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ABSTRACT 

 
Indoor air pollutants associated with combustion of solid fuels in households of developing 
countries are now recognized as a major source of health risks to the exposed populations. 
Use of open fires with simple solid fuels, biomass, or coal for cooking and heating exposes 
an estimated 2 billion people worldwide to concentrations of particulate matter and gases 
that are 10 to 20 times higher than health guidelines for typical urban outdoor 
concentrations. Indoor air pollution (IAP), resulting from Chulah burning wood, coal and 
animal dung as fuel, is claiming a shocking 500,000 lives in India every year, most of whom 
are women and children. Use of traditional biomass fuels—wood, dung, and crop residues 
are widespread in rural India. Burning biomass in traditional stoves, open-fire three-stone 
stoves, or other stoves of low efficiency, and often with little ventilation, emits smoke 
containing large quantities of harmful pollutants, with serious health consequences for those 
exposed, particularly women involved in cooking and young children spending time around 
their mothers. 
Indoor air pollutants are suspended particulates, CO, sulfur dioxide, formaldehyde, and 
nitrogen dioxide. More than three billion people worldwide continue to depend on solid 
fuels, including biomass fuels (wood, dung, agricultural residues) and coal, for their energy 
needs. Cooking and heating with solid fuels on open fires or traditional stoves results in high 
levels of indoor air pollution. Indoor smoke contains a range of health-damaging pollutants, 
such as small particles and carbon monoxide, and particulate pollution levels may be 20 
times higher than accepted guideline values. 
Three variables—fuel type, kitchen type, and kitchen ventilations—were found to be good 
predictors of kitchen and living-area concentrations. Fuel type was the best predictor of high 
concentrations in the kitchen area, but not a very good predictor of low concentrations. This 
was presumably due to the wide range of concentrations within fuel categories. Kitchen type 
was also an important predictor; indoor kitchens were much more likely to have high 
concentrations than outdoor kitchens. Households with good kitchen ventilation were much 
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less likely to have high kitchen area concentrations than households with moderate or poor 
ventilation. Fuel type was also the best predictor of high living area concentrations. 
Among the indoor air pollutants CO was estimated using Gas Watch before and after 
installing an improved chulah in selected households. An intervention program was also 
conducted for selected homemakers to create awareness on Indoor Air Pollution, health of 
the homemakers and importance of using improved chulah to reduce Indoor Air Pollution. 
The amount of CO emitted by the improved by the Improved Chulah was much lesser than 
the CO emitted by Traditional Chulahs. 

Key Words : Indoor Air Pollution (IAP), Traditional Chulahs, Improved Chulahs, Gas 
Watch, Intervention Program 

 
INTRODUCTION 

Indoor Air Pollution (IAP) has become a 
serious problem throughout the world 
particularly in developing countries. Unlike 
outdoor pollution, indoor pollution has 
received researcher’s attention very recently. 
The traditional bio fuels used for cooking are 
not energy efficient and kitchens are usually 
unventilated or poorly ventilated. It has 
estimated that over 100 million women 
spend a quarter of their lives in a gloomy 
kitchen. The system of cooking meals twice 
or thrice a day in every household is a 
common feature in India. This results in 
chocking up the unhygienic kitchen and the 
adjoining living apartment of the house with 
thick layers of smoke due to burning of cow 
dung cake and firewood.1 In such conditions, 
the fuels are not burnt completely which 
result in the release of complex mixture of 
health damaging air pollutants. These include 
respirable particulate matter, carbon 
monoxide, poly organic material (POM), 
poly aromatic hydrocarbons (PAH), 
formaldehyde, benzene and sometimes traces 
of metals also. 

The indoor concentration of health damaging 
pollutants from a typical wood fire cooking 
stove creates carbon monoxide and other 
noxious fumes at anywhere between seven 
and 500 times over the allowable limits.2 

There is a strong need to ensure women’s 
participation in planning and execution of 
programs targeting indoor air pollution and 
build their awareness towards health, 
environment and energy issues.3 Hence, 
improved, well-designed, fuel efficient, low-
cost and appropriate cook stoves have 
become the call of the day.  

AIMS AND OBJECTIVES 
The main objectives of the study are to: 
 Find out the socio-economic background 

and cooking practices  
 Analyze the existing traditional chulah 
 Create awareness on smoke-free kitchens 
 Introduce and analyze the efficiency of 

improved chulah 
 Evaluate the installed chulah 

METHODOLOGY 
The methodology pertaining to the present 
study comprises of four phases. 
Socio-economic profile of households 
Five hundred households having traditional 
chulahs (cook stoves) were surveyed using 
an interview schedule in seven selected 
villages in Coimbatore district to find out the 
socio-economic profile of the selected 
households.  
The sample selected for the study is given in 
Table 1. 
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Table 1: Number of households selected 
 

Area Number of households                                  
(N = 500) 

Adisakthinagar 
Arivolinagar 
MGR Nagar 
Sentamil  Nagar 
Sugunapuram 
Vanniyampalayam 
Vikkalpalayam 

72 
97 
29 
91 
74 
67 
70 

 
Analysis of traditional chulah 
A sample of 150 households having 
traditional chulah was selected from same 
villages where survey was conducted to find 
out the fuel consumption pattern of 
traditional chulah and efficiency of 
traditional chulah. The efficiency of 
traditional chulahs was carried out by 
estimating cook smoke (carbon monoxide) 
emitted from traditional chulahs and finding 
out thermal efficiency of traditional chulahs. 
The former was done by using an advanced 
microprocessor controlled detection system – 
the Gas Watch 2 Personal Single Gas 
Monitor – Carbon Monoxide (CO). The 
carbon monoxide gas concentration were 
detected in three consecutive time intervals 
namely initial reading, peak reading and final 
reading. To detect the thermal efficiency of 
traditional chulahs, 1kg. of fuel (firewood) 
was collected to heat 2 liters of water kept in 
an aluminum vessel. Thermal efficiency of 
traditional chulah was found by using the 
formula:  

HeatInput
heatOutput,efficiencyThermal   

The thermal efficiency of traditional chulah 
was calculated thrice and hence the 

concurrent value was noted down for the 
study. 
Creating awareness on smoke-free kitchen 
Two hundred rural women were selected 
randomly for the awareness program. A 
checklist was administered to them before 
and after conducting the awareness program 
to assess the impact of the awareness 
program and improvement in the knowledge 
level. 
Installation of improved chulahs 
The investigator distributed 500 improved 
chulahs which were of two types namely 
Single Pot TNAU Chulah and Double Pot 
TNAU Chulah manufactured in Tamil Nadu 
Agricultural University (TNAU), 
Coimbatore, India to selected households of 
selected villages. The cost of single pot 
improved chulah was Rs.25/- and double pot 
improved chulah was Rs.50/-. Estimation of 
cook smoke (carbon monoxide) and thermal 
efficiency of improved chulah were done 
similar to traditional chulah. An evaluation 
proforma was used to find out the opinion of 
the homemakers about the performance of 
the installed improved chulahs. 
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RESULTS AND DISCUSSION 
The findings of the study are discussed under 
the following headings 

Socio-economic profile of homemakers 
The socio-economic profiles of 500 home-
makers are presented in Table 2. 

Table 2 : Socio-economic profile of homemakers 
 

Socio-economic profile Frequency (N=500) Percentage 
Type of family 
Nuclear 
Joint 
Size of family 
Small (1-4) 
Medium(5-6) 
Large(Above 7) 
Education 
Illiterate 
Primary 
High school 
Higher secondary 
Occupation 
Coolie 
Housewife 
Homemaker’s income per day (Rs.) 
No income 
25-50 
51-75 
76-100 
Family monthly income (Rs.) 
Up to 2500 
2501-3500 
3501-5000 

 
315 
185 

 
175 
185 
140 

 
145 
315 
10 
30 

 
460 
40 

 
40 
155 
300 

5 
 

175 
255 
70 

 
63 
37 

 
35 
37 
28 

 
29 
63 
2 
6 
 

92 
8 
 

8 
31 
60 
1 
 

35 
51 
14 

 
From the above Table it is evident that 63 per 
cent of the homemakers were from nuclear 
family and 57 per cent were from joint 
family. Thirty seven per cent of the 
homemakers belonged to medium family 
with five to six members. Sixty three per cent 
of the homemakers had primary education. 
Majority of the homemakers (92%) were 
building construction workers. Sixty per cent 
of the homemakers earned between Rs.51/- 

and Rs.75/- per day. The monthly income of 
more than 50 percent of the families ranged 
between Rs.2501/- and Rs.3500/-. 

Details on traditional chulah 
Sixty five per cent of the traditional chulahs 
were located outside the kitchen and 
remaining (35%) inside the kitchen. All the 
homemakers used firewood and agricultural 
residues as cooking fuel which were 
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procured from neighborhood. Forty three per 
cent of the homemakers used 15kg. of fuel 
per month. The time taken for cooking by the 
homemakers was noted between one hr. and 
two hrs. (48%) and followed by two hrs. and 
three hrs. (33%). The problems faced by all 
the homemakers while using traditional 
chulahs were: more smoke output, soot on 
the vessels, difficulty in cleaning vessels, eye 
irritation, fatigue, more time and energy 
consumption, more fuel consumption, 
frequent blowing of air and wheezing and 68 
per cent suffered from respiratory diseases. 
The results of studies conducted by Anon4 

(2000) on “Indoor Air Quality Monitoring in 
Rural Households of Four Districts of Tamil 
Nadu”; Murthy5 (2004) on LPG as a Cooking 
Fuel Option for India” and Zodpey and 
Ughade6 (2000) on “Exposure to Cheaper 
Cooking Fuels and Risk of Age Related 
Cataract in Women were on par with the 
results of the present study. 
Estimation of cook smoke from traditional 
chulah 

The average concentration of carbon 
monoxide emitted from traditional chulah is 
presented in Table 3. 

Table 3 : Average concentration of carbon monoxide emitted from traditional chulah 

Particulars 

Average concentration of carbon 
monoxide Average 

concentration of 
carbon monoxide 

(ppm) 

t – value Initial 
reading 
(ppm) 

Peak 
reading 
(ppm) 

Final 
reading 
(ppm) 

Traditional chulah 
(Inside kitchen) 
 
Traditional chulah 
(Outside kitchen) 

368.36 
 
 
311.61 
 

197.69 
 
 
169.15 
 

371.65 
 
 

313.94 
 

312.57 
 
 

264.90 
 

6.35** 

 ** One per cent level 
When carbon monoxide emission from 
traditional chulahs kept inside kitchen and 
outside kitchen was compared, there was 
significant difference at one per cent level. 
The National Institute for Occupational 
Safety and Health (NIOSH) has established a 
Recommended Exposure Limit (REL) for 
carbon monoxide of 35 ppm (40 mg/m(3)) as 
an eight hour Time-Weighted Average 
(TWA) and 200 ppm (229 mg/m(3)) as a 
ceiling.7 Further when average concentration 

of carbon monoxide was compared with 
standard recommended emissions level of 
carbon monoxide (10 mg/m3 = 10 ppm for 
8 hours)8, it was found to be higher. It is 
evident from the Table 4 that carbon 
monoxide emitted from traditional chulah 
exceeded the tolerance limit. It could be 
concluded that since time of exposure was 
less, the adverse health effect might have 
been less. But yet it would affect the health 
of the cook mainly and others inside the 
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house during cooking after a prolonged 
exposure. Thermal efficiency of traditional 
chulah was evaluated and it was found to be 
eight per cent. 
Details on Improved Chulah 
The results of the evaluation of awareness 
program showed that there was a significant 
improvement in the knowledge of all the 
selected homemakers. Sixty per cent of the 
homemakers procured double pot TNAU 
improved chulah and the remaining (33%) 
single pot TNAU improved chulah. Forty 
three per cent of the homemakers used 7.5kg. 
of fuel per month for cooking in improved 
chulah.  

A significant difference at one per cent level 
was found when quantity of fuel and cost of 
fuel used for traditional chulah and improved 
chulah were compared   The time taken for 
cooking by the homemakers was noted 
between 46 mins. and 1hour (47%), followed 
by 1 hr. and 2 hrs. (35%) and up to 45 mins. 
(18%). 
Estimation of cook smoke from improved 
chulah 
The average concentration of carbon 
monoxide was computed for improved 
chulah and is presented in Table 4. 

Table 4 : Average concentration of carbon monoxide emitted from improved chulah 

Particulars 

Average concentration of carbon 
monoxide Average 

concentration of 
carbon monoxide 

(ppm) 

t – value Initial 
reading 
(ppm) 

Peak 
reading 
(ppm) 

Final 
reading 
(ppm) 

Improved  chulah 
(Inside kitchen) 
 
Improved chulah 
(Outside kitchen) 

142.25 
 
 
119.80 
 

67.93 
 
 
73.31 
 

144.91 
 
 

122.03 
 

118.36 
 
 

105.05 
 

4.70** 

** One per cent level 
When carbon monoxide emission from 
improved chulah kept inside kitchen and 
outside kitchen was compared, there was 
significant difference at one per cent level. 
When carbon monoxide concentrations were 
compared with Recommended Exposure 
Limit (REL) and WHO, it was found that CO 
emitted from improved chulah came within 
the exposure limit but it was towards the 
upper limit. The performance of the 
improved chulah was evaluated in terms of 

thermal efficiency and it was found to be 22 
per cent. Improved chulahs had higher 
thermal efficiency of 20-30 per cent when 
compared to 6-8 per cent in traditional 
chulahs.9 

Opinion on improved chulah 
Majority of the homemakers were satisfied 
with the use of improved chulah. All the 
selected homemakers agreed with statements 
such as inexpensive, smoke-free, clean 
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kitchen, comfort in food preparation, easy 
cleaning of utensils, conserves time and 
energy, saves fuel and no health problems. 
They even suggested using cleaner fuel like 
kerosene, gas and electricity for cooking in 
order to reduce indoor air pollution.  The 
result of the study carried out by Parikh10 

(2002) on “Rural Pollution and Health 
Impact” were on par with the results of the 
present study. 

The quantum of carbon monoxide emitted by 
traditional chulahs and improved chulahs 
were analyzed and presented in Table 5. 

Table 5 : Comparison of traditional and improved chulahs 

Particulars 

‘t’ – value 

Inference Initial 
reading of 
CO (ppm) 

Peak reading 
of CO (ppm) 

Final 
reading of 
CO (ppm) 

Traditional  chulah inside verses 
Improved chulah inside 

Traditional chulah outside verses 
Improved chulah outside 

 

22.869 

 

58.354 

 

16.275 

 

30.864 

 

23.077 

 

57.964 

 

** 

 

** 

** One per cent level 

Comparison of traditional and improved 
chulahs 
When traditional chulah and improved 
chulah kept inside were compared, there was 
a significant difference at one per cent level. 
Likewise, when traditional chulah and 
improved chulah kept outside were 
compared, there was significant difference at 
one per cent level. 

CONCLUSION 
Indoor air pollution (IAP) may have 
potentially large impacts on the health and 
well-being of poor families. Poor women and 
children are generally most exposed to 
indoor smoke and thus are also likely to be 
most at risk from the associated health 

effects. Interventions to alleviate indoor air 
pollution in developing countries have 
focused on improved cooking stoves, cleaner 
fuels or modified kitchen or house design to 
increase ventilation. If the households tend 
be in better health due to the stoves, they can 
save much in medical expenditures, which 
tends to be a large portion of expenditures 
among the very poor. If household members 
are in better health, there is a potential for the 
household to be more productive, with 
household adults missing fewer days of work 
and children missing fewer days of school. 
Much work, therefore, is needed to better 
understand the welfare effects of reducing 
IAP within households and to better 
understand the most cost effective way to 
reduce it. 
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