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Abstract 

Earth has always had an abundance of natural resources, but as the number of people on the planet 

grew, so did their needs, and they were taken from the environment at an ever-increasing rate. 

Depending on the kind of pollutant, the duration and intensity of exposure, as well as other elements 

like an individual's health risks and the combined effects of several pollutants or stressors, the effects 

of air pollution on the human body might differ. Situated in the center of the state's mining belt, the city 

of Rourkela occupies an area of 200 km². The main objectives are to study the impact of development 

related environmental threat in the study area and to analyze the spatiotemporal distribution of air 

pollutants in the study area. NDVI, NDBI and LST has been calculated using Landsat 8, 9 Satellite data 

which was originally derived from USGS Earth Explorer for our analysis of the year 2014 and 2024. 

CO, NO2 and SO2 data collected from Copernicus Sentinel 5P Satellite data was derived from 

TROPOMI Explorer for our analysis for the period 2018–2019 and 2024–2025. Based on the results of 

the NDVI, NDBI, LST and air pollutants’ (SO2, CO and NO2) data analysis, it can be inferred that rapid 

growth of industries and urbanization in the region have led to environmental degradation of the area, 

which has halted normal functioning of the ecosystem in that region leading to biodiversity loss along 

with rise in health related issues in the region. 
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INTRODUCTION 

Earth has always had an abundance of natural resources, but as the number of people on the planet 

grew, so did their needs, and they were taken from the environment at an ever-increasing rate. Humans 

continue to exploit natural resources to satisfy their demands, with disastrous results. Environment 

literally means our surroundings, to put it another way “Environment is sum total of water, air and land 

inter-relationship among themselves, with the human beings and other living organisms” [1]. It 

encompasses all of the ecosystem's biotic and abiotic elements as well as their interactions. 

Environmental factors include physical surroundings, 

chemicals, biological species, and human behavior, 

according to the World Health Organization. 

Degradation of ecosystems, the loss of species, and 

the depletion of resources including soil, water, and 

air are all examples of environmental degradation 

[2]. Biodiversity is declining as a result of the 

deterioration of freshwater, terrestrial, and marine 

ecosystems. Because of pollution, habitat loss, and 

biological invasions, thousands of plant and animal 

species are now threatened or endangered. Nearly 

half of India's land mass has been destroyed  

by mining, overgrazing, deforestation, and waste 

disposal. To ascertain if air samples meet health  

and safety regulations, air quality analysis measures 

and assesses them. Experts actively gather air 
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samples from both indoor and outdoor settings and analyze them for a variety of pollutants to guarantee 

regulatory compliance. 

 

Depending on the kind of pollutant, exposure duration and intensity, and other factors, such as an 

individual's health risks and the combined effects of numerous pollutants or stressors, the effects of air 

pollution on the human body might vary [1, 3, 4]. Both terrestrial and aquatic ecosystems are negatively 

impacted by air pollution, which deteriorates habitats and lowers biodiversity. The six categories of the 

Air Quality Index (AQI) use distinct colors to indicate the degree of health risk. The air is generally 

safe for everyone when it is coded green or yellow. Children, the elderly, and those with heart and lung 

conditions are among the sensitive categories that should avoid Code Orange. Code Maroon is a health 

warning indicating emergency situations, while Code Red and Purple indicate that the air is unsafe for 

everyone [5–7]. 
 

Study Location 

Known as the industrial center of Odisha, Rourkela is situated in the Sundargarh district of the state 

at an elevation of roughly 219 m above mean sea level (MSL), at 84°53'E longitude and 22°12'N 

latitude. Situated in the center of the state's mining belt, the city of Rourkela occupies an area of 

200 km². Known as “Steel City”, Rourkela is well-known for its steel factories, which are managed by 

Steel Authority of India Ltd. Rourkela is an industrial site for the current study since it is home to 

several different businesses, including cement factories, fertilizer, sponge iron companies, and thermal 

power plants [8]. The water demands of Rourkela's inhabitants as well as those of the nearby villages 

and suburban areas are met by some of the most significant rivers. The Sankha, Koel, and subterranean 

Saraswati rivers merge to form the River Brahmani. Most of the year in Rourkela is tropical, and the 

monsoon season brings with it a lot of rain. Semi-evergreen and oppressive dry deciduous woodlands  
 

 
Figure 1. Location map of study area. 
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still envelop Rourkela. The buffer zone (50 km) of our study area also includes some parts of Sambalpur, 

Keonjhar district and Jharsuguda. The southern part of Jharkhand includes Simdega, Khunti. Gumla and 

Paschim Singhbhum districts constitute the northern part of our study area. Figure 1 shows the location 

map of study area. 

 

Objectives 

• To study the impact of development related environmental threat in the study area. 

• To analyze the spatiotemporal distribution of air pollutants like CO, NO2 and SO2 in the study area. 

 

Database 

For the analysis, NDVI (Normalized Difference Vegetation Index), NDBI (Normalized Difference 

Built-Up Index), LST (Land surface temperature), and determination of spatial distribution of air 

pollutants like CO, NO2, and SO2 data from satellites for the period 2018–2019 and 2024–2025 have 

been utilized. NDVI, NDBI and LST: Landsat 8, 9 Satellite data which was originally derived from 

USGS Earth Explorer for our analysis of the year 2014 and 2024. CO, NO2 and SO2: Copernicus 

Sentinel 5P Satellite data was derived from TROPOMI Explorer for our analysis for the period 2018–

2019 and 2024–2025. 

 

METHODOLOGY 

NDVI 

NDVI=(NIR–Red)/(NIR+Red) {NIR–Near Infrared} 

For Landsat 8 data: NDVI=(Band 5–Band 4)/(Band 5+Band 4) 

For Landsat 9 data: NDVI=(Band 5–Band 4)/(Band 5+Band 4) 

 

NDBI 

NDBI=(SWIR–NIR)/(SWIR+NIR) {SWIR–Shortwave Infrared} 

For Landsat 8 data: NDBI=(Band 6–Band 5)/(Band 6+Band 5) 

For Landsat 9 data: NDBI =(Band 6–Band 5)/(Band 6+Band 5) 

 

LST 

The formula for calculating Land Surface Temperature (LST) from Landsat 8 and 9 data involves 

several steps, starting with converting the digital numbers (DNs) from the thermal bands to Top-of-

Atmosphere (TOA) spectral radiance, then to Brightness Temperature (in case of Landsat 8 and 9 BT 

is referred to as LST data). 

 

Convert DNs to TOA Spectral Radiance 

Equation: TOA=ML×Qcal+AL 

• AL= Band-specific thermal conversion from metadata (intercept), 

• TOA= Top of the Atmosphere (spectral radiance), 

• ML= Band-specific thermal conversion from metadata (slope factor), and 

• Qcal= Digital number from the thermal band (Band 10). 
 

Convert TOA Radiance to Brightness Temperature (BT) 

Equation: BT=(K2/(ln (K1/TOA)+1))–273.15 

• BT= Brightness Temperature in degrees Celsius, 

• K1 and K2= Band-specific thermal conversion from metadata (calibration constants), and 

• TOA= spectral radiance (calculated in step 1). 
 

Spatiotemporal distribution maps of air pollutants like CO, NO2 and SO2 were prepared by collecting 

data from TROPOMI Explorer (Sentinel 5P), specially designed for collection of air pollutants data  
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Figure 2. Flow chart of the methodology. 

 

over the earth’s sur a e, with   km×7 km spatial resolution. After the collection of data of certain places 

from TROPOMI, the map was prepared by applying Inverse Distance Weighting (IDW), an 

interpolation technique in Arc GIS. Figure 2 shows the flow chart of the methodology. 

 

DISCUSSION 

Together with the development of the study's aim and objectives, the first step involved a thorough 

understanding of the subject topic and domain. Additionally, the study area and the 50-km buffer zone 

surrounding Rourkela city are chosen for the study. The area's impact from air pollution over the past 

10 years is determined by mapping the spatiotemporal dynamics of the Normalized Difference 

Vegetation Index (NDVI), Normalized Difference Built-up Index (NDBI), Land Surface Temperature 

(LST), and air pollutants like carbon monoxide (CO), nitrogen dioxide (NO2), and sulfur dioxide (SO2). 

(2014–2024) [9]. 

 

NDVI Stands for Normalized Difference Vegetation Index 

Understanding vegetation density and evaluating changes in plant health are two benefits of using 

the NDVI, a metric for quantifying vegetation greenness. The NDVI ranges from –1 to 1 and is 

computed as a ratio of the red (R) and near-infrared (NIR) values (Figure 3). Vegetation under moisture 

stress is indicated by low NDVI values, while a larger density of green vegetation is indicated by higher 

values. Two sections, 2014 and 2024, comprise our analysis which are explained below.  
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Figure 3. Showing NDVI of 50 km Buffer Zone. 

 

In 2014, Rourkela city showed variability in NDVI values with the area covered by Rourkela Steel 

Plant (RSP) having values ranging between 0.05 to 0.11 with gradual improvement in Raurkela 

Industrialship, Panposh and Civil township with values ranging from 0.07 to 0.15, the northwestern part 

of the city covered by Rourkela airport and adjoining barren land have NDVI value with 0.07. 

 

As we move in southwest direction from the city towards Butukupari Reserved Forest (RF), Sagjor 

RF, and Kumaria RF, NDVI showed an upward trend with values ranging between 0.24 and 0.30. 

Moving northward, Rajgangpur has 0.15 NDVI, Gurhiali RF (0.25), areas surrounding Mandira 

Reservoir have NDVI ranging from 0.15 to 0.30, with higher values concentrated in and around Datani 

RF, Jhandpaharh RF, Jhunmur RF and Ghaghari Reservoir, similar trend could be seen in upper part of 

the Koel River, covered by Tangrani RF, Harapali RF with trend continuing till the outer limit (northern) 

of our study area i.e., Jaldega, Mahabuang, and Banki with sharp decline in the NDVI values in Bispur, 

Sarnatola, Turtoli (0.15–0.20), the highest NDVI values reached (0.30–0.40) in Samtha RF, Tholkabad, 

and other southeastern and southern part covered by Bonaigarh Sankhaposh, Narayanposhi mines, 

Sunndpur Bauxite mines; Topadihi have recorded lowest NDVI ranging from 0.03 to 0.12. 

 

In 2024, Rourkela city showed a positive spatiotemporal change in NDVI as Rourkela steel plant 

(RSP) showed an increase in value from 0.03 in 2014 to 0.05 in 2024, Raurkela Industrialship, Panposh 

and Civil township also showed an upward trend with 0.09 to 0.20 NDVI, northwestern side of the city 

covered by Rourkela airport and the land adjoining to it recorded NDVI from 0.13 to 0.19 Dandiapali, 

Bijalatoli, Gotidarah, Garjan and adjoining areas registered values ranging from 0.08 to 0.18. As we 

move in the southwestern direction from the city towards Butukupiri RF, Sagjor RF and Kumaria RF 

recorded a decline in NDVI from 0.24–0.30 in 2014 to 0.19–0.22 in 2024, moving northward, 

Biramitrapur (0.16), Rajgangpur (0.19), and Bamra-Gangpur forest (0.32), showed an increase in value 

while Mandira Reservoir itself recorded (–0.001) and its adjoining areas registered a decline from 0.15 

 ery low   elow     9 

 ow      9       

 igh    2       

 ery high   bove      

 egend

 our ela

 oderate          2 

 

E 

 

  2  2        

  

 ormali ed 

di  eren e vegetation 

inde        

2 2 2   

8        E 8        E 8        E 8       E 8        E 8        E 8        E 8        E 8       E 8        E

2
 
  

 
  
  
 

2
2
  

  
  
 

2
2
  

 
  
  
 

2
2
  

 
  
  
 

8        E 8        E 8       E 8        E 8        E 8        E 8       E 8        E

2
 
  

 
  
  
 

2
2
  

  
  
 

2
2
  

 
  
  
 

2
2
  

 
  
  
 



 

 

Impact of Environmental Degradation on Steel City of Odisha                                                            Mahalik et al. 

 

 

© STM Journals 2025. All Rights Reserved     
 

to 0.30 in 2014 to 0.12 to 0.23 in 2024; upper part of Koel river covered by Tangrani RF, Harapali RF 

showed a slight decrease in 2024 with values ranging from 0.15–0.20 in comparison to the values (0.15–

0.30) recorded in 2014. The northern most limit of our study area i.e., Jaldega, Mahabuang, Banki, 

Bispur, Sarnatola, Turtoli also recorded decline in NDVI from 0.30–0.40 in 2014 to 0.20–0.28 in 2024; 

this trend also continues in the eastern part covered by Kalinga Nagar, Serenda, Barbil recording NDVI 

ranging from 0.12–0.16, and southern part with Nuagaon, Sunndpur Bauxite mines, Kalmanga, 

Narayanposhi Mines Topadihi recorded lowest NDVI ranging from 0.03–0.05. Therefore, it can be 

observed that except Rourkela Steel plant region all other areas within our study recorded decline in 

NDVI values from 2014 to 2024. 

 

Normalized Difference Built-up Index (NDBI) 

The NDBI is a metric used to evaluate and analyze built-up areas and urban growth in a given area. 

It is computed using satellite imagery and focuses on distinguishing between natural or non-natural 

areas and built-up or urbanized areas (Figure 4). In order to calculate the index, the NIR (near infrared) 

and SWIR (short wave infrared) values are subtracted, and the result is then divided by the sum of the 

two. The resulting NDBI values are between –1 and 1, with positive values denoting built-up regions 

(such roads, buildings, and concrete surfaces) and negative values denoting non-built-up areas (like 

vegetation or water bodies). A value close to zero generally represents a transitional zone between built-

up and non-built-up areas. 

 

NDBI values within our study area show great variability with lowest being recorded as –0.35 to 0.66 

being highest. Area covered by Rourkela steel plant (RSP) recorded 0.08, with gradual decline towards 

Raurkela industrialship which recorded values between –0.02 and –0.10. Civil township recorded –0.28 

to 0.04. As we move towards northwestern direction it recorded the highest NDBI within the city i.e., 0.05 

to 0.09, which is covered by Rourkela airport and adjoining barren land, further as we move towards 

southwest direction from the city and the region between Butukupiri RF and the Brahmani river registered 

 

 
Figure 4. NDBI of 50 km Buffer Zone. 
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0.03 to 0.06, this trend continued in the southern part of the study area –0.08 to 0.118 covering places like 

Satakuta, Tikraposh, Madhupur, Gobindpur, and Barhaposh; this fashion is halted by Rushimath RF, 

Dhenkimath RF, Gurundia RF, Sirigirha RF, Chhatam RF where NDBI ranged between –0.03 and –0.19, 

the built-up continued to increase as we move towards northwest Jallangbera, Baidyanathpur, Patrapali, 

Mahatotoli, region alongside Mandira Reservoir from 0.03 to 0.09. Northern part of the study area covered 

by Banki, Jaldega, Tutikel, Bano, Lachragarh recorded 0.03 to 0.08. Baikera, Manoharpur, Ghaghra on 

its east registered 0.03 to 0.08, Southeast direction covered by Narayanposhi mines, Topadihi, Sunndpur 

Bauxite mines, Serenda, Kalinganagar, and Balani recorded 0.019 to 0.08. 

 

In 2024 NDBI varied from –0.38 to as high as 0.71 representing an increase of 0.05 point. Rourkela 

Steel Plant (RSP) recorded as high as 0.105, Raurkela industrialship saw a slight increase registering –

0.04 to 0.011. Civil Township registered 0.014 to 0.06. Rourkela airport and adjoining barren land 

registered –0.02 to 0.11. The region between Butukupiri RF and the Brahmani river 0.028 to 0.066, 

southern part of the study area covered by Sarsara, Kuliposh, Rajamunda, Bileipada recorded highest 

NDBI 0.052 to 0.110. The region surrounding Bamra-Gangpur forest recorded NDBI of 0.048 to 0.073. 

Western part of our study area showed drastic increase NDBI in many parts like Panposh, Sagjor, 

Raiberna, Ghoghar, Ratakhandi, Ghaghari recorded 0.05 to 0.98. Northern part covered by Jaldega, 

Mahabuang, Banki, Bano also showed an upward trend from 0.08 in 2014 to 0.10 in 2024. Eastern part 

of the study area showed improvement in environmental conditions which was –0.04 to –0.15 i.e., 

decline in built-up area. Southeastern part covered by Narayanposhi mines, Topadihi, Sunndpur Bauxite 

mines, Serenda, Bolani recorded 0.067 to 0.21 NDBI. The NDBI showed an upward trend from 2014 

to 2024 indicating sharp rise in built-up region (including industrial, commercial and residential).  

 

Land Surface Temperature (LST) 

    re ers to the temperature o  the Earth’s sur a e and is obtained through satellite imagery or 

ground-based sensors that  apture thermal in rared radiation emitted by the earth’s sur a e (Figure 5).  

 

 
Figure 5. LST of 50 km Buffer Zone. 
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LST data provides insights into the thermal behavior of different land cover types, such as vegetation, 

water bodies, and urban areas. It helps in understanding the spatial and temporal variations in the surface 

temperature, identifying heat islands, monitoring land-use/landcover dynamics and assessing the impacts 

o   limate  hange on the Earth’s sur a e   t is o ten e pressed in degree  elsius      or  elvin      

 

Our study area recorded temperature variations from 22 to 49°C. Within Rourkela city RSP recorded 

temperature as high as 43°C. Temperature in Raurkela industrialship varied from 32 to 35°C. Civil 

Township recorded 30 to 35.3°C. Rourkela airport and adjoining barren land 29 to 36°C; the region 

between Butukupiri RF and the Brahmani river registered values between 30 and 35.6°C. Gamardihi, 

Chandrapur, Rumkuberna, Birkera showed values between 33.8 and 41°C. Area surrounding Mandira 

reservoir like Kusumdegi, Ramabahal, Rajgangpur, Kukudamunda temperature varied from 30.5 to 

35°C. Northernmost limit of our study area Mahabuang, Jaldega, Lachragarh varied from 28.2 to 32°C. 

Narayanposhi mines, Topadihi, Sunndpur bauxite mines, Serenda, Balani displayed 28.3 to 39°C. 

 

Our study area recorded temperature variations from 21 to 50°C, with Rourkela steel plant registering 

22 to 30°C, temperature in Raurkela industrialship varied from 20 to 25°C, Civil township 22 to 25°C, 

Rourkela airport and adjoining land recorded 27°C. Gamardihi, Chandrapur, Rumkuberna, Birkera 

displayed temperature which varied from 21 to 30°C. In region like Kusumdegi, Ramabahal, 

Rajgangpur, and Kukudamunda temperature varies between 36 and 39°C. Northernmost limit our study 

area Jaldega, Banki, Lachragarh varied from 30 to 33°C. Narayanposhi mines, Topadihi, Sunndpur 

bauxite mines, Serenda, Bolani temperature varied from 21 to 30°C. Temperature in Ankua RF, Samtha 

RF and Tholkabad RF varied from 17 to 20°C.  

 

The Land Surface Temperature (LST) varied slightly from 2014 to 2024, with temperatures reaching 

as high as 49 to 50°C respectively; although temperature in many regions within our study area showed 

improvement in environmental conditions by showing a downward trend in temperature record but the 

overall surface temperature went up to 50°C which shows tendency of the respective region to become 

urban heat island.  

 

SPATIOTEMPORAL DISTRIBUTION OF AIR POLLUTANTS  

In our study, maps have been prepared with reference to winter season from November 2018 to 

February 2019 and November 2024 to February 2 2 , as  ooler and denser air remains near the earth’s 

sur a e getting trapped under the warm upper layer,  orming an atmospheri  ‘lid’   nown as winter 

inversion). Because vertical mixing only occurs in lower levels, contaminants produced have less room 

to spread out in the atmosphere and stay closer to the ground, which makes their effects worse during 

the winter [10–14].  

 

CO (Carbon Monoxide) 

The incomplete burning of carbon-containing fuels like natural gas, gasoline, or wood produces the 

colorless, odorless gas known as carbon monoxide (CO), which is released by a wide range of 

combustion sources such as power plants, automobiles, incinerators, and wildfires (Figure 6). A map 

showing the distribution of carbon monoxide (CO) in an area helps visualize how the pollutant is spread 

out across different locations. Areas with high CO concentrations (often indicated by darker colors) 

represent potential pollution hotspots. These areas might coincide with industrial sites, heavily 

trafficked roads, or regions with poor ventilation. 

 

Our study area depicts variability in CO concentration from 0.035 to 0.049 mol/m2. Rourkela steel 

plant, civil township recorded higher CO concentration ranging from 0.047 to 0.048 mol/m2. Raurkela 

Industrial township had 0.043 to 0.046 mol/m2, Rourkela airport and adjoining land emitted 0.044 mol/m2 

higher CO distribution was concentrated in Rourkela city and its adjoining southern part covering 

Saliatoli, Rumkuberna, Chandrapur 0.047 to 0.048 mol/m2. As we move outwards from the city the CO 

concentration show gradual decline areas like Jareikela, Bandhkhaman, Jada, Boneikela, Kantapali, Bileipada 
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Figure 6. Spatial distribution of CO (mol/m2) within 50 km Buffer Zone. 

 

showed values ranging from 0.042 to 0.044 mol/m2. In the southernmost point of our study area Bonai 

forest range and Bamra-Gangpur forest show lowest CO emission i.e., 0.03–0.04 mol/m2. Other parts 

of the study area also record CO emission varying between 0.040 and 0.044 mol/m2 but lowest CO is 

emitted from northern and eastern part covering areas like Kolebira, Jaldega and Sunndpur Bauxite 

mines, Topadihi, Narayanposhi mines ranging from 0.036 to 0.038 mol/m2. 

 

Value of CO emission varied between 0.038 and 0.051 mol/m2 RSP, Civil township emitted highest 

CO 0.048 to 0.051 mol/m2. Similar CO emission are seen in southern part of the area adjoining Rourkela 

city 0.049 to 0.050 mol/m2. Rourkela industrialship had 0.045 to 0.046 mol/m2, Rourkela airport 

emitted 0.044 to 0.045 mol/m2, western part of the study area recorded 0.042 to 0.046 and southern part 

0.041 to 0.045 mol/m2 showed higher CO emission in comparison to the eastern (0.038 to 

0.040 mol/m2) and northern part (0.039 to 0.040 mol/m2) [15]. 

 

Nitrogen Dioxide (NO2) 

Nitrogen dioxide (NO2) is a reddish-brown, pungent, and toxic gas, a major air pollutant primarily 

produced by the combustion of fuels like gasoline and diesel, and also from industrial processes 

(Figure 7). It can harm people's health by creating respiratory problems and perhaps exacerbating 

asthma, and it contributes to smog and acid rain. In addition to contributing to air pollution, NO2 is 

involved in the production of particulate matter and ozone. 

 

Emission of NO2 in this year varied from 20 to 106 µmol/m2. NO2 is emitted in higher concentration in 

and around RSP varied between 90 and 96 µmol/m2. Raurkela industrialship emitted 50–81 µmol/m2 

Rourkela airport and adjoining land 56–63 µmol/m2. Areas like Buchahanda, Gopadihi, Tepatoli, 

Badnuagaon recorded 89–94 µmol/m2. Jharbeda, Rajgangpur, Kansbahal, Kalunga, Kukuda, Lanjiberna, 

Garpos varied between 72 and 89 µmol/m2, Bamra-Gangpur forest and the region surrounding to it 

recorded 46 to 60 µmol/m2, the outer boundary of our study area showed low NO2 emission varying from 

24 to 37 µmol/m2. 
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Figure 7. Spatial distribution of NO2 (µmol/m2) within 50 km Buffer Zone. 

 

Overall NO2 emission in our study area varied between 21 and 141 µmol/m2. The NO2 emission 

which was concentrated near RSP is now dispersed with two nuclei having 125.3 µmol/m2 each and 

other part had 103 to 117 µmol/m2. Katua Tola, Hatibandha, slag dumping area of RSP also recorded 

higher NO2 emission had 125 µmol/m2. Buchahanda, Birual, Garjan recorded highest NO2 from 118–

140 µmol/m2, Civil township recorded 117–125 µmol/m2, Rourkela airport emitted 44–62 µmol/m2 and 

area towards Jaganathpalli 43 to 46 µmol/m2, as we move outwards in western direction area covering 

Kalunga, Mandiakudar, Kansbahal, Rajgangpur, Jharbeda, Kutunia recorded 70–112 µmol/m2, the 

dispersion is towards southwestern direction and as we move towards outer boundary it emitted NO2 of 

21–44 µmol/m2.  

 

Sulphur Dioxide (SO2) 

SO2 is a colorless, reactive gas with a sharp, irritating odor, often described as similar to a burnt 

matchstick. It is highly soluble in water, forming sulfuric acid, a major component of acid rain 

(Figure 8). It is primarily produced by the combustion of fossil fuels, especially those containing sulfur 

like coal and oil, as well as industrial processes like smelting and refining. Large volumes of SO2 are 

also released during volcanic eruptions. Acid rain, which can harm aquatic ecosystems, forests, crops, 

and buildings and monuments, is largely caused by SO2. Additionally, it aids in the production of 

particulate matter (PM), which can worsen respiratory issues and impair vision. Skin, eyes, and the 

respiratory system can all be irritated by SO2. In susceptible people, it can cause or exacerbate 

respiratory disorders including bronchitis and asthma, as well as have an impact on heart disease. 

Reduced lung function and lung injury can result from high doses.  

 

Rourkela city emitted SO2 varying from 250 to 750 µmol/m2 with RSP emitting SO2 on the higher 

side. Birmitrapur emitted SO2 between 500 and 1000 µmol/m2, Rajgangpur also emitted SO2 varying 

between moderate to high levels 250–750 µmol/m2, Lahunipara and Bonaigarh recorded higher SO2 

values ranging between 750 and 1000 µmol/m2, Bano on the northern side of our study area recorded 

SO2 250–500 µmol/m2.  
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Figure 8. Spatial distribution of SO2 (µmol/m2) within 50 km Buffer Zone. 
 

Rourkela city showed variation in SO2 emission between 250 and 1000 µmol/m2. RSP showed 

increased SO2 emission ranging between 750 and 1000 µmol/m2. Areas like Rajgangpur and Birmitrapur 

showed hiked SO2 emission registered (500–1000 to 250–1000 µmol/m2) respectively. Manoharpur also 

recorded elevated SO2 emission from 750 to 1000 µmol/m2. Lahunipara and Bonaigarh have spatially 

dispersed values ranging from 750 to 1000 µmol/m2. Simdega in the north also showed similar trend. 

 

CONCLUSION 

From the above study, it is found that Rourkela city and its buffer zone is under serious environmental 

degradation, and it can be analyzed in the following way: The vegetation cover in the study area is 

continuously getting depleted as we can observe from lower NDVI levels in many parts in 2024 as 

compared to 2014. The rate of urbanization is growing exponentially in the city which can be inferred 

from higher NDBI values in 2024. Due to increase in the built-up area and degradation of forest cover 

in the region, it has led to rise in land surface temperature (LST) in 2024. Rapid rate of industrialization 

in the city has led to dispersion of pollutants like CO, NO2, and SO2 in the peripheral regions thus 

leading to wider environmental deterioration. Rourkela also known as the industrial capital of Odisha, 

has undergone rapid urbanization along with increasing number of industries, i.e., up to 11,171 

industries, out of which 75 are registered under Medium and Large units. Rourkela Steel Plant (RSP), 

NTPC-SAIL Power Company Limited, OCL India Limited, Larsen & Toubro Fabrication Plant, and 

Bondamunda-Rourkela locomotive yard are examples of large-scale businesses. Rourkela also hosts 

numerous small and medium-scale industries, including Mansarowar Industries, Asiatic Gases Limited, 

 ay  alaji  yoti  teel  imited et      ording to the  tate o   ir Quality in  disha “ ue to the lo ation 

of industries in and around Rourkela, the PM10 value in the ambient air did not witness much fall. In 

2017–18, the value was recorded to be 99 µg/m3, rising to 118 µg/m3 in 2018–19 and again to 106 µg/m3 

in 2021–22 from 96 µg/m3 in 2020–2 ”. This rapid growth of industries has posed serious 

environmental threat due to high levels of emission of hazardous gases like SO2 and CO, and increase 

in built-up and vehicular pollution and has led to rise in NO2 levels in the city and its adjoining land, 

this not only hampers the quality of life of individuals but also hinders normal functioning of the 

ecosystem in Mandira Reservoir, Ghaghari Reservoir, the Koel river, the Brahmani river, Bonai forest 

range, Bamra-Gangpur forest, Butukupiri RF, Rushimath RF, Datani RF, Jhandapaharh RF etc. 
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From the above discussion, it can be concluded that some urban planning and management measures 

can help in reducing the pollution levels in the city and checking the spurious and haphazard growth  

of industries and other built-up regions in the city and urge for a more sustainable approach for city 

development [15]. 
 

Based on the results of the NDVI, NDBI, LST and air pollutant (SO2, CO and NO2) data analysis, it 

can be inferred that rapid growth of industries and urbanization in the region has led to environmental 

degradation of the area, which has halted normal functioning of the ecosystem in that region leading to 

biodiversity loss along with rise in health-related problems in the area. According to an NDTV article, 

10 people in Rourkela perished from heatstroke in 2024. Among the suggestions made to safeguard and 

maintain Rourkela's ecology are: 

• Preparation of afforestation and green cover plans: Plantation of trees in large areas and 

creating green corridors can help in reducing land surface temperature and can act as great carbon 

sinks thus reducing pollution levels in the area. 

• Sustainable urban mobility: Shift in urban transportation system like public transit, cycling, 

walking can reduce vehicular emission and congestion thus building a transportation network 

that is economically viable, socially equitable and environmentally friendly. 

• Encourage emission trading system, also known as the ‘cap and trade’ system: By encouraging 

the polluter’s pay prin iple by monitoring pollution levels in all industries and incentivizing firms 

to reduce their emissions, the government sets a cap on the maximum levels of emissions and 

creates permits and allowances, for each unit of emissions allowed under the cap.  

• Evolving cost-effective cleaner technologies: Technological transition from conventional to 

cleaner renewable energy like solar energy for industrial and urban functioning to reduce 

industrial residue due to burning of coal. 

• Stringent planning and implementation: Action to mitigate air quality requires stringent action 

plans at the national and sub-national levels coupled with efficient monitoring mechanisms, also 

setting up more air quality stations in the industrial belt in order to evaluate the implementation 

method throughout the district. 

• Creating public awareness and citizen-focused policies: All other methods for reducing 

environmental degradation cannot be successfully implemented without public awareness about 

the problem. Encouraging participatory approach and incorporating indigenous knowledge for 

providing comprehensive solution to the problem. 
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