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ABSTRACT 
 

Atmospheric particle characteristics and concentrations, function of season, are critical in 
neutralizing the atmospheric acidity. The winter levels of particulate matter (PM) are 
generally lower than those in summer at many locations. Reduction in PM levels in the 
winter months could be due to the near absence of soil dust in the atmosphere because of low 
wind speeds in winter. For modeling purpose, PM10 (n=91) and soil samples were collected 
from a commercial area of Kanpur City (India) during 2000-01. The collected samples were 
analyzed for metals and water soluble ions and results were utilized for factor analysis and 
source apportionment estimations. The result has shown two major components, soil and 
road dust and secondary particles contributing 75%, 57% and 27% (to PM10) during summer, 
monsoon and winter seasons. It suggests that soil and road dust and secondary particles are 
key components both from air pollution point of view. 

Key Words : PM10, Factor analysis, Secondary particles, Source apportionment,  
Seasonal Variation. 

 
INTRODUCTION 

India, the second fastest growing 
economy in the world (GDP growth ~ 7%) 
has set a target of doubling power generation 
capacity by March 2012 from the level of 
100 010 MW1. Thermal power generation 
will be the main contributor to the overall 
power generation and will add to the existing 
emissions of SO2, NOx and PM significantly. 
To connect SO2/ NOx emissions and its 
implications in understanding of atmospheric 
chemistry is quite complex because of two 
reasons. First the monsoon type climate, 
where 80 percent of annual rain is received 
in about three months and second, 
atmosphere is quite dusty (e.g. average PM10 

(particle size less than or equal to 10µm) 
values are around 350 µg m-3 due to arid 
conditions. Further, the PM concentration 
has shown significant seasonal variability in 
India2. 

The objective of present study was to 
understand the seasonal variability in terms 
of characteristics and concentrations of PM 
and its source apportionment. For this 
purpose, a study was designed and completed 
during June 2000 to February 2002 at 
Kanpur City (India) (longitude 88 22' E and 
latitude 26 26' N) to quantitatively apportion 
the sources contributing to the PM levels. 
Technique of factor analysis-multiple 
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regression (FA-MR)3, a receptor model, was 
employed to apportion the sources for PM10.  

MATERIAL AND METHODS 

Study Area 

The Kanpur City is situated at an 
approximate distance of 435 km SE from 
Delhi on the right bank of river Ganges 
representing a typical urban environment of 
Ganga basin in terms of the weather 
conditions and atmospheric seasonal 
variability experiencing three dominant 
seasons each year: winter (November- 

February), summer (March–June), and 
monsoon (July–October). Deputy Ka Padao 
(DP) is a commercial area situated about 200 
m from Kanpur Central Railway Station 
(Fig. 1). A large warehouse of railways is 
situated in the vicinity of this site. As a 
result, the area experiences heavy traffic 
from lorries and normal city vehicles 
throughout the day. Several other local 
emission sources are also found in and 
around the site, typical of urban city in India. 
Some of the roads in close proximity of the 
sampling site were not paved properly and 
re-suspension of soil is likely to affect the air 
quality.

 

 
Fig. 1 : Map of Kanpur City showing location of sampling site 

 
Sampling and Quality Control 

PM10 measurements were carried at a 
height of about 10 m (above the ground), at 
the roof of house in DP during the period 
June 2000 to December 2001. The frequency 
of sampling was two 24-h samples per week 
as per the details given in Table 1 in 
accordance with National Air Quality 

Monitoring Program in India. Initial and final 
weighing of filter papers was done using 440 
Mettler Balance with sensitivity 0.00001 g 
and filters were conditioned in desiccators 
for 24 hours before and after the sampling. 
PM10 sampling was done by using high 
volume sampler (APM 620 Envirotech, New 
Delhi) on Whatman GF/A 810 size filter 



Journal of Environmental Research And Development Vol. 4 No. 3, January-March 2010 

 
 

772

paper at a flow rate of 1 m3 min-1. The PM10 
sampling and filter storage protocol and 

quality control has been as per Sharma and 
Maloo4. 

Table 1 : Sampling Details of PM10  

Sampling 
Seasons 

Sampling Months Parameters 
Measured 

Number of 
Samples 

Summer June, 2000 
March, 2001-June, 2001 

PM10 
concentrations, 
Al, As, Ba, Ca, 
Fe, K, Mg, Mn, 
Pb, NH4

+, F-, Cl-, 
NO3

- and SO4
-2. 

28 

Monsoon July, 2000-October, 2000 
July, 2001-October, 2001 

35 

Winter November, 2000-February, 2001 
November, 2001-December, 2001 

28 

 
Estimation of Heavy Metals and Water 
Soluble Ions 

After particulate collection, metals (Al, 
As, Ba, Ca, Fe, K, Mg, Mn and Pb) were 
analyzed in PM10 using half of the filter 
paper. The extraction and analysis of metals 
was carried out as per the USEPA Method 
IO-3.25 using flame atomic absorption 
spectrophotometer (AAS) (Model Varian 
Spectra 220FS and GBC Avanta ∑, 
Australia) with hydride generator (Model 
GBC HG3000). Filter paper blanks and acid 
blanks were also taken through the same 
procedure simultaneously. 

Remaining half of the PM10 laden filter 
paper was analyzed for water soluble ions 
following the prescribed extraction 
procedure6. The water soluble cation NH4

+ 
and anions F-, Cl-, NO3

- and SO4
-2 were 

analyzed by using ion chromatograph (IC) 
(model: Metrohm 761 compact). 
Factor analysis 

A receptor model technique FA-MR was 
employed for source apportionment of PM10. 
Principal component analysis (PCA) is one 
such technique of factor analysis to derive a 
small number of components which explain a 
maximum of the variance in the data. 
Initially, the PCA results in as many PCs as 
there are original variables, however, only a 

limited number of these uncorrelated PCs are 
required to explain virtually all of the 
variance in a data set. For this reduction in 
the dimensionality to be useful, the new 
variables (components) must have simple 
substantive interpretations7. An examination 
of the PC loadings on the original variables 
allows the identification of the PCs as 
pollution sources affecting the data. Finally, 
the mass contribution (in µg m-3) of each 
source contributing to the PM10 levels was 
estimated. 

Varimax rotated PCA was employed for 
source apportionment of PM10 for each 
season using a statistical package8 using a 
conventional R analysis of elemental 
correlations about their means. Initially PC 
loadings and PC scores are determined on the 
basis of measured variables of data set. 
However, the ‘absolute zero’ PC scores 
(APCS) have subsequently been estimated 
for each PC by subtracting the PC score of an 
extra ‘day’ (when all the variables are 
assumed as zero) from PC scores of each 
day7. PM10 levels are regressed on these 
APCS to estimate the regression coefficients 
and constant for each sampling day. 
Mathematically, 
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where, n = number of PCs 

C0, Ci = Constants 

RESULTS AND DISCUSSION 
24-h average PM10 concentrations in 

ambient air monitored at DP is presented in 
Fig. 2. Considering the large sample size in 
each season, it can be concluded that levels  

Summer
(n=28)

Monsoon
(n=35)

Winter
(n=28)

200

300

400

Seasons

DP

100

 
Fig. 2 : 24-h average ambient air PM10 concentrations (μg m-3) 

 
do show significant seasonal variations. PM10 
levels are lowest in monsoon season and show 
higher variability in summer due to high speed 
winds prevalent in summer season. Mean 
ambient air concentration of various PM10 

species at DP was also found varying from one 
season to another (Table 2) especially the 
levels of soil derived elements like Ca, Al and 
Mg are highest in summer due to high speed 
winds and dry soil which gets airborne. 

 
Table 2 : Mean ambient air (24-h) PM10 concentrations of various species in μg m-3 

Species Summer (n=28) Monsoon (n=35) Winter (n=28) 
Al 
As 
Ba 
Ca 
Fe 
K 

Mg 
Mn 
Pb 

NH4
+ 

F- 
Cl- 

NO3
- 

SO4
-2 

25.88±16.57 
0.59±0.23 
10.76±5.06 
23.53±11.86 
2.59±1.40 
2.35±0.95 
5.87±2.60 
0.15±0.05 
0.28±0.09 
2.27±1.77 
0.75±0.51 
5.07±0.86 
8.61±5.48 
11.61±5.98 

7.31±2.36 
0.70±0.30 
6.88±5.25 
19.81±8.58 
1.63±0.67 
2.10±1.35 
5.21±2.03 
0.11±0.05 
0.36±0.29 
5.28±2.70 
0.27±0.25 
4.91±1.72 
17.74±8.23 
10.41±3.94 

12.44±3.64 
0.32±0.19 
2.64±1.33 
14.95±5.19 
1.45±0.53 
3.12±1.88 
2.25±0.83 
0.13±0.06 
0.31±0.21 
5.37±2.62 
0.26±0.15 
11.66±4.47 
18.00±7.99 
10.55±3.80 
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Results of varimax rotated PCA on PM10 
species (variables) and corresponding 
sources are presented in Tables 3, Table 4 

and Table 5 for summer, monsoon and 
winter seasons respectively. Varimax rotated 
PCA showed three possible sources 

 
Table 3 : Varimax rotated PC matrix for PM10 during summer season 

Species Possible Emission Sources 

Soil and Road Dust Secondary Particles Fuel Combustion 

Al 
As 
Ba 
Ca 
Fe 
K 

Mg 
Mn 
Pb 

NH4
+ 

F- 
Cl- 

NO3
- 

SO4
-2 

Eigenvalue 
% variance 

Cumulative % 
variance 

0.83 
0.06 
0.79 
0.81 
0.80 
0.81 
0.85 
0.62 
0.82 
0.39 
-0.06 
0.83 
0.39 
0.40 
6.20 

44.29 
44.29 

0.45 
0.22 
0.25 
0.50 
0.47 
0.17 
0.39 
0.44 
0.28 
0.90 
0.36 
0.08 
0.90 
0.89 
3.79 

27.08 
71.37 

-0.10 
0.85 
0.21 
-0.05 
-0.22 
0.19 
0.01 
0.40 
0.30 
0.05 
-0.47 
0.04 
0.06 
0.10 
1.34 
9.56 

80.93 

 
Table 4 : Varimax rotated PC matrix for PM10 during monsoon season 

Species Possible Emission Sources 
Soil and Road Dust Secondary Particles Fuel Combustion 

Al 
As 
Ba 
Ca 
Fe 
K 

Mg 
Mn 
Pb 

NH4
+ 

F- 

0.77 
0.42 
0.47 
0.74 
0.54 
0.58 
0.69 
-0.45 
0.20 
0.02 
-0.13 

0.49 
-0.26 
0.06 
0.53 
0.68 
-0.29 
0.49 
0.31 
0.43 
0.94 
0.22 

0.14 
0.74 
-0.19 
0.18 
0.01 
0.03 
0.17 
0.60 
-0.14 
0.24 
0.82 
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Cl- 

NO3
- 

SO4
-2 

Eigenvalue 
% variance 

Cumulative % 
variance 

0.08 
0.02 
0.02 
2.90 
20.72 
20.72 

0.18 
0.94 
0.94 
4.38 
31.28 
52.00 

0.73 
0.24 
0.24 
2.44 
17.40 
69.40 

 
Table 5: Varimax rotated PC matrix for PM10 during winter season 

Species Possible Emission Sources 

Soil and Road Dust Secondary Particles Vehicular Emission 

Al 
As 
Ba 
Ca 
Fe 
K 

Mg 
Mn 
Pb 

NH4
+ 

F- 
Cl- 

NO3
- 

SO4
-2 

Eigenvalue 
% variance 

Cumulative % 
variance 

0.87 
0.26 

-0.06 
0.88 
0.80 
0.04 
0.89 
0.38 
0.04 
0.39 
0.14 
0.32 
0.39 
0.39 
3.77 

26.94 
26.94 

0.35 
0.13 
0.43 
0.26 
0.31 
0.54 
0.23 
0.71 
0.33 
0.88 
0.11 
0.04 
0.88 
0.89 
3.81 

27.21 
54.15 

0.13 
0.66 
0.83 
0.10 
0.31 
0.52 
0.12 
0.37 
0.84 
0.20 
0.77 
0.80 
0.20 
0.20 
3.74 

26.68 
80.83 

based on factor loading of marker elements 
greater than 0.7 respectively for all seasons. 
The total percentage variance explained by 
various sources was about 81% (during 
summer), 69% (during monsoon), and 81% 
(during winter). Based on strong factor 
loadings9 of various variables in factors, the 
possible emission sources have been 
identified.  

Strong loading of crustal elements (Al, 
Ca, Fe and Mg) can be identified as originat - 

ing from crustal contribution which can be 
identified as soil dust emission. However, a 
significant amount of dust is present on the 
road and also on the road shoulders and it is 
kept in suspension by vehicular movement. 
Hence, such a source can be identified as the 
combination of ‘soil and road dust’. Major 
portion of the percentage variance (44% 
during summer, 21% during monsoon, and 
27% during winter) was explained by soil 
and road dust. The second factor explained 
percentage variance of 27%, 31% and 27% 
during summer, monsoon and winter, 
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respectively with high loading of NH4
+, NO3

- 
and SO4

-2. These ions are generally assumed 
to be secondary fine particles produced from 
gas to particle conversion of NH3, NOx and 
SO2 in the atmosphere and hence this source 
can be identified as the ‘secondary particles’. 
Pb is associated with leaded gasoline (used at 
the time of study period) vehicular 
emissions. During the sample collection 
period, gasoline supply was not fully 
unleaded in Kanpur city. Hence, the factor 
comprising of Pb can be identified with 
vehicular emissions. As is emitted during 
combustion of coal, firewood and refuse 
burning10. A coal-based thermal power plant 
(200 MW) is situated at a distance of about 7 
km and presence of As may indicate 
contribution from the power plant. 

Soil and road dust and secondary 
particles are invariably present in all three 
seasons as major sources contributing to 
PM10. A large chunk of the percentage 
variance (71% during summer, 52% during 
monsoon and 54% during winter season) is 
being explained by these two prime sources 
contributing towards PM10 levels in the study 
area. Other sources such as vehicular 
emission, fuel combustion, refuse burning, 
and industrial source are also contributing to 
PM10, but their contributions are small as 
compared to combination of first two 
sources. This source identification is  

 

compatible with general land use pattern 
(commercial) of the sampling site. 
Quantification of Source Apportionment  

APCS were regressed on the observed 
PM10 concentration to apportion the source 
contribution to each sample and the 
following seasonal models were obtained 
(after taking only statistically significant 
coefficients (p<0.05) of factors): 
Summer season : PM10 = 56 + 49*APCS1 +  

32*APCS2 
Monsoon season : PM10 = 68 + 30*APCS1 +  

32*APCS2 + 7*APCS3 
Winter season :  PM10 = 161 + 27*APCS1 +  

11*APCS2 
Based on above models, the estimated 

PM10 was plotted Vs. observed PM10 (Fig. 
3(a), Fig. 3(b) and Fig. 3(c). These figures 
signify that computed and observed data of 
PM10 compare well (R2 > 0.80). It may be 
seen that constant (C0 in equation 1) is 
estimated as significant number indicating 
contribution from the sources not 
apportioned by this exercise – these are 
referred as other sources. These may include 
long-range transport, refuse and agricultural 
residue burning, tyre wear, industrial 
emission etc. 
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Fig. 3(a) : Summer season.  
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Fig. 3(b) : Monsoon season. 
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Fig. 3(c) : Winter season. 

 
Quantitatively, the percentage contribu-

tion of sources/ factors for different seasons 
was calculated by seasonal models 

mentioned above and the same is presented 
graphically in Fig. 4(a), Fig. 4(b) and Fig. 
4(c). 
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(a) Summer Season 



Journal of Environmental Research And Development Vol. 4 No. 3, January-March 2010 

 
 

778

Soil & 
Road Dust

27%

Secondary 
Particles

30%

Fuel 
Combustion

6%

Other 
Sources

37%

 
(b) Monsoon Season 
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Other 
Sources

73%
 

(c) Winter Season 
Fig. 4 : Percentage contribution of different sources towards PM10 levels 

Fig. 4 signifies that local soil and road dust 
(23% to 62%) and secondary particles (4% to 
30%) are the key sources in all three seasons. 

CONCLUSION 
PM10 characteristics and concentrations 

were found statistically different in different 
seasons. Factor analysis–multiple regression, 
a source apportionment technique, was 
applied to apportion the PM10 sources at a 
commercial site in Kanpur City, India. In 
three seasons study, two major sources 
contributing towards PM10 levels were soil-

road dust (23% to 62%) and inorganic 
secondary particles (4% to 30%). 
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