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INTRODUCTION 
 

Indoor air pollution is a complex function of energy housing 
and behavioral factors. Indoor air pollution mediates the 
release of gases or particles into the air which are the primary 
cause of indoor air quality problems in homes. Inadequate 
ventilation can increase indoor pollutant levels by not bringing 
in enough outdoor air to dilute emission from indoor sources 
and by not carrying indoor air pollutants out of the home. In 
our country air pollution studies particularly in rural 
households has so far been neglected. It is recently estimated 
that 82% of sulphur dioxide (SO2), 38% of nitrogen dioxide 
(NO2), 88% of volatile organic compounds and 96% 
particulate matter emissions in the country come from the 
household sector (Parikh, 1999). About three billion people 
still rely on solid fuels, 2.4 billion on biomass and the rest on 
coal, mostly in china (EPA, 2004 and Smith 
Biomass is predominantly, though not exclusively a rural fuel 
indeed, in many poor African countries; Biomass is the main 
fuel for close to 1005 of rural homes. Marked socioeconomic 
differences (indicated by women’s education) exist in both 
urban and rural areas. During the 1990s use of traditional fuels 
(biomass) in sub Saharan Africa increased as a percentage 
of total energy use; Although in most other parts of world 
the trend has generally been reverse (World Bank, 20
Environmental Protection Agency’s annual air pollution 
standard for PM10 is 50 mg/m 3 one to two orders 
of magnitude  lower  than  levels  seen  in  many
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ABSTRACT 

Utilization of fuel-wood as a source of energy is a major source of indoor air pollution in the study 
area. Two villages nearby Jhansi City have been selected for the study purpose. Indoor and outdoor 
air quality in both rural residential areas has been monitored in winter, summer and monsoon 
seasons. In has been observed in the study that at all the selected sites, the average concentrations of 
the SPM and RSPM are high in winter in comparison to the summer and monsoon season. It was also 
noticed that SPM level at outdoor sampling sites in winter and summer the exceeds the prescribed 
limits as stipulated by central pollution control board (CPCB) New Delhi. The average concentration 
of SO2 and NOx were found below the permissible limits of CPCB at al
concentration was higher than the outdoor NOx concentration. SPM and RSPM were monitored 
through gravimetric method. West and Gaeke method was used for analysis of SO
1956) and Jackob and Hochheiser (1958) modified method for analysis of NOx. From the entire 
study it has been found that maximum families especially in rural area having improper ventilation 
and used of solid biomass. 
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cause of indoor air quality problems in homes. Inadequate 
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 developing countries. During cooking when women and very 
young children spend most time in the kitchen and near the 
fire, much higher levels of PM
30,000 mg/m3 or more (Bruce 
of indoor air pollutants com
biofuels such as wood, agriculture crops and dung cake used 
by rural households in developing countries causes several 
health problems especially to women and children below five 
years (Sarkar, 2004). It was observed that a major
rural households in developing countries still rely on biomass 
fuels (WHO, 1999) and about 75% of Indian households use 
biofuels for cooking purposes. The types of biofuel used by 
both rural and urban pupils are wood, straw, dung, charcoal, 
kerosene, gas and electricity. About 71% rural pupils used 
wood, straw and dung Thompson and Smith (Saksena 
2004) have recently compiled data on several of the main 
pollutants associated with various household fuels from 
studies of homes in a wide ran
Concentration of PM10 averaged over 24 hour periods were in 
the range 300 to 3000 (or more) microorganisms per cubic 
meter (mg/m3). Relatively small
exposure from wood-fuel combustion have been conducted in 
Kenya (Boleij, et al., 1989, 36 households), Guatemala 
(Smith, et al., 1993, 60 households), Mexico (Santos
et al., 1998, 52 households), and Gambia (Campbell, 1997, 12 
households), and indoor PM10 exposure from coal combustion 
has been conducted in Mongolia (Cowlin 
gers1). In addition, Balakrishnan, 
sample of houses in rural India (Balakrishnan, 
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ing countries. During cooking when women and very 
young children spend most time in the kitchen and near the 
fire, much higher levels of PM10 have been recorded up to 

or more (Bruce et al., 2002). The concentration 
of indoor air pollutants coming out from combustion of 
biofuels such as wood, agriculture crops and dung cake used 
by rural households in developing countries causes several 
health problems especially to women and children below five 
years (Sarkar, 2004). It was observed that a major percent of 
rural households in developing countries still rely on biomass 
fuels (WHO, 1999) and about 75% of Indian households use 
biofuels for cooking purposes. The types of biofuel used by 
both rural and urban pupils are wood, straw, dung, charcoal, 

osene, gas and electricity. About 71% rural pupils used 
wood, straw and dung Thompson and Smith (Saksena et al., 
2004) have recently compiled data on several of the main 
pollutants associated with various household fuels from 
studies of homes in a wide range of developing countries. 
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412 households; Parikh, et al., 2001, 436 households) and 
Baris et al. have studied a larger sample in China (Baris et al., 
2006, 300 households). Biomass and coal smoke emits many 
health damaging pollutants including particulate matter (PM), 
carbon monoxide (CO), sulfur oxides, nitrogen oxides, 
aldehydes, benzenes, and polyaromatic hydrocarbon 
compounds (Smith, 1987). These pollutants mainly affect the 
lungs by causing inflammation, reduce ciliary’s clearance and 
impaired immune response (Bruce et al., 2000). Rural areas 
suffer from air pollution caused by both natural as well as 
because of human activities. Air pollution from Natural causes 
occurs when contaminants drawn from animals, plants and 
land resources get disseminated in the atmosphere in normal 
course. Natural pollution also results from forest fire, coal 
fires, volcanic eruptions, dust storms and sand storms. Natural 
contaminants include spores, pollens, moulds, fur, feather, 
hair, dander, dust, grit and other types of particulate matter. 
Human activities like burning solid fuel indoors and tobacco 
smoking apart from agriculture, mining, coal processing and 
cement making produce high levels of pollution. 
Approximately 50% of the world’s population and up to 90 % 
of rural household use biomass fuels as a domestic source of 
energy in the form of wood, crop residues and animal dung 
(World Resources Institute, UNEP, UNDP, World Bank, 
1998-99). Cooking and heating with such solid fuels is the 
major source of indoor air pollution and pollution levels that 
exceed the allowable standard limits in developing countries 
(WHO/UNDP, 2004). Sulphur dioxide is a recognized 
pollutant because of its role in forming cold time smog 
(Hermann, 1991). It is acidic, irritant gas which in high 
concentrations can cause difficulties (Arch, 1954; Herman, 
1961; Purnaendu, 1991; Mondal et al., 201l). People with 
asthma are more susceptible to the adverse effects of the gas 
as high concentrations may result in the fail of lung function in 
asthmatics and may lead to tight chest, coughing, wheezing 
and phlegm at high levels Sulphur dioxide (Ayodele and 
Abubakar, 2010). Thus, the current study aims to estimate the 
outdoor (Ambient) and indoor air quality of rural residential 
areas adjoining Jhansi city. 
 

MATERIAL AND METHODS 
 
The SO2 and NOx samplings were carried out by using a 
Handy Air Sampler (PEM-HAS 1B, Polytech Instrument) and 
SPM and RSPM were carried out by using a Personal Sampler 
(APM 800, Envirotech Instruments Pvt. Ltd.) in indoor 
monitoring. Outdoor air monitoring was done by Respirable 
Dust Sampler APM 460 with gaseous attachment APM 411.  
The measurements of SPM and RSPM were carried out twice 
a week at 8 hourly intervals for both outdoor and indoor 
location. Indoor gas and particulate matter measurement were 
carried out followed by outdoor air sampling at similar timing 
on the subsequent day. Gravimetric method was used for SPM 
and RSPM monitoring. West and Gaeke method was used for 
analysis of SO2 (West and Gaeke, 1956) and Jackob and 
Hochheiser (1958) modified method for analysis of NOx. The 
flow rate of the gas samplers were adjusted at 0.5 L min-1. 
Both the samplers were operated at 1 m above ground. For the 
present study, In rural residential area of adjoining village of 
Jhansi city, two sites namely Kochha bhavar and Lakara has 
been selected for outdoor (ambient) and indoor air quality 
monitoring. It was carried out during the winter (December 

2009 to January 2010), Summer (April 2010 to June 2010) and 
monsoon (July 2009 to September 2009). 
 

RESULTS AND DISCUSSION 
 

WINTER  
 

It was observed from Figure 1 that the average concentration 
of Outdoor (Ambient) suspended particulate matter during 
winter season at rural residential area viz. Kochha Bhavar and 
Lakara was 259.20 and 255.36 g/m³ respectively and the 
average concentration of indoor suspended particulate matter 
during winter season at rural residential area viz. Kochha 
Bhavar and Lakara was 154.52 and 151.55 g/m³ respectively. 
The outdoor ranged value of SPM in Kochha Bhavar and 
Lakara was 250.47 – 270.46 µg/m³ and 246.52 – 267.89 µg/m³ 
respectively. Similarly, the indoor ranged value of SPM in 
Kochha Bhavar and lakara was 140.12 – 172.12 µg/m³ and 
137.22 – 169.32 µg/m³ respectively (Table 1). Similarly, the 
average concentration of outdoor respirable suspended 
particulate matter during winter season at rural residential area 
viz. Kochha Bhavar and Lakara was 121.49 and 119.31 g/m³ 
respectively and the average concentration of indoor respirable 
suspended particulate matter during winter season at rural 
residential area viz. Kochha Bhavar and Lakara was 75.86 and 
73.65 g/m³ respectively (Figure 2).  The outdoor ranged 
value of RSPM in Kochha Bhavar and lakara was 112.35 – 
131.25 µg/m³ and 110.56 – 129.46 µg/m³ respectively. 
Similarly, the indoor ranged value of RSPM in Kochha 
Bhavar and lakara was 62.23 – 90.23 µg/m³ and 60.34 – 88.45 
µg/m³ respectively (Table 2).  It was also observed from 
Figure 3 that the average concentration of outdoor sulphur di 
oxide during winter season at rural residential area viz. 
Kochha Bhavar and Lakara was 13.47 and 13.37 g/m³ 
respectively and the average concentration of indoor sulphur 
di oxide during winter season at rural residential area viz. 
Kochha Bhavar and Lakara was 11.06 and 9.72 g/m³ 
respectively. The ranged value of outdoor SO2 in Kochha 
Bhavar and lakara was 9.00 – 16.46 µg/m³ and 9.02 – 16.35 
µg/m³ respectively and ranged value of indoor SO2 in Kochha 
Bhavar and lakara was 7.57 – 12.55 µg/m³ and 7.22 – 12.23 
µg/m³ respectively (Table 3). Similarly, the average 
concentration of outdoor nitrogen oxides during winter season 
at rural residential area viz. Kochha Bhavar and Lakara was 
28.59 and 28.72 g/m³ respectively and the average 
concentration of indoor nitrogen oxides during winter season 
at rural residential area viz. Kochha Bhavar and Lakara was 
68.25 and 68.42 g/m³ respectively (Figure 4). The ranged 
value of outdoor NOx in Kochha Bhavar and lakara was 19.76 
– 35.00 and 19.54 – 35.62 µg/m³ respectively. Similarly, the 
ranged value of indoor NOx in Kochha Bhavar and lakara was 
62.14 – 75.55 µg/m³ and 60.42 – 73.21 µg/m³ respectively 
(Table 4). UNEP / WHO (1995) agreed with statement that in 
many rural areas and in most cities, people in developing 
countries area exposed to a range of local, but strong, source 
of SPM. 
 
SUMMER  
 
It was observed from Figure 1 that the average concentration 
of Outdoor (Ambient) suspended particulate matter during 
summer season at rural residential area viz. Kochha Bhavar 
and Lakara was 204.64 and 201.95 g/m³ respectively and the  
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Figure 1: Showing the difference between Kochha Bhavar and 

Lakara SPM concentrations 

 
Figure 2: Showing the difference between Kochha Bhavar and 

Lakara RSPM concentrations 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3: Showing the difference between Kochha Bhavar and 

Lakara SO2 concentrations 
 

 
 

Figure 4: Showing the difference between Kochha Bhavar and 
Lakara NOx concentrations 

Table 1: Concentration of SPM in rural residential areas 
 

Seasons Kochha Bhavar Lakara 

Indoor Outdoor Indoor Outdoor 
Range Avg. Range Avg. Range Avg. Range Avg. 

Winter 140.12  –  172.12 154.52 250.47  –270.46 259.29 137.22 –169.32 151.55 246.52 –267.89 255.36 
Summer 78.24   –   115.11 96.19 193.55 –220.18 204.64 73.14 –111.19 92.17 190.21–  218.78 201.95 
Monsoon 68.54    –  97.56 80.4 146.32  – 175.62 162.04 68.67  –  95.78 79.25 144.34 –  171.64 158.56 

 

Table 2: Concentration of RSPM in rural residential areas 

Seasons Kochha Bhavar Lakara 

Indoor Outdoor Indoor Outdoor 
Range Avg. Range Avg. Range Avg. Range Avg. 

Winter 62.23  – 90.23 75.86 112.35 – 131.25 121.49 60.34 –  88.45 73.65 110.56 – 129.46 119.31 
Summer 47.27 - 62.41                                               53.71 75.47 – 97.58 85.58 46.23 – 60.32 51.59 72.39  – 94.78 83.37 
Monsoon 38.23 – 55.18 44.54 63.78 – 84.98 73.06 37.76  – 53.15 43.86 60.47  –82.46 70.45 

 

Table 3: Concentration of SO2 in rural residential areas 

Seasons Kochha Bhavar Lakara 

Indoor Outdoor Indoor Outdoor 
Range Avg. Range Avg. Range Avg. Range Avg. 

Winter 7.57  – 12.55 11.06 9.00  – 16.46 13.47 7.22 – 12.23 9.72 9.02 –16.35 13.37 
Summer 4.25   –  8.13 6.19 5.00  –  14.56 11.34 4.21 –7.78 6.02 4.76  –  14.67 11.36 
Monsoon 3.56 – 7.15 5.36 5.26 –10.86 8.7 3.45  –7.78 5.61 5.32   –10.78 8.62 

 

Table 4: Concentration of NOx in rural residential areas 

Seasons Kochha Bhavar Lakara 

Indoor Outdoor Indoor Outdoor 
Range Avg. Range Avg. Range Avg. Range Avg. 

Winter 62.14   –  75.55 68.25 19.76  –  35.00 28.59 60.42 –73.21 66.81 19.54 – 35.62 28.72 
Summer 40.34 –  62.23 56.28 14.67  –28.32 24.43 42.56 – 65.55 54.05 14.72 – 28.39 24.42 
Monsoon 35.65 –  46.21 40.93 14.00  –28.66 23.31 36.44 – 48.26 42.35 13.92  – 28.21 23.06 
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average concentration of indoor suspended particulate matter 
during summer season at rural residential area viz. Kochha 
Bhavar and Lakara was 96.19 and 92.17 g/m³ respectively. 
The outdoor ranged value of SPM in Kochha Bhavar and 
lakara was 193.55 – 220.18 µg/m³ and 190.21 – 218.78 µg/m³ 
respectively. Similarly, the indoor ranged value of SPM in 
Kochha Bhavar and lakara was 78.24 – 115.11 µg/m³ and 
73.14 – 111.19 µg/m³ respectively (Table 1). Similarly, the 
average concentration of outdoor respirable suspended 
particulate matter during summer season at rural residential 
area viz. Kochha Bhavar and Lakara was 85.58 and 83.37 
g/m³ respectively and the average concentration of indoor 
respirable suspended particulate matter during summer season 
at rural residential area viz. Kochha Bhavar and Lakara was 
53.71 and 51.59 g/m³ respectively (Figure 2). The outdoor 
ranged value of RSPM in Kochha Bhavar and lakara was 
75.47 – 97.58 µg/m³ and 72.39 – 94.78 µg/m³ respectively. 
Similarly, the indoor ranged value of RSPM in Kochha 
Bhavar and lakara was 47.27 – 62.41 µg/m³ and 46.23 – 60.32 
µg/m³ respectively (Table 2).  It was also observed from 
Figure 3 that the average concentration of outdoor sulphur di 
oxide during summer season at rural residential area viz. 
Kochha Bhavar and Lakara was 11.34 – 11.36 g/m³ 
respectively and the average concentration of indoor sulphur 
di oxide during summer season at rural residential area viz. 
Kochha Bhavar and Lakara was 6.19 and 6.02 g/m³ 
respectively. The ranged value of outdoor SO2 in Kochha 
Bhavar and lakara was 5.00 – 14.56 µg/m³ and 4.76 – 14.67 
µg/m³ respectively and ranged value of indoor SO2 in Kochha 
Bhavar and lakara was 4.25 – 8.13 µg/m³ and 4.21 – 7.78 
µg/m³ respectively (Table 3).  Similarly, the average 
concentration of outdoor nitrogen oxides during summer 
season at rural residential area viz. Kochha Bhavar and Lakara 
was 24.43 and 24.42 g/m³ respectively and the average 
concentration of indoor nitrogen oxides during summer season 
at rural residential area viz. Kochha Bhavar and Lakara was 
56.28 and 54.05 g/m³ respectively (Figure 4). The ranged 
value of outdoor NOx in Kochha Bhavar and lakara was 14.67 
– 28.32 µg/m³ and 14.72 – 28.39 µg/m³ respectively. 
Similarly, the ranged value of indoor NOx in Kochha Bhavar 
and lakara was 40.34 – 62.23 µg/m³ and 42.56 – 65.55 µg/m³ 
respectively (Table 4). Field test on wood burning stove and 
furnace reported elevated levels of CO, NO, NO2, and SO2 
during the appliance operation (Traynor, et al., 1985; Knight, 
et al., 1985) and particulate matters (Oguntoke et al., 2010). 
 
MONSOON 
 
It was observed from Figure 1 that the average concentration 
of Outdoor (Ambient) suspended particulate matter during 
monsoon season at rural residential area viz. Kochha Bhavar 
and Lakara was 162.04 and 158.56 g/m³ respectively and the 
average concentration of indoor suspended particulate matter 
during monsoon season at rural residential area viz. Kochha 
Bhavar and Lakara was 80.40 and 79.25 g/m³ respectively. 
The outdoor ranged value of SPM in Kochha Bhavar and 
lakara was 146.32 – 175.62 µg/m³ and 144.34 – 171.64 µg/m³ 
respectively. Similarly, the indoor ranged value of SPM in 
Kochha Bhavar and lakara was 68.54 – 97.56 µg/m³ and 68.67 
–95.78 µg/m³ respectively (Table 1). The average 
concentration of outdoor respirable suspended particulate 
matter during monsoon season at rural residential area viz. 
Kochha Bhavar and Lakara was 73.06 and 70.45 g/m³ 

respectively and the average concentration of indoor respirable 
suspended particulate matter during monsoon season at rural 
residential area viz. Kochha Bhavar and Lakara was 44.54 and 
43.86 g/m³ respectively (Figure 2). The outdoor ranged value 
of RSPM in Kochha Bhavar and lakara was 63.78 – 84.98 
µg/m³ and 60.47 – 82.46 µg/m³ respectively. Similarly, the 
indoor ranged value of RSPM in Kochha Bhavar and lakara 
was 38.23 – 55.18 µg/m³ and 37.76 – 53.15 µg/m³ respectively 
(Table 2).  It was also observed from Figure 3 that the average 
concentration of outdoor sulphur di oxide during monsoon 
season at rural residential area viz. Kochha Bhavar and Lakara 
was 8.70 and 8.62 g/m³ respectively and the average 
concentration of indoor sulphur di oxide during monsoon 
season at rural residential area viz. Kochha Bhavar and Lakara 
was 5.36 and 5.61 g/m³ respectively. The ranged value of 
outdoor SO2 in Kochha Bhavar and lakara was 5.26 – 10.86 
µg/m³ and 5.32 – 10.78 µg/m³ respectively and ranged value 
of indoor SO2 in Kochha Bhavar and lakara was 3.56 – 7.15 
µg/m³ and 3.45 – 7.78 µg/m³ respectively (Table 3).  
Similarly, the average concentration of outdoor nitrogen 
oxides during monsoon season at rural residential area viz. 
Kochha Bhavar and Lakara was 23.31 and 23.06 g/m³ 
respectively  and the average concentration of indoor nitrogen 
oxides during monsoon season at rural residential area viz. 
Kochha Bhavar and Lakara was 40.93 and 42.35 g/m³ 
respectively (Figure 4) . The ranged value of outdoor NOx in 
Kochha Bhavar and Lakara was 14.00 – 28.66 µg/m³ and 
13.92 – 28.21 µg/m³ respectively. Similarly, the ranged value 
of indoor NOx in Kochha Bhavar and lakara was 35.65 – 46.21 
µg/m³ and 36.44 – 48.26 µg/m³ respectively (Table 4).  
Various hotels/houses in Pune City were found to have higher 
NO2 concentrations than the ambient air limit (Jayashree 
Mohan et al., 1992). Mandal et al. (1997) also studied indoor 
NO2 concentrations in some residences of Calcutta and found 
annual average NO2 concentrations well below the value 
prescribed by European countries. 
 
Analysis data at different location of both the villages (Kochha 
Bhavar and Lakara) showed that Outdoor SPM values in 
Kochha Bhavar and Lakara exceeded the National Ambient 
Air Quality Standards in all the seasons, except monsoon 
seasons, While Indoor SPM concentrations were well within 
the standard in all the seasons in both the rural residential 
areas. The outdoor RSPM concentrations of both the rural 
residential areas were higher than the standard in winter, 
autumn and spring seasons, while it was well within the 
standard in summer and monsoon seasons and Indoor RSPM 
concentrations were well within the standard in all the seasons 
in both the rural residential areas. SO2 and NOx concentrations 
in both the rural residential areas at both sites (Indoor and 
Outdoor) were well within the standard but NOx concentration 
in indoor monitoring sites at both the villages were higher than 
the outdoor concentration. Smith (2009) and Mac (2009) 
attested to high concentration of these parameters and other 
pollutants in rural areas where biomass energy is the primary 
source of energy. Mondal (2011) found that the maximum NO 
was in the fuel wood and minimum in the 2 carbon cake and 
the highest SPM was obtained in case of cow dung and the 
lowest in carbon cake and air pollution index was ranges from 
23.793 - 95.239. Finally, it is strongly recommended that the 
people should not addicted in smoking inside the room and the 
common people should be aware about indoor air pollution 
through mass awareness program. Considering the negative 
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consequences of indoor air pollution in rural areas, it is 
recommended that drastic measures be put in place so as to 
reduce the high level of pollution. Such measures should 
consider redesigning houses in rural areas to allow adequate 
ventilation, while cooking points should be located outside the 
dwelling units or separated from the dwelling units. A 
sustainable alternative source of energy that is readily 
available should be developed for the use of rural dwellers. 
Biogas is prominent among the possible energy sources that 
could be managed at the household level. Cooking stove with 
efficient combustion design should be introduced into the rural 
communities so as to minimize the emission of pollutants 
during cooking process. Outdoor SPM and RSPM 
concentration were high due to Natural contaminants like 
spores, pollens, moulds, fur, feather, hair, dander, dust, grit 
and other types of particulate matter as well as vehicular 
movement.  
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