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ABSTRACT

Background: Household air pollution is amontpe top ranked global public health concern
particularly in developing nations, like Africkighty percent of th@opulaton of sub-Saharan

Africa and 9% of the Ethiopian populatiarse biomass fuels for cookirlgis linked to many health
problemsincluding acute respiratory infection in children. The cause of this health problems is
attributable to many factoiiacluding household air pollutiorAcuterespiratory infections the

most common illnesses in childhood, comprising as many as 50% of all illnesses in children less than
5 years old in the worlddouseholdair pollution is still a big problem in developimguntriesin

Ethiopia, pneumonia aloa contributd to 27% of all illness and 18% of all deaths to undiee

children. Eposure assessment on indoor air pollution, specifically linkedctie respiratory
infectionis limited in Ethiopia.

Objective: To asseshouseholdiir pollutionand itshealtheffectsamongunderfive agechildren

in WolaitaSodo town, Ethiopia

Methods: A communitybasedunmatchedasecontrolandcrosssectionaktudy designvereu s e d

i n t heensus had peen conductaibr to the actuabata collection to specifgampling
frameOne t housand Jdmné¥Mohdrddehowt yh cas@ges t o co
286 cases anddBcontrols)lage-8 9 0mont hs paired with their mot
study. Cases caiwhdd ef futl hireodr | adsd hae a | t dr iotr egraing eaft i
respiratdir.p icwhedsudbhered from cough, foll owe
weeks that prec)edewhitlhee csounrtvreoyl sd aatree a chi | d
respyril binne ststees t wo weeks thaltmapr elXeddtlieet he s

smallestadministrative structurfenit of the government) n t he Keobwemlgersei s el ect e

randoml y. Sample sizes were disttrobeted bése
househol e bé&eensaish of al | c iKielb @t eerne i cno nt chuec tseed e
the sampling frame. Based on the sampling frai
in a child were i doemnacfiii €@ dr @ s p inbgya cianstge rdweif e it it g
mot her s. The mother of a child was interviewe

cases and control s.
For exposure assesthentcchreGhbssmud vethhanpdien @ f inhlLe

| eveadr toif cul ®#Me naantdt ecra r(bpoonl |muotrsgox@i¢édreo me by o mas s f
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using a monitoring equipment designedbytthe i ver si ty of Cal i fornia, E
(UCBM) and HOBO CO data leorgegeman aged eaxcnd vaen ayl.y
|l nf o and SPBxposureedats weeerman2ged usth@ B Moni t or Manager
(Versi amBa@x CaB) Pro sof software®Peé Vel it 0 @dedraid, at i st i
Chi-squired tests, hcondiltaginsatli ¢ Li @@rae s srieognr,es si on, ANC

correl ati onkE tetaeesH feienpil eonyte da n d

Results: The studywasconducted with the response rate of 99.65k& mean age of the children

was 24.15SD=14.99 months while theage grougbetween 123 monthsvas accounted t830
(28.86%).More than thredourth of children lived in households that usedainly polluting fuel

for cooking biomass fuell001(87.3%), while the resbnly 143 (12.5%) of the households used

mixed type offuel enegy, such adiomasselectricity, biogasndliquefiedpetroleumgas.About

712 (62.23%) of households had a kitchen separated from the main house, while 351 (30.68%) of
the households had kitchen inside the living house. About 417 (58.5%) of the kitademoh

chi mney, 666 (93.54%) didndét open windows dur

The prevalence of acute respiratory infection in utitker children were 10.1%95% CI 9.5,
10.8). Biomass fuelusers for cooking (AOR=28) 95% CI 1.034.22), poorly ventilated hoas
(AOR=4.31, 95% CI 2.6-7.15),less thar? years of child birth interval (AOR=10495% CI 1.@-
1.91), large family size, (AOR=1.85, 95% CI D-2.61), petty trade job ofnother (AOR%.50

95% Cl10.31-0.81) were significant risk factors of acute respirgtinfection in under five children.

A 24 hourGeometricmean concentration oPM.s in all monitored households we#d3.27
pg/me. The aithmetic mean 772.0fg/m? (837.39) with 95% CB13.04, 931.01The 24 hour
measuementof mean concentration aaibon monoxiden all monitored households were 14.26
mg/m?® (SD=10.06).Type of fuel use, type of stoves (improved/traditional) and duration of time
spent in cooking had significant differences on the level of particulate matter and Carbon

monoxide.

Conclusions: The prevalence of acute respiratory infecti®still a public health concern given
the high level of household air pollutiorBiomass fuekources and poor house ventilatidrad a
significant associatioan acquiring oficute respiratory infectioMo t h enenip®ynent higher

family size child drth interval of less thar? years biomass diel use for cooking, living a poor

X



ventilated housand @arrying child while cookingvererisk factorsof acute respiratory infection
among childrenThe geometic meanconcentration oparticulate matteand carbon monoxide

were much more exceeded the World Health Organization Air Quality Guideline values.

Recommendatiors. Promotion and distribution amproved cookng stoves introducing better
house design, pmote a separate kitchen, to incorporate a sufficient number of windows and
rooms in the housare sustainable solutionslealth education and promotion on the preventive
measures adicute respiratory infectigmherisk of biomass fuel combustiaandengagng or carry

child in the backwhile cooking andthe importance of house ventilati@hould be delivered
Sustainableurban electrification (clean energy supplyhighly recommendedolution to solve

the cooking fuel related health problems.

Key words: Household air pollution, Cookinfgiels, Ventilation health effeciAcute respiratory

infection, Particulate Matte€arbon monoxide
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1. INTRODUCTION
1.1. BACKGROUND OF THE STUDY

Around half of the worl dbés populanima dung, and el i es
crop residuesThe majority of these households are located in poor rural communities and burn
such solid fuels in inefficient devices, often in kitchens that are poorly ventilated, resulting in very

high exposures to multiple toxic prods®f incomplete combustidid-4).

Globally, air pollution is the largest single environmental health(B)skinked to illness and early

death and is the sixth leading risk factor globally, and household air pollution is the eighth leading

risk factor(6).Near |y 95% of the worl doés population | i
global air quality guidelineAlmost 60% live in areas where fine particulate matter exceeds even

the least stringenWorld Health OrganizatiorV{HO) interim air quality target of 35 pughfr(7).

According to World health organization in 2016 rep@ million deathsare attributed to

household air pollutiorannually and 7.7% of the global mortalif). People in developing

countries are commonly exposed to very high levels of pollutioniférhi®urs daily over many

years(9, 10). Household Air Pollution (HAP) from biomass cooking fuels is a major cause of
morbidity and mortality in lowincome settings worldwidgL1). Nearly 80% of the population of

subSaharan Africa use biomass fuels for cookih® 13).

When cookinghousehold, incomplete combustion of biomass fuels releases a complex mixture
of particulate matter (PM), carbon monoxide (C@lycyclic aromatic hydrocarbons, and other
toxins into the household environmg@dy). The most important compounds in household air
environments include Suspended Particulate Matter, Carbon monoxide, SO2, NOx, and
carcinogenic aromatic hydrocarhowolatile organic compounds and kaerosols (15).
Concentrations of combustion produdtsuseholdair can be substantially higher than those
outdoors when heating and cooking appliances are used. This is particularly true in developing
countries whereteves are used with imperfect kitchen and stove desldrese can be significant

and widespreachouseholdexposures to many of the classical air pollutants, specifically,
particulate matter and carbon monoxide, in developing countries. A particulafoisdegeloping
countries is exposure to emissions from cooking and heating which may produce the highest air

pollution exposures to many pollutafs.



Children, women and elders spend a large of theirimosehold, which makebouseholdpaces
important micoenvironments when addressing risks from air pollution. Most of a person's daily
exposure to many air pollutants comes through inhalatipolbfted air in thdouseholgdbecause

of the amount of time speit thehouseandpresencef higherair pollution levelsin thehouse
Householdconcentrations of air pollutants are influenced by outdoor lekielsseholdsources,

the rate of exchange betwedsmuseholdand outdoor air, and the characteristics and furnishings of
buildings. Householdconcentration®f air pollutants are subject to geographical, seasonal and
diurnal variationg16).

Householdair pollution is a major public health threat in developing countries requiring greatly
increased efforts in the areas of research and polaking.Conducting esearchson household

air pollution and its health &ects is very important. A more systematic approach to the
development and evaluation of interventions is desirable, with clearer recognition of the

interrelationships between respiratory illness and polluting fuels.



1.2. STATEMENT OF THE PROBLEM

The evidence is cleahatair pollution has a devastatingmp a c t on chi7lAlrr ends
pollution is one of the biggest environmenitedalth challengesonfronting humanity. It is an

invisible muderer and foremost cause of some of the mostmon humarhealthcrisis (18).

Globally, 93% of all children live in environments with air pollution levels above the WHO
guidelineq17). Acute respmtory infections in children and chronic obstructive pulmonary disease

in womenare the main problems in developing countries whichaassciated witthousehold

biomass smokél). The use of solid fuels for cooking & major environmental and public health
challenge in developing countriggdoor cooking and use of solid fuel in household increase the

risk of acuterespiratory infection(ARI), low birth weight, cesarean delivery, angregnancy
complication(19) andHAP exposure is a major health risk that requires-tesliled interventions

(20.1 n 2016, 41% of the worl dés popul ation was
fuels and technologies. The use of polluting fuels and technologies for cooking is almost
exclusively a problem ifow and middle incomeountries as 83% of the popuiah in the African
Region, 59% in the South East Asia Region and
on polluting cooking fuel¢l7). HAP was responsible for 3.8 million premature thigain

2016, including over 400 000 deaths of children under 5 y&@ys

According to the Ethiopian demographic and health sufZ&HS, 2019 report, ARI is among

the leading causes of child moritydand mortality in Ethiopianext to fever and diarrhae.
Pneumonia is the most serious outcome of ARI in young children. One in every 17 Ethiopian
children die before the firflirthdayand one in every 11children dies before the fifth birthday due
to different causes. According to the EDHS report, 7% of ufiderchildren in Ethiopia have

showed symptoms of ARR1, 22).

The problem of low birth is another concern of the countries problem, the EDHS 28L& re
indicating the proportion of children born underweigfasaccounted t®0.1% in urban residence
of Ethiopia(22), is an indication of the problerourrently existed23). High pollutant cooking
fuels resulted in higher odds dfiaving low birth weight (LBW) child compared to use of
electricity/gasgn Bangladesl{24), Pakistar(25), in Nepal linked with small size at bir{B6).



Ethiopia is acountry, whichis found in subSaharan Africa. The countries 84% of the population

is found in ruralareas, whiclvery limited access to eledtr power for heating houses, cooking
foods and lighting. Biomass fuel is exclusively used for cooking foods and heating houses. When
the biomass fuels get burned in sub optimal conditithes fuels emit high concentrations of

health damaging poll utants, including particulae matte and carban monoxide Culturally, in
Ethiopia females especially women are expected to cook foods, care for children and serving their
families. Women carry their child in their back while cooking aakdldren sperd hours closeto

cooking yre with theirmother and hence have high exposires to these health damaging pollutants

(19). Hencethe exposure to various pollutants including biomass fuel emission, children are prone

to respiratory healthrpblem and other diseases.

The housing design and structures of houses in Ethiopia adesighed t@xhaushouseholdir
pollutants, hence, incomplete combustion of these fuels and poor ventilation inesidh
householdconcentrations of healtiamaying pollutants and hence, women and young children
are exposed to high level dbuseholdair pollution everyday inwhich its magnitude yet not
determined so far.

Evaluating and managing the health riskshotiseholdair pollution in developing countiseis

compl ex. I n mo s-tespansewdreé reosconsiderck duets resowece intensiveness

and methodological complexity. This problem is more serious in poor countries like Ethiopia as
comparedto developed one. Most studies focused on the stype, fuel type and amount of

emi ssionsd6 and therefore det ehonseholhtir poiutanto f e st

were mostly from the indirect estimations.

Another study was conducted to measure levelboafseholdNO> concentrationas a pray
indicator of air pollutionn homes with undefive children in rural Ethiopia (Butajira area). Wood,
crop residues and animal dung were the main household Tinddevel of NQ wasmore than
double the currently proposed annual mean of WHO air gugtlitdeline. Highland households
had significantly highehouseholdNO> concentration. This studgemonstrates high levels of
householdNO: in rural homes of Ethiopié27).

Many of thousands of housing types in Ethiopia are constructed in a local and in a traditional
manner, whiclare often unable to facilitate v#ation orproviding very limitedventilation while

mothers or the cook are cooking or heating their house. As a result, cooking, the local and

4



traditional stove generates mostuseholdcemissions; there is a confluence of emissions, people,
and time in faces. Unfortunately, regular monitoring and measurements of tloeseholdair

pollutants are not being done in Ethiopia.

A wide variety of pollutants, exposure levels and possible health effects must be considered, along
with differences in cultural hmts, lifestyles and climatdn addition some peoplé such as
children, pregnant women and the elderly may be more vulnerableothers mayWith this
opinion,this reasonable project aims to provide a scientific basis for assessing the risks to human
health linked tchouseholdair quality focus on vulnerable groups of population such as children,

and mothers.

Previous studies were, dominantly cresstional study designs, main pollutants were not
measured and characterized, and they are measusdwftperiodlike, only inmealtime cooking

time only, 15 minutes to hour duration, most studies were limited in Addis Ababa city and focused
on women respiratory illness onloreover, n Ethiopia, the links betweehouseholdair
pollution and health daomes were not sufficientBddressed yet especially those related to acute
respiratory infectionand therefore this work willttempt to address a part of this national burden

and gaps.



1.3. RATIONALE AND SIGNIFICANCE OF THE STUDY

Householdair qudity is the most determinants of human health than othedshence conducting

this basic determinant is worth big to the health of societies especially for those who are more
vulnerable groups of the family and for policy makers. Mothers, elders, ehdigksick peoples

are most vulnerable group of the famiRecently, acute anchronic level of diseases related to
householdiir quality arean emerging health problemghich has to be addressed eatgwever,
addressing or assessing the issue is rsitnple task that can be done through short duration of

time and with scarcity of resources.

Carbon monoxide and particulate matters are most significantly affecting the health of inhabitants,
and these are the products of incomplete combustion of bidoedss Incomplete combustion is

a common practice in most household due to inappropriate housing structure and poorly designed
stoves. Following this problem, stoves emit high concentration of pollutants routinely throughout
cooking. Butthe concentratiof thesepollutants (particulate matter and carbon monoxide)
developing countries especially in sub Saharan countries aralffiotently addressed.imited

number of studies have investigatig relationshipbetweenhouseholdpollutantsand health
outcomes Studies conducted in developed countries or other less developed countries might not
be used as a proxy to estimate olecause of differences @amvironmentglsocioeconomic and
sociocultural contextsEstimating theexposuresas well as theelated health outcom&directly

from the beneficiary ismuch worth for appropriate interventions policy issues.

Taking into accountf theseconsiderationghisresearchkaimed tadescrile householdhir pollution
and the contribution diousehold aipollution on healtroutcomesespeciallyon acute respiratory
infectionsamong undefive children This study document will help policy makers, decision
makers and local governors in ordergégonsider the existingolicies following the result of the

studyfor the benefit of theommunity andhe peopleat large.



2. LITERATURE REVIEW

2.1. OVERVIEW OFHOUSEHOLD AIR POLLUTIONSING PROXY
DETERMINANTS

About halfoft he wor | dés popul ation relies on biomass
(6). Householdair pollution is responsible for an estimatddli 6% of the burden of disea&28)

in developing countriesThis halth hazard primarilaffectswomen and young children, as they

spend much time in close proximity to the {{29-31). Globally, household solidieél combustion

is responsible for as much as half of all black carbon emissions from human sources and significant

amounts of total carbon monoxide and volatile organic chemical emi¢3@r&3).

According to WHO repdrin 2018, the sources and levels of air pollutants in developing countries

are significantly different from those in the developed wddd). In developing countries,
population explosion along with despread industrialization coupled with urbanization has
resulted in dense urban centers with poor air quality. The use of biomass fuels in rural areas
subjects the population to higjouseholdair pollution. Due to incompleteombustionthe use of

biomas fuels in traditional stoves produces high levelbaiseholdair pollutants. This smoke
contains a range of health deteriorating substances that, at varying concentrations, can pose a

serious threat to human hea(84).
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Approxi mately half of the worl dés popul ation
countries still rely on solid fuels as their primary energy source for gmatilcg womerusing the
tradit i or3s)lReamnq evilenges showedtteaposure to household air pollution, and
specifically fine particulatenatter, mayadversely affect birtiweight(36).

A study conducted in India to assess the status of air pollution showed thaneresntal and
occupational risk factors contribute to nearly 40% of the national burden of disease in India, with
air pollution of thehouseholdand outdoor environment ranking amongst leading risk factors. In
India it is also recognized that, the healtindan from air pollution exposures that primarily occur

in the ruralhousehold due to the incomplete combustion of solid fuels in households is major
contributor to the global burden of dise§3& 38).

According to the WHO report, in PakistatAP due to solid fuel use is responsible for 4.6% of
national burden of diseag&9). Past burden of disease estimates for HAP related to solichgook

fuel combustn have relied on categorical exposure indicators such as use of solid versus clean
fuels(12).

According to a study by Smith et al., in 2004, 80% of the populaticulbSaharan Africa use

biomass fuel and coal for cooking and heating purp¢$8s In most developing countries,
biomass is burned in traditional open fires lagdo high concentrations of multiple pollutants
(12, 40).



2.2. LEVELSOFHOUSEHOLDAIR POLLUTION
I) Level of particulate matter (PM 2.5)

Fine particulate matter (PAj) is a general term for all small particles found in air measuring equal

to or Il ess than 2. 5c¢This size hadbeen shdwn rioabe a signiicana me t e
predictor of respiratory healifi7, 41). It is a complex mixture whoseonstituents vary in size,

shape, density, surface area, and chemical compositien.concentration and distribution of
householdair pollutant varies from time to time and from place to place, depending on the type of

fuel, stove, and housing characs#ios; and that significant temporal and spatial variations may

occur within a hous&?2).

The level of PM (quantifications) is determined using two methods of measurement: area and
personal, théatter being relevant for compliance assessmBetsonapollutant concentrans

are measurety directly placing the sampler on the persahile in case of @ameasurement;
samples areplaced in fixed area. Both of the measurementsatgeced to variability due to

temporal and spatial gradients around a cook g{&3,e13).

A quantified exposure to respirable particulate matter from bicfoa@sscombustion in rural
homes from four districts dfiomassusing households Tamil Nadu, India on personal exposures
during cooking were reported with a concentrations ranged from 500 to 2,000 agd average
24 hour exposuresvho werenot involved in cookinganged from 90 £1 ugm?®, butfor those
who cookedvere231 + 109 pgh® (38).

Exploratory study in Palwal District, Haryana, Indsaovides preliminary data on the kitchen area
concentrations and kitchen personal concentrations assessed during cooking events were emitted
a very high concentration of pollutant, with respective mean fRddncentrations of 468 and

718ugi?; in additian, twentyfour hour outdoor concentrations was an average of 406(44).

Monitoring of 24-hour household concentrations of BM in 617 rural houselds India on a
crosssectional basis between November 2004 and March 2005 has revealed that th4-noeein
concentration of Pikin solid cookfuel using households ranged from 1&8m* (95% CI:
143,183; median 106) in the living area to §@%m* (95% CI: 547,671; median: 472) in the
kitchen area. Extrapolation of the household results by state to all solidumlalsing households



in India, covered by 2005, resulted in a modeled estimate qig/a® and 113ug/m?, for national

average24 hourPMz s concentrations in the kitchen and living areas respect(4éy

Independenand multidisciplinary review of China's National Improved Stove Program carried
out since the 1980s. As part of a 38@ilusdold survey, a subsample of 396 rural households
were monitored for particulate matter < P kitchens and living rooms over &éurs of which

159 were measured in both summer and winter. The results dfatiiéeholdair quality HAQ)
component indicat that for nearly all household stove or fuel groupings; BWMEls were higher
than and sometimes more than twice as high as the nationalsidard forhouseholdair
(150eg/mP) (46). A study in Italy showed that the mean levels of pollutants were significantly
higher in winter than in summer, regardless of the area (urban and4ijal)

Stationary monitoring in the Chirsudy result indicates that rural kitchen Blévels are three

times higher than those in urban kitchens during cookingioRféls 6.1 times higher during
cooking periods than during naooking periods for rural kitchens. Personal2lvels for rural

cooks were 2i83.6 times higher than for all other participant categories. The highest
PMz s exposures occurred during cooking periods for urban and rural cooks. However, rural cooks
had 5.4 times higher P levels during cooking than did urban cooksr&eooks spent 2.5 times

more hours per day cooking than did their urban counterf@ts

A study to estimate the exposure of P{¥br 1266 children in Gambia revealed ttatildren were

exposed ttheamountof PMs=1 35 N 38 26gd mf children fad expo
higher. The estimated exposure was highest among children who lived in homes that used firewood

as their maf)n cfourepla r(eldd 4 cog /tnh 0o s em®)ard conaludee that c h ar ¢
children in Gambia have relatively high B¥exposurg49).

A recentstudy conductedn Ethiopia to assess the magnitudehofiseholdair pollution from
household fuel use in slum neighborhoods of Addis Al§af& 1), showed that, the concentration

of fine particulate matter (PM) in 59 households was measured and the result was: the geometric
mean with standard deviation (SD) of-Bdur householdPM: s concentration is appkimately

8 18 N3 . % The pighest 2hour geometric mean and SD of Pddoncentration observed
were 113m°N3630%B8ng/ 4ard/ 338 N hauseHokigyusing predominantly

solid fuel, kerosene, and clean fuetspectively and it was conclutléhathouseholdir pollution
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is a major environmental and health hazard from home using biomass fuel in Addis Ababa and the

use of clean fuels and efficient cooking stokiad beemecommende¢b0, 51).

The research examin®d levels in the homes of women living in Shéviedasub cityof Addis
Ababa, Ethiopia revealed thdtet 24hour particlate matter levels in the kitchens ranged from
135 pgm3to 12,737 pgh?®with a Geometric mean (SDJ93.38 (580 ug/m3. All households
exceeded the United States Environmental Protection Agency standarggsh8%52).

World Health Organization has developed household air quality guidelines values for household
fuel combustions for different air pollutants mainly based on the significance level of health risk
factors.Therefore, the guidelineecommendatioms PMy s for 24-hour Geometrienean level in
houses should not exceed 25 pgand PMiowas 50(ug/m?) (53). PMzs, WHO Interim Target

1 (IT-1) is 75pg/mM, WHO Interim Targe® (IT-2) is 50 pg/m and WHO Interim TargeB (IT-3)

is 37.5 ug/m (2, 54)

i) Level of Carbon monoxide

Carbon monoxide is a colorless, Aortant, odorless and tasteless toxic gas. It is produced by the
incomplete combustion of carbonaceous fuels such ad,wetrol, coal, natural gas and kerosene.
Its molecular weight is 28.01 g/mol, melting poiR05.1 °C, boiling point (at 760 mmHB191.5

°C, density 1.250 kg/fat 0 °C and 1 atm and 1.145 kg/at 25 °C and 1 atm. Its solubility in
water at 1 atm is 84 ml/100 ml at 0 °C, 2.14 ml/100 ml at 25 °C and 1.83 ml/100 ml at &3yC

World Health Organization has developed household air quality guidelines values for household
fuel combustiondor different air pollutants mainly based on the significance level of health risk
factors. Therefore, the guidelinecommendabn a24 hour mean level @0 was 7(mg/n¥) (53).

Exploratorystudy in Palwal District, Haryana, India, provides preliminary data on a 24 hour CO
concentrations measurements for the kitchen area and kitchen personal CO concentrations was
ranged between 0.82 and 5.27 ppm respectivdely

A study in The Gambia to measure the concentrations of CO from children of under 5 years of age
using small, passive, color stain diffusion tubes, with multiple CO measuremergasamnday
to-day exposure variability showed that the mean measured CO exposure for 1181 children was

1.04+1.46 ppm, indicating that the Gambian children in this study on average have a relatively low
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CO exposure. However, 25% of children had exposuré&s3gppm or higher. CO exposure was

higher during the rainy months (1.33+1.62 ppm). Burning insect coils, using charcoal, and
measurement done in the naiseason were associated with higher expogli&. Similarly,

PM: s exposure was estimated for 1,266 children in The Gambia by applying the cookhoise PM

CO relationship to the childés CO s=xppsorsfarr e. Us
all subjects %wa2s5 % 305f Rt h3i8l cerge nm hoahighee. ngirecyu r e s o
estimated exposure was highest among children who lived in homes that used firewood as their
mai n f ue I’)campated to thgsé who usechichc o al 3(4®)5 € g/ m

The research examin€O levels in the homes of women Iing in ShereMedasub cityof Addis
Ababa, Ethiopia revealed thdtet 8hour carbon monoxide averages among households ranged
between 0.66 ppm and 69 ppm withmean (SD)16.08 (18.81) ppm Twentysix households
exceeded th&nited States Environmental Peotion Agency8-hour average d ppm (52).

A crosssectional study was conducted in Bonga, Ethiopia revealed that, the average amount of
PM2in 12 traditional houseld stoves in 24 hour duration was a mead standard deviation of
25.31(21.87) mg/n? (55).

iii) Level of Nitrogen dioxide (NQ)

A 24 hourlevel of NG in householdsvas studiedn Butajira, Ethiopia, which used biomass fuel
for cooking wasneasured to Q/m>(27). This result waswice of the WHO guidelinevaluefor

NO. concentrationsecommendatioin householdsvas seto 40ug/m? for annual meax2, 53).
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2.3. DETERMINANT FACTORS OHOUSEHOLDAIR POLLUTANTS

The amount and relative proportion of air pollutants generated by solid fuel combustion are
dependent @ a number of factors, including fuel type and its moisture content, household
ventilation factor, the practice of the people using the stoves, and the stove tecliB6|&gJy.
Several studies conducted in other parts of the world have investigated expobotestwldir
pollution from biomass fuels with the finding that exposurigepas differed by sex, location in

the home, and activity patterns (e.g., cooking vs-caoking)(38, 58, 59).

i. Kitchen characteristics, type of stove and biomass fuel use

Housing characteristics were determined to indicate ventilation that may affect carbon monoxide
and PM25(60). A study to assess the relationship of biomass smoke, particulate matter, carbon
monoxide anditchencharacteristics ilBurkina Faso indicated that, the majority of households
used outdoor kitchens amditdoor stees Even though many of the households owned and used
more tharone typeof stove,the traditionathreestone stove was popular one. The mean size of
householdkitchens was 7.0 (95 %ClI 6.37.7 n¥). Most householkitchens had windows (n

=51, 96.2 %)with mean window areas of 0.32(0.19 1.1 n?). The meamnloor area ohousehold
kitchens was 1.7 fi{(95 %CI 1.3 2.1 nt). Windows and doors were generally open most of the
day.None of the kitchens or stoves had chimneys.pldeement obutdoor kitchensaried, with

some located next to a walh a partially enclosed area or asfrae-standingstructure inthe
courtyard The mean number of meals cooked on the d&Mfand CO monitoring was 1.5 (95

% CIl 1.4 1.6) and themean time spent in the kitchen dretday of monitoring was 2 Hour
(95%ClI2.22.5 h). The mean PM and CO (area and personal) concentrations by kitchen
characteristics recorded meanl2#Moconcentrations among the 1A8useholds sampled were
very high (2537 pg/rf) 95%Cl, 799 3,274 ug/mi) but were within the range reportéd other
studies(61).

Burning biomass in traditional stoves, oger threestone "stoves", or otherastes of low
efficiency, and often with little ventilation emits smoke containing large quantities of harmful
pollutants.Fuel type, type and location of the kitchen, and the time spent near the kitchen while
cooking were the most important determinantgxgosure across rural households of Southern
India among other parameters examined, including stove type, cooking duration, and smoke from
neighborhood cookin{38).
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Fuel type, kitchen type, ventilation, geographical location and cooking duration were found to be
significant predictors of Plk concentrations in the householeitrapolation of the household
results bystate to all solid cockuel using households in India, covered by 2005, resulted in a
modeled estimate of 45@/m® and 113ug/m?, for national averag24 hourPM: s concentrations

in the kitchen and living areas respectivgl$).

The high prevalence of solabok fueluse (such as biomass and coal) for household energy needs
in poor communities of developing countr{@} has been known to result in exposures to multiple
toxic products of incomplete combustion. In households, solid fuels are often burned in inefficient,
poorly vented combustion devicegém fires, traditional stoves). The incomplete combustion of
these solid fuels results in much of the fuel energy being emitted as potentially toxic pollutants,
including particles of varying sizes, carbon monoxide, nitrogen dioxide, volatile andsktiie

organic compound@&3).

A study carried out in 30 households in rural Guatemala tthtest different types of coedtoves,
a24-hourPMz sconcentrations were compared over 8 months for three fuel/cookstove conditions:
a traditional open fire cookstove, emprovedcook stove, and a liquefied petroleum gas (LPG)
stove/open fire combinatio 24-hour geometric mean P4 concentrations were 1560yug,
280ugm®, and 850ugh® for the open fire, aimprovedcookstove, and LPG/open fire
combination, respectively. Theprovedcookstove showed an 85% reduction in &M
concentrations as compardd the open fire (p<0.0001). Season did not affect pollutant

concentration$62).

The impact of an improved wood burning stove $Ba} in reducing personal exposures and
householdconcentrations of particulate matter and carbon monoxide was evaluated in 60 homes
in a rural community of Michoacan, Mexico. Average PMtroduction 2.5 24 personal
exposure was 0.29 mg? and mean 48 kitchen concentratiowas 1.269 mg/f(35).

Particulate pollubn has emerged as a serious environmental health concern in Pakistan. The use
of biomass fuels in traditional stoves produces high levelsoageholdair pollutants. A large
variation was recorded in the mass concentration of particulate matter durikiggceath
concentrations in the range 408855¢ g £. @ooking, cleaning and smoking were identified as
principal contributors to the highouseholdlevels of particulate matter. The study showed

considerably high concentrations of particulate matterigodattly in kitchens using biomass fuels,
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as compared to living areas. Generally, the study observed a wide variation in concentration of
particulate matter among different kitchens and even within the same kitchen during different
episodes of cooking. Theaariation primarily depended on the quality (dryness) of biomass fuel
used, duration of cooking, degree of incomplete combustion and vent{B8on

ii. Socioeconomic and demographic determinants

A study in India among solid fuel users, the meash Z2&erage exposures were the highest fo
women cooks and were significantly different from men and children. Among women, exposures
were the highest in the age group of 48 years (most likely to be involved in cooking or helping

in cooking), while among men, exposures were highest in thgrage of 6580 years (most

likely to behousehold) (64).

Income and education can also be expected to affect family size and type of lloasingurn

affect fuel quantities or the numberrobms and/or location of the kitchekccess taleaner fuels

may also be independently influenced by the prevalent natemmélregionalenergy market
structures, which in turn would be linked to the grdsmestic producof individual countries.
Countries with a low gross domestic product per capital may experience greater gender inequities
in terms of income, education, access to heath, social position and soetoltural preferences,

all of which could potentially influencthe exposures of vulnale groups, such as women and
children(13).

As expected, the econometric results indicate that fuel choice signiicafects household
pollution levels: natural gas and kerosene are significantly cleaner than biomagg3uelie

result indicated that great geographic variation, even for households in the same per capita income
group. This variation reflects local differences uelf use and, more significantly, construction

practices that affect ventilatid65).

iii. Housing conditions and home practice
House ventilation is the critical for home comfort. Proper ventilation improves the life and quality
of inhabitantsProper ventilation prevents giollutants from affecting the health of you and your
family. Ventilation can be either in a natural or artificial wagweverin most developing nations
the natural ventilation is mostly applicable, but because of lack of awareness of the benefit of

windows and ventilation, mo s {66). Afstudly Wwas conddcted n 6 t
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households obhaka and Narayanganj, Bangladesh with a particular focus ondegtooking
locations, structural materials, ventilation practices, and other potential determinants of exposure
to indoor air pollution (AP). PM1o concentrations in the kitchen were monitored for 4 2#riod

during December, 200February, 2004 and tle cncentrations of 308 g P an greater are
common in the selected households, implying widespread exposure to a serious healtRuelzard
choices and a large set of variables that describe household cooking and ventilation practices,
structure charactetiss and building materialsere found to be factors associated with high level

of PM1o concentration$65).

Housing characteristics were determined to indicate ventilation that may affect carbon monoxide
and PMin Honduran communities and it showed that designitup&ns with proper ventilation
structures could lead to improvéduseholdenvironments, especially important in areas where
biomass will continue to be the preferred and necessary cooking fuel for sonf@dime

In a study to assess the association of kitchen characteristics with measuseoh&@ KO levels

and the relationship of Piwith CO concentrations, across different kitchen characteristics in
households in Nouna, Burkina Faso was shown thduwofd concentrations of P (area) were
measured with portable monitors and CO (area and personal) estimated using color dosimeter
tubes. Most households used both wood and charcoal burned kstibmeeand charcoal stoves.
Mean outdoor kitchen PMlevelswe r e r el at i v €))bytlower tham thodséhdld g / m
concentrations. Strong area B\Mnd area CO correlations were found withuseholdkitchens

and householdstove use. Weak correlations between areaoRid personal CO levels were

observed wh threestone and improved stovésl).

A study in rural southwestern Ethiopian communities has documented the biomasdatee
problems These included the conditions that produced exposure such as no separate kitchen and

lack of windows and elevated particulate matter concentraf@fs

iv. Cooking practice
A study was conducted in Ghana to examine cooking practices amge&4onal and kitchen area
exposures to fine particulate matter (P§Mand black carbon in cooks that using biomass fuel.
Thus, researchers admimstd a detailed survey to 421 households. In asauiple of 36
households, researchers collecteeh2idtegrated PlYls samples (personal and kitchen area); in

addition, the primary cook was monitored for reale PMs. The majority of households cooked
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outdoors (55%), used biomass (wood or charcoal) as their primary fuel (99%), and cooked on
traditional fires (77%). In the sudample of 29 households with complete, valid exposure
monitoring data, the 28 integrated concentrations of Pbwere substaraily higher in the

kitchen sample (mean 446.8 udgjnthan in the personal air sample (mean 128.5f)g/Black

carbon concentrations followed the same pattern such that concentrations were higher in the

kitchen sample (14.5ugfinthan in the personal airrsgle (8.8ug/m) (68).

v. Environmental factors and behavioral patterns
The Gambian study conducted to show the behavioral patterns and indleiladharacteristics
(e.g., age, socioeconomic tits, time spent in the cooking area) and houselevil
characteristics (e.g., fuel/stove type, cookhouse ventilation, use of biomass for heating, location of
the kitchen in relation to other rooms) indicated that all contributed to variations in personal
exposures, both within and between individuals. In addition, these characteristics and thus the
magnitude of exposures have varied across geographical regions (countries, cities, villages, and

neighborhoods), time, and season of the &gt

A study intherural northern Ethiopiendicatedthat 80% ofhouselolds were usinghiomassuel

for cooking study only 13% of women thouglitat, smoke exposures were of concésf).
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2.4. ARl and HOUSEHOLDAIR POLLUTIONS
Householdair pollution is an important risk factor for acute lower respiratory tract infections

(ALRTI) in developing countriegdouseholdir pollution caused by using cooking fuel other than

LPG and socigeconomic factors are significantly associated with ALR/D) .

Risk factors that increase the incidence and severity of lower respiratory infection in developing
countries include large family size, low birth gbt, lack of breasteeding lateness in the birth
order, crowding, malnutrition, vitamin A deficiency, pollution, and young age, low paternal
education, young maternal age, attendance atcdey center, weigHbr-age, nommilk
supplements and history pfevious pneumonia evheezing Acuterespiratory tract infections are

the most common illnesses in childhoaedmprising as many as 50% of all illnesses in children
less than 5 years old and 30%¢hildren aged 512 yearsThe WHGcomparative risk assesgnt
exercise in 2002 used estimates of relative risk obtained fromanatgses of epidemiological
studies for only three disease gmuints for which there is strong evidence of an association with
use of solid fuels, namely, ALR in children aged <5 sars,Chronic obstructive pulmonary

diseaseCOPD), and lung cancer (only for use of codp).

More recently, systematic reviewsth metaanalyses of the availabkepidemiological evidence
have been completed which revealed timiseholdir pollutants caused ALR in children(71,
72), low birth weight(72), COPD in womer{73), and lung canc€i74).

A case controktudy to determine the relationship leduseholdair pollution with ALRTI in

children undeffive years of age in India revealed that, of those with ALRTI, 24.8% had
pneumonia, 45.5% had severe pneumonia and 29.7% had very severe disease. Exposuee to passiv
smoking was not associated with ALRTI. Cooking fuel other than LPG was significantly
associated with ALRTI (OR 26.3, 95% CI 1085.7). On logistic regression analysis of multiple

risk factors, cooking fuel other than LPG emerged as a significant sbr feor developing

ALRTI (adjusted OR 4.73, 95% CI 1.6¥3.45) along with poor socieconomic status (adjusted

OR 3.38, 95% CI 1.6%.03)(70). An increasing number of studies pointing at effects of smoke

on other lung diseases, mainly ARI and COBB 75).

A crosssectional study conducted to evaluate the association between use of biomass fuel and
ARI episodes irchildren aged under five years in Pakistan revealed that, the incidence of ARI was
higher in children living in houses where biomass fuel was used andagdwompanied their
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mothers while cooking compared with children living in houses witers! fuel wasused and

who did not accompany their mothers while cooking [rate &6 95% CI 1.54.5]. Compared

with the latter group, the incidence of ARI was also higher in children living in houses where
biomass fuel was used bwho did not accompany their metfs during cooking (RR 1.5, 95% CI
1.2-1.9)(76).

A study conducted to assess the prevalence of acute respiratory infections in women and children
in WesternSierra Leone due to smoke from wood and charcoal Stoves revealed that ARI
prevalence revealed 32% and 24% for women, 64% and 44% for children in homes with wood and
charcoal stoves, respectively. After adjusting for potential confounders for each geopddth

ratio of having suffered from ARI was similar for women, but remained large for children in homes
with wood stoves relative to charcoal stoves (OR = 1.14, 95%CIi D82) and (OR = 2.03,
95%Cl: 1.313.13), respectivel{77).

In Kenya, a study revealed that air pollutants from biomass combustion showed significant health
effect in rural areas; and in particular, acute respiratory infedtioreased with increasing

exposure to particulates with a mass median aerodynamic diameter less thai7@0um

Due to the lack of measurements of pollutants other thagsBMI CO, much of the emphasis for
health effects has been on Pdecause it is thought to be the most relevant size fraction for health
(75, 79).

There is increasing evidence that biomass smoke is a risk factor for pneumonia, the leading cause
of child death worldwid€16, 31). A study to assess the contribution of household fuel use and
ARI in children in Gondar city of Ethiopia revealed that,7%lived in households using biomass

fuels from which 28% suffered from ARHuring the 2 weeks preceding the survey interview.
Children in households using wood, dung, or stfascookingwere 3.89 times more likely to

have suffered from ARI as compared to children from households WB@@r electricity (R =

3.89; 95% CI: 1.54, 28.2%30).

A recently conducted researches showed thateaupper respiratorinfection increased with
annualgrowth rate 47.18% from incidents 4539 (2003) to 212290.7)in Ethiopia.Pneumonia
is beingincreased by arnualgrowth rate about 24.89%lso, there are several otherumspecified

diseases of thespiratory system are currently being recordéddealthcare center31).
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2.5. MECHANISM OF ARl VERSUS HOUSEHOLD AIR POLLUTION

Particulate matter: In situations in which individual exposure to specific agents, particle size of air
contaminant must be consideredrtRalate matters have different size but from the health point

of view, <10 um, <2.5um and <0.1um aerodynamic diameter are very important to recognize how
the mechanism of causing disease to human b&egause of their settling velocities in air,
partides >10 15um in diameter do not penetrate beyond the nose and throat. Particles <10um in
size are deposited below the larynx. Particles~DEm (coarsenode fraction) mostly deposit
relatively high in the tracheobronchial tree. Although the total mass aimbient sample is
dominated by these larger respirable particles, the number of particles, and therefore the surface
area on which potential toxic agents can deposit and be carried to the lower airways, is dominated
by particles <2.5um (finrenode fracton). The smallest particles, those <0.1um in size, represent
the ultrafine fraction and make up the largest number of particles; they tend to remain in the
airstream and deposit in the lung only on a random basis as they come into contact with the alveolar
walls. If they do deposit, however, particles of this size range may penetrate into the circulation
and be carried to extrapulmonary sitesaté¢soluble gases are absorbed in the lining fluid of the
upper and proximal airways and thus tend to produitative Bronchoconstrictiveresponses. In
contrast, less wateyoluble gases may penetrate to the bronchioles and alveoli in sufficient
guantities to produce acute chemical pneumonitis that can Hér#atening causing acutiee(
bronchial irritation,i npammati on and iincreased reacti vity
reduced macrophage response, and reduced local immunity, and fibrotic reBuotisa.effects

have mainly involved production of an inflammatory response, exacerbation of existing airwa
disease (e.g. hyperreactivity) or impairment of pulmonary defense mechanisms. Inhaled PM may
increase the production of antigspecific immunoglobulins, alter airway reactivity to antigens or
affect the ability of the lungs to handle bacteria, sugggstiat exposure may result in enhanced

susceptibility to microbial infectio4, 82).

Carbon nonoxide: CO diffuses rapidly across alveolar, capillary and placental membranes.
Approximately 8690 % of the absorbed CO binds with hemoglobin to form carboxyhemoglobin
(COHDb), which is a specific biomarker of exposure in blood. During exposure to a fixed
concentration of CO, the COHb concentration increases rapidly at the onset of exposure, starts to
level off after 3 hours, and reaches a stestdye after @ hours of exposure. It is a mechanism of
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binding with hemoglobin and myoglobin to produce casfi@moglobin, which reduces or
prevents oxygen binding, transport, and tissue uptake that impairs the release of oxygen from
hemoglobin. These are the main causes of tissue hypoxia produced by CO at low exposure levels.
CO contributes to the formation of sgngroundievel ozone, which can trigger serious respiratory
problemg(4, 82).

2.6. PRINCIPLES OHOUSEHOLDAIR POLLUTION MEASUREMENT

The choice of exposure assessment method should be driven by the questions being asked. In some
cases, exposure assessment is used to inform public health research, in other cases, exposure
assessment is an important ibpa policy and/or planning decisions, such as when designing
effective intervention programs and control strategies, or evaluating compliance with regulatory
standards. Redime measures of pollutant concentration can constitute a rich data set feingsses
temporal variability. Timeantegrated (continuous) sampling provides an average value over the
time sampled. The length of the sampling time is a crucial consideration in assessing temporal
variability for both approaches and will change dependinghenpurpose of sampling (e.g.,
whether to describe lorgrm or shorterm exposure) and the site characteristics and behavior of
the study population. Multiptday measures allow assessment of variability of both cooking and
nortcooking time exposures ass an even larger sampling of cooking events and(88ysThe

main instruments and methods of measuring concentration (gravimetric, optical, and
microbalance) and size distribution Scanning Mobility Particle Sizer, ElectricalRressure
Impactor and othersThere are several instruments fmeasuring different characteristics of
particulate matter. The most important measurements of particles are particle concentration and
particle size. A particle size analyzer can determine the behavior of the particle in ambient air
while particle conentration measurements are important to standardize emission limits, which
guarantee the standards of air qualityconcentration methods, the PM concentration can be in
mass (m), number (N) and surface area (B8)the gravimetric method, the particleass
concentration isletermined byveighing the filters before and after the sampling periodhe

optical detection methods, aerosol particles are lit by a bightn andrradiate this light in all

directions (scatteringB4).

In this study particulate matter was measured in concentration tephescwith optical methods

of measuring particulate matter. These optical devices are measured the concentration of
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particulates with scattering of a beam oflight cur s when t he sample intr
nozzle is irradiahedpaithcléeghpasandt hhewmgh t h
detected by the photo detector and its conver
signals represe&h s THhlkececcoptairan cdfe ceowindes was me

devices using filter weight techniques.
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Figure2. Methods and instruments for PM measurement

Relevance of measing PM2sand CO

Householdair pollutionis amulti-facetedproblem in the globe whicis attributed tdby different
determinng factors.Because of itsomplexity it is difficult to managet properly. Planning
regular monitoring systemf HAP for households is high relevance for further actiGurrently,

the HAP measurement technology are inexpensive, light weighted and can monitor for longer
period. In addition, Pi¥lsand CO are knowmo affect human health and hence have a WHO
guideline values fothese pollutants. Monitoring of HAP helps to regulate the emission and

manage the health outcom@sere are studies that showed the effediamfseholdair pollution
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worsen the health of mothers and their children who are divéawhichinfluences on thir health

especiallyrespiratory problemg36).

Monitoringof household air pollution is useddevelop and implement emission control programs
to reducaair pollution This will provide enormous economic, health, and environah&enefits.

It is expected that economic effects of air quality improvement will offsetexpenditurefor
pollution control(87).

2.7. SUMMARY OF THE LITERATURE REVIEW
Household air pollutioms a global challenge, in particular to the developing nations. Ethiopia is

amongthe least developingation, whichsuffered of household air pollutiofhere aranore than

sixty types of household air pollutantsgistered however, only little are given attéon as a

public health burden. Among the many lists of household air taolls, cooking fuel sources are

the most common and apparently addressed in the developed world. However, the use of biomass

fuel still a primary source of energy for cooking in most of Ethiopian households.

The level of pollution is related to particidanatter, carbon monoxide and nitrogen dioxide were
reviewed across the world. In all reviewed household pollutants, the level of pollution were higher
than the global standards and limits. There are nfaatprs,which affects the level of pollution

in the house. These aréhe type of kitchen ventilation, type of stove, type of cooking fuel
preferences, socioeconomic and demographic determinants, housing conditions and home

practices, cooking practices, environmental and behavioral factors.

Health effectselatedto household air pollution were reviewetthis dissertation, mainign acute
respiratory infection in underfive childreHow the mechanisms of pollutants affect the health of
children also reviewed. In addition, the principles, methods of faoltuneasuremnts and type of

devices used for pollutant measurement were described.
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3. CONCEPTUAL FRAMEWORK

The outcome of interest is acute respiratory infection in ufiderchildren The respiratory health
problem of a child is determined by the riuen of different factors. A child to develop a certain
disease outcome (i.e. respiratory problems); it is not only a child to be expdsmaseholdair
pollution or lived in polluted environment but also other proxy factorearedatory. Thesgroxy

factors are summarizeasbasic causes which include, sedemographic factors, soegconomic
factors, environmental factors and climate factors, the second is underlying causes, which include
biomass fuel exposure, housing conditions (the number of ogemiagrs and windows), kitchen
structures (the number of openings, doors and windows and availability of chimney), life style
(level of awareness, meal cooking traditions), smoking habit, home cleaning, type of stove
commonly used and type of fuel mostkead for cooking and the third causes are immediate causes
which include pathogens that causes ARI, history of morbidity, lack of immunization and
malnutrition. These confounding factors affect a child in one way or other way. All factors have
no equal comtbution to the problem of outcome of interest. For the sake of simplicity all

contributing factors are summarized below.
Research questions

This prtohréecast hmast research questions

1. Doesugdreof flnuiedmédos cooki ngeapisnat at e iwnft dc @ic:
2. What are the | evel amnd hbtssehaldst asi sagi bsoc
source?

3. What are the | evel and its characteristics

source?

24



Increased risk of ART
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*Residence *Home practice/ETS <Intermediate factors

*Time spent in cooking

*Socio-demography
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*Climate factors/seasons

< Background factors

Figure3. Conceptuaframeworkof householdair pollution and effect on ARAmongchildren

In this study, cooking practice of households, life style and history of smoking, home practice,
characteristics of houses and kitchen, type of fuel towe ssociodemographic and socioeconomic
factors, environmental factors were address¢olwever effect of climate change, infection,

morbidity and history of morbidity were not the focus of this study.
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4. OBJECTIVES

GENERAL OBJECTIVES
Householdair polution and itshealtheffectamongunderfive agechildren
SPECIFIC OBJECTIVES

I. To investigate the association betwesmoking fuels and acuterespiratory infection in
underfive children inWolaitaSodo town, EthiopiaPaper I)

[I. To determine the level, ctacteristics and associated factorsholiseholdParticulate
Matter (PM.s) in cookingfuel users(Paper )

[Il. To determine the levelcharacteristics andcissociated factors dfiouseholdCarbon
monoxide (CO) ircookingfuel users(Paper Iil)
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5. RESEARCH METHODS AND MATERIALS

5.1. STUDY CONTEXT

Thestudywasconducted fronMarch2016 1 January2018in Wolaita Sodo town, which iscated
329 km to Southern part of Ethiopi@and 160 km from Hawassa, the Southern Nations,
National i ti es na(©NNPR)SE@tp tapital.dGedgraphicady it is located &96°
N latitude and 39° 47' E longitude and at an altitude of about 1900 meter abdeectea

SNNPR is one of the largest regions in Ethipgiecounting for more than 10 percent of the
countbs | and area and an esti mat eWithlpsethanbreini on o
ten of its population living in urban areas (8.9%), the region is overwhelmingly rural. "The region

is divided into 13 administrative zones, 133 woredas and 3512d&laeld its capital is Hawassa."

"SNNPR is an extremely ethnically diverse region of Ethiopia, inhabited by more than 45 are
indigenous to the regionDifferent languages, cultures, and socioeconomic organizations
distinguish these ethnic group¥olaita s the secondargest ethnic group in the SNNRRL.7%)

(2D).

The most important source of fuel used in the households of Sodo tdwblaita zone, were
described as, firewood 94.6%, charcoal 96.6%, kerosene 11.5%icled®d.2%, crop residue

2.02%, dung cake 6% and saw dust 23.7%, the type of main fuel source used at the zone level was
more or less similar to the town which was firewood 96.0 %, charcoal 95.2%, kerosene 15.5%,
electricity 14.3%, crop residue 1.98% nhducake 5.49% and saw dust 26.388).

Wolaita Sodo town is the administrative capital city of Wolaita zone. The town has three sub cities
with 11 Kebeleqthe smdl est administrative structutait of the government)According to the

2015 Wolaita zone health bureau report, the town has a population of 12d@68s 22,584
households. The number of mothethose age between-B® years old was 3829 and the number

of less than fiveyear children wsa 17,277.The town has one private armmhegovernment

hospitals. There are three health centers, many private clinics and drug vendors.
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Figure4. Location ofmapof study area, Wolaita Sodo town Municipal{89)

5.2. COOHKNG FUELS AD ACUTE RESPIRATORY INFECTIONS (PAPBR |

5.2.1. Study design
A communitybased unmatched casentrol study design was s &dnvestigate the association

between cooking fuel aratute respiratory infection in unatve children in Wolaita Sodo town,
Ethiopia

The choice of methods was depending on the the outcome of interest of the study. The outcome of
interest of this study was health effects of household air pollutiender to explore the proper
causes of the disease outconaseccontrol study was selected. Case control study has advantages
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of cheapennd faster, compad with other analytic designsseful for studying dsases with long
latent periodsuseful for studying rare diseases since subjects are setectbd basi®f disease
status andallow the investigation of multiple exposures simultaneouslgwever, it has a
disadvantages afot suited for evaluating rare exposure unless the study is very large or the
exposure is comon among those with the diseasealcalaton of the incidence of disease in
exposed and nonexposed groups cannot be performed unless tbhertadetudy is population
based, e temporal relationship between exposure and skseannot always be established and

it is subjecedto biasin identifying cases and contro{80).

Def i noitasoens and control s:

The prevalence of ARI in children (cases) 1in
f or (AJBasedon thisdefiniion& Rl , mot her sfochcadegnveese a
children had been suffered from cough, foll ow

that precedeg theée. This definition9a29g in agr

5.2.2. Study populations

Sourpoe ul 8l underfive children whose age betweerb® months paired with their

motheror caregiversvho wereliving in Wolaita Sodo town.

Study sulCjhedtds en whob @rmomtgles bediwreed afieviert hel
in the Bheencmobfwens laencd ewlha n probability san

Inclusion and exclusion criteria

Al c hi I-ddY emo mtglrega®tahialtabl e t o be screened for
mot hers owhoamemnakarhd erdery) aaginmkedret suof Wol ai t ¢
( leigwt | enaosntt hssi xi n, Sama ®iwing per thltoarset hmd rdber o n |
more children in twasdloacteed pwug it nwgeirmpeamdnocd husdyeshit
the studwt hehi oe @awbogiweee oafsl|l ghi ll d dawnrdi ng t

ac hiwhd weder treat ment f ome rceo nefxicrl nnedde dt uber cul

5.2.3. Sample size determination

The sample size <calcul attivpmo p wlagt odosntr e ronoi muel da
accounting f ocgomntnrmalt cshteudd cwdseesmn gindeTbe decsomghi
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of 95%, power of 80%-tamantrradli owad hwu3nbeanad ft lte
rati o to be dEoporiantofecdntrolsatts biodasOflel exposure (17.4%) were
taken from a study conducted in rural area of N¢@nlBased on the above assumptions, the
sample size wasalculated by the Open Epi Version30®pen source Epi demi ol
for Public Health). Having cons-rdsepeordted ham il esi g

final sample size was 1148 (i.e. 287 cases and 861 controls).

The assumption dEpi Info version 3.5.4 to calculate the samgilse forunmatched caseontrol
study design is based on the difference in proportion foraesgaribed irkelsey et al(94):

{:{-r_l-'l' A T:)z[_"?!" '.'1}
(g, _]-".'.'..I:l

My
arrect
I:I.z L I 1
Where,
nl= number of cases
n2=number of controls
z.,,= standard normal deviate ftwo tailed test based on alpha level (relates to the
confidence interval)
Z, = standard normal deviate for one tailed test based on alpha level (rekheptaver
level)
r=ratio of controls to cases
P1= the proportion otases wittexposire, q1=1pl
P.=the proportiorof controls withexposire gq2=%p2
= I ¥rpy - B
r+1 g9 1-p
The sample size formula without the correction factoFleyss et a(95):

p =the average of{Rand B, a measure of variability (similar to standard deviation)
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For the Fleiss method with the correction factdtetthe sample size from the uncorrected
sample size formula and place in to the following formula:

-
]

i'llm=:III1L 1+ 1+ A0

4| | mrpe o my

oo LIny.

When the input is provided as an odds ratio (OR) rather than the proportion of cases exposed, the
proportion of cases exposed is calculated as:

PR

1 p,(OR 1)

1

5.2.4. Sampling procedure

The town has thresub citieswith 11 Kebeles Six Kebeleswere selectedandomly.The selected

six Kebelesvere assumekdomogeneousharacteristicsA census was conducted in the study area

before the actual data collection tirfer setting samiing frame of study participantand to

determine the prevalence of ARl among childrenT h e n participant subj e
after the censugases with AR[287 childrenhouseholdsjvereallocated based on Probability
Proportional to Size (PP®J the population in eadk e b eThea,each householdereselected

using Systematic Random Sampling technidMben the case child had been once selected, then

the next three consecutive.cdrntrtdhledse hveuse htow

children in the same house, one child was sel
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‘ Wolaita Sodo town

Merkato Subcity

Mehal Arada
subcity subcity
Wadu Gido Selam Dilbetigle K/Mihret Hibret
Kebele Kebele Kebele Kebele Kebele Kebele
([ Control=131] [ Control=118] [ Control=149] [ Control=113] [ Control=125' [ Control=222]
Case=39 Case=39 Case=61 Case=39 Case=35 Case=73
Total=170 Total=157 Total=210 Total=152 Total=160 Total=295
Control=858
Cases=286
Total=1144

Figure5. A diagram showing a sampling procedure for the first objective
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5.2.5. Data collection procedures and tools

Two phases of data collectioprocedurewere applied. The first phas&as conducting a
preliminary censusnd he second phasgas assessing the exposure and outcome assessment
tools.

Phase I: Preliminary census

The census was conducted in &igbelesof the townbefore the actual datcollection period

(survey) The purpose othe censusvasto enumeratehe number of householdthe number of

children in théehousesandto identify cases with ARI and contrdldetermining prevalence of ARI)

in underfive children. Thec e nwasoncddued by trai ned 1f0i eilnd nduambae
i n t hesebBKeelbeecltdedde dat a c odall d c thooruss aéimdfdesy eatnedg e
children in eact hmmouselrowdr gnielgd et el ut b pr «
addramdeew many numbieve dlioi ludkedlinhduseholls were coded

to a unique number for further identification and subsequent data collection phases.

Dur i ngieltencet i on of cothergggardiansaere asked whetber thejihiman

under 5 years old had been ill with a cough during the 2 weeks preceding the survey. For children
who had a cough, thethemother was additionally asked if the child, also suffered from short,

rapid breathing accompanied by a fever. Children wied atl of the abovenentioned criteria

were regarded ashavingAR ont r ol s weéc ki de iwmealhyw respirato
compl aints, @&r suffferchrbd diodgh, foll owed by
t wo weekdgdetdhathdpmwaaddey t he ARWwWerpgpopelcanifommed
supervisors independBeansteldy ouns itnhge sciemmisluasr rcersiutlet

was desi genmeadt ifcors eslyesctt i on of househol ds.
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TabllGGensus results of the study, Wolaita Sod

Kebele HHs <5children (<5 Children) Sample size
Control Case Control Case Total

Selam 1722 1317 1184 133 149 61 210
Dil Betigil 1710 1308 1176 132 113 39 152
K/Mihret 2474 1893 1701 192 128 36 164
Hibret 2420 1851 1664 187 222 73 295
Wadu 1849 1414 1271 143 131 39 170
Gido 1889 1445 1299 146 118 39 157
Sub total 12064 9228 8294 934 861 287 1148
Phase 11°: EX pasurmeg agusessd memtai r e

This assessmemtas conductedfter the censugesultednad beeranalyzed Based on the census

report, sufficient number @iases and control wefeund. Second round interview were conducted

for 1148 households based on the predetermined sampl®lsiter orguardiansof a childwere
askedvariousquestions which contains exposure varialdles er vi ewer admini ster
i nt emweirfesvl | owed usmnadegd astcrlwecsteur ed questionnai
demographic vari abl es, t, fuel usex ptaves wypee housiegl at e d
characteristics, type of kitchen, cooking practice, smoking history (smoking status and second

hand smoke), occupational history, and medical histornAajcestionnairés adopted from WHO

andEDHS household survey quesis(21). The questionnaire wasanslated to local language

(Amharic versiopfor interviewBas ed on t hese pr oc aeveuareesse,| efcotri oer
of three wemesiotle wéphishdent Beatsceassseand control s
selected fr onWhtehne tshamde ahmwmwess es.i ze of control s f

first t hreeee acomtsri dles ewd .

5.2.6. Data collectors

Datawere collected bypublic health officersvho took a three daysainingon the content of the
guestionnaire, how tacreencases ofARI children and control childrerEach data collector
conductedb-7 pretestsindependently. Following a pitest,the questionnairevasre-structured

againand got readyTwo supervisorsvho took similartraining were recruited. The roles of

supervisors were logistic arrangement, scheduling, contact local administsaf@esyising the
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completeness, accuracy and consistency of, degaheck or confirm caseCompleted
guestionnairavere ollected and signed by supervisafter checked for angf concerns that

could affect the quality of the data.

5.2.7. Data quality assurance:

During the census time, housasrelabeled with a code number to identify one from the other
andcodes wererecorded orthe questionnaire. Regular supervision and foligpweremade by
supervisors and the principal investigator. In addition, regular elnedlkr completeness of the
guestionnaireon daily basisHigh emphasisvas given to assurée quality of the datduring
designing data collection instrumefbr its convenience angimplicity use of the questionnaire,
pretestwas conducte@n 5% (60 householdsdf the total sample sizen nonselectedK e b e | e
(Fana Kebelg. Following the pretest, the questionnaire wagvised for convenience of
interviewing and data quality.
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5.3. LEVELS OF HAP AMONG COOKING FUEL USERS (PAPERII)
5.3.1. Study designs

A Crosssectional study desigmasu s e d
V To determine the level, characteristics and associated factors of houBeinbddilate
Matter (PM.s) resulted from cooking fuel usef®aper I1)
V To determine the level, characteristics and associated factors of household Carbon

monoxide (CO) resulted from cooking fuel uséPaper Il )

Thw studryosuseslectignal sasdwaryticatigoess sofsecti onal S
estimate the magnitude of the probl em, i n th

di stribution.

5.3.2. Study populations
St ugpgwypul &k i omo u stehheo Isdésk kient elsho § d svlwe sée | ect ed usi

systematic random sampl ikiegb etleecsmeia g ue ePMishem!| €k
and CO in Hbohes e h dlihdex Isiskne.b ettheadt used primarily
charcoal and electriwestoves!| tdetbasmk ttbg svpB EC[L
selected using systematMod heamsdamm| sasdmel dug i ngc

and moni tHousehalds withinooeevenient kitchen for monitoring devices were excluded.

Inclusion and excluson criteria

Housesvhiltdhs at | echsveoadenwdbhielrd, oa haanmne agil adbil &

i hhe s uramay tthiemenonidirdeimgt ¢ i afe , Waalldi tra Sodo | i
in Svede included.ooremcieas é hovledage hiofd dphet hocupa
c hiwlagel ect eldy mwdha koasehold with the type of kitchen which is open air or has

no shade for it which was considered to be not convenient to use monitoring devices appropriately,

and householdcheads whowere not willing to install any monitoring equipment in their

house/kitchen for any reasons were excluded.
5.3.3. Sample size determination
The measuRM wemnt nafu csteeldehcotnesdeihm | e KebkEledea e d

sampliee of thekhwassehstudated using confidence

sample standaededevind@uwuadyred in Gambia onf house
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particul(PAM)sr tnathieoc masses df e lp® s uwea s o.u skdlst ndd r em
Gambian ¢$thedynean and straexposurdesi boronl lof s®

. 20 6 2

N 3cg§ /3@ R Thet BBEosanmaesea |l sciudeat ed byu—dzutlweefne:rmula:
the mini mungdbs=anips et hsd zckesi red confi denicies | evel
the population standard deviation of the outoc
Error"Y'@,SEﬁ:;,d: the margin of error

The foll owiendghe¢ athéteaislh osvamphdasesli na déareeramismanti

Tab2Assumpti on of the sasmpktebflezéei val c20D48i on

% of D (d): z @ 2 SD (SD) n
5.0 6.7 45. 1.9 3.8 38 1444 .121.
5.5 7.4 55, 1.9 3.8 38 1444.100.
6.0 8.1 65. 1.9 3.8 38 1444, 84.
7.0 9.4 89. 1.9 3.8 38 1444. 62.

Based on the s@abamwe sasgdeummtgi dmgh %tamga odn etrmair
=7.4B8¢ci si ommascmofnsmaeaemr ed t o t @06&C @n ssiadmeprliengsia el
nomesponse rate, t h HO ht oout sael W edsabdpd cethasdi zfeb owads a i
poll utionPMgsmniBotrh nBar(tnd ud aart leo rmarhd reo x iadee wer ¢
monietWar al | 110 6h6o unsoeuhsoel hdosl ,d st uveé & eod mott s &0 @

monoxi de devices.

5.3.4. Sampling procedure

Among three sub cities in the town, teob-cities wereselected random)ythen sixKebeleswere
selected in these two suities. Sample sizes were distributed to households of theBelseles
based orProbability proportional to Size of the householdeachK e b eElaah household was

selected usin@ystematic Random Samplitechngue.
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Wolaita Sodo town

‘ Merkato Subcity

Mehal Arada

subcity subcity
Gido Wadu Selam Dilbetigle K/Mihret Hibret
Kebele Kebele Kebele Kebele Kebele Kebele
PM=4 PM=32 PM=36 PM=4 PM=15 PM=19
CO=4 CO=18 CO=19 CO=4 CO=10 COo=11

Particulate matter=110 houses

Carbon monoxideg6 houses

Figure6. A diagram showing a sampling procedure forgeeond and thirdbjectives

5.3.5. Data collection procedures

Particulasgedm@atbon monoxide monitoring

Householdsvere categorized in to biomass fuel userdmixed fuel users (biomass aatbctric

user$ based on the main sources of fuel for cooking. Each participated household were requested
their verbal and written consentlouses to be monitored for particulate matter and carbon
monoxidewereselected using y st e ma t i Datasdlentpr&larified their responsibility

within the framework or terms of the reseapiotocol before starting the measuremeData
collectorsinformedthedetails and scopes ofeasurement protocol (i.e. duratitmnbe monitoed

safety or precaution, starting time, ending time, sounds and lightiequspmentand others.

Meanwhile, @ obser vatiwasgs ¢ dc heltke rl V esatc@atnidv intoyh i pt abtet e r
cook and ot h e rthe staatrelofyhouseeandidherasangementventilation and
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other related activities in the kitchehhe nonitoring duration was 24 hours.fi&r 24 hours of
measurement, devicegereuninstalledanddata collectors interview post measurement questions
mainly the activity patternsuling cooking. Finally, data collectoagknowledgd the household
headfor theirfull cooperation durintheinterview and the monitoring timBased on the protocol,
data was downloaded from devis€be supervisomanaged all dubtsrelated to the pretinary

survey, monitoring of HAP and activity pattern of the cook.

5.3.6. Data collection tools and techniques

Using monitoring devices

Both thkedR@O@Gheasured using optical armgleyrzaere,d a
devices. Bot bi deowoesthadar t hotpleeg sad | mrgo e dwcrea
strictddy Mooniltoow i ng cecadulkogedi hgrr 2¥de hnoefrree ver y
fivéB Parti duGBPNNlboggerbr aae CHODOBRIGQt a.Oheg Bs
dat@er aHOBOEOel oggwemasasmdnul t a me okl kit chen.

Moni t deivmngPearftarcul at e)sMatter (PM

Par tmoanlicabe sspecifically warighhgsoatteghhgsoat
sample introducedzitbeoughdtateednWwieth | i ght al
through tdheatliigghhtd iTshedet ected by the photo de
signals. The size of the el e@hUCPEaM isi gnanlos i
smo-akarm device capabl e of |l ogging changes i
periods and has bempasusrea Biucmnassf 6ukely & moke
devel oping Wworpltd cemdt tpiamgs.cl e monitors wutili ze
particles and vi si bommercialiinstftuments eagabl® of mdnisosng the | i gt

different siz fractions inarapidcycl@ héCHB M i s a computer USB i nt e

has i tef oware designed to its purpose. |t cal
necessary. It is a small sized apmarpdtacse whi d
field work. 't hlasThel degi bathasyitsfeamdst anc

manual ,f alnldosmesdt Gttbyglpo wtc etdhileheess devi ce was us
di fferent(3tDu2byp6 48rhe as
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7

Figure7. The UCB particles monitor (UGBM) used to monitor Pl

Moni tor i ngCadrebvaonc emofnoorx i de:

The United States environmental protection agedegignated reference methods are automated
methods utilizing the an-dispersive infrared technique, generally accepted as being the most
reliable, continuous method for the measurement of CO in ambie@aalyon monoxide has a
characteristic infrared absorption near 4.6 um. The absorption of infrared radiation b@ the C
molecule therefore can be used to measure CO concentration in the presence of othEnigases.
methodwasbased on this principle and has several advantages. They are not sensitive to flow rate,
they require no wet chemicals, they are reasonably indepéerof ambient air temperature

changes, they are sensitive over wide concentration ranges, and they have short response times.
TheéO was mesaianugi®@BO CO Logg®n0l(m®meslet#K€dbInput er
Bourne, )MAegeWUSAes hasvteantdhaeridr oopwenr at i ng pr oced.
foll owed these procedures. Monitoring duratioc
seconds. These devic(@s55w¥re used by the studi
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Fi g8r edOBO CO data Utoegdearcewiatclc eUSBrlires

Monitoringéegospmenning protocol

Kitchea w®monitor ionfg poafr tpioclull vaet aes unsdetdot oeur s ewdeord ed s
carbon monoxide pol@6uawaane o pvatisre arfe adsePvMecdensd n( o n

oe HOBO CO data | ogger) were put simultaneodt
Monitorings ewpwisgdimentned in kitchens in accorda
protocols. According to the Centaendf bDevEhopmp
(CEI HD) School of Public Healt h, University
protocol of monitoring equipment stated that

from the edge of the comlusttihen sz2z®ve (@tphpiro xd in
of the active cooking area); at a height of
approxi mate breathing zone of a standing woma

any openabl e dwohbhese amoys wii mlde ws ,
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Drawing: Amha Admasie Photo: Amha Admasie, 18-Dec-2017: Time 10:17AM

Figure9. Placement position da#CB PM and HOBO CO data loggens the kitchen are

The following picture shows a traditional baking injaraa three stone stoweith biomass fuel,
and a monitoring device were hanging over the wall to monitor Particulate matter and carbon

monoxide for 24 hour duration.

Figurel0. Installing positions of UCB PM and HOBO CO data logger in biomass fuel users

42



5.3.7. Data collectors

Data collectorsvereenvironmental health professioaalwo days of training was given t@th
collectors on the content of tlygiestionnaire andow to measre pollutants in the kitchearea
Each data collectaronductecb-7 pretests. Based on the prest input, the questionnaweas e-
structured A supervisorwas recruited andook similar trainig. The filled questionnaireair
sampling form and actiwt pattern check lists wereollected and signed by supervisor after

checked for anynconsistency.

5.3.8. Data quality assurance

Houses were labeled with a uniqgue code number and the code was recorded on the questionnaire
and air sampling format. Regular supeiatis and followup were made by the principal
investigator. Training was given to data collectors and supervisorsRlgdbgd n d maGroring

devices on calibration of devices, mounting a@uwdvr/uninstalling, operational and preventive
maintenance and dee handling and device transportatioAll monitoring devices were
calibrated at the manufacturing places before shipping to Ethibipgadevicesonsistencywas

checked before the actual measuremEntme wei ght ed av efrracgCB®MNcent
devices were compared with each other in the same kitchen at the same time. The value of
Crontaahlpfhaar al wade0i 8 &MBearsomabrrelatiore coefficients of each
device against the othera n g e s  t010.88nThi8 data Showed arslar result with a paired

sample itest statistic.

PM concentrations (mg/m3)

\777
N ASTNOMWOONL 0 N~
LHOUOLOOOAdAAA AN NNMMOMM
e e B B I B I B I I B B I I I I |
Time of measurement
e |JCB PM1 e=UCB PM2 UCB PM3 == UCB PM4 UCB PM5

Figurell Graphsshowingconsistencies diCB PMdevicesin the same kitchen at the same time
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The following graph showing the HOB®GEentyof dat a
devices in a similar set up as to the actual measuremkeatthree devices are concurrently

measures the CO with insignificance difference.

HOBO measurement devices
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OO0 0 dHddAddNANNNMMMMNHNISTTITITITOLOOOODOOOO dddNNNN
Time measured
e DEViCE]l === Device2 Device3

Figurel2 Graphs showing devices consistency of CO measurement

Daily configuation before and after sampling was done according the profoelstandard

operating procedures of the instruments were strictly followed in the field aatikities. Air

sampling data sheet and activity pattsheetwvasused to record the househalode and address,

date and time of start, devices code, date and end time, and any remarks during the monitoring
duratonDai |l y backup of stored dathoggetienwasge ¢ o0 m

Calibration : Calibration procedures consist of jelic multipoint primary calibration and
secondary calibration, both of which are prescribed to minimize systematic Rrioary
calibration involves at the manufacturer place, test for known concentration to an instrument in its
normal mode of operatidor the purpose. Therefore, atbnitoring devicesverecalibrated at the
manufacturing places before shipping to Ethiopia.

Validating the instrument: UCB PM devices were validatdxyy the Ultrasonic Personal Aerosol
Sampler (UPASandUniversity of Califania, BerkeleyParticle and Temperature Sen§dCB-

PATS). UPASdevicesareworking in gravimetric analysis of particulate mattewhile PATS is
optical deviceslt was measured in a data quality test schedule with similar setting and SOPs. The
results wee each other. The concentration of UCB PM were higher than that of the UPAS data.

Hence,a correctionfactorswas developed
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Operational and preventive maintenance (secondary calibration)Consiss of a zep and

upscale span of the analyzer. This is recommended to be performed daily during the operation
time, but since the devices are higgnsitivity measuremerdleaning of devices was applied every

five measurements

Data handling and auditing: The standal operating procedures of the instruments used and how

to conducthe whole activity guidelinevasprepared. Data sheet to record the household code and
address, date and time of start, devices code, date and end time, and any remarks during the
monitoring durationwasusedDai | y backup of stored data in to

|l ogguer® applmiend mi ze | oss dat a.
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5.4. OPERATIONAL DEFINITIONS AND CONCEPTS

Acute respiratory infection: Iti s defined for &Gfeheddfram tbogk,

by rapid breathing in the two weeks that prec

Bi omass fudbtusslkeolkds uassersthoseusirigwantharcogcropu el s
residues, leavestraw, cowdung, tree branches for most of the daglkevents all the time

Carbon monoxide is a colorless, neirritant, odorless and tasteless toxic gas. It is produced by
the incomplete combustion of carbonaceous fuels such as wood, petrol, coal, natural gas and

kerosene.

Casf:chil d whdo thhaes dirailitfesrlidae sofi (ria.t e.rwtaoi adfueflcfdeir oen
from cough, followed by rapid breathing in th

Cl ean f uHeolusuwesheorlsdse whinob clean fuels &ande. el

bi ogas) for cooking purposes.

Cont Aokhild who is free of any ncdrppel aiwot sweoefk

preceded the survey date.

Coarse particles:are the relatively large airborne particles mainly produced by the mechanical
breakup of even larger solid particles, having an aerodynamic diameter ranging from 2.5 to 10um
(PMzo2.5), which distinguishes them from the smaller airborne particulate matter referrdoht as

particulate matter (PM2.5) andultrafine particles (PMo.1).

House ventilationt Poor ventilation (ehouse with onlyone room, one door and no or only one
window), moderate ventilation (a house with two rooms two doors and two windavasyjood

ventilation (ahouse with three or more rooms, doors, and windows).
Mi xaice | f .\Hoairsee hol dsen gvédocthh bi omass and cl ean f

Particulate matter: Sum of all microscopic solid and liquid particles, of human and natural origin,
that remain suspended in a medium such as air for some time. These particles g gizat

composition, and origin, and may be harmful.

46



5.5. DATA MANAGEMENT AND ANALYSIS

The completed questionnaire was collected and identification number was given to each
guestionnaireAll eligible questionnaire was entered into compsterf t wa me f mro@gmal y s
in Epi Data version 3. 1 .Eendatewer ecleahee tbr niissingS P S S

values, inconsistencies, outliers and other irregularities by running frequencies

Further statistical analysis, descriptive statisticsquency proportions, mean, median, standard
deviation, interquartile range, tables, and graptmnparisons of proportions among categorical
variables were made usirapi-squared testamilarly, associations between numeric variables

were tested using simple celation analysis

Unconditional logistic regressiorand multivariable logistic regressions were runs i n g

hi erarchOpnpal omotdbe. dependent variables was AR
controls wefCerpuadds dr ataindd.j( CORHs A ORD 93%

confidence intervalvere evaluated based on the criter&ignificantly associated variablasp-

val u@.x0® o fihunponditional bivariate logistic regression analysis were entered in to

a multivaridle analysis using Enter method of regression. Predictor variables were tested for multi
colinearity tests using Variance Inflation Factor (VIF) <10 and Tolerance Test > 0.1 prior to
multivariate analysis. Hosmé&emeshow goodnegs-fit test was used in multivaie analysis to

check the adequacy of the modela | | t ests statisti cpavlal sriegn iwfaisc
<0.05.

Th &M:sdat a wer e dJCvibmo noiatdoerd sMart avpare 1 ) 8adsCOndat a
were downl oaded t o BioxrCketmo@iousmismayfartd BreapireVilk( Ve r

Ar i t hteseof normality was checked and later the data was transformed to logaichen.n ,
standard deviation, median, percentiles, mini
( ANOVA) f ar fdiefl f esroeunr c eThe correlatien testnbatwegrs catdgorical
variables and level of concentrations of particulate matteravealyzedu si ng t he AEt a s
The | eviedndfC®Mdata were compared wi Qbalt htey Wo
Guideline (FAQ@G@) Iwal Wweas.a were presented in Tab
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5.6. ETHICAL CONSIDERATION:

Permission to undertakeishstudy was obtained fromS ¢ h o o | ¢Hfe a PAdds |[Ababa
University, Research Ethical Committee ahdt s it curRelvi ewoBoahd Col |l ege o
S c i e Offi@akletter of ceoperationwas given to Wolaita Sodo Town Administrative and
Health offices. Informed consent to participate in the study from each participamtbtained
before conductindie interview. For this, a ofgage consent letterasattached to the cover page

of each questionnaire andeitplainedto the study participants that participation is voluntary and
confidential and private informatiomasprotectedthat meanany of thenformation gained from
themwasnot be provided for the third party. The information they pravyidere notused for

other purposeotherthan to the objectives clearly stated on the consent paper. The right of the
respondent to withdraw from the interview not to participatevas respected. The potential
benefits of involving in this resear@basclearly explained and clarified. The researct ha any

risk to theparticipantas well as to the whole family too.

'd ™
Census of all childrellw
aged 659 months

Sampling frame
determination ‘

- N

Exposure and outcome

assessment
|
, I o I , | _
g N e N N
CaseControl: Cross sectional: Cross sectional:
To investigate To determine the level | To determine the
the association and its characteristic level and its
between coking of PM, characteristics of
fuel and ARI S Cco
. )

Figurel3. Summay of study design, methods and procedures
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5.7.

SUMMARY OF THE DISSERTATION WORK

Table3. Summary table of the dissertation work

Methods Paper| Paperll Paperlll
Obijective To investigate the To determine the level, To determine the level,
association between characteristics and associate characteristics and
biomass fuel and AR  factors of household PM in  associated factors of
amongunderfive biomass fuel users household CO in biomass
children fuel users
Design Case control Crosssectional Crosssectional
Study Children aged, ®9 Kitchen/Houses Kitchen/Houses
population months
Sample size 1148 children 110 66
Sampling Simple random & SRS Simple random & SRS Simple random & SRS
Outcome ARI Level and charcterization Level and characterizatior
variable
Tools Questionnaire Questionnaire, Observation Questionnaire,
Check list, Observational cheekst,
UCB-PM device HOBO CO Data Logger
Data quality Check completeness, Calibraton, validation Data  Calibraton, validation
and Data entry, handling and auditing Data handling and auditin
management Cleaning & caling
Statistical Unconditional Logistic Linear regression, Linear regression,
analysis Regression, Discriptives ANOVA, Discriptives ANOVA,
Bivariate and Percatiles, Percentiles,
Multivariable LR, Correlation(Etates) Correlation(Etates)
Odds Ratio
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6. RESULTS

6.1. COOKING FUELBND ARI CHILDREN(PAPER 1)

6.1.1. Prevalence of acute respiratory tract infection
The census was conducted in six Kebelethe town before the actual data collection period
(survey).In all six Kebeles9228, children were found. Out of thes®34 children ha been
identified withARI (childrens uf f er ed from cough, foll owed by
t wo wepkectellaetd dahHee)rstubpey ey al ence of ARI i n und
10.1% (95% CI 9.5, 10.8)

6.1.2. Socio-demographic characteristics

A total of 1144 children (286 cases and 858 controls) were included in the study with response
rate of 99.6%. The mean age of the mother was 26.89+6.0 years. Two hundred ten (18.36%) of
mothers were employed, while 544 (47.55%) weyasewivesEight hundred thirtone (72.6%)

of the households had a familyfofe or less Education of mothers, employment statdi mothers

and family size were statistically significant wilacute respiratory infections children while

age of mother, main drinking water and type of household latrine were not shosigmgfiaance
differencesacute respiratory infection of dtren (Table4).
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Table4. Socio-demograpit andARI in children Wolaita Sodo,Feb2017

Variables (n=1144) Case, n (%) Control, n (% Total, n (%) ¢3(P-value)
Mother age 1524 years 94 32.9 252 9.4 346 (30.24)
2544 years 189 66.) 592 69.0 781 (68.26) (.40
45+ years 3 (15) 14 (1.6) 17 (1.48)

Mother eucational status No education 98 34.3 233 7.2 331(28.9)
Primary level 109@8.) 217@53 326 (28.5) 3776
Secondary level 46 (16.1) 200 3.3 246 (21.5) (<0.001)

Higher level 33 (115 208 4.2 241 (211)
Mother anployment Employed 30 (10.5 180 1.0 210 (18.36)
Petty trade 37 (2.9 168(19.6 205(17.92) 29.15
Unemployed 61 21.3 124 145 185 (16.2) (<0.00)
Housewife 158 (55.2 386 @5.0 544 (47.55)
Family size O5 Fami |l 19066.49 641 (4.7 831(72.6) 7.391
>5 Families 96 (33. 217 @5.3 313(27.4) (<0.001)
Main drinking water source Improved 264 02.3 81705.2 1081(94.5 3.5
Non-Improved 22 (7.7) 41 4.8 63 (5.5) (0.061)
The type of latrine No latrine 10 3.5 40 @4.7) 50 (44)
Pit latrine 246 86.0 726 @4.6 972(%.0 2.14
VIPL 21 (7.3 74 8.6) 95 (8.3)  (0.544)
Water Pour 9 (3.0 18 (2.1) 27 (24)

*Bolded values are significaat pvalue <0.05

6.1.3. Maternal and child related variables

Childrenwere relatively equally distributed by age. The mean age of the children was 24.15+£14.98
month Age groupbetween 123 monthswere the largesB30 (28.86%). Males accounted 606
(52.97%) of the totachildren. Almost half of the children, 642 (56.1%) of children had a birth
interval of less or equal to two years. Seven hundred-fwey(65.12%) of children shared their

bed room with two peoplehild age and sexintenatal Care ANC) follow-up of mothers,
bedroomsharedwith other family members and time of breast feeding started were not showing
significant differences witlacuterespiratoryinfections ofthe child, while only birth interval of a

child had significance differences wislcuterespratoryinfections of the childTable5).
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Table5. Maternal anahild variablesandARI in children W/Sodo, Ethiopia, Feb, 2017

Characteristics (n=1144) Case, n (% Control, n (%) Total, n (%) ¢? (P-value)
Sex of the child Male 145 (60.7) 461 63.7) 606 (530) 0.791 (0.374
Female 141 @9.3 397 46.3 538 (470)
Child age 0-11 months 62 (2L.7) 219 5.5 281 (24.6  6.942 (0.13¢
12-23 months 99 (3.6 231 6.9 330 (28.8
24-35 months 57 (19.9 202 3.5 259 (22.6
36-47 months 43 (15.0 129 15.0 172 (150)
4859 months 25 8.7) 77 0.0 102 (8.9
ANC followup  Yes 274 05.9 832 07.0 1106 (967) 0.904 (0.341
No 12 @.2 26 3.0 38 (3.3
Birth interval C2 years 177 61.9 465 64.2 642 (56.1 5.15 0.023
>2 years 109 @8.1) 393@5.89 502 (43.9
Bedroom shared 1 person 48 (16.9 157 (18.3 205 (17.9 0.612 (0.73€
withthe child 5 e rsons 186 65.0 559652 745 (65.1
>=3 Persons 52 (18.2 142 (16.9 194 (17.0)

*Bolded values are significaat pvalue <0.05

6.1.4. Kitchen and housing characteristics

About 712 (62.23%) of households had a kitchen separated from the main house, while 351
(30.68%) of households had kitchen inside the living haDséy, 417 (58.5%) of the kitchen had

no chimney, 666 (93.54%) didnét open windows
children were lived in the house of one windd@itchen arrangement, number of rooms and
windows; kitcherchimneyhad significatly correlated withacute respiratory infection children,

while floor materials of the kitchen, windows opening while cooking had no a significance relation

with acute respiratory infection of the ch{iflable6).

52



Table6. Kitchen and house characteristegl ARI in children W/Sodo, Ethiopia, Feb, 2017

Kitchen and houseariablegn=1144) Case (% Control (%,  Total (%) &?(P-value)

Kitchen arrangemeilnside the house 125(43.7) 226 6.3 351 (307) 35.78
Separate building 136(47.6 576 67.1) 712(622) (<0.001)
Outdoor/open 25 8.7) 56 6.5 81 (71)

Kitchen have a Yes 9(3.1 32(3.1) 41 (3.6 2.61

chimney No 277(96.9 826(96.3 1103(96.4  (0.106)

Floormaterial of  Soil/mud 167(58.4 457(53.3) 624(54.5 2.27

house Cement 119 (416) 401(46.7 520(455)  (0.131)

# of rooms 1 room 118 41.3 229 6.7 347 (30.3 22.71
2 rooms 106 @7.1) 366 @2.7) 472 (413) (<0.001)
CB8 rooms 62 21.7 263 @0.7 325 (28.4

# of windows No window 22 (7.7) 42 4.9 64 (56) 28.27
1 window 159 65.6 349 @40.7) 508 (44.4  (<0.001)
2 windows 67 3.4 325@7.9 392 (343)
@8 windows 38 (13.3 142 (6.6 180 (15.7

Windows ope Yes 125(43.7 451(52.69 576(50.3 6.73

duringthevisit 161(56.3 407(47.4 568(49.7)  (0.009)

*Bolded values are significaat pvalue <0.05

Thefollowing pictures showed the three stone stove and improved stove. Both are traditional type

of stoves, but the improved stove have chimney for smoke and heat exhaust to the outside of the

kitchen.
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Threestone stoe Improved stae

Figurel4. Traditional three stone stoamdimproved stoveW/Sodo, Ethiopia2018

6.1.5. Type of fuel, stove and home practice

Almost more thanthreefourth of children live in households that uséibmass fuels, 1001
(87.5%) andbnly 143 (12.5%) of the households were usexkd type of fuel électricity, biogas

and Liquefied Petroleum Gas (LP@)d biomassThe majority 950 (884%) of the households

used openl/traditional three stone stoves. Five hundreeitiy(44.75%) of the respondents spent

at least 2 hours per day in cooking foods. Only-tinirel of the children were present around the
cooking stove while mothers wereaking meal. Almost less than ottard of children had a habit

of being carried by their mothers or care giver while cooking niagie of fuel mainly used for
cooking, type of cooking stove usually used, children usually present around cooking area, a
moth e habisof carrying their children and smoking history of family members were significantly
associated with thacuterespiratoryinfection of children but time spent in cooking had no

significant correlationgTable7).
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Table7. Fuel and stove typeendARI in children W/Sodo, Ethiopia, Feb, 2017

Fuel and stove types (n=1144) Case (%) Control (%) Total (%) & (p-value)
Type of fuelfor Mixed 21 (7.3 122 (14.2 143(12.5) 9.27
cooking Biomass 26502.7) 736 5.8 1001 (87.5)  (0.002)
Type of cooking stove Open stove 258 0.2 692 80.7 950 (83.0) 15.32

Improved 28(9.8 166(19.3 194(17.0  (<0.001)
Time spent in cookin¢ 1 hour 66 23.) 205@3.9 271(23.7) 2.13

2 hours 120 42.0 392@5.7) 512 (4.8)  (0.344)

3+ hours 100 35.0 261 @0.9 361 (31.6)
Child usually present Yes 123 43.0 260 @0.3 383 (335 15.54
during cooking No 16367.0 59869.7 761(66.5) (<0.001)
Carrying a child while Yes 106 (¥.1) 202 3.5 308 (26.9) 19.92
cooking No 180 2.9 656 (6.5 836 (731)  (<0.001)
Family smokes Yes 11 3.9 11 1.3 22 (1.9 7.47
cigarette No 27506.2 847087 1122(981)  (0.006)

* Bolded values are significaat pvalue <0.05
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The following pictures indicating howibmass fuel for cooking and heating emits high level of
smokes even to the ambient environment. Such type of smokes most likely from tree leaves, cow
dungs and agricultural residues, straw, bushes. The content of moisture in the source of fuel could
be thesource of high smoke.

In the right side mture shows a mother bake injera in a traditional cooking stove. The stove is a
partially  improved, but the smoke and fire heat is not minimized.

Figurel5. Combustion of biomass fuet apoorly ventilatechouse W/Sodo, Ethiopia2018
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Table8. Bivariate logistic regression results of predictor variables of MRSodo, Ethiopia

A. Sociodemographic variables

Predicting variables | Categories ARI P-value
Control| Case COR (95% CI)
Mother age 15-24 years 252 94| 0.392 1.74 (0.486.19)
25-44 years 592 189| 0.534 | 1.49 (0.425.24)
45+ years 14 3 1.00
Marital status Married 823 266| 0.04 0.56 (0.310.99)
Other 35 20 1.00
Education of mother | llliterate 233 98| 0.022 1.39 (1.051.86)
Literate 625 188 1.00
Educational of father | No education 161 64| 0.362 1.19 (0.811.76)
Primary level 219 76| 0.812 1.04 (0.721.50)
Secondary level 246 69| 0.374 | 0.84 (0.581.22)
Higher level 232 77 1.00
Mother employment | Employed 180 30| 0.000 | 0.40 (0.260.62)
Petty trade 168 37| 0.002 | 0.53(0.360.80)
Unemployed 124 61| 0.314 | 1.20(0.841.71)
Housewife 386 158 1.00
Father employment | Employed 440 133| 0.532 0.78 (0.371.67)
Petty trade 201 63| 0.608 | 0.8l (0.3%1.78)
Daily laborer 154 66| 0.787 | (1.11 (0.562.44)
Unemployed 37 14| 0.973 | 0.98 (0.372.55)
Others 26 10 1.00
Family size O5 Famil 641 190| 0.007 | 0.67 (0.560.89)
>5 Families 217 96 1.00
Monthly income of <1000 Birr 244 121| 0.000 | 3.28(1.915.63)
the household 100063000 Birr 362 110| 0.011 | 2.01(1.173.45)
30015000 Birr 133 37| 0.052 1.84 (0.993.40)
>5000 Birr 119 18 1.00
House ownership Own house 317 90| 0.094 | 0.78(0.591.04)
Rent house 541 196 1.00
Water source Protected source 817 264| 0.064 | 0.60 (0.351.03)
Unprotected 41 22 1.00
Time to obtain Inside premises 528 130| 0.000 | 0.25(0.150.42)
drinking water in <30 Minutes 293 120| 0.001 0.42 (0.250.70)
round trip >30 Minutes 37 36 1.00
The type of latrine No latrine 40 10| 0.199 | 0.50(0.171.44)
Pit latrine 726| 246| 0.348 | 0.68(0.301.53)
VIPL 74 21| 0.235 0.57 (0.221.45)
Water Pour 18 9 1.00
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B. Child health related variables

Predicting variables Categories ARI P-
Control| Case| value COR (95% CI)
Number of children One child 726| 243| 0.429 | 1.84 (0.4068.36)
Two children 121 41| 0.430 | 1.86 (0.398.76)
OThree 11 2 1.00
Sex ofa child Male 461| 145| 0.374 | 0.89 (0.681.16)
Female 397 | 141 1.00
Child age 0-11 months 219 62| 0.872 | 0.87 (0.511.48)
12-23 months 231 99| 1.320 | 1.32(0.792.20)
24-35 months 202 57| 0.610 | 0.87 (0.511.49)
36-47 months 129| 43| 0.928 | 1.03(0.581.81)
48-59 months 77 25 1.00
Birth weight Small 138| 48| 0.328 | 1.28 (0.782.11)
Average 591| 203| 0.255| 1.27 (0.841.90)
Large 129 35 1.00
Birth interval/order O2 year 465| 177| 0.023 | 1.37 (1.041.80)
>2 years 393| 109 1.00
The child born at full term | Yes 837| 279| 1.00 | 1.00 (0.422.38)
No/Don't Know 21 7 1.00
ANC follow up Yes 832| 274| 0.343 | 0.71(0.361.43)
No 26 12 1.00
Place of child born Home delivery 82 23| 0.749 | 1.12 (0.552.27)
Gov't facilities 708| 246| 0.242 | 1.39(0.802.41)
Private facilities 68 17 1.00
The child attends school | Yes 143 60| 0.099 | 1.33(0.951.86)
No 715| 226 1.00
Number of people share | 1 person 157 48| 0.435 | 0.83(0.531.31)
child's bedroom 2 persons 559| 186| 0.600 | 0.91 (0.631.30)
03 Pers 142| 52 1.00
Child breast feeding status| Yes 739| 246| 0.536 | 1.41 (0.474.24)
No 102 36| 0.491 | 1.50 (0.474.75)
Don'tknow 17 4 1.00
Breast feeding starting tim¢ < One hour 650 214| 0.301 | 0.61 (0.241.55)
< In 24 hour 76 25| 0.346 | 0.61 (0.221.70)
>24 hour 13 7 1.00
Supplementary foods start| Not yet started 80 25| 0.798 | 0.94 (0.591.51)
time <6 months 53 20| 0.642 | 1.14 (0.671.94)
O6 mont 725| 241 1.00
Immunization status Yes 726| 236| 0.401 | 0.86 (0.601.23)
Partially/No 132 50 1.00
Child handwashing with Yes 596| 193] 0.531 | 0.91 (0.681.22)
soap at critical times No 262 93 1.00
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C. House characteristics

Predicting variables Categories ARI P-
Control | Case| value | COR (95% CI)
Year of house constructed | The last 10 years 242| 60| 0.009| 0.62 (0.440.89)
Before 10 years 286| 96| 0.309| 0.85 (0.621.15)
Don't know 330| 130 1.00
Number of rooms 1 room 229| 118| 0.000| 2.18(1.533.11)
2 rooms 366| 106| 0.251| 1.22(0.861.74)
3+ rooms 263| 62 1.00
Number of windows No window 42| 22| 0.036| 1.95(1.043.66)
1 window 349| 159| 0.100| 1.70(1.132.55)
2 windows 325| 67| 0.250| 0.77(0.491.20)
3+ windows 142| 38 1.00
Number of doors 1 door 377| 176| 0.002| 1.90 (1.272.84)
2 doors 330] 73] 0.649]| 0.90 (0.581.40)
3+ doors 151| 37 1.00
Any opening in the house | Yes 57| 22]0.545| 1.17 (0.701.95)
No 801| 264 1.00
Floor material of the house | Soil/mud 457| 167 0.132] 1.23 (0.931.61)
Cement 401| 119 1.00
Wall material of the house | Wood/Bamboo 173| 49| 0.689| 0.88 (0.471.63)
Mud 629| 219| 0.777| 1.08 (062-1.88)
Blocks/stone 56| 18 1.00
Poor 288| 186/| 0.000| 4.62 (2.927.30)
House ventilation level Moderate 391| 75| 0.201| 1.37 (0.842.23)
Good 179| 25 1.00
D. Kitchen characteristics
Predicting variables Categories ARI P-value
Contrd | Case COR (95% CI)
Kitchen arrangement Inside the house 226| 125| 0.419 |1.23(0.732.08)
Separate building 576| 136| 0.014 |0.52(0.310.87)
Outdoor 56 25 1.00
Any openings in the Yes 381 86| 0.521 | 0.88 (0.601.30)
kitchen No 195 50 1.00
Kitchen have a chimney | Yes 247 48| 0.107 | 0.73 (0.491.07)
No 329| 88
Floor material of the Soil/mud 533| 127| 0.733 | 1.13(0.542.39)
kitchen Cement/Ceramic 43 9 1.00
Open windows during the Yes 275 52| 0.046 | 0.68 (0.460.99)
time of cooking No 301 84 1.00
The stove is uter any Yes 13 1| 0.064 | 0.13(0.011.11)
shed, roof or canopy No 43 24 1.00
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E. Fuel and stove types

Predicting variables Categories ARI P-
Control| Case| value| COR (95% ClI)
Type of fuel for cooking Mixed fuel 122 21| 0.003| 0.47 (0.290.77)
Biomassfuel 736| 265 1.00
Usual stove use for cooking Open stove 692| 258| 0.000| 2.21 (1.443.38)
Improved stove 166 28
Frequency of stove ignition| Once 143 421 0.410| 0.84 (0.561.27)
in a day Twice 414 139] 0.799| 0.96 (0.721.29)
>=3 times 301| 105 1.00
Time spent in cooking 1 hour 205 66| 0.344| 0.84 (0.581.20)
2 hours 392| 120| 0.153| 0.79 (0.581.08)
3+ hours 261 100 1.00
Baking injera in the house | Yes 627| 200| 0.303| 0.86 (0.641.15)
No 231 86 1.00
Frequency of baking injera | Once 103 36| 0.700| 0.91 (0.551.50)
in a week Twice 397| 115| 0.149| 0.75(0.511.11)
>=3 times 127 49 1.00
Baking injera/food for Yes 76 29| 0.516| 1.16 (0.741.82)
commercial purpose No 782| 257 1.00
Frequency of kitchen Once 116 53| 0.077| 1.42 (0.962.10)
cleaning Twice 255 77| 0.710| 0.94 (0.671.31)
>Twice 145 46| 0.946| 0.99 (0.661.46)
Daily 342| 110 1.00
Child usually present during Yes 260| 123| 0.000| 1.73(1.312.28)
cooking No 598| 163 1.00
Habit of carrying a child Yes 202| 106| 0.000| 1.91 (1.432.59
while cooking No 656 180 1.00
Smoke incense frequently | Yes 586| 195| 0.971] 0.99 (0.751.33)
No 272 91 1.00
Family member smoke Yes 11 11| 0.009] 3.08 (1.327.18)
cigarette No 847| 275 1.00
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F. Observation during the visit

Predicting variables Categoies ARI P-value
Control| Case COR (95% CI)
The house has window Yes 798| 257| 0.666 | 0.67 (0.421.06)
No 60 29 1.00
Window opened during the visit | Yes 451| 125| 0.010 | 0.70 (0.540.92)
No 407| 161 1.00
Any openings in house for natural Yes 491| 137| 0.006 | 0.69 (0.530.90)
ventilation No 367| 149 1.00
Are openings sufficient for house | Yes 423| 106| 0.000 | 0.60 (0.460.79)
ventilation No 435| 180
Functional chimney in the house | Yes 32 9| 0.64 | 0.84(0.401.78)
No 826| 277 1.00
The house looks bladkue to Yes 115 60| 0.002 | 1.72 (1.212.42)
smoke No 743| 226 1.00
The kitchen has window Yes 369 96| 0.009 | 0.68 (0.510.91)
No 433| 165 1.00
Any openings in kitchen for naturg Yes 508| 145 0.72 (0.540.96)
ventilation No 294 | 116 1.00
Kitchen's opaings sufficient for | Yes 393 99| 0.002 | 0.63(0.470.84)
ventilation No 409| 162 1.00
Functional chimney in the kitchen| Yes 59 13| 0.187 | 0.66 (0.351.22)
No 743| 248 1.00
The kitchen looks black dueto | Yes 575| 198| 0.190 | 1.24 (0.891.71)
smoke No 227 63 1..00
Sufficient distance b/n kitchen an( Yes 513| 149| 0.047 | 0.75 (0.561.00)
house No 289| 112 1.00
The kitchen serve for other Yes 104 33| 0.892 | 0.97 (0.631.47)
purposes No 698| 228 1.00
The kitchen is clean enough Yes 456| 123| 0.006 | 0.68 (0.510.90)
No 346| 138 1.00
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Multivaria ble logistic regressionanalysis

Predictor variables of acute respiratory infection in under five children were analyzed using binary
logistic regression, and hence significantly associated variablps0.05in bivariate analysis

were entered to the multivariable logistic regressiohierarchalmodel.In the first model, type

of fuel for cooking, cooking place, type of stove usually used and ventilation of houses were
enteredIn the second model number of wows and rooms, child usually present during cooking,
habit of carrying child and family cigarette smoking were entered; and in the last model, education
of mothers, employment status, family size and child birth interval were enBicedass fuel

used fo cooking(AOR: 2.08 95% CI 1.034.22) poorly ventilated housg#\OR: 4.31,95% ClI
2.60-7.19, family size ofmore tharb (AOR: 1.85,95% CI1.30-2.61) and child birth spacinkgss

than 2 years(AOR: 1.40,95% CI 1.@-1.91) showed a significant effectnochildren ARIin
reference tanixed fuels (Electricity, LPG Biogasand biomass good ventilation house, family

size ofless tharb and child birth spacingreaterthan five yeargTable9).
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Table9. Logistic regressin model for ARI, WolaiteéSodo, Southern Ethiopigeh 2017

Predictor variables Case Control COR (95% CI) AOR (95% CI)
Type of cooking fuels Biomassfuel 265 73€  2.09 (1.293.39, 2.08 (1.034.22
Mixed fuel 21 122 1.0C 1.0C
Cooking place Inside the hase 125 22€ 1.23 (0.732.08) 1.53 (0.852.76)
Separate building 13€ 57¢  0.52(0.310.87; 0.70 (0.391.26)
Outdoor/open 25 56 1.0C 1.0C
Type of stoves usually uselOpen stove 258 692 2.21(1.44-3.38) 1.04(0.61-1.75)
Improved stove 28 16€ 1.0C 1.0C
House ventilation Poor 18¢€ 288 4.62 (2.927.30) 4.31 (2.607.15)
Moderate 75 391 1.37 (0.842.23 1.57 (0.922.68)
Good 25 17¢ 1.0C 1.0C
Windows of the house No window 22 42 1.95 (1.043.66 0.77 (0.321.84)
1 window 15¢ 34¢ 1.70 (1.132.55 0.71 (036-1.38)
2 windows 67 32t 0.77 (0.491.20) 0.51 (0.280.91)
3+ windows 38 142 1.0C 1.0C
Rooms in the house 1 room 118 22¢ 2.18 (1.533.11) 1.46 (0.862.65)
2 rooms 10€ 36€ 1.22 (0.861.74) 1.15 (0.691.90
3+ rooms 62 263 1.0C 1.0C
Child usuallypresent durinYes 123 26C 1.73 (1.312.28 1.28 (0.921.77;
cooking No 163 598 1.0C 1.0C
Carrying child  duringYes 10€ 202 1.91 (1.442.55 1.65 (0.763.55)
cooking No 18C 656 1.0C 1.0C
Family Ogarette smoikng  Yes 11 11 3.08 (1.327.18] 1.84 (0.694.91)
No 275 847 1.0C 1.0C
MotherEducational status llliterate 98 233 1.40 (1.051.86, 1.06 (0.761.49)
Literate 188 625 1.0C 1.0C
Mother Employment status Employed 30 18C 1.0C 1.0C
Petty trade 37 168  1.32(0.782.24) 0.50 (0.310.81)
Unemployed 61 124 2.95 (1.864.83] 0.55 (0.360.86)
Housewife 158 38€  2.46 (1.603.77, 1.12 (0.751.67)
Family size O5 Famili 19C 641 1.0C 1.0C
>5 Families 96 217  1.49(1.121.99, 1.85 (1.302.61)
Birth interval <=2 Years 177 465 1.37(1.041.80; 1.40 (1.021.91)
>2 Years 10¢ 393 1.0C 1.0C

* Bolded values are significaat pvalue <0.05
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6.2. PARTICULATE MATTER (PMs) IN HAP (PAPER I)

Household air pollution measurement was conducted in to one hundredusgholdsbut one
househol ddeected aue do the paor procedure of installing the monitoring device.
Households were classifiédsed on theype of Uels used for cookindt was hard to find a house
which used exclusively one type of fuel, the catagorization of type of fuel was badsbe o
main/primary source of flles biomass fuel user and mixed type fuel. The mixed type of fuel
includes both theddid fuel/ biomass and rarely electric stove us@nst of 109 household§3
(76.18%) were biomass fuel useaiad 26(23.85%) weremixed typefuel users.

6.2.1. Socio deographic characteristics

The type of fuel used for cooking was significantly associatedvapd ue <0. 05 wi t h
education | evel, e mp house menership snchanthly scoroefof theo t h e r s
household, while family size was not significantly associated with type of fuel used for cooking
(Table 10.
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Table10. Sociodemographic variables and type of fuels for cookin(ddo, Ethiopia, 2018

Sociodemographic variabl¢s=109) Type of fuel for cooking Total Chi-squared
Biomass Mixed (P value)
Education status No Education 1(4.8) 20(95.2 21(19.3) 22.69
Primary level 4(11.1) 29(88.9 36(33) (<0.001)
Secondary level 4(20.0) 16(80.0) 20(18.3)
Higher level 17(53.1) 15(46.9  32(29.4)
Employment status ~ Employed 13(48.1) 14 (51.9) 27(24.8) 12.31
Petty trade 4(18.2) 18(8L8)  22(20.2) (0.006)
Unemployed 4(21.1) 15(78.9 19(17.4)
Housewife 5(12.2) 36(87.9 41(37.6)
Family size <=5 Families 17(22.7) 58(77.3) 75(68.8) 0.186
>5 Families 9(26.5) 25(73.5)  34(31.2) (0.666)
Monthly income for <1000 Birr 2(6.3) 30(93.7 32(29.4) 48.35
the household 1000:3000 Birr 3(8.3) 33(81.7 36(33) (<0.001)
30015000 Birr 5(2.7) 17(773)  22(20.2)
>5000 Birr 16(84.2) 3(15.8 19(17.4)
House ownership Own house 21(32.3) 44(67.7) 65(59.6) 6.33
Rent house 5(11.4) 39(88.6  44(40.4) (0.012)
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Thenumber of doors and windows of house, type of stax@sking placeind level of ventilation

weresignificantly associatedith type of cooking fuelst pvalue <0.05while number of rooms

time spentm cookingandbaking bread/injera were not significantly associdieble 11).

Tablell House and kitchen characteristics with types of stoves/8odb, Ethiopia, 2018

House and kitchen variables Type of cooking fuels G 2

(n=109) Biomass Mixed  Total (P-value)

Number of rooms of the 1 room 18 (90) 2(10) 20(18.3) 5.69

house 2 rooms 32(82.) 7(17.9) 39(35.8)  (0.058)
@8 rooms 33(66) 17 (34) 50(45.9)

Number of doors of the 1 door 30(93.7 2(6.3) 32(29.4) 1501

house 2 doors 27(84.4  5(15.6) 32(29.4)  (0.001)
@8 doors 26(57.9 19(42.2)  45(41.3)

Number of windows of 1 window 32(94.]) 2(5.9 34(31.2) 30.61

the house 2 windows 31(93.9  2(6.1) 33(30.3)  (0.000)
O 3vindows 20(47.6 22(52.4)  42(38.5)

Cooking place Inside the house 37(67.3 18(32.7) 55(50.5) 4.81
Separate kitcher 46(85.2 8(14.8) 54 (49.5) (0.028)

Type of stoves Open stove 78(89.7 9(10.3) 87(79.8) 43.30
Improved 5(22.7 17(77.3 22(20.2 (0.000)

Time spent ircooking 1 hour 12(70.6 5(29.4) 17(15.6) 3.47
2 hours 49(83.1) 10(16.9) 59(54.1) (0.176)
>=3 hours 22(66.7 11(33.3) 33(30.3)

Baking injera Yes 67(74.4  23(25.6) 90(82.6) 0.82
No 16(84.2  3(15.8) 19(17.4) (0.364)

Level of house watilation Poor 37(97.9 1(2.6) 38 (34.86) 14.96
Moderate 22(68.7 10(31.3) 32(29.35) (0.001)
Good 24(51.5 15(38.5) 39 (35.77)

* Bolded values are significaat pvalue <0.05
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The followingpictures showing the installation of measuringickes in different type fo stoves.

Both are the traditional type of stoves which are very risky for exposure to the cook.

Figurel6. Installing position of UCBPM device in a biomass fuel users hoyu2€4.8

6.2.2. Level and characteristics of particulate matter

The study indicated that the average time monitored were 24.20 hours (SD=0.3Bgorhetric
mean concentration of PMin all monitored households wet#3.27ug/m?®. The aithmetic mean
of PMgzs in all monitored househds were 772.03ug/m® (SD=837.39) with95% CI613.04,
931.01 The magnitudef PMz s were different forbiomass and mixed type of fuel. The lasge
wasbiomass fuel users accountedd®s.34pug/m? (SD=899.0Q and followed bymixed type of
fuel user,279.421g/m® (SD=216.7). The median concentration of BMin all monitored
householdswas 412.55ug/m°. In the mixed type of fuel use, the electric stove useese
contribued in reduction of household air pollutiddne wayANOVA was analysetietween fuel
types and found to be statistical significant resulted in differnt mean concentodtparticulate
matterfor bothtype of fuelsused in household$(1, 107)43.44 P=0.000 (Table D).

67



Table12. Averageconcentration oPM s (ug/n) in household W/Sodo, Ethiopia, 2018

Statistics (n=109) All fuels Biomass Mixed
# of HHs (% of Total) 109(100%) 83(76.14%) 26 (23.9%)
Arithmetic Mean (SD) 772.03837.39  926.34899.00 279.42216.7)

95% CI for the Mean
Geometric Mean
Median

Maximum

Minimum

Range

25" Percentiles

75" Percentiles

95" Percentiles

413.27

412.55

4161.82

5.50

4156.32

189.15

1085.94

2622.94

(613.0493101) (730.04 112264)

531.49

58997

4161.82

5.50

4156.32

240.82

1355.47

2821.37

(191.88 366.95

185.12

230.90

928.15

5.50

922.65

117.07

388.05

823.36

A 24-hour Geometricmean PMs concentrations were presented in simple Boxpligiure

indicated the median, the intquartile range (the middle 50% of the data), lower and upper

guartiles, the uppe

25%

and

| ower

25%

of

the dat a.

scores were more spread out for the biomass fuel user group than for those winoxeddgpe

of fuelsbecause the box is much longer. Within each box, there is a thick horitroatalhich

shows the median. The biomass fuel users had a higher median thmixeéldefuelusers. The

range of means was much wider themixedfuel users than the biomass fuel users (Fig8je 1
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Figurel7. A Boxplot showingmeanof PMz sin andfuel types, WSodo, Ethiopia, 2018

The following graph showsousehold (biomass fuel us#éng concentration of PMin a 24 hour
monitoring result presented in time frame. The peak concentration were cooking time for dinner
(7:00pm-9:00pm local time).The second peak time was in the mornimgeakfast timé7:00am

8:00am local time).
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Figurel8. Level of PMin a household using a biomass fuel during baking ing0&8

The following graph showlouseholdfiixed fuel usersjhe concentration of Ppin a 24 hour
monitoring result presented in time frame. The peak concentration were cooking time for dinner
(8:00pm11:0Qom local time).The second peak time was in the morning, lunch time (11:00am

01:30am locatime). It is assumed to be biomass fuel use that makes peaks of concentrations.
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Figurel9. Level of PMsin a household using electric stoves for cookR@18

The 24 Hr. mean Ph% concentrations were varied according to tiaenberdoors and windows

of the house, it wagastin themore than thredoors andthreewindowshouseshanone door and

one windowhousesrespectively. Those who used a separate kitchen for cooking showed slightly
higher concentration of PM than hose who used inside the housaproved stoves haddwer
emissions than the open stoves. Those who spent three hours or more in cooking indicated higher
emissions of Plylsthan spending two hour or less in cooking. As to the level of house ventilation,
adequately ventilated houses showed least emissions of fah moderately or poorly ventilated
houses The correlation test between variables and level of concentrations of particulate matter
wereanalyzedusingt h e sfitEattai st i ¢ s 0. erb,ftisindicatinghatna assoaidtiane i s
between two variables, while if the Eta value is one, it indicates perfectly associated. The Eta
square is to explain the level of concentrationtermsof a given variable. Based on these, all
variableswere pooly associated with the level of particulate matiererefore, the Eta values for

all variableswere close to zero indicatinghich indicating no strong association betwéesse
variablegTable13).
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Table13. A 24 hour PM, s (ug/m?) andhousekitchen variables, Wsodo, Ethiopia, 2018

House and kitchen variables Total PM..5(ug/nr) Eta test
Mean SD Eta value Eta square
Number of doors 1 door 32 741.33 762.61
of the house 2 doors 32 983.82 1027.82 0.171 2.92%
8 doors 45 643.25 718.94
Number of 1 window 34  754.37 743.59
windows of the 2 windows 33 1038 1026 0.228 5.19%
house &8 windows 42 577.02 695.44
Type of fuel Mixed 26 279.42 216.71
_ 0.331 10.95%
Biomass fuel 83 926.34 899.00
Cooking place Inside he house 55  653.77 775.37
_ 0.143 2.04%
Separate kitchen 54  892.47 887.18
Type of stoves  Openfire stove 87 87341 893.05
) 0.242 5.85%
Improvedelectric 22 37111 359.46
Time spent in 1 hour 17 73253 772.75
cooking 2 hours 59 772.68 843.67 0.023 0.0%
O3 hours 33 79120 881.34
Level of house  Poor 38 904.56 959.26
ventilation Moderate 32 79381 735.62 0.142 2.01%
Good 39 625.02 784.47
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6.3. CARBON MONOXIDE IN HAP (PAPER)

6.3.1. Socio deographic characteristics

The concentration of CO was mtmred in66 householdsbut 11 household measurements were

discarded for poor quality datdmong 55 householdbjomass fuel users, 481.8%) and mixed

type fuel user householdiere 10 (18.24). The type of fuel used for cooking was significantly

associted at pvalue <0.05 with only to monthly income of the household and house ownership,

while the rest sociodemographic variables were not significantly associated with type of fuel used

for cooking (Tablel4).

Table14. Sociodemogrphic variables and type of fuels for cooking/S&do, Ethiopia, 2018

Sociodemographic variables Types of fuel forrooking  Total G 2
Mixed Biomass (P-value)
Mother education No Education - 10(100 10(18.2) 8.617
status Primary level 3(14.3) 18857 21(38.2) (0.039
Secondary level 1(10) 9(90) 10(18.2)
Higher level 6(42.9) 8(57.1)  14(25.5)
Employment status of Employed 5(41.7) 7(58.3 12(21.8) 5.896
mother Petty trade 183) 11917 12(21.8) (0117
Unemployed 1(10) 9(90) 10(18.2)
Housewife 3(14.3) 18(85.7  21(38.2)
Family size <=5 Families 7(16.7) 35(83.3 42(76.4) 0.013
>5 Families 3(23.1) 10(76.9 13(23.6) (0.91)
Monthly income for <1000 Birr 1(5.6) 17(94.4) 18(32.7) 20.890
the household 10003000 Birr 1(6.3)  15(93.7)  16(29.1) (<0.001)
30015000 Birr 2(15.4) 11(84.6 13(23.6)
>5000 Birr 6(75) 2(25)  8(14.5)
House ownership Own house 9(29) 22(71) 31(56.4) 4.075
Rent house 1(4.2)  2395.9 24(43.6) (0.044
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The type of fuel used for cooking was significantly assted at pvalue <0.05 with nhumber of

windows of the house, type of stoves used and time spent in co@kimgy.variables were not

significantly associated with type of fuel used for cooking (Tabje

Table15. House and kitchenharacteristics with types of stovesWwiSodo, Ethiopia, 2018

House and kitchen variables Type of fuel for cooking Total 3
Mixed Biomass (P-value

Number of rooms of 1 room 1(7.7) 12(92.3 13(23.6) 2.001

the house 2 rooms 3(158)  16(84.3  19(345) (0.368)
@B rooms 6 (26.1) 17(73.9 23(41.8)

Number of doors of 1 door 1(4.5) 21(95.95 22(14) 5.142

the house 2 doors 3(21.4)  11(78)  14(255) (0.076)
@8 doors 6 (31.6) 13(68.4 19(34.5)

Number of windows 1 window 1(4.5) 21(95.95 22 (40) 9.13

of the house 2 windows 1(83)  11(91.7)  12(21.8) (0.010)
@8 windows 8(38.1) 13(61.9 21(38.2)

Cooking place Inside the house 7(24.1) 22(75.9 29(52.7) 0.739
Separate kitchen 3(11.5) 23(88.5 26(47.3) (0.390)

Type ofstoves Open stove 4(8.5) 43(94.5 47(85.5) 24.638
Improvedstove 6 (75) - 8(14.5) (<0.001)

Time spentin 1 hour 1(11.1) 8 (55.6) 9(16.4) 8.828

cooking 2 hours 2(6.9)  27(655) 29(52.7) (0.012)
>=3 hours 7(41.2) 10(11.8) 17(30.9)

Level of house Poor - 21(100 21(38.2) 7.618

ventilation Moderate 527.8)  13(722  18(32.7) (0.022)
Good 5(31.3) 11(68.7) 16(29.1)

* Bolded values are significaat pvalue <0.05
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6.3.2. Level characteristics of carbon monoxide

The 24 hour measurmnet ofean concentration of CO in all monitored households were 14.26
mg/m?® (SD=10.06) with 95% CI of Mean 11.54, 16.98. The magnitude of CO were different for
different fuel sources, which was tharger in biomassfuel users accounted tb4.4Img/nm?
(SD=10.29 and followed bymixed type offuel user, 13.55 mg/f(SD=9.41). The Geometric
mean and median concentration of CO in all monitored households were 11.51and/57
mg/m? respectively.One wayANOVA was analysedbetween fuel typesand found tdoe not
statistical significant resultednore or less similamean concentration of carbon monoxide
betweerboth type of fuels used in households [F(1, 53)=0.059, P=0.8djle 16).

Table16. Average magnitude of 24 hr CO (m), in hougholds of WSodo, Ethiopia, 2018

Statistics All fuels Biomass Mixed

# of HHs (% of Total) 55(100%) 45(81.8%) 10(18.2%)
Arithmetic Mean (SD) 14.26(10.06) 14.4110.29 13.55(9.41)
95% CI for the Mean 11.54, 16.98 11.3217.51 6.82, 20.29
Geometric Mea 11.51 11.57 11.25
Median 10.73 10.71 11.09
Maximum 42.37 42.37 36.47
Minimum 4.58 4.58 4.59
Range 37.79 37.79 31.88
25" Percentiles 6.83 6.95 6.07
75" Percentiles 19.76 20.13 16.82
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A 24 Hr. mean CO concentrations were presenteldoiplot indicated the median, the inter

guartile range (the middle 50% of the data), lower and upper quartiles, the upper 25% and lower
25% of the dat a. Hence, It s clear that the
biomasduel user group than for tise who usedixed type of fuelsWithin each box, there is a

thick horizontal line, which shows the mediamthis case it wasimilarin both type of fuelsThe
biomasduel users had a higher median thanrttired fuel users. The range of means was Imuc

wider for thebiomasduel users than theixed fiel users (Figur@l).

S0.00
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T T
Mixed Biomass

Type of fuel used for cooking

Figure20. Mean of CO in different fuel types for cooking/$%do, Ethiopia, 2018

In the households monitored for carbon monoxide with different fuel ategy@ryshowedthat,
significant level of CO was measured. In the mixed fuel type users: the graph showed few peaks
which could be resulted from biomds®l or other smokemitting activities The time where no

peaks could be either from no cooking timeisingimprovedglectric fuels for cookingSimilarly,

in primarily charcoal and wood fuel users, the number of peaks is too much indicating that the

emissionlevel was higher as compared to mixed type of fuels (Figure 22).
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Figure2l. Level of CO in househaftlisingdifferentfuels for cooking 2018

The 24 Hr. mean CO concentrations were varied according to the number rooms and windows of
the house; it was highest in the one room, one window and one door houses thanothedne

rooms, windows and doors houses respectively. Those who used a separate kitchen for cooking
were showed slightly lower concentration of CO than those who used inside the house. Open stoves
andmixedfuel users had no significant difference in ssiwn of CO. Those who spent one hour

in cooking indicated higher emissions of CO than spending two hour or more hour in cooking. As
to the level of house ventilation, adequately ventilated houses showed least emissions of CO than

moderately or porly venilated houses (Table L7
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Table17. A 24hr CO (mgh®) andhousékitchen variables, Wsodo, Ethiopia, 2018

House and kitchen variables Total CO level (mg/m)
Mean (SD) Median
Number of rooms of the house 1 room 13 20.09(12.39 20.44
2 rooms 19 11.42(6.29) 10.26
3+ rooms 23 13.31(10.24) 10.61
Number of doors of the house 1 door 22 16.97(10.91) 11.40
2 doors 14 11.51(7.10) 10.00
3+ doors 19 13.14(10.58) 10.04
Number of windows of the hous 1 window 22 16.33(11.19 10.96
2 windows 12 11.43(5.64) 10.67
3+ windows 21 13.71(10.74) 10.04
Cooking place Inside the house 29 15.89(11.07) 11.20
Separate kitchen 26 12.44(8.65) 9.82
Type of stoves Openfire stove 47 14.40(10.07) 10.73
Improvedelectric 8 14.23(11.23) 10.04
Time spent in cooking 1 hour 9 17.63(13.44) 11.45
2 hours 29 13.78(9.86) 10.26
>=3 hours 17 13.28(8.55) 10.73
Level of house ventilation Poor 21 15.20(11.02) 11.06
Moderate 18 15.92(9.13) 12.04
Good 16 11.15(9.65) 6.79
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6.4. REVIEW OF MAIN FINDINGS OF THEISSERTATION

Table18. Summary of main findirgof this PhD dissertation, 201

Papers

Main findings

T

T
T
T

Thr-eeurdaii lodren | i vedbii«anidusesi%s.93% | d
The majoritgsof8dvufsicthemadi opoemal {
The prevalence AARI in underfive childrenwas10.1%(95% CI 9.5, 10.8)

Bi o mfawssesl| users forg cDP%i-Glg2 I ) ADRFEARQ
houses @LAOR5% OB l1ll&s} tfan 2 years of child birth interv
(AOR=1.41,95%CI1.03.92)] arge family si ze(2.06
petty trade jolmother (AOR®$.50 95% CIl0.31-:0.8)wer e si gni f i

of acute respiratory infection in

83(76.1%%) were biomass fuel useaad 26 (23.1%) wemnixed fuelusers
The Geometric mean concentration of BVh all monitored households were
413.27ug/m3. Thearithmeticmean was 772.08g/m® (SD=837.39).

The magnitude of Pk were different for dferent fuel sources, which was the
highe in biomass fuel users accounte®&6.34pg/m® (SD=899.0Q andmixed
fuel users which accounted 239.421g/m?® (SD=216.71).

The median of PMsin all monitored households was$2.55g/nv.
Thehighercontributon of PM in the households was dominartjybiomass

fuel userghan the mixed type fuel users.

The 24hourmean of CO in all households were 14.26 mig/&D=10.06) with
(95% CI of Mean 11.54, 16.98

The magnitude of CO was different for differén¢l sources, which was the
highe in biomasguel users accounted té #Img/m? (SD=1029) and followed
by mixedfuel user, 13.55 mg/f(SD=9.41)

The GV and median of CO were 11.51 md/amd10.73mg/m? respectively.
The correlation coefficient betweéme concentration of CO and Bbwere
0.075, but after controlling of types of biomass fuel used in the houses, the
correlationcoefficientwas0.199, indicating that the level of CO and PdWere

not dependent of each other
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7. DISCUSSION

The dissdation investigated the linketweenhousehold air pollution particularly from biomass
cooking fuel and acute respiratory infectiorunder five children in the community based study.
Thus the study showed that, children living ipaorly ventilated hoses and using biomass fuel

for cooking were affected by acute respiratory infection. Moreover, households using biomass fuel
for cooking were reported to higher pollution level of particulate matter. gPsihd carbon
monoxide, which isnuch exceeds the WHAQG values.

7.1. BIOMASS COOKING FUELSND ARI'IN CHILDREN

Acute respiratoryrifection continuet be the leading cause of acute illness worldwitttremain
the most important cause of infard young children mortalit{8). Similarly, acute respiratory
infection in children contribute the leading morgand morbidity among under five children in
Ethiopia. The current study supports this evidences \wi#hptevalence of the acute respiratory
infection in the study area was reporf€i1% (95% CI 9.5, 10.8). This report showed that higher
than the EDHS @16 report, 7%422), and lower than the India study withosssectional design,
prevalence of ARI was found to be 2798), in a periurban area of Delhaprospectivelystudy
showed e overdl 2-week prevalence of all types of ARI was 34.3%00). In the latter two
studies, the sample size were very limitend studied in a cohort of studies.

Health impact assessments of different air pollution source contributions are important for finding
the most effective abatement measu(é%). However, many factors associated with acute
respiratory infections, only fews were explored in this dissertaBmmass fuels chief sources

of fuel by al most all p arr thisi study fheamatn type @ficeokingo | d s 6
fuel in the household were analyzed against children BiRimass fuel sers showed a significant
effect on children ARI as comparedruxed fuels (electricity, biogas, LPG and biomass fuels)
users for cooking. Tik study result was in line with previous studilemass cooking fuel was
significantly associated with acute lower respiratory tract infection in India (OR 4.73, 95% CI
1.67 13.45)(70), the incidence of ARI was higher in children living in houses where biomass fuel
was used for cooking (RR 1.5, 95% CI-1.®) (76) and a study of systematic review and meta
analysis, the overall pooled odds ratio of unprocessed fuelnagsask of pneumonia was (OR
1.78, 95% CI1 1.452.18)(101). Generally, children from biorsa fuel user households were more

79



likely to suffer from ARI tharmixed type offuel users. The reason could lhemass fueemit

small sized particulate matter which able to deposit in the lumer, deposited particulate
matters may alter airway readty to antigens or affect the ability of the lungs to handle bacteria,
suggesting that exposure may result in enhanced susceptibility to microbial in{ggtidhis

implies that if children have exposed to biomass and charcoal fuel, they would have higher chance

of getting ARI.

Most developing countries, use stones, bricks, concrete, and cement to build thesy hmste
houses rely on natural ventilation through open windows and shutters. The poor socioeconomic
strata of society in these countries continue to live wrefitilated and iHit houses made of
bamboo, wood, crop residues, tin sheets, and sometiatbesThis in turn has affected the quality

of the finished housing, leading to an overall poor quality of hoygid3).

The number of doors and windows are pertinent in improving house ventilation and also associated
with children ARI. The odds of ARI in children who are living in poorly ventilated houses were
four times higher than living in houses who lgadd ventilation houses. This study was consistent
with the study conducted in slum areas of Addis Ababa, with odds ratio of 2.96 (95% CI: 1.38
3.87) in their study hous€S1). This indicated that smokes from a poorly ventilated houses could

lead to higher chance of exposing the child.

AstudyinRwanda to investigate the role of the mic
HAP-related health symipmsshowed thaa strong positive association between group of multiple
enclosed dwellings, relative to single house, and ufiderchildren HARrelated symptoms
(respiratory infection, difficulty breathing and dry eyes) experienced in the past 2 ({#88ks

Hous ehol doé orcfowdng i$ ayprosyifor tee respiratory infection in childfeencethe

odds of ARI in children were twice higher in households Wwigher crowdng family membes).

The result of this study was in agreement with the study done in central India, that 53.2% of cases
with history of overcrowding in family had a high risk of ARI compared to the control group
22.8% (p < 0.0001, OR = 3.8899), in Nigeria, a family size of more than 5 siblings livimga

home was shown to affect significantly the prevalence of pneur(t®dg and a systematic study

with metaanalyss revealed that, crowding of a house (more than 7 persons in a household or more
than 2 persons per room) is a risk factor for severe acute lower respiratory in{édjionhe

implication of thesevidences that where large family size posed a crowding of house that could
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influence the health of the house members patrticularly, children with high probability of the

transmission of droplets of infective organisms due to overcrowding.

However,it is found thathe type ofloor materials in the kitcherhimney in kitcherand time spent
in cookinghad no a significance relation with acute respiratory infection of the. ¢hiid could be
due to the lack of detail measurement procedure, inpropre eregionesf time spent in cooking and
the proper functionality of the chimney.

7.2. THE LEVEL OFPARTICULATE MATTER (PMs) IN HAP

Household air pollution is explained by the presence of pollutants in the house with sufficeint
amount that causes risk to the healtlinhabitantsThere are at least sixty sources of household

air pollution, and these vary from country to countt9?). This section of the dissertation
discusses the concentration of particulate matter in the houses in a measurement of 24 hour
duration.Theoverall ggometric mean of thef PM. sin Wolaita Sodo town householdss413.27

ug/me. The arithmetic mean(SD) concentration of Plksin Wolaita Sodo town households were
772.03ug/m*(837.39. The magnitude of Pbkwere different for different fuel sources, which

was the highest in biomass fuel us&&l.49ug/m® andmixedfuel users]185.121g/md.

According to theWHO Air Quality Guidelines recommendation, PMor 24 hour Geometric
mean level in houses should not exceed 25 p@rd4), WHO Interim Targetl (IT-1) is75ug/n?,
WHO Interim Targe® (IT-2) is50 pg/m® and WHO Interim Targed (IT-3) is37.5ug/m(2, 54).

Our study result indicated eassively higher than the WHO air quality guideline values and the
WHO IT-1, IT-2 and I'F3 values Domestichouseholdhir quality levels associated with biomass
fuel combustion in Nepal exceed WHH{@useholdAir Quality standards and are in the hazardous
range for human healtfiL1). The geometricmeanconcentratiorievel of biomass fuel users was
531.49ug/m?, which wastwenty-one timeshigher than the WHO AQG values of a 2dunmean
level, and themixed type offuel users \ere185.12ug/m?, which wasseven fold higher than the
WHO AQG values for a 24dur mean level.

The current studwas compared with the study condudte&hereMedasub cityof Addis Ababa,
Ethiopia revealed thahé 24hour particulate matter levels in the kitchensan average of 1580
pug/m? with a Geometric mean (SD) 793.38580 ug/m3, dl households exceeded the United
States Environmental Protection Agency standard of 351(§2), the ShireMeda area in Addis
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Ababa is known to use biomass fuels (partidultree leaves which has higher smoke and the
communities area low living standard as compared to other areas in thensitgr Study showed

in Ethiopia (Bonga and Kebribeyah refugee camps)24heourPMzswe r e 1123%56). Theg /
reason could be, Bonga and Kebribeyah are refugee camps which could tdeanofuels
(biomass fuels) exclusively for cookinQur measurements ofZx hourparticulate matter (P )
werecompared with lodastudy conducted in slum neighbor hoods of Addis Ababa city, indicated
that the geometric mean were 818pg{Bolid fuel=1134ug/rfy kerosene=637ugfrand clean
fuel=335ug/nd) (50).

A state and national household concentrations from solid cook fuel use in India, a mean level were
ranged from 163 pg#® in the living area to 609 pgfin the kitchen are@5). The justification

for beinghigher concentration in these study areas were due tsttity period, sample size,
socioeconomic and type of dees measured in different areas. In the previous pepentisulate
matter in general household air pollutimere expected to be hightétran thecurrent, since the
urbanization and modernization leadsthe use of clean fuelsourcesfor cooking purpose.
However, the studgettingin Indiawas a state and national level which hardly to compare with
the currentstudy. But, our studyad slightly loweremissions as compared to a study in rural
Ghana households cooking with biomass fuels a mean were 4468(f§), it can be explained
that,howeverGhana is considered more developed than Ethiopidyaritis study was conducted
rural setting anth a small sample size at 36 households.

A reseach conducted in Peru showed thae type of fuel used to cook had a significant effect on
kitchen concentrations of PMin Peru(105). This indicating that the study area used other fine
particulate matter emitting activities and may use polluting feetsusively thestudy area was

more populated and living in slum areas.

In a similar study, significantly higher concentration were repoitedural village of district

Jhajjar of Haryana state, India to predicting exposure levels of respirable particulatePPhditgr (

for the cook from combustion of cooking fuels in a 24 hr measminndicating avaried
concentrati omfdm ogna &4/. I6PG ¢ gihdfer dung cake/Chulattog, ¢ g/

but separately for the gas, wood/chulah, the crop residue/chulah, durighelieb and mix

fuel / chul ahmwaz2 2.58  BIB/gd 9 7e74/. man de B/7m* 40 &g/

respectively. The discrepancy was extremely large as compared to our study with the maximum
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reported concentrationas2408.30c gnf® for the biomas$uel. This could be due to the fact that

Indian communities were more rural setting than our study settings. Moreover, in our study, dung
cake was not a primary fusburce, whiclinas a potential to emit large concentrations of particulate

matter as compad to other biomass fuel sources since our study is in a semi urban setting.
Similarly, our study was reported lower concentration than the Modeling stutyus&holdair

pollution from cook stove emissions in developing countries using a Monte Cagle-lsox

model, the mean model@d hourconcentration forPbswa s 1 M?7Gmedjyi/ an=m320 ¢ g
(107). This modeling was not a direct method of measuring particulate matter concentration,
instead it used a proxy factors to estimate approximate measuseidente,it could have

significant variations with the actual measurement.

7.3. THE LEVEL OF CARBON MONOXIDE HAP

The level of CO irhouseholdsin indicator of exposure and an indicatohealthrisk factorg46).
The mean concentration of CO in Wolaita Sodo town households weremg/26(SD=10.06)
The magnitude of C@ere different for different fuel sources, which was highéiomassuel
usersl4.41mg/n? and followed bymixedfuel users, 13.5mg/m?.

According to the World Health Organizatioguidelines for indoor ar quality (IAQ)
recommendation, CO for 24 hour mean concentration in houses should not exceed BBig/m
108, WHO also suggests of carbon monoxide for 8 hour exposure should not exceed above 10
mg/m? (53, 108). Our study result indicated that carbon monoxide was twice higher than the WHO
IAQ guideline in the monitored houses. This indicating that the study area used other carbon
monoxide emitting activities, such abaccosmoke, incense and exhaust of motor vehicle from
outside environment. The study households could be using charceldsradternate choice of

fuel where electric fuel was not available, as charcoal is a known enstiimgeof carbon
monoxide. Similarly, estimated area CO concentrations in biomass smoke in Burkina Faso were
also very high. The mean 24concentratiomeported in 119 households was 16.9 ppm (95 % CI
12.321.4 ppm)61).

In Bonga and Kebribeyah refugee carap&thiopig a study was undertak to assess the potential
of two types of improved coaktoves to redudeouseholdir pollution, the24 hourCOwere 38.9
ppm (&4 md (55 whicly was significantly three times hightan the current study. The
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reason could be, in the previous studies, since Bonga and Kebribeyah study areasugeee
camps, the dominant cooking fuels could be biomadsle the current study setting was
apparently urbarSimilarly, the average 48 homeasurement of CO kitchen concentration in the
charcoal and kerosene stove case were reported to 2812°igAa Clean Cook Stove Tests in
Addis Ababa, Ethiopi&109), which was twice higher than the current stuttigreasoncould be

the Addis Ababa study was exclusively on charcoal and kezatenes and expected to be higher
concentration of COAnother study was conducted in one of the most common practice of the
coffee ceremony in Ethiopia showed that particulate matter and carbon monoxide exposures for
both preparers and participants werereases, and these increases exceeded the WHO exposure
guidelines(110), because charcoal is the primary choice of fuel sources in coffee ceremony, in

Ethiopia.

The COconcentratiorwere compared with previous studies actbgsworld, and the mean 48
kitchen CO concentration in 60 homes of Michoacan, Mexico with the traditional fogon was 8.2
ppm ( &9mp @5); ingPalwal District of Haryana, India, a -Mur personal CO
concentrations we md (44, wiich was [power thad Be chr@nt sigly. The
possible justification might be the personal exposure measurement is slightly lower than the
householdair measurementDaily average CO concentrations collected in area steae were

10.9 (10.511.3) ppm among households with traditional cookstoves in Southern Nepal in
cookstove interventiotrial study(111). Similarly, in study conducted in a three poor resource
setting countries, Peru, Nepal and Kenya, revealechthaeholdCO concetrations were in a

safe range(<7 ppm) for 64%, 79%, and 46% of the time in Peru, NewbKenyarespectively

(14).

Fortunately, there are studies which showed similar level of CO, in Ghana, a study was undertaken
to assess the potential of two types of improved cookstoves to reduseholdir pollution, the
24hourCO concentration wer e me as)(B5e Similarly, abtuey 12 . 3
conducted in Ghana, to examine the cooking practice in kitchen revealed that the concentration of
CO wasl4.5 mgm? (95% Cl 12.0, 16.9]68).

Strong area PM and area CO correlations were found whibuseholdk i t chens ( Spear
rho=0.82, p<0.0001(61), but this correlations were very W
rho=0.12, p= 0.359). The weaker correlation observed betweegdhd CO level in the current
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study wasdue to hck of seasonal and fuel specifiomparisionslack of testingusing different

settings and environmerandlack of non cooking time measurement

In general, the results of this dissertation has been compared with previously conducted studies,
all over tie world.The literature mostly from developing world, like India. But the study setting
and methodology was similar. It was hard to find local litratures with rarely conducted researches
in Ethiopia. The overall out come of this research supports thengxevidences which had been

done in theglobe.
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8. VALIDITY AND GENERALIZABILITY

This part of the study describes the issue of validity and generalizability of this study. Validity
means the degree to which an inference, conclusion or neeasoir corresponds precisely to the

real world and gives best possible approximation of its truth. Validity of an instrument refers to its
ability to measure the right elements that are needed to be measured, while generalizability refers
to the ibtapplaofcadbbmy research findings of the s
populations. The validity and generalizability of a research determined by the quality of study
protocol, ease of application, feasibility of procedures, the quality of caitactors and
supervisors. Poor quality of study protocol leads to naive result outcome, which leads to less valid

data and hasty generalization.

Internal validity : Internal validity is normally affected by flaws in the study like not controlling
someof the major variables or any problems with the research instrument. The finding of this
study was explained through the methods, procedures and analysis of the study in the actual
processesAlthoughresearch processes, chances, biases and errors werékelgrto happen in

the studytheir management to ensure data quality is described detwgeholds and participants

were selected based on the systematic samf@oimiquesand in a random base. Data collection
instruments were used and applicable tfte specific purposes in other similar settingstad
collection tools were pretested before the actual data colleCtam®s and controls were identified
based on the standard WHO classification criteria. Cases were identified by the independent
assegwent of the data collectors amdpervisorsHAP monitoring devices werommonly used
devices all over the world and a product of University of California Barkeley, USA. Its
consistenciesvere checkeckachother and with other gold standard monitoring ides. The
consistency level was reported to higher level of Cronbatch albkicollinearity test were
checked for collinearity of variables, and finallyulivariable analysisvasrun in two objectives

to control the confounding variables

Chance Charceis a random error appearing to cause an association between an exposure and an
outcome. The role of chance (random error) in this study was minimized by properly designing
tools and procedures of the study protogohining manual was prepared. Opeayatldefinitions

and concepts were defineddequate sample size waandomly assigned to each specific

objective. Surveys and instrumental monitoring of HAP were condudiedy SOPsand strict
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supervisions, hence the error encountered through measumgareneducedCases and controls
were not only determined by the data collectors but also reconfirmed by the supervisors in the field

too. This reduced a false positive and false negative results in the case control study objective.

Bias. Bias is any sysimatic error ira researcimethodology that results in an incorrect estimate

of the association between exposure and outc@te. | dds si ze was determ
mo t h respanse which potentiallgcreaseshe size of their child because of sociesuability

bias.We controlled such bias with cross checking methods, cavdgarisonsvith their previous

born children and other family withness@hservational checklist for the characteristics of houses

and kitchen minimized the bias about the reses of participants.

Selection bias Selection biass thebiasintroduced by the selectiaf individuals, groups or data

for analysis in such a way that proper randomization is not achieved, thereby ensuring that the
sample obtained is not represen@atof the population intended to be analyzed. In this study,
Kebeleswere selected randombyith assumption of homogenous characteristics. Census was
conducted in thesKebelesto enumerate number of children and eligible households to set a
sampling frame Sample sizes were allocated based on probability proportional to size of the
households which were eligible to size. Households were selected using systematic sampling
methodl f t here were two under five chdl daerdomhyt
using lottery method. Households for HAP moni

sampling techniques.

Information bias: | nf or mati on bias results from system

exposure or outcomeamreusbstbudedgfooms.t hEhi s

|l osses to follow wup and recall bi as. I n t hi
devel opment of a protocol for the data coll ec
use of gt quccasrnd odaapi eesfrom WHO and E®HDMHE hou:
training of interviewers. House code were wuse
and [ osses to foll®@Paup werster mmenta praoabbdeoml. a

used to minimize the error rel ated to measur ei
with WHO and USEPA houseHawmliyd me mbegqusal wdrye sitm
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Possible sources of errors inthe studyT he c¢chi | d hie.adatshe so wmatnao meo,nt r o
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del i vieesye were the possible sources of errors
External validity (generalizability): descr i bes whircdesxtaencthi ng@gs can
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were managed using a muilntiavareabhehhégygembtuet pe
was tri angeay,atpal Ibwt isaumr vl evel measurement and
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resof tshis study wi imi It h®st @g eteevrea |loipz eadc ttioon pl an

and managerdntcitandl 3.
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9. STREANGTHS AND LIMITATIONS

The study was conducted on large sangie, whichcould help to make a plausible conclusion.
Cases and controls were selected basech@WHO classification criteria of acute respiratory
infection in children.The research team tried to operationalize variables, used appropriate and
professional data collectors, supervisors, and @sedoss checking with different persons to
classify cages and controls. HAPs, (P and CO) wemeasured for longer perioq@4-hour)
duration, whichprovidesvalid datg HAP devices were check its validity with-tmcated gold

standard measurement (gravimetric) devices.

However, this research also might hawéfered a recalbias,as case control studies anderent

with this type of biadt was difficult to separate households based on their type of fudlecsyse

of no households used exclusively on single fuel sodroe.study lacked individual expo®
measurements of specific particulate matter, carbon monoxide and unable to link the health
outcome with concentration of these pollutaiitse study also unable to recognize the seasonal
variability of the HAP measurement dbo@ a onetime measuremenonly. The study lacked

outdoormeasurement, whiotould affect the indoor air.
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10. CONCLUSIONBND POLICY IMPLICATIONS

10.1. Conclusions

Objective I:

1 Primary energy source for cooking the study area (8.7 in 10 householdsg¢biomass
fuel for cooking
This study explored nearly, one in ten under five children were identified with ARI case.
Biomass fuel sources haa effect on acquiring of ARI.
Poorly venthoag esl wiotultessthan 2nyears afoldbisth interval,
unemployed mottr and child living with a family of more than five werisk factors fo

the development of child ARI.
Objective Il and IlI

1 Regarding HAP, theoncentration of PMsand CO were much more exceeded than the
WHO AQG valuesand USEPA.

1 PMsand CO emissianin our study were slightly lower than other simstudies;the
overall concentration igenerallyunacceptable.

1 The type of fueluse, type of stove use and longer time spent in cookasgstatistically
significant with highemissionf PM_s.

91 Similarly, lower number of rooms, doors and windows of the house, biomass fuel use,
cooking inside the house and poorly ventilated howvsesrded higheconcentratiorof
COin the house
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10.2. Policy and program implications

The Federal Democratic Republic afhipia constitutionstatesfithe right to clean and healthy
environment to peopleshence,environmental and pollution control proclamatipm®using
policy, energy supply policgnd health policy are established, however household air pollution is
not addessed in each policie€urrently, the country is demanding the national household air
pollution policy, national air quality guideline aneular monitoring and measuremepitstocol

of householdair pollutants Therefore, this dissertation result cdmited in evidences of the
problem and possible recommendatioRsoviding alternative energy sources, promotion of
grid/nongrid electrification, promotion of cleaner cooking fuels and clean cook stoves and
supplying other energy sources with governmeibsilies to reduce biomass burniRgovision

of health services and education in preventive measures of -nefalidxd problemsgandard

housing {(mprovedhouse desigmjevelopmenand promadbn for inhabitant@are commendable
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11. RECOMMENDATIO
To Ministry of Water, Irrigation and Energy:

V Supplyingimprovedcookstovesbiogas technology, solar power and LPGtgdew income
households with government financiabsigdy and longterm loan
V  Promote and support private energy providing sectors

To the local town administration, housng and urban construction office:

Promote clean fuel use and improwemk stove
Support sectors who are working on low cost energylgiggators.

Support gplatform of producing: s efrieaddy andimproved cook stoss

< < < <

Introducebetter house desigrfmodel house}o the community, which containginimum
criteria of betterhouseconstruction;promote a separate kitchen, to incorporate a sufficient
number of windows and rooms in the house inlding run

To the local tovn health department:

V Raise community level awarenega IEC/BCC aboutthe health problems related to biomass
smoke preventive measures of AR| asthall sized childthe importance of house ventilation
and family planning programs.

V Aware nothers about thhealth riskof engaging and carry child in the bagkile cooking.

V Design health initiative@campaign)and promote opening of doors and windows.

To policy makersof Ministry of Health and Environmental protection agency

Incorporating household air potion as one package of health extension program

The need to develop and implement emission control programs

Incorporatinghousehold air pollutiomn national health policy

National air quality standarfigiidelinesshould be developed.

To researchers: f@ further research directions

V Further research is required to determine the level of household air pollution from biomass
fuels using more direct measures of expostifgersonal level

V Research on household air pollution considering seasonal variatifunsl oise
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Background. Acute respiratory tract infection is the most common illness in childhood. Ninety-five percent (99% of rural and 80%
of urban) of households in Ethiopia primarily use solid fuel for cooking. This study investigated the effect of household fuel use
and house ventilation on acute respiratory infection in children, Wolaita-Sodo, Southern Ethiopia. Methods. A community based
case-control study design was used, covering a sample of 1144 children with ratio of 1: 3 (286 cases and 858 controls) aged between
0 and 59 months. A case was defined as a child who suffered from cough, followed by short, rapid breathing in the last two weeks
that preceded the survey, while control was defined as a child who had not any of the respiratory infection signs and symptoms.
Study subjects were recruited after a census from households. Data were entered using EpiData version 3.1 and analyzed using SPSS
version 21, Results. The proportion of children aged 1-3 years and 3-5 years was 76% and 24%, respectively. Two-thirds of children
lived in households that used solid fuels for cooking (charcoal 62.76% and biomass 24.73%). The majority of households (83%) used
open/ftraditional three-stone stoves. Unclean fuel users for cooking (AOR = 2.09, 95% CI 1.03-4.22), poorly ventilated houses (AOR
= 4.32, 95% CI 2.61-715), large family size (AOR = L85, 95% CI 1.31-2.62), and carrying of a child while cooking (AOR = 1.66, 95%
CI1.18-2.34) were significant risk factors of acute respiratory infection in children under five. Conclusions. Children from houses of
unclean fuel sources and poorly ventilated houses were more likely to be affected by acute respiratory infection. Using clean energy
sources and improved stoves is highly suggested.

1. Background

The entire world used solid fuels (biomass and coal) for cook-
ing more than a century; now more than 60% use gas and/or
electricity-fuels that are basically clean at use [1]. Households
burn such solid fuels in inefficient devices and in poorly venti-
lated kitchens. These result in very high exposures to multiple
toxic products of incomplete combustion [2-4]. People in
developing countries are commonly exposed to very high
levels of pollution for 3-7 hours daily over many years [5].
Most of daily exposures to household air pollution (HAP)
are because of the greater amount of time spent in household
and the higher pollution levels of households [6]. HAP varies

depending on the type of fuel, stove, housing characteristics,
fuel moisture content, the practice of the people using the
stoves, and the stove technology [7]. Unclean fuels are often
burned in inefficient, poorly vented combustion devices. The
incomplete combustion of these solid fuels results in much of
the fuel energy being emitted as potentially toxic pollutants
[8]. Biomass fuel combustion results in severe household air
pollution and has been associated with increased risk for
acute lower respiratory tract infections [9]. The incidence of
ARI was higher in children who live in houses where biomass
fuel was used and who accompanied their mothers while
cooking compared with children living in houses [10]. The
odds of having suffered from ARI were large with woodstoves
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homes relative to charcoal stoves [11]. An exposure to indoor
air pollution was risk factor for severe lower acute respiratory
infections in children [12].

A study in Ghana indicated that 99% of the households
used biomass as their primary fuel, 55% cooked outdoors,
and 77% cooked on traditional fires [13]. According to 2016
Ethiopian Demographic and Health Survey (EDHS) report,
93% (70.6% of urban and 98.8% of rural) of households use
solid fuel as a primarily source of energy for cooking [14]. A
study in Gondar and Addis Ababa revealed that 54.7% and
60% of the children lived in households using biomass fuels,
respectively; furthermore biomass fuel users were more likely
to have ARI in children than clean fuel users in both studies
[15, 16].

Culturally, in Ethiopia women are expected to cook foods,
care for children, and serve their families. Women carry their
child on their back while cooking and children spent hours
close to cooking fire with their mother and consequently have
high exposures to health-damaging pollutants. The housing
design and structures of houses in Ethiopia are not suitable
in ways that can exhaust household air pollutants; as a
result, incomplete combustion of fuels and poor ventilation
result in high household concentrations of health-damaging
pollutants and women and young children are exposed to
high level of household air pollution every day. Hence, the
aim of this study was to investigate the effects of household
fuel use and house ventilation on acute respiratory infection
in children in Wolaita-Sodo, Southern Ethiopia.

2. Methods

2.1 Study Context. The study was conducted in Wolaita-Sodo
town in February 2017 Wolaita-Sodo town is located 329
kilometers away from Addis Ababa. The town has three sub-
cities and 11 districts with a population of 111,616 and 22,777
households. The number of women whose age is between 15
and 49 years was 3829; and the number of children under five
was 17,421, The town has one private and one government
hospital. There are health centers, private clinics, and drug
vendors. Sources of fuels used for cooking in the households
of Wolaita-Sodo town are firewood 94.6%, charcoal 96.6%,
kerosene 11.5%, electricity 14.2%, crop residue 2.02%, dung
cake 6%, and saw dust 23.7% [17].

2.2, Study Design. A community based unmatched case-
control study design was used to ascertain the relationship
between unclean fuel source used for cooking and acute res-
piratory infection in children aged between 0 and 5% months.

2.3. Study Population. All children under five in the selected
districts were source population. The study population was
the selected children under five whose age was between 0
and 59 months paired with their mother or care giver, who
were living in Wolaita-Sodo town. Eligibility criteria were
availability of a child to be screened for ARI, residents of
Wolaita-Sodo town (living at least six months in Wolaita-
Sodo town), and one child per household only. The study
excluded a mother or care giver of a child who was seriously
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ill during data collection or a child who was on treatment for
confirmed tuberculosis.

2.4, Selection of Cases and Controls. The presence of ARI
cases in children was assessed by interviewing of their moth-
ers or care givers using WHO criteria of ARI case definition.
This is in agreement with existing literatures [18, 19]. During
the census, those children who fulfilled the WHO criteria
of ARI were reconfirmed by the supervisors using the same
criteria. Control was defined, if a child had not any acute
respiratory infection sign and symptoms.

2.5. Sample Size and Sampling Procedure. The sample size
calculation was determined based on two-population propor-
tion formula accounting for unmatched case-control study
design. The design considered a confidence level of 95% and
power of 80% and ratio of case-to-control number was 1: 3,
and the least extreme odds ratio to be detected was 2.00. A
proportion of controls with biomass fuel exposure (174%)
were taken from a study conducted in rural area of Nepal
[5]. Based on the above assumptions, the sample size was
calculated by the Open Epi Version 3.03 (Open source Epi-
demiologic Statistics for Public Health). Having considered a
design effect of 2 and a 10% of nonrespondent rate, the final
sample size was 1148 (i.e., 287 cases and 861 controls).

The town has three subcities, with a total of 11 districts. Six
districts were selected randomly. The selected districts were
clusters with assumption of homogenous characteristics.
Census was conducted in the selected districts in order to
enumerate the number of children, as cases and controls, code
households, and setting sampling frame. Based on the census
data, all sample sizes (1148 households) were allocated based
on Probability Proportional to Size (PPS) of the population
in each selected district. Then, each household was selected
using Systematic Random Sampling (SRS) technique, at the
interval of every other case child. When the case child had
been once selected, then the next three consecutive control’s
households were interviewed. If there were two children
under five in the same house, one child was selected randomly
using lottery method.

2.6. Data Collection Procedures and Tools. Interviewer ad-
ministered face-to-face interview was conducted using a
close-ended structured questionnaire that contains sociode-
mographic variables, the exposure related questions, fuel use,
stove type, housing characteristics, type of kitchen, cooking
practice, smoking history (smoking status, pack-years of
smoking, and second-hand smoke), occupational history,
and medical history. The questionnaire was adopted from
WHO and Demographic and Health Survey (DHS) questions
to meet the context of the study area [20].

Data collectors were public health officers who were
trained for three days on the content of the questionnaire,
how to screen and refer sick children to a clinic. Each data
collector did 5-7 households pretesting of the questionnaire.
Based on the pretest input, the questionnaire was restructured
and remodified. Two supervisors (M.S. in Public Health) were
employed who took similar training to data collectors and
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their role was to supervise the completeness, accuracy, and
consistency of data and reconfirm cases.

2.7 Operational Definition

Acute Respiratory fnferﬁan {ARI). This includes a child who
suffered from cough, followed by short, rapid breathing in the
last two weeks that preceded the survey [21].

Improved Water Source. This includes a piped source within
the dwelling, yard, or plot; a public tap/stand pipe, or bore-
hole; a protected well; spring water and rainwater [14].

Level of House Ventilation. This includes the following: good
(a house with more than one door and one window),
moderate (a house with one door and one window), and poor
{a house with only one door and no window).

2.4 Data Management and Analysis. The collected data were
reviewed and checked for completeness by the supervisors
and principal investigators. Completed questionnaire was
coded and entered into computer software program, EpiData
version 3.1. Data cleaning and analysis were done using SP5S
version 21. Significantly associated variables in unconditional
bivariate logistic analysis were entered into a multivariable
analysis using Enter Method of Regression. Each variable was
tested for collinearity (at Variance Inflation Factor < 10 and
Tolerance Test = (.1) prior to multivariate analysis. Hosmer-
Lemeshow goodness-of-fit test was used in multivariable
analysis to check the adequacy of the model. In both analyses,
the cut-off point for P value was <0.05. Finally, data were
presented in tables and narration.

2.9 Data Quality Assurance. During the census and data col-
lection time, houses were labeled with a code number and the
code was recorded on the questionnaire. Regular supervision
and follow-up were made by supervisors and the principal
investigator. To ensure the quality of data, high emphasis was
given in designing data collection instrument. Prior to the
data collection pretest was made on 60 households which
accounted for 5% of the total sample size in nonselected
districts. ARI cases were screened by data collectors using
WHO case definition. Cases were verified by supervisors by
asking similar questions to the mothers and care takers.

2.10. Ethical Consideration. Ethical clearance to undertake
the study was obtained from Addis Ababa University, Col-
lege of Health Sciences, Institutional Review Board Office.
Informed consent to participate in the study was obtained
before conducting the interview. For this, one-page subject
information sheet and informed consent letter were attached
to each questionnaire. Participation was in voluntary manner
and private information was confidential. Participants were
informed that participating in this research has no any risk
or harm to the child as well as to the whole family too. The
right of the respondent to withdraw from the interview or not
to participate was respected. All children who suffered from
ARl in the course of the screening period were referred to the
nearby health facility for appropriate medical attention.

3. Results

3.1 Sociodemographic Characteristics. A total of 1144 children
(286 cases and 858 controls) were included in the study with
response rate of 99.6%. The mean age of the mother was
26.89 1 6.0 years. Two hundred ten (18.36%) of mothers were
employed, while 544 (4755%) were housewives. Eight hun-
dred thirty-one (72.6%) of the households had a family of 5
or less (Table 1).

3.2 Maternal and Child Related Variables. Children were
relatively equally distributed by age. The mean age of the chil-
dren was 24.15 + 14.98 months. The largest age group of 330
(28.86%) were between 12 and 23 months. Males accounted
for 606 (52.97%) of the total children. Almost half of the
children, 642 (56.1%) of children, had a birth interval less
than or equal to two years. Seven hundred forty-five (65.12%)
of children shared their bed room with two people (Table 2).

3.3, Kitchen and House Characteristics. About 712 (62.23%)
of households had a kitchen separated from the main house,
while 351 (30.68%) of households had kitchen inside the living
house. Only, 417 (58.5%) of the kitchen had no chimney; 666
(93.54%) did not open windows during the cooking time.
About 508 (44.4%) of children lived in the house of one
window (Table 3).

3.4. Type of Fuel, Stove, and Home Practice. Almost two-
thirds of children live in households that used polluting fuel
for cooking, charcoal 718 (62.76%), followed by biomass fuel
283 (24.73%); that is, only 143 (12.5%) of the households used
clean fuel energy, such as electricity, biogas, and Liquefied
Petroleum Gas (LPG). The majority, 950 (83.04%), of the
households used openftraditional three-stone stoves. Five
hundred fifty-two (44.75%) of the respondents spent at
least 2 hours per day in cooking foods. Only one-third of
the children were present around the cooking stove while
mothers were cooking meal. Almost less than one-third of
children had a habit of being carried by their mothers or care
giver while cooking meal (Table 4).

3.5. Bivariate and Multivariate Analysis. Predictor variables
of acute respiratory infection in children under five were
analyzed using binary logistic regression, and hence signifi-
cantly associated variables in bivariate analysis were entered
to the multivariable logistic regression model. Unclean fuels
{biomass fuel and charcoal) used for cooking showed a sig-
nificant effect on children ARI as compared to unclean fuels
(electricity, LPG, and biogas) (OR: 2.09; 95% CI 1.03-4.22).
The odds of ARI were four times higher in children who were
living in poorly ventilated houses (only one room, one door,
and no window) than living in houses having good ventilation
{more than two rooms, doors, and windows) {(OQR: 4.32; 95%
CI 2.61=715). The odds of ARI in children were nearly twice
higher in households with family members of more than five
than they were in family members of five or less (OR L85;
95% CI 1.31-2.62). Children being carried on the back of their
mother showed a more significant association than those who
had never been carried (OR 1.66; 95% CI 1.18=2.34) (Table 5).
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TasLE 1: Relationship between sociodemographic characteristics of households in AR Wolaita-Sodo, Ethiopia, February 2017 (n = 1144).

Sociodemographic characteristics Case, n (%) Control, 1 (%) Total, r (%)
Mother age
15-24 years 94 (272) 252 (72.8) 346 (30.24)
2544 years 189 (24.2) 592 (75.8) 781 (68.26)
45+ years 3(176) 14 (82.4) 17 (L48)
Educational status of the mother
No education 98 (3.6) 33 (20.4) 331 (28.9)
Primary level 109 (33.4) 217 (66.6) 326 (28.50)
Secondary level 46 (18.7) 200 (81.3) 246 (215)
Higher level 33(13.7) 208 (86.3) 241 (2L07)
Employment
Employed 30 (14.3) 180 (85.7) 210 (18.36)
Petty trade 37 (18) 168 (82) 205 (1792)
Unemployed 61(5.3) 124 (10.8) 185 (16.2)
Housewife 158 (29) 386 (71) 544 (4755)
Family size
<5 families 190 (22.9) 641 (771) 831 (72.6)
»5 families 96 (30.7) 217 (69.3) 313 (274)
Main drinking water source
Improved 264 (23.1) 817 (71.4) 1081 (94.5)
Nonimproved 264 (23.1) 41 (3.6) 63 (5.5)
The type of latrine
No latrine 10 (20) 40 (30) 50 (4.37)
Pit latrine 246 (25.3) 726 (74.7) 972 (84.96)
VIPL 31 (22.1) 74 (779) 95 (8.3)
Water pouring 9(333) 18 (66.7) 27 (2.38)
4. Discussion The number of doors and windows is pertinent in improv-

Biomass and charcoal fuel are chief sources of fuel by almost
all participant households’ in this study. From the results,
the main type of cooking fuel in the household was analyzed
against children ARI Unclean fuel users showed a significant
effect on children ARI as compared to clean fuel users for
cooking. This study result was in line with previous studies.
Biomass cooking fuel was significantly associated with acute
lower respiratory tract infection in India (OR 4.73, 95% CI
L67-13.45) [9]; the incidence of ARI was higher in children
living in houses where biomass fuel was used for cooking
(RR 15, 95% CI 1.2-19) [10] and in a study of systematic
review and meta-analysis, the overall pooled odds ratio of
unprocessed fuel use and risk of pneumonia was (OR 178,
95% CI 1.45=2.18) [22]. Generally, children from biomass fuel
user households were more likely to suffer from ARI than
clean fuel users. The reason could be that biomass fuel and
charcoal emit small sized particulate matter which is able
to deposit in the lungs. Deposited particulate matters may
alter airway reactivity to antigens or affect the ability of the
lungs to handle bacteria, suggesting that exposure may result
in enhanced susceptibility to microbial infection [4]. This
implies that if children were exposed to biomass and charcoal
fuel, they would have higher chance of getting ARL

ing house ventilation and also associated with children ARL
The odds of ARI in children who are living in poorly
ventilated houses were four times higher than living in houses
that had good ventilation. This study was consistent with the
study conducted in slum areas of Addis Ababa, with odds
ratio of 2.96 (95% Cl: 1.38=3.87) in the study houses [16]. This
indicated that smokes from poorly ventilated houses could
lead to higher chance of exposing the child.

A habit of carrying children on the back of mothers was
linked to children ARI; the odds of ARI were twice higher
in children who had been carried on the back while cooking
than those who had never been carried. This was similar
to the study done in Gondar, 2.68 (95% CI: 1.12-6.48) [15],
in Addis Ababa, 1.78 (95% CI: 1L.09-2.87) [18]. Both studies
revealed that a child who had been carried on the back of
mothers while cooking had more risk of developing ARL
Carrying child on the back of mothers while cooking is a deep
rooted culture in Ethiopia, where women are responsible
for taking care of their children and preparing meal to the
family. In this study, women spent much time in cooking
to serve the family, with the mean and standard deviation
of 2.24 + 1.06 hours, which was consistent with the study
of Taylor and Nakai, where women spent 1=3 hours in the
kitchen [11], and the study of Clark et al. depicted that women
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TaBLE 2: Relationship between maternal and child related variables in ARIL Wolaita-Sodo, Southern Ethiopia, February 2017 (n = 1144).

Characteristics Case, n (%) Control, nn (%) Total, n (%)
Sex of the child

Male 145 (23.9) 461 (To.1) 606 (53)

Female 141 (26.2) 397 (73.8) 538 (47)
Child age

0-11 months 62 (22.1) 219 (779) 281(24.6)

12-23 months 99 (30) 231 (70) 330(28.8)

24-35 months 57(22) 202 (78) 259 (22.6)

36-47 months 43 (25) 129 (75) 172 (15)

48-5% months 25(24.5) 77(75.5) 102 (8.9)
ANC follow-up

Yes 274 (24.8) 832 (75.2) 1106 ($6.68)

Mo 12 (3L6) 26 (68.4) 38(3.32)
Birth interval

»=0 years 177 (72.4) 465 (276) 642 (56.1)

»2 years 109 (21.7) 393 (74.3) 502 (43.9)
Child schooling

Yes 60 (29.6) 143 (70.4) 203 (17.74)

Mo 226 (24) 715 (7a) 941 (82.25)
Bedroom shared with the child

1 person 48 (23.4) 157 (76.6) 205 (17.91)

2 persons 186 (25) 559 (75) 745 (65.12)

»=3 persons 52 (26.8) 142 (73.2) 194 (16.95)
Breastfeeding started time

Within 1 hour 214 (24.8) 650 (75.2) 864 (8771)

Within 24 hours 25(24.8) 76 (75.2) 101 (10.25)

>24 hours 7 (35) 13 (65) 20 (2)
spent a long time in cooking activities with a mean and 5. Limitations of the Study

standard deviation of 6.5 + 4.3 hours in a day [23]. Both
studies revealed that ARI prevalence appears to increase with
increase in time spent in kitchens. This implies that if children
stayed on the back of their mother for longer period, child
would have equal level of smoke exposure as their mothers
do.

In terms of the household’s family size, the odds of ARI
in children were twice higher in households with a family
member of more than five than they were in a family member
of five or less. The result of this study was in agreement
with the study done in central India, where 53.2% of cases
with history of overcrowding in family had a high risk of
ARI compared to the control group, 22.8% (P < 0.0001,
OR = 3.84) [24]; in Nigeria, a family size of more than 5
siblings living in a home was shown to affect significantly the
prevalence of pneumonia [25)], and a systematic study with
meta-analysis revealed that crowding of a house (more than
7 persons in a household or more than 2 persons per room) is
a risk factor for severe acute lower respiratory infection [12].
The implication of large family sizes was that the crowding
of a house affects the health of inhabitants with high chance
of transmission of droplets of infective organisms between
them.

The study lacked individual exposure measurements of spe-
cific pollutants like particulate matter, carbon monoxide, and
others. This research also might have suffered a recall bias
as case-control studies are inherent with this type of bias.
The research team tried to operationalize wvariables, used
appropriate and professional data collectors and supervisors,
and used standard method of classifications of cases and
controls.

6. Conclusion

Unclean fuel source, primarily biomass fuel and charcoal, had
an effect on acquiring of ARL Carrying child on the back
during cooking time and child living with a family of more
than five were determinant factors for the development of
child ARL Therefore, the most feasible recommendation is to
distribute locally accessible and affordable clean energy sup-
ply to the community, particularly improved cook stoves. The
community should therefore be given health education on the
preventive measures of ARI, the role of biomass fuel com-
bustion, house ventilation, and family planning programs.
Mothers should be informed about the threats of engaging
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TarLE 3: Relationship between kitchen and house characteristics in ARI, Wolaita-Sodo, Ethiopia, February 2007 (n = 1144).

Kitchen and house characteristics Case, n (%) Control, rn (%) Total, n (%)
Kitchen arrangement

Inside the house 125 (35.6) 226 (64.4) 351 (30.68)

Separate building 136 (19.1) 576 (80.9) 712 (62.23)

Outdoorfopen 25(30.9) 56 (69.1) 81 (708)
Separate kitchen

Yes 136 (19.1) 576 (80.9) 712 (622)

Mo 150 (34.7) 282 (65.3) 432 (37.8)
Kitchen has a chimney

Vs 48 (18.3) 247 (83.7) 295 (41.43)

Ne 88 (221) 329 (78.9) 417 (58.58)
Floor material of kitchen

Soilfmud 127 (19.2) 533 (80.8) 660 (92.7)

Cement 9(173) 43 (827) 52(73)
Windows open during cooking?

Vs 12 (26.1) 34 (73.9) 46 (6.46)

Mo 124 (18.4) 542 (B1.4) 666 (93.54)
# of rooms

1 room 118 (34) 229 (66) 347 (30.33)

2 rooms 106 (34) 366 (775) 472 (41.25)

3+ rooms 62 (19.1) 263 (80.9) 325 (28.4)
# of windows

Mo window 22 (34.4) 42 (85.6) 64 (5.59)

1 window 159 (31.3) 349 (68.7) 508 (44.4)

2 windows 67 (17.1) 325(829) 392 (34.26)

3+ windows 38(21.0) 142 (78.9) 180 (15.73)

TaBLE 4: Relationship between fuel types, stoves, and home practices in ARL Wolaita-Sodo, Ethiopia, February 2017 (n = 1144).

Characteristics of fuel and stove types Case, n (%) Control, n (%) Total, n (%)
Type of fuel mainly used for cooking

Biomass fuel 143 (50.5) 140 (49.5) 283 (24.73)

Charcoal 122 (17) 596 (83) 718 (62.76)

Electricity 21 (14.7) 122 (85.3) 143 (12.5)
Type of fuel mainly used for cooking

Clean fuel 2 (14.7) 122 (85.3) 143 (12.5)

Nonclean fuel 265 (26.5) 736 (73.5) 1001 (875)
Type of cooking stove usually used

Open stove 258 (272) 692 (7L8) 950 (83.04)

Improved stove 11 (10.9) 90 (89.1) 101 (8.82)

Electric stove 17 (18.3) 76 (81.7) 93 (8.12)
Time spent in cooking

1 hour 66 (24.4) 205 (75.6) 271(2337)

2 hours 120 (23.4) 392 (76.0) 512 (44.8)

3+ hours 100 (277} 261 (72.3) 361 (3L6)
Child usually present during cooking

Yes 123 (32.1) 260 (679) 383 (33.47)

Ne 163 (21.4) 598 (78.8) 76l (66.52)
Habit of carrying a child while cooking

Yes 106 (34.4) 202 (65.6) 308 (26.9)

Mo 180 (215) 656 (78.5) 836 (73.07)
Family member smokes cigarette

Vs 11 (50) 11{50) 22 (1L92)

Ne 275 (24.5) 847 (755) 1122 (98.0)
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TABLE 5: Logistic regression model for ARI, Wolaita-Sode, Southern Ethiopia, February 2017,

Predictor variables Case Control AOR (95% CI) COR (95% CI)
Educational status of the mother

Iliterate o8 233 1.40 (L.05-1.86)* 0.94 (0.67-131)

Literate 188 625 100 LO0
Employment status

Employed 30 180 L00 LOO

Petty trade 37 168 1.32 (0.78-2.24) L10 (0.62-1.96)

Unemployed 61 124 2.95 (L80-4.83)" 221 (127-3.85)"

Housewife 158 386 2.46 (L60-3.77)" 197 (L23-3.15)"
Family size

=5 families 190 641 100 LO0

>5 families 96 27 1.49 (L12-1.99)* 185 (L31-262)*
Birth interval

<=2 years 177 465 137 (L04-180)" 1.41 (L03-182)*

»2 years 109 393 100 LO0
Wumber of rooms in the house

1 room 18 229 218 (153-3.11)" 146 (0.81-2.66)

2 rooms 108 366 1.22 (0.86-1.74) 115 (0.7 0-1.90)

34 rooms 62 283 100 LO0
Wumber of windows of the house

No window 2 42 1.95 (L04-3.66)" 0.77 (0.32-1.84)

1 window 159 349 1.70 {L13-255)* 0.71 (0.37-1.38)

2 windows &7 i35 0.77 (0.49-1.20) 0.51 (0.29-1.92)

3+ windows 38 142 100 LO0
Level of house ventilation

Poor 186 288 4.62 (2.92-730)" 432 (261-715)"

Moderate 75 39 137 (0.84-2.23) 158 (0.93-2.68)

Good s 179 100 LO0
Kitchen arrangement

Inside the house 125 236 1.23 (0.73-2.08) 1.54 (0.85-2.76)

Separate building 136 576 0.52 (0.31-0.87)* 0.70 (0.39-1.26)

Outdoor/open 25 56 100 LO0
Type of fuel mainly used for cooking

Clean fuel 21 122 100 LO0

Nonelean fuel 265 736 209 (1.29-339)" 2.09 (L03-4.22)*
Type of stoves usually used

Open stove 258 692 100 LO0

Improved stove 1 a0 032 (0.17-0.62)" 0.62 (0.30-1.24)

Electric stove 17 76 0.60 (0.34-1.03) 1.91 (0.87—4.20)
Child usually present during cooking

Yee 123 260 173 (L31-2.28)" 128 (0.92-1.78)

No 163 598 100 LO0
Habit of carrying a child while cooking

Yee 106 202 191 (1.44-255)" 166 (L18-234)"

No 1800 656 100 LO0
Family member smoke cigarette

Yee 1 1 3.08 (L32-718)" 1.84 (0.69—4.90)

No 275 B47 100 LO0

* indicates those that are significant at P value < 0.05; 100 indicates the reference category.
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and carry children on the back during cooking time. Further
research is required to determine the level of HAP from
biomass fuels using more direct measures of exposure.
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Abstract

Household air pollution from biomass fuel is a main cause of health problem in Ethiopia, since 93% of households use solid fuel
for cooking. Household air pollution studies are limited in Ethiopia. Therefore, we attempted to determine the level of household
fine particulate matter concentrations from cooking fuels in Wolaita Sodo town, Ethiopia. A cross-sectional study design was
used to measure particulate matter (PM, 5) in 109 kitchens in randomly selected households. The University of California
Berkeley particle monitor data logger devices were used for measuring the level of PM,; 5 for the duration of 24 h based on
the installation protocol. Descriptive statistics were used to evaluate the variation across fuel sources. Out of 109 households, 83
(76.15%) and 26 (23.85%) used predominately biomass fuel and mixed types fuel sources for cooking respectively. The overall
geometric mean of PM, s was 413.27 p.g/m3 . The magnitude of PM; 5 from biomass fuel source was a mean (SD) of 926.34 ug/
m(899.00), followed by mixed type of fuel users, 279.42 ug/m3 (216.71). The median concentration of PM, s in all monitored
houscholds was 412.55 pg/m’®. One-way ANOVA between fuel types was found to be statistically significant resulted in different
mean concentration of particulate matter for both types of fuels used in households [P < 0.001]. PM, 5 was higher than the World
Health Organization air quality guideline value. Therefore, supplying improved cook stoves and clean fuel sources is decisive

intervention.

Keywords Household air pollution - Fine particulate matter - Fuel type - Cooking fuel - Time spent

Introduction

Globally, more than 3 billion people are still relying on pol-
luting fuels for cooking, lighting, and heating. Household air
pollution is attributable to the death of 3.8 million people
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(WHO 2018). Women and young children, who spend much
time near to cooking stoves, are highly exposed (WHO 2018).
People in developing countries are commonly exposed to very
high levels of pollution for about 3—7 h daily over many years
(Ranabhat et al. 2015).

Household air pollution is a major public health threat in
developing countries requiring greatly increased efforts in the
areas of research and policy-making. The high proportion of
solid cook fuel use has been known to result in exposures to
multiple toxic products due to incomplete combustion (Legros
et al. 2009). This incomplete combustion emitted a sum of all
microscopic solid and liquid particles, of human and natural
origin, that remain suspended in a medium such as air for
some time. These particles vary greatly in size, composition,
and origin. Particulate matter less than aerodynamic diameter
2.5 um (PM,; 5) is health treating particulate matter (WHO
2005, 2006).

In India, it is also recognized that the health burden from air
pollution exposures that primarily occur in the rural indoors
due to the incomplete combustion of solid fuels (Balakrishnan
etal. 2011). Acute respiratory infection in children (Admasie
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etal. 2018b) and child size at birth (Admasie et al. 2018a) was
linked to the type of fuel sources in the households of Ethiopia
and can be considered as a neglected health burden in the
country.

Exploratory study in Palwal District, Haryana, India,
provides preliminary data on the kitchen area assessed
during cooking events were emitted PM; s concentra-
tions of mean 468 ugfm3{Mukhﬂpadhyay et al. 2012).
In rural households of India, the mean of 24-h kitchen
area concentration of PMzs in solid cook fuel using
houscholds was 609 ugfm3 which concludes that fuel
type, kitchen type, ventilation, geographical location,
and cooking duration were found to be significant pre-
dictors of PM, s concentrations in the houschold
(Balakrishnan et al. 2013). The level of housechold air
pollutants is influenced by outdoor levels, indoor
sources, the rate of exchange between indoor and out-
door air, and the characteristics and furnishings of build-
ings. It also subjected to geographical, seasonal, and
diurnal variations .

A study to estimate the exposure of PM, s for children in
Gambia revealed that exposure was highest among children
who lived in homes that used firewood (144 ug)‘m3 as their
main fuel) compared with those who used charcoal (85 pg/
m°®) and concluded that children in Gambia have relatively
high PM; 5 exposure (Dionisio et al. 2012b). In Ghana, to
examine cooking practices and kitchen area exposures to fine
particulate matter (PM, s) in cooks that using biomass fuel in
29 households, the mean 24-h integrated concentrations in the
kitchen arca were 446.8 ugfm3(Vﬂn Vliet et al. 2013).

Ethiopia is a country which 84% of the population is found
in rural areas with limited access to electric power for cooking
foods and lighting. Biomass fuel 1s exclusively used for
cooking foods and heating houses. The housing design and
structures in Ethiopia are not meant in ways that can exhaust
household air pollutants (Kumie et al. 2009). Hence, incom-
plete combustion of these fuels and poor ventilation result in
high indoor concentrations of health-damaging pollutants.

A magnitude of household air pollution from cooking fuel
use in slum areas of Addis Ababa had been assessed in a 24-h
measurement of fine particulate matter (PM 5) in 59 houses.
The result revealed with geometric mean and standard devia-
tion of 818 +3.61 ugfms. But based on the type of cooking
fuel sources, predominately solid fuel was the highest concen-
tration, 1134 +£3.36 ugfms, followed by kerosene, 637+
4.44 u.g/mj. and the least was clean fuel sources, 335+
251 u.g,’m3 (Sanbata et al. 2014a, 2014b). Another study in
Bonga, Ethiopia, reported that the average amount of PM; 5 in
12 traditional houses in 24-h duration was a mean of 22.1 (+
19.1) 1,Lg1’mJ (Pennise et al. 2009).

Level of household air pollution is influenced by the type
of cooking fuel. cooking practice, time spent on cooking, and
ventilation conditions. However, level of pollution is expected

@ Springer

to be higher, the concentration of these household air pollut-
ants 1s unknown, not regularly monitored, monitoring time
was short durations, and few studies were focused on Addis
Ababa. Consequently, filling this gap is quite helpful to design
appropriate policies and interventions that will help to tackle
the challenge. Therefore, the purpose of this study was to
determine the level of household fine particulate matter
(PM,s) concentrations from cooking fuels in Wolaita Sodo,
Ethiopia.

Methods and materials
Study context

The data collection was conducted from December 2017-
February 2018 in Wolaita Sodo town, which is situated
329 km from Addis Ababa, Ethiopia. Wolaita Sodo town is
located at 6° 49" N latitude and 39° 47" E longitude and at an
altitude of about 1900 m above sea level. According to the
2016 Wolaita zone health bureau report (Wolaita zone Health
Bureau 2016), the town has three sub-cities and 11 Kebeles
(the lowest level administrative hierarchy). Based on the 2018
Population Projection by the Central Statistics Agency (CSA)
of Ethiopia, the town has a total population of 254,294, of
whom 125,855 are men and 128,439 are women (Central
Statistical Agency 2018). Detailed study settings were de-
scribed in studies of Admasie et al. (2018a, 2018b); Tafese
and Tamre (2015).

Study design and population

A cross-sectional study design was used to assess the level and
characteristics of household PM, 5 emissions. Households in
the selected Kebeles that used primarily biomass fuel, char-
coal, and electric stoves for cooking purpose were included in
this study. Mothers were available during the survey and mon-
itoring time. Households with inconvenient kitchen for mon-
itoring devices were excluded.

Sample size and sampling techniques

The sample size of the households were calculated using con-
fidence interval estimates from sample standard deviation,
considering a recent study conducted in Gambia. Based on
the measurement result, the mean and standard deviation of
PM, 5 exposures for all subjects were 135+38 u.gfm3
(Dionisio et al. 2012a). The sample size was calculated by
assumptions of 95% confidence interval and the standard de-
viation of the outcome of interest. Estimated by the sample
standard error, a 5% precision of mean was considered to geta
sample size of 109. Among three sub-cities in the town, two
sub-cities were selected randomly. Six Kebeles were selected
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in these sub-cities. Sampled houscholds were allocated based
on probability proportional to the size of the houscholds in
each Kebele. Each houschold was selected using systematic
random sampling technique. Households were selected using
systematic random sampling techniques.

Operational definition

Mixed fuel users Households which are using both biomass
and clean fuels (electricity, liquefied petroleum gas, natural
gas, and biogas), but dominantly biomass fuel users.

House ventilation Poor ventilation (a house with only one
room, one door, and no or only one window), moderate ven-
tilation (a house with two rooms. two doors, and two win-
dows), and good ventilation (a house with three or more
rooms, doors, and windows).

Data collection tools and procedures

Two phases of data collection procedures were applied. The
first phase was to collect data on baseline information such as
socio-demographic variables, the exposure-related questions,
fuel use, stove type, housing characteristics, type of kitchen,
cooking practice, cigarette smoking history, occupational his-
tory, and medical history.

The second phase was PM, s monitoring. Household
owners were informed about the measurement protocol
(University of California-Berkeley 2005) (i.e.,duration, mea-
surement episodes, safety or precaution, starting time, ending
time, sounds and lighting of equipment). Meanwhile, obser-
vation was conducted on activity pattern, structure of the
house and kitchen, ventilation factors, and type of fuels used
for cooking. Monitoring equipment was installed for 24 h in
the kitchen. Measurement was conducted in the condition of
routine cooking practice, or the cook was not insisted to cook
without their schedule.

The PM; s was measured using optical analyzer of the
University of California Barkley particle monitor (UCB-
PM). It is a portable and battery-operated device.
Monitoring was done based on the device’s standard op-
erating procedures. The UCB-PM has software designed
to its purpose (Smith 2010: University of California-
Berkeley 2005). The UCB particle monitor is not a new
device, rather it was used for monitoring of particulate
matter (PM,s) in a 24-h duration in different countries
for the research purpose since 2005 (Arnez et al. 2008;
Pennise et al. 2009; Sanbata et al. 2014b). Monitoring in
selected kitchens was conducted for 24 h at logging inter-
val of 1min, with sampling of every 30 s. The results were
reported in the units of micrograms per cubic meter of air,
u.g/mj. Five UCB-PM loggers were used; one is reserved
for control, while other four were for monitoring purpose

for devices. The UCB-PMs were produced and calibrated
in the household air pollution laboratory at the University
of California-Berkeley. The chamber of the photoelectric
detector was cleaned with isopropyl alcohol after sam-
pling of every ten households.

Particle monitoring equipment was positioned in
kitchens in accordance with the standard placement pro-
tocols. The device was placed approximately 100 cm
away from the edge of the combustion zone (the edge of
the active cooking stove); at a height of 145 cm above the
floor (this height relates to the approximate breathing
zone of a standing woman); and at least 150 cm away
(horizontally) from any openable doors and windows
(University of Califorma Berkeley 2005) (Fig. 1).

One supervisor and two environmental health profes-
sional data collectors were recruited. Two days of training
on the content of the questionnaire, how to approach
household owners and how to measure pollutants in the
house were provided. Each data collector did 5-7 pretests
to check the data collection procedures. The supervisor
and principal investigator supervised the completeness,
accuracy, and consistency of data. The filled questionnaire
and air sampling formats were collected and signed after
it was checked for any missing value, correctness, and
consistency.

Data quality assurance

Houses were labeled with a unique code number and the
code was recorded on the questionnaire and air sampling
format. Regular supervision and follow-up were made by
the principal investigator. Training was given to data col-
lectors about how to mounting and uninstalling the mon-
itoring devices in the kitchen. All monitoring devices
were calibrated at the manufacturing places before ship-
ping to Ethiopia. UCB-PM devices were validated by the
Ultrasonic Personal Aerosol Sampler (UPAS). UPAS de-
vices are working in gravimetric analysis of the mass of
particulate matters. It was measured in a data quality test
schedule with similar setting and standard operating pro-
cedures (SOP). The results were compared with each oth-
er devices. The concentration of UCB-PM was higher
than that of the UPAS data. Hence, a coefficient factors
was developed. The values of UCB-PM were multiplied
by the correction factor to get the estimation.

UCB PM correction factor

~ UPAS PM, sConcentration (/)
"~ UCB PM PM; sConcentration ("%/, ;)

Daily configuration before and after sampling was done
according to the protocol. The SOPs of the instruments were
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Fig. 1 Placement position of
particulate matter monitoring
device in the kitchen area

Drawing: Amha Admasie

strictly followed for the conduct of the research activities.
Data sheet used to record the household code and address,
date and time of start, devices code, date and end time, and
any remarks during the monitoring duration. Daily backup of
stored data into the computer program from all loggers was
done. To check consistencies of each device, 24-h time
weighted average concentrations of each UCB-PM devices
were compared with each other in the same kitchen at the
same time. The value of Cronbach’s alpha () for all devices
was 0.976 and the Pearson correlation coefficients of each
device against the other ranges from 0.75 to 0.98.

Data management and analysis

The collected data was checked, cleaned, coded, and entered
into computer software program for analysis, in Epi Info
7.1.2.0, SPSS 20 and the PM, 5 data were downloaded to
UCB Monitor Manager software (Version 2.1.3).
Kolmogorov-Smirnov and Shapiro-Wilk arithmetic test of
normality were checked and later the data was transformed
to logarithm. Mean, standard deviation, median, percentiles,
minimum and maximum values, and analysis of variance
(ANOVA) for different fuel sources were analyzed. The cor-
relation test between categorical variables and level of con-
centrations of particulate matter was analyzed using the “eta
statistics.” The level of PM, s data was compared with the
World Health Organization (WHO) Air Quality Guideline
(AQQG) values.

Data availability The datasets used and/or analyzed during the

current study are available from the corresponding author on
reasonable request.
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Results

Households were classified into two categories based on the
type of fuels used for cooking. Out of 109 households, 83
(76.15%) were biomass fuel users, the remaining 26
(23.85%) were mixed type fuel users for cooking.

Sociodemographic characteristics

The type of fuel used for cooking was significantly associated
at P value <0.05 with mothers’ education level, employment
status of mothers’, monthly income of the household, and
house ownership (Table 1).

Cooking place characteristics

The type of fuel used for cooking was significantly associated
at P value < 0.05 with number of rooms, doors, and windows
of the house, type of stoves used, and level of house ventila-
tion while cooking place, time spent in cooking, and baking
bread/injera were not significantly associated with type of fuel
used for cooking (Table 2).

Concentration of PM, s

The geometric mean concentration of PM, 5 in all monitored
households was 413.27 pg/m’. The arithmetic mean of PM, 5
in all monitored households was 772.03 u.g/m3 (SD=837.39)
with 95% CI 613.04, 931.01. The magnitude of PM, 5 was
different for different fuel sources, which was higher in bio-
mass fuel users accounting 926.34 ug/m® (SD = 899.00) and
followed by mixed type of fuel users which accounted to
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Table 1 Relationship between sociodemographic variables and type of fuels for cooking, Wolaita Sodo, Ethiopia, 2018

Sociodemographic variables Type of fuel for cooking Total Chi-squared (P value)
Biomass Mixed

Education status No Education 1(4.8) 20(95.2) 21(19.3) 22.69 (< 0.001)
Primary level 4(11.1) 29 (88.9) 36(33)
Secondary level 4(20.0) 16 (80.0) 20(18.3)
Higher level 17 (53.1) 15 (46.9) 32(294)

Employment status Employed 13 (48.1) 14 (51.9) 27 (24.8) 12.31 (0.006)
Petty trade 4(18.2) 18 (81.8) 22(20.2)
Unemployed 4(2L.1) 15(78.9) 19(17.4)
Housewife 5(12.2) 36 (87.8) 41 (37.6)

Family size <5 Families 17(22.7) 58(77.3) 75 (68.8) 0.186 (0.666)
=5 Families 9(26.5) 25(73.5) 34(31.2)

Monthly income for the household < 1000 Burr 2(6.3) 30(93.7) 32(294) 48.35 (< 0.001)
10003000 Bimr 3(83) 33 (81.7) 36(33)
3001-5000 Bir 5(22.7) 17(77.3) 22(20.2)
> 5000 Birr 16(34.2) 3(15.8) 19(17.4)

House ownership Own house 21(32.3) 44 (67.7) 65 (59.6) 6.33(0.012)
Rent house 5(114) 39 (88.6) 44 (40.4)

279.42 pg/m® (SD=216.71). The median concentration of
PMs 5 in all monitored houscholds was 412.55 ugfmj. In the
mixed type of fuel use, the electric stove users were contrib-

uted in reduction of household air pollution. One-way

ANOVA between fuel types was found to be statistically

Table 2  Relationship between house and kitchen characteristics with types of stoves in Wolaita Sodo, Ethiopia, 2018

significant resulted in different mean concentration of partic-
ulate matter for both type of fuels used in houscholds [F(1,
107) = 13.44, P=10.000] (Table 3).

A 24-h mean PM, 5 concentration was presented in boxplot
graph. The graph indicated that the biomass fuel users had a

House and kitchen variables Type of cooking fuels Total (Chi-square) P value
(n=109)
Biomass Mixed

Number of rooms of the house 1 room 18 (90) 2(10) 20(18.3) 5.69 (0.058)
2 rooms 32(82.1) T(179) 39 (35.8)
3 + rooms 33 (66) 17(34) 50 (45.9)

Number of doors of the house 1 door 30(93.7) 2(6.3) 32(29.4) 15.01 (0.001)
2 doors 27(84.4) 5(15.6) 32(29.4)
3 + doors 26 (57.8) 19(42.2) 45(41.3)

Number of windows of the house 1 window 32(94.1) 2(59) 34(31.2) 30.61 (0.000)
2 windows 31(939) 2(6.1) 33(30.3)
3 + windows 20(47.6) 22(52.4) 42 (38.5)

Cooking place Inside the house 37(67.3) 18(32.7) 55 (50.5) 4.81 (0.028)
Separate kitchen 46 (85.2) B (14.8) 54 (49.5)

Type of stoves Open stove T8 (89.7) 9(10.3) 87 (79.8) 4330 (0.000)
Improved 5(22.7) 17(77.3) 22(20.2)

Time spent in cooking lh 12 (70.6) 5(29.4) 17 (15.6) 3.4700.176)
2h 49 (83.1) 10(16.9) 59 (54.1)
=3h 22 (66.7) 11(33.3) 33 (30.3)

Baking injera Yes 67(74.4) 23(25.6) 90 (82.6) 0.82 (0.364)
No 16 (84.2) 3(158) 19(17.4)

Level of house ventilation Poor 37(974) 1(2.6) 38 (34.86) 14.96 (0.001)
Moderate 22 (68.7) 10(31.3) 32(29.35)
Good 24 (51.5) 15(38.5) 39(35.77)
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Table 3 Average magnitude of

particulate matter, PM, 5 (ug/m®), Statistics All types of fuels Biomass Mixed

in households of Wolaita Sodo,

Ethiopia, 2018 No. of HHs (% of total) 109 (100%) 83 (76.14%) 26 (23.9%)
Arithmetic mean (SD) 77203 (837.39) 926.34 (899.00) 27942 (216.71)
95% CI for the mean (613.04, 931.01) (730.04, 1122.64) (191.88, 366.95)
Geometric mean 41327 531.49 185.12
Median 41255 589.97 230.90
Maximum 4161.82 4161.82 928.15
Minimum 5.50 550 5.50
Range 4156.32 4156.32 922.65
25th percentiles 189.15 240.82 117.07
75th percentiles 1085.94 1355.47 388.05
95th percentiles 2622.94 2821.37 82336

higher mean of particulate matter than the mixed type of fuel
users (Fig. 2).

The 24-h mean PM, s concentrations were varied ac-
cording to the number of doors and windows of the house,
it was least in more than three door and three window
houses than one door and one window houses, respective-
ly. Those who used a separate kitchen for cooking showed
slightly higher concentration of PM; s than those who
used inside the house. Improved stoves had lower emis-
sions than the open stoves. Those who spent 3 h or more
in cooking indicated higher emissions of PM, s than
spending 2 h or less in cooking. As to the level of house
ventilation, adequately ventilated houses showed least
emissions of PM, s than moderately or poorly ventilated
houses. The correlation test between variables and level of
concentrations of particulate matter was analyzed using
the “Eta statistics.” The Eta square is to explain the level
of concentration in terms of a given variable. Based on
these, all variables were poorly associated with the level
of particulate matter. Therefore, the Eta values for all

5000.00

3000.00-] 8

PM2.5 Concentration (pg/m3)

100,00 ®

== |

T
e fuel Eiomats

Type of cooking fuels

Fig. 2 A boxplot showing mean concentration of PM; 5 in different fuel
types for cooking, Wolaita Sodo, Ethiopia, 2018
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variables were close to zero indicating no strong associa-
tion between these variables (Table 4).

Discussion

The overall geometric mean of the of PM; 5 in Wolaita Sodo
town households was 413.27 ug/m3. while the arithmetic
mean (SD) concentration of PM, 5 was 772.03 pg/
m>(837.39). The magnitude of PM, 5 was different for differ-
ent fuel sources, the highest was among biomass fuel users,
531.49 ug/m® and followed by mixed fuel users, 185.12 ug/
.

According to the WHO AQG values, PM» s for 24-h geo-
metric mean level in houses should not exceed 25 pg/m®
(WHO 2005, 2006); WHO Interim Target-1 (IT-1) is 75 pg/
m’, WHO Interim Target-2 (IT-2) is 50 pg/m’®, and WHO
Interim Target-3 (IT-3) is 37.5 pg/m® (WHO 2005, 2006).
Our study result indicated excessively higher than the WHO
air quality guideline values and the WHO IT-1, IT-2, and IT-3
values. The geometric mean concentration level of biomass
fuel users was 531.49 pg/m®, which was 21 times higher than
the WHO AQG values of a 24-h mean level. and the mixed
type of fuel users was 185.12 ug!ms, which was sevenfold
higher than the WHO AQG values for a 24-h mean level.
Domestic household air quality levels associated with biomass
fuel combustion in Nepal exceeded WHO household air qual-
ity standards and are in the hazardous range for human health
(Bartington et al. 2017). In Nablus city of West Bank,
Palestine, the annual averages of PM, s concentrations were
found to be at least three times higher than that of the
European Air Quality Standards in indoors (Jodeh etal. 2018).

This study was compared with a study conducted in Shero-
Meda area of Addis Ababa, Ethiopia, revealed that the 24-h
particulate matter levels in the kitchens at an average of
1580 u.g/‘m3 with a geometric mean (SD) of 793.38 (1580)
ug/m®; all households exceeded the United States
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Table4 A 24-h PM, 5 concentrations in relation to house and kitchen variables, Wolaita Sodo, Ethiopia, 2018

House and kitchen variables Total PMs s (pgfmzj Efa test

Mean SD Eta value Eta square

Number of doors of the house 1 door 32 741.33 762.61 0.171 2.92%
2 doors 32 983.82 1027.82
=3 doors 45 643.25 718.94

Number of windows of the house 1 window 34 754.37 743.59 0.228 5.19%
2 windows 33 1038 1026
=3 windows 42 577.02 695.44

Type of fuel Mixed 26 279.42 216.71 0.331 10.95%
Biomass fuel 83 026.34 §99.00

Cooking place Inside the house 55 653.77 77537 0.143 2.04%
Separate kitchen 54 892.47 BR7.18

Type of stoves Open-fire stove 87 87341 893.05 0242 5.85%
Improved/electric 22 371.11 359.46

Time spent in cooking 1h 17 73253 772.75 0.023 0.0%
2h 59 772.68 843.67
=3h 33 791.20 881.34

Level of house ventilation Poor 38 904.56 959.26 0.142 2.01%
Moderate 32 793.81 735.62
Good 39 625.02 T84.47

Environmental Protection Agency standard of 35 pg/m®
(Megan 2011), the Shiro-Meda area in Addis Ababa is known
to use biomass fuels (particularly tree leaves which has higher
smoke and the area is known for its low living standard as
compared with other areas in the city. Similar study showed in
Ethiopia (Bonga and Kebribeyah refugee camps), the 24-h
PM; s was 1250 pg/ m’ (Pennise et al. 2009). The reason
could be Bonga and Kebribeyah are refugee camps which
could use exclusively biomass fuels for cooking. Our mea-
surements of a 24-h PM, s were compared with local study
conducted in slum neighborhoods of Addis Ababa city, indi-
cated that the geometric mean was 818 pg/m’® (solid fuel =
1134 pg/m’, kerosene = 637 pg/m’, and clean fuel =335 ug/
m®) (Sanbata et al. 2014b).

A state and national household concentration from solid
cook fuel use in India, a mean level was ranged from
163 pg/m’ in the living area to 609 pg/m” in the kitchen area
(Balakrishnan et al. 2013). The justification for being higher
concentration in these study areas was due to the study period,
sample size, socioeconomic, and type of devices measured in
different areas. In the previous periods, particulate matter in
general household air pollution was expected to be higher than
the current, since the urbanization and modernization lead to
the use of clean fuel sources for cooking purpose. However,
the study setting in India was a state and national level which
hardly to compare with the current study. But, our study had
slightly lower emissions as compared with a study in rural
Ghana households cooking with a mean biomass fuels of
446.8 |.|.g/m3 (Van Vliet et al. 2013); it can be explained that

however Ghana is considered more developed than Ethiopia,
but this study was conducted in rural setting and in a small
sample size at 36 households. Similarly, in Hong Kong, the
average concentrations of PM, s were 25.3+15.0 u.g/m3 in
summer and 34.2 + 19.0 ug/m® in winter, respectively. There
were ~ 50.3% of houscholds exceeding the WHO indoor air
quality standard (Tong et al. 2018). But in Nigeria, firewood-
exclusive user households resulting a median indoor PM; 5
level were 1414.4 u.gfm3 [interquartile range, 831.2-3437.0]
(Oluwole et al. 2013).

A research conducted in Peru showed that the type of fuel
used to cook had a significant effect on kitchen concentrations
of PM, 5 in Peru (Helen et al. 2015). This indicating that the
study area used other fine particulate matter emitting activities
and may use polluting fuels exclusively: moreover, the study
area was more populated and living in slum areas.

In a similar study, significantly higher concentration was
reported in the rural village of the district of Hajar of Haryana
state, India, to predict exposure levels of respirable PM, s for
the cook from combustion of cooking fuels in a 24-h measure-
ment indicating a varied concentration from 4.69 ug/m® for
gas/LPG stove to 11,000 ugfm3 for dung cake/Chula (Joon
et al. 2011), but separately for the gas, wood/Chulah, the crop
residue/Chulah, dung cake/Challah, and mix fuel/Chulah were
25.67 ug/m’, 222.69 ug/m®, 393.39 pg/m’, 774.52 ug/m® and
376.40 pg/m® respectively. The discrepancy was extremely
large as compared with our study with the maximum reported
concentration of 2408.30 u.g/m3 for the biomass fuel. This
could be due to the fact that Indian communities were more
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