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ABSTRACT 
Use specific Water Quality Index for Irrigational use (WQII) has been developed and water 
quality of Satluj river has been evaluated. Water quality parameters have been grouped in two 
sub-indices categories: general parameters (SIgp) and heavy metals (SIhm). General water quality 
parameters include 12 variables: Sodium Absorption Ratio, Total Dissolved Solids, 
Conductivity, BOD5, Chloride, Fecal coliform, COD/BOD5 ratio, Boron, Total-N, pH, iron and 
fluoride. Open ended list of heavy metals has been considered. Since no standard limits exist 
against pesticides group of parameters, hence not considered for inclusion in the indexing. 
Relative weights assigned to the general parameters through expert opinion analysis by pair-wise 
comparison of the parameters and SIgp was calculated by weighted root sum function. One metal, 
from the big list of heavy metals whichever is at highest concentration ratio in the water, has 
been considered as maximum operator sub-index (SIhm). Transformation curves for each of the 
parameters were developed while using the water quality criteria and standards as the basis. 
Overall WQII has been obtained by geometric mean of all the sub-indices and multiplied by 100. 

Key  Words : Water Quality Index, Irrigational use, Pair-wise comparison, Maximum 
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INTRODUCTION 

Rivers due to their role in carrying off the 
municipal and industrial wastewater and run-
off from agricultural land in their vast 
drainage basins are among the most 
vulnerable water bodies to pollution.1 For 
effective water pollution control and water 
resources management, interpretation of a 
large number of water quality data is 
required. Results, available in the form of a 
huge and complex data matrix on a large 
number of physico-chemical parameters are 
often difficult to interpret and draw 
meaningful conclusions.2 Traditional 
approaches to assess river water quality are 
based on the comparison of experimentally 
determined parameter values with the 
existing local standard values. In many 
cases, use of this methodology allows proper 
identification of contamination sources and it 

may be essential for checking legal 
compliances. However, this methodology 
does not provide global vision on the spatial 
and temporal trends in the overall water 
quality in a watershed.3 
Water Quality Indices (WQI) are intended to 
provide simple and easy to understand 
information for the managers and decision 
makers on the water quality and possible 
uses of a given water body. These provide a 
mechanism for presenting a cumulatively 
derived numerical expression defining a 
certain level of water quality.4  Development 
and use of WQIs for monitoring the water 
quality of streams and rivers and lakes has 
become a routine for many environmental 
agencies throughout the world. Use of WQI 
was initially proposed by Horton.5 Since 
then,   many   methods  for the calculation of  
WQI’s have been developed.6-8 In general, 
they      all    consider   similar   physical and  *Author for correspondence 
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chemical parameters but differ in the way the 
parameter values are integrated and 
interpreted. 
In India, all the important rivers are 
monitored and vast monitoring data has been 
accumulated in the process over the years. 
But, the data has remained underutilized in 
the river water quality management for 
reasons of limited ability to communicate the 
data to the people, who really matter, in the 
language they understand. Quite a few 
workers have tried to use the WQIs available 
for the communication of the water quality 
monitoring data but with limited success.9-11 
Review of these attempts has indicated that 
purposeful communication of the water 
quality data by the existing WQI is not 
possible at least because of the following 
reasons : 
 Use of indicators rather than attributes of 

quality as parameters 
 Not considering the parameters (like 

heavy metals, pesticides and other toxic 
pollutants) that may often matter in many 
of the cases in India 

 Lack of rating curves for the parameters 
being monitored 

 Lack of openness to allow the flexibility 
of inclusion or exclusion of parameters  

 Existing WQIs focus mostly on general 
water quality and are not use specific  

AIMS AND OBJECTIVES 
In view of this, a study has been instituted to 
develop use specific WQI for irrigational 
water qualities. The WQII developed is 
supposed to have the openness and flexibility 
required for objective and purposeful 
reporting of the water quality of all the rivers 
across the country. Further, efforts have been 
made to make the WQI calculations user 
friendly through excel worksheet.  

MATERIAL AND METHODS 
Study area and water quality monitoring 
program of Satluj river 
The river Satluj is one of the five great rivers 
of undivided Punjab. It originates in Tibetan  

Plateau, flows through the Himalayan Range  
in Indian state of Himachal Pradesh, and 
enters the plains of Punjab near Nangal. 
Beyond Nangal the river flows across the 
Punjab plains for about 238 km and then 
joins the river Beas at the Harike wetland 
system (internationally recognized Ramsar 
wetland site). In this 238 km stretch of the 
river, the Himachal Pradesh hills bordering 
the Punjab state and the agricultural plains 
and urban settlements of a major part of the 
Punjab state constitute the catchments of the 
river Satluj. Watershed area of the river in 
this stretch is about 10,880 km2 (between 31 
45’ N 74 57’ E and 30 45’ N 76 50’ E). 
Most of the river water is diverted for 
irrigation, municipal and industrial uses at 
the Nangal head-works and very little of the 
river water flows in the river beyond Nangal. 
Downstream to the confluence point with the 
river Beas, at the Harike head-works, the 
river water is again mostly diverted for 
irrigation, municipal and industrial uses. 
Agricultural drainage and storm-water are 
the major contributors of both water and 
pollution loads to the river mainly through 
five tributaries Swan river, Sirsa river, 
Siswan river, Budha Nala and East-Bein 
river. In addition to this, urban settlements 
(Nangal, Ropar, Phillaur, Ludhiana, 
Phagwara, Jallandhar, Nawashahar and 
Hoshiarpur and others) and multitude of 
industries (textile processing, metal surface 
finishing, leather processing, distilleries, 
fertilizer, chemical, etc. industries) also 
contribute water and pollution to the river.  
Satluj river water quality monitoring 
program was instituted in July 1996 by 
National River Conservation Directorate 
(NRCD), Ministry of Environment and 
Forests, Government of India, New Delhi, 
through Thapar University. The Satluj river 
has been monitored at 8 stations within the 
238 km stretch (Fig. 1 and Table 1). In the 
present study, data from these eight 
monitoring stations located on the main 
rivers have been considered. 
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Fig. 1 : Map of river Satluj watershed showing monitoring stations 

Table 1 : Description of monitoring stations at river Satluj, Punjab, India 

Station Sampling scheme Station specification 

SAT – 01 
(Nangal) 

By boat from the 
middle of the 
reservoir 

Reservoir upstream to Nangal Dam, No 
domestic/industrial activity, crematoria,washing, 
bathing and boating, lift irrigation, headworks for take-
off Nangal Hydel Canal and Anandpur Sahib Hydel 
Canal 

SAT – 02 
(Anandpur Sahib) 

By bridge from 
the middle 

20 km from Nangal Dam, NFL and PACL are located 
on the upstream side 

SAT – 03 
(Bunga Sahib) 

By bridge from 
the middle 

37 km from Nangal Dam, downstream to the river 
Swan a seasonal rivulet, commercial fishing  

SAT – 04 
(Ropar Head 
Works) 

By boat from the 
middle of the 
reservoir 

59 km from Nangal Dam, headworks for take-off 
Sirhind canal and Bist Doab canal, wastewater 
discharge of thermal power plant, recreational 
activities, boating, water games 

SAT – 05 
(Phillaur u/s) 

From the left bank  135 km from Nangal Dam, upstream to Phillaur drain, 
sand extraction from river bed, downstream to 
industrial discharges from Ropar, Agricultural runoff 

SAT – 06 
(Phillaur d/s) 

By bridge from 
the middle 

136 km from Nangal Dam, Downstream of Phillaur 
drain and upstream to Budha Nala, agricultural runoff 

SAT – 07 
(Sangowal 
village) 

By bridge from 
the middle 

171 km from Nangal Dam, downstream to Budha Nala 
and upstream to the tributary East-Bein 

SAT – 08 
(Yusufpur) 

By Bridge from 
the Left, Middle 
and Right 

218 km from Nangal Dam, downstream to the tributary 
East Bein, sand extraction 
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RESULTS AND DISCUSSION 
Development of Water Quality Index for 
Irrigational use (WQII) 
The proposed Water Quality Index is a 
decreasing scale index (the index numbers 
decrease with the increasing degree of 
pollution). WQII calculations involved 
selection of parameters, assignment of weights 
to the selected parameters, transformation of 
the monitored parameter values into Common 
Environmental Scale Units (CESU) through 
use of Parameter Rating Curves/Equations 
(PRC/E) and aggregation of the parameter 
values into the final index score. 
Selection of parameters and assignment of 
weights  
Water quality is a composite and complicated 
term. It is expressed in terms of a large number 
of and a wide variety of (sometimes eclipsing) 
variables. Practicability, technological and 
economical constraints often restrict 
monitoring of the water quality in terms of the 
desired set of indicators and force 
compromises. Conventionally expert opinion 
has been the basis for the selection of 
parameters for WQI. But, this approach is 
fraught with both uncertainty and subjectivity. 
Recent trend has been to depend on the water 
quality criteria and standards. Non-existence of 
any standard or criterion for a specific 
parameter/variable was considered to indicate 
its least importance in describing the water 
quality.  On the basis of the water quality 
standards and criteria and the literature on 
water quality, separate sets of parameters/ 
variables have been screened for irrigational 
use.  
The lists of probable parameters for 
irrigational use were categorized into two 
groups: General parameters and heavy metals 
(open ended list of parameters). General water 
quality parameters and relative weights 
assigned to them are given in Table 2. 
Assignment of relative weight to the 
parameters was done through the expert 
opinion analysis. The expert opinion analysis 
was carried out using a pair-wise analysis 
technique.12 Each of the panelists was asked to 
make pair-wise comparison of the parameters 
and rate the first parameter of the pair against 

the second by one of the following five 
options: Much more important (+2), More 
important (+1), Equally important (0), Less 
important (-1), Least important (-2). Ratings of 
each of the experts were analyzed to get the 
individual expert’s relative weights for the 
parameters. Sum of weights assigned to all the 
parameters was taken as a unity. Through 
combining the relative weights assigned by all 
the experts for individual parameters and 
taking arithmetic mean, final relative weights 
for the individual parameters were obtained. 
Parameter rating curves/transformation 
equations construction 
Different parameters occurring in different 
ranges, expressed in different units and having 
different sensitivities are not compatible for 
the direct aggregation. Values of the 
parameters, prior to the aggregation, should be 
converted into compatible Common 
Environmental Scale Units (CESU). In the 
present study, a common environmental scale 
unit with 0-1 range had been considered. For 
facilitating the conversion of the monitored 
parameter values into the CESU values, 
specific Parameter Rating Curves or 
Transformation Equations (PRC/TE) were 
developed. These PRC/TE were divided on the 
scale of 0 to 1 into five sections: the worst 
quality (0-0.08), poor quality (0.08-0.30), 
moderate quality (0.30-0.70), good quality 
(0.70-0.92) and the excellent quality (0.92-
1.00).  
Water quality standards and criteria of several 
official bodies, the Indian effluent standards 
and the literature available on water quality 
were used as the bases in the development of 
the PRC/TE.13-26 The total possible range of 
monitored values, which a parameter can take, 
were first sectionalized and related with the 
five sections. Rating curves for the parameters 
were then obtained through plotting the 
parameter values in CESU against the 
corresponding range of monitored values of 
the parameter. Transformation equations were 
obtained through transforming the plotted 
curves into equations through curve fitting. 
Statistical testing, such as, chi-square test and 
regression coefficient have been used in the 
final selection of the transformation equations 
for the parameters. 
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For toxic metals a slightly different approach 
was followed for the development of PRC/TE. 
The metal concentration was first converted 
into a concentration ratio scale by dividing the 
actual value with the water quality standard 
prescribed for that specific heavy metal. The 
resultant concentration ratio scale was then 
divided into 5 sections to correspond with the 
five sections of the CESU range for obtaining 
the PRC/TE.  
Concentration ranges expected for all the  
potential general water quality parameters and 
PTE are given in Table 2. Though water 

quality criteria and standards were used as the 
bases, some degree of subjectivity was forced 
into the development of parameter rating 
curves/transformation equations specially for 
dividing the range of parameters’ values into 5 
sections. Differences in the criteria and 
standards prescribed among different nations 
and organizations have also made this 
subjectivity inevitable. Sectionization of the 0-
1 CESU into five sections (for relating with the 
actually measured values) has also been quite 
arbitrary, but done using the standard normal 
distribution curve as the basis. 

Table 2 : Selected parameters, their assigned weights, concentration ranges and 
transformation equations 

Parameter 
Concentration 

range Transformation equation Weight 

Sodium absorption ratio 0 – 40 y = 0.032x2 – 3.557x + 98.80 0.122 

TDS (mg/L) 0 – 3500  y = 4E-06x2 – 0.043x + 106.8 0.107 
Conductivity (µS/cm) 0 – 6000  y = 2E-06x2 – 0.030x + 105.8 0.101 

BOD5 (mg/L) 5-100  y = -28.6ln(x) + 135.4 0.098 
Chloride (mg/L) 0-900  y = -2E-05x2 – 0.080x + 100.3 0.095 

Fecal coliform 
(mpn/100ml) 

0 – 1000  y = -4.7772ln(x) + 103 
0.082 

1000-1000000 y = -8.9341ln(x) + 132 
COD2/8.33*BOD5 ratio 40-750 y = -29.9ln(x) + 202.9 0.081 

Boron (mg/L) 0 – 15 y = 96.421e-0.1697x 0.081 

Total-N (mg/L) 0 – 100  y = 96.57e-0.02x 0.076 

pH 

2.7 – 4.0 y = 76.35ln(x) – 75.86 

0.060 

4.0 – 7.5 y = -3.852x2 + 64.61x – 
167.18 

7.5 – 11.2 y = -2.649x2 + 30.33x + 
22.268 

11.2 – 12.0 y = 21.66x2 – 540.1x + 3362 

Iron (mg/L) 
0 – 3 y = 98.848e-0.116x 

0.054 
3 – 100 y = -17.782ln(x) + 87.564 

Fluoride (mg/L) 0 – 15 y = 101.89e-0.171x 0.044 

Heavy metal conc. ratio 0 – 16 y = 101.9e-0.15x --- 

Aggregation of parameters 
For each of the two groups of selected parameters, 
sub-indices were developed on 0-1 scale, sub-
index for general parameters (SIgp) and sub-index 
for   heavy    metals (SIhm).   Sub-index for general  

parameters (SIgp) was calculated by weighted root 
sum function. Parameter CESU values were 
multiplied with their respective relative weights 
and summed up. Square root of this sum was 
taken as the sub-index SIgp (Table 3). 
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Table 3 : Sub-index calculation for the general parameters 

Water 
quality 

parameter 
(i) 

Monitored 
value of the 
parameter 

(Pi.Mon.) 

Parameter 
value in CESU 

(PCESU) 

Relative 
weight 

assigned to the 
parameter (W) 

 
 ×   

1. P1.Mon. P1.CESU W1 ଵܲ.ாௌ ×  ଵܹ 

2. P2.Mon. P2.CESU W2 ଶܲ.ாௌ ×  ଶܹ 

… … …  … 

I Pi.Mon. Pi.CESU Wi ܲ.ாௌ ×  ܹ 

… … …  … 

N Pn.Mon. Pn.CESU Wn ܲ.ாௌ ×  ܹ 

   ܹ = ܫܵ 1 = ට ܲாௌ ×  ܹ 

 
In case of the heavy metals, maximum 
operator concept27-31 was used for identifying 
the metal parameter to be considered in the 
sub-index calculations. Measured values of 
these parameters were first converted into 
concentration to standard ratios (ri) (Eq.1). 
Then the parameter that has the maximum ri 
value within the group of parameters is 
considered further (Eq.2) and transformed into 
common environmental scale units (rCESU) 
using the rating curve/transformation equation 
for the metals. The obtained rCESU value was 
considered as the sub-index value for the group 
of the parameters.  

i

i
i S

C  r                (Eq.1) 

Where  
ri = concentration ratio of ith substance,  
Ci = substance with concentration (mg/L) and  
Si = prescribed standard value of the ith 
substance  

     (Eq.2) 
Geometric mean of the two sub-indices has 
been taken as the overall WQI. For obtaining 
the WQI on 0-100 scale, the geometric mean 
value was multiplied by 100 (Eq. 3).  

2
1).(100 hmgpI SISIWQI                      (Eq.3) 

Evaluation of the Satluj river water quality 
by application of WQII  
The Satluj river water quality monitoring 
data obtained at the 8 monitoring stations 
along the main river for the period April 
2010 to March 2011 have been analyzed. 
During this period the parameters were 
monitored monthly. Seasonal variations in 
the calculated WQII score are given in   
Table 4 and shown in Fig. 2. While 
observing the WQII scores, it was revealed 
that water quality at all the 8 stations has 
been found good to excellent ranging from 
84.26 - 98.49. In this case also low scores 
were observed in summer and higher scores 
were mostly in monsoon. This effect might 
be due to low flow in the river. Mean WQII 
scores were on higher side in the upper and 
middle stretch (from SAT-1 to SAT-6) of the 
river in winter and in lower stretch (SAT-7 
and SAT-8) in monsoon. 
When looked from the view of spatial 
variability, the water quality was the lowest 
by most of the time at SAT-7 and SAT-8. 
This has been along the expected lines and 
could be due to the Budha Nala and East-
Bein discharges into the river upstream to 
SAT-7 and SAT-8 respectively. Spatial 
trends of different WQIs along the river over 
the period are shown in Fig. 3. 
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Table 4 : Patterns in seasonal variations in WQII 

Station Summer Monsoon Winter Annual 
Mean SD Mean SD Mean SD Min Max Mean SD 

SAT-1 97.90 0.41 96.52 1.51 98.00 0.49 95.17 98.49 97.47 1.11 
SAT-2 96.20 1.43 97.41 0.30 96.94 0.94 94.16 97.83 96.85 1.05 
SAT-3 97.26 1.06 97.66 0.48 97.93 0.28 95.81 98.34 97.62 0.69 
SAT-4 96.38 1.32 96.87 0.75 97.50 0.05 94.42 97.61 96.91 0.93 
SAT-5 95.45 2.05 96.32 0.99 96.40 0.20 92.42 97.02 96.06 1.27 
SAT-6 93.15 1.67 95.76 1.20 94.11 2.00 91.10 96.60 94.34 1.87 
SAT-7 88.71 3.14 92.66 1.90 89.73 2.82 84.26 95.07 90.37 2.98 
SAT-8 89.61 2.89 93.35 0.77 90.48 3.26 85.46 95.28 91.14 2.85 
 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 : Comparison in WQII score with respect to seasons at different stations of river Satluj, 
Punjab, India 

 
Fig. 3 : Spatial variations in WQII score of river Satluj, Punjab, India 

 
On the basis of the WQII, the Satluj river 
stretch can be divided into two sections : the 
river stretch upstream to SAT-6 and the river 

stretch downstream to SAT-6. The upstream 
stretch of the river carried relatively better 
quality water. The mean values of WQI score 
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were in the range of excellent water quality 
with lower standard deviations. The 
downstream stretch of the river experienced 
steep decline in water quality upto SAT-7 and 
water quality slightly recovered beyond SAT-
7. This stretch experiences rapidly increasing 
flow of water. Municipal and industrial 
wastewater, including the treated effluent from 
the STPs of Phillaur and Ludhiana, in the form 
of Phillaur drain and Budha Nala is discharged 
into the river in this stretch. Water quality in 
this stretch of the river appears heavily 
depends on the effectiveness of sewage 
diversion and treatment by the STPs of both 
Phillaur and Ludhiana cities. The river water 
quality is apparently not much influenced by 
the discharges of the East-Bein, which carried 
municipal and industrial wastewater of 
Phagwara and Jalandhar cities into the river 
upstream to SAT-8. This could be because of 
the fact that the effluent of the East-Bein, 
though discharged into the river upstream to 
SAT-8, might not have properly mixed with 
the river water.  

CONCLUSION 
WQII has been developed keeping in mind the 
water quality management of surface water 
resources for their specific irrigational uses. 
All the parameters for which prescribed water 
quality criteria and standards exist have been 
selected for inclusion in the WQII. Developed 
WQII is open to allow the flexibility of 
inclusion or exclusion of any parameter. 
Application of the WQII to the monitoring data 
available has indicated the importance of 
including the heavy metal parameters in the 
WQI. The WQII together with the SIhm will be 
of immense help in deciding the strategies and 
programs for the river water quality 
management, specially, through source control 
of pollution. Water of river Satluj diverted at 
many places for irrigational and municipal 
uses and the river is also feeding Ropar 
wetland and Harike wetland systems (both are 
Ramsar sites). The developed WQII were 
applied on the Satluj river water quality data 
(from eight monitoring stations) for monthly 
monitoring data for the period 2010-1.  During 
the period, the river water quality was found to 
be good to excellent quality. On the basis of 
the spatial trend in WQIs, the Satluj river 

stretch is divisible into two sections: the river 
stretch upstream to SAT-6 with relatively 
better and slowly deteriorating water quality 
(WQII >92) and the river stretch downstream 
to SAT-6 with rapidly declining water quality 
(WQII <92). The WQII scores estimated will 
also be useful to ascertain suitability of the 
water for the conservation of status of the 
Satluj river, Punjab, India. 
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