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Abstract: The present study attempts to examine the comparative performance of seven different
WQIs, as they were computed for Polyphytos Reservoir-Aliakmon River in Greece, based on water
quality monitoring data for the period between June 2004 and May 2005. The WQIs applied were:
Prati’s Index of Pollution, Bhargava’s Index, Oregon WQ)I, Dinius’ Index, CCME WQIL, NSF WQI
and the Weighted Arithmetic WQI. Significant discrepancies were observed in classification results
between the different methodologies. Among others, it was concluded that NSF and Bhargava
indices classify the reservoir in higher quality classes, Prati’s and Dinius indices in medium, while
CCME and Oregon in lower quality categories.
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1. Introduction

The continuous pressures on the existing water systems, due to both natural and man-made
causes, require systematic monitoring and evaluation of their quantitative and qualitative status. In
particular, the qualitative assessment of water bodies constitutes a process whose importance has
been recognized in the last decades. According to the EU 2000/60 Water Framework Directive,
measures should be applied to improve the water quality of aquatic systems in Europe and, in
particular, to ensure that all water bodies achieve “good” water quality by 2015. For this purpose, a
prior assessment and classification of their ecological and chemical status needs to be implemented.
However, the European framework only gives the general guidelines and does not provide any
specific tools in order to evaluate and classify the aquatic systems. Undoubtedly, this has a negative
effect on the compatibility between the methodologies that different member States utilize as well as
on the ability of comparing classification results derived for different types of aquatic systems (i.e.,
lakes, rivers, groundwaters, coastal areas etc.) [1,2].

Based on the above, it becomes clear that an appropriate methodology must be established,
which will evaluate and classify each water body, in a way uniform and compatible among all
different aquatic systems and member states. In this context, the contribution of Water Quality
Indices (WQIs) could be of determinant importance. WQIs constitute methodologies able to integrate
a large number of water quality data, i.e., concentrations of quality parameters measured at a specific
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location and time in a particular water body, into a single value (score) which expresses the current
quality status of the given body. Based on appropriate classification schemes, determined by each
individual methodology, these scores correspond to specific quality classes (often from 1 to 5), each
expressing a specific quality condition, such as “very bad”, “bad”, “medium”, “good”, or “excellent”
water quality [3]. Thus, the main advantages arising from the application of WQIs are: (a) the
attribution of a simple and comprehensible, even to non-experts, quality characterization to the water
body under consideration, facilitating public information; and (b) the establishment of a common
reference framework for the comparison of different water bodies [4]. Regardless of the specific
characteristics of each individual method, WQI application includes: (a) the selection of a certain
combination of quality parameters; (b) the normalization of their concentrations through a
mathematical function (subindex function), in order to make them comparable; (c) the assignment of
a weighting factor to each individual variable, depending on its relative importance to the overall
water quality; and (d) the aggregation of the normalized values of individual quality variables to
produce a single result (usually expressed on a scale from 1 to 100), which will reflect the overall
quality status of the water body being examined.

Beginning with Horton’s Index (1965) [5], a large number of indices have been developed for the
evaluation of the quality status of water bodies. Many researchers, on a global scale, have
implemented WQI studies in order to investigate the reliance these tools provide under different local
conditions [6-18]. At the same time, several scientists have attempted to apply different WQIs in a
certain water body in order to evaluate their comparative performance [1,19,20].

The present study attempts to apply five different WQIs in a lacustrine water body in Greece,
that of Polyphytos Reservoir-Aliakmon River, in Kozani, based on monitoring data for the period
between June 2004 and May 2005. The indices which were applied were the: Prati’s Index of Pollution
[21], Bhargava’s Index [22], Oregon WQI [23], Dinius’ Index [24], and the Weighted Arithmetic WQI
[25]. Furthermore, the results of CCME and NSF WQI values, as derived for the same water body and
monitoring period by Alexakis et al. [1], were used in order to obtain a more complete view of the
comparative performance of the individual indices. The main objectives of this work were: (a) to
assess the quality status of the given body; and (b) to draw conclusions regarding the effect of the
selected methodology on the qualitative ranking.

2. Materials and Methods

2.1. Area of Application

Polyphytos Reservoir is located in the Region of West Macedonia, Greece, and more specifically,
in the Regional Unit of Kozani. Based on the administrative division of the latter into four
municipalities, the reservoir falls into the administrative boundaries of the Municipalities of Kozani
and Serbia-Velventos. The artificial lake was created in 1972 after the construction of the Polyphytos
dam in Aliakmon River, with main objective to cover the water needs of the area for irrigation and
hydropower. Other uses for which the reservoir is exploited today are fishing, recreation and potable
water supply. Detailed descriptions of the reservoir and Aliakmon River are presented by Gikas et
al. [26] and Alexakis et al. [1].

Potential point and non-point sources of pollution of the reservoir may be, among others,
livestock and agricultural activities, the operation of small milk and meat processing industries, as
well as the existence of thermal power plant and coal mining in the area between the cities of Kozani
and Ptolemaida. In addition, many cities or villages in the area use the main reach of Aliakmon River
upstream of the reservoir, as well as some torrents ending directly into the lake, as receivers of their
municipal wastewater, part of which is untreated [1,26].

2.2. Water Quality Monitoring

In the present study, in order to apply the individual WQIs and assess the quality status of the
water body being examined, thirteen water quality parameters were taken into account: temperature
(T), dissolved oxygen (DO), pH, electrical conductivity (EC), turbidity, biochemical oxygen demand
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(BOD:s), chemical oxygen demand (COD), total suspended solids (TSS), nitrite nitrogen (NO2™-N),
nitrate nitrogen (NOs-N), ammonia nitrogen (NH4*-N), total Kjeldahl nitrogen (TKN) and total
phosphorus (TP). It is mentioned that the above parameters were used depending on the
methodological framework of each individual methodology, as each index integrates a different
combination and number of quality parameters. All the necessary data, i.e., monthly concentrations
of the physico-chemical parameters at specific positions of the reservoir, were collected during a
previous study [26]. A detailed description of the monitoring network is given by Gikas et al. [26].
Briefly, the sampling period lasted one year (from June 2004 to May 2005), during which water
samples were collected on a monthly basis at three different monitoring stations (P1, P2, P3) along
the reservoir and at two different depths, i.e., at the surface and close to the bottom. In particular, the
monitoring station P1 (further upstream station) was installed at Rymnion bridge, where Aliakmon
River drains into the reservoir, the second station (P2) at Serbia bridge, while the third one (P3) at
Polyphytos dam. The exact locations of the three stations are presented in Figure 1.
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Figure 1. Morphology of Aliakmon River Basin and positions of the monitoring stations P1, P2 and
P3 in Polyphytos Reservoir.

2.3. Application of the Methodology

As mentioned, the five WQIs applied were the: (a) Prati’s Index of Pollution [21]; (b) Bhargava’s
WOQI [22]; (c) Oregon WQI [23]; (d) Dinius second index [24]; and (e) Weighted Arithmetic WQI [25].
Also, the results of the application of CCME (Canadian Council of Ministers of Environment) and
NSF (National Sanitation Foundation) WQIs, for the same water body and the same monitoring
dataset, presented by Alexakis et al. [1], were used. The selection of the above indices was made
taking into account the compatibility of the type of water use they evaluate and the availability of the
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water quality data necessary for their computation. Among them, the Weighted Arithmetic WQI
examines the water quality exclusively for drinking purposes and, consequently, its application in
the present study has mostly a research character. Detailed descriptions of the calculating
frameworks, as well as the classification schemes of the five indices utilized, are given in relevant
publications [21-25]. For further details regarding the application of each individual methodology
and the assumptions made in the present work one can refer to [27].

The water quality parameters included in each WQI are presented in Table 1. In addition, given
that the calculation of the Weighted Arithmetic WQI requires the use of boundary concentration
values defined by the user, the quality standards utilized in this study are also provided. These values
were determined synthetically based on the guidelines of Directive 98/83/EC [28], Joint Ministerial
Decision 46399/4352/86 [29], World Health Organization [30], and CCME [31].

Table 1. Selected parameters taken into consideration in the computation of the individual WQISs.

Variable Prati’s Bhargava’s Oregon Dinius Weighted Arithmetic WQI-
Index WQI WQI Index Recommended Standard Values
T - 3 Xl - -

DO \ v \ \ V5 mg/L [28]

pH S - S S \ 6.5-9.5 [28]

EC - v - V 2500 pS/cm [28]

Turbidity - v - - \5 NTU [30]
BOD:s y v S \ V3 mg/L [29]
COD v - - V30 mg/L [29]

TSS v - v - V25 mg/L [29]
NO»-N - - - - V'3 mg/L [30]
NOs-N y - 1 \ V50 mg/L [28]
NHs-N \ v\ V1 - V0.5 mg/L [28]

TKN - - - - V1 mg/L [29]

TP - - S - V 0.05 mg/L [31]

! In the computation of Oregon WQ, the sum of NOs-N and NH4*-N was taken as one quality parameter.

Each WQI was calculated separately for each month during which a sampling campaign was
undertaken and for each individual monitoring station (P1, P2 and P3) and depth (i.e., surface or
bottom). According to the classification system of each methodology, the monthly WQI values were
assigned to a certain water quality class from 1 to 5, where class 1 indicates the worst water quality
level (e.g., poor or unacceptable water quality) and class 5 corresponds to the best one (e.g., excellent
water quality). Based on this process, the variation of the quality class during the monitoring period,
for each individual index, was determined (Figure 2).

In order to classify the reservoir according to its overall water quality, the worst quality scenario
was taken into consideration, i.e., the overall quality of the water body was determined by the month
and the monitoring station with the lowest quality class. The results of the final classification of
Polyphytos reservoir based on ach index applied are presented in Table 2.
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Figure 2. Variation of the quality class in Polyphytos reservoir according to each WQI applied at each
of the three stations and two depths: (a) monitoring station P1-surface; (b) monitoring station P1-
bottom; (c) monitoring station P2-surface; (d) monitoring station P2-bottom; (e) monitoring station
P3-surface; (f) monitoring station P3-bottom.

Table 2. Final classification of Polyphytos reservoir based on the worst quality scenario for each WQI

applied.
Worst Quality Class Position Where the
WOQI Scenario for Each Quality Characterization Worst Scenario Was
Methodology (1-5) Recorded
Prati’s Index of Pollution 2 Pollution P1 (bottom)
Bhargava’s Index 3 Satisfactory water quality P2 (bottom)
Oregon WQI 1 Very poor water quality P1 (surface)
NSF WQI [1] 2 Bad water quality P2 (surface)
CCME WQI [1] 1 Poor water quality P1 (surface)
Weighted Arithmetic WQI 1 Unacceptable for drinking purposes P2 (surface)
Dinius Index 1 Unacceptable water quality P1 (bottom)

3. Results and Discussion

Figure 2 presents the variation of qualitative class (from 1 to 5) during the monitoring period in
Polyphytos reservoir. Observing the following results, it becomes clear that significant discrepancies
are recorded in the qualitative classification among the individual methodologies. More specifically,
based on the quality class results (1 to 5) per sampling, it is seen that three distinct categories of
indices are formed. In particular, Bhargava and NSF indices, for all the stations and depths being
examined, range mainly between the superior quality classes 3 and 5.

It is also observed that Prati’s Index along with Dinius, range mostly between the middle classes
of the quality ranking, since for the majority of the individual stations and depths they give results
ranging between classes 2 and 4. Finally, CCME and Oregon WQIs could be characterized as
“stricter”, given that their application leads to the classification of the reservoir mostly between the
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lowest quality categories 1 and 3. Regarding the Weighted Arithmetic WQJ, it was found that the
qualitative ranking results derived from its application present significantly higher variation
compared to those derived from the rest of the methodologies, as for the majority of the positions
under consideration it ranges between classes 1 and 4, occupying almost the entire range of the
qualitative ranking.

Table 2 presents the qualitative classification of Polyphytos reservoir, as derived from each
methodology, based on the worst quality scenario. In particular, for each methodology, the quality
class, the corresponding quality characterization, as well as the monitoring station and depth at
which the worst quality class was recorded are provided. It should be clarified that the last column
refers exclusively to the position where the lowest (or the highest, in case of an ascending scale index)
numerical value, i.e., the index value based on which the water body was classified, was recorded.
Given this fact, only one station and depth are provided for each methodology, although more than
one monitoring stations may have been categorized at least once in the corresponding quality class.
It is seen that Bhargava’s WQI classifies the reservoir in higher quality category (quality class 3)
compared to the other indices, while it is followed by Prati’s and NSF WQIs which categorize the
water body one class lower, in quality class 2. For the rest of the methodologies, the reservoir falls
into the lowest quality class, i.e., the 1st class.

4. Conclusions

WQIs are particularly useful tools, in the direction of the qualitative assessment of aquatic
systems, as they provide the opportunity to evaluate existing quality conditions by classifying water
bodies into certain quality categories. Furthermore, a common reference framework is provided for
comparing different water bodies, as well as for detecting differences in quality conditions between
different positions of the same body. Finally, the application of WQIs at different time periods allows
for the identification of potential trends of deterioration or improvement of the existing conditions.

In this study, an attempt was made to implement five different WQIs in order to assess the
quality status of Polyphytos reservoir-Aliakmon River in Greece. In addition, the results of two other
indices (CCME and NSF), derived in a previous study, were used to obtain a more complete view of
the comparative performance of the different methodologies. It is concluded that three individual
categories of indices are formed based on the produced classification results. In particular, Bhargava
and NSF indices tend to classify the reservoir into superior quality classes, Prati’s and Dinius indices
fall mainly into the middle classes of the quality ranking, while CCME and Oregon could be
considered as “stricter” since they give results which range steadily between the lower quality
classes. Therefore, deviation in results of the various indices was observed, and the application of the
above methodologies in an adequate number of water bodies is needed in order to draw more reliable
conclusions regarding their comparative performance.
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