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ABSTRACT 
The morphological and elemental characteristics of ambient particulate matter (PM) collected at two 
contrasting Indian cities were investigated. Single particle analysis by scanning electron microscopy 
combined with energy dispersive spectroscopy was carried out on the PM collected at residential, 
commercial and industrial sites in Delhi and Chennai cities during winter and monsoon seasons. The 
more diversity in morphological and elemental composition of PM in Delhi city was observed as 
compared to Chennai city revealed the complexity in source characteristics. The trans-boundary 
pollution sources were also found to be a major contributor in Delhi city. Mineral particles with a mixed 
origin of crustal and anthropogenic sources were identified as most abundant species in ambient air, 
irrespective of types of sampling locations. Even though combustion borne particles were found to be 
dominant in both the cities, their characteristics were entirely different. The meteorological conditions 
were also having a profound influence on particle morphology. Source apportionment of PM by 
UNMIX model indicated that biomass burning and coal combustion (30%) and re-suspension of traffic 
induced crustal elements (19%) to be the dominant source contributors in Delhi. Vehicular emissions 
and sea salt spray (30%), biomass and garbage burning (20%) were the identified potential source 
contributors to PM in Chennai. The present study indicated that source-based abatement strategies will 
be helpful to abate the present particulate pollution faced by Indian cities.   
Keywords: particulate matter, microanalysis, particle morphology, elemental composition, source 
apportionment. 

1  INTRODUCTION 
Source apportionment with comprehensive investigation of PM2.5 emissions from different 
sources is of utmost importance for air quality research in order to understand its wider 
impacts on climate change, radioactive forcing, public health and welfare.  Indian mega cities 
are experiencing episodes of elevated particulate matter (PM) concentration [1], often 
violating the National Ambient Air Quality Standards (NAAQS). Considering the health 
perspective, PM2.5 may be more toxic as it can carry heavy metals, sulfates and other 
hazardous compounds into lungs and respiratory tracts [2]. Dey et al. [3] reported that 51% 
of Indian subcontinent’s population (1.4 billion people) are being exposed to continuing rise  
in PM2.5 concentration that surpasses the World Health Organization’s (WHO) annual air 
quality threshold of 10μg/m3.  
     The past source apportionment studies in India showed that vehicular emission and traffic 
congestion [1], fuel adulteration, industrial emissions, coal combustion, biomass and fuel 
wood burning [4] are potential sources of PM2.5. The blending of kerosene, heavier fuel oils 
and spent waste  solvents into automotive fuels such as gasoline and diesel increased the 
sulfur content and density of adulterated fuels. The use of higher density and sulfur content 
of adulterated fuels results in emission of higher PM concentration and smoke [5], [6]. Past 
studies also indicated the consistent increase of PM2.5 concentrations in the ambient air of 
Delhi city [4]. It was observed that the industrial pollution which was once the major 
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contributor (56% in 1970–1971) in Delhi has declined considerably (20% in 2006) in the 
recent years [7]. But the contribution from the transportation sector increased exponentially 
in Delhi in recent years [8]. Even after the implementation of several mitigation policies such 
as shifting of fuel from diesel to compressed natural gas (CNG), transforming coal power 
plants to natural gas [1] and restriction on entry of heavy duty diesel vehicles [9], urban air 
pollution still remains a major policy challenge in megacities like Delhi. For instance, the 
recent implementation of odd-even car trial scheme reduced traffic congestion however, it 
remains unclear as for its effectiveness in bringing down the PM concentration to acceptable 
NAAQS limits. It is even recommended that before such a trial is implemented, a complete 
source apportionment of the PM is required to strengthen mitigation measures [8]. A similar 
scenario was observed in Chennai city with exception of its coastal location which helps in 
the dispersion of pollutants. The monitoring studies conducted in various industrial and 
traffic sites in Chennai city indicated that the PM concentrations exceeded the NAAQS [10], 
[11]. Srimuruganandam and Shiva Nagendra [10] reported that 88% of PM emissions in 
heavy traffic roads are contributed by diesel exhaust emissions. In India, a few compendious 
studies on the morphological characteristics of PM2.5 and elemental compositions were 
carried out in urban areas of Delhi [12], Varanasi [13]; high Himalayas [14]; Agra [15], 
indoor environments of Delhi and Chennai [16], [17].  
     Previous studies focused mostly on the relationship between sources of pollution and 
PM2.5 characteristics, however, the morphological characteristics had been less explored. The 
influence of considerable differences in topography and meteorological parameters on shape, 
size and composition of PM2.5 has not been studied so far. In the present study, we have 
investigated the morphological and elemental characteristics of ambient PM2.5 collected at 
residential, commercial and industrial area of two contrasting Indian mega cities.  

2  MATERIALS AND METHODS 

2.1  Study area descriptions 

Under National Ambient Air Quality Monitoring (NAAQM) network, central pollution 
control board (CPCB) is carrying out ambient air quality monitoring in several cities in India 
including Delhi and Chennai. Fig. 1(a) shows the six monitoring stations established under 
NAAQM in various parts of Delhi representing residential (Pitampura, Janakpuri and Siri 
Fort), commercial (Nizamuddin) and industrial areas (Shahzada Bagh and Shahdara). The 
two NAAQM network considered in Chennai city were Anna Nagar and Adyar (Fig. 1(b)). 
Adyar is located in south Chennai and has several schools and colleges and residential areas. 
Anna Nagar is located in the north-western part of Chennai and has mixed land use. 

2.2  Meteorological characteristics of Delhi and Chennai 

The climate of Delhi has been categorized into four major seasons across the year: winter 
(December–February), summer (March–May), monsoon (June–August) and post-monsoon 
(September–November). Delhi has an extreme climate with chilling winter, torrid summer 
and moderate rainfall. In summer season, the city experiences dry climate with the 
temperature reaching up to 48oC. In the monsoon season, Delhi city receives more than 80% 
of the total annual rainfall. The occurrence of frequent ground-based inversion conditions 
with low temperatures going down to 4oC were observed during winter season. Delhi, being 
an inland territory, is incapable to dilute its air pollution compared to other metropolitan cities 
including Kolkata, Mumbai and Chennai which can abate the ambient air pollution by using  
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(a) 

(b) 

Figure 1:  (a) Monitoring locations at Delhi; (b) Monitoring locations at Chennai. 

the moderating effects of sea. Delhi represents a great variability in the seasonal patterns 
although is surrounded by the regions of varied climate such as Thar desert of Rajasthan, 
Himalayan hilly regions and Indo-Gangetic plains. 
     Chennai has a humid, dry and wet climate and is closely located southern coastal part of 
India and influenced by onshore and land breeze phenomena. The climate of Chennai has 
been categorized into winter (January–February), summer (March–May), north-east 
monsoon (June–September) and south-west monsoon (October–December). Chennai 
receives considerable amount of rainfall during south-west monsoon because of sea-breeze 
induced convections. Predominant winds in Chennai are usually southwesterly between April 
and October and north-easterly during the rest of the year.  
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2.3  PM2.5 sampling 

A fine volume (16.7 L/min) sampler (APM 550, Envirotech Instruments Pvt. Ltd., India) was 
used for 24-hour sampling of PM2.5. PM2.5 samples were collected on PTFE filters (46.2 mm 
dia; 2 μm pore size) with polypropylene ring (Whatman International Limited, USA).Before 
and after sampling, PTFE filters were kept for conditioning in the desiccator, gravimetric 
mass was determined using an analytical microbalance (Sartorius, ME5-F) with 1 µg 
readability.  

2.4  Morphological and chemical characterization of PM2.5 

Scanning electron microscopy combined with energy dispersive spectroscopy (SEM-EDS) 
was used for microanalysis of collected PM2.5 samples. Half of particle laden filters were cut 
into small pieces of 1 cm2. The small filter paper pieces were smoothly pasted on a double 
side carbon adhesive tape which was mounted onto aluminum stubs. The stubs were gold 
coated to achieve conductivity and vacuum durability using sputter coater (Cresington 
sputter coater 108). Then the coated stubs were placed in vacuum chamber of SEM. SEM 
images have been collected by using secondary electron detector with an accelerating 
voltage of 20–30 kV. The working distance was kept 10 mm during analysis. FEI Quanta 
200 SEM operates in the high vacuum mode (0.07 torr). An x-ray spectrum of selected SEM 
image has been collected for 50 seconds at the rate between 900-2000 counts S-1. Carbon, 
oxygen and fluorine were considered as the background substrate of PTFE filter paper. 

2.5  Multivariate analysis 

UNMIX is a multivariate receptor model which derives the source number by means of 
reducing data space dimensionality through the singular value decomposition (SVD) method. 
UNMIX uses self-modeling curve resolution to check that the results follow the non-negative 
constraints on source compositions and contributions.  

3  RESULTS  

3.1  Air quality in Delhi and Chennai 

Table 1 summarizes the PM2.5 mass concentration measured over different seasons in Delhi 
and Chennai respectively. The analysis of air quality data of Delhi indicated that during 
winter, maximum PM2.5 mass concentration of 177 µg/m3 was observed at Pitampura 
(residential site) and minimum concentration of 32 µg/m3 was observed at Nizamuddin 
(commercial site). During monsoon the maximum concentration of 54 µg/m3 were observed 
at Shahdara (industrial site) and minimum concentration of 18 µg/m3 were observed at 
Shahzada Bagh (industrial site). The analysis of air quality data of Chennai indicated highest 
concentration during winter (61.7 µg/m3) compared to summer (21 µg/m3) at Anna Nagar 
(residential site) while it showed high concentration (23.5 µg/m3) at Adyar (residential site) 
during pre-monsoon season and lowest concentration (4.3 µg/m3) in post monsoon season. 

3.2  Elemental composition of PM2.5 at Delhi and Chennai in winter and monsoon seasons 

The major source contributors to elements in residential areas (Janakpuri, Pitampura and 
Sirifort) of Delhi city were found to be crustal soil emissions, construction activities and 
garbage burning. The major sources found to be contributing complex particulates in the 
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Table 1:    Summary of PM2.5 concentrations selected for SEM analysis, measured at six 
locations in Delhi and two locations in Chennai comprising of residential, 
commercial and industrial sites. 

*South West.

ambient air of Nizamuddin (commercial area) were coal combustion, biomass burning and 
tire dust. The observed particles were categorized into mineral particles, syngenite, soot 
particles, Cl-rich particles, Fe-rich particles and Zn-rich particles. Fig. 2 shows the 
morphological and elemental characteristics of collected PM2.5 at Chennai during winter and 
monsoon. The elemental composition of observed particles indicated the occurrence of 
combustion activities in the study area. There are small scale industries including steel plants, 
toy manufacturers, rubber manufacturers, plastic manufacturing and fabrication companies 
are located in Shahzada Bagh and Shahdara. Based on the elemental composition of PM2.5 
samples of winter season, the sources were found to be industrial emissions and combustion 
activities such as biomass burning and coal combustion. 
     The elemental composition of PM2.5 samples collected at Chennai city during winter 
season showed the major sources were crustal soil emissions and metal processing activities. 
The elemental composition of PM2.5 samples collected during monsoon season showed the 
presence of mineral particles (quartz), break wear particles, sea salt. Fig. 3 shows the 
morphological and elemental characteristics of collected PM2.5 at Chennai during winter and 
monsoons. 
 

Delhi Chennai

Study area Season/month PM2.5 

Conc. 
(µg/m3)

Study 
area 

Season/month PM2.5 

Conc. 
(µg/m3) 

Pitampura Winter/February 177 Adyar SW* monsoon/ 
September

23.5 

Monsoon/August 38 SW monsoon/ 
September

4.3 

Sirifort Winter/January 172 Winter/January 29 

Monsoon/July 44 Winter/January 53 

Janakpuri Winter/January 145 Anna 
Nagar 

SW monsoon/ 
September

8.9 

Monsoon/August 43 SW monsoon/ 
September

27 

Nizamuddin Winter/February 112 Winter/January 37.8 

Monsoon/August 32 Winter/January 61.7 

Shahzada 
Bagh 

Winter/January 163

Monsoon/July 18

Shahdara Winter/January 151

Monsoon/July 54
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Figure 2:    Morphological and elemental characteristics of collected PM2.5 at Delhi during 
winter and monsoon seasons. (a) Feldspar particle; (b) Ca-rich particle; 
(c) Cl-rich particles; (d) Syngenite particles; (e) Soot particles; (f) Zn-rich 
particles; (g) Fly ash; (h) Sphalerite; (i) KCl particle; (j) Tar ball.  
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Figure 3:    Morphological and elemental characteristics of collected PM2.5 at Chennai 
during winter and monsoon. (a) ZnS particle; (b) Quartz; (c) Sea salt; (d) Break 
wear particle. 

3.3  Source apportionment by UNMIX 

The source apportionment of PM2.5 by UNMIX model was carried out for Delhi and Chennai. 
Factor loading >0.7 was considered for representative species, whereas factor loading <0.3 
was considered as poor representation. Source apportionment of PM2.5 using UNMIX model 
indicated that biomass burning, coal combustion and re-suspension of traffic induced crustal 
elements were dominant source contributors in Delhi. Whereas biomass and garbage burning, 
vehicular emissions and sea salt spray were identified as potential source contributors to 
PM2.5 in Chennai. Fig. 4 shows major source contribution to PM pollution in Delhi and 
Chennai, respectively. 
 
 

     

Figure 4:  Source identification by UNMIX model. 
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4  DISCUSSIONS 

4.1  Air quality at Delhi and Chennai 

High concentration of PM2.5 was observed during winter months due to the prevailing 
meteorological conditions including ground-based inversion with low wind conditions 
trapping the pollutants [18]. It was reported that burning of crop residues during winter 
period in Indo-Gangetic plains [19] also significantly contribute to air pollution in Delhi. 
Thus, air pollution in Delhi is strongly influenced by meteorological conditions as well as 
trans-boundary activities [18], [19]. As compared to Delhi, the PM concentration was 
found to be lower in Chennai city which is due to better dispersion conditions in Chennai. 
The major contributor to PM concentration in Chennai city was found to be traffic 
emissions and fugitive dust. 

4.2  Elemental composition of PM2.5 at Delhi and Chennai in winter and monsoon seasons 

The particles emitted from the crustal sources were found to be the most abundant type 
particles in most of the study sites. The characteristics of these particles are dependent on the 
geographical location in which they originate. The morphological structure of observed 
particles varied from regular to irregular shapes. The irregular shaped mineral particles were 
geologically originated while elongated and bar shaped particles were possibly formed as the 
result of secondary atmospheric reactions [20]. Size of geologically originated mineral 
particles was dominant at coarse mode whereas secondary mineral particles in fine mode. 
The observed particles emitted from crustal sources were composed of feldspars (Fig. 2(a)). 
A large quantity of respirable particles may be released during construction and demolition 
activities which are mostly comprised of aluminates, calcium silicates and alumino-ferrites. 
Ca-rich particles (Fig. 2(b)) were observed at residential areas that can be related to crustal 
sources, but they can also be attributed to lime production and cement industries [21]. In 
developing countries, garbage burning is one of the  major environmental issues, commonly 
practiced at disposal sites, street sites and local markets to reduce waste. Most of times, 
garbage is being  burned in proximity to residential sites or public places [22]. Garbage 
burning has been reported to be a major source of particulate chloride in the urban and 
suburban areas of Delhi city [23]. The other only plausible explanations for the higher 
concentration of Cl (Fig. 2 (c)) was observed in Pitampura due to the use of Cl (chlorine 
dioxides, chloramines etc.) as flocculating and disinfectant in water treatment and sewer 
plants [12]. In addition, the usage of  insecticides and pesticides which contains major amount 
of Cl [12], manufacturing factories and small-scale industries were also a significant 
contributor to the ambient Cl. Syngenite particles (Fig. 2(d)) were the dominant species were 
observed in the ambient air of Nizamuddin, comprised of primarily S, K and Ca with minor 
amounts of Cl. The possible sources of syngenite particles were coal combustion as well as 
emissions from cement industry. These particles were morphologically crystallized looking 
like by bar shaped structure. Similar observation was reported in the ambient air of Guiyang 
city, China [24]. The open field burning of agricultural crop residues after harvesting in 
Haryana and Punjab state also contributing to Delhi city’s PM2.5 concentration [19]. The 
observed soot particles (Fig. 2(e)) are primarily the carbonaceous material released from the 
incomplete combustion of biomass. The soot aggregates observed in the present study were 
alike to soot particles collected by biomass burning [25]. Tire dust, which arises from 
abrasion between tire treads and pavement, is considered as one of primary sources of Zn in 
ambient air. Zinc oxide (ZnO) is generally used as vulcanization accelerator which helps 
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sulfur vulcanize the rubber in the tire tread [26]. Most of Zn in tire tread is either ZnO or 
ZnS. The observed particles are in the form of particulate ZnO with an average diameter of 
1 µm (Fig. 2(f)). Spherical fly ash particles containing mainly Si and Al with minor 
concentration of Ca, Fe, Mg and K were observed. Fly ash particles have suave surface or 
coated with gypsum and other particles. Fly ash particles (Fig. 2(f)) were typically produced 
from coal combustion, household cooking, automobile exhaust, metallurgical plants and 
power plants [20], [24], [27]. Particles with higher concentration of S and Zn are classified 
as sphalerite (ZnS) (Fig. 2(g)). It is most probably emitted from the small-scale industries 
where ZnS is used as one of primary raw material for manufacturing of rubber, paper and 
plastic [24] which is classified as industrial minerals. 
     As compared to winter season there are not many variations in source contributions during 
monsoon seasons. In monsoon season, the observed particles were mainly mineral particles, 
potassium (K)-rich particle. Mostly observed mineral particles were mixed origins of crustal 
and anthropogenic sources. The study by Sharma and Dikshit [28] indicated that 25% of the 
restaurants, hotels and tandoors in Delhi city use coal and fire wood for food preparation. K-
Cl particles are present in the coal or wood were volatilized during the combustion process  
will be subsequently converted to particulate form through nucleation and condensation 
process [29]. The observed particles contain crystalline K-salts, primarily KCl and irregularly 
shaped (Fig. 2(h)). During monsoon season, tar balls (Fig. 2(i)) were observed mainly consist 
of carbon (C) and oxygen (O) with minor amounts of S, K, Cl and Si [32] .The observed tar 
balls have spherical morphology which may be produced by heat transformation of liquid tar 
droplets directly emitted from biomass burning. The tar balls were also emitted by household 
wood combustion. 
     ZnS particles (Fig. 3(a)) were likely produced from a railway coach manufacturer located 
near the study area in Anna Nagar (Chennai) where metal processing activities have 
happened. Quartz particles (Fig. 3(b)) are most abundant mineral particles found at earth’s 
surface makes its ubiquitous presence on land areas [32]. It can be introduced to atmosphere 
by re-suspension of street dust or PM from construction sites. Chennai is being a coastal city, 
sea salt particles (Fig. 3(c)) from the ocean is migrated into intercontinental polluted air and 
it react with gaseous NOx and SO2 present in humid air. Later it can be converted into 
completely or partially aged sea salt particles consisting of NaNO3 or Na2SO4 [21]. Brake 
wear particles (Fig. 3(d)) can be a major source of PM contributor, especially in areas where 
higher traffic congestion and braking frequency happens. Brake wear  particle was 
characterized by the presence of heavy metals such as Fe, Cu, Cr, Zn, Sb, Sn in the airborne 
PM concentrations [33]. 

4.3  Source identification of elements in Delhi and Chennai 

The 13 species (N, Na, Mg, Al, Si, S, Cl, K, Ca, Ti, Fe, Zn, Cu) were considered in UNMIX 
model and 6 sources were identified in Delhi. The factor 1 was highly loaded with Mg, Cl 
and K (>0.6) and moderately loaded with S (>0.4) indicated the mixed sources such as 
biomass burning, coal combustion and crustal emissions. K has been used a marker or 
biomass burning in previous source apportionment studies [34]. Previous source 
apportionment studies in Delhi  have reported that biomass burning is one of major sources 
for PM emissions [35]. Mixed burning of cow-dung and fuel wood and burning of 
agricultural crop residues are considered as biomass burning sources in India [35]. Coal 
combustion emit a spectra of toxic elements As, Pb, Se, Zn along with K, Cl and S [34]. 
Indian coal is reported to have low sulfur content while high sulfur and ash content is detected 
in coal from north-eastern India. There are three coal-fired thermal power plants 
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(Indraprastha, Rajghat and Badarpur) sited within city boundaries of Delhi. Banerjee et al. 
[35] reviewed the source apportionment studies in Delhi and reported that coal burning was 
one of major PM contributor in the city. Mg is emitted from crustal sources. The factor 2 was 
highly enriched with Al and Si indicated re-suspension of soil/crustal/road dust are often 
considered as major PM contributor in Indian cities [34]. The factor 3 was only enriched with 
Na, which indicated crustal related emissions as Na was found to be as Na-feldspar (albite), 
abundant in earth’s crust [36]. The factor 4 with high loading of Ca and Zn indicated mixed 
sources such as road dust re-suspension and coal burning. Zn is emitted from either coal 
burning or small-scale electroplating and galvanizing industry [37]. Zn is also likely to be 
emitted from automobile sources as it is used as fuel additive. Wear and tear of vulcanized 
rubber tyres on the paved road also emit Zn in the ambient air [38]. The factor 5 was highly 
loaded with N and moderately loaded with S and Cu indicated vehicular emissions. Vehicle 
fuel combustion contributed N and S in the ambient air. The S emissions from the Indian 
fuels especially diesel can be higher as the limits for sulfur under Bharat stage IV and III 
norms are 50 ppm and 350 ppm, respectively. The traffic fleet is highly heterogeneous in 
terms of  fuel, vehicle type, technology and vintage [8]. The traffic corridor in Delhi is 
dominated by cars and two- wheelers which runs on petroleum and diesel. Cu can be emitted 
from break wear of vehicles in traffic congested road corridor due to forced deceleration [39]. 
The factor 6 was only enriched with Fe indicated that Fe can be emitted either from crustal 
sources or burning of coal. 
     The 12 species (Na, Mg, Al, Si, S, Cl, K, Ca, Fe, Zn, Cr, Ti) were taken into UNMIX 
model and 5 sources were identified. The factor 1 was highly loaded with S, Na and Zn (>0.7) 
and moderately loaded with K, Cl (>0.40) indicated that mixed sources such as traffic source, 
biomass burning and sea salt spray. Zn can be emitted from tyre-wear and two stroke engine 
vehicles. S can be emitted from both vehicle fuel combustion and biomass burning. Na, K, 
Cl and S can be emitted from sea salt spray and biomass burning. Since, Chennai city is in 
close proximity to Bay of Bengal, the possibility of Na, K, Cl and S emissions from sea salt 
spray can be confirmed [17]. The factor 2 was highly loaded with Al, Si and K indicated 
crustal related emissions. Also, it can be released from re-suspension of road dust. Al and K 
can be emitted from fly ash fractions of diesel exhaust [34] deposited onto road corridor and 
re suspended along with crustal elements such as Si. This makes the source profile as traffic 
induced crustal elements as a single factor. The factor 3 was highly enriched with Cr (>0.9) 
and moderately loaded with Cl and Fe (>0.6) which indicated the contributions from the 
garbage burning. Cr was considered as one of marker species for garbage 
burning/incineration [40]. The burning of garbage enriched with plastic waste is one of the 
key sources of particulate chloride in urban and sub urban environment [23]. The factor 4 
was only enriched with Mg indicating crustal related emissions. The factor 5 was enriched 
with Ca and Cl which indicated the re-suspension of fly ash resulted from the garbage 
burning. 

5  CONCLUSION 
The PM concentrations monitored at various locations in Delhi and Chennai city were 
analyzed. The air quality data showed the higher levels of PM2.5 in Delhi as compared to 
Chennai. The microanalysis of PM2.5 indicated the presence of Al and Si in particles in higher 
concentrations during monsoon season as compared to winter period due to lower wind 
speeds and reduced re-suspension.  The other particles comprised of S, K, Ca, Fe, Cl were 
observed in higher concentrations during winter and less in monsoon seasons because of wet 
removal of particles by rain. The morphological and elemental characterization of collected 
PM2.5 at different sampling locations indicated that anthropic particles were dominating at 
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the study regions. The microanalysis of PM2.5 indicated the presence of mineral particles 
containing Al, Si, Mg, Ca, Fe at the residential areas with varying morphological 
characteristics. Commercial site (Nizamuddin, Delhi) was dominated by syngenite, mineral 
particle and soot particle. Similarly, the micro analysis of PM2.5 samples collected at Chennai 
city showed dominance of mineral particles, followed by sulfur and chlorine bearing particles 
in Anna Nagar. Break wear particles were dominant at Adyar site. Source apportionment of 
PM2.5 using UNMIX model indicated that biomass burning, coal combustion and re-
suspension of traffic induced crustal elements were dominant source contributors in Delhi. 
Whereas biomass and garbage burning, vehicular emissions and sea salt spray were identified 
as potential source contributors to PM2.5 in Chennai. 
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