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Summary One-third of the world’s population burn organic material such as wood, dung or
charcoal (biomass fuel) for cooking, heating and lighting. This form of energy usage is associated
with high levels of indoor air pollution and an increase in the incidence of respiratory infections,
including pneumonia, tuberculosis and chronic obstructive pulmonary disease, low birthweight,
cataracts, cardiovascular events and all-cause mortality both in adults and children. The mech-
anisms behind these associations are not fully understood. This review summarises the available
information on biomass fuel use and health, highlighting the current gaps in knowledge.

© 2008 Royal Society of Tropical Medicine and Hygiene. Published by Elsevier Ltd. All rights

1. Introduction

Air pollution is a significant cause of morbidity and mor-
tality. The greatest health impacts from air pollution
worldwide occur among the poorest and most vulner-
able populations. The amount of exposure in terms
of the number of people, exposure intensity and time
spent exposed is far greater in the developing world
(Smith, 1993); approximately 76% of all global particulate
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matter air pollution occurs indoors in the developing world
(Figure 1).

When attention is focused on the problem of indoor
air pollution resulting from the use of ‘biomass fuels’
(BMF), an enormous health burden is uncovered. There
is now evidence linking an increased risk of respiratory
tract infections, exacerbations of inflammatory lung con-
ditions, cardiac events, stroke, eye disease, tuberculosis
(TB), cancer and hospital admissions with air pollution
levels (Atkinson et al., 1999; Hong et al., 2002; Laden
et al., 2006; Lin et al., 2007; Pokhrel et al., 2005;
Pope Ill et al., 2002; Saha et al., 2005; Smith et al.,
2004). Data relating to the effects of burning BMF on
health are of relevance to any physician practising in
the developing world, however they are conspicuously

0035-9203/$ — see front matter © 2008 Royal Society of Tropical Medicine and Hygiene. Published by Elsevier Ltd. All rights reserved.

doi:10.1016/j.trstmh.2008.05.028

=
brought to you by . CORE


https://core.ac.uk/display/82442923?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
mailto:duncan.fullerton@liverpool.ac.uk
dx.doi.org/10.1016/j.trstmh.2008.05.028

844 D.G. Fullerton et al.
Total global exposure to particulate matter
pollution
1%
m  Outdoor air pollution in
industrialised countries
® Indoor air pollution in
industrialised countries
m  Outdoor air pollution in
developing countries
m  Indoor air pollution in
developing countries
Smith, K,R,“Fuel Combustion Air Pollution, Exposure and Health:
the Situation in Developing Countries," Annual Review of Energy
and the Environment 18: 529-566, 1993.
Figure 1  Pie chart showing total global exposure to particulate matter air pollution. Prepared using data from Smith (1993) by

kind permission.

underrepresented in the literature (Jaakkola and Jaakkola,
2006).

2. What is biomass fuel?

BMF refers to burned plant or animal material; wood, char-
coal, dung and crop residues account for more than one-half
of domestic energy in most developing countries and for as
much as 95% in lower income countries (Smith et al., 2004).
Around 2.4 billion people rely on BMF as their main source of
domestic energy for cooking, heating and lighting (Reddy et
al., 1996; Smith et al., 2004) and a further 0.6 billion people
use coal. The adverse health effects of indoor air pollution
are often exacerbated by lack of ventilation in homes using
BMF and by the poor design of stoves that do not have flues
or hoods to take smoke out of the living area. The combus-
tion efficiency of BMF is also very low, thus it yields relatively
high levels of products of incomplete combustion, which are
more damaging to health.

The polluting effect, efficiency and cost of domestic fuel
use are often construed as an ‘energy ladder’ (WHO, 2006a).
Dried animal dung, scavenged twigs and grass, which are
cheap, inefficient and pollute the most, are at the bottom
of the ladder. Crop residues, wood and charcoal are a higher
level BMF, whilst kerosene, coal and bottled or piped gas are
the most efficient (non-BMF) combustible energy sources.
Electricity is at the top of the energy ladder. The corre-
lation of socioeconomic factors with the main fuel used is
relatively close, however most households use several fuels
in different settings. Four factors that appear to be most
relevant in a household’s choice of fuel type are: (a) cost
of fuel, stove type and accessibility to fuels; (b) technical
characteristics of stoves and cooking practices; (c) cultural
preferences; and lastly, if at all, (d) the potential health
impacts (Masera et al., 2000).

3. Toxic products in biomass smoke

Inefficient burning of BMF on an open fire or traditional
stove generates large amounts of particulate matter as well
as carbon monoxide, hydrocarbons, oxygenated organics,
free radicals and chlorinated organics (Naeher et al., 2007).
The particulate matter component of this smoke is classi-
fied according to its size, with inhalable material <10 um
in aerodynamic diameter referred to as PM;;. The 24-h
mean particulate matter levels set in the WHO guidelines
for air quality are 50 wg/m? for PMyg and 25 pg/m? for PM s
(WHO, 2006b), but in many parts of the developing world the
peak indoor concentration of PMq often exceeds 2000 wg/m?
(Ezzati and Kammen, 2001; Regalado et al., 2006). Critically,
there are age, gender and socioeconomic differences in lev-
els of exposure and the consequent health effects (Bruce
et al., 2000). Exposure to BMF has been estimated to have
caused 0.5% of all deaths and 0.4% of all disability-adjusted
life-years in South Africa in 2000 (Norman et al., 2007).

This review will examine the health effects on children
and adults separately as well as distinguishing between res-
piratory and non-respiratory illness.

4. Respiratory illness in children

Young children living in households exposed to solid fuel
(BMF) have a two to three times greater risk of developing
acute lower respiratory tract infection (ALRI) compared with
those living in households using cleaner fuels or suffering less
exposure to smoke (Smith et al., 2000). In children under
5 years, the mortality attributable to ALRIs is estimated
to be over 2 million deaths per year (Black et al., 2003;
Murray et al., 2001; Rudan et al., 2004). The first report of
indoor cooking smoke associated with childhood pneumonia
and bronchiolitis was in Nigeria (Sofoluwe, 1968), however
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not until the 1980s was this followed by reports from other
areas (Collings et al., 1990; Mtango et al., 1992; O’Dempsey
et al., 1996; Pandey et al., 1985; Shah et al., 1994). One
relatively small cohort study in rural Kenya found that the
amount of pollution a child is exposed to directly correlates
with the risk of developing pneumonia (Ezzati and Kammen,
2001).

Outdoor air pollution has chronic adverse effects on
lung development in US children from the age of 10—18
years, which leads to clinically significant deficits in attained
forced expiratory volume in 1s (FEV,) as children reach
adulthood (Gauderman et al., 2004). Carbon particles, simi-
lar to those found in ambient air and a biomarker of exposure
to air pollution, are present in the airway macrophages
of exposed children, and an increased level of carbon in
their macrophages correlates with decreased lung function
(Kulkarni et al., 2006). Data from Ecuador corroborate the
deterioration in lung function expected when children are
exposed to high levels of indoor air pollution from BMF
(Rinne et al., 2006), and data from Guatemala have sug-
gested that symptoms of wheeze are more frequent amongst
households that use an open fire compared with a stove
with a chimney (Schei et al., 2004). A review of data
from China has shown reductions in children’s FEV,, forced
vital capacity and peak flow associated with domestic coal
use (Zhang and Smith, 2007). However, as yet there are
no longitudinal data on BMF exposure and children’s lung
function.

5. Non-respiratory illness in children

5.1. Low birthweight

Evidence exists that implicates exposure to BMF smoke in
adverse effects on different birth outcomes (Sram et al.,
2005). There is a published association of low birthweight,
intrauterine growth retardation and perinatal mortality with
air pollution (Dejmek et al., 1999; Mavalankar et al., 1991;
Wang et al., 1997). A study from Guatemala identified an
association between birthweight and type of fuel used. The
use of an open fire produced average levels of PM;, of
1000 ug/m?. The babies of mothers using open wood fires
were on average 63g lighter compared with babies born
to mothers using cleaner fuels (Boy et al., 2002). A similar
(slightly larger) effect has also been reported in Zimbabwe
(Mishra et al., 2004). The model in Figure 2 attempts to
explain how BMF may fit into a multifactorial explanation of
low birthweight.

5.2. Nutritional deficiency

A recent report has suggested that exposure to BMF smoke
in young children contributes to chronic nutritional defi-
ciencies including anaemia and stunted growth (Mishra and
Retherford, 2007). This was a study of nearly 30000 children
taking into account potential confounders such as expo-
sure to tobacco smoke, recent episodes of illness, maternal
education and nutrition, and other factors. However, the
possibility of residual confounding still exists: the mix of
fuels at different locations; biomass-exposed children are
more likely to live in a rural area and to be in households of a

lower standard of living and to live in lower-quality housing;
and mothers are less likely to have received iron supplemen-
tation during pregnancy. Although Mishra and Retherford
(2007) use multiple logistic regression models in an attempt
to control for these factors, the extent to which confound-
ing can be controlled depends on the accurate measurement
of the full set of confounding factors and their inclusion
in the specified model. The reliance on national survey
data inherently limits confounder assessment. For exam-
ple, there were no data on intensity of hookworm or other
helminth infections, which are important causes of anaemia
and malnutrition in this and other regions. These findings
demonstrate a further set of outcomes from BMF exposure
that require more investigation.

6. Respiratory illness in adults

Women bear the brunt of the disease burden associated with
BMF, primarily because it is women living in rural areas who
are exposed to high levels of BMF smoke. In Nepal, the aver-
age PMyo level in kitchens using BMF was three times higher
than in those using cleaner fuels such as kerosene, liquefied
petroleum gas (LPG) and biogas, and 94% of the respon-
dents were disadvantaged women (Shrestha and Shrestha,
2005).

6.1. Interstitial lung disease

BMF smoke is associated with an interstitial lung disease
referred to as ‘hut lung’ (Gold et al., 2000; Grobbelaar and
Bateman, 1991), a form of pneumoconiosis in rural women
from developing countries, originally described as ‘Transkei
silicosis’ because it was thought to be due to silica particles.
However, it is the contribution of BMF smoke in the patho-
genesis of chronic obstructive pulmonary disease (COPD)
that causes a greater global burden of disease.

6.2. Chronic obstructive lung disease

BMF smoke is responsible for COPD in non-smoking women
living in rural areas (Ezzati, 2005; Orozco-Levi et al., 2006;
Smith et al., 2004). In women from rural Turkey it is esti-
mated that the fraction of COPD attributed to exposure
to biomass smoke, after adjusting for possible confound-
ing factors, is 23.1% (Ekici et al., 2005). Cigarette smoking
rates remain relatively low in developing countries com-
pared with Europe and the USA (Muula, 2007; Rudatsikira et
al., 2007). However, in Mexico, women exposed to domestic
BMF smoke develop COPD with clinical characteristics, qual-
ity of life and increased mortality similar in degree to that
of tobacco smokers (Ramirez-Venegas et al., 2006; Regalado
et al., 2006).

6.3. Tuberculosis

Evidence is emerging that the incidence of TB is increased
amongst BMF-exposed women. Studies from Mexico and
India have implied a causal role of current BMF smoke
exposure and the development of TB (Mishra et al., 1999;
Perez-Padilla et al., 2001). Although these finding have
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Figure 2 Pathways relating smoke exposure and childhood health. FEV1: forced expiratory volume in 1s; FVC: forced vital capacity.

Reproduced with kind permission of J.D. Haas: ‘Potential mechanisms for the effect of indoor cooking smoke on fetal growth’. Invited
paper presented at WHO Workshop on ‘The Impact of Indoor Cooking Smoke on Health’, Geneva, Switzerland, 26—29 February 1992.

not been seen in all studies, overall the evidence sup-
ports the hypothesis that exposure to respirable pollutants
from combustion of BMF increases the risk of TB infection
and disease (Lin et al., 2007). It is known that BMF smoke
impairs alveolar macrophage function (Aam and Fonnum,
2007; Arredouani et al., 2006; Zhou and Kobzik, 2007). Alve-
olar macrophages are not only the target of Mycobacterium
tuberculosis infection but also contribute an important early
defence mechanism against bacteria. Therefore, it seems
intuitive that BMF smoke also leads to an increased inci-
dence of TB. However, more epidemiological and laboratory
data are needed to support this hypothesis.

6.4. Lung cancer

Data from China imply that domestic coal smoke is a signif-
icant risk factor for the development of lung cancer (Du et
al., 1996; Zhao et al., 2006). In studies from India and Mex-
ico, data for non-smoking women exposed to BMF smoke for
a number of years suggest that long-term exposure to BMF
smoke from cooking may contribute to the development of
adenocarcinoma of the lung (Behera and Balamugesh, 2005;
Hernandez-Garduno et al., 2004). The International Agency
for Research on Cancer (IARC) recently termed biomass
smoke a ‘probable carcinogen’ (Group 2a) and coal (used as
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Figure 3

domestic fuel) was termed carcinogenic to humans (Group
1) (Straif et al., 2006).

7. Non-respiratory illness in adults

7.1. Cardiovascular disease

Particulate air pollution is statistically and mechanistically
linked to increased cardiovascular disease (Brook et al.,
2004). Long-term prospective cohort studies show an asso-
ciation between levels of air pollution consisting of fine
particulate matter (PM;.5) and an elevated risk of death from
all causes and from cardiovascular disease (Dockery et al.,
1993; Pope Il et al., 1995). More recent data have shown
that non-fatal ischaemic events are also associated with an
increase in fine particulate concentrations in the community
(Miller et al., 2007). There is a paucity of data on the associa-
tion between cardiovascular disease and BMF, but it is known
that particulate air pollution leads to rapid and significant
increases in fibrinogen, plasma viscosity, platelet activation
and release of endothelins, a family of potent vasoconstric-
tor molecules (Brook et al., 2004). Recently, biomass smoke
in Guatemalan women has been shown to increase diastolic
blood pressure (McCracken et al., 2007). Therefore, it is
highly likely that BMF represents a considerable risk to car-
diovascular health. If the risks from outdoor air pollution
are translated to BMF use, the number of premature deaths
globally will be large—approaching 4% of the total global
burden of disease (Smith, 2002).

7.2. Cataracts

The prevalence of cataracts is high in developing countries
(Lewallen and Courtright, 2002). Epidemiological studies
from Nepal and India have associated indoor cooking using
BMF with cataracts or blindness (Pokhrel et al., 2005; Saha
et al., 2005). Smoke induces oxidative stress and depletes
plasma ascorbate, carotenoids and glutathione, which pro-
vide antioxidant protection against cataract formation. In a
large, 89 000-household, Indian national survey, an adjusted

(A) Traditional open fire and (B) plancha stove. Images by Nigel Bruce.

odds ratio of 1.3 for blindness in women was found in homes
using BMF, even after correction for a wide range of poten-
tially confounding socioeconomic factors.

8. Could biomass fuel use exacerbate the
health effects of HIV infection?

Globally, HIV now affects 30 million adults (Steinbrook,
2004). In parts of the world where HIV infection is most
common, BMF is the main energy source. In Malawi, for
example, the incidence of HIV in pregnant women is 33%,
and 70% of hospital admissions (Lewis et al., 2003; Taha et
al., 1998) and >80% of households use BMF. However, the
influence of BMF smoke on HIV-infected individuals has not
been clarified.

The most important effect of HIV infection in Africa is
to cause increased bacterial infections, pneumonia and TB.
HIV infection is associated with mild airway obstruction and
loss of gas transfer, with severe impairment occurring in the
presence of Pneumocystis jiroveci infection (Mitchell and
Clarke, 1995). HIV is also associated with the accelerated
development of COPD (Diaz et al., 2003) and it is likely,
although not proven, that HIV infection is a significant con-
tributor to airway disease in much of the adult population
of Africa. Since both BMF use and HIV are associated with
an increase in the incidence of pneumonia (Gordon et al.,
2002; Smith et al., 2000) and as particulate matter expo-
sure and HIV result in increased pulmonary inflammation
(Ghio et al., 2000; Rowland-Jones, 2003; van Eeden et al.,
2001), it is possible that by causing pulmonary inflammation
the two major risk factors for pneumonia in African adults
(HIV and BMF smoke) may actually demonstrate previously
unrecognised synergy.

9. Intervention strategies and areas for future
study

Environmentalist concerns about deforestation have driven
the development of many new types of cooking stove
that either have increased efficiency or use less polluting
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Table 1

Potential interventions to reduce exposure to indoor air pollution

Source of pollution Living environment

User behaviours

Improved cooking devices:

e Improved biomass stoves

Improved ventilation:

e Hoods, fireplaces, chimneys, built into the

Reduced exposure through operation
of source:
e Fuel drying

structure of the house

e Improved stoves with flues
attached

Alternative fuel cooker combinations:
e Briquettes and pellets

e Charcoal

e Kerosene

e Liquid petroleum gas

e Biogas, producer gas

e Solar cookers (thermal)
e Other low-smoke fuels
o Electricity

Reduced need for the fire:
e Insulated fireless cooker (haybox)
e Efficient housing design and
construction
e Solar water heating

o Windows, ventilation holes, e.g. in roof,
which may have cowls to assist extraction

Kitchen design and placement of the stove:
e Kitchen separate from house reduces
exposure of family (less so for cook)
e Stove at waist height to reduce direct
exposure of cook leaning over fire

e Use of pot lids to conserve heat
e Good maintenance of stoves,
chimneys and other appliances

Reductions by avoiding smoke:
o Keeping children away from
smoke, e.g. in another room (if
available and safe to do so)

Source: Bruce (2005). © by FSG Communications Ltd. Reproduced with kind permission.

fuels (http://www.esmap.org/). The lower smoke output
observed with these stoves has allowed health profession-
als to use them in trials as health interventions. However,
systematic evaluations have shown that there are practical
barriers to stove adoption (Barnes et al., 1994). The tech-
nical complexities of stove design, lack of maintenance and
users’ behaviour, which modify ideal combustion, have also
led to highly variable stove performance in everyday use
compared with laboratory testing.

To be effective, interventions must take into account
specific local conditions such as variations in the natural
environment and climate, the purposes of energy use (e.g.
cooking vs. heating), local infrastructure, user behaviours
and sociocultural circumstances. For instance, changes in
housing and having a separate kitchen or additional win-
dows can reduce exposure, although reductions are likely
to be smaller for those who cook and remain close to their
fires. Moreover, burning fuel more cleanly by pre-processing
it may be appropriate depending on geographical location,
e.g. using charcoal in parts of sub-Saharan Africa or biogas
in parts of Asia.

The first randomised controlled trial performed on the
health effects of solid fuel use in Guatemala, using the ‘plan-
cha’ chimney stove (Figure 3A and B), was recently reported
(Diaz et al., 2007). This challenging fieldwork revealed that
exposure to smoke, measured using exhaled carbon monox-
ide as a surrogate marker, was reduced with the plancha, as
were symptoms of sore eyes and back pain. However, as yet
there are no published spirometric, birthweight, ALRI rate
or other health data.

Current understanding suggests that lower emissions will
be more effectively achieved in the poorest communities by

modifying specific aspects of current fuel stove and energy
use behaviours rather than by attempting to replace the
solid-fuel stoves with stoves that use liquid fuel, gas or elec-
tricity. For communities that already purchase some or all
of their BMF and where supply of clean fuels is (or could
become) cheaper and more reliable, then development ini-
tiatives to support a switch to LPG or other liquid or gaseous
fuels has a higher chance of success.

Table 1 shows the nature of possible solutions to reduc-
ing BMF smoke (Bruce, 2005). Given the number of potential
strategies and the wide range of agencies responsible for
these interventions, it may be thought that health services
have little or no role in addressing this problem. Health ser-
vices might be seen as being at the receiving end of the
consequence of biomass smoke but not in a good position to
do anything effective about it.

However, this would miss the important input that health
professionals can have. In their contact with patients with
pneumonia, COPD and other health issues, health profes-
sionals can assess the risks, raise awareness and provide
guidance on reducing exposure. Public health education and
‘brief interventions’ by clinicians have been shown to have
a significant impact on disease burden (Rigotti et al., 2007).
This topic also provides important opportunities for clin-
ical and epidemiological research, the findings of which
can be very influential within a country. Those within the
health system responsible for planning and management
can make good use of information from healthcare and
local research, and contribute to awareness-raising through
the media and educational activities, as well as lend their
voices to calls for action at local, national and international
forums.
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10. Conclusions

Indoor air pollution from BMF disproportionately affects
women and children and is the cause of significant global
mortality and morbidity. This is a neglected area of global
disease that affects a large proportion of the world’s popu-
lation. The most pressing areas of research are:

o toxicological studies to help plan appropriate intervention
studies;

e exposure assessment tools and biomarkers to aid epidemi-
ological study;

e epidemiological studies to examine the effect on birth
outcomes, TB, cancer and cardiovascular disease and the
interaction of BMF with HIV; and

e randomised trials to test the effect of technological and
behavioural interventions.

Acknowledgements: The authors would like to thank Dr
Helen Tolmie and Liz Fullerton for their very helpful and
multiple proof reading of the manuscript; and Prof. Jere
Haas for allowing the reproduction of Figure 2.

Funding: This work is funded by the Wellcome Trust (Ref.
080065).

Conflicts of interest: None declared.

Ethical approval: Not required.

References

Aam, B.B., Fonnum, F., 2007. Carbon black particles increase reac-
tive oxygen species formation in rat alveolar macrophages in
vitro. Arch. Toxicol. 81, 441—446.

Arredouani, M.S., Yang, Z., Imrich, A., Ning, Y., Qin, G., Kobzik,
L., 2006. The macrophage scavenger receptor SR-Al/ll and lung
defense against pneumococci and particles. Am. J. Respir. Cell
Mol. Biol. 35, 474—478.

Atkinson, R.W., Anderson, H.R., Strachan, D.P., Bland, J.M., Brem-
ner, S.A., Ponce de Leon, A., 1999. Short-term associations
between outdoor air pollution and visits to accident and emer-
gency departments in London for respiratory complaints. Eur.
Respir. J. 13, 257—265.

Barnes, D.F., Openshaw, K., Smith, K.R., van der Plas, R., 1994.
What Makes People Cook with Improved Biomass Stoves? World
Bank Technical Paper No. 242.

Behera, D., Balamugesh, T., 2005. Indoor air pollution as a risk factor
for lung cancer in women. J. Assoc. Physicians India 53, 190—192.

Black, R.E., Morris, S.S., Bryce, J., 2003. Where and why are 10
million children dying every year? Lancet 361, 2226—2234.

Boy, E., Bruce, N., Delgado, H., 2002. Birth weight and exposure
to kitchen wood smoke during pregnancy in rural Guatemala.
Environ. Health Perspect. 110, 109—114.

Brook, R.D., Franklin, B., Cascio, W., Hong, Y., Howard, G., Lipsett,
M., Luepker, R., Mittleman, M., Samet, J., Smith Jr, S.C., Tager,
I., 2004. Air pollution and cardiovascular disease: a statement
for healthcare professionals from the Expert Panel on Popula-
tion and Prevention Science of the American Heart Association.
Circulation 109, 2655—2671.

Bruce, N., 2005. Reducing the health impacts of biomass fuel use in
poor countries: do the health services have a role? Afr. J. Respir.
Med. 1, 18—24.

Bruce, N., Perez-Padilla, R., Albalak, R., 2000. Indoor air
pollution in developing countries: a major environmental
and public health challenge. Bull. World Health Organ. 78,
1078—1092.

Collings, D.A., Sithole, S.D., Martin, K.S., 1990. Indoor woodsmoke
pollution causing lower respiratory disease in children. Trop.
Doct. 20, 151—155.

Dejmek, J., Selevan, S.G., Benes, I., Solansky, I., Sram, R.J., 1999.
Fetal growth and maternal exposure to particulate matter during
pregnancy. Environ. Health Perspect. 107, 475—480.

Diaz, P.T., Wewers, M.D., Pacht, E., Drake, J., Nagaraja, H.N., Clan-
ton, T.L., 2003. Respiratory symptoms among HIV-seropositive
individuals. Chest 123, 1977—1982.

Diaz, E., Smith-Sivertsen, T., Pope, D., Lie, R.T., Diaz, A.,
McCracken, J., Arana, B., Smith, K.R., Bruce, N., 2007. Eye
discomfort, headache and back pain among Mayan Guatemalan
women taking part in a randomised stove intervention trial. J.
Epidemiol. Community Health 61, 74—79.

Dockery, D.W., Pope lll, C.A., Xu, X., Spengler, J.D., Ware, J.H., Fay,
M.E., Ferris Jr, B.G., Speizer, F.E., 1993. An association between
air pollution and mortality in six U.S. cities. N. Engl. J. Med. 329,
1753—1759.

Du, Y.X., Cha, Q., Chen, X.W., Chen, Y.Z., Huang, L.F., Feng, Z.Z.,
Wu, X.F., Wu, J.M., 1996. An epidemiological study of risk factors
for lung cancer in Guangzhou, China. Lung Cancer 14 (Suppl. 1),
S9-S37.

Ekici, A., Ekici, M., Kurtipek, E., Akin, A., Arslan, M., Kara, T., Apay-
din, Z., Demir, S., 2005. Obstructive airway diseases in women
exposed to biomass smoke. Environ. Res. 99, 93—98.

Ezzati, M., 2005. Indoor air pollution and health in developing coun-
tries. Lancet 366, 104—106.

Ezzati, M., Kammen, D., 2001. Indoor air pollution from biomass
combustion and acute respiratory infections in Kenya: an
exposure—response study. Lancet 358, 619—624.

Gauderman, W.J., Avol, E., Gilliland, F., Vora, H., Thomas, D.,
Berhane, K., McConnell, R., Kuenzli, N., Lurmann, F., Rappa-
port, E., Margolis, H., Bates, D., Peters, J., 2004. The effect of
air pollution on lung development from 10 to 18 years of age. N.
Engl. J. Med. 351, 1057—1067.

Ghio, A.J., Kim, C., Devlin, R.B., 2000. Concentrated ambi-
ent air particles induce mild pulmonary inflammation in
healthy human volunteers. Am. J. Respir. Crit. Care Med. 162,
981-988.

Gold, J.A., Jagirdar, J., Hay, J.G., Addrizzo-Harris, D.J., Naidich,
D.P., Rom, W.N., 2000. Hut lung. A domestically acquired par-
ticulate lung disease. Medicine (Baltimore) 79, 310—317.

Gordon, S.B., Chaponda, M., Walsh, A.L., Whitty, C.J., Gordon,
M.A., Machili, C.E., Gilks, C.F., Boeree, M.J., Kampondeni, S.,
Read, R.C., Molyneux, M.E., 2002. Pneumococcal disease in
HIV-infected Malawian adults: acute mortality and long-term
survival. AIDS 16, 1409—1417.

Grobbelaar, J.P.,, Bateman, E.D., 1991. Hut lung: a domestically
acquired pneumoconiosis of mixed aetiology in rural women.
Thorax 46, 334—340.

Hernandez-Garduno, E., Brauer, M., Perez-Neria, J., Vedal, S., 2004.
Wood smoke exposure and lung adenocarcinoma in non-smoking
Mexican women. Int. J. Tuberc. Lung Dis. 8, 377—383.

Hong, Y.C., Lee, J.T., Kim, H., Ha, E.H., Schwartz, J., Christiani,
D.C., 2002. Effects of air pollutants on acute stroke mortality.
Environ. Health Perspect. 110, 187—191.

Jaakkola, M.S., Jaakkola, J.J., 2006. Biomass fuels and health:
the gap between global relevance and research activity. Am.
J. Respir. Crit. Care Med. 174, 851—852.

Kulkarni, N., Pierse, N., Rushton, L., Grigg, J., 2006. Carbon in air-
way macrophages and lung function in children. N. Engl. J. Med.
355, 21-30.

Laden, F., Schwartz, J., Speizer, F.E., Dockery, D.W., 2006. Reduc-
tion in fine particulate air pollution and mortality: extended



850

D.G. Fullerton et al.

follow-up of the Harvard Six Cities study. Am. J. Respir. Crit.
Care Med. 173, 667—672.

Lewallen, S., Courtright, P., 2002. Gender and use of cataract sur-
gical services in developing countries. Bull. World Health Organ.
80, 300—303.

Lewis, D.K., Callaghan, M., Phiri, K., Chipwete, J., Kublin, J.G.,
Borgstein, E., Zijlstra, E.E., 2003. Prevalence and indicators of
HIV and AIDS among adults admitted to medical and surgical
wards in Blantyre, Malawi. Trans. R. Soc. Trop. Med. Hyg. 97,
91-96.

Lin, H.H., Ezzati, M., Murray, M., 2007. Tobacco smoke, indoor
air pollution and tuberculosis: a systematic review and meta-
analysis. PLoS Med. 4, e20.

Masera, O.R., Saatkamp, B.D., Kammen, D.M., 2000. From lin-
ear fuel switching to multiple cooking strategies: a critique
and alternative to the energy ladder model. World Dev. 28,
2083—-2103.

Mavalankar, D.V., Trivedi, C.R., Gray, R.H., 1991. Levels and risk
factors for perinatal mortality in Ahmedabad, India. Bull. World
Health Organ. 69, 435—442.

McCracken, J.P., Smith, K.R., Diaz, A., Mittleman, M.A., Schwartz,
J., 2007. Chimney stove intervention to reduce long-term
wood smoke exposure lowers blood pressure among Guatemalan
women. Environ. Health Perspect. 115, 996—1001.

Miller, K.A., Siscovick, D.S., Sheppard, L., Shepherd, K., Sullivan,
J.H., Anderson, G.L., Kaufman, J.D., 2007. Long-term exposure
to air pollution and incidence of cardiovascular events in women.
N. Engl. J. Med. 356, 447—458.

Mishra, V., Retherford, R.D., 2007. Does biofuel smoke contribute
to anaemia and stunting in early childhood? Int. J. Epidemiol.
36, 117—129.

Mishra, V.K., Retherford, R.D., Smith, K.R., 1999. Biomass cooking
fuels and prevalence of tuberculosis in India. Int. J. Infect. Dis.
3, 119—-129.

Mishra, V., Dai, X., Smith, K.R., Mika, L., 2004. Maternal exposure
to biomass smoke and reduced birth weight in Zimbabwe. Ann.
Epidemiol. 14, 740—747.

Mitchell, D.M., Clarke, J.R., 1995. Pulmonary function tests in HIV-1
infection. European Respiratory Monograph 2, 232—254.

Mtango, F.D., Neuvians, D., Broome, C.V., Hightower, A.W., Pio, A.,
1992. Risk factors for deaths in children under 5 years old in
Bagamoyo district, Tanzania. Trop. Med. Parasitol. 43, 229—233.

Murray, C.J.L., Lopez, A.D., Mathers, C.D., Stein, C., 2001. The
Global Burden of Disease 2000 Project: aims, methods and data
sources. World Health Organization, Geneva, Global Programme
on Evidence for Health Policy, Discussion Paper No. 36.

Muula, A.S., 2007. Prevalence and determinants of cigarette smok-
ing among adolescents in Blantyre City, Malawi. Tanzan. Health
Res. Bull. 9, 48—51.

Naeher, L., Brauer, M., Lipsett, M., Zelikoff, J., Simpson, C., Koenig,
J., Smith, K., 2007. Woodsmoke health effects: a review. Inhal.
Toxicol. 19, 67—106.

Norman, R., Barnes, B., Mathee, A., Bradshaw, D., 2007. Estimating
the burden of disease attributable to indoor air pollution from
household use of solid fuels in South Africa in 2000. S. Afr. Med.
J. 97, 764—771.

O’Dempsey, T.J., McArdle, T.F., Morris, J., Lloyd-Evans, N., Baldeh,
I., Laurence, B.E., Secka, O., Greenwood, B.M., 1996. A study of
risk factors for pneumococcal disease among children in a rural
area of west Africa. Int. J. Epidemiol. 25, 885—893.

Orozco-Levi, M., Garcia-Aymerich, J., Villar, J., Ramirez-Sarmiento,
A., Anto, J.M., Gea, J., 2006. Wood smoke exposure and risk
of chronic obstructive pulmonary disease. Eur. Respir. J. 27,
542-546.

Pandey, M.R., Regmi, H.N., Neupane, R.P., Gautam, A., Bhandari,
D.P., 1985. Domestic smoke pollution and respiratory function in
rural Nepal. Tokai J. Exp. Clin. Med. 10, 471—481.

Perez-Padilla, R., Perez-Guzman, C., Baez-Saldana, R., Torres-Cruz,
A., 2001. Cooking with biomass stoves and tuberculosis: a case
control study. Int. J. Tuberc. Lung Dis. 5, 441—447.

Pokhrel, A.K., Smith, K.R., Khalakdina, A., Deuja, A., Bates, M.N.,
2005. Case—control study of indoor cooking smoke exposure and
cataract in Nepal and India. Int. J. Epidemiol. 34, 702—708.

Pope Ill, C.A., Thun, M.J., Namboodiri, M.M., Dockery, D.W., Evans,
J.S., Speizer, F.E., Heath Jr, C.W., 1995. Particulate air pollution
as a predictor of mortality in a prospective study of U.S. adults.
Am. J. Respir. Crit. Care Med. 151, 669—674.

Pope Ill, C.A., Burnett, R.T., Thun, M.J., Calle, E.E., Krewski, D.,
Ito, K., Thurston, G.D., 2002. Lung cancer, cardiopulmonary
mortality, and long-term exposure to fine particulate air pol-
lution. JAMA 287, 1132—1141.

Ramirez-Venegas, A., Sansores, R.H., Perez-Padilla, R., Regalado,
J., Velazquez, A., Sanchez, C., Mayar, M.E., 2006. Survival of
patients with chronic obstructive pulmonary disease due to
biomass smoke and tobacco. Am. J. Respir. Crit. Care Med. 173,
393-397.

Reddy, A., Williams, R., Johansson, T. (Eds.), 1996. Energy after
Rio. Prospects and Challenges. United Nations Development Pro-
gramme, New York.

Regalado, J., Perez-Padilla, R., Sansores, R., Paramo Ramirez,
J.l., Brauer, M., Pare, P., Vedal, S., 2006. The effect of
biomass burning on respiratory symptoms and lung function
in rural Mexican women. Am. J. Respir. Crit. Care Med. 174,
901—905.

Rigotti, N.A., Munafo, M.R., Stead, L.F., 2007. Interventions for
smoking cessation in hospitalised patients. Cochrane Database
Syst. Rev. (3):CD001837. doi:10.1002/14651858.CD001837.pub2.

Rinne, S.T., Rodas, E.J., Bender, B.S., Rinne, M.L., Simpson,
J.M., Galer-Unti, R., Glickman, L.T., 2006. Relationship of pul-
monary function among women and children to indoor air
pollution from biomass use in rural Ecuador. Respir. Med. 100,
1208—1215.

Rowland-Jones, S.L., 2003. Timeline: AIDS pathogenesis: what have
two decades of HIV research taught us? Nat. Rev. Immunol. 3,
343-348.

Rudan, I., Tomaskovic, L., Boschi-Pinto, C., Campbell, H., 2004.
Global estimate of the incidence of clinical pneumonia among
children under five years of age. Bull. World Health Organ. 82,
895—903.

Rudatsikira, E., Abdo, A., Muula, A.S., 2007. Prevalence and deter-
minants of adolescent tobacco smoking in Addis Ababa, Ethiopia.
BMC Public Health 7, 176.

Saha, A., Kulkarni, P.K., Shah, A., Patel, M., Saiyed, H.N., 2005.
Ocular morbidity and fuel use: an experience from India. Occup.
Environ. Med. 62, 66—69.

Schei, M.A., Hessen, J.0., Smith, K.R., Bruce, N., McCracken, J.,
Lopez, V., 2004. Childhood asthma and indoor woodsmoke from
cooking in Guatemala. J. Expo. Anal. Environ. Epidemiol. 14
(Suppl. 1), S110-S117.

Shah, N., Ramankutty, V., Premila, P.G., Sathy, N., 1994. Risk factors
for severe pneumonia in children in south Kerala: a hospital-
based case—control study. J. Trop. Pediatr. 40, 201—206.

Shrestha, I.L., Shrestha, S.L., 2005. Indoor air pollution from
biomass fuels and respiratory health of the exposed popula-
tion in Nepalese households. Int. J. Occup. Environ. Health 11,
150—160.

Smith, K.R., 1993. Fuel combustion, air pollution exposure, and
health: the situation in developing countries. Annu. Rev. Energy
Environ. 18, 529—566.

Smith, K.R., 2002. Indoor air pollution in developing countries: rec-
ommendations for research. Indoor Air 12, 198—207.

Smith, K.R., Samet, J.M., Romieu, I., Bruce, N., 2000. Indoor air
pollution in developing countries and acute lower respiratory
infections in children. Thorax 55, 518—532.


http://dx.doi.org/10.1002/14651858.CD001837.pub2

Indoor air pollution from biomass fuel smoke is a major health concern in the developing world 851

Smith, K.R., Mehta, S., Maeusezahl-Feuz, M., 2004. Indoor air-
pollution from solid fuel use, in: Ezzatti, M., Lopez, A.D.,
Rodgers, A., Murray, C.J.L. (Eds), Comparative Quantification of
Health Risks: Global and Regional Burden of Disease Attributable
to Selected Major Risk Factors. World Health Organization,
Geneva, pp. 1435—1493.

Sofoluwe, G.0., 1968. Smoke pollution in dwellings of infants with
bronchopneumonia. Arch. Environ. Health 16, 670—672.

Sram, R.J., Binkova, B., Dejmek, J., Bobak, M., 2005. Ambient air
pollution and pregnancy outcomes: a review of the literature.
Environ. Health Perspect. 113, 375—382.

Steinbrook, R., 2004. The AIDS epidemic in 2004. N. Engl. J. Med.
351, 115—117.

Straif, K., Baan, R., Grosse, Y., Secretan, B., El Ghissassi, F.,
Cogliano, V., WHO International Agency for Research on Cancer
Monograph Working Group, 2006. Carcinogenicity of household
solid fuel combustion and of high-temperature frying. Lancet
Oncol. 7, 977—978.

Taha, T.E., Dallabetta, G.A., Hoover, D.R., Chiphangwi, J.D., Mti-
mavalye, L.A., Liomba, G.N., Kumwenda, N.l., Miotti, P.G.,
1998. Trends of HIV-1 and sexually transmitted diseases among
pregnant and postpartum women in urban Malawi. AIDS 12,
197-203.

van Eeden, S.F., Tan, W.C., Suwa, T., Mukae, H., Terashima, T., Fujii,
T., Qui, D., Vincent, R., Hogg, J.C., 2001. Cytokines involved

in the systemic inflammatory response induced by exposure to
particulate matter air pollutants (PMqg). Am. J. Respir. Crit. Care
Med. 164, 826—830.

Wang, X., Ding, H., Ryan, L., Xu, X., 1997. Association between
air pollution and low birth weight: a community-based study.
Environ. Health Perspect. 105, 514—520.

WHO, 2006a. Household energy, indoor air pollution and health, in:
Fuel for Life: household energy and health. http://www.who.
int/indoorair/publications/fuelforlife/en/index.html [accessed
21 November 2007].

WHO, 2006b. Air Quality Guidelines. Global Update 2005.
http://www.euro.who.int/Document/E90038.pdf [accessed 21
November 2007].

Zhang, J.J., Smith, K.R., 2007. Household air pollution from
coal and biomass fuels in china: measurements, health
impacts, and interventions. Environ. Health Perspect. 115,
848—-855.

Zhao, Y., Wang, S., Aunan, K., Seip, H.M., Hao, J., 2006. Air pollu-
tion and lung cancer risks in China—a meta-analysis. Sci. Total
Environ. 366, 500—513.

Zhou, H., Kobzik, L., 2007. Effect of concentrated ambient parti-
cles on macrophage phagocytosis and killing of Streptococcus
pneumoniae. Am. J. Respir. Cell Mol. Biol. 36, 460—465.


http://www.who.int/indoorair/publications/fuelforlife/en/index.html
http://www.who.int/indoorair/publications/fuelforlife/en/index.html
http://www.euro.who.int/Document/E90038.pdf

	Indoor air pollution from biomass fuel smoke is a major health concern in the developing world
	Introduction
	What is biomass fuel?
	Toxic products in biomass smoke
	Respiratory illness in children
	Non-respiratory illness in children
	Low birthweight
	Nutritional deficiency

	Respiratory illness in adults
	Interstitial lung disease
	Chronic obstructive lung disease
	Tuberculosis
	Lung cancer

	Non-respiratory illness in adults
	Cardiovascular disease
	Cataracts

	Could biomass fuel use exacerbate the health effects of HIV infection?
	Intervention strategies and areas for future study
	Conclusions
	acknowledgements
	Funding
	Conflicts of interest
	Ethical approval
	References


