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[1] Fine particle organic carbon in Delhi, Mumbai, Kolkata, and Chandigarh is speciated
to quantify sources contributing to fine particle pollution. Gas chromatography/mass
spectrometry of 29 particle-phase organic compounds, including n-alkanes, polycyclic
aromatic hydrocarbons (PAHs), hopanes, steranes, and levoglucosan along with
quantification of silicon, aluminum, and elemental carbon are used in a molecular-marker
based source apportionment model to quantify the primary source contributions to the
PM, 5 mass concentrations for four seasons in three sites and for the summer in
Chandigarh. Five primary sources are identified and quantified: diesel engine exhaust,
gasoline engine exhaust, road dust, coal combustion, and biomass combustion. Important
trends in the seasonal and spatial patterns of the impact of these five sources are
observed. On average, primary emissions from fossil fuel combustion (coal, diesel, and
gasoline) are responsible for about 25—-33% of PM, 5 mass in Delhi, 21-36% in Mumbai,

37-57% in Kolkata, and 28% in Chandigarh. These figures can be compared to the
biomass combustion contributions to ambient PM, 5 of 7-20% for Delhi, 7—20% for
Mumbai, 13—18% for Kolkata, and 8% for Chandigarh. These measurements provide
important information about the seasonal and spatial distribution of fine particle phase
organic compounds in Indian cities as well as quantifying source contributions leading to

the fine particle air pollution in those cities.
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1. Introduction

[2] Urban areas in India experience very high concen-
trations of airborne fine particulate matter (PM) (i.e., PM
with an aerodynamic diameter less than 2.5 um, PMgj,., or
PM, 5), [United Nations Development Programme and
World Bank Energy Sector Management and Assistance
Program, 2004] and studies have shown that at even much
lower levels, particulate matter contributes to visibility
problems and are likely responsible for respiratory and
cardiopulmonary diseases like asthma, bronchitis, and heart
disease [Dockery et al., 1993; Pope et al., 2002; Agarwal et
al., 2002; Chhabra et al., 2001; Yu et al., 2001]. Effective
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strategies to mitigate such a problem rely on characterizing
and identifying the sources of the PM that cause the highest
exposure to humans [Smith, 1993]. Over the past several
decades, a series of methods have been developed for
diagnosing the relative importance of the various emissions
sources leading to fine particle air pollution problems in
urban areas. Source-oriented methods of analysis exist that
rely on atmospheric transport models driven by detailed
emissions inventories. However, this approach has been
inhibited by the lack of chemically speciated emission
inventories. A different approach to identifying source
impacts is to use receptor-based techniques which rely on
observations at sampling sites (receptors) and key tracer
species. This method uses the differences in chemical
composition of particulate matter emitted from different
sources to identify the presence of particles from specific
sources. The receptor-based method has been widely used
worldwide [e.g., Chow et al., 1992; Zeng and Hopke, 1989]
and are particularly attractive for application in regions that
have not been studied in detail because they are able to yield
rapid insights into the causes of a local air pollution problem
before the completion of an accurate emissions inventory. In
the Indian subcontinent, such a receptor-based source
apportionment has been conducted for Bangladesh and in
India using inorganic elemental analysis of PM, 5 [Begum et
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