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Abstract

Indoor air pollution caused by the indoor burning of biomass fuels has been associated
with increased risk of acute respiratory infections among children less than five years old
in developing countries. Enough evidence of this association exists to support the
design, implementation and evaluation of interventions to reduce child exposure to
indoor air pollution. This paper reviews the published literature on three technical
intervention options: access to cleaner burning fuels, improved cook stoves and
modification to housing characteristics. It highlights the sustainability challenges related
to the uptake and maintenance of technical interventions and discusses the potential for
behavioral interventions to reduce child exposure to indoor air pollution in contexts
where technical interventions are least likely to succeed in the short term. It further
highlights the need for technical interventions to be inclusive of and sensitive to
behavioral outcomes and processes and also discusses both quantitative and qualitative
research needs in relation to evaluation options.
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Introduction

Approximately half the world’s population and 75 percent of households in
developing countries are reliant on biomass fuels such as wood, cow dung and
crop residues for their domestic energy requirements (The World Resources
Institute 1998). When burned indoors in the absence of adequate ventilation, the
incomplete combustion of biomass fuels releases smoke that contains numerous
pollutants such as carbon monoxide (CO), particulate matter and other organic
compounds into the living environment (Smith 1987). Because of their unique
physiology and the lengths of time that they spend in close proximity to biomass
fires, children less than five years old have been identified as a particularly
vulnerable group.

Figure 1. Young children sitting next to an open fire in rural South
Africa
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Of particular importance is the association between indoor air pollution and Acute
Respiratory Infections (ARI) such as pneumonia among this group. Given the
disproportionate burden of child ARI in developing countries (De Francisco 1993;
Victora et al. 1994; Victora et al. 1999; Kirkwood et al. 1995), the high reliance
on biomass fuels in developing countries, and the strength of the evidence
associating indoor air pollution with child ARI (Zhang and Smith 2003; Smith et
al. 2000; Bruce et al. 2000; De Koning et al. 1985), urgent calls have been
made to evaluate interventions that aim to reduce child exposure to indoor air
pollution (von Schirnding et al. 2002).

To date, interventions designed to reduce indoor air pollution exposure have
been largely technical in nature and have, justifiably, targeted the source of
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indoor air pollution (i.e., biomass fires) through access to cleaner burning fuels,
improved cook stoves and household modification. However, interventions have
yielded mixed results in terms of indoor air pollution reduction with many
context-specific factors implicated in their success or failure (see Ballard-
Tremmer and Mathee 2000; Budds et al. 2001; Barnes et al. 1994). Comparative
reviews are further complicated by the wide global, regional and local variations
in relation to exposures, the underlying nature of the problem, the manner in
which it is understood and intervention efforts to reduce it.

This paper reviews and discusses the sustainability challenges experienced by
three popular technical intervention categories in developing countries. It
highlights opportunities, in the short term, for behavioral interventions in
contexts where the dissemination, uptake and maintenance of technical
interventions are likely to be hindered by poverty. It also discusses opportunities
to broaden the focus of technological interventions to be more inclusive of and
sensitive to behavioral outcomes and processes as well as the need for properly
desighed evaluation studies to determine the impact of interventions.

Interventions and the Sustainability Challenge

Access to Cleaner Burning Fuels

The energy ladder model has been used to categorize domestic fuels along a
hierarchy according to their ease of use, technological advancement and,
importantly for this discussion, the concentrations of emissions they produce. At
the bottom of the ladder are biomass fuels such as cow dung and crop residues,
followed by wood and coal. Petroleum-based fuels such as kerosene and liquid
petroleum gas (LPG) are situated higher up the ladder. Electricity is situated at
the top of the ladder and is considered to be the safest fuel in terms of indoor air
quality. As fuels become safer, however, they also increase in cost (Smith 1987).

Figure 2. The energy ladder model
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From an indoor air pollution perspective, several observational studies have
highlighted the association between cleaner burning fuels and improved indoor
air quality. For example, Brauer et al. (1996) (rural Mexico) compared
particulate emissions (PM;o and PM;s) in homes using biomass only, LPG only
and a combination of biomass and LPG. Indoor concentrations were compared to
measurements taken outdoors where concentrations were considered to be
lowest. Results showed that concentrations of PM;, were highest in biomass-only
homes (12.4 times higher than outdoors), followed by LPG and biomass-
combination homes (6.3 times higher than outdoors) and LPG-only homes (1.8
times higher than outdoors). Concentrations of PM, s showed a similar trend
(Brauer et al. 1996). Similarly, Réllin et al. (2004) found that concentrations of
PM;o and CO (measured in kitchens and on children) were significantly higher in
un-electrified homes compared to homes where electricity was used in rural
South African villages (Réllin et al. 2004).

In terms of fuel type (used as a proxy for indoor air pollution) and child ARI, a
case control study in Argentina found that, compared to healthy controls,
children living in homes that burned coal for heating were 9.9 times more likely
to develop lower respiratory infections (LRI) than those homes using electricity.
The risk was reduced to 2.2 times among children who lived in homes that
burned LPG (Cerqueiro et al. 1990). Similarly, in Nigeria, Johnson and Aderele
found that the risk of ARI was 12.2 times higher among children exposed to
wood smoke than those exposed to kerosene and LPG (Johnson and Aderele
1992).

It was initially thought that as developing countries progressed economically and
household incomes increased, there would be a natural progression up the
energy ladder towards a higher reliance on cleaner burning fuels such as LPG
and electricity. This was supported by the progression of developed countries
away from biomass towards the use of cleaner fuels (Smith et al. 1994). Studies
showing evidence of movement up the energy ladder in developing countries,
however, have been generally limited to urban contexts (Hosier and Dowd 1987;
Leach 1987; Smith et al. 1994) where access to modern fuels is better and fuel
policies (and concomitant pricing structures) are more regulated. The trend
tends to be slower in poorer, rural areas of developing countries, and some rural
contexts have even witnessed a reversal "down” the energy ladder away from
cleaner burning fuels to an increased reliance on biomass fuels.

The failure to progress to the use of modern fuels in developing countries,
particularly rural contexts, may be due to a number of factors. First, from a
supply perspective, it is expensive and logistically difficult to set up energy
dissemination chains in rural areas for households to access cleaner fuels such as
electricity and LPG. Second, from a demand perspective, it is estimated that
approximately 50 percent of households collect biomass either free of charge or
at a minimal monetary cost from within their village or very close by (Leach
1987). Consequently, even if households have access to cleaner burning (but
more expensive) fuels such as electricity or LPG, the likelihood of using free
biomass instead of, or in combination with, cleaner burning fuels is increased. In
addition, the costs of purchasing appliances to use modern fuels is prohibitive.
Consequently, even though households may use modern fuels such as electricity
almost immediately for lighting and entertainment purposes (e.g., radios), they
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continue to use biomass fuels for cooking and space heating purposes, functions
that have the most direct impact on indoor air quality (Mathee et al. 2000).

Third, due to global and regional inequality, much of the world’s poor are likely
to remain so and thus continue to rely on biomass fuels for their domestic
energy requirements. Consequently, estimates indicate that the reliance on
biomass fuels has remained consistent over the last three decades with
approximately 50 percent of the world’s population and up to 95 percent of rural
populations still reliant on them (The World Resources Institute 1998).

While it is not the intention of this paper to oversimplify the complex
determinants of household energy patterns in the developing world, the point is
that it is unlikely that many of the poorest households in developing countries
will progress up the energy ladder towards the exclusive use of cleaner burning
fuels in the foreseeable future.

Improved Cook Stoves

Intervention efforts have also focused on removing the polluted air out of the
living environment instead of replacing the fuels themselves. The dissemination
of improved cook stove(s) (ICS) gained momentum out of the concern in the
1970s that the over-reliance on wood fuel was depleting natural forest resources
at an unsustainable rate. It was envisaged that the resulting deforestation and
contributions from biomass fires to greenhouse gas emissions would have
significant impacts on global climate patterns (Ahuja et al. 1987). The second
concern was that as natural forest resources became depleted, people (mostly
rural women) would have to walk increased distances to collect wood. Studies
showed that women in some rural contexts were spending an average of two
hours collecting fuels and carrying loads of 24 kilograms of wood per day, with
significant health and welfare implications (Bembridge and Tarlton 1990).

Third, in areas where biomass fuels were purchased, fuel expenditure accounted
for a significant proportion of poor households’ energy budgets. Traditional open
fires are highly inefficient. The answer, it was believed, was to improve the
efficiency of the burning process through the use of ICSs. People would
consequently use proportionally fewer units of fuel per burning resulting in cost
savings in contexts where fuels were bought, and time savings where fuels were
collected. It would also have the added environmental benefit of reducing
deforestation.

Governments and donor agencies in developing countries enthusiastically
embraced improved cooking appliances with over 129 million ICSs disseminated
in China alone (Smith et al. 1993). Current estimates indicate that over 160
million ICSs have been disseminated in developing countries. Indeed,
observational studies in developing countries have shown indoor air pollution
reductions in homes using ICSs (such as the improved “Jiko” in Kenya, the
“Plancha” in Guatemala or "Chula” in India) compared to homes using traditional
open fires or rudimentary three-stone methods. One study highlighted a lower
risk of ARI among children living in households using ICSs compared to children
living in households using traditional fires.
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Table 1. Examples of improved stove studies

72

. . Health
Study Stove type(s) Indoor air quality outcomes
(Reid et al. Improved “Chulo” PM,q during cooking: | Not reported
1986) Nepal | vs. traditional stoves | Improved = 1 130
ug/m’
Traditional = 3 140
ug/m’
CO during cooking:
Improved = 67 ppm
Traditional = 300
ppm
(Pandey M. Improved “Tamang” | RSP during cooking Not reported
R. et al. vs. traditional stoves | (1 hr):
1990) Nepal Tamang = 3000
ug/m?
Traditional = 8200
ug/m?
CO during cooking
(1hr):
Tamang = 11.6 ppm
Traditional = 82.5
ppm
(Albalak et Improved “Plancha” | PM3s (14 hr): Not reported
al. 2001) vs. LPG/open Plancha = 330 pg/m?®
Guatemala biomass fire vs. LPG/open fire = 1200
open biomass fire ug/m?
Open fire = 1930
ug/m’
(Ezzati et al. | Improved wood Improved wood Not reported
2000) Kenya | stoves vs. improved | stoves reduced PM;,
charcoal vs. by 48% compared to
traditional 3-stone 3 stone method
fire during burning
period.
(McCracken | Improved ‘Plancha’ Plancha emits 87% Not reported
and Smith, Vs traditional stoves | less PM2.5 and 91%
1998) less CO per KJ of
Guatemala useful heat delivered.
(Wafula et Improved ‘Jiko’ Vs Not reported Child ARI
al. 2000) traditional 3-stone significantly less
Kenya fire in Plancha vs.
traditional 3-
stone (OR=2.6)

The successful dissemination and uptake of ICS interventions at the household
level are generally context specific and are linked to a number of factors
including the design of the stove (to meet household domestic energy needs
such as cooking, heating and food curing), marketing strategies, subsidization,
commercialization processes (including local job creation), user perceptions,
community participation and local energy policies (see Budds et al. 2001; Barnes
et al. 1994; Larson and Rosen 2002). In addition, of particular concern in
developing countries is the financial inability of low-income households to
maintain the stoves after they have been disseminated.
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Even if the initial purchases of stoves are subsidized, maintenance costs are
often prohibitive. It is estimated that only 10 percent of ICS programs worldwide
are still working after two years (Manibog 1984) and the stoves that are in use
are often poorly maintained resulting in significant variability in efficiencies and
emissions under conditions of actual use compared to initial laboratory testing.
Consequently, the intended cost, time-saving and indoor air pollution reduction
motivations of ICSs over traditional fires is often significantly reduced after
stoves have been installed. (Ezzati et al. 2000; McCracken and Smith 1998;
Albalak et al. 2001).

In addition, research has shown that ICS programs are more likely to succeed in
contexts where biomass fuels are purchased (people are motivated by cost
savings for purchasing fuels) and where fuels are scarce (women are motivated
by time savings in collecting less wood) (Ramakrishna et al. 1989; Barnes et al.
1994). This means that a significant proportion of the world’s population where
access to ICSs is poor, who cannot afford the maintenance of ICSs and who live
in contexts where biomass is collected for free close to the living environment
are unlikely to benefit from the indoor air pollution reduction potential of ICSs.

Dwelling Modification

Concentrations of indoor air pollutants are thought to be affected by
characteristics of the dwellings in which fires are burned. For example, a cross-
sectional study in India found that in addition to fuel type, the strongest
predictor of indoor air pollution in the living environment was having a kitchen
separate from the living area as well as improved ventilation (Mehta et al. 2002).
Similarly, a study in Guatemala found that larger burning environments reduce
concentrations of pollutants (PMss) by every unit increase in volume (Albalak et
al. 2001). A study in West Kenya showed that the provision of enlarged eaves
(between roofs and tops of walls) and windows reduced PM; s by 62 percent
(Bruce et al. 2002).

Modifying household characteristics (such as providing separate kitchens,
enlarging cooking environments and improving sources of ventilation) in poor
contexts are expensive and therefore have been slow to be incorporated into
development programs. In addition, there may be unintended consequences
such as reduced privacy, increased security risk and negative effects on indoor
temperatures (particularly in cold climates).

Discussion

Behavioral Opportunities

Despite significant development efforts and evidence of their effectiveness, the
costs to governments, donor agencies and households associated with technical
intervention efforts are still prohibitive for many of the poorest people in
developing contexts. This is particularly true among the rural poor in developing
countries where biomass is abundant, obtainable free of charge and where
access to improved technology is poor. If we are to assume that take-up of
current technology-based interventions is impeded by the slow regional and
household socio-economic growth in developing countries, then fuel, ICS and
household modification interventions must be viewed as medium- to long-term
strategies. Cheaper, short-term strategies are needed to reduce child indoor air
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pollution exposure until access to cleaner burning fuels and ICS programs are
more accessible and sustainable.

Table 2. Behavioral opportunities to reduce exposure to indoor air

Pollution
Behavioral Practices Studies
cluster
Tending ) Dry wood//dung (Manibog 1984): Laboratory research has
fires before burning shown that well tended fires display much
o Use smaller pieces of | higher levels of efficiency and lower emission
wood characteristics than previously thought, and in
o Use pots that some cases are comparable to efficiency
correctly fit open fires figures obtained from some ICS programs.
o Reduce duration of
burning.
Stove o Fix holes in stove Reid et al (1986): PM reduced from 4900 to
maintenance and/or flues 1100 pg/m? and CO from 500 to 31 parts per
and use . Clean and maintain million (ppm) when correct fitting pots were
stoves and flues used. The study found that cleaning stove
. Use pots that flues (by removing 1.5 liters of soot) reduced
correctly fit stove CO from 500 to 56 ppm (Reid et al. 1986).
openings
Ventilation o Fix and maintain None
use broken windows
o Promote double
ventilation.
Safer child o Keep children away o Pandey et al. (1989): Study found that
location from fires the number of episodes of ARI were
practices positively associated with the amount of
while fires time that children spent close to fires
are burning (n=233).

) Armstrong & Campbell (1991):
Carriage on mothers’ backs while
cooking associated with higher risk of
ARI (OR between 0.5 - 1.9) compared to
children not allowed in burning room.

o Carriage on caregivers’ backs found to
be an independent risk factor for ALRI
morbidity (OR=2.55) (O' Dempsey et al.
1996) and mortality (OR=2.02) (De
Francisco et al. 1993).

o Mtango and colleagues (1992): The
study found that children who died of
ARI were 2.78 times more likely to have
slept in the same room where indoor
cooking was done after controlling for
confound.

Behavior change has been identified as a potential short-term intervention to
reduce child exposure to indoor air pollution (Favin et al. 1999; Barnes and
Mathee 2002). Although very little information exists about the effectiveness of
“behavior-only” strategies (i.e., without technology), several behavioral clusters
are thought to affect exposure. These include (but are not limited to) behaviors
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directed at tending fires, maintaining and using stoves (where stoves are
available), the use of ventilation to reduce concentrations of pollutants and
keeping children away from fires. Table 2 highlights potential behavioral
intervention opportunities and the rather scant evidence supporting them.

To date, one study in rural South Africa (in which the author is involved) is
evaluating the effectiveness of a behavior change intervention to reduce child
exposure to indoor air pollution. The study is taking place in a poor, un-
electrified rural village where biomass (wood and cow dung) is used by most
households. Based on two phases of formative research (Barnes et al. 2004a;
2004b), an intensive environmental health education campaign was developed to
influence two clusters of behaviors: child location and ventilation practices while
indoor fires were burning. Using a before-after design (with comparison group),
researchers are currently analyzing the impact of the intervention on selected
burning behaviors, child exposure to selected pollutants and respiratory health
over a 12 month period (2003-2004).

Although still under analysis, preliminary results' are showing significant
reductions in child exposure to respirable particulates and CO one year after the
intervention. Average child CO exposures (24 hour), for example, were reduced
from 129 (in 2003) to 72 ppm (in 2004) in the intervention group while those in
the comparison group remained the same. The intervention, however, appears to
have had a negligible impact on children’s respiratory health. This can be
explained, in part, by the fact that, despite decreases in exposure, levels still
remain far above international guidelines.

Lessons from the South African study indicate that although behavioral
interventions are relatively cheap and easily implemented, they require much
planning—particularly to determine which behaviors to focus on and develop
communication strategies to promote protective behaviors. In addition, their
impact may be limited by the fact that, by their very nature, they may not focus
on completely removing smoke from the living environment but rather reducing
exposure to it. Despite the limits of behavior-only approaches, they may,
nonetheless be useful in contexts where no other intervention options exist.

In line with calls for technical interventions to be more people-centered (Budds
et al. 2001), like water and sanitation efforts have attempted in the past, scope
exists for behavioral outcomes to be included in the design and implementation
of technical interventions in contexts where they are feasible. For example, the
inclusion of safer child location practices together with ICS and cleaner fuel
interventions may further enhance the effectiveness of such programs. Similarly,
the proper use and maintenance of ICSs could also possibly be improved with a
behavioral focus. A “behavior-first” (Favin et al. 1999) approach, which
contextualizes technical interventions in relation to human behavior, has been
noticeably absent in prevention designs. Exposure-reducing behaviors (in
addition to technology) may be particularly relevant given the fact that many
homes with access to ICSs and access to cleaner burning fuels still experience
poor air quality because of the sustainability challenges outlined above.
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Research Needs

From an evaluation perspective, a number of research gaps are evident in the
literature. First, evaluations of interventions have been limited to simple cross-
sectional “snapshot” studies that have compared populations exposed to an
intervention with those populations not exposed to the intervention. This offers
little information about the situation before the intervention was introduced, why
the intervention is sustained in certain contexts (and not in others) and the
effects of the intervention over time.

Second, the impact of indoor air pollution on respiratory health is a function of
the complex interplay between indoor air quality, the amount of time that
children spend breathing smoke and factors related to children’s susceptibility
(including socio-economic status, aspects of nutrition, birth weight and history of
infection). Evaluation studies have tended to limit outcome measurements to
either indoor air quality or child respiratory health with very few, if any,
evaluating the impact of interventions on both indoor air quality and child ARI.
Given the range of factors that could influence this relationship, there is a need
for studies that include both indoor air pollution exposure and child ARI
outcomes while taking into account the range of confounding factors that affect
both.

Third, there has been a lack of consistency in the way indoor air pollution
exposure has been measured. Studies have focused on a variety of pollutants
(for example, particulate matter, CO or a combination) using different
monitoring equipment. Studies have also differed in their methodological
approach to indoor air pollution monitoring. For example, in measuring
particulate matter, some studies have used a time-weighted average approach
while other studies have used real-time monitoring. Studies have also differed in
their monitoring periods (e.g., duration of a burning fire, 1 hour, 8 hours or 24
hours). This makes comparing effects across studies difficult to achieve.

In addition, most PM monitoring equipment is too large and heavy to attach to
young children in order to measure exposure. Consequently, researchers have
to measure levels of indoor air quality in the room used for burning, measure
child time-location practices in relation to fires and then calculate exposure
based on these two estimates. Several studies have attempted to circumvent
this by attaching smaller carbon monoxide diffusion tubes to young children.
Carbon monoxide has been shown in Guatemala to be an accurate and useful
proxy for PM, thus allowing researchers to use carbon monoxide attached to
children to measure exposure (Naeher et al. 2001). A study in South Africa,
however, found that CO was a poor predictor of PM (Réllin et al. 2004).
Evaluators also need to consider methods of assessing child time-activity
patterns such as questionnaires and observations that may influence exposure
estimates (Barnes et al. 2005).

There has also been a lack of consistency in the way in which ARI has been
defined. Some studies have used combinations of symptoms such as shortness
of breath and rapid breathing to screen for ARI in field conditions, while others
have confirmed cases through formal clinical procedures. Some studies have
focused on mortality (death due to ARI vs. living), morbidity (ARI vs. healthy
control) or severity of ARI (mild vs. moderate vs. severe). Differing
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methodologies and outcome definitions make it difficult to compare the
effectiveness of intervention approaches across contexts.

Figure 3. Young girl with a carbon monoxide diffusion tube

Longitudinal studies that measure the impact of interventions on fuel use, indoor
air quality, child exposure and child ARI (while taking into account the range of
confounding variables) are desperately needed. There is also a need for
consistency in methodologies to compare the effectiveness of interventions
across contexts.

It is encouraging to note that the World Health Organization is currently
supporting an ICS randomized controlled trial in Guatemala (see
http://www.who.int/indoorair/interventions/guatemala/en/). The
study takes into account many of the empirical weaknesses outlined above
including the field testing smaller PM equipment (personal communication,
Professor Kirk Smith). Studies are also underway evaluating participatory
interventions in Kenya (promoting smoke hoods); Sudan (LPG promotion) and
Nepal (home insulation and stove design) (see
http://www.itdg.org/?id=smoke_index). Results from these studies,
together with the behavioral work in South Africa, should contribute significantly
to the understanding of the impacts of interventions in different contexts.

In addition to quantitative considerations, possibilities also exist for qualitative
evaluation methodologies. Qualitative evaluations may be particularly useful for
understanding the processes underlying intervention implementation and
adoption. Qualitative methodologies could explore the motivations and barriers
to adopting interventions in particular contexts, the relative importance of
improved health in relation to welfare outcomes (e.g., ease of use, improved
quality of life, less smoke irritation), unintentional consequences of
interventions, intentions to persist/sustain interventions as well as the process of
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intervention implementation (dissemination, communication or training
strategy).

Concluding Remarks

Despite significant sustainability challenges, energy-related interventions have
shown promise in terms of their potential to reduce child exposure to indoor air
pollution. Interventions, however, have had little success in contexts of extreme
poverty. This paper highlights what is needed for greater success: cheaper
behavioral intervention options to be implemented among the poorest population
sectors where technical interventions are unlikely to reach, opportunities for
technical interventions to be more inclusive of behavioral processes and
outcomes, and quantitative as well as qualitative evaluations. It is hoped that
this paper will serve to stimulate further debate on context-specific interventions
to improve child respiratory health through indoor air pollution exposure
reduction.

Endnote
1. Final results are due to be released in September 2005

Brendon Barnes is a researcher at the Medical Research Council of South
Africa. Trained in public health and psychology, he has a special interest in the
health effects of biomass fires and behavior-based approaches to reducing child
exposure to environmental threats in developing countries (including indoor air
pollution and environmental lead).

References

Ahuja, R., V. Joshi, K. Smith, and C. Venkataraman (1987). “Thermal
Performance and Emission Characteristics of Unvented Biomass-Burning
Cookstoves: A Proposed Standard Method for Evaluation.” Biomass 12: 247-270.

Albalak, R., N. Bruce, J. McCracken, K. Smith, and T. De Gallardo (2001).
“Indoor Respirable Particulate Matter Concentrations from an Open Fire,
Improved Cookstove and LPG/Open Fire Combination in a Rural Guatemalan
Community.” Environmental Science and Technology 35: 1650-5.

Armstrong, J., and H. Campbell (1991). “Indoor Air Pollution Exposure and
Lower Respiratory Infections in Young Gambian Children.” International Journal
of Epidemiology 20: 424-429.

Ballard-Tremmer, G., and A. Mathee (2000). Review of Interventions to
Reduce Exposure of Women and Young Children to Indoor Air Pollution in
Developing Countries. Washington D.C.: WHO/ USAID Global Consultation.

Barnes, B., and A. Mathee (2002). "Reducing Child Exposure to Indoor Air
Pollution: The Potential Role of Behaviour Change Interventions.” The Clean Air
Journal 11:14-18.

Barnes, B., A. Mathee, and K. Moiloa (2005). “Assessing Child Time-Activity
Patterns in Relation to Indoor Cooking Fires in Developing Countries: A

This content downloaded from
118.136.182.159 on Tue, 15 Feb 2022 13:22:53 UTC
All use subject to https://about.jstor.org/terms


http://www.colorado.edu/cgi-bin/cgi-proxy/plan/housing-info/child/indiadd.cgi?name=Barnes,+Brendon

Interventions to Reduce Child Exposure to Indoor Air Pollution ... 79

Methodological Comparison.” International Journal of Hygiene and Environmental
Health 208: 219-225.

Barnes, B., A. Mathee, L. Shafritz, L. Krieger, M. Favin, and L. Sherburne.
(2004a). “Testing Selected Behaviours to Reduce Indoor Air Pollution Exposure in
Young Children.” Health Education Research 19: 543-50.

Barnes, B., A. Mathee, L. Shafritz, L. Krieger, and S. Zimicki (2004b). “A
Behavioral Intervention to Reduce Child Exposure to Indoor Air Pollution:
Identifying Possible Target Behaviors.” Health Education and Behavior 31: 306-
317.

Barnes, D., K. Openshaw, K. Smith, and R. Van der Plas (1994). What
Makes People Cook with Improved Biomass Stoves? A Comparative International
Review of Stove Programs. World Bank Technical Paper 242. Washington, D.C.:
World Bank.

Bembridge, T., and J. Tarlton (1990). "“Woodfuel in Ciskei: A Headload Study.”
South African Forestry Journal 154: 88-95.

Brauer, M., K. Bartlett, J. Regaldo-Pineda, and R. Perez-Padilla (1996).
“Assessment of Particulate Concentrations from Domestic Biomass Combustion in
Rural Mexico.” Environmental Science and Technology 30: 104-109.

Bruce, N., E. Bates, R. Nguti, S. Gitonga, J. Kithinji, and A. Doig (2002).
“Reducing Indoor Air Pollution through Participatory Development in Rural
Kenya.” Indoor Air 12: 590-595.

Bruce, N., L. Neufeld, E. Boy, and C. West (1998). “Indoor Biofuel Air
Pollution and Respiratory Health: The Role of Confounding Factors among
Women in Highland Guatemala.” International Journal of Epidemiology 27: 454-
8.

Bruce, N., R. Perez-Padilla, and R. Albalak (2000). “Indoor Air Pollution in
Developing Countries: A Major Environmental and Public Health Challenge.”
Bulletin of the World Health Organisation 78: 1078-92.

Budds, 1., A. Biran, and J. Rouse (2001). What’s Cooking? A Review of the
Health Impacts of Indoor Air Pollution and Technical Interventions for Its
Reduction. Loughborough: WELL.

Cerqueiro, M., P. Murtagh, A. Halac, M. Avila, and M. Weissenbacher
(1990). “Epidemiological Risk Factors for Children with Acute Lower Respiratory
Tract Infection in Buenos Aires, Argentina: A Matched Case-Control Study.”
Reviews of Infectious Diseases 12: S1021-S1027

De Francisco, A., J. Morris, A. Hall, J. Armstrong, J. Schellenberg, and B.
Greenwood (1993). “"Risk Factors for Mortality from Acute Lower Respiratory
Tract Infections in Young Gambian children.” International Journal of
Epidemiology 22: 1174-1182.

De Koning, H., K Smith, and J. Last (1985). "Biomass Fuel Combustion and

This content downloaded from
118.136.182.159 on Tue, 15 Feb 2022 13:22:53 UTC
All use subject to https://about.jstor.org/terms



Interventions to Reduce Child Exposure to Indoor Air Pollution ... 80

Health.” Bulletin of the World Health Organization 63: 11-26.

Ezzati, M., and D. Kammen (2002). “"The Health Impacts of Exposure to Indoor
Air Pollution from Solid Fuels in Developing Countries: Knowledge, Gaps, and
Data Needs.” Environmental Health Perspectives 110: 1057-1068.

Ezzati, M., B. Mbinda, and D. Kammen (2000). "Comparison of Emissions and
Residential Exposure from Traditional and Improved Cookstoves in Kenya.”
Environmental Science and Technology 34: 578-583.

Favin, M., M. Yacoob, and D. Bendahmane (1999). Behavior First: A
Minimum Package of Environmental Health Behaviours to Improve Child Health.
Washington, D.C.: Environmental Health Project.

Hosier, R., and J. Dowd (1987). “"Household Fuel Choice in Zimbabwe.”
Resources and Energy 9: 347-361 .

Johnson, A., and W. Aderele (1992). “"The Association of Household Pollutants
and Socio-Economic Risk Factors with the Short-Term Outcome of Acute Lower
Respiratory Infections in Hospitalized Pre-School Nigerian Children.” Annals of
Tropical Paediatrics 12: 421-432.

Kirkwood, B., S. Gove, S. Rogers, P. Lob-Levyt, P. Arthur, and H.
Campbell (1995). “"Potential Interventions for the Prevention of Childhood
Pneumonia in Developing Countries: A Systematic Review.” Bulletin of the World
Health Organisation 73: 793-8.

Larson, A., and S. Rosen (2002). “"Understanding Household Demand for
Indoor Air Pollution Control in Developing Countries.” Social Science and
Medicine 55: 571-584.

Leach, G. (1987). "Household Energy in South Asia.” Biomass 12: 155-184.

Manibog, R.F. (1984). “Improved Cooking Stoves in Developing Countries:
Problems and Opportunities.” Annual Review of Energy 9: 199-227.

Mathee, A., H. Rollin, and N. Bruce (2000). Electrification and Pneumonia in
Young Children in Rural Areas of South Africa. Johannesburg: MRC South Africa.

McCracken, J., and K. Smith (1998). “"Emissions and efficiency of improved
woodburning cookstoves in highland Guatemala.” Environment International 24:
739-747.

Mehta, S., K. Smith, K. Balakrishnan, S. Sankar, R. Padmavathi, S.
Kumar, and S. Akbar (2002). “Using Household Characteristics to Predict
Particulate Levels in Rural Households of Andhra Pradesh, India.” Indoor Air 12:
596-601.

Mtango, F., D. Neuvians, C. Broome, A. Hightower, and A. Pio (1992). Risk
Factors for Deaths in Children under 5 Years OIld in Bagamoyo District, Tanzania.
Tropical Medicine and Parasitology 43: 229-233.

This content downloaded from
118.136.182.159 on Tue, 15 Feb 2022 13:22:53 UTC
All use subject to https://about.jstor.org/terms



Interventions to Reduce Child Exposure to Indoor Air Pollution ... 81

Murray, C., and A. Lopez (1997). “Global Mortality, Disability, and the
Contribution of Risk Factors: Global Burden of Disease Study.” The Lancet 349:
1436-42.

Naeher, L., K. Smith, B. Leaderer, L. Neufeld, and D. Mage (2001). “"Carbon
Monoxide as a Tracer for Assessing Exposures to Particulate Matter in Wood and
Gas Cookstove Households of Highland Guatemala.” Environmental Science and
Technology 35: 575-81.

O' Dempsey, T., T. Mcardle, J. Morris, N. Lloyd-Evans, 1. Baldeh, B.
Laurence, O. Secka, and B. Greenwood (1996). “A Study of Risk Factors for
Pneumococcal Disease among Children in a Rural Area of West Africa.”
International Journal of Epidemiology 25: 885-893.

Pandey, M., R. Neupane, A. Gautam, and I. Shrestha (1989). "Domestic
Smoke Pollution and Acute Respiratory Infections in a Rural Community of the
Hill Region of Nepal.” Environment International 15: 337-40.

Pandey M., R. Neupane, A. Gautam, and I. Shrestha (1990). “"The
Effectiveness of Smokeless Stoves in Reducing Indoor Air Pollution in a Rural Hill
Region of Nepal.” Mountain Research and Development 10: 313-320.

Ramakrishna, J., M. Durgaprasad, and K. Smith (1989). “"Cooking in India:
The Impact of Improved Stoves on Indoor Air Quality.” Environmental
International 15: 341-352 .

Reid, H., K. Smith, and B. Sherchand (1986). “"Indoor Smoke Exposures from
Traditional and Improved Cookstoves Comparisons among Rural Nepali Women.”
Mountain Research and Development 6: 293-304.

Rollin, H., A. Mathee, N. Bruce, J. Levin, and Y. von Schirnding (2004).
“Comparison of Indoor Air Quality in Electrified and Un-Electrified Dwellings in
Rural South African Villages.” Indoor Air 14: 208-216.

Smith, K. (1987). Biofuels, Air Pollution and Health. New York: Plenum Press.

Smith, K. (2002) “Indoor Air Pollution in Developing Countries:
Recommendations for Research.” Indoor Air 12: 198-207.

Smith, K., J. Samet, I. Romieu, and N. Bruce (2000). “Indoor Air Pollution in
Developing Countries and Acute Lower Respiratory Infection in Children.” Thorax
55: 518-532.

Smith, K., G. Apte, M. Yuqing, W. Wongsekiarttirat and A. Kulkarni
(1994). “Air Pollution and the Energy Ladder in Asian Cities.” Energy 19: 587-
600.

Smith, K, G. Shuhua, H. Kun, and Q. Daxiong (1993). "One Hundred Million
Improved Cookstoves in China: How Was It Done?” World Development 21:
941-961.

The World Resources Institute (1998). World Resources: A Guide to the

This content downloaded from
118.136.182.159 on Tue, 15 Feb 2022 13:22:53 UTC
All use subject to https://about.jstor.org/terms



Interventions to Reduce Child Exposure to Indoor Air Pollution ... 82

Global Environment 1998-99. Oxford: Oxford University Press

Victora, C., B. Kirkwood, A. Ashworth, R. Black, S. Rogers, S. Sazawal, H.
Campbell, and S. Gove (1999). “Potential Interventions for the Prevention of
Child Hood Pneumonia in Developing Countries: Improving Nutrition.” American
Journal of Clinical Nutrition 70: 309-20.

Victora, C., S. Fuchs, 1. Flores, W. Fonseca, and B. Kirkwood (1994). “Risk
Factors for Pneumonia among Children in a Brazilian Metropolitan Area.”
Pediatrics 93: 977-985.

von Schirnding, Y., N. Bruce, K. Smith, G. Ballard-Tremmer, M. Ezzati,
and K Lvovsky (2002). Addressing the Impact of Household Energy and Indoor
Air Pollution on the Health of the Poor. Geneva: World Health Organization.

Wafula, E., M. Kinyanjui, L. Nyabola, and E.Tenambergen (2000). “Effect of
Improved Stoves on Prevalence of Acute Respiratory Infection and Conjunctivitis
among Children and Women in a Rural Community in Kenya.” East African
Medical Journal 77: 37-41.

Williams, B., E. Gouws, C. Boschi-Pinto, J. Bryce, and C. Dye (2002).
“Estimates of World-Wide Distribution of Child Deaths from Acute Respiratory
Infections.” The Lancet Infectious Diseases 2: 25-32.

World Health Organization (2003). Quantifying Selected Major Risks to Health
in The World Health Report 2002. Geneva: World Health Organization.

This content downloaded from
118.136.182.159 on Tue, 15 Feb 2022 13:22:53 UTC
All use subject to https://about.jstor.org/terms



	Abstract
	Introduction
	Interventions and the Sustainability Challenge
	Access to Cleaner Burning Fuels
	Improved Cook Stoves
	Dwelling Modification

	Discussion
	Behavioral Opportunities
	Research Needs
	Concluding Remarks

	Endnote
	References

