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A B S T R A CT  

This study aims to assess the spatial and temporal variations of aerosol pollutants within the nine selected 

ambient air monitoring stations, including residential, commercial, and industrial sites in Paradip city based 

on two seasons, i.e., winter and summer, from January 2019 to June 2019. The particulate matter (PM) like 

PM10 and PM2.5 and gaseous pollutants like sulphur dioxide (SO2), nitrogen dioxide (NO2), and ammonia 

(NH3) samples were collected at each monitoring stations. The 24-hour average concentrations of PM10 

and PM2.5 showed the highest levels in the winter season and lowest in the summer season. The value 

exceeded the permissible limit of India-national ambient air quality standards (IND-NAAQS) at all the 

monitoring stations. The 24-hour average concentrations of SO2, NO2, and NH3 did not exceed the 

permissible limits at all the sites during the study period.  The air quality was estimated in terms of the air 

quality index (AQI) by analysing the aerosol pollutants concentration like PM10, PM2.5, SO2, NO2, and NH3. 

Linear regression analysis (LRA) to evaluate the percentage contribution of each aerosol pollutant to AQI. 

Particulate pollutants such as PM10 and PM2.5 was the more significant contributor towards AQI during the 

two seasons. The AQI observed that industrial sites were under the “severe air pollution” category in the 

winter season. Hierarchical agglomerative cluster analysis (HACA) explains the pollutants dispersion and 

spatial variations in the Paradip city.  
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1 Introduction 

Air pollution is one of the significant environmental issue for both developed and developing countries, which 

influences various health effects in humans’ body (Afroz et al.2003; Yang et al. 2004). The increasing health 

risk is related to particulate matter (PM) elevation, such as PM10 and PM2.5. The increase of PM2.5 concentration 

is closely related to respiratory and cardiovascular diseases (Araujo, 2011; Kim et al. 2015). Besides, particulate 

matter plays a significant role in climate change; some aerosol particles maybe scatter or absorb solar radiation, 

affecting the global atmosphere (Anenberg et al. 2012). Paradip port and its surroundings experience heavy air 

pollution in the past year due to rapid economic development with fast-growing shipping activity, cargo 

transportation, and accelerated urbanization. Paradip port is a major seaport situated at Odisha on the east coast 

of India. The marine ports and surrounding township are related to various environmental issues that 

significantly affect the air environment through cargo transport, road transport, ship traffic, rail traffic, industry, 

and usual residential emission. The major materials carried by Paradip port are minerals, coal, iron ore, fertilizer, 

petroleum products, etc. The anthropogenic emissions of aerosol pollutants in the urban area can change the 

atmospheric composition in the downwind regimes (Gupta et al. 2008). Therefore, developing nations are a 

massive challenge in controlling atmospheric pollution. A recent report revealed that about two million people 
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die every year due to atmospheric air pollution. Many people suffer from breathing ailments, heart disease, lung 

infections, and even cancer in developing countries (WHO, 2012). Vehicular emission is mostly responsible for 

an array of severe health problems in urban areas since it is a source of particulate matter, nitrogen dioxide 

(NO2), sulphur dioxide (SO2), carbon monoxide (CO), and volatile organic compounds (VOC). SO2 and NO2 

could be transformed to SO4
2- and NO3

- via gas to particle process under the condition of high relative humidity 

(RH), which has been proved to cause severe cloud (Niu et al. 2016). Gaseous pollutants like NO2 could be 

probable precursors to photo-oxidants such as ozone in ambient air, causing haze pollutions (Zhou et al. 2014). 

Atmosphere variation is directly associated with air pollution, including particulate matter, sulphur dioxide, 

nitrogen dioxide, carbon monoxide, ozone, and greenhouse gases (Begum et al. 2013). According to the world 

health organisation (WHO), India is the second highest country in the number of human death cases after 

China due to outdoor air pollution. Particulate matter represents a mixture of solid and liquid droplets 

suspended in the air, a complex mix of carbon, ammonia, nitrates, sulphates, minerals, trace elements, and water 

(Kavuri and paul, 2013). Particulate matter and gaseous pollutants are considered significant air pollutants in 

India due to fossil fuel burning (Ghio et al. 2012). The direct impact of aerosol pollutants on plants, animals, 

and soil can affect ecosystems’ function, including self-control ability, thereby changing life quality (WHO 

2005). The quick expansion in industrialization and automobile emissions has deteriorated air quality of Paradip 

city. So, it desires to monitor the ambient air quality of Paradip city regularly. This study represents the air 

quality assessment in terms of the air quality index (AQI) in between two seasons, i.e., winter-2019 and summer-

2019, to know the status of air quality in Paradip city. 

2 Materials and methods 

2.1 Study area 

Paradip is a major seaport city in the Jagatsinghpur district of Odisha, India. Paradip has situated with 

geographical coordinates of 20.3166° north latitude and 86.6114° east longitude. This city covers 18 municipal 

wards, and the Paradip municipal corporation population is 68,585 as per the 2011 census. This city is a central 

industrial hub due to the largest seaport in eastern India. There are major industries such as Paradip phosphates 

limited (PPL), ESSAR steel plant, IFFCO fertiliser plant, Indian oil corporation limited (IOCL), Bharat 

petroleum corporation limited (BPCL), and Hindustan petroleum corporation limited (HPCL) are also situated 

in Paradip city. In this study, atmospheric aerosol samples were collected from nine different sampling stations 

based on industrial, commercial, and residential activities. The stations like AB (S1), MPH (S2), BPH (S3), AG 

(S4) & NBPH (S5) are present outside of the port, and MS (S6), GGPH (S7), G-2 (S8), and G-3 (S9) present 

inside the port. The details of all monitoring locations are shown in Table 1 and Fig. 1. 

Table 1 Air quality monitoring stations 

Sl. 
No. 

Station 
Code 

Station Name Latitude Longitude Category 

1 S1 Administrative Building (AB) 20° 16' 07" N 86° 39' 24" E Commercial 

2 S2 Madhuban Pump House (MPH) 20° 16' 06" N 86° 39' 00" E Residential 

3 S3 Brundaban Pump House (BPH) 20° 16' 28" N 86° 38' 55" E Residential 

4 S4 Atharabanki Gate (AG) 20° 17' 27" N 86° 39' 01" E Commercial 

5 S5 Naya Bazaar Pump House (NBPH) 20° 15' 41" N 86° 39' 40" E Commercial 

6 S6 Marine Site (MS) 20° 16' 13" N 86° 40' 05" E Industrial 

7 S7 Ghana Ghalia Pump House (GGPH) 20° 17' 06" N 86° 40' 25" E Industrial 

8 S8 Gate No-2 (G-2) 20° 17' 20" N 86° 39' 22" E Industrial 
9 S9 Gate No-3 (G-3) 20° 16' 54" N 86° 39' 24" E Industrial 
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Fig. 1 Location of air quality monitoring stations in Paradip city. 

2.2 Sampling and analysis 

The ambient air sampling was carried out in two different seasons, i.e., winter (January-February 2019) summer 

(March-June 2019), to know the variation of air quality in Paradip city. The PM10 (particulate matter less than 

10µm aerodynamic diameter) and PM2.5 (particulate matter less than 2.5µm aerodynamic diameter) samples 

were collected on a rooftop (3m above the ground level) using a respirable dust sampler (Model: RDS-APM 

460 NL, Envirotech) and fine particulate sampler (Model: APM 550 MFC, Envirotech). The sampler was run 

continuously for twenty-four-hour at an average flow rate of 1132 L/min and 16.7 L/min using glass fiber filter 

paper (Whatman) and Polytetrafluoroethylene (PTFE) membrane filter paper (Whatman), respectively. The 

filter papers used in this study were kept in controlled environmental conditions in a desiccator with the 

temperature at 20±5°C and relative humidity at 40±5% for 24 hr pre- and post-the collection of samples. These 

filter papers were weighed using an analytical microbalance (Model: Sartorius CPA225D, Germany) with a 

regarding precious of 10µg, and filter papers were kept in an airtight envelope to avoid contamination after 

sampling. The gaseous species like sulphur dioxide (SO2), nitrogen dioxide (NO2), and ammonia (NH3) were 

also collected from each location using thermo-electrically cooled gaseous sampling attachment (Model: APM 

411 TE, Envirotech) at an average flow rate of 1L/min. The details of methods used for the sampling and 

analysis are shown in Table 2.  

Table 2 Details of methods and standards used in analysis 

Sl. 
No. 

Pollutants Methods of analysis Standard value in µg/m3 for 24hr 

NAAQS, India NAAQS, US 

1 Particulate matter as 
PM10 

Gravimetric method  
(CPCB, 2012) 

100 150 

2 Particulate matter as 
PM2.5 

Gravimetric method  
(CPCB, 2012) 

60 35 

3 Sulphur dioxide as SO2 Improved West and Gaeke 
Method (CPCB, 2012) 

80 - 

4 Nitrogen dioxide as NO2 Modified Jacob and Hochheiser 
Method (CPCB, 2012) 

80 - 

5 Ammonia as NH3 Indophenol Method  
(CPCB, 2012) 

400 - 
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The PM10 and PM2.5 mass concentrations were determined gravimetrically by measuring the difference between 

pre-weight and post-weight filter paper. Gaseous pollutants like sulphur dioxide, nitrogen dioxide, and 

ammonia concentrations were measured using the modified West & Gaeke method, modified Jacob & 

Hochheiser method, and the Indophenol method using UV-Visible spectrophotometers (Model: Varian carry 

50, US) as per IND-NAAQS (CPCB, 2012). 

2.3 Air quality index (AQI) 

The air quality index (AQI) is a measure of the aerosol pollutants concentration to know the status and trend 

of ambient air in different locations based on specific standards (Ziauddin and Siddiqui, 2006; Joshi and Semwal, 

2011). The AQI is a vital tool for evaluating and representing air quality status homogeneously (Swamee and 

Tyagi, 1999). The cumulative impact of the concentration of different pollutants is often expressed through a 

single value in the form of AQI. The AQI was calculated using the following equation (1) given by Rao and 

Rao (1998). 

AQI =  1/5 (aPM10/sPM10  +  aPM2.5/sPM2.5  + aSO2/sSO2  +  aNO2/sNO2  +  aNH3/sNH3)  ×  100        (1) 

Where, a: Actual Value, s: Standard Value. The actual values of aerosol pollutants were measured using the 

sampling data, and the standard values of aerosol pollutants are given in Table 2.  

2.4 Statistical analysis 

The statistical analysis was performed using the SPSS version 20.0 software package for the air quality data 

obtained from nine selected locations in Paradip city. All the graphs were made using the origin software version 

2019b. 

3 Results and discussion 

3.1 Variation of aerosol pollutants 

The statistics of the aerosol pollutants i.e., PM10, PM2.5, SO2, NO2, and NH3 which includes minimum, 

maximum, mean, and standard deviation are given in Table 3. The temporal variations of pollutants in the 

winter and summer seasons are represented in Fig. 2. The results indicated that the particulate matter 

concentration (PM10 and PM2.5) exceed the prescribed limits (Table 2) of the IND-NAAQS and US-NAAQS 

at all the stations during the winter and summer seasons.  

Table 3 Statistics of pollutants in µg/m3 during the winter and summer season in Paradip city  

(Min= Minimum, Max= Maximum, SD= Standard deviation) 

Pollutants Seasons Statistics 

Min Max Mean SD 

PM10 Winter 124.86 633.84 297.10 189.94 

 Summer 86.23 477.54 190.62 126.77 

PM2.5 Winter 72.23 294.97 159.97 82.07 

 Summer 45.92 232.13 110.85 62.96 

SO2 Winter 1.46 9.41 3.89 2.33 

 Summer 1.13 20.88 9.03 7.43 

NO2 Winter 1.71 15.37 5.63 4.49 

 Summer 1.18 5.09 2.41 1.31 

NH3 Winter 7.27 21.68 15.61 4.96 

 Summer 3.57 17.09 11.27 4.61 
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Fig. 2 Station wise variations of aerosol pollutants in winter and summer season at Paradip city. 

 

The PM10 concentration was ranged between 86.23 µg/m3 to 663.84 µg/m3 during the study period. The highest 

PM10 concentration was measured in the Atharabanki gate (AG) station (633.84 µg/m3) in the winter season 

due to large numbers of heavy vehicle movements, transportation of coal and iron ore into the port through 

AG occur. During the winter season, all the monitoring stations experienced light wind speed and low 

temperature, resulting longer retention time of particulates in the atmosphere causes a higher level of particulate 

matter concentrations (Dadhich et al. 2018). The lowest PM10 concentration was measured in Naya bazar pump 

house (NBPH) station (86.23 µg/m3) in the summer season. Similarly, the highest PM2.5 concentration was 

measured in the Atharabanki gate (AG) station (294.97 µg/m3) in the winter season. The maximum PM2.5 

concentrations in the winter season are possibly contributed by biomass burning, coal combustion, less rainfall, 

lower temperature, lower boundary layer height, and less wind flow (Che et al. 2014). The lowest PM2.5 
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concentration was measured in the Nayabazar pump house (NBPH) station (45.92 µg/m3) in the summer 

season. 

Among residential, commercial, and industrial sites, the maximum SO2 concentration was observed in the 

commercial station, i.e., AG (20.88 µg/m3) during the summer season. This may be due to emission from fossil 

fuel combustion and industrial boiler, which possibly contributed to the increase of SO2 (Zhang et al. 2009). 

The maximum NO2 concentration was observed in the industrial station, i.e., G-2 (15.37 µg/m3) during the 

winter season. This may be due to many vehicular movements, fossil fuel combustion, and low rainfall in the 

winter season. The major source of NO2 in Paradip city due to more industrial activities and the number of 

automobiles. The highest NH3 concentration was observed in the winter season at the residential station, i.e., 

BPH (21.68 µg/m3), and the lowest one in the summer season at the industrial station, i.e., GGPH (3.57 µg/m3). 

The average NH3 concentration gradually increases in the order of Industrial site < Commercial site < 

Residential site, due to anthropogenic activities like agricultural activity, including fertilizer use, domestic 

sources, animal waste, vegetation, and livestock in the residential area. Overall, it has been observed that the 

24-hour averaged concentrations of gaseous pollutants such as SO2, NO2, and NH3 did not exceed the 

permissible limit set by NAAQS of India (Table 2) during the study period. 

3.2 Variation of AQI 

The AQI for all the nine sampling stations in the winter and summer seasons is shown in Fig. 3. The AQI value 

of industrial areas was found higher than the residential and commercial areas. The highest AQI was measured 

at a commercial station, i.e., AG (AQI=229.60) in the winter season during the study period. Based on AQI, it 

has been observed that the industrial station, i.e., GGPH, G-2, & G-3, and one commercial station, i.e., AG 

was under the “severe air pollution” category (AQI > 100) in both the season. Other sites, i.e., AB, MPH, BPH, 

NBPH, and MS were under the “moderate air pollution” category (AQI=51-75) in the winter season. In the 

summer season, the stations like AB, MPH, BPH, and NBPH were under the “light air pollution” category 

(AQI=26-50). The concentrations of AQI in Paradip city decreased from winter > summer during the study 

period, suggesting the air quality was observed good in the summer season and worst in the winter season.  

Fig. 3 Variation of AQI in Paradip city (CA= Clean air, LAP= Light air pollution, MAP= Moderate air 

pollution, HAP= Heavy air pollution, SAP= Severe air pollution). 

CA LAP MAP HAP SAP 

0-25 26-50 51-75 76-100 >100 
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3.3 Linear regression analysis (LRA) 

Linear regression analysis of air quality index (AQI) with five pollutants was carried out to evaluate the 

relationship between the pollutant contribution towards the AQI and shown in Fig. 4. A significant strong 

positive relationship was observed between AQI with PM10 concentrations (R2= 0.965) and AQI with PM2.5 

concentrations (R2= 0.972) in the Paradip city, which indicated that the concentration of particulate matter 

(PM10 and PM2.5) was more responsible towards the AQI in the Paradip city. A significant week positive 

relationship was observed between AQI with SO2 concentrations (R2= 0.089), AQI with NO2 concentrations 

(R2= 0.630), and AQI with NH3 concentrations (R2= 0.071) during the study period. 

Fig. 4 Scatter plot diagram of the individual contribution of air pollutants to AQI. 

 

The percentage contribution of air pollutants, i.e., PM10, PM2.5, SO2, NO2, and NH3, towards AQI in both 

seasons are represented in Fig. 5. In two seasons, particulate pollutants such as PM10 and PM2.5 was the greater 

contributor to AQI. About 95% of particulate pollutants contributed towards AQI in the winter season, which 

was the highest percentage during the study period. The results summarized that PM10 and PM2.5 predominantly 

influenced air pollution in Paradip city. 
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Fig. 5 Percentage contribution of pollutants towards AQI (a) winter (b) summer in paradip city. 

3.4 Hierarchical agglomerative cluster analysis (HACA) 

The dendrogram plots indicated the relationship among the monitoring stations in the Paradip city are subjected 

to hierarchical cluster analysis (rescaled distance cluster combine) using Ward’s method (linkage between 

groups) with Euclidean distance (Fig. 6). The parameters like PM10, PM2.5, SO2, NO2, and NH3 were used as 

variables and showed a sequence in their association and the degree of pollution into the stations. In the winter 

season, the stations, i.e., S1 and S9, S4 and S7, S3 and S5, formed three clusters, while other stations did not 

show any proper clustering (Fig. 5a). Similarly, in the summer season, the stations like S7 and S8; S3 and S5; S1 

and S2; S4 and S9 formed four clusters, although the other one station, i.e., S6, do not show clustering (Fig. 

5b). From the results of HCA, it was quite clear that a mixed cluster was found during the study period, which 

indicated relatively high pollution due to industrial activities, port activities, loading and unloading operations, 

and movements of heavy vehicles in these regions. On the other hand, the stations such as S1, S2, S3, and S5 

showed comparatively less pollution attributed to residential activities and light automobile movements in such 

stations. 

 

Fig. 6 Dendrogram resulting in the cluster analysis of different air monitoring sites during  

(a) winter and (b) summer. 
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4 Conclusion 

The ambient air quality study of Paradip city in terms of the air quality index (AQI) was assessed by monitoring 

the quantum of particulate matter and gaseous air pollutants in the nine stations during the winter and summer 

seasons. The concentrations of PM10 and PM2.5 exceeded the IND-NAAQS and US-NAAQS for all of the 

stations during the study period. The particulate matter (PM10 and PM2.5) showed the highest levels in the winter 

and lowest levels in the summer season. However, the gaseous pollutants (SO2, NO2, and NH3) were well 

within the permissible limit at all stations. From the air quality index (AQI) values, it was found that the 

industrial areas were found high AQI than the residential and commercial areas. The AQI showed a strong 

positive correlation with particulate pollutants (PM10 and PM2.5), and a week positive correlation with gaseous 

pollutants (SO2, NO2, and NH3). About 95% of particulate pollutants contributed towards AQI in the winter 

season, which was the highest percentage during the study period. HACA showed that the pollution behaviour 

of stations changed in different sampling periods. To control the particulate matter concentrations within a 

tolerable level, it is suggested that huge green plantation must be taken up in the whole city, trees having high 

dust trapping efficiency are to be planted along the roadside and water is to be sprinkled continuously at the 

source of generation of particulate matter immediately. 
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