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ABSTRACT 

 

It is critical for a healthy river to have good water quality. However, due to the wide choice 

of possible water quality parameters which are used, it is difficult to describe and to 

quantify the water quality of a river. On the other hand, inadequate funding, especially in 

developing countries, is one of the most common constraints to track all of a river's water 

quality parameters, as it is laborious and costly. In view of these facts, Water Quality 

Indices (WQIs) were one of the most widely used methods worldwide in the successful 

assessment of river water quality. A WQI is a useful tool for defining the water quality in 

a water body that can be used by the water authorities for decision-making and operational 

management. It can also be used to spatially and temporarily compare the water quality of 

rivers and to provide simple and understandable reports on water quality status to 

policymakers and the public. Different agencies and researchers have established many 

WQIs with the goal of developing their own indices or improving existing indices. No 

single WQI has been approved globally, though. In Pakistan mostly CWQI, NSFWQI is 

used for testing the water quality but there is no sincere effort was made to introduce the 

WQIs for assessing the water quality of rivers within the country especially for Indus River 

which is main source of water in Pakistan. Nonetheless, these two indices are built on the 

basis of data on specific regions and areas without taking into account the local conditions 

of Pakistan, such as acceptable parameters in the index that correspond to the conditions 

of Pakistan and parameter weights considered by major stakeholders. As a result, most 

variables have been tracked at a single monitoring station, resulting in increased monitoring 

costs in the field and increased costs of using WQIs. The aim of this study is therefore to 



 

vii 
 

frame a new WQI for Indus River, called the Indus River Water Quality Index (INRWQI). 

This index is specifically designed to address the limitations of the indices currently used, 

namely the inability to make accurate comparisons of the general status of Indus river water 

quality, the inability to make these comparisons in a cost-effective manner. INRWQI's 

development consists of four steps, which are parameter collection, sub index values 

collection, scale conversion, weight determination, and generation of final index value by 

aggregating the sub-indices. 

In this thesis, the following major investigation is performed to frame the WQIs for 

assessing the water quality of upper basin of Indus river i.e. origin of Indus River while 

investigating the various quality parameters 

1) Figuring and pointing out the major pollutant and assessable locations at origin of 

main Indus River, which is Upper Indus Basin (UIB) where the water from six 

different region combine at one observation point 

2)  After outlining the quality parameters, establishing the each parameters weight 

while considering the local conditions/geology and expert’s opinion, which are then 

used for final index calculation by framing INRWQI with Analytical Hierarchy 

Process (AHP).     

3) Figuring out the minimum number of required parameters and monitoring stations 

in order to made INRWQI a cost effective way for assessing the water quality of 

UIB using the multivariate statistical analysis 

4) In order to make the water quality assessment more generic and sensitive to allowed 

the lowest range of each included parameter, a new index is introduced named as 
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“Baluch index”  first time by utilizing the concept of graph theory and matrix 

approach     

The findings of INRWQI's implementation for assessing the UIB water quality offered 

more cost-effective data on the current water quality levels belonging to six regions of UIB 

and produced a summary of the overall water quality situation in this main Indus river. The 

latter was possible because INRWQI considered a common set of parameters (representing 

all aspects of water quality in the rivers), and thus these common parameters can be 

monitored for all regions of UIB. Furthermore, “Baluch” Index is sensitive to allowed 

range and reflects the alarming situation when any of the quality parameter from the given 

is at the higher side of its allowed range. The relevant authorities can use this information 

obtained from INRWQI and “Baluch” Index to design appropriate programs to improve 

their water quality management for UIB and main Indus River. Both indices can also be 

applied to rivers in other provinces of Pakistan and around the world, with some 

modifications. 

Keywords: Process of analysis of hierarchy; River Indus, NSFWQI, UIB, Level of Water 

Quality Principal Component Analysis; Hierarchy Cluster Analysis; UIB; Indus River, 

Water Quality, INRWQI, Graph Theory, Adjacency Matrix, “Baluch” Index 
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CHAPTER 1 

 

Introduction: 

 

In majority of cities throughout the world, industrial zones and agriculture related activities 

are established very close to natural water resources like streams, rivers, and other surface 

water resources. Therefore surface water resources and their quality are very important for 

any society. However, increase in population, change in world climate and deficiency along 

with increasing demand for water is responsible for putting immense pressure on water-

resources. Moreover, water discharge from industry, municipality and agriculture activities 

with dissolved toxic and harmful ingredients in surface water resources is another 

limitation. It is therefore; essential to have a constant monitoring and monitoring protocol 

to have full confidence on the fact that the available water resources and their quality 

remains within adequate limits for prolong end use.    

Generally, for the assessment of any water resource quality various physical and chemical 

parameters are required. The major problem for studying the quality of any water resources 

is the required number of parameters which need to be monitored potentially along with 

associated time and cost of sample collection. In addition to this, analyses and 

interpretation of experimental data is some time creates confusion about the resource 

prevailing over longer region. In order to cope with this problem, efficient water quality 

classification at end user position and/or application is made on the basis of a set of quality 

parameters. These parameters should be acceptable by the end users that they are enough 

informative to give us water resource quality. Although, there are number of water quality 
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indices available to assess the quality of water by converting quantitative water quality 

characteristics into a single number. The available WQIs have typical ranging from 0-100 

with the help of mathematical tools but most of them are for assessing the drinking water 

quality and there is no well-established WQI for testing the quality of surface water [1].  

A WQI was proposed in the beginning of 1965 and since then this approach is the most 

effective way to provide information and communication about the quality of water [2, 3]. 

Although there are some limitations in its usage e.g. WQI is not able to define water quality 

for all uses and all threats and neither can it reveal the complete information on quality of 

water [4]. While keeping in view the listed benefits the WQI can be a useful tool: 

 Able to state the normal condition of water quality temporally and spatially, so that, it 

can be served as basis for improving water quality management programs [4]. 

 Able for comparing the quality of water from various water reservoir and locations 

with-out the need to make a sophisticated technical assessment of water quality data, 

therefore; this method is used to report the water quality status to the public and policy 

makers in an easy-to-understand manner [3, 5] 

 Water management authority are able to use it as a tool for decision-making and 

operations management [6-8] 

In recent times, to improve existing indices, many water quality indexes (WQIs) were 

developed, and their applications were reported by various agencies and researchers [6, 9, 

10]. However, no single WQI was accepted and applicable generally worldwide as reported 

by Lumb et al. [11]. Therefore, a constant interest is there for developing the more reliable 

WQI that is suitable for regional or local conditions. 
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In Pakistan, Pakistan Council of Research in Water Resources (PCRWR) is responsible for 

monitoring the water quality of major water resources of country. It was established in 

1964 and working under Ministry of Science and Technology (MoST), Pakistan. Since 

establishing, PCRWR is playing the vital role as national level research organization while 

conducting and encouraging the research in number of discipline of water sector. More 

purposely, in the following areas 

 Irrigation 

 Drain Artificial Neural Network (ANN) age,  

 Surface and Ground Water Administration,  

 Flooding of ground water,  

 Watershed Administration,  

 Desertification command,  

 Rain Water Harvesting,  

 Evaluation and monitoring of water quality,  

 Conservation of water and water quality enhancement 

PCRWR is doing the water quality assessments of reservoirs of country while testing more 

than 200 quality parameters at National Water Quality Laboratory (NWQL) situated at 

Islamabad, which is ISO certified laboratory. This national laboratory is working along 

with the network of 23 district level laboratories. In 2018, PCRWR has completed a 

research project entitled “Spatial and Temporal Trends in River Water Quality of 

Pakistan”, in collaboration with Australian Government and Commonwealth Scientific and 

Industrial Research Organization (CSIRO). In this project, Pakistan's eastern Rivers, Sutlej 
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and Ravi water was tested for approximately 20 quality parameters. They found that the 

level of pollution in all the drains was comparatively very high from the permissible limit 

given by the Pakistan National Environmental Quality Standard (NEQS). Although the 

efforts of PCRWR for testing the water quality of country reservoirs are worth to appreciate 

but unfortunately still there no unique WQI formula developed yet for categorizing the 

water quality while considering the local knowledge and conditions of Pakistan. There are 

no proper guidelines for the selection of water quality parameters, not taken care of end 

user opinion or need on relative importance of each parameter. Moreover, the information 

about the status of water quality of Indus River, the main reservoir of Pakistan, still needs 

to be addressed.  It is therefore, there is a need for investigating the water quality parameters 

for assessing water quality of Indus River and framing a unique index while considering 

the local knowledge and conditions of Pakistan rather relying on just quality parameters 

individually or on any other quality index.  

This particular research aims at studying the water quality of Indus River of Pakistan, 

which is the largest surface water resource in Pakistan used for irrigation purpose.  The 

water quality parameters of UIB will investigating and then scrutinized for the developing 

new cost effective water quality index called Indus River Water Quality Index (INRWQI). 

This new INRWQI will be developed with the help of some smart techniques like 

Analytical Hierarchy Process (AHP), which is further refined with the help of Multivariate 

statistics Analysis (MVA). Furthermore, water quality degradation with the flow in UIB 

will also be assessed with Graph and Matrix Theory for the first time in this study.  
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1.1 Aims & Objectives: 

The foremost purpose of current research is to build up the Indus River Water Quality 

Index (INRWQI) which is cost-effective manner, reliable and can be used as a reasonable 

mean for assessing water quality of Indus River. The two mutually inter correlated parts of 

this study which are used for developing the INRWQI are:  

1) Developing a more appealing, novel and systematic approach for selection of 

optimum numbers of quality parameters from given the list followed by the 

application the methodology to the selected basin of Indus river i.e. UIB as case 

study. 

2) Developing the WQI from aforementioned optimum number of quality parameters 

while considering the opinion of national and international experts and local 

situation along the Indus River 

3) Enhancing the sensitivity of newly developed WQI as compared to already existing 

ones 

In additions, to accomplish the aim of current study, below mentioned specific aims were 

also address.  

 Development of a new line of attack for the selection of water quality parameters to 

reduce cost of monitoring protocol, which will reduce the overall cost associated with 

this specific goal by carefully selection of water quality parameters. This was done by 

identifying the necessary parameters needed for continuous monitoring at Indus River. 
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 Apply a developed way to assess major basin Indus river i.e. UIB to obtain uniform set 

of necessary quality parameters to be used in INRWQI for assessing the quality of 

whole Indus River.   

 The next one is to determine the weight of water quality parameters for the 

development of INRWQI. The opinion of national and international experts is required 

for this specific goal is required to justify the weight of each parameter. 

 INRWQI development based on four steps, which are: 

 Selection of parameters, 

 Obtain the values of the sub-index (shift to a common scale) 

 Determine the weights 

 Compilation of sub-indices for final index production 

 Carry out an uncertainty estimation and sensitivity analysis to determine durability of 

the index that was developed. The uncertainty analyses of INRWQI is to investigate 

how variation in thresholds and weights affects variance of the final indicator/index 

value is made while the sensitivity analysis studied the significance of uncertainties 

inputs (thresholds and parameters weights) for final determination of index value. 

1.2 Significance of the study 

The comprehensive review of literature is presented in the chapter 2 of this thesis about the 

various quality index used at international level for assessing the water quality. The 

fundamental National Sanitation Foundation Water Quality Index (NSFWQI) is the base 

and it has utilized 35 quality parameter which are then shorten for particular region or area 

for a specific purpose. Pakistan is among those countries where fresh water bodies are 

reducing in terms of quality and quantity, because of low precipitation / higher dissipation 
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brought about by environmental change and heavy incursion of contaminants. In the 

aforementioned chapter a comprehensive literature review about the studies related to 

formulation of WQI and quality of water in UIB of Pakistan is presented  

In Pakistan research on the quality of water shows that uncontrolled and untreated disposal 

of municipal contaminants into fresh water bodies are degrading the quality of water to 

alarming degree. Another study reported that heavy incursion of human excreta in Indus 

River is contaminating it and causing many deadly diseases. Similarly, a research on the 

water quality of Kallar Kahar Lake in the province of Punjab, Pakistan reported about the 

deteriorating quality of lake water above threshold value due of accumulation of toxic and 

untreated waste material. Another study about the water bodies of southern region of 

Khyber Pakhtunkhwa demonstrated the presences of high amount of cations and traces of 

metals at the bottom of rivers and streams. Researchers evaluated the quality of ground 

water in Bahawalpur and found toxins in it more than threshold limit. The reported results 

concluded that there are heavy contaminants above threshold value in the ground water. In 

a later report, it is indicated that water bodies of southern areas of KPK contain heavy 

incursion of toxic effluents and hence it is not suitable for irrigation and agricultural 

activities. 

In Pakistan, water contamination is the major issue that needs legitimate observing and 

appraisal thinks about. A huge proportion of the population is living in the country side 

areas of Pakistan. The population utilizes natural water sources for their domestic needs 

and livestock. Immediate and indirect use of dirtied water spreads fatal diseases such as 

stomach ulcers, skin maladies, eye infection, hair loss and so forth. Utilizing the low quality 

water for irrigation, drinking, and others applications is affecting the human health directly 
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or indirectly, it is therefore necessary to have a proper protocol or way of evaluating the 

quality as a single quantitative number  while considering all the quality parameters and 

keeping in view the standard guidelines. The proposed study and presented results and 

introduction of INRWQI while considering the local conditions, national and international 

experts opinion to the best of our knowledge.  

1.3 Study Area 

The total area 1.12 million𝑘𝑚2 of trans-frontier Indus river basin is divided among some 

Asian countries. The percentage-distributed area is Pakistan (47percent), India (39percent), 

China (8percent) and Afghanistan (6percent). In Pakistan the Indus river basin is expended 

from the north Himalayan Mountains to the parched sedimentary area of Sindh in south. 

At last, it washes out into Arabian Sea. The Indus river basin is stretched over the area of 

approximately 520,000𝑘𝑚2or 65 percent of dominion of Pakistan. The whole province of 

Punjab and Khyber Pakhtunkhwa and most of the area of Sindh province and eastern area 

of Baluchistan is covered by Indus river basin. Indus River is also considered as backbone 

in the economy of Pakistan. Through northwest region like Ladakh and Skardu Indus river 

flows towards Gilgit Baltistan which is located in the south of the Karakorum mountain 

ranges. In this place numerous numbers of water streams, spring cascade from the peaks of 

snow covered glaciers and rain water submerge into a main water flow near the place of 

Gilgit. The main reservoir of Indus river is Tarbella dam near Attock in Punjab. There is a 

densely populated area throughout the passage of Indus River.  

The weather conditions in Indus lands wary from barren to semi-barren. In lower lands 

temperature observed is between to 14 to 20 ˚C on December to February. Weather is cold 

during these months. In month of March to June temperature varies from 24 to 44 ˚C. In 
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these region of upper plain temperature varies from 23 to 49 ˚C in summer and between 2 

to 23˚C in winters. The mean value of yearly precipitation is about 230 mm in Indus plains. 

On average, Larkana and Jacobabad region receives about 90 mm precipitation; Multan 

receives 150 mm and Lahore receives about 510 mm of precipitation [12].  

 

 

Figure 1: Indus River Basin [32] 
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Figure 2: Main Study Area and sampling points in UIB  
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1.4 Outline of the thesis 

This study comprises of 6 chapters as displayed in Figure 3, which shows the inter-

connection among the chapters portrayed within the thesis. The first and foremost chapter 

provides an introductory presentation of the conducted research within the thesis and it has 

been examined within the past sub-sections of this chapter.  

Chapter 2 gives a comprehensive review of literature WQIs, their applications and worth 

to improve WQI's future stream. In this current chapter, an audit of 30 of the current quality 

indicators is displayed based on the four steps required to create the WQI. These steps are 

to determine the: 

 Parameters 

 Age of the weights of the parameters,  

 Age of sub-indicators 

 Compilation process to calculate the final file estimate 

Apart from this, there are challenges alongside some suggestions e.g.  the WQI is used to 

select a set of water quality standards using statistical analysis. In chapter 2, to improve the 

adequacy of the given index, importance of the opinion of local experts was explored and 

found that it was recommended to include their opinion in the first 3 steps. Furthermore, 

since rigorous exploration (e.g. liability testing) is periodically examined to identify and 

reduce sources of uncertainty, such a test is suggested for future line of track within the 

current chapter. 

Within the third chapter, one of the foremost vital steps for advancement of a WQI, which 

is the assigning the weights of the water quality parameters, is presented. Taking in account 
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a vital suggestion at the beginning of this thesis i.e. in literature review, end user application 

based national and international opinion is incorporated in setting up the parameter 

weights. Analytical hierarchal process (AHP) model along with matrix algebra is utilized 

to obtained weights and frame the more reliable and sensitive WQI for Indus river. This 

newly framed WQI is further employed to study the water quality of UIB as a case study 

and prove the authenticity of developed WQI, data available in literature is used and quality 

of water in UIB is presented in terms good, fair & bad quality. The most important part of 

this chapter is the inclusion of expert opinion, recommendation of United States Food and 

Drug Administration (FAO-29) guidelines, World Health Organization (WHO) 

recommendations, US-Environmental Protection Agency, Pakistan Standards and Quality 

Control Authority (PSQCA), and International Bottled Water Association (IBWA) in 

developing IRWQI for the first time to the best of our knowledge. The key water quality 

parameters and optimum number of monitoring stations for assessing the water quality 

parameters of above mention case study were figured out using multidimensional critical 

analysis and presented in chapter 4 to have more affective  in terms of cost quality index. 

These key variables were proposed because they reflect the importance of water quality 

standards for successful assessment in cost-effective manner. With the help of results 

presented in this chapter, water professionals can identify a specific set of quality 

parameters across the study area, accurately. As a result, this will be a significant reduction 

in the number of parameters to be used during the framing procedure of WQI without much 

loss of information for assessing the water quality. In addition, the implementation of this 

proposed strategy is presented in the same chapter to further refine the developed index for 

Indus river i.e. INRWQI (Discussed in detail in Chapter-3). 
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Figure 3  Thesis Layout 

 

In Chapter 5, the application of INRWQI is presented. INRWQI was made based on four 

basic steps, as described in the chapter 2 i.e. literature review chapter. The proposed 

methodology was applied to monitor the water quality of upper Indus region in the 

following logical steps to assess the water quality at specific points: 
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 Investigation of quality Parameters for specific application 

 Establishing the weights of each parameter while using AHP, expert opinion 

(national and international), recommendation of FAO, WHO, PSQCA, IBWA 

 Obtaining the index value  

 Categorizing the water quality at each point as good, fair, and bad quality water  

 Figuring out the key parameters using multi dimensional critical analysis 

 Obtaining the index value with key parameters 

 Categorizing the water quality on the basis of this novel approach at each point as 

good, fair, and bad quality water 

 Authentication of “key parameter approach” reliability by using the linear least 

square curve fitting  

 Water degradation analysis with flow using INRWQI 

 Justification of results with Graph theory and Matrix algebra 

Finally, in Chapter 7, a summary and conclusions from the study is presented with some 

recommendations for future action.   
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CHAPTER 2 

Literature Review  
 

2.1 Introduction 

This chapter provides a compressive review of literature of the WQI of rivers around the 

world to achieve the aims and objectives of this study, as described in pervious chapter. 

There were four common stages usually used to develop a WQI, i.e. parameter selection, 

access to a sub-index value (uniform scale transformation), weight assignments, and 

summing up the sub-indices for final index value calculation. A comprehensive survey 

of around thirty on hand WQIs framed on the four previously mentioned steps are 

summarized for potential readers and among them seven were recognized as vital 

because of their extensive utilization around the world. These WQIs are discussed in 

detail in this chapter. It was concluded that community responsible for index developing 

for a particular region and/or river may take into account all above-mentioned four steps 

or seem to be consider few. Not a single of the accessible WQIs have been acknowledged 

all around, since 100 % objectivity or exactness cannot be accomplished in applying a 

WQI. This is because of the fact that there are issues like uncertainty and subjectivity 

included for framing the WQI. Therefore, care need be taken for reduction of these issues 

in every single step during the framing the new WQI.  

A few uncertainties and challenges in framing the WQI can be tackled in a number of 

ways by using the: 

 Statistical-based strategies [13] 

 Including relationship investigations or multivariate analysis 
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 Opinion of water resources specialists, local experts, and end user input  

 Sensitivity and reliability analysis  

While considering the need for precise water quality assessment among stations and/or 

basins, n uniform set of WQI parameters for a particular basins of river at regional or 

provincial level need to be recognized. This chapter also discussed the weaknesses and 

challenges that are there during framing WQI along with some potential suggestions for 

future.  

The utmost important issue in water asset management is the monitoring the quality of 

water. In general, water quality used to be classified into three broad categories, 

particularly physical, chemical and organic. Each category includes a number of 

parameters [14]. The evaluation of these three classes by field monitoring of particular 

resource gives fundamental information for identifying patterns, for giving water quality 

data to water specialists, and for framing proposals of future activities. Some important 

parameters need to be consider for analysis the water quality are discussed below: 

2.2 Physical Factors 

2.2.1 pH 

The degree of acid-base equilibrium accomplished by different soluble mixtures is called 

the pH of an aqueous system and is measured by the carbon dioxide-bicarbonate-carbonate 

equilibrium system in most natural water. Most raw water has the range of 6.5-8.5. pH is 

lowered by chlorination, whereas the extra lime/soda ash procedure increases the pH level. 

As pH contributes in the various processes of water treatment by removing viruses and 

other dangerous bacteria, it is safe to say that pH has a secondary influence on wellbeing. 

WHO Guidelines (1984) [2, 3] has suggested the standard value of  pH  is between 6.5-8.5, 
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even though it is known that few complications might rise in a supply system with pH level 

lower than 7.0. 

2.2.2 Electrical Conductivity 

An assessment of water solution to convey an electric current is known as Electrical 

conductivity (EC). This capacity influenced by the existence of ions, their mobility, full 

concentration, temperature of measurement and valiancy. Most of the inorganic 

compounds mixtures are comparatively good conductors. Instead, organic compounds 

molecules do not separate in aqueous solution. The grit of electric conductivity helps in 

convenient and rapid estimation of electrolytes in mineral salts water.  

2.2.3 Turbidity 

The occurrence of substances, like microscopic organisms, Plankton, deposit colloidal 

biological elements, and clay are cause of turbidity in water. It is a countenance of definite 

light-absorbing and light scattering water attributes properties. It is a significant constraint 

for describing the water quality. Public health services drinking water standards [4] 

recognized that turbidity excess of the guideline value of 5 NTU is usually intolerable to 

users. The consumer’s end have higher turbidity in water than in that ingoing the water 

from river is highlighting the corrosion, anthropogenic pollution, or additional supply 

glitches. Thus, too much turbidity results in number of factors e.g. protecting bacteria 

against decontamination, provoke the development of microorganisms in the water etc. 

2.2.4 Color 

According to the reported results in number of studies [4], the presence of metals like 

mg and Fe, colored organic substances, such as humus, colored industrial wastes are 

responsible for color in drinking water. Usually, the areas with poor drainage have 

staining and organic color, and at times it comes from iron, which is hard to get rid of. 
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In addition to this, the Washington Administrative Code for Public Water Supplies [5] 

has formulated a physical standard for generally used water that the potable water color 

should not be more than 15 units. Furthermore, WHO [5] has suggested 15 TCU as 

the level, beyond, which appearance can cause consumers to complain. 

2.2.5 Taste 

The chemical stimulation of sensory nerve endings results in gustatory sensations such as 

sweet, sour, salty, and bitter, situated at the papillae of the soft palate, and tongue is refer 

as taste. The taste inception in purified water is due to the inclusion of potassium, sodium, 

magnesium, and calcium. The taste of water changes if the concentration of above 

mentioned metals are 100, 30.100 and 300 mg/L, respectively. To sense the taste of water 

only four categories are defined that is sour, bitter, sweet, and salty. 

2.2.6 Odor 

Inclusions of inorganic and large number of organic substances give water the odor. The 

biological growths that happen mostly in hot water in the hotter months normally cause the 

non-specific musty, grassy, and fishy odors. Odors in drinking water always indicate the 

contamination of water or fault during the treatment and distribution of water. Portable 

water should be odorless as stated by WHO. 

2.3 Chemical Factors 

2.3.1 Alkalinity  

Chloride, bicarbonate, and sulphate are the main negative ions producing Alkalinity in 

fresh water and the test results of Alkalinity normally measured as CaCO3.  Alkalinity is 

known as the measurement of water’s capacity to resist changes in pH i.e. neutralize 



19 

 

 

acidity. The total amount of anions and other substances help neutralizing the positive ions. 

The maximum allowed range for alkalinity is 50-500 mg/1 as CaCO3.  

2.3.2 Bicarbonate (
3HCO ) 

The leading negative ions in most ground and surface waters are bicarbonates. The 

bicarbonate substances in water usually come from rock during the flow of surface 

water and are mostly soluble in water.  The absorption of 
3HCO in water is connected 

to the value of water pH. Ground water typically contains less than 500 mg/L of 

bicarbonates. 

2.3.3 Carbonate ( 2

3CO  ) 

Dissolved carbon dioxide in rain is the main source of carbonate ions and bicarbonate in 

groundwater. As the soil enters, it does dissolve more carbon dioxide in water. Carbon 

dioxide is also released Organic matter during decay. Water charged with carbon dioxide 

through dissolved carbonate minerals, as they pass through soil and rocks, to give 

bicarbonate. Na2CO3 and NaHCO3 are mainly responsible for developing sodic lands in 

Pakistan and NaHCO3 is present in medium to low amount in saline sodic lands.  

2.3.4 Calcium ( 2Ca  ) 

Calcium is a chemical element necessary for building bones and keeping them healthy. It 

helps in blood clotting, regulation of heart beat, and the communication between nerve 

impulses. The deposits of gypsi-ferous shale, gypsum, limestone, calcite, and dolomite 

result in the existence of calcium in water resources. Pure water does not easily dissolve 

the Calcium compounds and minerals but the solubility increase readily with the presence 

of carbon dioxide. The presence of 2Ca  is common irrigation region where water sources 

have pH above 7.0 having up to 100 mg/L of calcium. The permissible international 
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amount of calcium in potable water is 75 mg/L, however the limit in Pakistan for 2Ca  is 

200 mg/L. 

2.3.5 Magnesium ( 2Mg  ) 

Magnesium is obtained from silicates in groundwater and part of magnesium calcite or 

dolomite. Mica from the deep weathering of Mafic rocks raise silicates from pyroxene and 

amphibole. The amount of magnesium concentrations in natural water is higher and 

calcium and magnesium both are the source for inducing the hardness in water.  

2.3.6 Hardness 

The amount of dissolved magnesium, calcium, or iron salt as sulphate, chloride, or 

bicarbonates present in water triggers water hardness. The expression “soft water” and 

“hard water” are still being used. CaCO3 concentration is the unit used to measure water 

hardness. From 0 to 60 mg/L is designated as soft, 60 to 120 mg/L as medium hard, 120 to 

180 mg/L as hard, and greater than 180 mg/L as very hard. There is no strong evidence 

against hard water causing health hazards in human beings. There is strong dependence of 

hardness with the concentration of calcium in water. In addition to this other quality 

parameter are also inter correlated with hardness.  

2.3.7 Sodium ( Na ) 

Natural water contains Sodium either in very small amount or in extremely higher amount 

e.g. in sea water the amount of sodium is about 35 part per thousands. Na Na salts are 

found in abundance in mineral deposits and are very dissolvable in water. Common water 

distribution systems have less than 20mg/L sodium in most countries, and can surpass 250 

mg/L in some developing countries reported. There are also reports that a substantial 

quantity of Sodium about 30mg/L is added in potable water by water disinfecting chemicals 



21 

 

 

for instance sodium hypochlorite, sodium carbonate, sodium hydroxide, sodium 

bicarbonate, sodium silico fluoride, and sodium fluoride. Over all the recommended 

standard value of sodium in potable water is set 200 mg/L [3, 6].  

2.3.8 Potassium ( K  ) 

Water sources are also affected by the level of potassium in it, and the amount of potassium 

is varied in different sources of water e.g. sea water and minerals contain large amount of 

potassium than regular tap water. It is therefore, sea water and rivers have higher amount 

of dissolved potassium as compared to regular tap water. Drinking water usually has up to 

20 mg/L of potassium. The potassium containing minerals are vital for both electrical and 

cellular function. The blood serum and body have potassium ranging from 4-5 mg/100 ml. 

Potassium is almost more abundant in volcanic rocks than sodium metamorphic rocks, but 

their concentration in ground water is one-tenth or even one hundred sodium. The silicate 

minerals including microcline, Lucite, biotite, orthpclase, and microcline are usually the 

precursors of potassium in water. Its concentration in portable water is either 1 ppm or less 

or about 10-15 ppm, while its concentration is varied from 100 ppm to several thousands 

ppms in some water resources[6].  

2.3.9 Chloride (Cl ) 

Chloride having geographical construction, industrial waste, sewage pollution, saline 

water, and intrusion of seawater causes high concentration of Cl in water resources. It 

mainly exists in nature as CaCl2, NaCl, and KCI salts. Natural surface water contains low 

concentration Cl  as compared to ground water. The presence of Cl results in alteration 

water taste to saltish one. The salts of Cl  are highly soluble and do not react with the 

mineral present in rocks, and also extremely stable when dissolved in water. The variable 



22 

 

 

nature of Cl  concentration in the soil might be due to anthropogenic factors, coconut-

plantations, and residue (silane) leaching. The guideline value recommended by WHO [3, 

6] is 250 mg/L. 

 

2.3.10 Sulphate ( 2

4SO  ) 

The permanent solute of water is known as dissolved 2

4SO  ions. Other than sulphates 

including strontium, lead, and barium almost all sulphate composites are soluble in water. 

The contents of sulphate from the precipitation of atmosphere is approximately 2 ppm but 

the possible sources of sulphate inclusion is via precipitation, oxidation, solution from the 

rocks as the water passes during the flow. Other reason include the industrial waste because 

it is used to manufacture varies cosmetics, chemicals, astringents, dyes, insecticides, glass, 

fungicides, paper, textile, and soap. The sulphide containing minerals like sphalerite, 

chalcopyrite etc. are also mixed with water during its flow (from ferric sulphate) from the 

zone where sulphide minerals are in abundance.  The 2

4SO   ions from calcium sulphate can 

also dissolved at ambient temperature up to 1500 ppm. The level of sulphate above 250 

mg/L in drinking water can cause taste problem for the consumer[6]. 

 

2.3.11 Nitrate (
3NO ) 

In natural water small amount of nitrate comes from mineral which also includes the 

contribution from waste discharges. In addition to this, major contribution of nitrate is 

organic and inorganic sources, and these sources are the results of using the artificial 

fertilizers. The nitrate is also produced due to bacterial oxidation and nitrogen conversion 

by plants. The impact of nitrate on water quality and then on health is very significant. It 
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mixes with water through animal matter, decayed vegetables, fertilizer, atmosphere 

washout, sewage sludge, farm leachates, industrial wastes, and domestic effluent. In some 

countries, high level of nitrate in water supply has caused infantile methemoglobinemia 

and death. In China, the areas with high level of both nitrite and nitrate in potable water 

have caused gastric cancer and high death rate due to this illness than in low risk areas. The 

recommended limits as per WHO guidelines are 10mg/L in drinking water[6].  

2.3.12 Phosphorus ( 3

4PO  ) 

Waste water and natural water contain phosphorus nearly only as “phosphates” categorized 

as organic phosphate, orthophosphates, and condensed phosphates (polyphosphates, pyro, 

and meta). 3

4PO 
 is an important constituent in adenosine triphosphate (ATP), ribonucleic 

acid (RNA), and adenosine diphosphate (ADP). Usually, 3

4PO  (as orthophosphate) has 

limited occurrence in aquatic system and freshwater. Generally, orthophosphate has the 

range from 0.005-0.05 mg/L. The recommended levels of 3

4PO  are[6]: 

 The streams released into reservoirs and lakes should have 0.25 mg/L 

 Inside a reservoir or lake and 0.1 mg/L in flowing waters and streams.  

2.3.13 Iodine 

Water contains iodine naturally in the form of iodide. During the water treatment, oxidation 

of iodide creates traces of iodine. Water decontamination is done by iodine in emergency 

state or in the field. For thyroid hormones synthesis, iodine is an essential element. There 

are iodine deficiencies in many parts of the world where the estimated dietary intake is 

between 80-150 mg/day for adults. The reported statistics from studies in rats has showed 

that the iodide and iodine in potable water have different effect on the concentration of 

thyroid hormone in the blood. Therefore, it is inappropriate to drive guideline value for 
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iodine based on the effects of iodide and there is not sufficient information on the impact 

of iodide. It also is not recommended to use iodine decontamination of water for a longer 

period. Therefore, the iodine guideline value has not been set at that time. However, for 

emergency situations and travelers there is a necessity for guidance regarding the iodine[6].  

 

2.3.14 Total Dissolved Solids (TDS) 

Small amounts of organic matters and inorganic salts in water are the total dissolved solids 

(TDS). Magnesium, calcium, potassium, sodium, nitrate, sulphate, chloride, bicarbonate, 

and carbonate are the main ions subsidizing to TDS. Industrial discharge, sewage effluent 

waste, and urban runoff, results in TDS in water, created from natural sources. Total 

dissolved solids are connected to hardness, taste, tendency to incrustation, and corrosion 

properties[6].  

2.3.15 Arsenic (As) 

Arsenic (As) is colorless, odorless, and tasteless in water. It is an inorganic naturally 

happening component present in groundwater, soils, and surface water, greatest in 

geothermal area. Arsenic is used in the manufacturing of herbicides and pesticides and is 

consumed by taking filthy water. Metabolic system of infants can be effected by As. 

Consumption of As in large quantity can cause diarrhea, stomach pain, vomiting, and 

nausea that may cause coma, shock, and even death. It may result in cancer of skin, liver, 

bladder, and kidney especially in adults. The WHO recommended values of As is 10 

g/l[6].  

2.3.16 Iron (Fe) 

Iron (Fe) is found abundantly in earth crust by weight. It occurs in the trivalent and divalent 

(ferric and ferrous) forms in water. The oxidation-reduction potential and pH levels affect 
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the solubility in natural waters. Fe in degradation state; occurs in the state of ferrous. 

Ferrous is oxidized on exposure to air to the ferric and form ferric oxide. This oxide is 

insoluble in water and makes the water unpleasant. When Fe reaches the level above 1 

mg/L a bittersweet harsh taste is noticeable. Excess of iron by drinking water and food is 

responsible for dizziness, nausea, anorexia, shortness of breath, vomiting, graying of skin 

color, and headaches. It is suggested that the concentration of Fe should be 0.3 mg/L in 

potable water[6]. 

 

2.4 Bacteriological Parameters 

2.4.1 Coliforms 

The most common waterborne microbiological contaminant organism in potable water is 

total Coliforms. Total Coliforms and fecal Coliforms (a sub group) are the most significant 

during the evaluation of potable water contamination. Coliforms are numerous bacteria, 

frequently present in decaying matters, on the leave surface, soil, and arid can in water 

supply systems. This bacterium does not essentially represent fecal contamination. Ground 

water usually has no bacteria except for the mixing with surface water which almost always 

have some bacteria. Surface overflow over feedlots, municipal area, on-site infected 

container, pastures, improper coagulation, sewage treatment plant, use of recycled, raw 

sewage, and backwash water can cause groundwater and surface contamination. Back 

siphonage, leaking or broken waterlines, and cross-connection can cause contamination in 

distribution systems. Bacterial ingestion can result in diarrhea and abdominal cramps. The 

amount of E coli as per 100 ml, which is recommended in potable water, is 0 mg/L [6]. 
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2.4.2 Escherichia coli (E. Coli) 

E. Coli or Fecal Coliforms are microorganisms with single cell, almost constantly linked 

to water’s fecal contamination. Microbial quality of water is indicating by fecal indicator 

bacteria. According to literature[6] an exact subset of thermos tolerant coliforms; E. coli 

have enzymes B-glucuronidase, hydrolyzes 4-rnethyl-umbelliferyl-B- D-glucuronidase 

and B-galactosidase and out of all coliforms, 95% could be E. coli, found in human feces. 

E. coli will be present in all natural water, treated effluents, and sewage that are exposed 

to fresh fecal contamination from wild animals and humans. It is found F Coli. is used as 

distinct pointer for fecal contamination because it cannot increase in any natural water 

setting. Nausea, diarrhea and other problems particularly for those with fragile immune 

systems, infants, and children cause acute diarrhea and infantile diarrhea can caused by the 

presence of E.coli. E. coli cause hemorrhagic colitis (HC) which results in several diseases 

such as lower intestinal bleeding, abdominal cramps, and watery diarrhea. These diseases 

can be fatal to infants and children. Direct ingestion such as drinking, primary contact such 

as swimming and secondary contact such as fishing can transmit E. coil through bacteria’s 

fecal-oral ingestion. The amount of coli as per 100 ml, which is recommended in potable 

water, is 0 mg/L. 

2.5 Literature Review on WQI 

Thirty WQI examined in this review and are listed in the table 1. These thirty WQIs are 

based on the sixty-six published journal articles, thirty reports from different government 

offices and four conference papers. Applications for each of the 30 quality indicators are 

also displayed in the table 1. Regardless of the fact that all WQI has the same over all 

structure, there were two main objectives in creating this. These purposes can be either for 
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common water quality assessment or for a few particular applications.  For each reviewed 

WQI, the applied purposes are presented in Table 1 (Column 5). The overall assessment 

aims at providing an overview of the state of water quality and its suitability for a specific 

uses or application [7]. The most of the WQIs provide a general assessment of the state of 

river water, while some WQIs also consider specific uses including the adequacy of potable 

water supply, for irrigation applications, for developing aquaculture and related forestry 

activities and for recreational uses. Most of the reviewed WQIs are developed on the basis 

of physical and chemical parameters and only a few have used fecal coliforms as an 

indicator water quality assessing. A recent review of literature on WQIs on the basis of 

biological evaluation is presented by Tyagi et al.,  [8, 9] quality standards have been 

presented. It is of particular worth that few developed WQI for a particular application 

and/or region are framed on modifying the existing general purpose WQI. These 

adjustments/modifications are made at regular basis through the use of various water 

quality standards or by implementing various methods of analysis. For all WQIs, 1, 2 and 

4 of the aforementioned four steps are required, whereas step 3 (accumulation of weight) 

is not used in some indices (i.e. consider equal weights for all under consideration 

parameters). Comprehensive detail about these steps including the specific approach for 

establishing weights is given in the subsequent sections. 

 

“Table 1:  Description of the four steps to create a WQI for all the WQIs reviewed[9] 

Name of 

WQI 

Selected 

parameters 

Sub-indices 

used 

Weights 

used 

Aggregation 

method used 

1 2 3 4 5 
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CCME-WQI At least 4 

parameters are 

required 

No Max limits is 

specified  

 

NIL NIL  Scope 

 amplitude  

 frequency 

are required for 

aggregation 

NSF-Index DO FC, pH, BOD 

phosphorus 

(Total), 

temperature,NO3, 

turbidity, TSS, 

toxic compounds 

and pesticides  

 Parameters 

taken directly by 

experts as sub-

indicators with 

classification 

curves 

Weights 

are not 

equal and 

their net 

sum is 1 

1st version-

aggregation with 

additive  

2nd version-

aggregation with 

Multiplication 

Oregon-Index 1st version uses 

six parameters  

pH, FC, DO,TS, 

NO3 , ammonia,  

BOD5 

• 2nd version uses 

eight parameters  

with the addition 

of phosphorus 

(Total), 

temperature in 

previous six 

 

Direct quality 

parameters are 

used as sub 

indices 

1st version 

Weights 

are not 

equal and 

their net 

sum is 1 

2nd 

version 

assigning 

the equal 

weights  

1st version-

aggregation with 

additive 

2nd version 

utilized the mean 

(harmonic) of 

[sub-indices] 2 

Bascarón -

Index 

Twenty six 

quality 

parameters are 

utilized  

The parameter is 

taken directly as 

a sub-indicator 

through an 

segmented linear 

transformation  

Weights 

are not 

equal and 

their net 

sum is 54 

 

Additive 

(modified) 

House’s-

Index 

Nine quality  

parameters were 

used general 

water-quality 

Direct quality 

parameters are 

Weights 

are not 

equal and 

Aggregation 

method is 

additive 
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while for water 

toxicity twelve 

quality 

parameters were 

used 

used as sub 

indices 

their net 

sum is 1 

 

SRDD-Index Ten quality  

parameters were 

used 

Rating curve 

was developed 

by experts 

opinions and 

then utilized for 

direct assigning 

the parameters 

as sub-indices  

Weights 

are not 

equal and 

their net 

sum is 1 

 

Aggregation 

method is 

additive 

Indices based 

on Fuzzy 

logic 

Guidelines are 

missing  

 Fuzzy-logic 

methodology for 

generation of 

sub-indices 

Weights 

are not 

equal 

Fuzzy-logic 

methodology  

Bhargava’s-

Index 

Four groups:  

1. coliform  

2. Heavy metals 

3. Physical 

parameters  

4. Inorganic & 

organic 

parameters 

Four different 

sub indices are 

generated while 

aggregating the 

same group’s 

parameters 

Weights 

are not 

equal and 

their net 

sum is 1 

 

Aggregation 

method is 

multiplication  

Malaysian-

index 

Six parameters 

are utilized  

 

Direct quality 

parameters are 

used as sub 

indices 

Weights 

are not 

equal and 

their net 

sum is 1 

Aggregation 

method is 

additive 

SS-Index Fifteen alteration 

classes based on 

their similar 

nature & env. 

impact and  

three alteration 

classes which are 

One parameter 

which has worst 

value among the 

same alteration 

group/class is 

taken as sub 

indices 

Weights 

are Equal  

Minimum-

operator method 
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directly taken as 

sub-indices 

[minimum –

operator] 

Dalmatian-

Iindex 

Nine quality 

parameters are 

used   

Direct quality 

parameters are 

used as sub 

indices 

Weights 

are not 

equal and 

their net 

sum is 100 

Aggregation 

method is either 

additive or 

multiplicative 

Dinius-Index Twelve quality 

parameters 

Direct quality 

parameters are 

used as sub 

indices 

Weights 

are not 

equal and 

their net 

sum is 100 

Aggregation is 

by taking the 

multiplicative 

mean 

Diljido’s 

index 

Seven quality 

parameters are 

consider as basic 

and nineteen 

additional 

parameters are 

there which are 

heavy metals 

Direct quality 

parameters are 

used as sub 

indices 

Weights 

are equal  

[Harmonic-

mean]1/2 

Ganga River-

Index  

Four quality 

parameters 

Direct quality 

parameters are 

used as sub 

indices 

Weights 

are not 

equal and 

their net 

sum is 1 

Aggregation 

method is 

additive 

Water 

Pollution-

Index 

Minimum fifteen 

quality 

parameters are 

recommended   

 Direct quality 

parameters are 

used as sub 

indices by 

means of 

average & 

maximum values 

of [concen. of 

parameter/ 

parameter’s 

Equal -

weights 

RMS 

methodology 
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permissible-

limits] 

Almeida’s-

Index 

Nine quality 

parameters 

Direct quality 

parameters are 

used as sub 

indices 

Weights 

are not 

equal and 

their net 

sum is 1 

Aggregation 

method is 

multiplicative 

Boyacioglu’s-

Index 

Twelve quality 

parameters 

Direct quality 

parameters are 

used as sub 

indices using the 

permissible 

limits 

Weights 

are not 

equal and 

their net 

sum is 1 

Aggregation 

method is 

additive 

Contact 

Recreation-

Index 

Eight quality 

parameters 

Direct quality 

parameters are 

used as sub 

indices using the 

permissible 

limits 

Equal-

weights  

Methodology of 

Minimum-

operator 

Hallock’s-

index  

Eight quality 

parameters 

 

Some are taken 

directly (e.g. 

temp. FC, pH) 

while using the 

allowed limits 

Turbidity &TSS 

are collectively 

give one  sub 

indices via 

average-mean 

On the basis of 

historical data 

other quality 

parameters are 

directly taken as 

sub-indices  

Equal-

weights  

Aggregation by 

addition 
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Hanh’s-Index  At-least ten 

quality  

parameters are 

utilized  

 

 Direct 

quality 

parameters are 

used as sub 

indices using the 

permissible 

limits in water 

standard 

 The 

concept of 

bacteria sub-

indices 

Borganics & 

nutrients sub-

indices 

particulates sub-

indices is used  

 

Equal-

weights  

Aggregation is 

the 

multiplicative 

&additive  

means 

combination  

 

Harkin’s-

index  

Guidelines are 

missing  

Standardization 

of Parameters by 

using the 

permissible limit 

 

Weights 

are not 

equal  

Multivariate 

statistical 

procedures  

Indian 

pollutant-

Index  

Thirteen quality 

parameters:  

Direct quality 

parameters are 

used as sub 

indices 

Equal-

weights 

Aggregation via 

addition 

Liou’s-Index  At least ten 

quality 

parameters  

 

 Direct 

quality 

parameters are 

used as sub 

indices using the 

permissible 

limits in water 

standard 

 The 

concept of 

bacteria sub-

Equal-

weights  

Aggregation is 

the 

multiplicative 

&additive  

means 

combination  
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indices 

Borganics & 

nutrients sub-

indices 

particulates sub-

indices is used  

 

Prati’s-Index  Thirteen  quality 

parameters 

Direct quality 

parameters are 

used as sub 

indices using the 

permissible 

limits 

Weights 

are not 

equal and 

their net 

sum is 1 

Aggregation 

method is 

additive 

Ross’ index  Four common 

quality 

parameters 

Direct quality 

parameters are 

used as sub 

indices using the 

rating set by 

experts 

Weights 

are not 

equal and 

their net 

sum is 1 

Aggregation 

method is 

additive 

Said’s-Index  Five quality 

parameters 

Direct quality 

parameters are 

used as sub 

indices 

Equal-

weights  

definite linear-

equation 

Smith’s-Index  Five quality 

parameters for 

fish spawning 

Six quality 

parameters for 

general & bathing  

Seven quality 

parameters for 

water-supply  

Direct quality 

parameters are 

used as sub 

indices using the 

rating set by 

experts 

Weights 

are not 

equal and 

their net 

sum is 1 

Methodology of 

Minimum-

operator 

Stoner’s-

index  

Thirteen quality  

parameters for 

water supply   

sixteen quality 

Direct quality 

parameters are 

used as sub 

indices 

Weights 

are not 

equal and 

their net 

Aggregation 

method is 

additive 
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parameters for 

irrigation use 

sum is 1 

 

Storet-Index  Three groups are 

namely physical, 

chemical & 

biological 

 

3 sub-indices 

1. Physical 

2. chemical  

3. biological 

using  

Weights 

are not 

equal and  

generated 

based on 

various 

types of 

su- 

indices, 

minimum, 

mean 

and max. 

values 

 

Aggregation 

method is 

additive 

Walski 

&Parker’s-

Index 

 

SS, turbidity, 

nutrients, grease, 

colour, threshold 

odor, pH, 

temperature, 

toxicity and 

coliform count 

Direct in use of 

Sub-index 

parameters  

Weights 

are not 

equal and 

their net 

sum is 1 

 

 

Geometric mean  

methodology 

” 

2.6 Selection of Parameters  

Selecting the parameter is an important step to optimize the index since selected parameters 

are key elements in the structure of the WQI. The lists have a set of parameters ranging 

from 4 to 26 [10, 11, 15]. For the type of systems used to choose parameters, the following 

three classes can be divided into, 

1. Fixed System 

2. Open System  

3. Mixed Systems 

The details of these systems are given below 
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1. Fixed System 

The user can only calculate the final index value by using the selected parameters [10, 

16]. Although the consumer uses the same set of parameters, the water quality between 

sights or rivers can be better compared, this will trigger a common problem of rigidity 

with regard to indices application [14]. To overcome specific water quality concerns, 

it is difficult to see the addition of supplementary important quality parameters in the 

final index value because of stiffness problem [14].  

2. Open System  

Certain WQIs recommend the use of the minimum amount of so-called basic properties 

parameters [17]. Essential parameters are a set of parameters which have to be constantly 

included in the final index value calculation. This is because they are the main key 

parameters for water quality assessment in a specific region or region [15]. While there are 

few WQIs (such as Herkins 1974), which do not provide any guidelines or have no 

particular criteria for parameter selection [18]. Applications of such WQIs may vary from 

one place to another because not only the maximum parameters specified in the final index 

calculation are specified, but the parameters are also not defined. In this way, when such 

WQIs are applied, the users are able to consolidate as numerous parameters from the list 

of potential ones to avoid the problem of stiffness or rigidity [14]. In any case, not having 

a systematic set of criteria, there are difficulties like having a comparison among the 

monitoring stations and/or river basins. 

3. Mixed system  

This includes basic parameters and additional parameters in final index calculation, subject 

to the condition that additional parameters have a sub-index value lower than the base-
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parameter aggregate index value. This should include or review the additional parameters 

with higher sub index values [15]. For such cases, the final index should be recalculated 

by including or reviewed. These extra parameters are used to give less importance during 

monitoring e.g., toxic heavy metals such as Arsenic and lead etc., [19]. 

Determination of parameters, especially for mixed and fixed frameworks, point to 

separating the parameters which have significant impact on water quality of rivers, 

however; there is no perfect method for achieving objectivity and accuracy in parameters 

selection. Generally, the flow of water quality parameters selection is given below [7, 19-

22] . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Parameters 

Repetition review 
 

Availability of 

data review 
 

Parameters 

reflection of status 
 

Literature 

review 
 

Significant Parameter 

Selection 

Utilization by 

water body 
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In order to lessen the amount of uncertainty and tackle the problem of subjectivity during 

the step of parameter selection, two practices are in common which are: 

 The Judgment of National and international experts  

 Analysis while using the techniques of statistics  

Now both of abovementioned approaches are discussed in detail below: 

2.7 Judgment of Field experts  

In common, this kind of judgment can be organized into the choice of parameters through 

three approaches, specifically person interviews, groups meetings & discussion, and the 

Delphi-study (DS) [23]. Among these, DS is accepted as more reliable methodology for 

parameters selection [24].  Basic aim of this method is the getting the opinion of experts 

for index developing individually in order to avoid the dominant biasness of experts. The 

exact definition of DS is given in the literature as[10, 25]  

"... a technique for structuring a system of team interaction so that a group of 

individuals can address a complex issue as a whole effectively." 

The prerequisite for DS which should be fulfilled before for its execution is the expert’s 

individual opinion should be anonymous to avoid the dominance of one set of minds from 

others during the development of index value [10]. The implementation of this strategy 

often requires number of rounds of surveys until the convergence of expert’s guess with 

following general steps.  
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1. Experts are inquired to assess a set of parameters for potential consideration in 

WQI and each expert is also permitted to include the set of parameters that are not 

included within the survey.  

2. Experts are asked to review the results of the first questionnaire which also 

comprise the added new parameters 

The intention here is to introduce a small difference in the implementation of new standards 

and opinion of water quality experts regarding various parameters. The process is repeated 

until the development of consensus among the experts opinion. 

2.8 Statistical Analysis  

The second most general methodology for the selection of the significant parameters is the 

utilizing of statistical techniques such as Cluster Analysis (CA), Principal Component 

Analysis (PCA) etc.  The objectivity of the methodology is unquestionable, however; its 

subjective nature is evident because it requires the data for comprehensive analysis  [26-

28]. The Pearson relationship coefficient is for the most part utilized to decrease the number 

of water quality parameters by disposing of certain criteria, which are closely related to 

others. For illustration, Debels et al. [29]Disposal of alkali and phosphate due to their 

noteworthy affiliation with the application of chemical oxygen (COD). Other factual 

strategies, PCA / PFA, are utilized to group similar characteristics parameters and lessen 

the number of parameters by indicating those parameters which have higher variance. PCA 

compile a few parameters in groups and after that withdraw from them for framing the 

WQI with the least number of criteria. Gazaz et al. [30], utilize PFA to decrease the number 

of water quality parameters, taking into consideration the parameters with higher factor 

loadings for final index calculations.   
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2.9 Sub-Index Generation 

This step points to changing the water quality standards in a unique scale, because the 

actual values of the parameters have their specific units; e.g. nitrogen in Ammonia has a 

unit of mg/L and the unit for turbidity is NTU which is the abbreviation of 

nephelometric-turbidity-units (NTU). In addition the extent occurring of various 

parameters at larger levels depends on parameter-to-parameters. In order to illustrate this 

consider the example of DO and Sodium, DO rarely exceed 12 mg/L, while sodium can 

be between 0-1000 mg/L or beyond [27]. In most WQIs, parameters can be grouped 

when they have the same common scale; hence, re-scaling or standardizing to shape sub-

indices is essential. Majority of WQIs do not bother about this step. Instead of sub-index, 

parameter’s realistic values are utilized within final index aggregation. For the case, 

researchers [31] developed a realistic multivariate method for the total actual values of 

parameters without changing them to a common scale, while in study done by Said et al. 

[20], a specific arithmetic case was proposed to be used to specifically compile the 

quality index, since it was not necessary to standardize the parameters. In a few quality 

indices, the specified parameters (parameters) are taken directly as sub-indicators to be 

collected with the final index estimate. On the other hand, sets sub-indices can also be 

aggregated to form their unique larger set, which are collected at that stage when 

estimating the final index value (often called composite or grouped subclasses).  

For example Bhargava Index [32] contains four sub-indices,  

 Coli forms 

 Toxic heavy metals 

 Physical parameters  
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 Sub-indices based on organic & inorganic sources of pollutions 

Also SSI (Status & Sustainability index) [17] contains twelve diverse clusters Sub-

indices, extending from phosphorus-to-phytoplankton sub-indicators. Usually, index 

developers used to establish sub-index function or rating curves for achieving its value. 

Such types of functions or curves have a scientific connection between measured value 

of parameters and calculated sub-index. Actual values of Parameters can be changed 

over to sub-index values using suitable sub index functions. The rating curve is the graph 

of the esteem of the parameters (on the x-axis) vs. Values the sub-index (on the Y-axis) 

which corresponds to the function. In majority of WQIs, various functions of sub-index 

are utilized for calculation of the sub-values of the various parameters. These sub-

indexes functions or rating curves can also be used interactively and offer assistance to 

index developers for defining all the parameter’s values without dimension within a 

homogeneous range (i.e. 0-1/ 0-100). There are three in practice methodology for 

generation of sub-index 

 Utilizing the expert opinion 

 Utilizing the Quality Standards 

 Statistical analysis 

For comprehensive details about the mentioned methods for sub-index generation 

readers are referred to literature [10, 11, 27] 

2.10 Assigning the Weights 

The weights of the parameters are assigned in connection to their relative significance and 

their impact on the final index value. In common, weights of all parameters can be either 

equal or unequal. Equivalent weights are set if the index parameters are equally important, 
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while if some parameters are more or less important, the unequal weights are assigned. A 

few index developers used equal weights in the development of WQIs [11, 27]. The 

referred studies give favor to equal weighting on unequal weights, where there were 

uncertainties about the convergence of expert opinion (e.g., the expert group often gave 

different weights to the same parameters) [11, 27].. In addition, different weights may 

influence the sensitivity of final index because of the most important parameters. For 

example, in a strongly weighted DO WQI, high concentrations of the faecal coliform may 

not be reflected in the final index value if DO concentration is close to the normal one. 

This property (from high faecal coliforms which are not visible in the final index value) 

may be desirable in water quality indicators for aquatic life protection. However, for WQI, 

which is shown to be the coronary of the normal quality of water quality rather than the 

quality of water for any particular use, the sensitivity of change in each variable is more 

satisfactory than the maximum weight sensitivity [11, 27]..  In unequal weights, because 

of subjectivity issue, the weight of the parameters is given on the basis of participatory 

approaches, in which the presence of key stakeholders such as water quality specialists, 

policy makers or businessmen of environmental protection agencies is necessary. Although 

there are some methods to generate weight, only two methods have been used on a large 

scale. These are the Delphi method and the Analytical Hierarchy Process (AHP). The 

Delphi strategy has been commonly utilized for summing up expert’s conclusions to set up 

parameter weights for different WQIs. Horton [33] suggested parameter’s weight as 

follows:  

 One for conductivity, extracting chloride, alkalis and carbon chloroform 

 Two for single parameters (coliform) 
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 Four parameters (DO, sewing treatment and pH). 

In order to reduce subjectivity issue and increase credibility, this process was improved by 

Brown et al., [11, 27, 34] by assigning the weights and comparing the quality of water 

relative to 5 (the least) using the scale of 1 (the top) on the opinion of water quality experts. 

Initially the arithmetic mean of expert’s opinion was calculated. After that, a transitory 

weight of 1.0 was set for the parameter that received the most noteworthy significance 

rating. All the temporary weights were obtained by dividing the highest rating on a 

individual average, and each of these temporary weight is then divided by the sum of all 

the temporary weight to reach the total weight. Since then, the Delphi method has been 

used in many quality indicators to produce relative weight relative to specific parameters. 

It should be noted that the total weight, a collection of weight for all specified parameters, 

is 1 for most performance indicators. 

AHP is the other method used to acquire an expert choice on assigning weights to 

parameters. It is the concept, which is more mature and easy, and widely used in many 

other different fields. This allows decision makers to integrate all quantitative and 

qualitative aspects into the decision making process. The weight evaluation is carried out 

in this way by comparing the matrix, which should prioritize respondents (experts or 

public) by comparing numbers of options. For determining the weight of individual or 

collective parameters, the AHP method is useful. Developers use five sets of similar 

weight parameters in AHP along with using AHP for weight assignment and using in 

WQI (ANN) system [11, 27, 35]. 
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2.11 Final Index calculation 

The sub-index assemblage is done after setting the weight to get the final index value, and 

such type of assemblage of sub-index is performed in sequential steps. In such cases, the 

grouped sub-indicator is again grouped for the final index value. The additive and 

multiplication methods are the two most common methods of compiling sub-indexes. 

Remember also that the basic equations with the same and uneven weight are given by the 

following formulas, other updated versions of these two basic integration methods. 

𝑊𝑄𝐼 =  ∑𝑆𝑖

𝑛

𝑖=1

 

 

𝑊𝑄𝐼 =  ∑𝑆𝑖

𝑛

𝑖=1

𝑤𝑖 

Where  

 WQI is the total index 

 n is the number of sub-indices 

 wi is weight 

 Si ith sub-index.  

The relative importance of each parameter is reflected by the weight w. The majority of 

WQI mentioned in table-1 is utilizing the additive method for the calculation of final 

index value because of its ease and simplicity. There are other modified versions of on 

the basis of additive rules e.g. utilizing the sub-index aggregation after squaring, ratio of 

final index value and total weight of selected parameters. In spite of its ease of use and 
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simplicity, the major drawback or one can say the limitation of additive-based 

aggregation methods is that it never give the zero for final index until all the sub-indices 

are zero[34, 36]. The other method of collecting indices is the multiplier method 

represented by the following equations. This method was originally proposed by Brown 

[34, 36], and since then, it has been adopted for the final index calculations in many 

WQIs . 

 

 

𝑊𝑄𝐼 =  ∏𝑆𝑖
𝑤𝑖

𝑛

𝑖=1

 

 

𝑊𝑄𝐼 =  ∏ 𝑆𝑖
1/𝑛

𝑛

𝑖=1

 

Where  

 WQI is the total index 

 n is the number of sub-indices 

 wi is weight 

 Si ith sub-index.  

Although it is not possible to completely change and compensate between the sub-

indicators in multiplier mode (where these problems are in the added method), the 

multiplier strategy is still inclined to overshadow issues. The summary of important 

WQIs is given in the table 1.  
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2.12  Water Quality Standards 

The Water Quality Standards set by the following international as well as national agencies 

are given in below and utilized during the framing of INRWQI for assessing the water 

quality of one of the major river of Pakistan i.e. Indus River its main basin i.e. UIB: 

 

• World Health Organization (WHO) 

• US-Environmental Protection Agency 

• Pakistan Standards and Quality Control Authority (PSQCA) 

2.12.1 WHO Guideline for Drinking Water 

Table 2: WHO Water Quality Standards[37] 

Bacteriological Qualities 

Source/Organisms Guideline Values 

Any potable water (thermo tolerant Coliform 

bacteria or E. Coli) 

Any 100ml sample must not have any trace of it 

The distribution system containing treated 

water (Total coliform bacteria thermo tolerant 

coliform, or E. Coli) 

Any 100ml sample must not have any trace of it 

The distribution system containing treated 

water (Total coliform bacteria thermo tolerant 

coliform, or E. Coli) 

Any 100ml sample must not have any trace of it. The samples 

taken throughout any twelve month period must not contain 

it in 95% of sample in instance of big provisions where 

adequate tasters are inspected. 

Health Significant Chemicals 

Inorganic mg/L Inorganic mg/L Inorganic mg/L 

Chromium 0.050 Mercury 0.001 Uranium 0.002 

Cadmium 0.003 Manganese 0.500 Selenium 0.010 

Boron 0.500 Lead 0.010 Nitrite(NO2) 03.00 

Arsenic 0.010 Cyanide 0.070 Nickel 0.020 

Barium 0.700 Fluoride 1.500 Nitrate(NO3) 50.00 

Antimony 0.05 Copper 2.000 Molybdenum 0.070 

Other Parameters 

Parameter mg/L Parameter mg/L Parameter mg/L 
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Ethyl-benzene 0.3 Ammonia 1.5 TDS 1000 

Xylenes 0.5 Aluminum 0.2 Sulfate 250 

Taste/Odor - 1,4-dicholorobenzene 0.3 Hydrogen Sulfide 0.05 

Monochlorobenze 0.3 Copper 1   

Toluene 0.70 Ethylbenzene 0.3 Sodium 200 

Turbidity 5 NTU Tetrachloro-benzene 0.04 Iron 0.3 

Color 15 TCU 1,2-dicholorobenzene 1 Hardness, pH, DO - 

Styren 0.02 Chloride 250 Zinc 3 

Pesticides 

1,2-dicholoropropane 0.04 Bentazon 0.3 

Pyradite 0.1 Chlorotoluron 0.03 
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2.12.2 Drinking water guidelines by US-EPA  

 

Table: 3 US-EPA Water Quality Standards[38] 

Inorganic Chemicals 

Inorganic mg/L Inorganic mg/L Inorganic mg/L 

Chromium 0.10 Mercury 0.002 Aluminum 0.05-0.2 

Arsenic 0.010 Cyanide 0.2 Zinc 5 

Antimony 0.006 Copper 1.0 Molybdenum 0.070 

Barium 2 Flouride 2 Nitrate(N) 10.00 

Cadmium 0.005 Manganese 0.050 Selenium 0.050 

Beryllium 0.004 Lead 0.015 Nitrite(N) 01.00 

Other Parameters 

Parameter mg/L Parameter mg/L Parameter mg/L 

Color 15 TCU 1,2 dichloropropane Zero pH 6.5-8.5 

Atrazine 0.003 o-Dichlorobenzene 0.6 Sulfate 250 

Toluene 1 p-Dichlorobenzene 0.075 Iron 0.3 

Xylenes (total) 10 Endrin 0.002 Sodium 200 

Ethyl-benzene 0.7 Ehtylbenzene 0.7 Sulfate 250 

Styrene 0.1 Methoxychlor 0.04 TDS 1000 

Chlorobenzene 0.1 Vinyl Chloride 0.002 Corrosivity Non- 

corrosive 

Benzene Zero Chloride 250   

Oxamyl 0.2 Glyphosate 0.7   

Disinfectants 

Chlorine  4 Chlorite  1 

Chloramines 4 Chlorine dioxide 0.8 
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2.12.3 Potable WQ Guidelines by PSQCA  

 
Table 4:  PSQCA Potable WQ Protocols[35] 

Physical Attributes 

S. No. Attributes Unit MAC MAC 

1 Colour TCU 5 50 

2 pH - 7.0-8.5 ≥6.5-≤9.2 

3 Taste and Odor - Unobjectio
nable 

 

4 Turbidity NTU 5 25 

Chemical Requirements 

 

1 Fluoride (F) mg/L - 1.5 

2 Magnesium (Mg) mg/L 50 150 

3 Copper (Cu) mg/L - 1.0 

4 Manganese (Mn) mg/L - 0.5 

5 Zinc (Zn) mg/L 5.0 15.0 

6 Total Ammonia mg/L 0.1 0.5 

7 Nitrite (NO2) mg/L Nil Nil 

8 Calcium (Ca) mg/L 75 200 

9 Iron (Fe) mg/L 0.3 1.0 

10 Total Dissolved Solids mg/L 1000 1500 

11 Nitrate (NO3) mg/L - 10 

12 Sulfate (SO4) mg/L 200 400 

13 Chloride (Cl) mg/L 200 600 

14 Total Hardness (CaCO3) mg/L 20 500 

15 Alkyl Benzyl Sulfate mg/L 0.5 1.0 

16 Hydrogen Sulfide mg/L Undetectable Odor 

Toxic Substances Limit 

1 Cadmium (Cd) mg/L 0.003  

2 Selenium (Se) mg/L 0.01  

3 Chromium (cr) mg/L 0.05  

4 Lead (Pb) mg/L 0.01  

5 Arsenic (As) mg/L 0.01  

6 Cyanide (Cn) mg/L 0.07  

Bacteriological Pollutants Limit 

1 Escherichia coli mg/L 0/250  

2 Total Coliform mg/L 0/250  

3 Enterococci mg/L 0/250  

4 Pseudomonas aeruginosa mg/L 0/250  
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CHAPTER 3 

 

 Materials and Methodology 

 

The regular procedures for sampling, data recording, development of GIS maps, 

Surveillance and Development of database for Upper Indus Basin were adopted. The 

details of these methods are given below: 

3.1.Planning for Sample Collection from Field 

The meetings were conducted with the relevant officials of the Government and officials 

of PCRWR concerned with water quality monitoring of major water resources in Pakistan. 

The briefing was provided regarding the objectives of the research as well as the future 

implications. After getting the positive consent and willingness of support for research, the 

proposal for testing parameters and sites was made. List of twenty-one stations were 

selected for collection of water and sediment samples as given below.  
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Table 5: List of sampling stations with latitude and longitude  

Identification 

Code 
Station 

Latitude & Longitude  

Parameters tested as 

per FAO-29 & WHO 

guideline 

A Dandai 34.807258, 72.948489 

pH, TDS, Total 

Hardness, Ca Hardness, 

Sulphate 

CI-, Coliform(total), 

Fecal Coliform, Mg 

Hardness, EC 

B Bilani 34.96178, 72948489 

pH, TDS, Total 

Hardness, Ca Hardness, 

Sulphate, CI-, 

Coliform(total), Fecal 

Coliform, Mg 

Hardness, EC 

C Gunar 35.407676, 74.366798 

pH, TDS, Total 

Hardness, Ca Hardness, 

Sulphate, CI-, 

Coliform(total), Fecal 
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Coliform, Mg 

Hardness, EC 

D Jalipur 35.406443, 74.320492 

pH, TDS, Total 

Hardness, Ca Hardness, 

Sulphate, CI-, 

Coliform(total), Fecal 

Coliform, Mg 

Hardness, EC 

E Chillas 35.422948, 74.092776 

pH, TDS, Total 

Hardness, Ca Hardness, 

Sulphate, CI-, 

Coliform(total), Fecal 

Coliform, Mg 

Hardness, EC 

F Sazin 35.531445, 73.506914 

pH, TDS, Total 

Hardness, Ca Hardness, 

Sulphate, CI-, 

Coliform(total), Fecal 

Coliform, Mg 

Hardness, EC 
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G Komaila 35.260077, 73.219172 

pH, TDS, Total 

Hardness, Ca Hardness, 

Sulphate, CI-, 

Coliform(total), Fecal 

Coliform, Mg 

Hardness, EC 

H Kotgal 35.444418, 73.207888 

pH, TDS, Total 

Hardness, Ca Hardness, 

Sulphate 

CI-, Coliform(total), 

Fecal Coliform, Mg 

Hardness, EC 

I Pattan 35.114184, 73.005350 

pH, TDS, Total 

Hardness, Ca Hardness, 

Sulphate, CI-, 

Coliform(total), Fecal 

Coliform, Mg 

Hardness, EC 

J Thakot 34.788129, 72.929310 

pH, TDS, Total 

Hardness, Ca Hardness, 

Sulphate, CI-, 
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Coliform(total), Fecal 

Coliform, Mg 

Hardness, EC 

K Jijal 35.040797, 72.922762 

pH, TDS, Total 

Hardness, Ca Hardness, 

Sulphate, CI-, 

Coliform(total), Fecal 

Coliform, Mg 

Hardness, EC 

L Dubair 35.047692, 72.895675 

pH, TDS, Total 

Hardness, Ca Hardness, 

Sulphate, CI-, 

Coliform(total), Fecal 

Coliform, Mg 

Hardness, EC 

M Torghar mud 34.584397, 72.858536 

pH, TDS, Total 

Hardness, Ca Hardness, 

Sulphate, CI-, 

Coliform(total), Fecal 

Coliform, Mg 

Hardness, EC 
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N 

Darband 

34.364808, 72.857895 

pH, TDS, Total 

Hardness, Ca Hardness, 

Sulphate 

CI-, Coliform(total), 

Fecal Coliform, Mg 

Hardness, EC 

O Bisham 34.938704, 72.830405 

pH, TDS, Total 

Hardness, Ca Hardness, 

Sulphate 

CI-, Coliform(total), 

Fecal Coliform, Mg 

Hardness, EC 

 

P Kamach 34.563392, 72.812068 

pH, TDS, Total 

Hardness, Ca Hardness, 

Sulphate, CI-, 

Coliform(total), Fecal 

Coliform, Mg 

Hardness, EC 

Q Judbah 34.913017, 72.787853 
pH, TDS, Total 

Hardness, Ca Hardness, 
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Sulphate, CI-, 

Coliform(total), Fecal 

Coliform, Mg 

Hardness, EC 

R Shang 34.895073, 72.757577 

pH, TDS, Total 

Hardness, Ca Hardness, 

Sulphate, CI-, 

Coliform(total), Fecal 

Coliform, Mg 

Hardness, EC 

S Serai 34.171228, 72.404612 

pH, TDS, Total 

Hardness, Ca Hardness, 

Sulphate, CI-, 

Coliform(total), Fecal 

Coliform, Mg 

Hardness, EC 
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Figure 4 Sample Collection point highlighted on Google Map 

 

3.2. Samples Collection and Preservation 

Three to five samples of water and sediments were collected from each station mentioned 

above.  For the purpose of the physio chemical analysis, 1.5-liter plastic bottles were used 

to collect the water samples. The bottles were washed before the collection and they were 

also rinsed thoroughly multiple times with the distilled water subsequent to washing them 

fresh water. After washing, each bottle was dried and sterilized by placing them in oven at 

50 ˚C for one week. Subsequent to sterilization procedure, sealing of each bottle was done 
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in inert atmosphere which was created in the lab locally with the help of 20 kg plastic bag. 

From the river the water samples was collected directly in disinfected testing bottles. The 

bottles were made clean, sterile as per required for the testing of the microbiological 

contamination as well. There was an extra care taken to avoid the unintentional pollution 

interference during the process of sampling. Most of the quality parameters were assessed 

on site to minimize the effect of delay in transportation from site to laboratory. Only those 

tests were performed in laboratory whose execution at site is not possible. Each sample 

was labeled with identification code as given in the table 5.  

3.3.Testing 

All samples were tested in the laboratory following the international water quality testing 

protocols. The parameters tested and analyzed were the physical, biological and chemical 

Water quality assessment parameters and WQI framing 

3.4. Color 

The color in water could be because of the existence of the metallic ions including iron and 

magnesium. In addition, there would be traces of fertilizer and human constituents, 

industrial wastes, plankton, and weeds. The word color is used for the explanation of the 

true color of the sample due to which the turbidity is classified. The filtration as well as 

centrifugation would not be considered for the determination of the apparent color that 

could be seen on the original color.  The color value would be entirely reliant on the liquid’s 

pH. As the pH changes, the color of the liquid would be ultimately changed. The tests 

would be performed with the help of making comparisons of the distilled water in the 

transparent test tube as well as the tube containing same water. It is important to know that 
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the visual comparison method is applicable for all kinds of water samples. It is worth to 

mention here that good quality water is always colorless.  

3.5. Odor 

The odor of the liquid is always dependent on the substance that is acting as a stimulator 

with the human taste cells. Water is an odorless liquid and always acts as a neutral 

substance towards the taste buds. If the water is pure, it does not produce any kind of odor 

or taste at all. Odor is considered as a quality factor which is only considered for 

acceptability of water for drinking purpose, fish life, cooking, as well as esthetic of 

recreational waters. There are many organic as well as inorganic substances, which 

contribute to alter the taste as well as odor of water. Usually anthropogenic sources are 

considered responsible for aforementioned substances. Among other sources are industrial 

leakages, rottenness of herbal substance, or related bacterial action, and decontaminators 

of their products. For odor measurement and estimating the quantity of odor concentration, 

threshold odor test method. The most common odor parameter to be determined during an 

odor test is the "odor concentration" (odor Power). This selection is made using a tool 

called "olfactometer". In The American standard for olfactory is the ASTM practice 

standard E679-91, “ Determination of Odor and Taste Threshold by a Forced-Choice 

Ascending Concentration Series Method of Limits”[39] . Such type of  sensory tests are 

very useful for the checking of the quality of raw as well as finished water which would be 

considered for the odor with the help of the treatment process. This would help in the 

assessment of the effectiveness of different treatments and would conclude with the final 

knowledge about the tracking of the contamination sources.  
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3.6.Taste 

The chemical stimulation of sensory nerve endings results in gustatory sensations such as 

sweet, sour, salty, and bitter, situated at the papillae of the soft palate, and tongue is refer 

as taste. Oral cavity containing sensory nerve endings, tongue, and nasal cavity have 

chemical stimulation causing trigeminal, gustatory, and olfactory sensations, which 

referred as flavor. For water sample’s sensory analysis, it always produce a taste or flavor 

in mouth, depending upon the chemical substance present in it, mouth-feel or taste may 

predominate. Sensory tests were only happened when samples were safe for absorption. 

The procedure followed for the study was that at original temperature, test taste was done 

after taking a serving of tester in the mouth for few secs. The analysis result was conducted 

qualitatively only. Before taking the test, the person must avoid smoking, eating, or 

drinking. For presenting results, only four true taste sensations that are bitter, salty, sour, 

and sweet were used during this study. 

3.7.Conductivity 

Conductivity of the aqueous solution is its capability to transmit an electric current. The 

capacity is influenced by the occurrence of ion, measurement temperature, their 

concentration, valence, and total concentration. On the other hand, organic composites 

molecules do not separate in aqueous solution. Concentration of electrolytes in water 

having mineral salts mainly is estimated effectively and rapidly by electrical conductivity 

(EC). EC meter, HANA, Italy is the apparatus used in this analysis.  

Before starting measurements, the samples were jiggled carefully and let it stabilized until 

attained air bubbles are removed. 0.01 M of Potassium chloride standard solution at 

constant temperature of 25 ˚C is used to standardized EC meter. Small amount of sample 
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and purified water was used to rinse conductivity cell thoroughly. After that, it was entirely 

packed with sample. EC meter screen showed the sample’s EC. Conductivity varies by 

around two percent per one percent centigrade influenced by temperature. 25°C is 

considered as standard temperature. Conductivity is higher for higher dissolved carbon 

dioxide regardless of the concentration of mineral salts. It is also applicable for low pH 

sample, due to high equivalent conductivity of the hydrogen ion. However, the result is not 

enormous because of reason that CO2 removal from hard water is not free from the risk of 

calcium carbonate precipitation.  

3.8. pH 

A pH is a hydrogen ion's negative logarithm. The pH (derived from the ionization constant 

of water) ranges from 0 (very acid) to 14 (very Alkalinity). The range of natural freshwater 

pH ranges from about 4.5 for acidic water. It is more than 10.0 for water where there are 

intense photo catalytic activities by algae. However, the most common range is 6.5-8.0. In 

water with less soluble solids, leading to reduced buffering capacity (i.e. low internal 

resistance to change pH), changes in pH caused by external sources may be significant. 

The maximum pH range can affect water instability but the effect of corrosion on 

distribution system is a more pressing problem. pH also has an effect on fish, its critical 

considerations and values beyond commonly found levels has a greater effect on fish, 

which ultimately leads to mortality. The suitable pH limit for fisheries is 5.0–9.0, although 

6.5–8.5 is more preferable. In addition to the aspects just described, the pH value controls 

the behavior of many other important parameters of water quality e.g., ammonia toxicity, 

efficient disinfection by chlorine and the solubility in minerals is influenced by pH values. 
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In most cases, pH measurements of samples were done on site. Samples were taken to 

laboratories in sealed bottles, where pH meter is not accessible to avoid composition 

variation especially in CO2. Electrometric method was used for assessing the pH of 

collected samples in this study. According to the instructions of manufacturer, the pH meter 

was standardized. The electrodes were rinsed completely with purified water and then 

sample water before the pH measurement of the samples. After that, the electrode was 

dished into the sample and let it stabilized before taking the final value. To prevent loss of 

CO2 and other volatile substances, unstirred solutions is used in making determination.  

3.9.Bicarbonates (
3HCO ) 

Most ground and surface waters have bicarbonates as the dominant anion. Bicarbonate 

comes in water because of the weathering of rocks. The pH of water is usually influenced 

by bicarbonates that are dissolved in water and their concentration in water. Groundwater 

usually contains less than 500 mg of bicarbonates per liter. The alkalinity and hardness of 

water is also affected by due to alteration in bicarbonates contents. APHA 2320 Standard 

Method was utilized for this study.  

For this study, following substances were used:  

1) Hydrochloric acid 0.02 N; and 

2) Methyl orange indicator 

 

A droplet of methyl orange was mixed in 50 milliliter of tester in a bottle. At that point, 

titrated the mixture against the HCI till the yellow color turned into orange and then noted 

the acid’s volume known as “A2”.  

and: 
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Bicarbonate mg/1 = A2 x20-A1x20x2 (3.3) 

 

A1=Acid volume used for phenolphthalein alkalinity. 

 

3.10. Carbonate ( 2

3CO  ) 

The same standard method explained above is used for estimating the carbonates. The 

reagents used were: 

1) Hydrochloric acid 0.02 N; and 

2) Methyl orange indicator 

 

A droplet of methyl orange was mixed in 50 milliliter of tester in a bottle. At that point, 

titrated the mixture against the HCI till the yellow color turned into orange and then noted 

the acid’s volume known as “A2”.  

and: 

Bicarbonate mg/1 = A2 x20-A1x20x2 (3.3) 

A1=Acid volume used for phenolphthalein alkalinity. 

3.11. Chloride (Cl ) 

Water and wastewater contain chloride (Cl-1) ion as the primary inorganic anions out of all. 

Salty taste formed by Cl is not constant and depends upon the chemical composition of 

drinking water. Sodium as a cation in some waters having 250 mg/L C1-1 may result in 

obvious saltiness in taste. Then again, when magnesium and calcium are the predominant 

cations, the usual saltiness in water may be smaller because they required higher 
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concentration of C1-1 per liter. Wastewater has higher concentration of chloride then raw 

water. At seacoast, seepage of salty water into water sources openly or incidentally may 

cause higher concentration. Furthermore, industrial practices also results in higher 

concentration of C1-1. Among the possible affected stuff because of higher concentration 

of C1-1 are metallic structures, pipes, and growing plants. In order figure out the C1-1, 

titration (silver nitrate) process has been utilized for this experiment.  

Plastic bottles were used to collect representative samples. Maximum 100 ml of sample 

volume was required. Samples required no special storage preservations. Standard silver 

nitrate titrations determine chloride in slightly alkaline or a natural by using potassium 

chromate indicator. Before the formation of red silver chromate, silver chloride 

quantitatively precipitates. 

Cyanide, bromide, and iodide and cyanide are taken as chloride ion equivalents. Key 

interventions are the substances of orthophosphate (when exist >25 mg/L), sulfide, 

cyanide, iron (when exist >10mg/L), sulfite, thiocyanate, and thiosulfate. Turbid or highly 

colored samples required pretreatment. This analysis required the following reagents:  

 Silver nitrate standard solution (0.02 M) 

 K2CrO4 indicator 

 Al(OH)3 suspension. 

 

Two solutions H2S04 or NaOH were taken in a conical flask with 20 ml sample with the 

adjusted pH range from 7 to 10A small amount was combined with the generic solution 

AgNO3 (tittrant) and titrated to pinkish yellow endpoint K2CrO4.. To confirm the accuracy, 

100-ppm of NaCl solution was utilized.  
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Cl concentration (mg/L) = (F-G) xHx35.45x1000/I (3.5) 

F and G are the silver nitrate solution volumes compulsory by the blank and sample 

correspondingly; 

H = AgNO3 concentration (mol/lit) 

I = Sample volume (ml) 

3.12. Hardness 

Initially, the capability of water to soap precipitous was understood as water hardness. 

According to today’s practice, total of magnesium and calcium concentration is known as 

total hardness, both stated as calcium carbonate (CaCO3), mg/L. In terms of CaCO3, the 

hardness may range from 0 to 100 mg/L conditional to the treatment and source of water.  

 

CaCO3 (mg/L) (Hardness) = (D-E)xFx1000/V (3.6) 

and: 

 

D= EDTA for sample titration 

E ml of EDTA for blank 

titration; 

and 

F can be measured using the EDTA titrant standardization and 

equivalent to ml of standard calcium solution ml of EDTA titrant 

I =Sample (milliliter). 

Plastic bottle were used in sample collection without using any preservatives. EDTA 

method was used for this analysis, which creates soluble magnesium and calcium ion 

chelates. The solution of magnesium and calcium ions at 10.0 ± 0.1 pH levels was mixed 
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with the small portion of Eriochrome Black T indicator, the mixture turn into wine-red 

color. Upon titration of the mixture with EDTA, the colors changed from red to blue at end 

point. During this process, many metal ions might affect titration by generating indistinct 

or fading endpoints. Sodium sulfide was used to reduce these impacts. This solution could 

be utilizes for tolerating various ions concentrations. Zinc 200 mg/L, polyphosphate 10 

mg/L, nickel 0.3 mg/L, manganese ion 1 mg/L, lead 20 mg/L, ferrous ions 5 mg/L, copper 

20 mg/L, cobalt 0.3 mg/L, cadmium 10 mg/L, and aluminum 20 mg/L are the matters 

impacting it. In a conical flask, 25 ml of sample was placed and increased to 50 ml with 

purified water, 1 milligram of buffer solution and one to two drops of indicator i.e. 

Erichrome Black T was added. After that the standard EDTA titrant was added slowly and 

with continuous stirring. This process remain continue until red color vanished and finally 

blue color solution is appeared. It will take approximately 5 mints from the start to reach 

at final position i.e. from the time of adding the buffer. 

3.13. Calcium ( 2Ca  ) 

The passage of water over or through the deposits of gypsiferous shale, gypsum, dolomite, 

and limestone result in inclusion of calcium in water. The source and treatment affect the 

range of calcium contents, and its range can be varied from zero to several hundred mg/L. 

To reduce calcium and the connected hardness, ion exchange, chemical softening, and 

reverse osmosis is used. Plastic bottles were used to collect samples with no additional 

preservatives. If CaCO3 precipitation generated in storage before analyzing the samples, 

nitric acid is used to re-dissolve the samples. The analysis used Disodium Ethylene diamine 

tetra acetate dehydrate (EDTA) titration process. Soluble EDTA chelates are produced 

when water having magnesium and calcium ion is added to EDTA. Magnesium chelate has 



 

66  

smaller stability constant than that for calcium chelate, therefore; calcium reacts before 

magnesium in a titration. The indicators reacting only to calcium such as, Murexide altered 

the color when pH level of EDTA was twelve to thirteen. Using this method complex 

calcium in magnesium presence using EDTA was titration and calculated. 

Orthophosphate precipitates calcium produces low results due to the pH of the sample. 

Barium and strontium also form EDTA chelates and hence inhibit with the calcium 

calculation. The table below contains the absorption points of ions that inferring with the 

calcium hardness.  

Table 6: Recommended Ion level for Ion Calcium Inference Level  

Manganese 10mg/L Ferric Iron 20mg/L Lead 5mg/L Aluminum 5mg/L 

Copper 2mg/L Ferrous Iron 20mg/L Zinc 5mg/L Tin 5mg/L 

 

This analysis includes following reagents: 

1. Standard EDTA titrant, 0.01 M. 

2. NaOH, IN; and 

3. Murexide indicator 

             
To make calcium content about 5 to 10 mg, a sample of 50 ml, or a smaller percentage 

diluted to 50 ml was used. Now NaOH (2 ml) or a quantity enough to create a pH of 12 to 

13 is added followed by continuous stirring and addition of Murexide (0.1 to 0.2 gm) 

indicator. After that EDTA was slowly added with continuous stirring until the exact point  

Ca (mg/L) concentration = CxDx400.8/I (3.6) 

 

C = EDTA titrant ml used for sample titration: 
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D= Standard calcium solution (ml)/ EDTA titrant (ml) 

I = Sample (ml). 

3.14.  Magnesium ( 2Mg  ) 

Magnesium comes at eighth number in abundance and common essentials of natural water 

among the elements. Waters related to siliceous or granite sand might have <5 mg/L of 

magnesium. Water having magnesium-rich or dolomite minerals may hold 10-50 mg/L and 

water having contact with deposits of chloride of magnesium and sulfates may contain 100 

mg/L. Just like calcium, magnesium brings hardness to water but ion exchange method or 

chemical softening can control it. 2340-C Standard test method was utilized for analyzing 

magnesium contents in this study. It was measured as the difference between CaCO3 and 

hardness.  

Magnesium Concentration (mg/L) = [total hardness (as CaCO3 mg/L)—Calcium 

hardness (as mg CaCO3/I) x 0.243] 

3.15. Sulphate ( 2

4SO  ) 

Earth crust contains an abundance of sulfate ion and water may have light concentration 

because of shale leakage, sodium sulfate, and gypsum. Mine oxidation and pyrite 

consumption can cause high concentration of sulfate. Manufacturing discarded discharge 

and carbon-based mixtures having sulfur also results in increase concentration of sulfates. 

The concentration in water ranges from few mg to numerous hundred mg/L. According to 

WHO, the highest tolerable sulfate level is 200 mg/L and for domestic use maximum of 

400 mg/L is permissible in water. In order estimate the sulfate concentration during this 

study, clean plastic bottles were used to collect samples and were kept at 4 ˚C to lessen the 

possibility of bacterial decrease of sulfate to sulfide in contaminated or polluted samples. 
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Sulfa version 4 HACH method (8051) (powder pillows) was used for this analysis. The 

measuring range was 0 to 70 mg/L. Insoluble barium-sulfate turbidity has been formed 

when in sample sulfate ions counter with barium in the sulfa version 4-sulfate substance, 

which is proportional to the sulfate ions. Elements that interfere at above those 

concentration levels are following: 

Table 7: Recommended Level for Concentration of Non Inference of Sulphate 

Calcium as CaCO3 20,000mg/L Chloride as Cl 40,000mg/L 

Magnesium as CaCO3 10,000mg/L Silica as CaCO3 500mg/L 

 

UV-VIS Spectrophotometer (U-1100), HITACHI tool has been utilized during this 

study. Briefly, 

1 In a beaker 25 ml of deionized water was taken.  

2 The substances of sulfa version 4 sulfate mixture powder pillows were mixed 

and whirled to disband.  

3 For 5 minutes, beaker was left uninterrupted to get its reaction point.  

4 At 450 nm wavelength set at UV-VIS spectrophotometer holds the beaker 

contents in the cell holder. 

5 After that in a separate beaker standard solution of five, ten, twenty, thirty, 

forty, fifty, sixty, and seventy were made and sulfa version 4-sulfate reagent 

powder pillows were mixed into it and spun until liquefy.  

6 The concentration measurements were recorded after five minutes 

7 A graph was plotted between absorbance and sulfate standard solution 

concentration.  

8 The same process was applied to water sample to determine absorbance and 

concentration of sulfate 
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3.16. TDS 

TDS within the sample collected during this study was calculated following measured 

values of EC. After conductivity meter shows the EC readings, TDS value was calculated 

with the help of multiplying the EC readings with the factor ranges from 0.55-0.7. The 

selection of multiplying factor depends upon the overall EC-value. Overall, the procedure 

is entirely the same as that of used for EC measurements.  

3.17. Arsenic 

To detect Arsenic (As+3 and As+5) in soluble inorganic form within the water samples, 

modified Gutzeit method is used.  When tartaric acid and Zinc Dust reacted, arsenic 

compounds converted to AsH3 (Arsine gas) in the water sample. This reaction is 

accelerated by adding Nickel and Ferrous salts. Mixed Mercury halogens (like AsH2HgBr) 

and on the test band, arsine alters the Mercuric Bromide that changes its color from white 

to brown or yellow. In order to dissolve hydrogen sulfide into sulfate, potassium 

peroxymonosulfate is added. The step-by-step procedure is given below: 

1. Temperature between 22°C to 28°C of water is desirable for best results and 

the precision was maintained with the help of thermometer.  

2. Slowly add sample water to the reaction bottle where upper marked line was 

showing 100 ml.  

3. Now in reaction bottle, three level pink portion of first reagent was added, and 

yellow mixing cap is used to secure the bottle and shake it thoroughly for 15 

seconds. 

4. After that uncap it and add three level red portion of 2nd substance, close it 
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tightly and shake it thoroughly for 15 seconds. To reduce sulfide interference, 

let the solution sit-down for about 2 minutes.  

5. Add third reagent, and shake it vigorously for few seconds.  

6. Now take the yellow cap out and replace it with dry white cap immediately. 

7. From the strip test bottle remove one arsenic trial band and close the strip flask 

instantly. 

8. The trial band or strip need to be aligned properly as far as its direction and 

insertion depth is concerned in order to achieved the maximum outcome of the 

reactions. As far as strip was concerned, following cares needed to be taken 

a) Strip should be place in a way that the red line and test pad were faced 

back of the white cap.  

b) Till the red line is aligned with turret upper part, keep inserting the strip 

into the turret and flip upside down. It would help holding the test strip 

in position. (Note: Point 6 and 7 should done in 30 seconds) 

9. For 10 minutes, allow the reaction to took place in airtight undisturbed 

environment. Small hydrogen bubble will generate from the reaction.  

10. Between 10-12 minutes, take out the turret and remove the strip carefully 

because until this point reaction was completed and color of strip changed. 

Care was taken while taking out the strip because it should not be touched.  

11. To match the reaction pad/strip color the QuickTMEasyReadTM Color Chart is 

used for confirmation of arsenic and its level within the given sample with the 

help of exact color match. 
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12.  The process of color matching was done completely within 30 seconds 

subsequent to taking the strip out. This because of the fact that after 30 seconds 

the color starts to fade from yellow and brown to black or grey, respectively.  

13. For best results, experiments were performed in day light because it is 

recommended to elude direct sunlight while recording the results.  

3.18. Microbiological parameters 

 

3.26.1 Total Coliforms & E.Coli 

To prevent any false negative and false positive results in the field while performing 

bacteriological testing and sampling, Redycult water Check Kit (MERCK), Regular 

procedure was used during this study. The detail testing procedure is given below: 

1. To guarantee the consistency of the equipment, expiry date was checked 

printed on the back of kit.  

2. Sample collecting containers (present in kit) were thoroughly cleaned from 

inside and outside to remove all dust and mud particles; flam tough sprit lamp 

was used to sterilize it to ensure contamination free samples.  

3. While collecting the samples, stagnant water was wasted from the lines and 

fresh water was collected from main source. 

4. During the collection of water in the sample containers, it was made sure to 

free it from any contamination coming from surroundings. 

5. Using water proof marker relevant sample code, date, and time was noted 

along with labeling the sample.  

6. For 48 hours, samples were kep in the incubators at 37 ˚C 

7. After 24 hrs, 1st reading was taken and results were confirmed after 48 hrs.  
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8. Later, in water samples, after the incubation period color change confirmed the 

existence of coliform bacterium.  

9. Five milliliter of chemical (Covex) was mixed in the vessel used for coliform 

test with affirmative result to evaluate the occurrence of E-coli 

Microorganisms. Inner walls of sample containers laced with Covex regent 

form a red ring at the top. It confirmed the presence of E-coli in the sample if 

it is present. 

10. Using liquid bleach (20 ml) or powder household bleach (2 tablespoon) was 

used to disinfect the sample containers used in tests which were disposed off 

after the completion of test.  

 

3.19. Framing the INRWQI 

3.27.1 Methodology  

NSFWQI index have been used as a base index. Brown et al., [34] first proposed the said 

NSFWQI index under the support of United States National Sanitation Foundation. The 

background for the development of this NSFWQI index was a detail review of literatures 

from various experts in a study known as Delphi Study. The experts for quality index 

propose initially 35 quality parameters. After different rounds of review water quality 

parameters specialists derived 9 parameters out of 35 from the index. In the present study, 

a new WQI named as INRWQI is proposed by adjusting the NSFWQI formula while 

keeping in view the FAO-29 guidelines and WHO recommendations given in table 8. FAO-

29 describes seven quality parameters for irrigation and drinking purpose which were not 

included in NFSWQI index. These are Na+, Cl-, pH, HCO3 -, Ec, SAR and TDS. In this 
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study the concentrations of arsenic and lead were also considered. Also WHO guidelines 

to include the soil erosion factor in the UIB.  

 

Table 8: Irrigation water quality framework guide lines along with WHO recommended 

concentration of As in g/l 

Potential Water Quality 

problem 
Units 

Degree of restriction on use 

None 
Slight to 

moderate 
Severe 

Salinity (affects 𝜶 op water availability) 

Ecw dS/m <0.7 0.7-3.0 >3.0 

Or     

TDS mg/L <450 450-2000 >2000 

Infiltration (affects infiltration rate o water into the soil. Evaluate using Ecw and SAR 

together) 

SAR  = 0-3 and Ecw=  >0.7 0.7-0.2 <0.2 

 = 3-6  >1.2 1.2-0.3 <0.3 

 = 6-12  >1.9 1.9-0.5 <0.5 

 = 12-20  >2.9 2.9-1.3 <1.3 

 = 20-40   >5.0 5.0-2.9 <2.9 

Specific ion toxicity (affects sensitive crops) 

Sodium (Na+)     

Surface irrigation SA <3 3-9 >9 

Sprinkler irrigation  me/l <3 >3  

Chloride (alpha-)     

Surface irrigation Me/l <4 4-10 >10 

Sprinkler irrigation Me/l <3 >3  

Boron (B) Mg/L <0.7 0.7-3.0 >3.0 

Trace Elements      

Miscellaneous effects (affects susceptible crops) 

Nitrogen (NO3
2- -N mg/L <5 5.0-30 >30 
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(overhead sprinkling 

only) pH 

me/l <1.5 1.5-8.5 >8.5 

  Normal Range 6.5 – 8.4  

As concentration g/l <10 >50 

    

3.27.2 Experts Survey  

In order to determine the most influential parameter of the index not only for water system 

but also for drinking purpose a set of feedback form were prepared and handed over to five 

groups of twenty specialized experts. In the light of experts opinions all the eight 

parameters were organized and thus build up a highly weighing factor. In a comparable 

way to deal with the advancement of the NSFWQI index. Subsequent to accepting and 

preparing the first round of study reactions, a second study was directed to enable 

individuals to modify their reaction dependent on the results of the primary review. The 

subsequent information delivered a complex multi-criteria analysis issue with a few 

reactions in regards to figure out suitable parameters and their weights.  

3.27.3  Calculation of Weighting Factors 

Focus of this practice was to find priority parameters among the listed parameters and find 

the most weighing factor. For this purpose AHP (AHP) was used which has the main 

function to identify proposed WQI most weighing parameters. Normally multi criteria 

decision relating problems are extremely convoluted and in the vast majority of the cases 

expanded exactness of one of the elements may impacts on the precision of alternate 

parameters. Multi criteria decision making method technique gives variety of distinctive 

phases of basic decision making. For comprehensive understanding of multi criteria 

decision making and AHP readers are referred to literature [40, 41]. 

3.27.4 AHP: An Introduction 
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The analytic hierarchy process (AHP) was developed by Thomas L. Saaty [40-42]. The 

AHP is designed to solve complex problems involving multiple criteria. An advantage of 

the AHP is that it is designed to handle situations in which the subjective judgments of 

individuals constitute an important part of the decision process. Basically the AHP is the 

breaking down a complex, unstructured situation into its component parts; arranging these 

parts, or variables into a hierarchic order, assigning numerical values to subjective 

judgments on the relative importance of each variable, synthesizing the judgments to 

determine which variables have the highest priority and should be acted upon to influence 

the outcome of the situation [40-42]. 

Following are the Major Steps of AHP: 

1. Develop a graphic representation of the problem with regard to the overall 

objective, criteria and alternatives for decisions.  (i.e., the hierarchy of the problem) 

2. Specify his / her views on the relative importance of each criterion to the 

achievement of the overall objective. 

3. 3. Indicate each alternative decision as to how it contributes to each criterion, a 

preference or a priority. 

4. Given the information on relative importance and preferences, a mathematical 

process (including consistency checks) uses to synthesize the information and to 

prioritize all options in terms of their global preference. 

 

3.27.5 Methodology layout  

Block diagram shown in figure below summarized the methodology for framing the 

WQI in the current study 
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Figure 5  Block diagram of methodology for framing the WQI in the current study 

  

Selection of 
Base Index
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Quality 
Parameters

Expert 
Survey

Calculation of 
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using AHP

Calculation of 
Quality Index

Reliability of 
Quality Index 
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3.27.6  Major Steps  

Step-1: Selection of Base Index 

• NSFWQI is chosen as base index because it is more general than all aforementioned 

WQI. Initially 35 quality parameters are proposed by the experts for quality index 

and the number of these parameters can be varied according to study area 

Step 2: Selection of Quality Parameters 

Eight Parameters are selected to frame WQI for monitoring the upper Indus basin which 

include the pH, EC, TDS, DO, Salinity, ORP, and most importantly Arsenic and Lead 

concentrations  

Step 3: Expert Survey 

A set of feedback form was prepared under the guidance of  Professor Dainella 

Bocholia at Politecnico di Milano University Milan, Italy and handed over to three 

groups of twenty specialized experts (36 are the faculty members and 24 are graduate 

research students in water resource department.  

 

3.27.7 Hierarchy Development 

After the survey a hierarchy diagram of criteria, sub criteria and suitable alternatives was 

developed. Here criteria are water samples, sub criteria are the quality parameters and 

alternatives are the water quality either it is fair good or bad. For the potential readers figure 

below shows the development of hierarchy for this particular study. The diagram shows 

water sample is connected to each quality parameter and each single parameter is connected 

to other seven 
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one with defined priority and level of importance, and at the end each pair wise 

combination is contributing to possible of alternative/output. 

 

 

Figure 6 AHP model layout 
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After Defining Problem and developing Hierarchy 

  8x8 square matrix is developed in the light experts feedback and pair wise 

comparisons 

 Eigen values were found using A𝛌=X  

 Normalized to get weights of each criteria 

 Consistency  of weighting criteria was checked    

 Then in the end sensitivity analysis  was performed to get suitable 

outcome/alternative  

 

3.27.8 Calculation of Index Value 

The weighting factors for the listed parameters are shown in figure 7 as pie chart which 

suggests that the higher weighing factor belongs to As (0.30) and the minimum to pH 

(0.05). The values of parameters reported by Ahmed et. al., [43] in upper Indus river basin 

are utilized as case study. The general NSFWQI formula is adjusted following the FAO-

29 and WHO guidelines to obtain more generic WQI.   

 

 

𝑰𝑵𝑹𝑾𝑸𝑰 =
{
∑ 𝑾𝒊𝑰𝒊

𝒏
𝒊=𝟏

∑𝑾𝒊
⁄ }

𝑵
 

 

 

Here 

 N is the no. of parameters 

 W is the weight factor  
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 I is the value of parameter 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 7: Weighting factors obtained from AHP protocol and used for calculating WQI. 

 

As a first case study, the survey is performed while keeping in view the opinion of sixty 

experts on the set of eight water quality parameters data reported by [43], an analytical 

hierarchy process (AHP) [41] was implemented to obtained a 88 Eigen matrix and 

normalized Eigen values. The result of first survey is shown in table 9 below. The Eigen 

values of three survey set of 20 experts is further averaged to obtain the mean values and 

used as weighting factors for the calculation of proposed WQI. The obtained weighting 

fractions are shown in figure 7 as pi chart. 

 

pH, 0.05
Do (mg/L), 

0.08
ORP, 0.07

Cond (ms/cm), 
0.25

TDS, 0.12

Salinity (%), 
0.05

As (mg/L), 0.3

Pb (mg/L), 0.08
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Table 9: AHP Eigen matrix of physico-chemical parameters and normalized Eigen values 
obtained from the first survey of experts  

 

The main focus of this study was frame INRWQI in the light of FAO-29 guidelines for 

irrigation water quality parameters and WHO recommendations for maximum allowed 

limits of toxic heavy metals. As there are reports, in the literature [43] that As concentration 

is significant higher in UIB. It is therefore, in this proposed INRWQI, the weight-age of 

arsenic and lead was included as an essential quality parameter.  Furthermore, the water 

quality bands i.e. good, fair and bad were formulated while considering the WHO, and 

FAO-29 guidelines.  

3.28 Assessing the Water Quality using Multivariate Statistics 

Indus River passes through a densely populated area and throughout the passage of Indus 

River there are numbers of shops, hotels, industries and houses. Unfortunately, maximum 

population of Pakistan throws their domestic and commercial waste into the Indus River 
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thus making the water polluted. In addition to this, agriculture land run off is another source 

because Indus is the main river for all agriculture activities in Pakistan.  The water of Indus 

is seriously polluted with high concentration of arsenic (As) and lead (Pb). This particular 

study is focused on the unveiling the hidden factors of polluting the water of UIB while 

using the multivariate statistics. 

3.28.1 Information about Monitoring Parameters and Stations  

Researchers [44] discussed the parameters frequently used to characterize water quality, 

which includes the important physical and chemical parameter. Physical parameters are 

temperature, pH, electrical conductivity (EC), total dissolved solvents (TDS), Salinity 

while the chemical parameters are dissolved oxygen (DO), oxygen reducing potential 

(ORP), COD, BOD, anions (Cl-1, (Cl-, NO-3, SO2-4 , PO3-4 etc.) and toxic heavy metals 

(Cd, Pb, As, etc.).   

Based on the available literature and data [43] for the application of multivariate statistics, 

the 8 physico-chemical parameters including pH, TDS, EC, DO, ORP, salinity, 

concentration of As and Pb were selected. Ahmad et al. [43] originally used data from 64 

samples obtained from 6 regions of the upper Indus river and main Indus River to evaluate 

water quality throughout the area and to gain valuable knowledge on the appropriate 

number of monitoring stations, contamination sources and estimation of spatial variations. 

The six regions were labeled as M1 to M6 monitoring stations with following details: 

 M1: Gilgit to Khunjrab Pass 

 M2: Gilgit to Chitral 

 M3: Gilgit to Nalter 

 M4: Gilgit to Deossai Plan 

 M5: Skardu to Gilgit 

 M6: Main Indus River 
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All regions with marked sample collection points are shown in figure 8 below.  

 

 

Figure 8  Map showing the six region of Indus River with marked samples collection point 

 

3.28.2 Statistical Analysis 

The analysis is done using XSTAT code (trial edition) and the 2007 iteration of Microsoft-

Excel. 

3.28.3 Hierarchy Cluster Analysis 

Cluster analysis is essentially a multivariate database cluster whose basic task is to provide 

assembly methods based on individual parametric properties. The primary method of 

classifying artifacts in cluster analysis is that with respect to predefined qualitative 

requirements, the entity is identical in relation to the other object. In order to differentiate 

between relevant and irrelevant parameters, the resulting results of the cluster object 

correspond to high-internal homogeneity and very high-external heterogeneity. Thus, 

variables must be assisted by abstract criteria in a cluster study. The common approach to 

evaluating the sample similarity relationship through the entire data collection is 
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hierarchical agglomerative clustering and is typically represented by a dendogram. This 

study's main objective is to calculate a relationship between individual clusters in order to 

identify the similarity and dissimilarity between each monitoring site sample. Dendogram 

tells each sampling site the parametric mean value. All calculating values are composed of 

three statistical groups. 

1) Group A: It region could be called less contaminated regions in general. 

Industrialization and urbanization should be small or moderate. Human influence 

should therefore also be very low. 

2) Group B: Generally this type of cluster could be regarded on high polluted areas 

such as industrial sites. Pollutant includes in the sample from industrial sites 

generally involve from industrial wastewater treatment plants along with sewage 

wastewater from agriculture activities. 

3) Group C: This cluster could be viewed as generally moderate contaminated (MC) 

sites. These locales may get contamination from non-point sources 

3.28.4 PCA or Principal Component Analysis 

PCA is a linear combination of factors that aimed to transform the first factors into new, 

uncorrelated factors (axes), known as major components. The new axis lies along the 

maximum variance direction. PCA is used not only to normalize specimen correlation 

factors, but also to evaluate pollutant variables that influence each sample. There is a new 

cluster of factors in PCA called an involved axis rotation which is used to divide the 

original variables into groups. Having an important compositional factor involved in each 

test is added PCA gives some justification for the most important variable reflecting the 

perception of the complete set of information. PCA outlines the statistical correlation 
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between the compositions of water samples with minimum detail reduction. Following the 

equation, the main component analysis is used  

Zij = ai1x1 j + ai2x2 j +..... + aimxmj 

Where Z is the component score, a is the component loading, x is the measured value of a 

variable, i is the component number, j is the sample number, and m is the total number of 

variables. 

3.29 Assessing the Water Quality using Graph Theory and Matrix Approach 

After framing the INRWQI and utilizing the concept of AHP while keeping in view the 

expert opinion and local conditions. There is still need of further improvement in the 

methodology for assessing the water quality of UIB because INRWQI does not include the 

effect of allowed minimum and maximum value of each quality parameter i.e. permissible 

prescribed limits. It is therefore novel methodology based on the Graph Theory and Matrix 

Algebra has been developed which are described as below: 

3.29.1 Water Quality Assessment (WQA) Graph 

Water Quality Assessment (WQA) Graph models the quality parameters and their 

interrelationship for assessing the good water quality. This graph comprises of a set of 

nodes V = vi, with i = 1, 2, .. ., N and a set of coordinated edges D = {dij} . A node ni 

speaks to i-th quality parameter and edges speak to the relative significance among the 

parameter. The number of nodes N, considered is rise to the number of quality parameter 

considered. On the off chance that a node ‘i’ is having relative significance over another 

node ‘j’ within the proposed problem, at that point a coordinated edge or bolt is drawn from 

node i to node j i.e. dij. In the event that ‘j’ is having relative significance over ‘i’, at that 

point a coordinated edge or ‘i’ is drawn from node j to node ‘i’ i.e. dji. In order to explain 
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the WQA Graph, number of quality parameters need to be defined first. Here in this case 

the quality parameters for the construction of WQA graph are: 

 

 pH 

 TDS 

 Total Hardness 

 Ca Hardness 

 Sulphate 

 CI- 

 Mg Hardness 

 EC 

WQA Graph constructed with the help above mentioned quality parameters is shown in 

figure 9. As eight water quality parameters are considered, there are eight nodes within the 

WQA graph with nodes 1, 2, 3, 4, 5, 6, 7 and 8 for assessing the water quality at 12 different 

stations of UIB. From the abovementioned eight quality parameters, five parameters 

including pH, TDS, total hardness, Cl- and EC are used to rank the quality of water by 

defining new index named as “Baluch” Index with help of extracting the adjancy matrix 

from the graph shown in figure 9. The figure 9 gives a graphical representation of the 

components and their relative significance for fast visual evaluation. As the number of 

nodes and their interrelations increments, the graph gets to be complex. In such a case, the 

visual examination of the chart becomes troublesome and complex. In order to overcome 

this issue, WQA graph is represented in matrix form that is used for extracting the “Baluch” 
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index value at each sample collection point. The details about the matrix representation of 

are given in the section below.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 9  WQA graph 
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3.29.2 Matrix representation of WQA graph 

Matrix representation of the WQA graph gives one to one representation of water quality 

parameter. Typically an N x N matrix which consists of all of the quality parameters (i.e. 

Ri) and their relative significance (i.e. rij). The matrix A corresponds to the WQA graph 

shown in figure 9 is given below: 

Table 10 Adjacency matrix for water quality assessment 

A   =   

[
 
 
 
 
 
 
 
 
𝑷𝒂𝒓𝒂𝒎𝒆𝒕𝒆𝒓 𝑝𝐻 𝑇𝐷𝑆 𝑇𝐻 𝐶𝑎 SO2− 𝐶𝑙−1 𝑀𝑔+ 𝐸𝐶

𝑝𝐻 𝑅1 𝑟12 𝑟13 𝑟14 𝑟15 𝑟16 𝑟17 𝑟18
𝑇𝐷𝑆 𝑟21 𝑅2 𝑟23 𝑟24 𝑟25 𝑟26 𝑟27 𝑟28
𝑇𝐻 𝑟31 𝑟32 𝑅3 𝑟34 𝑟35 𝑟36 𝑟37 𝑟38
𝐶𝑎+ 𝑟41 𝑟42 𝑟43 𝑅4 𝑟45 𝑟46 𝑟47 𝑟48
SO2− 𝑟51 𝑟52 𝑟53 𝑟54 𝑅5 𝑟56 𝑟57 𝑟58
𝐶𝑙−1 𝑟61 𝑟62 𝑟63 𝑟64 𝑟65 𝑅6 𝑟67 𝑟68
𝑀𝑔+ 𝑟71 𝑟72 𝑟73 𝑟74 𝑟75 𝑟76 𝑅7 𝑟78
𝐸𝐶 𝑟81 𝑟82 𝑟83 𝑟84 𝑟85 𝑟86 𝑟87 𝑅8 ]

 
 
 
 
 
 
 
 

 

 

 

Where Ri is representing the node ni, and rij is the relative significance of the i-th parameter 

over the j-th parameter and represented by the edge dij. The permanent of this matrix A, 

i.e. per (A), is characterized as the quality parameter’s function. The permanent may be a 

standard matrix and is utilized in combinatorial arithmetic [25–27]. Application of 

permanent concept will lead to better appreciation and utilization of water quality 

parameter. Furthermore, utilizing this instead of determinant of matrix A remove the 

negative sign and consequently no data will be missed in final index calculation. The 

permanent function is only the determinant of a matrix, but all the defining terms are 

considered positive [28–31 ]. For the WQA map adjustability matrix, it is written as: 
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𝑁

𝑛=𝑘+2

𝑁−1

𝑚=𝑘+1

𝑁

𝑙=𝑖+2

𝑁−3

𝑘=𝑖+1

𝑁

𝑗=𝑖+1

𝑁−5

𝑖=1
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+ ∑ ∑ ∑ ∑ ∑ ∑ ⋯⋯ ∑ (𝑟𝑖𝑗𝑟𝑗𝑘𝑟𝑘𝑙𝑟𝑙𝑚𝑟𝑚𝑛𝑟𝑛𝑙

𝑁

𝑁=𝑡+1

𝑁

𝑛=𝑗+1

𝑁

𝑚=𝑖+1

𝑁

𝑙=𝑖+1

𝑁

𝑘=𝑖+1

𝑁−1

𝑗=𝑖+1

𝑁−5

𝑖=1

+ 𝑟𝑙𝑛𝑟𝑛𝑚𝑟𝑚𝑙𝑟𝑙𝑘𝑟𝑘𝑗𝑟𝑗𝑖) × 𝑅𝑜 … . 𝑅𝑡𝑅𝑁) + ⋯  

Expression 3.7 given above is the total expression of the quality parameter as considered 

since it takes account of the proximity between the parameters and all of their imaginable 

relative importance. The words are the sequence of similar diagonal elements and circles 

of off-diagonal components (e.g. rijrji, rijrjkrki, etc.) of different sizes. Expression 3.7 

performance parameters include terminology organized into (6 + 1), and these groupings 

apply to the measurements of parameters and to the relative significance circles. The 

second grouping is missing, as there is no self-circle within the chart. The third grouping 

contains 2-factor relative significance circles and measures of (6-2) parameters. A set of 3-

parameter relative significance circles, or match and dimensions of (6-3) factors speaks to 

each term of the fourth group. There are two subgroups in the fifth group. The terms of the 

primary sub collection are two relatively important circles of 2 parameters and the 

components (6-4) are measured. Each term of sub-grouping may consist of a set of four-

component or its combined relative significance circle and measurements of (6-4) 

variables. The sixth group comprises two subgroups. The terms of the primary sub-

grouping could be a set of 3-component relative significance circle or its combine and 2-

component relative significance circle and the measures of (6-5) variables. Each term of 

the second sub-grouping could be a set of 5-component relative significance circle or its 

combine and the measures of (6-5) variables. So also, other terms of the Expression are 

characterized. Hence, the WQA Graph characterizes the considered water sample 
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categorizing issue because it contains all conceivable auxiliary parameters of the sample 

and their relative significance. The above term in equation 2 is simply the determinant of 

a matrix of six in 6 but takes all terms positively into consideration. In order to calculate 

the Per(A), Mathematica is used during this study. 

3.29.3 Calculation of “Baluch” Index 

“Baluch” index categorically lists the water samples according their raking on the basis of 

measured values of aforementioned quality parameters. The expression 3.6 contains 

measures values of parameters and their relative significance, which are then utilized for 

WQA. The numerical value of Per (A) serves as to rank the water sample and named here 

as “Baluch” index. As the nature of the problem is such that lowest value of quality 

parameters is required for good quality water. It is therefore, lower values of Ri and rij will 

result in lower value of “Baluch” index i.e. good quality water. In order to obtain this, the 

normalized values are calculated from this ratio vj/vi. In this case, vj is the value for the j-

th parameter which is having lower value among the quality parameters under 

investigation. It is worth to mention here that in this particular area, each parameter’s lower 

measures are desirable. Therefore, lower value of “Baluch” index is desirable for good 

quality water.  
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Table 11 Related significance (11 point scale) of the material selection factors 

Class description 
Relative importance 

(rij) 

One attribute is exceptionally less important over the other 0.045 

One attribute is extremely less important over the other 0.135 

One attribute is very less important over the other 0.255 

One attribute is less important over the other 0.335 

One attribute is slightly less important over the other 0.410 

Two attributes are equally important over the other 0.500 

One attribute is slightly more important over the 0.590 

One attribute is more important over the other 0.665 

One attribute is highly important over the other 0.745 

One attribute is extremely more important over the other  0.865 

One attribute is exceptionally more important over  the other   0.955 

 

The relative significance between two properties (i.e. rij) is assigned value on a fuzzy 

change scale, comparative to the one depicted for allotting the esteem of the subjective 

property, and is organized into eleven classes. The relative significance infers that an 

attribute ‘i’ is compared with another attribute ‘j’ in terms of relative significance for the 

given problem. Taking after the numerical guess system proposed by Cheng and Hwang 

[45], the relative significance is communicated in eleven classes that lead to minimization 

of subjectivity to a large degree whereas choosing the relative importance between two 

properties. Table 11 is proposed which helps in allotting rij values based on the expert 

opinion and can be varied from problem to problem. The steps for calculation of “Baluch” 

index for each collected sample are given below: 
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Step-I  

Distinguish the quality parameters for the assessing the water quality and shortlist the 

monitoring stations for a particular case. It is worth to mention here that a threshold limiting 

quantitative or qualitative value may also be allotted to each quality parameter.   

Step-II 

1. Find the relative significance (rij) of each parameter and normalize component values 

(Ri) in the case of distinguishable choices after a short listing. 

2. Build the WQA chart by taking into account the values and their relative importance 

of the parameter calculated. The number of nodes shall be the number of parameters 

in step 1 above. Importance between factors determines the magnitude and the 

direction of the edges. 

3. Create a WQA map, with Ri diagonal elements and rij elements off diagonal. The 

matrix is a matrix of N versus N.  

4. For given stations, calculate the "Baluch" index. The lowest "Baluch" index value is 

good quality water following the FDA-29 and WHO guidelines.  

5.  Arrange the stations with the meaning "Baluch" index in ascending order. 
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CHAPTER 4 

Assessing the Water Quality using AHP 

 

4.1 Introduction  

Since the introduction of first WQI by Horton in 1965 [33] for assessing the quality of 

drinking water, efforts are going on and number of other indexes are introduced by various 

researchers [22, 33, 34, 46]. The various acceptable quality indices worldwide are 

summarized in Table-12. Among worldwide recognized practices for assessing the water 

quality whether it is irrigation or drinking water, the National Sanitation Foundation Water 

Quality Index (NSFWQI) is comprehensive in its nature. Numbers of researchers have used 

NSFWQI formula because it is more generic in its nature than others, and comparisons of 

results from various regions are reliable [34, 47, 48]. Mainly nine base parameters are used 

to obtain the index value are summarized in Table 8.    

Some researchers [47-49] categorized the indices into four groups: 

(1) Which  don’t have much care about the end user and utilized for general 

measurements of water quality [50] e.g. NSFWQI. 

(2) The second one is focused for a particular application of water, e.g. drinking water 

system and biological community conservation.  Oregon Water Quality Index 

(OWQI) is the example of this category [47]. 

(3) This class has the focus especially in administrative activities to deal water asset 

i.e. outlining, arranging, designing and planning quality indices. British Columbia 

Water Quality Index (BCWQI) is the example of this category.  
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(4) Fourth category is based on statistical and factual methods. The basic part of the 

factual methodology is to assign the acceptable scores and make predictable 

suppositions for covering the all expected observations of normal water quality. 

First three categories are altogether based on resultant conclusion approach or Delphi 

approach i.e. the expert’s panel feedback reflects the importance of water quality 

parameters [51]. 

Table 12:  The Summary of WQIs in practice to date 

Index Aims and Details Type and Outcomes 

NSFWQI 

 

 Used for the comparison of  water 

quality on relative sale  

 The survey of  35 water quality 

parameters were  carried out by a 140 

water quality experts  

Main  Nine parameters are considered 

DO, Faecal coliform,  pH,  BOD , 

Temperature, Total phosphate , Nitrate 

, Turbidity and Total solids 

Quality Index (Increasing value 

represent the water quality) 

The values for this index were 

determined as follows:  

Range   Result 

0 to 25                              Very-Bad 

26 to 50                            Bad 

51 to 70                            Aver. 

71 to 90                            good 

91 to 100                         Very-good 

 

FWQI 

 

 The  arithmetic-average average of 

TSS & turbidity, DO & oxygen 

Pollutant Index (Increasing value 

represent the pollutant in water)  

Outcome is expressed as follow: 
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demanding, substance,  BOD, COD, 

TOC, Nitrogen & phosphorus, Faecal 

coliform, Bio-diversity   

Range  Result 

0-45        Good  

45-60        Fair  

60 to 90     Poor  

BCWQI 

 

 It depends on the application and 

sensitive because of its limitation for 

comparison among water samples 

Pollutant Index (Increasing value 

represent the water quality) 

CWQI 

 

 It has three essential elements: 

 Variables not up to standard for 

water-quality objectives i.e. 

Scope 

 No. of time when objectives 

are not to up to required 

sandard i.e. frequency   

 The  quantitative extent to 

which objectives are not met in 

i.e. Amplitude 

Quality Index (Increasing value 

represent the water quality) 

  

 The index produces a number between 0 

(worst water quality) and 100 (best water 

quality).  

 These numbers are divided into 5 

descriptive categories to simplify 

presentation.  

 • The particular parameters, goals and 

times used in this list are not specified, 

and may vary, depending on local 

conditions and problems, from region to 

region. 

 • It is advisable that at least four sampled 

variables are used to measure index 

value at least four times. 
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Oregon 

Water 

Quality 

Index 

(OWQI) 

 

 The OWQI is calculated in two steps.  

 THE raw analytical results are 

transformed into unit with 

lower subindex values for each 

variable with different 

measurement units. They vary 

between 10 (worst case) and 

100 (ideal). 

  Taking these sub-indexes to a 

single WQI value between 10 

and 100. 

 It also utilized the same 

parameters as NSFWQI 

Quality Index (Increasing value 

represent the water quality) 

 

Zandbergen et. al., [52] has used geographic information system (GIS) tool for calculating 

the urban water quality. Sample points were chosen including impenetrable territories, 

natural surroundings, contamination loadings, water quality, residue quality, and general 

public health. In this investigation the BCWQI index was utilized for water quality 

examination of the stream. Shokuhi et. al., [53] measure the water quality indices of a lake 

Aydoghomosh Dam in north west Iran. The retained water was utilized to supply water for 

adjacent towns and water system for farming terrains downstream. Due to The most 

probable number of coliforms, fecal coliforms and turbidity, including breakup of the 

solids, addition to solids, pH, electrical conductivity and other parameters of the standard 

area, was estimated at eight single stations. The NSFWQI was figured dependent on sample 
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collection and investigation program. The range of the NSFWQI was from 84.89 in July to 

67.96 in May. Dissolved concentration has been found in the dam water in a smaller part. 

Majority of the sample were in good category according to NSFWQI formula. The results 

demonstrated a satisfactory water quality for drinking water and irrigation. Recently 

Misaghi et al., [47] have utilized the expert choice software in order to have new quality 

index or direct index for assessing the water quality of Ghezel Ozan river Iran while 

keeping in view the FAO-29 guidelines, recommendation, and expert’s iterative survey of 

irrigation for irrigation water quality.  

Although mentioned indices in table 12 are in practice and some approaches are recently 

introduced by using geographical information system (GIS) [52] and multiple decision 

making technique in NSFWQI. These are advanced approaches used for assessing the 

water quality and mainly rely on nine base parameters having particular importance for 

irrigation purpose. However, there are some water pollutants (e.g. heavy toxic metals like 

arsenic, lead etc.) which become the matter of sever concern when exceeded the prescribed 

limits of World Health Organization (WHO). Therefore, it is necessary to monitor the 

concentrations of such toxic life threatening elements to define a protocol/index/standard. 

This particular study is aimed to address the issue while performing the quality assessment 

of UIB located in Pakistan. A new quality index is introduced, which is done by selecting 

the eight quality parameters by following the FAO-29 & WHO guidelines along with the 

local conditions and expert’s opinions. A threshold index value is calculated by using 

quality parameters for good quality of irrigation water as defined in FAO-29 guidelines 

and considering the WHO recommended concentration of toxic heavy metals. The final 

water quality is then framed relative to threshold value. 
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4.2.1 Rational For Selection the Quality Parameters 

The particular study is about framing a new quality index i.e. INRWQI while adopting the 

following systematic steps  

Step-1: Selection of globally acceptable generalized quality index base index, which 

required for adjustment as far as theme (multiplicative or additive in nature) for final index 

value calculation is concerned  

Step-2: Selection of quality parameters  

For first step a comprehensive literature review has been done and it was found that 

NSFWQI index under the support of United States National Sanitation Foundation is more 

generic and globally acceptable WQI. This is because of its capacity of comparing of water 

quality on relative sale and having the potential for including the 35 water quality 

parameters for the calculation of final index value subject to the status of resource under 

investigation. However, out of these 35 parameters, 9 parameters are consider important 

for assessing the ground water quality. Moreover, NSFWQI is additive in nature thus can 

reflect the change of a single quality parameter in final index value. It is therefore, this 

index is selected as base index. However, it requires and update as far as list of input 

parameters is concerned for assessing the surface water quality e.g. upper Indus basin in 

course of study. 

The second step is the selection of list of parameters which are used as input for INRWQI. 

As main theme is to amend the NSFWQI formula for assessing the water quality of Indus 

River whose water is utilized for irrigation as well as domestic purpose. So three lists of 

key parameters along with local conditions/geography and expert’s opinions are taken into 
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consideration for the selection of eight parameters in this study. The three lists of quality 

parameters are: 

1. List of 9 important quality parameters of NSFWQI 

2. List of quality parameters given in FAO-29 guidelines for assessing the quality of 

irrigation water 

3. List of toxic heavy metals given in WHO guidelines while considering the 

geographic nature of Indus delta  

All three lists of quality parameters are tabulated below 
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Table 13 Comparatives list of quality parameters from three lists 

Sr. 

No 

Quality parameters enlisted for 

NSFWQI 

Quality parameter 

enlisted in FAO-29 

guidelines 

Trace element 

enlisted in WHO 

guidelines 

1 
Dissolved oxygen (DO) 

 
EC As 

2 Faecal coliform, pH Pb 

3 pH, TDS Bicarbonate 

4 
Biochemical oxygen demand 

(BOD) 
Sodium (Na+) Carbonate (CO3) 

5 Temperature change Chloride (alpha-) Calcium (Ca) 

6 Total phosphate Boron (B) Magnesium (Mg) 

7 Nitrate Nitrogen (NO3
2- -N) Total Hardness 

8 Turbidity - - 

9 Total solids - - 

Other Quality Parameter 

10 Oxidation Reducing Potential (ORP) 

 

From the tabulated lists the selection of eight parameters is finalized while considering the 

local conditions e.g. major aim is to assessing the water quality UIB where the change in 

temperature is not a most prominent factor because the temperature remains the same over 

whole basin so this parameter is not selected here in this study. Similarly, DO is relatively 

more important as compared to BOD, and COD. In addition, instead of Total solids and 

turbidity, TDS is selected in the course of framing the INRWQI because study area water 

is clear and the trace elements are found in dissolved state. EC and pH are selected because 

of the reason that these are important factors for irrigation purpose. Furthermore, toxic 

heavy elements As and Pb are selected because a few notable studies are also there in the 

literature about the water quality and trace elements present in Indus River. These studies 
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disclosed the fact that the concentrations of toxic heavy metals are higher in Indus river. 

The Pakistani environment is badly affected by geochemical pollution through natural 

processes, i.e. deposition of alluvial material through floods in the Indus Delta, volcanic 

eruptions, as well as anthropogenic activities such as sewage irrigation, animal manure, 

along with fertilizers and pesticides, etc. This contaminated soil can lead to high levels of 

various trace elements, including As in Indus River. Although, aforementioned studies 

pointed about the higher concentration of As and other toxic heavy metals in Indus river 

water but unfortunately no real effort has been made for assessing the actual hidden sources 

of pollution. 

4.2 Results and Discussion 

4.3.1 Khunjrab Pass - Gilgit Section 

 

Figure 10: Proposed WQI of samples from Khunjrab Pass to Gilgit Section 
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Shown in figure 10 is the WQI for the sixteen samples collected from Gilgit to Khunjrab 

Pass region. More specifically these samples were collected from Attabad Lake, Kunjrab 

National Park, China Border, Side Nallas and Karim Abad, respectively. The exact 

locations from where the samples were collected are represented at google map shown in 

figure 11. As it is clear from figure that proposed WQI for the sample collected from 

Attabad Lake and Khunjrab National Park is > 20 (i.e. water quality is bad) and have 

increasing linear trend with respect to their exact location while having the positive slopes. 

The WQI correspond to each data point in aforementioned region has the value higher than 

the threshold WQI and acceptable WQI (see figure 10). It is worth to mention the details 

about threshold WQI and acceptable WQI here. Threshold WQI is the water quality index 

value calculated while keeping the recommended maximum allowed concentrations of As, 

Pb and other water quality parameters mentioned in FAO-29 and WHO guidelines for good 

quality water (see table 8). The acceptable WQI is the index calculated while taking the 

concentration of As as 50 µg/l (i.e. maximum allowed limit of As in Pakistan) [54]. In this 

region i.e. from Gilgit to Khunjrab Pass the WQI of samples collected from couple of side 

Nallas fall below threshold WQI (see figure 10) means that the water quality is good. On 

the other hand, WQI value for samples collected from Khunjrab National Park and China 

Border is below the acceptable WQI i.e. quality in this region falls in the acceptable WQI 

i.e. water quality is fair. The WQI calculated from data of Atta abad Lake, Khunjrab 

National Park, and Karim Abad fall in the bad zone as shown in figure. Main concern here 

and reason for framing the new WQI is the higher concentration of As in UIB. It is well 

established understanding that As basically exists in the earth rust and its average 
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concentration is approximately 5 mg/kg [55], and its introduction into water is from its 

presence in local bed rocks.   

 

Figure 11 Google map representing the sample collection points 

 

The contribution of arsenic rich bed rocks decreases with each passing day. As it is known 

to us that Attabad lake was formed back in 2010 due to massive landslide in surrounding 

of Hanza Valley in Gilgit-Baltistan. Arsenic rich local bedrocks might fall during the 
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aforementioned incident and may be contributing as a source of higher concentration of As 

and other solvents thus making the water quality bad as evident from figure 10. 

4.3.2 Deossai plan -  Gilgit Section 

The proposed WQI obtained from quality parameter and concentrations of As and Pb for 

the samples collected from Gilgit to Deossai plan is shown in figure 12. The samples 

locations are side Nallas, Asst. Nalla and Rama, Deossai plan and showtoe, respectively. 

The exact locations of sample collection points are shown on Google map shown in figure 

11. The values of WQI for the samples collected from side Nallas and Showtoe are well 

below the threshold values i.e. the water samples belonging to side Nallas are coming from 

snow covered peaks is of good quality. The samples from Deossai plan have acceptable 

WQI value i.e. water is of fair quality. The inclusion of domestic and commercial waste in 

the water of Dossai plan might be responsible for affecting the water quality parameters 

thus creating the difference in water quality in the sample. The higher value of pH (around 

8) and lower values of TDS in the samples with lower water quality as reported by Ahmed 

et al. [43] is also in favor of our argument here.  
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Figure 12: Proposed WQI of samples from Dossai  to Gilgit 

 

Figure 13: Proposed WQI of samples from Skardu to Gilgit and Naltar to Gilgit 
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4.3.3 Skardu – Gilgit Section and Naltar – Gilgit Section 

The proposed WQI shows that the quality of water from Gilgit to Sarkadu and Giligt to 

Naltar is above the acceptable level i.e. the water quality in this region are bad (see figure 

13). The data belongs to samples collected from 2427 m to 1462 m a.s.l from side Nallas 

and main river. Here in these regions arsenic and lead only are not the major contributor to 

WQI, higher concentrations of arsenic i.e. 365.4 g/l to 400.9 g/l along with highest 

values of TDS i.e.142.8821.77 ppm and 104.67±5.36 ppm [43] respectively is also 

contributing in making the quality of water bad. The erosion pressure in the UIB water 

shed due to the flow of water is mainly responsible for this increase in TDS, EC and As 

concentration per liter thus making the quality of water bad in this region. The effects of 

erosion pressure on quality parameters reported by Ahmad et al., Khan and Ali [56, 57]also 

in favor of our argument here. 

 

Figure 14:  Proposed WQI of samples from Chitral  to Gilgit  
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4.3.4 Chitral  - Gilgit Section  

The water quality from majority of collected points in Chitral to Gilgit region falls in the 

category of good water with respect to proposed WQI, except for couple of samples of side 

Nallas (see figure 14). Lower value of TDS, As, and Pb. concentration is mainly the reason 

for good quality water in this region. The water in this region comes from the snow covered 

peaks and glaciers which and falls into main sub river through side Nallas and most of side 

Nallas is clear and transparent. There are couple of side Nallas in this region which contain 

the traces of arsenic and lead might be due to dumping of domestic and commercial waste 

which belongs to the population in that region.  

 

Figure 15: Proposed WQI of samples from main Indus River 
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4.3.5 Main Indus River 

The aforementioned sub rivers situated in UIB ultimately falls in main river known as Indus 

river and this river is the back bone of Pakistan economy. In addition, several other sub 

rivers, Nallas like Khania, Dubair, Kabul Chilas also have Indus river as their final 

destination. The values of proposed WQI obtained from the data of water quality 

parameters, arsenic and lead concentrations corresponding to each water sample and its 

exact location is shown on Google map (see figure 11). The index value for each sample 

obtained in this region by using the proposed WQI is above acceptable level i.e. the water 

quality is poor throughout the main Indus River. The data and calculated WQI for 

Hyderabad show that situation is worst at that position because index value is above 30. 

Except this, the situation at other areas is not series to this extent but still it is alarming 

because water quality is just oscillating at the edge of acceptable level as evident from 

figure 15. The factors responsible for poor quality water in main Indus River are [43]: 

 Water turbidity   

 Picking of herbs and shrubs for medical use and illegal cutting forest and tress of 

environmental importance in an un controlled manner  

 Amount of dissolved Oxygen which is higher  

 The value of Oxidation Reducing Potential (ORP) which is higher  

 Water salinity   

 And most importantly the concentration of arsenic  

Heavy rain alongside the dry-banks of the aforementioned sub rivers or regions is the 

plausible reason for high value of WQI. Most of side Nallas has crystal clear water because 

they carry the water from snow covered peaks and glaciers and pass through forested areas 



 

111 
 

and/or green belts. It is therefore, amount of dirt is basically due to soil erosion, and this 

soil erosion is directly related blockage in passage of water and illegal cutting of trees and 

uprooting the herbs and shrubs for medical purposes. This increase in soil erosion in UIB 

region may be the one cause for higher concentration of arsenic and lead. In addition to 

this, increase in ORP is also another reason because heavy toxic metals usually exits in 

nitrate form i.e. Pb(NO3)2 and thus oxidizes to lead the quality of water to degrade.   

 

Figure 16: Means values of WQI from various regions of UIB  
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For conclusive statement, mean values of proposed WQI belong to each sub section are 

shown as bar graph in figure 16. The deviation from mean values corresponding to each 

study area is shown as error bar.  It can be seen that water quality from Gilgit to Nalter is 

bad and falls in fair quality band for other regions /sub rivers of UIB. More importantly the 

value of WQI from Gilgit to Hyderabad which is usually know as main Indus river and all 

sub rivers falls in this rivers is bad according to proposed WQI. This higher concentration 

of As i.e. 399.321.44 g/l is the main and extremely alarming reason for this bad WQI. 

This is because that arsenic level is well above the permissible limit which is 10 g/l 

according to WHO standards. The As level found in main Indus River is eight times higher 

than the national limit and 40 times higher than the WHO permissible limits [55].



 

113 
 

Chapter 5 

Assessing the Water Quality using Multivariate 

Statistics  

 

5.1 Introduction 

Anthropogenic distribution, e.g. sewage discharge into the river, land reclamation process 

and climate change due to atmospheric deposition effects [58] is one of the most influential 

elements in environmental concerns around the world. Due to its direct connection not only 

with human beings, but also with other animals [42], numerous scientists have devoted a 

great deal of attention in recent years to determining the value of surface water. The main 

factor influencing river water performance is typically drainage structure, geographic 

environment along with climate change, and these factors are influenced by both natural 

and anthropogenic influences [59]. Wastewater from human activities such as from 

manufacturing, farming and environmental deterioration, e.g. weathering impacts impair 

water quality not only for drinking purposes, but also not appropriate for irrigation and 

other applications. Clean water is an important part of human society's affluence, but the 

major environmental problem of the last century was the vandalization of the freshwater 

ground network [51]. The most dangerous exposure of surface water bodies was attributed 

to the position of rising industrial and residential sewage runoff along with agricultural 

land run-off. The trait of groundwater runoff is known to be a non-point source, whereas 

agricultural and urban discharges are assumed to be the main point origin owing to the 

water pollution liabilities [60]  [61, 62]. Precipitation due to climate change, surface flow, 

ground water flow and pump flow is the main responsibility for the river discharge along 
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with the concentration of pollutants on the surface water [60]. It therefore requires essential 

knowledge of hydro-morphological, hydro-chemical and hydro-biological characteristics 

to be an effective, long-lasting monitoring protocol for surface water [47]. There are other 

significant differences, such as spatial and temporal variations. Some conceptual and 

essential estimates of surface water quality [63] should be used for monitoring such 

variations, and some standards have been used for assessing water quality, e.g. in this study 

FAO-29 guidelines and WHO recommendations. 

 

 

Researchers have used numerous techniques and methods to reveal the potential hidden 

sources of pollution for different rivers around the world. For example, the Structured Best 

Management Practices (BMPs) was applied in another experiment [64] to describe the 

quantity-based sustainability index (SI). They had done this to link the quality of the water 

to the reservoir outflow. [65] defined the distribution of trace elements and their potential 

sources when establishing the indices of emissions i.e. geo-accumulation (Igeo) and 

enrichment factor (EF) during the Ave River Portugal anthropogenic stress study.  They 

had done this to connect the quality of the water with the dam outflow. [65] defined the 

distribution of trace elements and their potential sources when establishing the indices of 

emissions i.e. geo-accumulation (Igeo) and enrichment factor (EF) during the Ave River 

Portugal anthropogenic stress study. [66] investigated the waters from Uzunçayır Dam 

(Tunceli,) Turkey and concluded that the water of this Dam is safe for agriculture and 

household use. [67] measured several index values for the heavy metal accumulation at 

Kolleru Lake in Andhra Pradesh India and reported that anthropogenic feedback was 

affected by the lake. [68] assessed the Old Brahmaputra River's water quality and found 

that hidden sources including industrial effluents, municipal waste and agricultural 
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activities are responsible for the degradation of the Old Brahmaputra River's water quality. 

Gorganrood river water quality was also evaluated with new WQI and found that more 

weights were given to the parameters directly affected by anthropogenic impact to assess 

water quality [69]. Tadjan River (southern part of the Caspian Sea) sediments and 

suspended particulate matter were analyzed and the main source of pollution was pulp 

and paper mill, dairy factory and municipal wastewater [70]. There are also some important 

research on the water quality and trace elements found in Indus River in the literature. Such 

experiments showed a higher level of radioactive heavy metals in the Indus River [71] [72]; 

[73]. Pakistan's environment is severely affected by geochemical pollution through natural 

processes, i.e. alluvial material deposition through Indus Delta flooding, volcanic 

eruptions, as well as anthropogenic activities such as sewage irrigation, animal manure, 

fertilizers and pesticides, etc. This contaminated soil can result in high levels of different 

trace elements, including As in Indus River [74]. Although the studies pointed to the higher 

concentration of As and other toxic heavy metals in Indus river water, unfortunately there 

was no real effort to evaluate the actual hidden sources of pollution. Therefore, it is; during 

this multivariate statistical technique is used to disclose the actual pollution sources of the 

river Indus. 

5.2 Background Literature 

Various multivariate analytical methods are used to measure the different surface WQI 

parameters for terrestrial morphology standing. The techniques employed are, respectively, 

Hierarchy Cluster Analysis, Principal Component Analysis 

, and Discriminate Analysis. These statistical techniques allows to estimate the 

multifaceted data matrices for the understanding the quality of surface water quality in 
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better way and also permits for distinguishing the possible factors having significant 

influence on the water system. Also, statistical technique provides a tool for water-flow 

management system together with pollution problem solving. It has also been used for 

characterizing and evaluating the parameters between surface and the fresh quality of 

water, and helpful for exploring the effect of anthropogenic sources on the spatial and 

temporal variations river quality ([75]; [76] [77]. 

[78] used Cluster Analysis (CA), Main Component Analysis (PCA) and Factor Analysis 

(FA) to calculate the effects of seasonal and spatial variations on Haraz Basin's water 

quality. CA and PCA collected and analyzed sets of eight8-water quality parameters during 

the four seasons, i.e. summer and autumn 2007, winter and spring 2008. The parameters, 

which were important in one season, may not be significant in the other season, according 

to the results. The water quality criteria for the Jakara River was studied [79]. In order to 

identify the most influential parameter responsible for water pollution, they used multiple 

linear regression and PCA. In addition, PCA was used to determine the origin of the quality 

parameters used to identify the hidden sources of pollution. [80] used key element analysis 

(PCA)/factor analysis (FA) and cluster analysis (CA) with multivariate numerical 

association analysis to measure the Damodar River WQI in India. The study revealed the 

existence within the river of certain harmful chemicals. Geogenic and anthropogenic 

influences are defined by PCA / FA as the main responsible factors affecting water quality. 

[81] used Cluster Analysis (CA), Master Component Analysis (PCA), Factor Analysis 

(FA) and Discriminant Analysis (DA) to determine spatial / temporal differences and an 

extremely dynamic Fuji River Basin WQI. At thirteen different sites, about twelve 

parameters are analyzed. Review of FA showed that discharge and chemical contamination 
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were the main liable factors for reducing the performance of the water system. More 

recently, ([82]; [83]) have used the Multivariate statistics for assessing the effluent 

discharge on the irrigation water and Indus river water quality in KPK, Pakistan and found 

that effluent discharge results in the sever degradation of water quality for irrigation 

purpose. In contrast, utilizing PCA and CA, they suggest that the Indus river in the KPK 

region of Pakistan was found to be heavily affected by city effluent. In brief, over the years, 

several studies have used multivariate metrics to evaluate water quality to collect useful 

information on the required number of monitoring stations, emission sources, and analysis 

of spatial and temporal differences [84]; [85]; [86].  

5.3 Results and Discussion 

5.3.1 Descriptive measures of river water quality data 

In this study, the XSTAT software (trial version) used water quality data for PCA and CA 

after standardizing the data to unit variance and zero mean after the reported approach [87]. 

Due to high dispersion measured quality parameter’s data for all regions (i.e. M1-M6) as 

shown in figure 17, it is extremely difficult to rely on either mean value or variance for 

assessing the water quality. Therefore, coefficient of variation (CV) of quality parameters 

focused in this study are calculated from the ratio of standard deviation to mean is 

calculated. The range, mean, median, dispersion and standard deviation of each quality 

parameter is shown in figure 17 in the form of descriptive data representation while CV is 

given in table 13.  

Mean and median pH values at observation points range from M1 to M5 over lap each, 

while median values are slightly higher than those of the central Indus River (i.e. 

observation station M6). This suggests that pH does not vary greatly, and smaller values 
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of CVs indicate that the relative scale of spatial effects on pH is minor. Such findings are 

consistent with literature observations [88]; [85]. Heavy rainfall might be responsible for 

this consistency because it is “only” common factor in above mentioned studies. DO, ORP, 

EC, TDS, % salinity, As and Pb concentration have higher dispersion of data at all active 

observations sites/stations/point as evident from figure 17 (a-f) thus giving high values of 

CVs (see table 13). The highest CVs of almost all the physico-chemical parameters at M3 

while the highest mean, median values of DO, TDS are observed at M4, and ORP, As, Pb 

is observed at M6. The mean and median values of As and Pb is also significant higher at 

all stations along with the higher values of CVs. Largest variations in the mean values of 

‘DO’ and ‘ORP’ points to the high level of organic pollutants from various sources and 

decomposition [85, 87, 89]. Highest mean and average values of As from the beginning of 

Indus River suggest that it is contaminated with traces of As from the beginning and 

increases with flow if it remains in the upper Indus basin. Nevertheless, the density at the 

central Indus river is highest, but the lowest quality of CV indicates that As falls from upper 

basin effluents in the Indus valley. The TDS mean and median values at M3 is highest with 

larger CVs as evident from figure 17 and table 13 which is confirmation of high inorganic-

loading at this station because of soil erosions and agriculture activities ([90]; [89]). 
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Figure 17: Descriptive analysis of water quality data 
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Table 14: Coefficient of Variation (CV) in water quality parameters of UIB 

Quality 

Parameters 
M1 M2 M3 M4 M5 M6 

pH 0.05862 0.03395 0.03235 0.04454 0.02798 0.10346 

Do (mg/L) 0.44337 0.69481 0.90625 0.40862 0.65668 0.37309 

Do (%) 0.48706 0.93223 0.93134 0.45269 0.63853 1.53101 

ORP 0.32578 0.12623 0.18369 0.2137 0.35976 0.14286 

Cond 

(ms/cm) 

0.08591 0.51238 0.6919 0.13514 0.52085 0.6101 

TDS(ppm) 0.08877 0.5367 0.74332 0.43104 0.49662 0.67449 

Salinity(%) 0.05973 0.6935 0.66504 0.41818 0.61572 1.58771 

As (g/L) 0.01382 0.80201 1.17808 0.82926 1.74784 0.01202 

Pb (g/L) 0.08533 0.95421 0.52915 1.92162 0.64507 1.29853 

 

  



 

121 
 

5.3.2 Correlation Matrix 

The results of the correlation analysis are presented in Table 14 as a matrix of correlation, 

which is calculated by combining the mean quality parameter values of six regions 

belonging to the upper Indus basin, i.e.M1-M6. From the information it can be seen that 

most of the parameters determined in the upper Indus area have a positive correlation The 

strong positive association between pH, EC, TDS, As and Pb concentration with DO is 

very apparent from the matrix of correlation and the explanation for this connection is 

clarified in the paragraph below where the current data set PCA is conducted.  Furthermore, 

EC is strongly correlated with TDS and Pb concentration. TDS and other inorganic 

substances / metals such as Pb and As are well correlated with EC as reported [44]. It is 

worth mentioning here that As concentration is positively correlated with all parameters 

calculated with relatively strong dependency on ORP, EC, TDS and salinity. 

 

Table 15: Water quality parameters correlation matrix 

  pH 

Do 

(mg/L) ORP 

EC 

(ms/cm) TDS 

Salinity 

(%) 

As 

(mg/L) 

Pb 

(mg/L) 

pH 1        

Do (mg/L) 0.6642 1       

ORP 

-

0.5311 

-

0.1018 1      

EC (ms/cm) 0.3056 0.5279 0.1066 1     

TDS 0.5924 0.6226 -0.0676 0.9394 1    

Salinity 

(%) 

-

0.2175 0.2530 0.8862 0.04051 

-

0.0411 1   

As (mg/L) 0.0023 0.7085 0.4812 0.5967 0.4762 0.5991 1   

Pb (mg/L) 

-

0.5468 

-

0.9222 0.08630 -0.7916 

-

0.8084 -0.1233 -0.7643 1 
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Figure 18: Dendrogram representing the cluster of monitoring stations 

 

5.3.3 Cluster Analysis (CA) 

Based on water quality similarities, different UIB sampling stations are grouped into the 

clusters. Planning for future events with optimum number of sampling stations is possible 

while using this analysis technique. Moreover, this strategy also helps to reduce the cost of 

monitoring by better understanding the prevailing factors involved in a system under 

investigation. Figure 18 shows the dendrogram obtained from Hierarchy Cluster Analysis 

which generated three groups on the basis similar characteristics features. Class 1, 2, and 

3, respectively, refer to UIB's relatively poor, decent and good quality areas.  One group 

was formed in the dendrogram shown in Figure 18, i.e. M3 and M5. Group 3 is a 

comparatively less contaminated site, due to the fact that human operations at M3 and M5 
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were almost negligible. The water at M3 and M5 comes from the snow-covered peaks and 

glaciers that fall through side Nallas into the main sub river and most side Nallas are clear 

and transparent with some or no domestic effluent. Group 2 consists of sampling points 

belonging to M2 and M4, and analysis shows that this group has significantly lower water 

quality relative to Category 3, i.e. it is mildly polluted category. Together with the disposal 

of residential and industrial waste, which belongs to the community in these areas, the 

human excreta effluent discharge points are primarily responsible for water quality 

deterioration. 

Group 1 which consists of sampling points belonging to M1 i.e. (From Gilgit to Khunjrab 

pass) and M6 (Main Indus River) outline the most polluted group of the upper Indus basin. 

There are the following reasons for these sampling sites to be at highest polluted side: 

 Higher concentration of arsenic and lead  

 Higher water turbidity due inclusion of silts and rocks  

 Picking of herbs and shrubs for medical use and illegal cutting forest and trees 

of environmental importance in an un controlled manner  

 Higher amount of dissolved Oxygen (DO) 

 Higher amount of Oxidation Reducing Potential (ORP)  

 Higher percentage of salinity  

 Human excreta effluent discharge 

 Industrial waste along the main Indus river 

It is detected from research; but, with similar quality parameters and human activities, 

sampling can be performed for points / stations. The upper Indus drainage can also be 

graded as either less, slightly or extremely contaminated areas dependent on cluster 

analysis. The regions M1 (from Gilgit to Khunjrab road, which also involves the Attabad 

Lake sampling points) and M6 (main Indus river) are the most contaminated zone due to 
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the higher Arsenic content, which is 40 times greater than the levels prescribed by the 

WHO, i.e. 10 μ g / l. In fact, a faster and more effective measurement of the water quality 

of the upper Indus drainage is feasible using the spatial cluster study of different regions 

of the upper Indus basin. In particular, this study is also valuable in developing an efficient, 

more realistic and cost-effective strategy for surveillance. The sample collections from 

upper Indus basin is extremely difficult due geography of this region [43] 

[91{Chounlamany, 2017 #52] and this study suggests that number of monitoring stations 

can reduced to only three stations instead of collecting the samples from whole upper Indus 

basin.   

5.3.4 Box plots of water quality parameters 

Figure 19 provides a series of box plots with eight physico-chemical performance 

parameters in order to have a thorough examination of the cluster study shown in Figure 

18. The distribution of boxes for all Group 3 parameters is smaller. This indicates the fact 

that environmental and human activities and water quality in this group are less affected 

by quality parameters, which is also evident from the above cluster analysis. As 

concentrations in this group's samples are smaller and less dependent on temperature / 

environmental / seasonal changes. Now coming to group 2, pH, TDS and As concentrations 

have higher spread box plots (see figure 19 (a-h)) suggesting the significant impact of 

environmental change in this region. Box plots show that pH of water in this region is more 

sensitive to seasonal / environmental changes, resulting in degradation of water quality 

from group 2 among the above mentioned quality parameters. 
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Figure 19:  Box plots of (a) pH, (b) DO, (c) ORP, (d) EC, (e) TDS, (f) Salinity, (g) As, (h) Pb 

for different spatial clusters. 
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Group 1 box plots for EC, DO, ORP, Salinity and As concentration show largest spread of 

data along with bigger top and bottom whiskers for above mentioned quality parameters 

which is another confirmation of the fact that water quality parameters for sampling 

stations belonging to Group 1 are more affected due to seasonal/environmental alterations. 

Furthermore, larger spread of data as evident from larger top and bottom whiskers also 

suggests that concentrations for aforementioned parameters are highest at group 1, thus 

confirming the role of soil erosion in degrading the water quality. The dissolved oxygen 

(DO) suffer more on moving from group 3 to group 1 (see figure 19 (b)) which is the 

confirmation of the fact that among all three groups, group 1 is most polluted as far as 

organic contents are concerned. This finding is also consistent with the box spread for 

salinity of samples belonging to group 1 (see figure 19 (f)), because DO and salinity are 

negatively correlated [88]. The soil erosion due to illegal uprooting of herbs and shrubs of 

medical importance, land sliding and domestic/industrial waste are the main reasons for 

water pollution (as evident from cluster analysis) in this group. The results shown in figure 

18 and 19 are in are quite similar with the river statistical characteristics reported by 

number of researchers [84, 85, 88]. 

 

5.3.5 Principal Component Analysis (PCA) of Upper Indus River data 

The Eigen values obtained after performing the PCA of the quality parameters belonging 

to six regions i.e. M1 to M6 of upper Indus basin are shown in table 15. By retaining the 

Eigen values >1), it is evident from the results of PCA of current data that over 83 % of the 

information of original data is explained by first two sets of Eigen values. For the first two 

Eigen values, the variance percentage is 83% and for the first three Eigen values is 94%. 
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These percentages are far better than previously reported variance percentages of first two 

and three Eigen values with a focus on river quality data [88] [84] [85] thus confirming the 

application of PCA to current set of data with reasonable confidence. For six regions, i.e. 

the own values. M1-M6 is respectively 4.210, 2.462, 0.839, 0.464, 0.024 and < 0.024. For 

these regions, the higher own value for M1 suggests the large dispersion of data. The higher 

concentration of As for all sampling points and significant higher dispersion in DO, ORP, 

Salinity, and the concentration of (as evident from the descriptive analysis and box plots) 

are reason obtaining higher Eigen value during the PCA for this particular region. It is 

responsible for obtaining the Eigen value 2.462 for M2 large dispersion of pH, TDS and 

As concentration data of samples belonging to this region (see table 15). Less dispersion 

of data for all quality parameters for region M6 gives the lowest value of its own i.e. < 

0.024. 

According to PCA theory as explained by [87], parameters loadings (which are the 

projections of water quality parameters on PCs axes is the correlation coefficients among 

variable and coefficients. The factor loading retained PCs shown in table 15 are classified 

as follow [88]: 

 Factor loading > 0.75 is classified as “strong”  

 Factor loading value between 0.75 to 0.50 is classified as “moderate”  

 Factor loading value between 0.50 to 0.30 is classified as “weak”  

The variance corresponding to PC-1 is 52.63 % with strong negative factor loading (> 0.7) 

by DO, EC, TDS, As, and Pb (positive). Parameters indicating the organic pollution related 

with anthropogenic pollution sources are represented by this PC as reported in the literature 

[88]. The consumption of oxygen at larger extent during the fermentation (anaerobic) 

process by higher concentration of dissolved organic matters results in formation of 



 

128 
 

ammonia and organic acid which then cause a decrease of water pH because of hydrolysis. 

The negative loading of pH and strong positive loading of Pb shown in table 15 are also in 

favor of our argument. In addition to this DO, TDS, As with strong negative loading factors 

confirms their negative correlation with anthropogenic pollution sources and agrees with 

already reported studies [76, 88]. The quality parameters strongly contributing are % 

salinity and ORP while pH and the concentration of As are the moderate contributor to PC-

2. This reveal the fact that this PC is the representative of seasonal variations (flow of solids 

from elevated mountains and other sources during rain), soil erosions because of illegal 

cutting of forests and uprooting the herbs of medical importance [43] at massive scale  and 

agriculture activities. The negative loading of pH and strong positive loading of salinity 

(see table 15) is also in favor of our argument here. 

Table 16: Factor loadings of quality parameters 

    PCA-1 PCA-2 PCA-3 

pH -0.574 -0.617 -0.380 

Do (mg/L) -0.894 -0.057 -0.426 

ORP -0.036 0.965 0.118 

Cond (ms/cm) -0.846 0.001 0.526 

TDS -0.882 -0.203 0.347 

Salinity (%) -0.221 0.893 -0.312 

As (mg/L) -0.765 0.552 -0.051 

Pb (mg/L) 0.975 0.072 0.049 

Eigen value 4.210 2.462 0.839 

Variability (%) 52.630 30.772 10.490 

Cumulative % 52.630 83.402 93.892 
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Figure 20: PCA-1 and PCA-2 loadings of water quality parameters 
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Figure 21: PCA-1 and PCA-2 loadings of water quality parameters with confidence intervals 

Figure 20 shows the plot of quality parameters in the space of the first two PCs. It is clear 

from the calculation that PC-1 has a strong negative load on pH, DO, percent salinity, and 

Pb concentration, strong positive load on As concentration, and medium load on EC and 

ORP. This shows that PC-1 is affected by organic and inorganic pollution due to soil 

erosion, interaction between Indus river water and arsenic-rich bedrocks, and the flow of 

domestic wastewater through a number of creeks into the Indus river. The strong negative 
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loading of PC-1 on DO and pH is quite similar to the observations reported in the literature 

[88]; [83] confirm the presence of organic acids and negative DO correlation with organic 

pollutants [88]. PC-2 which is only 4.39 percent spread (the quality parameters compared 

toPC-1) has strong positive loading) on ORP, strong negative loading on As concentration 

and week to moderate negative loadings on TDS, pH, DO, and % salinity, respectively. 

This is the further confirmation of the fact that major source of pollution in upper Indus 

region is either because of toxic heavy metal like As and Pb or anthropogenic pollution 

sources. In additions to these there is some contribution of agriculture activities as well 

which have positive correlation with rain, flooding etc. 

The negative correlations of aforementioned parameters (i.e. pH, DO, Pb, and % salinity) 

with inorganic/organic pollution as shown if figure 20 is also evident from strong negative 

PC-1 loading (see figure 20) of these parameters.  Both inorganic and organic pollutants 

mainly affect the TDS, whereas inorganic pollutants affect EC only. The moderate positive 

PC-1 loading of EC points to the fact that EC is mainly dependent on the concentration of 

As and Pb. The concentration of As and Pb have strong positive and negative loading on 

PC-1, respectively (see figure 20) thus making the loading of EC moderate.  TDS has weak 

positive loading on PC-1 and weak positive loading on PC-2 suggesting the influence of 

other parameters loadings with more dominant PC-1 contributions.  Figure 21 represent 

the projection of quality parameter on PCs space with their confidence intervals and is the 

conclusive statement of PCA of quality parameters because it shows the true pictures about 

the monitoring the exact number of quality parameter for water quality assessment in upper 

basin of Indus River or upper Indus basin. According to the PCA presented in figure 21, 
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four parameter ORP, DO, and the concentrations of As and Pb are sufficient to have 

reasonable confidence on the quality of water in upper Indus basin.           

Figure 22 shows a bipolar plot of the quality parameters at different stations in the first two 

PCs space. It is evident from figure that the six regions of upper Indus basin, which are 

under investigation, form three groups: 1) M1 and M6, 2) M1 and M6, 3) M3, and M5. The 

group 3 here has strong positive loadings on PC-1, which means that 52.63 % of total 

variance belongs to group 3. With respect to active parameters, M3 and M5 form a least 

polluted group with only Pb as notable pollutant (see figure 22).  On the other hand, group 

2, which consists of M2 and M4, has strong negative loadings of active variables on PC-1 

and PC-2. However, out of eight physic-chemical parameters EC, DO, TDS and pH are the 

most prominent active variables (see figure 22) for this group which make the group 2 a 

moderate polluted group. M1 active observation site/station (as shown in figure 21) have 

weak positive and negative loadings on PC-1 and PC-2 but almost all the active parameters 

are contributing to the net pollution of M1 as evident from the figure 22  thus making M1 

as a member of worst polluted group i.e. group 1. The concentration of As & Pb, % salinity, 

and ORP are major contributor at M6 (see figure 22) thus making the M6 active 

observation/site/station a very strong negative loading on 30.77 % of total variance i.e. PC-

2. The higher concentration of As (i.e. 399.32 g/l, which is eight times higher than 

national limit, 40 times higher than the World Health Organization (WHO) permissible 

limits), significant increase in % salinity due to agriculture activities along the passage of 

main Indus river, and inclusion of industrial/domestic waste water in main Indus river are 

responsible for making M6 as a member of worst polluted group i.e. group 1. The results 



 

133 
 

of PCA shown in the bipolar plot of figure 22 are in good agreements with the results of 

CA (see figure 18) and box plots (see figure 19 (a-h)).  

 

 

Figure 22:  Bipolar PCA plot 
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Figure 23: Representation of spatial behavior of sampling network in the PCs space. 

 

In addition to this, figure 23 which show the projection of active observation sites on PCs 

space with their confidence intervals suggest that instead sampling whole upper Indus basin 

and Indus river only three monitoring stations are sufficient for stating a conclusive 

statement about the quality of water of upper Indus basin and main Indus River. 
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CHAPTER 6 

 

Water Quality Assessment using Graph Theory 

 

6.1 Introduction  

The fresh water springs are streams, water ways and lakes. Studies show that the main 

water pollutants are agricultural wastes, inhabitation and Industries[92]. In addition to this, 

fast populace development, expanded urbanization, local, provincial and municipal wastes 

into fresh water bodies worsen the quality of water [93, 94]. Research shows that annually 

80 percent of municipal and industrial wastes are thrown in water untreated. United Nations 

(UN) reported that around 1500𝑘𝑚3 Every year waste water is created that is several times 

the amount of water available in all water bodies in the world [95]. Besides, releasing 

harmful wastes into water bodies without any treatment have been proved toxic for aquatic 

life, according to its specific chemical properties, bio accessibility and aquatic species [96]. 

Moreover, global warming and climatic vulnerabilities are the prime factors that deplete 

the main water sources globally [97]. 

Pakistan is among those countries where fresh water bodies are reducing in terms of quality 

and quantity, because of low precipitation / higher dissipation brought about by 

environmental change and heavy incursion of contaminants [98]. In Pakistan researches on 

the quality of water shows that uncontrolled and untreated disposal of municipal 

contaminants into fresh water bodies are degrading the quality of water to alarming degree. 

Another study reported that heavy incursion of human excreta in Indus River is 

contaminating it and causing many deadly diseases [99]. Similarly, a research on the water 
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quality of Kallar Kahar Lake in the province of Punjab, Pakistan reported about the 

deteriorating quality of lake water above threshold value due of accumulation of toxic and 

untreated waste material [100]. Another study about the water bodies of southern region of 

Khyber Pakhtunkhwa demonstrated the presences of high amount of cations and traces of 

metals at the bottom of rivers and streams [101]. Researchers evaluated the quality of 

ground water in Bahawalpur and found toxins in it more than threshold limit [102].The 

reported results concluded that there are heavy contaminants above threshold value in the 

ground water. In a later report, it is indicated that water bodies of southern areas of KPK 

contain heavy incursion of toxic effluents and hence it is not suitable for irrigation and 

agricultural activities [83]. 

In Pakistan, water contamination is the major issue that needs legitimate observing and 

appraisal thinks about. A huge proportion of the population is living in the country side 

areas of Pakistan. The population utilizes natural water sources for their domestic needs 

and livestock. Immediate and indirect use of dirtied water spreads fatal diseases such as 

stomach ulcers, skin maladies, eye infection, hair loss and so forth [103]. It is therefore, 

this particular chapter focused on the assessing the water quality while framing new index 

named as “Baluch” Index. The ranking of 18 water samples (as far as their quality is 

concerned) collected from stations from UIB (mentioned in chapter 3) is performed with 

the help of graph theory and matrix approach. 

Graph theory could be a coherent and systematical approach. The progressed hypothesis 

of graphs and its applications are exceptionally well archived. Graph/digraph 

representations have demonstrated to be valuable for modeling and analyzing different 

sorts of systems and issues in various areas of science and innovation [104, 105]. The 
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matrix method is important for the graph / digraph template analysis to quickly deduce the 

system function and the system file to achieve the objectives. In this part of his dissertation 

on the construction of the Water Quality Assessment (WQA) graph, a graph theory and 

matrix approach are implanted in order to assess the water quality while utilizing quality 

parameters measured in terms of value. The details are given below 

6.2 Results and Discussion 

The variation on pH values for the water samples collected from the eighteen stations listed 

in Table-4 is shown in figure 24. It is evident from the figure that pH values fluctuate from 

8.1 to 8.4, which is above the recommended range 6-8 for good quality water. The average 

value for whole set of data is 8.25. Although according to allowed range as per National 

environmental quality standards (NEQ’s), the reported values of pH are fine but still at all 

stations values are touching the upper allowed range (i.e. 8.5) that is concern able and this 

issue need to be addressed as far as assessing the water quality is concerned. This is because 

of the reason that these samples are from UIB where majority of water coming the snow 

covered peaks and glaciers, and still showing the pH values well above 7. The highest value 

of pH among all collected sample is 8.4, which is for the sample collected from Chillas, 

which is while the lowest among the collected ones is 7.9, which belong to sample collected 

from Shung. The plausible reasons for water being basic in nature at all collected station 

during this study are: 
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Figure 24 Vibration in pH values of water samples from UIB 

 

1. Addition of carbonated rich minerals during the run off of river which are there in 

the soil sample  

2. Agriculture run off, domestic and commercial waste  

The higher value at Chillas is supporting our argument that in addition to addition of 

carbonated rich minerals during the, agriculture run off and domestic waste is also 

responsible for observed higher value of pH at this station. 
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Figure 25 : Variation in TDS values of samples from UIB 

 

Shown in figure 25 are the values of TDS in mg/L for all monitoring stations, which are 

under investigation in this study. It is evident from figure that the TDS values lies between 

50 mg/L to 250 mg/L, which is in the range as far as prescribed National limits are 

concerned. However, the higher values i.e. 200 mg/L and >200 mg/L for the samples 

collected at Dandai, Bilani, and Gunar stations is of extreme concern because such higher 

amount of TDS at the start of Indus river indicate that TDS amount in main Indus river and 

at lower Indus Basin will be significantly higher. This is due to agriculture rich nature of 

Indus delta, and it is well established understanding that agriculture runoff is one of major 
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cause of increase the amount of TDS. Soil erosion, heavy rain runoff might be responsible 

for slight higher amount of TDS at some stations.  

 

 

Figure 26 :Variation in Hardness Total, Ca, Mg, of samples from UIB 
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Figure 26 reveals the Hardness (Total, Ca, and Mg Harness) in collected water sample in 

mg/L as CaCO3 from under investigation monitoring stations mentioned in Chapter 3. The 

average value of total hardness is around 150 mg/L as CaCO3, which is due to higher values 

of Ca hardness. The average values of Ca hardness is 90 mg/L as CaCO3 while the average 

values of Mg hardness is 50 mg/L as CaCO3 (see figure 26). The higher amount of Ca 

hardness as CaCO3 is due to addition of carbonated rich minerals during the soil erosion 

along the flow of river, and carbonated rich minerals are there in the soil samples. This 

factor is also responsible for increasing the pH of collected samples as shown in figure 24. 

Shown in figure 27 is the concentration of SO4-2
 ions and Cl-1 ions in mg/L in each sample. 

As it is evident that the concentration of both ions is very low, except Chillas, Komaila, 

Kotgal where the concentration of SO4-2
 ions is significantly higher and reaches to a value 

of 110 mg/L for sample collected from Komaila station. Sulfates are the second main 

bicarbonate in hard water tanks. Sulfates (SO4-2) may occur naturally or as a result of 

municipal or industrial discharge. When naturally occurring, they often result from falling 

leaves in a river, water going through rocks or soil containing gypsum and other common 

minerals, or a deposition of the atmosphere. Main sources include wastewater processing 

plants and industrial waste disposal systems such as tanneries, pulp mills and fabrics. The 

rush of fertilized land also helps to sulphate. The reason for higher concentrations of        

SO4-2
 ions in aforementioned 3 stations might be the Agriculture run off, domestic and 

commercial waste.  
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Figure 27: SO4-2 and Cl-1 ion fluctuation for collected samples from UIB 

 

Figure: 28 EC in US/cm of water samples represented as a function of stations 
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Shown in figure 28 are the values of EC in S/cm for each collected sample from different 

stations belonging to UIB. It is evident from figure that the average value of electrical 

conductivity is 300 S/cm. The highest value of EC belongs to the sample collected from 

Bisham, which is approximately 400 S/cm while the lowest value of EC belongs to the 

sample collected from Jijal. Following are the plausible reasons for the concentrations of 

higher values of EC: 

1. TDS 

2. Addition of minerals due to soil erosion 

3. Agriculture run off 

4. Water flow 

5. Inclusion of minerals due to decomposition of leaves etc.  

Salts and other inorganic chemicals are divided into small electrically charge ions when 

they dissolve into water. Ions increase the water's ability to provide electricity. Electrical 

current common ions of water include sodium, chloride, calcium and magnesium. The 

existence of Ca and Mg ions is reported above in all collected samples, which is due to the 

addition of carbonated rich minerals during the run off river, which are there in the soil 

sample. Although, separately each quality parameter reflects some information about the 

water quality at each station but as a whole, it is very difficult for policy makers to decide 

at which stations the quality of water is the best. In order to have conclusive saying about 

which stations is the best as far its quality on the basis of investigating the quality 

parameters is concerned, a new quality index named as “Baluch” Index is framed while 

constructing the Water Quality Assessment (WQA) graph. The detail about the WQA 

graph and calculation of “Baluch” index is given in chapter 3.  In the subsequent section 

the stepwise detail of calculating the “Baluch” index value is given 
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6.3 Case Study: Calculation “Baluch” Index for UIB 

For assessing the water quality for the monitoring stations of UIB mentioned in chapter 3, 

different methodological steps are explained above, are carried out as described below: 

 

Step-1 

In this study, the parameters, which are used for calculating the “Baluch” Index are pH, 

TDS, Total Hardness, Ca Hardness, SO4
2-, CI-, Mg Hardness, EC. The quantitative data of 

the parameters for all 18 stations is given below in Table 16 

 

Table 17:  Quality parameters quantitative data 

Stations pH TDS 
Total 

Hardness 
Ca Hardness Sulphate CI- 

Mg 

Hardness 

Dandai 8.11 200 82 52 8.3 4.004 30 

Bilani 8.15 200 83 60 8.7 5.005 23 

Gunar 8.31 240 188 106 6.4 9 82 

Jalipur 8.18 120 106 58 4.6 3 44 

Chillas 8.4 40 114 8.4 1.9 3.2 42 

Komaila 8.25 80 160 92 114 3 68 

Kotgal 8.21 40 72 54 27 8 18 

Pattan 8.11 80 136 100 72 3 36 

Thakot 8.15 40 180 100 4.2 6 80 

Jijal 8.2 120 152 96 3.2 8 56 

Dubair 8.26 120 160 106 0 3 54 

Torghar mud 8.26 200 142 108 5 3 34 

Darband 8.08 200 208 128 3.1 10 80 

Bisham 8.34 200 140 100 5.4 5.005 40 

Kamach 8.12 160 85 49 7.2 3.003 36 

Judbah 8.04 40 97 49 7.5 7.007 48 

Shang 7.97 80 87 51 6.8 4.004 36 

Serai 8.2 120 96 32 7.9 4.004 64 
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Step-2 

The Quantitative data given in table 17 is normalized while following the methodology 

explained above in section 5. The normalized data is given in table 16 below: 

Table 18:  Normalized data values 

Stations  pH 
TDS 

(mg/L) 

Total 

Hard-

ness 

Ca 

Hard-

ness 

SO4
2- 

(mg/L) 

CI- 

(mg/L) 

Mg 

Hardness 

EC 

(S/cm) 

Dandai 
0.9827 0.2000 0.8780 0.6154 0.0602 0.7493 0.6000 0.0035 

Bilani 

0.9779 0.2000 0.8675 0.5333 0.0575 0.5994 0.7826 0.0037 

Gunar 

0.9591 0.1667 0.3830 0.3019 0.0781 0.3333 0.2195 0.0035 

Jalipur 

0.9743 0.3333 0.6792 0.5517 0.1087 1.0000 0.4091 0.0058 

Chillas 

0.9488 1.0000 0.6316 0.4444 0.2632 0.9375 0.4286 0.0054 

Komaila 

0.9661 0.5000 0.4500 0.3478 0.0044 1.0000 0.2647 0.0034 

Kotgal 
0.9708 1.0000 1.0000 0.5926 

0.2632 
0.3750 1.0000 0.0108 

Pattan 
0.9827 0.5000 0.5294 0.3200 0.0694 1.0000 0.5000 0.0038 

Thakot 

0.9779 1.0000 0.4000 0.3200 0.1190 0.5000 0.2250 0.0039 

Jijal 

0.9720 0.3333 0.4737 0.3333 0.1563 0.3750 0.3214 1.0000 

Dubair 

0.9649 0.3333 0.4500 0.3019 1.0000 1.0000 0.3333 0.0039 

Torghar 

mud 

0.9649 0.2000 0.5070 0.2963 0.1000 1.0000 0.5294 0.0038 

Darband 0.9864 0.2000 0.3462 0.2500 0.1613 0.3000 0.2250 0.0029 

Bisham 
0.9556 0.2000 0.5143 0.3200 0.0926 0.5994 0.4500 0.0038 

Kamach 
0.9815 0.2500 0.8471 0.6531 0.0694 0.9990 0.5000 0.0037 

Judbah 
0.9913 1.0000 0.7423 0.6531 0.0667 0.4281 0.3750 0.0038 

Shang 
1.0000 0.5000 0.8276 0.6275 0.0735 0.7493 0.5000 0.0034 

Serai 
0.9720 0.3333 0.7500 1.0000 0.0633 0.7493 0.2813 0.0036 
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Step-3 

 

Decision matrix is constructed while writing the relative importance of parameters i.e. rij 

as explained above. The values of relative importance are assigned based on expert survey. 

The detail about expert survey is given in Chapter 3. The decision matrix is given below 

 

 

Table 19: Decision matrix while considering the relative importance (rij) of the parameter 

 pH 
TDS 

(mg/L) 

Total 

Hard-

ness 

Ca 

Hard

-ness 

SO4
2- 

(mg/L) 

CI- 

(mg/L) 

Mg 

Hard-

ness 

EC 

(S/cm) 

pH - 0.135 0.255 0.335 0.335 0.255 0.41 0.045 

TDS (mg/L) 0.865 - 0.745 0.745 0.745 0.745 0.745 0.5 

Total 

Hardness 
0.745 0.255 - 0.5 0.5 0.5 0.5 0.045 

Ca Hardness 0.665 0.255 0.5 - 0.5 0.5 0.5 0.045 

SO4
2- (mg/L) 0.665 0.255 0.5 0.5 - 0.5 0.5 0.045 

CI- (mg/L) 0.745 0.255 0.5 0.5 0.5 - 0.5 0.045 

Mg Hardness 0.59 0.255 0.5 0.5 0.5 0.5 - 0.045 

EC (S/cm) 0.955 0.5 0.955 0.955 0.955 0.955 0.955 - 

 

 

 

 

Step-4 

 

Finally, “Baluch” index is calculated for each monitoring station. The index value is 

calculated while using the relation and given in table below 

 

“Baluch” Index = Per (A) 

Where “A” is the square matrix with diagonal elements belonging to normalized values of 

quality parameter of each stations  
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Table 20 Calculated values of "Baluch" Index from the quality parameters of each stations 

Sr. No Stations  “Baluch” Index 

1 Dandai 1.36267 

2 Bilani 1.26055 

3 Gunar 0.8707 

4 Jalipur 1.42533 

5 Chillas 1.53544 

6 Komaila 1.30688 

7 Kotgal 1.40435 

8 Pattan 1.37349 

9 Thakot 1.14205 

10 Jijal 2.003 

11 Dubair 1.26125 

12 Torghar mud 1.26209 

13 Darband 0.856165 

14 Bisham 1.06432 

15 Kamach 1.51355 

16 Judbah 1.30032 

17 Shang 1.43303 

18 Serai 1.31982 

 

 

 

It is evident from Table above that the water collected from station number 13 i.e. Darband 

has lowest value of “Baluch” Index which is 0.856165, which is reflecting the fact that 

water collected from Darband is of best quality. From the experimental data shown above 

one can clearly sees that this stations has the lowest value of pH, which is the main 

concerned quality parameter as far as water quality of all stations is concerned (see figure 

of pH data). 
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CHAPTER 7 

Summary, Conclusion, and Future Recommendations 
 

7.1 Summary   

Water Quality Indices (WQIs) have been proposed since 1965, which reflect the status of 

water quality, by collecting measured values of specified criteria, basically its purpose is 

to identify the overall status of the river’s water quality. Although there are some 

restrictions on the use of WQIs, their ease and scientific basis, WQIs have become one of 

the best way for communicating the quality of water in rivers.  Various agencies and 

researchers with the aims to improve existing index or current indicators have developed 

numbers of quality indices but there has not been any single WQI, which may globally 

acceptable. However, there is not a single effort in the literature (to the best of our 

knowledge) to develop the WQI for Indus river. Hence, in this thesis an effort is made to 

frame a WQI for specific this river i.e. Indus river while considering the local or regional 

constraints. In order to do the aforementioned task a comprehensive review of already 

existed WQIs was necessary to form the solid foundations for developing the new index 

for assessing water quality of specific region or area.  

During the course of this research, following three challenges were required to be 

addressed in order to develop the new quality index named as Indus River Water Quality 

Index (INRWQI): 

 Figuring out major pollutant factors or set of quality parameters  

 Figuring out the required numbers of monitoring stations  

 The involvement of local conditions and experts opinion  
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More specifically, upper basin of Indus river is assessed by framing a systematical 

methodology while following FAO-29 guidelines and WHO recommendations. For this 

purpose AHP method utilized for framing the INRWQI which is sensitive to concentrations 

of toxic metals like As and Pb. In addition to this effect of anthropogenic and natural 

pollution sources is also investigated in upper plane of Indus basin by using the statistical 

analysis. Furthermore, a new, novel, more generic, and extremely sensitive quality index 

named as “Baluch” Index is introduced in the course of this study. This index is extremely 

sensitive for all quality parameter with respect to their allowed range as mentioned in FAO-

29 and WHO guidelines. A slight shift of any quality parameter from lowest allowed value 

is reflected in the final calculated “Baluch” index value. The efficiency/importance of these 

studies along with their significant conclusion is summarized in the following sections of 

this chapter. 

7.2  Conclusion 

INRWQI obtained by amending the NSFWQI relation according to FAO-29 and WHO 

guidelines shows that the water quality can be divided three bands representing good, fair 

and bad quality water. The water quality from sixty-four samples representing six sampling 

regions of UIB is assessed by using INRWQI. It is found that this new index is extremely 

sensitive to toxic heavy metals i.e. arsenic and lead. The proposed new WQI in this study 

confirms that higher concentration of arsenic i.e. approximately 400 g/l is responsible for 

bad water quality of Indus River from the start. The aforementioned concentration of 

arsenic is 40 times higher than minimum WHO recommended level of arsenic 

concentration, which is 10 g/l. The soil erosion due to illegal uprooting of herbs and 
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shrubs of medical importance, land sliding and domestic/industrial waste are the main 

reasons for bad quality water (as obtained from suggested WQI) in Upper Indus Basin.  

Furthermore, CA reveals that UIB monitoring can be done while dividing the region into 

three clusters representing good quality water (M3 & M5), moderate quality water 

(M2&M4) and worst quality water (M1 & M6) cluster, respectively. Three latent factors 

are responsible for explaining the 93.87 % of total variance as confirmed by PCA. The 

parameters, which are significantly influenced by anthropogenic impact, seasonal 

variations, and soil erosion, are DO, EC, TDS, concentration of As (g/l). The 

concentration of Pb (g/l) is influenced by anthropogenic sources only while the (%) 

salinity and ORP are influenced due to agriculture activities and run off as confirmed by 

PCA. The box plots results are also supporting the PCA outcomes. The highest pollution 

is observed at M1 and M6 with the concentration of As being the dominant factor in making 

this group as worst polluted group.  

A step further, a new index named as “Baluch” Index is framed while using the concepts 

of graph theory and matrix approach, which made possible for assessing the quality of 

water based on experimental measured values of quality parameter. The proposed index 

not only considers quality parameter, their interrelations, their concentration, and expert 

opinion but also extremely sensitive to the recommended range for each quality parameter 

during the process of assessing the water quality at monitoring stations. The “Baluch” 

index is more generic in Nature and quantitative and qualitative considerations water 

quality parameters at the same time, can be applied for any water reservoir and for any 

region. As a case study, it is applied for assessing the quality of water sample collected 

from 18 stations of UIB while utilizing the data of 9 quality parameters and “Baluch” index 
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for Darband station has lowest value i.e. 0.85 and “Baluch” index highlights the situation 

that all stations have relatively higher values of pH, which is concern able problem. 

Furthermore, this new index indicates the lowest quality water of Jijal stations due to 

relatively higher values of pH (i.e. 8.25) and Cl- ion, above average values of TDS, 

Hardness, SO4
2- ion concentrations. Finally, it is suggested that the results reported in this 

thesis and two indices framed during the course of this research can be utilized for 

designing a comprehensive monitoring protocol especially for the monitoring of Indus 

River by saving this important resource of Pakistan. 

7.3 Recommendations 

Two recommendations from this study, including guidelines for further research and 

remediation to apply the practical knowledge created in these research subsections, are 

presented in the following section 

7.4 Recommendations for further research 

It should be noted that this WQI, in the methodology developed for selecting parameters, 

has potential for use in other rivers of Pakistan and/or in other countries in the region. Thus, 

users of the index could consider developing a uniform set of parameters in other provincial 

or international regions, as demonstrated in the case study of the main rivers of the regions. 

In addition, taking into account the importance of the opinion of local experts in the 

development of the WQI, it is also important to ensure that the review of parameter weights 

is carried out through the involvement of relevant stakeholders in the field of water quality. 

During the application of the selection parameters for cost-effective monitoring, another 

area for improvement of the study was identified. In this study, the proposed methodology 

was applied only to monitoring stations with the required water quality data. As a result, 
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only limited number of stations, parameters, and only upper basin of Indus river were 

selected in this study. In future applications, the screening and identification of the 

parameters recommended for continuous monitoring and discontinuation should be re-

established on a regular basis by using a longer time series of water quality data.  

Additional criteria for critical factors may be included in similar studies through the 

involvement of local experts. If considered in the future, the AHP may also be used to 

define additional critical factors. A survey using AHP to obtain weights (as was done in 

this study) may also include questions about critical factors as part of the questionnaire. 

Thus, combining the survey on additional critical factors through the opinion of local 

experts with that on weights would result in more effective time management. Furthermore, 

“Baluch” index introduced first ever time in this study for assessing the water quality of 

upper basin of Indus can be further refined to assess the other rivers in Pakistan and other 

countries as well. As this index is more generic and sensitive because it also senses the 

allowed lower range of each quality parameter. It is therefore, feasibility of testing this 

index worldwide can also be explored in future.    

7.5 Recommendations for practical implementation 

Water authorities in Pakistan will benefit from INRWQI and “Baluch” Index development 

and the results of its implementation as the both indices offer a more cost-effective, generic, 

and sensitive comparison of the general status of river water quality (as opposed to the 

currently used WQIs worldwide). Therefore, the government of Pakistan and water 

resource authorities in Pakistan can use the contrast of the general status of water quality 

in monitoring stations in UIB along the main Indus River to enhance their water quality 

management programs. It can also be used to take important steps to improve the quality 
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of water of Upper Indus Basin as a better starting point. The results of the application of 

the INRWQI provided information on the general status of water quality at upper basin and  

all possible inflow in main Indus River. The use of INRWQI in this study may also be used 

for assessing the most important water reservoir of Pakistan i.e. Indus River for proposing 

the relevant management programs by water authorities within the country. Appropriate 

projects can also be implemented across the country to enhance the water quality of the 

water reservoirs. 

INRWQI's results also suggest that, due to domestic and commercial waste, the final index 

value in of main Indus river have either low or marginal water quality, which, in effect, 

demonstrate a lack or less coverage for waste water treatment in residential as well as 

industrial areas. Therefore, it is urgently necessary to provide an intermediate measure to 

improve wastewater treatment on site or off site, in particular for sources of this pollutant. 

Finally, it should be noted that WQIs are also a key element or predictor of wider indices 

of environmental or natural resources. Another index is the “Baluch” Index developed 

during this study for the first time to the best of our knowledge while utilizing the concepts 

of graph theory and matrix algebra. This index is more generic and sensitive because of the 

fact the it is able to sense and reflect the slight change in each water quality parameter from 

lower allowed limit i.e. “Baluch” Index is also sensitive as far as range of each quality 

parameter is concerned. The numbers of parameters are also flexible as far as during the 

assessing the water quality on the basis of “Baluch” Index value. 
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