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ABSTRACT 
Rapid urbanization and growth of motor vehicles impose a serious effect on  human life and its 
environment in recent years. Most of the cities of India are being suffered by extremely high 
level of urban air pollution particularly in the form of CO, SO2, NO2, PM (Particulate Matter) 
and RSPM (Respirable Suspended Particulate Matter). Transport sectors contributes a major 
share to environmental pollution (around 70%). A among these pollutants CO is the major 
pollutant coming from the transport sector, contributing 90% of total emission. Hydrocarbons 
are next to CO .It is indeed interesting to observe that the contribution of transport sector to the 
particulate pollution is as less as 3-5%, most of the SPM (Suspended Particulate Matter) are 
generated due to re-suspension of dust out of which  PM10 is the most prominent air pollutant. 
NOx is another important air quality indicator. All these situations indicate that air pollution 
becoming a major problem in Indian context and there is an essential need to built up healthy 
environment and increase level of research around the world. The present study is a review of an 
assessment model for emitted pollutants and effective strategies to reduce air pollution due to 
road transport. 

Key Words : Air pollution, Road traffic, Transport modeling, Vehicle emission, Pollution 
standard, PM10 ( Particulate Matter with diameters less than 10 micron.) 

 
INTRODUCTION 

Air pollution is one of the serious 
environmental concerns of the urban Asian 
cities including India, where majority of the 
population is exposed to poor air quality. It 
causes health related problems such as 
respiratory disease, risk of developing cancer 
and other serious ailments etc. and also 
contributes to tremendous economic loss 
especially in the sense of financial resources 
that are required for giving medical assistance 
to the affected people. Most of the Indian cities 
are also experiencing rapid urbanization and 
the majority of the country’s population is 
expected to be living in cities within a span of 
next two decades. 
It  has also resulted in a tremendous increase in 
the number of motor vehicles. The vehicle 
fleets have even doubled in some cities in the  

last one decade. This increased mobility, 
however come with a high price. Vehicles are 
now becoming   the   main source of air 
pollution in urban India. The growth rate of 
vehicles is the backbone of economic 
development and the Indian automotive 
industry (the second faster growing in the 
world). About 7-8  million vehicles are 
produced annually in the country today. In 
2011 country reported 141.8 million registered 
motor vehicles (Table 1 and Fig.1). A 
motorization rate in India is 26 vehicles per 
1000 population,  and this is  lower than many 
developing countries throughout the world 
(Brazil-222/1000 population in 2012,  South 
Africa 153/1000 population.), but over the last 
three decades number of motor vehicles has 
been doubling against a 2-5% annual growth 
rate in Canada, the US, the UK and Japan.1 
Automobiles are the primary source of air 
pollution    in   India’s   major   cities.  In India  *Author for correspondence 
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transport sector emits an estimated 261 tones 
of CO2, of which 94.5% is contributed by road 
transport. According to data out of total 3,000 
metric tones of pollutants belched out every 
day, close to two-third (66%) is from vehicles 
in Delhi. Similarly, the contribution of vehicles 
to urban air pollution is 52% in Bombay and 

close to one-third (33%) in Calcutta.2 The 
transport sector in India consumes about 17% 
of total energy and responsible for 60% 
production of the GHG from various activities. 
The pollution from vehicles is due to discharge 
like CO; unburnt HC, Pb.NO2 and SO2 and 
SPM mainly from tail pipes.3 

Table 1: Registered motor vehicles in India 

Year No. of motor vehicles (in millions) 
2004 72.7 
2005 81.5 
2006 89.6 
2007 96.7 
2008 105.3 
2009 115.0 
2010 127.7 
2011 141.8 

Source : Road Transport Year Book 2012 

 
Fig. 1 : Registered motor vehicles in India 

In India, the number of motor vehicles has grown 
from 72.7 million in 2004 to approximately 
141.8 million in 2011, of which two wheelers 
(mainly driven by two stroke engines) accounts 
for approximately 72% of the total vehicular 
population (Table 2 and Fig. 2).  There is a 
direct relationship between road transport 
system and air pollution in a city. Vehicular 
emissions depend on vehicle speed, vehicle-
km, age of vehicle, and emission rate. In 
general,   the   average   peak   hour  speed in  

Indian cities are far less than the optimum one. 
Growing traffic and limited road space have 
reduced peak-hour speeds to 5-10 Km/h in the 
central areas of many major cities. We must 
retain that the estimation of road transport 
pollutant emission should allow significant 
disaggregation of the result:  By fuel type and 
composition, by vehicle type, by emission 
standard. In general one differentiates also 
emission produces in and out of city, and also 
time scale can be necessary, depending on the 
objectives of the environmental assessment. 
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Table 2: Composition of vehicles population (% of total)1 

As on  
31st 

March 

2W 4W Buses Goods  
vehicles 

Other 
 vehicles 

Total 
(in 

millions) As % of total vehicle population 
2004 71.4 13 1.1 5.2 9.4 72.7 
2005 72.1 12.7 1.1 4.9 9.1 81.5 
2006 72.2 12.9 1.1 4.9 8.8 89.6 
2007 71.5 13.1 1.4 5.3 8.7 96.7 
2008 71.5 13.2 1.4 5.3 8.6 105.3 
2009 71.7 13.3 1.3 5.3 8.4 115.0 
2010 71.7 13.5 1.2 5.0 8.6 127.7 
2011 71.8 13.6 1.1 5.0 8.5 141.8 

Source: Road Transport Year Book 2012 

Fig. 2 : Composition of vehicles population (% of total) 

DISCUSSION 
The approaches in the field of modeling air 
pollution from road traffic can be categorized 
in two categories : 
(i) Macroscopic  
(ii) Microscopic 
Macroscopic  
In a this model the traffic is represented as a 
compressible fluid and the movement of each 
vehicle cannot be monitored. In the 
macroscopic representation road traffic is 
associated with compressible fluid, so the fluid 
mechanics theories can be applied. The road 
traffic is characterized by three variables : 
Traffic flow (Volume), Speed of vehicle and 
traffic congestion (density). Supporting this 
theory is the relationship between these three 
parameters as in equation  

           Q = D* V----------------------- (i) 
Where Q [vehicle/hour] is the traffic volume. 
           D [vehicle/km] is the traffic density. 
           V [km/hour] is the speed.  
With Q=1/h, D=1/s where h [hours] in 
succession interval, s [km] is the distance 
between successive vehicle. 
Now total traffic volume in (vehicle*km) 
QT = ∑ Mi    (Mi – Mileage of   i type vehicle) 
= ∑A (Mi)    (A (Mi) – Average Mileage of   i 
type vehicle) 
 =   A (Mi) *N (N- total no of vehicles.)              
And           Qtotal =   ∑ QT    on a road link. 
                          =   ∑   Q on a road link* Tp*Rl                
Where Q- Traffic volume (in vehicle/time 
unit),  
Tp- Time period, Rl- Length of road link. 
Since, in the macroscopic approach the traffic 
is    treated    as   a   continuous   flow,  It is not  
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possible to get  a detailed representation of travel 
speed variation associated with individual or 
categories of motor vehicle type, which compose 
the traffic flows. This issue creates limitation on 
the traffic modeling of macroscopic level. 
Microscopic 
Since, the speed fluctuation shows a considerable 
importance in modeling of air pollution by road 
transport. Therefore we can use microscopic 
representation  as an alternative way to the 
macroscopic representation of traffic flow to 
account the individual behavior of vehicles and 
are used to forecast.The likely impact of changes 

in traffic conditions, these models quantify the 
emission at the level of each vehicle in the 
structure of traffic flow, being taken in to account 
the parameter that characterized the movement of 
the vehicle such as – instantaneous speed, 
acceleration, motor-ization category(types of 
vehicle), the total emission associated with traffic 
flow are obtained by aggregating the specific 
emission for each motor vehicle.4 In recent years, 
growth in computing power has enabled more 
practical use of traffic micro simulation models. 
The structure of such models can be represented 
in the following manner (Fig. 3 and Fig. 4). 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Fig. 3 : Structure of the microscopic model for estimating pollutants emission from road traffic 
 

 
 
 
 
 
 
 
 
 
 

 

 
 
 

Fig. 4 : Representation of the intersections between various levels of information as regards 
traffic statistics 

Concentration of pollutants at each receptor. 
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Estimation of emission 
Emission from the road transport sector 
depends mainly on the fuel. Apart from type   
of   combustion   engine,   emission  mitigation  
techniques, maintenance procedures and 
vehicle age. Diesel is used as fuel in public 
transport and in cargo vehicles, cars and jeeps, 
used as gasoline. The major pollutants emitted 
from road transport are CO2, CO, NOx, N2O, 
SO2, VOC, PM, and HC. Emission from road 
traffic was estimated based on the number of 
vehicles and distance travelled in a year per 
different types of vehicle. This is given in 
following equation.5 

Ei=∑ (Vj*Dj)*Eij,km 

Where Ei =Emission of compound (i) 
Vj = Number of vehicle/type (j) 
Dj = Distance traveled in a year per different 
vehicle type (j) 
Eij,km = Emission of compound (i) from vehicle 
type (j) per driven km. 
Emission from different vehicle type of 
India  
The emission calculated for different type of 
road vehicles are summarized in Table 3 and 
Table 4 which shows the estimated pollution 
load in Indian cities. 

Table 3 : Emission from different vehicles of India  

Categories CO2 CO NOx SO2 PM HC 

Bus 28748.16 207.26 679.73 79.24 31.36 51.72 

Omni Buses 8508.42 60.94 200.53 23.45 9.28 15.11 

2-Wheeler 8701.08 719.64 62.15 4.25 16.36 464.49 

LMV(Passenger) 4378.10 370.29 92.93 2.11 14.52 10.16 

LMV(Goods) 44654.58 442.04 110.94 123.02 17.33 12.13 

Cars and Jeep 23901.22 212.30 22.14 5.67 3.22 38.01 

Taxi 2367.08 10.23 5.68 117.05 .80 1.48 

Others 5705.22 57.41 64.54 32.19 3.98 8.96 

Source : CPCB website, 

Table 4 : Estimated pollution load in Indian cities 

City Pollution load in metric tons per day 

 CO NOx HC PM 

Delhi 421.84 110.45 184.37 12.77 

Mumbai 189.55 46.37 89.93 10.58 

Kolkata 137.50 54.09 47.63 10.80 

Chennai 177.00 27.30 952.64 7.29 

Bangalore 207.04 29.72 117.37 8.11 

Hyderabad 163.95 36.89 90.09 8.00 

Kanpur 28.73 7.25 11.70 1.91 

Agra 17.93 3.30 10.28 .91 

Source : Auto Fuel Policy Report  
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Health effects of vehicular pollution 
Besides substantial CO2 emissions, 
significant quantities of CO, HC, NOx, SPM 
and other air toxins are emitted from these 

motor vehicles in the atmosphere, causing 
serious health impacts.The pollutant wise 
health effects are summarized in the 
following manner (Table 5). 

Table 5 : The pollutant wise health effects 

Pollutants Effects on health 

CO(carbon mono 
oxide) 

Affects the cardio vascular system , nervous system impairing 
physical  coordination, vision and judgment, creating nausea and 
headaches, reducing productivity and increasing discomfort. 

NOx(nitrogen oxide) Causes susceptibility of infection pulmonary diseases, impairment of 
lung function and eye, nose and throat irritations. 

SO2(sulphur dioxide)  Affects lung function adversely. 

SPM and RPM 
(Suspended particulate 
matter and repirable 
particulate  matter 

Fine particulate matter may be toxic itself or may carry toxic trace 
substance and can alter the immune system. Fine particulates 
penetrate deep into the respiratory system irritating lung tissue and 
causing long term disorders. 

HC(Hydrocarbon) Potential to cause cancer. 
 

Some specific reasons for increasing vehicular 
pollution problem in urban India are as follows:2  
1. High vehicle density in urban cities. 
2. Older vehicles predominant in vehicle 

vintage. 
3. Predominance of private vehicles especially 

cars and two wheelers. 
4. Unsatisfactory public transport system 

causing higher idling emissions and traffic 
congestion. 

5. Absence of adequate land use planning in 
development of urban and rural areas 
thereby causing more vehicle travel and fuel 
consumption. 

6. Improper traffic management system and 
road conditions. 

7. Inadequate inspection and maintenance 
facilities. 

8. Increasing number of skyrocketing building 
in urban areas causes stagnation of the 
vehicular  emission to the ground level and 
unable its proper dispersion. 

Emission standard 
On 6th October 2003, a national auto fuel policy  
was announced, which envisaged a phased 
program for introducing Euro 2-4 emission and 
fuel regulation by 2010. The implementation 
schedule of EU emission standards in India is 
summarized below in Table 6 to Table 8.6 

Table 6 : Indian emission standard for 4- wheel vehicles 

Standard Reference Date Region 
India 2000 Euro I 2000 Nationwide 

Bharat Stage II Euro 2 
2001 NCA*, Mumbai, 

Kolkata, Channai 
2003.04 NCR*,13 cities** 
2005.04 Nationwide 

Bharat stage III Euro 3 2005.04 NCR*,13 cities** 
2010.04 Nationwide 

Bharat stage IV Euro 4 2010.04 NCR*,13 cities** 
*National Capital region (Delhi) 
** Mumbai, Kolkata, Chennai, Bangalore, Hyderabad, Ahmadabad, Pune, Surat, Kanpur, Lucknow, Sholapur, 
Jamshedpur and Agra 
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Table 7 : Indian emission standard for 3- wheel  and 2-wheel gasoline vehicles, 
(g/km) 

 3 Wheeler Gasoline vehicles 2 Wheeler Gasoline vehicles 
Year CO HC HC+NOx CO HC HC+NOx 
1991 12-30 8-12 - 12-30 8-12 - 
1996 6.75 - 5.4 5.5 - 3.6 
2000 4 - 2 2 - 2 

2005(BS II) 2.25 - 2 1.5 - 1.5 
2010.04(BS 

III) 1.25 - 1.25 1 - 1 

Table 8 : Indian emission standard for Gasoline vehicles (GVW< 3,500 kg), g/km 

Year Reference CO HC HC+NOx NOx 
1991 - 14.3-27.1 2.0-2.9 -  
1996 - 8.68-12.4 - 3.00-4.36  
1998* - 4.34-6.20 - 1.50-2.18  
2000 Euro 1 2.72-6.90 - 0.97-1.70  
2005** Euro 2 2.2-5.0 - 0.5-0.7  
2010** Euro 3 2.3 

4.17 
5.22 

.20 

.25 

.29 

 
 
- 

0.15 
0.18 
0.21 

2010** Euro 4 1.0 
1.81 
2.27 
 

0.1 
0.13 
0.16 

 
 
- 

0.08 
0.10 
0.11 

Source : CPCB website.*For catalytic convertor fitted vehicles. ** In selected cities. 

Measures to control air pollution:  
Pollution Control Technology 
For petrol vehicles ‘Three way’ catalysts, 
precise engine,  fuel controls and evaporative 
emission control have been quite successful.  
More advanced versions of these technologies 
can reduce smog-forming emissions from new 
vehicles by a factor of 10.For diesel vehicles 
‘Two way’ catalysts and engine controls have 
been able to reduce hydrocarbons and CO 
emissions but NOx and toxic particulate matter 
emission remain very high. 
Cleaner fuel quality 
petrol and diesel contain significant amount of 
sulphur and other compounds that make it 
harder for existing control technology to keep 
vehicles clean. Fuel quality specification have 
been laid down by BIS (Bureau of India 
standards) for gasoline and diesel for the 
period  2000-2005 and beyond 2005 for the 
country, it becomes necessary to reduce its 
sulphur content, for which Bharat IV has been 
reduced    to   50ppm.  For   gasoline  lead  was  

phased out in the entire country w. e. f. 1 Feb. 
2000.7 
Alternative fuels such as natural gas, biodiesel, 
and ethanol can deliver benefits to the 
environment while helping to move the world 
away from dependence on oil. All these fuels 
inherently burn cleaner than diesel and petrol 
and have lower carbon content resulting in less 
CO2. The Indian auto industry is working with 
the authorities to facilitate for introduction of 
the alternate fuels. India has also set up a task 
force for preparing the hydrogen road map. 
LPG has been introduced as an auto fuel and 
the oil industry has drawn up plans setting up 
auto LPG dispensing stations in major cities.8   
Inspection and Maintenance (I & M) 
The  most important step to words emission is 
the formulation of an inspection and 
maintenance system. It is possible to reduce 
30-40% pollution load generated by vehicles 
through proper periodical inspection and 
maintenance of vehicles. I & M measures for 
in   use  vehicle are an essential complement to  
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emission standards for new vehicles. In Indian 
the existing I & M system is inadequate thus 
there is great need to establish effective 
periodic I & M system. 
Efficient public transport system 
The role of public transport varies widely in 
Indian cities. Polices for public transport to 
improve air quality can either consist of 
activities that clean the vehicles directly (e.g. - 
engine upgrades, use of alternative fuels) or 
can consist of activities that seek to influence 
model shift (i.e. increase switching to public 
transport.) 
An example of the use of alternative fuels has 
been witnessed in Delhi where the use of CNG  
was made compulsory for all public transport 
vehicles post year 2000. Similarly the 
implementation of Delhi Metro and Bus Rapid 
Transit System can be considered as an 
initiative for bringing about a change in 
transport means by people in general.  
Maintaining loyalty to public transport or 
attracting car and motorcycle drivers to switch 
to public transport is not easy in view of the 
status and convenience private vehicle usage 
confer but high quality, fast and accessible 
public transport service, whether by rail or bus, 
combined with other measures such as road 
pricing and parking restrains have proven quite 
successful in attracting car users specially 
when the road system is congested.7 

Other measures and personal contribution 
For making India a cleaner and greener place 
to live, it is responsibility of every citizen of 
the country irrespective of age or socio 
economic status to render their efforts and 
make this mission possible.8 

 Ban on commercial vehicles, which are 
more than 15 to 20 years old. 

 Replacement of all pre- 1990 autos and 
taxis with new vehicles, which use clean 
fuels. 

 Removal of 10 year old buses from the 
road unless they use CNG or some other 
clean flues. 

 Emission testing for all vehicles at regular 
intervals should be made mandatory. 

 Improve Traffic management /traffic flow 
on roads, reducing emission per vehicle 
kilometer traveled and enhancing mobility. 

 Special care should be taken while 
planning and providing facilities for 
elderly, physically       challenged, children 
and woman at the terminal to make them 
more mobile. 

 Complete banning of the motor vehicles 
from certain areas and declaring the same 
as pedestrian precincts has a salutary effect 
on the traffic situation. It increases the              
safety of the pedestrians.9,10 

 Availability of improved and efficient 
public transport facilities.  

 Adopt and popularize car-pooling. 
 Avoid congested road and rush hours to 

the extent possible. 
 Clean fuel filters, air filters and oil filters 

regularly. 
 Maintain recommended type pressure. 
 Awareness campaigns to help build public 

awareness right from the Public level. 

CONCLUSION 
Traffic flow estimation is a key issue in the 
modeling of air pollution due to road traffic. The 
emissions associated with traffic flow are 
evaluated by aggregating the specific vehicle 
emission at the individual level. Technical 
measures alone are insufficient to ensure the 
desired reduction of air pollution; they are 
necessary component of any effective strategy 
for limiting vehicular emission. Employed as part 
of an integrated transport and environmental 
program, these measures can buy the time 
necessary to bring about the needed behavioral 
changes in transport demand and the 
development of environmentally substantial 
transport system. In addition, use of alternative 
fuels and effective public transport system and 
management can ensure a substantial 
improvement in environmental conditions, 
despite continuing increases in vehicle fleets and 
their utilization. 
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