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ABSTRACT 

Bacqro_od: hlCldcnlaJly. more than 95% of Zongo communities in Ghana. often 

considered 10 Live in deplorable conditions rely on the use of traditional biomass fuels 

(BMFs) for cooking and beating. Bwning ofBMFs can release twmful substances such as 

sulfur dioxide. carbon monoxide and partiCuialc maner, direct exposure of which could be 

harmful to hwnan health. 

Objectin: The primary objective of this study was to assess the relationship between 

hLOmass fuel exposure and respiratory health of children aged. 5·)5 years, IivinS in 

households at Madina Zonga, an informal senlement in the Accra Metropolis. 

Method§: .\ cross-sectional analytical study was conducted from May to July. 2019. which 

included 400 cruldren (aged from 5 to IS years) selected from two hWldred (200) households 

in Madina longo. A structured questionnaire '4"8S used to obtain demographic data of 

households including beads and childmt. household cooking characteristics and child 

exposurt' to biomass fuel. Weigbt and heisht measurements of the children were takt:n to 

assess their nutritional status. Data on respiratory symptoms of the children were also 

collected. An Easy One Spirometer was used 10 assess Lung function, Forced Expiratory 

Volumes (FEVs) and Forced Vital Capecities (FVCs) of the children. Instantaneous 

concentrations of PM were measured durinB data collection with a pOl1able Met one Aerocet 

83lpaniclccounler. 

Raults: The mean age of children was 9.2 ±2.6 years. The most commonly !elf-reported 

respiratory symptoms included Cold (900/,). Occasional dry coup (71.";,) and 4.2,"" of the 

children reported of pcniSlent dry cough. Itchy and watery eyes, sore throu. C'Xceui,'c 

phlegm WM reported by 79.5%. 71.5,",0 and 62.0-;. of the children rapccti ... cly. From the 

muSts of the Spiromdr) .• higher percentaae (60.5';.) of the children pttsented with 
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rcduccdlungfunctionand39.5%werenormaJ. AhightraverageexposureralellCOf1'!w&s 

sipfiaa:ly associated with the increased likelihood of persiSlent dry cough (aOR""8.S I , po­

value -0.039), repealed sneezing (.oR- 1.97. p-value -()'003). itcby and watery eyC'5 

(.oR- 4.35. p-value<O.OOOl). shortness of brctuh (aOR: 3.22. p-vaJue<O.034) and 

difficulry bre.th.ina (.oR- 9.21. p-vaJue<O.02S). Also. a significant as5OCialion was 

obIerved between years ofBMf exposure and lung fWlCtion of the participants. 

COlldU~toas: J.n conclusion. this study demonwated a significant statistical relationship 

betwun biomass fuel exposure and respiratory health (respiratory symptoms and luna 

fwxtionindices). 

Keywords: Biomass fuel , Respiratory health, spirometry. Particulate maner, Lung function, 

cruldren. Madina-Zongo 
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CHAPTER ONE 

1.0 INTROOH'TlO!'l 

1.1 Background 

Indoor air pollution (lAP) exposure from the burning oftBdilional biomass fuels (BMFs). 

DIlDCly wood, animal dung. charcoal. and crop waslC:S, is a major public health risk 

worldwide that primarily impacts poor disadvantaged rural and informal urban commWlities 

in developing natiom. A vast number of individuals are exposed (0 damaging emissions and 

other health haards from biomass and coal combustion on a daily basis, typically occurring 

in partly enclosed cooking areas, open fires ortow-efficiency cookers with insufficient 

venlilation (Po et aI., 2011). Biomass remains the primary source of energy for 60-90% of 

homes in developing nations since it is inexpensive and cui!) accessible: (WHO. 2015). 

In Ghana. it is estimated thai 2.2 million households depend on ftrewood as their 

primary source of cooking fuel , with 8 funher I million using charcoal (Kwakwa, Wiafe, & 

Albassan. 2013). This indicate! that about 86% of the total household population uses 

biomass fuels (Arthur. Baidoo. & Ant,,;, 201 I). Based on the World Health Organization 

(WHO) rcpons, indoor air pollution from the combustion of biomass is n:spon!lible for 2.70/. 

of the aJobaI burden of disease. where it as the major cause of death in mOlt developina 

nations for children under five (WIIO, 20IS). The global disease burden estimates indicated 

an estinwed 4.3 million faWities in 2012 due to the household exposure to air pollution. 

which infonncd the decision of most stakeholders to look into this area (Nsoh e1 aI., 2019). 

Combuaioo of BMF leads to the release of air poliUlants sucb as pIl"ticuJatc matter (PMl 1 

IDd PM,o), IUIfur and nitrous oxides, carbon monoxide (CO), aldehydes. para ammo 

hy_fonnaldcbyd., benzo'pyrene ... d benzene (Clarket .... 2013). Tbe ...... tifta 

mechanisms underlying the effects of HMh 00 bcaJth. npeciaUy the respiratory health of 
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children bave bcen attributed to thc inhalation oflhese poisonous perticulates which are able 

to cross thc a1veolar-c:apillary barrier and infiltrate deep into the lungs causing a significant 

effl.'Ct on respinltory health (Tesfaigzi et aI., 2002). Thus, it is conceivable that biomass smoke 

exposwc results in substantial systemic bealth impairment(padhi & Padhy, 2008) 

A number of srudies have associated bioma.u smoke with adverse effects on respiratory 

health (acute lower respiratory infections. Pnewnonia. chronic cough, phlegm production. 

and lung cancer). cardiovascular health. and other organ systems (Armah, Odoi, & 

Luginaah. 2015). According to the reports of some related previous studies. women and 

cbildten stand the greatest danger relative to the fact that their genderroJes and fam ilyduties 

and conduct give them the maximwn exposure beyond the threshold (Armah, Odoi. & 

Luginaah. 20IS).lbus.it is evident that the greaterbenefils of studies related to this area 

will be beneficial to public hea1lh, as well as decisions and policies related 10 human 

scttlement and living. 

1.2 Problem Statement 

Biomass fuels (BMfs) usage results in indoor air pollution (lAP), which is significantly 

associated with infant mortality and childhood respiratory symptoms (Nsoh el aJ •• 2019). 

BMF! used for cooking and heating have been docwnented 10 have deleterious health effects 

due to acute and chronic exposure to particulates and otherharmfuJ pollutants (Fullerton, 

Bruce. Gordon, & Hygiene, 2008). In Ghana, estimates indicate that exposure to lAP 

accounts for 16,600 fatalities annually and reportedly high proportions of this total involve 

women and children {Annah et aI., 2015). The percenl8Ke of the national burden of disease 

associated with solid fuel use in Ghana is 2.20/. (Stein et aI .• 2007). However. little or no 

(\'idmce exists on the effects oflhis health detenninant on the respintory health of children 

within IF 5-15 years. Thus, a study assessing the significant impact of houxhold biomass 
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UK on children's re~piratory heahh in Ghana would be beneficial to inform health 

intct'\·entionsandpreveDtivestrategies. 

In most areas of ruraJ Ghana. the dependence on biomass fuels for cooking is very high 

(94%) (R. J. E. e. Heltberg, 2004). This study was conducted in Madioa Zongo, a 

predominantly poor rural settlement with a high population density, presented under the 

cate:aory of 'slums and deprived areas' in Ghana. Zongo communities are classified with 

large household sizes (overcrowding), inadequate sanitation and ventilation. Due to the 

risingcoitofclean fuels (e.g. liquefied petroleum gas) and energy, more households are 

turning to the use of inexpensive SOW'Ce5 of energy such as wood, charcoal andlor 

agricultural waste for heating/cooking, wlUch may increase the proportion of all--c:ause 

mortality in the country. Food meant for domestic consumption and even sales arc prepared 

inside homes with BMF. 

in Ghana. some studies conducted on adults ha\·C' shown positive associations between 

biomass exposure le\'cls and respiratory health. A recent study in Ghana on pregnant 'women 

showed a positive association between BMF exposure and respiratory symptoms (Mocumbi. 

Stewart, Patel, &. AJ-Delaimy, 2019). Another research in Ghana also discovered that the 

prevaJmoe of respiratory health diseases among homes that burn solid fuels, especially 

finwood and coal, was bigh (Odoi-Agyarko, 2009). Despite this mode of !ettlement, no 

studies exist in Ghana to explore the effect ofBMF use on children's health residing in sueh 

oommunitJes 

1.3 Coac:eptual Frame--Work 

Respiratory health is dependent on a number of demographic and C1lvironmental factors, 

esrecia1l~ factors akin to BMF use and indoor air pollution. Exposure could be attributed 

largely to the route of expoSW\': (mostly inhalation); a number of mediating parameters such 
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as lcilchen charactmstics (if cooking is done indoors or outdoors), history of respiratory 

conditions, and also the duration of exposure. The early exposures of children to BMF and 

consequem effects on lung ftmction depend on the mother and their prospective surrounding 

featw'es. Children are disproportionaUy exposed due to the increased time spent with their 

mothers in the kitchen during cooking and the performance of other delegated chores. The 

sociocx:onomic status, age and leveJofeducation of the child and parents highly influence 

the choice of energ) usage (BMF). The poisonous agents released from the burning of BMF 

such as PM, CO, Polycyclic aromatic hydrocarbons etc. which enter into the lunas mainly 

through inhalation may induce an aJlc:rgi, or inflammatory response leading to respiralory 

5)'tnptom! such as snceze.cough,sore throat, wheeze and breathlessness which lhen leads 

to n:duced lung function in the exposed children. 

University of Ghana http://ugspace.ug.edu.gh



[ S;omassFueIU.. ) 

I 

Cough 

Sore throat 

Wheezing 

Breathlcssnc!1 

Guccd LunS Function 

Figtln 1.1 Conceptual framework of Bio.a., Fueb use and respiratory bealtb 
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1.4 JustUlCI.tioa 

nus Shady aims AI establishinl,! the association between BMF use and the prevalence of 

rnpiralory symptoms and pulmonary dysfunction in childtm within age 5·15 years. All' 

pollution from BMF smoke is of global public health concern for which policy inletVcntion 

IS ureentJy needed to halt its harmful effects on human lives and the environment (Fullerton 

(t al .• :008) The proposed proje<:t will increase scientific knowledge concemina: the health 

impacts of eKposure to rugh concentrations of pollutants from incomplete combustion of 

biomass fuel indoors. A broader perspective and knowledge of these could help provide 

extra information 10 support exposure reduction nll:asurcs for biomass smoke produced in 

ruralItUban households and could also provide an important basis for Govenuncnt to roll 

out regulations on the usc of open·air burning of BMF and rather promote the use of clcantt 

fuds 

I.S Rnnrcb QueslioDs 

I. \\-'hat is the prevalence of respiratory symptoms among children between S·15 )cars 

living in oouseholds at Madina Zongo7 

2. What are the Luna function indkes of the children? 

J. ls there an association between BMF exposure and respiratory symptoms amona the 

children? 

4. Is tbtte an associAlion between BMF exposure and Luna fWlction among the cruldren? 

1.6 General ObjC<1in 

To_thc rtlationsrup betw«n biomass fuel exposure and re!piratory health inchildrcn 

between 5·1 S years living in Madina Zongo. 
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1.6.J Sp«ificobjeclivH 

I. Determine the prevalence of respiratory symptoms among the children using a 

5WXiardizedquestioruWre. 

2. AsseSi Lung fWlction (Forced Expiratory Volumes (fEVs) and forced Vital Capacities 

(FVCs) among the chHdren by Spirometry. 

3. Determine the association between BMf use and respiratory health symptoms and 1Wl& 

function among the children. 

4. To determine whether there is an association between PM2.S levels and respiratory health 
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CHAPTER TWO 

2.0 LITERATURE REVIEW 

2.1 Insights 

One-third of the world's population bums organic mat-=rial such as wood, dung or charcoal 

(biomass fuel) for cooking. heating. and lighting (Fullerton et at. 2008). BiOl'lWi fuel 

(BMF) is a renewable source of energy and a primary source: of domestic energy and is 

linked with elevated toxic emissions dwing hwning leading to indoor air pollution md 

lncrased incidence of respiratory infections such as pnewnonia. tuberculosis and chronic 

obllJUctive pulmonary disease 10 lhc: extent of causing mortality in children and adults. 

There is not a complete understanding of the mechanisms behind these associations. 

Ninety percent of rural households and 32% of urban households cook their meals on a 

biomass stove (Prasad, Singh. Garg. & Hosmane. 2012). On average. 24-hour 

concentrations of PMlo in households using biomass Sioves surpass euidelines for ambient 

air pollution levels espoused by developed nations bye factorof2 to 60 (M. J. T. L. Ezzali. 

2005). 

The respiraaory system i5 the main target for air pollutants 1eadina to a broad spectrum of 

restricti\'C pulmonary dilea5C5 and chronic obstructive pulmonary diseases (COPOs). These 

negativc respirator) reactions span between mild subclinical chanaes and mild symptoms 

to Iife--thre8tening diseases. and possible loss oflives (Bentayeb el aI .• 2013). Childrm are 

more prone 10 respiratory health problems from air pollution because their lungs are still 

growin&and because they arc so active and brcaIhe in more air. 

Biomass smoke inhalation C8UICS oxidative SIre5S and DNA damage in the lunas which is 

believed to be the possible mechanism for the pathogenesis of Chronic obstructive 

University of Ghana http://ugspace.ug.edu.gh



pulmonary disease (COPD); and an interstitial lung disease also known as 'hut hUll' 

(Kodgule,Salvi,&immunology.2012). 

2.2 Global Energ)' Resources and CODsumptioD Rate 

The type of energy and fuel technology used can have a significant effect on enabling 

sustainable livelihood. enhancing health and education, and decreasing poverty 

considerably. Access to appropriate energy service levels is a key fundamental requirement 

for the growth of any nation (Orner & reviews, 2008). It is obvious thai every significant 

financial and social change in the Klobe has been accompanied by the emergence and 

accessibility of the t«hnology of exploitation and social demand for new cneray sources 

and a significant boost in energy consumption rales. It is quite evident that energy sources 

are one of the many characteristic featur'n that define the socioeconomic Slate of a nation. 

Energy for cookinS enabled the consumption of a much wider range of food products and 

significantly improved food safety. Thus, energy remains a vital detenninant of 

industrialization and health safety. As countries develop economically. their energy 

consumption habits tend to alter, and the ho~hold energy consumption share decreases 

while industrial consumption incrases. 

As centuries go by. many energy sources have emerged. These include wind mill in the I ~ 

century. h)draulic energy and steam engine in the 17d! century, hydropower and coal in the 

19!h century. Electricity and liquid Petrolewn Gas (LPG) appeared liter after world war III. 

which bas been in place till now. In Africi and most developing nations, traditional fuels 

account for an estimated one-third of primary energy consumption. Among these nations. 

the biomass share ofpritnar) energy surpasses 70~ ' •. According to UNDP reports., more than 

two billion individuals cook by direct burning of biomass (Balal, Acici, & Ersoy, 2006). 

mainJy in rural regions. The traditional useofbiomau fuels iSlypically inefficient. depends 
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heavily OD inexpensive energy sources such 85 forests, whiw in tum contributes to 

deforestation (Demirbai & Management. 2001) 

2.2.1 Energy availability per capita income 

According to the International Financial Statistics; lntemational Energy Agency; World 

Bank. World Development Indicators; and International monetary staff caJculations 

Mehrara (2007) energy demand growth has closely followed growth in per capita income in 

low and middle~income economies, whereas high~income economies f:an sustain GDP 

growth with lirue if any increase in energy consumption (Figure 2.1). Compared to 

developed nalions,dc\'elopingcountries use far less total energy per capita and S1i11 need a 

significant share of worldwide energy. Less developed nations use energy differently, 

conswningmuch more at the household level,largely for cooking aDd lighting, butpart)y 

(or heating purposes in cooler climates. Household fuel demand still account for more than 

balf of toeaJ energy needs in more than 100 countries (Williams, Westover. fml!rson, 

Twnuluru, & Li, 2016). Energy for cooking in less developed nations is provided by a 

di\'C~rsc combination of fuels which differ in importance from ORe COWltl"} to the other. These 

fuels are often conceived as an energy ladder (Figure 2.2) that defines transitions in fuel 

consumption at various stages of economic development (Holdren et aI., 2000). 
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2.3 Global Trends on biomass energy consumption 

According to FAO's Unified Bioenergy Terminology, bio-energy can be described as 

energy derived from biological and renewable sources (biomass) (Schlamadinger & 

JQrgcns, 2004). Bio-energy can be obtained in heat fonn or converted into electricity for 

distribution. Biomass can also be twned into biofuels. BiofueJs are defined as feedstock 

produced directly or indirectly from biomass for the production ofbio-energy (Karekezi & 

Kithyoma. 2(02). Biofuels are either solid (fuel wood, charcoal, wood pellets. briquettes 

etc.) or liquid (bioethanol, biodiesel). The lEA reported that the average energy 

consumption per individual increased by 10 percent from 1990 to 2008, while the world 

population increased by 27 percent (Adib et 81., 20 I 5). In the same time frame. regional 

energy consumption grew tremendously: the Middle-East 1700/.; China, 146%; lndia, 91%; 

Africa, 70%;latin America. 66%; the USA, 2<W'e; the EU-27 block, 7"/,; while the rest of 

the world grew by 39*/0 (Thran, Hennig, Rensberg, Denysenko. & Eppler. 201S). In 2008. 

total global energy consumption was 474 exajoules (474)(1018 J-I32,OOO TWh). This is 

equal to an avrrage power use of 15 terawatts (1.504)(1013 W). The global potential for 

biomass energy is 250 EJ (70,000 TWh) (Adams. K1obodu. & Opoku, 2016). 

2.3.1 Trends on biomass energy consumption In Arrica 

According to UN-DESA report (2004). households utilize energy principally for heating. 

cooking and lighting (Atkinson &: Atkinson. 2005). Cooking in Africa often makes up for 

about 90 to 100*1. of household energy usage due to limited space conditioning loads 

(Karekezi &: Kithyoma, 2002). Household energy usage levels and the kinds ofetlerJY 

consumed depmds on a multitude of reasons but mainJy on accessibility and cost. (Mansur. 

Mrodclsohn, Morrison. & Management, 2008) 
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Biomass domiDaIes energy consumption in sub-Saharan Africa even in comparatively 

advanced countries such as Botswana and prominent oil producers such as Nigeria (liyama 

el aI .• 2014). For instance. Botswana's enerK)' industry is defmed by both domestic and 

commercial sources of energy, with fuel wood as the primary source of energy. with 

residential. tranSportation. industrial and commercial industries being the primary 

consumers (MathaDgwane. Utke, Bok. Kealot5WC. & Best, 2001) 

1.3,1.1 Biomass eDcrgy coasamptioa in Ghana 

Biomass is Ghana's major energy source, responsible for 650/. of the total energy consumed 

in 2001(Arthur et aI .• 2011). The types of biomass products in Ghana are firewood and 

charcoal (Fuel wood), wood residues. agricultural residues, and human/animnl waste. Fuel 

wood is primarily conswned In households for cooking and heat production (Arthur et aI .• 

2011). The African sub-Saharan nation focuses primarily on the significance of biomass and 

the household iDdusuy that depends heavily on biofuels. Ho\\'Cvet. the Ghanaian case 

illustrates how biomass and the household industry in Sub - Saharan Africa should be 

significantlargets for sustainable energy conswnption projects. CoalandeJe<:tricity supply 

the industrial base in Ghana with three-quartcri of total energy consumption (Edjclwmhcnc 

el .... 200 I). Scaorial energy usage in South Africa between 1992 and 2000 in contrast, 

indicale! that transport and industrial consumption increased by 27% and 22% respectively 

; minins and quanying. agriculture and uade and public service shares decreased by 1 5~e. 

lS'Io.and2S".respectively;anddomesticcncrgyusagcremainednearlysteady(Akarakiri, 

2002). While in the pastthc use ofcoaJ andelectric:ity in the indUSlry wu sem as the primary 

objective for sustainable energy usage projects. the rapidly increasing energy consumption 

in the transport..:torjustilies lhc e\'a1uation of this strategie foc:us. 
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2.4 Biomass fuel Types in developing natioDs (Africa) 

Biomass Fuel (BMF) is any organic material from crops or livestock burned for domestic 

use. Wood is the most common instance. but \here iii also extensive use of animal duns: and 

agricultwaJ residue (Bruce, Perez-Padilla, & Albl.lak, 2000). BMFs. in terms of combustion 

efficiency and cleanliness, are found at the lowl!st end of the energy ladder (Figwe 2.2). 

Biomass acCOWlts for an estimated one-1hird of developing counuies I primary ener'IY 

conswnption. The biomass share of primary energy in many developing nations exceeds 

70'1, (Larson II: development, 2(00). lbe various types of energy are discussed below: 

2.4.1 Wood-based energy product 

Wood-based energy is the key element of the sub-Saharan household energy composition 

(75-90" ... ). Charcoal is consumed primarily by the urban popuJace and rural homes 

mainly use firewood. Firewood is burned in so-caBed three-stone fires with efficiencies 

ran&io& from 7% 10 20-10. Some writers have characterized traditional c.barcoaI stoves as the 

main facilities for charcoal use, while others report much greater efficiencies. The low 

efficicncic:s of oooventional charcoal and firewood combustion IU'C' acceleraton of the 

degradation of forest resources.lncreasinsefficiency may Icadlo reducinathaa rate, but 

would not eaentially wldrcss the resource depletion problem., especiaJly considering the 

high population growth, and is often less effective than presumed based on gains in technical 

and economic efficiency measw-ed in trials and experiments. For I nwnber of IOlid rcuons, 

biomass fuell Ire the major source of household encrg) : wood and charcoal are 

comparatively inexpensive, and traditional stoves art' affordable. They are reliable sources 

of energy • ~ are accessible throughout the year and can be easily and effICiently 

pm;cn·ed. Abo. cooking practices., existing kitchen utensils. negligence of health iuues, 

andotberbcbaviowaJ factors issucs favour the traditional encTg)" carriers 

IS 
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2.5 Global and Narioul EffortJ ud Promotioos to Reduce 8MF VtC aod Subsequcot 

RHpiratoryHeaUb. 

Air poUution from the use of solid fuels for bousehoki cooking is a major gloM! risk faclor 

for~. can:Ho-vascular and ocular diseases (WHO. 2017). therefore the need for 

aJot-I and national efforts in reducing the use. In Ghana. biomass fuels are the primary 

cookiq fuels for 86"'0 of households. Biomass fuels contribute 10 ambient and indoor air 

poilutioo and is also rnponsible for 16.600 deaths and the loss of 502.000 disability adjusled 

life-years annually (lnkoom & Crenlsil. n.d.). Thu.~, there is a need to promote the use of 

cleaner fuels such as low emission fuels like LPG which will go a long way 10 improve 

respiratoryhealtb. 

1.5.1 WHO beatb.lrks to reduce ~callh damage from indoor air pollulton 

WHO guidelines for indoor airquaJity: household fuel combustion slress the need to 

improve a.cC('Sl to cleaner home etltfgy sources such as liquefied pclroleum gas., biopt. 

I\ItUnJ gas and ethanol, or electricity. panicularly in low- and middle-income countries, 

1'hoc new guidelines c:a.me after WHO findings revealed that more than 7 million deaths-

one in eight of total global deaths - are due to indoor or outdoor air pollution exposure. 

Aocordill& to the estimates. some 4.3 million ~ople worldwide die every year from 

household air pollution emined by rudimentary biomass and coal cook stoves (WHO. 2014). 

1be reeoouncndations lnclude general considerations for policy. a set of four specifIC 

~and.best-pnctic:crecomrnendationaddres:sin&llnkedhealthandclimatc 

imp..:ts. Amoog the general considerations, or overarching advice, is that policies should 

promote community-wide action, and that the safely of new fuels and lCchnoloain mUSI be 

assessed rather than assumed. The recommmc1ations an::; 
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2.~.1.I Recommendatio. I: Emission Rate Targets (ERTs) 

Emission rates from housebokl fuel combustion should not exceed the following targets 

(ERTs) for particles with aerodynamic diameters of less than 2.S ~ (PMl.S) and carbon 

monoxide (CO). based on the values for kitchen volume. air exchange and duration of device 

use per day. 

PM2.S (unvenred): 0.23 (matmin) 

PM2.S (vented): 0.80 (mw'min) 

CO (vented): 0.16 (g/m;n) 

CO (vented): 0.S9 (g/min) 

The vented ERTs assume an average value of 25% of total emissions enterina the room. 

R.ecommmdation I allns to provide guidance on predicted area concenuations of PM2.5 

and CO in kitchens, based on emission rates from testing of the stove or other devices 

Effective management of household air pollution. however, also requires thai assessment of 

IctUaI use and performance in homes is also done as part of a monitoring and evaluation 

strmgy("'WHO I WHO indoor air quality guidelines: household fuel combustion," 2018) 

2.~. 1.2 Reco •• mdalioa 2: Policy durial transition to Icchaololin and fuels tbat 

mccl WHO air quality guidelines 

Govemmerdl and their implementing panners must develop strategies to accelerate etr~ 

to med these air quality guidelines emission rate targets stated above. This can be achieved 

by ensuring emissions performance of improved devices and fuel. The device or fuel needs 

10 be capable of meeting the specified emissions IarJet and to be used more or Ie. 

exclusively. Across whole communities. therefore. it must displace the 0I0ft! polluting 

technology and be maintained and., C'o"colually. replaced by technology of the same or bigher 
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air-quality performance standards. The term "improved stove" should also be used with 

explicil reference 10 the parameter claimed to have been improved(WHO, 20 17). 

2.5.1 .3 Recommendation 3: lIousehold use of coal 

Unproccssc:d coaJ should nol be used as a household fuel. Unprocessed coal is that which 

bas DOt been treated by chemical, physical. or thermal means to reduce contaminants. TIle 

International Agency for Research on Cancer has FOUND that indoor emissions from 

household combustion ofecal are carcinogenic (WHO, 2017) 

2.S.J.4 R~ommend.tion 4: Housebold use of Kerosene (Paraffin) is discouraged 

The ooll5ehold use of kerosene is discowaged while further research into it! health impacts 

iscooducted. Existing evidence shows that household use of kerosene can lead to levels of 

puticulate matter and other pollutants that exceed WHO guidelines (WHO, 2017) 

2.5.1.5 Good Practice: securin2 health aDd climate co-benefits 

Considering the opportunities for synergy between climate policies and health. including 

financing, WHO recommends that governments and other agencies developing and 

implementing policy on climate change mitigation eonsickr action on housr.:bold energy and 

CUT}' OUI relevant assessments to maximize health and climate gains("WHO I WHO indoor 

air quality guidelinc:s: household fuel combustion," 2017). 

2.5.2 GhaDa Runlliquefied petroleum !:3' promotion Programme 

The Ghana Ministry of Eneray'. LPG promotion Programme ltarted in 1990 with short and 

long tenn aims or eliminating flaring of LPG at Tema Oil Refinery and ensuring that 

households that UJe wood fuel (charcoal and fire wood) for cooking adopt to the usc orbener 

and cleaner fuel like LPG. Extensive promotionaJ and educalional campailftS "'uc carried 

0U1 toeducat.etbc: publicontheenvironmema.l,hca.lthand safety rqulalioos 8! well as the 

ctqersofusing fuelwoodand the bcnefitsofswitching to LPG (Aante et aJ .• 2018). The 

18 

University of Ghana http://ugspace.ug.edu.gh



GoYmllDCftI ofGtw\a launched Ihe Runl LPG (RLP) promotion program in 2013 as pan 

of ils efforts to reduce fuelwood conswnption. The aim of the RLP is to contribute Co 

Ghana's O\"erarching goaJ 10 provide LPG access to 50% of Ghana's population by 2020. 

The RLP wgeted a cwnulalive tota) of 170.000 LPG cook stoves to rural households by Ihe 

end of2017 as a shorHerm objective. It tw not yet made public its lana-term program 

objectives. As of November 2017.149,500 rural households hid received the LPG cook 

stoves(Asanlectal.,2018). 

2.6 FactOR for Vsina Biomass Fuel 

The age of household heads is one of the maJor contributors ofBMF use in a community. 

According 10 some studies. household heMts older Ihan 40 )'Cars are responsible for the 

provision and makin, dedsions on the energy type to be uxd in a houschold (Gatama a. 

Planning. 2014). A research also revea1ed that the age of household heads influenced the 

probability ofconswning a specific fonn of fuel (Nyang, 1999) such thai households with 

older fantily beads are more prone to usinK wood based fuels. Again. families with elderly 

heads were much more Iikel) to use wood and kerosene in main Ethiopian towns than 

electricity and charcoal. while usaae of wood increased with lie (Mekonnen & KOhlin. 

2009). Thus, the IF of household head represents an important factor that determines the 

eboiceofBMFuse. 

Studies have also shown that the higher the household si .. e the more the household ust'd 

ebarc:oaJ. fire wood and kerosmc u compared to the use of the LPG and electricity (Gatama 

& Planmng. 2014). o.tama and Plannina. 2014 showed that households with above five 

member's majority use charcoal. It has been noted that family size is sometimes a more 

significant determinant of household energy consumpIion than revenue. More family 
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membcn (mort people contributina to bousehold rcvenue) have been connecced with b.iah 

revenue, thus lncrea.singtotal household demand. 

Anothcrsignificant factor for tbe selectionofBMF is the family heads 'educatioolevcl. 

According 10. household head educational level is observed to have an inversely 

proportional connection with less clean fuels consumption and demand lMekonm::n a. 

KOhlin,2009). EneraY costs is also one of the key facton influencing the type of used bya 

family. It bas been dC1Cnnincd that for Ihe energy that costs more than what lhe household 

head can afford is not an option for the majority of households (R. J. T. w. B. HeltbeTg, 

2003), observed that the str'UctW'e ofener&), expenditure of homes varies widely across 

nations. Electricity is the main soW'Ce of eneray in wealthier nations. Amoni cooking fuels. 

hydrocArbons (LPG and kerosene) are preferably where income·rich families spend most 

of their energy budaet. aJlhou&b such homes can spend 15 much or more on wood and 

hydrocarbons (R. J. T. W. B. Heltberg. 2003). Moreover, the frequency of cooking titnl:! 

for a hou.ebold as well as the time spent in preparing a single meat determines the amount 

of energy a household conswnes. A household that cooks more frequently in one day tends 

to use more energy tlwt homes that cook in 11 sinale day for much less time. It is established 

that houschoidi tIw cooked more than: four times used firewood 81 8.30/.; for those who 

cookcdfourtimes.uscdcharcoal8l11.t%andthiswasanributedtotheavailabilityMdthe 

cost of the t)'PC of the: e:nerg) I:onsumed (MekOMen &: KOhiin. 2009). 

2.7 ladoorAir PolluUon 

Smoke from the burning of biOR1a55 contaill5 impurities such as paniculate matter (PM). 

carbon moooxide. nitrogen dioxide, sulphur oxides. formaldehyde, and carcinogens 

(benzopyn:n< and _) (SKits ct .... 2010). The ..,ullina indoor air pollution (lAP) 

expo5lftS lie many limes pater than those allowed by international auidelines and even 

20 

University of Ghana http://ugspace.ug.edu.gh



in exvemeiy poUukd areas greater than outdoor exposures (Smith et ... , 2004). Typical 

daily lewis ofPMIO in homes USlng biomass fuels vary from 500 to 1.000).1& I m3. with 

peak levels in the immediate prorimity of the fire above 30,000).18 I m3 (Lewis & 

Pattana)ak, 2012). whereas PM2.S levels have been recorded at more than 2,Ooo).1g I m3 

(OJuwole e1: aI •• 2013). It is estimated thIt in developing coWltries as much as 80% of total 

worldwide exposure 10 airborne PM occurs indoors (M. Ezzati & KammeR, 2002). Panicles 

smaJlerthan PMIO in diamet:ercan effortlessly penetratc deep into the lungs and tend 10 

have the greatest negative pulmonary health implications. (Terzano. Oi Stefano. Conti. 

Grazianj.& Petroianni, 2010). 

1.7.1 ParticulaleManer 

Particulate matter is the combination of all solid and liquid particles suspended in the air 

withmo5tbeina: extremely hazardous.This intricate blend comprises organic and inorganic 

J*ticlt:s such II dust. pollen, lOOt, smoke and liquid droplets (Brook el aI .• 2010). The size, 

strut1ure, and origin of theK particles differ significantly. Particles' aerodynamic 

charactmstics influence how they are carried in tile air and how thc)' C31l becliminated from 

These featw'es also regulate the extenl to which tbey enter the air passages ofl he respiratory 

system. They also provide data on chemica! structure and particle sources. Panicles ha\·c 

uneven forms and are generally described using their particle size. Sampling and 

clwactcrlJ'.atiun ofPartic:tJlate matter are dependent on thisllCl'Odynamic: diameter. Particles 

sUnilar in diameter sometimes \'It). in size and shape. to essence, some airborne particln 

are many times Iargu compared 10 ochers. The respirable fraction or Particulate maner is 

based on size/aerodynamic diameter 
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• The come fral:tion includes thc biucr particles sizes between 2.S and 10 ~ (PMIO-

PM2.5) . 

• The fiae _OIl has ,i"" up 10 2.5 "'" (PM2.5) . 

• Theultrl-fineparticlesthalaresrnaUerthanO.IJ.UTl. 

Majority of the total mass of airborne particles is made up of 0.1 to 2.5 J.UTl of particulate 

maner. Particles smaller lhan 0.1 J.UJl usually are just. small percent.jc, although most 

dominIDt. ~Wlting for more than 90 percent of the particle count (Schauer et aI .• 1996) 

2.7.1.1 Effeds of Looa-Term Exposure to Levels of PM and Respiratory He.Ub 

Lon~·tenn PM ex.posure can result in a marked decrease in life span. The decrease in life 

expectancy is mainly due to a rite in cardiopulmonary and IWli cancer monality (Braun-

Fahrllendcr et aI., 1997). These dangcn arc more prone in lower respiratory symptoms 

(Cough. chest pains, sore throat, wbcezina. shortness of bteath, palpitations. dizziness, 

phlegm production, itchy ear and throat) and decreased pulmonary function in adults and 

children, and COPD (Baldo et aI. , 2006; Penard-Morand et aI., 200S). Several cohort srudies 

haYeindicatedthatbeingexposedtoP~foralonidurationdecrcllSeslifee"pectancy.Ver)" 

recent analyses of time series studies wpports the above claims which also found increased 

falalities 0\ cr shon durations of .. least a few months due to causes such as cardiovascular 

and chronic respiratory disease (Gotschi. Heinrich. Sunyer. &. KDnzH. 2008; Knnzli et aI .• 

2000). A sig.nificant association between ambient PM and mortality and murbidity was 

observed in large multi-city epidemioloa:ical studies. In the cohort studies of the Six Cities 

and American Cancer Society. mortality WM associated with PM but nol gaseous pollutants 

except sulphur diox.ide (Schikowski et aI .• 2005). Time :series studies have evaluated 

whether partlclC!i S1.'CS bigger dian 2.S tun (pM2.5) are connected with neptive impacts 

~Iy from si/..n up to 2.S )lilt. They fOWld inadequate proof of an association y.ilh 
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fatalilyand nt!gati\'e impacts (morbidity endpoints) such as increased visits or admissions 

at the hospital (Aunan & Pan. 2004; Brunekreef, 2(05). One research that also explored the 

effect on life cxpecWlCY of prolonged exposures to coarse PM cstablished DO link (Boldo 

et aI .• 2006). However, researches considering how varying particles ends up in the lungs. 

itschemica1strucnateandcoxicity have offered additional proof of conrse PM's negative 

health UnpKts (Boldo et al .• 2006; Penard-Morand et aI., 2005). For instance, owing to the 

exislcnceofmicrobial structures and toxins that are often eonnected with coarse particles. 

some impacts that are observed with coarse particles may not be found in sizes up to 2.5J1ln. 

Therefore, the health implications of coarse particles are sufficient enough to narranl 

lheirmanagcmcnt. Substantial evidence implies that very tiny particles (:52.5 J1ln) an: 

extremely dangerous when it comes 10 fata1ities and respiratory health effects in panel 

studies than coarse particles. The coarse proponion of PM I 0 however does not appear to be 

harmless. Many physical , biological and chemical attributes of PM were discovered to 

induce cardiovascular and respiratory reactions in most toxicolo@ical and controlled hwnan 

exposure research. Metal content. presence of PAHs, other organic components, endotoxin 

and both small « 2,5 ~) and extremely small « O,l00.,un) PM are among the features 

~tocontributelotoxicityinepidem.iologicaiandcontrolledexposurestudiC!. 

2.8 BiomlM fuel Usc and Respiratory Defects 

Air pollutants acl on several host defense mechanisms apinst pathogens in Ihe respiratory 

tract triggering oxidative stress., local and systemic inflammation. enhanced respiratory 

epilhelial sensitivity and permeability, reduced macrophage reactions to microorprusms 

resulting in adhesion of microorganisms 10 the respiratory tract and bronchial irrilation. 

These mttlwtisms vary by pollutant type and expolUre' magnitude. It has been noted that 

PMIO emitted from a combination of fossil and biomass fuels increases the ability or 
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pneumocoec:i to bind to bwnan lower airway cells in vitro (Boldo et aI., 2006: Penard-

Morandetal., 2005). 

Nwnerous animal studies have shown biological mechanisms of negative effects of air 

pollution on respiratory health. Hsu et aI noted that when subjected to wood smoke, guinea 

pigsexpcricnced broncho-constriction. and continuous exposures enhanced the reaction 

The instillation of PM produced from fossil fuel into mice's lower airways compromised 

phagocytOSis and Streptococcus pneumanac clearance. During the infection. the quantity of 

ciliated and non-conciliated airnra)' epithelial cells was decreased in a concentration-

dependent .... '8.y wilh increased hUlg pathogenesis. Whi le some of these researches were not 

ccntredon indoor pollutants, it is rational to think that there is also a comparable patholagy 

for lAP sources. (Bentayeb el 01., 2013). 

According to WHO reports. smoke exposure from the burning of solid fuel is listed as the 

leading envirorunental risk factor accmmtable far a global annual mortality rate of 3.3 

percent. Many sources of outdoor and indoor air pollution are directly impacted by the 

selection ofencrgy techniques and fuel u!.3ge. the energy efficiencies of household and 

tnutsport systems, and energy transmission and distribution patterns. Preventing air 

pollution-related illnesses, therefore, rests on implementing appropriate 5e(tor policies that 

relieve air poUution (for example. enerl)' and power generation. transport, industry, and 

agriculture) 
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CHAPTER THREE 

3.0 METHODS 

This gives description of the sNdy area; La Nkwantanang Madina MUnicipality (Medina 

Zongo). It also outlines the methods used in the study. giving detailed d~riptions of the 

Study design. study procedures. data collection tools, data analysis and ethical 

considcmtions 

3.2 profilf:ortbe Study Ar~~ 

Madina Zongo i5 a suburb oft.he La Nkwantanang Madina Municipal Assembly located in 

Accra Metropolis. II is an informal settlement with a densely populated community of about 

.18,515 and 791 ootUeholds. La Nkwantanang Medina Municipal Assembly (I.ANMMA) 

was crwed 00 June 2012 by Legislative Instrument (L.!.) 2131. La-Nkwantanang-Madina 

Municipal ",ith ils Administrative capital Madina ,...as drawn from the Oa East Municipal 

Assembly and is situated in the northern portion of the Greater Accra region. II is among 

the 16 McttOpolitan, Municipal and District Assemblies in the Greater Accra region. 

covering 166 square kilometers of land area. It has on the w~ side the Ga East Municipal 

Assembly (GEMA). the Adeatan Municipal Assembly (AdMA) on the east, the Accra 

Metropolitan Assembly (AMA) on the south and the Akwapim South District Assembly on 

the noM. La NkY,amanani Madina Assembly is prcciominantly an urban mUOIcipality with 

rapidJy evolving ruraJ settJemems into peri-urban settlements. The municipality has 8\arae 

percen18.gC of migrants because the \1unicipaJity uted to be a cosmopolitan MuniCipality 

wtUch drew mlgt;lllt!. across the nation to the cit)' in scarch of employment and financial 

prospoc:lS (GSS. 2014). 
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3.2.1 Brid description of tbe Study Area 

Madina-Zonga In LANMMA. is subdivided into four different sections namely, Main 

Zongo. Washington. Libyan Quarters and lIN. which comprises Chicago and SDA sub­

scc;:lions. Madina-Zongo falls under the Medina West ElectoraJ Area in the MWlicipaiity and 

is made up of mixed tribes including Akan, Ewe. Krobos Gonja, Dagomba. Wala, Akans., 

ondN ...... (LANMMA) 

The dominanl rdigion in the area is Islam. Educational anainneDt amoog people living in 

Zongo areas, in ameral, has been very low, compared to other communities in the 

Municipalil)'. Majority oflhe Zongo people are traders and husllers, who relocated from the 

Northern Region of Ghana and neighborina Benin. Togo, and Nigeria In terms ofhousinS 

conditions. the Madina·Zongo can only be described as livable, compared to other areas in 

the mwlicipality. Madina-Zongo is described as congested and highly dense in population • 

• situation likely to have profOWld ramifications on sanitation in general. The continutd 

Influx of people: into the area have bad III outward demand shift for housing units. 

compelling some of the immigrants to settle in unplanned and makeshift dwelling WlitJ. 

These structures are constructed regardless of the serious implications they ha ... ·c on 

conaestion,sanitation,andpoorventilalion. 

The primary (mancial operatK>ns in LANMMA, arc Trade, agriculture. services. and 

manufacturing. Commerce is one of the main financial activities in the Municipality with 

the Madina markellU the primer) Irwiina hub. The major agricultural activilies 8ft fannIDLl 

and Ihcslock rt'a.r1ng. 'The livestocks ~ rared in the already congeSkd households makIDLl 

the whole C'Dvironment crowded 

(h'er half of the dwelling units an: compound houses with shared facilitie-s. while scpande 

hot.ucs.. improviJed homes (kiosk/container, etc.). Huts/Buildinp (different compouad) Ire 
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jUil tu a few inlhc: Munici~ity. T1x types of cook.ing fuel and cooking space used "'as 

reponed. with the use of cbarcocal dominating in rural] areas than urban while cooking was 

donemorc in the veranda aodop:n spaces in the compoWKi of households. 

ApproJcimaleI) 60 percent of the homes in the MunicipaJit) occupied only one bedroom 

wttich was clear evidence of o,·ercrowding. TIle relationship between family size and the 

nwnbcr of rooms accessible for sleeping shows the extent of congestion in households. 

C ongcsted rooms ha'le health l.'Orucquences as a result of, amona othcn. diSlurbed !llccp. 

infectious diseases. and rnpinllol) infecllons. In spite. all these aforementioned there is no 

information on the air quality in lA~~MA 

~-
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Figure 3.1: ~.hp or Ibe' ~fUcly art-a 
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3.3 Siudy Desilu 

A household cross-sectional study was carried oul 81 Madina ZonJO community in the Accra 

Metropolis &om May to June 2019 to assess the respiratory heaJth of children under 15 

years residinl in households using biomass fuels. This was achieved by conductina an 

inter\'iew with.Slandardized rnpiratory health questionnaire to collcct data on participant's 

socio-demographic(age,5Cx.householdsize,householdslrUcture.educ.,ionandparent's 

occupalion).lif~stylecxposures(smoking, household fueJexposun:, exposurt:duration, 

lola! amoWlt and average whole life exposure). and state of respiratory health of the children. 

An interpreter was recruited to translate questions from English to their local IlIIl&WI&e 

Hausa for easy undemanding and to facilitate better communication. This was followed by 

conducting lung function tests by & professional for all participants using a spirorMtcr. 

Average household air quality (particulate matter) ,",-as also measured for selcc1ed 

households. 

3.4 Variables of In Ie res I 

Outcome Variables (DepeDdeDt variables): Respiratory function Indices and Symptoms 

I IJrceO expinltory \olwne O\'cr one second (FEV!), forced vital capacit)' (FVC), and 

FEVlfFVC ratio cxPR!w as a percentage 

Respiratory symptoms: Cough. chest pains, sore thrOll, whccLint'. IhonDeu of 

breath. palpilations., dizziness, phJegm production, itcby ear UId throal 

The explanatory \'ariables (Independent variabJes): 

BMFo:posure 

• The covariateslCODfounding variables: Age, sex , cigarette .vnoke exposure, 

household size. respiratory conditions such u asthma and socio-economic facton 
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such .. educ:ationaJ level .marital status, employment su.tus. average aMuaI iPcome 

3.5 Determinants and OUlcomes or Interest 

The main determinants uf interest included levels of particut.tc matter with an aerodynamic 

diameter of~ to JI.II'l (PM 1,2.5,4, 10) and total suspended particulate. The ouleomes of 

interest weft' measlfts of lung function (e.g. FEVl. FVC, and FEVlfFVC) and respiratory 

symptoms including cough, cold, sore throat. sneezina. phlegm production, breathlessness, 

chest pain, wheezins, itchy ear, eyes, itchy throat conditions, chest ti ghtnessanddifficulry 

in breathing. tbe confounding factors were age, sex, cigarene smoke exposure, educational 

kvel, home exposwes and respiratory conditions such as asthma. 

3.6 Study Procedures 

The fieldwork was implemented in four (4) phases: (I) stakeholder meetin&, (2) Community 

Survey (3) selection and recruitment of study participants ( .. ) data collection and household 

air quality (PM) monitoring. 

Phase I: Stakebolder meetiag: The Principal investigator tOJether with the study team 

firs( visited the eruef of Madina Zongo to infonn him of the commencement of data 

collection IDd timclines. He introdueed other opinion leaders who lauded the intentions of 

lhesa.:lyaftctlheobjeetiveshidboendcclaredandexplainedindclaiLThc:ythen 

mentioned that an DMounccment has been made durin& one of their prayer sessions known 

as Jumu'ah in all the mosques about the ltudy, therefore all households were patiently 

waiting for our arrival. 

Pbase 2: Commanity Survey: With perm.i.uion civen by thr community leaders. the ICam 

together ,,-jth the commooity guide appointed by the chief, embarked on a quick walk­

through of the: town to create awarcnell and familiarize with the people and surroundings. 
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We ..... ere taken to communities within Madina Zona<> where BMF use was high such as 

madina zongo mosque area. Libya Quarters. and communities with low usage such as UN. 

and Washington down to Agbogba road. We noted times the children will be available, 

cooking times and availabiiit)' of house bold beads. On a\'erage about 400 households ..... ere 

noted for BMF use. 

Pbase 3: Recruitment of Study Participants: TIle 400 households identified were visited 

by the research team. All household heads that con~nted to be a part of the study. as well 

as children that satisfied the inclusion criteria, were enrolled to partake in the stud),. 

However,houschold heads Ihatwere unwilling to give consent or children who had any 

history of respiratory defect were not allowed to take part in the study. A toW of 200 

households were selected 

Pbase 4: Vata Collection: The tools for data collection indudcd a modified respiratory 

health questionnaire a spirometer to measure lung function indices and household airquaJil) 

monitoring with a Met one Aeroeet 831 particle counter. First, data on demography of 

Household beads (age. sex, household size, occupation, marital status, educational level, 

income. lifestyle exposures. and kitchen characteristics) were collected then their wards 

followed. All 400 study participants were interviewed by trained research assistants with 

the questionnaire in English for those comfonable with the English language and translated 

into the tocaJ language (Hause) for those not able to communicate and understand the 

English too \4'CJI. The questionnaire ucen.ained infonnalion on age, gender, type of fuel 

used, cooking practiees and child exposure. There were abo que!tion.o; on experience of 

respiratory symptoms in the last 3 months. The principal investigator who is a nurse carried 

oUlthcanth.ropomctricrneasurcmentsandwiththeu.sistanceoflqualifiedtechn.ician.the 

lung function indices were measuret.l usinaaportabtespirometer. Partieipantlaftercarerul 

demon.stration of the spirometry maneuw:rs, performed the spirometry maneuvers for at 
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leal thrtt intcTYaJslO mcet reproducibility criteria and the bestc:fforts wete 1J$CId for the 

analysis. Fifty households were coovementJy selected and concentrations Of PM <JO JlIIl 

wercmonitoredfrom 14:00 to 18:00 lfl the cooking area for the period of nocookingl1Jltil 

eookingstarts and at least one hout after cooking has ceased (4 -hourperiod).lbeparticle 

counter was placed 0.5 m above the ground at a location distal to the coOOn. area dwina 

cooking. noting the wind direclion and I m away from the cookstove at a heiJht close to the 

breaIhing zone. The monitor records real-time levels of putic:ulate maner 81 a minute 

interval 

3.7 Study POPUlatiOD 

The study population were all children withinaac 5·15 YC8T!residing in householdstbatuse 

biomass fuels for their energy needs within Madina Zango community. in the: Accra 

Metropolis. 

3.8Eligibili,,· Crlt~rta 

All the children who satisfied the inclusion criteria and wOO!e parents gave consent and who 

assented to be part of the srudy. 

3.8.1 Inclusion Criteria 

AJI individuals within age 5-1 S years residing in households within Madina Zongo 

community that use BMF were invited to pan.icipale in the enumeration exerci!IC. A.!J many 

as the number accepling 10 give mformedconsent by both parenti and children wue allowed 

to participate in the study. 

3.8.2EJ:cIUJlonCrtt~rla 

All individuals ..... ithin lie 5- IS yan raiding in houiebolds within Madina looao 

community that use clean fuels .. wd.I II. P.enll aDd children Dot willing or unable to 
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WlderstandorcomPIY\l,'ithstudyproceduresweree.xCluded,AlIchildrenwitbthebiSloryOf 

chronic or acute respiralOryconditions such as asthma wen: abo ex.;:luded , 

3.9 Sa .. pk Size Calculat ioD 

From a total estimated chil~n population in the La Nkwantanang district of 20,084 

(between 5.15 years) 1.1 a confidcnc:e inlerval of95~., and 5% marain of error, the minimum 

required sample size for the srudy was 392 using the formwae for population survey below 

N 
n a I+N(e)' 

Whac N"" total children populltion, n- sample size. ~ margin of error. 

Hence 

20084 
n = 1+20084(0.05)' 

.::-392.20 

However, 10 ensure high statistical power (between 80-90%) and • reprnentalive sampling 

from a total of797 households in the .;:ommunity. a sample size of 400 was used. 

3.10 Sa.pliol Mdhod 

A mixed samplina method was UJed for selectina the study participants. The first staae of 

s.npIing included a selection of househokb in the conununily ulilll S)'Stm\aIic samplina 

The fd boux in the community was visited and a.fter4vd every fifth haute untillhe lUI 

boutc. The: 3CCOnd stagt of sampUnB ......s an W\(unU'OILed quota samplina me1hod when: 

participants .....ere selected at the researcher's dlscretion. Samplina convenience was used 

based on tbe usaaeof8MF use in the household and the availability of participant's pumt 

1.1 the tame die raearch tam. visited the bouIrbold. Two hWldrtd (200) bouKhoLds were 
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included witb 8 total of two people from each bousehold representing a quota (One: girl. one 

boy) 

3.11 Dat.Coll«tioaToob 

Different data collection tools ~ used in collecting the data. These were a modified 

respit1llory quc:stionnaire. a Spirometer for measwing pulmonary function. • seea 

seadiometer with an incorporated weipina Sl:aIe fot measurina anthropometric 

characteristics (wc:iaht and height) and Aeroc:et 831 designed by nK!t one technolo,;es wu 

used to c:ollect by minutc concentrations ofpacticu!ate matter data. 

3.11.1 Quc:stionnaire 

A modified respiratory questionnaire ", .. as used to obtain infonnation on panicipants in a 

face-to-face interview. The questionnaire .... as in four paN. The first part sought to p1her 

demographic and perlOnal data of the Household hc:ad such as age. gender, household siz.e. 

hou3ehokl suucture, education. occupation, marital stltus(sinate,marricd, De-faeto) and 

lhe number of yeaR lived in Madina Zongo. Part 2 asked information on the demoaruph) 

of child (age, gender, nutritiooal status and history of respiratory defect). Put 3 was about 

lifestyle exposures suth as smoking, cookmg practices and child exposure, kitchen 

chacacteristics, exposure duration, cotal amount and average whole life exposure. The fmal 

pu1asxs.scdthernpiralorybeaJthofthechild(couah,c:oki,torethroat,sneezing.pbIqm 

production. itching eyes. wheezina.difficulty in brcathing and shortness of breath) 

3.11.2 Metts.",_,.t ofWript, Heicht and Body Mass Incin 

Anthropometric measurements .... 'ft'e taken usinl Sea stadiomeler with an incurpuratcd 

..... -cighing scale. The pmicipudS' w.:1lJhts wert' recorded in kilopams (kg). whilst "'nOng 

their iDdoor cloches. but without their shoes. Their hei&brs were also measured with their 

fed together. beels apinst me stadiometer, ItMding as tall and straight as possible., IIId 
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rec:orded in centimelres (em). The body mass indcx of each child was detennined by 

dividinethellwcight in kilogram5 by a square ofthcir heipt in metres. 

3.11.3 Asscssment of Lung Function by Spirometry 

Each (:hild underv.cnt Spirometry 10 assess their lung function using Easy One Spirometer 

The spirometer Euy One utilizes digital ultrasonic flow measuring technology that delivers 

precise outcomes, repeatablc pc:rfornwK:e and quality control without the movement of itJ 

parts aDd does not demand daily calibration. This battery·powered equipment COrnel with 

disposablc mouthpieccs (Spimte) Forced Vital Capacity (FVe) and Forced Expiratory 

Volume over one second (FEVI) and FEVIIFVC ratio were measured according to the 

American Thoracic guidelines (~iller &. Enright. 2012). Standing height in centimeters and 

weiaht in kiloa.rams were measw-ed before the performance of the lung fimction test. 

Measurement of statw'e is a necessity for dClennining nonna! lung function and referencc 

C\luatiOM are dependcnt on stature (standing height). The individual weiH:hl and height of 

eac:h child wrre taken while wearin&their indoor clothes. without their shoes. with their fe et 

to&etherand heelsasainst the stadiometer standing tall and erect and the shou Iders in an upriaht 

position. Panicipant's details such as name, weight, height., gender, date of birth. cthnicity 

are entered into the spirometer. After data entry, the participantl were instructed to inhaJe 

andbavelbeirlipssealedll'Oundthespirometcr·smouthpicce.aodthmexhalcasf~and 

u forcefully as they could over II least a 6- second period through the mouthpiece of the 

spirof1lC'1ef to measure forced vital capacity, vila! capacity and maximwn ventilation 

\-olumc. Thc FVC. FEVI and FEVIIFVC and percentage of predicted vllUC'!l arc then 

automatically stored on the spirometer. Computation of luna function volumes was based 

on variations in the height, weight. sex and respir8lory hi510ry of respondents. Panicipants 

with FEVIIFVC ratio <O.8S wcreconsidemluhavinareduced lung function(Voat~laJ. , 

2014). 
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3.11.4 Moaitoring of Hoasebold Air Quslity 

Air quality of the bousehold specifically the cooking area was measured using. Met One 

Aerocet831~deoounter. ThcportableAeroc:et.31opera1Csbycounringind.ividlAl 

particles using scattcn:-d laser light and simuJtaneously provides five important mass ranges 

in one minute Paniculale matter (PM) 1, PM 2.5. PM 4. PM10 and total suspended 

particuJate maner (TSP) . The particle counter was plKed O.S m above the ground at a 

1ocation distal to the cooking area for the period of no cooking Wltil cooking swts Dd at 

least one bouraftercooking has ceased fora four.hourperiod. nOlingthe wind direction 

md 1m away from the cook stove 81 a heipt close to the breathing zone. The monitor 

records raJ·time levels of particulate matter at a minute interval. Cooking in most of the 

households il done in verandas or open space, which is usually the middle aflhe compound 

house. Mort' time is spent by the children in this location after school. 1bcy arc: mostly found 

pll)'ing and helping their molhen in the performance of house chores 

3.1l Qu.lity CODlrol 

lbt following measures were taken to guarantee that the da1a collected was of superior 

qu.a.lity to assure its validity: The t.hree Rcscarch assistants who were: health personnel 

(Nurses and Laboratory technician) ad are allO fluent in Hausa. Twi and Oa ","'ere: 

adequately trained in questionnaire: administration. Spirometry performance and air quality 

moniloring. The principal researcher was actiH:ly involved in and also ensured thorough 

sUpcrvWon of the data collection procedurc:s to avold any deviation from thc protocol. 'The 

purpose and nature of the study were fullyexplainc:d to the p&m\tIi Ind participants to gain 

their committed invOI\'ttTlC"Ol All the completed questiOMaires were liven UIlique 

idf:luifiution numbers to help trau ~CT)' infonnation. The spirometer was disinfected w;th 

mild 5Mp)' solu\lon before and after daily \lit and k~pt dry and clean. Evny document was 

handied..d IIOrCd in. saf~ly and confidentially. All the dI1a Iheets were signed and filed 
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by the appropriate research assistants. The data was stomi on an external storage device and 

rights to the lnfonnation was restricted to the principal investigator 

3.13 Data Maaagement 

3.13.IOataProcessing 

The Data Yo-as crossed checked to identify missin8 values and to correct tnconsiscencies. 

Each questionnaire was coded, for examplc. 001. 002. 003, etc. to help avoid double entry 

and easy verification of any detected eTTor. Data was or&anized in Microsoft Excel and 

anaIysedusingSPSSS18risticalsoftw8reversion2S. 

3.13.2 Data Aaalysu 

Categorical data were presented usin& frequency and compared using Chi-square while 

continuous variables were prt"SCnted as mean and compared using I-teat. Intensity of 8M .. 

exposure was detennined u a calculated score from BMF use and exposure. Scores were 

dicbotomised in rugh and low exposure where distribution of respiratory conditions was 

dctmnined across the calegories. A statistical model (stepwise regression) was used to 

predict household biomass fuel use and itsefTect on respiratory health after controlling for 

potential confounders. 

3.14.:lhicaIConsideratioD 

Ethica.I ele:ar.DCC was 50ugbt from the NoguclU Memorial Institute for Medical Research 

Ethical Review Board before the commencement of the study. Permission was obtained 

from the chief and opinion leaders in the community and r-rmts of childmt involved after 

the objectives and the metbodoloer of the study had been explained to them. The Children's 

assent was also sought for before tbcy wa'C emolled in the stud)" 

They were informed that they bad the liberty to ask questions and to seek cluifitalions Of 

opt-out of the study at any point in time. The participants were assured of confidentiality 
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and privacy. This ",as ensured dwing data collection and proceslina. Children with 

abnonnaJ Spirometry results that required medical attention were counseled and referred to 

the hospital for furtheT auention and management 
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CHAPTER FOl'R 

4.0 RESULTS 

4.1 Demograpbic charactubtin ofstvdy bouuholds 

1be basic features afme households il'K:luded in the study arc presented in Table 4.1. 11M: 

mean age of the itudy subjects was 9.2 (±2.6) years. Most afme children were qed between 

S·IOycars (61_8%) and 11-15 years asc bracket were 37.9%. Study i.nvolvcd 208 (51.9%) 

males and 192 (48.1%) females. Majority, 288 (72.0%) of the children were malnourished 

and only t .(W. were overweight. The mean 8MI of the children was t 7.S±2. 7. None of the 

children had chronic respiratory defects. 

Majority of the household heads of the study area were males (86'<)1'/.) with a mean age or 

19.4:t12.S. Most (64.0%) were full-time employees and had no formal education (60.0%). 

All the household heads were married (IOO'(W.). The average income of most of the 

household heads was <500 cedis (78.0%). There was no cigarette smoker in any of the 

bouJeholds (100.0'/,). About 62.0'/, of the households consisted of members above 6 and 

the average family siu was 7. 7±J.l. 'The a\"crage time spent in the community by household 

headswasI4.4±S.6. 
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Table ".1 Demograpbic characteristics oflbe study households 

(·hiJddemographic Catll"gory/rt$ponse Frequency Percentlate 

~! IN! 
A~e(yem;) 9.1±2,6* 

5-10 rears 248 61.8 
11-15years 152 37.9 
Male 208 51.9 
Female 192 48.1 
Child in School 400 100.0 
Child not in School 0 0 

Weight (Kg) 130.4±16.0 
Height(m) JI.7±12.2 
Nutritional status (BMJ,KJ/m2) 17.S±2.7* 

Underweight 288 72.0 
NormaJweight 25 25.0 
Overweight 4 1.0 
Missing 8 2.0 

Historynfrespiratorydefect No 400 100.0 
Household bead 
Sex Male 344 86.0 

Female S6 14.0 
Emplo)ment Full-lime 2S6 64.0 

Part-time 72 18.0 
Unemployed 72 18.0 
No ronnal education 240 

Levelofeduc.ation BasiceducaLion 80 20.0 
Secondary 48 120 
Tertiary 24 8.0 

MaritalSlalUS Married 400 100.0 

Avemge annual income <500 312 78.0 
(CediSimonlhlyincome) 

501·1000 56 14.0 
1001·1500 8 2.0 
>1500 24 6.0 Householdsiz.e 3-4 72 18.0 
5~ 80 20.0 
>6 248 62.0 Famil)"si7.c* 7.7:tJ.1 

/\gc ofhou.schold head· 39.4±12.5 

A(I WIllies au prne't1~d as f,equ~ncia and puornlogu uJen of"~""'Is~ sp~cljied. * VII/WI tln 
puutfJ~d lID MelltU (JIfd JIII,,44,4 4Nl.atlons 
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4.2: Type of biomass fuel ustd bybouelloldll 

All (IOO.OYo) of the houschokb J"DUIinely u$ed charcoal (a BMF) for oookm[l: and Mating. About 

24.5% a{the housdJold!> used Agric crop resNlue and only 2.0% UICd fire"'ood (F •• re 4.1) 

Figure 4.1: Type of biomass fuel uft! b) tbe partit'ipa1inx bouseholds 
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ficun 4.1: Ty~ or biom.sI Iud •• d tookialledmologies used by the p.rticipatinl!: 

boaseholds 

d • Agm. Residue I cbarc'" 
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4.2 HoaseboldcoekiDKcbaracterisfics 

The cooking ch.aractenstics of households is shown in Table 4.2 . The median duration of 

cbarooal UJ.1ge was 10.0 (S.0·17.0 interquartile range). About 92 \ :8 .4~")ofthc: households 

havc u.-.cd chD.rcoa1 for more than 15 years.. 90 (27.8%) have used it for a period between 

10-12 yars. Median charcoal usage per week was 5.0 (2 .0·7.0) and most 164 (4I.o-~) of 

the hoUIChold.s usc charcoal seven times a week. Majority of the study participants (70.5%) 

use charcoal 1--4 hours OD average in a day. With reaard to type of cooking facility, 61.0% 

use open space cooking facility and 32.0% use enclosed !Ipoce cooking fseility. The median 

dosc."ness ofkilchcn to living room was 3.0 meters (3.0-5.0 interquartile ranae}· 

Table4.2l1ouseboldcookiagchancttristics 

('attgu~ /rnpunn Fre-quency Perc-enlage 

MedliaduraCioaofrharcoalusage to.O(S.()"17.0)'" 
(Rz 324) 

eN) (0/ .) 

<3 years 44 13.6 
3·6 years 44 13.6 
7·9 years 20 6.2 
10·12 )',,", 90 27.8 
12·IS years 34 10.5 
> IS ycars 92 28.4 

Median eharcoal usuJ:e per ",C'ek 5.0(2.0·7.0)111 
Once 2 0.5 
T\\icC' 100 25.0 
Thncc 34 ' .S 
Four times 58 14.5 
Five times 34 8.S 
Six times 8 2.0 
Scvmtimes 164 41.0 

Annlt usage ofcbarcoal per day O·ISmi"" 2 O.S 
Ili-S9nuns 72 18.0 
1-4 bouts " 2 70.5 
5·800... 44 11.0 

Type of cookiag space Open 272 68.0 

Enclosed 128 32.0 
ClMeDCPofkftcbeatottvia&room 3.0(3.0-5.0)· _ . 

=~,::;:::ru::.~~7!pefU"'",U,.,fa. -~.Jf1«Ijkd. • VaJua Gn 
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4.3 Esposurc- cbaraC'lcristics of children 10 BMF 

Children on the average spend 2-4 days (48.0%) or 5·' days around their mothers when 

cooking. Aboul 79.5% of the children are exposed to BMF on average between 1-4 hours 

within a day. The average years of exposure of children to BMF rrom birth "-ere 8.10%3.02). 

Average exposure rate to BMF score was IO.04±1.80. Most (66.50/.) of the children had an 

exposwescorelOandabove. 

Table 4.3 Exposure characteristics of children 10 BMF 

Variable Category/responu Frequency Percentale 

~ !%~ 
Avera~e number of days child is around One day 2 0.5 
duringcookinJt 

2-4 192 48.0 
5·7 198 49.5 
unanswered 8 2.0 

Average duratioD per da,- (bUd b around (l.15mins 2.8 
duriDgcookiol 

16-S9mins 58 14.5 
1-4 hoW'S 318 79.5 
5-8 hoW'S 8 2.0 
Unanswered 8 2.0 

Average yean of exposure 
8.10±3.02* 
3-4 years 62 15.5 
S-6,-ears 98 24.5 
7·8 years 52 13.0 
9·10 yean; 84 21.0 
>10 years 104 26.0 

Avrrage exposure score to.04±1.80* 
< 10 134 33.5 
2;10 266 66.5 

8M"· exposure indes: of tbe cbildren 29.14±14.92 

TI (<24) 126 31.5 
T2(24-40) 178 44.5 
n{>40) 96 240 
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4.4 Self-reported respiratory symptoms of I:!biklren 

Self-reported respimlory symptoms of the study participants is presenled in Table 4 .... 

Occasional dry cough was prevalent among 71.8% of the children and 4.2% of the children 

reported of pnsistent dry cough. Itchy and watery eyes, sore Ihroal. excessive phlegm was 

reponed by 79.5%, 71.5% and 62.0% of the children. The least signs reponed among the 

children were wheezing (2.0-/.). shortness of breath (7.()D.4), difficulty breathina (5.3%) and 

chesl lighmess (0.5%). Cold was the most reported respiratory symptom! reported amona 

the children. Fifty-six percent of the children indicated that their respiratory symptoms is 

corrected when away from BMF source 
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Table 4.4 Self-reported respiratory symptoms of childrt-n 

Sign/symptoMs Category/response Frequency Pereracage 

Cougb No 
!!!l 
96 

Persistent dry cough 17 
Occasional dry cough 287 

Colds No 40 
Yes 360 

RepeatedsDteZiDg No 122 
Yes 278 

EI.1ytiredness No 254 
Yes 146 

Cliestpllios 232 
Yes 168 

Soretbroat No 114 
Yes 286 

Elcessivepbleem No 152 
Yes 248 

Itcbyean and throat No 122 
Yes 278 

Itcby and watery eyn No 82 
Yes 318 

Wheezing No 392 
Yes 8 

Sbonnn,ofbreltb No 372 
Yes 28 

DifficultyiobreaCblng No 379 
Yes 21 

CbesttighfDe.ss No 398 
Yes 2 

Dotbt.esymptomSJIOpwheo)ouue ..... ) No 176 
fromBM.Fsourct 

Yes 224 

RnuJllofSpirometry i5 prnented in Figure 4.2. The mean FEVI of the children was 1.37 

which I1lfl8Cd from 0.28 to 6.49. Also the range of values obtained for FVC among the 

ehildmJ .... 0.38-10.07 with an _eof2.39. The ratio of FE VI to FVC rana<d from 

12.7Q'1/o to 100.0% with an average valueof6CJ.78 (Figure".2). 
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Fi«ure 4.3 LUDa function paralD"tl'r'S among cbild~n ,Iudifll 

1 he r~ull of luna funetion defined by FEV I to FVC rallo <85¥. is presented in FiKun 4.3. 

A highc:r peTCetlta&e (60.5%) oftbe children presented with reduced lung fuocllon-.d 
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".S Association of Child BMF nposure 10 luna; functioa i.dices 

The a\'crqe BMF exposure talc score and duralion of BMF exposure showed a siKllificant 

positive association with FEVl (r-'O.36 and 0.S5), FVC (r-O.19 and 0.26) and FEVIIFVC 

ratio (.0.17 and O.IS). rnpccti\c1}. Avcrqc BMF exposure rate score KCOunted for 

13.m-., and 3'£"/. of Ihe: ,"ariations obsericd in FEVt. J-VC and its ratio measurements 

amooe the children. The highest variation an FEV I measurements among the children was 

otwrved for duration of BMf exposure (r-o.20). About 7.0-/. and 2.00/. of the obterved 

uNDon in FVC and FEVlIFVC ratio ",-as accounled for by duration of BMF exposure:: 

(Table 4.6) 
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Tabk 4.5 AsSOfeiarioo of BMF exposure and IUlIg runctiOD iadices 

Varbble Average Durarioaof Elposure 
uposurerate IDdn 

score 

P(SE) 0.14(0.018) 0.12(0.009) 0.01 
(0.002) 

R' 0.13 0.30 0.096 

R 0.36 0.55 0.31 

P·value <0.0001 <0.0001 <0.0001 

rYC P(SE) 0.20(0.053) 0.11(0.031) 0.02 
(0.006) 

R' 0.03 0.07 0.03 

R 0.19 0.26 018 

P-value <0.0001 <0.0001 <0.0001 
FEVlfFVC P(SE) 2.3(0.668) 1.25(0.399) 0.25 

(0.081) 
R' 0.03 0.Q2 0.03 
R 0.11 0.16 0.16 

P-value 0.001 0.002 0.002 

".6 AssociatiOI between averale child upolure 10 8MF and rnpiralory (untrioD 

The U5QCiation between IIoveraae BMf expoSW"C and respiratory symptoms is shown in 

T.ble 4.6. A higher average: exposure rale: ~ore .... as significantly associated with the 

increased likelihood of penistenl dry cough I aOR < 8.51. p-value -0.039), repeated SIl«:rjng 

(tOR- 1.97. p·value -0.003), itchy and watery eyes (aOR- 4.35, p·value<O.OOOI). 

shortness of breath (.oR- 3.22. p,valut<O.034) and difficulty breathing (aOR'" 9.21. po 

value<O.028) after adjusting forage. ,ender, and socioeconomic sta1Us (educ ationalJ~clof 

householdheadandaverageannuaJineomc). 
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Table 4.6 Association bdween average cbild eJl.po~ure to BMF and nspinlory 

(unction 

Respiralory 
symptoms 
PersislenldrycoUCb 
Occasional dry cougb 
Cold. 
RepnltdslleeziDg 
Euylirtdness 
Cbeslp.ias 
Sorelbroat 
El.cnsivephlfim 
Itcby ean and throat 
Itcby and watcry eyes 
Wllee:l.illg 
Sltomessorbreatb 
Difficulty in breatbiag 
Chestlightoess 

BMJ.· exposurc rate score 
<10(n 134) >10(0"'266) 

1(0.7) 15(6.0) 
98(73.1) 114(42.9) 
122 (9 1.0) 238(89.5) 
80(59.7) 198(74.7) 
58(43.3) 88(33.1) 
54(40.3) 114(42.9) 
90(67.2) 196(73.7) 
76(56.7) 172(64.7) 
88(65.7) 190(71.4) 
84 (62.7) ~34 (88.0) 
2(1.5) 6(2.3) 
4(3.0) 24(9.0) 
1(0.7) 18(6.8) 

o 2(0.8) 

.OR 
(9S%Cf) 

8.51 (1.12-64.89) 
0.73 (0.45-1.17) 
0.84(0.41-1.70) 
1.97(1.26-3.0) 

0.65(0.42-0.99) 
1.11 (0.73-1.70) 
1.37(0.87-2.15) 
1.40(0.9 1-2.13) 
1.31(0.84-2.04) 
4.35(2.62-7.24) 
1.52(0.30-7.65) 
3.22(1.10-9.49) 

9.21(1.29-73.71) 
NC 

P-value 

0.039 
0.194 
0.621 
0.003 
0.046 
0.625 
0.174 
0.123 
0.238 

<0.0001 
0.609 
0.034 
0.028 

As shown in Figurt: 4.4 .and 4.5, theh: was a significant difference in the Spirometry reswts 

for the different BMF exposure rate category. The mean values of FEV I and FVC (or 

children with scores 10 or more W.IlS higher compared with those wilh scores < I O. These 

differences was not observed for FEVIIFVC ratio. 
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4.7 Associ.tio. bt'tweca BMFClposure index and respiratory bealtb oftbccbildrcn 

1lte prevalence of persistcDt dry cough wu significantly associated with BMF exposure 

index tertilcs (t-6.17. ~value .:oQ.046). Also. the prevalence oC repeated sneezina increases 

with increasing tertile of the BMF exposure index. A major percentage of children with 

scores within the upper tertile bad symptoms of rquICd sneezing. chest pains. itchy can 

and throats. and itchy and walery eyes compared with the lower tertile. Thus. BMF exposure 

index W85 sianificantly assoc:iated with these symptoms (p-value <0.000 I). As she",,,, In 

Figure 4.5. FEY· I and FEV·IIFVC ratio increases with increasing tertiles ofBMF exposure 

index. 

Table 4.7 Association betneen 11M ... exposure index and respiratory healtb of the 

children 

Respiratorysymploms BMFexeosureindex X' P·ulue 
TI T2 T2 

Pcnislenldrycough 2(1.6)' 7 (3.9),b 8 (8.3J' 6.17 0.046 
O«asionaldl1 cough 100(79.4) m(68.0) 66(68.8) 5.28 0.071 
Colds 112(88.9) 164(92.1) 84(87.5) 1.74 0.419 
Repealed sneezing 76(60.3)' 122(68.5)' 80 (83.3)b 13.76 
Ealytiredness 52(41.3)' 40 (22.5)b 54(56.3)' 32.51 <0.0001 
Cbeltpains 58 (46.0r 40 (22.5)b 70(72.9)' 66.38 <0.0001 
So~throat 96(76.2), 110 (61.8)b 80(83.3)' 16.18 <0.0001 
Exccssive phlqm 78(61.9)' 90(50.6)' 80(83.3)b 28.43 <0.0001 
Itclaycana.dtllroat 86(68.3)' 104(58.4)' 88(91.7)' 32.64 <0.0001 
lIelaya.d,..aterye,"cs 82(65.1), 142 (79.8)b 94(97.9)' 36.07 <0.0001 
Wbca:inK 2(1.6) 6(3.4) 0 3.78 0.151 
Shortacslofbrea,1I 2(1.6) 10(5.6) 16(16.7) 19.97 <0.0001 
DlfflCultyinbnatbiol 3(2.4) 8(4.5) 8(8.3) 421 0.121 
Cbcsttiebmess 2 ~1.6~ 0 0 437 0.112 

TJ./tnf1'er urtile. TJ·mJddle tertile. TJ IIppn tmUe 
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H,urt " .7 Ass~i.tioD briwHn "'U" upot"~ iades. .. d rnpirator) hnltJa or tlte 

Le\'cls of particulate maner with an aerodynamic diameter ~,5 ~m (P~l ,) were reoorded 

over a continuous 4-hour duration in selected households (n - SO) usina a Met one Acrocet 

U t puticLe counlCT from which mean 24-b PM" (JI&/m) was obtained. The results from 

"II SO MU5ehokia wh.icb had at least 3 bours: JOmin, dau is presented 10 Table 4.9. The 

m~anpeakPMJ..iwas 141.16.A1so,thcmcana ... cragC'P~h,was)9.01 which wu ainUlat to 

lhe f'C'fcrmcc \aJuc in Ghana (Figure 4.8). The mean peak PMlo .... ..., 594.97. Alto, the mean 
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,1\:cf1Ige PMlo was 150.43 higher than the refertnce value in Ghana and WHO SWldard 

(Filure4.8) 

Table 4.8 Air Quality monitoring in tbe .study housebokb 

Partlculalrma"er Meaa SEM :\tia Max 
Peak PM. 54.73 5.29 16.9 148.2 
AnragePM. 21.38 2.07 13.24 76.45 
PeakPMz~, 141.16 23.50 26.67 694.20 
Annge P\h~~ 39.01 3.19 20.88 123.31 
PnkPM, 195.20 32.43 47.02 999.50 
A\'eragePM4 73.50 5.30 31.65 172.80 
PeakPM.o 594.97 100.60 111.30 3207.20 
AveragePM.o 150.43 9.68 61.76 307.44 

_ Thi,Sludy 

_ Ghana 

_ WHO 

)100 

Fi&un" 4.8 Comparison of particulate maHer obtained iu Ibis sfltdy to reference dara 
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4.9 Associ.tion between IUDg funclion and partkulate matter 

The asSOCI8UOD between particulalC matter and lung function is presented in Tablc 4.9. Peak 

PM2 s but not averaae bad a significant positive correlation to FEV IIFVC ratio (r= 0.376, 

p-vaJueaO.OO7). Also. peak PM. and PM .. showed a significant positive correlation 10 

FEVIIFVC ratio. Average PMloshowed significant positive correlation 10 FEVI (.-0.324, 

p-value-O.020). 

Table 4.9 Association between lung funmon Indices of the study subjects aDd 

partinlatem_Hcr 

LungfunctioniDdiees Swi"ics FEVI FVC FEVI TVC 

PeakPMI R -0.186 0.376 
P-value 0.271 0.191 0.007 

AveraeePMl R 0.223 -O.()(I!! 0.129 
P-vaI~ 0.116 0.956 0.365 

PcakPM2J R -0.054 -0.230 0.306 
P-vlllue 0.707 0.105 0.029 

AVmlKCPMu R 0.158 -0.099 0.173 
P-valuc 0.270 0.488 0.224 

Peak PM. R -0.098 -0.250 0.310 
P-vaJue 0.496 0.077 0.027 

AveraaePM.. R 0.191 0.006 
P·value 0.000 0.179 0.967 

PeakPMlo R -O.oJ8 -0.138 0.233 
P-value 0.900 0.333 0.100 

AveragcPMlo R 0124 0.080 0007 
P-valuc: 0.020 0.576 0962 
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4.10 AuociaQoO between respiratory symptoms aDd Particulate matter 

A shown in Table 4.10. a unit increase in peak PMB \\as Significantly associated with 

increased likelibood of cold symptoms (OR -1.08). Also a unit increase in average: PM1~ 

was associated with increased odds of repeated sneezing. and easy tiredness. Moreover, a 

unit increase in peak PMlo was associated 3% .. 2% and 1"-, increased chances of excessive 

phlc:gm, itchy ears and throatnnd chest tightness, respectively. 

ss 
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Table 4.10 ASlOCiatioD betwetll respiratory symptoms and Particulate matter 

Respintory!<ymploms Parti,.latematter 

PeakPMu AveragePMu PeakPMlo AveragePMlI1 

O«:asklOaldryrougb 1.01(0.93101.08) 1.29(0.71102.32) 1.02(1.0101.04) 0.96 (0.89101.04) 

Cokb 1.01(1.02101.15)' 1.20(0.94101.52) 0.99 (0.9R 100.99)' 0.97 (0.94101.01) 

Rt'pnted soeezme 1.02(1.0101.05) 1.11 (1.03101.21)' 1.0(0.9910 1.00) 0.95(0.90100.99)' 

EasytimSnas 1.01 (1.010 1.03) 1.11 (1.0110 1.22)' 1.0(0.99101.00) 0.96(0.93 100.99)' 

Cbestpains 1.0(0.98101.02) 0.98(0.89101.07) 1.0(1.0101.01) 1.01 (1.010 1.03) 

Sorelbroal 1.0(0.98101.02) 1.02(0.92101.12) 1.00(1.010 1.01) 0.99(0.98101.01) 

£J:ee5Iivephkgm 0.96(0.91101.02) 0.93(0.8510 1.02) 1.03(1.0101.05)' 0.97(0.94101.01) 

Itebyean and tbroa. 0.97(0.93101.02) 0.95(0.89101.03) 1.02(1.0101.04)' 0.98(0.9510 1.01) 

Ilchyud,ultrye}et NC NC NC NC 

Wbeeziag NC NC NC NC 

Sbortnessofbrealh NC NC NC NC 

Oifficulty.brutbiag NC NC NC NC 

C.l"sttigbtaess 0.99(0.97101.01) 1.0(0.94101.06) 1.01 (1.010 1.02)' 1.0(0.97101.00) 

NC·lfOi ctIIIIplll1tll; • Nlue npns~.t statistically signifICant values 
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CHAPTER FIVE 

DISCUSSION 

5.1 Demograpby of tbe study Household and biomass fu~1 usage 

From the ftndinas of this srudy. charcoal was the major type ofBMF used by the household 

(100%), followed by 8i!'icuJture product residues (24.5%) and firewood (2.0%). In most 

poor settings. wood and charcoal are the primary sources of BMF. bul the use of animal 

dung and agriculluraI residues is also conunonplace (Bruce el at .• 2000). Factors includina 

encrgycosl,household size, daily cooking frequency, and age of household headd etennine 

the choice and type of biomass energy consumption. This study demoMtrated, that. 

aeneraJly the households rq'IteSenling the study area have poor 5O('io-cconomic:51a1Us. A 

hipcr percentage of the household heads "''er'c not formally educated (about 600/e) or eam 

an annual inc:ome was < SOO cedis (about 78% oCthe total household studied). A study by 

Gauama and Plannin& (2014), demonstrated thaI the family head's educational level 

influenced tbe type of energy used by the household wherethosc with lowereducalion statu! 

icnd to use less clean fuels. AJso. a study by Mekonnenand KlShlin(2009) demonstrated 

that the family beads' edUCllional attainment tend to have an inverse proportional 

relationship wilh usage and demand of less clean fuels. Thus. those who are educated up to 

the university level are less likely to usc flfe\\'ood orcharcoaJ whiJeshouse heads with lower 

education status have a higher demand for charcoal. kerosene. and firewood. Thex findinp 

are in KCOrdance with litis present study results. Otb:r (-=ton thai have been outlined in 

1iteratur'C to affcct BMf use which "'115 common among the surveyed households were low 

annual income •• family .ite of more thin ,ix and an avera~e cookina time or 6 limn a 

week. ODe unique finding was thIl the mean age ofthc household bea1s was 39.4 years 
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This is inconsistent with the fact that younger household heads (<40 yean) show a 

prer ...... rorwoodbosedCUds. 

5.2 Houscbokb Air Quality and cooking Cbaracteristic. 

The mean peak PM2.5obcained in lhissrudy was 141.16 ~glml and wuusociated withc:old. 

repeated sneezing and lung function. This value obtained in this study is 4.5 times higher 

than the annua1 meanconcentrationsof31,1 J18/mJ reportedinGbanaandl4timesbigheT 

than the WHO annual recommended guideline of 10 ",aim'. Compared with the WHO 

annual recommended guideline (20 jJg,'ml), the mean PM!o values obtained in this study 

was 2S times rugher. The mean peak PMlowas 594.97 and was asscx:iated with respiratory 

symptoms of excessive phlegm. itchy ears and throat, and chest tiahtness. Moreover, the 

mean avcnage PM.o ""'as 150.43. Significantly higher PM concentrations have been 

measured in similar studies (Rajaaopalan, AI-Kindi. &. Brook. 201S; Terzano et aI,. 2010). 

It is estimated thai developing cOWlmes contribute as much &180°/. or total indoor airborne 

PM worldwide (M. Ezzati & Kammcn, 2002). 

5.3 EfF«t of Biomass upo~ure OD tapirstor")' symptom. of children 

Respiratory symptoms were self-reported without further clinical evaluation. which may 

ha\"e the limitation of misclassification, It has been sho""l1 that individuals from low-income 

countries often consider some respiratory symptoms such as cold, wheeze, brcathJn.sne5s 

and bringing out phle&m as ordinary wruch might have caused undeN"qK)I'1lna of symptoms 

and if this was differentially expreued between duration altegories this may underestimate 

the real danaa". Moreover. some terminoloaiet rOf" respiratory symptoms in the Ghanaian 

society have IlIIneJ whicb define the lOurte of the $)mptorm other than what is kno""l1 in 

IIlerature Besides the1e limilalions, the !IUd)' was strenilhened by the adjustmenl for 

confoundcn,oftm insufficientl)'bandJed io previous studies. 
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This study demonsuated that children within the Madina Zongo community manifesl one 

or more mipiratory symploms which had a significant association with Average eMF 

CltPOiW\." score and BMFexposure index. Persistent dry couah wusiptifieantJyassocialCd 

with higher BMF exposure score (10 and above) and increa5eswith increasinglertileof 

BMF exposure index. Similar association was observed between the prevalence of 

symptoms of repeated sneezing, easy tiredness. chest pains. and S(ft throat. and excessive 

phlegm production. shortness of breath, itchy ears and throat, as well as itchy and watery 

eyes "'ith BMF exposure index. lbis obJel'VlliOll is in line Ylith the reports ofKwmi C( 81. 

(2014), who reponed similar results. Previous $lUdies on the effect of BMF usc and child 

respiratory health are focused exclusively on populations using varying kinds of biomass 

fuel. at different dlUalions. Hence, making comparisons of these findinas to previous 

findingscomplicatcdparticularty. when confounding variables are ineffectively resolved. 

Moreover, to the understanding of the author, few number of studies have reported on the 

association between child respiratory symptoms, average BMF exposure score and BMf 

exposure index especially among the age group considered in this study (S·IS years). 

However, considering the pathophysiology of these symptoms, the early CXPOSlm: of 

childmt co BMF (average exposure aae of I year), lack of secondary Mll,lking sources like 

cigarette and the 1(KIIlion of the community flu from dUSly pollution, the associations 

obseTvedinthisstudyis.~nmionofraiity. 

5.4 Association betwHn Luug FUBdioa aad Child BMF EJ.posure 

About6S.00looftbedUldrm scancd to ha\e: reduced lung runction defined by FEVIIFVC 

ratio <85% (Yost. Folkcn~ WcileT,lt Frerichs, 2014). This obsen.1ion _ ob!erved 

10 be associated with expasurc ofc:bildren 10 BMf for a longer duration and at a higher 

concenaation. A dim:t positive comlatioD was obscrwd for luna function indices fEVl. 

FVe m;! FEVl/FVC ratio and BMF exposure dUl'lllion, average BMF Kore: and BMF 

S9 

University of Ghana http://ugspace.ug.edu.gh



exposure index. Long-term envirorunental exposure to present Itvels of ambient biomass 

fuel (particulatc maner) leads to a signjficant dccrcase in lifespan. This decrease in lifespan 

is mainly due to an increase in cardiopulmonary and lung cancer fatalities that are probable 

in lower respiratory symptoms and decreased lung timetion in children. There are 1l.lIIMr0u.5 

reports (Viegi, Maio, Pistelli, BaJdacci. & Carroui, 2006): (Kim et aI., 200S);(Zhang & 

Smith. 2(07» jointly indicating that chronic inhalation of biomass smoke may result in luna 

obstruction, inflammation, and oxidalive stress associated with chronic obstructive 

pulmonary diseases, particwarly asthma. Although limited studies in children exist to 

compare OUI fiadings with, it is in line with evidence from literature. 
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CHAPTER SIX 

6.0CONCU"SION A~D RECOMME!'iDATIOSS 

6.1 Coadusioes 

I. Thestudyreportedresplralorysymptoms,inc:Judingpersistentdtycough,repeated 

sneezing. easy tiredness., chest~. and SO~ throat, and excessive phlegm 

production.shortnessofbreath.ilchyearsandlhroat,asYoieliasilChyandwateryeyn 

are common among children living in the Madina Zongo. 

2. Reduced lung function was observed at a higher percentaae (60.5-;.) among many 

children within the Madina Zongo commwUty 

3. Resfliratory symptoms and reduced luna functions shows. positive t~nd with BMF 

use. That is, a higher average exposure rate to BMF wu more associated with 

resplfutorysymptoms 

4. Peak and average PMl ~ were associated with respiratory symptoms of cold. repeated 

snttzingandeuytimtness 

6.2 Rerommendatlons 

I. It is recommended that awareness and preventive programs on indoor air pollution and 

effect on children's respiratory health should be designed and advocated for ZonIO 

communities in Ghana. 

2. There is also the need for regional and national policies aimed at reducina indoor air 

pollution through the use of cleaner technologies. Finally. the study must be conducted on 

a population with a laracrsample size 10 improvetbe study oulCOmes. 
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APPENOIC'ES 

Ap~ndu J: Questionnaire (or H~.lth Stalul 

(" o n: , TIn: QI'ESTIONNAIRI: WILL HE AD~IINISTERED BY STUDY 

PARTICIPANTS WITII ASSISTANCE FRO~I VOLUNTEERS ON HARD copy 

H[FORE Al\O DURING THE VISIT) 

ID 

olle 
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I DtmOlrapby of flousebold "ead 

Instruction: The section includes muJtiple-choi(:e and completion qUt:S(ions. For multiple-

choice questions, please tick the box. For completion questions, pleue fill in the line. 

1.2 Sex oMaJe o Female 
1.3 Familysize 
1.4 Employment Employed: :; Full-time 0 Pan-time 

~:::::ngfill: ~i:e~ CLlfTC'nl oc(:upation or position (c .•. Manqcr) __ _ 

status) Prirnll)' work experience in the past (if different from above) : 

1.S Education level 

1.6 Marilal ...... 

o Unemployed 
o Retired 

Last job occupation or position 

Primary work experience in the past (if different from above) : 

o No Formal Educalion (J Primary school 
(] Junior High school 0 Senior High school 
o UniversitY 0 Postwaduate or hiRhcr 

1.7 Average annual total AllflguresinGhanacedls 
household income before tax oLess than 500 0 SO I to 1000 

01001101500 01501102000 
0200110 2500 oMote than 2500 
oPrefer not to say 

1.8 Number ciprette smokers in 0 None o3~ 
lhehouse 01-2 0>4 

1.9 What is tbe IOtaI nwnbet of a 1-2 03-4 
people livine in your 0 4-6 CP6 
household? 

1.10 How many years have you Record as mentioned: 
livcdinthiscommunilY? 

Instruction: This !CClion iac:hMies multiple-choice and completion questions. For multiplo­

choice questions. please lick the box. For completion questions. please till in the line. 

67 

University of Ghana http://ugspace.ug.edu.gh



2.1 AR. 
o Male' 0 F~m.le 2.2 SCl( 

2.3 NutritionaJstatu.s Height . .. .. ... .......... cm Weight 
BMI... 

... .. . K& 

eYes eNa 
If yes, wtw <ype: --_._. __ ._._ •• _._-_. 

2.4 Historyofrespitatorydefect? 

3 LifeslyleandCooking 

Instruction: This Sl:Ction includes multiple-choice and completion questions. For mwtipie-

choice questions, please tick the box. For completion questions. pleue fill in the line. 

3.1Cookin8praClices 

3.1.1 Type of biomass fuel use 0 'A1JodIFirewood 
Howlong:---------· 
cCharcoal 

~:=d:;:~ ··················1 
How Ion,: ---···------------------ 1 
o AaricuhwaJ crop residue I 

Howlong:-------·--·-----.... ---.. 
3. J.2 How many times in • typical week on average do you 0 Leu than one a Once 

use BMF? 0 Two titMs 0 three times 
o Four limes 0 Fife times 
Q Six tim« a SeYeII times 

3.1.3 \\-nat is the a\crage duration per day you are passively a O-ISmin o 16-S9m.in 
exposed to B~F smoke? ol-4hours a S-8hours 

a 9- t2hoW'S a >12boun 
3.1.4 Ho" closei~thekilchentoyourli\·ingroom 

3.2 Cooldna Practices and Chiid exposure 

32.1 How Dl&DY days in a "-eek i,yourchildaroundyouwbm o One day c 2-t days 

cooking? cS·7c!ayscNone 

32.2 WbIlistbeaveraeedurationperdaywbeayourchildwas o t)..ISmin 0 I6-S9min 

with you wben cooking? 
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a 1-4hours 0 S-8houn a 

9-12hourso >12hours 

3.2.3 Howald was your c:hikl when you first took himJber with 

you to the kitchc:n when cooking --_ ... _._-----years 

4 AI!lC"~)mC"nt of Rspintory Health 

4.1 Ha~ child ever been diagno$Cd of any chronic a Yes a No 
'rc .. piratoryillnc:ss'? 
, I("n. was it dinoosc<i bv a doctor? e Yes a No 

4.3 Is the illness brought on or made worse by the aVes 0 No 
1--:-;--_ smoke from the biomass'? 

r¥.f~ \.o(~::~erieDced an ' of.he followiull "mDtom! ~ ~~ I:~! mouths? 

4.9 

Prolon~ed orrepcated )lIcl!'tina 
Ea. .. vtiredness 
Chc:stpajns 
Son:1hroat 
Brin ingoutcxcc:ssivcohleiUtl 

4.11 Itch " ears and throat 
4.12 Itchy and warerv cyes 
4.13 Whoezioa 

ObtervaDon or history of wheeze siens 

4.14 Shortnessofbrealb 
".IS Difficulty in . 
4.16 Chestti2htness 
".17 Do these symptoms stop when you are not 

closc 10 biomass sowce? 

4.18 R " rate 

o P",istenldry couah 
oO'''''ionaldrv",~ah 
o Va aNa 
eYes aNo 
aYes aNo 
aYes aNa 
aYa aNo 
o Yes aNo 
o Yes oNe 
aYes oNo 
aYes aNa 
o life time wheezina SIgns 

a \\'beenne sip during the past 12 
month. 
a Wheezing: or rhonchi on auscultation 
aYes aNo 
eYes aNa 
aYes oNo 
oVa aNo 
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Additton.ITescComlDtnl!: 

ThisisthecndofthequestioruWre. Thank you for your participation and paliencc 
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AppeDdis 2: Pare.tal CODsent form 

NMIMR-IRB PARENTAL CONSt:~T FORM TEMPLATE 
Title: HOtIHhoid BiOMass f.el aase •• d Respiratory Reali" .... 0.' child rea Uvla, ia Madia 7..08,0: 
Au iaformal _UIe_ea' i. Accra, Ghaua. 

Principal InVestlgalor: Fraod,t'8 Akorf'aAdika·Beasab 

Add.rnt: SchoolofPublK:Health.UniversityofGbana.LclI"n 

Geoerallnfonnation about Research 
The Objective of the lIudy is to esubli~ if there is a rdalioruhip bccwcen using Biomass Fuels (wood. awco.l. 
annnal dunJ,and crop walcs)and the p·t'".lence ofrnpinttory symptoms (e., . Nnnynosc. coush. SIOftthroat. 
phqmproductioo,bodyacbes,faligueandbreatbleuneu)andpulmonarydysfunclioninchildrenbciowIS~. 
Daa will be colkscted on your ~ard and it will bel collected in a day (within 2 hours). Your ward will be uked 
.met OfqUCitlollS to wMch helshc may provide IDS~"Crs 10. Helshe will.hio be requimllO b~ air inIo a devtcC 
.... bich will record how hislher luns is functioning. Heisht and weipt will be measured as a requirement for 
"curate spirometry rudmgs 

POIIlbk Rilks ud Distomforu 
There is no usocialed m,~ 10 this study and the processes ofO.tIl collection. Means ofeoUccting data is BOO-invasive. 
hence no harm or injury will be done to participants. However, signs such as slipl dizziness and slip1 discomfort 
an the lhroat due to the blowing of air into the device. may occur amoni some participants in the process of che .. king 
.. their lung fUnction .. You 8R 10 discontinue lhe mMeuvm if you feci dizzy or have any discomfort. 

P..tblt' Bt'aefitl 
Ifyoor "ard is found ouI tohllve reduced luna function.approprialc mcdical advke will bcJivcn as well u pot.I.Ible 
I'derral to a medical facility (or funher medical manaaemenl. Information gathered will be shared with stakeholdcn 
which coukf influence future planning and inlerventions 

c .. rMieorialUy 
All dala collcclcd and fieldnotawilibekeptconflderuialbyprinci~1 in\·estigator. Thef~ld noccwill bedevclopcd 
and,.vedinlile1ooothecomputetwith~uritycodcsthatwillonlybcknownby1heprincipalinvatiptor. o.&a 
011 participants will DOt be labelaed. Identilicalion numbers will be used. These ID nwnben will be Uoo,..11 only to 
lbeprincipaJ investigator in the person ofFrancisca Akorfa Adlka-Bensah (Student), School of Public Hct.Ilh. 
University of Ghana. 

c",peasIltioe 
Nocompemation will bc gi\'t!fl rorparticipation in this resean:h. 

VoIUDtary ParticlpadoD and RJe.' '0 Law lite Rneareb 
Your ward will patlieipak in thil. stud)' by their own voli'~ and rcflUin, 10 putkipate or answer a putKuiar 
quncionorcw:npMtakcinthclpuomctrywilihavenonegalIVCCOlUCqlJml;Corpenalty. 

c .. 1KtI ror AddirioullofonnatioD 
Please contacl FranciK.8 Akarf' Adib-BcnSIh on 02G-6699112 if you have any concerns or questions Iboullhe Jtu.J~ 

Your Cblld" Rillllts .. a ParUripu. 
This ft'SCM(h tw been rev'ewed and approved by die No.guchi MemoriaIm.itute for Medical Research InstitutlOn&I 
Review Ba.rd (NMIMR-IRB), (fyou have any questions abo4d your child' s ri ..... as a rnearch pankipant )HU 

~'f::H~~:::~ ~Ct'd the houn of s.m·Spm duoup the IMdline 0)029164)1 or email addrcun 

71 

University of Ghana http://ugspace.ug.edu.gh



VOLUNTEER AGREEMENT 

Tbc abo"'c document describing the bencfits. risks ar\d procedures forlheresean:hlilleenlilted (H ow,lrold 
BlolPUUsf_ll4~ and R~ H,1IIJ1r among c/llUreli IMn~ in lI[odilio Zo,,~o: An lItfonnaJ JdWltWnf In 
Acna. Glrolle) ku been I'CIId and explained 10 me I nne been w",ea an 0JIP0I1Un1ly to hlw: any questiON ebout 
.. re!Ie&rCh answered 10 my ulisfK1ton I &p"ft that m)' child should pII1idpate: as I \'01 ........ , 

~ --- Name and signarure or mltk Orparenl or guardian 

Uv"ullteenca.no, rH.d."efor,. cbemselw:s, a wICDtt' ...... tslen.ere: 

l ... praentwhilethebcnefits.risksandproccdures.U'Creadtotbecllild'~parcnlorguardian. AII~ions 
were answered and thechlW's parent hua,reed that his or hcrchild shQuld take,.,t in tbernearch. 

Nameand~oj\OoIIIlC'·"'''-----

I Cfttify lhstlhe naf1.U'C and putpOtC. the potcnI~. benefits..rId poIlib!c rim auoclated with panIC'palm, in this 
researchhavc beene-xpl.ailtedlotbeaboYe Qi"idual 

0;;;---- N .. Sipaturc of Penon Who Obtained Consent 

n 
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APPew.db. 3: Child Assent Form 

NOGI:CIll MEMORIAL INSTITUTE ..oR 'ImICAL JU:SEARCH 

INSTJTlTIONAL REVIEW BOARD (NMIMR-IRBI 

CHILD ASSENT FORM 

Gtstrallnformarioo 
My name is Fraodsea Akorfa Adika-Bensab and I am from the Behavioral. F.nvironmental and 
OccupationaJ Health at School of Public Health. University of Ghana, Legan I am conductina a 
mcarch study entitled Household 8iomass fuel use and Respiratory Health amonK childrea 
li,'lng in ~adiD. Zoogo: AD informal settlement in Accra, GblDa. I am asking you to take 
J*t in this research 5tudy because I am tr)'ina to learn mon:: about Biomass fuel smoke exposun: 
_ bow often you get respiratory symptoms aDd llS5IXiated factors . This should like about 2 
bours of your day. 
lfyou agree to be in this INdy. you will be_eel to answer a setofqlK"Stions and blow air into a 
tube (Spirometer). Your height and weighl will alJo be measured as • RqWrcmcnl for aCCUl'Me 
lPirometryreadings. 

POisibleBenefits 
yOW' panicipation In this study will result in us fmdina out how well your lunas are functionina. 
ud if any problem. is identified. appropriate medical advice will be given as well as possible 
ret'erraI to a mcdical f.cUily for further medical rnanaaement. 

Possible Risks and DiscolDforts 
Hovoc-ver. the risk associated is, you IDly feel some alight dizziness because ofthc force that will 
be used to blow air into thc tube. You are to diJc:ontinue the rnancu'"crs if you feel dizzy or have 
anydiscomfott. 

Voluatary Parridpatl~n aDd Ril;bt t~ Lean tbe Reann: .. 
Youcanstopparticipaun~~any lime If you fccl uncomfonable. Noone will be angry with you 
uyoudo not want IOpanlClpaIC 

ConfideDtialitl 
Your information will be kept confwlcntial. DaIII will be kept in restricted ICCC" on a SC'(;urc 
laptop lAith pa.s.swdes.Noone will be able 10 know how you responded to the questions and yow 
informalion "'ill ~ anonymoUS. 

Coatacts Cor AddifioDllllnformlilion 
Youmayaskme8D,.~aboutlhl'5l1Udy. You can call me at any time on 020-6699112 
orlal~lolDtthcncxttilDeyouseemc. 

:~s~t'~i::;~~=~;:o;O!:e~~I::oer;:~~=i~. I 
parcntsS&Ylcs youeanstlllduldeDOttoputicipete )'OUt 
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This research has been reviewed and approved by the InstitutionaJ Review Board of Nogucbi 

Memorialln~11Me 
for Mt:uu.:ai Research (NMIMR·IRB). If you have any questions about your righ.., as a 

research partIcipant yau 
can contact the IRB Office betWeen the hours of8am·Spm throu&h the landli~ 03029164)1 or 
"";1 
a4dtesses:nirb@noguchi.Ui·edU.gh 

VOLUNTARY AGREEMENT 

By makio& a mark or thwnb printina below, it means that you understand and know the issues 
coocemingthis research study .• frou do not want to participate in this study, please do not sian 
1bis useD! form. You and your parents will be given a c:opy of this fann after you have sis,ned 
it 

This assent fonn which describes 1M benefits. risks and procedures for the research titled 
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been given an opportunity to have any questions about the research answeredta my satis faction 
I aa,reeto participate. 

Cbild's N.me:... .... ...... .. ... Rneart'ber's Name: . ...... . 

CbiJd's MarWTbumbpriqt ....................... . 
Dale: .. .... ... ... .. ......... .... ..... . 
Researcher's SIID.ture: .......................... . 
Dale: .... 
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ETHICAL CLEARANCE 
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H"May.2019 

FEDERALWIDE ASSURANCE FWA _1824 IRBOOOO1276 

NMIMR·IRB CPN 11681111-19 IORGOOOO9OI 

On Sib May. 2019, the Noguchi Memoriallastitulc for Medical ResaR;h (NMIMR) Institutional Re·.icv. 
Board (lRB) at a full board meelina: reviewed IIld approved your protocol tided: 
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PRINCIPAL INVESTIGATOR Fraaette. Akorfa Adika-Bcatil \is,. Cando 

p-.caocethal. r..a review report mUll belUbmiucd to the Board aI the complctlon of the study. Your 
rnearcbrcconbmIYbelUditcd.allnytimeduringorafterthcimplemea&alion. 

Any modific8tion orttUs reICatCb project mUll be IUbmincd 10 the IRB for f'e\-'iew and approval prior to 
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Please report all ~ad\'erxCVCIIIsrclllled to thisllUdy to NMIMR-IRB withm SC'o'CO days verbally aDd 
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Mn.ChrisDadzie 
(NMIMR -IRB, Chair) 
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