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ABSTRACT 

This study reports the analysis of the ambient air in Delhi city employing air quality index (AQI). The 

24-hourly average concentrations of four major criteria pollutants, viz. Suspended particulate matter 

(SPM), Respirable suspended particulate matter (RSPM), Sulphur Dioxide (SO2), and Nitrogen 

Dioxide (NO2) for the year2009 at three different locations in Delhi city (industrial at Mayapuri, 

commercial at Town Hall and residential at Sarojini Nagar) have been considered for this analysis. 

The AQIs were calculated using IND-AQI procedure. It has been observed that the calculated AQIs 

values SO2 and NO2 fall under ‘good’ and ‘good-to-moderate’ categories. The calculated AQIs values 

of SPM and RSPM fall under all the four categories with varying percentages. The overall AQI was 

found to fall under the category ‘poor’ and ‘very poor’ owing to RSPM and SPM, respectively. Thus 

it is observed that SPM is critical pollutant at these three sites in Delhi. 
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INTRODUCTION 

Delhi, the capital city of India, having a 

population of 13.8 million people spread 

over 1483km
2
 is one of the most polluted 

cities of the world (CPCB2001). It is 

estimated that about 3,000 MT of air 

pollutants are emitted every day in Delhi. 

The contribution of air pollution in Delhi 

are emissions from vehicles (67%), Coal 

based thermal power plants (13%), 

industrial units (12%) and domestic (8%) 

(CPCB 2001). During the last 15 years 

there is a steep increase in the vehicular 

population in Delhi which has contributed 

to majority in the air pollution emissions. 

Variety of pollutants are emitted into the 

atmosphere by natural and anthropogenic 

sources, of which particulate matters, 

sulphur oxides and oxides of nitrogen are 

having the significant role and increasing 

impact on urban air quality. Therefore an 

attempt was made to represent the overall 

air quality in the form of Air Quality Index 

(AQI). AQI is a tool, introduced by 

Environmental Protection agency (EPA) in 

USA to measure the levels of pollution due 

to major air pollutants. In the present study 

the AQI was calculated using IND-AQI 

specified by Sharma et.al. 2000, 2003b. 

The index has been developed based on 

the dose-response relationship of various 

pollutants. The index is named as IND-

AQI (Indian Air Quality Index) and is 

useful as it indicate the day to day changes 
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in air quality. This study was carried out 

for Delhi city. 

Materials & Method 

Monitoring in Delhi was carried out at 

three air quality monitoring sites namely 

industrial at Mayapuri, commercial at 

Town Hall and residential at Sarojini 

Nagar. Sampling was carried out at three 

different locations using High volume 

samplers (HVS) and Respirable dust 

samplers (RDS). The frequency of the 

sampling was twice a week and 104 

samples in a year. The collected samples 

were analyzed for various parameters 

using standard methods prescribed by 

central pollution control board (CPCB) 

and originally described by APHA (1977).
 

Particulate matter that is SPM and RSPM 

were estimated by gravimetric method. A 

known amount of air is drawn through pre- 

weighed glass fibre filter paper, GF/A at a 

flow rate of 0.8-1.3 m
3
/min on 8-hourly 

basis for 24 hours. Gaseous pollutants 

namely SO2 and NO2 were collected on 

four hourly basis for 24hours by drawing 

air flow of 1L/min and were analyzed by 

West and Geake and Jacob and Hochheiser 

method respectively. Concentrations of the 

pollutants were measured in 

micrograms/cubic meter (µg/m
3
). In the 

present study the AQI was calculated 

using IND-AQI. The index has been 

developed based on the dose-response 

relationship of various pollutants. The 

index is named as IND-AQI (Indian Air 

Quality Index). The major air pollutant, 

which could cause potential harm to 

human health has been included are SO2, 

NO2, SPM, RSPM (PM10), CO, and O3. 

Table 1:  Sub-index and breakpoint pollutant concentration for Indian Air Quality 

Index  

(IND-AQI)  

It may be recognized that concentrations of all six pollutants are not necessary to 

Sub-

index 

Category                                    Pollutants (µ/m
3)
 

SO2 NO2 SPM PM10 CO O3 

24-h avg. 24-h avg. 

24-h 

avg. 

24-h 

avg. 

8-h 

avg. 8-h avg. 

0-100 Good 0-80 0-80 0-200 0-100 0-2 0-157 

101-200 Moderate 81-367 81-180 201-260 101-150 2.1-12 158-235 

201-300 Poor 368-786 181-564 261-400 151-350 12.1-17 236-784 

301-400 Very Poor 787-1572 565-1272 401-800 351-420 17.1-35 785-980 

401-500 Severe >1572 >1272 >800 >420 >35 >980 
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calculate the index, although desirable. 

The index is so designed that at the 

minimum, three pollutants SPM, SO2, and 

NO2 are sufficient to calculate the index.  

The method involved formation of sub-

indices for each pollutant and aggregation 

of sub-indices. Table1 shows the linear 

segmented relationship for sub-index 

values and the corresponding pollutant 

concentrations that are calibrated to Indian 

conditions. (Sharma 2001, 2003). The 

mathematical equations for calculating 

sub-indices were developed by considering 

health criteria as shown Table1. 

 

Where IP is AQI for pollutant “P” 

(Rounded to the nearest integer), CP the 

actual ambient concentration of pollutant 

“P”, BPHI the upper end breakpoint 

concentration that is greater than or equal 

to CP, BPLO the lower end breakpoint 

concentration that is less than or equal to 

CP, ILO the sub index or AQI value 

corresponding to BPLO, IHI the sub index 

or AQI value corresponding to BPHI in 

Table 1. 

RESULTS & DISCUSSION 

Daily average concentration and calculated 

AQIs value of criteria pollutants like SPM, 

RSPM, SO2, NO2, have been plotted in 

graphs for the year 2009 for industrial 

(Mayapuri), commercial (Town Hall)  and 

residential (Sarojini Nagar)  sites of Delhi. 

Studies show that average concentration of 

suspended particulate matter (SPM) and 

respirable suspended particulate matter 

(RSPM) in all the three sites ranged 

between 162-1009µg/m
3 
and 62-664 µg/m

3 

at industrial,160-1140 µg/m
3 
and 48-619 

µg/m
3 
at commercial and 72-831 µg/m

3 

and 28-483
 
µg/m

3 
at residential sites 

respectively.  

The strong and medium winds during 

April to June create turbulent conditions 

and local disturbances in the environment 

which causes frequent dust storm and hazy 

conditions. These dust storms and hazy 

conditions build up high particulate matter 

levels in the ambient air, mostly 

constituting soil borne particles as shown 

in figure 1, 2 &3.Among the Gaseous 

pollutants the average concentration of 

SO2 and NO2, at all the sites ranged 

between2-28 µg/m
3  
and 17-110 µg/m

3 
at 

industrial, 2-28 µg/m
3 
and 15-107 µg/m

3 
at 

commercial and 2-18 µg/m
3  

and 16-94 

µg/m
3 

at residential sites respectively. 

Further the graph shows a gradual increase 

in concentration in case NO2 at commercial 

and residential sites during winter seasons. 
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Figure1 : Ambient concentration and air quality index of SO2, NO2, SPM and RSPM at 

Mayapuri site 
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Figure2 :Ambient concentration and air quality index of SO2,NO2, SPM,and RSPM at 

Town Hall site 
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Figure3: Ambient concentration and air quality index of SO2,NO2, SPM and RSPM at 

Sarojini Nagar site
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Meteorological conditions and 

photochemical activity are again presumed 

to be the primary cause of increasing the 

NO2 concentration. At such high 

temperatures, more nitrogen from the air 

compresses and reacts with oxygen in the 

combustion chamber of CNG driven 

vehicles in comparison to petrol driven 

vehicle and thus produces more NOx. 

(Goyal, P. et.al 2003). The maximum 

pollutant concentration occurs during 

winter months and a general trend of 

minimum values occurs in Monsoon. 

During the monsoon, frequent rains 

washes down the air borne particulates, 

therefore July to September is cleaner 

period in the year. However winter months 

are calm than other months. The calm 

conditions facilitate more stability to 

atmosphere and   results in slow dispersion 

of pollutants which leads to higher 

concentrations of pollutants in the ambient 

air. 

RESULTS OF AQI 

Data obtained from monitoring of ambient 

air at three different sites is used to 

calculate the sub- indices for critical 

parameters. The calculated AQI values for 

24 hourly average SO2 and NO2 

concentrations are categorized as good and 

good to moderate during the study period 

at all the three sites as shown figure4. The 

AQI values calculated for SPM  showed 

about 62%in industrial,55% in commercial 

and 47%in residential under very poor 

category and in case of RSPM the 

calculated AQI values varied about 54%in 

industrial,42% in commercial and 59%in 

residential sites under poor category. The 

overall air quality was assessed using 

AQIs. The AQIs were calculated for 

criteria pollutants SO2, NO2 RSPM and 

SPM using IND-AQI procedure. The 

overall AQI was found to fall under the 

category of poor to very poor due to 

RSPM and SPM respectively.  

CONCLUSION 

The overall AQI can give clear view about 

ambient air and the critical pollutant 

mainly responsible for the quality of air 

quality which can be easier for a common 

man to understand. The AQIs were 

calculated to assess the ambient air quality 

at three different sites namely the 

industrial, commercial and residential sites 

in Delhi during the year 2009. The AQIs 

were calculated according to Indian Air 

quality Index (IND-AQI).The AQI study 

reveals that Suspended particulate matter 

(SPM) was mainly responsible for 

maximum times in all sites in Delhi. The 

majority of AQI values of SPM fell under 

the category of very poor. Sharma et al. 

(2003b), Goyal.P (2001) also have 

identified SPM as the dominant pollutant 

in the index value more than 95% of the 

time at most of the locations in Delhi. 
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Figure 4: Percentage Occurrence of AQI Classes for Each AQ Parameter at different 

sites 
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This could be due to rapid increase in 

urban population, growth of vehicular 

population, frequent dust storms, 

infrastructure development like 

construction of flyovers, metro rail 

services etc.  Further, the daily average 

concentration and AQI for particulate 

matter shows a maximum pollutant 

concentration during winter months and a 

general trend of minimum values occurs in 

monsoon. Measures are being taken by the 

Delhi government to improve the quality 

of air. These measures include use of clean 

fuel CNG by vehicles, closure of industrial 

units, phasing out off older vehicles and 

encouraging people to use public transport 

means like metro rails and high capacity 

buses. 
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