
 ISSN (Online) 2321 – 2004 
ISSN (Print) 2321 – 5526 

 

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN ELECTRICAL, ELECTRONICS, INSTRUMENTATION AND CONTROL ENGINEERING 
And 

National Conference on Advanced Innovation in Engineering and Technology (NCAIET-2015) 
 

Alva’s Institute of Engineering and Technology, Moodbidri 
 

Vol. 3, Special Issue 1, April 2015 
 

Copyright to IJIREEICE                                                                                DOI 10.17148/IJIREEICE                                                                                          321 

Fuzzy Logic Based Assessment of Periodic 

Variation of Water Quality of Nethravathi River 

in Dakshina Kannada District 
 

Shelton Rainer Pinto 

Department of Civil Engineering, Sahyadri College of Engineering and Management, Adyar, Mangalore, India 

 

Abstract: The decision-making using comparison of stream water quality prescribed limits with various water quality 

indices has been developed to integrate water quality variables. This approach has few drawbacks such as some 

parameters in the index equations can influence the final score of WQI dramatically without valid scientific 

justification. There are limitations on which a wrong decision can be taken as it is dependent on the fix weight age 

assigned to different parameters, where as the weight age should be varied on the basis of season, rainfall, ambient 

temperature and other environmental factors. These indices are lacking to deal with uncertainties involved at various 

steps indecision-making. One way of avoiding the difficulty in uncertainty handling in water quality assessment is to 

introduce a margin of safety or degree of precaution before applying a single value to quality standards as the same 

technique was also used by other workers in the field of environmental sciences. These methodologies based on fuzzy 

sets theory are tested with real environmental problems to handle the uncertainty in imprecise environment in decision-

making tools. It is proposed that methods based on fuzzy sets theory can be applied to deal with the uncertainties in the 

decision-making on the stream water quality, keeping the importance of uncertainty handling in the water quality 

assessment and versatility of the fuzzy set theory in the decision-making in the imprecise environment. In this project, 

we propose the fuzzy set theory for decision-making in the assessment of physico-chemical quality of Nethravathi 

River of Dakshina Kannada, Karnataka. 
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I. INTRODUCTION 

Mangalore coast is a stretch of about 22 Kms at the 

western part of the Western Ghats of the Indian peninsula. 

This area is receiving a huge quantity of pollution load 

from the major industries and factories located nearby. 

This pollution load is discharged into the sea either 

directly or through the major west flowing rivers of the 

region, Nethravathi and Gurupura. The pollution load 

includes runoff of the sediment, waste from oil refineries, 

nutrients and pesticides, iron ore residues from the nearby 

iron are company and chemicals from the chemical factory 

from the point source. Water quality is also altered due to 

the addition of municipal and sewage wastes discharged 

into the sea [4]. 
 

The quality of water is one of the most important 

environmental, social and political issues at global level. 

Monitoring of water quality and qualitative decision-

making on the basis of data is a challenge for 

environmental engineers and hydrologists as every step 

from sampling to analysis contains uncertainties. The 

regulatory limits for various pollutants/contaminants in 

stream water proposed by various regulatory bodies like 

World Health Organization, Bureau of Indian Standards 

and Indian Council of Medical Research are having certain 

limitations. Information on the status and changing trends 

in water quality is necessary to formulate suitable 

guidelines and efficient implementation for water  

 

 

monitoring, quality assessment and enforcement of 

prescribed limits by different regulatory bodies. Various 

methods are discussed in literature on stream water quality 

criteria and decision-making. But most of the reports on 

the water quality revealed that deterministic approach 

indecision-making by comparing values of parameters of 

water quality with prescribed limits provided by different 

regulatory bodies is used without considering uncertainties 

involved at various steps throughout the entire procedure. 

But, one of the most popular and commonly used methods 

during last few decades was Water Quality Index (WQI). 

Horton made a pioneering attempt to study the general 

indices, selecting and weighing different water quality 

parameters.  
 

This methodology was, developed by National Sanitation 

Foundation (NSF),USEPA using Delhi technique as a tool 

in formal assessment procedure. The decision-making 

using comparison of stream water quality prescribed limits 

with various water quality indices has been developed to 

integrate water quality variables. This approach has few 

drawbacks such as some parameters in the index equations 

can influence the final score of WQI dramatically without 

valid scientific justification. There are limitations on 

which a wrong decision can be taken as it is dependent on 

the fix weightage assigned to different parameters, where 

as the weightage should be varied on the basis of season, 
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rainfall, ambient temperature and other environmental 

factors. These indices are lacking to deal with 

uncertainties involved at various steps indecision-making. 

Due to these limitations of deterministic and WQI 

approach, an advanced classification method is required, 

which is capable of accounting for imprecise, vagueand 

fuzzy information in decision-making on water quality. Sii 

et al. have discussed the uncertainties involved in water 

quality using fuzzy membership with values ranging from 

0 to 1 to form an applicable fuzzy set instead of the 

conventional scale of 0 to 100 in WQI methodology. The 

decision on the stream water quality assessment gives that 

the water is desirable, acceptable and not acceptable as per 

the guidelines from various regulatory bodies. But, in the 

borderline cases of water quality parameters, it becomes a 

Herculeantask as different types of uncertainties are 

involved at various part of experimental and measurement 

process right from sampling, sample storage, processing 

and analysis. The sets of the monitored data and limits 

should not be as crisp set, but as fuzzy. 

 

One way of avoiding the difficulty in uncertainty handling 

in water quality assessment is to introduce a margin of 

safety or degree of precaution before applying a single 

value to quality standards as the same technique was also 

used by other workers in the field of environmental 

sciences. These methodologies based on fuzzy sets theory 

are tested with real environmental problems to handle the 

uncertainty in imprecise environment in decision-making 

tools. It is proposed that methods based on fuzzy sets 

theory can be applied to deal with the uncertainties in the 

decision-making on the stream water quality, keeping the 

importance of uncertainty handling in the water quality 

assessment and versatility of the fuzzy set theory in the 

decision-making in the imprecise environment. In this 

project, we propose the fuzzy set theory for decision-

making in the assessment of physico-chemical quality of 

Nethravathi River of Dakshina Kannada, Karnataka. 

 

II. BIRTH OF FUZZY AND FUZZY 

CONCEPTS 

The idea of fuzzy sets was born in 1964, and in 1965 Lofti 

A. Jadeh a well respected professor in the department of 

Electrical Engineering & computer science 

at university of California presented a paper on FUZZY 

SETS 2[6]. 

 

This made to the development of new 

mathematical formulation called the FUZZY CONCEPTS 

by himself (Jadeh) & and his followers. 

 

In the last 3 decades, significant progress has been made in 

the development of Fuzzy sets and Fuzzy logic theory in 

Engineering, Natural and socio-economic science [6].The 

successful applications of fuzzy sets and fuzzy logic can 

be attributed to the fact that the fuzzy theory reflects the 

true situation of the real world, where human thinking is 

dominated by approximate reasoning logic. 

Fuzzy logic refers to a large subject dealing with a set of 

methods to characterize and quantify uncertainty in 

engineering systems that arise from ambiguity, 

imprecision, fuzziness, and lack of knowledge. Fuzzy 

logic is a reasoning system based on a foundation of fuzzy 

set theory, itself an extension of classical set theory, where 

set membership can be partial as opposed to all or none, as 

in the binary features of classical logic. 

 

ІІІ. STUDY BACKGROUND 

Various methods are discussed in literature on stream 

water quality criteria and decision-making. Most of the 

reports on the water quality revealed that deterministic 

approach in decision-making by comparing values of 

parameters of water quality with prescribed limits 

provided by different regulatory bodies is used without 

considering uncertainties involved at various steps 

throughout the entire procedure. Various experiments have 

been done on the basis of statistical data, on which we 

cannot depend on. There are limitations on which a wrong 

decision can be taken as it is dependent on the fix 

weightage assigned to different parameters, where as the 

weightage should be varied on the basis of season, rainfall, 

ambient temperature and other environmental factors. 

 

IV. METHODOLOGY ADOPTED 

The river water samples will be collected from 10 different 

stations in the district, applying the prescribed 

methodology for sampling. These samples will be 

analyzed for the different physicochemical water quality 

parameters as per standard procedure.  The data of this 

analysis will be taken for the fuzzy synthetic evaluation 

(FSE) model to assess the quality of stream water using 

the parameters: Turbidity, Conductivity, pH, total 

dissolved salts (TDS), total alkalinity (TA), total hardness 

(TH), Dissolved oxygen (D.O), BOD and COD. The 

analysis of the water quality will be carried out using 

Matlab software.  

 

V. STRETCH OF THE RIVER SELECTED 

FOR THIS PROJECT 

The stretch of the river was selected from Ullal to 

Dharmasthala of about 90Km as shown on the map. 

 
Fig 1: Stretch of the river 
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VІ.  LOCATIONS SELECTED FOR THE        

COLLECTION OF SAMPLES 

These locations were selected based on the maximum 

pollution load occurring at different stations in order to get 

the difference in periodic variation. 

 
Fig 2: Locations selected for the collection of samples 

 

VІІ. TESTS RESULTS FROM THE MONTH OF 

OCTOBER TO MARCH 2014-2015 

The tests were conducted on the samples that were 

collected during the six months for 10 different stations 

and the test results are mentioned in the figures given 

below. 

 
Fig 3: Tests results for the month of October 

 

 
 

Fig 4: Tests results for the month of November 
 

 

Fig 5: Tests results for the month of December 

 
Fig 6: Tests results for the month of January 

 

 
Fig 7: Tests results for the month of February 

 

 
Fig 8: Tests results for the month of March 

 

TOLERANCE LIMITS FOR INLAND SURFACE 

WATER (IS: 2296-1982) 

Based on the IS code these tolerance limit were taken and 

were used for comparison with the test values which 

helped in fuzzy analysis to vary the membership functions  
 

TABLE 1 Tolerance limits for inland surface 

SL NO CHARACTERISTIC 
TOLERANCE 

LIMIT 

1 Ph value 6.5 – 8.5 

2 
Dissolved 

Oxygen(mg/l) 
4 – 6 

3 
BOD(5 days at 20°c) 

mg/l 
0 – 30 

4 COD (mg/l) 0 – 200 

5 
Total Dissolved 

Solids(mg/l) 
0 – 1200 

6 Hardness (mg/l) 0 - 500 

 

VІІІ.     FUZZY IMPLEMENTATION 
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Fuzzy logic embeds human knowledge into working 

algorithms. In situations involving highly complex 

systems and whose behaviors are not well understood .By 

this approximate, fast, solution is warranted. It is 

applicable when model is unknown or impossible to 

obtain. It’s an important tool in generic decision making 

[19]. Having introduced the fundamental concept of a 

fuzzy set, it is natural to see how it can be used.  Like a 

conventional set, conventional set, a fuzzy set can be used 

to describe the value of a variable [6]. 

 

For example, if the variable is linguistic one say “site 

conditions” which can take the values of excellent, fair, 

poor, etc. The full formation expressed in words or phrases 

in this   example has a value but it is not clearly defined.  

These values scan be made susceptible to meaningful 

classifications. 

i.e., U = {site conditions} 

This universal set consists the sub sets as 

      U = {excellent, fair, poor} 
 

In which membership values may be given for the subsets 

considering their ranges. In the manner, fuzzy sets can 

well be considered for quantifying qualitative factors. If 

the Degree of belief in a fuzzy set is say getting narrowed, 

then the linguistic variables can be described as say very 

excellent, very fair, very poor, etc. Instead of enumerating 

all these different linguistic descriptions, they can be 

generated from a core set of linguistic terms using 

“modifiers”.  In fuzzy theory we call these modifiers as 

HEDGES as discussed earlier [6] 

 

ІX.      APPLICATIONS DONE ON THIS    PROJECT 

 
Fig 9: Fuzzy implementation made in this project 

 

 
Fig 10: Membership function plots 

 
Fig 11: Plot of COD, BOD & DO 

 

 
Fig 12: Simulated output 
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Fig 13: Periodic variation of the quality of water at 

different stations 

 

X.      REASONS FOR THE POLLUTION 

As the sampling was done for six months a huge change in 

quality of water has been found. At certain stations the 

quality of water reduces to about less than 50% where as 

at certain stations the quality increases to about 80%.The 

pollution load increases because of the waste that is being 

left off to the steams. The river bed at some stations 

consists of sand and pebbles and also some rocks 

protruding from the water. At certain sites pilgrimage 

centers are located and hundreds of people take “Holy dip” 

and wash their clothes along the banks of this site every 

day. Human activities such as the cleaning of vehicles, 

washing of clothes, etc. as seen on the banks of these 

streams. There are even trading centers located at the 

banks of the rivers. The water is highly turbid in rainy 

season; looks brownish, muddy and various things such as 

clothes are thrown into the river, which causes lot of 

suspended floating material in the river water. The river 

bed consists mostly of silt with pebbles. At some sites, 

paddy field and areca nut gardens are located all round in 

the catchment. Various activities such as pujas, marriage 

ceremony etc takes place and attract devotees from locale. 

The water is even used for bathing and washing. 

Educational institutions situated near the banks of the river 

also let off the sewage waste and other wastes. The wastes 

from the nearby hotels are being sent to the river. The 

water is being polluted by human activities too. There are 

several fishery factory which lets the waste products into 

river without treatment. Sand mining too takes place in 

most of the places. The waste from the nearby houses such 

as sanitary wastes is directly let to the river.  

 

Hence the periodic graph is being plotted in order to 

determine the variation at 10 different stations at different 

months and at different stations. From this the exact 

percentage of quality of water can be determined. By this 

project accurate analysis of the Nethravathi River can be 

generated from Fuzzy logic. 

 

The Periodic variation of the water quality can be analyzed 

without much difficulty. Remedies for the improvement of 

water quality can be given based on the pollution load at 

different stations and by this farmers, local people are 

benefited and the most important environmental protection 

is the main field of target. 

 

XІ.       CONCLUSION 

Fuzzy logic is the flexible tool to develop classification 

model with a simple framework and constructed with 

natural language. In this study, water quality index value 

was obtained to express the classification of river in order 

to make water quality assessment more understandable 

especially in public consideration.It has been demonstrated 

that computing with linguistic terms within FIS improves 

the tolerance for imprecise data. We have assessed water 

quality in the Nethravathi river with physicochemical 

determinants [1]. 

 

Fuzzy model has demonstrated that water quality is below 

sustainable expected results in the Nethravathi River. The 

new index is believed to assist decision makers in 

reporting the condition of water quality and investigation 

of spatial and temporal changes in the river. The author 

believes that fuzzy logic concepts, if used logically, could 

be an effective tool for some of the environmental policy 

matters. Model based on FIS can be used for future 

determination of WQI for six parameters. More stringent 

methodologies are then required to mold the ideas of 

decision maker and manager to apply fuzzy model in 

practice[3]. 
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