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Abstract: Safe and hygienic water is important to human body mechanics. In present paper we are 
providing user friendly Fuzzy Inference System (FIS), which has been established by using 
mathematical relationship of physicochemical parameters and its impact on human health.   
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INTRODUCTION 

 
 Safe drinking water is water with microbial, chemical and physical characteristics that meets WHO 
guidelines [WHO, The guideline for drinking water quality recommendations; 2002] or national standards on 
drinking water quality [Manual on Water Supply and Treatment, May 1999]. Water is important to the 
mechanics of human body. The body cannot work without it, just as a car cannot run without fuel and In fact, all 
the cell and organ functions that make up our entire anatomy and Physiology depend on water for their 
functioning. Water makes up more than two thirds of human body weight. The human brain is made up of 95% 
water; blood is 82% and lungs 90%. By weight our body is about 72% of water, another 8% is a combination of 
chemical compounds and the remaining 20% is bone and solid tissues. It was thought that the 80% of our body 
that is liquid merely supported the structure of bone and organ tissue. The fluids that flow through our body are 
what create our level of well being. The human body is a water machine, designed to run primarily on water and 
minerals. The movement of water within our cellular systems also transports vital blood plasma which is 92% 
made up of water. Blood plasma play a critical role in buffering the body’s pH, circulating antibodies from the 
immune system, and regulating osmotic balance which all helps to maintain proper body temperature 
[www.freedrinking water.com/water-education/water-health.htm]. From the most basic standpoint it is a 
common sense equation, if we are made up of 72% plain water, then naturally the quality of the water we 
consume will have a very dramatic impact on our overall state of health. An inadequate intake of water, or 
consumption of water laced with contaminants, causes the properties of our blood to change and negatively 
affects virtually every aspect of our health. Our brain is over 80% water and controls each and every process 
that happens inside of our body. This control is maintained by constantly sending and receiving electrical signals 
through our nervous system, which is reality, is nothing more than an elaborate system of tiny water ways. The 
fluid inside our nerves is made up almost completely of water and minerals. It has been well documented that 
the clarity of these signals has a major effect on our ability to deal with stress and our degree of coordination. 
Considering the vital role that water plays in our brain and nervous system, it’s quality is possibly the most basic 
and essential key to healthful longevity. The purity of water we drink greatly impacts our strength and energy 
level. Any time a toxic chemical (chlorine included) gets inside our body we must then use up some of our 
strength and energy to reduce and repair the damage done by that contaminant. Water is also what our liver uses 
to metabolized fat into usable energy. Drinking an abundance of clean chemical free water speeds up our 
metabolism and allows our body to assimilate nutrients better, resulting in increased strength and energy. Our 
body’s detoxification system is probably the single most important component to optimum health, and the one 
process that relatively most heavily on an excess intake of clean water. Our body will use at least eight glasses 
of water each day under normal relatively passive activity to maintain the basic bodily functions such as 
digestion, temperature control, joint lubrication and skin hydration [www.freedrinking water.com/water-
education/water-health.htm]. Equally important to proper detoxification as quantity is quality. If we consume 
water that already contains traces of harsh chemicals, like chlorine or any of the other different synthetic 
chemicals that have already been detected in our water supplied then that water doesn’t have the same ability to 
pick up and carry out chemical contaminants from our body. Our water quality is the only part of our personal 
environment that we can easily obtain total control over. With an abundant intake of clean healthy water we 
allow our body to all the healing processes it is naturally capable of.  In this age of fast food, synthetic 
medicines and complex lifestyles we tend to over look the obvious. Our body is a water machine performing 
millions of life giving tasks with each passing second, and in each of these synchronized miracles there is 
primary ingredient water! A study of the human body can only lead to an overwhelming appreciation and 
respect for its creator keeping our body clean on the inside is not only essential to good health, but an action of 
appreciation for such a wondrous gift, life! In 1998, K. Sasikumar and P. P. Mujumdar [Sasikumar K, 1998] 
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suggested fuzzy optimization model for water quality management of a river system.  The fuzzy waste load 
allocation model, FWLAM, proposed in this work provides a new paradigm for water quality management of a 
river system, the model uses the Concepts of fuzzy set theory, fuzzy decision-making, fuzzy mathematical 
programming and fuzzy resource allocation, FWLAM is an easily implementable decision- making tool in water 
quality management of a river system. In 2009, M. Tabesh and M.Dini [M. Tabesh, M. Dini 2009] made a study 
on Fuzzy and a neuro-fuzzy model for short-term water demand forecasting in Tehran.  It should be mentioned 
that all the models based on fuzzy or Neuro fuzzy logic systems should be updated regularly with more recent 
data to produce realistic results.  Comparison of neuro-fuzzy models with the neural network model (ANN) 
showed that the accuracy of neuro fuzzy models is the same as the ANN models. In 2009, Raman Bai. V, 
Reinier Bouwmeester and Mohan. S, [Raman Bai, 2009] proposed fuzzy logic water quality Index and 
Importance of water quality parameters.  It has been demonstrated that computing with linguistic terms within 
FIS improves the tolerance of imprecise data. In 2011, F. soroush, S.F. Mousavi and A. Ghare chahi [F. 
Soroush, 2011] developed a fuzzy industrial water quality Index of Zayandehrud River system. In this paper, a 
classification model was presented, with a simple fuzzy framework that can be applied to resolve uncertainty 
problems in Standards for water quality issues.   
 

MATERIALS AND METHODS 
 
 Water quality is determined by its physical, chemical and bacteriological characteristic. Water quality 
decides it’s suitability for drinking. The main aim of sampling is to collect samples of the water of interest such 
that their quality represents the quality of that water. Water samples were collected from different locations of 
Latur district, Maharashtra, India and analyzed to asses’ physicochemical parameters and suitability of water for 
drinking purpose. Great range of water quality parameters and its impact on human body can used to 
characterize water according to Central Ground Water Board [Water and Health Govt. of India, Ministry of 
Water Resources, Central ground Water Board, www.cgwb.govn.in], [Deputy Director G.S.D.A. Aurangabad 
Region, and Aurangabad. Water Analysis Report-Dist-Latur.Ref. No.sr.Geo./GSDA/TECH/Latur1261/11]. 
Some parameters are of special important and deserve frequent attention which we are taken as input parameters 
turbidity, pH, total dissolved solids (TDS), total hardness, chloride, fluoride (F), iron (I), alkalinity, Nitrate 
(No3) and water quality as output parameter.  
 
Input Parameters: 
1. Turbidity (NTU):  
 High level turbidity shield and protect bacteria from the action of disinfecting agents [No.W-
11042/02/2011-Water, Government of India, Ministry of Rural Development, Department of Drinking Water 
and Sanitation. 77]. Turbidity is classified in the following three fuzzy sets with their range given in following 
table. The membership function for safe and unsafe is zmf and smf respectively and for permissible limit it is 
trapezoidal. 

 Turbidity(NTU) 
safe 0-5 

permissible 3.5-8.5 
rejected > 7.5 

 

µ (safe) = �
1  x ≤ 0
0 x ≥ 5�     µ (permissible) =

⎩
⎪
⎨

⎪
⎧

0               x < 3.5
(x − 5)    3.5 ≤ x ≤ 5

1            5 ≤ x ≤ 8
(7 − x )  8 ≤ x ≤ 8.5

0                 x ≥ 8.5

�            µ (rejected) = �0    x < 7.5
1    x > 7.5

� 

 

                 
 
Fig. 1: Linguistic variables and membership function of input parameter Turbidity. 
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2. pH:   
 Beyond the desirable limit pH causes bitter taste to water, affects mucous membrane, causes corrosion and 
also affects aquatic life. pH is classified into following three fuzzy sets given in following table. The 
membership function for acidic and basic water is zmf, smf respectively and for desirable limits it is triangular.  

 pH 
Acidic water < 7.5 
permissible 7-8 
Basic water >7.5 

 

µ (Acidic) = � 1  x < 0
0  x > 7.5 

�        µ (permissible) =

⎩
⎪
⎨

⎪
⎧

0            x ≤ 7
x−6.5

0.5
  7 ≤ x ≤ 7.3  

1       7.3 ≤ x ≤ 7.8  
8.5−x

1.5
   7.8 ≤ x ≤ 8

0              x ≥ 8

�       µ (Basic) = �0  x < 7.5
1  x > 7.5

� 

 

               
 
Fig. 2: Linguistic variables and membership function of input parameter pH. 
 
3. Total Dissolved Solids (TDS):  
 High values of TDS in ground water are generally not harmful to human beings but high concentration of 
these may affect persons who are suffering from kidney and heart diseases [No.W-11042/02/2011-Water, 
Government of India, Ministry of Rural Development, Department of Drinking Water and Sanitation. 77]. TDS 
is divided into three fuzzy sets safe, permissible TDS and, unsafe. The membership function for safe and unsafe 
is zmf, smf and for permissible TDS trapezoidal. 

 TDS (mg/lit) 
safe 0-650 

moderately safe 500-1300 
permissible TDS 1200-2000 

unsafe > 1900 
 

           µ (safe) =� 1    x ≤ 0
0     x ≥ 650

�                          µ (moderately safe) = 

⎩
⎪⎪
⎨

⎪⎪
⎧

0               x ≤ 500
x−500

300
      500 ≤ x ≤ 700

1        700 ≤ x ≤ 900
1500−x

300
      900 ≤ x ≤ 1300

0              x ≥ 1300

� 

µ (permissible TDS) =

⎩
⎪
⎨

⎪
⎧

0                x ≤ 1200
150−x

50
   1200 ≤ x ≤ 1400

1         1400 ≤  x ≤ 1800
300−x

50
    1800 ≤ x ≤ 2000

0                   x ≥ 2000

�              µ (unsafe) =�0    x ≤ 1900
1     x ≥ 1900

� 

                
Fig. 3: Linguistic variables and membership function of input parameter TDS. 
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4. Total Hardness:   
 Hardness is frequently used as an assessment of the quality of water supplies. It is total concentration of 
calcium and magnesium ions. High amount of hardness in drinking water leads to heart diseases and kidney 
stone formation [No.W-11042/02/2011-Water, Government of India, Ministry of Rural Development, 
Department of Drinking Water and Sanitation. 77].  It is subdivided into following five fuzzy sets. We use zmf, 
smf membership function for soft and unsafe respectively and for others trapezoidal. 

 Hardness (mg/lit) 
soft 0-70 

moderately hard 50-190 
hard 180-330 

very hard 300-550 
unsafe >500 

µ (soft) =� 1    x ≤ 0
0     x ≥ 70

�    µ (unsafe) =�0   x ≤ 500
1    x ≥ 500

�    µ (moderately hard) =

⎩
⎪⎪
⎨

⎪⎪
⎧

0               x ≤ 50
x−50

25
      50 ≤ x ≤ 90

1        90 ≤ x ≤ 170
150−x

25
  170 ≤ x ≤ 190

0              x ≥ 190

� 

 

µ (hard) =

⎩
⎪
⎨

⎪
⎧

0                x ≤ 180
150−x

50
   180 ≤ x ≤ 200

1         200 ≤  x ≤ 300
300−x

50
    300 ≤ x ≤ 330

0                   x ≥ 330

�                              µ (very hard) =

⎩
⎪
⎨

⎪
⎧

0             x ≤ 300
x−300

100
 300 ≤ x ≤ 350

1      350 ≤ x ≤ 450
600−x

100
   450 ≤ x ≤ 550

0            x ≥ 550

� 

                             
 
Fig. 4: Linguistic variables and membership function of input parameter Total hardness. 
 
5. Chloride (as Cl) (mg\lit):    
 Excessive chloride concentration increase rates of corrosion of metals in the distribution system. This can 
lead to increased concentration of metals in the supply. It is categorized in following three fuzzy sets which are 
given in following table.  

 Chloride (mg/lit) 
safe 0-400 

acceptable 300-1000 
unsafe >900 

 

µ (safe) =� 1     x ≤ 0
0     x ≥ 400

� µ (unsafe) =�0    x ≤ 900
1     x ≥ 900

� µ (acceptable) =

⎩
⎪⎪
⎨

⎪⎪
⎧

0               x ≤ 300
x−250

250
      300 ≤ x ≤ 400

1        400 ≤ x ≤ 900
1000−x

250
      900 ≤ x ≤ 1000

0              x ≥ 1000

� 
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Fig. 5: Linguistic variables and membership function of input parameter Chloride. 
 
6. Fluoride (as F) (mg\lit):    
 Fluoride occurs naturally. Long term consumption above permissible level cans cause-1) dental flurosis 
(molting of teeth) 2) skeletal flurosis 3) non-skeletal flurosis [Narasimha Rao C ,2011]. It is subdivided into 
following three fuzzy sets. Membership function is zmf, trapezoidal and smf for safe, acceptable and unsafe 
respectively.  

 Fluoride (mg/lit) 
safe 0-1 

acceptable 0.8-1.5 
unsafe >1.4 

µ (safe) =�1     x ≤ 0
0     x ≥ 1

�      µ (unsafe) =�0    x ≤ 1.4
1     x ≥ 1.4

�      µ (acceptable) = 

⎩
⎪⎪
⎨

⎪⎪
⎧

0               x ≤ 0.8
x−1
0.2

     0.8 ≤ x ≤ 1
1       1 ≤ x ≤ 1.3

1.5−x
0.1

      1.3 ≤ x ≤ 1.5
0              x ≥ 1.5

� 

                                     
 
Fig. 6: Linguistic variables and membership function of input parameter Fluoride. 
 
7. Iron (as Fe) (mg/lit):    
 It is one of the earth’s most plentiful resources. The excess amount of iron causes slight toxicity; gives 
stringent taste to water and can cause staining laundry and porcelain [Health Effects of Drinking Water 
Contaminants. 1989]. Iron is classified into three fuzzy sets safe, permissible limit and unsafe.  

 Iron (mg/lit) 
safe 0-0.1 

permissible 0.08—1 
unsafe >0.9 

 

µ (safe) = � 1    x ≤ 0
 0     x ≥ 0.1

� µ (permissible) = 

⎩
⎪⎪
⎨

⎪⎪
⎧

0               x ≤ 0.08
x−0.1

0.3
     0.08 ≤ x ≤ 0.2

1       0.2 ≤ x ≤ 0.9
1−x
0.3

      0.9 ≤ x ≤ 1
0              x ≥ 1

�   µ (unsafe) =�0    x ≤ 0.9
1     x ≥ 0.9

� 
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Fig. 7: Linguistic variables and membership function of input parameter Iron. 
 
8. Alkalinity (mg/lit):  
 Water with high amount of alkalinity results in unpleasant taste to water and it turns boiled rice to yellowish 
color. It is subdivided into following three fuzzy sets as safe, permissible limit and unsafe 
 
 
 
      
 

µ (safe) = � 1     x ≤ 0
0     x ≥ 250

�      µ (unsafe) =�0    x ≤ 600
1     x ≥ 600

�     µ (permissible) = 

⎩
⎪⎪
⎨

⎪⎪
⎧

0               x ≤ 200
x−200

100
    200 ≤ x ≤ 300

1       300 ≤ x ≤ 500
600−x

100
      500 ≤ x ≤ 575

0              x ≥ 575

� 

                         
 
Fig. 8: Linguistic variables and membership function of input parameter Alkalinity. 
 
9. Nitrate (as No3) (mg/lit):  
 Increasing level of nitrates is due to agricultural fertilizers, manure, animal dung, nitrogenous material, 
sewage pollution [Health Effects of Drinking Water Contaminants. 1989]. Maximum permissible limit is 45 
mg/lit. Excess amount of nitrates can cause blue baby disease to infants. It is divided into following two fuzzy 
sets safe and unsafe, the membership functions are zmf and smf respectively. 
        

µ (safe) = � 1     x ≤ 0
0     x ≥ 45

�    µ (unsafe) =�0    x ≤ 45
1     x ≥ 45

�                          
 
 

 Alkalinity (mg/lit) 
safe 0-250 

permissible 200--575 
unsafe >600 

 Nitrate (mg/lit) 
safe 0-45 

unsafe >45 



Aust. J. Basic & Appl. Sci., 7(10): 354-363, 2013 

360 
 

                
 
Fig. 9: Linguistic variables and membership function of input parameter Nitrate. 
 
2.2 Output Parameters:  
 The output of all of the fuzzy rules must now be combined to obtain one fuzzy output distribution. The 
output parameter refers to the water quality. It is sub grouped in four categories safe, moderately safe, 
permissible, and unsafe. We have considered zmf, smf, and trapezoidal membership function for water quality 
analysis. These are mentioned in the following figure. 
                     

 
 
Fig. 10: Linguistic variables and membership function of output parameter water quality. 
 
Fuzzy Rule:  
 Fuzzy rules are a collection of linguistic statements that describe how the FIS should make a decision 
regarding classifying an input or controlling an output. Fuzzy rules are always written in the following form: 
 If (input 1 membership function 1) and (input 2 membership functions 2) and…………….. (Input n 
membership function n) then (output is output membership function). 
 The performance of decision making analysis of the proposed water quality has been investigated in the 
four different cases whose data has been collected [Deputy Director G.S.D.A.Aurangabad, Water Analysis 
Report –Dist-Latur,2011].These cases are as follows. 
 
Case 1:  
 Turbidity=0.909 NTU, pH=8063, TDS= 273 mg/lit, Total hardness= 84.8 mg/lit, Chloride =159 mg/lit, 
Fluoride= 0.273mg/lit, Iron=0.205 mg/lit, Alkalinity =54.7mg/lit, Nitrate=9.55 mg/lit and Water Quality is 
89.5% 
 The decision layers of the system for the concerned water sample is shown in following figure 
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Fig. 11: Result of FES Case 1.  
 
 The FES shows that the water sample belongs to the category unsafe so it is rejected for drinking as well as 
bathing purpose. 
 
Case 2:  
 Turbidity= 3.82 NTU, pH=8.32, TDS= 977 mg/lit, Total hardness=230 mg/lit, Chloride =750 mg/lit, 
Fluoride= 0.347 mg/lit, Iron= 0.75 mg/lit, Alkalinity =208 mg/lit, Nitrate=22.3 mg/lit and Water Quality is 50%. 
The decision layers of the system for the concerned water sample are depicted in following figure. 
 

 
 
Fig. 12: Result of FES Case 2.  
 
 The FES shows that the water sample belongs to the category unsafe so it is rejected for drinking as well as 
bathing purpose. 
 
Case 3:  
 Turbidity=0.909 NTU, pH=8.59, TDS=1629 mg/lit, Total hardness=206 mg/lit, Chloride =114 mg/lit, 
Fluoride=0.0909 mg/lit, Iron=0.25 mg/lit, Alkalinity =95.5 mg/lit, Nitrate=19.6 mg/lit, Water Quality is 88.7%. 
The decision layers of the system for the concerned water sample are as follows. 
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Fig. 13: Result of FES Case 3.  
 
 The FES shows that the water sample belongs to the category unsafe so it is rejected for drinking purpose if 
other source is not available it may be used for bathing. 
 
Case 4:  
 Turbidity=0.909 NTU, pH=7.83, TDS=953 mg/lit, Total hardness=93.8 mg/lit, Chloride =114 mg/lit, 
Fluoride= 0.0909 mg/lit, Iron=0.25 mg/lit, Alkalinity =95.5 mg/lit, Nitrate=19.6 mg/lit, Water Quality is 37.5%. 
The decision layers of the system for the concerned water sample is shown in following figure 
 

 
 
Fig. 14: Result of FES Case 4.  
 
 The FES shows that the water sample belongs to the category moderately safe. It is permissible for drinking 
as well as bathing purpose if other source is not available and by taking suitable process on it [Government of 
India, Ministry of Rural Development, Department of Drinking Water and Sanitation.2012].   
 
Defuzzification: 
 The main objective of this study is to determine water quality analysis on the linguistic description of the 
input parameters color, turbidity, pH, TDS, total hardness, chloride, fluoride, iron, alkalinity, nitrates. Water 
quality will be assessed by different antecedent parts but with same consequences. 
 
Conclusion: 
 By using the input parameters and the If-Then rules of fuzzy inference system an outlet water analysis 
regarding its safety and impact on human body was achieved. The water quality analysis was considered as 
output parameters which is a goal and a cost effective substitute for water testing in labs.     
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