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ABSTRACT 
This paper present, about the study of individual toxic air pollutants and sulphur dioxide in Gopalganj district. It was noted that the 

PM2.5 and PM10 emission values obtained as a result of the measurements were different from the value specified by the inspectorate 

of the environmental protection in Gopalganj district. 
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1. INTRODUCTION  

In Gopalganj only, which is at the forefront of Bihar state with the most polluted air, it is about 44,00 people a 

year [1-8]. Based on the specificity of formation and the influence of particles on the human body it can be stated 

that one of the basic issues in assessing air quality is the concentration of particles. Particulate matter is a term 

generally used to describe a type of air pollutant consisting of a complex of various mixtures of suspended 

particles that vary in size, composition and place of formation [9]. The main sources of this type of pollution are 

factories, power plants, incinerators, motor vehicles and many others. The basic division of particles is based on 

their aerodynamic diameter, which allows for the determination of two main groups: PM2.5 and PM10, i.e., 

particulate matter with diameters smaller than 2.5 µm and 10 µm, respectively [7]. Air quality monitoring is 

carried out in Gopalganj by the Environmental Protection Inspectorate.  

2. METHODOLOGY 

Statistical method as described below has been used for the present study. Statistics is a branch of mathematics 

that deals with the collection, analysis and presentation of observations expressed as numbers.  

Experiment is a process by which measurement or observation is obtained.  

The result of the experiment is called sample point and set of possible outcomes is called the sample.  

Sample value is the arithmetic mean defined by 

Xmean = E Xi/n 

where Xi is the ith observation. X1, X2, X3 ... are the observed values and n is the number of values. We are often 

interested in how much the sample is spread about the mean. The spread or dispersion from the average is given 

by the sample varience.  

Sample varience S2 is defined as 

S2 = E (Xi - Xmean )
2 / n - 1 

Standard deviation S is the square root of the sample varience. Frequency distribution is a graph in which we plot 

the measured values against number of observations.  

The present study also pertained to estimate the content, physico-chemical characterization and harmful 

consequences of total suspended particulate matter (TSPM) collected from different sites of Gopalganj District, 

Bihar (India). The morphological features and size of individual particle were determined to explore the source 

of generation of TSPM. Source apportionate studies for heavy metals and polycyclic aromatic hydrocarbons were 

also conducted.  
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3. IMPACT ASSESSMENT CRITERIA FOR INDIVIDUAL TOXIC AIR POLLUTANTS 

Tables 1a and 1b list the impact assessment criteria for individual toxic air pollutants. The principal toxic air 

pollutants in Table 1a are defined on the basis that they are carcinogenic, mutagenic, teratogenic, highly toxic, or 

highly persistent in the environment. Criteria for other individual toxic air pollutants are shown in Table 1b. 

Principal toxic air pollutants must be minimised to the maximum extent achievable through the application of 

best-practice process design and/or emission controls. Decisions with respect to achievability will have regard to 

technical, logistical, and financial considerations. Technical and logistical considerations include a wide range of 

issues that will influence the feasibility of an option: for example, whether a particular technology is compatible 

with an enterprise’s production processes. Financial considerations relate to the financial viability of an option. It 

is not expected that reductions in emissions should be pursued ‘at any cost’. Nor does it mean that the preferred 

option will always be the lowest cost option. However, it is important that the preferred option is cost-effective. 

The costs need to be affordable in the context of the relevant industry sector within which the enterprise operates. 

This will need to be considered on a case-by-case basis through discussions. 

Table 1a: Impact assessment criteria for principal toxic air pollutants (Government Gazette 2021) 

 
a.  Gas volumes are expressed at 25°C and at an absolute pressure of 1 atmosphere (101.325 kPa). 

b. Toxic equivalent as defined in clause 29 of the Regulation 

c.  Refer to Table 2c Codes: 

1.  Extremely toxic 

2.  Group B1 carcinogen (probable human carcinogen) 

3.  Group 2A carcinogen (probable human carcinogen) 

4.  Group 1 carcinogen (known human carcinogen) 

5.  Mutagen  

6.  Group 2B carcinogen (possible human carcinogen) 
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Table 1b: Impact assessment criteria for individual toxic air pollutants (Victorian Government Gazette 2001) 
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a Gas volumes are expressed at 25°C and at an absolute pressure of 1 atmosphere (101.325 kPa).  

The impact assessment criteria for individual toxic air pollutants in Tables 2a and 2b must be applied as follows: 

1.    At and beyond the boundary of the facility. 

2.  The incremental impact (predicted impacts due to the pollutant source alone) for each pollutant must be 

reported in concentration units consistent with the criteria (mg/m3 or ppm), for an averaging period of 1 hour and 

as the: 

a.  100th percentile of dispersion model predictions for Level 1 impact assessments, or 

b.  99.9th percentile of dispersion model predictions for Level 2 impact assessments. 

3.  Polycyclic aromatic hydrocarbons (PAH) as benzo[a]pyrene (BaP) must be calculated using the potency 

equivalency factors for PAHs in Table 2c. 

4.  Dioxins and furans as toxic equivalent must be calculated according to the requirements of clause 29 of the 

Regulation. 

4. SULPHUR DIOXIDE (SO2)  

Sulphur dioxide (S02) and sulphur trioxide (S03) are the dominant oxides of sulphur (SOx) exists in the atmosphere 

under ambient condition. More than 95% of SOx present in the form of S02 and the remaining portion may be 

present as S03. Sulphur dioxide (S02) and sulphur trioxide (S03) are the principal constituents of air pollutants.  
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S02 is a non-flammable, non-explosive, colourless gas. It causes a taste sensation at concentration 0.3-1.0 ppm in 

air. At concentration above 3.0 ppm the gas has a pungent, irritating odour. Sulphur dioxide is partially converted 

to sulphur trioxide which forms sulphuric acid in presence of moisture. The oxides of sulphur, particulate matter 

and moisture produce the most damaging effect.  

The main source of sulphur dioxide is the combustion of fuels, especially coal. Therefore, the concentration of 

sulphur dioxide released into the atmosphere depends upon the sulphur content of the fuel used for power 

generation and heating. The sulphur content of fuels varies from less than 10% for good quality anthracite coal 

to over 4% for bituminous coal. A few crude petroleum products contain up to 5% sulphur, but most of the 

products contain less than 1%.  Fuel gases also contain sulphur but in small quantities. Metallurgical operation is 

also another source of sulphur dioxide in the atmosphere. Many ores like those of zinc, copper and lead are 

sulphides.  

During smelting of these ores, sulphur dioxide is evolved. The open air burning of refuse and incineration of 

municipal wastes also contribute some amount of sulphur dioxide into atmosphere.  

Domestic emissions & fires, forest fires, bacterial decomposition of organic matter, volcanoes also some 

contributors of sulphur dioxide.  

5. METHOD OF ANALYSIS  

Sulphur dioxide is analysed colorimetrically by West & Gaeke (modified) Method (Katz 1977).  

Sulphur dioxide in ambient air is absorbed in 0.1M sodium tetra chloro- mercurate solution by aspirating air 

through the solution at an average flow rate of 0.5 1pm. Oxides of nitrogen, ozone and heavy metals interfere 

with SO2. The effects of interference by-oxides of nitrogen are eliminated by adding sulfamic acid. The ozone is 

made to decompose by allowing the solution to stand for some time prior to analysis, and the interference 

produced by heavy metals are eliminated by the addition of EDTA in the absorbing reagent. Sulphur dioxide 

forms a stable complex dichloro-sulfito- mercurate which resists oxidation by oxygen in air. This compound, 

once formed, is stable to strong oxidants like ozone, oxides; of nitrogen.  

Sulphur dioxide is analysed first by treating the absorbing solution with a solution of Sulphamic acid. Sulphamic 

acid destroys the nitrite anion produced from the absorption of oxides of nitrogen present in the atmospheres. It 

is treated next with solutions of formaldelyds and specially purified acid bleached pararosaniline containing 

phosphoric acid to control pH. Parasosaniline, and the bisulphite anion react to form the intensely coloured 

pararosaniline methyl sulfonic acid. Absorbance is measured at 560 nm wavelength by Spectronic-20 D spectro-

photometer. The concentration of sulphur dioxide is calculated using the values of absorbance, factors from 

calibration graph and volume of air sampled. The concentration is expressed in microgram per cubic meter.  

6. CONCLUSIONS  

On the basis of the reports and their analyses, it was concluded that the air in Gopalganj is one of the most polluted 

in Bihar. In 2018, the WHO published a list [9] of the 50 most polluted cities in Bihar. Unfortunately, Gopalganj 

is at the top of this list. In terms of PM2.5 as many as 36 of those cities are located in Bihar. One of them is 

Thawe, which is the subject of this article’s analysis.  
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