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Abstract

This study investigated PM2.s bound carbonaceous species in order to determine the seasonal
changes and to identify contamination sources over the urban sites of Tiruchirappalli. Elemental
Carbon (EC) and Organic Carbon (OC) were analyzed with Thermal/Optical transmittance
analyzer following the temperature program outlined in the NIOSH 5040 method. It is found
that average concentration of EC and OC at Tiruchirappalli was the highest during cold months
and lowest during warm months. Furthermore, the annual concentrations of OC and EC were
8.9 pg/m3and 4.1 pg/m3respectively. On seasonal average, the OC and EC concentrations
ranked in the order of monsoon> winter>pre-monsoon > summer, which could be attributed to
the combined effects of changes in local emissions and seasonal meteorological conditions. The
distribution of eight carbon fractions (OC1, OC2, OC3, OC4, EC1, EC2, EC3 and OP) was also
reported and found that the motor-vehicle exhaust and biomass burning, were the major
contributors to the carbonaceous particles in Tiruchirappalli city.
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INTRODUCTION
Atmospheric aerosols,

Carbon is one of elements in atmospheric particulate

derived from natural and matter, which occupies about 20-60% of PMas

anthropogenic sources, play an important role in
balancing the Earth’s radiation budget by scattering
and absorbing the solar radiation. Many studies have
focused on carbonaceous aerosol in recent years.

concentration and mainly exists in the form of organic
carbon (OC) and element carbon (EC). Atmospheric EC
is directly emitted from primary anthropogenic
sources, while OC can be directly emitted from sources
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such as primary particulates and secondary organic
carbon can be formed from the products of
atmospheric chemical reactions through the low vapor
pressure, proper temperature and sunlight in the
atmosphere. OC and EC in particulate matter play
important roles in global climate effects, visibility
degradation and human health (*?- Particulate-phase
pollutants emitted by motor vehicles (especially diesel
vehicles) consist mostly of carbonaceous aerosol, with
its two components elemental carbon (EC, also
referred to as black carbon) and organic carbon (OC)
(3),

Motor vehicular emissions are a major source of fine
particles in ambient air, especially in urban areas .
Road-traffic emission is also an important contributor
to the global anthropogenic aerosol burden ©) It has
been estimated that in developed countries traffic-
related air pollution constitutes more than 50% of the
total particulate air pollution. Under certain conditions
of gross domestic product growth and related
transportation activities, the global vehicle population
and traveled kilometers are projected to grow
extensively in the near future, especially in Asia. It is
expected that particulate emissions from vehicles will
decrease in developed countries and increase in
developing countries (APEG, 1999). This stresses the
necessity to conduct more studies about vehicular
emissions in the developing countries like India,
because India is expected to play an ever-increasing
role in future global economic activities.

In this context, the current study focused on the
assessment of the influence of PMas bound carbon
fractions and influence of metrological factors in an
urban city like Tiruchirappalli. Tiruchirappalli was
chosen as the sampling location as it is listed as one of
the most polluted cities of Tamil Nadu, with a global
ranking of 370 according to the new global urban
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ambient air pollution ranking released by WHO. It is
also the fourth largest city of South India, rapidly
growing in terms of population density and vehicular
pollution; Tiruchirappalli city is currently facing the
challenge of severe air pollution ®), which has already
led to numerous adverse impacts on the atmospheric
environment and public health. Transport ministry of
Tamil Nadu specified that vehicular population has
touched 1.71 crore as on March 2013 As per the
Directorate of Census Operations reports states that
the population in Tiruchirappalli gets increased by
12.57 % within a short span of ten years from 2001 to
2011. Due to the increase of human population and
vehicular population, the volume of traffic has
increased by about 35.08%
Tiruchirappalli district in the past ten years (Citizen

on the roads of
Services of Tamil Nadu Government, Department of
Transport- 2016).The purposes of the study are to
obtain the profile of eight carbon fractions and to
characterize the source apportionments of carbon
fractions of fine particles in Tiruchirappalli city.

MATERIALS AND METHODS

Sampling site:

The Tiruchirappalli City (10.5°N, 78.43°E, 78.8 MSL) is
situated on the banks of the River Cauvery Tamil Nadu,
South India. Sampling was conducted at five sampling
sites, located in distinctly different over the
Tiruchirappalli city and Figure 1 shows the location of
all sampling sites. The sampling locations were
selected at Jamal Mohamed College —TVS Tollgate
(JMC), Orchard school- KK.Nagar (OrdS), Central Bus
stand (CeBS), Thillai Nagar (ThN) and Chathiram Bus
Stand (ChBS). The samplers were placed on the rooftop
of buildings in all sampling sites, about 15m height

from the ground level.
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Figure 1. Location of the sampling site at Tiruchirappalli, India, (M.Arun et all, 2018).
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Sample collection:

PM2s samplers (TH100-PM2.5 medium flow impact
Wuhan Tianhong Instruments, Wuhan,
China) were deployed at each site. The samples were
collected from June 2015 to July 2016, January-
February, March-May, June - September and October -

samplers,

December were defined as winter, summer, pre-
monsoon and monsoon, respectively. Samples were
collected for 24 hours continuously in each station and
the flow rate was maintained at 100 + 2 L min~2. In this
study, quartz filters — Whatman, QM-A quartz filters 90
(Quartz Whatman, GE
Healthcare Life Sciences, UK.) were used for the

mm microfiber filters:
analyses of gravimetric and carbons. The quartz filters
were pre-heated in a muffle furnace at 800°C for three
hours before sampling to remove the residual carbon.
PMa2.5s mass concentration was obtained by gravimetric
method with an analytical microbalance (Mettler

Toledo, Switzerland) after being conditioned under

10°500"N

10°480"N
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constant temperature and relative humidity. Each
filter was stored in a separate sealed Petri dish.
Thermal /Optical Carbon Analysis:

OC and EC were analyzed by Desert Research Institute
(DRI) Model 2001 transmittance analyzer (TOT, Sunset
Laboratory Inc., USA) following the temperature
program outlined in the NIOSH 5040 method (Birch
and Cary, 1996).. In the analysis procedure, a punch
from the filter was analyzed and the four OC fractions
(OC1, 0C2, OC3, and OC4) were respectively obtained
at 140°C, 280°C, 480°C, and 580°C in a Helium
atmosphere; In the present work the pyrolyzed OC is
not shown separately but added to OC4. And three EC
fractions (EC1, EC2, and EC3) were respectively
obtained at 580°C, 740°C, and 840°C in a 2% 02/98%
Helium atmosphere. In the all procedure, the blank
filters were also analyzed to get the blank OC and EC
concentrations. The average blank concentrations
were used to correct the sample results. The detection
limits of OC and EC were 0.98 and 0.02 ug C/punch and
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the LODs are 0.474 (OC) and 0.015 (EC) pg C.m?3
respectively. Seven temperature fractions, as well as
the TOR and TOT charring correction, are individually
quantified and reported when the IMPROVE_A (7
temperature protocol is applied.

RESULTS AND DISCUSSIONS:
PM2.5 concentration:

The annual average concentrations of PMazs in
Tiruchirappalli was observed the range of
74.1+23.3ug/m3. Moreover, in the study area CeBS
(99.8 pg/m3) and ChBS (92.9 pg/m3) stations were
observed significantly higher than other stations.
other

concentrations of 44.8 pg/m3, 57.0 pg/m3, and 76.0

in

Equally, stations also observed higher
ug/m3in OrdS, ThN and JMC respectively. The present
study signified that the mass of PMasin Tiruchirappalli
exceeded the NAAQS (40 ug/m3) and WHO (10 ug/m?3)
(6) that

in the order of

standards Overall results shows

concentrations of PMa2s ranked
CeBS>ChBS>IMC>ThN>0rdS. The

present higher
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concentrations of PM2s would cause potential adverse
effects to human health.

Concentrations and seasonal variation of eight
carbon fractions:

The IMPROVE- A temperature protocol method step by
step upgraded the temperature to measure each
sample, and eight carbon fractions (OC1, OC2, 0OC3
. OC4, EC1., EC2. EC3.
Carbon abundances in each of these fractions differed

OP) were provided.

from carbon sources & °. The abundance of eight
carbon fractions in the source sample showed certain
character of source composition. Eight carbon
fractions had been used to identify the source
apportionment of carbonaceous aerosol (% Y For
example, OC1 was abundant in the sample of biomass
burning. OC2 was abundant in the sample of coal-
combustion. The abundance of OC3 and OC4 relatively
were in the road dust profile 2. EC1 was enriched in
motor-vehicle exhaust sample 3). EC2 and EC3 were
carbon fractions of coal-combustion and motor-
vehicle exhaust. A larger OP fraction for polar organic

compounds was extracted in water (14,

Table 1. Seasonal variation and site wise of eight carbon fractions in PM2.5 samples (pg/m?3).

Sampling Sites 0OC1 0OC2 oc3 0oc4 EC1 EC2 EC3 TotalOC Total EC Total carbon
ChBS 0.67 2.73 4.19 2.20 7.40 0.75 0.26 12.79 5.41 18.20
ThN 0.43 1.75 2.58 1.58 4.12 0.41 0.12 7.66 3.33 10.99
CeBS 0.65 2.58 4.18 2.26 7.25 045 0.14 12.21 5.31 17.52
JMC 0.47 1.77 2.82 1.86 6.66 0.38 0.09 7.91 6.15 14.06
OrdS 0.32 131 2.10 1.27 2.75 0.32 0.09 6.16 2.00 8.16
Seasons

Winter 0.58 1.61 2.45 1.55 6.42 0.33 0.08 6.19 6.82 13.02
Summer 0.44 1.34 2.28 1.77 3.68 0.38 0.13 5.82 4.18 10.01
Pre-Monsoon 0.38 1.60 2.77 1.85 4.49 0.43 0.09 6.60 5.00 11.61
Monsoon 0.48 2.17 3.29 2.13 9.74 0.38 0.10 8.08 10.22 18.30
Average 0.47 1.68 2.70 1.82 6.08 0.38 0.10 6.67 6.56 13.23
%inPM2.5TC 3.58 12.69 20.39 13.78 4597 2.84 0.75

Figure 2. The abundance of eight carbon fractions of 2015-16 sampling site wise.
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The percentages of carbon fractions collected at
Tiruchirappalli city during the sampling periods were
shown in Table 1. The annual average abundances of
0C1, 0C2, 0OC3, 0C4, EC1, EC2 and EC3 were 3.58%,
12.69%, 20.39%, 13.78%, 45.79%, 2.84%, and 0.75%
respectively, in PM2.5 TC. EC1 was found to be the
major contributor of EC fraction in all the sampling
sites. It contributed 87 - 93% over all sampling site
(OrdS, ThN, ChBS, CeBS and JMC).EC1 contribution was

very high in all sampling sites (figure.2). The
contribution of EC1 found to be less (37%) in warm
months and high (51%) in cold months, the

contribution of EC2 and EC3 found very low in all
seasons. The major source of EC1 is reported to be
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motor vehicle exhaust and vegetative burning 2 13,
Hence this suggests that major EC subtractions over all
the sampling sites The
abundance of EC1, mainly from motor-vehicle exhaust,
the The
percentages of EC2 were the secondary lowest of EC

are vehicular exhaust.

was relatively stable in all seasons.
fraction. Because the gasoline-fueled vehicle was the
one of the sources in Tiruchirappalli, While EC2 was
the most abundant species in the exhaust of diesel-
fueled vehicles. In the sub components, it is found that
0C2, 0OC3 and 0OC4 are the major OC components,
contributing up to 93% of total OC concentration. EC1
was found to be major EC component contributing to

the EC concentration 93%.

Figure 3. The seasonal abundance of eight carbon fractions of 2015-16 in Tiruchirappalli city
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Carbon content in each of these fractions differs by
carbon sources ®. The reason for lower concentrations
of OC1 could be associated with the highly volatile
nature of this component. OC3, OC4 and OC2 found to
be the major contributor to OC concentrations over
Tiruchirappalli. OC3 was found to contribute 40%
the
contribution of OC4 was found to vary from 25 to 35%

during all seasons (figure.3). However,
during all seasons. The contribution of OC2 was found
to be around 25% in all seasons. Seasonal variation
shows that concentrations of ECs and OCs ranked in
the order of monsoon>winter>pre-monsoon>summer
and the carbon fractions in the order of
EC1>0C3>0C2>0C4.The major source for OC3 was

found to be enriched in cooking exhaust (43%) as well

Pre Monsoon

0ocC4

B Monsoon

EC3

| ml .
EC1

EC2

as in vegetative burning and motor vehicle exhaust (>
10%) Paved dust and unpaved road dust contributes 1
to 10% of the OC3 mass (2

CeBS, ChBS sites are entitled to very heavy traffic as
they are the major bus stations of the city while JIMC
site marks the cross-section of major highways and
hence prone to intermittent traffic at all times. ThN
and OrdS are subject to lower traffic than other three
sites but enclosed by numerous road side restaurants.
All these sites experience emission on and off due to
solid waste burning. The study shows that the
concentrations of EC1, OC3, OC2 and OC4 in the order
of ChBS, CeBS > JMC> ThN > OrdS. The major sources
contributing to OC and EC were determined earlier by
OC/EC ratio method by Arun et al (6), according to the
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study OC/EC ratio varied from 1.21 to 4.55 within an
average of 2.51, which indicates that the impact of
vehicular emission and biomass burning were the most
prominent in Tiruchirappalli City. The variation of eight
carbon fractions shows that the clear picture of the
pollution sources and confirm that vehicular pollution
and biomass burning are the main sources for the
carbonaceous pollution in Tiruchirappalli city.

CONCLUSIONS:

The characteristics of eight carbon fractions and
seasonal variations were investigated. EC1 was the
dominant elemental carbon fraction at all sites in the
present study. In the sub components, it is found that
0OC3, OC4 and OC2 are the major OC components,
contributing up to 93 % of total OC concentration. EC1
was found to be major EC component contributing to
the EC concentration (up to 93) contributor to PM2.5
in Tiruchirappalli city. Although there was a substantial
seasonal variety of eight carbon fractions in PM2.5, the
EC1, OC3, OC4 and 0OC2 were generally the most
abundant species, accounting for over 12.0%. This
indicated that motor-vehicle exhaust and biomass
burning were all contributed to the high carbon
species in Tiruchirappalli city.
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