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Abstract 

Particulate Matter (PM10) samples collected from a residential area of Korba city-Chhattisgarh during 

the non-sequential months of the year Nov. 2019 to Dec. 2021 were analyzed by Ion chromatography 

to quantify the water-soluble ions i.e., fluoride, chloride, sulfate, nitrate, oxalate, sodium, ammonium, 

potassium, calcium and magnesium concentrations. A high mass concentration trend of PM10 in the 

winter months of November, December, and January was observed during the sampling periods. High 

concentrations of fluoride, nitrate, and sulfate in particulates were observed due to huge coal 

combustion in the study area and its surroundings there. The values of PM10 throughout the study 

period indicated remarkable variation in local air quality. Relatively lower PM10 values were observed 

in March 2020, August 2020, and August 2021 with mass concentrations of 44, 35, and 44 µg/m3 

respectively may be due to non-monsoon precipitation and all India national lockdown due to 

COVID-19 spread. The PM values seem to show a general downward trend toward the PM10 end of 

the year 2021. Generally, higher PM10 concentrations can have adverse health effects, particularly on 

individuals with respiratory conditions, cardiovascular diseases, or compromised immune systems. 

The possible emission sources, meteorological parameters, and their correlation are discussed. 
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1. Introduction 

Understanding the environmental and health implications of particulate matter (PM) requires an 

assessment of air quality[1–3]. PM10, which refers to particles having an aerodynamic diameter of 

10 micrometers µm (or less, has received a lot of attention because of its potential to harm human 

health. The presence of water-soluble ions in PM10 in particulates has been established as a 

substantial contributor to its health effects[4–6]. PM10 made up of a mixture of solid and liquid 

particles suspended in the air, is produced by natural and manmade causes. These particles can 

come from a variety of sources, including automobile emissions, industrial processes, building 

sites, and natural dust. When inhaled, PM10 can enter deep into the respiratory system, causing 
health problems. Sulphates (SO 2-), nitrates (NO -), ammonium (NH +), chlorides (Cl-), and other 

4 3 4 

water-soluble ions incorporated in PM10 play an important role in the overall composition and 

properties of PM10. 
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Extensive research has linked exposure to PM10 and its water-soluble ions with a range of 

health issues. The small aerodynamic diameter of PM10 enables it to evade the body's innate 

defense mechanisms and penetrate deep into the alveolar regions of the lungs. This ability to 

reach the lower respiratory tract is associated with various respiratory manifestations, including 

respiratory symptoms, asthma exacerbation, chronic bronchitis, reduced pulmonary function, and 

potential cardiovascular complications[7–12]. The specific chemical composition of the water- 

soluble ions within PM10 can further contribute to these health effects. The objective of the 

current work is to investigate the water-soluble ions of PM10 in Korba City, and to shed light on 

their potential consequences for human health. Korba City, located in the state of Chattisgarh, 

India, is a region that has witnessed rapid industrialization and urbanization over the past few 

decades[13]. The city is home to several coal-based thermal power plants and other industrial 

installations, which can contribute to elevated levels of PM10 and its water-soluble ions in the 

surrounding residential areas[14–16]. However, despite the potential health risks associated with 

such exposure, there is a lack of comprehensive studies focusing on the water-soluble ions of 

PM10 in the residential areas of Korba City. 

In India, several studies have been conducted to investigate the composition and health impacts of 

PM10 in different regions[5,17–26]. Recent research carried out in metropolitan cities like Delhi 

[27,28]and Kolkata [29,30] has highlighted the significant contributions of water-soluble ions to 

PM10 and their association with adverse health effects. However, there is a need to bridge the 

existing research gap by examining the water-soluble ions of PM10 specifically in residential areas 

of Korba City, given its unique industrial and geographical characteristics. Therefore, this work 

aims to fill this research gap by conducting a comprehensive analysis of the water-soluble ions 

present in PM10 in the residential areas of Korba City, Chattisgarh. The findings from this study 

will contribute to our understanding of the composition, sources, and potential health impacts of 

PM10 in this specific urban setting. Moreover, the study will provide valuable insights for 

policymakers and public health officials in formulating effective mitigation strategies to reduce 

the exposure and associated health risks related to PM10 in residential areas. 

2. Study area and sampling strategy 

Korba (22 0 21’0” N, 82 0 40’ 48”E ) is known as a power hub of the country due to its rich 

deposits of coal. The various units of thermal power plants consume more than 10000 MT of 

coal yearly to generate electricity of 40000 KW. Asia’s biggest Aluminium Plant is also 

considered a major emission source in the district. In the current work, a residential building 

Near Tehsil Office, Rampur Korba was selected to study the chemical composition of 

ambient particulates (Fig. 1). 
 

Fig. 1. Residential area map and sampling site of Korba City Chattisgarh, India 
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Several sampling methods are employed for aerosol collection, depending on the specific objectives 

of the study. In the current study, the glass filters are utilized for the capturing of the ability of PM 

strategic selection of sampling sites is incorporated. Further, In PM10, the analysis of water-soluble 

ions including inorganic anions Fluoride, Chloride, Nitrate, Sulfate, Oxalate and cations i.e, Na+, 

NH +, K+, Mg2+, Ca2+ was carried out. 

3. Measuring of PM10 and Water-soluble ions 

A High-volume sampler was deployed for the sampling of PM10 particles over ambient air. (Fig. 2). 

The sampler was operated at an average flow rate of 1.5 liters per minute. Quality assurance measures 

are implemented throughout the sampling process to ensure reliable and accurate results. The sampled 

filters were carefully retrieved from the sampler for laboratory analysis. The glass filter (size of 25.5 x 

20.5 cm) was used for the sampling where the area of dust collection was 22.9 x17.9 cm. The mass 

concentration of PM10 samples was calculated by the gravimetric method. Filters were weighed before 

and after sampling by using an analytical balance (Shimadzu AUW220D) with a precision of up to 0.1 

mg, making it suitable for high levels of accuracy. The duration of sampling is kept for 12 hrs. from 

6:00 am to 6:00 pm. 
 

Fig. 2. Respirable dust sampler for PM 10 analysis 

Further, Dionex DX 500 Ion chromatography (IC) was used to analyze water-soluble ions in PM10 

samples. It allows for the separation, identification, and quantification of different ions present in 

aerosol particles. The technique involves the use of a stationary phase, typically a resin or a column, 

which selectively interacts with the ions of interest. By adjusting the mobile phase composition and 

flow rate, different ions can be eluted at different times, allowing for their separation and subsequent 

analysis. 

4. Data Analysis and Statistical Methods 

From the large set of collection of data, the statistical tool mean, median, mode, and standard 

deviation have been used for the data analysis. The geometric mean is a measure of central tendency 

that is useful for understanding the average concentration or level of atmospheric aerosols in Korba. 

The median is another measure of central tendency that helps understand the typical or central value 

of aerosol concentrations in Korba. The standard deviation is a measure of dispersion or variability in 
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the aerosol concentrations. It provides information about the spread of data points around the mean 

concentration. A higher standard deviation indicates a larger variation in aerosol concentrations, while 

a lower standard deviation suggests more consistency or uniformity. However, the current in the 

current presented study the arithmetic mean is utilized for the observation of seasonable variability 

(Table 1). The monthly mean mass concentration of PM10 and associated water-soluble ions for the 

non-sequential months of the year Nov. 2019 to Dec. 2021 shows the high mass concentration trend 

of PM10 in the winter months of November, December, and January during the sampling periods. High 

concentrations of fluoride, nitrate, and sulfate in particulates were observed due to huge coal 

combustion in the study area and its surroundings there. The meteorological parameters i.e., 

temperature, relative humidity, sunshine, wind speed, and wind direction were recorded during the 

sampling period to understand their effects on air pollutants emission dispersions. The meteorological 

factors: wind speed and wind direction remarkably influence the PM and carbon concentration in the 

air. The wind speed and temperature have a negative correlation with PM10 and major water-soluble 

ions [31]. An annual wind rose diagram to represent the wind speed and wind direction pattern in 

Korba city in Figure 3. 

 

 

 
Figure 3: Annual Wind rose diagram for the city of Korba 
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Table 1: Mass concentration of PM10 and water-soluble ions (unit µg/m3) 
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Months PM10 
Fluoride 

(F-) 

Chloride 

(Cl-) 

Nitrate 

(NO -) 3 

Sulphate 

(SO 2-) 4 

Oxalate 

(C2O 2-) 4 

Na+ NH + 
4 K+ Mg2+ Ca2+ 

Nov.2019 167 2.63 16.63 12.04 37.54 2.25 25.7 0.48 5.1 1.52 8.11 

Dec.2019 147 1.77 14.81 7.94 30.55 1.58 22.2 1.03 2.33 1.19 6.08 

Jan. 2020 84 1.81 13.05 3.4 12.35 0.81 15.77 0.1 1.2 0.83 4.1 

Feb. 2020 148 0.7 14.69 8.19 27.86 1.95 23.03 0.12 1.87 1.16 5.84 

Mar.2020 44 0.71 4.38 0.56 8.74 0.4 6.15 0.08 0.49 0.57 3.38 

Aug.2020 35 0.81 5.19 0.99 8.57 0.47 7.19 0.14 0.32 0.62 3.73 

Nov.2020 166 4.82 15.93 8.53 24.11 1.34 24.32 0.14 1.87 1.12 7.44 

Jul-2021 54 0.9 9.49 3.25 6.08 0.83 10.09 0.1 0.6 0.48 2.84 

Aug-2021 44 1.46 9.87 1.99 10.77 0.29 11.63 0.1 0.79 0.59 3.59 

Sep-2021 49 0.9 10.96 2.09 11.81 0.34 14.2 0.12 1.15 0.43 1.26 

Oct-2021 61 0.34 12.14 1.11 7.48 0.25 14.2 0.09 1.14 0.48 1.19 

Nov.2021 95 0.62 12.76 2.81 11.07 0.59 12.87 0.12 1.62 0.65 2.04 

Dec.2021 63 3.58 11.59 5.78 13.2 0.78 14.93 0.56 2.53 0.8 2.48 
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5. Results and Discussion 

5.1 PM10 in a residential area of Korba 

The values of PM10 throughout the study period indicated remarkable variation in local air quality 

(Fig. 4). The lowest value was observed at 35 µg/m3 in August 2020. Some other months with 

relatively lower PM10 values were observed in March 2020, August 2020, and August 2021 with 

mass concentrations of 44, 35, and 44 µg/m3 respectively may be due to non-monsoon 

precipitation and all India national lockdown due to COVID-19 spread. The PM values seem to 

show a general downward trend toward the PM10 end of the year 2021. Generally, higher PM10 

concentrations can have adverse health effects, particularly on individuals with respiratory 

conditions, cardiovascular diseases, or compromised immune systems. Prolonged exposure to 

elevated PM10 levels may lead to respiratory symptoms, exacerbation of existing respiratory 

conditions, increased risk of cardiovascular events, and other health problems. It's possible to 

observe seasonal variations in PM10 levels. For instance, November 2019 and November 2020 

both had relatively high PM10 values of 167 and 166 micrograms per cubic meter, respectively. 

 

Fig. 4. PM10 analysis in a residential area of Korba 

 
5.2 Water Soluble ions in aerosol in a residential area of Korba 

Fig. 5. includes several ions commonly found in PM10 particles, such as fluoride ions, chloride ions, 

nitrate ions, sulphate ions, oxalate ions, sodium ions, ammonium ions, potassium ions, magnesium 

ions, and calcium ions. The analysis of ion concentrations in relation to the months reveals notable 10 

variations. November 2019 recorded the highest concentrations of fluoride ion (4.83 µg/m³), chloride 

ion (16.35 µg/m³), nitrate ion (12.02 µg/m³), sulfate ion (37.33 µg/m³), oxalate ion (2.04 µg/m³), 

sodium ion (24.94 µg/m³), ammonium ion (0.40 µg/m³), potassium ion (4.23 µg/m³), magnesium ion 
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(1.51 µg/m³), and calcium ion (8.09 µg/m³). Conversely, October 2021 exhibited the lowest 

concentrations of fluoride ion (0.34 µg/m³), chloride ion (4.22 µg/m³), nitrate ion (0.55 µ g/m³), 

sulfate ion (4.92 µg/m³), oxalate ion (0.23 µg/m³), sodium ion (6.06 µg/m³), ammonium ion (0.078 

µg/m³), potassium ion (0.31 µg/m³), magnesium ion (0.48 µg/m³), and calcium ion (1.12 µg/m³). 

These fluctuations indicate varying level of these ions throughout the months, which could be 

attributed to changes in emission sources, meteorological conditions, and pollution patterns. Further 

analysis and correlation with relevant environmental factors are necessary to understand the 

implications of these ion concentrations on air quality and human health. 

 

 
Fig. 5. Monthly variation in PM10 - associated water-soluble ions over the residential area of Korba. 

 
6. Conclusion 

Through the utilization of various data collection methods and instruments, a substantial dataset was 

obtained, allowing for a detailed analysis of particulate matter with a diameter of 10 micrometers. The 

collected data spanned over a specific period, enabling the assessment of temporal trends in air 

pollution. 

• The analysis of PM10 revealed significant variations across different months, indicating the 

influence of various factors such as meteorological conditions, industrial activities, and 

seasonal variations in emissions. Certain months, such as November 2019, December 2019, 

and November 2021, exhibited higher PM10 concentrations, indicating potential pollution 

episodes or periods of increased emissions. On the other hand, months like August 2020 and 

September 2021 demonstrated comparatively lower PM10 levels. 

• The water-soluble ions such as sulphate, sodium and calcium correspond to PM10 shows 

corresponding higher values compared to the other ions. Majority of the water-soluble ions 

are higher in winter season of the Korba city. In overall it is concluded that potentially 

favorable conditions or effective pollution control measures during those periods during the 

winter season of Korba city. 
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