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Abstract 

The unbridled growth of the vehicular population has resulted in the deterioration of 
environmental quality in urban areas in developing countries. The concentration of obnoxious 
gases like carbon monoxide and suspended particulate matter continue to pose a major health 
hazard for the public. In this respect, the urban roads of Chennai, one of the metropolitan cities 
in India, were chosen for the study. The vehicular population was categorised as heavy-duty 
vehicles, 2 Stroke Two wheelers, 4 stroke two wheelers, autorickshaws, diesel cars and Post 
1984 cars and Pre 1984 cars based on the classification criteria of the Tata Energy Research 
Institute. The Carbon Monoxide emissions from different modes of vehicles were collected and 
analysed for the adequacy of sample size using t- test. The sample size was found to be adequate 
for a confidence level of 90 %. The Probability density function was fitted to the data using Input 
Analyser developed by Rockwell Software Inc. The results indicate that the Carbon monoxide 
emission of various categories of vehicles follow Beta distribution function. The results obtained 
from the study can be used by decision-makers to predict the level of carbon monoxide emissions 
from the vehicular traffic on the urban roads of Chennai city. This can be used in the formulation 
of a simulation model to predict an accurate level of pollution in urban roads. 

Introduction 
 

Air Pollution has been defined by Indian Standards Institution in IS 4167, (1966) as the 
presence in ambient atmosphere of substances, generally resulting from the activity of man, in 
sufficient concentration, present for sufficient time and under such circumstances which interfere 
significantly with the comfort, health or welfare of persons or with full use or enjoyment of 
property. Air Quality is measured on the basis of concentrations of one or more parameters such 
as Carbon- Monoxide, Suspended Particulate matter, Sulphation rate etc. Environmental 
pollution is one of the serious problems faced by the people in this country especially in the 
urban areas in India which have not only experience a rapid growth of population but also 
industrialization which is accompanied by a growing number of vehicles. The growth of motor 
vehicles in India is depicted in Fig 1.1. 
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Fig 1.1 – Growth of Vehicle Population in India –1990 –2000. 

Source : Secondary Data 
 

According to a World Bank sponsored study, urban air pollution costs India 1.3 billion 
US dollars a year. Automobile exhausts and their effect on human health is of concern as there is 
a strong correlation between average lead content level in blood and in gasoline. Hydrocarbons 
present in the exhaust, particularly in vehicles with poor combustion cause respiratory problems. 
(Dewaram, 2002).  Table 1.1 shows the various air pollutants, their origin and their effect on 
human health. 

 
Table 1.1- Some major pollutants, their sources and health hazards 
Pollutant Source Effect on Human Health 
Carbon  
Monoxide 

Incomplete fuel combustion 
(e.g. two-stroke engine) 
 

Fatal in large doses: aggravates 
heart disorders; effects central 
nervous system; impairs oxygen 
carrying capacity of blood  

Sulphur 
dioxide 

Burning of sulphur containing fuel like coal 
in power plants and oil by vehicles 

Affects the functions of lungs 

Suspended 
particulate 
matter 

Smoke from domestic, industrial and 
vehicular sources 

Small particles are poisonous. 
They are carriers of 
carcinogenic tracer elements. 

Nitrogen 
oxides 

Fuel combustion in motor vehicles, power 
stations and furnaces 
 

Affects the respiratory system, 
Irritation of respiratory tract 

Volatile 
hydrocarbons  

Partial combustion of carbonaceous fuels 
(two stroke engines, industrial processes, 
disposal of solid wastes) 
 

Drowsiness, eye irritat ion, 
coughing 

Ozone Emissions from motor vehicles, 
photochemical reactions of nitrogen oxides 
and reactive 
hydrocarbons 

Causes increased sensitivity to 
infections, lung diseases, 
irritation in eyes, nose and 
throat, risk asthmatics, children 
and those involved in heavy 
exercise. 
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Lead 
 

Emissions from motor vehicles Nervous system slow down and 
brain development is retarded. 

Aldehydes 
 

Chemicals 
 

Irritation of eyes, nose, throat, 
sneezing, coughing, nausea, 
breathing difficulties, 
carcinogenic in animals. 

Source: Compendium of Environment Statistics, 1998 and 1999. 
 

As city roads in developing countries continue to get choked with the burgeoning 
vehicular population, traffic congestion becomes an every- day phenomenon, resulting in 
increased vehicular emissions. It is well established that the rate of vehicular emissions from the 
different category of vehicles is dependent on the speed of the vehicles with increased emissions 
during idling condition of the vehicle. In this respect, an attempt is made to ana lyse the vehicular 
emissions in urban roads, with specific reference to Carbon Monoxide emissions, by using 
Chennai as the case study. 
 
Objectives of the Study 
 

The main objective of the investigation is to study the vehicular emissions from the 
different vehicular modes in order to predict the concentration of carbon Monoxide in the 
ambient atmosphere. 
 
Study Area 
 

In order to assess the magnitude of vehicular emissions, Chennai city was chosen as the 
study area. Chennai, one of the four metropolitan cities in India is one of the rapidly growing 
cities in India. Chennai Metropolitan area occupies an area of 1170 sq.km and is the home to 7.5 
million people, as per 2001 estimates. The vehicular population Tamilnadu and Chennai , in 
particular,  has shown a phenomenal increase as indicated by Fig 3.1 
 

Fig 3.1 Rise in Vehicular Population of Chennai City – 1996- 2002 
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The rise in vehicular population has to a great extent influenced the air quality in urban 
areas of the city and this fact has been authenticated by the Auto Fuel Report 2002 which 
indicates that the contribution of auto exhaust emissions to the overall pollution load of carbon 
monoxide is high, oxides of nitrogen is moderately high but SO2 is negligible. The Auto Fuel 
Report also indicates that very little work has been done in the country in the area of air pollution 
source inventory surveys and source apportionment of pollutants observed in the ambient air. 
Hence it was found imperative to study the emission characteristics of the different vehicular 
modes of vehicles that ply on the urban roads of Chennai city so as to have a clear picture of the 
pollution scenario. In this regard, the emission characteristics of Carbon Monoxide gas were 
taken into consideration from different vehicular sources.  
 
Methodology 

In order to ascertain the contribution of vehicle exhausts in the rise of Carbon – 
Monoxide concentration in ambient conditions, the emission characteristics of the different types 
of vehicles were collected from the pollutant emission checking stations. The exhaust emissions 
from the different type of vehicles during idling conditions were collected and analysed. The 
vehicles were categorised as per the recommendations of the  
Tata Energy Research Institute (TERI) as Heavy Duty vehicles, Pre 1984 Petrol cars, Post 1984 
Petrol cars, Four Stroke Two Wheelers, Two Stroke Two Wheelers, Auto -rickshaws, and Diesel 
cars. The adequacy of the samples chosen for the study was determined using the t- test.  
 

The data was analysed in the software named Input Analyser developed by Rockwell 
Software Inc. The statistical parameters were obtained using Moment Matching method. Ten 
standard probability distribution functions were fitted to the data entered based on the Goodness 
of Fit using Kolmogrov- Smirnov (KS) test and Anderson- Darling (AD) test. The AD test takes 
into account the tail discrepancies occurring in the KS test and the discrepancies due to the 
binning of data, which occurs in the Chi- Square test. The standard distribution functions were 
ranked using the Root Mean Square Error (RMSE) values and the one, which is ranked for the 
least value of RMSE, is selected as the one which satisfies the values best.  

 
Results and Discussion 

The results of the t- test are shown in Table 4.1. The results indicate that the sample size 
chosen for the analysis is adequate and sufficiently represents the Carbon Monoxide data 
pertaining to the vehicular population.  
 

Table 4.1: Calculated and required values of ‘t’. 
Sl 
NO. 

Category of vehicle Calculated 
‘t’ value  

‘t’ actual for 95 
% Significance 
level 

‘t’ actual for 98 % 
Significance level 

1 Pre 1984 cars 0.019884 1.33 1.734 
2 Post 1984 cars 0.010127 1.282 1.645 
3 Diesel cars 0.09061 1.282 1.645 
4 Heavy Duty Vehicles 0.075928 1.282 1.645 
5 Two Stroke Two Wheelers 0.027283 1.33 1.734 
6 Four Stroke Two Wheelers 0.040277 1.33 1.734 
7 Auto rickshaws 0.004693 1.33 1.734 



 
 

The most likely emission from the different vehicular modes is depicted in Fig 6.1.The results 
indicate that the Carbon Monoxide emissions of Pre 1984 cars are more compared to other 
modes of traffic.  

Fig 6.1  Most likely Emission of Carbon Monoxide from Vehicular modes. 
 

The stochastic analysis of the data reveals the probability distributions for the different 
modes as indicated by Table 6.2. The results show that the Carbon Monoxide emission from the 
vehicular modes follows Beta (β) distribution with exception to Two stroke Two wheelers, 
which follow triangular (∆) distribution.  
 

Table 6.2: Probability Distribution Functions for the vehicular modes.  
Sl no. Vehicular mode Probability distribution function 
1. Heavy Duty  0.02 + 2.71 x { β  ( 3.21, 2.11)} 
2. Pre 1984 Cars 0.05 + 4.43 x { β  ( 1.23, 1.39) } 
3. Post 1984 Cars 4 x β ( 0.953 , 1.56) 
4. Four stroke Two Wheelers 4.88 x  β( 1.55, 2.72) 
5. Two stroke Two Wheelers ∆ ( 0,1.3,4.93) 
6. Autorickshaws 0.05 + 2.9 x β ( 4.39, 3.1) 
7. Diesel Cars 19.5 + 46 x β  ( 2.51, 0.931) 

 
Conclusion 
 

As the Carbon monoxide emissions follow a Beta distribution and the plot is found to be 
skewed to the left, it can be concluded that there is likely to be more emissions from the various 
modes. The results of the stochastic analysis can be used for the development of a simulation 
model to predict the concentration of Carbon Monoxide in the ambient atmosphere while taking 
into account the vehicle population. This would not only help in traffic management in areas of 
high Carbon Monoxide concentration and formulation of policy decisions to effect the same, but 
also in assisting the authorities to study the effect of the high concentration of CO on human 
health in urban areas.  
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