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ABSTRACT
Wood and charcoal fuels, widely used in Sierra Leone for cooking, may impact indoor air quality. Until now, there is
presently lack of data to quantify the extent of impact. In this study, concentrations of polycyclic aromatic hydrocarbons
(PAHs), suspended particulate matter (SPM) and carbon monoxide (CO) were measured in kitchens with wood and
charcoal stoves during cooking in rural areas. PAH contents of PM2.5 and PM2.5-10 fractions were analyzed using
HPLC/FLD and SPM and CO were monitored in realtime. Mean ± SD concentrations of PM2.5 related ∑11PAHs, PM
and CO were 2127 ± 1173 ng/m3, 1686 ± 973 µg/m3 and 28 ± 9 ppm for wood stoves; and 158 ± 106 ng/m3, 315 ± 205
µg/m3 and 42 ± 21 ppm for charcoal stoves, respectively. PAHs were largely associated with PM2.5 than PM2.5-10.
Maximum 1-hr time averaged ± SD CO concentration for kitchens with wood and charcoal stoves were 44 ± 21 ppm
and 77 ± 49 ppm, respectively. Generally, concentrations of PAHs, PM and CO were higher than the WHO recommended guidelines which raise concern with regards to health risks. Given the existing evidence of reduced emissions
of PAHs, PM and CO from cleaner fuels, a transition from cooking with wood and charcoal to cleaner fuels would provide an improvement in indoor air quality, a requirement for good health.
Keywords: Indoor Air; Biomass-Fuel; Polycyclic Aromatic Hydrocarbons; Suspended Particulate Matter; Carbon
Monoxide

1. Introduction
The release of air pollutants due to burning biomass fuels
(wood, dung, crop residue, charcoal) is recognized to be
an important issue for indoor air quality mainly in developing countries. These fuels are primarily used for
cooking and space heating. Roughly half of the global
population, around three billion, depend on biomass
fuels for domestic energy [1]. These fuels are traditionally burnt in simple stoves with poor combustion efficiency, under poor ventilation conditions. This often
results in emission of smoke that contains several health
deteriorating substances at varying concentrations which
can pose threat to humans. These substances in smoke
are referred to as toxic air pollutants. About 1.5 million
deaths around the world is attributed to exposure to
smoke from biomass fuels, with more than two thirds
of these deaths occurring in South East Asia and
Sub-Sahara Africa [2]. Therefore, indoor air pollution
caused by biomass smoke is a major public health concern. Among the indoor air toxic pollutants generated
*
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from kitchen smoke are polycyclic aromatic hydrocarbons (PAHs); suspended particulate matter (SPM), a
form of particulate matter; and carbon monoxide (CO)
[3].
PAHs are ubiquitous environmental pollutants with
toxic and carcinogenic properties, and are included in the
list of hazardous air pollutants by the US Environmental
Protection Agency (USEPA). The International Agency
for Research on Cancer has classified PAHs, particularly
Benzo(a)pyrene (BaP) as Group 1 human carcinogen [4].
Several countries and organizations have set up protective health standards for BaP based on the carcinogenic
potential of inhaled particulate PAHs in ambient air. For
instance, the guideline value of BaP proposed by the 4th
Daughter Directive (2004/107/EC) is 1 ng/m3; 0.25 ng/
m3 in USA [5]; 0.25 ng/m3 in UK [5]; 10 ng/m3 in China
[6]. The likely health outcome of exposure to PAHs is
cancer. For instance, exposure to smoky fuels has been
associated with increased lung cancer in China [7]. Another common pollutant in smoke is particulate matter
(PM), and it is one of the widely studied indicator species
of indoor air pollution that arises from biomass smoke.
There is much research focus now on PM2.5 released
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from biomass smoke. This size fraction can penetrate
deep into human lungs making it a major health risk [8,9].
Previous studies have linked particulate matter derived
from biomass smoke to acute respiratory infections (ARI)
and chronic obstructive pulmonary disease (COPD) [1013]. As the combustion process of biomass fuels is often
incomplete, it generates CO, linked to cardiovascular diseases [14].
In Africa, more than 70% of the population largely
depends on biomass fuels for domestic energy [15].
Wood and charcoal fuels are largely burnt in poorly ventilated kitchens for domestic cooking. Several studies
have reported various levels of indoor air pollutants derived from these fuels in some African countries [16-22].
The consumption of biomass energy in Sierra Leone has
been described in details elsewhere [23]. Sierra Leone
was ranked among one of the 21 worst affected countries
where close to 5% of deaths and disease is caused by
indoor air pollution, partly as a consequence of the dependence on biomass fuels [1]. As these fuels are used in
kitchens that are poorly ventilated, they are a cause for
indoor air quality concerns. The emission levels of pollutants such as PAHs, PM10 and CO are notably high
during cooking periods [16,18,24,25]. For instance, total
PAHs concentration during cooking and non cooking
periods were 6.21 µg/m3 and 1.41 µg/m3 respectively
[24], and a similar observation made for PM10 [25]. The

issue of smoky kitchens in Sierra Leone is common because of the local reliance on wood and charcoal stoves
for cooking. The extent of emissions that characterize
these kitchens, however, has not been studied; hence,
there is lack of data on indoor air pollution in Sierra
Leone. In this report, we focused on the levels of PAHs,
PM and CO in rural kitchens, considering the environmental health implications of these pollutants. Hence, the
levels of particulate PAHs, PM and CO generated during
cooking in kitchens with wood and charcoal stoves were
measured in rural Sierra Leone, and their implication to
public health highlighted.

2. Materials and Methods
2.1. Study Area, Kitchen Description and
Sampling
The study took place in Waterloo and Tombo in the
Western Rural District of Sierra Leone Figure 1. As
typical rural communities, biomass fuels (wood and
charcoal) consumption is high in Waterloo and Tombo.
Through our field observations, we estimated Waterloo
and Tombo to have more than 75% and 85% of homes
that use charcoal and wood, respectively.
Waterloo is a rural community that has expanded in
size in recent years due to congestion in the commercial
capital Freetown. It is located 30 km east of Freetown.

Figure 1. Map of Africa indicating Sierra Leone; with an extended map of Western Sierra Leone showing Western Rural
Area with sampling zones in black triangles, and Freetown the capital city in Western Urban Area.
Copyright © 2012 SciRes.
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Several homes are constructed from cement bricks and
with corrugated metal sheets roofing. Monitored homes
comprised 3 - 4 bedrooms with indoor kitchens. The
kitchens have paved cement floor, a window and a door
that were opened during cooking (opened kitchen).
Charcoal stove (known locally as wonder stove) was
used in the monitored homes. The wonder stove is cylindrically shaped and about 15 inches tall. The inside is
made of clay but has a metallic outer body. It has indented surface and solid base in the middle that retain
cooking fuel, three metal rings on top that hold cooking
pots and a large base with vacuum that hold ashes. This
information is found in Supplementary Figure 1 at the
end of the manuscript texts.
Tombo community is characterized by settlements
where kitchen is separated from the main home. Homes
are predominantly made from mud with corrugated metal
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or thatched roofing. It is 14 km away from Waterloo
along the Freetown Peninsula. Monitored homes consisted of 1 - 3 bedrooms with separate outdoor kitchens.
Kitchens were close to a square in structure with walls
made from mud or metal sheets, unpaved floor and a
single door and window that were opened during cooking
(opened kitchen). Wood stoves (consisting of three stones
arranged into a tripod) were used in these kitchens (open
wood fires); (Supplementary Figure 2). Wood is normally obtained from nearby forests and thickets from
which charcoal is processed, transported and sold to communities where the demand is high.
Ten homes having kitchens with wood stoves and another ten with charcoal stoves were monitored in the two
different communities for particulate PAHs and CO. Five
homes from the above ten in each community were similarly monitored for PM. Oral informed consent was obtain

(a)

(b)

Figure 2. Distribution profile of individual (a) PM2.5 and (b) PM2.5-10 bound PAHs released in kitchens with wood and charcoal stoves. PHE—phenanthrene; ANT—anthracene; FLT—fluoranthene; PYR—pyrene; BaA—benzo(a)anthracene; CHY—
chrysene; BbF—benzo(b)fluoranthene; BkF—benzo(k)fluoranthene; BaP—benzo(a)pyrene; DBA—dibenzo(a,h)anthracene;
BgP—benzo(g,h,i)pyrelene.
Copyright © 2012 SciRes.
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ed through the head of each home we monitored a day
before the actual monitoring commenced.

2.2. Measurement of Indoor Air Toxics
Toxic air pollutants-PAHs, PM and CO-were all measured in kitchens by placing respective samplers at a
height of 1 m above the ground and 1 m off the stove,
representing the breathing and active cooking zone of a
sitting woman. Samples were cumulatively measured for
two cooking activities each lasting for two hours (for
PAHs), and real time monitoring made (for PM and CO)
in the kitchen for the same duration of measurement for
PAHs.
2.2.1. Polycyclic Aromatic Hydrocarbons
Air particulate matter were collected on a 20 mm (for
PM2.5) and 10 mm (for PM2.5-10) diameter Teflon coated
glass fiber filter using Sibata ATPS-20H dual impactor
(Sibata Scientific Technology Limited) [26]. No gravimetric measurement of particulate matter was made. A uniform flow rate of 1.5 l/min was maintained during cooking for each kitchen. Samples collected in each day were
wrapped in aluminum foils and stored at freezing temperature. After the field work was complete, all the samples were transported to Japan for analysis.
2.2.2. Suspended Particulate Matter
The information regarding the measurement procedure
for SPM has been described elsewhere [23]. As SPM is a
form of PM, the term for the latter was used in this study,
and we considered the measured values obtained for PM
to be similar to PM10.
2.2.3. Carbon Monoxide
CO was monitored by Lascar EL-USB-CO data logger
with USB interface. Concentration of CO was logged
every minute.

Technologies) equipped with fluorescence detector supported by diode array detector. A guard column (30 × 4.6
mm, 5 μm) for clean up and an analytical column of
PAHs (125 × 4.6 mm, 5 μm) were C18 EnviroSep-PP
(Phenomenex). Concentrations of 11 PAHs were quantified according to their elution order as follows: Phenanthrene [PHE], anthracene [ANT], Fluoranthene [FLT], Pyrene [PYR], Benzo(a)anthracene [BaA], Chrysene [CHY]
Benzo(b)fluoranthene [BbF], Benzo(k)fluoranthene [BkF],
Benzo(a)pyrene [BaP], Dibenzo(a,h)anthracene [DBA]
and Benzo(ghi)pyrelene [BgP].
Results presented were corrected for trace levels of
PHE and PYR from the field blank filters. A five-point
calibration curve of individual PAH at different concentrations was prepared to determine the linearity of responses, and a good correlation coefficient of over 0.97
was obtained for each PAH species. Deuterated PAHs
(phenanthrene-d10, pyrene-d10 and benzo(a)pyrene-d12)
were added as surrogate to examine extraction and clean
up procedures, and the surrogates recoveries ranged from
85% to 96%. The recoveries were acceptable and compared well with those reported in other studies for PAHs
[28,29].

2.4. Data Analysis
The total concentrations of eleven PAHs are represented
as (∑11PAHs). Average concentrations of ∑11PAHs were
calculated separately for PM2.5 and PM2.5-10 bound PAHs
released from wood and charcoal stoves. PM and CO
concentrations for four hours were time averaged for
each home with wood or charcoal stove. Using the time
averaged concentrations, the arithmetic means were calculated. Maximum 1-hr arithmetic means were also calculated for each kitchen for CO to compare with WHO
guideline. BaP equivalent concentrations of PAHs were
estimated for wood and charcoal with the procedure described elsewhere [26]. Statistical analysis was conducted using JMP 8 (SAS Institute Inc. 2009).

2.3. PAHs Extraction, Analysis and Quality
Control

3. Results

The sample extraction process is a modified method that
has been previously reported [27] and recently reported
[26]. In brief, PAHs were extracted from the filters with
a mixture of benzene/ethanol in the ratio (3:1) in an ultrasonic bath for 50 minutes in 2 cycles. After centrifugation at 3000 rpm for 10 minutes, the extracts were filtered and the filtrates were transferred to a rotary evaporating flask into which 100 μl of dimethyl sulfoxide was
added for preservation. Final volume was adjusted to 1
ml by adding 900 μl of acetonitrile and the sample solution was injected into the following HPLC system.
Chromatographic separation and identification of 11
PAHs was enhanced by HPLC system (HP1100; Agilent

Mean ± SD PM2.5 bound ∑11PAHs concentration is 2127 ±
1173 ng/m3, range 319 - 4282 ng/m3 for wood stoves;
and 158 ± 106 ng/m3, range 38 - 355 ng/m3 for charcoal
stoves. Similarly, Mean ± SD PM2.5-10 bound ∑11PAHs
concentration is 73 ± 43 ng/m3, range 23 - 144 ng/m3 for
wood stoves; and 22 ± 8 ng/m3, range 8 - 32 ng/m3 for
charcoal stoves. The distribution profile of eleven PM2.5
and PM2.5-10 bound PAHs generated from wood and
charcoal stoves is presented in Figures 2(a) and (b), respectively. Concentrations of ∑11PAHs in kitchens with
wood stoves were considerably greater than kitchens
with charcoal stoves for PM2.5 bound PAHs (p = 0.0003)
and PM2.5-10 bound PAHs (p = 0.0024).

Copyright © 2012 SciRes.
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The composition of PM2.5 bound PAHs as a percentage
of ∑11PAHs (PM2.5 + PM2.5-10) range from 93% - 98%
(average 96%) for wood stoves, and from 60% - 93%
(average 84%) for charcoal stoves. The abundant PM2.5
bound PAHs in kitchens with wood stoves were PYR,
BaP, FLT and DBA constituting 60% of ∑11PAHs, and
DBA, BbF, BaP and PHE representing 63% for charcoal
stoves. Medium molecular weight (MMW) PM2.5 bound
PAHs with 4-condensed rings [FLT, PYR, BaA, CHY]
were mostly present in kitchens with wood stoves representing 50% compared with 20% for charcoal stoves Figure 3. Higher molecular weight (HMW) PM2.5 bound
PAHs [BbF, BkF, BaP, DBA, BgP] with 5- and 6-condensed rings constituted 44% for kitchens with wood
stoves compared with 66% for charcoal stoves Figure 3.
The BaP equivalent concentrations (a measure to assess PAH carcinogenic potency) for PM2.5 bound PAHs
among kitchens with wood stoves range from 128 - 1130
ng/m3, (average 616 ng/m3); and 13 - 144 ng/m3, (average 58 ng/m3) for charcoal stoves Figure 4. The mean

Figure 3. Ring number distribution of PM2.5 bound PAHs in
kitchens with wood and charcoal stoves expressed as percentage. 3-rings (PHE & ANT) represent lower molecular
weight PAHs; 4-rings (FLT, PYR, BaA & CHY) represent medium molecular weight PAHs; and 5,6-rings (BbF,
BkF, BaP, DBA & BgP) represents higher molecular weight
PAHs.
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BaPeq concentration was 11 times higher in kitchens
with wood stoves relative to charcoal stoves. The contribution of individual PAH to total BaPeq concentration is
presented in Figure 4. Mean BaP contributed 50% and
43% to total BaPeq for wood and charcoal stoves, respectively. The contribution of the more carcinogenic
PAHs “CANPAHs” (BaA, CHY, BbF, BkF, BaP, and
DBA) to total BaPeq concentration was more than 99%
for either wood or charcoal stove. These results suggest
that carcinogenic PM2.5 bound PAHs played an important
role in total BaPeq from health risk view point.
Mean PM ± SD concentration in kitchens with wood
and charcoal stoves is presented in Figure 5(a). The
range of PM concentration for kitchens with wood stoves
was 672 - 3237 µg/m3, and 75 - 537 µg/m3 for charcoal
stoves. Mean PM concentration indicated 5.4 times particulate pollution in kitchens with wood stoves compared
with charcoal stoves. Mean CO ± SD concentration in
kitchens with wood and charcoal stoves is presented in
Figure 5(b). The range of CO concentration for kitchens
with wood and charcoal stoves was 16 - 51 ppm and 14 95 ppm, respectively. The maximum 1-hr time averaged
CO ± SD concentration for every kitchen with wood was
44 ± 21, and 77 ± 49 for charcoal stoves. The WHO recommended guideline for 1-hr CO exposure (26 ppm) was
exceeded in 90% of the kitchens with wood stoves and

(a)

(b)

Figure 4. Estimated BaPeq concentrations in kitchens with
wood and charcoal stoves for PM2.5 PAHs.
Copyright © 2012 SciRes.

Figure 5. Mean (box) ± standard deviation concentrations
for (a) PM and (b) CO in kitchens with wood and charcoal
stoves. Error bar represent one standard deviation from the
mean.
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all of the kitchens with charcoal stoves. There was a significant difference between mean 1-hr vs. 4-hr CO exposures for kitchens with wood stoves (p = 0.025; t-test),
and (p = 0.032; t-test) for charcoal stoves. A probable
reason for the observed difference could be due to the
addition of fuels during cooking activities.

4. Discussion
Particulate bound PAHs were significantly higher in
kitchens with wood stoves than charcoal stoves. This
observation could probably be due to the burning conditions and emission characteristics of the two fuels. Charcoal burns much hotter than wood, hence, it emits little
or no smoke, but the reverse is true for wood. PAHs
production during biomass burning is a multi-step process that is hinged on progressive aromatization and surface reaction yield [30], and the higher yield of PAHs in
kitchens with wood stoves relative to charcoal stoves
could suggest that the above mentioned processes are
more favored in wood fires. Thus, the pattern of particulate PAHs pollution between wood and charcoal in the
current study is consistent with the literature [19,31,32].
The total PM2.5 bound PAHs in the current study was
compared with another study using similar PAH members Figure 6(a). From the figure, total concentration of
PAHs in the referred study [24] was higher compared
with what the current study reported for kitchens with
wood stoves. The observed elevation of total PAHs in the
aforementioned study could be due to the mixture of
wood, leaves, twigs, crop residues used for cooking in
rural India, for which emission may vary. We also compared total PM2.5 bound PAHs with a similar study in
Tanzania [19] by using related PAH members from
kitchens with wood and charcoal stoves Figures 6(a) and
(b). Elevated total PM2.5 bound PAHs was again observed in the referred study relative to this study. The
difference in concentrations could perhaps be explained
by the cooking practice in Tanzania, as kitchen doors and
windows were partly closed during cooking, thereby reducing dispersion of particulate PAHs outdoor through
ventilation. The levels of PAHs especially BaP was high
in a controlled experiment where ventilation was restricted [33].
The composition of ∑11PAHs indicated that PAHs
were chiefly associated with PM2.5 for both wood and
charcoal stoves. Evidently, there is higher amount of
PAHs associated with PM2.5 in kitchens with wood
stoves than charcoal stoves. In agreement with two previous studies, wood smoke largely contain particles with
size less than 2.5 µm [34,35]. The high content of PM2.5
PAHs would suggest that PAHs released from wood
smoke usually coagulate or condense after emission and
subsequently collected during measurement. Particle size
distribution is important for human exposure and risk
Copyright © 2012 SciRes.

(a)

(b)

Figure 6. Comparison of total PAHs with other studies.
Total concentrations of BaA, CHY, BbF, BkF, BjF BaP,
DBA was computed for [24]; and PHE, ANT, FLT, PYR,
BaA, CHY, BbF, BkF, BjF BaP, DBA and BgP were similarly computed for [19]. n = the number of similar PAH
members between the studies; but as for [19], n = 12 because BbF, BkF and BjF co-eluted; and n = 7 for [24] given
the fewer number of PAHs measured.

assessment, because toxicological studies have implicated exposure to these particles to various health endpoints, as they are determined to which part of the respiratory tract particles are deposited.
Though MMW PAHs are much more semi volatile in
nature, and can occur in both gaseous and particulate
phases, their presence generally in the particle phase
could be due to slow accumulation and cooling process
of plumes of wood smoke. These processes might have
accounted for the relative high proportion of PM2.5 bound
MMW PAHs in the current study. It has been observed
that MMW PAHs are dominant in wood smoke [36,37],
and we share similar viewpoint given our results for
MMW PAHs. On the contrary, the low proportion of
PM2.5 bound MMW PAHs for kitchens with charcoal
stove could be attributed to low emission of smoke during charcoal fires, since charcoal burns in a smoldering
form (without flames) after it is lit up. Also, charcoal
production involves wood pyrolysis through carbonization, and it could represent an important process in the
JEP
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loss of the more volatile MMW PAHs. Notably is the
dominance of HMW in charcoal smoke, which may suggest that these compounds could persist during the carbonization process.
Diagnostic ratios of PAHs isomers are used to identify
the origin of aerosols as part of source apportionment
studies. In addition, they can serve as markers or tracers
of pollution sources. The ratios of PHE/PHE + ANT,
FLT/FLT + PYR and BaA/BaA + CHY obtained from
combusting biomass fuels were compared with other
studies in the literature Table 1. Generally, the ratios
from the same source (fuel type) are consistent with the
other studies. There is, however, slight variation in the
ratios between the present study and studies in the literature, and we associated this observation to the particulate
and gaseous emissions collected, sampling proximity to
the source, or the difference in study design etc, between
the studies.
Mean BaP concentration for kitchens with wood and
charcoal stoves were (308 ng/m3) and (25 ng/m3), respectively. The mean BaP concentration for either wood or
charcoal stove is well below those reported in occupational environments for coke oven in Norway (37.0
µg/m3) during area measurement for particulate PAHs
[40]; carbon anode production in Switzerland (1.15
µg/m3) during personal measurement for gaseous and
particulate PAHs [41]; but higher than in neighborhoods
with high traffic density in Canada (22.9 ng/m3) [42].
The reported BaP concentration for either wood or charcoal is well above the WHO margin of safety (1 ng/m3)
in the current study. Even the BaPeq concentration which
expresses the carcinogenic potency of PAH mixture is
not negligible, and should be taken into account for
health protection in the future, particularly the health of

women (chief cook) and children, given their frequencies
and length of time they may spend in the kitchen.
The pattern of particulate air pollution was higher in
kitchens with wood stoves than charcoal stoves, and this
would indicate that charcoal stoves emit less particulate
matter. This finding is in accordance with existing evidence [18,20]. The mean PM concentration (1686 µg/m3)
for kitchens with wood stoves was higher relative two
previous studies conducted in similar indoor environment
in Africa. For instance, mean PM10 concentration during
cooking in Mozambique was 1200 µg/m3 [21], and another study in Tanzania reported mean PM10 concentration of 656 µg/m3 during the same task [20]. But, the
mean PM10 concentration 5260 µg/m3 reported in India
[24], was higher relative to the mean level in this study.
Factors responsible for the difference in concentrations
of indoor air pollutants have been reported to be; the type
of biomass burnt, stove type, burning intensity, kitchen
area, ventilation rate, spatial distribution of pollutants,
duration of monitoring etc, for which these factors may
vary in emission rate [15,43].
Particulate matter is the widely studied indicator species of indoor air pollution. The WHO has recommended
50 µg/m3 for 24-hr PM10 exposure in ambient air. The
monitoring period for PM in this study was limited to
4-hr. Although all the kitchens had mean level that exceeded WHO 24-hr guideline, we would expect the 24-hr
mean to be lower than the current reported value, because of the inclusion of non burning periods. Epidemiological studies on large populations have not been able
to identify a threshold concentration below which airborne PM has no effect on health [44], but adverse effects have been observed in many studies. Hence, the
levels of PM reported in the study are high enough

Table 1. Diagnostic PAHs ratios obtained in this study and other studies in the literature.
PM

Fuel type

PHE/PHE + ANT

FLT/FLT + PYR

BaA/BaA + CHY

Reference

PM2.5

Wood

0.77 ± 0.12

0.43 ± 0.09

0.54 ± 0.05

This study

PM2.5-10

Wood

0.83 ± 0.05

0.55 ± 0.17

0.52 ± 0.06

This study

PM2.5

Charcoal

0.87 ± 0.06

0.60 ± 0.11

0.42 ± 0.07

This study

PM2.5-10

Charcoal

0.88 ± 0.05

0.57 ± 0.05

0.43 ± 0.10

This study

PM + Gas

Wood

0.82 ± 0.01

0.56 ± 0.05

0.54 ± 0.08

[38]

PM + Gas

Charcoal

0.79

0.32

0.36

[32]

PM + Gas

Wood

0.71

0.67

0.49

[32]

PM + Gas

Wood

PM2.5

Wood

0.82

0.51

0.52

[19]

PM2.5

Charcoal

0.94

0.44

0.47

[19]

Copyright © 2012 SciRes.

0.56

[39]
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to produce negative health effects such as acute respiratory infections in children and asthma and chronic obstructive pulmonary diseases in susceptible adult population.
Generally, mean CO levels in kitchens with charcoal
stoves are elevated relative to wood stoves. We share
similar observation with a previous study [16], and this
finding could further support existing evidence that
charcoal emits more CO than wood. Mean CO in kitchens with wood stove (28 ppm) was high compared with
the levels measured during cooking period (14 ppm) in
Tanzania [20], but low compared with the levels (118
ppm) measured during standard cooking tests in Guatemala [45]. Maximum 1-hr arithmetic mean exposure for
kitchens with wood stoves was low relative to a previous
study in Pakistan [46]. The difference in concentrations
could be explained by the same factors previously mentioned in the above section for PM. Given the potentially
fatal nature of acute CO incidents, short term exposure
(maximum 1-hr) mean value would carry critical information especially for cardiovascular patients. CO is a
toxic non irritating gas with high affinity for oxygen, and
it reduces oxygen carrying capacity to vital organs in the
body. Thus, cooks described here are exposed to hazardous levels of CO during cooking. Traditionally, women
carry young children to the kitchens, and they are another
victim of continuous and direct contact with such high
levels of exposure. The impact of CO exposure in children would potentially be severe given the immature
state of their anatomy [47]. Therefore they should be
advised on the potential health risks associated with such
high levels of exposure to reduce impact.
The levels of indoor air toxics measured in this study
are high compared with the levels reported for cleaner
fuels elsewhere [19,46,48]. This intuitively would suggest that a progression to cleaner fuels would be a better
alternative to reduce the risks associated with exposure to
biomass smoke in rural Sierra Leone. With the persistent
increase of the cost of cleaner energy, this may be difficult to achieve in the short term. In the interim, an improvement in ventilation system, by a way of installing a
long chimney on charcoal stove could be a measure to
encourage the use of charcoal instead of wood stove,
since relatively lower emissions of PAHs and PM were
derived from charcoal stoves. Given the lack of information on indoor air toxics in Sierra Leone, it is anticipated
that these results would provide baseline information for
subsequent intervention programmes aim at reducing the
high exposure levels to biomass smoke.
Given the fact that several inhalable toxic chemicals
are released during biomass burning, indoor air pollution
could be considered to constitute a major environmental
health concern that needs attention in Sierra Leone. Data
to quantitatively support disease burden from this enviCopyright © 2012 SciRes.

ronmental risk factor is lacking, but the levels of exposure to particulate PAHs, PM and CO reported is high
relative to health guidelines, and this would provide further insight into the magnitude of indoor air pollution in
rural areas of developing countries where many people
rely on biomass fuels. The problem may be exacerbated
with the intrusion of toxic air pollutants from outdoors
and from other existing indoor sources such as environmental tobacco smoke.
In summary, concentrations of indoor toxic air pollutants (PAHs, PM and CO) were measured during cooking
in kitchens with traditional biomass stoves in rural Sierra
Leone. Wood stoves produced greater contents of PAHs
and PM while charcoal stoves generated more CO. PAHs
were largely associated with PM2.5 than PM2.5-10. The
results for PAHs, PM and CO were high compared with
the WHO recommended guidelines which raise the concern with regards to environmental health risks. These
findings generally have implications for women’s health
in rural communities in Sierra Leone, given their frequent visit in the kitchen. We believe that there would be
an improvement in air quality, a prerequisite to improve
health, should cleaner fuels be adopted in these communities, given the existing evidence of low emissions of
PAHs, PM and CO from cleaner fuels.
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Supplementary Figures

Figure 1. Charcoal stove.
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Figure 2. Wood stove.
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