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| ABSTRACT

Air is the critical main constituent of lif¢ on the earth.due to respiration
phenomenon. Chandrapur city is well known forinining activity and industrial
area. Thermal power plant, mining activities,factories and so many industries
are established in Chandrapur district. Present study examines the ambient air
quality around the thermal. zower plant for compliance parameters viz;
Particulate Matter less thafi 10 micxons and 2.5 microns size (i.e., PM1o and
PMazs), as well as gaseous pollutdits like Sulphur Dioxide (SO2), Oxides of
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different areas aroufid Thermal Power Plant, Chandrapur, Maharashtra
(India). The National Ambient Air Quality Standard (NAAQS) 2009 was
compared to the resultait situations. The results showed that although the
levels' oi toxins and other pollutants near the thermal power plant were
designed to be beiow permissible limits, they are nonetheless at alarmingly high
levels from a health perspective.
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Introduction

Due in large part to the preésence of poisdnous trace
metals in the atmosphere as a teSult of rapid
industrialization and widéning »of good moving
companies, air«pollntion. has recently become a
severe envirofimental problem (Borbely et al., 1999;
Clarke et al., 1996; Vadjic and Fugas, 1997; Ahamad
et al., 2022). Theadverse health consequences of air
pollution are caused by the way the atmosphere
behaves (Almeids et al, 1995; Sohrabpour et al.,
1999; Tsai et al., 1997). Ambient air pollution is a
major cause of respiratory health problems in
industrial regions worldwide, and children are more
vulnerable to it than adults are. Children are more
susceptible to air pollution than adults are due to
their greater susceptibility to air pollution (Gawande
et al., 2016). There are many different natural and
manmade sources that contribute suspended
particles to the atmosphere, but urban and
industrialized regions are the main suppliers
(Borbely et al, 1999; Bhutiani et al, 2021).

Transportation, industry, burning biomass, and
argarian activities are among the well-known
anthropogenic  processes  causing  airborne
particulate pollution (Harrison et al., 1997; Hien et
al., 2001; Arditsoglou and Samara, 2005;
Valavanidis et al., 2006; Ruhela et al., 2022a&Db).
Particulate matter (PM) comprises a wide range of
biological and inorganic composites of different
sizes and with different elemental properties (Cheng
and Lin, 2010). According to Dockery and Pope
(1994), elevated PM exposure has been linked to
higher rates of death and morbidity in civic
populations. Fine aerosol particles, especially those
with diameters smaller than 2.5 micrometres, have a
significant negative impact on a person's health
because they cause lung epithelial shell
inflammation-like symptoms (Dockery & Pope,
1994). Studies have been conducted to determine the
relationship between the elemental concentrations in
urban areas and the size distribution of PM (Fang et
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al., 2000, 2006). The concentrations of metals in
total suspended particles (TSPs), PMio, and PM; s
have been extensively examined in recent research
on the health effects of heavy metals and related
particulate matter. Since heavy metals can be
absorbed into human lung tissues during inhalation,
trace metals in air particulate matter pose a major
health risk. Trace metal concentrations in suspended
particulate matter increase in response to
anthropogenic  discharge substantially above
background levels (Finlayson-Pitts & Pitts, 1999).
Gaseous pollutants, including sulfur dioxide (SO,),
oxides of nitrogen (NOx), ammonia (NH3), ozone
(O3) and carbon monoxide (CO), greatly contribute
to this pollution. Sources of these gaseous pollutants
include vehicular pollution; various industrialized
processes from chemicals, fertilizers, textile mills,
etc.; and partial combustion of carbon-containing
composites, which contributes to the pollution of
SO,, NOx, CO and NH3 NOx and volatile organic

compounds (VOCs) undergo photochemical
reactions to produce ozone, a secondary air
pollutant. The impact of these industrialized

contaminants in the surrounding atmosphere can be
monitored to determine the present status of the
atmosphere.

Chandrapur is notorious for its poséession of the
Chandrapur Super Thermal Power Station (CSTPS)
because it can produce more than ten percent of its
electricity and power overall in India. Chandrapur
also includes ferroalloy factories, Ballarpur paper
mills, cement factories,.and mining actions as large-
scale industries and hhas fumierous small-scale
industries becase Chandrapur has become the 4™
most polluted city in lndia."Housing developments
in the Chandrapur district are close to companies and
industrial regiongthat"produce substantial amounts
of hazardous emissions. People who reside close to
industrial complexes or facilities may therefore be
exposed to harmful contaminants. Studying the air
quality in industrial regions is the primary focus of
the present work.

Materials and Methods

Study area

Chandrapur was the Chanda region until 1964.
Khandkya Ballal Sah, a 13" century Gond king,

constructed Chandrapur. The city is surrounded by
coal seams. Chandrapur is called the "black gold
city" (Deogaonkar, 2007). The hinterland is
19.57°N, 79.18°E. Chandrapur is hot and arid. May
is the hottest month, with a mean maximum
temperature of 43°C, while December is the coldest
month, with a minimum average temperature of 9°C.
The maximum recorded temperature was 49°C on 2
June 2007. The lowest recorded temperature was
2.8°C in January 1899 and 2021. Jufie to September
is the monsoon season. The avefage yearly rainfall
in the Chandrapur region is 1249.4 mmi.

The 3,340 MW Chandrapiir SupemsTheriiial Power
Station (CSTPS), owned byrtlic Maharashtra State
Power Generation £ompany Limited, is located 6
km from the city 6n.12,24 Zhectares (122.12 km?). It
generates almost 25% of the state's electricity and
employs 3460 people. A masonry dam on the Erai
River 45 km, item the station supplies the
Chandrapur 4id the station with water. The station's
foundationt \stone was laid by Central Energy
Minister K.“€. Pant on January 16, 1977. We
measured the ambient air quality at 6 locations
Surroundling the thermal power facility. Durgapur,
Atihant, Nirman, Lakhmapur, VichodaRayyatwari,
and Padoli.

Experimental setup

The gaseous air pollutants were measured via wet
chemical analysis. SO, NOx and NH; were
estimated as per the Improved West and Gaeke
methods (IS 5182 Part 2 Method of Measurement of
Air Pollution), Modified Jacob-Honchheiser (Na-
Arsenite) (IS 5182 Part 6 Methods for Measurement
of Air Pollution), and Indophenol Blue method
(Method 401, Air Sampling and Analysis, 3™
Edition), respectively. Ozone was estimated by
chemical methods (Method 411, Air Sampling and
Analysis, 3 Edition) (Guidelines for the
Measurement of Ambient Air Pollutants Volume I)
(Board, 2013).

In the course of the summers of 2021 and 2022,
samples of particulate matter (PM ;o and PM, 5) were
collected using an eight-stage cascade impactor. The
cascade impactor system was installed on a
building's rooftop, approximately 12 meters above
the ground. The particles were collected using glass
fiber filters. Using a digital electronic balance, the
filters were weighed both before and after sampling,
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and various particle dimension ranges were
computed gravimetrically. After the samples had
been digested with HNO3, the concentrations of the
trace metals Pb, Ni, and As were calculated. On an
HC-CO analyzer, hydrocarbons and carbon
monoxide were analyzed. HPLC/GC analysis was
performed on BaP after solvent extraction. Analysis
and reporting strictly adhered to the CPCB manual
for NAAQM.

Statistical methods used:

Statistical analysis is one of the most important tools
used in related studies. Most of the major discoveries
in science and technology have come from studies
that used statistical methods (Manik and Gudadhe,
2020) (Yennawar, 1970).

Standard deviation:

It is the positive square root of the arithmetic mean
of the squares of the observation deviations. It is the
most important statistic for the statistical forecasting
of various research results and the most commonly
used dispersion measure. (Manik and Gudadhe,
2020), (Mungikar, 2003).

Results and Discussion

The ambient air quality parameters around the
CSTPS were compared with the referénccrange
prescribed by the CPCB, 2009. A ¢omparison of
different parameters, such as particulate matter
(PM2s and PM1o), and gaseous pollutants;isuch as
SO, NOx and NHj3, are presented in Table 1.
Particulate matter in ambient air

PM;y and PM;s are.presentin the air and are
composed of very small solid; particles or liquid
droplets. Size dctcimhines, their classification, and
measuring size is essential for determining air
quality and health risks,'Air pollution health hazards
must be assesséd. byfmonitoring PMio and PMa;s
levels, which are crucial air quality indicators. High
particulate matter levels can be a source of
respiratory, cardiovascular, and other health issues
over time.

Table 1 shows that the average PM o concentrations
at Durgapur, Arihant Nagar, Nirman Nagar,
Lakhmapur, VichodaRayyatwari and Padoli were
59+12 pg/m’, 54+7 pg/m’, 69+7 pg/m’, 67+15
ug/m’, 63+9 pg/m’, and 54+6 pg/m* respectively.
The highest PM;o concentration recorded was 85
pg/m® at Nirman Nagar, while the lowest PMjo
concentration recorded was 30 pg/m’® at Durgapur.

At all the locations, the PM10 concentrations were
confirmed to be below the NAAQS stipulated
standards (24 hourly PM (=100 pg/m*).

PM,s: According to Table No. 1, the average PM» s
concentrations at the aforementioned locations were
found to be 32+6 pg/m’, 30+8 pg/m’, 28+7 pg/m’,
29+6 pg/m’, 3244 pg/m’, and 28+5 pg/m3. The
highest average PM» s concentration recorded was 32
pg/m’® at Durgapur and VichodaRayvatwari, while
the lowest average PM» s concentratién recorded was
28 pg/m’ at Padoli. At all the ldcations, the PMys
concentrations were confirm@d to be, below the
NAAQS stipulated standards (24 _hourly PM,s =60
ug/m’).

Gaseous pollutants

Toxic gases dis¢harged’ into the air by human
activities, including mfanufacturing, transportation,
and power” geheration, are known as gaseous
pollutants. Both ‘people and the environment are
vulnerable todhe harinful impacts of these gases.
SO,: The average concentrations of SO, at
Durgapur, “Arihant Nagar, Nirman Nagar,
Laldimapur, VichodaRayyatwari and Padoli were
2942 pglim’, 24+1 pg/m?, 1742 pg/m’, 2842 pg/m’,
18£1 ug/m’, and 23+2 pg/m* respectively. The
maximum concentration of SO, recorded was 30
pg/m® at Durgapur and Vichoda Rayyatwari, while
the minimum concentration of SO recorded was 17
pg/m?® at Nirman Nagar. The SO concentrations Were less
than the stipulated CPCB standards (24 hourly SO,
=80 pg/m’).

NOx: The average concentrations of NOx were 39+1
pg/m?®, 33+5 pg/m’, 32+1 pg/m’, 44+2 ug/m’, 39+1
pgm’, and 42+1 pg/m3. The maximum
concentration of NOx recorded was 45 pg/m® at
Lakhampur, while the minimum concentration of
NOXx recorded was 26 pg/m’ at Arihant Nagar. The
NOy concentrations were less than the stipulated
standards of the CPCB (NOx = 80 pg/m’).

NH;: The average concentrations of NH; at
Durgapur, Arihant Nagar, Nirman Nagar,
Lakhmapur, VichodaRayyatwari and Padoli were
found to be 53+10 pg/m’, 51+6 pg/m’, 536 pg/m’,
5246 pug/m’, 54+5 pg/m’, and 54+5 pg/m*
respectively. The maximum concentration of NHj
recorded was 74 pg/m’ at Lakhampur, while the
minimum concentration of NH; recorded was 39
pg/m® at Durgapur. The NH; concentrations were
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less than the stipulated standards of CPCB (NH3 =
100 pg/m?).

CO:CO was found to be 0.93 mg/m®, 0.57 mg/m’,
0.45 mg/m’, 1.20 mg/m’, 0.5 mg/m’, and 1.04

Table 1: Status of Ambient Air Quality

mg/m* all these concentrations are less than the
stipulated standards (400 pg/m’; CO for 1 hour:02
mg/m®), which are the calculated values at all the
monitored sites given in Table 2.

SN Sampling Location Avg. + SD/(min.-max.)
PMio PM:s SO: NOx NH:
1 Durgapur 5912 (30-72) 3246 (23-41) 29+2 (25-30) 3941 (37-40) | 53+10 (39-74)
2 Arihant Nagar 5447 (44-63) 30+8 (20-44) 24+1 (23-25) 3345 (26-41) 5146 (43-62)
3 Nirman Nagar 697 (63-85) 28+7 (21-39) 1722 (15-19) 32+1 (30-34) 5316 (43-63)
4 Lakhmapur 67+15 (39-84) 2946 (23-36) 28+2 (25-30) 4412 (40-49) 5216 (41-59)
5 VichodaRayyatwari 6349 (51-75) 3244 (24-36) 18+1 (16-19) 39+1 (38 40) 54+5 (44-61)
6 Padoli 5446 (45-65) 28+5 (23-36) 23+2 (20-25) 42+£17(40-43) 5445 (42-60)
NAAQS (2009) 24 hr 100 pg/m® 60 pg/m’ 80 pg/m’ 80 pg/m’ 400 pg/m?®
Table 2: Levels of particulate-associated toxic pollutants
SN | Sampling location Pb | As | Ni | BaP CO [ Ny [ CH4 | HCs
Particulate associated pollutants Velatile Organic Pollutants

1 Durgapur 0.40 ND 4.32 0,16 0.93 0.93 0.82 1.75

2 Arihant Nagar 0.18 ND 6.7 00% 0,57 0.25 1.05 13

3 Nirman Nagar 0.14 ND 8.5 0.06 045 0.39 0.65 1.04

4 Lakhmapur 0.06 ND 6.7 042 1.20 0.39 0.30 | 0.69

5 VichodaRayyatwari 0.08 ND 6.8 0.07 0.5 0.15 1.28 1.43

6 Padoli 0.09 ND 5.6 0.06 1.04 0.30 1.01 131

NAAQS (2009) 1 6 20 1 04 03-10

pg/m’ ng/i’ ng/m’ ng/m* mg/m® ppm

These results revealed that from a health perspective,
the concentrations of gaseous pollutants were
somewhat greater than but less than the permissible
limit of the NAAQM standards.

Toxic pollutants associated with particulate
matter

Metals can be transported by airborne particles,
some of which have deadly effects. Thie discharge
methods used in thefényironment include wet and
dry deposition, cloud ptocessiiig, interchange of air
between the border lifie and the open troposphere,
and compound transformations, which can impact
the concentrations and/limensional distributions of
trace metals. Heawginetal analysis is necessary to
assess the health risk, level of pollution, and
emission sources associated with traffic, industrial,
and residential activities. The concentrations of the
selected heavy metals lead (Pb), nickel (Ni), and
arsenic (As) detected in the PM;o samples varied
between the research locations according to the
current investigation (Kumari et al, 2021). An
increase in metal concentrations is a major hazard to
people's health. Natural sources of lead (Pb), nickel
(Ni), and arsenic (As) include the environment and

manufdctured goods. According to the projected
results, each of the locations has an average
soncentration of these metals, i.e., Durgapur,
Arihant Nagar, Nirman Nagar, Lakhmapur,
VichodaRayyatwari and Padoli. Pb concentrations
were 0.40 pg/m’, 0.18 pg/m?’, 0.14 pg/m’, 0.06
pg/m’, 0.08 pg/m’, and 0.09 pg/m3, and Ni
concentrations were 4.32 ng/m’, 6.7 ng/m’, 8.5
ng/m’, 6.7 ng/m’, 6.8 ng/m’, and 5.6 ng/m’,
respectively.However, the level of arsenic was less
than the detection limit. These metal concentrations
were all below the NAAQS' permitted levels. The
observed results are tabulated in Table No. 2.
Concentration of hydrocarbons in ambient air
Atmospheric conditions are impacted by elevated
levels of methane and nonmethane hydrocarbons
(NMHCs). Nonmethane hydrocarbons (NMHCs)
encompass all gaseous organic molecules excluding
methane (Baker et al., 2008; Wang et al., 2015).
Secondary pollutants such as peroxyacetyl nitrate
(PAN), secondary organic aerosols (SOAs), and
ozone are formed when NMHCs reach a certain
concentration when exposed to sunlight; these
pollutants have negative effects on both human and
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environmental health (Huang ef al., 2014; Liu et al.,
2017; Shen et al., 2013;Ahmed et al., 2015; Thoma
et al., 2022). Methane is a major contributor to many
environmental issues, including those on a
worldwide scale, such as global warming
(Panopoulou et al., 2018; Song et al., 2012). To
improve air quality and decrease ozone pollution,
NMHC monitoring needs to be strengthened.
Anthropogenic and natural sources both emit
hydrocarbons into the atmosphere. Transport, fuel
tank emissions, the disposal of solid waste, and other
anthropogenic sources are among these sources. The
average concentrations of total hydrocarbons are
depicted in Table 2. At Durgapur, Arihant Nagar,
Nirman Nagar, Lakhmapur, VichodaRayyatwari and
Padoli, 1.75 ppm, 1.3 ppm, 1.04 ppm, 0.69 ppm, 1.43
ppm, and 1.31 ppm, respectively. Benzo o Pyrene
(BaP) is the main polycyclic aromatic hydrocarbon
(PAH) with two or more combined aromatic rings.
Benzo[a]pyrene (BaP), which has the molecular
formula C,0H >, is classified as a polycyclic aromatic
hydrocarbon (PAH). PAHs are hydrophobic in
nature and are characterized by a complicatéd
chemical structure composed of several aromatic
nuclei (Seinfeld & Pandis, 1998). Benzo[a]pyrcne
(BaP) is a secondary chemical that is producédmvhen
organic materials are not fully burned and undergo
incomplete combustion at temperatures ranging
from 300 to 600°C. The primary sobrces of
emissions include local ") heating systems,
automobiles, thermal power stations that use fossil
fuels, and industrial_activitics, Therefore, heavy
metals are widely presciitmin the environment,
particularly neaf” sources)of emissions in affected
locations, such as urban and industrial areas (Nielsen
et al, 1996). The observed BaP concentrations
(Table 2) were .16 ng/m’, 0.07 ng/m>, 0.06 ng/m’,
0.12 ng/m’, 0.07 ng/m’, and 0.06 ng/m3,
respectively, which are less than the permissible
limits of the NAAQ Standards of India (BaP: 1
ng/m’).
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