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ABSTRACT

Aim of the study
Thrace Region is the most important geographical region of Turkey in terms of agricultural and industrial 
production. Meriç – Ergene River Basin is the main watershed of this significant region and there are many 
streams feeding the basin. In the current research, water quality in the fluvial ecosystems of the Thrace Re-
gion was evaluated by using some ecological and statistical indicators. 

Material and methods
For each water sample, 27 physical and chemical limnological parameters (EC, TDS, turbidity, NO3, NO2, 
SO4, F, COD, BOD5, As, Se, Cu, Zn, Cd, Sb, Ba, Pb, B, Na, Mg, Cr, Mn, Al, K, Ca, Fe, Ni) were analysed 
and all the investigated parameter values were used to develop the Water Quality Index (WQI). Furthermore, 
Cluster Analysis (CA) was applied to detected data in order to classify the investigated locations and also 
Geographic Information System (GIS) was used to provide a visual summary of contamination levels in the 
basin components. 

Results and conclusions
The results show quite high WQI coefficients of COD (20.773), Se (9.667) and BOD5 (9.216) parameters in 
fluvial components of the Thrace Region. The WQI values of the fluvial habitats of the Thrace Region ranged 
from 33.91 – 329.84, whereas the Çorlu Stream and the Ergene River were determined to be the most con-
taminated fluvial ecosystems. According to the results of applied CA, 2 statistically significant clusters were 
formed, which were classified as “High Contaminated Zones” and “Low Contaminated Zones”.

Keywords: Thrace Region, Fluvial Ecosystems, Water Quality Index, Cluster Analysis, Geographic Infor-
mation System 

INTRODUCTION

Thrace Region, which is located in the northwest part 
of Turkey, has a great potential in terms of agriculture 
and industry, because of its fertile lands, many fresh-
water resources, and logistical accessibility. Although 

it covers about 3% part of Turkey, about 15% of the 
total population lives in this region. Population density 
and urbanization as well as intensive agricultural and 
industrial activities cause significant environmental 
problems in the region (Özler and Aydın, 2008; Sarı 
et al., 2016; Tokatlı et al., 2020). 
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Pollution in freshwater habitats has been a major 
problem, and new techniques are being applied in 
order to assess the synergic effects of contaminants. 
Water quality assessment indices have been used to 
determine the adverse effects of pollutants in water re-
sources (Ustaoğlu and Tepe, 2019; Varol 2019, Saleem 
et al., 2019;). Water Quality Index (WQI), which has 
achieved increasing significance in the management of 
freshwater resources, is widely used for the evaluation 
of freshwater qualities of many different aquatic hab-
itats (Sutadian et al., 2016). Describing the suitability 
of freshwater resources for domestic use especially in 
terms of WQI is one of the most convenient ways to 
describe the current water quality. WQI also enables 
the modifications of policies by various environmen-
tal agencies (Akoteyon et al., 2011; Karakuş, 2019; 
Ustaoğlu and Aydın, 2020).

Multi–statistical techniques, which have been used 
to evaluate and characterize the freshwater resources, 
facilitate the interpretation of complex data matrices 
in order to better understand the ecological statuses 
of the investigated aquatic habitats. Cluster Analy-
sis (CA), which is grouping the objects based on the 
similar characteristics they possess, is known as one 
of the most convenient multivariate statistical meth-
ods (Akın et al., 2011; Varol et al. 2012; Belkhiri and 
Narany, 2015; Köse et al., 2018; Tokatlı, 2020).

Geographic Information System (GIS), which is 
another powerful tool for spatial analysis, provides 
a visual summary of lots of investigated physical – 
chemical data, and it also provides an estimation of 
the pollutant concentrations in locations that lack mea-
surement data (Vairavamoorthy et al., 2007; Yan et al., 
2015; Gharbia et al., 2016; Karakuş, 2019).

In this research, water quality of fluvial habitats in 
the Thrace Region – including a total of 2 main rivers 
of the region and 10 significant tributaries of the basin 
– was assessed by using WQI, CA, and GIS. In the 
present investigation, some pollution parameters are 
preferred, such as nitrate, nitrite, phosphate, sulphate, 
fluoride, BOD, COD and some inorganic minerals (B, 
Na, Mg, K, Ca, Mn, Fe, Se, Cu, Zn), which we believe 
to best reflect the agricultural pressure that the basin is 
exposed to. Also some pollution parameters are select-
ed such as heavy metals (Cd, As, Pb, Ni, Cr, Sb, Ba), 
which we believe to best reflect the industrial pressure 
to that the basin is exposed to.

MATERIALS AND METHODS

Study Area
Meric – Ergene River Basin is located in the Thrace 
region of Turkey. The Ergene River arises from the Is-
tranca Mountains in the north-east part of Thrace Re-
gion and it flows in the northeast-southwest direction. 
Then it joins the Meriç River and enters the sea at the 
Saroz Bay. The total surface area of the river basin is 
14,510 km2, which covers approximately 1.8% of the 
total surface area of Turkey (Technical Assistance for 
Transformation… 2018). 

The average height of the Meriç – Ergene River 
Basin is ca. 130 m and the Yıldız Mountains with 
a  height of 1000 m determine the northern border 
of the basin, while the hills of approximately 400 m 
located in the Keşan – Malkara – Hayrabolu Dis-
tricts determine its southern border. Although it is 
a peninsula, the Thracian Terrestrial Climate (sum-
mers are hot and dry, winters are cold) is dominant 
within the basin. The average annual precipitation 
in the Meriç – Ergene River Basin is approximately 
665 mm per year, and the majority of the precipita-
tion is observed in winter season (Status Assessment 
Report…, 2017; Technical Assistance for Transfor-
mation… 2018).

The basin soils are very suitable for agriculture, 
whereas approximately 26% of the total Meriç – Er-
gene River Basin area is forest and scrubland, while 
approximately 65% is used as agricultural land. In-
dustry is another significant development tool for 
the Thrace Region, and the registered number of in-
dustrial facilities reached 3409 in 2015, compared 
to 643 in 1995. 82% of all facilities are located in 
Tekirdağ Province, 10% in Kırklareli Province, and 
8% in Edirne Province (Status Assessment Report… 
2017).

It is a known fact that the Meriç – Ergene Riv-
er Basin is under a significant pressure from point 
source pollution (sourced from industry in general) 
and nonpoint source pollution (sourced from agri-
culture in general). It has been reported that point 
source pollution pressure factors affect approximate-
ly 38.7% of the total surface water mass of the ba-
sin, while nonpoint source pollution pressure factors 
affect approximately 93% of the total surface water 
mass of the basin. In addition, water withdrawals for 
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agricultural purposes are also known to constitute 
a significant pressure factor for the basin, and it has 
been reported that the surface water mass exposed 
to significant water withdrawal pressures constitutes 
approximately 25.6% of the total water mass of the 
basin. Physical or morphological changes in a river 
or in a lake may lead to habitat damage resulting in 
species decline or extinction. Morphological pres-
sure is another threat to the basin, and it has been 
established that the surface water mass exposed to 
morphological pressure constitutes approximately 
11% of the total water mass of the basin (Tokatlı and 
Baştatlı, 2016; Technical Assistance for Transforma-
tion…2018; Tokatlı, 2019a).

Sample Collection
21 stations (9 locations on the Ergene River, 2 loca-
tions on the Meriç River, and 10 locations downstream 
of 10 significant tributaries) were selected within the 
basin, and the names of selected fluvial components 
are given in Table 1. The topographic map of study 
area and sampling zones are listed in Figure 1.

The locations on the Ergene River, which is known 
as the lifeblood of the Thrace Region, were selected 
from the source, middle, and downstream areas of the 
river by taking into account the significant contami-
nation factors such as industry, agriculture and settle-
ments, as well as unpolluted regions. The locations on 
the Meriç River, which is one of the longest rivers in 
the Balkans, were selected before and after the inflow 
of the Ergene River in order to present the impact of 
the Ergene River on the Meriç River. The locations 
on the 10 significant tributaries of the Ergene River 
were selected within the downstream regions in order 
to present the total pollution loads they are carrying to 
the Ergene River.

Freshwater samples were collected at a depth of 
0.5 m below the water surface in 1 L pre-cleaned glass 
bottles. Water samples in triplicates were collected at 
each site by random sampling. They were also collect-
ed from the middle of the streams as much as possible 
in spring season of 2018. One surface water sample 
was taken from each selected station, and sampling 
was performed once. Each water container was clearly 
marked with the name and date of sampling. Then the 
samples were stored at 40C in darkness until the chem-
ical analysis. 

Table 1. Information of the sampled locations within the basin

Code Name of the 
watercourse Code Name of the 

watercourse
E1

Ergene River

T1 Safaalan Creek
E2 T2 Çorlu Stream
E3 T3 Ahmetbey Creek
E4 T4 Köprüaltı Creek
E5 T5 Ana Creek
E6 T6 Hayrabolu Stream
E7 T7 Büyükdere Creek
E8 T8 Kuleli Stream
E9 T9 Ana Stream
M1

Meriç River
T10 Irrigation Canal

M2

Physicochemical Parameters
Electrical conductivity (EC), total dissolved solids 
(TDS), and turbidity parameters were measured with 
a Hach Lange Branded – HQ40D model Multiparame-
ter Device and a Hach Lange Branded – 2100Q model 
Portable Turbidimeter Device during the field studies. 
Nitrate (NO3), nitrite (NO2), sulphate (SO4), fluoride (F), 
chemical oxygen demand (COD), and biological oxygen 
demand (BOD5) parameters were measured with a Hach 
Lange Branded – DR890 model Colorimeter Device, 
a Hach Lange Branded – DR3900 model Spectropho-
tometer Device, and a Hach Lange Branded – BOD Trak 
II model Respirometric BOD Devices during the labora-
tory studies. All the physicochemical analyses was per-
formed following the standard method of APHA (2005).

Chemical Analysis
The pH values of water samples (one liter) were set to 2 
by means of adding 2 ml of HNO3 into each. Then the 
water samples were filtered (using a cellulose nitrate – 
0.45 µm filter), and their volumes brought up to 50 ml 
with ultrapure water. Macro and micro element concen-
trations (As, Se, Cu, Zn, Cd, Sb, Ba, Pb, B, Na, Mg, 
Cr, Mn, Al, K, Ca, Fe, Ni) were determined by using 
an Agilent 7700 xx ICP – MS in the central laboratory 
of Trakya University, which has an accreditation certif-
icate. The macro and micro element analyses were per-
formed by means of a triple measurement (TS EN / ISO 
IEC 17025) (EPA, 2001). The accuracy of analytical 
method was determined by testing certified reference 
material (CRM) (CPAchem – Ref Num: 110580.L1).
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Fig. 1. Topographic map of Thrace Region and sampling zones (Author: Alper Uğurluoğlu)
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Statistical Analysis
Cluster Analysis was used in the present research, by 
applying the “PAST” statistical package program for 
classifying the investigated locations according to the 
applied Water Quality Index (WQI) scores.

GIS Based Analysis
Within the scope of this research, Geographical In-
formation System (GIS) was actively used in all stag-
es of water quality data collection, storage, analysis, 
and evaluation. The geographic information of the 
stations, whose coordinate information was obtained 
with the portable GPS device, was stored as a layer 
in the geographical database made specifically for this 
investigation using ArcGIS Software (10.6 Version).

Stream network and basin boundary data were gen-
erated with the 30 m resolution Advanced Spaceborne 
Thermal Emission and Reflection Radiometer (ASTER) 
digital elevation model. However, thematic maps show-
ing the water quality in the study area were prepared by 
using these data and layers obtained from open sources. 
The basis for these thematic maps is the point repre-
sentation of the stations according to the Water Quality 
Index class boundary values, and the stream network 
representation obtained by using the ArcHYDRO tool 
that is an extension of the ArcGIS software.

The Stream network (Hydro Network) has been 
made in the geographic database as a layer that shows 
the water drainage lines produced according to topo-
logical rules in the GIS environment. This dataset will 
allow analysis of upstream-downstream relationships 
with other layers produced as Hydro Edges and Hydro 
Junctions. From this point of view, the water quality 
data obtained at the stations were accepted as repre-
senting all the upstream water drainage lines, and a the-
matic map was produced by stream network analyses.

Water Quality Index (WQI)
WQI is an effective technique, widely used in assess-
ing water quality (Wang et al., 2017; Tokatlı, 2019b; 
Ustaoğlu et al., 2020). The mathematical formula used 
to calculate the WQI of investigated freshwater habi-
tats is given below:
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“WI” is the relative weight, and Wi values are as-
signed a minimum of 1 and a maximum of 5, consid-
ering the relatively important effects of parameters on 
human health. “Ci” is the parameter value measured in 
water. “Si” values refer to the limit values determined 
by WHO (2011) for drinking water. Standard values (Si) 
of the investigated parameters with the assigned Wi co-
efficients in the present application are given in Table 2.

Table 2. Standard values, assigned weights, and relative we-
ights of parameters

Variable Unit
Standard 

Value 
(Si)

Assigned 
Weight 

(Wi)

Relative 
Weight 

(WI)
EC µS/cm 1500 3.5 0.039

TDS mg/L 1000 3.5 0.039
Turbidity NTU 5 2.5 0.028
Nitrate mg/L 50 3.5 0.039
Nitrite mg/L 0.5 3.5 0.039

Sulphate mg/L 250 2.5 0.028
Fluoride mg/L 1.5 2 0.022

COD mg/L 10 3 0.033
BOD5 mg/L 5 3 0.033

B ppb 1000 2.5 0.028
Na ppb 50000 2 0.022
Mg ppb 50000 2 0.022
Al  ppb 200 2.5 0.028
K   ppb 12000 2 0.022
Ca  ppb 75000 2 0.022
Cr ppb 50 4.5 0.050
Mn ppb 50 4 0.044
Fe   ppb 200 3.5 0.039
Ni ppb 20 4.5 0.050
Cu ppb 2000 3 0.033
Zn ppb 3000 3 0.033
As  ppb 10 5 0.056
Se ppb 10 4 0.044
Cd  ppb 3 5 0.056
Sb ppb 5 5 0.056
Ba  ppb 700 3.5 0.039
Pb  ppb 10 5 0.056
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Results

Monomial and multinomial risks according to WQI 
for all the investigated fluvial ecosystems of the Thra-
ce Region were calculated separately. Basin distribu-
tion map of WQI scores made by using GIS technolo-
gy is given in Figure 2. The elemental and limnologic 
contamination rates of investigated parameters were 
plotted on a GIS based map and presented in Figure 3. 
The quality classes of investigated locations accord-
ing to the detected WQI scores were shown on a GIS 
based map and given in Figure 4. Also all the calculat-
ed monomial WQI coefficients of each locations and 
parameters are listed in Figure 5.

As a results of the applied WQI, the detected in-
dex scores were recorded between 33.91 (the source of 
Ergene River – “Excellent”) – 329.84 (Çorlu Stream 
– “Unsuitable”), and the middle stream of Ergene Riv-
er and the Çorlu Stream were recorded as the most 
contaminated zones among the investigated fluvial 
habitats in the Thrace Region of Turkey. The recorded 
WQI scores detected in the middle stream of Ergene 
River and detected in the Çorlu Stream were approxi-
mately 2 and 4 times above the recorded fluvial aver-
ages of the region (89.34), respectively.

Upstream of Ergene River (E1 – WQI: 33.914), 
Meriç River (M1 and M2 – WQIs: 38.388 and 40.961 
respectively), Ahmetbey Creek (T3 – WQI: 34.148) 
Köprüaltı Creek (T4 – WQI: 40.643), Ana Creek 
(T5 – WQI: 46.614), Hayrabolu Stream (T6 – WQI: 
44.433), Büyükdere Creek (T7 – WQI: 47.156), Ku-
leli Stream (T8 – WQI: 38.101) and Ana Stream (T9 
– WQI: 46.974) have “excellent” and “A grade” water 
quality; Safaalan Creek (T1 – WQI: 57.164), Irriga-
tion Canal (T10 – WQI: 55.981) and middle stream of 
Ergene River (E7, E8 and E9 – WQIs: 84.381, 63.076 
and 52.198 respectively) have “good” and “B grade” 
water quality, down stream of Ergene River (E2, E3, 
E4, E5 and E6 – WQIs: 152.379,	 213.912, 185.588, 
158.226 and 112.187 respectively) have “poor – very 

poor” and “C – D grade” water quality; and Çorlu 
Stream (T2 – WQI: 329.842) has “unsuitable” and “E 
grade” water quality.

As a result of monomial variables of WQI, the 
mean detected index scores of investigated parameters 
were recorded between 0.017 (Cu) – 20.773 (COD) 
whereas COD, Se and BOD5 parameters were found 
to be the variables of the highest risk (WQI: 20.773, 
9.667 and 9.216 respectively) for the investigated flu-
vial habitats of the Thrace Region. The recorded mean 
WQI coefficients for COD, Se and BOD5 in the ba-
sin were approximately 6.5, 3 and 2.5 times above the 
recorded monomial averages of the variables (3.309), 
respectively. The risks of investigated water quality 
parameters for fluvial habitats of the Thrace Region 
may be listed as COD > Se > BOD5 > turbidity > Na > 
Mn > Fe > Ni > Sb > EC > TDS > As > K > Cr > Ca 
> SO4 > Mg > Al > NO2 > F > B > Ba > NO3 > Pb > 
Cd > Zn > Cu, in general. As a result of multinomial 
variables of WQI, the risks of investigated fluvial eco-
systems of the Thrace Region may be listed as T2 > 
E3 > E4 > E5 > E2 > E6 > E7 > E8 > T1 > T10 > E9 
> T7 > T9 > T5 > T6 > M2 > T4 > M1 > T8 > T3 > 
E1, in general.

Cluster Analysis (CA) was applied to the detected 
data in order to determine the similar groups among 
the investigated fluvial habitats in the Thrace Region 
according to the WQI scores. The diagram of CA is 
given in Figure 6. According to the results of CA, 2 
clusters were identified, which were named “more 
contaminated zones” and “less contaminated zones”. 
The higher pollution risk cluster (C1) was formed by 
the locations of the upper and lower streams of the Er-
gene River (E1, E8 and E9 stations), the Meriç River 
(M1 and M2 stations) and all the other investigated 
tributaries except the Çorlu Stream (T1, T3, T4, T5, 
T6, T7, T8, T9 and T10 stations); whereas the lower 
pollution risk cluster (C2) was formed by the locations 
in the midstream of the Ergene River (E2, E3, E4, E5, 
E6 and E7 stations) and the Çorlu Stream (T2 station).
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Fig 2. GIS maps of spatial variations of WQI scores (Author: Alper Uğurluoğlu)
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Fig 3. GIS maps of contamination rates of investigated parameters (Author: Alper Uğurluoğlu)
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Fig 4. GIS maps of quality classes of investigated locations (Authors: Alper Uğurluoğlu and Cem Tokatli)

Fig. 5. Monomial WQI scores of investigated locations and parameters (Author: Cem Tokatli)
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DISCUSSION

In the present research, Water Quality Index (WQI) 
and Geographic Information System (GIS) technolo-
gy were used to evaluate freshwater quality of Tur-
key’s Thrace Region. As a result of the study, Çorlu 
Stream and Ergene River were found to be the most 
contaminated aquatic ecosystems, whereas COD, Se, 
BOD5 and turbidity parameters were found to be the 
variables of the highest risk to the region’s waters.

It is known that selenium may enter the surface 
water by means of irrigation drainage waters, and ac-
cumulation of selenium in agricultural drainage wa-
ters has been documented in many basins. Also some 
scientific evidence shows that selenium may bio-accu-

mulate in the tissues of many aquatic organisms, and 
possibly this may significantly increase the rates in the 
food chain (ATSDR, 2003; Tokatlı, 2019b). Therefore, 
although selenium is an essential element, high levels 
of selenium in water may cause significant environ-
mental and health problems.

In the present research, selenium parameter was re-
corded as the second highest variable in terms of risk 
according to the detected WQI scores. Thrace Region, 
which constitutes one of the most productive agricul-
tural lands of Turkey, has a great agricultural potential 
as it contains rich soils and many freshwater resources. 
About 95% of the region (over one million hectares) is 
suitable for agriculture (TZOB, 2003; Edirne İl Çevre 
Durum Raporu…, 2005). Intensive agricultural appli-

Fig. 6. CA diagram (Author: Cem Tokatli)
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cations conducted all around the region are thought to 
be the main cause of the relatively high selenium risk 
detected, and the results of this study show that the 
fluvial habitats of the region are significantly affected 
by agricultural applications.

Thrace Region is also known as an important in-
dustry zone, in addition to the productive agricultural 
lands. There are many industrial enterprises, particu-
larly in the east part of the region within the borders 
of Ergene River Basin, notably the Çerkezköy, Çorlu, 
Lüleburgaz and Muratlı districts. Thrace Region, es-
pecially in terms of the textile industry, is one of Tur-
key’s most important industrial regions (Hallı et al., 
2014; Tokatlı and Baştatlı, 2016; Tokatlı 2017; 2018; 
2019c; Kahraman and Özkul, 2018). Textile compa-
nies, which are very numerous in the region, consume 
significant amounts of water through many operations, 
like dyeing, washing, scouring, and bleaching. In ad-
dition to the consumed water, they also use some dyes 
and salts and many other auxiliaries in the process. 
A direct release of the textile effluent that contains 
high levels of organic and inorganic materials, total 
suspended solids (TSS), biochemical oxygen demand 
(BOD5), and chemical oxygen demand (COD) into 
watercourses leads to significant environmental con-
tamination. These applications cause highly coloured 
effluent and an increase of many pollutants (Jayakkodi 
et al., 2016; Ramesh et al., 2017).

In the present research, it was determined that the 
parameters of COD, BOD5 and turbidity were among 
the highest risk variables according to the detected 
WQI scores. In addition, the Çorlu Stream and the 
Ergene River, where the industrialisation is the most 
intense of the whole region, were found to be at the 
highest risk, as the most contaminated fluvial habitats. 
These results reflect the fact that the fluvial ecosystems 
of the Thrace Region, especially the Çorlu Stream and 
the Ergene River are intensively affected by industrial 
activities, especially of the textiles companies.

The salinization in surface water and groundwater 
is a serious problem that is limiting irrigation and do-
mestic use of freshwater. EC and TDS variables are the 
two most important parameters that reveal the salini-
ty of freshwater (Wetzel, 2001; Manahan, 2011). The 
main anthropogenic sources of freshwater salinization 
are known as wastewater with a high salt content, in-

creased evaporation and decreased precipitation, irri-
gation of dry areas with lack of proper drainage, and 
intensive groundwater pumping (Foster and Chilton, 
2003; Colombani et al., 2016). In the present research, 
the monomial loads of EC and TDS variables in the 
application of WQI ranged from 0.389 to 9.722, and 
from 0.338 to 7.544, respectively. The highest coef-
ficients of EC and TDS were recorded in the Çorlu 
Stream and in the middle stream of Ergene River, that 
is the areas that were exposed to significant indus-
trial pressure. EC and TSD coefficients of the Çorlu 
Stream and the middle stream of Ergene River ranged 
approximately 3 and 2 times above the recorded basin 
averages for EC (3.004) and TDS (2.377) variables, 
respectively.

Nitrate, nitrite and sulphate parameters are consid-
ered the main indicators of pollution caused by agri-
cultural activities (Wetzel, 2001; Manahan, 2011). In 
the present WQI application for the fluvial water eco-
systems of the Thrace Region, although agricultural 
activities are quite intense in the region, these parame-
ters were not found to be significant risk factors, due to 
their having low toxicities compared to heavy metals, 
and presenting relative high standard values used in 
WQI calculations.

In a study performed in the catchments of the Emet 
and Orhaneli Streams, mining stress and water quality 
of the basin were evaluated with the use of WQI. Ac-
cording to the results of this investigation, similarly 
as in the present research, the general trend of WQI 
for the Emet and Orhaneli Streams was determined as 
heavily polluted water quality (WQI > 300) (Omwene 
et al., 2019).

In another research conducted in the Turnasuyu 
Stream, northern Turkey, WQI was used to evaluate 
water quality. In contrast to the current study results, 
it was determined that the water quality of the Turna-
suyu Stream was found to be “A Grade – Excellent” in 
terms of the applied WQI (Ustaoğlu et al., 2020). 

In another investigation performed in the Western 
Black Sea Basin of Turkey, water quality of the Melen 
Stream was assessed by using WQI and – similar to the 
current research results – upstream water quality was 
recorded as “Medium Grade”, and downstream water 
quality was recorded as “Poor Grade” (Karakaya and 
Evrendilek, 2010).
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CONCLUSIONS

In this research, water quality of the lotic freshwa-
ter resources of a significant agricultural–industrial 
region of Turkey were evaluated by using WQI and 
GIS technology. According to the obtained WQI data, 
it was determined that approximately 47.6% of the 
region’s waters were of “excellent” quality (WQI: 
< 50); 23.8% of the region’s waters were of “good” 
quality (WQI: 50–100); 19% of the region’s waters 
were of “poor” quality (WQI: 100–200); 4.7% of the 
region’s waters were of ‘very poor’ quality (WQI: 
200–300); and 4.7% of the region’s waters were of 
“unsuitable” quality (WQI: > 300), in general. It was 
also determined that the Çorlu Stream and the Ergene 
River were found as the most contaminated fluvial 
habitats, and that their COD, Se, BOD5 and turbidi-
ty were also recorded as the variables of the highest 
threat to the region’s waters. As a result of applied 
CA, 2 statistically significant clusters were formed 
for the fluvial habitats of the Thrace Region, which 
were designated as “High Contaminated Zones”, in-
cluding the middle stream of the Ergene River and 
the Çorlu Stream, and “Low Contaminated Zones” 
including the lower and upper streams of the Ergene 
River, the Meriç River, and almost all of the investi-
gated tributaries.

In conclusion, we suggest that significant precau-
tions should be taken in order to control the input of 
contaminants into the Ergene River and the Çorlu 
Stream, and also that poly-cultural agricultural appli-
cations need to be supported in order to avoid using in-
tensive chemical fertilizers and pesticides around the 
region. The study suggests the need for a long-term 
water quality monitoring of the fluvial habitats of the 
Thrace Region, and determination of the contamina-
tion sites for a proper management of the basin. The 
results of the present study also reflect the necessity 
and applicability of WQI and GIS technologies for 
water quality assessment investigations.
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OCENA ZANIECZYSZCZENIA WODY W EKOSYSTEMACH RZECZNYCH REGIONU TRACJI (TURCJA) 
ZA POMOCĄ WSKAŹNIKA WQI I TECHNOLOGII SYSTEMU INFORMACJI GEOGRAFICZNEJ

ABSTRAKT

Cel pracy 
Tracja to najważniejszy region geograficzny Turcji pod względem produkcji rolnej i przemysłowej. Dorzecze 
rzek Meriç – Ergene jest głównym działem wodnym tego znaczącego regionu, a zasilają je liczne strumienie. 
W prezentowanych badaniach jakość wody ekosystemów rzecznych regionu Tracji oceniono przy użyciu 
wskaźników ekologicznych i statystycznych.

Materiał i metody 
Każdą próbkę wody przebadano pod względem 27 fizycznych i chemicznych parametrów limnologicznych 
(EC, TDS, zmętnienie, NO3, NO2, SO4, F, ChZT/COD, BZT5/BOD5, As, Se, Cu, Zn, Cd, Sb, Ba, Pb, B, Na, 
Mg, Cr, Mn, Al, K, Ca, Fe, Ni), a przebadane wartości parametrów posłużyły do wyliczenia wskaźnika jako-
ści wody (WQI). Ponadto do danych zastosowano grupowanie hierarchiczne (analizę klastrów, CA) w celu 
sklasyfikowania badanych lokalizacji, a także system informacji geograficznej (GIS), który pomógł zwizu-
alizować poziomy zanieczyszczeń w poszczególnych obszarach zlewni.

Wyniki i wnioski
Uzyskane wyniki wskazują na stosunkowo wysokie współczynniki WQI parametrów ChZT/COD (20,773), 
Se (9,667) i BZT5/BOD5 (9,216) w ciekach wodnych regionu Tracji. Wartości WQI dla siedlisk wodnych 
regionu Tracji wahały się od 33,91 do 329,84, przy czym potok Çorlu i rzeka Ergene zostały określone jako 
najbardziej zanieczyszczone ekosystemy rzeczne. Zgodnie z wynikami zastosowanej analizy klastrów utwo-
rzono 2 statystycznie istotne klastry, które nazwano „Strefami silnie zanieczyszczonymi” i „Strefami słabo 
zanieczyszczonymi”.

Słowa kluczowe: region Tracji, ekosystemy rzeczne, wskaźnik jakości wody WQI, analiza klastrów (grupo-
wanie hierarchiczne), system informacji geograficznej (GIS)
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