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ABSTRACT

Ergene River Basin is the main fluvial habitat of Thrace Part of Marmara region and known as one of the most
polluted river ecosystems of Turkey. The aim of this study was to evaluate the water quality of Ergene River
Basin components (Meri¢ and Ergene Rivers and 10 most significant tributaries of the basin) by investigating
25 trace and toxic element concentrations (Li, Be, B, Na, Mg, Al, K, Ca, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As,
Se, Sr, Mo, Cd, Sb, Ba, Tl and Pb). Water samples were collected in rainy season (spring) of 2018 from 21
stations and element levels were investigated by using an ICP-MS. Cluster Analysis (CA) was used to classify
the investigated trace and toxic elements in terms of accumulation levels in the waters of Ergene River Basin
and to classify the investigated stations in terms of contamination levels. According to the results of element
analysis, Ergene River has Class II and Corlu Stream has Class III water quality in terms of nickel and
chromium parameters. Almost all the investigated watershed elements have Class Il and Ergene River and
Corlu Stream have Class IV water quality in terms of selenium parameter. According to the results of
elemental CA, 4 statistically significant clusters were formed, which were named as "Most intense elements"”,
"Second most intense elements”, "Moderate intense elements” and "Rarest elements”. According to the results
of locational CA, 3 statistically significant clusters were formed, which were named as "Less contaminated
regions"”, "Moderate contaminated regions" and "Most contaminated regions".
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1. INTRODUCTION

Toxic elements are the significant contaminants for the aquatic ecosystems. They can be
strongly accumulated and biomagnified along water, sediment and aquatic food chain and have
hazardous effects on the ecological balance of the environment. Although they are extremely
dangerous, significant quantities of toxic elements are being discharged to the aquatic habitats
continuously (Massoudieh et al., 2010; Yu et al., 2011; Cicek et al., 2019).

" Corresponding Author: e-mail: tokatlicem@gmail.com, tel: (284) 616 35 34
383


mailto:rahoumohamed3@gmail.com

C. Tokath, E. Kése, A. Cicek, O. Emiroglu | Sigma J Eng & Nat Sci 38 (1), 383-392, 2020

Merig River is the lo ngest fluvial ecosystem of Balkans and it is known that the water quality
of the Meri¢ River has decreased significantly after merging with the Ergene River and this
situation has a negative impact on biota (Elipek et al., 2010; Giiher et al., 2011; Tokatli and
Bagtatli, 2016). Meri¢ River Basin constitutes one of the most productive agricultural areas of
Turkey and the main usage area of the system is irrigation water supply. 95% of the basin (over a
million hectares) is suitable for agriculture, the rest is suitable for irrigation technically and
economically (TZOB, 2003; Anonymous, 2005). Rice, sugar beet, sunflower, corn, and some
kinds of vegetable and fruit are the main product varieties in the basin (Kibaroglu, 2008). Ergene
River, which is one the most important tributaries of Meri¢ River, is known to be exposed to
serious pollution due to rapid urbanization and industrialization on its watershed. Ergene River is
also the most important irrigation water source of the Thrace Region. It was reported that the
main sources of contamination in Ergene River Basin are wastes of domestic and organized
industrial sites and agricultural derange waters and there are numbers of industrial enterprises in
Corlu, Cerkezkdy, Muratli and Liileburgaz districts located in the Ergene River drainage area
(Hall1 et al., 2014; Tokatli and Bastatli, 2016; Tokatli 2017; 2018; 2019; Kahraman and Ozkul,
2018). In two recent studies performed in Ergene River Basin, sediment qualities of lotic and
artificial lentic habitats of the watershed were evaluated by using bio — ecological risk assessment
indices. According to the results of these researches, chromium and cadmium, which are known
as agricultural and industrial origin elements, were determined as the riskiest elements for the
fluvial ecosystems of the basin and cadmium, lead and arsenic were found to be the highest
ecological risk factors for the reservoirs of the basin (Tokatli, 2019a; 2019b). In another recent
investigation conducted in the same watershed, it was reported that the organic contamination
grade in water and toxic element accumulations in sediment of the Meri¢ River Basin have
reached to critical levels and the system is under effect of agricultural and industrial pressure
(Tokatl1, 2019c¢).

The aim of this study was to determine the trace and toxic element concentrations in water of
Ergene River Basin components and evaluate the water quality in terms of ecosystem and human
health.

2. MATERIALS AND METHODS
2.1. Study area and collection of samples

After a preliminary field study, 21 stations were selected on the Ergene River Basin
considering the main tributaries and pollution sources. 9 of the selected stations are located on the
Ergene River and 2 of the selected stations are located on the Meri¢ River (one is located before
the merge and the other after the merge). The stations were selected in order to determine the
effects of Ergene River on Meri¢ River. The last 10 of the selected stations were located on the
main tributaries of Ergene River (T1: Safaalan Creek, T2: Corlu Stream, T3: Ahmetbey Creek,
T4: Kopriialtt Creek, T5: Ana Creek, T6: Hayrabolu Stream, T7: Biiyiikdere Creek, T8: Kuleli
Stream, T9: Ana Stream, T10: Irrigation Canal). The map of study area is given in Figure 1.
Water samples were collected from the middle of the rivers (over the bridges on the streams) in
rainy (spring) season of 2018, when the precipitation and surface runoff have increased
significantly in the region. Water samples were collected 0.5 m below the water surface in 1 L
pre-cleaned glass bottles and kept at 4 °C until the chemical analysis are conducted.
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Topography

Figure 1. Topographic map of Ergene River Basin and selected stations
2.2. Chemical analysis

For determination of element concentrations in water, water samples of one liter were
adjusted to pH 2 by adding 2 mL of HNOj. Afterwards, all the samples were filtered (cellulose
nitrate, 0.45 pum) in such a way as to make their volumes to 50 mL with ultra-pure water. The
element levels in water samples were determined by using the "Agilent 7700 xx" branded
Inductively Coupled Plasma — Mass Spectrometer (ICP-MS) device in Trakya University
Technology Research and Development Application and Research Center (TUTAGEM). The
center has an international accreditation certificate within the scope of TS EN / ISO IEC 17025
issued by TURKAK (representative of the World Accreditation Authority in Turkey). The
elemental analyses were recorded as means of triplicate measurements (APHA, 1992; EPA,
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2001). Cluster Analysis was applied to the results by using the “PAST” package statistical
program.

2.3. Statistical analysis

Cluster Analysis (CA) is an important group of multivariate statistical methods and is being
used to classify the objects. The primary purpose of CA is to classify the objects into clusters
based on their similar characteristics. The hierarchical agglomerative clustering that is one of the
most common approaches in CA provides intuitive similarity relationships between any one
sample and the entire data set (Tabachnick and Fidell, 1996; Shrestha and Kazama, 2007). In the
present study, CA according to Bray Curtis was applied to measured data by using the “PAST”
statistical package program.

3. RESULTS AND DISCUSSION

Cluster Analysis (CA) is one of the most widely used multivariate statistical technique to
evaluate the water quality (Kose et al., 2014; Belkhiri and Narany, 2015; Tiri et al., 2017). In this
study, CA was used to determine the similar groups among the investigated trace and toxic
elements according to accumulation levels in water samples and to determine the similar groups
among the investigated locations according to contamination levels. The diagram of elemental CA
is given in Figure 2 and the diagram of locational CA is given in Figure 3.

According to the results of elemental CA, 4 statistically significant clusters were formed,
which were named as "Most intense elements (C1)", "Second most intense elements (C2)",
"Moderate intense elements (C3)" and "Rarest elements (C4)". In a study performed in the same
river basin, CA was used in order to classify the micro and macro elements in sediments of Meri¢
— Ergene River Basin. In another study performed in Meri¢ River Delta, CA was used in order to
classify the essential and toxic elements in tissues of some fish species. According to the results
of these 2 studies, 5 statistically significant clusters were formed and as similar to the present
study, they were named as "most intense elements"”, "second most intense elements”, "moderate
intense elements", "second rarest elements" and "rarest elements" (Tokatli and Bastatli 2016,
Tokatl1 2018).

According to the results of locational CA, 3 statistically significant clusters were formed. The
cluster of C1 was named as “Less contaminated regions” and formed by the station of T1, where
was located on the Safaalan Creek (upstream region of the basin); stations of M1 and M2, where
were located on the Meri¢ River; and station of E1, where was located on the source region of
Ergene River. The cluster of C2 was named as “Moderate contaminated regions” and was formed
by the stations of T3, T4, T5, T6, T7, T8, T9, where were located on the main tributaries of
Ergene River; and stations of E8 and E9, where were located on the downstream of Ergene River
after diluting by main tributaries. The cluster of C3 was named as “High contaminated regions”
and was formed by the station of T2, where was located on the Corlu Stream (exposed to
intensive industrial pollution); and stations of E2, E3, E4, E5, E6 and E7, where were located on
the middlestream of Ergene River after mixing Corlu Stream.

386



Trace and Toxic Elements in the Watersofa ...  / Sigma J Eng & Nat Sci 38 (1), 383-392, 2020

10
-0
-1 ED
-0

-1 S0
L o'

- L0

T80

- 60
I

Na

T R R o L
S L e

‘cd | C4

Figure 2. Elemental CA diagram

The element concentration diagrams of the grouped components by means of the results of
elemental CA are given in Figure 4. Mean values recorded in water of Meri¢ and Ergene Rivers
and investigated main tributaries and water quality classes of the investigated fluvial ecosystems
are also given in Table 1.

The toxic element concentrations of water in Ergene River Basin were evaluated in
accordance with Turkish Regulations (SKKY, 2015). Water quality regulations in Turkey
separate inland waters into four classes. Class | includes high-quality water that has a high
potential to be used for drinking water, recreational purposes, and the production of trout. Class Il
refers to less contaminated water that can be used as surface water is to become potential for
drinking water outside of trout production and for all uses other than Class I. Class Il includes
polluted water, which can only be used as industrial water after treatment. Class 1V refers to
heavily polluted water that should not be used at all (SKKY, 2015).
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Figure 3. Locational CA diagram

C1

According to the Water Pollution Control Regulation criteria in Turkey (SKKY, 2015),
Ergene River has Class II and Corlu Stream has Class III water quality in terms of nickel and
chromium parameters. Nickel and chromium occur naturally in the Earth's crust and they may
enter to the environment a result of natural processes and mainly by human activities. The most
significant anthropogenic point sources of nickel and chromium in aquatic habitats are the
wastewater from electroplating operations, leather tanning industries and textile manufacturing,
which are all located on Ergene River Basin (ATSDR, 2005; ATSDR, 2012). Although the nickel
and chromium levels detected in waters of watershed elements are not very high, these toxic
metals were detected in quite high levels in water of Ergene River and especially Corlu Stream.
These results reflect that Ergene River and Corlu Stream are being significantly affected by
industrial contamination.

The selenium levels detected in water of the basin were between values of 9.29 (Ahmetbey
Creek) — 63.78 (Corlu Stream) mg/L. The measured selenium concentrations in almost all the
investigated tributaries and Meri¢ — Ergene Rivers exceeded the limit of 10 mg/L specified by
Turkish Regulations and the Ergene River Basin has Class Il — IV water quality in terms of
selenium parameter, in general (SKKY, 2015). It is known that selenium is released to the water
via sewage effluent, agricultural runoff and industrial waste water (ATSDR, 2003). The detected
quite high selenium contents even in the investigated stations known to be not exposed to
industrial contamination, suggests that the main source of selenium accumulation in water of the
Ergene River Basin may due to sewage wastes and agricultural activities.
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Figure 4. Element levels in waters of basin components according to CA
(X axis: stations; Y axis: element concentrations — mg/L)
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4. CONCLUSIONS

In this study, contamination status of the Ergene River Basin that is the most significant
aquatic ecosystems of Thrace Region was evaluated. In this context, trace and toxic element
concentrations in water of Meri¢ and Ergene Rivers and 10 significant tributaries of Ergene River
Basin were investigated and detected data were evaluated by using Cluster Analysis (CA).

Elemental CA grouped 25 macro and micro elements into 4 clusters of similar characteristics
in surface water of the basin; "Most intense elements”, "Second most intense elements”,
"Moderate intense elements” and "Rarest elements". Locational CA was grouped 21 stations into
3 clusters of similar water quality characteristics in surface water of the basin; “Less
contaminated regions”, “Moderate contaminated regions” and “High contaminated regions”.

According to detected data, the pressure of Corlu Stream on the system was clearly presented
and it was recorded as the main pollutant factor on the Ergene River Basin among the investigated
tributaries of the watershed. It was determined that Ergene River and Corlu Stream were
significantly affected by the industrial activities conducted around the Corlu and Cerkezkdy
Regions. It was also determined that almost all the investigated basin components were
significantly affected by the agricultural activities conducted almost all around the basin.

In conclusion, as a result of this research and as many researchers indicated, Ergene River has
Class Il — IV water quality in terms of many parameters and it is the most polluted river
ecosystem of Thrace Region and one of the most polluted river ecosystems in Turkey. The
measured data reveals that agricultural runoff caused from especially paddy fields around the
basin and the industrial discharges caused from especially Corlu Stream are the main
contamination factors for the basin.

Acknowledgement

The author would like to thank for the financial and technical supports supplied by Trakya
University, Turkey. This investigation has been supported by the project numbered as 2017/211
accepted by Trakya University, Commission of Scientific Research Projects.

REFERENCES

[1]1  Anonymous (2005). Edirne Il Cevre Durum Raporu. Edirne Valiligi il Cevre Ve Orman
Miidiirligii.

[2] APHA (American Public Health Association) (1992). Standard methods for the
examination of water and wastewater. In A.E. Greenberg, A.E., Clesceri, L.S. and Eato,
A.D. (eds.) American Public Health Association, 18th ed.,Washington, U.S.A.

[3] ATSDR (Agency for Toxic Substances and Disease Registry) (2003). Toxicological
Profile for Selenium. Atlanta, GA: U.S. Department of Health and Human Services.

[4] ATSDR (Agency for Toxic Substances and Disease Registry) (2005). Toxicological
Profile for Nickel. Atlanta, GA: U.S. Department of Health and Human Services.

[5] ATSDR (Agency for Toxic Substances and Disease Registry) (2012). Toxicological
Profile for Chromium. Atlanta, GA: U.S. Department of Health and Human Services.

[6] Belkhiri, L., Narany, T. S. (2015). Using Multivariate Statistical Analysis, Geostatistical
Techniques and Structural Equation Modeling to Identify Spatial Variability of
Groundwater Quality. Water Resources Management, 29 (6): 2073-20809.

[7] Cigek, A., Kose, E., Tokatli, C. (2019). Use of Factor Analysis to Evaluate The Sediment
Quality of a Significant Mining Area: Seydisuyu Stream Basin (Turkey). Polish Journal of
Environmental Studies, 28 (3): 2021-2025.

391



C. Tokatli, E. Kése, A. Cicek, O. Emiroglu 1 Sigma J Eng & Nat Sci 38 (1), 383-392, 2020

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]
[22]

[23]

[24]

[25]

[26]
[27]

Elipek, B. C., Arslan, N, Kirgiz, T., Oterler, B., Giiher, H., Ozkan, N. (2010). Analysis of
Benthic Macroinvertebrates in Relation to Environmental Variables of Lake Gala, a
National Park of Turkey. Turkish Journal of Fisheries and Aquatic Sciences 10: 235-243.
Environmental Protection Agency (EPA) METHOD 200.7. (2001). Determination Of
Metals And Trace Elements In Water And Wastes by Inductively Coupled Plasma-
Atomic Emission Spectrometry.

Giiher, H., Erdogan, S., Kirgiz, T., Elipek, B. C. (2011). The Dynamics of Zooplankton in
National Park of Lake Gala (Edirne-Turkey). Acta zool. bulg., 63 (2), 157-168.

Halli, M., Sari, E., Kurt, M. A. (2014). Assessment of Arsenic and Heavy Metal Pollution
in Surface Sediments of the Ergene River, Turkey. Pol. J. Environ. Stud., 23(5):1581-
1590.

Kahraman, A. C., Ozkul, M. (2018). Ergene Havzasi Koruma Eylem Plani Durum
Degerlendirme Raporu. Marmara Belediyeler Birligi Cevre Y6netimi Koordinatorliigii.
Kibaroglu, A. (2008). Meri¢ Nehir Havzasi Siniragan Su Politikalari. 5. Diinya Su
Forumu, Tirkiye Bolgesel Su Toplantilari: Tagkin Konferansi, 19-20 Haziran 2008,
Edirne.

Kése, E., Tokatli, C., Cigek, A. (2014). Monitoring Stream Water Quality: A Statistical
Evaluation. Polish Journal of Environmental Studies, 23 (5): 1637-1647.

Massoudieh, A., Bombardelli, F. A., Ginn, T. R. (2010). A biogeochemical model of
contaminant fate and transport in river waters and sediments. J. Contam. Hydrol. 112,
103-117.

SKKY (Su Kirliligi Kontrol Yonetmeligi) (2015). Yiizeysel Su Kalitesi Yonetimi
Yonetmeliginde Degisiklik Yapilmasma Dair Yonetmelik. Yayimlandigr Resmi Gazete:
Tarih 15 Nisan 2015, Resmi Gazete No: 29327].

Shrestha, S., Kazama, F. (2007). Assessment of surface water quality using multivariate
statistical techniques: A case study of the Fuji river basin; Japan. Environmental
Modelling & Software, 22, 464-475.

Tabachnick, B. G., Fidell, L.S. (1996). Using multivariate statistics (3rd ed.). New York:
Harper Collins College Publishers.

Tiri, A., Lahbari, N., Boudoukha, A. (2017). Assessment of the quality of water by
hierarchical cluster and variance analyses of the Koudiat Medouar Watershed, East
Algeria. Applied Water Science, 7 (8): 4197-4206.

Tokatli, C. (2017). Bio — Ecological and Statistical Risk Assessment of Toxic Metals in
Sediments of a Worldwide Important Wetland: Gala Lake National Park (Turkey).
Archives of Environmental Protection, 43 (1): 34-47.

Tokatli, C. (2018). Essential and Toxic Element Bioaccumulations in Fishes of Gala and
Sigirci Lakes (Meri¢ River Delta, Turkey). Acta Alimentaria, 47 (4): 470-478.

Tokatli, C. (2019a). Sediment Quality of Ergene River Basin: Bio — Ecological Risk
Assessment of Toxic Metals. Environmental Monitoring and Assessment, 191 (11): 1-12.
Tokatli, C. (2019b). Use of the Potential Ecological Risk Index for Sediment Quality
Assessment: A Case Study of Dam Lakes in the Thrace Part of the Marmara Region.
Aquatic Sciences and Engineering, 34 (3): 90-95.

Tokatli, C. (2019¢). Water and Sediment Quality Assessment of the Lifeblood of Thrace
Region (Turkey): Meri¢ River Basin. Fresenius Environmental Bulletin, 28 (5): 4131-
4140.

Tokatli, C., Bastatli, Y. (2016). Trace and Toxic Element Levels in River Sediments.
Polish Journal of Environmental Studies, 25 (4): 1715-1720.

TZOB (Tirkiye Ziraat Odalar1 Birligi) (2003). Celtik Caliyma Grubu Raporu. Say1 1.

Yu, G. B, Liu, Y., Yua, S., Wuc, S.C., Leung A. O. W, Luo, X. S., Xua, B, Li, H. B,,
Wongc, M. H. (2011). Inconsistency and comprehensiveness of risk assessments for
heavy metals in urban surface sediments. Chemosphere, 85, 1080-1087.

392



