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1. INTRODUCTION 

 

The impacts of air pollution, in particular, the suspended particulate matters (SPM) are considerably severe in 

and around a coal washery complex. The dust is generated significantly due to different operational units such 

as screening, crushing, loading and unloading, exposed piles and stock yards, thermal dryers and the dropping 

points of conveyer belts etc. The particulate matters generated during its operations are being transported by 

wind in downwind direction and disperse both horizontally and vertically. Further the pollutants have an adverse 

impact on the buildings, plants and other valuable receptors. As a result, the whole eco-system is disturbed and 

the fertility status of the soil around the coal washery complex is significantly changed with unpleasant impacts 
[9]. Therefore it is very much warranted to estimate the emission of air quality from different sources of coal 

washery complexes using suitable mathematical approach. Further the air quality in and around coal washery 

complexes has to be predicted using an appropriate air quality model. Unfortunately less focus has been made 

for simulating the environmental impact due to coal preparation plants. Simulation of environmental scenario in 

and around coal washery complexes may help the industry in planning and implementing the control strategies 
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This paper presents a model based on interval type-2 fuzzy reasoning approach for assessment of air quality 

in coal washery complexes. In the proposed model, emission rates of SPM and SO2 from various sources and 

activities of coal washery complexes are estimated using fuzzy models. The presented models would be a 

pioneering work for the environmental researchers, engineers, policy makers and protection agencies to 
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for protecting the surrounding from the adverse impact. The present research work contributes towards 

Environmental Management Plan (EMP) through air pollution impact assessment using Interval Type-2 Fuzzy 

Reasoning Approach. 

  

1.1 Air Quality Index 

 

Air Quality Index (AQI) is a tool for people, to inform about air quality status in simple linguistic terms. It 

transforms complex air quality data of various pollutants into a single number (index value). The standard of 

AQI varies with the nations. In India, National Air Monitoring Programme (NAMP) was introduced by the 

Central Pollution Control Board (CPCB) along with State Pollution Control Boards covering 240 cities of the 

country with objectives to monitor and regulate the standard spectrum of air pollutants. There are six AQI 

categories, viz., Good, Satisfactory, Moderately polluted, Poor, Very Poor and severe. Each of these categories 

is decided based on ambient concentration values of pollution. In the present study, the AQI is calculated using 

Indian AQI (IND-AQI) assessment method specified by CPCB in the coal washery complexes of Jharkhand 

State.  

 

1.2 Fuzzy Air Quality Index 

 
The evaluation of air quality, which is aimed at determining “the degree of pollution”, is a fuzzy concept, and it 

is difficult to find clear boundaries; therefore, fuzzy logic appeared as a suitable tool for air quality assessment 

and many air quality indices based on fuzzy systems have been proposed by many researchers in the recent 

years [see,  Yadav et al. [7], Abdullah and Khalid [5], Akkaya et al. [3], Gorai et al. [1], Zadeh [8], J. Debnath et 

al. [6]. A fuzzy reasoning approach provides a better air quality assessment process as it emphasizes on the 

pollutants with major health impacts. The membership functions of the employed fuzzy sets are used to handle 

uncertainty or express vague concepts. The aim of this paper is to propose a methodology involving interval 

type – 2 fuzzy inference systems (IT2 FIS). Interval type – 2 fuzzy reasoning process is used to determine 

impacts of different air pollutants to describe complex relationship between air pollutants and AQI. In the 

present study, the proposed method is applied for analyzing the air quality of Jharkhand State of India and its 

coal mining areas, during winter and summer seasons, where pollutants are assessed for air quality. The paper is 
organized as follows: Section 2 deals with the study area. Section 3 presents the proposed methodology for air 

quality assessment and a case study is performed in order to validate the proposed methodology, whereas in 

Section 4 results and discussions are offered and finally in Section 5 some concluding remarks are provided. 

 

2. PRELIMINARIES  

 

2.1 Study Area 

Three windows covering the river course are considered for the present study and the total area of the three 

study windows is about 196.8 km
2
. The location of the study area is shown in Figure 1. The geographical 

boundary of the study area is 23°35'00'' to 23°45'00'' N latitude and 86°15'00'' to 86°30'00''  E  longitude. The 

chosen study window containing seven coal washeries and river stretch of length about 38 km, which is divided 

into three sub-windows in order to carry out the study over the impact of coal washeries on the environment 

using the present models. The river stretch starts from the outfall point of Mahudah Coal Washery to the 

confluence point of Damodar river and Govai river, which carries the effluents of Bhojudih Coal Washery and 

Santhaldih Thermal Power Station to the Damodar. The river stretch, which is considered for the present study 

is just, located at the bottom of the Jhariah coalfields in southern side. Seven coal washeries and other allied 

industries like coke oven plant, power plants are situated along the stretch between Mahuda Coal Washery and 

the confluence point of Gobai river and Damodar. The tributaries carry the effluents of nearby mines, allied 

industries and townships along with the effluents of coal washeries, and finally blend with Damodar. This river 

stretch is already reported as a highly polluted zone [6].  The problem of air pollution in this area is 

inexpressible. The whole land surface looks black or brown in color. The dust deposit on the plants and 

buildings and other receptors is visible. Many residents of this area suffer from dust allergy, asthma and other 

respiratory ailments. The visibility of this area is very poor due to the presence of particulate matters in the air. 

One can observe the dust layer on the transport roads, which is the result of continuous vehicle crush over the 

drops from the coal-loaded vehicles.  
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Figure 1: 

3. MAIN RESULTS 

 

In this section, an integrated model based on an IT2 FIS is proposed in order to provide good assessment of AQI 

so that an efficient model is developed for processing of air quality parameters based on their permissible limits 

of emission factors. 
 

3.1 Development of IT2 FIS for AQI assessment 

The AQI assessment is based on air pollutant concentration levels, which causes negative effects in public 

health by their toxicity. Depending on the region and climate conditions, the contribution of various air 

pollutants in AQI differs. As per the guidelines of  NAMP, the 2 air pollutants viz., SPM and SO2 have been 

identified as most influential air pollutants and are considered as the input parameters in the proposed model for 

the assessment of air quality in terms of AQI, the output parameter. 

 

3.2 Determination of fuzzy classifier 

As per the government standards, a sub-index, based on the concentrations of air pollutants, emission rate of the 

suspended particulate matters and likely health impact, is designed for each of the air pollutants as well as the 
AQI, viz., Good, Satisfactory, Moderate, Poor, Very Poor and severe. As per the Indian standard, classification 

levels for each of the most influential air quality parameters and the AQI are described in Table.1. In order to 

capture uncertainties, the fuzzy classifiers are described by interval type-2 membership functions which 

transform the input measurements into an interval within [0,1]. In the present study, trapezoidal membership 

functions are used for representing the Good and Severe concentration to be assessed; for intermediate levels of 

concentration viz., Satisfactory, Moderate, Poor, Very Poor, triangular membership functions are used. 
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A trapezoidal type IT2 FS, denoted by A
~~

is defined by 

( )( ) [ ]{ }1,0,:1,,
~~

⊆∈∀∈∀= xJuXxuxA                                                                                  (1) 

where footprint of uncertainty (FOU) of A
~~

, denoted by FOU( A
~~

), is defined as  

( ) [ ]{ }FOU( ) , : 0,1
x

A x u u J= ∀ ∈ ⊆
ɶɶ                                                                                          (2) 

and the upper membership function, denoted by 
A
~~µ , and lower membership function, denoted by

A
~~µ  , 

associated with FOU( A
~~

) are defined as follows: 
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where x is the input (pollutant), ,,,, UUUU dcba α are the parameters of the upper membership functions and 

β,,,,
LLLL

dcba are the parameters of the lower membership functions which vary according to the defined 

limits of each pollutant. The triangular membership functions can be represented as trapezoidal membership 

functions where 
U U

b c=  and 
L L

b c= . 

 
Table 1: Classification levels for air quality parameters and AQI 

 

Environmental 

parameters 

Classification levels 

Good Satisfactory Moderate Poor Very Poor Severe 

SPM(24h) (µg/m
3
) 0-50 51-100 101-250 251-350 351-430 < 430 

SO2(24h) (µg/m
3
) 0-40 41-80 81-380 381-800 801-1600 <1600 

 

Table 2: Parameters of the membership functions corresponding to the Inputs and output of the IT2 FIS 

 

Parameters of IT2 FSs (Trapezoidal) 

Parameters of IT2 FSs 

(Trapezoidal) 

Air Pollution parameters 

Classification levels Input: SPM 

(24h) 

Input:SO2 (24h) Output   AQI 

Good (0,0,25,75;1) 

(0,0,21,71;0.8) 

(0,0,20,60;1) 

(0,0,16,56;0.8) 

(0,0,25,75;1) 

(0,0,21,71;0.8) 

Satisfactory (25,75,75,175;1) 

(29,75,75,171;0.8) 

(20,60,60,230;1) 

(24,60,60,226;0.8) 

(25,75,75,150;1) 

(29,75,75,146;0.8) 
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Moderate (75,175,175,300;1) 

(79,175,175,296;0.8) 

60,230,230,690;1) 

(64,230,230,596;0.8) 

(75,150,175,250;1) 

(79,150,175,246;0.8) 

Poor (175,300,300,390;1) 

(179,300,300,296;0.8) 

(230,690,690,1200;1) 

(234,690,690,1196;0.8) 

(230,690,690,1200;1) 

(234,690,690,1196;0.8) 

Very Poor (300,390,390,470;1) 

(304,390,390,466;0.8) 

(690,1200,1200,2000;1) 

(694,1200,1200,1996;0.8) 

(690,1200,1200,2000;1) 

(694,1200,1200,1996;0.8) 

Severe 390,470,500,500;1) 
(394,474,500,500;0.8) 

(1200,2000,2400,2400;1) 
(1204,2004,2400,2400;0.8) 

(390,470,500,500;1) 
(394,474,500,500;0.8) 

 

Table 3:  Rule base of the proposed model 

 

Rule No. Rules 

Rule  1 If SPM is Good and SO2 is Good, then AQI is Good 

Rule  2 If SPM is Poor and SO2 is Good, then AQI is Severe 

Rule  3 If SPM is Good and SO2 is Satisfactory, then AQI is Good 

Rule  4 If SPM is Good and SO2 is Moderate, then AQI is Satisfactory 

Rule  5 If SPM is Poor and SO2 is Satisfactory, then AQI is Poor 

Rule  6 If SPM is Poor and SO2 is Moderate, then AQI is Moderate 

 

 

 

 

 
 

 

Data and information collection 

Flow Chart of the proposed Model 
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3.3 Rule – base generation 

In an IT2 FIS, the relationship between system variables is described by a set of fuzzy IF-THEN rules, called 

fuzzy rule base. In the present study, at first the maximum and minimum concentration levels based on emission 

rates of each air pollutant in the coal washery complexes over the study period is identified. On the basis of that 

range of concentration levels, all possible classifiers corresponding to each pollutant are recognized. Finally, all 

possible combinations of those recognized classifiers are used to derive the rules. It is found that the number of 

recognized classifiers for SPM are 2 (viz., Good, Poor), 3 for SO2 (viz., Good, Satisfactory and Moderate).Thus, 

all possible combinations of these recognized classifiers results in 2 3 6× =  Rules. These 6 Rules, as presented 

in Table-3, are the optimum set of rules required for the present study. 

 

3.4 Estimation of emission factors 

The major sources of air pollutants in and around a coal washery complex are coal stockpiles and silos, rotary-
breaker and crusher installations, thermal dryers, coal handling and loading areas, conveyer-belt transfer points, 

dry-screening operations, dry-cleaning operations, haulage roads and transport roads. Further, the activities 

concerning the major sources are  identified and listed as follows: (i) Unloading of raw coals, (ii) Loading of 

clean coals, (iii) Loading of middlings, (iv) Loading of rejects, (v) Transport roads, (vi) Haul road, (vii) 

Screening plant, (viii) Thermal dryers, (ix) Exposed piles of clean coal, (x) Exposed piles of middlings, (xi) 

Exposed piles of rejects, (xii) Exposed surface area, (xiii) Rotary crusher and (xiv) Conveyer-belt's dropping 

points. Empirical models are developed to calculate emission rate of the suspended particulate matter as it is the 

major problem in the coal washery complexes. The empirical models are assumed as the product of exponent of 

the influencing parameters. If it results into zero emission, zero is assigned to the value of exponent. The 

emission rates of different washery activities and significant sources are estimated based on modified Pasquill 

and Gifford formula for ground level sources through field experiments in order to estimate the values of the 

empirical coefficient and unknown exponents for different sources and activities and the formula is 

 
       ,Q u Cx oy z

σ σ∏=
                           (5)  

where ,
C

x o  refers to the difference between the downwind and upwind concentrations of the pollutant species 

(g/ m
3
), Q is emission rate of the pollutant species (g/s), u is average wind speed (m/s), and σy and σz are 

respectively the horizontal and vertical dispersion coefficients, compiled in functions of downwind distance 

x(m). Some studies have reported a distance scheme to eliminate the concentration from upwind source using 

the following formula [6,7]: 

 ( ) ( )1 3 1 2 , 2
2 2 3

C C d d
C C

x o C d d

−
= −

+                                         (6) 

where C1 is the minimum concentration measured at distance d1 in the downwind direction from the source, C2 

is the maximum concentration measured at distance d2 in the downwind direction from the source, C3 is the 

concentration measured at distance d3 in the upwind direction from the source. The emission of sulfur dioxide 

(SO2) is comparatively less than the suspended particulate maters (SPM) and further it is negligible in coal 

washery complexes. The estimated total emissions of SPM and SO2 from the coal washeries and AQI are 

presented in Table-4 along with the details of window and location.  
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Table 4: Comparison of Emission rates estimated from different coal washery complexes during summer 

and winter seasons and Air quality Assessments  

S. 

No. 

Name of the 

Coal 

Washery 

Complex 

Wi

ndo

w 

Location of the 

source 

Emission rates (concentration) 

of Air Quality Parameters 

AQI 

SPM (g/s) SO2 (g/s) 

X – Axis 

(m) 

Y – Axis 

(m) 
Summer Winter Summer Winter Summer Winter 

1. 

Mahuda 
Coal 

Washery 
I 2320.31 4304.69 12.11 15.33 5.91 4.00 27.08 32.53 

2. 

Munidih 

Coal 

Washery 
II 1096.88 4304.69 10.62 13.43 11.18 8.49 27.32 32.68 

3. 

Jamadoba 

Coal 
Washery 

II 6539.06 4304.69 8.00 9.00 3.00 4.02 12.78 15.96 

4. 

Sudamudih 

Coal 

Washery 

III 1054.69 6117.19 12.82 13.43 8.47 5.76 23.71 26.05 

5. 

Chasnallah 

Coal 

Washery 

III 1603.13 5890.63 12.59 15.59 6.63 6.74 29.61 34.52 

6. 

Patherdih 

Coal 

Washery 

III 421.88 7159.38 11.07 14.89 9.24 10.00 35.90 39.28 

7. 
Bhojudih 
Coal 

Washery 

III 2700.00 3625.00 14.78 15.83 8.80 9.09 32.13 36.08 

 

4. RESULTS AND DISCUSSIONS  

Empirical emission formulae on various sources of air pollutants in order to estimate the emission rates of 

various significant sources are developed based on the experimental data generated from various field studies. 

The estimated empirical coefficients are based on the experiments conducted in the field. However, it is 

observed that +6.1% of error occurs in the predicted emission rates of suspended solid matters (SPM) with 

reference to the field data and +5.23% in the emission of sulfur dioxide (SO2) from all identified major sources. 

The predicted SPM and SO2 concentrations in summer at Mahuda coal washery complex are 423 µg/m
3
 and 

37.5µg/m
3 

respectively, which falls in the interval, constituted with minimum and maximum values of field 

experimental data, viz., 402 - 457.3µg/m
3
; 30 - 40.32µg/m

3 
respectively. Further, the predicted SPM and SO2 

concentrations in winter at site are 555 µg/m
3
 and 21µg/m

3 
respectively which falls in the ranges 535 - 

579µg/m3; 23 - 98.8µg/m3 respectively. It is found that 5 - 10% error occurs in the predicted air quality by the 

Empirical emission formulae. Therefore, air quality assessments are made using the integrated model proposed 

in Section 3 in order to address the uncertainties that exist and the results are tabulated in Table-4.The present 

model can be used as a tool to visualize the impact of coal washeries on the surroundings. 
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5. CONCLUSION 

 

In this paper, a new methodology is proposed for air quality assessment employing IT2 FISs. Finally this model 

is employed for evaluation of AQI in Jharkhand area focusing on two major pollutants of Coal Washery 

complexes based on emission rates. The study shows that, in this area, the air quality level is high during winter 

than summer. 
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