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Abstract

Domestic water demand for the city of Sinop has been supplied by the Erfelek Dam Lake on the Karasu Stream after
treatment at the drinking water treatment plant of the Sinop Municipality, Turkiye. The aim of this study is to assess the
dam lake water quality firstly with reference to seven parameters: water temperature, hydrogen ion concentration,
dissolved oxygen concentration, electrical conductivity, turbidity, total iron, and manganese ion. It is to assess the
suitability for human consumption lastly with reference to six more indicators: ammonium nitrogen, nitrite nitrogen,
nitrate nitrogen, chlorine, residual chlorine, and copper ion. Daily water quality data was considered for two periods, each
of which is one year. The quality assessment was performed according to the Turkish Surface Water Quality Regulation
(TSWQR). The results for the untreated reservoir waters matched the permissible levels by the TSWQR. On the other
hand, the after treatment water quality and safety of the reservoir waters matched the standards imposed by the Regulation
Concerning Water Intended for Human Consumption. In addition, water quality index (WQI) values for the years 2014
and 2023 were calculated for the Erfelek Dam Lake, and the temporal change of the water quality was investigated.
Calculated WQI values indicated a significant deterioration in the water quality of the Erfelek Dam Lake in 2023,
particularly in the summer months, compared to 2014. With this study, the drinking water quality of Sinop Province is
assessed for the first time.
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Sinop Belediyesi icme Suyu Aritma Tesisi Kapsaminda Erfelek Baraj Golii Su
Kalitesinin Degerlendirilmesi

Oz

Sinop ili igme ve kullanma suyu ihtiyaci, Karasu Cay1 iizerindeki Erfelek Baraj Golii’'nden temin edilen sularin Sinop
Belediyesi igme suyu aritma tesisinde aritilmasi ile karsilanmaktadir. Bu ¢aligmanin amaci su sicakligi, hidrojen iyonu
konsantrasyonu, ¢oziinmiis oksijen konsantrasyonu, elektriksel iletkenlik, bulaniklik, toplam demir ve mangan iyonu
olmak tizere yedi gostergenin referans alinarak baraj golii su kalitesinin degerlendirilmesidir. Ayrica, igme amagh
kullanilan sular i¢in aritma sonrasi su kalitesi amonyum azotu, nitrit azotu, nitrat azotu, klor, bakiye klor ve bakir iyonu
olmak iizere alt1 gostergeye gore daha degerlendirilmistir. Her biri bir y1l olmak {izere iki donem i¢in giinliik su kalitesi
verileri incelenmistir. Kalite degerlendirmesi Yertistii Su Kalitesi Yonetmeligi’ne (YSKY) gore yapilmistir. Aritilmamis
rezervuar sulari i¢in sonuglar, YSKY tarafindan izin verilen seviyelere uygun bulunmustur. Diger yandan, aritma sonrasi
su kalitesi, Insani Tiiketim Amagclh Sular Hakkinda Yonetmelik’e uygun bulunmustur. Erfelek Baraj Golii i¢in 2014 ve
2023 yillan su kalitesi indeks degerleri de hesaplanmis ve su kalitesinin zamana bagli degisimi incelenmistir. Erfelek
Baraj Golii su kalitesinde, 6zellikle de 2023 yilinin yaz aylarinda, 2014 yilina kiyasla 6nemli bir bozulma oldugu sonucuna
varilmistir. Sinop ilinin igme suyu kalitesi ilk kez bu ¢alisma ile degerlendirilmistir.

Anahtar Kelimeler: igme suyu, Karasu Cay1, Sinop ili, Su kalitesi indeksi.
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1. Introduction

Water is a vital and indispensable resource for all living things. Although about 75% of the
Earth’s surface is covered with water, usable freshwater only covers 2.5% of the total water resources.
Approximately 69% of them are in ice and glaciers, and 30% are underground. Surface freshwater
resources such as rivers and lakes account for about 1% of the world’s total freshwater (Xiong et al.,
2016). The pressure on existing water resources, which is caused of climate change, industrialization,
urbanization and population growth, degrades natural ecosystems and reduces the availability of clean
water for human consumption (Rijsberman, 2006; Kukrer and Mutlu, 2019). For this reason,
sustainable management of existing freshwater resources, protection and improvement of water
quality is of great importance.

The demand for water in cities is increasing day by day due to population growth and
urbanization. Many resources are utilized to meet the demand for water. Dam reservoirs are one of
the widely used surface fresh water resources for drinking and utility water supply (Park and Kim,
2003). After the required amount of water is taken from the dam reservoirs and subjected to the
necessary treatment processes, it is transmitted to the settlements through transmission and
distribution lines. To understand the water quality characteristics of the reservoirs, and to ensure the
safety of regional drinking water, water should be examined in terms of physical, chemical and
biological parameters (Lachhab et al., 2021). In Turkiye, the surface waters have been classified with
reference to the Turkish Surface Water Quality Regulation (TSWQR) published in the Official
Gazette dated 30.11.2012 and numbered 28483 (TSWQR, 2012) as well as amended in the Official
Gazette dated 15.04.2015 and numbered 29327 (TSWQR, 2015). Their suitability for human
consumption has been evaluated with reference to the Regulation Concerning Water Intended for
Human Consumption (RCWIHC) published in the Official Gazette dated 17.02.2005 and numbered
25730 (RCWIHC, 2005) as well as amended in the Official Gazette dated 20.10.2016 and numbered
29863 (RCWIHC, 2016).

Satilmis (2015) investigated the spatial and temporal variation of surface water quality in the
Galyan and Kustul streams feeding the Atasu Dam Lake, which is used to meet the drinking water
demand of Trabzon Province. Water temperature (WT), hydrogen ion concentration (pH), dissolved
oxygen (DO), conductivity, turbidity (T), and chlorophyll-a (Chl-a) were measured in situ.
Additionally, suspended solids (SS), ammonium nitrogen (NH; — N), nitrite nitrogen (NO3; — N),
nitrate nitrogen (NO3 — N), total nitrogen (TN), total Kjeldahl nitrogen (TKN), total phosphate
phosphorus, total organic carbon (TOC), chemical oxygen demand (COD), and fluoride ion (F°)
analyses were performed on the water samples collected at semimonthly periods during a one-year

period from January to December 2014. The results of the study revealed that the Galyan and Kustul
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streams feeding the dam lake are in the high quality water according to the TSWQR (2015). Bayhan
et al. (2017) examined the water quality of the Omerli Dam Lake, one of the largest dams supplying
the drinking water demand of Istanbul Province. In the study, WT, pH, DO, T, Secchi disc depth, and
Chl-a were measured in situ, and SS, NHf, NO3, NO3, TKN, and phosphate analyses were conducted
on the water samples collected from six stations and three different depths in the dam lake. As a result
of the detailed classification of the Omerli Dam Lake, it was determined to have slightly polluted
water, but the lake was categorized as polluted water based on trophic level. Basturk (2019)
investigated the water quality of Mamasin Dam Lake, which is used to supply the drinking water
demand of Aksaray Province. Physico-chemical analyses were carried out for 35 indicators on water
samples collected monthly between December 2015 and November 2016 from five stations and three
different depths in the dam lake. As a result of the analyses, they determined that the Mamasin Dam
Lake waters were suitable for industrial and agricultural use, but not suitable for drinking water supply
without treatment. Kalipci et al. (2020) examined the water quality of the Yuvacik Dam Lake, which
supplies 90% of the drinking water demand of Kocaeli Province. In the study, WT, pH, DO,
conductivity, Chl-a, NHf — N, NO3; — N, TKN, TN, total phosphorus (TP), ortho-phosphate
phosphorus, biochemical oxygen demand (BOD), COD, F-, manganese ion (Mn?*), and selenium
water quality indicators were considered. Measurements and analyses of water quality indicators were
carried out at five stations and five different depths in the dam lake between September 2016 and
May. As a result of the analyses, it was found that the average values of water quality parameters of
the dam lake change the range of high quality and slightly polluted water. Gedikoglu (2021)
investigated the water quality of the Ikizcetepeler Dam Lake, which is used to meet the drinking water
demand of Balikesir Province, before and after treatment. In the study, daily pH, DO, T, conductivity,
color, hardness, total organic matter, NH}, NO3, NO3, aluminium ion (AI3*), iron ion (Fe3*), and Mn?*
data for the period of 2017-2019 were considered. It was determined that the dam lake water had high
concentrations in terms of color, T, Fe3*, and Mn?* parameters. It was emphasized that the geological
structure of the region and acid rains negatively affect the water quality and the dam lake basin should
be protected. It was determined that the values of the related parameters of the ikizcetepeler Dam
Lake waters after treatment were in accordance with the national standards. Coskun (2022)
investigated the water quality of water samples taken from 20 m depth of the Doganci Dam Lake,
which supply 80% of the drinking water demand of Bursa Province, before and after treatment.
Measurements and analyses for 25 water quality indicators were performed weekly on the water
samples between January 2018 and December 2018. It was determined that DO, sodium, and chloride
ion (CI) values increased and especially heavy metal levels decreased significantly after treatment.

It was concluded that the geological structure of the basin, trophic level in the lake and organic
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pollution parameters are the parameters that affect the reservoir water quality the most and the
Doganct Dam Lake water is high quality.

Water quality indices (WQIs) are mathematical tools used to determine water quality and
developed to assess whether a water resource is suitable for drinking purposes, agricultural irrigation,
etc. These indices express water quality as a single numerical value by considering various physical,
chemical, and biological parameters in water with a holistic approach (Banda et al., 2020). In addition,
they provide the opportunity to compare changes over time in long-term monitoring studies. The
WQIs have been widely used by researchers to assess the general ecological status and utilization
potential of water resources (Sener et al., 2017; Kukrer and Mutlu, 2019; Mutlu et al., 2021;
Muhammad et al., 2024).

The drinking water demand of Sinop Province, which is located in the northernmost part of
Turkiye, is supplied from the Erfelek Dam Lake. In the literature, there are no studies on monitoring
and assessment of water quality for the province. The aims of the study are to analyze and assess
water quality of the Erfelek Dam Lake (i) before treatment considering WT, pH, DO, electrical
conductivity (EC), T, total iron (Fe) and Mn?* and (ii) after treatment considering NH} — N, NO; —
N, NO3 — N, chlorine (Cl2), residual Clz, and copper ion (Cu?*). The RCWIHC (2016) and TSWQR
(2021) were considered for the assessments. Additionally, the water quality of the Erfelek Dam Lake
was also evaluated with a holistic approach using Canadian Council of Ministers of the Environment
water quality index (CCME-WQI).

2. Materials and Methods

2.1. The study area and water-quality data

With a coastline of 175 km, Sinop Province is located in the Turkish coast of Southern Black
Sea, where the province with a surface area of 5862 km? is situated. Neighboring provinces are
Kastamonu to the west, Corum to the south, and Samsun to the southeast. Sinop has a typically
moderate climate that is neither too warm in summers nor too cold in winters. Considering the
meteorological records covering a long period between 1936 and 2018 from Sinop Meteorological
Station, the mean minimum monthly temperature changes between 4.1°C in February and 20.3°C in
August, while the mean maximum monthly temperature changes between 9.6°C in February and
26.3°C in August. Sinop receives a mean annual precipitation of 686.6 mm ranging from 32.6 mm in
July to 90.5 mm in December. Mean annual precipitations in neighboring provinces are 481.9 mm in

Kastamonu, 428.1 mm in Corum, and 717.1 mm in Samsun, respectively.
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The total population of the province is 229716, and 30.4% of which live in city centers
according to the 2024 census (TUIK, 2024). The sanitary sewage system serves 116327 people
according to the Municipal Wastewater Statistics Survey in 2016. About 7.254 x 10° m® per year of
wastewater are generated, 75.4% of which is discharged by deep sea discharge systems to the Black
Sea, and 24.4% of which is discharged through the streams to the Black Sea (TUIK, 2022).

The drinking water demand of Sinop city center, Gerze and Erfelek districts, and 48 villages in
the province are supplied by the Erfelek Dam Lake on the Karasu Stream. The water taken from the
lake is treated in the Sinop Municipality drinking water treatment plant, with a capacity of 54,000
md/day, and then transmitted to the tanks via water pipelines (Karadeniz, 2015; Baki et al., 2019).
The location of the lake and the appearance of the treatment plant are illustrated in Figure 1. The

quality of the water is analyzed using various parameters both before and after treatment.

Figure 1. (a) The Erfelek Dam Lake and (b) the drinking water treatment plant, Sinop Province, NE Trkiye
(Baki et al., 2019)

In this study, WT, pH, DO, EC, T, Mn?*, and total Fe parameters were considered in evaluating
the water quality for the surface waters in the dam lake before treatment. Six more parameters, which
are NHf — N, NO3; — N, NO3 — N, Clz, residual Cl2, and Cu?*, were considered in the assessing of
the water quality for the water used for drinking purposes after treatment. The daily water quality
data were obtained from Karadeniz (2015) for February 2014 to January 2015 and the website of
Sinop Municipality (URL-1, 2024) for February 2023 to January 2024.



The Black Sea Journal of Sciences 14(4), 2082-2102, 2024 2087

2.2. Canadian Council of Ministers of the Environment Water Quality Index

The CCME-WQI is developed to provide a clear and concise representation of water quality in
rivers, lakes, and other freshwater resources. It calculates a single value to enable holistic assessment of
various water quality parameters and performs the assessments using this value. The CCME-WQI is based
on three factors, proportion of water quality parameters that do not meet the water quality guidelines (F1),
the percentage of individual test results that do not meet the standards (F2), and the magnitude of deviation

of failed tests exceeding the guideline (Fs3). These factors are calculated using Egs. (1)-(3).

_ Number of failed parameters

= x 100 1
1™ Total number of parameters @
_ Number of failed tests 100 @)
2™ Total number of tests
nse
F, B 100 3

~ Number of failed tests
In Eq. (3) nse is normalized sum of excursions and calculated by Eq. (4).

_ Failed test value 1 (4)
nse= Guideline value

The overall WQI score ranging from 0 to 100 is calculated by Eq. (5) using Fi1, F2, and Fs.
Higher values indicate better water quality. CCME (2001) classified the WQI values in five groups
as 100-95 (excellent, conditions are very close to natural or pristine levels), 94-80 (good, conditions
are rarely depart from natural or desirable levels), 79-60 (conditions are sometimes depart from
natural or desirable levels), 59-45 (conditions are often depart from natural or desirable levels), and

44-0 (conditions are usually depart from natural or desirable levels).

F? + F? + F?
WQI = 100 — \[(%) ©)

The main factors for using the CCME-WQI in this study are that the index can be adapted to
any water quality guideline depending on the intended use of the water and allows a wide range of

parameters to be included in the calculations.
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3. Findings and Discussion

In this study, the quality of both the Erfelek Dam Lake and treated waters were comprehensively
assessed by considering the water quality indicators monitored before and after treatment. The water

quality time series before and after treatment for the years 2014 and 2023 are given in Figures 2-14.
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Figure 2. Water temperature time series, the drinking water treatment plant, Sinop Municipality (Karadeniz,
2015; URL-1, 2024)

The WT values ranged from 7.75 (January) to 13.53 °C (August) for before treatment and 7.97
(January) to 11.59 °C (November) after treatment in 2014. The values varied from 6.92 (February) to
14.10 °C (August) and 6.56 (February) to 13.82 °C (November) for before treatment and after
treatment, respectively, in 2023. Before treatment, the lowest average WT was calculated as 9.09 °C
(winter) in 2014, while it was 8.21 °C (spring) in 2023. The highest average WT were 13.23 °C
(summer) and 13.35 °C (autumn) in 2014 and 2023, respectively. After a period of nine years, there
was a decrease of 0.88 °C and an increase of 0.12 °C in the seasonal mean minimum and maximum
WT values, respectively. The annual mean WT values before treatment were computed as 11.40 and
11.04 °C for the years 2014 and 2023, respectively. There is no available a specific range for the WT
parameter in the amended TSWQR (2021). For both periods, however, the Erfelek Dam Lake was
classified as high quality water according to TSWQR (2015) in terms of WT. Ersanli and Hasirci
(2013) reported the WT for the Erfelek Dam Lake varied between 6.90 and 29.30 °C, with an average
of 16.20 °C. On the other hand, Ersanli and Ozturk (2017) reported the WT ranged from 7.0 to 30.0

°C, with an average of 17.0 °C for the four different stations in the Karasu Stream, Sinop.
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Figure 3. pH time series, the drinking water treatment plant, Sinop Municipality (Karadeniz, 2015; URL-1, 2024)

The pH values ranged from 7.63 (November) to 8.29 (March) before treatment and 7.56
(November) to 7.95 (February) after treatment, in 2014. The values varied from 7.53 (September) to
8.25 (February) and 7.45 (September) to 7.88 (February) before treatment and after treatment,
respectively, in 2023. The pH values were lower in autumn compared to other seasons, with 7.67
(2014) and 7.63 (2023) before treatment and 7.62 (2014) and 7.52 (2023) for after treatment. The
highest pH values were in spring: 8.10 (2014) and 8.19 (2023) before treatment and 7.62 (2014) and
7.77 (2023) after treatment. After a period of nine years, there was no significant change in pH values.
For both periods, the Erfelek Dam Lake was classified as high quality water according to the TSWQR
(2021), and pH values after treatment fell within the range imposed by the RCWIHC (2016). Ersanli
and Hasirci (2013) reported pH values for the Erfelek Dam Lake varied between 7.8 and 8.6, with an
average of 8.4. On the other hand, Ersanli and Ozturk (2017) reported pH values ranged from 6.0 to
8.0, with an average of 7.0 for the four monitoring stations in the Karasu Stream, Sinop. It means that

the Erfelek Dam Lake and Karasu Stream are classified as high quality water based on the pH values.
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Figure 4. Dissolved oxygen time series, the drinking water treatment plant, Sinop Municipality (Karadeniz,
2015; URL-1, 2024)



The Black Sea Journal of Sciences 14(4), 2082-2102, 2024 2090

The DO concentrations ranged from 9.86 (October) to 10.96 mg/L (February) in 2014 and 9.65
(August) to 13.92 mg/L (March) in 2023, respectively. The lowest seasonal concentrations were
calculated as 10.07 and 9.71 mg/L for summer 2014 and spring 2023, respectively. On the other hand,
the highest seasonal concentrations were 10.22 and 11.44 mg/L for autumn 2014 and summer 2023,
respectively. Bayram (2017) reported that the winter presenting the coldest WT and the summer
presenting the highest WT lead the higher and lower DO concentrations, respectively, in
Degirmendere and Galyan streams, Trabzon. In this study, it is thought that the highest and lowest
DO concentrations and WT occurred in different seasons because the treated water is taken from a
certain depth in the Erfelek Dam Lake. The annual average DO concentrations were calculated as
10.18 mg/L for 2014 and 10.25 mg/L for 2023. Although there was no significant change in the
concentrations on an annual basis, concentrations varied seasonally between 13.3% (spring) and —
5.0% (summer) in the nine-year period. For both periods, the Erfelek Dam Lake was classified as
high quality water according to the TSWQR (2021) in terms of DO concentration. Ersanli and Hasirci
(2013) reported the DO concentrations for the Erfelek Dam Lake varied between 4.90 and 11.90
mg/L, with an average of 9.60 mg/L. On the other hand, Ersanli and Ozturk (2017) reported the DO
concentrations ranged from 5.00 to 12.00 mg/L, with an average of 10.75 mg/L for the four

monitoring stations in the Karasu Stream, Sinop.

420 © Dam lake (2014) o Treatment plant (2014) @ Dam lake (2023) @ Treatment plant (2023)

385

Q@ "(((Vs"'r RCT K
SRl
G T T T0T O

E 350
%)
3
8 315
280
— [ee) (2] (2] o o — N N ™ (a2} < [Tol
N [Te) [°e) N Te} @ - < N~ o ™ ©
— — — N N N (3p] ™ ™
Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan
Months

Figure 5. Electrical conductivity time series, the drinking water treatment plant, Sinop Municipality
(Karadeniz, 2015; URL-1, 2024)

The EC values ranged from 341.19 (December) to 369.97 uS/cm (June) before treatment and
351.23 (December) to 373.27 uS/cm (June) after treatment in 2014. The values varied from 310.68
(March) to 345.27 uS/cm (January) and 320.54 (September) to 353.64 uS/cm (January) for before
treatment and after treatment, respectively, in 2023. Before treatment, the highest seasonal values
were 368.25 and 342.57 uS/cm in summer 2014 and winter 2023, respectively, and the lowest
seasonal values were 346.03 and 321.68 puS/cm in winter 2014 and spring 2023, respectively. After
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treatment, the highest seasonal values were 371.28 and 350.81 puS/cm in summer 2014 and winter
2023, respectively, and the lowest seasonal values were 357.03 and 330.07 pS/cm in winter 2014 and
summer 2023, respectively. After a period of nine years, the highest average EC values decreased
25.68 and 20.47 uS/cm before and after treatment, respectively. In addition, the lowest average values
also decreased 24.35 and 26.96 puS/cm before and after treatment, respectively. For both periods, the
Erfelek Dam Lake was classified as high quality water according to the TSWQR (2021) in terms of
EC parameter. Furthermore, the EC values after treatment were lower than the limit value in the
RCWIHC (2016). Ersanli and Hasirci (2013) reported the EC values for the Erfelek Dam Lake varied
between 235.70 and 378.00 uS/cm, with an average of 341.40 uS/cm. On the other hand, Ersanli and
Ozturk (2017) reported the EC values ranged from 296.00 to 894.00 uS/cm, with an average of 450.50

pS/ecm for the four monitoring stations in the Karasu Stream, Sinop.
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Figure 6. Turbidity time series, the drinking water treatment plant, Sinop Municipality (Karadeniz, 2015;
URL-1, 2024)

The T values ranged from 1.89 (February) to 16.64 NTU (November) before treatment and 0.04
(June) to 0.13 NTU (March) after treatment in 2014. The values varied from 6.32 (January) to 64.23
NTU (March) and 0.12 (November) to 0.36 NTU (February) before and after treatment, respectively,
in 2023. Before treatment, the highest seasonal T values were 11.65 and 31.54 NTU in winter 2014
and spring 2023, respectively, and the lowest seasonal values were 2.39 and 6.91 NTU in summer
2014 and winter 2023, respectively. After treatment, the highest seasonal values were 0.08 and 0.3
NTU in spring 2014 and summer 2023, respectively, and the lowest seasonal values were 0.06 and
0.15 NTU in summer 2014 and winter 2023, respectively. The annual average T values in 2014 and
2023 were calculated as 6.67 and 22.75 NTU before treatment, respectively, and 0.07 and 0.21 NTU
after treatment, respectively. There is a significant difference (246.3% before treatment and 191.7%

after treatment) in average T values on annual basis in the nine-year period. There is no classification
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for the T in the TSWQR (2015) and TSWQR (2021). However, it is stated that T values should be
less than 1 NTU in treated drinking water in the RCWIHC (2016). All values satisfy this condition.
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Figure 7. Total iron ion time series, the drinking water treatment plant, Sinop Municipality (Karadeniz,
2015; URL-1, 2024)

The total Fe concentrations ranged from 0.03 (February) to 0.11 mg/L (November) before
treatment and 0.02 (September) to 0.07 mg/L (April) after treatment in 2014. The values varied from
0.06 (January) to 0.29 mg/L (March) and 0.04 (January) to 0.13 mg/L (September) before and after
treatment, respectively, in 2023. Before treatment, the highest seasonal concentrations were 0.09 and
0.22 mg/L in spring 2014 and autumn 2023, respectively, and the lowest seasonal concentrations were
0.04 and 0.07 mg/L in summer 2014 and winter 2023, respectively. After treatment, the highest
seasonal concentrations were 0.06 and 0.12 mg/L in spring 2014 and summer 2023, respectively, and
the lowest seasonal concentrations were 0.03 and 0.04 mg/L in winter for both periods. The annual
average total Fe concentrations belonging in 2014 and 2023 were calculated as 0.06 and 0.17 mg/L
before treatment, respectively, and 0.04 and 0.09 mg/L after treatment, respectively. There is a
significant difference (increase 167.9% before treatment and 146.5% after treatment) in average
concentrations on annual basis in the nine-years period. There is no available a specific range for the
total Fe parameter in the amended TSWQR (2021). According to the TSWQR (2015), however, the
Erfelek Dam Lake was classified as high quality water for both periods in terms of total Fe

concentration. However, total Fe concentrations after treatment fell within range imposed by the
RCWIHC (2016).
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Figure 8. Manganese ion time series, the drinking water treatment plant, Sinop Municipality (Karadeniz,
2015; URL-1, 2024)

The Mn?* concentrations ranged from 0.04 (May) to 4.80 mg/L (April) before treatment and
0.006 (November) to 0.016 mg/L (March) after treatment in 2014. The values varied from 0.070
(January) to 0.541 mg/L (March) before treatment and 0.004 (August) to 0.014 mg/L (January) after
treatment in 2023. Before treatment, the highest seasonal Mn?* concentrations were 0.157 and 0.363
mg/L in autumn 2014 and 2023, respectively, and the lowest seasonal concentrations were 0.050 and
0.081 mg/L in summer 2014 and winter 2023, respectively. After treatment, the highest seasonal
concentrations were 0.012 mg/L in spring 2014 and summer 2023, and the lowest seasonal
concentrations were 0.007 mg/L in autumn 2014 and summer 2023. The annual average Mn?*
concentrations belonging in 2014 and 2023 were calculated as 0.106 and 0.242 mg/L before
treatment, respectively, and 0.010 and 0.009 mg/L after treatment, respectively. After a period of nine
years, there is a significant difference (an increase of 128.3%) in average concentrations on annual
basis before treatment. According to the TSWQR (2021), the Erfelek Dam Lake was classified as
slightly polluted water for both periods in terms of Mn?* parameter. Additionally, Mn?
concentrations after treatment fell within the range imposed by the RCWIHC (2016).
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Figure 9. Ammonium nitrogen time series after treatment (Karadeniz, 2015; URL-1, 2024)
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The NH} — N concentrations ranged from 0.02 (June) to 0.08 mg/L (March) in 2014 and 0.02
(May) to 0.11 mg/L (February) in 2023. The lowest and highest seasonal average concentrations were
calculated as 0.037 (autumn) and 0.053 mg/L (spring), respectively, in 2014. After a period of nine
years, the values were 0.022 (spring) and 0.083 mg/L (summer) in 2023. Seasonal minimum
concentrations decreased by 40.2% and maximum concentrations increased by 57.4%. On an annual
basis, it increased by 20. 6%. In addition, the seasons, in which extreme values, are observed differ for

both periods. NHF — N concentrations, however, fell within range imposed by the RCWIHC (2016).
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Figure 10. Nitrite nitrogen time series after treatment (Karadeniz, 2015; URL-1, 2024)

The NO3 — N concentrations ranged from 0.02 (August) to 0.08 mg/L (October) in 2014 and 0.09
(July) to 0.60 mg/L (September) in 2023. The lowest and highest seasonal average concentrations were
calculated as 0.066 (spring) and 0.121 mg/L (autumn), respectively, in 2014. After a period of nine years,
the values were 0.101 (winter) and 0.323 mg/L (autumn) in 2023. Seasonal minimum and maximum
concentrations increased by 51.6 and 167.3%, respectively. On an annual basis, it increased by 122.7%.

NO3; — N concentrations, however, were lower than the limit value imposed by the RCWIHC (2016).
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Figure 11. Nitrate nitrogen time series after treatment (Karadeniz, 2015; URL-1, 2024)
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The NO3 — N concentrations ranged from 0.36 (May) to 6.04 mg/L (June) in 2014 and 0.33 (May)
to 13,50 mg/L (December) in 2023. The lowest and highest seasonal average concentrations were
calculated as 0.83 (spring) and 4.79 mg/L (summer), respectively, in 2014. After a period of nine years,
the values were 0.52 (summer) and 7.47 mg/L (winter) in 2023. Seasonal minimum concentrations
decreased by 37.4% and maximum concentrations increased by 56.1%. On an annual basis, it increased
by 33.5%. Additionally, the seasons in which extreme values are observed vary between the two periods.

NO3 — N concentrations, however, were lower than the limit value imposed by the RCWIHC (2016).
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Figure 12. Chlorine time series after treatment (Karadeniz, 2015; URL-1, 2024)

The Cl2 concentrations ranged from 7.66 (October) to 12.18 mg/L (December) in 2014 and 14.05
(September) to 18.02 mg/L (March) in 2023. The lowest and highest seasonal average concentrations were
calculated as 9.14 (summer) and 11.10 mg/L (winter), respectively, in 2014. After a period of nine years,
the values were 15.43 (summer) and 17.15 mg/L (spring) in 2023. Seasonal minimum and maximum
concentrations increased by 68.7 and 54.6%, respectively. On an annual basis, it decreased by 63.1%. The
Clz2 concentrations were lower than the limit value of 250 mg/L imposed by the RCWIHC (2016).
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Figure 13. Residual chlorine time series after treatment (Karadeniz, 2015; URL-1, 2024)
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The residual Cl2 concentrations ranged from 0.83 (February) to 1.45 mg/L (June) in 2014 and
1.28 (January) to 1.70 mg/L (July) in 2023. The lowest and highest seasonal average concentrations
were calculated as 1.09 (spring) and 1.37 mg/L (summer), respectively. After a period of nine years,
the values were 1.30 (winter) and 1.47 mg/L (summer) in 2023. Seasonal minimum and maximum
concentrations increased by 19.1 and 7.4%, respectively. On an annual basis, it decreased by 17.6%.
The residual Cl2 concentrations were higher than the range of 0.2 - 0.5 mg/L imposed by the RCWIHC
(2016).
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Figure 14. Copper ion time series after treatment (Karadeniz, 2015; URL-1, 2024)

The Cu?* concentrations ranged from 0.03 (May) to 0.83 mg/L (January) in 2014 and 0.01
(August) to 0.37 mg/L (July) in 2023. The lowest and highest seasonal average concentrations were
calculated as 0.180 (summer) and 0.731 mg/L (winter), respectively, in 2014. After a period of nine
years, the values were 0.03 (spring) and 0.14 mg/L (summer) in 2023. seasonal minimum and
maximum concentrations decreased by 82.9 and 80.3%, respectively. On an annual basis, it decreased
by 73.6%. Cu?* concentrations were lower than the limit value imposed by the RCWIHC (2016).
Basic statistics of water quality indicators monitored in the Sinop Municipality drinking water
treatment plant before treatment, along with the limit values referenced to the TSWQR (2015) and
TSWQR (2021), are presented in Table 1. The statistics for these indicators after treatment, along
with the mandatory values imposed by the RCWIHC (2016), are provided in Table 2.
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Table 1. Basic statistics of water quality indicators before treatment and limit values for the TSWQR
(2015) and TSWQR (2021)

TSWQR (2015) TSWOR (2021)

Indicator Unit  Year Min Ave Max SD

High Slightly Polluted Too much High Slightly Polluted

quality polluted polluted quality polluted
2014 710 1140 1880 215
WT "C o003 590 1104 1530 264 =2 =2 =0 230 - ’
pH 583‘3‘ ;i ;'gg ggi 8'52 6.5-85 6.5-85 6.0-9.0 ig'g 6.0-9.0 6.0-90 6.0-9.0
DO mgrL 2014 740 1018 1240 062 o, 5, 50 <30 800 600 <6.00

2023 760 9.88 10.60 0.52

2014 321.00 360.87 388.00 10.38
EC pS/cm 2023 29500 330.02 350.00 9.95 <400 1000 3000 >3000 <400 1000 >1000

2014 126 657 7630 7.08
T NTU 2023 452 2275 193.00 24.89 ) i i ) i )

2014 002 0.06 0.23 0.03
Total Fe mg/L 2023 003 017 070 011 <0.3 1.0 50 >5.0 - -

2014 002 011 086 0.09 >30 010 050 >050
2+ =
Mn Myl 5023 003 024 166 020 <01 05 30

Table 2. Basic statistics of water quality indicators after treatment and mandatory values imposed by
the RCWIHC (2016)

Indicator Unit Year Min Ave Max SD RCWIHC (2016)
WT °C 2014 7.10 10.45 17.90 1.58 )
2023 5.70 10.46 15.10 2.38
pH 208 731 769 doa o OS0-980
DO mg/L gg;g )
£ USIM o023 3500 awS0  aee00 103 2500
T @ o oy umom |
are mo M6 9% e o0 om o
e M3 omoomo pme o
NHI-N  moL o3 om0 o005 om0 oo 050
N m mE 0@ Dm0 o o
NOS-N ML s o016 s 1ea0 a3 50
Cl "L s om0 1608 196 168 250
T N -
G mL o3 oo oo 0720 e 200

SD: Standard deviation
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The water quality of the Erfelek Dam Lake was evaluated by CCME-WQI. Seven parameters
including pH, WT, DO, EC, T, total Fe, and Mn?* were considered in the index calculation. The limit
values specified in the TSWQR (2021) were used for the relevant parameters in the calculations.
There is no a limit value specified for T values in the TSWQR (2021). For this reason, a value of 5
NTU specified in WHO (2002) was accepted as the limit for T values. For the Erfelek Dam Lake, the
monthly WQI values varied between 70.4 and 100.0 in 2014 and between 72.7 and 83.5 in 2023
(Figure 15).

Apr

-8 2014

-A- 2023

B 95-100 Excellent
T 1 80-94 Good
Bl 65-79 Fair
Bl 45-64 Marginal
Bl 044  Poor

Figure 15. Application of the CCME water quality index for the Erfelek Dam Lake, Karasu Stream, Sinop, Turkiye

The WQI values for 2023 are slightly higher than 2014 in March, October and December. In
the rest of months, it is observed that the WQI values of 2014 are higher. Especially in January, April,
May, June, July, and August, the WQI values of 2023 are significantly lower compared to 2014. This
is caused by T values and Mn?* concentrations exceeded the specified limit values many times in the
relevant months of 2023. In the study conducted by Kukrer and Mutlu (2019) to evaluate the water
quality of the Saraydiizii Dam Lake (Sinop, Turkiye), it was reported that WQI values were lower in
winter months and higher in summer months. A similar situation was observed in the WQI values
calculated for 2014 (except February) and 2023 (except January) in the Erfelek Dam Lake. In this
study, unlike Boskidis et al. (2010) and Singh et al. (2017), no decrease in water quality was observed
in summer months. It is thought that this may be due to the different parameters evaluated. According
to the annual average WQI values, the Erfelek Dam Lake was classified as good (89.1) in 2014 and

fair (77.3) in 2023 in terms of drinking water quality.
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4. Conclusions and Recommendations

In this study, the water quality of the Erfelek Dam Lake was meticulously assessed before and
after treatment process. Before treatment parameters such as water temperature, hydrogen ion
concentration (pH), dissolved oxygen, electrical conductivity (EC), turbidity (T), total iron, and
manganese ion (Mn?*) were analyzed to determine the condition of the surface water. After treatment
analysis focused on six more parameters including ammonium nitrogen, nitrite nitrogen, nitrate
nitrogen, chlorine, residual chlorine, and copper ion (Cu?*) to assess the effectiveness of the water
treatment process. The assessments were conducted in accordance with the Turkish Surface Water
Quality Regulation (TSWQR, 2021) and Regulation Concerning Water Intended for Human
Consumption (RCWIHC, 2016) to ensure comprehensive and accurate results. Finally, the Canadian
Council of Ministers of the Environment water quality index values were calculated to assess the
water quality of the Erfelek Dam Lake. For the monitoring periods 2014 and 2023, changes in water
quality were compared by using the calculated WQI values. The main findings of the study are given
below.

As a result of one-year monitoring for both periods, it was concluded that the Erfelek Dam Lake
has high quality water according to the TSWQR (2021) in terms of monitored water quality
indicators, except for Mn?* concentrations. The lake is classified as slightly polluted water in terms
of Mn?* concentrations.

In the Erfelek Dam Lake, the maximum and minimum average values of water quality
indicators except pH occurred in different seasons for the years 2014 and 2023. In addition, when the
annual averages of these parameters (except for EC) were examined, higher values were calculated
in 2023 compared to 2014.

It was determined that the values belonging to the water quality indicators considered after
treatment were lower than the limit values imposed by the RCWIHC (2016).

Calculated WQI values indicate a significant deterioration in the water quality of the Erfelek
Dam Lake in 2023 compared to 2014. The decrease in the WQI values, particularly in the summer
months, can be attributed to frequent exceedances in T values and Mn?* concentrations. This
highlights the need for enhanced monitoring and management efforts to address the factors impacting

water quality, particularly during the warmer months.
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