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ABSTRACT: Air quality deterioration, especially in urban areas is one of the most alerting problems of
modern civilization. With the ever increasing vehicular traffic density, there is an increase in the emission
levels of combustible products into the environment which is causing a continued threat to ambient air quality.
The highest concentrations of PAHs are generally found in the urban environment due to increasing vehicular
traffic and the dispersion of the atmospheric pollutants. Due to high density of population in cities, the risk
associated with the human exposure to atmospheric PAHs is the highest. Seasonal trends were investigated
to have higher PAHs concentration in winter and lower in summer. Increasing combustion activities and
decreasing mixing height thought to be important factors for the observed high concentration of PAHs in
winter period. Besides seasonal variation the daily variation in PAHs levels too were also studied and the
PAHs concentrations were observed to be relatively high between 10 pm to 6am, which gives a proof of a
relation with the limited day entry and movement of heavy vehicles in the city. The observations on air
quality status predicts that most of the localities in Jaipur are experiencing the air pollution stress and the
trend is likely to worsen in near future if proper control measures are not implemented. Vehicular exhaust is
considered to contain various substances which are hazardous to human health. One key observation was that
the mixture of these substances that had carcinogenic activities were fluorescent and by spectroscopy had
similar fluorescence spectrum to polyaromatic hydrocarbons (PAHs). A number of PAHs were purified and
their fluorescence spectra were examined. The increasing respiratory diseases and hospitalization necessitate
finding alternatives to improve the urban quality of life. Hence, there is a need to search for such an alternative
fuel, which will enhances the quality of life and thereby protect the environment.

Keywords: Vehicular Exhaust, Fluorescence, PAHs

INTRODUCTION

Haphazard urbanization and unprecedented
vehicular growth that exacerbate air quality are
prevalent features in India. The ambient air
quality of Jaipur has deteriorated with an increase
in the number of vehicles and industrial pollution.
Polyaromatic hydrocarbons are ubiquitous
pollutant formed by incomplete combustion of
organic material using in part from natural
combustion such as forest fires, volcanic eruptions.
For most part however, human activities such as
industrial production, transportation and waste
incineration generates significant level of PAHs.
Many of these PAHs are carcinogenic. Sixteen
PAHs are included in the priority pollutant list of
European Community (EC) and Environmental

protection agency (EPA), due to their mutagenic
and carcinogenic properties. Among these
Benzo(a)pyrene and Dibenz (a, h) Anthracene were
reported to be most carcinogenic.(1-2). In light of
the recent studies conducted by the CPCB and
other research institutions, vehicles that are
plying on Indian roads are increasing at an
unsustainable rate. This has posed severe
environmental threats. In recent years a number
of studies on PAHs have been conducted in various
cities of the world. These studies identified and
quantified several PAHs compounds Sastry et al.
(3) studied the air quality status at selected
locations in Hyderabad city using air quality
indices. Dewan et al.(4) have presented a critical
analysis of transport related air pollution for the
city of Delhi. Rebecca et al. (5) reported that
automobile exhausts remains a major source of
pollution and the pollutants cause local changes
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in the air quality, which affect the human health
adversely. Polycyclic aromatic hydrocarbons in
DEP cause cardio-vascular and respiratory disease
and cancers in humans (6). Yuka Ezoe et al. (7)

studied the PAH concentration in air-borne
particles in urban air over past twenty years.
Heavy transportation using hydrocarbon fuel leads
to environmental pollution, resulting in health
hazards and ecological imbalance. Appreciable
amounts of atmospheric PAHs and especially
multi-ringed heavier ones are associated with air
born particulate matter (8) T. Senthilnathan (9)

measures the urban ambient air quality of
Chennai city (10). Sen Gupta (11) et al. studied on
respirable particulate matter and its health
impact. Recent advances in instrumentation and
availability of commercial automatic recording
spectrofluorometer have made possible the more
extensive use of fluorescence spectroscopy for
analytical purposes. It has served as a valuable
tool in this laboratory in the identification of PAHs.
A number of PAHs were purified and their
fluorescence spectra examined.

Study Area: Jaipur, the capital of Rajasthan
is one of the most beautiful and planned cities in
the world known to the world as the pink city,
Jaipur is famous for the rose colored sandstone
architecture that gives the city its sobriquet
mentioned at the beginning of the sentence. Jaipur
is one of the Rajasthan’s most flamboyant and
younger cities. . Five selected locations in Jaipur
were identified for study.

Location Chosen for Studies

S. No. Location Type of zone

1 M,I Road Heavy traffic

2 Chandpole Heavy traffic

3 Jawahar Nagar Residential

4 Mansarovar Residential

5 Sitapura Industrial

Materials and Methods

A representative number of samples were collected
from different locations in Jaipur from May 2007
to dec. 2007.

Air samples were collected using a high-
volume sampler on the roof of a four-story building
and at a traffic intersection in Jaipur. Air was
drawn through 20 x 25 cm. glass fiber filter (GFF)
sheet at flow rate of 0.8 - 1.2 m3min-1. After this,

the filter samples were separately wrapped in
aluminum foil and stored in a freezer at – 20 °C
until they were processed. For PAHs
determinations, the filtered samples were
extracted using pressurized liquid extraction
{Dionex Titan Way, California, USA) for the fast
extraction of PAHs with minimum solvent
consumption. The extracts were concentrated in
a Turbo-Vap 500 (Zymark, Hopkinton, MA, USA)
concentrator. The solvent was replaced to 1ml
acetonitrile prior to their analysis for the
separation and detection of PAHs compound by
HPLC in combination with fluorescence detection.

The detected and quantified PAHs were
Anthracene, Benzo (a) Pyrene, Pyrene-di-benzo
(a, h), Anthracene, Benzo (g, h, I) perylene. The
HPLC system consisted to a liquid
chromatography system (waters, Milford, MA,
USA] and a fluorescence detector [Perkin Elmer
fluorescence spectrophotometer]. Separation of
PAHs was accomplished using a Vydac 201 TP
column (250 mm x 4.6 mm) with a gradient elution
ranging from a 50/50 acetonitrile-water mix to
100% acetonitrile in 20 minutes. The fluorescence
of PAHs was monitored with automatic
adjustment of the wavelength for each compound
according to their retention time on the HPLC
column.

RESULTS AND DISCUSSIONS

Vehicular traffic has been recognized as the major
contributor to PAHs emissions in urban areas (12).
Experimental study of Jaipur air pollution has
shown relatively high concentrations of PAH in
the streets with heavy traffic. Luminescence
(fluorescence) spectra of several PAH, which occur
most frequently in urban air, have been studied.:
Generally, polycyclic aromatic compounds emit in
the higher energy range and with increase in the
number of benzene rings, the emission maxima of
the aromatic compounds are shifted towards the
longer wavelengths. Two-ring aromatic
hydrocarbons such as, naphthalene exhibits
fluorescence maxima at low emission and
excitation wavelengths. While five-rings
compounds such as, perylene have maxima at high
emission and excitation wavelengths Three and
four-ring compounds exhibits intermediate
fluorescence characteristics. Seasonal variations
of PAHs are investigated by researchers (13, 14).
Seasonal trends were observed having higher
PAHs concentration in winter and lower in
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summer. Increasing combustion activities and
decreasing mixing height thought to be important
factors for the observed high concentration of
PAHs in winter period. We have investigated the
seasonal concentration of PAHs in figure. It is very
clear from figures that concentration of PAHs is
higher in winter months and lower in summer and
spring. The daily variation in PAHs levels was also
studied and the PAHs concentrations were
observed to be relatively high between 10 pm to
6am, which gives a proof of a relation with the
limited day entry and movement of heavy vehicles
in Jaipur. Figures 1-3 shows the monthly variation
in fluorescence intensity of Anthracene in Jaipur
during 2007. The excitation wavelength ranged
between 300 and 420 nm and the emission
wavelength between 400 and 620 nm. The
maximum concentration of PAHs was noticed
between 10 pm. to 6 am, which most likely
indicates the entry of heavy vehicles like truck,
trolley, vans etc. through this important traffic
intersection at Jaipur. This type of traffic increases
in the late evening hours (after 10 pm) due to
restricted entry of heavy vehicles into the city at
daytime. Air was In addition, concentrations of

Figure 1: Monthly Variation in Fluorescence Intensity of
Anthracene at M,I ROAD Traffic Intersection in
Jaipur during 2007

Figure 2: Daily Variation in Fluorescence Intensity of
Anthracene at M,I ROAD Traffic Inter Section in
Jaipur during 2007

Figure 3: Daily Variation in Fluorescence Intensity of
Anthracene at Chandpole Traffic Intersection in
Jaipur during 2007
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airborne particulate polycyclic aromatic
hydrocarbons (PAHs) varied seasonally, and
generally decreased with increasing temperature
(winter > fall > spring > summer). However,
particulate PAH concentrations measured on the
roof were much lower than those measured at the
traffic intersection. These observations on air
quality status predicts that most of the localities
in Jaipur are experiencing the air pollution stress
and the trend is likely to worsen in near future if
proper control measures are not implemented.

CONCLUSION

Air quality in Jaipur is getting worse due to
substantial growth of motor traffic over the years.
The Jaipur city due to its climatic conditions and
industrial development is experiencing an
exponential growth in the vehicular usage and fuel
consumption.

The spatial pattern of PAHs concentration
shows comparatively high concentration during
late night and early morning hours and it is
possible to be related with the late night movement
of heavy vehicles from nearby city through Jaipur.
Vehicles that are plying on Indian roads
are increasing at an unsustainable rate. This
has posed severe environmental threats.
The exhaust from liquid fuels is diminishing
the air quality day by day. The increasing
respiratory diseases and hospitalization make
sense to find alternative to improve the urban
quality of life. Hence, there is a need to search for
an alternative fuel, which enhances quality of life
and protect the
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