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Abstract--An experimental investigation into the indoor air pollution caused by domestic cooking 
appliances using coal, kerosene and LPG is briefly described. Some important results are presented 
graphically and discussed. 
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I N T R O D U C T I O N  

Several respiratory and chronic obstructive lung diseases (COLD) in developing countries have 
been attributed to the higher levels of indoor pollution [1, 2]. In the rural areas of developing 
countries, the non-commercial fuels (fuel wood, agri-residue, dung cakes, etc.) are commonly used 
for domestic cooking, whereas in the urban areas, the use of coal, kerosene and liquid petroleum 
gas (LPG) is quite prevalent [3]. It is very well accepted that traditional cookstoves using 
non-commercial fuels in rural areas release a variety of pollutants in the indoor environment [4]. 
Several studies have recently been undertaken to monitor the air pollution caused by the 
combustion of non-commercial fuels in domestic cookstoves [5-8]. Studies related to the emission 
of air pollutants by domestic cooking appliances using coal, kerosene and LPG in developed 
countries are also available [9-11]. However, not much work has been reported in the literature 
on the emission characteristics of cooking appliances using conventional fuels (e.g. coal, kerosene 
and LPG) for the design and conditions prevailing in developing countries. This is particularly 
important as the appliances, as well as the general environmental conditions, may be somewhat 
different in the developing countries. 

The results of a preliminary investigation into the emission of air pollutants are presented and 
discussed. The release of CO, NO2, SO2 and SPM in the indoor environment from the cookstoves 
using coal, kerosene and LPG are presented. Also presented are the results of preliminary analysis 
of benzo[a]pyrene extracted from SPM released by the above cooking appliances. After extinguish- 
ing the fire in the domestic cookstoves, the concentration of air pollutants in the indoor air starts 
decreasing. However, it takes some time before their concentration is reduced to accepted air 
quality limits. It is, therefore, desirable to study the disappearance of the pollutants for a given 
situation for determining the total time duration during which the inhabitants are exposed to the 
polluted air with the concentration of air pollutants higher than the prescribed standards. Such an 
effort has also been made in the present work, in which disappearance tests for the concentration 
of carbon monoxide were conducted after the completion of the combustion period. 

E X P E R I M E N T A L  P R O C E D U R E  

The specifications of the three cookstoves used in the present work are given in Table 1. Also 
included in the table are the characteristics of the fuels (i.e. coal, kerosene and LPG) used. The 
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Table 1. Characteristics of conventional fuels and their cookstoves 

Fuel Cookstove 

1. Coal Coal cookstove 
Moisture 5% Fuel used = 0.56 kg/h 
Fixed carbon 43% ~/= 32% 
Volatile matter 20% 
Ash 32% 
Calorific value (kJ/kg) 22,000 

2. Kerosene Kerosene cookstove (wick type) 
Carbon 85-88% Fuel consumption 
Calorific value (kJ/kg) 41,000 180 ml/h 

= 50% 
LPG cookstove 

Gas pressure 30 gf/cm 2 
= 62% 

Small burner 150 g/h 
Large burner 190 g/h 

LPG 
Carbon 86-88% 
Calorific value (kJ/kg) 45,750 

experiments were carried out in a kitchen of dimensions 2.6 x 2.8 x 2.3 m. The kitchen opens into 
the living room of dimensions 6.6 x 2.8 x 2.3 m. It has no other arrangement for ventilation. The 
living room, however, has a window which was kept open during the experiment. The investigation 
for each cookstove was carried out separately. Throughout  the experiments, the cookstoves were 
placed on the kitchen floor. While the kerosene and LPG cookstoves were ignited in the kitchen 
itself, the cookstove using coal was ignited outside in the open street and was brought in the kitchen 
only after the elimination of visible smoke. The same set of equipment was used for monitoring 
of air in all the investigations presented in the work. 

The monitoring of  air pollutants was carried out at two different heights in the kitchen (i.e. at 
a height of  50 cm and 150 cm above the cookstove). While the height of 50 cm represents the 
breathing height in the squatting posture, the height of 150 cm corresponds to the breathing level 
of a person standing in the kitchen. Monitoring of air pollutants was also undertaken at the centre 
of the living room at a height of  150 cm. 

The carbon monoxide concentration was measured with a battery operated CO personal monitor 
(model Ecolyser-2000) regularly at intervals of  10 min during the cookstove operation period. After 
extinguishing the cookstove fire, the indoor CO level for all three appliances was further measured 
until the CO values come down to the prescribed values of air standards. The concentrations of 
nitrogen dioxide and sulphur dioxide were determined by employing wet scrubbing techniques. A 
set of  two sampling trains, one each for NO2 and SO2, consisting of a midget glass impinger, filled 
with 25 ml of  absorbing solution and a rotameter were employed. The Katz method [12] was used 
for nitrogen dioxide, and the West and Gaeke method[13] was used for sulphur dioxide 
determination. 

The suspended particulate matter was collected on glass fibre filter paper (GF/A) of 25 mm dia 
by drawing air samples [14]. These were kept in a desiccator, and the mass of particulate matter 
was determined gravimetrically. The particulate matter from the filter was extracted with 150 ml 
benzene in a light protected solvent extractor for a period of  6 h. The extract was concentrated 
to about 1 ml on a rotatory vacuum evaporator. The PAH was isolated by thin layer chromatog- 
raphy on a 2 mm preparative silica gel-G coated glass plate. The PAH fraction was eluted in 
benzene and analysed by gas chromatography in a BBBT column [15]. 

R E S U L T S  A N D  D I S C U S S I O N  

The concentration of carbon monoxide in the indoor environment during the combustion of coal 
in a coal stove is shown in Fig. 1. It may be noted that the maximum carbon monoxide is observed 
in the kitchen at the standing position, i.e. 150 cm height and 50 cm distance from the cookstoves, 
whereas it is minimum at the squatting posture, i.e. 50 cm distance and 50 cm height from the 
cookstoves, in the kitchen itself. The CO concentration in the living room lies in between the above 
two extremes. The indoor CO concentrations at any two measurement positions become more 
pronounced with the passage of time. This implies that a person standing in the kitchen will be 
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Fig. 1. Time variation of carbon monoxide in the indoor environment during coal combustion in a coal 

cookstove. 

exposed to much higher levels of CO for a longer duration than a person sitting in the kitchen. 
The curves showing CO emissions from kerosene and LPG cookstoves are shown in Figs 2 and 
3, respectively. For these two cookstoves as well, the maximum CO concentration was observed 
in the kitchen at the standing position height. A comparison of the CO emissions presented in Figs 
1-3 brings out the following important points: (a) as expected, the coal cookstove releases the 
maximum CO in the indoor environment, whereas the use of LPG leads to the minimum CO 
concentration. For example, the CO concentration at the standing position in the kitchen at the 
end of the 1 h combustion period of coal in a coal cookstove is 155% higher than the concentration 
of CO in the kitchen when the LPG cookstove is used. Similarly, the indoor CO concentration with 
the coal cookstove is 45% higher than the concentration from the kerosene cookstove. 
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Fig. 2. Time variation of carbon monoxide in the indoor environment from kerosene cookstove during 
its operation. 
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Fig. 3. Time variation of carbon monoxide in the indoor environment from a LPG cookstove during its 

operation. 

Some of the typical results of the disappearance tests carried out after extinguishing the fire are 
shown in Fig. 4. It takes more than 30, 20 and 10 min before the indoor CO concentration from 
the coal, kerosene and LPG cookstoves, respectively, are reduced below the air quality standard 
values. 

The indoor concentration of nitrogen dioxide for the 1 h operation period of the three stoves 
studied is presented in Table 2. Contrary to the emission of carbon monoxide, the maximum 
nitrogen dioxide is observed for the LPG stove. Once again, the maximum and minimum NO2 
concentrations, like the CO concentrations, were observed in the kitchen at the standing position 
and at the squatting position, respectively. As compared to the coal and kerosene stoves, the LPG 
stove releases 25-55 and 10-15% higher nitrogen dioxide, respectively. Table 3 shows the maximum 
and minimum sulphur dioxide concentrations from the coal and LPG stoves. The coal combustion 
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Fig. 4. Disappearance of carbon monoxide from the kitchen (position B) after extinguishing the cookstove. 



KANDPAL et  al.: DOMESTIC COOKSTOVE POLLUTION FROM CONVENTIONAL FUELS 1071 

Table 2. Nitrogen dioxide concentration in the indoor environment from coal, 
kerosene and LPG combustion 

Nitrogen dioxide (mg/m 3) 

Living room, 
Breathing level Kitchen, breathing breathing level 

in squatting level in standing in standing 
Fuel posture posture posture 

Coal 54 80 72 
Kerosene 65 115 98 
LPG 84 130 110 

Table 3. Sulphur dioxide concentration in the indoor environment from coal, kerosene 
and LPG combustion 

Sulphur dioxide (~g/m3) 

Kitchen, Kitchen, Living room, 
breathing level breathing level breathing level 

in squatting in standing in standing 
Fuel posture posture posture 

Coal 75 122 102 
Kerosene 48 74 65 
LPG 15 35 28 

produces considerably higher SO2 emissions, i.e. 30-60 and 400-500% as compared  to the kerosene 
and L P G  cooking appliances, respectively. Like the emission of  the other pollutants, the maximum 
and min imum SO2 concentrat ions for the three appliances was  observed in the kitchen at the 
breathing level height in the standing posture and the breathing level in the squatting posture, 
respectively. The concentrat ions o f  suspended particulate matter  at the three positions in the indoor  
environment  during the combust ion  o f  the three fuels in their respective cookstoves are shown in 
Table 4. Like the emissions of  ca rbon  monoxide  and sulphur dioxide, t h e  maximum SPM is 
observed for the coal cookstove,  while the L P G  cookstove releases the minimum SPM level in the 
indoor  environment.  In fact, the L P G  and kerosene stoves emit a little SPM, and the observed vaue 
also includes the contr ibut ion o f  the background  air. The concentrat ions o f  benzo[a]pyrene at the 
three positions emitted from the coal, kerosene and L P G  cookstoves are presented in Table 5. Once 
again, like the emissions o f  CO and SO2, the maximum benzo[a]pyrene concentra t ion at all three 
positions is observed for the coal cookstove.  The LPG cookstove releases the minimum ben- 
zo[a]pyrene in the indoor  environment.  A compar ison of  benzo[a]pyrene emission for the three 
cookstoves  shows that the concentrat ions for the coal cookstove are more than 2 times higher 
compared  to the kerosene cookstove at the three positions. However,  it is 14-18 times the 
concentra t ion caused by the combust ion  o f  liquid petroleum gas. 

Table 4. Suspended particulate matter concentration in the indoor environment from 
combustion of coal, kerosene and LPG 

Suspended particulate matter (,ug/m 3) 

Kitchen, Kitchen, Living room, 
breathing level breathing level breathing level 

in squatting in standing in standing 
Fuel posture posture posture 

Coal 680 950 790 
Kerosene 425 810 590 
LPG 90 200 170 
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Table 5. Benzo[a]pyrene concentration in the indoor environment from combustion of 
coal, kerosene and LPG 

Benzo[a]pyrene (ng/m 3) 

Kitchen, Kitchen, Living room, 
breathing level breathing level breathing level 

in squatting in standing in standing 
Fuel posture posture posture 

Coal 0.160 0.350 0.3 l0 
Kerosene 0.060 0.165 0. 110 
LPG 0.010 0.025 0.016 

C O N C L U S I O N S  

The  p resen t  i nves t iga t ion  shows tha t  the use o f  u n v e n t e d  coal ,  kerosene  a n d  L P G  cooks toves  
d u r i n g  i n d o o r  c o o k i n g  m a y  a c c u m u l a t e  h igh  c o n c e n t r a t i o n s  o f  po l lu t an t s ,  pa r t i cu la r ly  in  the i n d o o r  
e n v i r o n m e n t .  H e n c e  for  r educ ing  the hea l th  impac t s  o f  the po l lu t an t s ,  these devices m u s t  be  used 
in well ven t i l a t ed  k i tchens .  
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