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Abstract

This study comprised the development of a new index called the ‘universal water quality index (UWQI)’. This index has 
advantages over pre-existing indices by reflecting the appropriateness of water for specific use, e.g. drinking water supply 
rather than general supply, and has been developed by studying the supranational standard, i.e. the European Community 
Standard. Three classification schemes for water quality are proposed for surface water quality assessment. Water qual-
ity determinants of the new index are cadmium, cyanide, mercury, selenium, arsenic, fluoride, nitrate-nitrogen, dissolved 
oxygen, biochemical oxygen demand, total phosphorus, pH and total coliform. The mathematical equations to transform the 
actual concentration values into quality indices have been formulated. The weighted sum method was proposed to obtain 
overall index scores based on individual index (sub-index) values. The application of the new index was demonstrated at a 
sampling station on Tahtali Reservoir in Turkey based on observed water quality data. Results revealed that the overall qual-
ity of the surface water falls under the ‘excellent’ class. On the other hand water quality was strongly affected by agricultural 
and domestic uses. This technique is believed to assist decision makers in reporting the state of the water quality, as well as 
investigating spatial and temporal changes. It is also useful to determine the level of acceptability for the individual parameter 
by referring to the concentration ranges defined in the proposed classification scheme.

Keywords: sub-index value, Tahtali Reservoir, water quality determinant, water quality index, water quality 
standard

Introduction

The quality of water is defined in terms of its physical, chemical 
and biological parameters, and ascertaining its quality is cru-
cial before use for various intended purposes such as potable 
water, agricultural, recreational and industrial water uses, etc. 
(Sargaonkar and Deshpande, 2003). A major objective of water 
quality assessment is to determine whether or not the water 
quality meets previously defined objectives for designated uses, 
to describe water quality at regional, national or international 
scales, and also to investigate trends in time, etc.
 Traditional approaches to assessing water quality are based 
on a comparison of experimentally determined parameter values 
with existing guidelines. In many cases, the use of this meth-
odology allows proper identification of contamination sources 
and may be essential for checking legal compliance. However, it 
does not readily give an overall view of the spatial and temporal 
trends in the overall water quality in a watershed (Debels et al., 
2005).
 One of the difficult tasks facing environmental managers is 
how to transfer their interpretation of complex environmental 
data into information that is understandable and useful to tech-
nical and policy individuals as well as the general public. This is 
particularly important in reporting the state of the environment. 
Internationally, there have been a number of attempts to produce 
a method that meaningfully integrates the data sets and converts 
them into information (Nagels et al., 2001).
 Since 1965, when Horton (1965) proposed the first water 
quality index (WQI), a great deal of consideration has been given 

to the development of ‘water quality index’ methods with the 
intent of providing a tool for simplifying the reporting of water 
quality data (Liou et al., 2004). WQI improves understanding of 
water quality issues by integrating complex data and generating 
a score that describes water quality status and evaluates water 
quality trends. These indices assess the appropriateness of the 
quality of the water for a variety of uses (Cude, 2001). They are 
considered more appropriate for disseminating information to 
general audiences.
 The WQI concept is based on the comparison of the water 
quality parameter with respective regulatory standards (Khan et 
al., 2003). The development process of a water quality index can 
be generalised in four steps:
 Selecting the set of water quality variables of concern – 

parameter selection
 Transformation of the different units and dimensions of 

water quality variables to a common scale – developing 
sub-indices

 Weighting of the water quality variables based on their rela-
tive importance to overall water quality – assignment of 
weights

 Formulation of overall water quality index – aggregation of 
sub-indices to produce an overall index (Harrison et al., 
2000).

Universal Water Quality Index (UWQI)

In this study a new index called the Universal Water Quality 
Index (UWQI) was developed to provide a simpler method for 
describing the quality of the surface water used for drinking 
water supply. UWQI has advantages over pre-existing indices 
by reflecting appropriateness of water for specific use - drink-
ing water supply rather then general supply and has been devel-
oped by studying the supranational standard. Previous indices 
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were mostly developed in order to assess stream-water quality 
for general recreational uses. In addition they were based on the 
national standards of any particular country and this limited 
their application to within the country of origin.
The UWQI was developed on the basis of the following water 
quality standards:
 ‘The quality required of surface water intended for the 

abstraction of drinking water in the Member States 75/440/
EEC’ set by the Council of the European Communities (EC, 
1991) 

 ‘The classification of inland waters according to quality - 
Turkish water pollution control regulation - WPCR’ (Offi-
cial Gazette, 1988)

 Other reported scientific information 

According to EC legislation (75/440/EEC), water quality of 
surface waters intended for the abstraction of drinking water is 
classified into three groups. For each class the treatment level 
required to transform surface water into drinking water is dif-
ferent and can be summarised as:
• Class I: Simple physical treatment and disinfection, e.g. 

rapid filtration and disinfection
• Class II: Normal physical treatment, chemical treatment 

and disinfection, e.g. pre-chlorination, coagulation, floc-
culation, decantation, filtration, disinfection (final chlorina-
tion)

• Class III: Intensive physical and chemical treatment, 
extended treatment and disinfection, e.g. chlorination to 
break-point, coagulation, flocculation, decantation, filtra-
tion, adsorption (activated carbon), disinfection (ozone, 
final chlorination) (EC, 1991).

This classification is based on the assessment of about 45 water 
quality parameters including physical, chemical and micro-
biological variables such as temperature, pH, colour, sodium, 
biochemical oxygen demand, mercury, lead, iron and total col-
iform, etc. Each class is characterised by numerical values for 
these parameters. Turkish WPCR also has quite a similar cate-
gorisation scheme, the main difference being that a Category 
IV is added to the Turkish standard water quality parameters, 
in which the values exceed those set for Category III. In this 
study a 4th class was excluded when considering appropriateness 

of water for potable purposes. UWQI parameters (water qual-
ity determinants) were selected among these 45 parameters. The 
concentration ranges of the determined variables for three cat-
egories were defined by referring to the 75/440/EEC and Turk-
ish WPCR. In general among both standards the more restricted 
value for each class was accepted as the reference value.
 After water quality variables of the index had been deter-
mined, mathematical equations which transformed the actual 
concentration values into individual quality indices were formu-
lated for all the parameters. Assignment of weights to variables 
was followed by aggregation of sub-indices using the weighted 
sum method to obtain an overall index value.

Selection of water quality determinants: In drinking water 
quality monitoring, priority should be given to those substances 
which are known to be of importance to health and which are 
known to be present in significant concentrations in the water 
source (WHO, 2006a). Experience has shown that microbial 
hazards continue to be the primary concern in both developing 
and developed countries (WHO, 2004a). Based on the fact that 
microbiological contaminants have the greatest health impact 
this category has the highest priority in water quality monitor-
ing. In addition it is important that monitoring of chemical 
water quality is linked to a process of hazard identification and 
risk assessment. There are a number of parameters that, when 
used in conjunction with a pollution source assessment, pro-
vide a good overall indication of chemical water quality. These 
parameters and others whose impact on human health or the 
environment are great should be included in initial testing. The 
presence at high levels of these pollutants in the source water 
may indicate that other analyses are required. These variables 
include nitrate, pH, fluoride and dissolved oxygen (WHO, 
2006b). Furthermore, in assessing the chemical water quality, 
it is also important to consider arsenic and selenium. Extensive 
international experience has shown that when arsenic, sele-
nium, fluoride and nitrate are present in excessive quantities 
they cause widespread detrimental health effects in humans 
as a consequence of exposure through drinking water (WHO, 
2004b). Arsenic, selenium and fluoride occur in water natu-
rally. Nitrate may naturally occur but can also originate from 
agricultural sources, sewage disposal and urban runoff. Agri-
cultural sources may indicate that there will also be a problem 

TABLE 1
 Classification of water quality for the development of UWQI

Parameter Unit Class I
(excellent)

Class II
(acceptable)

Class III
(polluted)

Remark

Total Coliform CPU/100 mℓ 50 5000 50000 It is used to indicate whether other potentially harmful 
bacteria may be present

Cadmium mg/ℓ 0.003 0.005 0.010
Chemicals from industrial and domestic dischargesCyanide mg/ℓ 0.010 0.050 0.100

Mercury mg/ℓ 0.0001 0.0005 0.002
Selenium mg/ℓ 0.010 0.010 0.020

Naturally occurring chemicalsArsenic mg/ℓ 0.020 0.050 0.100
Fluoride mg/ℓ 1 1.5 2
Nitrate-nitrogen mg/ℓ 5 10 20 Chemicals from agricultural activities
DO mg/ℓ 8 6 3

Operational monitoring parameters
pH 6.5-8.5 5.5-6.4

8.6-9
<5.5
>9

BOD mg/ℓ <3 <5 <7 Indicator of organic pollution
Total phospho-
rus-PO4-P

mg/ℓ 0.02 0.16 0.65 It is included to satisfy the ecological requirements of 
certain types of environment
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with other agricultural pollutants such as pesticides (WHO, 
2004b). Toxic chemicals in drinking water such as cadmium, 
cyanide, mercury, etc. should also be included in the initial test-
ing, because their existence in drinking water causes more seri-
ous health effects compared to the others. Even some param-
eters such as pH or dissolved oxygen are not set at international 
drinking water standards and have direct health effects, so it 
may be important to assess the performance of control meas-
ures at appropriate time intervals.
 All these factors were taken into account in selecting water 
quality determinants of the UWQI. Faecal coliform has been 
included as indicator parameter of microbial contamination for 
UWQI. In order to prevent long-term health effects from exposure 
to contaminants, second priority was given to nitrate, arsenic, 
selenium, fluoride, cadmium, cyanide and mercury. Operational 
monitoring parameters such as dissolved oxygen and pH were 
also selected for UWQI calculation. Finally, biochemical oxygen 
demand (BOD), an indicator of organic pollution in water and 
phosphorus, was included to satisfy the ecological requirements 
of certain types of environment.

Sub-index development: The proposed classification for UWQI 
along with ranges of concentrations of selected parameters based 
on standards is given in Table 1. 
 Considering the required level of treatment, in this study 
each class of water is assigned as:
• Class I: excellent
• Class II: acceptable
• Class III: polluted

Sub-indices are value functions (rating curves) to transform the 
different units and dimensions of water quality variables to a 
common scale. Development of rating curves is highly subjec-
tive and mostly based on the judgment of the author and a few 
of his associates. In this study opinions of the 14 water experts 
working at different institutions were asked about this process. 
They agreed to assign fixed sub-index values for reference con-
centration values to formulate equations. Accordingly, if the 
content of a detected parameter was lower than the value set for 
Class I the water quality sub-index was automatically registered 
‘100’. Similarly for the variable that exceeds the value set for 
Class III, the water quality sub-index was registered ‘0’. A fixed 
sub-index value which corresponds to the values in the ‘accept-
able class’ category was assigned as ‘50’.
 Mathematical expressions were fitted for each parameter to 
obtain these fixed sub-index values (0, 50 and 100) against refer-
ence concentrations. Regression analysis was performed for this 
purpose using the ‘Statistical Package for the Social Science 
Software-SPSS-10.0 for Windows’. Mathematical equations are 
given in Table 2. 

Overall index calculation - aggregation of sub-indices: 
Aggregation of sub-indices was performed using the weighted 
sum method. The assignment of weights to water quality vari-
ables was another task. Factors taken into account for the assign-
ment process are summarised as:
• Chemical parameters had a lower weight than microbiologi-

cal parameters, because microbial contaminants belong to 
the greatest health impact category

• High weight was given to those parameters of known health 
concern

The temporary weights ranged from 1 to 4 on a basic scale of 
importance. On this scale 1, 2, 3 and 4 denote respectively little, 

TABLE 2
Mathematical equations formulated for UWQI

Variable Range Sub-index function
BOD X<3

3≤X<5
5≤X<7
X≥7

y=100
y=-25X+175
y=-22.5X+162.5
y=0

Nitrate X≤5
5<X≤10
10<X≤20
X>20

y=100
y=-10X+150
y=-4.5X+95
y=0

Arsenic X≤0.02
0.02<X≤0.05
0.05<X≤0.1
X>0.1

y=100
y=-1666.7X+133.33
y=-900X+95
y=0

Dissolved 
oxygen

X≥8
8<X≤6
6<X≤3
X<3

y=100
y=25X-100
y=15X-40
y=0

Fluoride X≤1
1<X≤2
X>2

y=100
y=-95X+194.17
y=0

Total 
phosphorus

X≤0.02
0.02<X≤0.16
0.16<X≤0.65
X>0.65

y=100
y=-357.14X+107.14
y=-91.837X+64.694
y=0

Mercury X≤0.0001
0.0001<X≤0.0005
0.0005<X≤0.002
X>0.002

y=100
y=-125000X+112.5
y=-30000X+65
y=0

Selenium X≤0.01
0.01<X≤0.02
X>0.02

y=100
y=4500X+95
y=0

Cyanide X≤0.01
0.01<X≤0.05
0.05<X≤0.1
X>0.1

y=100
y=-1250X+112.5
y=-900X+95
y=0

Cadmium X≤0.003
0.003<X≤0.005
0.005<X≤0.010
X>0.010

y=100
y=-25000X+175
y=-9000X+95
y=0

Total 
coliform

X≤50
50<X≤5000
5000<X≤50000
X>50000

y=100
y=-10.857lnX+142.47
y=-21.715lnX+284.95
y=0

pH 6.5≤X≤8.5
5.5≤X≤6.4 and 
8.6≤X≤9
X<5.5 and X>9

y=100
y=50

y=0

average, great and very great importance. Each weight was then 
divided by the sum of all weights to arrive at the final weight 
factor (see Table 3).
 The aggregation function is represented as:

where:
 Wi = weight for ith parameter
 Ii = sub-index for ith parameter (symbolises with ´y` of  
   Table 2)

UWQI = i

n

i
i Iw�

�1
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Considering treatment required to transform surface water 
into drinking water and based on expert opinions the proposed 
UWQI index categorisation scheme is given in Table 4.

mathematical expressions that were given in Table 2 to assign 
each parameter a value of between 0 and 100. To calculate the 
sub-indices, the characteristic value was accepted as 90th per-
centile of data set for each parameter. In the last step a weighted 
sum method was employed to obtain overall index values using 
weights which are given in Table 3. Results are presented in 
Table 6.
 The index value was calculated as 94.5 which  almost fell 
under the ‘excellent water’ class (index value between 95 and 
100. See Fig. 2). On the other hand sub-index values were the 
lowest for the parameters total phosphorus, BOD5, nitrate-
nitrogen and also total coliform. Low values for nitrate-nitro-
gen and total phosphorus can be explained by the presence of 
agricultural activities in the basin where 18% of the total area 
is agricultural land. In addition, low BOD5 and total coliform 
sub-indices were the indicators of negative effects of the domes-
tic discharges caused by urbanisation. As has been mentioned 
above, the region has long been subjected to rapid increases in 
population since the 1990s and 60 000 people live in the catch-
ment area as of 2000. In spite of all the preventative measures 
taken by the local authorities, it is clear that domestic discharges 
and agricultural activities are major threats to reservoir water 
quality. 

Conclusion

This study comprised the evolution of a new index called the 
Universal Water Quality Index (UWQI). It provides a simple 
representation of the extensive and complex variables (physical, 
biological and chemical) that govern the overall quality of sur-
face water that is intended for potable use. Based on expert opin-
ions and international experiences, 12 water quality parameters 
including cadmium, cyanide, mercury, selenium, arsenic, fluo-
ride, nitrate, dissolved oxygen, BOD, phosphorus, pH and total 
coliform were considered as the significant indicator parameters 
of UWQI to assess the quality of surface water sources. The 
application of the new index was demonstrated at a sampling 
station on Tahtali Reservoir in Turkey based on observed water 
quality data. Results revealed that the overall quality of the  

TABLE 3
 Significance ratings and weights assigned to 

variables of concern
Category Variable Rating Weight factor
Health hazard Total coliform 4 0.114

Cadmium 3 0.086
Cyanide 3 0.086
Mercury 3 0.086
Selenium 3 0.086
Arsenic 4 0.113
Fluoride 3 0.086
Nitrate-nitrogen 3 0.086

Operational 
monitoring

DO 4 0.114
pH 1 0.029

Oxygen 
depletion

BOD 2 0.057
Total phosphorus 2 0.057

TABLE 4
UWQI index categorisation scheme

Rank WQI value

Excellent 95-100

Good 75-94

Fair 50-74

Marginal 25-49

Poor 0-24

 The index value between 0 to less than 25 represents poor 
quality, 25 to less than 50 marginal quality, 50 to 75 fair quality, 
75 to less than 95 good quality and above excellent quality.

Application of UWQI to Tahtali Reservoir water 
quality data

The proposed water quality classification scheme was applied to 
assess the water quality status at Tahtali Reservoir, which is the 
main drinking water reservoir for the City of Izmir in Turkey. 
Tahtali Basin is located in the western part of the country. Loca-
tion of the Basin is shown in Fig. 1. The climate of the region is 
typically Mediterranean: hot and dry in summers and temperate 
and rainy in winters. The land area of the Tahtali Basin is approx-
imately 550 km2, with forest and agriculture as the primary land 
uses. The region has long been subjected to rapid increases in 
population since the 1990s and 60 000 people live in the catch-
ment area as of 2000. The existing situation in that region is that 
this water is the main source for many decades for Izmir City 
where approximately three million inhabitants live. This conclu-
sion increases the priority to protect the Basin water with respect 
to pollution and over-abstraction (Alpaslan et al., 2002).
 The water quality data of the unique observation site in 
the reservoir were considered for estimation of UWQI. The 
subset of the data included 12 parameters for index calcula-
tion. Descriptive statistics of these parameters are presented in  
Table 5. Statistical calculations were performed using SPSS 10.0 
for Windows.
 In the second step sub-index values were calculated using 

Figure 1
Location of Tahtali Basin WQI
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surface water belonged to the ‘excellent’ class. On the other 
hand water quality was strongly affected by agricultural and 
domestic uses. Therefore priority should be given to minimising 
these pollution sources to maintain or improve water quality in 
the basin.

 Water quality assessment by means of an index is easier than 
comparing experimentally determined parameter values with 
existing guidelines. This new index is believed to assist decision 
makers in reporting the state of the water quality, and investiga-
tion of spatial and temporal changes. In addition it is useful to 
determine the level of acceptability for the individual parameter 
by referring to the concentration ranges defined in the proposed 
classification scheme. 
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