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Abstract 
 

More than 87% of energy demand in Nepal is met by traditional biomass fuel and 75% 
share of this comes from fuel wood. Smoke from burning of this fuel wood in traditional 
stoves is one of the major causes of death and disease in Nepal. The situation is even 
worst where the airborne effluent from burning of fuel wood is allowed to flow and remain 
in the living rooms due to building architecture and lack of proper ventilation The study 
explored the relationship between indoor-outdoor air in terms of total suspended 
particulate (TSP) concentration and search for the technological intervention to mitigate 
indoor air pollution in households burning fuel wood in traditional stoves. Study showed 
that the average TSP concentration was higher in indoor environment than in outdoor 
environment. The gross average indoor-outdoor TSP ratio was found to be 1.38 and 
there existed a positive linear correlation between average outdoor-indoor TSP 
concentrations with correlation coefficient of 0.903. The 24 hour weighted TSP average in 
the kitchen was found to be much higher than the national ambient air quality standard-
Nepal (NAAQS-Nepal) and USEPA standard. The 24-hour weighted TSP average 
decreased with increasing ventilation coefficient both in kitchen and living room. 
Mechanical ventilation as well as passive approaches, quantified as ventilation coefficient 
is also evaluated. Ventilation coefficients greater than 0.15 and 0.077 are recommended 
for the kitchen and living room respectively, when the later is situated directly above the 
kitchen as is typical in the rural houses, to keep the indoor air pollution well below 
NAAQS-Nepal.   
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1. Introduction 
 

The provision of good quality air for breathing is just as important as safe water or food, if not more. Yet 
many millions of people, predominantly women and children in the poorer developing countries, are 
subjected to air that is heavily polluted with biomass emission products. 
 
 On a global basis, it is estimated that approximately half of the world’s households cook daily with 
unprocessed solid fuels, i.e. biofuels (such as wood, crop residues and dung) or coal. A significant 
proportion of this activity takes place in conditions where much of the airborne effluent eventually finds its 
way to the living area in the house. Even where the ventilation rates are relatively high, emissions from 
such fuels are so large that indoor concentrations and exposures can still be significant. Compared with 
gas stoves, for example, even stoves using one of the cleaner biofuels - wood - typically release 50 times 
more particulate matter, carbon monoxide, and hydrocarbons in cooking an equivalent meal. Taking into 
account other biofuels, such as dung or crop residues, the resulting human exposures exceed the safe 
levels recommended by the  World Health Organization by factors of 10, 20 or more (Bruce,2002).  
 
 The energy use pattern in Nepal is skewed. There is very heavy dependence on fuel wood and other 
biofuel as the energy source, and the major consumer of the energy is the domestic sector and the 
primary use is in cooking meals. Except for cities where Liquefied Petroleum Gas, LPG, cylinders are 



 

available, the domestic cooking is invariably done by biofuels, kerosene, or coal and there is little or no 
ventilation in most of the kitchens. In developed countries, forced mechanical ventilation with the help of 
mechanical chimney hood is done in apartments even where the cooking is done by gas or electricity but 
as most rural households have no access to electricity, the option of using mechanical ventilation of even 
the simplest type is also ruled out.  
 
 Even in places where electricity is available, the awareness or the financial incentive for providing 
mechanical ventilation is lacking. It involves technical knowhow, initial cost, running cost, and the 
maintenance cost but the advantage is cleaner kitchen and respite from the particulate, smoke, and host 
of gases pollution. For those households which can be made to be aware about the advantages of 
mechanical ventilation, it is only a question of cost but there are thousands of household where 
mechanical ventilation is simply not possible as they do not have electricity in their area. For them and 
also for those households which do not want to use mechanical ventilation, the only solution is high level 
of dilution of indoor air with ambient air in order to reduce the concentration of the pollutants in the air 
inside the house. As such, appropriate natural methods should be developed and their effectiveness in 
terms of the physical parameters of the natural system should be ascertained so that a norm can be 
developed for people to retrofit their kitchen or follow it in case of the new construction An appropriate 
approach of finding the best opening, defined as Ventilation Coefficient is looked into.  
 
 Ventilation Coefficient is defined as the ratio of area of the available opening (windows) by the floor 
area. (Bhatta, 2005). Solid fuel use (SFU) does not always correlate with a specific level of exposure, 
since a number of social, cultural and technological factors, such as stove features, housing layouts, or 
cooking/heating patterns, may modulate exposure to indoor air pollution from SFU. Certain cuisines or 
foods may necessitate more or less time spent preparing food. During colder seasons or in cooler 
climates, households may burn fuel for heat for long periods while shutting windows and making other 
changes to reduce drafts. Improved stoves, outdoor cooking, or well-ventilated homes may markedly 
mitigate exposures. 
 
 
1.1 Energy consumption trend in Nepal 
 

A cursory glance in the energy use pattern in Nepal helps understand the enormity of this problem. Nepal 
still relies heavily on conventional sources of energy to meet its energy requirements. Traditional, 
commercial and renewable categories occupied 84.3%, 15%, and 0.7% respectively of the total energy 
consumption in Fiscal Year (FY) 2006/07,  and which became 85.0%, 14.4% and 0.6% respectively, in 
the first eight month of FY 2007/08. Fuel wood is still the dominant conventional energy source 
comprising 85.9% of the total conventional energy (Economic Survey, 2007/08). In Nepal, residential 
sector dominates all other sectors in terms of energy consumption and that is mainly for the purpose of 
cooking and lighting. 72.4% of this demand is met by traditional biomass fuel (Acharya, 2004) 
 
 About 84% of Nepalese population lives in rural areas and agriculture is the mainstay of rural 
population. As shown in Figure 1, for the year 2003/04, the total rural energy consumption was 288 
million GJ, of which the rural residential sector alone consumed 97%. 
 



 

 
 

Figure 1: Rural energy consumption of Nepal 2003/04 
 
 The solid biomass including wood, dung and crop residues is said to be the dirtiest fuel in the energy 
ladder, as it releases largest concentration of pollutants during the burning (Table 1). Electricity is the 
cleanest fuel but the most expensive as well. Thus the heavy dependency on traditional fuel like biomass 
is the main source of indoor air pollution in Nepalese context. 
 
 

Table 1: Concentration of pollutant emitted by fuel type 

Pollutants 
Woo
d 

Dung 
Crop 
residue 

Coal 
Kero
sene 

LPG 
Elect
ricity 

CO (mg/m3) cooking*  156 144  94 108 14  
CO (g/meal) cooking** 10 38 17  2 0 0 
PM10 (g/meal) cooking 0.4 1.6 1.4  0.08 0 0 
Benzo(a)pyrene*** 2.01 3.56  0.55 0.23 0.13  
Indoor air Formaldehyde (µg/m3)*  652 670  109 112 68  

* Patel and Raiyani, 1995; ** Smith et al. (1999); ***Raiyani et al., 1993. 
 
1.2 Major indoor air pollutants and their sources 
 

Home is where the heart is, but not in the condition when the air in home is polluted with variety of gases 
and particulate pollutants in concentration sufficient to cause adverse effect on human health. Historically, 
air pollution used to be an indoor problem because of biomass burning for heating the house and cooking 
food even with pristine outside air. This situation is not much different even now in developing countries 
including Nepal. In Nepalese context where 85.0% of the total energy consumption is solely occupied by 
traditional fuel, the important contributor to the Indoor Air Pollution, IAP,  is burning of the traditional fuel 
especially biomass, for cooking. A large percentage of rural population is subjected to bad Indoor Air 
Quality, IAQ and suffer the health consequences resulting in not only the loss of the quality of life for 
those who are exposed but also add to the decreased productivity and financial cost due to the cost of 
medications which could otherwise be avoided if the IAQ inside such rural households can be improved 
by following simple means within the reach of such household. 
 
1.3 Biomass burning and health effects 
�
 

When burned in simple inefficient stoves and in poorly ventilated conditions, biofuels emit substantial 
amounts of health-damaging pollutants including respirable particulates, carbon monoxide, nitrogen 
oxides, benzene, formaldehyde, 1,3 butadiene, and polyaromatic compounds such as benzo(á)pyrene 
resulting in indoor air pollutant levels well above the guideline values.  
 
 The smoke from burning of biomass fuels in the home is one of the four leading causes of death and 
disease in the world’s poorest countries. The indoor air pollution from the burning of solid fuels is linked to 
deaths of over 1.6 million people, predominantly women and children. This is more than three people per 
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minute. WHO estimates that in terms of Disability-adjusted life years (DALY’s), 35.7% of all acute lower 
respiratory infections are caused by exposure to solid fuel smoke (WHO, 2002). A woman who cooks 
over a biomass fire has two and four times more chance of suffering from Chronic Obstructive Pulmonary 
Disease (COPD) than a woman who remains unexposed (Smith, 2002). The United Nation Development 
Programme (UNDP) states that the use of poorly ventilated, inefficient stoves can have the same adverse 
health impacts as smoking two packs of cigarettes a day (UNDP, 2002). According to Fact Sheet of 
Ministry of Health, Nepal Government, ARI is the third top disease accounting for morbidity in Nepal. 
About 3.13% of population is affected by ARI. Likewise, the percentage of children with symptoms of ARI 
is about 22.8%. One of the main causes of such high occurrence of ARI is the indoor air pollution. An 
epidemiological study conducted in the rural community in the hilly region of Nepal revealed a significant 
positive correlation between the prevalence of chronic bronchitis and average amount of time of exposure 
to indoor air pollution both among smokers and non-smokers (Pandey, 1984). Many researches have 
also revealed the fact that IAP is also associated with low birth weight, increased infant and prenatal 
mortality, pulmonary tuberculosis etc. 
 
 Evidences are also growing to link indoor air pollution to asthma, tuberculosis, low birth weight, and 
infant mortality and cataracts. Studies have suggested that people in homes using wood for cooking are 
at 2.5 times more risk of active tuberculosis (Schirnding et al 2002). Similarly women who use wood fuel 
have babies weighing an average of 63 g less than those who use cleaner fuels (Boy et al., 2002). 
 
1.4 Those most affected: poor, women and children 
�

Cooking often exposes individuals to high intensity pollution episodes, occurring when fuel is added or 
moved, the stove is lit, the cooking pot is moved, or food is stirred (Ezzati and Kammen, 2002). In 
developing country like Nepal, cooking is the preserve of women. This means that of all the family 
members they have the greatest exposure to indoor air pollution. It has been reported that women in rural 
areas of Nepal spend on an average 90 % of their cooking period within two meters of cooking stoves 
and spend about five hours every day near such stoves (Raut, 2002). In many cases children accompany 
their mother while cooking, hence exposing themselves into worst air pollution situation. They are also 
physiologically more susceptible to the health impacts as their lungs are not fully developed and their 
breathing is faster, thus absorbing pollutants more readily than adults and retain them in their systems for 
longer. Cultural practices do exist in Nepalese society where elderly and the sick people spend extended 
periods of time close to fire increasing their exposure to indoor air pollution. Susceptibility is exacerbated 
by malnutrition, poor living standards, overcrowding and exposure to disease through poor sanitation, as 
well as a low standard of medical care (Budds et al., 2001) and Nepal is not an exception to this grave 
reality 
 
 IAP is a problem that is strongly poverty-related, as it is the poor who both rely on lower-grade fuels in 
energy ladder (Fig 2) and have least access to clean technologies for cooking and heating. Again poor 
health and use of simpler fuel restrict their opportunity for economic development.  



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
   Fig 2: The Energy Ladder 
 
            

Fig: 2 The energy ladder 
 

 
1.5 National ambient air quality standard – Nepal 
 

MoPE/ Government of Nepal has set up National Standard for seven major air pollutants in the ambient 
air, the detail of which is presented in the Table 3. 
 

Table 3: National ambient air quality standards for Nepal 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. Objective 
 
 

The broad objective of the study was to explore the cost effective technological intervention to mitigate 
the indoor air pollution in rural kitchens. The specific objectives set out to achieve broad objective were: 
 

·  Assess the pollutants level in terms of TSP in a typical rural household 
·  Assess the ventilation requirement on the basis of standard practice 
·  Assess the requirements of forced ventilation 
·  Determine the costing for the forced ventilation system for a typical rural household 
·  To determine the indoor – outdoor TSP ratio 

Parameters Units Averaging Time Concentration in Ambient 
Air, maximum 

TSP (Total 
Suspended 
Particulates) 

µgm/m3 24-hours 230 

PM10 µgm/m3 24-hours 120 
Sulphur 
Dioxide 

µgm/m3 Annual 50 
24-hours 70 

Nitrogen 
Dioxide 

µgm/m3 Annual 40 
24-hours 80 

Carbon 
Monoxide 

µgm/m3 8 hours 10,000 
15 minute 100,000 

Lead µgm/m3 Annual 0.5 
Benzene µgm/m3 Annual 20 



 

·  To study the effect of ventilation on indoor TSP concentration and to explore the optimum natural 
ventilation coefficient for the kitchens and living rooms in a houses which use TCS for cooking 
purpose. 

·  To study the effect of mechanical ventilation and other approaches to reduce indoor air pollution 
in terms of TSP 

 
3. Test sites 
 

The study areas selected were: Charghare Gaun”, ward no 15 in Kirtipur municipality and “Galfutar VDC” 
ward no. 5, Kathmandu were chosen as study area which  represented the semi-rural where fuel wood 
was commonly used for cooking purpose. These areas were also free from outdoor air pollution. Similarly, 
Baneshwor, a residential area was chosen to represent the urban area where LPG was used for cooking 
purpose.  
 
 Standard equipment available for TSP measurement; LD-3 digital dust monitor from Sibata Company 
was used for the study.  The air sampling inlet is uncapped and the monitoring is done for required time. 
During the exposure, the scattered light is continuously channeled into a digital converter and at the end 
of each 5 minutes total corresponding to the TSP content is displayed in the monitor in the form of counts 
which are converted in � gm/m3 by conversion coefficient (K value).The K value is 2.04 in our case. Each 
time before the measurement of TSP concentration, the instrument was calibrated. 
 
 In order to find out indoor/outdoor TSP ratio, the background TSP was measured first in the outdoor 
environment and then in the indoor environment each for fifteen minutes. This was repeated for fourteen 
days. Later these data were used to obtain indoor outdoor TSP ratio.  
 
 After measuring background TSP concentration, the fuel wood was burned and TSP concentration was 
measured in kitchen using Traditional Cooking Stove, TCS, and Improved Cooking Stove, ICS, 
respectively. The instrument was kept at a distance of 1.5m away from the chulo (Traditional stove). The 
measurement was continued throughout the cooking period. Typical Nepalese cuisine rice, pulse and 
vegetable were prepared during the measurement. The TSP concentration was also measured in living 
room The TSP concentration was continued to measure even after 10 minutes of exhaustion of fire. 
 
 Controlled and Uncontrolled Test: Controlled test constituted boiling of known quantity of water and 
uncontrolled test constituted cooking of the food as normally cooked. Controlled boiling test was 
performed burning fuel wood and LPG (burning of LPG with and without exhaust fan). Fuel wood was 
further burned in TCS and ICS where ICS represent the improvement in technology. Similarly, while 
burning LPG, natural and forced ventilations were used to represent the different types of ventilation 
systems. Two liters of water was boiled in each of these stoves for one hour and TSP was monitored 
throughout the boiling period.  
 
 For uncontrolled test, TSP was measured while meal (especially pulse, rice, vegetable) was being 
prepared in the same kitchens where controlled water boiling tests were performed.  
 
 Kitchens with TCS and ICS were in houses made of brick and mud and both of these kitchens used 
fuel wood only. LPG (with and without exhaust fan) using kitchen was in house made of brick and 
cement.  
 
3.1 Data analysis 
 

Analysis of 24 Hour Weighted TSP Average: 
 
 
24 hour weighted TSP average is calculated by using following formula: 
 

24 Hour Weighted TSP average = 

( ) ( )
24

rbsc TCTC ´+´

 



 

Where, 
Cc = Average TSP concentration during cooking hour (µgm/m3) 
Ts = Actual time spent to cook food per day (hr.) 
Cb = Average background TSP concentration (µgm/m3) 
Tr = Remaining time (hr.) 
 
The average TSP concentration during cooking hour, Cc, is obtained by taking average of one hour TSP 
concentration during cooking hour. The actual time spent to cook food per day was obtained by 
interviewing the cook. The average time spent in cooking was 4 hours and two and half hours for TCS 
and ICS respectively. 

 
4. Result and discussion 
 

 
4.1 Indoor-outdoor Total Suspended Particulate (TSP) ratio 
 

Measurement showed that the average indoor and outdoor TSP concentration were 281.94µgm/m3 and 
205.57µgm/m3 respectively. The average indoor TSP concentration lied in between 174.08µgm/m3 to 
473.28µgm/m3 and the outdoor TSP concentration lied in between 136.69µgm/m3 to 322.18µgm/m3. 
Emissions in the kitchen can vary from day to day and from season to season, due to moisture content 
and density of fuel, the amount of air flow, the type of food being cooked and any changes in the stove of 
fuel used (Ezzati and Kammen, 2002).  
 
 The average TSP concentration was found to be higher in the indoor environment (281.94µgm/m3) 
than in outdoor environment (205.57µgm/m3). Particulate matter concentrations are often higher indoors 
(Nevers, 1995). Both indoor and outdoor average TSP concentrations increased in foggy morning as 
compared to clear sunny morning. Particulate levels can be heavily affected by weather conditions. 
Levels may be significantly higher during windy weather, or during humid still weather. Alternatively, 
levels can be near zero during wet weather (NRDC, 2005). 
 
 From the study the Indoor/Outdoor, I/O, ratio was found to be 1.38. A broad range of I/O ratios (e.g. 0.3 
to 3.5) have been reported for particulate matter (Godish, 1997).  The I/O ratio for the residences without 
smokers was measured to be 1.2 (JAPCA, 1982). Bhatta (2005) had also showed that the I/O ratio to be 
1.15. The measurement also showed the existence of positive linear correlation between the outdoor and 
the indoor TSP concentrations (Fig 3) with the correlation coefficient between average outdoor and indoor 
TSP concentration of 0.903. Thus the outdoor air pollution can have significant effect on indoor air 
pollution; the increase in the former causes the latter to increase. This again shows that there is high 
probability of intrusion of particulates from outdoor to indoor and vice-versa. 
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Figure 3: Relationship between average outdoor and indoor TSP concentrations (µgm/m3) 

 



 

4.2 Traditional cooking stoves and TSP concentration 
 

TSP concentrations were measured in kitchens while typical Nepalese cuisine rice, vegetable and pulse 
were prepared. The ventilation coefficient was increased from 0 to 0.15. The result of the measurement is 
shown in the Figure 4. 
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Figure 4: TSP Concentration for different ventilation coefficients in kitchens which use TCS for cooking meal 

 
 For the entire ventilation coefficient used in the experiment, the TSP concentration increased 
immediately after fire; then slowly decreased and again attained the higher value at the time of frying 
vegetables (Figure 4). But, the increment in TSP concentration immediately after initial fire, decreased 
with increasing ventilation coefficient. Again while frying vegetable the highest TSP concentration i.e. 
2132.62µgm/m3 was found in case of zero ventilation coefficient and the least i.e. 826.61µgm/m3 in case 
of higher ventilation coefficient of 0.15. It implies that ventilation is an effective means of diluting the 
indoor air pollutants in households using TCS. These data further suggest that TSP level on kitchen is 
elevated while frying vegetable because of water and oil vapors from frying activities. 
 
 The average TSP, maximum TSP and minimum TSP concentration while cooking meal in kitchen with 
TCS is given in the Table 4.  The average TSP and maximum TSP concentration during fire also 
decreased with increasing ventilation coefficient.The average TSP and maximum TSP concentration in all 
the ventilation coefficient conditions (Table 4) during cooking meal were far greater than 230µgm/m3 
(NAAQS-Nepal). This showed that the indoor air quality in kitchens were very poor as compared to 
NAAQS for Nepal. 

 
Table 4: Average TSP (µgm/m3), maximum and minimum TSP concentration while cooking meal in kitchen with TCS 

 
 

 
 
 
 
 
 

  F* 
during fire 
 
4.3 Living room TSP concentration  
 

TSP (µgm/m3 ) 
Ventilation Coefficient 

0 0.03 0.075 0.15 

Average  914.3 815.98 591 414.02 

Maximum F* 2916.38 1740 1639.3 826.61 

Minimum  F* 372.50 554.06 208.49 288.05 



 

All the households surveyed had the living room on the first floor directly connected to the kitchen on the 
ground floor by upward opening. Since the kitchens downstairs lacked the sufficient ventilation, 
immediately after fire the smoke was lifted upwards and found its way into the living room. The living 
rooms too had poor ventilation system, thus, smoke accumulated giving rise to higher TSP concentration.  
 
 As shown in Figure 5, the TSP in living rooms increased immediately after the fire in the kitchens. The 
increment was higher for smaller ventilation coefficient and lower for higher ventilation coefficient because 
living rooms with higher ventilation conditions allowed much air to enter the living rooms thereby helped in 
diluting the indoor air pollutants (Sigdel, 2006). 
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Figure 5: TSP in living rooms upstairs while preparing meal in kitchen downstairs 

 
 

 
 The average TSP concentration was highest in the living room with ventilation coefficient 0.03 i.e. 
2327.69µgm/m3 and the lowest i.e. 570.9µgm/m3 in the living room with ventilation coefficient 0.75. 
Although the average TSP concentration went on decreasing with the increasing ventilation coefficients, 
the values lied much above the guideline value of 230µgm/m3. 
 

 All these data show that when kitchens are directly connected to living room by upward openings, then 
the living rooms too are polluted in terms of TSP. Thus the people in the living room too are not free from 
indoor air pollution whenever the living rooms are connected to kitchens. Thus living rooms should be 
provided with sufficient ventilation or kitchens should be separated from living rooms in order to reduce 
the TSP accumulation in living rooms. The provision of natural ventilation in the kitchens can also 
minimize the intrusion of smoke from the kitchen to the living room. 
 
4.4 Mechanical ventilation versus ventilation coefficient 
 

The tests were done in four sizes of kitchens of area 185 square feet (17.16 sq. meter), 156 sq. ft, 187 sq. 
ft. and 68 sq. ft. as they represented the range of kitchens in different household in the typical rural setup. 
Accordingly, with the average height of 7.5 ft, the volumes of the kitchens were 1385, 1165, 1400, and 
508 cubic feet respectively.  Assuming 20 Air Change per hour, ACH, the size of the minimum and 
maximum size of an exhaust fan ranges from 170 CFM to 460 CFM capacity. The cost for the simple axial 
fans of that capacity in Nepal ranges from NRS. 1000 to 1600 (Approximately US$ 14 to 21). The power 
consumption would amount to about 0.3 kWhr to 0.6 kWhr amounting to NRS 12.6 to NRS 20.2 for four 
hours of use per day. The cost of electricity due to the use of exhaust fans thus adds up to NRS 330.00 to 
NRS 660.00 every month. 
 



 

 Although the first cost and the operation cost is not a large amount, this approach cannot be used in all 
places primarily because of the unavailability of electricity in many rural areas especially hilly, and also 
the lack of paying capacity in some poorer areas 
 
4.5 Traditional cooking stove (TCS) and 24 hour weighted TSP average 
 

The 24 hr. weighted TSP average in both kitchens and living rooms decreased with increasing ventilation 
coefficients. The 24 hr. weighted TSP average was highest in the kitchen with zero ventilation coefficient 
which was 414.83 µgm/m3, 1.8 times the guideline value. This shows that the absence of window in 
kitchen exposes the people to high TSP concentration. With the increasing ventilation coefficient, the 24 
hr. weighted TSP average decreased. When the ventilation coefficient was increased to 0.15 from zero, 
the 24 hr. weighted TSP average decreased to 210.63µgm/m3, well below the guideline value (Sigdel, 
2006). 

 
 

Table 5: 24 hour weighted TSP average in households with TCS 
24 Hour Weighted TSP Average 

TSP Measured at 
Ventilation 
Coefficient 

24 hr. Weighted TSP  
Average (µgm/m3) 

NAAQS Guideline 
Value (µgm/m3) 

Kitchen (1.5m away  from 
stove) 

0 414.83 230 
0.03 368.21 230 
0.075 266.26 230 
0.15 210.63 230 

 
Thus it is advisable to use ventilation coefficient greater than 0.15 in kitchens of household which use 
TCS for cooking in order to keep the indoor air pollution in terms of TSP well below guideline value (Table 
5). 

 
Figure 6: 24 hour weighted TSP average in living rooms with different ventilation coefficients 

 
 Similar trend of decreasing 24 hr. weighted TSP average with increasing ventilation coefficient was 
observed in the living rooms (Fig 6). Thus the further increase in the ventilation coefficient can decrease 
the 24 hr. TSP weighted average and bring it within the safe limit of 230µgm/m3. Figure 7 shows the 
extrapolation of 24 hr. weighted TSP average in the living rooms. As shown in the graph, the optimum 
ventilation coefficient required in the living rooms of TCS using households is 0.077 to keep the TSP level 
well below guideline value.  
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Figure 7: Extrapolation of 24 hour weighted TSP average 

 
  

All these data show that in the houses with TCS not only the kitchens but also the living rooms situated 
on the 1st floor and connected with kitchen through upward openings are not safe from indoor air pollution 
in terms of TSP. Thus other people of the house except women and children who spend much of their 
time in living rooms are also equally vulnerable to indoor air pollution. The situation can be improved by 
keeping maximum ventilation coefficient of 0.15 in kitchen downstairs and ventilation coefficient greater 
than 0.08 in the living room upstairs. Likewise, the TSP exposure in the living room can also be avoided 
by using separated living rooms. 
 
5. Conclusions  
 

Burning of fuel wood in traditional low-efficiency stoves produced significant amount of indoor air pollution 
in terms of Total Suspended Particulate (TSP) not only in kitchen but also in living room. Forced or 
mechanical ventilation system is an efficient way to overcome the cuisine effect and keep the indoor air 
pollution well below National Ambient Air Quality Standard (NAAQS) - Nepal value. The major 
conclusions drawn from this study are: 
 

·  Air pollution in terms of TSP is higher in indoor environment than in outdoor environment 
·  There existed a positive linear co-relationship between average outdoor and indoor TSP 

concentration. Thus outdoor air pollution can have significant effect on Indoor Air Pollution (IAP) 
and vice-versa 

·  Mechanical ventilation offers a simple means of getting rid of the pollutants to a large extent and 
the level of pollutants can be controlled by increasing the Air Changes. Increasing Air Changes 
per hour helps to reduce the pollution but also increases the first cost and the electricity bill by up 
to NRS 3960.00 (US$ 50.12) to NRS 7920.00 (US$100.25) per year. This cost is either 
acceptable to those who can bear it, not acceptable in poorer community, or irrelevant, if there is 
no electricity. As such, except in the households in which this cost is acceptable, the Ventilation 
with appropriate Ventilation Coefficient would be useful in decreasing pollution level. 

·  Increasing ventilation coefficient is an efficient way of reducing IAP in households that use TCS. 
The optimum ventilation coefficients for kitchens and living rooms in the households that use TCS 
are 0.15 and 0.077 respectively. 

 
6. Recommendations 
 

Based on the above mentioned conclusions, the following recommendations are made: 
· Households that can afford mechanical ventilation should opt for it. Many types and range of exhaust 

fans are available in the commercial market and it is relatively easy to get them installed by a 
trained technician.  

 



 

·  Households that cannot use mechanical ventilation, for whatever reasons but prefer to use the 
Traditional Cooking Stoves (TCS) should have ventilation coefficient greater than 0.15 and 0.077 in 
kitchen and living room respectively to keep the IAP level well below guideline value. 

 
·  Kitchens be separated from living rooms or be constructed on the top floor to reduce the exposure 

to IAP in living room. 
 

·  Change in users’ behavior is rather necessary to decrease the IAP level. This include allowing all 
the doors and windows open while cooking food or doing indoor works, use of masks by the cook 
and use of pot lid while frying vegetable etc can significantly reduce IAP level. 
 

·  Wherever possible forced ventilation system i.e. exhaust fan be kept on throughout cooking period 
to decrease the IAP level. 

 
·  Further research be done to study the effect of wind, location of stoves, type of food cooked etc. on 

IAP. 
 

·  Further research be carried out to study the interrelationship between the indoor and outdoor air 
pollution. 

 
·  Further study be done including different types of fuels like kerosene, biomass fuel (animal dung) 

etc. 
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Photo 1:One of the houses where experiment was conducted with  
opening in the living room 

 
 
 
 
  
 
 

 
 

Photo 2: Measurement of TSP in kitchen with TCS while cooking food 

 
 

 


