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Abstract—The fine size particles were present since ages in the 
natural atmosphere, however with industrialization and fast paced 
development, they are now additional in finer range along with its 
availability to react and form different harmful pollutants. The 
concern for public health and economic productivity has introduced 
standard level of PM10 and PM2.5 concentration under 24 hour and 
annual observation.  
 
The present work shows contribution of different particulate matter, 
PM10, PM2.5 and PM1.0 having aerodynamic diameter less than 10, 
2.5 and 1µm in the air through study of their size concentration ratio 
factor for two years. The study sites were selected at different 
locations in capital city with variation in land use pattern and 
emission intensity. The results obtained were observed with seasonal 
changes at various sites for ratio of PM2.5/PM10, PM1.0/PM10 and 
PM1.0/PM2.5. The variation for PM2.5/PM10 was observed 0.28-0.63 in 
summer, 0.40-0.55 in post monsoon and 0.45-0.58 in winter from 
areas representing urban background, residential, industrial and 
traffic sites. Further, PM1.0/PM2.5 was estimated to identify the 
contribution of ultra fine to fine particle fraction with value of 0.69, 
0.69 and 0.64 at an institutional background location whereas traffic 
site showed 0.80, 0.82 and 0.58 in summer, post monsoon and winter 
respectively. The PM1.0/PM10 showed value from minimum of 0.11 to 
maximum 0.37 indicating the low level of factors contributed by ultra 
fine to the coarse size particle concentration.  
 
The work will be beneficial for understanding the pattern of either 
similar or dissimilar sources contributing to release of dust or 
pollutant particles in atmosphere in different seasons and also to 
assess any dominance character of smaller to coarser size particles.  
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Introduction 

Aerosols has been inseparable part of various processes 
occurring during weather changes occurred during dust storm, 
friction among land and relief features in lower troposphere 
(Shao and Dong, 2006; Tegen, 2003). The stratosphere and 
upper layers observes the formation of cloud condensation 
nuclei and albedo scattering effect under various sizes and 

nature of particulate matter impacting air quality and global 
climate change (Ramanathan et al., 2001; Sokolik et al., 2001; 
Charlson et al., 1992). The growing urban cities and 
anthropogenic activities have contributed a large share of 
particulate matter (PM) concentration in the air within a short 
time of emission during activity (Karagulian et al., 2015).  

Thus, the study of particulate matter has taken various 
dimension in terms of understanding its concentration level, 
chemical reactivity with other elements, biological interaction 
with the environments as well combination of these factors to 
produce smog and other pollution episodes in the city 
atmosphere.   

The PM poses risk to human health because of their potential 
of deposition and interaction on both respiratory and 
cardiovascular systems (Pope III and Dockery, 2006; 
Davidson et al., 2005). The coarse particles, PM10 are likely to 
be deposited in the extra-thoracic and upper bronchial regions, 
whereas fine and ultrafine particles, PM2.5 and PM1.0 may 
travel deeply into the lungs and may be deposited in the lower 
bronchial and alveolar regions.  

Materials and Methodology 

The experimental monitoring sites were located were to be 
representative as micro-habitats in developed urban area. The 
capital city of India, Delhi has witnessed a major change of 
land use from 90% of agricultural land in early decade of 
1970-1990 to 90% of urban infrastructure in 2000-2010 
(Srinivasan, 2001). The sites were selected on basis of land-
use pattern such as urban-natural background area (UB) at 
Dwarka, which is an educational institution with low density 
of population, urban- residential (UR) at Janakpuri, urban- 
industrial (UI) at Mayapuri, a site of light goods 
manufacturing industrial activities, automobile service stations 
etc and an urban traffic site (UT) at Rajendra place 
intersection in the city (Kumar et al., 2016; Rathee, 2014). The 
location map for the urban area with the monitoring sites 
marked is provided in Figure 1.   
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The PM concentration was monitored with help of laser based 
GRIMM Aerosol spectrometer (Model 1.108). The instrument 
works on dual principle of light scattering and gravimetric 
filter sampling providing number and mass concentration of 
the particles suspended in ambient air. The instrument 
measures concentration values in environmental mode as 
PM10, PM2.5 and PM1.0 on real time basis.             

Figure 1. Location map of monitoring sites in the city 

Results and discussion 

The mass concentration from the monitoring was averaged to 
get daily as well as weekly to obtain an average value for the 
seasonal factor from each site. The values were further 
calculated to express ratio factor from size concentration 
under coarse, fine and ultra fine division of particles as given 
in Table 1.  

The share of fine sizes to coarse particles (PM2.5/PM10) was 
found maximum at industrial site in summer months followed 
by winter months at both industrial and traffic sites. The post 
monsoon observed half share from the fine particles released 
at institutional and residential sites. Rao et al., 2012 have 
observed in winter season, the size fraction of PM2.5 with PM10 
was found to range from 0.4-0.9 for various industrial sites in 
Orissa. The size fraction of PM2.5/PM10 in summer season was 
from 0.1-0.8 and in post monsoon; the ratio varies from 0.4-
0.8 of the total concentration load.  

The observation of ultrafine particles to coarser sized particles 
that is, PM10 aerodynamic diameter less than 10µm was having 
minimum percentage of sharing of similar sources of 
emission. The post monsoon season observed the highest 
value of 0.38 and minimum of 0.11 at institutional and 
residential sites respectively. The study of industrial site was 
also done with view to understand the change in concentration 
of PM on weekend and weekdays and the result was obtained 
as average of 0.25-0.31 for pre monsoon and post monsoon 
observation (Singh et al., 2015).  

The low level of contribution can be attributed towards the 
difference in sources of the release the particular sizes of 
particles in the air such as high temperature mediated process 
and reaction in atmosphere and vehicular release for the ultra 

fine particles, while the crustal and other geo-genic sources 
are main responsible for the coarser mode of particle fraction. 

Further the ultrafine to finer size of particles share the high 
chances of similar sources of emission from vehicular exhaust, 
thermal power plant and industrial release etc impacting 
human health and ecological biodiversity (Singh et al., 2018; 
Watson et al., 2010). The sharing was high in summer and 
winter months followed by post monsoon where there is a 
likely chance of coagulation of ultra fine particles to bigger 
size particles (Vecchi et al., 2004). The traffic site showed the 
highest sharing coefficient from 0.58-0.82 likely due to 
presence of traffic all through the day. George et al., 2016, had 
observed mass size ratio fraction to be around 0.51 at sites 
dominated by vehicular emission while 0.34 for the road dust 
having crustal source of particles.  

The mass ratio of PM was also represented with the help of 
triangular diagram, where each site was shown in different 
graphs for the changes observed in season of summer, post 
monsoon and winter. The PM2.5/PM1.0 share a greater 
similarity of particles released from sources majorly from 
industrial and traffic in summer and winter months as can be 
seen from Figure. 2 where they coefficient range from 0.30-
0.80. However, institutional areas also showed a high 
similarity indicating that the only source of these minute 
particles could be the vehicular movement occurring within 
the area. The residential site showed fairly half of the identical 
in similar source emission emphasizing there are more types 
of activities leading to diverse size range of particles in the air 
exposed to the people.  

Table 1: Mean values of ratio size concentration of particulate 
matter in different seasons at various sites  

PM Size ratio Seasons UB UR UI UT 
PM2.5/PM10 S 0.28 0.33 0.63 0.44 

PM 0.55 0.45 0.40 0.36 
W 0.53 0.45 0.58 0.58 

PM1.0/PM10 S 0.19 0.17 0.33 0.35 
PM 0.38 0.11 0.20 0.37 
W 0.34 0.22 0.30 0.34 

PM1.0/PM2.5 S 0.69 0.52 0.52 0.80 
PM 0.69 0.25 0.50 0.82 
W 0.64 0.49 0.51 0.58 

 Where S - Summer, PM - Post monsoon, W - Winter, UB – 
Urban institutional , UR – Urban residential, UI – Urban 
industrial and UT – Urban traffic site.  
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Figure 2. The triangular diagram of PM concentration ratios for 

four sites with seasonal changes observed for PM2.5/PM10, 

PM1.0/PM10 and PM1.0/PM2.5. 

Conclusion 

The PM2.5/PM10 ratio indicated that the fine particles make a 
foremost portion of the coarse particles indicating common 
source of emission. The scavenging up of particles from the 
atmosphere during rainfall through wet deposition process gets 
vanished only after a few days as the industrial emission and 
flow of vehicles on road network is operated round the year. 
The work shows the significant change of percentage 
contribution between the coarse, fine and ultra particles under 
seasonal changes and the emission activity of an area. The 
work would be useful for working on the mitigation of 
pollution release from sources contributing maximum number 
and finer sizes of particles.  
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