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Introduction

Indoor air pollution is the degradation of indoor air
quality by harmful chemicals and other materials; it can
be up to 10 times worse than outdoor air pollution. This
is because contained areas enable potential pollutants to
build up more than open spaces. Statistics suggest that
in developing countries, health impacts of indoor air
pollution far outweigh those of outdoor air pollution.
Indoor air pollution from solid fuels accounted for
3.5 million deaths and 4.5% global daily-adjusted life
year (DALY) in 2010; it also accounted for 16% particulate
matter pollution. Though there is a decrease in household
air pollution from solid fuels in southeast Asia, still
it ranked third among risk factors in the report of the
Global Burden of Disease.? This paper provides an
evidence-based insight into indoor air pollution, its effect
on health, and suggested control measures.

Status of Indoor Air Pollution in India

The principal sources of indoor air pollution are:
Combustion, building material, and bioaerosols.® While
radon, asbestos, pesticides, heavy metals, volatile organic
matter, and environmental tobacco smoke are considered
major indoor pollutants in developed countries, the
combustion products of biomass fuels contribute most
to indoor air pollution in developing nations. In India,
out of 0.2 billion people using fuel for cooking; 49%
use firewood; 8.9% cow dung cake; 1.5% coal, lignite,
or charcoal; 2.9% kerosene; 28.6% liquefied petroleum
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gas (LPG); 0.1% electricity; 0.4% biogas; and 0.5% any
other means.®

The incomplete combustion products of biomass
fuels include suspended particulate matter, carbon
monoxide, polyaromatic hydrocarbons, polyorganic
matter, formaldehyde, etc., which have adverse effects
on health. The combustion of coal results in production
of oxides of sulfur, arsenic, and fluorine. Pollutants
such as aldehydes, volatile, and semivolatile organic
compounds are produced from resins, waxes, polishing
materials, cosmetics, and binders. Lastly; biological
pollutants like dust mites, molds, pollen, and infectious
agents produced in stagnant water, mattresses, carpets,
and humidifiers too pollute indoor air.®

A study on quantifying exposures to respiratory
particulate matter found concentrations of particulate
matter ranging from 500 to 2,000 mg/m® during cooking
in biomass-using households. Average 24-h exposures
ranged from 82 + 39 mg/m?® for those using clean fuels,
to 231 + 109 mg/m® for those who used biomass fuel
for cooking.® In indoor air, carbon monoxide levels
during cooking by dung, wood, coal, kerosene, and
LPG were found to be 144, 156, 94, 108, and 14 mg/m?,
respectively. The indoor levels of total polyaromatic
hydrocarbons during use of dung, wood, coal, kerosene,
and LPG were 3.56, 2.01, 0.55, 0.23, and 0.13 mg/m? of
air, respectively.® The formaldehyde mean levels were
670, 652,109,112, and 68 mg/m? respectively, for dung,
wood, coal, kerosene, and LPG."

Effects of Indoor Air Pollution on Health

The ill-effects of indoor air pollution result in about 2
million premature deaths per year, wherein 44 % are due
to pneumonia, 54% from chronic obstructive pulmonary
disease (COPD), and 2% from lung cancer.® The most
affected groups are women and younger children, as
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they spend maximum time at home.® The morbidities
associated with indoor air pollution are respiratory
illnesses, viz., acute respiratory tract infection® and
COPD, ™ poor perinatal outcomes like low birth
weight™ and still birth, cancer of nasopharynx, larynx,
lung,™ and leukemia. The harmful health effects of
formaldehyde range from being an acute irritant,
reducing vital capacity, causing bronchitis, to being a
carcinogen causing leukemia and lung cancer.®**¥ There
are few studies done so far to show the effect of wood
smoke on cardiovascular health. A study from Guatemala
reported that reduction in wood smoke exposure by use
of improved chimney stove resulted in lowering of
systolic blood pressure by 3.7 mmHg (95% confidence
interval (Cl): -8.1, 0.6) and diastolic blood pressure by
3.0mmHg (95% CI: -5.7, -0.4)." Another study reported
reduction in ST-segment depression (odds ratio (OR)
0.26,95% CI: 0.08, 0.90) on electrocardiogram after stove
intervention.®

The indoor air pollutants have potential health effects.”
The particulates cause respiratory infections, chronic
bronchitis, COPD, and also lead to exacerbation of
COPD. Sulfur dioxide and nitrogen dioxide cause
wheezing and exacerbation of asthma. In addition to
this, nitrogen dioxide causes respiratory infections
and deteriorates lung functions. Sulfur dioxide has an
additional etiological role in exacerbation of COPD
and cardiovascular disease. The risk of poor perinatal
outcomes, viz., low birth weight and perinatal death
increases from exposure to carbon monoxide. Biomass
smoke, especially metal ions and polycyclic aromatics,
leads to development of cataract. Polycyclic aromatic
hydrocarbons lead to development of cancers of lungs,
mouth, nasopharynx, and larynx. As a consequence of
poverty, factors such as living conditions, sanitation, and
access to water are associated with solid fuel use, and
should be considered while measuring impact of solid
fuel on child survival.*”)

Various studies in India have reported harmful effects
of indoor air pollution. In a large case-control study,
after adjustment for demographic factors and living
conditions, solid-fuel use significantly increased child
deaths at ages 1-4 years (prevalence ratio boys: 1.30, 95%
CI: 1.08-1.56; girls: 1.33, 95% CI: 1.12-1.58). More girls
than boys died from exposure to solid fuels. Solid fuel
use was also associated with nonfatal pneumonia (boys:
Prevalence ratio 1.54; 95% CI:1.01-2.35; girls: Prevalence
ratio 1.94; 95% CI: 1.13-3.33).(9

The use of fuel other than LPG was significantly
associated with acute lower respiratory tract infection
even after adjusting for other risk factors (adjusted
OR =473, 95% CI: 1.67-13.45). In children with acute
lower respiratory infection, 24.8% had pneumonia,
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45.5% had severe pneumonia, and 29.7% had very
severe disease.® In Ladakh, due to severe cold, and
ventilation kept to a minimum, the inmates are exposed
to high concentration of soot, resulting in morbidities
which resemble pneumoconiosis.®?) The use of biomass
fuel was associated with significantly prolonged
nasal mucociliary clearance time (765.8 = 378.16 s) in
comparison to clean fuel users (545.4 + 215.55 s), and
reduced peak expiratory flow rate (319.3 1/min) as
compared to clean fuel users (371.7 1/ min).*

The use of biomass as a cooking fuel was found to
be significantly associated with a high prevalence of
active tuberculosis (OR = 3.56, 95% CI: 2.82-4.50). The
prevalence remained large and significant even after
analyzing separately for men (OR = 2.46) and women
(OR = 2.74) and for urban (OR = 2.29) and rural areas
(OR = 2.65). Fifty-one percent of prevalence of active
tuberculosis is attributable to cooking smoke in the age
group 20 years and above.®)

Results from a study among elderly men and women
(age 2 60 years) showed higher prevalence of asthma in
households using biomass fuels than those using cleaner
fuels (OR = 1.59; 95% CI: 1.30-1.94). As compared to
men (OR =1.83; 95% CI: 1.32-2.53), the effect of cooking
smoke on asthma was greater among women after
adjustment.® The results from a study conducted in
southern India reported a higher prevalence of COPD
among biomass fuel user than clean fuel users (OR: 1.24;
95% CI: 0.36-6.64). It also found that the prevalence was
two times higher in women spending more than 2 h a
day in cooking.® Biomass fuels contain carcinogens
like polyaromatic hydrocarbons, formaldehyde, etc. A
case-control study among women diagnosed with lung
cancer reported that in addition to tobacco, exposure to
biomass fuels also leads to development of lung cancer.
In nonsmoker women, exposure to biomass fuel was
associated with higher risk of developing lung cancer
(OR 3.04, 95% CI: 1.1-8.38). The exposure to biomass
fuel remained significantly associated with lung cancer
despite adjusting for other factors like smoking and
passive smoking. @

As compared to the use of cow dung and wood smoke,
LPG use was found to be associated with cortical,
nuclear, and mixed cataract with an odds ratio of 0.69
(95% CI: 0.4-0.9),” whereas biomass fuel use resulted in
partial or complete blindness with odds of 1.32 (95% CI:
1.2-1.5), as compared to other fuels.®® Similar studies in
western India reported use of wood to be an important
cause of age-dependent cataract (OR = 2.12, 95% CI:
1.03-4.34). Coal and cattle dung use resulted in eye
irritation (OR = 2.04, 95% CI: 1.13-3.68) and (OR =1.83,
95% CI: 1.35-2.47), respectively.®
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The higher levels of carbon monoxide due to biomass
fuels in houses, resulted in higher carboxyhemoglobin
levels, which were comparable to smokers.®” A study
among users of biomass fuels during pregnancy found a
50% excess risk of stillbirths.® The exposure to biomass
fuel was associated with 49% increased risk of low birth
weight babies.®? Mothers from households using high
pollution fuels were 1.4 (OR 1.41, 95% CI: 1.27, 1.55)
times more likely to give birth to a low birth weight
baby as compared to those using cleaner fuels. The
use of biomass fuel during pregnancy was found to be
associated with size at birth. As compared to newborns
born in households using low pollution fuels (electricity,
LPG, biogas, and natural gas), those born in households
using high pollution fuels (wood, straw, animal dung,
crop residue, coal, and charcoal) were 73 g lighter (mean
birth weight 2,883.8 g versus 2,810.7 g, P < 0.001).¢»

The effects of indoor air pollution in India on health are
depicted in Table 1.

Control Measures

Studies done so far in India provide us enough evidence
that indoor air pollution is a cause of increasing
morbidities and mortalities, and there is a need for
an urgent intervention. There are social, cultural, and
financial factors that influence the decision of people
about energy and cooking.®¥ Other factors include the
availability and flexibility of traditional fuels, the type
of dishes prepared, the taste of food, the problems
with smoke, the aesthetic appeal of stoves, and users’
perception about other alternatives. Following is a list
of suggested measures which should be adopted to curb
the menace of indoor air pollution:
e Public awareness: One of the most important steps
in prevention of indoor air pollution is education,

Table 1: Effects of indoor air pollution in India on health

viz., spreading awareness among people about the
issue and the serious threat it poses to their health
and wellbeing. The education should help people in
finding different ways of reducing exposures with
better kitchen management and protection of children
at home. People should also be educated about the
use of alternative cleaner sources of energy to replace
direct combustion of biomass fuel. The stakeholders
must include not only public, but also politicians
and administrators to ensure their commitment and
increase their awareness about health effects of indoor
air pollution.

Change in pattern of fuel use: Fuel use depends on
ones’ habit, its availability, and most importantly,
its affordability. At present, majority of low income
families rely solely on direct combustion of biomass
fuels for their cooking needs as this is the cheapest
and easiest option available to them; however, this
could be rectified by promoting the use of cleaner
energy sources such as gobar gas which utilizes cow
dung to produce gas for cooking.

Modification of design of cooking stove: The stoves
should be modified from traditional smoky and leaky
cooking stoves to the ones which are fuel efficient,
smokeless and have an exit (e.g., chimney) for indoor
pollutants. A good example is the one designed by
the National Biomass Cookstoves Initiative, of the
Ministry of New and Renewable Energy under a
Special Project on Cookstove during 2009-2010, with
the primary aim of enhancing the availability of clean
and efficient energy for the energy deficient and
poorer sections of the country.®

Improvement in ventilation: During construction
of a house, importance should be given to adequate
ventilation; for poorly ventilated houses, measures
such as a window above the cooking stove and cross
ventilation though doors should be instituted.

Study and year Findings

Bhat et al.,("» 2012
Cl: 10.5-65.7)

Johnson et al.,® 2011

Use of fuel other than LPG was associated with acute lower respiratory tract infection (OR=26.3, 95%

Compared to clean fuel users, prevalence of chronic obstructive pulmonary disease was higher among

biomass fuel users (OR: 1.24; 95% CI: 0.36-6.64).

Sreeramareddy et al.,®® 2011

Bassani et al.,'® 2010

Exposure to high pollution fuel among mothers was found to be associated with low birth weight of the
baby (OR 1.41, 95% ClI: 1.27-1.55)

Use of biomass fuel significantly increased child mortality at 1-4 years of age (prevalence ratio boys:

1.30, 95% ClI: 1.08-1.56; girls: 1.33, 95% CI: 1.12-1.58)

Tielsch et al.,® 2009

Behera and Balamugesh,®® 2005
(OR=3.04, 95% Cl: 1.1-8.38)

Saha et al.,® 2005
Mishra,® 2003

Risk of low birth weight increased 49% among those exposed to biomass fuels
Exposure to solid fuels among nonsmoker women increased chances of developing lung cancer

Age-dependent cataract was found to be associated with use of wood (OR=2.12, 95% CI: 1.03-4.34)
Prevalence of asthma was found to be associated with the use of biomass fuels among elderly men

and women (OR=1.59; 95% CI: 1.30-1.94)

Mishra et al.,*® 1999
Cl: 2.82-4.50)

Mavlankar et al.,®" 1991

Biomass fuel was significantly associated with prevalence of active tuberculosis (OR=3.56, 95%

Use of biomass fuel during pregnancy resulted in 50% excess risk of stillbirth

LPG: Liquefied petroleum gas, OR: Odds ratio, Cl: Confidence interval
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* Intersectoral coordination and global initiative:
Indoor air pollution can only be controlled with
coordinated and committed efforts between different
sectors concerned with health, energy, environment,
housing, and rural development.

Tackling indoor air pollution and providing universal
access to clean household energy is a great opportunity
to improve health, reduce poverty, and protect our
environment; thus, contributing significantly to
achieving the Millennium Development Goals (MDGs)
which are listed below:

* Improved household energy practices will provide
opportunities for income generation-MDG 1
(eradicate extreme poverty and hunger).

*  With less time spent on fuel collection and lost due
to ill health, children will have more time for school
attendance and homework-MDG 2 (achieve universal
primary education).

* Freeing women’s time for income generation will
help in eradicating poverty and hunger (MDG 1) and
achieving gender equality (MDG 3).

* Better respiratory health: MDG 4 ( reduce child
mortality), MDG 5 (improve maternal health), and
MDG 6 (combat HIV/AIDS, malaria and other
diseases like tuberculosis).

* Use of clean household energy will ensure
environmental sustainability; the World Health
Organization is the agency responsible for reporting
the “proportion of the population using solid fuels”
as an indicator for reporting progress towards MDG
7 to ensure environmental sustainability (MDG 7).

* Anintersectoral approach for use of clean household
energy practices will lead to economic and social
development-MDG 8 (develop a global partnership
for development).

Conclusion

Though evidence exists for increase in indoor air
pollution in India, and its association with both increased
morbidity and mortality, there is still a need of further
studies to assess the exposure levels of indoor pollutants
and to further strengthen the evidence for their
association with outcomes like tuberculosis, cataract,
asthma, cardiovascular health, and cancers. At the same
time, effective interventions, starting from education,
change in fuel patterns, proper designing of stoves and
houses, to a committed and determined intersectoral
coordination towards promotion of public health is the
need of the hour.
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