Indian Journal of Radio & Space Physics
Vol 43, August - October 2014, pp 284-292

Chemical characterization of particulate matter at Sinhagad, a high altitude station

in Pune, India

P Gursumeeran Satsangi**", Suresh P Chavan? P S P Rao? & P D Safai?

1Department of Chemistry, University of Pune, Pune 411 007, India
2Indian Institute of Tropical Meteorology, Pashan, Pune 411 008, India
$E-mail: pgsatsangi@chem.unipune.ac.in

Received 27 January 2014; revised 25 August 2014; accepted 5 September 2014

Particulate matter, PMy, and PM,s, samples were collected at Sinhagad, a high altitude location, near Pune, India
during November 2008 - April 2009. The average concentrations of PMy,, PM;s and PMyg,5 at Sinhagad were 35.8,
14.1 and 21.7 pg m*, respectively. The average ratio of PM,5/PMy, (0.39) suggested that PMy, at study area is dominated
by primary particulate emissions by natural activities. In PMy,, anions and cations contributed 33% and 67%, whereas in
PM,, these were 43% and 57%. In both PM;, and PM,, contribution of marine components, viz. Na*, CI" and Mg were
found to be 58% and 49%, respectively reflecting Arabian Sea is the major source of these components. All the ionic
components in PM, showed higher concentration in summer, whereas in PM, 5, secondary particles (S0,%, NOs and NH,4")
showed higher concentration in winter. The order of neutralization factor was found to be Ca®* > Mg?* > NH," > K* for
PMy; and Ca?* > NH," > Mg®* > K* for PM,5. Source categorization, i.e. marine, crustal and anthropogenic of chemical
components of PM has been done. Sea salt and crustal fractions have been calculated by assuming entire Na and Ca from
Sea and crust, respectively. The fraction of the chemical component, which remains after deducting the sea and crust
fractions, has been considered as of anthropogenic origin. Major contribution observed was from marine sources
[PM,5 (43%) and PMy, (53%)]; followed by crustal sources [PM, 5 (25%) and PM1, (30%)]; and then anthropogenic sources

[(PM,5 (32%) and PM o (17%)].
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1 Introduction

Particulate air pollution is a complex mixture of
small and large particles of varying origin and
chemical compositions. Particulate matter (PM) have
strong influence in many atmospheric processes, with
important environmental effects including changes in
visibility, solar radiation transfer (related with global
warming), cloud formation, and play a major role in
the acidification of clouds, rain and fog"®. The fine
airborne particles have high probability of deposition
deeper into the respiratory tract and are likely to
trigger or exacerbate respiratory diseases. These
particles also have higher burdens of toxins, which
when absorbed in the body can result in health
consequences other than respiratory health effects.
Particles, having 2.5-100 pum diameters, usually
comprise more of dust from agriculture, construction,
road traffic, plant pollens and other natural sources.
Smaller particles, with less than 2.5um diameter,
generally come from combustion of fossil fuels.
These particles include soot from vehicle exhaust and
are often coated with various chemical contaminants

or metals. Fine sulphate and nitrate particulates are
formed when SO, and NO, condense in the
atmosphere. The major neutralizing species in the
atmosphere are NH; and CaCOs, and their relative
dominance over a particular region can be ascertained
by comparing their abundance in precipitation®**. The
large sources of fine particle are fuel combustion in
industries and diesel exhaust from vehicular traffic.
Important information on the origin of particulate
matter can be obtained through chemical analysis>™"".
The aerosol composition is highly variable in space
and time and depends upon the relative contribution
from diverse sources such as sea salts, mineral dust
and anthropogenic emissions as well as on the
meteorological conditions'. Many components can be
used as tracers for specific sources, for example
sodium is a tracer that is almost exclusively
associated with sea salt. The degree of the acidity of
deposition depends on neutralization by certain
alkaline components, such as NH,*, Ca** [in the form
of CaCOj; or Ca(OH),], Na and Mg. The aobjective of
the present study is to investigate: (i) variation in
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concentrations of major acidifying (SO, and NOs)
and alkaline (Ca®** and NH,") constituents of
particulate matter (PM; and PM,s); (ii) their effect on
the  acidification/neutralization ~ potential ~ of
particulate; and (iii) quantification of sources of PMy,
and PM,s. The data revealed from the present study
can be useful for the other studies as this site is free
from the local pollution sources.

2 Materials and methods
2.1 sampling site

Sinhagad (18°21'N and 73°45'E, 1450 amsl) is a
hill station on a mountaintop in the Western Ghats
mountain range. It is located at about 18 km
southwest of Pune (18°32'N, 73°51'E). Its top is flat
with an area of about 0.5 km” Other mountain peaks
of comparable heights surround it. This part of the
Western Ghats is covered with vegetation, grass and
trees. The only noticeable local source of pollution is
wood burning for cooking. A few people live at the
summit and some tourists visit the area by foot. The
vehicular traffic stops at about 1 km distance from the
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sampling location and about 100 m below the
sampling height. Thus, the site is relatively free from
major urban pollution sources. Sampling was carried
out in the complex of a Microwave Tower building
(about 10 m) owned by Bharat Sanchar Nigam
Limited (BSNL), Government of India, at Sinhagad
fort. It is a protected site and trespassers or tourists
are not allowed to enter. Figure 1 depicts the exact
location of Sinhagad site.

2.2 sample collection

PMy, and PM,s samples were collected from
November 2008 to April 2009 at Sinhagad using an
air sampler (APM-550 from Envirotech Pvt Ltd,
India,). PMy, and PM,s sampler is based on designs
standardized by US EPA, Omni-directional air inlet
with PMy, separation through an impactor followed
by PM,s separation WINS impactor. For sampling of
PMy, and PM,s, glass (Whatman- GF/A) and PTFE
filters were used, respectively. The desiccated filter
papers were weighed twice (before and after the
sampling) on the micro-balance (AE 163, Metler) and
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Fig. 1 — Map showing the sampling site
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again desiccated for 24 hours. The conditioned and
weighed filter papers (PMy, and PM,s) were placed in
filter holders and taken to the field for sampling to
avoid contamination of the filter papers on the way.
Before starting the sampling, initial volume and timer
readings were noted for PMy, and PM;s in field
monitoring sheet. The pre-weighted and coded filter
papers were placed in the filter holder of the
respective samplers and screwed properly before
starting the samplers. Both the PMj, and PM,s
samplers were operated for 24 hours sampling period.
Before and after each set of sampling, data were
entered in the field data sheet in the pre-defined
format and concentrations of PMyg and PM,s were
calculated gravimetrically. After sampling, filter
papers (PMy, and PM,s) were removed with forceps
and placed in the cassette and the cassette was
wrapped with aluminum foil to prevent the
degradation of organic compounds due to
photo-oxidation and brought back to the laboratory.
The weighed filter papers were preserved in freezer
for further chemical analysis.

2.3 Chemical analysis

After exposing the filter papers for the required
time, papers were extracted for water soluble
components by soxhlet extractor. After extraction, the
water soluble extracts of PM were analyzed for major
anions and cations (CI, SO,%, NOs, NH,", Na*, K,
Ca* and Mg”™). lon chromatograph (DX100) was
used for the analysis of CI, S0,% and NOj. Also,
NH," was analysed by UV-Vis spectrophotometer
(Spectronic -20D). Ammonium (NH,") reacts with
phenol and hypochlorite in the presence of a catalyst
(sodium nitroprusside) to produce a blue coloured
indo-phenol dye (Weatherburn, 1967). After the
colour development, the absorption was measured at
625 nm against the blank reagent. The analysis of
cations, i.e. Na*, K*, Ca®* and Mg”* were done by
Atomic Absorption Spectrometer (AAS) (Perkin
Elmer - Analyst 100).

2.4 Quality contral
2.4.1 Quality control in monitoring

(i) The sampler is designed to work at a constant
flow rate of 16.67+0.83 L min™. Daily flow rate
calculations (gas meter reading/timer reading) were
being made to make sure that the fluctuations in flow
rate are within the range; (ii) Filter in the wins
impactor needs to be changed after 72 h of sampling™
or when the filter gets clogged as per the operator’s

judgment. The filter should be immersed in 3- 4 drops
of silicon oil at regular intervals as per the need;
(iii) Periodic cleaning of the sampler was done to
make the sampler dust free so that the dust on the
sampler may not be counted with the mass
concentration of the sample.

2.4.2 Blank correction

Background contamination was monitored by using
field blanks (unexposed filter papers), which were
processed with samples. The field blank filters,
exposed in the field for few seconds, were collected
thrice during the season. Background contamination
was eliminated by subtracting the field blank values
from concentrations of the samples. Usually, field
blank values were very low, typically below or around
the detection limits.

2.4.3 Reproducibility test

Reproducibility test demonstrates the stability of
the analytical instruments. Analysis of the same
standard solution was repeated 10 times on IC, AAS
and UV-Vis. spectrophotometer. The relative standard
deviation was ranged 0.62-5.8% for all analyzed
species which indicates about 95% reproducibility of
measured species.

3 Results and Discussion

The average chemical composition of PMy, PM;5
and PMyy_,5 at Sinhagad are given in Table 1. The
average concentrations of PMy,and PM; s at Sinhagad
were found to be 35.8 and 14.1u gm*, respectively.
The higher PMy, values indicate the impact of marine
source, especially sea salt from Arabian Sea. The
day-to-day change in order of magnitude of PM;, and
PM,s concentrations is found to be 7.4 — 58.2 ug m?
for PMy and 7.2-39.9 pg m? for PM,s. The

Table 1 — Average chemical composition of PM;, and PM, 5

(neq m™®) at Sinhagad
Species PMyo PM,5 (PMyg-25)
“Mass (g m™) 35.8(15.2) 14.1(8.2) 21.7 (12.8)
Na* 83.3(20.8) 34.1(14.2)  49.3(23.4)
K* 17.3(10.6) 7.96 (2.2) 9.31(4.2)
ca* 72.9(30.4) 27.2(10.1)  45.7(23.2)
Mg** 36.8(12.8) 16.2(4.6) 20.6 (10.7)
NH," 20.2(10.4) 18.8(8.8) 1.33(0.7)
cr 98.1(40.8) 38.5(20.1)  59.5(20.1)
NO; 13.4(8.8)  10.1(5.4) 3.4(1.2)
S0% 32.1(12.8) 29.0(15.3) 3.1(0.5)
Nss SO,* 22.7(12.4) 20.1(5.8) 2.6 (0.3)

Standard deviation are given in parenthesis
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difference between the concentrations in PMy, and
PM,s (PMy-PM,5) is the actual contribution of the
coarse fraction and is found to be 21.7 ug m™. The
mass concentrations of PMj;,-PM,s varies, which
correspond to the variations in PM,s and PMy,. The
average ratio of PM,s/PMy, (0.39) indicates that PMy
at study area is dominated by primary particle
emissions by natural and man-made activities. Pipal
et al." have reported very high PM,s/PMy, ratio
(0.70) in a rural site in Agra and low at road site
location (0.32). Tiwari et al.® have reported the ratio
of PM,s/PM;, over Delhi to be ~0.48, which varied
between 0.18 (in June) and 0.86 (in February),
suggesting the dominance of coarse mode particles in
summer and fine mode particles in winter. Kocak
et al.** have reported the great variability in the ratios
of PM,s/PMy, (ranging 0.25 - 0.90) in Turkey. Wang
et al.? reported very high ratio (0.70) between PM,s
and PMy, in Shanghai, China due to industrial effect.
The observed ratios of the present study are
comparable with these reported studies.

3.1 Percentage contribution of PM

The percentage contribution of each chemical
species to the total measured ionic components in
PMy, PMzs and PMyo,5 is shown in Fig. 2. The
measured total water soluble ionic fraction
contributed approximately 30% to the total PM,sin

[a]
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10%
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which anions and cations account for about 43 and
57%, respectively. On the other hand, approximately
40% of the total PMy, was found to contribute as total
water-soluble ionic fraction of which anions and
cations accounted for about 33 and 67%, respectively.
The un-analysed portion of both PMy, and PM,s
samples is deemed to consist of carbonaceous
aerosols, such as black carbon, organic carbons and
other insoluble elements. Contribution of marine
components, i.e. Na*, CI and Mg®* were dominant in
both sizes 58% in PMyoand 49% in PM,5s at Sinhagad
since the air flow during March and April is
predominantly westerly and large amount of moisture
is brought inland from the Arabian Sea™ (Fig. 3). This
is responsible for the observed high concentration of
sea salt ions CI', Na* and Mg™".

Significant contributions of S0,%, NO3 and NH,*
were found in PM, s after sea salt components, which
could perhaps be linked to the anthropogenic
emissions primarily from burning of fossil fuel and
biomass®** and human activities. On the other hand,
considerable amounts of CI", Na* along Ca**, Mg**
and K* found in PMy, are linked to the natural
sources, which are essentially soil derived®?.

3.2 Seasonal variation of PM
Figure 4 shows the seasonal variation of chemical
composition of PMy, and PM,5s at Sinhagad during

504
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Fig. 2 — Percentage contribution of measured ionic species in PMyg, fine and coarse
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winter (November to February) and summer
(March to April). In PMy, all the ions in summer
season showed high concentration because the
atmosphere at Sinhagad, generally, remains unstable
due to convection. In addition, during summer,

u Winter 2007 J

35 WINTER 200

LATITUDE, °N

Summer 2008
SUMMER 2009

40.523.611.?:3.8(0.9‘0.100
LONGITUDE, °E

Fig. 3 — Air mass backward trajectory at 1500 m (amsl) for 7
days ending at Sinhagad

particles of local and land origin are continuously
lifted up which result in higher concentration of
soil-derived elements (Ca**, Mg® and K'). High
concentrations of sea salt components (CI" and Na®)
may be due to the SW winds coming over the Arabian
Sea (Fig. 3).

The low ionic concentrations during winter can be
explained on the basis of the characteristics of lands
use and wind pattern. During winter, lands are mostly
covered by vegetations and wind comes from
continental area, therefore, effect of lifting up of soil
oriented components and sea salt are minimal. In
PM,s, the concentration of anthropogenic
components, like SO,*, NO3 and NH,", are high in
winter as these species are formed through gas to
particle conversion process by their respective
precursor gases [SO,, and NO, get oxidized when
reacted with water vapour in the atmosphere and
NH," is formed from reduction of its precursor
ammonia gas (NHs)]. These precursor gases
(SO;, NO, and NHjz) are emitted from various
industrial, wvehicular and domestic activities®’.
However, the acidic aerosols like SO,* and NO; form
salts, which when reacted with certain cations like
Na‘, Ca*, K* or Mg®*. SO,* and NH," aerosols form
compounds like (NH,),SO, or NH;HSO, which
mostly occur in fine fraction of aerosols®®. The coarse
fraction of SO,” is in the form of gypsum (CaSQO,) or
as a reaction product with sea salt aerosols, like Na*
i.e. (Na).SO, (Refs 29,30). Also, fine fraction of NO3’
is generally in the form of NH,NO; but its coarse
fraction is present in the form of Ca(NOs), or NaNO;
through the reaction of HNO3 vapours with soil or sea
originated elements, respectively”*. Khemani®* has
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Fig. 4 — Seasonal variation in chemical composition of PMyq and PM; 5 at Sinhagad
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Table.2 — Comparison of ionic concentrations (1g m™) of atmospheric aerosol particles with other high altitude study
Location Altitude, Size Na*  NOs; Nss  NH," nssK' nssCa* CI References
m (asl) S0%

Sinhagad, Pune, India 1450 PM,5 0.78 0.62 096 0.33 0.31 054 1.34  Present study
PMyo 191 083 108 0.36 0.67 1.45 3.43

Mt Norikura, Japan 2770 Fine fractions 0.03 0.66 2.21 0.83 1.25 0.22 - Osada et al.*
(<2.1u dia)

Mt Norikura, Japan 2770 Fine fractions 0.02 0.08 125 0.16 - 0.01 0.007 Osadaet al.*®
(<2.1u dia)

Mt Tateyama, Japan 2450 Fine fractions 0.03 0.21 0.56 0.09 0.01 0.03 - Kido et al.*
(<2.1u dia)

Tibetan Plateau, China 3300 TSP* 033 021 107 038 035 02 Zhaoeta¥

Darjeeling Northeastern 2194 PM,5 066 331 38 088 115 013 1.21  Chatterjee et al.®

Himalayas, India

Nagarkot, Nepal Himalayas 2150 PM,s 02 12 38 15 0.62 0.31 0.05 Rengarajan et al.*

Manora Peak, India 1950 TSP* 0.5 0.52 Goldberg et al.*°

Mt Abu, Western India 1680 TSP* 028 0.74 0.37 - 1.7 0.31 Rastogi et al.’®

*TSP = Total suspended particulates

reported presence of (NH,),SO, as well as NaNO; at
Pune. Coarse form of NO;™ at Pune is also reported by
Momin et al** and Safai et al®.

Table 2 presents the comparison of different water
soluble ionic species with other high altitude stations.
It is observed that the concentrations of Na*, Ca®* and
CI" are several times higher than all the other hill
stations'®***°, which indicate the strong influence of
sea salt aerosol over Sinhagad. The concentrations of
NH,", NOs and K" species in PM over Sinhagad were
similar with the data reported form other hill stations.
The concentration of SO,* was less than all other hill
stations due to different proximity of sampling
station. The present site is nearby the coastal area and
high influx of tourists in Sinhagad could be the reason
of the higher loading of chemical species.

3.3 Neutralization factors

The acid neutralizing capacity of different cations
was estimated by calculating the neutralization factors
(NF) with respective to the particular cations. These
factors are calculated by considering NO3™ and S0,”
as the major acidifying anions; and Ca*", NH,", Mg**
and K" as major acid neutralizing cations in the PM
(Ref. 18). The role of CI" in acidity as well as that of
Na® in alkalinity is negligible, since they originate
mostly from sea in the form of sea salt. Some of the
cations like Ca* and Mg® and anions like SO~
measured over land and partially originate from sea in
the form of neutral salt and partially from the

Table 3 — Non-sea salt (Nss) ratios of different ions

Nss SO~  NssK' NssMg®  NssCa®
PMyg 22.7 155 17.9 69.2
PM,5 20.1 7.2 8.5 26.1

anthropogenic activity. The fractions of these ionic
components which originate from sea do not play any
role in deciding acidity/alkalinity of the PM. Thus,
while defining NF value of a cation, only the non-sea
salt (nss) fractions of these components like NssCa,
NssMg, NssK and NssSO, are considered (Table 3).

Neutralization factors for different cations in PMyq
and PM,; collected at Sinhagad are shown in Fig. 5.
In both the sizes, Ca®* served as the major
neutralizing component for aerosol acidity. The
suspended particulate matter, rich in
carbonates/bicarbonates of Ca®*, buffers the acidity of
aerosol, which is commonly observed under Indian
conditions. The order of neutralization was Ca** >
Mg”" > NH,** > K* for PMy; and Ca** > NH,** >Mg**
> K" for PM;;5 at Sinhagad.

3.4 Sour ce categorization of chemical components of PM
Using the computed crustal and sea-salt fractions,
PM have been classified into three main categories:
(i) crustal or soil originated particulate; (ii) marine or
sea salt aerosols; and (iii) anthropogenic or man-made
aerosols. Considering that Na is wholly from sea and
Ca from crust, non-sea salt (Nss) and non-crustal
(Ncr) fractions have been calculated for the measured
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Fig. 5— Neutralization factors for different cations

chemical components of aerosols. The fraction of the
chemical component that remains after deducting
sea-salt and crustal fractions is considered from the
anthropogenic sources.

3.4.1 Calculation of the non-sea salt fractions

For the assessment of marine contribution towards
the formation of different chemical components of
aerosols, a widely used method was employed, in
which the non-sea salt (Nss) fraction of particular
ionic component was calculated, by assuming Na as a
reference element for sea source. For example, Nss
S04 is computed as:

Nss SO,* = [SO4] - {([SO.~/[Na])sea *[Na]}

where, ([SO,]/[Na])sa is the standard ratio of
concentration of SO,* and Na, which is obtained from
sea water composition*’; and [SO,*] and [Na'] are the
concentrations (neq L™) in aerosols. Similarly, Nss
fractions have been computed for the other chemical
components. Annual mean concentrations of non-sea
salt ions in PMyand PM,5 are given in Table 3.

Sea salt (ss) fractions for these components
computed as:

ss = {([X)/[Na])sa * [Na]}

where, X is the desired component of aerosol for
which ‘ss’ fraction is to be calculated.

Computation of Nss is not only useful for deciding
the marine source contribution but is also essential for
the examination of acidic or alkaline nature and
neutralization potential of certain components of PM.

\,
»
w
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Fig. 6 — Contribution of different sources to the PM composition
at Sinhagad
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3.4.2 Calculation of the non-crustal fractions

After calculating the sea salt and non-sea salt
fractions, crustal fraction for different chemical
components have been computed by using Ca®* as a
reference element for crustal source. For example,
Ncr SO, is computed as:

Ncr SO4 = [NssSO,] — {([SO4)/[Ca])crust *[Ca]}

where, ([SO4)/[Ca])crust IS the standard ratio of
concentration of SO, and Ca*, which is obtained
from crustal composition**'. Similarly, Ner fractions
have Dbeen computed for the other chemical
components. Crustal (cr) fractions for these
components were computed as:

Cr = {([XV/[Ca])erust * [Ca]}

Thus, the total concentration from crustal source
comprised of the sum total of crustal fractions of all
the chemical components added to the concentration
of Ca®™. It was observed that the crustal fractions of
Ca”, K*, Mg* and SO,* were in measurable amount.
Similarly, the marine source comprised of the sum
total of sea salt fractions of all the chemical
components added to the concentration of Na'.
Finally, the anthropogenic source comprised of sum
total of the non-sea salt and non-crustal fractions of
all the above mentioned chemical components and
then concentrations of NO; and NH," added to it
(as these components did not show any crustal or
marine contribution).

Quantification of the respective contributions of
these three sources: crustal, marine and anthropogenic
to the total measured chemical composition of aerosols
has been depicted in Fig. 6. It was observed that during
the sampling period, major contribution was from
marine sources (43% for PM,s and 53% for PMyp)
followed by crustal source [contributed more in PMyg
(30%) than in PM_s (25%)], and anthropogenic source
[contributed more in PM;5(32%) than in PMyg 17%)].
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4 Conclusions

The present study presents chemical characteristics
of aerosols (PM;, and PM ) at Sinhagad, a rural high
altitude location, during November 2008 - April 20009.
The average concentrations of PMy PM;sand PMyg.»5
at Sinhagad were found to be 35.8, 14.1 and 21.7 ug m*,
respectively. The average ratio of PM,s/PMyo (0.39)
suggested that PMy, at study area is dominated by
primary particulate emissions by natural and
man-made activities. Contribution of anions and
cations in PM, s was about 43% and 57%; while for
PMyy, it was 33% and 67%, respectively. Contribution
of marine components, Na* and CI" and Mg*" were
dominant in both sizes by 58% in PMy, and 49% in
PMys In PM,s, SO, NO3 and NH," were also
having significant contribution after sea salt, which
may due to the anthropogenic emissions primarily
from burning of fossil fuel and biomass components
and human activities. Considerable amounts of CI,
Na‘, Ca*, Mg® and K" were also found in PMy,
which may be attributed to natural sources (like soil).
In PMyq, all the ions exhibited higher concentration in
summer because of the unstable atmosphere due to
convection. In  PM,s the concentration of
anthropogenic components like S0,%, NO3 and NH,"
were higher in winter as these are formed through the
gas-to-particle conversion processes. The order of
neutralization factor was found to be Ca** > Mg** >
NH," > K* for PMy; and Ca®* > NH," >Mg** > K* for
PM,s. It was observed that during the sampling
period, major contribution was from marine sources
(about 43 % for PM,5and 53% for PMy) followed by
crustal sources (PM,s: 25% and PMy,: 30%) and
anthropogenic sources (PM,s: 32% and PMy,:17%).
The archival of composite data sets and the results
obtained from these observations will be helpful to
assess the impact of anthropogenic sources on aerosol
composition and long-range transport of certain
pollutants.

Acknowledgement

The authors are grateful to University Grants
Commission, New Delhi and Board of College and
University Development, Pune for providing the
financial assistance. Authors are also thankful to the
Head, Department of Chemistry, University of Pune;
Director, IITM and Head, PM & A Division, IITM,
Pune for providing the necessary infrastructural
facilities. Authors are also thankful to BSNL
authorities, Pune for their cooperation and providing
space at their Microwave Tower station at Sinhagad.

References

1 Pueschel R F, Van Valin C C, CastilloR C, KandlechR C &
Ganor E, Aerosols in polluted versus non polluted air
masses: Long range transport and effect on clouds, J Clim
Appl Meteorol (USA), 25 (1986) pp 1908-1917.

2 Sahu L K, Kondo Y, Miyazaki Y, Pongkiatkul P &
Kim Oanh N T, Seasonal and diurnal variations of black
carbon and organic carbon aerosols in Bangkok, J Geophys
Res (USA), 116 (15) (2011) D15302, doi: 10.1029/2010
JD015563.

3 Lee B K & Hieu N T, Seasonal ion characteristics of fine and
coarse particles from an urban residential area in a typical
industrial city, Atmos Res (Netherlands), 122 (2013)
pp 362-377.

4 Kulshrestha A, Bisht D S, Masih J, Massey D, Tiwari S &
Taneja A, Chemical characterization of water soluble
aerosols in different residential environments of semi arid
region of India, J Atmos Chem (Netherlands), 62 (2009)
pp 121-138.

5 Putaud J P, Raesa F, Van Dingenen R, Bruggemann E,
Facchini M, Decesari S, Fuzzi S, Gehrig R, H'uglin C, Laj P,
Lorbeer G, Maenhaut W, Mihalopoulos N, Mueller K, Querol X,
Rodriguez S, Schneider J, Spindler G, Ten Brink H, Torseth K &
Wiedensohler A, A European aerosol phenomenology Part 2:
Chemical characteristics of particulate matter at kerbside,
urban, rural and background locations in Europe, Atmos
Environ (UK), 38 (2004) pp 2579-2595.

6 Putaud J P, Van Dingenen R, Alastuey A, Bauer H, Birmili W,
Cyrys J, Flentje H, Fuzzi S, Gehrig R, Hansson H C,
Harrison R M, Herrmann H, Hitzenberger R, H'uglin C, Jones
A M, Kasper-Giebl A, Kiss G, Kousa A, Kuhlbusch T A J,
L oschau G, Maenhaut W, Molnar A, Moreno T, Pekkanen J,
Perrino C, Pitz M, Puxbaum H, Querol X, Rodriguez S,
Salma I, Schwarz J, Smolik J, Schneider G, Spindler H,
Ten Brink Tursic J J, Viana M, Wiedensohler A & Raes F,
A European aerosol phenomenology Part 3: Physical and
chemical characteristics of particulate matter from 60 rural,
urban, and kerbside sites across Europe, Atmos Environ
(UK), 44 (2009) pp 1308-1320.

7 Viana M, Kuhlbusch T A J, Querol X, Alastuey A, Harrison R M,
Hopke P K, Winiwarter W, Vallius M, Szidat S, Prev’ot AS H,
H'uglin C, Bloemen H, Wahlin P, Vecchi R, Miranda A I,
Kasper-Giebl A, Maenhaut W & Hitzenberger R, Source
apportionment of particulate matter in Europe: A review of
methods and results, J Aerosol St (USA), 39 (2008)
pp 827-849.

8 Sillanpaa M, Hillamo R, Saarikoski S, Frey A, Pennanen A,
Makkonen U, Spolnik Z, Van Grieken R, Brani’s M,
Brunekreef B, Chalbot M C, Kuhlbusch Th, Sunyer J,
Kerminen V M, Kulmala M & Salonen R O, Chemical
composition and mass closure of particulate matter at six
urban sites in Europe, Atmos Environ (UK), 40 (2006)
pp 212-223.

9 Salvador P, Arti B, Querol X, Alastuey A & Costoya M,
Characterization of local and external contributions of
atmospheric particulate matter at a background coastal site,
Atmos Environ (UK), 41 (2007) pp 1-17.

10 Mazzei F, D’Alessandro A, Lucarelli F, Nava S, Prati P,
Valli G & Vecchi R, Characterization of particulate matter
sources in an urban environment, i Total Environ
(Netherlands), 41 (2008) pp 81-89.



292

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

INDIAN J RADIO & SPACE PHYS, AUGUST - OCTOBER 2014

Almeida S M, Pio C A, Freitas M C, Reis M A &
Trancoso M A, Source apportionment of fine and coarse
particulate matter in a sub-urban area at the Western European
Coast, Atmos Environ (UK), 39 (2005) pp 3127-3138.

Chow J C & Watson J C, Guidelines on speciated particul ate
monitoring (USEPA, Office of Air Quality Planning and
Standards, North Carolina), 1998.

Willison M J, Clarke A G & Zeki E M, Chloride aerosols in
central northern England, Atmos Environ(UK), 23 (1989)
pp 2231-2239.

Sahu L K, Kondo Y, Miyazaki Y, Kuwata M, Koike M,
Takegawa N, Tanimoto H, Matsueda H, Yoon SC & Kim Y J,
Anthropogenic aerosols observed in Asian continental
outflow at Jeju Island, Korea, in spring 2005, J Geophys Res
(USA), 114 (3) (2009) D03301.

Pipal A S, Tiwari S, Satsangi P G, Taneja A, Bisht D S,
Srivastava A K & Srivastava M K, Sources and
characteristics of carbonaceous aerosols at Agra, a World
heritage site, and Delhi, capital city of India, Environ i
Pollut Res (USA), 21 (2014) pp 8678-8691.

Pipal A S, Kulshrestha A & Taneja A, Characterization and
morphological analysis of airborne PM,s and PMyq in Agra
located in north central India, Atmos Environ (UK), 45
(2011) pp 3621-3630.

Yadav S & Satsangi P G, Characterization of particulate
matter and its related metal toxicity in an urban location in
South West India, Environ Monitor Assess (Netherlands),
185 (2013) pp 7365-7379, doi: 10.1007/s10661-013-3106-6.
Rastogi N & Sarin M M, Long eterm characterization of
ionic species in aerosols from urban and high-altitude sites in
western India: Role of mineral dust and anthropogenic
sources, Atmos Environ (UK), 39 (2005) pp 5541-5554.
Penner J E, Carbonaceous aerosols influencing atmospheric
radiation: Black carbon and organic carbon, In Charlson R J
& Heintzenberg J (Eds), Aerosol forcing of climate
(Wiley, Hoboken), 1995, pp 91-108.

Tiwari S, Srivastava A K, Bisht D S, Bano T, Singh S,
Behura S, Srivastava M K, Chate D M & Padmanabhamurty B,
Black carbon and chemical characteristics of PM;y and PM, 5
at an urban site of North India, Int J Atmos Chem
(Netherlands), 62 (2010) pp 193-209.

Kocak M, Mihalopoulos N & Kubilay N, Contributions of
natural sources to high PMy and PM, 5 events in the eastern
mediterranean, Atmos Environ (UK), 41 (2007)
pp 3806-3818.

Wang J, Hu Z, Chen Y, Chen Z & Xu S, Contamination
characteristics and possible sources of PM;y, and PM,s in
different functional areas of Shanghai, China, Atmos Environ
(UK), 68 (2013) pp 221-229.

Tare V, Measurements of atmospheric parameters during
Indian Space Research Organization Geosphere Biosphere
Program Land Campaign Il at a typical location in the Ganga
Basin 2: Chemical properties, J Geophys Res (USA), 111
(2006) pp D23210, doi: 10.1029/2006JD007279.

Wang G, Haung L, Gao S, Gao S & Wang L, Characterization
of water soluble aerosols in urban area in Nanjing, China, Atmos
Environ (UK), 36 (2002) pp1299-1307.

Seinfeld J H & Pandis S N, Atmospheric chemistry and
physics (Wiley-Inter-science Press, New York), 1998.
Seinfeld J H, Atmospheric chemistry and physics of air
pollution (Wiley, New York), 1986,) pp 348.

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

Henning S, Weingartner E, Schwikowski M, Ga'ggeler H W,
Gehrig R, Hinz K P, Trimborn A, Spengler B &
Baltensperger U, Seasonal variation of water-soluble ions of
the aerosol at the high-alpine site Jungfraujoch (3580 m asl),
J Geophys Res (USA), 108 (D1) (2003) pp 4030, doi:
10.1029/2002JD002439.

Zhou G & Tazaki K, Seasonal variation of gypsum in aerosol
and its effect on the acidity of wet precipitation on the Japan Sea
side of Japan, Atmos Environ (UK), 30 (1996) pp 3301-3308.
Wolff G T, On the nature of nitrate in coarse continental
aerosols, Atmos Environ (UK), 18 (1984) pp 977-981.

Pitts B J & Pitts Jr J N J, Chemistry of the upper and lower
atmosphere (Academic, San Diego, USA), 2000.

Khemani L T, Momin G A, Rao P S P, Safai P D, Singh G &
Kapoor R K, Spread of acid rain over India, Atmos Environ
(UK), 23 (4) (1989) pp 757-762.

Momin G A, Rao P S P, Safai P D, Ali K, Naik M S &
Pillai A G, Atmospheric aerosol characteristic studies at
Pune and Thiruvananthapuram during INDOEX programme
1998, Current i (India), 76 (1999) pp 985-989.

Safai P D, Rao P S P, Momin G A, Ali K, Chate D M,
Praveen P S & Devara P C S, Variation in the chemistry of
aerosols in two different winter seasons at Pune and
Sinhagad, India, Aerosol Air Qual Res (Taiwan), 5(1) (2005)
pp 115-126.

Osada K, Kido M, Nishita C, Matsunaga K, Iwasaka Y,
Nagatani M & Nakada H, Temporal variation of water-
soluble ions of free tropospheric aerosol particles over
central Japan, Tellus (Sweden), 59 (2007) pp 742-754.

Osada K, Kido M, Nishita C, Matsunaga K & Iwasaka Y,
Changes in ionic constituents of free tropospheric aerosol
particles obtained at Mt Norikura (2770 m asl), central Japan,
during the Shurin period in 2000, Atmos Environ (UK), 36
(2002) pp 5469-5477.

Kido M, Osada K, Matsunaga K & Iwasaka Y, Diurnal
variation of ionic aerosol species andwater-soluble gas
concentrations at a high elevation site in the Japan,
J Geophys Res (USA), 106 (2001a) pp 17335-17345.

Zhao Z, Cao J, Shen Z, Xu B, Zhu C, Chen L A, Su X, Liu S,
Han Y, Wang G & Ho K, Aerosol particles at a high-altitude
site on the Southeast Tibetan Plateau, China: Implications for
pollution transport from South Asia, J Geophys Res (USA),
118 (2013) pp 11,360-11,375.

Chatterjee A, Adak A, Singh A K, Srivastava M K, Ghosh S K,
Tiwari S, Devara P C S & Raha S, Aerosol chemistry over a
high altitude station at Northeastern Himalayas, India, PLOS
ONE (USA), 5 (6) (2010) pp 11122, doi: 10.1371/journal.
pone.0011122.

Carrico C M, Bergin H M, Shrestha A B, Dibb J E & Gomes L,
The importance of carbon and mineral dust to seasonal
aerosol properties in the Nepal Himalayas, Atmos Environ
(UK), 37 (2003) pp 2811-2824.

Rengarajan R, Sarin M M & Sudheer A K, Carbonaceous
and inorganic species in atmospheric aerosols during
wintertime over urban and high-altitude sites in North India,
J Geophys Res (USA), 112 (2007) D21307, doi:
10.1029/2006JD008150.

Goldberg E D, Broecker W S, Gross M G & Turekian K K,
Marine chemistry in radioactivity in the marine environment
(National Academy of Sciences, Washington DC), 1971,
pp 137.



