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ABSTRACT
Several studies have shown that the association between atmospheric aerosols and adverse health
effects and its impact on climate change, thus highlighting the need to limit the anthropogenic
sources of aerosols. Kolhapur city is a one of the major industrial and commercial city in the Western
Maharashtra, India which governs highest per capita income group city and now started facing the
problems related to aerosols. Hence it is important to study the chemical characterization of atmospheric
aerosols and its trace elements  and to identify their sources so that they can be controlled
appropriately to a large extent at sources before reaching to the receptor.  Aerosols were collected
using a High Volume Sampler (HVS) during September 2008 – June 2009 at a location downwind of
industrial cluster of Gokul Shirgaon and Shiroli with commercial area of  Shahu  Blood Bank Corner in
Kolhapur. The elements like Cu, Fe, Cd, Mn, Zn, Pb, Ni etc. were analyzed by acid digestion thereby
chemical characterization using AAS and the sources were identified using a receptor model like US
EPA Positive Matrix Factorization (PMF 3.0).  This research paper describes the results achieved by
chemical characterization and thereby source apportionment of aerosols and contribution of each
trace element to the respective sources.
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INTRODUCTION
Aerosols play an important role in human health
effects, visibility degradation, and global climate
change. Previous epidemiological studies
indicated statistical associations between mortality
and morbidity and ambient concentrations of
aerosols, particularly fine aerosols that can more
readily penetrate into the lungs and are therefore
more likely to increase the incidence of respiratory
and cardiovascular disease1. Aerosols also

influence many atmospheric processes including
cloud formation, visibility, solar radiation and
precipitation, and play a major role in acidification
of clouds, rain and fog2-4.
Source apportionment techniques for atmospheric
aerosols are defined as the method that quantifies
the contribution of different sources to aerosol
concentrations at receptor locations in the
atmosphere. Source apportionment techniques are
valuable tools that aid in the design of effective
emissions control programs to reduce particulate
air pollution. Receptor models use the chemical*Author for correspondence
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and physical characteristics of aerosol particles
measured at source and receptor to both identify
the presence of and to quantify source
contributions to the receptor 5,6.  Commonly used
receptor models are Chemical Mass Balance
(CMB), Factor Analysis (FA) and Multiple Linear
Regression (MLR) Analysis.
The source profile measurements as required by
Chemical Mass Balance (CMB) model are
methodologically difficult and time consuming to
derive. Factor Analysis (FA) is a different but
highly effective tool that can be used to apportion
sources without directly using the chemical
profiles7.
Positive matrix factorization (PMF) is a
development in the class of factor analysis, where
the fundamental problem is to resolve the identities
and contributions of components in an unknown
mixture. PMF results in combination with
meteorological data like wind speed and direction,
temperature provides identification of the locations
of local emission sources affecting a receptor site.

The present study uses the measurements of
aerosol concentrations in an urban region of
Kolhapur to evaluate the importance of different
sources and processes responsible for the high
degree of atmospheric aerosol levels observed
frequently in urban areas of large urban

conurbations. It is important to understand the
contribution of each emission source of air
pollutants to ambient concentrations to establish
effective measures for risk reduction.
The objective of this study is to quantitatively
apportion the sources leading to high aerosol mass
concentrations at residential, commercial, and
industrial sites of an urban region of Kolhapur
using US EPA Positive Matrix Factorization
(PMF 3.0).

MATERIAL   AND   METHODS
Study Area
Kolhapur city is located in south-western
Maharashtra at 16°422  N 74°132  E. It has an
average elevation of 545 meters. Climate of
Kolhapur is a blend of coastal and inland climate
of Maharashtra. The temperature has a relatively
narrow range between 12°C to 35°C. The city
receives abundant rainfall from June to September
due to its proximity to the Western Ghats.
Kolhapur city is a one of the major industrial and
commercial city in the south-western Maharashtra
which governs highest per capita income group
city. Rapid urbanization, higher vehicular density,
higher use of leaded petrol, and the industrialization
are the major reasons for the increased air pollution
in Kolhapur. (Fig. 1 to Fig. 3)

Fig. 1 : Sampling location Shahoo blood bank corner (SBBC), Kolhapur (India)
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Fig. 2 : Sampling location – Gokul Shirgaon MIDC (GS), Kolhapur (India)

Fig. 3 : Sampling location – Shiroli MIDC (SS), Kolhapur (India)
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Sampling procedure
The sampling was carried out using a High Volume
Sampler (HVS). Flow rate maintained through
sampler was 1 m3/min.  The samples were
collected on Whatman glass fiber filter papers with
2 µm pore size. The glass fiber filter papers were
selected because of their 1) Chemical inertness;
2) Very less moisture absorption; 3) Stability to
withstand changing weather conditions. All the
filters were pre-conditioned at 40 0C for 24 hours
in an oven before sampling and post-conditioned
after sampling at same condition.
Sample analysis
The aerosol concentrations were measured
gravimetrically by weighing the aerosol mass
collected and knowing the total volume of air
sampled.
After gravimetric analysis, the acid digestion was
carried out. Each exposed filter paper is cut into
very small fragments and kept in a glass beaker
of 100 ml capacity. Then 10 ml of mixture of
oxidizing agents like HCl + HNO3 + HClO4 in the
proportion (3:2:1) was poured into the digestion
vessel and it is then placed over a hot plate and
kept for about       60 minutes at 400C. The residual
is then filtered through filter paper and diluted as
per requirement for the elemental analysis. The
digested solutions were then analyzed by using
the Atomic Absorption Spectroscopy (AAS) for
Copper (Cu), Lead (Pb), Nickel (Ni), Zinc (Zn),
Cadmium (Cd), Manganese (Mn) and Iron (Fe).

Data analysis by PMF 3.0

Positive Matrix Factorization (PMF) is a
multivariate factor analysis tool that decomposes
a matrix of speciated sample data into two
matr ices—factor contributions and factor
profiles—which then need to be interpreted by an
analyst as to what source types are represented
using measured source profile information, wind
direction analysis, and emission inventories8.
A speciated data set can be viewed as a data
matrix X of i by j dimensions, in which i number
of samples and  j chemical species were
measured. The goal of multivariate receptor
modeling, for example with PMF, is to identify a
number of factors p, the species profile f of each

source, and the amount of mass g contributed by
each factor to each individual sample:

  ijkjikij efgX
p

                     k = 1

Where, eij is the residual for each sample /
species.

Results are constrained so that no sample can
have a negative source contribution. PMF allows
each data point to be individually weighed. This
feature allows adjusting the influence of each data
point, depending on the confidence in the
measurement. For example, data below detection
can be retained for use in the model, with the
associated uncertainty adjusted so these data
points have less influence on the solution than
measurements above the detection limit. The
PMF solution minimizes the object function Q,
based upon these uncertainties (u)8-9.

The procedure of Polissar et al. (1998) was used
to assign measured data and the associated
uncertainties as the input data to PMF.

RESULTS   AND  DISCUSSION
The chemical characterization data along with
uncertainty was used as input to EPA PMF 3.0
receptor model. The results generated by the
model are discussed in this section.
Temperature variations
Temperature varioation have been recorded at
all the three sampling location (Fig. 4)

Observed SPM Concentrations
It is observed that SPM concentrations at all three
sampling locations are increasing with seasonal
variations like from monsoon to summer. Highest
concentration observed is 590 µg / m3 at Shahu
Blood Bank Corner, while lowest is 423 µg / m3 at
Gokul Shirgaon and Shiroli. Most of the
concentrations are above standards which are set
by Central Pollution Control Board, New Delhi.
(Table 1 and Fig. 5 to Fig. 8).



601

Journal of Environmental Research And Development Vol. 5 No. 3, January-March  2011

Note: SPM Concentrations are in µg/m3
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Fig. 5 : Observed SPM concerntrations at 3 sampling location
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Fig. 4 : Observed temperature variations for the study area during sampling period
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Fig. 7 : Observed v/s Predicted Concentration Graphs for SPM Developed by PMF 3.0
at MIDC Gokul Shirgaon, Kolhapur (India)

Fig. 6 : Observed v/s Predicted Concentration Graphs for SPM Developed by PMF 3.0
at  Shahu Blood Bank Corner, Kolhapur (India)
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Source identification

Factor 1 is characterized by the high
concentrations of elements like Mn, Cd, Fe, and
Ni. These species are good indicators for source
like Iron and Steel industries as well as Non-

ferrous metal industries. It is seen that industrial
contributions are higher in both the MIDC areas
as well as inside the city, because of the small
industrial cluster located within the city. There are
battery refilling shops in the Kolhapur city, hence
the Cd contributions are on higher side.

Factor 2 is characterized by trace elements like
Pb, Zn, Fe and Cu which are indicators of
transportation related emissions. Pb can be emitted

Fig. 8 : Observed v/s Predicted Concentration Graphs for SPM Developed by PMF 3.0
at MIDC Shiroli

Factor 1 : Industrial Emmission

Factor 2 : Vehicle Emmission

when leaded fuel is used, while Zn can be emitted
from the vehicular exhaust. Cu can be emitted
from break linings of vehicles especially while stop
and go kind of traffic situation9,10.
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Factor 3 is characterized by good co-relation
between the elements like Ni and Mn which are
indicators of oil and coal combustion and
incineration for domestic and commercial

Fig. 9 : Source apportionment of SPM (factor pie charts) at Shahu Blood Bank Corner, Kolhapur (India)

Factor 3 : Oil and coal combustion

Factor 4 : Road dust

Soruce appointment of SPM (Factor pie
charts)
Soruce appointment of SPM(Factor pie charts)

at different location viz. Shahu Blood Bank, MIDC
Gokul Shirgaon, MIDC Shiroli are shown in
Fig. 9 to Fig. 11

applications in the city as well as refuse
incineration (Contribution to Mn). Citizens of
Kolhapur city are still using conventional coal and
oil for cooking, heating and other domestic
purpose.

Factor 4 shows contributions from the source of
soil and road dust. This source is characterized
by elements like Fe, Zn and Mn. Deposit of Cd in

soil and road dust comes from batteries of vehicles
running in the city. Contribution of other trace
elements is present due to small scale industrial
units located within the city.
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Source Contributions
Percentage source contribution from 4
identified sources-industrial emission, trans

Sampling Location Industrial 
Emissions Transportation Combustion Road Dust 

Shahu Blood  
Bank Corner 24.5 % 28.5 % 30.0 % 16.9 % 

Gokul Shirgaon 
MIDC 28.5 % 29.3 % 17.2 % 25.0 % 

Shiroli MIDC 22.2 % 17.1 % 21.6 % 39.1 % 

 

CONCLUSION
The aerosol samples were collected during
October 2008 to June 2009 at three different
sampling locations in the Kolhapur. Total of 7
elements were analyzed using AAS. The aerosol

Fig. 10 : Source apportionment of SPM (factor pie charts) at MIDC Gokul Shirgaon, Kolhapur (India)

Fig. 11 : Source apportionment of SPM (factor pie charts) at MIDC Shiroli, Kolhapur (India)

portation, combustion and road dust for all three
sampling locations i.e., Shahu Blood Bank corner,
Gokul Shirgaon and Shiroli are given in the Table 2.

Table 2 : Percentage source contributions from 4 identified sources

chemical composition data was analyzed using the
US EPA PMF 3.0 receptor model to estimate the
contributions from possible emission sources.
The impact of local sources namely industry,
transportation, combustion and road dust were
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gaseous nitric acid in an urban area,
Chemosphere, 49(6), 675–684, (2002).

4. Celis  J. E., Morales J. R., Zaror C. A. and
Inzunza J. C., A study of the particulate matter
PM10 composition in the atmosphere of
Chillan, Chile, Chemosphere, 54(4), 541–550,
(2004).

5. Srivastava A., Sengupta  B. and Dutta S.A,
Source apportionment of ambient VOCs in
Delhi City, Sc. Tot. Environ., 343(1-3), 207–
220, (2005).

 6. Vega E., Mugica V., Carmona R. and Valencia
E., Hydrocarbon source apportionment in
Mexico City using the chemical mass balance
receptor model, Atmos. Environ., 34(24),
4121–4129, (2000).

7. Heo J.B., Hopke P. K., and Yi S.M., Source
apportionment of PM2.5 in Seoul, Korea
Atmos. Chem. Phys., 9(14), 4957–4971,
(2009).

8. Kataria H.C.  and  Singh Yogesh, Analysis of
trace elements in water of Kaliyasot dam,
Bhopal (India),  J.Environ.Res.Develop.,
3(1), 156-162,( 2008).

9. US EPA Positive Matrix Factorization (PMF)
3.0 – Fundamentals and user guide Gary
Norris Ram Vedantham, U.S. Environmental
Protection Agency National Exposure, Res.
Lab. Res. Tri. Park, NC 27711.

10. Chakraborty A. and Gupta T., Chemical
characterization of submicron Aerosol in
Kanpur region: a source apportionment study,
Inte J. Environ. Sc. Eng., 1(2), 87-90,
(2009).

clearly identified at the monitoring sites using PMF.
From the data analysis it is clear that a significant
amount of metals associated with aerosols are
anthropogenic in origin. The trace metals like Ni,
Pb, and Zn are harmful to humans and can cause
adverse health effects like respiratory tract
problems, cancer, etc. Hence there is necessity
to take immediate steps to control the pollution
sources of aerosols within the Kolhapur.
The aerosol contributions from transportation
sector can be effectively controlled by taking
measures like fuel substitution and use of catalytic
converters while the contributions from industrial
sector can be controlled by adapting process
changes, good operating practices, source
shutdown, use of air pollution control equipments,
and dispersion at higher levels, etc.
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