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Abstract: Air pollution is the introduction of chemicals, particulate matter, or biological
materials that cause harm or discomfort to humans or other living organisms, or cause damage
to the natural environment or built environment, into the atmosphere. Cities and towns play a
vital role in promoting economic growth and prosperity. Although less than one-third of
India’s people live in cities and towns, these areas generate over two-third of the country’s
income and account for 90% of government revenues. In the coming years, as India becomes
more and more urbanized, urban areas will play a critical role in sustaining high rates of
economic growth. Due to urbanization there has been growth observed in the vehicular
population in India, giving rise to elevated levels of traffic related pollutants like carbon
monoxide, nitrogen oxides, hydrocarbons, and the particulates in Indian urban centers. These
pollutants can have both acute and chronic effects on human health. Thus air quality
management needs immediate attention. In this article the work done by various researchers
on air quality of Indian cities are presented. It has been observed that the air quality of Indian
cities is polluted due to spreading of various pollutants in the atmosphere.
Keywords: Urban Transport, Vehicular Emissions, Pollutants, Air quality, Effects.
I. INTRODUCTION
The definition of ‘urban’ varies from nation to nation. The definition of ‘urban’ in the Indian
context is: ‘The towns (places with municipal corporation, municipal area committee, notified area
committee or cantonment board), all places having 5000 or more inhabitants, a density of not less
than 400 per square kilometre, pronounced urban characteristics and at least three fourths of the adult
male population employed in pursuits other than agriculture, are treated as urban areas’. According
to the 2001 census (Table I), India has 393 towns with a population of more than 0.1 million. Also,
during the second half of the last century, the number of Cities in India with a population of one
million and above has steadily increased from 5 million in 1951 to 35 million in 2001, which is
expected to further increase to 70 million by 2025.
Table I. Urban conglomerations in India according to 2001 census

Class

Population size

Class I
Class II
Class III
Class IV
Class V
Class VI
Unclassified

100,000 and above
50,000–100,000
20,000–49,999
10,000–19,999
5,000–9,999
Less than 5000

Number
393
401
1151
1344
888
191
10

Indian cities have registered an astronomical growth in registered motor vehicles in the last decade
(Figure 1).
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Fig. 1 Growth of India’s motor vehicle fleet by type of vehicle from 1951 to 2004 (in millions)

Booming economy, aspirations to own a car, unmatched public transport (with respect to demand,
comfort or both), the government’s encouraging policies (open car market, easy loan schemes), etc.
are a few reasons for increasing motorization at a rapid rate. From 1981 to 2001, population
increased by 1.9 times in six major metropolises but the number of motor vehicles increased by 7.75
times. Also, energy demand in transport sector is to grow at 5–8% per annum. The estimates of
vehicular growth are unimaginable and threatening. For example, Table II shows that cars and SUVs
will increase13-fold in 2035 with respect to 2005 statistics under the do-nothing scenario [13].
Table II. Forecast of vehicle populations in India (in million vehicles)

Population 2005
2008
2015
2025
2035
2-W
35.8
46.1
87.7
174.1
236.4
3-W
2.3
3.0
5.3
8.8
13.1
HCV
2.4
2.9
4.6
9.1
16.2
LCV
2.4
3.2
5.7
12.5
26.9
Car, SUV
6.2
8.8
18.0
41.6
80.1
Grand total 49.1
63.9
121.3
246.1
372.7
Note: 2-W, two-wheeler; 3-W, three-wheeler; HCV, Heavy commercial vehicles; LCV, Light commercial vehicles;
SUV, Sports utility vehicles.

II. AIR QUALITY
The Air is the most vital component, without which the question of survival does not arise beyond
a few minutes. A human being of normal health and height respires 22,000 times in a day and the air
utilized in course of such respiration is about 20 times more than the quantity of food consumed by
him. Normal air contains about 78%nitrogen and 21% oxygen, the remaining 1% is made up of
carbon dioxide and several other trace gases. Human beings can live for weeks without food, for
several days without water, but for only minutes without air. Many other compounds e.g. SO2, NOx,
O3 etc. are also present in much lower concentration than those particulars, in varying amounts and
sizes, are present in air, depending upon the meteorological, typographical and industrial activities of
the areas under examination. Existing cities are expanding, new cities are being created, and adjacent
cities are merging. As transportation systems are increasing everywhere. Therefore, air pollution has
become a growing problem in cities throughout the globe, and transportation is recognized as the
major source of air pollution in many cities. In developing countries the air quality crisis in cities
often attributes in large measures (40–80%) to vehicular emission. Despite the improved
performance of technology is presently insufficient to counteract the growth of vehicles and
associated pollution problems. Thus, it is necessary to evaluate the status of urban air pollution

Available online @ www.ijntse.com

155

Shinde S. M, Dr. Karjinni V. V/ International Journal of New Technologies in Science and Engineering
Vol. 2, Issue 2,Aug 2015, ISSN 2349-0780

continuously and to assess its impact on human health and plants. So that proper imitative measures
can be implemented [10].

A. Motor Vehicle Emissions and Impacts
Vehicles emit large quantities of carbon monoxide(CO), hydrocarbons (HC), nitrogen oxides
(NOx), particulate matter (PM), sulfur oxides (SOx) and such toxic substances as benzene,
formaldehyde, acetyl aldehyde, 1.3-butadieneand (where lead is still added to gasoline) lead. Each of
these, along with secondary by-products such as ozone and small particles (e.g. nitrates and sulfates),
can cause serious adverse effects on health and the environment. Because of growing vehicle
populations and resulting emissions, the fraction of health damaging pollution due to motor vehicles
remains significant throughout the developed world and is rising in many cities in the developing
world [14].
B. Air Quality Standards
Table III summarizes the updated WHO Air quality guideline levels. They are to be achieved
everywhere in order to significantly reduce the adverse health effects of pollution. Table IV
summarizes the National Ambient Air Quality Standards (NAAQS) of India.
Table III. Updated WHO Air quality guideline values

Pollutant

Averaging Time

AQG Value
(µg/m3)

1 year
Particulate Matter
PM2.5

10

th

24 hour (99 percentile)

25

1 year
PM10

Ozone, O3

20

24 hour (99th percentile)

50

8 hour, daily maximum

100

1 year
Nitrogen Dioxide,
NO2

40

1 hour

200

24 hour
Sulfur Dioxide,
SO2

Table IV: National Ambient Air Quality Standards (NAAQS) of India

20

10 minute

500

C. Various Effects of Air Pollution
Table V. Shows that health effects of air pollution [12].
Table V: Health effects of air pollution
Pollutant
Oxidant (Ozone and
other)

Short Term Health
Effects
Difficulty in breathing,
chest tightness
coughing

Total Suspended
Particulate Matter

Increased susceptibility
to other pollutants

Sulphate Particles

Increased asthma

Long Term Health
Effects
Impaired lung function,
increased susceptibility
to respiratory infection
Many components of
TSP are toxic and
contribute to silicosis
Reduced lung function
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Nitrogen Dioxide

attacks

when oxidant is also
present

Similar to ozone but at
higher concentrations

Increased susceptibility
to respiratory infection

III. METHODOLOGY
It has been seen from literature, that many researchers were used high volume method for
sampling the pollutants like, PM, SO2, NOx etc. The sampling locations, sampling period were
decided as per CPCB Norms. The observed results were check with the National Ambient Air
Quality Standards (NAAQS) of India.
A. Sampling And Analysis
The samples were collected from urban roadways exposed to vehicular emission. Standard
method was followed given by Central Pollution Control Board (CPCB) for sampling and analysis of
NO2, and SO2.
According to the CPCB (Central pollution control board) the methods prescribed for the pollutant
gases and the particulate pollutants are very sensitive ones yet percentage of errors are very less. The
methods prescribed for the gases SO2, NOx and the particulate pollutants TSP, PM10 are
respectively:
.
(i) Modified West and Gaeke method
(ii) Modified Jacob Hochheiser method
(iii) High Volume method
(iv)Cyclonic flow technique
IV. RESULTS AND DISCUSSIONS
The Mysore has a rapid development in urban area in demography, migration, transportation, or
industrial sector. The Mysore will be the second metropolitan city in Karnataka in which it
has10,48,510 (projected) lacks of population as per 2011 census and 43 villages will be amalgamated
to corporation. The intensity, quantity, and frequency of either urban, suburban and movement with
other cities are the same factor of increasing transportation problem in Mysore city; especially in
transportation utility development ply with demand. The dependency of urban population on
transportation systems on fossil fuels is quite high due to increase by private vehicles. The traffic
congestion contributes greater to deteriorating environment in urban communities. In the last few
years, about 70% of ambient-air quality degradation in Mysore is affected by transportation
activities. Based on Statistics of department of road transport offices (RTO) in Mysore (2011) the
increasing of motor vehicle in Mysore has gone to 4, 38,003 (31stMarch 2011) (estimated and
Projected) till this year. While transportation activities could effect on positive impact like the
increasing economic activity, or negative impact on increasing of street capacity could effect in
decreasing ambient air quality and also decreasing on public health quality.
The Karnataka State Pollution Control Board (KSPCB, Mysore) conducts the monitoring of ambient
air in city every month for 24 hours twice a week. There are two conventional ambient air quality
monitoring centers in Mysore — one located at K. R. Circle and the other at Hebbal, and Nanjanagud
an industrial area. The K.R. Circle unit measures the pollution level caused by vehicular traffic while
the one at Hebbal measures residential pollution and the Kallahalli near Nanjangud (nextto M/s
Jublient Organosys) measure the pollution of Industrial region.
The data shows the number of registered and share of different modes of vehicles in Mysore city for
the year 2011.The emissions from road is based upon the number of vehicles and distance travelled
in a based on vehicle type. The assumption has made based on the articles on distance travelled. One
such study is conducted by Singh 2006 states that annual utilization of vehicles such as buses, omni
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buses, 2 wheelers, light motor vehicles, cars and jeeps and taxi were assumed to run 100000,100 000,
6300, 33 500, 12, 600 and 12 600 km respectively (buses, 2 wheelers, car and auto rickshaw) . There
are similar works are carried out by the Ministry of petroleum, Ministry of highways etc. The
emission from the vehicles and the distance travelled is shown in the table below [7].

Table VI: Vehicle travelled in a day and their emissions in 2010

The reasons for faster urbanization of Rohtak may be due to its being very near to Delhi.
Rohtak has seen tremendous increase of vehicles with uncontrolled exhaust. Air pollution in Rohtak
city is increasing day by day due to vehicular exhausts. Hence in the present study ambient air
quality of Rohtak city has been monitored. Six sampling sites were selected in Rohtak city located at
70 kms from Delhi (a metropolitan city) towards North having an area of 441100 ha on the basis of
vehicular density and population i.e.: University campus (low traffic density, thin populated);Delhi
bye pass (High traffic density, low populated);Medical mor. (City centre, moderate traffic, thickly
populated); New bus stand (High traffic density and thickly populated); Bhiwani stand (High traffic
density and thickly populated); Hissar road (High traffic density and moderate populated).
The study has shown variation in the pollutant (SO2, NO2, O3, and SPM) levels during winter,
summer and monsoon season in the city ambient air quality.

Fig. 2: Concentration (µg m-3) of SO2 at different sites of Rohtak city

Fig 3: Concentration (µg m-3) of NO2 at different sites of Rohtak city
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Fig. 4: Concentration (µg m-3) of O3 at different sites of Rohtak city

Fig 5: Concentration (µg m-3) of SPM at different sites of Rohtak city

In the above study, the concentrations of SPM, NO2 and SO2 were observed maximum in winter
season in comparison to summer and monsoon season. During winter season there is increased
atmospheric stability, which in turn allows for less general circulation and thus more stagnant air
masses. It prevents an upward movement of air, hence atmospheric mixing is retarded and pollutants
are trapped near the ground. The Hisar road was severely polluted site among all the selected sites.
University campus was fairly clean sits. Pollution level of the two sites revealed a fact that there was
a lot of difference between them. SPM was the biggest concern for the city and for the residents the
situation is alarming [11].
Aligarh is medium sized city located in fertile tract of Ganga-Yamuna doab in north India in
the western part of the Uttar Pradesh. Present study was undertaken to determine the status of indoor
air quality due to vehicular concentration indifferent highways/ bypass of Aligarh city. It lies
between the parallels of 27° 28´ and 28° 10´ north latitude and 77° 29´ and 78° 36´ east longitude. As
per provisional reports of census India, population of Aligarh in2011 is 872,575; of which male and
female are 463,123 and 409,452 respectively. The main concern of the study is to determine the
concentration of sulphur dioxide (SO2), nitrogen dioxide (NO2), suspended particulate matter at
different highways/bypass entering into the Aligarh city with the help of Kimoto air handy sampler
HS-7. The observation of indoor air quality status in Aligarh due to vehicular traffic outside with
respect to sulphur dioxide, nitrogen dioxide, suspended particulate matter concentration measured
from September to October 2012 at 8 sites.

Fig 6: Conc. (µg m-3) of SO2 at different sites of Aligarh city

Fig. 7: Conc. (µg m-3) of NO2 at different sites of Aligarh city

Sulphur dioxide concentration ranges from 1.97 μg/m³ at Eta road to 24.24 μg/m³ at Atrauli road.
The sulphur dioxide concentrations at all the sampling location were found below the NIOSH &
WHO standard (8h weighted mean). The sulphur dioxide concentration at Atrauli road & Kwarsi
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Chauraha were found to high as compared to another sampling points it might be because of the
burning of coal at sweet shop outside the sampling room in which the sampling has been carried out.
Nitrogen dioxide concentrations at different sampling points were found to be 8.78 μg/m³ to 24.97
μg/m³. Houses located at highways/ roadways experience high traffic containing higher
concentration of nitrogen dioxide due to the emission from heavy and light vehicles. The
concentration of nitrogen dioxide in the indoor environment is also influenced by ventilation and
presence of heating appliances present in the houses. The nitrogen dioxide concentrations at all the
sampling location were found below the NIOSH & WHO standard (8h weighted mean).
SPM concentration ranges from 347 μg/m³ to 2173 μg/m³. Suspended particulate matter
concentrations were found to be much higher than WHO Threshold limit (100 μg/m³- PM10).
In India just because of the poor road conditions, houses located roadside have very high
concentration of PM in indoors. In the present monitoring, it was found that PM concentration were
very high in the houses located at Sasni Gate Chauraha, Agra Road, Sarsaul Chauraha because of the
heavy traffic at these locations also experience traffic jam in the peak hour.

Fig. 8: Concentration (µg m-3) of SPM at different sites of Aligarh city

All the gases pollutants were found to be within permissible limit but SPM concentration exceed the
permissible limit making it an important pollutant for assessing potential impact [1].
Pune’s vehicular population going on increasing at faster rate this is due to urbanization of
Pune city. City is expanding at faster rate because of industrialization Pune is emerging as IT park
city it provides a source of employment and also Pune is major corridor of education which attracts
the people from other state migrating to urban areas. Another reason decreasing cost of vehicles (at
affordable rate), different companies are also coming with vehicle loans.

Fig. 9: RTO registered vehicles of Pune city
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Two locations Swargate Junction and Karve Road were selected for the analysis of vehicle traffic.
The selection site was based on factors like traffic density, pollution status and traffic congestion.

Fig. 10: Vehicle count at Swargate, 2008

Fig. 11: Vehicle count at Nal Stop, 2008

From traffic density it is observed that at selected locations two wheelers count is around 50%, Auto
rickshaw is around 14%, 4Wheelers is 23-30%, buses 1-3% . The numbers of vehicles registered in
2008 were 16,22,675. While in year 2011 reached to 20, 88,093. The number of two wheelers has
gained increase of 45% from 2008 to 2011.

Fig. 12: Air quality at Swargate

Fig. 13: Air quality at Nal Stop

Air Quality of Swargate and Nal Stop was shows that SPM and RSPM concentration levels at all the
location are above the standard limit given by National Ambient Air Monitoring Standards
(NAAQS) given by CPCB. NOx concentrations in 2011 were above limit given by NAAQS. SO2
concentration levels were observed to be within the limits.
Vehicles have been identified as the major source of air pollutants in metropolitan cities. At
Swargate & Nal Stop vehicles increased was calculated and compared with air quality it was
observed that Air quality concentrations at Swargate was more than Nal stop, Although there were
more vehicles at Nal Stop than Swargate that could be due to more traffic congestion, more public
vehicles and more traffic signals at Swargate than Nal Stop. It is observed that petrol vehicles are
contributing more pollution that any other fuel vehicles. And there are 91% petrol vehicle registered
from 2009 to 2011 while diesel vehicles were 8%. [5].
The six cities selected for the urban air pollution study are Pune (Maharashtra); Chennai
(Tamil Nadu); Indore (Madhya Pradesh); and Ahmadabad, Rajkot, and Surat (Gujarat). The vehicle
fleet information utilized in this study comes from multiple sources and compiled for multiple years
with the base year mentioned next to the total vehicle fleet size.
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Table VII: Baseline vehicle inventory for the six cities

Fig.14: Location of the six cities

For the emissions inventory calculations, the categories are clubbed into cars, multi‐utility vehicles
(including jeeps, ambulances, police vans), motor cycles, 3 wheelers, city buses, short haul buses
(including school buses), light duty commercial vehicles and heavy duty commercial vehicles
(including trailors, tractors). The total fleet size is the highest for Chennai at ~3.8 million registered
vehicles in the city and fleet percentages.

Fig. 15: Vehicle fleet composition in the six cities
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TR = transport; BK = brick kilns; GS = generator sets; DOM = domestic fuel combustion; CMQ = construction material processing at quarries; RD =
road dust; WB = open waste burning
Fig. 16: Contribution of major sources to PM10 emissions inventory

Fig. 17: Contribution of major sources to PM2.5 emissions inventory Fig. 18: Contribution of major sources to CO2 emissions inventory

Among the fuel burning sources of PM, the transport sector is the dominant source, especially the
diesel based trucks. Overall, the resuspension of dust due to constant vehicular movement on the
roads is a growing problem in the cities. The road dust dominates the coarse fraction of PM (with
particle diameter between 2.5 and 10 micron meter) and thus its dominance in the PM10 emissions
inventory with percentages ranging from 22 to 44. All the cities, except for Rajkot are surrounded by
brick kilns and their emissions contribute 6 to 15 percent of the emissions and similar fractions to the
ambient pollution. Among the size fractions, PM2.5 is considered more harmful than PM10. With
PM2.5 as the controlling pollutant, the direct vehicle exhaust is the largest contributor and with PM10
as the controlling pollutant, the road dust is the largest contributor.
Overall, the conclusion of the 2006‐07 study carried by the MoEF and CPCB is that the transport
sector (directly and indirectly) is responsible for most of the ambient PM pollution in Pune, followed
by contributions from the brick kiln industry, open waste burning, and domestic sector. In this study,
the percentage contributions from various sectors have remained similar with additional sectors like
brick kilns and quarries contributing to the local pollution problems [6].
V. CONCLUSIONS
Booming economy, aspirations to own a car, unmatched public transport, the government’s
encouraging policies like, open car market, easy loan schemes, etc. are a few reasons for increasing
motorization at a rapid rate. Automobiles are considered to be the primary source of urban air
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pollution. Pollutants from automobile sources are emitted near large number of people. As source –
receptor distances are short and concentration can be high, which may affect health of the people
adversely.
This paper evaluated the review of various research papers for predicting concentrations of
traffic pollutants in urban Indian cities. It has been found that, the concentrations of various
pollutants in urban air including particulate matter, SO2, NO2 which exceeding the NAAQS of
various Indian cities.
A major limitation of air quality monitoring in India is unavailability of high quality databases as
well as latest equipments and technology. Regulatory agencies needs to strengthen the monitoring
network as well as more number of pollutants like Carbon monoxide, Ozone, VOCs, needs to be
included.
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