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Abstract

It is widely known that more than half of the world’s population use biomass fuels (wood, charcoal, dung) as
household energy source, and hence, face significant and diverse range of toxic pollutants. In Sierra Leone, more
than 90% of the population relies on biomass fuels. We carried out daytime measurements and observe variation
of carbon monoxide (CO) in kitchen and outdoor locations in households that burn wood and charcoal fuels in
Western Sierra Leone, during a survey that was conducted in September, 2011. Maximum time average 15 mins,
30 mins, 1 hr and 8 hrs concentrations in indoor and outdoor locations were computed. Mean concentrations
decreased in the order, 15 mins to 30 mins to 1 hr and 8 hrs, in the two locations for households that burn wood
and charcoal. About 87% and 67% of 8 hrs CO concentrations in kitchens with charcoal and wood stoves were in
excess of world health organization (WHO) guideline. Approximately 66% and 63% of 1 hr CO concentrations
were not different in the same environments. None of the corresponding outdoor locations had values that are
said to be critical to human health. Evidence of greater variation in the maximum time average mean CO
concentrations in kitchens with charcoal stoves relative to those using wood was observed. Behavioral patterns
in homes burning charcoal coupled with the burning conditions were ascribed to the observed variation. The
proportion of the short time and acute CO concentrations in kitchens is a cause for concern for humans from the
stand point of improved human health.
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1. Introduction

Studies on indoor air pollution (IAP) in relation to human health have been the subject of intense examination
over the past decades. It continues to be an integral component for epidemiologists and public health officials
given that people spend greater portion of their time in an indoor environment. It is well established that IAP
from burning biomass fuel (wood, charcoal, crop residue, animal dung etc) in traditional unvented cook stoves
release a host of indoor air pollutants including carbon monoxide (Bhattacharya et al., 2002; Taylor & Nakai,
2012a). Elevated exposures to these air pollutants are commonly found in the kitchen environments where little
dispersion of air often takes place. Such high levels of exposures have been implicated in a broad range of
adverse health effects. Even though, the mechanisms by which these pollutants affect human health is not
entirely known, nevertheless though, exposure to biomass fuel smoke has been associated with several diseases
in epidemiological studies (Liu et al., 2007; Regalado et al., 2006). The health related problems resulting from
indoor air pollutants are quite pervasive because exposed groups are in proximity to the source. The World
Health Organization (WHO) has included IAP from burning biomass fuels as one of the top ten global health
risks that is responsible for about 2.7% of the global burden of diseases (Smith et al., 2004). Conservative
estimates indicated that exposure to indoor air smoke from biomass fuels is responsible for about 1.6 million
annual premature deaths of children worldwide for lower respiratory infections (Ezzati & Kammen, 2002; WHO,
2002).

Studies that have focused on indoor air quality resulting from burning biomass fuels in developing countries
have reported high levels of indoor air pollution that often exceeds air quality guidelines (Dasgupta et al., 2006;
Fullerton et al., 2009; Taylor & Nakai, 2012a). Two studies looked at biomass fired places as a source of ambient
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air pollution (Borrego et al., 2010; Gustafson et al., 2008). Others have focused on intervention programs to
reduce indoor air pollution (Ezzati & Kammen, 2002; Nacher et al., 2000) through the use of vented efficient
stoves and relatively cleaner fuels aimed at reducing human health impact. Nevertheless, the use of clean fuel is
quite expensive for poorer families in developing countries that bear the utmost burden of biomass fuel smoke.
The present report was part of a broader study that investigated the prevalence of acute respiratory infections in
women and children potentially caused by smoke from wood and charcoal stoves in Western Sierra Leone
(Taylor & Nakai, 2012¢). As evidence of CO association with ARI prevalence is not yet fully resolved in the
wider literature, the results that this paper seek to publish were not reported earlier (Taylor & Nakai, 2012c).
Consequently this report attempt to explain daytime CO concentrations in kitchen and outdoor locations in
households that burn wood and charcoal; compare the levels with the WHO guidelines; examine the degree of
variation in the two fuels and relationship between the short time and long time levels.

2. Methodology
2.1 Study Area

The study was conducted in fifteen small settlements spanning from Kent to Lower Allen Town in Western
Sierra Leone during a survey that has been described in (Taylor & Nakai, 2012¢). Households with wood stoves
were identified in the western rural area but those with charcoal stoves were in peri-urban areas of Freetown. As
similar sociocultural and demographic settings (household variables, such as, kitchen type, ventilation condition
etc.) are quite similar for most of these communities. Detailed information has been described earlier in (Taylor
& Nakai, 2012a). In summary households in the rural area burn wood in simple stove arranged in tripod in
kitchens separated from the main house, but households in the peri-urban areas burn charcoal in the locally made
stove in kitchens that are not separated from the dwelling house. Every kitchen has a main door and window that
is normally opened for cooking activities. Eight households using a wood stove and six using charcoal stove
were monitored in the two locations for CO.

2.2 Carbon Monoxide Measurement

Real-time monitoring of carbon monoxide was made using CO gas detector (EL-USB-CO, Lascar, Ohio, USA)
with a procedure previously described in (Taylor & Nakai, 2012a; Taylor & Nakai, 2012b). The CO monitor is
fitted with an electrochemical sensor and data logging chamber. The sensor operates by CO molecules entering a
detection cell via a capillary with additional details described in (Keil et al., 2010). Direct monitoring was made
concurrently in the kitchen and outdoor locations during the day for 12-hrs in the selected households.
Measurements were made at a height of 1 m above ground in the two locations to simulate the respirable height.
A distance of 1.5 m away from the cooking stove was chosen in the kitchen location to reflect a reasonable
distance of CO exposure, and outdoor monitoring was made opposite the kitchen door 4-5 m from the fire place
inside the kitchen.

2.3 Data Analysis

CO concentrations for the kitchens and outdoor locations were time averaged. Using the time average
concentrations, the arithmetic means were calculated. Table 1, provides detailed information about the different
times used for calculation from which the maximum 8 hrs, 1 hr, 30 mins & 15 mins averages were computed for
comparison with WHO guidelines. The coefficient of variation (defined as the ratio of the standard deviation to
the mean) was determined to explain the variation among the time averaged values and t-test was used to
compare time averaged concentrations. Scatter plot was used to assess how the variables (short time and long
time) measurements relate to each other and correlation coefficients were determined for the kitchen and outdoor
environments, respectively to determine the strength and direction of association.
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Table 1. Diurnal periods from which maximum time averaged concentrations were computed in kitchens and
outdoor locations for homes burning wood and charcoal, respectively

Homes Location Periods from which maximum daytime measurements
made for the reported periods
15 mins 30 mins 1hr 8 hrs
WH-[1] Kitchen  16:39-16-54 16:27-16:57 16:00-17:00  11:00-19:00
Outdoor  13:30-13:45  13:30-14:00 13:00-14:00  08:00-16:00
WH-[2] Kitchen  14:43-14:58 14:28-14:58 14:00-15:00  08:00-16:00
Outdoor  15:01-15:16  15:01-15:31 15:00-16:00  09:00-17:00
WH-[3] Kitchen  18:30-18:45 18:30-19:00 18:00-19:00  11:00-19:00
Outdoor  16:43-16:58  16:28-16:58 16:00-17:00  11:00-19:00
WH-[4] Kitchen  11:45-12:00  11:30-12:00 11:00-12:00  11:00-19:00
Outdoor  10:01-10:16  10:01-10:31  10:00-11:00  09:00-17:00
WH-[5] Kitchen  07:15-07:30  07:01-07:31 07:00-08:00  07:00-15:00
Outdoor  08:01-08:16  08:01-08:31 08:00-09:00  08:00-16:00
WH-[6] Kitchen  17:33-17:48 17:19-17:49 17:00-18:00  11:00-19:00
Outdoor  17:08-17:23  17:01-17:31 17:00-18:00  11:00-19:00
WH-[7] Kitchen  07:01-07:16  07:01-07:31 07:00-08:00  07:00-15:00
Outdoor  16:01-16:16  16:01-16:31 16:00-17:00  11:00-19:00
WH-[8] Kitchen  10:01-10:16  10:01-10:31 10:00-11:00  09:00-17:00
Outdoor  14:14-14:29  14:01-14:31 14:00-15:00  09:00-17:00
CK-[1] Kitchen 12:01-12:16  12:30-13:00 12:00-13:00  07:00-15:00
Outdoor  14:25-14:40  14:25-14:55 14:00-15:00  07:00-15:00
CK-[2] Kitchen  14:36-14:51  14:29-14:59 14:00-15:00  11:00-19:00
Outdoor  11:01-11:16  11:00-11:30  11:00-12:00  11:00-19:00
CK-[3] Kitchen  16:17-16:32  16:17-16:47 16:00-17:00  11:00-19:00
Outdoor  07:00-07:15  07:00-07:30 07:00-08:00  11:00-19:00
CK-[4] Kitchen  13:01-13:16  13:01-13:31 13:00-14:00  07:00-15:00
Outdoor  13:01-13:16  13:01-13:31 13:00-14:00  11:00-19:00
CK-[5] Kitchen  14:02-14:17 14:02-14:32 14:00-15:00  08:00-16:00
Outdoor  14:21-14:36  14:06-14:36  14:00-15:00  07:00-15:00
CK-[6] Kitchen  12:00-12:15 12:00-12:30 12:00-12:30  10:00-18:00
Outdoor  11:40-11:55  11:29-11:59 11:00-12:00  11:00-19:00

Times reported are in Greenwich Meridian Time (GMT)

WH - represents homes using wood
CK - represents homes using charcoal

Numbers in parenthesis represents home number

3. Results

Summary statistics for the maximum measured CO concentrations at 15 mins, 30 mins, 1 hr and 8 hrs in indoor
(kitchen) and outdoor air are presented in Table 2. Evidence from the Table 2 showed great spread of the data
around the mean values in the two locations for the stated measured times. For instance, mean 1-hr CO
concentrations in kitchens with wood ranged from 12.1 to 82 ppm and ranged from 11 to 141 ppm in kitchens
with charcoal stoves. Similarly, mean 1-hr CO concentrations varied from 0.8 to 8.4 ppm in the outdoor location
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in compounds with kitchens with wood stoves and ranged from 2.1 to 10.6ppm in a similar outdoor location for
those with charcoal stoves. The maximum 8-hr CO concentrations in kitchens with wood and charcoal stoves
were 37.6ppm and 82.0ppm, respectively. There is no significant variation in the mean maximum CO
concentrations between wood and charcoal locations for the different times measured Table 2. Kitchens with
charcoal stoves have relatively higher coefficient of variation, CV; (defined as the ratio of standard deviation to
its mean, a measure of the variability of data relative to its mean) to those with wood stoves. A similar trend was
observed in the outdoor location except for 1-hr and 8-hrs CO concentrations, respectively.

Table 2. Summary statistics for measured maximum time averaged CO concentrations

Kitchens using Wood Kitchens using Charcoal
{Concentration (PPM) n=8} {Concentration (PPM) n=6}

Location Duration Mean SD Min Max Cv Mean SD Min Max Cv p-value
15 mins 54.7 30.6 15.2 86.5 0.5 83.1 75.0 151 2090 0.9 0.207
30 mins 49.9 29.4 13.3 88.1 0.5 62.9 445 135 1120 07 0.277

Kitchen 1-hr 423 27.4 12.1 82.0 0.6 58.6 48.1 11.0  141.0 0.8 0.242
8-hrs 19.3 9.8 8.5 37.6 0.4 29.0 299 5.7 82.0 1.0 0.237
15 mins 5.0 2.4 1.0 7.5 0.4 7.8 5.5 32 18.4 0.7 0.138
30 mins 4.5 22 0.8 6.8 0.4 6.4 4.1 2.6 14.0 0.6 0.158

Outdoor 1-hr 4.6 2.4 0.8 8.4 0.5 5.4 2.9 2.1 10.6 0.5 0.302
8-hrs 2.7 1.5 0.4 4.6 0.5 35 1.8 0.6 6.1 0.5 0.215

SD is standard deviation; Min is minimum; Max is maximum; CV is coefficient of variation

Temporal profiles for 12 hrs daytime measurements in one of the kitchens with the highest long time diurnal
mean for either fuel are presented in Figures 1 & 2, respectively. From Figures 1& 2, it was observed that short
time exposure can reach more than 100ppm during daytime exposure. A considerable buildup of prolonged CO
concentration could be observed in the temporal profiles. The positive relationship observed between short time
(15 mins) and long time (8hrs) CO measurements was plausible for kitchens with wood stoves and charcoal
stoves, respectively; and the same could be said for outdoor air. Although the sample size is relatively quite small,
the correlation coefficient derived indicated a good positive relationship between short time versus long time
measurements in kitchens with wood stoves but very strong in those with charcoal stoves, Figure 3 (a&b),
respectively. In outdoor air, a similar observation was made with much stronger relationship in outdoor air of
homes using wood than charcoal, Figure 3 (c&d), respectively. It is reasonable to suggest that the positive
association between short time and long time CO measurement is an indication that biomass (wood and charcoal)
is an undisputable main source of human exposure to indoor air pollution especially CO indicator in kitchen. It
further suggests that either short time or long time CO measurement in kitchens could be used to assess human
exposure in epidemiological studies.
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Figure 1. Diurnal temporal profile for a single household kitchen burning wood. Monitoring took place between
the hours of 7:20 in the morning and 19:45 in the evening over 1 min interval
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Figure 2. Diurnal temporal profile for a single household kitchen burning charcoal. Monitoring took place
between the hours of 7:00 in the morning and 19:00 in the evening over 1 min interval

4. Discussion

There has been marked variation in the design and conduct of studies of indoor air pollution across the world
which makes direct comparison with this study difficult. Due to the flexibility of our data, we compared the
reported levels with previous studies. For instance, the maximum 8hrs time averaged concentration for kitchens
using charcoal was quite similar to a previous study in Pakistan although lower than the same reported for users
of wood stove in the same study (Siddiqui et al., 2009). But instantaneous peak concentrations (> 150 ppm) in
this study are greater than what (Siddiqui et al., 2009) and (Khushk et al., 2005) reported in Pakistan for their
peak levels. In the same study, 1hr mean CO concentration was higher than what the current study reported. The
30 mins CO concentrations in the kitchens in this study is higher than those reported for the same period in
Tanzania (Kilabuko et al., 2007) but lower than outdoor levels for the same duration in the same study. The
ambient 8 hrs CO concentrations for homes using charcoal as main source of energy was lower than the levels
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found near major traffic roads in Freetown, Sierra Leone and Lagos, Nigeria (Olajire et al., 2011; Taylor & Nakai,
2012b).
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Figure 3. Scatter plot analysis between short time (15 mins) and long time (8 hrs) for (a) kitchens with wood
stoves; (b) outdoor air in homes with wood stoves; (¢) kitchens with charcoal stoves and (d) outdoor air in homes
with charcoal stoves indicating respective correlation coefficients

Generally, the study revealed that kitchens using charcoal as the primary fuel had higher mean CO
concentrations than those using wood; and similar observation was made in previous studies (Bhattacharya et al.,
2002; Taylor & Nakai, 2012a; Zhang et al., 1999). The variability in mean CO concentrations was more apparent
in kitchens using charcoal than wood by 48% for 15 mins; 19% for 30 mins; 25% for 1 hr and 75% for 8 hrs.
Probable reasons for such difference could be the amount of fuel used, burning conditions of the flames or the
observational practice of starting charcoal fires with plastics and or wood shavings that consequently releases
additional pollutants from these different sources for periods when fires are started. Further, (Ezzati et al., 2000)
reported that stove emissions usually show temporal variability for large parts of the day during burn period
reaching instant peak periods of exposure that may have also accounted for the observed variation. Outdoor
variation for 1 hr and 8 hrs CO concentrations was quite similar between homes that burn wood and charcoal
probably due to slow dispersion of pollutants over a period of time.

In Sierra Leone, the use of biomass fuels (wood and charcoal) is quite ubiquitous (Amoo-Gottfried & Hall, 1999;
Taylor & Nakai, 2012a; Taylor & Nakai, 2012c). This as well as the absence of chimneys to vent noxious
pollutants away from the kitchen might have accounted for the high levels of CO concentrations reported in this
study. The same exposure levels can be observed for greater parts of Sierra Leone with potential implication for
women of reproductive age that are living in such hazardous conditions. From the temporal profiles in Figures 1
& 2, one could explain the contamination level of CO in such kitchens, which has the propensity of reaching up
to more than 300 ppm that could be firmly attributed to one field observation. It was observed that cooks do not
often extinguish flames from burning wood logs after cooking activity in the kitchen, rather burning logs would

15



www.ccsenet.org/ep Environment and Pollution Vol. 4, No. 3; 2015

continue to smoulder (without flames) for some time until next activity in some cases. We found this observation
consistent with a study of indoor air pollution conducted in Honduras (Clark et al., 2010).

It is against this backdrop that the WHO set up indoor air quality CO guidelines to protect many disease
outcomes such as coronary artery disease from acute ischemic heart attacks and fetuses from hypoxic effects.
The guideline for 15 minutes exposures is 90 ppm, for 30 minutes is 50 ppm, 1 hr is 25 ppm and 8hrs is 9 ppm
(WHO, 2010). Approximately 67% and 87% of the 8hrs CO concentrations were more than WHO guidelines for
kitchens using charcoal and wood, respectively. About 63% and 66% of 1hr CO concentrations exceeded WHO
guidelines for kitchens using wood and charcoal, respectively. Two of the six kitchens with charcoal stoves had a
short time (15 mins) CO concentration that exceeded said guidelines. None of the kitchens with wood stoves
exceeded the 15 mins threshold value but three had levels very close to the value (90 ppm). Also, none of the
corresponding outdoor locations had values that exceeded ambient air quality guidelines for either fuel category.
For kitchens burning charcoal, the home with a very high 15 mins CO had the same for the duration of 8 hrs
among the homes. Reasons for such an observation might be explained in terms of continual build up of CO
during the monitoring; and a probable explanation could be ascribed to low ventilation effect associated with
superior construction materials. For kitchens burning wood, the home with the highest 15 mins CO did not
reflect highest 8 hrs CO amongst the homes. It could be due to the poor construction of outdoor kitchens that
somehow enhance penetration effect through cracks on the walls of the kitchen. Such assumptive observations
would require further study where detailed diary of every activity would be taken and reported.

As one of the health concerns from CO exposure is fetal hypoxic exposure, the reported levels in this study
would be a cause for concern for pregnant women. Although fetus development is a function of time, the impacts
on sensitive group (pregnant women) could be significant. Reliable estimate of coronary artery disease in Sierra
Leone is not known but our 1 hr short time exposure in the present study often exceeds air quality guidelines that
could increase the risk of heart attacks in vulnerable group of people especially women and the elderly.
Empirical evidence exists where associations between CO concentrations and health effects have been seen
(although in these studies CO is probably acting as a surrogate for other pollutants (Sari et al., 2008; Yang, 2008).
However, a previous report indicated an inconclusive relationship between CO exposure and cardiovascular
disease during community population studies (Raub, 1999). But a recent study in Botswana, Southern Africa
indicated possible health conditions that were reported by household members, and these include; dizziness,
shortness of breath and cough, all of which were associated with high levels of CO (Verma et al., 2010). Another
study conducted over a decade ago in Kenya Masai homes revealed high concentrations of CO that were linked
to the health effects of the people (Bruce et al., 2002).

One major strength of this study is the use of realtime monitors to measure CO concentrations concurrently in
kitchen (where the risk of exposure is high) and outdoor locations during the day. Again, it further insight into
understanding the short time and instantaneous CO concentration levels in such rural communities. We hope that
the information provided in this report would provide basic standard for intervention programmes tailored at
reducing exposure levels especially in rural kitchens.

5. Conclusion

Based upon the data obtained in this study, maximum CO concentrations decreased with increase in the times
monitored in both the kitchen and outdoor locations. Observed variation was evident among kitchens with
charcoal stoves than wood stoves but no distinguishable variation in long time exposure (8 hrs) in outdoor
locations was observed. Short time (15 mins) and instantanecous exposure in the kitchen provided critical
information for health education and information. Unlike outdoor locations, measured concentrations for most of
the different times exceeded the WHO guideline values in the kitchen.

Acknowledgements

This study was supported by Yokohama National University, International Environmental Leaders Program in
Sustainable Living with Environmental Risks funded by Strategic Funds for the Promotion of Science and
Technology, Japan and Global Center of Excellence (Global COE) Program, ‘Global Eco-Risk Management
from Asian Viewpoints’ Yokohama National University.

The authors greatly extend sincere thanks to the Community Health Officer, Mr. Sheku Abu of Tombo Health
Center, Nurse Kadi and Nurse Hawa at Kent Health Center, Mrs. Josephine Fefegula, former Primary Health
Care worker, students from College of Medicine and Allied Health Sciences, University of Sierra Leone and
Njala University, and to the respondents who were quite willing to carry out this survey.

16



www.ccsenet.org/ep Environment and Pollution Vol. 4, No. 3; 2015

References

Amoo-Gottfried, K., & Hall, D. O. (1999). A biomass energy flow chart for Sierra Leone. Biomass and
Bioenergy, 16, 361-376. http://dx.doi.org/doi:10.1016/S0961-9534(99)00009-4

Bhattacharya, S. C., Albina, D. O., & Abdul Salam, P. (2002). Emission factors of wood and charcoal-fired
cookstoves. Biomass and Bioenergy, 23(6), 456-469. http://dx.doi.org/doi:10.1016/S0961-9534(02)00072-7

Borrego, C., Valente, J., Carvalho, A., Sa, E., Lopes, M., & Miranda, A. 1. (2010). Contribution of residential
wood  combustion to  PMI10 levels in  Portugal.  Atmos  Env, 44,  642-651.
http://dx.doi.org/doi:10.1016/j.atmosenv.2009.11.020

Bruce, N. G., Bates, E., Nguti, R., Gitonga, S., Kithinji, J. & Doig, A. "Reducing indoor air pollution through
participatory development in rural Kenya." Presented at Proceedings of 9th International Conference on
Indoor Air Quality and Climate, Monterey, CA, USA, Monterey, CA.

Clark, M. L., Reynolds, S. J., Burch, J. B., Conway, S., Bachand, A. M., & Peel, J. L. (2010). Indoor air pollution,
cookstove quality, and housing characteristics in two Honduran communities. Environmental Research, 110,
12-18. http://dx.doi.org/doi:10.1016/j.envres.2009.10.008

Dasgupta, S., Hug, M., Khaliquzzaman, M., Pandey, K., & Wheeler, D. (2006). Indoor air quality for poor
families: new evidence from Bangladesh. Indoor Air, 16, 426-44.
http://dx.doi.org/10.1111/j.1600-0668.2006.00436.x

Ezzati, M., & Kammen, D. M. (2002). Household energy, indoor air pollution and health in developing countries:
Knowledge base for effective intervention. Annual Review of Energy and the Environment, 27, 233-270.
http://dx.doi.org/10.1146/annurev.energy.27.122001.083440

Ezzati, M., Mbinda, M. B., & Kammen, M. D. (2000). Comparison of emissions and residential exposure from
traditional and improved cookstoves in Kenya. Environmental Science and Technology, 34(4), 578-583
http://dx.doi.org/10.1021/es9905795

Fullerton, D. G., Semple, S., Kalambo, F., Suseno, S., Malamba, R., Henderson, G., ... Gordon, S. B. (2009).
Biomass fuel use and indoor air pollution in homes in Malawi. Occupational and Environmental Medicine,
66(11), 777-783. http://dx.doi.org/doi:10.1136/0em.2008.045013

Gustafson, P., Ostman, C., & Sallsten, G. (2008). Indoor Levels of Polycyclic Aromatic Hydrocarbons in Homes
with or without Wood Burning for Heating. Environmental Science and Technology, 42, 5074-5080.
http://dx.doi.org/10.1021/es800304y

Keil, K., Kassa, H., Brown, A., Kumie, A., & Tefera, W. (2010). Inhalation Exposures to ParticulateMatter and

Carbon Monoxide during Ethiopian Coffee Ceremonies in Addis Ababa: A Pilot Study. Journal of
Environmental and Public Health, 8. http://dx.doi.org/10.1155/2010/213960

Khushk, W. A., Fatmi, Z., White, F., & Kadir, M. M. (2005). Health and social impacts of improved stoves on
rural women: a pilot intervention in Sindh, Pakistan. Indoor Air, 15(5), 311-316.
http://dx.doi.org/10.1111/j.1600-0668.2005.00367.x

Kilabuko, J. H., Matsuki, H., & Nakai, S. (2007). Air quality and acute respiratory illness in biomass fuel using
homes in Bagamoyo, Tanzania. International Journal of Environmental Research and Public Health, 4(1),
39-44.

Liu, S., Zhou, Y., Wang, X., Wang, D., Lu, J., Zheng, J., ... Ran, P. (2007). Biomass fuels are the probable risk
factor for chronic obstructive pulmonary disease in rural South China. Thorax, 62(10), 889-897.
http://dx.doi.org/10.1136/thx.2006.061457

Naceher, L. P., Smith, K. R., Leaderer, B. P., Mage, D., & Grajeda, R. (2000). Indoor and outdoor PM2.5 and CO
in high-and low-density Guatemalan villages. Journal of Exposure Science and Environmental
Epidemiology, 10, 544-551.

Olajire, A. A., Azeez, L., & Oluyemi, E. A. (2011). Exposure to hazardous hazardous air pollutants along Oba
Akran Road, Lagos-Nigeria. Chemosphere, 84, 1044-1051.
http://dx.doi.org/10.1016/j.chemosphere.2011.04.074

Raub, J. A. (1999). Health effects of exposure to ambient carbon monoxide. Chemosphere: Global Change
Science, 1,331-351. http://dx.doi.org/10.1016/S1465-9972(99)00005-7

Regalado, J., Perez-Padilla, R., Sansores, R., Ramirez, J. I. P., Brauer, M., Pare, P., & Vedal, S. (2006). The effect

17



www.ccsenet.org/ep Environment and Pollution Vol. 4, No. 3; 2015

of biomass burning on respiratory symptoms and lung function in rural Mexican women. American Journal
of Respiratroy and Critical Care Medicine, 174(8), 901-905.

Sari, 1., Zengin, S., Ozer, O., Davutoglu, V., Yildirim, C., & M, A. (2008). Chronic carbon monoxide exposure
increases electrocardiographic P-wave and QT dispersion. [nhalation Toxicology, 20(9), 879-884.
http://dx.doi.org/10.1080/08958370801958622

Siddiqui, A. R., Lee, K., Bennett, D., Yang, X., Brown, K. H., Bhutta, Z. A., & Gold, E. B. (2009). Indoor carbon
monoxide and PM2.5 concentrations by cooking fuels in Pakistan. Indoor Air, 19(1), 75-82.
http://dx.doi.org/10.1111/j.1600-0668.2008.00563.x

Smith, K. R., Mehta, S., & Macusezahl-Feuz, M. (2004). Indoor air pollution from household solid fuels use. In
Ezzati, A. D. Lopez, A. Rodgers, & C. J. L. Murray (Eds.), Geneva: World Health Organization (pp.
1435-1493).

Taylor, E. T., & Nakai, S. (2012a). The Levels of Toxic Air Pollutants in Kitchens with Traditional Stoves in
Rural Sierra Leone. J Environ Protect., 3(10), 1353-1363. http://dx.doi.org/10.4236/jep.2012.310154

Taylor, E. T., & Nakai, S. (2012b). Monitoring the levels of toxic air pollutants in the ambient air of Freetown,
Sierra Leone. African Journal of Environmental Science and Technology, 6(7), 283-292.
http://dx.doi.org/10.5897/AJEST12.018

Taylor, E. T., & Nakai, S. (2012c). Prevalence of acute respiratory infections in women and children in Western
Sierra Leone due to smoke from wood and charcoal stoves. International Journal of Environmental
Research and Public Health, 9(6), 2252-2265. http://dx.doi.org/10.3390/ijerph9062252

Verma, T. S., Chimidza, S., & Molefthi, T. (2010). Study of indoor air pollution from household fuels in
Gaborone, Botswana. Journal of African Earth Science, 58, 648-651.
http://dx.doi.org/10.1016/].jafrearsci.2010.07.008

WHO. (2002). "The World Health Organization Report 2002 - Reducing Risks, Promoting Healthy Life, Geneva,
World Health Organization". City.

WHO. (2010). "WHO guidelines for indoor air quality: selected pollutants”, R. O. f. E. World Health
Organization, (ed.). City.

Yang, C.Y. (2008). Air pollution and hospital admissions for congestive heart failure in a subtropical city: Taipei,
Taiwan. Journal of Toxicology and Environmental Health, Part A, 71(16), 1085-1090.
http://dx.doi.org/10.1080/15287390802114428

Zhang, J., Smith, K. R., Uma, R., Ma, Y., Kishore, V. V. N,, Lata, K., ... Thorneloe, S. T. (1999). Carbon
monoxide from cookstoves in developing countries: 2 Exposure potentials. Chemosphere-Global Change
Science, 1,367-375. http://dx.doi.org/10.1016/S1465-9972(99)00003-3

Copyrights
Copyright for this article is retained by the author(s), with first publication rights granted to the journal.

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution
license (http://creativecommons.org/licenses/by/3.0/).

18



