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ABSTRACT
Atmospheric aerosols consist of a wide range of solid or liquid particles suspended in air. These
aerosols contribute to air pollution and are termed as Particulate Matter (PM). In addition to the
climate effects by scattering and absorption of solar and terrestrial radiation and inducing changes
in the cloud properties, PM is known to have acute and chronic human health effects. While it’s
accepted that higher the ambient PM concentration higher is the health risk, the gravity of health
risk depends on the chemical composition of ambient PM. Also, to devise effective strategies, the
quantification of emission sources is an essential precondition. Based on the aerodynamic diameter
of the particle, PM is classified as PM1o (diameter <10 um) and PM2s (diameter< 2.5 um). While
the PM2s and PMz1o concentrations are routinely monitored across India by the government, the
information on the likely sources which impact the air quality is scarcely available. Most of the
studies which guantify the sources impacting the air quality in India focuses on the metropolitan
cities like Mumbai, Delhi, Chennai and Kolkata, very few have been carried out in other locations.
Ghaziabad is an industrial city bordering on one side with Delhi, where the PM concentration have
been reported to be exceeding the World Health Organization standards throughout the year and

no detailed source apportionment study exists for it. The objective of this work is to understand:

1. Mass and chemical composition of PM2s and PMzo over Ghaziabad,;
2. Identification and quantification of sources responsible for ambient PM2s and PM1o in
Ghaziabad; and

3. Identification of probable regional and local source locations.

To achieve the above stated objectives, PM2s and PMio samples and in-situ meteorological
parameters were collected over two locations (hereafter called as “site A” and “site B”) in
Ghaziabad throughout the year from June 2018 - May 2019 (both months inclusive). 24-hour
integrated samples (9:00AM — 9:00AM) were collected every third day on multiple filter substrates
using medium volume samplers at both locations. PM2s and PM1o mass and chemical constituents
(viz., organic, elemental and pyrolytic carbon, thirteen water soluble inorganic ions and twenty-
six trace elements) were measured for the entire sampling duration and at both locations. USEPA
PMF5 was used to apportion PM2s and PMzg sources at both locations. Finally, probable source
locations (and/or preferred transport pathways) were inferred using two well-established

probability functions: (a) the Conditional Bivariate Probability Function (CBPF), to correlate the
iii



output of PMF model with local wind directional data, and (b) the Potential Source Contribution
Function (PSCF), to correlate the output of PMF model with 120 h air-mass back-trajectories,

arriving at the receptor sites during sampling duration. The key findings of the thesis are:

1. The annual average PM,s and PM1o concentrations were found to be 142+82 pugm and
252+135 ugm 2 at site A and 157+95 ugm= and 278+151 ugm at site B respectively. Both
of which are orders of magnitude higher than the World Health Organization standards for
ambient air quality. PM (both PM25 and PM1o) concentrations at the two sites were also
compared with the third site maintained by the Central Pollution Control Board and across
the three sites, no statistically significant variability was seen, indicating rapid mixing in
the city’s airshed.

2. Temporally, the PM concentration (both size fractions) followed post-monsoon > winter >
pre-monsoon > monsoon. The average PM2s concentration in Ghaziabad during the
monsoon, post-monsoon and pre-monsoon season were ~1.2 times higher than the PM2s
observed in Delhi during the same period. For winter, the concentrations were comparable.
The PMyo concentration during the monsoon season were ~1.2 times higher than those
observed for Delhi during the same period. For the other three seasons, the PMio
concentration were comparable. This indicated more combustion sources in Ghaziabad.

3. The relative contribution of PM2s to PM1o was observed to be highest (~0.70 across the
three sites) during the winter season and lowest (~0.4 across the three sites) during the
monsoon season. This may be attributed to enhanced heating requirements during winter
and windy meteorological conditions during the monsoon.

4. Spearman rank correlation revealed that ventilation coefficient (VC), temperature and
relative humidity were the main local factors influencing the PM concentration, with the
magnitude of association varying seasonally.

5. MLR revealed that the variability in local meteorological parameters accounted for ~ 50%
of the variability (maximum) in PM2s and PM1o mass during monsoon and post-monsoon
respectively.

6. Cluster and CWT analysis revealed influence from regional sources during winter, post-
monsoon and pre-monsoon, while the monsoon season had air-masses transporting dust

aerosols as they passed over the African desert and western states in India.
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Premature mortality estimates attributable to ambient PM3 s in Ghaziabad was ~873 per
million, which is ~ 70% higher than Delhi.

The average distribution of chemical components of PM2s over the year was ~50%
carbonaceous mass; ~32-33% ionic mass; and ~16-19% elemental mass at both sites. For
PMz1o, carbonaceous mass was ~30%; WSII mass was ~16-22% and elemental mass was
~21-26% at both sites.

Major WSIIs contributing to the PM mass were: NOs", SO4%, CI-and NH4* contributing on
average ~ 90% of the PM_ s ionic mass and ~ 82% of the PM1o ionic mass across both sites.
Aerosols were found to be acidic/moderately acidic (pH ~ 4) throughout the year with
lower pH in monsoon compared to the other seasons. PM,s mass (including water) doubled
at RH ~90% due to high AWC

Major trace elements that contributed on average >90% total elemental mass were Al, Si,
Fe, nwsK, Zn and Pb across both PM size fractions and sites.

Eight sources were resolved using USEPA PMF5. The sources in decreasing order of their
contribution to the PM2s mass were: vehicular emissions (22%), secondary formation
(21%), combustion aerosol (18%), resuspended dust I (14%), resuspended dust 11 (10%),
brick manufacturing (9%), mixed metal processing (5%) and copper smelter (4%). Source
contribution to the PM1o mass were: resuspended dust | (25%), resuspended dust 11 (24%),
combustion aerosol (24%), secondary formation (12%), vehicular emissions (7%), copper
smelter (5%), brick manufacturing (3%) and mixed metal processing (1%).

On days when 24-hour average PM,s concentration was >90 pgm, brick processing and
vehicular were mainly responsible. In case of PMio, when the 24-hour average
concentration was >250 pgm, mixed combustion and resuspended dust (1&I1) were the
main contributors.

The probable source regions were local as well as regional in nature, with states in the
upper Indo Gangetic Plain namely Punjab, Haryana, Delhi being important source regions
for PM2s and PM1o measured at the receptor site. Also, specifically, for resuspended dust
I1 which is one of the main contributors to PM1o during high PM1g days, the probable source

is the teh construction, prevailing in the city.



The outcomes of this study are expected to strengthen the air quality management plans for
Ghaziabad. The results from this study can be used by the regulatory bodies for devising
appropriate control strategies. Also, given its proximity to Delhi, it is expected that improvements
in air quality management over Ghaziabad will benefit the entire National Capital Region in India.
Further, it is hoped that the results of this study will provide inputs to validate emission inventories

as well as climate model outputs over the region.
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