al., 2006). 
 

In addition to impacts on mortality, IAP has been reported to have long lasting 
effects on general health and well-being. Early exposure to IAP during childhood 
may inhibit lung development, suggesting that the cost of this pollution may 
continue later in life. In fact, a growing literature indicates that environmental 
abuse at early ages can have long lasting influences on human health and 
productivity. 
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To date, numerous studies have found associations between IAP and acute lower 
respiratory infection (Kilabuko et al., 2007, Nandasena and Wickremasinghe, 2013 
), chronic obstructive pulmonary disease (WHO 2002, Bruce et al., 2000) lung 
cancer in the case of coal smoke (WHO 2014).  
 

There is also emerging evidence that IAP increases the risk of other child and adult 
health problems, including low birth-weight, parental mortality, asthma, otitis 
media or middle ear infection tuberculosis, nasopharyngeal cancer, cataracts, 
blindness, and cardiovascular disease (WHO 2002),stunting (Machisa et al., 2012). 
 

However, most striking is the imbalance between the developed and developing 
countries in the burden of ill health attributable to particulate matter (PM) in our 
air. It is not uncommon for developing countries today to experience the same PM 

resulted in thousand s of cases of premature mortality and countless cases of 
exacerbated morbidity related health endpoints. The severity of the situation in 
developing countries warrants a closer look at and characterization of the key 
components that are integral to assessing the human health effects derived from 
exposure to particulate air pollution. 
 

1.5 Cooking Fuels Use in Developing World 

Half of humankind; about 3 billion people in developing world still rely on solid 
fuels for cooking and heating of which, about 2.5 billion people depend on 
traditional biomass fuels (wood, charcoal, agricultural waste, and animal dung) 
while about 400 million people use coal as their primary cooking and heating fuel 
(United Nation Development Project and WHO 2009). 
 

The most commonly used cooking fuel in the developing world is wood. Wood is 
the primary cooking fuels for an estimated 2.3 billion worldwide (UNDP and WHO 
2009).This acc and 71% of 
total biomass fuel users. Although wood is the most common fuel in developing 
countries, the availability and affordability of cooking energy sources and cooking 
technologies vary widely within and across countries. 
 

 Generally households often use a combination of fuels (fuel stacking) and they do 
not necessarily switch to more efficient or higher quality fuels for cooking (Malla 
and Timilisna, 2014). Fuel stacking is a common practice and occurs when a home 
uses multiple fuel types on a regular basis (Masera 2000).  
 

Stacking occurs for a number of reasons. Some factors that affect what fuel is used 
include the meal to be cooked, the current availability of different fuels, and the 
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cash currently available to the family (Malla and Timilisina,  2014).Each of these 
factors may experience seasonal (or even daily) variation. Generally, energy for 
cooking in less industrialized countries is provided by a heterogeneous mixture of 
fuels which vary in importance from country to country (Clark 2013). 
  

 (Figure 1.3) 
which households ascend as soon as their economic circumstances permit because 
of the greater cleanliness, efficiency, storability and controllability of fuels at 
higher levels (Malla and Timilsina ,  2014).  
 
 
In Sub-Saharan Africa traditional fuels at the bottom of the energy ladder including 
wood, charcoal, grasses, animal dung and crop residues supply more than half of 
all energy needs, including transportation and industrial requirements (Masera et 
al., 2000). 
 
 

 
Figure 1.3: Fuels ladder in the Developing World. Plot created from data 
from the World Health Organization (2006) 
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1.6 Problem Statement 

Despite numerous evidence indicating that excessive use of biomass fuels in an 
enclosed space with poor ventilation, and in inefficient stoves, elevates the levels 
of indoor air pollutants, to 100 folds than the standard set by WHO which 
consequently impact respiratory health (WHO 2014), firewood and charcoal are 
still extensively used in Zanzibar. 
 

Report from Households and Budget Survey 2011, has shown that most population 
in Zanzibar use biomass fuels, wood and charcoal as their major energy source 
with the estimate of use in 70.8% and 26.2% households respectively (Households 
and Budget Survey 2011 ). Due to the fact that, most of it is done in poorly 
ventilated kitchens, exposure to biomass pollutant is obviously predominant in 
Zanzibar. 
 
 
Moreover, a report by the Ministry of Health in Zanzibar, shows that the 
prevalence of upper and lower acute respiratory infections particularly pneumonia 
are high, and are the leading causes of morbidity, and mortality in very young 
children (Ministry of Health Zanzibar, 2011). Table 1.1 shows the incidence of 
Upper Respiratory Infection among children (37%) which is higher than all other 
diseases combined.  
 
 
Thus with the inclusion of pneumonia the overall prevalence of acute respiratory 
infections is approximately 50% which is exceedingly high. This might explain the 
reasons why despite an extensive campaign to eliminate the prevalence of ARI and 
pneumonia among children in Zanzibar, the persistence of these diseases have 
remained consistently high. 
 
 
Table1.1 Incidence of ARI among children less than five years old in Zanzibar 

(Source: Ministry of Health Zanzibar 2011). 

 
 
To date, there are few studies on air pollution done in Zanzibar, most of which 
based entirely on cook stove emissions and its impacts on climate change and 
environment. Thus, it is obvious that, the sign and magnitude of the pollution 
health associated problems are high and need to be explored. Women and children 
in Zanzibar are therefore most likely exposed to elevated biomass pollutants 

Disease /Condition Number of new cases Percentage 
URTI 178,495 37.25% 
Pneumonia 59,795 12.5% 
Diarrhoea(other than cholera and dysentery) 56,096 11.7% 
Skin disease (other than leprosy and chicken 
pox) 

39,551 8.2% 
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because of their roles in the kitchens, and significant amount of time spent in 
indoor polluted environments. 
 
 
It is therefore obvious that, IAP and respiratory health risks are significant 
environmental health problems in Zanzibar, particularly adding to the fact that 
upper and lower acute respiratory infections, are listed as the top five leading 
causes of morbidity for both woman and children in Zanzibar (Ministry of Health 
Zanzibar 2011). 
 

1.7 Study justification 

As noted earlier, to date, no studies on Households Indoor Air Pollution (HAP) and 
its effects on human health have been done in Zanzibar. Therefore, it is necessary 
to develop ways to determine pollution exposure measures/estimates by combining 
the number of people, fuel types, the level of pollution in different household 
settings, and the amount of time spent breathing polluted air as an indicator of 
where the health effects are likely to be.  
 

The information obtained will provide public health professionals and 
environmentalists with knowledge about the true levels of IAP and its impacts to 
the life of women and children living in the rural and urban setting. This would in 
turn assist in investing mechanisms that will prevent the poor from paying heavily 
for their lack of access to clean cooking stoves and fuels, as well as reducing the 
time wasted in cooking and collecting fuel that could be better spent on income 
generation, education, or other activities. 
 
 
Subsequently, better estimates and improved knowledge of exposures that 
highlights the contribution of various determinants of exposure such as kitchen 
configurations, ventilation, unsafe cooking habits and time spent in pollutant 
environments during cooking will become a useful tool that would, assist in 
targeting promising, long lasting and cost effective  interventions to the population 
subgroups with the highest potential health risks due to IAP and consequently  help 
alter the determinants of exposure. 
 
 
Apparently, the exposure assessment methodology in this study with the use of 
primary data on parameters such as household fuel use, household-level 
characteristics, indoor air pollution measurements, and time activity diary estimates 
will allows the generation of additional exposure index that can be scaled up to 
cover whole regions with similar socio-economic and cultural profiles. 
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To the best of my knowledge and my beliefs that this 
information will create awareness to the public and sheds a light towards giving 
more attention to this important but neglected problem (the continuous use of 
biomass fuel for cooking) hence act as a way forwards to subsequently improve 
cooking practices as well as strengthen the path towards switching to the cleaner 
fuels in Zanzibar. 
 

Based on this background, the present study is designed with the following 
objectives:  
 
 
1.8 Objectives of the Study 

General objectives 
 
To assess the levels of exposure of indoor particulates PM2.5 and carbon monoxide 
emitted by biomass fuels combustion and assess their association to respiratory 
symptoms among women and children living in households using biomass for 
cooking. 
 
 
Specific objectives: 
 

1. To determine the levels of particulates matters PM2.5 and carbon monoxide 
in households using biomass fuels and those using liquefied petroleum gas 
for cooking. 

2. To determine the prevalence of respiratory health symptoms in households 
using biomass with those using liquefied petroleum gas for cooking.  

3. To determine the association between respiratory health symptoms and 
exposure to particulate matters and carbon monoxide emitted from biomass 
fuels during cooking. 

4. To determine time/activity and other information at the household level so 
as to estimate the exposure among women and children less than five years 
old in households using biomass for cooking. 
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1.9 Hypotheses 

 There is a higher level(s) of particulates matters PM2.5 and carbon monoxide 
in households using biomass fuels compared to those using non-biomass 
fuels for cooking. 

 There is a significant difference in the prevalence respiratory symptoms 
between women and children living in the households using biomass fuels 
for cooking compared with those living in households using cleaner fuels. 

 There is a significant association between respiratory health symptoms and 
exposure to particulates matter and CO emitted from biomass fuel 
combustion. 

 The longer the duration an individual spend in the polluted environment, 
the higher the exposure and the risk of getting respiratory symptoms or 
disease. 
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