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Abstract 

The residential houses of many developing countries have been polluted with high indoor particulate pollution due to 

combustion of biomass fuels and penetration of outdoor emission sources. The high PM

health problems in residential houses and neighbourhood poor peoples.

summer and winter, were collected on quartz fiber filters in each three different residential areas (three houses each in 

residential colony, near roadside, and in industrial zone) monitoring sites of Durg district, Chhattis

their concentration levels and to investigate comparison with those reported in 

(NAAQS). The sampled filters were analysed for mass gravimetrically using six

concentrations of PM2.5 has shown following trend in summer: roadside houses (188.95 ± 58.2

houses (151.55 ± 47.69µg/m
3
) > residential colony houses (130.18 ± 43.80

obtained in winter was: roadside houses (347.99 ± 78.71

colony houses (188.75 ± 64.20µg/m
3
). The higher PM

for 24 hour). The meteorological parameters, ventilation system, house configuration and cooking activity patterns have 

been strongly effecting the indoor PM2.5concentration levels.

 

Keywords: Indoor, PM2.5, residential house, seasonal, biomass fuel.
 

Introduction 

Air pollution is a global environment burden, and has been 

identified as a significant public health risk. Indoor solid fuel 

burning has been associated with poor indoor air quality 

[IAQ]
1,2

. Use of fuels for cooking and space heating has been 

associated with elevated PM concentrations as well as several 

health effects (including cardiovascular and respiratory 

diseases) and the Global Burden of Disease study attributed 

nearly four million deaths to household air pollution (HAP) 

exposure globally. Several studies have explored the a

between fuel combustion, and adverse health effects in India, 

particularly for women, children and the elderly

particular, exposure to biomass emissions have been associated 

with chronic bronchitis and chronic obstructive pulmonary 

disease (COPD)
12-15

. Exposure to solid fuel (coal, biomass) 

emissions has also been associated with lung cancer

asthma
18

. 

 

While indoor pollutant concentrations are primarily driven by 

indoor sources, infiltration of outdoor air can also make a 

significant contribution to the total indoor concentrations

Sources of PM in indoor environment include fuel combustion 

for cooking and/or space heating, incense/candle burning, 

environmental tobacco smoke (ETS), building materials and 
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The residential houses of many developing countries have been polluted with high indoor particulate pollution due to 

combustion of biomass fuels and penetration of outdoor emission sources. The high PM2.5 level is the root of different type’s 

health problems in residential houses and neighbourhood poor peoples. 90 samples of PM2.5, across the two seasons namely 

summer and winter, were collected on quartz fiber filters in each three different residential areas (three houses each in 

residential colony, near roadside, and in industrial zone) monitoring sites of Durg district, Chhattis

their concentration levels and to investigate comparison with those reported in National ambient air quality standards

(NAAQS). The sampled filters were analysed for mass gravimetrically using six-digit electronic balance. The mass

has shown following trend in summer: roadside houses (188.95 ± 58.2µ

) > residential colony houses (130.18 ± 43.80µg/m
3
). The mass concentrations of PM

as: roadside houses (347.99 ± 78.71µg/m
3
) > industrial zone houses (315.84 ± 87.7

). The higher PM2.5 concentration level has been found compared to NAAQS (60µg.m

meters, ventilation system, house configuration and cooking activity patterns have 

concentration levels. 

, residential house, seasonal, biomass fuel. 

environment burden, and has been 

identified as a significant public health risk. Indoor solid fuel 

burning has been associated with poor indoor air quality 

. Use of fuels for cooking and space heating has been 

tions as well as several 

health effects (including cardiovascular and respiratory 

diseases) and the Global Burden of Disease study attributed 

nearly four million deaths to household air pollution (HAP) 

exposure globally. Several studies have explored the association 

between fuel combustion, and adverse health effects in India, 

particularly for women, children and the elderly
3-11

. In 

particular, exposure to biomass emissions have been associated 

with chronic bronchitis and chronic obstructive pulmonary 

. Exposure to solid fuel (coal, biomass) 

emissions has also been associated with lung cancer
16,17

 and 

While indoor pollutant concentrations are primarily driven by 

indoor sources, infiltration of outdoor air can also make a 

cant contribution to the total indoor concentrations
19

. 

Sources of PM in indoor environment include fuel combustion 

for cooking and/or space heating, incense/candle burning, 

environmental tobacco smoke (ETS), building materials and 

cleaning activities
20-22

 together with infiltration of ambient 

air
23,24

. Several studies in India have reported indoor PM 

concentrations in urban/rural environments

been limited analysis on IAQ in urban homes using fuels. The 

aim of this study is to characterize indoor PM

where fuels is used for cooking/heating and estimation of health 

risks associated with exposure to indoor PM

 

Health review: Household Questionnaire: Some parameters 

like types and quality of fuel, proper ventilation in h

cooking time, cigarettes, use incense sticks, and mosquito coils 

are collected in Household level through questionnaire.

was collected from 90 houses during their work activities in 

different location based on 24 hrs recall and is tabulated 

percentage wise in a Table-1. 

 

Health effects: Indoor air pollution causes short term and long

term health effect
29

. Immediate or short

occurring due to single and repeated exposure which lead

irritation of eyes, nose and throat infection headaches, fatigue 

and cold. Long term effect may occur due to long time exposure 

which lead to respiratory diseases, heart diseases and cancer. On 

the bases of  questionnaire (Table

effects symptoms were headache (80% in the industrial zone 

house, 60% roadside houses and 40% residential houses), eyes 
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summer and winter, were collected on quartz fiber filters in each three different residential areas (three houses each in 

residential colony, near roadside, and in industrial zone) monitoring sites of Durg district, Chhattisgarh, India to determine 

National ambient air quality standards 

digit electronic balance. The mass 

has shown following trend in summer: roadside houses (188.95 ± 58.2µg/m
3
) > industrial zone 

). The mass concentrations of PM2.5 trend 

± 87.7µg/m
3
) > residential 

concentration level has been found compared to NAAQS (60µg.m
-3

 

meters, ventilation system, house configuration and cooking activity patterns have 

together with infiltration of ambient 

. Several studies in India have reported indoor PM 

concentrations in urban/rural environments
25-28

, but there has 

been limited analysis on IAQ in urban homes using fuels. The 

ze indoor PM2.5 in urban homes 

where fuels is used for cooking/heating and estimation of health 

risks associated with exposure to indoor PM2.5. 

Household Questionnaire: Some parameters 

like types and quality of fuel, proper ventilation in house, 

cooking time, cigarettes, use incense sticks, and mosquito coils 

are collected in Household level through questionnaire. The data 

was collected from 90 houses during their work activities in 

different location based on 24 hrs recall and is tabulated 

Indoor air pollution causes short term and long-

. Immediate or short-term effects may be 

occurring due to single and repeated exposure which lead to 

irritation of eyes, nose and throat infection headaches, fatigue 

and cold. Long term effect may occur due to long time exposure 

which lead to respiratory diseases, heart diseases and cancer. On 

the bases of  questionnaire (Table-1), the short term health 

effects symptoms were headache (80% in the industrial zone 

house, 60% roadside houses and 40% residential houses), eyes 
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and nose irritation (75% in the industrial zone houses, 72% 

roadside houses and 45% residential houses), cold and flu (60% 

in the industrial zone houses, 41% roadside houses and 32% 

residential houses) allergies (54% in the industrial zone houses, 

16% roadside houses and 14% residential houses) whereas skin 

problems and mental fatigue show lower percentage.  

 

The data indicates that short term health effect is more dominant 

in the industrial zone houses as compared to roadside houses 

and residential houses. According to Table-1 the percentage of 

smoking is higher in the residential houses locations as 

compared to roadside houses or industrial houses. It is observed 

that health problem occurred more in the families where 

smoking was common than in the non-smoking
30

. One of the 

main reason for the health problem prevalent more in roadside 

houses is due to the increase in the concentration of fine 

particulates in indoor environment due to vehicular emissions
33

. 

Risk factors differ from house to house depending on the use of 

incenses sticks, candles, mud lamp and mosquito coils and 

frequency of opening of windows and the percentage of 

improper ventilation in different indoor environment. The 

negligence about the indoor environment and quality of indoor 

air made people ailing and awareness is needed earnestly
31

. 

 

 

Materials and methods 

Study design: Study design has been adapted for PM2.5 

monitoring at three different urban residential areas (three 

houses each in residential colony (RH1, RH2, RH3), near 

roadside (R1, R2, R3) and in industrial zone RI1, RI2, RI3) during 

summer and winter 2015 – 2016, in District Durg, Chhattisgarh, 

India. Durg District is a populated District of Chhattisgarh. It 

cover the south-western part of the Chhattisgarh plain and 

possesses belts of hilly country in the south, southwest and 

northwest, bestowed with mineral resources and forests. Durg 

generally has a dry tropical weather which is moderate but on a 

warmer side in summer season. The peak temperatures are 

usually reached in May/June and can be as high as 45
o
C. The 

onset of monsoon is usually from July and the season extends 

up to September, with monsoon peaking during July and 

August. Maximum, average and minimum rain fall of District 

Durg are 1477.2mm, 1071.16mm and 781.5mm per year 

respectively. 

 

Selection of Households: Different residential area was 

selected through geographic spread of Chhattisgarh in India. 

Different types of solid fuels are used in Households activities 

and exposures to indoor air pollution vary according to kitchen 

type. Two different types of kitchen were selected for the study. 

 

Table-1: Questionnaire survey report (in percentage). 

 Parameters Residential houses Roadside Houses Industrial zone houses 

Short term health effect 

Headaches 40 60 80 

Irritation in Eyes and nose 45 72 75 

Cold and flu 32 41 60 

Allergies 14 16 54 

Skin Problem 15 11 20 

Mental Fatigue 20 30 21 

Types of fuel used 
LPG 95 80 85 

Kerosene 10 25 22 

Cooking medium 
Refine oil 81 88 71 

Mustard oil 20 20 23 

Other activities 

Candles or Mud lamp 30 50 70 

Incense sticks 46 56 70 

Mosquito coils 20 30 40 

Smoking 60 42 30 

Ventilation present in 

the houses 

Proper Ventilation 60 40 20 

Improper Ventilation 10 30 25 
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Sampling method: A questionnaire survey which included 

daily time / activity diary, age, sex, occupation, socio-

demography, smoking status and housing characteristics has 

been conducted. Low volume samplers (Mini Vol, Air Metrics, 

USA) were used in sampling sites to collect integrated 24-h 

PM2.5 sample between two seasons summer and winter. A total 

90 (In summer residential house (RH1, RH2, RH3) n=15, 

Roadside houses (R1, R2, R3) n=15, Industrial zone houses (I1, 

I2, I3) n=15 and winter residential house (RH1, RH2, RH3) n = 

15, Roadside houses (R1, R2, R3) n=15, Industrial zone houses 

(I1, I2, I3) n=15) samples were collected during this period. 

Sample were installed in all sampling site at a height of 5 feet 

from the ground level inside the house to measure exposure 

level of PM2.5 concentrations. Sample were collected on pre-

fired quartz fibre filters (QFF) with the flow rate of 5L per 

minute. The exposed filters were stored in filter cassettes at 4
0
C 

until chemical analysis. 

 

Quality Control: The quality control in monitoring was made 

to check the daily flow rate calculation to make sure that the 

fluctuation in flow rate was within range. The impactor was 

used to classify particulate depending on their size of less than 

2.5µm. Periodic cleaning of the sampler was done to make the 

sampler dust free so that the dust on the sampler may not be 

counted with the mass concentration of the sample. Chow et al., 

had suggested filter change in the impactor after 72h of the 

sampling, but in this study filter was changed after 48h. 

 

Gravimetric and Chemical analysis: Before exposure, the 

quartz fibre filter paper were preheated at 450
0
C for 2h to 

eliminate the organic species. Before weighing the filters were 

desiccated at 27±1
0
C and relative humidity 35±1% in humidity 

controlled room for 24h. Filter paper were weighed three times 

using a TB-2150 microbalance (Denver Instrument, Germany, 

precision of ± 10µg). The mass concentration of PM2.5 was 

ascertained gravimetrically by weighing the full filter papers 

before and after the sampling. 

 

Results and discussion 

Concentration of PM2.5: The mass concentrations of PM2.5 has 

shown (Table-2, Figure-1 and 2) following trend in summer:  

roadside houses (188.95 ± 58.2µg/m
3
) > industrial zone houses 

(151.55 ± 47.69µg/m
3
) > residential colony houses (130.18 ± 

43.80µg/m
3
). The mass concentrations of PM2.5 trend obtained 

in winter was: roadside houses (347.99 ± 78.71µg/m
3
) > 

industrial zone houses (315.84 ± 87.7µg/m
3
) > residential 

colony houses (188.75 ± 64.20µg/m
3
). It is higher than the 

annual standard stipulated by CPCB called national ambient air 

quality standard (NAAQS) for fine 40µg m
-3

 and by the United 

State Environmental Protection Agency (USEPA) (PM2.5 = 15 

µg m
-3

). Highest PM2.5 concentrations were observed in winter 

in all locations has been ascertained due to low wind speed, low 

mixing height, as well as low temperature. During stable and 

cold conditions, the particulates could not disperse and 

accumulation of particulates take place. Whereas the 

concentration of PM2.5 was higher at roadside houses in both 

seasons due to traffic emissions, combustion of biomass.  

 

Table-2: Seasonal Concentration (µg m
-3

) of PM2.5. 

Concentration (µg m
-3

) of PM2.5 

 

Sampling 

Sites 
Winter Summer 

Residential 

houses 

RH1 189.27 ± 58.39 126.67 ± 45.63 

RH2 210.59 ± 67.61 142.59 ± 46.5 

RH3 168.73 ± 66.62 122.17 ± 39.28 

Roadside 

houses 

R1 288.76 ± 62.99 169.49 ± 46.95 

R2 402.55 ± 83.02 214.92 ± 69.42 

R3 362.54 ± 90.14 185.21 ± 58.36 

Industrial 

zone 

houses 

RI1 387.79 ± 121.42 181.33 ± 61.25 

RI2 303.42 ± 98.69 122.47 ± 31.78 

RI3 267.77 ± 42.99 156.75 ± 50.06 

 

Conclusion 

The results obtained from the questionnaire surveys and 

sampling in 90 houses indicates that indoor activities are 

responsible for the concentration of fine particulate in houses 

located in three different types of indoor environments. Road 

side houses have shown higher concentrations of PM2.5 as 

compared to industrial zone houses and the residential houses. It 

may be due to indoor activities like smoking, burning of 

biomass fuel such as wood, cow dung and improper ventilation 

of the houses.  

 

The higher concentration of PM2.5 is attributed due to the influx 

of outdoor vehicular emissions which retains inside houses. The 

obtained data was compared with AQG (Air Quality Guidelines) 

given by WHO for PM2.5. It was observed that concentration of 

PM2.5 was several folds higher in different indoor environments 

located in the study area. 
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Figure-1:  Concentration of PM2.5 in Winter. 

 

 
Figure-2: Concentration of PM2.5 in summer. 
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