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ABSTRACT

Environmental pollution remains a serious issue in the developing world, affecting the lives of bil-
lions of people, reducing their life expectancy, and damaging children’s growth and development.
India is facing the challenge of industrial pollution at an alarming rate. This has made the constant
surveillance of environmental characteristics a necessary task. There is an urgent need to identify
critically polluted areas and identify their problematic dimensions. The comprehensive environmen-
tal pollution index (CEPI) helps in quantifying the environmental health of the critically polluted areas
by synthesizing available information on environmental status by using quantitative criteria, encom-
passing air, water and land. Based on this, a fuzzy rule is developed to assess the index to classify the
various industrial clusters’ pollution level. This study deals with delineating the environmental pollu-
tion among various industrial clusters in Central India. Further to develop a more in-depth study, the
average CEPI of the clusters are normalized and hence, formulating the base to integrated fuzzy
assessment model. The paper aggregates to various techniques for analysing the environmental pollu-
tion caused by the various industrial clusters and can be applied to a larger scale for further scope.

INTRODUCTION

Environment comprises of the surroundings for
sustainability of living beings. With rapid urbaniza-
tion and excessive industrialization, the environment
is tarnishing rapidly. Its pollution comprises of intro-
duction of harmful pollutants in air, water and land.
Environment pollution is a prevalent concern across
the globe affecting the lives of millions of people physi-
cally and economically. It is assessed by World Health
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Organization (WHO), about one-quarter deaths across
the globe are due to environment pollution. It is, hence
the need of hour to scrutiny the critical environment
situation and curb the factors leading to such condi-
tions at the source itself.

India, being a developing nation, is facing severe
environment pollution owing to various industrial ac-
tivities, urbanization and precipitous population
growth. The industries are classified as ancillary,
small, medium and large scale-industries. Around
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560,000 companies are registered under the Compa-
nies Act, 1956. Hence, there should be accurate mea-
sures taken to achieve sustainable development. To
undertake this goal, the first step is to prepare a
baseline study to delineate the pollution intensity
across various industrial areas/clusters. The Com-
prehensive Environment Pollution Index (CEPI) aids
in quantifying the environmental pollution for air,
water and land using various statistical and math-
ematical criteria.
In this study, the central India is concentrated com-
prising of total seven industrial sectors, Dewas,
Gwalior, Indore, Nagda and Pitampur in Madhya
Pradesh & Bhillai and Raipur in Chhattisgarh. The
pollution is studied separately for air, water and land,
and lastly, aggregated to obtain the average CEPI value
for each of the industrial cluster. Next step is to for-
mulate a fuzzy rule base for the obtained values of air,
water and land CEPI values so as to generate a pro-
portional list of the areas. This step helps in demarking
the pollution intensity in the various clusters using
fuzzy decision analysis.
Further to develop a more in-depth study, the average
CEPI of the clusters was normalized and hence, for-
mulating the base to integrated fuzzy assessment
model. This model constitutes an assessment grade
and a membership attached with the grade. The
weights to each of the grade assigned help to obtain a
final score for the cluster. Therefore, the paper deals
with an integrated fuzzy assessment model for an in-
dustrial sector including the various sustainability
assessment indicators. The paper aggregates to vari-

ous techniques for analysing the environmental pol-
lution caused by the various industrial clusters and
can be applied to a larger scale for further scope.

MATERIALS AND METHODS

Comprehensive Environmental Pollution Index

The Comprehensive Environment Pollution Index
(CEPI) aids in quantifying the environmental pollu-
tion for air, water and land using various statistical
and mathematical criteria. The details of the topic can
be found elsewhere (CPCB, 2009).

The CEPI is an efficient and operative method to
analyze real life environmental pollution clusters. It
helps to portray the environmental situation follow-
ing the procedure of source, pathway and receptor.
With an increase in CEPI, the environmental stability
of the region is compromised and effecting the health
and well-being of proximate areas. In nutshell, the
procedure deals with three aspects viz., pollutant (A),
pathway (B) and receptor (C). For each aspect, two or
three factors are considered and further, either addi-
tion or multiplication is performed depending on the
factors, as explained in Table 1. Also, an additional
high risk element (D) is considered explained in Table
2, for inadequacy of large, medium and small scale
industries; also due to unorganized sector. The com-
mon facilities include the construction of Common
Effluent Treatment Plant (CEPT), Air Pollution
Control Devices (APCDs) and unorganized waste
disposals.

Table 1. Factors for the three aspects Pollutant (A), Pathway (B) and Receptor (C)

Description Pollutant (A) Pathway (B) Receptor (C)

Factor 1 A1: Presence of toxins B1: Pollutant Concentration C1: Potentially affected population
Factor 2 A2: Scale of industrial B2: Impact on people C2: Level of exposure

activities
Factor 3 - B3: Impact on eco-geological C3: Risk to sensitive receptors

features
Sub-Index Score A1 * A2 B1 + B2 + B3 C1 + C2 + C3

Table 2. Score for additional high-risk element (D)

S. No. Large-scale Small/medium-scale Common facilities for Score
Industries Industries pollution control

1. Adequate Adequate Adequate 0
2. Adequate Inadequate Adequate 5
3. Adequate Adequate Inadequate 10
4. Adequate Inadequate Inadequate 15
5. Inadequate Inadequate Inadequate 20
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After calculation of the sub-index score, the final
step is to calculate the average CEPI value for the in-
dustrial cluster, which is calculated using the formula
given below:

CEPI =  im + {(100 - im) X (i2 l 100) (i3 l 100)           (1)

where, im = maximum sub-index; and i2 and i3 are
sub-indices for other media.

Integrated Fuzzy Assessment Model

The integrated fuzzy assessment model is the appli-
cation of fuzzy set theory, in which the aspiration
levels concerning different objectives and classifi-
cations are not ordinary numbers, rather fuzzy num-
bers. The details of the topic can be found elsewhere
(Sakawa 1993; Singh et al., 2007; Singh 2008 and Singh
and Shrivastava, 2014).

For example, to assess the water quality of a stream,
it is difficult to define a boundary between higher and
lower water quality. There is a kind of ambiguity gen-
erated because of the absence of clear defined bound-
ary between these objects. Fuzzy logic is a super set of
conventional (or Boolean) logic and contains similari-
ties and differences with Boolean logic. The traditional
Boolean logic uses 0 or 1 to describe the membership
relation between one specific object and the class of
this kind of objects. When, the object belongs to that
class, the value of the characteristic function that
describes the membership relation between one
specific object and classification is 1, whereas the value
is 0 when the specific object doesn’t belong to the class
completely. Though, with fuzzy logic it is easy to
calculate the degree of an object to which it is a mem-
ber of the set or not. The grade of membership func-
tion can be achieved by adopting the concept of a mem-
bership function to assign a number ranging from zero
(absolute not belonging) to unity (fully belonging)
according to the degree of belongingness to each
element.

Let U = {u} define a finite set (space) of elements
representing a particular class. In this concept, µG (U)
represents the membership function, i.e. the grade of
membership of U in G. There are infinite possible val-
ues of membership function of µG (U) belonging to set
[0, 1]. For example, U represents the set of various as-
sessment factors to identify status of industrial clus-
ters. The main components consisting of the fuzzy
comprehensive assessment model are assessment cri-
teria set, assessment class set, weights set, member-
ship function, fuzzy relation matrix, fuzzy combina-
tion and fuzzy evaluation matrix. In this case, there is

only one assessment indicator U, depicting the envi-
ronmental pollution level of the industrial cluster.

Assessment Class Set

The set G is defined as an assessment class set
containing of all evaluation classes in which each
element represents one evaluation class and is repre-
sented as G = {G1, G2, G3}. For example, if water is
easily accessible and available, the consumption will
be high without bothering much for high savings and
exploitation rate. Thus, the assessment set can be high,
medium and low.
According to the significance of above assessment
factors in the water resource carrying capacity, and
consulting other evaluation standards for water
resources (Singh, 2008), there are three grades (classes)
which are important for describing the significance of
the above mentioned seven evaluation factors. The
classification of these classes (grades) with respect to
each assessment factor is shown in Table 4. Among
them, G1 stands for the best situation; it shows the
water resources have a great potential to develop, the
degree of water resources utilization and the scale of
the development are smaller. Therefore, the situation
of water resources supply is optimistic. G3 stands for
the worst situation; it shows that water resources
carrying capacity is close to saturation, the more
explanation of water resources will lead to a shortage
in water resources and environmental deterioration.
The situation between G1 and G3 is G2, it shows that
the scale of water resources exploitation and utiliza-
tion though has reached a certain level but still can be
exploited.

Weight Set

The element weight Wi, represents the weight coeffi-
cients of each of the criterion and is represented as

W = {W1, W2, W3, …, Wn}.

Fuzzy Relation Matrix

In order to eliminate a possible grade discrepancy of
the assessment values with small differences, the
membership function should be smoothened out
between the grades which can be carried out by the
fuzzy algorithm (Singh, 2008). It is assumed that the
membership function of the mid-point of the grade G2
(intermediate interval) receives a score of 1, and the
membership degree in the two marginal points receive
a score of 0.5, and that value descends linearly from
the mid-point to these two points. According to the
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above algorithm and the definition of membership
function (Chen, 1994; and Singh et al., 2008), the mem-
bership function of the three classification grades with
respect to the environmental factor could be con-
structed by the following formula:

(2)

(3)

(4)

B = W • R = [ W
1
 W

2
 W

3
 … W

n
 ] •

Using the above membership function definition,
values for each criteria and each assessment grade is
calculated.

Fuzzy Combination and Fuzzy Evaluation Matrix

After obtaining the value of each membership func-
tion value for the respective assessment grade, the next
step is to formulate a global membership matrix which
is product of weights matrix with the fuzzy relation
matrix. The integrated fuzzy assessment could be re-
garded as the following fuzzy combination.

Finally, the fuzzy integrated assessment value a is calculated as

The value of a above is a comprehensive grade based
on the final fuzzy combination matrix B. In order to
reflect the situation of water resources carrying ca-
pacity much better, the grades 0 – 1 are distributed to
G¬1 and G3. Accordingly, a1 = 0.90, a2 = 0.50 and a3
= 0.05 This represents quanitatively degree of influ-
ence of each assessment criteria of  environmental
sustainability of the area. The higher the degree of
influence, greater the sustainability. The implementa-
tion of the fuzzy comprehensive assessment consists
of series of steps as shown in Figure 1.

Application of Integrated Fuzzy Assessment Model

India, being a developing nation, is facing severe
environment pollution owing to various industrial

Fig. 1 Flow-chart of Integrated Fuzzy
Assessment Model
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activities, urbanization and precipitous population
growth. The industries are classified as ancillary,
small, medium and large scale-industries. Around
560,000 companies are registered under the Compa-
nies Act, 1956. Hence, there should be accurate mea-
sures taken to achieve sustainable development. To
undertake this goal, the first step is to prepare a
baseline study to delineate the pollution intensity
across various industrial areas/clusters. The Com-
prehensive Environment Pollution Index (CEPI) aids
in quantifying the environmental pollution for air,
water and land using various statistical and math-
ematical criteria.

In this study, the central India is concentrated com-
prising of total seven industrial sectors, Dewas,
Gwalior, Indore, Nagda and Pitampur in Madhya
Pradesh & Bhillai and Raipur in Chhattisgarh. The
pollution is studied separately for air, water and land,
and lastly, aggregated to obtain the average CEPI value
for each of the industrial cluster. Next step is to for-
mulate a fuzzy rule base for the obtained values of air,
water and land CEPI values so as to generate a pro-
portional list of the areas. This step helps in demarking
the pollution intensity in the various clusters using
fuzzy decision analysis.

Study Area

The Central area comprises of Madhya Pradesh and
Chhattisgarh, summing an area to 443,442 sq.km,

where M.P. itself is the second largest state in India.
The total population of M.P. and Chhattisgarh are
around 75 million and 25 million respectively.
Madhya Pradesh state has an agrarian economy. The
major crops of Madhya Pradesh are wheat, soybean,
gram, sugarcane, rice, maize, cotton, rapeseed, mus-
tard and arhar. Minor Forest Produce (MFP), such as
tendu leaves used to roll beedi, sal seed, teak seed,
and lak also contribute to state's rural economy.
Madhya Pradesh has 5 Special Economic Zones
(SEZs): 3 IT/ITeS (Indore, Gwalior), 1 mineral-based
(Jabalpur) and 1 agro-based (Jabalpur). Because of the
state's central location, a number of consumer goods
companies have established manufacturing bases in
MP. The state has the largest reserves of diamond and
copper in India. Other major mineral reserves include
those of coal, coalbed methane, manganese and dolo-
mite. Chhattisgarh accounts for 15% of the total steel
produced in the country. Chhattisgarh is one of the
fastest-developing states in India. Chhattisgarh is rich
in minerals. It produces 20% of the country's total ce-
ment produce and ranks first in the nation for coal
production and second in reserves, third in iron ore
production and first in tin production.

Data Collection

The data was extracted from the Central Pollution
Control Board (CPCB) report, which illustrates the
values of various sub-index’s factors for air, water and

Fig. 2. Location of industrial clusters in Central India
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Table 3. Calculation of Air CEPI

Stations A1 A2 A B1 B2 B3 B C1 C2 C3 C D Air
CEPI

Madhya Pradesh

Dewas 2.00 5.00 10.0 4.00 1.50 3.00 8.50 5.00 3.00 3.00 18.0 15.0 51.50
Gwalior 5.75 2.50 14.4 6.00 0.00 0.00 6.00 3.00 3.50 0.00 10.5 15.0 45.88
Indore 2.00 2.50 5.00 8.00 3.00 3.00 14.0 5.00 4.00 5.00 25.0 15.0 59.00
Nagda 2.00 5.00 10.0 6.00 3.00 1.50 10.5 3.00 3.00 5.00 14.0 10.0 44.50
Pitampur 5.75 5.00 28.8 3.00 0.00 0.00 3.00 3.00 2.00 0.00 6.00 10.0 47.75

Chhattisgarh

Bhillai 2.00 2.50 5.00 3.00 3.00 3.00 9.00 5.00 3.00 5.00 20.0 10.0 44.00
Raipur 2.00 5.00 10.0 7.50 3.00 3.00 13.5 5.00 4.00 3.00 23.0 10.0 56.50

Table 4. Calculation of Water CEPI

Stations A1 A2 A B1 B2 B3 B C1 C2 C3 C D Water
CEPI

Madhya Pradesh

Dewas 4.00 2.50 10.0 8.00 3.00 1.50 12.50 5.00 3.00 5.00 20.0 15.0 57.50
Gwalior 3.00 2.50 7.50 7.50 0.00 0.00 7.50 3.00 4.50 0.00 13.5 10.0 38.50
Indore 4.00 2.50 10.0 8.00 3.00 1.50 12.50 5.00 3.00 5.00 20.0 15.0 57.50
Nagda 4.00 5.00 20.0 6.00 1.50 3.00 10.50 3.00 3.00 5.00 14.0 10.0 54.50
Pitampur 5.50 5.00 27.5 6.00 0.00 0.00 6.00 3.00 3.50 0.00 10.5 10.0 54.00

Chhattisgarh

Bhillai 2.00 2.50 5.00 2.00 1.50 1.50 5.00 5.00 3.00 0.00 15.0 10.0 35.00
Raipur 2.00 5.00 10.0 6.00 1.50 1.50 9.00 5.00 2.00 3.00 13.0 10.0 42.00

Table 5. Calculation of Land CEPI

Stations A1 A2 A B1 B2 B3 B C1 C2 C3 C D Land
CEPI

Madhya Pradesh

Dewas 3.00 2.50 7.50 3.00 3.00 3.00 9.00 5.00 3.00 5.00 20.0 15.0 51.50
Gwalior 3.00 2.50 7.50 8.00 0.00 3.00 11.0 3.00 4.50 0.00 13.5 10.0 42.00
Indore 2.00 2.50 5.00 6.00 3.00 3.00 12.0 5.00 3.00 5.00 20.0 15.0 52.00
Nagda 4.00 5.00 20.0 6.00 3.00 3.00 12.0 3.00 3.00 5.00 14.0 10.0 56.00
Pitampur 5.50 5.00 27.5 4.00 0.00 0.00 4.00 3.00 3.00 0.00 9.00 10.0 50.50

Chhattisgarh

Bhillai 2.00 2.50 5.00 2.00 1.50 0.00 3.50 5.00 3.00 0.00 15.0 10.0 33.50
Raipur 2.00 5.00 10.0 3.00 3.00 3.00 9.00 5.00 3.00 5.00 20.0 10.0 49.00

land, as shown in Table 3, 4 and 5 respectively. The
formula described in equation (1) is used to calculate
the overall average CEPI, as shown in Table 6. Based
on the values obtained from the average CEPI, the rank-
ing of the industrial clusters is done using the guide-
lines mentioned in the CPCB report (2009). It is sug-
gested that areas having aggregated CEPI scores of 65

and above should be considered as critically polluted
areas, whereas the areas having CEPI between 45-65
should be considered as highly polluted areas and
shall be kept under surveillance and pollution
control measures should be efficiently implemented,
whereas, the critically polluted clusters/ areas need
detailed investigations in terms of the extent of dam-
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Table 6. Calculation of Average CEPI

Air Water Land Maximum X= 100 – i Y= X * Z= Y* Avg. CEPI
CEPI CEPI CEPI Sub-Index, (max) Other two 10-4 = Z + i

i (max)  indices (max)

Madhya Pradesh

Dewas 51.50 57.50 51.50 57.50 42.50 112720.6 11.272 68.77
Gwalior 45.88 38.50 42.00 45.88 54.13 87528.21 8.7528 54.63
Indore 59.00 57.50 52.00 59.00 41.00 122590 12.259 71.26
Nagda 44.50 54.50 56.00 56.00 44.00 106711 10.671 66.67
Pitampur 47.75 54.00 50.50 54.00 46.00 110923.2 11.092 65.09

Chhattisgarh

Bhillai 44.00 35.00 33.50 44.00 56.00 65660 6.566 50.57
Raipur 56.50 42.00 49.00 56.50 43.50 89523 8.9523 65.45

Table 7. Classification of Average CEPI Score

Avg. CEPI Range Pollution Level Avg. CEPI Range Pollution Level

4<= Avg. CEPI <25 Low Pollution 25<= Avg. CEPI <45 Medium Pollution
45<= Avg. CEPI<65 High Pollution Avg. CEPI>=65 Critical Pollution

Table 8. Normalization & Ranking of Industrial Clusters

Industrial Cluster Avg. CEPI Pollution Level Normalized CEPI Value

Indore 71.26 Critical Pollution 0
Dewas 68.77 Critical Pollution 0.120
Nagda 66.67 Critical Pollution 0.222
Raipur 65.45 Critical Pollution 0.281
Pitampur 65.09 Critical Pollution 0.298
Gwalior 54.63 High Pollution 0.804
Bhillai 50.57 High Pollution 1

Table 9. Fuzzy rule base formation for various industrial clusters

Component Air Operator Water Operator Land Overall

Air  Varying IF 4<=A<25 AND 4<=W<25 AND 4<=L<25 THEN Low Pollution
IF 25<=A<45 AND 4<=W<25 AND 4<=L<25 THEN Low Pollution
IF 45<=A<65 AND 4<=W<25 AND 4<=L<25 THEN Medium Pollution
IF A>=65 AND 4<=W<25 AND 4<=L<25 THEN Critical Pollution

Water Varying Air Operator Water Operator Land Overall
IF 4<=A<25 AND 4<=W<25 AND 4<=L<25 THEN Low Pollution
IF 4<=A<25 AND 25<=W<45 AND 4<=L<25 THEN Low Pollution
IF 4<=A<25 AND 45<=W<65 AND 4<=L<25 THEN Medium Pollution
IF 4<=A<25 AND W>=65 AND 4<=L<25 THEN Critical Pollution

Land Varying Air Operator Water Operator Land Overall
IF 4<=A<25 AND 4<=W<25 AND 4<=L<25 THEN Low Pollution
IF 4<=A<25 AND 4<=W<25 AND 25<=L<45 THEN Low Pollution
IF 4<=A<25 AND 4<=W<25 AND 45<=L<65 THEN Medium Pollution
IF 4<=A<25 AND 4<=W<25 AND L>=65 THEN Critical Pollution
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Table 10. Ranking of Industrial Clusters using Fuzzy Decision Base

Industrial Clusters Pollution Level

Indore, Dewas, Nagda, Raipur and Pitampur Critical Pollution
Gwalior and Bhillai High Pollution

Table 11. Industrial Cluster’s Pollution Level Value for each Assessment Grade

Membership Dewas Gwalior Indore Nagda Pitampur Bhillai Raipur
Function Values

U
G1 0.8275 0.356 0.2354 0.1125 0.5744 0.1750 0.3625
G2 0.1724 0.7485 0.3508 0.0666 0.4255 0.8250 0.6375
G3 0.2582 0.225 0.6490 0.9315 0.1145 0.2254 0.1478

Table 12. Grade Classification of Assessment Indicator

Index Units Weights G1 G2 G3 k1 k2 k3

U % 1 <0.2 0.2 – 0.8 >0.8 0.2 0.05 0.08

Table 13. Final score of each industrial cluster

Membership Dewas Gwalior Indore Nagda Pitampur Bhillai Raipur
Function Values

G1 0.4374 0.3435 0.3263 0.2629 0.3798 0.3145 0.0723
G2 0.3650 0.2545 0.5673 0.5096 0.5259 0.3540 0.7138
G3 0.1775 0.2142 0.1050 0.2275 0.0925 0.6447 0.2139
Final Score 0.5784 0.2365 0.5826 0.5028 0.3430 0.2092 0.4327

Fig. 3 Final Evaluation of status of Pollution in Industrial Clusters using Integrated Fuzzy Assessment Model.

age and an appropriate remedial action plan. The
Table 7 and Table 8 explains the classification of the
industrial sectors based on average CEPI score and
further, their ranking respectively.

Study Framework using Fuzzy Decision Analysis

The basic step in the process of fuzzy decision analy-
sis is to form a fuzzy rule base to portray the overall
pollution intensity for each industrial cluster; consist-
ing of if-else statements connected with operators such



ENVIRONMENTAL IMPACT ASSESSMENT OF INDUSTRIAL CLUSTERS 221

as “AND” and “OR”, as shown in Table 9 (Singh et
al., 2015; Srinivas et al., 2015). Finally, the industrial
clusters have been classified using the fuzzy base rules
as shown in Table 10.

Verification Using Integrated Fuzzy Assessment
Model

The verification of the results obtained from integrated
fuzzy assessment model has been done in this sec-
tion. The basic principle involved is obtaining the
value of the assessment factor U (i.e. Environmental
Pollution Intensity) based on the three assessment
grades G1, G2 and G3; as explained in equation (2),
(3) and (4), as shown in Table 12. Table 11 illustrates
the value of the various assessment grades for each
industrial cluster.

Finally, the values of these membership function
for each grade are being multiplied by the weights of
each assessment indicator to obtain the final value of
each assessment grade for each district. But since, in
this case there is just one assessment indicator i.e. En-
vironmental Pollution, the values remain as in shown
in Table 11. As discussed earlier, we have taken a1 =
0.90, a2 = 0.50 and a3 = 0.05, the above values are
being multiplied by the a-values so as to obtain the
final score of each district as shown in Table 13.

CONCLUSION

From the final score obtained, it is evident that Indore
has the highest environmental pollution and Raipur
having the lowest environmental pollution intensity.
With an increase in CEPI, the environmental stability
of the region is compromised and effecting the health
and well-being of proximate areas.

The ranking of the various industrial clusters is
Indore > Dewas > Nagpur > Raipur > Pitampur >
Gwalior > Raipur. As it is evident from the Figure 3,
the environmental sustainability potential in Raipur
is high whereas the situation in Indore is not much
optimistic with a final score of 0.5826. It is obvious
that the sustainability in Indore is higher at the same
time the exploitation of environment is also very high.
The other five clusters have also reached the transi-
tion stage wherein the pollution’s level is approxi-
mately same, highly polluted. A similar pattern is ob-
tained using the fuzzy decision base rule as explained
in Section 3. The present CEPI is intended to act as an
early sensor tool, which is easy and quick to use. It
can help in categorizing the industrial clusters/areas
in terms of priority. Step II involves a detailed assess-

ment of various environmental indicators and inves-
tigation of the status of environmental resources such
as land, vegetation, air, and water. The paper aggre-
gates to various techniques for analysing the environ-
mental pollution caused by the various industrial clus-
ters and can be applied to a larger scale for further
scope. There is an urgent need pay much attention in
sustainability of environment for the development of
economy and social justice. With rapid urbanization
and excessive industrialization, the environment is
tarnishing rapidly. It is, hence the need of hour to scru-
tiny the critical environment situation and curb the
factors leading to such conditions at the source itself.
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