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Abstract: Most of the rural households in India use biomass for cooking and heating purposes. The biomass combustion emit 
huge amount of pollutants which causes harmful effects on environment and on human health. The present study was 

conducted to assess the level of indoor air pollutants during cooking in rural households. The investigation was carried out 

in 50 randomly selected rural households of Chamarajanagar taluk that use biomass, kerosene and LPG as cooking fuels. 

The concentration of CO and CO2 were measured by using battery operated CO and CO2 meter which works on NDIR 

method. The sampling of suspended particulate matter was done by gravimetric method using handy sampler 821. The 

particulate matters were collected on micro fiber filter paper which is subjected to morphological analysis by SEM. The 

recorded mean concentration of CO (46.67 ppm) for traditional cook stove was higher than the WHO standard (35ppm). The 

results have shown that the emission of CO, CO2 and SPM concentrations were more for biomass fuels as compared to 

kerosene and LPG fuels. The suspended particulate matters were found to be spherical, angular, cluster and irregular in 

shapes. The study has shown that utilization of biomass fuels under poorly designed cook stove is the main factor responsible 

for increase of indoor air pollutants. 
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Introduction 
Biomass (wood, charcoal, animal dung and 

agriculture residues) is the primary source of fuels used by 

poor households in developing countries who can hardly 

afford other fuel types (kerosene, liquefied petroleum gas-

LPG, electricity) [1].   It is the only source which produces a 

lot of pollutants that are harmful for human health and also 

have effects on climate change [2]. In various developing 

countries wood stove emission is the main source of 

kitchen related indoor air pollution [3]. It has been estimated 
that biomass fuels on combustion release at least 50 times 

more noxious pollutants than LPG [4]. Among the solid bio-

fuels wood contribute maximum indoor air pollutants than 

carbon cake [5].  

 

Biomass fuels are traditionally burnt in simple 

stoves with poor combustion efficiency, under poor 

ventilation conditions. This often results in emission of 

smoke that contains several health deteriorating substances 

at varying concentrations which can pose threat to humans. 

Biomass and coal smoke contain a large number of 

pollutants including particulate matter, carbon monoxide, 

nitrogen dioxide, sulfur dioxide (mainly from coal), 

formaldehyde, and polycyclic, organic matter, including 

carcinogens such as benzo[a] pyrene [6,7]. It was made 

known that aerosols are common class of indoor air 

pollutants, and that they represent serious health risks from 

indoor air pollution [8]. About 1.5 million deaths around the 

world are attributed to exposure to smoke from biomass 
fuels [9]. Indoor air quality has became an issue of public 

concern because individual spend most of their time in 

indoor and airtight buildings increase the probability for 

accumulation of indoor generated pollutants [10]. 

 

Latest Global Burden of Disease (2012) reports 

3.5 million premature deaths per year from HAP 

(household air pollution) and another 0.5 million premature 

deaths from ambient air pollution originating from 
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households[11]. Excessive exposure to these emissions is 

associated with several adverse health effects, especially for 

women and children [12-16]. 

 

 The concentrations of indoor air pollutants 

originating from the burning of solid fuels depend on a 

number of factors such as fuel type, housing characteristics 
and cook stove. Depending on cooking activities, the extent 

of pollution can vary between days and within the day [6, 17]. 

Keeping these points in view, this present study was 

undertaken to estimate indoor air pollutants such as CO, 

CO2 and suspended particulate matter (SPM) generated 

from biomass, kerosene and LPG fuels used by the rural 

households. 

    

Material and Methods 
In the present investigation, 50 households were randomly 

selected and monitored in Chamarajanagar taluk, 
Chamarajanagar district of Karnataka. It lies between 

longitude 760 48’-760 59’ and latitude 110 15’-110 59’, 

covering an area of 1226.67 Sq. kms.  Before starting the 

instrumental measurement, a questionnaire survey was 

made to collect the information regarding kitchen pattern 

and type of stoves (LPG, Kerosene, Clay and Astra) used 

for cooking purposes. Indoor air sampling of CO, CO2 and 

SPM was done for a period of 1 hour during cooking with 

different fuel types [18]. Samplers were placed within the 

breathing zone of the cook according to standard protocol. 

In biomass using households, women usually performed 

cooking in sitting position on the floor. On the other hand 
LPG users generally cooked in standing position and 

therefore, the monitors were placed accordingly at a height 

of 4 feet and 3 feet away from the stove [19].  The 

concentration of CO and CO2 was measured by portable 

CO (NDIR method, Model HTC-CO-1) and CO2 meter 

(NDIR method, Model GCH-2018).  

 

APM 821(Envirotech) handy sampler was used for 

sampling of SPM.  The pre-weighed glass micro-fibre filter 

paper of 25mm diameter was placed in the filter cassette of 

the cyclone head. The flow rate of 1.5 L/min is set in the 
pump. The filter paper was reweighed after sampling for 

final weight. The concentration of SPM was calculated by 

using following equation, 

 

Concentration of SPM (µg/m3) = (W2- W1)*103 / V 

  

Volume of air sampled, V = (F1 + F2) / 2 * T 

 

Where,  

W1= Initial weight of filter paper 

W2= Final weight of filter paper 

F1=Initial flow rate in m3/min 
F2=Final flow rate in m3/min 

T = Time period in minutes 

 

Determination of morphology (shape and sizes) of 

suspended particulate matter was performed using  

Scanning Electron Microscopy (SEM-ZEISS). The SPM 

samples were collected over filter paper (one by forth of 

filter paper) and examined under SEM. SEM is a method 

for high resolution surface imaging. Its advantages over 

light microscopy are greater magnification and much larger 

depth of field. Different elements with different surface 

topography emit different quantity of electrons due to 
which the contrast in a SEM micrograph is representative 

of the surface topography and distribution of elemental 

composition on the surface [20]. During scanning, electrons 

are emitted from the surface. The number of emitted 

electrons determines the brightness of the image on the 

monitor. In this analysis, the emitted electrons were 

recorded by a detector. Electrons high sensitivity enables 

this detector to produce an “element contrast picture”. 

Heavy elements and compounds reflect more electrons than 

light elements, and thus appear lighter in the image [21].  

 

Results and Discussion 

The study involves the assessment of indoor 

pollutants such as CO, CO2 and SPM and morphological 

characterization of suspended particulate matter. The 

investigation has shown that people are using different 

types of energy fuels such as biomass, kerosene and LPG 

for cooking purpose based on their income status. 

 

Table 1 presents the concentration of indoor air 

pollutants (CO, CO2 and SPM) generated during cooking 

for different fuels in the households. On an average the 

concentration of carbon monoxide was found to be 2, 16 
and 20 ppm for LPG, kerosene and biomass fuels 

respectively. The maximum concentration of CO was 

recorded for biomass fuels (60 ppm) as compared to 

kerosene (24 ppm) and LPG (3 ppm) fuels. The World 

Health Organization’s one hour average CO standard is 35 

mg/m3 or nearly 30.5 ppm, and 60 mg/m3 or nearly 52 ppm 
[22] for an average exposure of half an hour [23]. The study 

finds that CO concentration exceeds the WHO standard 

while cooking with biomass fuels. WHO [24] reported that 

breathing higher levels of carbon monoxide causes 

symptoms such as headaches, dizziness and weakness in 
healthy people. Once inhaled, CO binds to haemoglobin 

with an affinity 250-300 times than of oxygen [25], thereby 

forming carboxyhemoglobin (COHb). 

 

This results in a decrease in the amount of oxygen 

in blood, thus causing tissue hypoxia [26, 27]. A study by 

Patel and Riyani [28] reported indoor air CO levels of 136.2 

ppm, 94.3ppm and 12.2 ppm during cooking by wood, 

kerosene and LPG respectively. Similarly, Smith [29] has 

estimated that about 5 and 2g/meal CO is released during 

the household cooking, using wood and kerosene 

respectively. The results also show that maximum CO2 
emission was observed for biomass (2010 ppm) followed 

by kerosene (887 ppm) and LPG (512 ppm) fuels.  

 

The mean concentrations of SPM samples were 

found to be 17, 1494 and 4804 µg/m3 for, LPG, kerosene 
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and biomass respectively. The maximum SPM 

concentration recorded during cooking with biomass fuel is 

higher than the WHO Air Quality Guidelines (50 µg/m3 for 

24 hr).The investigations revealed that there was significant 

variation in concentration of SPM level and  was found to 

be highest for biomass (10,063 µg/m
3
) and lowest for LPG 

(22 µg/m3 ) fuel. The studies carried out in rural households 
of India, pollutants emissions from the use of one kilogram 

of wood/hour in fifteen approximate footage of forty meter 

cubed kitchens emits, among others pollutants, carbon 

monoxide and particulate emission of 150 and 3.3 mg/m3 

respectively compared to the allowable standard of 10 and 

0.1 mg/m3 respectively [30]. Therefore, this investigation 

clearly indicates that LPG fuel is the least contributor for 

CO, CO2 and SPM than biomass and kerosene fuel. Similar 

observations were recorded by Balakrishna et al., 
[31]

. They 

have reported that the kerosene, coal or biomass have 
produced higher levels of gaseous pollutant than LPG gas 

or electricity in homes.   

 

Table 1: Concentration of indoor air pollutants generated during cooking with different fuels in the rural households 

 

Table 2: Indoor air pollutants generated during usage different biomass cook stoves for cooking 

*Standard deviation 

 

Energy sources Pollutants  

CO (PPM) CO2 (PPM) SPM (µg/m
3
) 

Average Maximum Std. 

Dev* 

Average Maximum Std. 

Dev* 

Average Maximum Std. 

Dev* 

Biomass 20 60 16 877 2010 428 4804 10063 2673 

Kerosene 16 24 7.1 732.5 887 205 1494 2260 663 

LPG 2 03 0.7 478.4 512 28 17 22 7.3 

Biomass 

cook stoves 

Pollutants  

CO (ppm) CO2 (ppm) SPM (µg/m
3
) 

Average Maximum Std. 

Dev* 

Average Maximum Std. 

Dev* 

Average Maximum Std. 

Dev* 

Traditional 46.67 60 12.6 1803 2010 205 9352 10063 1005 

Clay 23 35 11.9 925 1409 368 3289 3704 671 

Astra 10.25 29 6.5 650 968 118 2780 3571 691 

Metal 33.3 40 7.6 781 878 105 6322 6897 813 
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Control (a) 

 
Kerosene (b1) 

  
Kerosene (b2)     

 
Biomass (c1) 

 
Biomass (c2) 

  
Biomass (c3) 

 
LPG (d1) 

 
       LPG (d2) 

Figure 1: SEM images of SPM for different cooking fuels; control (a- clear micro glass fiber filter paper), kerosene 

(b1-b3), biomass (c1-c2) and LPG (d1-d2) 



Komala et al. Int. J. Res. Chem. Environ. Vol. 6 Issue 1 (21-27) January 2016 

 

25 
 

SEM was used to characterize the surface 

morphology of suspended particulate matter samples. The 

SPM samples were collected on filter paper during cooking 

with different fuels; biomass, kerosene and LPG. The SEM 

images of SPM for different fuels are shown in Figure 1. 

As shown in SEM images, the suspended particulate 

matters were cluster, irregular and spherical in shape. The 
morphology of carbonaceous particle varies depending on 

the fuels, burning conditions and atmospheric process [36, 37, 

38]. In control, clearly indicates the absence of SPM while in 

kerosene cylindrical, spherical and cluster shaped SPM 

were found. In biomass SEM images, spherical, reticular, 

angular and irregular shaped structures were found. There 

is also strong evidence that fine particles play an important 

role in the observed health effects [39]. Particle behavior in 

the lung is dependent upon the aerodynamic characteristics 

of particles in flow steams. The aerodynamic properties of 

particles are related to their size, shape and density. The 
deposition of particles in different regimes of the 

respiratory system depends on their sizes [40].  The 

evaluation of SEM images also revealed that load of SPM 

were found to be very less in LPG (branched and irregular 

shape) as compared to biomass and kerosene fuels. The 

results showed that 80 - 90 % of the particles are smaller 

than 10 µm.  Study also revealed that size of suspended 

particulate matter has varied among different fuels. A clear 

distinction is that particles smaller than 2.5 µm  penetrate 

into the alveoli and terminal bronchioles; larger particles of 

up to 10 µm will deposit primarily in the primary bronchi, 

and much larger particles ( up to 100 µm) will deposit  in 
the nasopharynx. These size fractions arise primarily from 

combustion emissions and secondly from particles 

produced by gas-to-particle conversion processes. They are 

inherently unstable and grow into larger particles through 

coagulation and condensation [41]. The smoke deposits 

surfaces may contain dust, sulfate, nitrate and also oxides 

of different metals dominating by carbonaceous species [42].   

 

Conclusion  

The present study revealed that rural household of 

Chamarajanagar taluk have been exposed to higher 
concentration of CO, CO2 and SPM during cooking with 

use of biomass fuels. It was observed that a very high 

concentration of CO (60 ppm) was released from biomass 

fuels has resulted in rising the carboxyhaemoglobin content 

in blood of human beings. The SPM generated from 

biomass and kerosene fuel have exceeded the permissible 

limits specified by WHO. A significant decrease in the 

concentration of CO and CO2 was observed with the usage 

of Astra cook stove. The study also presents that 

morphological characterization of suspended particulate 

matter has varied in shapes and sizes.  The morphology, 

size and the load of the particles emitted from different 
fuels have been confirmed by SEM studies. The study 

strongly suggests the use of improved cook stove, cleaner 

fuels and maintenance of good ventilation in cooking is 

helpful in reducing the indoor air pollutants and thus may 

benefit for better health of the households.  
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