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Effect of indoor air pollution on the respiratory system of
women using different fuels for cooking in an
urban slum of Pondicherry

D. DUTT, D. K. SRINIV ASA, S·. B. ROTTI, A. SAHAI, D. KONAR

ABSTRACT
Background. Some of the highest exposures to air pollut-

ants in developing countries occur inside homes where biofuels
are used for daily cooking. Inhalation of these pollutants may
cause deleterious effects on health. We studied the effects of
exposure to indoor air pollution from the use of cooking fuels
on lung functions and respiratory symptoms in women aged
15-B0 years.

Methods. The study was conducted in Kuruchikuppam, an
urban slum in Pondicherry. The study participants were 105
women using biofuels, 105 using kerosene and 105 using
liquid petroleum gas (LPG), selected from among 1117women
aged 15-BO years, by a stratified random sampling technique.
These women were interviewed at home to collect information
about exposure to fuel smoke and presence of respiratory
symptoms. Lung functions were assessed by measuring
forced vital capacity (FVC), forced expiratory volume in the first
second (FEV) and peak expiratory flow rate (PEFR). Occur-
rence of respiratory symptoms over six months was noted by
making monthly follow up visits.

Results. Women using biofuels experienced more respira-
tory symptom s (23%) than those using kerosene (13%; pe-O .05)
orLPG (8%; p<0.05). Lungfunctions-FVC, FEV" FEV, %and
PEFR-were significantly lower in biofuel users compared
with both kerosene (p<0.01) and LPG users (p<0.001). Lung
functions in kerosene users also were significantly poorer
when compared with LPG users (p<0.01). Predicted pulmo-
nary functions using multiple regression equations, derived
from the data set of the present study, indicated that women
using biofuels were more liable to have reduced pulmonary
functions than women using kerosene or LPG.

Conclusion. Women exposed to biofuel smoke suffer more
from respiratory illnesses and have decreased pulmonary
functions compared with women exposed to kerosene or LPG
smoke. To reduce pollutant exposures we recommend the use
of smokeless chu/lasor cleaner fuels such as charcoal, biogas
and kerosene.
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INTRODUCTION

Biofuel combustion is associated with the release of increased
amounts of pollutants such as sulphur dioxide, nitrogen dioxide,
carbon monoxide, total suspended particles (TSP) and poly-
aromatic hydrocarbons (PAH). '.2 The emission factors for these
pollutants from biofuels far exceed those from other commercial
fuels such as liquid petroleum gas (LPG) and kerosene. The
emission factor for TSP is about 20 times higher for biotuels than
for LPG.) The concentration of indoor pollutants is significantly
higher in kitchens using biofuels compared to those using other
fuels.'

Exposure to biofuel smoke has been associated with the
occurrence of chronic lung disease,":" respiratory symptoms like
cough, expectoration, dyspnoea'P '? and poor lung function."!':"
Since more than half the world's population uses biofuels for
cooking," the exposure-health effect relation should be clearly
elucidated to plan interventional measures. Most studies>" have
lacked adequate comparative groups and many,·7.11I.11have not
been controlled for certain confounding variables. We examined
the effects of exposure to fuel smoke from cooking with biofuels,
kerosene and LPG on respiratory illnesses and lung functions in
women using these fuels.

SUBJECTS AND METHODS

The study was conducted between June 1991 and June 1992 in
Kuruchikuppam-an urban slum in Pondicherry in south India
situated on the coast with a population of 8369.

Sample size
The sample size was based on estimated prevalence rates of
respiratory symptoms and values of pulmonary functions (along
with their standard errors) reported in earlier Indian studies.":"
Using these estimates and consulting tables for sample size
determination, 17 it was found that a sample of 101 women using
biofuels, 101 using kerosene and 101 using LPG would be
sufficient to detect differences in respiratory symptoms as well as
pulmonary functions with a power of 90% at the 5% level of
significance. Anticipating some dropouts during the course of the
study, the sample size for each fuel group was kept at 105.

Selection of study subjects
The study subjects were selected by a fuel- and age-stratified
random sampling technique. A house-to-house survey was con-
ducted and 1117 women in the age group 15-60 years who were
involved in cooking were identified. These women were then
stratified according to the type of fuel they used. Five hundred and
fifty-three used biofuels, 396 kerosene and 168 LPG. The women
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in each fuel category were further stratified into three age groups
(15-24, 25~4 and 45-60 years). From each of these age groups
35 were selected by simple random sampling. Thus we eventually
studied 105 women using biofuels, 105 using kerosene and 105
using LPG. A woman was selected only if she was a non-smoker,
not pregnant at the beginning of the study and not suffering from
asthma, tuberculosis, cardiac disease, or chest or spinal defor-
mity. These conditions were excluded by interview, clinical
examination, consulting previous health centre records and doing
laboratory investigations when required.

Measurements
Exposure to fuel smoke was estimated by interviewing the women
about the duration (years) of cooking, time spent in cooking per
day (hours) and amount of fuel (kg) used per day. Reliable
information about the amount offuel could be obtained since most
of the fuel used in this area (an urban slum) has to be bought. (In
rural areas biofuels are usually gathered by women.) Biofuels
were bought once in three to four days. Kerosene was bought
weekly and LPG cylinders were changed about once a month. The
amount of fuel used in one month was ascertained and divided by
30 to estimate the amount used per day. Conversion factors of
I kg/L of kerosene and 14 kg/cylinder of LPG" were used to
estimate the amount of these fuels in kilograms. The average
amount ofbiofuel used was 5.5 (SD 1.7) kg. The average amounts
for kerosene and LPG used were 0.8 (0.2) kg and 0.4 (0.05) kg
respectively.

A pilot study conducted earlier to assess the cooking habits and
the time spent on cooking revealed that only a part of the time was
actually spent near the stove; the rest was spent away from it doing
other household chores. The exposure to fuel smoke we opined
would be higher when a person was near the stove than when away
from it. To measure the time spent near the stove while cooking,
one of the authors observed the entire cooking process in 21
women (7 selected randomly from each fuel group) and logged the
time actually spent in front of the stove. For the women using
biofuels, the amount of fuel needed to cook the meal was weighed
during the observation sessions.

Ventilation conditions of the kitchen were observed and as-
sessed using a scoring system developed by us (Table I).

Respiratory illnesses
To find out whether there was any difference in the respiratory
illnesses among the users of different fuels, six home visits were

TABLEI. Scoring system for kitchen conditions

Parameter Criteria Score

Floor space area (square feet) >50 0
51-75 I
76-100 2
>100 3

Percentage of area of door <40% 0
and window to floor area 40% or more 2

Smoke ventilation Absent 0
Present 2

Cross ventilation Absent 0
Present 2

qpening in roof Absent 0
Present 2

Cooking outdoors 10

Minimum score 0 Maximum score 11
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made at monthly intervals and the women were interviewed using
the modified American Thoracic Society, Division of Lung Dis-
eases (ATS DLD)-78 questionnaire.P'The following were noted:
any episodes of common cold, cough with or without expectora-
tion (with severity and duration), breathlessness and any chest
illnesses limiting household acti vity for more than one week. The
occurrence of episodes of cough and expectoration lasting for
more than three weeks and chest illnesses limiting household
acti vity for more than a week during the three years previous to the
date of the first interview were also recorded.

PuLmonary functions
Forced vital capacity (FVC), forced expiratory volume in the first
second (FEV,) and peak expiratory flow rate (PEFR) were mea-
sured. The standard protocols for pulmonary function testing!"
were followed. Pulmonary functions were tested in the mornings
(before meals) in the standing position. The tests were postponed
if a subject complained of respiratory symptoms on the day of
testing. The best of three readings was recorded for analysis.

Exposure to fuel smoke, ventilation of the kitchen and lung
functions were assessed at the first visit. The occurrence of
respiratory symptoms/illnesses were noted during all the six
visits.

Analysis
Data were analysed by using tests of proportions and tests of
means. Linear multiple regression analysis was used to determine
the relationship of age, height, weight of the study women,
exposure to fuel smoke, ventilation of kitchen and monthly
household income to pulmonary functions. Statistical packages-
Lotus 1-2-3 and SX were used for data analysis.

Permission from the ethical committee of the lawaharlal
Institute of Postgraduate Medical Education and Research,
Pondicherry was obtained before conducting the study.

RESULTS

Outofthe 315 women initially selected, 97 women using biofuels,
100 using kerosene and 98 using LPG completed the study. Data
from the remaining 20 women were not included because (i) 6
women had migrated from the area, (ii) II women refused
pulmonary function testing, and (iii) 3 women became pregnant
during the course of the study.

The women in the 3 fuel groups were similar with respect to
age, height and weight (Table II). Seventy-eight women using

TABLEII. Anthropometric and exposure characteristics
[mean (SO)] of study participants

Particulars Fuel used for cooking p values

Biofuel Kerosene LPG
(n=97) (n=IOO) (n=98)

2 3

Age (years) 35 (13) 35 (13) 36 (14) >0.05 >0.05 >0.05
Height (cm) 150 (4) 151 (5) 152 (5) >0.05 >0.05 >0.05
Weight (kg) 49 (6) 52 (9) 52 (10) >0.05 >0.05 >0.05
Years of cooking 23 (13) 21 (13) 20 (14) >0.05 >0.05 >0.05
Hours of cooking 4 (0.9) 3 (0.5) 3 (0.6) <0.01 <0.01 >0.05

per day
Percentage of 37 (II) 26 (6) 24 (5) <0.001 <0.001 <0.05

cooking time
spent near stove

t biofuel compared with kerosene 2 biofuel compared with LPG
3 kerosene compared with LPG
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FIG I. 'U' type biofuel stove FIG 2. Dug type biofuel stove

biofuels, 90 using kerosene and 84 using LPG were housewives.
Two women using kerosene and 3 using LPG were teachers. Two
women using LPG were bank employees. The rest of the women
were coolies, fish sellers and handicraft workers. The average
monthly income in the LPG group [Rs 1050 (358)] was higher
than that in the biofuel [Rs 545 (57)] and kerosene [Rs 679 (121)j
groups (p<0.05). Fifty-two women using biofuels and 29 women
using kerosene lived in huts made of mud and thatch. The rest of
the women lived in pucca houses made of concrete. The mean
ventilation score of the kitchen for women using biofuels was 3.7
(3.1). The corresponding figures for women using kerosene and
LPG were 3.5 (1.6) and 4.5 (1.5) respectively.

The type of biofuels used consisted of wood. sticks. coconut
fibres and animal dung. Of the 100 women in the kerosene group
84 used kerosene alone. The other 16 used biofuels in addition to
kerosene. However. the total duration of use of biofuel by these
women was less than I week in a month. In the LPG group ':)
women used kerosene and 5 used biofueIs along with LPG. These
additional fuels were used only rarely and that too not for cooking
food but for boiling water or making animal fodder. Nineteen
kerosene users and II LPG users had previously used biofuels for
cooking.

Three types of cooking stoves made of mud and or bricks ('U'
type, Fig. I; 'dug' type, Fig. 2; and 'raised' type) were used for
cooking with biofuels. None of these stoves had flues. Pump
kerosene (Fig. 3) stoves were used by all women using kerosene

TABLEIII. Percentage of women with respiratory symptoms
according to fuels used

lIS

FIG 1. Pump kerosene stove

except the ones who had a 'wick' type of kerosene stove. Standard
gas stoves were used by women using LPG. Traditional south
Indian food was cooked by the women.

The average duration (years) of cooking was similar in the 3
fuel groups. However, women using biofuels spent more time
cooking per day than those using kerosene or LPG. Biofuel users
spent a larger proportion of the cooking lime near the stove than
kerosene (p<O.OI) or LPG users (p<O.OI; Table Il).

Fourteen per cent of the women using biofuels gave a history
of episodes of increased cough and expectoration lasting more
than three weeks and/or respiratory illnesses limiting acti vity for
more than a week in the three years previous to the date of the first
interview compared to I 1% (p>0.05) using kerosene and 7%
(p<0.05) using LPG.

The overall presence of respiratory symptoms during the study
period (Table 01) was higher for women using biofuels (23%)
compared to those using kerosene (13%; p>0.05) or LPG 18%;
p<0.05). Complaints of cough and breathlessness were higher
among biofuel users (p<O.05 for biofucls compared with LPG).
Though more women (4%) using biofuels had symptoms sugges-
tive of chronic bronchitis than women using kerosene (2%) or
LPG (I %) the differences were not statistically significant.

In the follow up period (Table IV). a higher percentage of
biofuel users (22%) suffered from frequent colds (more than four
in six months) than kerosene users ( II %; p>0.05) or LPG users
(9%; p<0.05). The occurrence of episodes of cough with cxpec-

TABLEIV. Percentage of women with respiratory morbidity
during the six-month follow up period

Symptoms' Type of fuel p values Morbidity' Type of fuel p values

Biofuel Kerosene LPG 2 3 Biomass Kerosene LPG 2 3
(n=97) (n=IOO) (n=98) (n=97) (n=IOO) (n=98)

Dry cough 7 6 2 >0.05 >0.05 >0.05 Frequent colds' 22 II 9 >0.05 <0.05 >0.05
Productive cough 13 7 6 >0.05 >0.05 >0.05 Cough with expect- 5 2 0 >0.05 <0.05 >0.05
Cough (all types) 21 13 8 >0.05 <0.05 >0.05 oration for >3 weeks'
Dyspnoea 12 5 3 >0.05 <0.05 >0.05 Chest illness 6 3 3 >0.05 >0.05 >0.05
Symptoms suggestive 4 2 I >0.05 >0.05 >0.05 limiting activity

of chronic bronchitis >1 week'
Any symptom 23 13 8 >0.05 <0.05 >0.05 Respiratory illness ,., 9 4 2 >0.05 <0.05 >0.05

• A woman could have complained of more than one symptom • One person could have suffered more than one type of morbidity
t biomass compared with kerosene 2 biomass compared with LPG ' More than four colds in six months I biomass compared with kerosene
3 kerosene compared with LPG 2 biomass compared with LPG 3 kerosene compared with LPG
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TABLEV. Pulmonary functions (mean) with respect to type of
cooking fuel

Pulmonary Type of fuel p values

function Biomass Kerosene LPG 2 3

FVC 2.02 2.14 2.24 <0.001 <0.001 <0.01
FEV, 1.71 1.80 1.93 <0.01 <0.001 <0.00 I
FEV/FVC% 84.2 84.2 86.0 >0.05 <0.01 <0.01
PEFR 334 346 362 <0.01 <0.001 <0.01

I biomass compared wilh kerosene 2 kerosene compared with LPG
3 kerosene compared wilh LPG FVC forced vital capacity
FEVI forced expiratory volume in first second
PEFR peak expiratory flow rate in litres per minute

toration and/or chest illnesses limiting activity for more than a
week was also higher among women using biofuels compared
with women using kerosene (p<O.05) or LPG (p<O.05). Though
respiratory symptoms were more frequent among kerosene users
than LPG users the difference was not statistically significant
(Tables III and IV).

The mean values for all lung function parameters, except
FEV/FVC% (Table V) were significantly lower in women using
biofuels compared with women using kerosene (p<O.O I) or LPG
(p<O.OOI). Significantly fewer women using biofuels had pulmo-
nary functions greater than predicted values for Indian women,
compared with women using kerosene (p<O.OOI) or LPG (p<O.OOI ;
Table VI). Lung functions among kerosene users were signifi-
cantly lower than among LPG users (p<O.OI; Tables V and VI).

Multiple linear regression analysis for lung functions on age,
height, weight of the study women, monthly household income
and ventilation of kitchen revealed that two factors-age and
height-explained 77% of the variability in the lung functions
within each fuel category (Table VII). The addition of other
factors did not alter the regression model as evidenced by minimal
or no change in the standard error uf the lung function estimate
and the coefficient of multiple determination.

Regression equations with respect to age and height were
formulated for each fuel group. Using these equations the pre-
dicted pulmonary functions for the average age and height of this
study population were calculated (i.e. 35 years and 151 em), As
shown in Table VIT, the predicted pulmonary functions were least
for biofuel users indicating that women exposed to biofuel smoke
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TABLEVI. Pulmonary functions greater than expected values for
Indian women"

Parameter Percentage of women p values

Biomass Kerosene LPG
(n=97) (n=IOO) (n=98)

2 3

FVC
FEV,
PEFR

60.2 <0.00 I <0.00 I>0.05
84.7 <0.001 <0.001<0.01
83.7 <0.001 <0.001 <0.01

13.4
24.7
10.3

55.0
66.0
27.0

I biomass compared with kerosene 2 biomass compared with LPG
3 kerosene compared with LPG FVC forced vital capacity
FEVI forced expiratory volume in first second
PEFR peak expiratory flow rate in litres per minute

were liable to have lower pulmonary functions than women
exposed to kerosene or LPG smoke.

Nineteen kerosene users and II LPG users had used biofuels
for cooking in the past. Analysis of respiratory symptoms and
lung functions with respect to past use of biofuels in these groups
did not show any significant differences.

DISCUSSION

We found that the occurrence of respiratory symptoms was higher
among women using biofuels than in those using kerosene or
LPG, though the difference was statistically significant between
biofuel and LPG users only. More women using biofuels gave a
history of having had episodes of respiratory illness in the past
three years than women using kerosene or LPG. A larger number
of women using biofuels had chronic bronchitis. Respiratory
symptoms were also more frequent among kerosene users com-
pared with LPG users but the differences were not statistically
significant.

In addition to an increase in respiratory morbidity, women
using biofuels had significantly poorer pulmonary functions than
women using LPG. It was interesting to find that while the higher
occurrence of respiratory symptoms in biofuel users than in
kerosene users did not reach levels of statistical significance, lung
functions in biofuel users were significantly lower than those of
kerosene users. This indicates that women exposed to biofuel
smoke had functional respiratory impairment compared with
kerosene users. The degree of impairment, however, was not
sufficiently large to manifest in a significant increase in syrnp-

Table VII. Multiple linear regression values of pulmonary functions with respect to height and age

Pulmonary R' SE of Y estimate Height Age Constant Predicted
function coefficient (SE) coefficient (SE) pulmonary function'

Biomass
FVC 0.87 0.070 0.0328 (0.0019) -0.0086 (0.00062) -2.6195 2.04
FEV, 0.77 0.105 0.0247 (0.0027) -0.0104 (0.0008) -1.6410 1.73
PEF 0.83 14.210 2.8430 (0.3630) -1.9905 (0.1167) -22.72334 338.6

Kerosene
FVC 0.93 0.069 0.0374 (0.0012) -0.0084 (0.0005) -3.2173 2.13
FEV, 0.93 0.063 0.0276 (0.0011) -0.0113 (0.0004) -1.9778 1.80
PEF 0.90 12.322 3.4402 (0.2248) -2.0714 (0.0955) -101.3572 345.6

LPG
FVC 0.85 0.109 0.0376 (0.0021) -0.0080 (0.0008) -3.2431 2.16
FEV, 0.88 0.095 0.0294 (0.0018) -0.0100 (0.0007) -2.1977 1.87
PEF 0.89 13.477 3.5927 (0.2602) -1.8754 (0.1038) -120.9530 355.9

SE standard error FVC forced vital capacity FEVI forced expiratory volume in first second PEFR peak expiratory flow rate in L'minute
Regression equation for pulmonary functions.Pulmonary functicnef-leight coefficient x Height (em) + Age coefficient x Age(years) + constant
°Based on regression equations for pulmonary functions for heighl=151 em and age=35 years p values for all age and height coefficienls were <0.001
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toms. It is also possible that respiratory symptoms, being subject
to a person's perception, were not correctly reported whereas
pulmonary functions (an objective parameter) could be assessed.
Similarly, though respiratory symptoms among kerosene users
were not significantly higher than among LPG users, the lung
functions among kerosene users were significantly reduced com-
pared with LPG users.

Since several factors could have affected the pulmonary func-
tions, multiple linear regression analysis was done to evaluate the
possible contributing effects of age, height, weight, duration of
exposure, monthly household income and ventilation status of the
kitchen on pulmonary functions. Pulmonary functions, estimated
by using these regression models, indicated that women using
biofuels were liable to have lower pulmonary functions than
women using kerosene or LPG.

The predicted pulmonary functions for different ages and
heights can be estimated from the regression equations to form
normograms, for the different fuel groups, which can be used for
community surveys.

The observations in the present study are in agreement with
those conducted earlier.6.M.IO-12Two studies'v !' have recorded a
higher occurrence of respiratory symptoms and lower lung func-
tions in biofuel users compared to LPG or kerosene users. Malik"
from Chandigarh reported that a significantly larger proportion of
women using biofuels suffered from chronic bronchitis (5%) than
women using LPG (\.5%). In a study conducted in Nepal," a
positive correlation was noticed between the presence of chronic
bronchitis and the time spent near indoor cooking stoves. Various
other studies':" have incriminated domestic pollution from cook-
ing with biofuels to chronic obstructive lung disease.

The present study confirms the earlier observations that expo-
sure to biofuel smoke is associated with increased respiratory
symptoms/illnesses and decreased pulmonary functions.

Studies on pollutant emissions'> and indoor air concentra-
tions':!" have indicated higher emissions and indoor concentra-
tions of total suspended particles, sulphur dioxide, nitrogen
dioxide, carbon monoxide and polyaromatic hydrocarbons with
biofuel combustion compared to LPG or kerosene. The composi-
tion ofbiofuel smoke is similar to that of tobacco smoke.' It is now
well accepted that tobacco smoking is causally associated with
chronic obstructive lung disease. Considering the similarity in
their pollutant emissions, it is possible that exposure to biofuel
smoke may also cause respiratory illnesses.

Due to the non-availability of instruments required for measur-
ing the concentration of indoor air pollutants, exposure to fuel
smoke was estimated using surrogate variables such as duration
of exposure to smoke, period of time actually spent in front of the
stove while cooking and the amount of fuel used. Measurement
of the personal exposures to individual pollutants":" will give a
precise estimate which can be related to the observed morbidity to
clarify the cause-effect relationship.

Efforts are under way to produce improved stoves ('smokeless
chullas') to reduce pollutant emissions.P:" These efforts need to

be encouraged considering the vast number of people using
biofuels" and the deleterious effects on their health.

ACKNOWLEDGEMENTS
We thank Dr (Mrs) C. Saradadevi, Medical Officer, Urban Health Centre,
Kuruchikuppam and her staff for their help in conducting this study. We are
grateful to the women who took part in this study. We also thank the
reviewers of this paper for their valuable suggestions.

REFERENCES
Smith KR. Biomass combustion and indoor air pollution: The bright and dark sides
of small is beautiful. Environmental Management 1986;10:61-74.

2 Smith KR. Biofuels air pollution and health: A global review. New York:Plenum
Press. 1987:26-61.
Smith KR. Indoor air quality and the pollution transition. In: Kasuga H (ed).lndoor
air qualitv. Berlin:Springer- Verlag 1990:449-56.

4 deKoning HW, Smith KR, LaSI JM. Biomass fuel combustion and health. Bull
World Health Organ 1985;63:11-26.
Vishwanathan R. Chronic bronchitis, emphysema syndrome: Incidence, etiology
and natural history. Indian J Dis Chest 1964;6:171-82.

6 Padmavati S. Arora S. Sex differences in chronic cor pulmonale in Delhi. Br J Dis
Chest 1976;70:251-9.

7 Anderson HR. Respiratory abnormalities in Papua New Guinea children: The
effects of locality and domestic wood smoke pollution. lnt J Epidemiol 1978;7:
63-72.

8 Malik SK. Exposure to domestic cooking fuels and chronic bronchi lis. Indian J
Chest tn« Allied Sci 1985;27:171-4

9 Pandey MR. Domestic smoke pollution and chronic bronchitis in a rural community
of the hill region of Nepal. Thorax 1984;39:337-9.

10 National Institute of Occupational Health (NIOH). Ahmedabad. Domestic source of
air pollution and its effects on high risk population groups in Ahmedabad. In:
Annual report. Ahmedabad:Nationallnstitute of Occupational Health. 1980: 18-22.

II National Institute of Occupational Health (NIOH). Ahmedabad. Domestic source of
air pollution and its effects on respiratory system of housewives in Ahmedabad. In:
Annual report. Ahmedabad: National Institute of Occupational Health, 1982:32-43.

12 Behera D, Jindal SK. Respiratory symptoms in Indian women using domestic
cooking fuels. Chest 1991 ;100:385-8.

13 Malik SK. Respiratory effects of domestic cooking with particular reference to
kerosene oil and low pressure petroleum gas (preliminary report). Bull Postgrad InH
Med Edu Res 1948;18: 164-5.

14 Malik SK. Domestic cooking, chronic bronchitis and impairment of lung function
in rural females. Indian J Chest Dis Allied Sci 1984;26:201-2.

15 Jones JR, Higgins IT, Higgins MW, Keller JB. Effects of cooking fuels on lung
function in nonsmoking women. Arch Environ Health 1983;38:219-22.

16 Hughan D. Prospects for traditional and non-conventional energy sources in
developing countries, Working Paper 346. Washington DCWorld Bank, 1979,
1'1'1-9.

17 Lawanga SK. Lemeshow S. Sample size determination in health studies: A practical
manual. Geneva:World Health Organization, 1991 :36.

18 Trivedi PR. Fuel as asourceofenergy. In: Trivedi PR,GurdeepR (eds). Encyclopaedia
of environmental sCitnce. Volume 7. New Delhi:Akashdeep Publishing House,
1992:67-110.

19 Florey CV, Leeder SR. Methods for cohort studies of chronic air flow limitation.
Copenhagen:World Health Organization, 1982:33-121.

20 Kamath SR. Tyagi NK, Rashid SSA. Lung functions in Indian adult subjects. Lung
India 1982,1:110-31.

21 World Health Organization. Epidemiological .. social and technical aspects of
indoor air pollution from biomass fuel: Report of a World Health Organization
consultation. WHOIPEP192.3A. Geneva:World Health Organization. 1991 '12-15.

22 Smith KR. Total exposure assessment: Implications for developing countries.
Environment 1988;30: 16-20.

23 Ramakrishna J, Durgaprasad MB. Smith KR. Cooking in India: The impact of
improved cookstoves on indoor air quality. Environment tns 1989;15:341-52.

24 Tata Energy Research Institute (TERI). Evaluation performance of cookstoves in
regard to thermal efficiency and emissions from combustion. Bombay:Tata Energy
Research Institute, 1987: I-51.


