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Abstract: PM10 aerosols were monitored and analyzed for heavy 
metal concentration at Raipur city Chhattisgarh, India for 
possible source identification of pollutants. Sampling of PM10 
aerosols was carried out by using respirable dust sampler during 
the year 2016. Daily PM10 average concentrations varied between 
122.033 and 197.854 µg/m3, 91.350 and 133.950 µg/m3 and 
112.770 and 480.170 µg/m3 in summer, monsoon and winter 
respectively. Chemical analysis of PM10 samples was carried out 
for heavy metal determination.  Heavy metal (Fe, Mn, Ni and Pb) 
were analyzed with the help of atomic absorption spectroscopy 
(AAS) and found in the range of 2.713-36.862, 0.131-9.129. 
0.880-4.195 and 0.015-0.321 µg/m3 for Fe, Mn, Pb and Ni 
respectively. PM10 concentrations shows distinct seasonal 
variation being twice in winter season than in summer; winter 
(mean: 241.820 ± 33.912 µg/m3) > summer (mean: 159.512 ± 
14.360 µg/m3) > monsoon (mean: 107.480 ± 9.213 µg/m3). The 
concentration of heavy metal was different in all the seasons 
depending on their sources.  Identification of possible sources was 
done by principal component analysis (PCA) illustrating 
industrial activities, soil (crustal) dust and biomass burning as the 
major sources in the region. The back trajectory analysis of the air 
masses depicts that the local anthropogenic activities affect the 
concentration of pollutants at the source.  Correlation analysis 
between the heavy metal concentrations agreed the results 
obtained by PCA. The work helped in observing the seasonal trend 
of particulate matter concentrations and in identification of major 
sources of air pollution in the city. 
 

Keywords:PM10, Heavy metals, atomic absorption spectroscopy 
(AAS), principal component analysis (PCA), Hybrid Single 
Particle Lagrangian Integrated Trajectory (HYSPLIT) 

I. INTRODUCTION 

In the recent past aerosols received special attention due to its 
effect on climate change and health. Among them fine 
particulate matter (PM2.5 and PM10) played an important role 
in affecting human health (Soleimani et al., 2018). Heavy 
metals and other trace elements emitted from various natural 
and man-made activities are found in aerosol. PM contains 
heavy metals which are associated with cancer risks (Park et 
al., 2008). Atmospheric aerosol was responsible for 7 million 
deaths worldwide (WHO 2014). Increase in concentration of 
heavy metals is mainly due to industrialization, urbanization 
and enhanced vehicular activities. Steel and Iron industry can 
emit high amount of Fe, Zn, Mn, Pb and Cd (Amodio et al., 
2013). 
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Fe can be associated with respiratory and heart diseases like 
asthma after two days of contact (Sofowote et al., 2019). Mn 
is relevant to anthropogenic activities including coarse dust 
in soil, coal, fly ash and construction dust (Pant et al., 2016). 
Pb affects brain and bones creating fluctuations in mineral 
density affecting fetal growth and brain development 
(Hossain et al., 2018). Bioaccumulation of Ni in human body 
might lead to potential health effect even at low exposure 
level (Peng et al., 2019). 

Several studies have been carried out in India related to 
chemical characterization (Karar et al., 2006; Kothai et al., 
2011; Chakraborty et al., 2010; Perrino et al., 2011). 
However, less number of studies was found for this region.  

Raipur is an industrial and agricultural area. Any climate 
change may affect the economy of Chhattisgarh. Hence 
proper air pollution mitigating policies, industrial 
development and air pollution load studies must be carried 
out to identify the sources and taking proper actions by 
making policies. In the current study, inter-seasonal aerosol 
variation and analysis of heavy metals has been done along 
with possible source identification by using principal 
component analysis (PCA) and finding correlation 
co-efficient which will help in identification of the major 
sources. 

II.  MATERIALS AND METHOD 

A. Study area 

The roof top of National Institute of Technology (NIT) 
Raipur campus has been selected for running the PM10 
sampler which is located in Chhattisgarh, India at 303.36 m 
a.m.s.l. Raipur is the capital of state and is surrounded by 
regions where major industrial activities are being carried 
out. It is one of the largest cities of the state having a 
population of around 1.7588 million and is situated in north 
eastern part of India (Longitude 81º 36´34ʺ and latitude 21º 

14´31ʺ). The campus is situated on one of the busiest road 

networks connecting the area Tatibandh to other interior 
regions in the city. In the campus area a mixed pattern of 
pollutants can be observed due to the location of Bhilai steel 
plant and surrounding industrial clusters within 30 km 
periphery. The respirable dust sampler was run during the 
year 2016 during which samples were collected for twice or 
thrice in a month excluding the monsoon season in June and 
July. 

B. Sampling Methodology 

PM10 was collected using a respirable dust sampler, 
Envirotech instruments Pvt. Ltd., New Delhi, India on 8” x 

10” Whatman glass fibre  
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filters. Before and after sampling, filter papers were put up in 
dessicators for 24 hours. The blank filter papers were 
weighed before the analysis. The sampler was run by placing 
the filter paper and the total volume of air sampled is known. 
Particulate concentrations were gravimetrically weighed. 
After collecting PM10 samples, assessment of heavy metals 
Fe, Mn, Ni and Pb concentration has been done by digesting 
the filter papers by acid digestion method. One tenth of the 
paper as cut in a strip and digested by adding hydrochloric 
acid and heating the solution on hot plate (USEPA 3050B). 
Continuous heating and refluxing was carried out to 
completely extract the metals from the filter paper followed 
by preparing stock solutions(1000 ppm) and diluting them for 
metal concentration detection by atomic absorption 
spectroscopy (USEPA 1999) for quantitative determination 
of elements using absorption of optical radiation by free 
atoms in the gaseous state. Quality control and quality 
assurance practices were followed strictly during the entire 
analysis. 

III. RESULTS AND DISCUSSION 

A. PM10 average and max-min concentration 
During the study period, maximum PM10 mass 

concentration was observed on 10th November 2016 (480.17 
µg/m3) during which the temperature was very low (19.5˚C) 

at a very low wind speed (4.5 km/s) which causes the people 
to use wood burning at their homes on a higher level to stay 
warm. Majority of pollutants at low altitudes are generated by 
local anthropogenic activities. PM10 concentration followed 
by another peak during the Diwali festival due to burning of 
fire crackers (391.00 µg/m3). PM10 concentration was higher 
during winter season (mean: 241.820 ± 33.912 µg/m3) 
followed by summer (mean: 159.512 ± 14.360 µg/m3) and 
monsoon (mean: 107.480 ± 9.213 µg/m3). The seasonal 
behaviour may be due to meteorological conditions, 
anthropogenic activities, biomass burning during winter 
(Ganguli et al., 2019;Deshmukh et al., 2012) and local 
festivals. PM10 mass concentration was continually higher 
during winter season during which the average temperature 
on sampling days was minimum (23˚C ± 5˚C) as compared to 
summer (34˚C ± 5 ˚C) and monsoon season (27˚C ± 3˚C). 

Lowest average PM10 mass concentration was found during 
monsoon season (107.480 ± 9.123 µg/m3) on sampling days 
due to washing away of pollutants with rains during wet 
deposition process (Ganguly et al., 2019). Table I shows the 
seasonal average PM10 concentration during the year. The 
mixing height during winter is low and is inversely 
proportional to ambient concentrations (Nagar et al., 2019). 
Low mixing heights during winter allowed remaining the 
pollutant in the atmosphere for a longer duration (Anand et 
al., 2019). The wind rose diagrams for all the three seasons 
are given in Fig.2. showing the dominant wind directions and 
wind speeds during the three seasons. 

Season Summer Monsoon Winter 

Mean±SD 159.512±14.
360 

107.480±9.2
13 

241.820±33.
912 

Maximum 197.854 133.95 480.17 

Minimum 122.033 91.35 112.77 

Table- I: Seasonal average PM10 concentrations (µg/m3) 

B. Heavy metal analysis 

The seasonal variations of heavy metals during the year 2016 
are shown in Table II. The concentration of Ni was almost 
same in all the seasons which being negligible throughout the 
year in the city. From Table II it is observed that 
concentration of Mn: 2.464 ± 3.125, Ni: 0.598 ± 0.118and Pb: 
1.825 ± 0.964 is at peak during winter days while Fe: 13.702 
± 9.114 having maximum concentration during summer. This 
may be due soil resuspension caused by higher wind speed 
during summer days leading Fe content from earth’s crust 

(Talbi et al., 2018). The average concentration of Fe:19.82 
±9.225 µg/m3 is highest in the month of April during which 
temperature in the city is at peak followed in August as 
15.94±8.724 µg/m3. During April month the concentration of 
Ni:0.045±0.079 has also been observed which was below 
detection limit throughout the year along with peak in the 
winter month of November 0.194±0.171 µg/m3. The peak 
values of Fe:36.862, Mn:9.129 and Pb:4.195 µg/m3 were 
observed on 15th January 2016 during the winter month when 
temperature is lowest followed by low wind speed.  

C.  Back-trajectory analysis 

To study the influence of the dust transport on samples of 
high concentrations during the year, Hybrid Single Particle 
Lagrangian Integrated Trajectory (HYSPLIT) model was 
used to calculate the air masses backward trajectories (Fig. 1) 
using the meteorological data of NOAA air resources 
laboratory(website:https://ready.arl.noaa.gov/hypub-bin/trajt
ype.pl). In this model 120 hours backward trajectories were 
calculated for 100 m, 500m and 10000 m above ground level 
ending at 12:00 UTC. The trajectories study implies that 
majority of pollutants at low altitudes are generated by 
anthropogenic activities during local festivals. At low 
altitudes PM10 mass concentration was found highest on 10th 
November 2016 (480.17 µg/m3) after the Diwali festival 
during which continuous firecrackers are burnt for around 5 
days in overall India. The back trajectories depict the 
influence of wind direction from North and South implying 
influence of local burnings after the festival. Another peak in 
PM10 concentration is observed on 30th October 2016 (391.00 
µg/m3) on the night of Diwali festival celebrated in the entire 
region. Perrino et al., 2011 reported the PM10 concentration 
during Diwali and Holi as 767 µg/m3 and 620 µg/m3 in Delhi, 
India. 

Table- II: Seasonal average concentrations (µg/m3) of 
heavy metals (Mean + SD) in PM10 

    Heavy 
metals 
 
Season 
 

 
Fe 

 
Mn 

 
Ni 

 
Pb 

Summer 13.702 
± 9.114 

1.003 
± 
1.161 

0.023 
± 
0.056 

1.028 
± 
0.181 

Monsoon 
 

11.534 
± 7.316 

0.779 
± 
0.554 

0 ± 
0.000 

1.268 
± 
0.109 

http://www.ijeat.org/
https://ready.arl.noaa.gov/hypub-bin/trajtype.pl
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Winter 
 

11.04 ± 
9.509 

2.464 
± 
3.125 

0.598 
± 
0.118 

1.825 
± 
0.964 

 

     

 

Fig.1 Back trajectory analysis using HYSPLIT model 

      

 

 

 

 

 

Fig. 2 Wind Rose diagrams for (a) Summer, (b) Monsoon 
and (c) Winter
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D  Principal component analysis 

PCA was used to identify the pollution sources for heavy 
metals observed at a receptor site. Variables with factor 
loadings more than 0.5 were considered for identification of 
pollution sources (Talbi et al., 2018). From Table IV, it can 
be observed that Factor 1 was extracted depicting 58% of the 
total variance. Significant principal component is selected on 
the basis of Kaiser criteria with eigen value greater than 1. 
PC1 representing Mn and Pb indicating the main source as 
industrial activities like steel manufacturing industries, soil 
and crustal dust (Soleimani et al., 2018). Mn and Pb also 
originate from anthropogenic activities like vehicle exhaust 
and non-exhaust emissions, coal mining activities (Mansha et 
al., 2012, Pant et al., 2016). Wearing of vehicular tyres, oil 
and coal burning is another cause of Pb emission. PC2 
showed negative correlation and hence further components 
are not considered. 

E Correlation 

The inter-relationship between elements in Table V helps 
to provide information on heavy metals sources and 
pathways. Correlations between metals agreed the results 

obtained by PCA as well as from literature. Fe, Mn and Pb are 
derived from vehicle exhaust and non-exhaust emissions 
(Mansha et al., 2012). Fe is also a predominant source from 
soil dust (Pant et al., 2016, Begum et al., 2019), tire and brake 
wear and motor vehicles (Begum et al., 2019). Mn and Pb is 
relevant to anthropogenic activities including coarse dust in 
soil, coal, traffic, fly ash and construction dust (Pant et al., 
2016). Industrial emissions and waste incineration is another 
source of Pb. In India, Pb is not considered as an exhaust 
emission due to the use of unleaded petrol/fuel. It exhibits its 
presence due to road traffic (Radulescu et al., 2017). The 
impact of Pb is observed more is dry season (Chakraborty et 
al., 2010). Higher concentration of Fe was found throughout 
the monitoring period mainly due to the presence of industrial 
clusters (steel, cement and metallurgical) surrounding the 
monitoring station. Towards west and southwest is the Bhilai 
steel plant and Charoda region whereas to the north and 
northeast is the Urla, Siltara and Rawabhata industrial areas. 
Fe, Pb and Mn is contributed from iron and steel industries 
(Dai et al., 2015).

Table- III: PM10 and Heavy metal concentrations in other cities 
 

City (Country) 
Study 
period 

PM10 
(µg/m³) 

Fe 
(µg/m³) 

Mn 
(µg/m³) 

Ni 
(µg/m³) 

Pb 
(µg/m³) 

Reference 

Raipur (India) 

January 
2016 to 
Novemb
er 2016 

192.71  
11.894 ± 
8.684 

1.725 ± 
2.429 

0.0349 ± 
0.091 

1.491 ± 
0.781 

This study 

Raipur (India) 
Winter 
2006-201
3 

584.39 27.5±15.9 1.2±0.6 -        - 
Jaiswal et al., 

(2019) 

Kolkata(India) 
Winter 
2013-201
4 

445±210  
11.242±1
5.705 

0.249±0.2
27 

0.048±0.0
29 

0.349±0.3
84 

Das et al., (2015) 

Kanpur(India) 

October 
2002-Feb
ruary 
2003 

Urban-27
7.335 

0.30-6.17       - 
0.0047-0.
0270 

0.007-0.1
030  

Sharma et al., 
(2005) 

Varanasi(India) 
July 2014 
to May 
2017 

244.8±13
5.8 

1.105± 
0.85 

0.0251± 
0.0185 

0.0043± 
0.0017 

0.03± 
0.0165 

Kothai et al., (2011) 

Delhi (India) 

Decembe
r 
2008-No
vember 
2009 

       - 9.7±4.133 0.287±0.1 0.317±0.2 0.38±0.23 
Khillare et al., 

(2012) 

Agra(India) 

May 
2006 to 
March 
2008 

Urban-15
4.2; Rural 
148.4 

Urban-2.9
±5.8; 
Rural-3.2
±12.16 

Urban-0.9
±0; 
Rural-0.9
±0.54 

Urban-0.2
±0;Rural-
2.04 

Urban-1.1
±1.21; 
Rural-2.2
±11.44 

Kulshrestha et al., 
(2009) 

http://www.ijeat.org/
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Peshawar 
(Northern 
Pakistan) 

April 
2011 

Max-553 
± 101 
Min- 410 
± 95 
Avg-480  

8.63 ± 
0.27 

0.19 ± 
0.00 

0.54 ± 
0.03 

2.20 ± 
0.18 

Alam et al.,(2015) 

Hong Kong 
(China) 

October 
2004 to 
Septemb
er 2005 

81.3± 
37.7 

1.8± 0.78 
0.050± 
0.030 

0.0066± 
0.067 

0.069± 
0.067 

Yang Gao et al., 
(2018) 

Navarra(Spain) 
January 
-Decemb
er 2009 

23.123        - 0.00538 0.001363 0.003513 Aldabe et al., (2011) 

Cheras(Malasia) 
June & 
Decembe
r 2014 

207.63 ± 
7.82 - SW 
monsoon 
and 
138.32  ± 
4.67 -NE 
monsoon 

0.58135±
0.1694 

0.0151±0.
003 

0.0033±0.
001 

0.2297±0.
005 

Elhadi et al., (2018) 

Dhaka(Banglad
esh) 

January 
2014-Ma
rch 2014 

       - 2.057 0.0422 0.00377 0.3056 Islam et al., 2015 

Algiers 
(Mediterranean 
coast) 

January 
1st to 
Septemb
er 30th 
2015, 
March 
4th to 
Novemb
er 30th, 
2016  

60.01  
5.21417±
1.09219 

3.80472±
3.95582 

       - 
0.11917±
0.08388 

Talbi et al., (2018) 

 

IV. COMPARISON WITH OTHER STUDIES 

The mean PM10 concentration during the study period at 
Raipur is compared with the concentration at the same 
location 270.5 µg/m3 [Deshmukh et al., 2013]; 162.69 ± 
71.74 µg/m3 [Ahirwar et al., 2017] and found comparable 
with the present study; other locations- Shimla (Ganguly et 
al., 2019) exhibit different pattern- higher concentration in 
summer may be due to tourist attraction and enhanced 
vehicular movement during summer season; winter: 
56.465±15.43, summer: 62.137±19.91, monsoon: 
39.675±29.3 µg/m3. Also forest fires in the area during the 
summer  season is another cause of this altered pattern 
[Ganguly et al., 2019], Delhi [Perinno et al., 2019]: 767 
µg/m3 in 2008 and 620 µg/m3 in 2009 during Diwali, Delhi 
[Guttikunda et al., 2013]-208±4.67 µg/m3, Delhi 
[Balachandran et al., 2000]-658.45 µg/m3], Varanasi 
[Mukherjee et al., 2018]- 244.8±135.8 µg/m3, Coimbatore 
[Manju et al., 2018]- 65.5-98.6 µg/m3] and found comparable 
with the current study. Several other locations in India and 
other countries like Agra, Hong Kong, Spain, Algiers were 
found to have sufficiently lower concentrations as compared 
to the current study. Among heavy metals, concentrations of 
Fe were found higher than concentrations of Mn, Pb and Ni. 
Fe and Mn are identified as tracer elements for iron and steel 
industries (Dai et al., 2015) as their concentrations were 
found higher near the influence of steel plant activities 
(Amodio et al., 2013). The average concentration of Mn is 
comparable with previous studies carried out in the area 

(Jaiswal et al., 2019). Ambient PM10 and heavy metal 
concentrations at other locations are given in Table III. 
 

Table- IV: Principal component analysis 

 
Table- V: Correlation co-efficient matrix of heavy metals 

in PM10 

Variables Fe Mn Ni Pb 
Fe 1    
Mn 0.568 1   
Ni -0.063 -0.042 1  
Pb 0.559 0.871 0.109 1 

 
 
 
 
 

http://www.ijeat.org/
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V. CONCLUSION 

PM10 aerosol was monitored during the year 2016 in Raipur 
city. The overall air quality in the city is found to be more 
contaminated in winter season. Particulate matter 
concentrations are found to be exceeding in the region as per 
global guidelines giving an alarming signal in the 
deteriorating quality of air. Significant seasonal variation in 
PM10 concentration was observed; higher during winter time 
as compared to summer time due to lower wind speed and 
low mixing heights. Local festivals in winter accompany 
sudden increase in particulate concentration with 
meteorological conditions favourable for higher pollutant 
concentration. Lower concentration of PM10 during monsoon 
period confirmed negative correlation (r=-0.03) between 
PM10 and rainfall. PM10 exhibit positive correlation with 
temperature (r=0.11) and negative correlation with wind 
speed and humidity(r=-0.286). Heavy metal analysis 
revealed maximum average concentration of Fe (11.895± 
17.39 µg/m³) in the local air which may be due to the major 
industrial zones situated around the city followed by Mn 
(1.730±4.430 µg/m³) and Pb (1.49±1.816 µg/m³). 
Multivariate analysis and correlation analysis accompanied 
in identifying industrial sources, soil and crustal dust, vehicle 
and non-exhaust emissions as the major sources of pollution 
in the region. The study brings into focus the pollution levels 
due to anthropogenic activities, thus proper actions may be 
taken to reduce the pollutant concentration by adopting 
pollution reducing methods and bringing awareness among 
public. 

REFERENCES 

1. M. Soleimani, N. Amini, B. Sadeghian, D. Wang, and L. Fang, 
“Heavy metals and their source identification in particulate matter 

(PM2.5) in Isfahan City, Iran,” Journal of Environmental Sciences, 

vol. 72, pp. 166–175, Oct. 2018. 
2. E. Park, D. Kim, and K. Park, “Monitoring of ambient particles and 

heavy metals in a residential area of Seoul, Korea,” Environ Monit 
Assess, vol. 137, no. 1–3, pp. 441–449, Feb. 2008. 

3. Seven million premature deaths annually linked to air 
pollution,WHO,https://www.who.int/mediacentre/news/releases/201
4/air-pollution/en/ Date accessed: 24/09/2019 

4. M. Amodio et al., “How a Steel Plant Affects Air Quality of a Nearby 
Urban Area: A Study on Metals and PAH Concentrations,” Aerosol 

Air Qual. Res., vol. 13, no. 2, pp. 497–508, 2013. 
5. U. M. Sofowote et al., “Heavy metals in the near-road environment: 

Results of semi-continuous monitoring of ambient particulate matter 
in the greater Toronto and Hamilton area,” Atmospheric 
Environment: X, vol. 1, p. 100005, Jan. 2019. 

6. Pant, P., Baker, S.J., Goel, R., Guttikunda, S., Goel, A., Shukla, A., 
Harrison, R.M., “Analysis of size-segregated winter season aerosol 
data from New Delhi, India”,Atmospheric Pollution Research, vol.  7, 

pp. 100–109,  2016 
7. Hossain, M.T., Hassi, U., Imamul Huq, S.M., “Assessment of 

concentration and toxicological (Cancer) risk of lead, cadmium and 
chromium in tobacco products commonly available in Bangladesh”, 
Toxicology Reports, vol. 5, pp. 897-902, August 2018 

8. P. Li et al., “Health risk assessment for highway toll station workers 
exposed to PM2.5-bound heavy metals,” Atmospheric Pollution 
Research, vol. 10, no. 4, pp. 1024–1030, Jul. 2019. 

9. K. Karar and A. K. Gupta, “Seasonal variations and chemical 
characterization of ambient PM10 at residential and industrial sites of 
an urban region of Kolkata (Calcutta), India,” Atmospheric Research, 
vol. 81, no. 1, pp. 36–53, Jul. 2006. 

10. P. Kothai, I. V. Saradhi, G. G. Pandit, A. Markwitz, and V. D. 
Puranik, “Chemical Characterization and Source Identification of 
Particulate Matter at an Urban Site of Navi Mumbai, India,” Aerosol 

Air Qual. Res., vol. 11, no. 5, pp. 560–569, 2011. 
11. A. Chakraborty and T. Gupta, “Chemical Characterization and Source 

Apportionment of Submicron (PM1) Aerosol in Kanpur Region, 
India,” Aerosol Air Qual. Res., vol. 10, no. 5, pp. 433–445, 2010. 

12. C. Perrino, S. Tiwari, M. Catrambone, S. D. Torre, E. Rantica, and S. 
Canepari, “Chemical characterization of atmospheric PM in Delhi, 

India, during different periods of the year including Diwali festival,” 

Atmospheric Pollution Research, vol. 2, no. 4, pp. 418–427, Oct. 
2011. 

13. EPA method 3050B (SW 846); Acid digestion of sediments, sludges 
and soils https://www.epa.gov/sites/production/files/2015-06 
documents/epa-3050b.pdf 

14. Compendium of Methods for the Determination of Inorganic 
Compounds in Ambient Air Compendium Method IO-3.1, Selection, 
preparation and extraction of filter material EPA/625/R-96/010a 

15. R. Ganguly, D. Sharma, and P. Kumar, “Trend analysis of 

observational PM10 concentrations in Shimla city, India,” Sustainable 
Cities and Society, vol. 51, p. 101719, Nov. 2019. 

16. D. K. Deshmukh, Y. I. Tsai, M. K. Deb, and P. Zarmpas, 
“Characteristics and Sources of Water-Soluble Ionic Species 
Associated with PM10 Particles in the Ambient Air of Central India,” 

Bull Environ Contam Toxicol, vol. 89, no. 5, pp. 1091–1097, Nov. 
2012. 

17. P. K. Nagar, M. Sharma, and D. Das, “A new method for trend 

analyses in PM10 and impact of crop residue burning in Delhi, 
Kanpur and Jaipur, India,” Urban Climate, vol. 27, pp. 193–203, Mar. 
2019. 

18. V. Anand, N. Korhale, A. Rathod, and G. Beig, “On processes 

controlling fine particulate matters in four Indian megacities,” 

Environmental Pollution, vol. 254, p. 113026, Nov. 2019. 
19. A. Talbi, Y. Kerchich, R. Kerbachi, and M. Boughedaoui, 

“Assessment of annual air pollution levels with PM1, PM2.5, PM10 
and associated heavy metals in Algiers, Algeria,” Environmental 

Pollution, vol. 232, pp. 252–263, Jan. 2018. 
20. M. Mansha, B. Ghauri, S. Rahman, and A. Amman, “Characterization 

and source apportionment of ambient air particulate matter (PM2.5) in 
Karachi,” Science of The Total Environment, vol. 425, pp. 176–183, 
May 2012. 

21. N. K. Jaiswal et al., “Winter Particulate Pollution over Raipur, India,” 

J. Hazard. Toxic Radioact. Waste, vol. 23, no. 4, p. 05019001, Oct. 
2019. 

22. R. Das et al., “Trace element composition of PM2.5 and PM10 from 
Kolkata – a heavily polluted Indian metropolis,” Atmospheric 
Pollution Research, vol. 6, no. 5, pp. 742–750, Sep. 2015. 

23. M. Sharma and S. Maloo, “Assessment of ambient air PM and PM and 

characterization of PM in the city of Kanpur, India,” Atmospheric 
Environment, vol. 39, no. 33, pp. 6015–6026, Oct. 2005. 

24. P. S. Khillare and S. Sarkar, “Airborne inhalable metals in residential 

areas of Delhi, India: distribution, source apportionment and health 
risks,” Atmospheric Pollution Research, vol. 3, no. 1, pp. 46–54, Jan. 
2012. 

25. U. C. Kulshrestha, T. Nageswara Rao, S. Azhaguvel, and M. J. 
Kulshrestha, “Emissions and accumulation of metals in the 

atmosphere due to crackers and sparkles during Diwali festival in 
India,” Atmospheric Environment, vol. 38, no. 27, pp. 4421–4425, 
Sep. 2004. 

26. K. Alam, N. Rahman, H. U. Khan, B. S. Haq, and S. Rahman, 
“Particulate Matter and Its Source Apportionment in Peshawar, 
Northern Pakistan,” Aerosol Air Qual. Res., vol. 15, no. 2, pp. 

634–647, 2015. 
27. Y. Gao and H. Ji, “Microscopic morphology and seasonal variation of 

health effect arising from heavy metals in PM2.5 and PM10: One-year 
measurement in a densely populated area of urban Beijing,” 
Atmospheric Research, vol. 212, pp. 213–226, Nov. 2018. 

28. J. Aldabe et al., “Chemical characterisation and source apportionment 
of PM2.5 and PM10 at rural, urban and traffic sites in Navarra (North 
of Spain),” Atmospheric Research, vol. 102, no. 1–2, pp. 191–205, 
Oct. 2011. 

29. R. E. Elhadi, A. M. Abdullah, A. H. Abdullah, Z. H. Ash’aari, and M. 

F. Khan, “Seasonal Variations of Atmospheric Particulate Matter and 
its Content of Heavy Metals in Klang Valley, Malaysia,” Aerosol Air 
Qual. Res., vol. 18, no. 5, pp. 1148–1161, 2018. 

30. Md. F. Islam, S. S. Majumder, A. A. Mamun, Md. B. Khan, M. A. 
Rahman, and A. Salam, “Trace Metals Concentrations at the 

Atmosphere Particulate Matters in the Southeast Asian Mega City 
(Dhaka, Bangladesh),” OJAP, vol. 04, no. 02, pp. 86–98, 2015. 

 
 
 
 
 
 
 
 

http://www.ijeat.org/
https://www.who.int/mediacentre/news/releases/2014/air-pollution/en/
https://www.who.int/mediacentre/news/releases/2014/air-pollution/en/


International Journal of Engineering and Advanced Technology (IJEAT) 
ISSN: 2249-8958 (Online), Volume-9 Issue-1, October, 2019 

1408 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number: A1225109119/2019©BEIESP 
DOI: 10.35940/ijeat.A1225.109119 
Journal Website: www.ijeat.org 

to 
 

to 
 

31. B. A. Begum and P. K. Hopke, “Identification of Sources from 
Chemical Characterization of Fine Particulate Matter and Assessment 
of Ambient Air Quality in Dhaka, Bangladesh,” Aerosol Air Qual. 

Res., vol. 19, no. 1, pp. 118–128, 2019. 
32. C. Radulescu, C. Stihi, S. Iordache, D. Dunea, and I. D. Dulama, 

“Characterization of Urban Atmospheric PM2.5 by ATR-FTIR, 
ICP-MS and SEM-EDS Techniques,” no. 4, p. 7. 

33. Q.-L. Dai et al., “Characterization and Source Identification of Heavy 
Metals in Ambient PM10 and PM2.5 in an Integrated Iron and Steel 
Industry Zone Compared with a Background Site,” Aerosol Air Qual. 
Res., vol. 15, no. 3, pp. 875–887, 2015. 

34. D. K. Deshmukh, M. K. Deb, and S. L. Mkoma, “Size distribution and 

seasonal variation of size-segregated particulate matter in the ambient 
air of Raipur city, India,” Air Qual Atmos Health, vol. 6, no. 1, pp. 

259–276, Mar. 2013. 
35. A. V. Ahirwar and S. Bajpai, “Seasonal Variability of TSPM, PM10 

and PM2.5 in Ambient Air at an Urban Industrial Area in Eastern 
Central Part of India”, International Journal of Civil Engineering and 
Technology., vol. 8, issue 3,  p. 252-261, March 2017. 

36. S. K. Guttikunda and R. Goel, “Health impacts of particulate pollution 

in a megacity—Delhi, India,” Environmental Development, vol. 6, 
pp. 8–20, Apr. 2013. 

37. S. Balachandran, B. R. Meena, and P. S. Khillare, “Particle size 

distribution and its elemental composition in the ambient air of 
Delhi,” Environment International, vol. 26, no. 1–2, pp. 49–54, Aug. 
2000. 

38. A. Mukherjee and M. Agrawal, “Air pollutant levels are 12 times 

higher than guidelines in Varanasi, India. Sources and transfer,” 
Environ Chem Lett, vol. 16, no. 3, pp. 1009–1016, Sep. 2018. 

39. A. Manju et al., “Spatio-seasonal variation in ambient air pollutants 
and influence of meteorological factors in Coimbatore, Southern 
India,” Air Qual Atmos Health, vol. 11, no. 10, pp. 1179–1189, Dec. 
2018. 

AUTHORS PROFILE 

Pallavi Pradeep Khobragade, Research Scholar 
working in Environmental Engineering on air pollution in 
Civil Engineering department, NIT Raipur, Chhattisgarh, 
India. She has completed her M.Tech from Visvesvaraya 
National Institute of Technology, Nagpur in 2013. She is a 
member of Institution of Engineers. 

 
 

Dr. Ajay Vikram Ahirwar, Assistant Professor, Civil 
Engineering department, NIT Raipur, Chhattisgarh, India. 
He has 15 years of teaching and research experience 
(aerosol and climate change research). He has published 
several papers in National and International journals.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.ijeat.org/

