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Abstract

Background: Indoor air pollution (IAP) remains a major global public health hazard more so in developing
countries where use of fossil fuels is still very common. However, despite the popularity of kerosene and fuelwood
as energy sources among many households in the Sub-Saharan Africa, little is known about their health effects and
the predisposing factors particularly on those with direct exposure. This study sought to relate indoor air pollution
exposure to self-reported prevalence of respiratory outcomes including (sputum production, congestion, breathing
difficulties, eye problems, fatigue, and headaches and wheezing) among women and children of Trans Nzoia
County, in the rural villages of western Kenya.

Methods: In this cross-sectional survey, simple random technique was used to select 251 households from 14
villages. Households were the sampling units, while the woman of the household with/or in custody of a child
aged less than 5 years old were the unit of analysis. A total of 251 women with/or in custody of a child aged less
than 5 years old took part in the study. A structured questionnaire was used to collect information on cause and
effects of IAP among women and children. Data was analyzed descriptively and inferentially. We used Poisson
generalized linear models with IAP symptoms and indoor cooking as dependent variables and household profiles
and other socio-demographics as independent variables to identify the factors that affect health outcome.

Results: Mean age of respondents was 36.49 years, (95% CI [35.5, 37.5]). Most (64.5%) houses were semi-permanent,
with 58.6% having an average kitchen size (5.6 m2). Wood and kerosene were the most preferred fuel types for
cooking (96.8%) and lighting (97.4%), respectively. Smoke from the wood was identified as the dominant (96.8%)
source of IAP. Most women (92.0%) and children (95.4%) had coughs of varying intensities during the year, while
31.5% of the women reported wheezing. About 98% of them experienced fatigued and headaches. Use of wood
fuel was associated with increased coughing (p = 0.03), phlegm (p = 0.02), wheezing (p = 0.04), eye problems (p = 0.03)
and headaches (p = 0.01) among women and children in the previous 24 h. Education level, ventilation, main fuel
source used in 24 h, indoor cooking and house type were significantly associated with IAP health effects (p ≤ 0.05).
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Conclusions: Supporting the impoverished households and increasing their level of awareness on health-effects of IAP
occasioned by use of biomass fuel while cooking indoors may be the first step in implementing a programme aimed
at reducing exposure among rural households in Trans Nzoia County, in rural parts of Western Kenya.

Keywords: Indoor air pollution, Rural villages, Kenya, Biomass fuel, Acute respiratory infection

Background
The World Health Organization recently ranked Indoor
Air Pollution (IAP) from solid fuels among the top risk
factors responsible for preventable loss of disability-
adjusted life years [1, 2]. Indoor air pollution causes an
estimated four million deaths annually across the world
with an overall attributable mortality rate among women
being about 50% higher than that of men [3–5]. Up to
70% of approximately 1.3 billion people living in poverty
are women, many of whom live in female-headed house-
holds in rural areas [6, 7]. Sadly, most of these women
are exposed to high smoke levels for prolonged periods
lasting more than 5 h daily during food preparation [8].
Indoor air pollution is a serious health hazards and is

listed as the leading environmental risk factor for female
mortality, accounting for 5% of all female deaths in the
developing world — even more than those caused by
malaria each year [8, 9]. The International Energy
Agency (IEA) [10] predicts that by 2030, 1 billion people
will still be lacking access to electricity while 2.6 billion
people will not have access to clean cooking fuel. Cur-
rently, an estimated 2.5 billion people worldwide rely on
biomass fuel including dung, wood, agricultural residues
and coal for cooking, heating and lighting [11, 12]. In
Africa, over half a billion people (representing 78% of
the population) still rely on biomass fuel for cooking and
heating [13]. In Kenya alone, more than 68% of the
population relies on biomass fuel for cooking and heat-
ing with up to 95% of the energy consumed in rural
areas being in the form of wood, agricultural residue and
animal waste [14]. Reliance on biomass fuel for cooking
by up to 84% of the Kenyan population has also been re-
ported in other studies (REN21 [15].
When used in simple cooking stoves, biomass fuels

emit substantial amounts of toxic pollutants presenting a
major health concern. In households with limited venti-
lation (as is common for many households in rural
areas), exposure levels for household members, particu-
larly women and young children who spend a substantial
duration indoors is quite high and well above the World
Health Organization (WHO) guidelines and national
standards [5, 16, 17]. Indoor air pollution (IAP) from do-
mestic biomass combustion is therefore a serious health
concern that disproportionately affect women and young
children in rural areas of low-income countries.
In Kenya, low-income households rely quite heavily on

biomass fuel for cooking and heating, resulting in high

levels of particulate matter and carbon monoxide (CO)
emission in the houses. In some instances, unacceptably
high emission levels of up to 1000 times higher than the
acceptable limit by the Environmental Protection
Agency (EPA) – PM10, which limited PM10 concentra-
tions to 50 μg/m3 based on an annual average, and
150 μg/m3 based on a 24-h average [7, 14, 18]. In many
households, most of the cooking is done by women
(main cooks), often in poorly ventilated cooking spaces
often characterized by heavy deposits of soot on the in-
side walls and roofs [19, 20].
During cooking, it is common practice to find the

women and their young children together in the kitchen;
younger ones often strapped on their backs. Prolonged
stay in such environments exposes the women and their
children to respirable suspended particles (RSP) resulting
from incomplete combustion of biomass fuel. This con-
fines women and young children at a particularly higher
risk of developing acute respiratory infection (ARI) owing
to the prolonged duration of time spent in the kitchen
compared to men [21]. Moreover, children are at a higher
risk due to their low immunity status [22].
Despite IAP resulting from smoke being a serious

cause of death among children in developing countries,
efforts to tackle childhood ARI are still minimal and
more often fall short of target. Evidence from previous
studies indicate that despite increased knowledge of ARI
and its causes especially among communities where in-
terventions have been conducted, change in behavior
and practice is yet to be realized [21, 23]. This calls for
specific actions focused at preventing further deaths
from indoor air pollution [2, 24]. Cutting down on IAP
is the first step to better respiratory health among
women and children and an effective way of reducing as-
sociated health risks. Credible empirical evidence on the
extent of IAP in rural areas of developing counties is,
therefore, a pivotal step for rapid intervention.
In a relatively cold region such as Trans Nzoia County

in Kenya [25, 26], residents have a habit of closing win-
dows and doors most of the time even when using fire-
wood as a source of fuel for cooking and warming
themselves. Such acts are likely to expose the household
occupants to IAP, more so the women and under five-
year-old children who are often closest to the cooking
stove. House structure, occupants and sources of fuels
may pose unseen health morbidity and silent mortality
unknown to policy makers. This study thus sought to
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establish the factors predisposing women and children
to IAP and their health outcomes in the rural Trans
Nzoia County, located in western parts of Kenya.

Methods
Study setting and design
This study was conducted in a rural setting within
Kaplamai location of Trans-Nzoia County in the western
part of Kenya. The location was purposely selected based
on its’ unique transcultural inhabitants with unspecified
or mixed characteristics and indefinite boundaries. The
location receives moderate to heavy rainfall throughout
the year with a peak between March and May. The main
cash crop is maize; though subsistence farming of other
food crops is practiced, alongside small scale livestock
rearing. Kaplamai location has 2 sub locations and 14
villages with an approximate population of 25,000 [27,
28]. The major source of energy for cooking, lighting
and heating in the area are based on solid fuels, includ-
ing fuel wood, charcoal, paraffin, crop chaffs and animal
cake with fuel wood expected to contribute to a larger
share in total energy supply in the region because of easy
excess to forests.
In this cross-sectional survey, households were the

sampling units and the woman of the household with/or
in custody of a child aged less than 5 years old were the
units of analysis. Households with a smoker were ex-
cluded from the study. We randomly selected 300 re-
spondents from which 49 households were dropped
during the analysis, as they did not meet the inclusion
criteria. Out of the 49 households dropped, 16 house-
holds had no children < 5, 15 had respondents below the
age of 18, while 18 had at least one person who smoked.
A structured questionnaire was used to collect data from
the 251 selected respondents.

Variables of interest
Dependent variables
The dependent variables studied included symptoms of
IAP (which were history of child and mother coughing
for weeks or months, recurring headaches, child and
mother wheezing, sore throat, nasal congestion, breath-
ing difficulties, eye problems and fatigue) and indoor
cooking practices. Relationship between of each of the
dependent variable was measured in relation to the inde-
pendent variable of primary interest. Occurrence of pre-
sumptive respiratory systems were self-reported by the
respondents and here, we asked respondents to report
on an episode of presumptive IAP symptoms the previ-
ous night or frequency of occurrence of the same within
the past 6 months or one year from the time of data col-
lection. In the IAP symptoms questionnaire, respondents
were asked to state their experience with the symptoms

that they related with IAP. We also tested the women’s
knowledge on the possible intervention methods.

Independent variables
The independent variables of interest included: demo-
graphic and socio-economic factors, as well as predis-
posing factors influencing the frequency of respiratory
health symptoms on exposed women and the children.
The potential influences of socio-demographic variables
(education, age, number of individuals per household,
kitchen location and size, presence of open eaves or win-
dows, marital status, indoor cooking behavior, main fuel
source, main fuel used for cooking and lighting in the
last 24 h) on respiratory outcomes were assessed in the
analyses.

Measurements
Age was measured in terms of number of complete years
and was analyzed as a continuous ratio variable. Educa-
tion was taken as an ordinal variable and measured by
the level of education attained by the respondent (no
formal education, primary level, secondary level, tertiary
level and university level). Marital status was taken as a
multinomial variable and measured as being either mar-
ried, single, widowed, separated or divorced. The num-
ber of children per household was taken as a discrete
ratio variable and measured by the number of children
given. Location of the kitchen was taken as a multi-
nomial variable and measured by the location of the
cooking spot (within main house, in a separate house, in
a separate room within the main house. The size of the
kitchen was taken as a multinomial variable and mea-
sured by the kitchen size categories (small, medium or
large). Presence of eave space or window were taken as
nominal binary variables and measured as either being
present or absent. Similarly, indoor cooking behavior
was taken as a binary variable and measured as either in-
doors or outdoors. The main fuel used for lighting or
cooking was taken as a multinomial categorical variable
and measured by the type of fuel cited (electricity, kero-
sene, solar, firewood, LPG gas, charcoal, plant residues
etc).

Data analysis
The quantitative data generated was analyzed descrip-
tively to summarize the data as well as inferentially. Chi-
square and correlation test were used to determine the
statistical significance of key observations and differ-
ences seen in cross-tabulated variables. Since our
dependent variables were counts of symptoms (i.e. fre-
quency of respiratory symptoms encountered by women
and their children), we tested the normality of the data-
set to decide whether the mean was applicable as repre-
sentative value of the data or not. We concluded that
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the normality assumption of Ordinary Least Squares
(OLS) regression was inappropriate and opted to use
Generalized Linear Model (GLM). We also assessed for
the absence of multicollinearity. Universally, the well-
known GLMs for count variable are Poisson or a nega-
tive binomial distribution. Although both Poisson and
negative binomial regression models are specifically de-
signed to analyse count data, they differ in principle of
assumptions. Poisson regression model, which assumes
that distribution of mean and variance, are equal, best
fitted the assumption and was used in this case. We used
number of respiratory health symptoms (sore throat,
cough, congestion, wheezing, breathing difficulties, eye
problems, headache and fatigue) faced by women in this
scenario as dependent variable in a Poisson regression
model as highlighted below;

Prob Y i ¼ yi
�
xi

� �
¼ e−λi λyii

yi!
ðiÞ

Where, yi represents the number of respiratory symp-
toms faced by the women in ith households and varies
across households (i = 1, … ., n). Poisson distribution
was assumed to have conditional mean (λi), which in
turn depends on vector (xi) of exogenous variables. The
most appropriate functional form of λi as applied is log-
linear model expressed as:

lnλi ¼ βixi þ ϵi ðiiÞ

Where, βi is a vector of coefficients, xi is a vector of
explanatory variables and ϵi represents unobservable
family specific random effect that affects woman and
child’s health status in the house. The explanatory vari-
ables included the common symptoms of IAP, dummy
for fuel source, dummy for kitchen type, number of indi-
viduals in house, education status, employment, pres-
ence of open eaves, indoor cooking, main fuel source for
cooking and lighting (measured as proxy with the num-
ber of females involved in cooking) were expected to im-
pact on respiratory health symptoms. The reference fuel
used in the multiple comparison was wood fuel because
of its widespread use in most households (96.8%) com-
pared to other fuel types within the study setting. The
reference housing structure was a semi-permanent
house while the average kitchen size (60 sq. ft) detached
from the main house was used as the reference kitchen
type. Cross ventilation type was used as a reference to
other ventilation (through ventilation and door only ven-
tilation) types. Dummy for IAP symptoms (child or
mother cough =1, if not = 0), (child or mother wheezing
=1, if not = zero) and indoor cooking status (Indoor = 1,
if not = 0). The same dummy classifications were applied
to other variables that required such classifications.

In relating background factors to IAP, we employed a
generalized linear model (GLM) to investigate the pre-
disposing factors to IAP using R 2018 software (R Core
Team, 2018. R: https://www.R-project.org/). The inde-
pendent variables were the demographic and socio-
economic factors (education, total number of members,
sources of family income, marital status, house size,
availability of windows and eave status) along with other
predisposing factors such as indoor cooking behavior,
preferred fuel for lighting and main fuel sources. The re-
sponse variable were the cumulative number of respira-
tory health symptoms. The choice between Poisson and
negative binomial regression of the GLM depended on
the nature of the distribution of the dependent variable.
The Deviance and Pearson Chi-Square Goodness of fit
statistics indicated the presence of over dispersion and
thus we accepted the null hypothesis of α = 0, rejecting
the negative binomial regression in favour of Poisson re-
gression model. The final model was built from that
premise and then simplified by omitting those predictors
that contributed little to the original model using Akaike
Information Criteria (AIC).

Ethical considerations
Participation in this study was voluntary for all partici-
pants and therefore written and verbal consent was
sought and obtained from the respondents prior to data
collection. Ethical approval to conduct the study was
also obtained from Maseno University Ethical Review
Committee. The provincial administration was briefed
about the study and its’ objectives, procedures and the
overall requirements. Thereafter, permission was sought
and obtained from the Trans Nzoia County Commis-
sioner for the study to be conducted in their area of
jurisdiction.

Results
Socio-demographic characteristics
A total of 251 women respondents took part in the
study. The mean age of study respondents was 36.49 ±
10.86 years (± SD), with most (65.9%; 95% CI: 60.3–71.0)
of the respondents being between 18 and 37 years old.
Most (86.2%; 95% CI: 70.8–82.3) respondents were mar-
ried, with 8.4% (95% CI: 4.2–8.9) being single and 5.2%
being widowed. Most (46.2%; 95% CI: 38.7–51.5) house-
holds had 2 children aged below five years, and another
42% (95% CI: 38.1–57.0) had 3 children below 5 years
old. Slightly over half 127 (50.6%; 95% CI: 47.0–61.5) the
respondents had attained primary school level of educa-
tion, 77 (30.7%; 95% CI: 28.7–32.2) had attained second-
ary level, 10 (4.0%; 95% CI: 1.1–4.8) had attained tertiary
level of education, while 37 (14.7, 95% CI: 11.9–16.3) did
not have formal education. The main source of income
for most 164 (65.3, 95% CI: 56.2–72.7) households was
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farming, while other sources included formal employ-
ment for 45 (17.9, 95% CI: 16.4–18.3) households, busi-
ness for 39 (15.5, 95% CI: 14.5–16.2) households, and
other unspecified means for 3 (1.2%) households. Most
(55.3%) households made between Ksh. 5000 and 8000
as household income monthly.

House and kitchen characteristics
Most 162 (64.5, 95% CI: 56.3–69.5) respondents lived in
semi-permanent housing structures, 57 (22.7%; 95% CI:
18.2–24.7) in temporary structures, and 32 (12.8%; CI:
9.3–14.1) in permanent houses. More than half 125
(49.8%; 95% CI: 45.4–52.6) of the houses were in good
condition (Table 1). Most 147 (58.6%; 95% CI: 50.1–

61.4) respondents had average sized (60 sq. ft) kitchens,
82 (32.7%; 95% CI: 29.1–33.8) had small sized (< 60 sq.
ft) kitchens while 22 (8.8%; 95% CI: 7.4–.9.3) had large
sized kitchens (> 60 sq. ft). Most (212, 84.5%; 95% CI:
77.6–.90.0) of the kitchens were located in a separate
building from the main house and were enclosed. Cross
ventilation was the most common (110, 43.8%; 95% CI:
39.8–44.1) type of ventilation used in cooking places,
with 78 (31.1%; 95% CI: 28.2–33.3) and 63 (25.1%; CI:
24.5–26.3) of the cooking places having through and
door only ventilations, respectively. Most 159 (63.3%;
95% CI: 59.6–64.2) cooking places lacked eave spaces,
with only a small proportion (12.4%; 95% CI: 12.0–12.8)
of the cooking places being well lit.

Table 1 House and kitchen characteristics

Interest Observation N Percentage
(95% CI)

House type and kitchen condition

Main house type Temporary 57 22.7 (18.2–24.7)

Semi-permanent 162 64.5 (56.3–69.5)

Permanent 32 12.7 (9.3–14.1)

General condition of house Excellent 4 –

Good 125 49.8 (45.4–52.6)

Fair 112 44.6 (38.2–49.1)

Poor 10 4.0 (0.1–4.8)

Kitchen size, location and state

Kitchen size Large 22 8.8 (7.4–.9.3)

Average 147 58.6 (50.1–61.4)

Small 82 32.7 (29.1–33.8)

Location of kitchen Separate building 212 84.5 (77.6–.90.0)

Separate room within main house 34 13.5 (10.1–14.0)

Main living area in house 5 –

State of the kitchen Enclosed 210 83.7 (78.2–88.8)

Semi closed 41 16.3 (16.8–17.0)

Ventilation type, presence and size of eaves and lighting of kitchen

Type of ventilation of cooking place Cross ventilation 110 43.8 (39.8–44.1)

Through ventilation 63 25.1 (24.5–26.3)

Through door only 78 31.1 (28.2–33.3)

Presence of eaves Yes 92 36.7 (33.7–38.4)

No 159 63.3 (59.6–64.2)

Size of the eaves None 159 63.3 (58.4–67.7)

6 inches 73 29.1 (28.7–30.1)

6–9 inches 15 6.0 (5.9–6.8)

9–12 inches 1 –

More than 12 inches 3 –

Lighting of cooking place Bright and airy 31 12.4 (11.8–13.0)

Average 169 67.3 (61.5–71.2)

Dark and enclosed 51 20.3 (19.1–21.4)
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Household fuel characteristics
Various sources of indoor air pollution were identified
within the house. The majority of households 243 (96.8%)
relied on wood as their main source of fuel for cooking
and heating with an equally high proportion (247, 98.4%)
of respondents citing fire place as the major source of in-
door air pollution. Kerosene was the most 245 (97.6%)
preferred household fuel for lighting, while electricity was
used by only 0.8% of the respondents (Table 2).

Health implications of IAP to women and children
Coughing among women and children under five years
associated with IAP
Most women (231, 92.0%), reported having coughs of
varying intensities over a 12-month period – 106
(45.9%) of whom reported coughing in the same manner
(i.e. coughing persistently) on most days, while 70
(30.3%) reported coughing persistently for 1 to 2 months.
Almost one-third 77 (33.2%) of the women respondents
reported coughing persistently in for a period of 2 years
(Table 3). Most (239, 95.4%) children had a cough the
previous week, with 129 (51.2%) of the coughs being as-
sociated with increased rate of breathing. Coughing in
children was significantly associated with the condition
of the kitchen (enclosed or not) (Exact chi = 7.11, p =
0.02), while children under 5 years who stayed with their
mothers in enclosed kitchen were significantly more
likely to have a cough than those in kitchens that were
not enclosed (OR = 3.65, 95% CI [1.34, 9.95], p = 0.01).

Chest problems (wheezing, congestion) and sputum
production among women due to IAP
Some of the respondents (79, 31.5%) reported wheezing,
with a majority (63, 79.8%) of them reportedly wheezing

when they had a cold. Most (28, 35%) of those who re-
ported wheezing, had produced the wheezing sound
coupled with chest congestion over the previous two
years, 19 (24.4%) during the previous year, and 17
(21.2%) during the previous 5 years. Most (157, 62.5%)
respondents produced sputum, with 55 (35%) of them
experiencing it on most days. Most (56, 35.5%) of those
who produced sputum reported producing the sputum
in a similar fashion for more than 5months, while 52
(33.6%) reported producing it for a period of 2 years
prior to the study. Majority (over 70%) of whom cooked
in houses with poor ventilation and of smaller size. Spu-
tum production was significantly associated with house
type (Exact chi = 7.29, p = 0.03).

Eye infections and headaches among women resulting from
IAP
Most (233, 92.8%) women respondents experienced vari-
ous eye problems. Over 87% had watery eyes, 167
(72.1%) had eye irritation, 101 (43.3%) had red eyes, 61
(26.6%) had sore eyes, while 27 (11.2%) cited other eye
problems. Majority of the women (246, 98.0%) experi-
enced headaches within the past 12 months, with a large
proportion of those (85, 34.6%) reported experiencing
the headaches on most days, 28.0% once a week, 2%
every day and 35.4% less often. Only 12 (4.9%) of the
women attributed the headaches to smoke, while 42.3%
attributed it to cold.

Relating background factors to IAP
In the estimated Poisson, factors on intergenerational re-
lationship were highly significant as shown in Table 4.
The ventilation status coefficient variable showed a
negative and significant relationship suggesting that as

Table 2 Fuel characteristics and source of in-door pollution

Variable of Interest Reported N Percentage

Main fuel used for cooking in the household Wood 243 96.8

Charcoal 1 0.4

Residues 6 2.4

Other 1 0.4

Source of fuel used for cooking in the household Bought 84 33.5

Gathered 167 66.5

Main fuel used for lighting in the household Electricity 2 0.8

Kerosene 245 97.6

Other 4 1.6

Source of fuel used for lighting in the household Yes 250 99.6

No 1 0.4

Source of indoor air pollution Fire place 247 98.4

Kerosene lamps 1 0.4

Other 3 1.2
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cross ventilation or ventilation of any sort increased, the
IAP symptoms tended to decrease. Likewise, a negative
association between household size and indoor air pollu-
tion was observed. This was the case with house size as
well. The results demonstrated that indoor cooking and
main fuel source used have significant positive impact
on frequency of health symptoms. Empirical analysis

further showed that there was significant association
between household members and indoor cooking be-
havior (p = 0.0001; Fig. 1). However, no significant
correlation existed between ventilation type including
status of eaves and windows and number of individ-
uals in the house in the coefficient of multiple correl-
ation analysis (Fig. 2).

Table 3 Effects of indoor air pollution on women and children

Variable of Interest Response N Percentage

Respiratory problems related to IAP among women

Whether respondent had a cough in previous 12 months Yes 231 92.0

No 20 8.0

Whether respondents coughed in a similar way on most days Yes 125 54.1

No 106 45.9

Duration in months in the past year that respondent coughed in a similar manner > 6 50 21.6

3–5 63 27.4

1–2 70 30.3

< 1 48 20.7

Number of years respondent had been coughing in a similar manner 1 73 31.5

2 77 33.2

3 24 10.6

4 4 1.7

5 31 13.3

> 5 22 9.7

Respiratory problems among children related to indoor air pollution

Number of children under five in the household 1 111 44.2

2 112 44.6

3 22 8.8

> 3 6 2.4

If children had a cough the previous week No 12 4.6

Yes 239 95.4

Condition of breathing for those who had a cough Normal 122 48.8

Faster 129 51.2

Other respiratory health problems experienced by under 5 yr olds during time of study None 37 14.8

Colds 206 82.0

Others 8 3.2

Headaches and their causes among women

Headache in the previous 12 months No 5 2.0

Yes 246 98.0

How often headaches were experienced Every day 5 2.0

Most days 85 34.6

Once per week 69 28.0

Less often 87 35.4

Factors attributed to the headaches Smoke 12 4.9

Colds 104 42.3

Other 130 52.8
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Discussion
Indoor air pollution refers to chemical, biological and
physical contamination of the air quality within and
around buildings and structures that may result in ad-
verse health effects for household inhabitants. This study
sought to establish the factors, both socio-demographic
and structural that predispose women and children to
indoor air pollution among rural families living within
Kaplamai location in Trans Nzoia County. Historically,
biomass fuels (wood, charcoal, sawdust, animal dung,
and agricultural wastes) have been used for cooking,
lighting and heating in developing countries. Duflo et al.
[29], noted that the use of such fuels as sources of en-
ergy has constantly been about 25% since 1975. It is esti-
mated that by 2030 over 2.7 billion people across the

world will still be dependent on biomass fuels [30].
These energy sources, which are heavily relied upon
by billions of people globally, have continued to raise
health and environmental concerns and are now rec-
ognized as a significant source of potential health
risks to exposed populations throughout the world
[31]. It is of no wonder that the Lancet Commission
on Pollution and Health endorses cleaner fuels at all
levels of intervention [32].
In the current study, information on the age of the

household head, occupation, ability to read and level of
education were assessed. In addition, the marital status,
main source of family income and household compos-
ition by female aged above 18 years and children aged
below five years were also assessed with the aim of es-
tablishing the extent to which these factors influence
household vulnerability to IAP.
In the present study, education status, poorly venti-

lated kitchen, house type, as well as consistent indoor
cooking could predict the risk of most of the surveyed
symptoms. Similar findings were reported by Juntarawijit
and Juntarawijit [33], in which education level and cook-
ing frequency, among other variables were reported to
be predisposing factors for women to IAP. The re-
searchers also noted that every 10 additional hours spent
in a kitchen per week increased the risk of coughing,
wheezing, sore throat and shortness of breath among
women. Housing is particularly important indoor envir-
onment since most people spend their time at home,
often indoors and sometime inside the kitchen when it
is cold. Long-term exposure to IAP often occur in the
home. Exposure to some pollutants is more likely in to
occur in households with little income while the reverse
is true for other pollutants.
Given that that majority of the household heads in the

current study were aged between 25 and 34 years is

Table 4 Poisson generalized linear model relating explanatory
variables to IAP and indoor cooking

Relating explanatory variables to indoor air pollution symptoms

Explanatory Variable Estimate SE Z-value Pr(>|z|)

Education 0.06 0.02 3.28 < 0.001

Ventilation −0.03 0.01 −4.07 < 0.001

Main fuel used in 24 h 0.02 0.01 3.77 < 0.001

In-door cooking 0.46 0.01 3.71 < 0.001

House type −0.04 0.02 −2.78 0.004

Relating explanatory variables to indoor cooking

Variable Estimate SE Z-value Pr(>|z|)

Occupation 0.06 0.02 3.28 0.001

Main fuel source 0.02 0.01 3.88 < 0.001

House size −0.03 0.01 −4.07 < 0.001

Age 0.06 0.02 3.54 0.001

SE Standard Error

Fig. 1 Box plot indicating association between household members
and indoor cooking behavior

Fig. 2 : Multi-correlation results indicating the relationship between
number of individuals, indoor cooking behavior and kitchen
eave status
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regarded as advantageous to these families, as members
in this age group are likely to be much more aware of
the sources of IAP and its potential health impacts on
household members. Being middle aged, this group
could also be considered as mature and more likely to
be financially stable compared to the younger age sets or
the elderly [34]. However, the present study established
that majority of the respondents did not associate the
prevailing major symptoms such cough, and headache to
IAP, instead they associated some of the symptoms like
headaches and persistent coughs to cold and other fac-
tors like malaria, viral infections and poor hygiene; ne-
cessitating awareness creation among the women.
Financial stability is regarded as a critical determinant of
the choice of fuel type used by a household. It also dic-
tates the type, size and design of the family house as well
as the location, size and design of the kitchen. The type
of biomass fuel used greatly influenced the levels of IAP
in the present study. All these factors are however deter-
mined by household income.
In the current study, 44.6% of women respondents

were not employed, while another 20.7% worked as un-
skilled labourers with most (40.2%) households generat-
ing an average monthly income of between Ksh. 2001
and 5000. Consistent with the findings of this study,
Kimani [35] observed that a majority of women work in
the informal sector, handling small-scale businesses with
meager income to even sustain their families. Insufficient
household income can only allow for the most basic
commodities such as food for the family forcing house-
holds to settle for the cheapest fuel sources such as plant
remains and firewood that are mostly free.
Studies show that when women are overly dependent

on their spouses, they are unable to make important or
critical decisions especially on matters relating to family
expenditures [36]. Poverty and illiteracy remain the key
barriers to adoption of cleaner fuels, with the slow pace
of development in many developing countries a further
indication that the use of biomass fuels will continue for
many decades to come for many poor households. Akin
to other studies, the use of biomass fuels among poor
households in Kenya is likely to remain stable or even
increase in the near future, as few rural families can af-
ford alternative fuel that is higher on the energy ladder
(such as liquefied petroleum gas and electricity, which
are regarded as being cleaner but more expensive) [37].
Accordingly, the choice of fuel type used by a household
becomes cleaner and more convenient, efficient and
costly as people move up the energy ladder; a feat that
can only be achieved through economic empowerment
of women.
Studies show that households at the lower income

levels tend to be at the bottom of the energy ladder; and
often rely on fuel that is cheap and locally available but

not very clean or efficient. According to the World
Health Organization, over three billion people worldwide
are at these lower rungs and depend on biomass fuels-
crop waste, dung, wood, leaves and coal to meet their
energy needs [38]. It is estimated that globally a majority
of poor households rely on biomass fuels for everyday
household energy needs, with most of those exposed be-
ing women, who are normally tasked with food prepar-
ation, and children under the age of five years who are
most often with their mothers in the cooking area [39].
Consistent with the WHO [38] findings, the current
study established that a large percentage (96.8%) of
households relied on wood as the main source of fuel
for cooking and heating with crop residues, charcoal and
other sources being mentioned, albeit by less than 4% of
the respondents. The second most preferred fuel for
cooking and heating for a majority of households after
wood was crop residues. These findings were also con-
sistent with those of [40], who reported that approxi-
mately 3 billion people in the world use solid fuels.
Precisely, 2.4 billion people use biomass (wood, charcoal,
animal dung, crop wastes), and the remainder utilize
coal for the majority of their household energy needs be-
cause these are relatively cheaper and thus available to a
majority of the people.
Various studies [41, 42] have shown that solid fuels

are extensively used for cooking and home heating in
developing countries, especially in rural areas. Further,
studies also show that in sub-Saharan Africa, wood fuel
is acknowledged as the main source of energy in most
rural communities [43], with an estimated daily fuel
wood consumption of 500,000 tons per day in Africa.
Sanders, [44] reported that the three-stone open fire
commonly used in many developing countries is only
about 10–15% efficient leaving most of the energy con-
tent of the fuel wasted. Poverty contributes highly to in-
door air pollution as poor households are not able to
afford alternative efficient fuel such as electricity or LPG
gas and thus remain vulnerable to poor health. As such,
it becomes a vicious cycle for members of the affected
household as they remain trapped both in poverty and
in poor health [45, 46].
Besides use of biomass fuel, several other factors at

both community and household levels determine the ex-
tent of indoor air pollution among households. These
factors include the design of the house, size of the kit-
chen and its location, availability and size of eave spaces,
ventilation size and design among others. In the current
study, a large proportion of respondents lived in semi-
permanent houses, a few others in temporary houses
and only a handful in permanent houses. In terms of kit-
chen size, over half the households had average sized kit-
chen, with a small proportion (8.8%) having large sized
kitchens. Kitchen size is an important contributor to
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indoor air pollution since burning biomass fuel indoors
produces large quantities of smoke, providing a perfect
avenue for human exposure to smoke especially in con-
fined space without adequate ventilation [47].
In the current study, most (84.5%) kitchens were

housed in a separate building from the main house,
while 13.5% of the kitchens were located in a separate
room within the main house and 2.0% were located in
the main living area. Consistent with the current study
findings, a similar study by Oguntoke et al. [48] in
Odede area of South Africa also established that 25% of
the respondents located their kitchens indoors (separate
room within the main house); while a larger majority
had their kitchen in a separate room outside the main
house; but in close proximity to the main house. In the
current study, most (84.5%) respondents had enclosed
kitchens as opposed to 15.5% who had semi-closed
kitchens. The state of the kitchen influences the levels of
indoor air pollution, with enclosed kitchens likely to
confine higher levels of smoke indoors than non-
enclosed kitchens.
In the current study, most (63.3%) houses did not have

any eave spaces in their kitchens, though even for those
that had, the eave spaces were small sized ranging be-
tween 0 and 6 in. in size. Most (43.8%) eaves were the
cross ventilation type, with another 31.1% being door
ventilation type. Indoor air pollution was negatively as-
sociated with ventilation and education, while semi-
permanent houses and age were positively associated
with IAP. One possible explanation for this could have
been that an increase in education could have increased
an individual’s understanding of IAP resulting in deliber-
ate efforts to minimize its’ effects.
In the present study, some of the houses were grass-

thatched and most of had small round windows while
others did not have any, while most of the semi-
permanent houses with corrugated iron sheets had spa-
cious eaves. In a study on efficiency of eave spaces,
Bruce et al. [40], observed a reduction in particulate
levels from 2042 g/m3 to 766 g/m3 with a slight increase
in the size of eave space. Other researchers have how-
ever argued that eave spaces alone cannot protect
women and children from the effects of indoor air pollu-
tion since proximity to the fire place, duration of stay in
the kitchen and length of exposure differ and these also
play a vital role [40].
Given that most households in the current study used

biomass fuel; most of which was burnt indoors on open
fires or poorly functioning stoves, often with no or lim-
ited ventilation, a large number of women and young
children within Kaplamai Division are therefore exposed
to high levels of air pollution, every day of the year. Lim-
ited ventilation implies that free flow of smoke from the
kitchen is inhibited thus exacerbating the effect of

indoor air pollution. The WHO [49] acknowledges that
the greatest global burden of air pollution exposure oc-
curs not outdoors in the cities of the developed world,
but indoors in poor rural communities. Poor ventilation
coupled with incomplete combustion by most of the
stoves used can result in substantial emissions which in
the presence of inadequate ventilation and air circulation
can produce very high levels of indoor pollutants [50].
Earlier studies including those of Smith et al. [51], Coll-
ings et al. [52], Martin [53] and Ellegard [54], showed
that indoor concentrations of particles usually exceed set
guidelines by a large margin. For instance, 24-h mean
PM10 levels are typically in the range 300–3000mg/m3

and may reach 30,000 mg/m3 or more during periods of
cooking. The United States Environmental Protection
Agency’s standards for 24-h average PM10 and PM2.5

concentrations are 150 mg/m3 and 65 mg/m3, respect-
ively [14]. The current study however had a discrepancy
as it did not measure the actual PM10 or PM2.5 concen-
trations and it would therefore be difficult to compare
them against the USEPA standards.
An individual’s true exposure may vary with the size

of the kitchen and an individual’s proximity to the stove
during periods when the stove is in use. Saksena et al.
[55] reported concentrations of 20,000 μg/m3 near the
cooking stove and much lower concentrations in the rest
of the kitchen and in other rooms within the house,
while Ezzati and Kammen [56] reported peak concentra-
tions greater than 50,000 μg/m3 in the immediate vicin-
ity of the cooking stove. These two studies suggest that
women, children and even girls who normally seat close
to cooking stoves for extended periods of time are more
likely to be exposed to higher levels of carbon monoxide
compared to other household members. USEPA [14] es-
timated that the mean (24-h level) of carbon monoxide
in homes using biomass fuels in developing countries
range between 2 and 50 ppm, with values ranging be-
tween 10 and 500 ppm likely to be achieved during the
cooking process. This is far above the 8-h average car-
bon monoxide standard of 9 ppm set by the USEPA [14].

Health outcomes of indoor air pollution
A number of poor health outcomes result from the use
of biomass fuel that is normally burnt in poorly venti-
lated kitchens. Other factors such as duration of time
that women and children spend exposed to smoke and
the habit of opening or closing windows and doors while
cooking also exacerbate the health risk. According to
Begum et al. [57], indoor air pollution has significant in-
fluence on women and children. In the current study,
over 90% of women and children experienced coughs of
varying intensities over a 12-month period, with 45.9%
of the women reported coughing in the same manner
for several days, while 30.3% coughed in the same
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manner for over 1 month. Coughing was significantly as-
sociated with IAP. Inhaled particles and gases may ex-
pose women to ARI such as pneumonia which is one of
the causes of morbidity in Kenya [58]. It is, therefore,
likely that among adults, women are particularly at
higher risk of developing ARI because of the prolonged
time they spend in the kitchen preparing meals for fam-
ilies compared to men. Children are also at a higher risk
than adults because their airways are relatively narrower
and more easily obstructed and their oxygen demand
relative to body weight is higher resulting in relatively
larger inhaled volumes [22, 59].
There is sufficient evidence linking smoke from solid

fuel use to acute infection of lower respiratory tract,
chronic obstructive pulmonary disease and lung cancer
[60]. Shabir et al. [61] estimates that ARI’s are the single
most important cause of mortality in children aged
below 5 years, and they account for between 1.9 million
and 2.2 million children deaths annually. In a study of
1532 female patients above 40 years and exposed to kit-
chen smoke over a span of 13 years, Mishra et al., [62]
observed high incidence of chronic bronchitis followed
by bronchial asthma, pulmonary tuberculosis and bron-
chiectasis. There is also evidence, mainly from
Bangladesh, that exposure to coal smoke in the home
markedly increases the risk of lung cancer, particularly
in women [63], while there is also mounting evidence
that cooking with biomass substantially increases the
risk of developing active tuberculosis [64, 65]. Another
set of health problems associated with indoor air pollu-
tion reported in this study include sputum production,
headaches and wheezing, all of which are as a result of
IAP and which were confirmed by very recent studies in
the field [66].
In the current study, a number of eye problems were

reported and linked to the smoke from the cooking
stove. Khalequzzaman et al. [63] and Díaz et al. [64] re-
ported that tears coming out from the eye, eye discom-
fort and sore eyes, redness and itching of the eye, eye
irritation, muscle weakness, fatigue, sleeping problems,
stomach pains, dry mouth, and blindness linked to cata-
racts, trachoma, and conjunctivitis are all indicators of
indoor air pollution within houses. The constant and
continued exposure to smoke from biomass fuel con-
tinues to cause both long and short-term health threats
to members of the household – hence the need to cut
down on expose to IAP.
Studies show that although reducing exposure to IAP

from solid fuels can be achieved through several inter-
ventions targeting emission sources through improved
energy technology, well designed houses and provision
of ventilation, encouraging behavior change and time-
activity budget is also a strategy that can reduce IAP.
Most current studies however suggest that the main

focus should be on improved (high-efficiency and low
emissions) stoves and fuels, which provide more afford-
able options for the poor majority in developing coun-
tries as opposed to complete shift to non-solid fuels
[67]. In that regard, the Clean Cooking Alliance has sin-
gled out Kenya as one of eight priority countries for
clean cookstove endowment [67, 68].
However, while use of improved stoves has been pro-

posed as being highly effective in reducing indoor air
pollution, the challenge remains on the rate of uptake of
this simple technology and its usage. Experts warn that
if not properly executed, these improved stoves or any
other interventions for that matter might not achieve
the much-desired results. A cross-sectional population-
based study of 353 households in Kasarani, Kenya, estab-
lished that higher environmental health literacy may
help improve IAP-associated health outcomes among
those using solid fuel stoves [69]. Awareness campaigns
on the effects of IAP and interventions for reducing the
use of biomass fuels are warranted in the sub-Saharan
Africa [70].

Conclusion
In conclusion, supporting the poor households and in-
creasing their level of awareness on health-effects of in-
door air pollution occasioned by use of biomass fuel
while cooking indoors may be the first step in imple-
menting a programme aimed at reducing exposure
among rural households in Trans Nzoia County and
other rural areas of Kenya as well. There is also a need
to redesign the kitchens to allow adequate ventilation,
while cooking points should be separated from the
dwelling units to reduce negative health outcomes. In
addition, keeping children out of the kitchen during
cooking should be encouraged to protect them from ill-
nesses triggered by IAP. Successful implementation of
improved stoves requires active participation by those
directly affected (particularly women), with cooperation
from other household members and the county govern-
ment though related sectors like health, energy, environ-
ment, housing and planning.
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