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ABSTRACT
The rapid industrialization of India in the recent past has been the striking feature of

Indian economic development. The common indicators of economic welfare, such as national
product and income have reflected the growth of the industry as a major indicator for the
development of the nation. But other angle of industrialization has been the serious damage
to the surrounding environment due to the wastes and pollutants generated from the
industries. A fresh look at the pollution control strategies is, therefore, necessary. An
attempt has been made to address the problem and a new formalism is proposed for
classification of industry on the basis of water and air pollution potential. Vagueness in the
perception of environmental experts for classification, the techno-scientific parameters in
linguistic terms for the specific usage coupled with imprecision in parametric data calls for
the application of fuzzy modeling. The case study relates to the application of Fuzzy Rule
Based System (FRBS) for the classification of industries on the basis of pollution potential
located in the State of Maharashtra and Gujarat, India. We discuss the feasibility of approach
for classification of pollution potential of the industries. This approach will be helpful for
Pollution Control Boards to locate the new industry on the basis of their degree of
classification of pollution potential.

Key Words : : Water and air pollution potential, Fuzzy modeling, Environmental experts’
perception, Fuzzy rule based system, Linguistic variables, Classification of pollution

potential of industries

INTRODUCTION
The industrial policies of developing

countries mainly focus on the pursuit of
economic growth with inadequate importance
to environmental pollution issues. Ever
increasing pollution levels are primarily

responsible for impairing natural environment.
The permissible limits prescribed by the
regulatory agencies allow industries to
discharge their wastewater in the receiving
water bodies. Depletion of water flows in rivers
over a period of time and the ever-increasing
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pollution load in the natural bodies is a matter
of serious concern. In the absence of adequate
dilution, the industry that has been discharging
its wastes within the pollution norms also
contributes its share towards overall
environmental degradation. The situation is not
far different in case of the parameters relating
to air and land pollution. Information on the
status and changing trends in environmental
quality is necessary to formulate sound public
policy and efficient implementation of
environmental pollution abatement programs.
Modeling of satisfaction levels of the end user
in relation to a defined parameter coupled with
imprecision which stems from the field data is
a key issue. Successes of probability theory
have high visibility. But what is not widely
recognized is that success mask a fundamental
limitation–the inability to operate on what may
be called perception –based information, which
can be modeled with recourse to fuzzy set
theory14. An attempt has made to formulate a
fuzzy model employing Fuzzy Rule Based
System (FRBS), with a view to arrive at the
classification of pollution potential of industries.

The problem of classification of industry
on the basis of pollution potential can be
approached using combinations of Degree of
Match and the Fuzzy Rule-Based System. In
a rule-based system the experts represent their
knowledge concerning the classification of the
object (pollution potential of industry) in the
form of rules. Each rule has a set of antecedent
propositions comprising of attribute names for
example parameters of wastewater and
parameters of air pollution and attribute values
or linguistic description like low, medium, high
and very high pollution potential. Further more
the field data on the parametric concentrations
are often inadequate resulting into imprecise
assertions. A computational scheme of Degree
of Match (DM) can be use with a view to
estimate the matching between the assertion
and the antecedent part of the rule, in order to
describe pollution potential of industry fuzzily
with specific degree of certainty2.

OBJECTIVES
Development of protocol for the

environmental acceptability of an industry on
the basis of its pollution potential with recourse
to fuzzy set theory with a case study Fuzzy
Rule-based system (FRBS) modeling

Deshpande A.W., Raje D.V. and
Khanna P.1 developed fuzzy rule based system
for river water quality. Ferenc Peter Pach,
Attila Gyenesei and Janos Abonyi3 proposed a
novel classification model that is based on easily
interpretable fuzzy association rules and fulfils
both efficiency criteria. Hagemeister Michael
E. and Jones David D.4 developed a
methodology for Hazard Ranking of Landfills
using Fuzzy Composite Programming. Irina
Perfilieva5 proposed Logical foundations of
rule-based systems. Irina Perfilieva and
Stephan Lehmke6 show that a system of fuzzy
IF–THEN rules being modeled correctly works
as a partially given (fuzzy) function. Its behavior
is determined by a chosen structure for IF–
THEN rules which assigns meaning to fuzzy
sets in the IF and THEN parts as well as to
basic connectives. Pei-Chann Chang and Chen-
Hao Liu8 developed a TSK type fuzzy rule
based system for stock price prediction.
Pingkang Lia, GeorgeW. Irwin and Uwe
Kruger9 introduce a recursive rule base
adjustment to enhance the performance of
fuzzy logic controllers. The fuzzy controller is
constructed on the basis of a decision table
(DT), relying on membership functions and
fuzzy rules that incorporate heuristic knowledge
and operator experience. Shih-Ming Bai and
Shyi-Ming Chen11 developed methodology for
evaluating students’ learning achievement using
fuzzy membership functions and fuzzy rules.
Shih-Ming Bai and Shyi-Ming Chen12

developed methodology for adapting learning
systems using automatically constructing
concept maps based on fuzzy rules Vilem
Novak and Stephan Lehmke’s13 paper provides
a logical basis for manipulation with fuzzy
IF-THEN rules.
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MATERIAL AND METHODS
Firstly the identification of environmental

experts is done. The parameters identified for
defining pollution potential of industry by the experts
are: Suspended Solids, Colour, TDS, BOD, COD,
Oil and grease, Chlorides, Sulphates, Ammoniacal
Nitrogen, Phosphates, Nickel, Phenolic compounds,
Sulphides, Fluorides, Zinc, Arsenic, Cadmium,
Chromium, Copper, Cyanides, Selenium and Lead
parameters of wastewater and SPM , SOx , NOx,
Cl2 and HCl parameters of air pollution.

Perception of experts about the linguistic
description for above selected parameters for

water pollution and air pollution potential of
industry is obtained by interviewing or through
a questionnaire. The average of each selected
parameter of wastewater and air by experts
for particular linguistic variables is taken
separately. Then this average concentration of
each parameter of water pollution and air
pollution is normalized with respect to their
permissible limits. After this, the average
normalized values of twenty two parameters
of water pollution and five parameters of air
pollution is taken and the same are presented
in the following Fig. 1.
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Fig. 1 : Graphical Presentation of Average Normalized
Parametric Value for Linguistics Variables

Modelling of uncertainty in the experts’
perception by constructing fuzzy numbers and
the uncertainty in the field data of wastewater
and air parameters using the concept of convex
normalized fuzzy number is the next step.
Calculations of the fuzzy numbers for
various parameters
Randomness in the observed parametric value
data can be ascertained using the Gaussian
distribution with the probability density function
given by :

    
 

2

2
1

2

2

1 z

ey



   (1)

The normal curve will be drawn on the basis
of Gaussian formula (see figure 2) and then
the same will be stretched to make the fuzzy
numbers (see figure 3) by following

A (x) = p(x) / p(xj)   (2)

where,
p(x) is the normal frequency obtained
p(xj) is the maximum normal frequency
corresponding to the mean

This transforms a random variable
into a convex normalized fuzzy number A
with membership grade function A (x).
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Matching between fuzzy numbers
The fuzzy numbers for field data (A) of
parameters and the fuzzy numbers
characterizing linguistic terms (A1) can be
matched together to arrive at a measure called

a Degree of Match (DM) defined by

      DM (A, A1 ) =  AA1 (x)
        A (x) , xX

            (3)
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Thus for each and every linguistic
variable and the concerned parameters can
lead to the corresponding degree of match as
per the above procedure.
Fuzzy rule-based system

After obtaining the fuzzy numbers with
their corresponding degree of match we need
to define the rule base for the system.

A set of rules is constructed for the
pollution potential of industries. Each rule has
the antecedent proposition connected together
using AND operator, resulting in some
consequences. The assertions related to its
antecedent part are obtained from the experts,
which are imprecise or fuzzy. Thus a fuzzy rule
based system can be developed for the
knowledge representation or reasoning
process. Here the partial matching is allowed
and the analyst can estimate the extent to which
the assertion satisfies the antecedent part of
the rule contrary to the rule-base system which
examines as to whether the antecedent part is
satisfied or not7.

Fig. 5 presents a hierarchical structure
for acceptability of industry on the basis of
pollution potential resulting in a set of rules.
The physical status, chemical status and others’
status of water are judged in the first
hierarchical level of knowledge base to arrive
at the water pollution potential. The second
level characterizes dust and gaseous status of
air to arrive at the air pollution potential. The
third level characterizes status of water and
air pollution potential of industry to arrive at
the ultimate acceptable strategy of pollution
potential of industry. Following are the sample
rules stored at three different hierarchical levels
of the knowledge base.
If physical status of water is <medium> and
Bio-chemical status of water is<low> and
Others status of water is<low>
Then water pollution potential of industry is
<low>. The rule at the next level could be
If dust status of air is <low> and
Gaseous status of air is<medium>
Then air pollution potential of industry is

<medium>. The rule at the next level could be
If water pollution potential status of industry is
<low> and
Air pollution potential status of industry
is<medium>
Then pollution potential of industry is
<medium>.
Conjunction and disjunction operations

If a rule has several antecedent
propositions connected through a conjunctive
the operator, the degree of match of the rule is
given by
Total degree of match of the rule =
                f [DM1, DM2,……..DMn]         (4)
In which DMi is the degree of match of the ith

antecedent proposition against the
corresponding assertion. The function f is
minimum over DM1, DM2, ……..DMn.
If more than one rule have the same
consequent part, they can be regarded as the
rule split from disjunctive rule of which the
disjuncts are the antecedent parts of the rule.
DM of disjunction = g (DM of disjunct1,
DM of disjunct2,…….DM of disjunctk)

  (5)
in which g is maximum over all disjuncts. The
degree of match of the classification rule
indicates the certainty value of classification.
The greater the degree of match, the greater
is the possibility that the object is classified in
that class.

The rules are processed using these
operators and as per the hierarchical structure
fuzzily describing the acceptability of industry
on the basis of pollution potential. The optimal
acceptance strategy is usually that for which
the degree of assertion is the maximum.
Case Study

The case study relates to the available
wastewater and air characteristics from four
engineering and three chemical industries of
Maharashtra and one chemical industry, one
dying and printing unit and one thermal power
station of Gujarat.
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Methodology to evaluate the classification
of industry on the basis of pollution
potential using Fuzzy Rule-Based System

The parametric values of wastewater
generation and stack emissions are normalized
based on the specified statutory norms. Then
average normalized value of physical, bio-
chemical and others characteristics of
wastewater and dust and gaseous
characteristics of air pollution are taken
separately for all industries. Table 1 shows
average normalized values of physical, bio-
chemical and others’ characteristics of
wastewater and dust and gaseous
characteristics of air pollution for industry2.

On the basis of average normalized
values of physical, bio-chemical and others
characteristics of wastewater and dust and
gaseous characteristics of air pollution,
probability density function (y), is calculated
separately for all industries. From average
normalized parametric value and probability
density function (y) the normal curve is drawn
and then the same is stretched to make the
fuzzy numbers using equation (2) for physical,
bio-chemical and others characteristics of
wastewater and dust and gaseous
characteristics of air pollution separately for
all industries. Fig. 6 and Fig. 7 show the
normal and the convex normalized fuzzy curve
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Fig. 6 : Normal Curve Fig. 7 : Convex Normalized Fuzzy Curve

Table 1 : Average Normalized Values of Wastewater and Air Pollution
Characteristics for Industry 2 (Engineering)

Sample No. Sub Criteria 
1 2 3 4 5 6 7 8 9 

Wastewater Characteristics  
Physical 
SS, mg/l 05 07 08 10 11 06 06 11 07 
Colour, Co-pt 05 08 04 06 07 03 05 08 06 
Avg. Normalized Value 0.05 0.075 0.06 0.08 0.09 0.0045 0.055 0.095 0.065 
Bio-Chemical 
TDS, mg/l 1280 1189 1165 1230 1236 1295 1182 1169 1174 
BOD, mg/l 28 25 31 33 29 27 23 29 26 
COD, mg/l 180 183 178 176 179 173 165 169 168 
Chlorides, mg/l 565 568 481 602 589 593 453 462 474 
Sulphates, mg/l 764 650 658 745 759 631 634 639 684 
Avg. Normalized Value 0.7937 0.7456 0.752 0.8276 0.8024 0.7656 0.6757 0.7217 0.7143 
Others 
Chromium, mg/l  0.025 0.02 0.036 0.03 0.026 0.029 0.037 0.028 0.024 
Cyanides, mg/l 0.163 0.17 0.158 0.169 0.157 0.162 0.155 0.143 0.151 
Lead, mg/l 0.09 0.07 0.09 0.08 0.07 0.08 0.09 0.07 0.06 
Avg. Normalized Value 0.655 0.5833 0.6833 0.6483 0.5817 0.6333 0.6817 0.565 0.5317 
Air Pollution Characteristics (Stack Emissions)  
Dust 
SPM, mg/Nm3 69.52 68.7 64.23 65.34 63.24 67.38 62 58.27 57.21 
Avg. Normalized Value 0.4635 0.4580 0.4282 0.4356 0.4216 0.4492 0.4133 0.3885 0.3814 
Gaseous 
SO2, ppm 46 48.35 48.51 49.35 50.12 49.58 48.37 47.32 46.58 
Avg. Normalized Value 0.9200 0.9670 0.9702 0.9870 1.0024 0.9916 0.9674 0.9464 0.9316 
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Table 2 : Degree of match of field data of water pollution with fuzzy terms

Linguistic Class Sr. No. Industry Characteristics 
Low Medium High Very High 

Dust 0.8 0.44 0 0 1. I-1 
(Engineering) Gaseous 0 1 0 0 

Dust 0.014 1 0 0 2. I-2 
(Engineering) Gaseous 0 0.15 0.96 0 

Dust 0.06 1 0 0 3. I-3 
(Engineering) Gaseous 0 0.035 0.95 0 

Dust 0 0.43 0.91 0 4. I-4 
(Chemical) Gaseous 0 1 0 0 

Dust 0.0125 1 0 0 5. I-5 
(Chemical) Gaseous 0 0.3 0.96 0 

Dust 0.0011 1 0 0 6. I-6 
(Chemical) Gaseous 0 0.19 0.96 0 

Dust 1 0 0 0 7. I-7 
(Engineering) Gaseous 0.98 0.14 0 0 

Dust 0 0.015 1 0.12 8. I-8 
(Chemical) Gaseous 0 0.2 1 0 

Dust 0 0.69 0.30 0 9. I-9 
(Dying &Printing) Gaseous 1 0 0 0 

Dust 1 0 0 0 
10. 

I-10 
(Thermal Power Station) 

 Gaseous 1 0 0 0 

Table 3 : Degree of match of field data of air pollution with fuzzy terms

Linguistic Class Sr. No. Industry Characteristics 
Low Medium High Very High 

Physical 1 0 0 0 
Bio-Chemical 0.53 0.97 0 0 1. I-1 

(Engineering) 
Others -- -- -- -- 

Physical 1 0 0 0 
Bio-Chemical 0 1 0 0 2. I-2 

(Engineering) 
Others 0 1 0 0 

Physical 1 0 0 0 
Bio-Chemical 1 0.09 0 0 3. I-3 

(Engineering) 
Others 1 0 0 0 

Physical 1 0 0 0 
Bio-Chemical 0.84 0.44 0 0 4. I-4 

(Chemical) 
Others 1 0 0 0 

Physical 1 0.007 0 0 
Bio-Chemical 0.083 1 0 0 5. I-5 

(Chemical) 
Others 1 0 0 0 

Physical 0.98 0.22 0 0 
Bio-Chemical 0 1 0 0 6. I-6 

(Chemical) 
Others 1 0.03 0 0 

Physical 1 0 0 0 
Bio-Chemical 0.63 0.48 0 0 7. I-7 

(Engineering) 
Others -- -- -- -- 

Physical 0.45 0.55 0 0 
Bio-Chemical 0.12 1 0.015 0 8. I-8 

(Chemical) 
Others -- -- -- -- 

Physical 0.034 0.69 0.31 0 
Bio-Chemical 0.14 0.89 0.014 0 9. I-9 

(Dying &Printing) 
Others 1 0 0 0 

Physical 1 0.1 0 0 
Bio-Chemical 0.73 0.44 0 0 10. I-10 

(Thermal Power Station) 
Others 1 0 0 0 
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of physical characteristics respectively for
industry 2. Then the convex normalized fuzzy
curve of field data matched with the convex
normalized fuzzy curve of low, medium, high
and very high linguistic variables and degree
of match (DM) is calculated using equation (3)
for these linguistic variables for physical,
bio-chemical and others characteristics of
wastewater and dust and gaseous
characteristics of air pollution separately for
all industries. Table 2 and Table 3 show

Degree of match of field data of water pollution
and air pollution respectively with fuzzy terms.
Fig. 8 shows fuzzy matching between field
data and linguistic terms of physical
characteristics for industry 2.

The degree of match computed above
are the inputs to the rule-based system in which
the rules are processed using equations (4) and
(5) resulting in pollution potential classification
of industry.

RESULTS AND DISCUSSION
Table 4 shows results of Fuzzy Rule

Based System (FRBS).
From the Multi Criteria Decision Making

(MCDM) method10, it is possible to do ranking
of different type of industries on the basis of
Environmental Pollution Potential Index (EPPI)
and from the Fuzzy Rule–Based System
(FRBS),  which is developed in this paper, it is
possible to classify the industry as low, medium
high and very high pollution petential.

From the results obtained (Table 4) it
can be inferred that industry 8 ranks first out
of ten industries and it shows higher pollution
potential with degree of certainty of 1 while
industry 10 ranks number ten with lowest
pollution potential with degree of certainty of
0.63, compared to other industries. The industry
2, industry 3, industry 4, industry 5 and industry
6 show high pollution potential with degree of
certainty of 0.96, 0.95, 0.91, 0.96 and 0.96
respectively. The industry 1 and industry 9 show

Fig. 8 : Fuzzy Matching between Field Data of Physical Characteristics and
Linguistic Terms for Industry 2
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medium pollution potential with degree of
certainty of 0.8 and 0.69 respectively. The
industry 7 shows low pollution potential with
degree of certainty of 0.73.
Practical utility of approach

Fuzzy Rule–Based System approach will
be helpful for Pollution Control Boards to
classify and locate the new industry on the basis
of their pollution potential.
Further Scope for research

Here a methodology developed for
classification of industries on the basis of
their pollution potential. For further work,
methodology is required to be developed for
acceptability of industry on basis of pollution
potential under different environmental
conditions. Some of the other issues of
relevance include, linkage between the
increased concentration of the pollution
parameters and imposing pollution tax,
willingness to pay and alike.
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