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ABSTRACT

Delhi, India has been identified as one of the highly polluted cities in the world and recently
associated with the highest population-weighted concentration of particulate matter of
aerodynamic diameter less than equal to 2.5 um (PM25). Increase in industrialization and traffic
counts in the city stands as one very important reason for the immense air pollution in the city.
However, the unavailability of the health risk estimations using long-term data for Indian cities
and especially for Delhi has been pointed out as a difficulty in the conducting human health

risk assessment.

The main objective of this study was to understand the health risk posed by particles of different
aerodynamic sizes ranging from PM2.s to PMo2s (particulate matter less than or equal to 0.25
um aerodynamic diameter) by theoretical risk calculation using realistic values and also by in-
vitro toxicity analysis using lung epithelial cell line. The thesis had three sub-objectives. The
first objective was to understand the difference between ambient concentrations of particles of
different sizes at two heights (10 m and 1.5 m) using a year-long monitoring. The second
objective was to understand cytotoxicity of particles of different sizes to lung epithelial A549
cell lines, by measuring the cell viability along with the generation of reactive oxygen species
(ROS) and pro-inflammatory cytokines during exposures of fine ambient PM2 s and all the other
smaller sizes. The effect of mass concentration (monthly as well as seasonally) of particulate
matter on the cellular cytotoxicity were compared. Lastly, the risk estimates due to exposures
of particulate matter and associated metals were estimated for lungs (considering metal
(singular) as well as binary mixtures of metals). Further, the respiratory deposition dose (RDD)
of both the ambient fine and very fine particles were calculated using the human respiratory

tract model and analyzed for estimating depositions of PM-associated metals to lungs and



different organs, such as gall bladder and other tissues using the physiologically based

pharmacokinetic model (PBPK) models.

The main findings of the study include a higher deposition of particles less than 250 nm in the
alveolar region, and also the difference between the mass concentrations of PM sampled at two
different altitudes. The mean mass concentration plays a vital role in the calculation of both

individual risk and respiratory deposition dose (RDD) values.

More chronic diseases can occur if this exposure remains for a long period. Cyto-toxicity
studies showed seasonal- and mass-dependent variations of cytotoxicity and ROS generation
potential, and the pro-inflammatory response of the cytokines (IL-6 and IL-8) due to particles
of different sizes. Few metals, irrespective of the carcinogenicity, showed a strong positive
correlation with the biological endpoints. The PM mass concentration in bioavailable form
showed a positive correlation with Arsenic (As), Lead (Pb), Copper (Cu). Not all biological
responses showed consistent correlations with other biological endpoints. Metals, such as As,
Cr, and Cd governed the cytotoxicity of biological -points in winter season for Delhi. The pro-
inflammatory responses indicated that Delhi ambient PM2s particles showed high fold of

difference (3-53 folds) from the unexposed samples for 2 kinds of cytokine responses.

The study also dealt with focusing on the following vital issues: (i)Though PM«2s isonly a
small fraction of total PM_ s, its impact has been seen more stronger on bio-points compared to
PM2 s particles, (ii)increased cytotoxicity of PM« .25 and the need of its monitoring. The in vitro
toxicity data also showed that the dependency not only depends on mass concentration of both
the fine and the very- fine size particles but also depends on the physiochemical characteristics

of constituents as well.
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