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ABSTRACT ARTICLE INFO

The present research focuses on assessing the environmentally significant Mogan
Lake and its feeder creeks water quality parameters, all of which hold recreational

RESEARCH ARTICLE

importance for Ankara. In light of the findings, a) The ranking of the creeks based Received  :06.12.2023
on the average parameter values for each creek over three months is as follows: Revised - 05.06.2024
for TSS and TOC: Golciik > Bagpinar > Sukesen > Yavrucak; for TN: Bagpinar .

> Golciik > Sukesen > Yavrucak; for TP: Golciik > Sukesen >Bagpmar > Accepted  :03.04.2024
Yavrucak, b) Based on dissolved oxygen values, Sukesen and Yavrucak Creeks Published  :25.08.2024

were classified as Class | water quality, while in terms of pH values, all creek

waters were in Class I. However, in terms of total phosphorus, they were classified DOI:10.17216/LimnoFish.1400821

as Class 111 water quality, ¢) TP, TOC were found to be controlled by wastewater
reaching Bagpmar and Sukesen Creek from both settlements and agricultural
activities, while wastewater originating from agricultural activities was found to
be directly responsible for DO, TN and TSS levels as in Golciik and Yavrucak
Creeks. In this context, monitoring the high TP, TN and TOC values of four
creeks in the basin, which are exposed to multiple stressors, is important to protect
the water quality of these creeks and to control their contribution to the
eutrophication of Mogan Lake.
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Mogan Go6lii Havzasi’ndaki (Ankara, Tiirkiye) Derelerin Yiizey Suyu Kalite Parametrelerinin Belirlenmesi

Oz: Bu arastirmada, Ankara agisindan rekreaktif 5neme sahip Mogan Golii’nii besleyen Baspmar, Golciik, Sukesen, Yavrucak
Derelerinin yiizey suyu kalite parametrelerinin degerlendirilmesi amaglanmistir. Bulgular 1s1ginda; a) Her bir derenin ii¢ aya iligkin
ortalama parametre degerlerine gore siralamas;; AKM ve TOC igin: Golciik>Bagpinar>Sukesen>Yavrucak; TN igin:
Bagpimar>Golciik>Sukesen>Yavrucak; TP i¢in: GSlclik>Sukesen> Baspinar >Yavrucak olarak belirlenmistir, b) Coziinmiis oksijen
degerlerine gore Sukesen ve Yavrucak Dereleri, pH degerleri agisindan tiim dere sulari 1. Sinif, toplam fosfor agisindan ise II1. Siif
su kalitesine sahiptir, ¢) TP, TOC’un Baspmar ve Sukesen Deresi’ne gerek yerlesim yerlerinden gerekse tarimsal aktivitelerden
ulagan atik sular tarafindan kontrol edildigi, tarimsal faaliyetlerden koken alan atik sularin ise, Golciik ve Yavrucak Dere’lerinde
oldugu gibi CO, TN ve AKM diizeylerinden dogrudan sorumlu oldugu saptanmstir. Bu baglamda, birden ¢ok stres etkenine maruz
kalan havzadaki dort dereye iliskin yiiksek TP, TN ve TOC degerlerinin izlenmesi, bu derelerin su kalitesini korumak ve Mogan
Goli’niin 6trofikasyonundaki katkilarini kontrol etmek agisindan 6nem tagimaktadir.

Anahtar kelimeler: Su kalite parametreleri, besin elementleri, askida kat1 maddeler, dereler
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Introduction

In terms of the sustainability of water
resources, the determination and monitoring of
water quality characteristics are important.
Regular  monitoring  helps  facilitate  the
provision of real-time data on water quality,
thereby contributing to the preservation of public

health and the assurance of water resource utilization
safety.

Under the current 'Surface Water Quality
Management Regulation' in effect in Tiirkiye, aquatic
environments are categorized into water quality
classes based on parameters such as pH,
conductivity, oil and grease, dissolved oxygen,


https://doi.org/10.17216/limnofish.1400821
https://doi.org/10.17216/limnofish.1400821
https://doi.org/10.17216/limnofish.1400821
https://orcid.org/0009-0008-7301-5912
https://orcid.org/0000-0001-5277-417X
https://doi.org/10.17216/limnofish.1400821

82

Latifi & Pulatsii 2024- LimnoFish 10(2): 81-93

chemical oxygen demand, biochemical oxygen
demand, ammonium nitrogen, nitrate nitrogen, total
kjeldahl nitrogen, total nitrogen, orthophosphate
phosphorus, total phosphorus, fluoride, manganese,
selenium, and sulfur. In this context, water quality
monitoring results related to specific pollutants and
priority substances are also evaluated according to
the water body category (rivers/lakes, coastal and
transitional waters) (TSWQR 2016). As stated in
Anonymous (2022), in the Lake District Special
Environmental Protection Plan for Golbasi, covering
the period 2015-2019 and prepared by the General
Directorate for Protection of Natural Assets of the
Ministry of Environment and Urban Planning, the
goal of achieving compliance with the standards set
by the Surface Water Quality Management
Regulation for Mogan-Eymir Lakes and the creeks
feeding these lakes has been established.

The speed of eutrophication, which is a natural
process in aquatic systems, gains momentum as a
result of land use, sewage, domestic, agricultural and
industrial ~ wastewater  reaching  the  water
environment. As nutrient inputs continue to be
introduced into aquatic systems in this manner,
situations that are not suitable for the intended use of
aquatic environments may arise. In this context,
before starting to solve the eutrophication problem, a
comprehensive analysis of nutrient sources should be
carried out and separate management strategies
should be developed for point, non-point and
endogenous sources to control eutrophication
(Pulatsii et al. 2014).

Mogan Lake (Ankara), which is one of the inland
freshwater ecosystems exposed to eutrophication, is
among the important wetlands in Tiirkiye nominated
for Ramsar status. The increasing population,
urbanization, changes in land use, sediment transport,
the rise in the use of agricultural pesticides, mining
activities, and factors like climate change in the lake
basin have made year-to-year water-sediment quality
changes in the lake inevitable. Since the early 1990s,
the lake has possessed the characteristic of being a
natural research area for some government
institutions and universities, and due to its proximity
to Ankara, it continues to be a focal point of interest
(Pulatsii and Topgu 2023). Mogan Lake receives very
low groundwater input, and the inflow of water into
the lake mainly occurs during summers through
irregularly flowing creeks, which often dry up. In this
context, adverse interventions on the creeks and their
beds can potentially impact both the flow rates and
water quality conditions of the creeks that feed the
lake. During the autumn season of 2022, rainfall
across the country occurred below the normal levels
and below the levels observed in the previous year.
The autumn season rainfall across the country has

shown a 27% decrease compared to the normal levels
and a 9% decrease compared to the autumn season of
the previous year (Anonymous 2023). The reflections
of seasonal changes on all surface water resources are
also valid for the Mogan Lake Basin.

In this study: a) the aim was to obtain current data
related to some physicochemical parameters (water
temperature, dissolved oxygen, pH, suspended
solids, total phosphorus, total nitrogen, total organic
carbon) for four significant creeks - Baspinar,
Golcik, Sukesen, and Yavrucak Creeks - which had
been relatively underrepresented compared to other
studies conducted in Mogan Lake, b) the water
quality classes of creek waters based on the analyzed
water quality parameters were determined, c) the
estimation of nutrient and suspended solids loads of
Sukesen and Yavrucak Creeks was conducted, d) to
assess the impact of creek-specific pollutant sources
on water quality parameters. It is believed that the
findings are important for establishing the current
situation in the context of basin-lake management.

Materials and Methods

Study Area

Mogan Lake is situated within the limits of the
Golbast Special Environmental Protection Area and
is additionally recognized as one of the important
wetlands in our nation proposed for Ramsar
designation. The groundwater replenishment of
Mogan Lake is quite limited, and during the summer
months, water inflow primarily happens via
sporadically flowing creeks that often run dry. The
key screeks within this group include Sukesen,
Bagpinar, Golova, Yavrucak, Colakpinar, Tatlim,
Kaldirinm, and Golciik, situated in the eastern-
northwestern regions of the basin (Anonymous
2017). In this research, water samples were collected
from four chosen creeks, which serve as pollution
sources for Mogan Lake and contribute to its inflow
(Figure 1).

Methods

During this research, three sampling sessions
were carried out on the creeks that supply Mogan
Lake, precisely in December 2022, February 2023,
and April 2023. The choice of sampling months was
made by taking into account the potential for
substantial rainfall, as indicated by historical
meteorological data.

Fieldwork

The water samples were collected in plastic
sample bottles after being thoroughly mixed with the
surface waters of the mentioned creeks, ensuring
there were no air bubbles, and then transported to the
laboratory in a cold and dark environment. Water
temperature (°C), dissolved oxygen (DO), and
pH were measured in the field. Measurements of
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DO and temperature were made using a
portable oxygen meter (YSI Pro 20; temperature
range: 5-45°C, sensitivity: = 1°C; dissolved oxygen

range: 0-15 ppm, sensitivity: = 0.2 ppm). pH
with a portable pH meter (YSI-Ecosense pH 100 A;
+ 1°C sensitivity)

R
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1: Sukesen Creek- 39°47,350"N, 32°48,266"E
2: Bagpinar Creek- 39°46,616"N, 32°48, 149"E
3: Yavrucak Creek- 39°47,542"N, 32°48,205"E
4: Golciik Creek-39°45,436"N, 32°45,568" E

Figure 1. Map of the study area and coordinates of the selected creeks

Laboratory work

The unfiltered samples were analysed for total
phosphorus (TP), total nitrogen (TN), total organic
carbon (TOC) and total suspended sediment (TSS).

The analyses were conducted in a laboratory
accredited by the Turkish Accreditation Agency
(TURKAK) with four repetitions, and the methods
used in the analyses are presented in Table 1.

Table 1. Methods used in creek water analyses

Parameters

Methods

Total phosphorus (TP)

TS EN ISO 17294-1.2

Total nitrogen (TN)

SM 4500 Norg B, SM 4110 B

Total organic carbon (TOC)

TS 8195 EN 1484

Total suspended solids (TSS)

SM 2540 D
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Load estimation

To determine the loads of TP, TN, TOC, and TSS
transported to Mogan Lake by the creeks, discharge
values for these creeks are required. However, the
latest records regarding creek  discharge
measurements in the basin are only available for
Sukesen and Yavrucak Creeks, and they date back to
the year 2008. In this context, the average flow values
reported by Kapan (2011) were used for calculating
the load values of the parameters. These values for
December, February, and April are as follows (m3):
Sukesen Creek: 0.011, 0.013, 0.017 and Yavrucak
Creek: 0.002, 0.012, 0.085 respectively. The load
values for the same months were determined by
multiplying the concentration values of the
parameters by the daily discharge values.

Statistical analyses

The presence of a significant difference between
the measurement-concentration values of parameters
across months and creeks was tested using the
Kruskal-Wallis test. The difference between which
months and creeks were found was determined by
Tukey test, one of the post hoc multiple comparisons
tests. The presence of a significant relationship
between the measurement-concentration values of
parameters was obtained using the Spearman
correlation coefficient. The correlation coefficient is
interpreted as the direction, amount and strength of
the relationship between two variables. The amount
of the relationship varies between - 1.00 and + 1.00.
As for the strength of the relationship correlations

B Water temperature (°C)

0 2 4 6

between 0.00 and 0.30 are considered low,
correlations between 0.31 and 0.70 are moderate, and
correlations between 0.70 and 1.00 indicate a high
level of relationship between the two variables.
In this study, Principal Component Analysis/Factor
Analysis (PCA/FA) with varimax rotation was
conducted to identify potential sources of water
quality parameters. To determine the appropriate
dataset for PCA, the Kaiser-Meyer-Olkin (KMO) and
Bartlett's sphericity tests were performed. The KMO
is a measurement of the acceptability of sampling
since it indicates the common variance that might be
induced by underlying factors. If the KMO value is
close to 1, it suggests that the samples are acceptable,
or PCA might be more effective (Kolassa 2020). All
statistical analyses were performed by using SPSS
22.

Results

Within the scope of the study, the water
temperature values of all the creeks in February and
April were statistically significant (P < 0.05).
The dissolved oxygen values also showed
statistically ~ significant ~ differences  across
months in all creeks (P < 0.05). Minimum oxygen
values in all creeks were measured in April. The pH
values varied between 5.61 and 8.61 during the
sampling months. The results of water temperature,
dissolved oxygen and pH for the average values of
the three months measured on the basis of creeks are
shown in Figure 2.

@Dissolved oxygen (mg/L) OpH

10 12 14 16 18 20

Baspmar Creek

Golciik Creek

Sukesen Creek

Yavrucak Creek

Figure 2. Seasonal variations in water temperature, dissolved oxygen, and pH values for creeks
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The monthly variation in total suspended solids
values was found to be statistically significant for
each river (P < 0.05). Maximum total suspended
solids values were determined as 23.45 and 3.38
mg/L in Bagpinar and Yavrucak Creeks in December,
respectively, and 40.30 and 19.63 mg/L in Golciik
and Sukesen Creeks in April, respectively. According
to the values in Table 2, minimum TSS values were
determined in February in Baspinar, Sukesen and
Yavrucak creeks and in December in Goélciik creek.
In terms of this parameter, the difference between the

creeks in December and February was found to be
statistically significant (P < 0.05).

As seen in Table 2, the monthly variation of total
nitrogen in all creek waters was statistically
significant (P < 0.05) The maximum total
nitrogen value of 8.64 mg/L was determined
in Golciik Creek in April, while the minimum
value (0.92 mg/L) belongs to Yavrucak Creek.
In terms of this parameter, the difference between the
creeks in February and April is statistically
significant.

Table 2. Variation of water quality characteristics by months and creeks

Months
December February April
Creeks Parameters Mean + SD Mean + SD Mean + SD
TSS 23.45 + 057 16.13 + 0.25PA 10.18 + 0.30 °A
™ 6.10+£0.12°A 6.75 + 0.14bA 7.29+0.13%
Baspinar
TP 0.07 0012 51.40 + 1.90PA 18.90 + 0,91 °A
TOC 31040112 33.33 +0.40A 2.01+1.18%
TSS 12.15+ 0.41%® 34.68 = 0.38"8 40.30 £ 0.42°
™ 0.99 + 0.05% 8.02 + 0.08"8 8.64 + 0.06
Goletik p 0.27 + 0.02® 22.99 + 0,988 236.95 + 3.21®
TOC 5.40 + 0.20B% 36.60 + 1448 2.75 + 0,63
TSS 7.50 + 0.36% 2.63+0.17%C 19.63 + 0.22A
™ 2.19 + 0.07:C 4.49 +0.01° 1.00 + 0,03
Sukesen 0.07 + 0.01% 77.45+1.77°C 4.20 +0.22<C
TOC 3.25+0.61% 29.70 + 0.86 " 1.91 + 1.00%
TSS 3.38 + 0.400 1.5+ 0,13 1.28+0.17°¢
™ 3.08 + 0.04%C 2.95 + 0.04° 0.92 +0.01¢C
Yavrueak o, 0.01 + 0,00 3.99 + 0,340 249 + 0,33
TOC 3.42 + 0,220 2358 + 2,170 2,53+ 0.89%

*The different lower-case letters in the same row show the differences between months in the same creek, while the
different capital letters in the same column show the differences between the creeks at the same month (P < 0.05)

Monthly variation of total phosphorus values for
each creek water was found to be statistically
significant (P < 0.05). The minimum total
phosphorus values in all creeks ranged between 0.01-
0.27 mg/L and were measured in December. The
highest total phosphorus value determined during the
study period was 236.95 mg/L in April in Golciik
Creek (Table 2).

The total organic carbon values of all creeks
showed a statistically significant difference in
February (P < 0.05), while in April, there was not a

statistically significant difference among the creeks
in terms of this parameter (P > 0.05).

The limited number of study findings related to
the considered creeks in this research are presented in
Table 3. It is observed that the total phosphorus
concentration values, total phosphorus concentration
values have increased approximately 100 times in all
creeks over the years and the ranking of creeks
carrying excessive phosphorus changed depending
on the type of point and non-point pollution sources
affecting creek waters.
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Table 3. Results of studies conducted in different periods at Mogan Lake
(Total phosphorus-TP, total suspended solids-TSS, total nitrogen-TN)

Creeks TP (mg/L) Period  Reference
Bagpinar 0.712
Géleik ) Pulatsii
1992-1994 and Aydin
Sukesen 0.325 (1997)
Yavrucak 0.478
Baspinar -
- Burnak
Golciik 0.198 and
March 1997- Beklioglu
Sukesen 0.143 April 1998 (2000)
Yavrucak 0.336
Bagpinar 0.712
Gélciik - January- Fal;;caglu
Sukesen 0.292 De;gggber Pulatsii
(2005)
Yavrucak 0.478
Creeks TP (mg/L) TSS (mg/L) Period Reference
Bagpinar 0.22-0.66 108-227
Golciik 0.10-0.13 747-166 :
JCU)IC){O})Z?? Karakog et
Sukesen 0.35-0.07 <10-18 al. (2003)
1999
Yavrucak 0.27-0.7 190-85
Creeks TP TSS TN Period Reference
(mg/L)  (mg/L)  (mg/L)
Bagpinar 0.06 12.49 2.87
Goéleik - - - January-
December Kapan
Sukesen 0.55 330 11.08 2008 (2011)
Yavrucak 0.13 48 2.69
Baspinar 23.46 19.58 6.71
Goleiik 86.73 29.04 5.88 December
2022, This stud
Sukesen 27.24 9.92 2.56 February, y
April 2023
Yavrucak 2.16 1.97 2.31
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In Table 4, water quality classifications for four
rivers considered are presented. According to the
Turkish  Surface Water Quality Regulation
(TSWQR 2016), Class | water quality waters are
high quality waters and include surface waters with
high potential to be drinking water, waters that can be
used for recreational purposes including those
requiring body contact such as swimming, waters that
can be used for trout production and waters that can
be used for animal production and farm needs.
Within the scope of the study, among the parameters
considered, Sukesen and Yavrucak creeks fall into
Class I in terms of dissolved oxygen values, while all
creek waters meet Class | water quality standards in
terms of pH values. Under the same regulation, Class

Il waters, which are classified as slightly polluted
waters, encompass Wwaters that meet both
Class | water quality standards and the
irrigation water quality criteria determined by the
relevant legislation for irrigation  purposes.
Bagpmar and Golciik Creeks are classified into
this category based on their dissolved oxygen and
total nitrogen values. Class Ill waters, classified as
polluted waters, can be used for aquaculture
and industrial purposes after suitable treatment,
excluding  facilities  requiring  high-quality
water such as those in the food and textile industries.
Within the scope of the study, the total phosphorus
values of all creek waters considered indicate Class
I11 water quality.

Table 4. Quality classes in creek waters according to the Turkish Surface Water Quality Regulation

(TSWQR 2016)
Water quality classes This study

Parameters | 1 i B* G S Y
Dissolved oxygen >8 6 <6 I 1 | |

(DO) (mg/L)

pH 6-9 6-9 6-9 | | | |

Total phosphorus < 0.08 0.2 >0.2 11| Il Il i
(TP) (mg/L)

Total nitrogen (TN) <35 115 >115 I 1 | |

(mg/L)

Load estimation results

The results regarding the TP, TN, TOC and TSS
loads transported to Mogan Lake through the
Sukesen and Yavrucak Creeks are presented in
Figure 3. As can also be seen from the figure, in
Sukesen Creek, the TSS load value is higher in April,
while the TP load value is higher in February

(a) 35

compared to Yavrucak Creek. In Yavrucak Creek,
especially the TN and TOC load values are
considerably higher than those in Sukesen Creek in
April. The increase in flow values, in parallel with the
increase in precipitation, seems to have led to an
increase in the loads of the respective parameters,
depending on the pollution sources of both creeks.

TSS-Load (kg/day)

April-2023

() 8
OSukesen ® Yavrucak

:H. Il HL

February-2023 April-2023

TN-Load (kg/day)
w &

°

December-2022

(b) 100

@Sukesen = Yavruak

ay)

TP-Load (kg/d:

December-2022 February-2023 April-2023

OSukesen »Yawrucak

TOC-Load (kg/day)
8

LM 7

February-2023 April-2023

December-2022

Figure 3. TSS, TP, TN and TOC loads for the Sukesen and Yavrucak Creeks
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Correlation analysis

The Spearman correlation coefficient was used to
determine whether there was a significant
relationship between the measurement-concentration
values of the 7 parameters considered in the study
(Table 5). There is a moderately significant negative
(opposite) relationship between water temperature
and dissolved oxygen which is -0.564. In other
words, as water temperature increases, the dissolved
oxygen values decrease, which aligns with the
phenomenon that dissolved oxygen in surface waters
is primarily controlled by water temperature.
Additionally, the positive correlation of 0.615

between pH values and dissolved oxygen indicates
a moderately significant relationship. As can be seen
in Table 5, it was found at the correlation
between total nitrogen and total suspended solids
was found to be at the highest level (0.647)

compared to other parameters (P < 0.05).
Furthermore, the correlation between total
phosphorus  and  total  suspended  solids,

total nitrogen, and total carbon was also found to be
significant (P < 0.05). The statistically significant
correlations among the mentioned four parameters
indicate that these parameters likely originate from
similar sources.

Table 5. Spearman correlation matrix analysis for all water quality parameters in the studied creeks

Water

DO pH TSS TN TP TOC
temperature
Water r 1.000
temperature p
r -.564" 1.000
DO
p .000
r -.328" .615" 1.000
pH
P 023 000
ss r 196 -.152 .040 1.000
P 183 301 .788
™ r -.079 -.169 -.068 .647° 1.000
p .595 .249 .644  .000
P r .070 -.213 -081 .324" 581" 1.000
P 634 147 585 025 .000
TOC r -.276 -.064 -395° -114 232 .311" 1.000
p .057 .664 .005 .440 .113 .032
*P <0.05

Possible sources of parameters in creeks

Factor analysis using the Principal Components
method was conducted to determine the factorial
structure of the seven measurements taken from
Bagpinar Creek. A KMO statistic value greater than
0.50 suggests the adequacy of sample size. Barlett's
sphericity test assesses the suitability of the data for
factor analysis, and a Sig. value lower than 0.05 is
expected. According to Table 6, two factors with
eigenvalues greater than 1 were found. The seven
separate  measurements were grouped into two
subgroups. In the first factor, TP, TOC, TSS, and pH
measurements were present, and these four
measurements accounted for 62% of the measured
structure. In the second factor, DO, water
temperature, and TN measurements were included.
Upon examining the factor loadings, it is evident that

the TP measurement in the first factor is the most
influential parameter for Bagpinar Creek, and it has a
negative direction. This result supports that the
parameters TP and TOC are the most adversely
affected by the pollution of this creek, particularly
from wastewater originating from residential areas
and agricultural activities. In the factor analysis
conducted for Golciik Creek, the first factor includes
DO, TN, and TSS measurements, and these three
measurements account for 61% of the measured
structure. In the second factor, water temperature,
TOC, TP, and pH measurements are included. In this
context, the DO, TN, and TSS values for Golcik
Creek appear to be the parameters most affected by
the pollution level of this creek particularly in the
region where agricultural activities are intensive
(Table 7).
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Table 6. Total variance explaind and component matrixes for water quality parameters in Bagpinar Creek

Initial Eigenvalues Component
Component ol % of Cumulative Variables ) ,
Variance %

1 4.308 61.541 61.541 TP -.996

2 2.583 36.907 98.448 TOC -.948 315
3 .061 .869 99.317 TSS .942 327
4 .040 576 99.892 pH .884 448
5 .004 .059 99.951 DO .956
6 .002 .025 99.976 Water temp. -.952
7 .002 .024 100.000 TN -.326 -.931

Extraction Method: Principal Component Analysis.

KMO0=0.636 Bartlett's Test of Sphericity: Chi-Square=171.048 Df=21 Sig:0.000

Table 7. Total variance explained and component matrixes for water quality parameters in Golciik Creek

Initial Eigenvalues Component
Component % of Cumulative Variables
Total Variance % 2
1 4.275 61.067 61.067 DO .993
2 2.551 36.438 97.505 TN .989
3 .168 2.404 99.909 TSS .965
4 .005 .073 99.982 Water temp. .990
5 .001 011 99.993 TOC 502 -.863
6 000 .005 99.998 TP 512 .852
7 .000 .002 100.000 pH 549 754

Extraction Method: Principal Component Analysis.
KMO=0615 Bartlett's Test of Sphericity: Chi-Square=224.997 Df=21 Sig:0.000

According to the results of the factor analysis
conducted for Sukesen Creek, two factors with
eigenvalues greater than 1 were found (Table 8). In
the first factor, all parameters except dissolved
oxygen were included, and it was determined that the
contribution of wastewate for Yavrucak Creek
waters, there is a significant contribution, especially

on water temperature, TSS, DO, TP, and TN
measurements (Table 9). Sukesen Creek was
particularly high in terms of TOC and TP
measurement values. In this context, it can be
mentioned that the Yavrucak creek, where
wastewater from agricultural activities reaches, has a
negative impact on TSS and TP parameters.



90 Latifi & Pulatsii 2024- LimnoFish 10(2): 81-93
Table 8. Total variance explained and component matrixes for water quality parameters in Sukesen Creek
Initial Eigenvalues Component
Component Total % of Cumulative Variables )
Variance %
1 5.583 79.753 79.753 TOC .984
2 1.405 20.069 99.821 TP -.969
3 .008 116 99.937 pH .957
4 .003 .049 99.987 TN .887 458
5 .001 .007 99.994  Water temp. .844 536
6 .000 .004 99.999  TSS -.729 -.683
7 .000 .001 100.000 DO 1.000
Extraction Method: Principal Component Analysis.
KMO=0.665 Bartlett's Test of Sphericity: Chi-Square=260.613 Df=21 Sig:0.000
Table 9. Total variance explained and component matrixes for water quality parameters in Yavrucak Creek
Initial Eigenvalues Component
Component Total VaO/rOiz;)rTce Cumulative % Variables 1 2
1 4.418 63.108 63.108 Water temp. -.992
2 2.487 35.523 98.631 TSS 947
3 .037 535 99.165 DO 937 -.342
4 .036 507 99.673 TP -.788 599
5 .020 279 99.952 TN 750 .656
6 .003 041 99.993 pH -.982
7 .000 .007 100.000 TOC 972
Extraction Method: Principal Component Analysis.
KMO=0.731 Bartlett's Test of Sphericity: Chi-Square=169.509 Df=21 Sig:0.000
Discussion The temperature of surface waters is affected by

Anthropogenic factors in the Mogan Lake
basin include the presence of a number of
industrial ~ facilities  (such  as  aluminum
coating factory, tile factory, machinery factories)
due to the efficient highway transportation,
unplanned housing development in parallel with the
increasing population around the lake, the presence
of hobby gardens increasing in number due to its
proximity to Ankara as well as agricultural activities,
andesite and quarries in operation. It is clear that the
creeks that reach the lake by carrying the wastewater
of all these elements also play a role in the pollution
of the lake. This is in line with many recent studies
in which pollution caused by surface waters
flowing into inland water ecosystems in
Tiirkiye originates from different
anthropogenic sources (Anonymous 2013; Zeybek
and Kalyoncu 2016; Tepe and Aydin 2017; Varol and
Tokatlh 2023).

latitude, altitude, season, time of day, air circulation,
water flow and depth. Water temperature plays a
significant role in determining the interaction and
concentration levels of all water quality
characteristics, especially the solubility of oxygen in
water. As water temperature and salinity increase, the
solubility of oxygen in water decreases (Pulatsii et al.
2014). It was determined that dissolved oxygen was
generally low in the months when high temperatures
were observed in the considered creek waters. The
pH level, which is the measure of hydrogen ion
concentration in waters, varies according to seasons
and different times of the day, and it is observed that
the pH measurement values in December are lower
compared to the other two months (Figure 2).
Acceptable levels of total suspended solids (TSS)
in water quality vary depending on the intended use
of the water and represent the measure of the
concentration of suspended particles in the water,
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including organic and inorganic matter. Lai et al.
(2013) categorized the waters based on the TSS value
(mg/L) as follows: non-polluted <20; slightly
polluted: 20-49; moderately polluted: 50-100; gross-
polluted:>100. In this context, when considering
average TSS values for all months, only Golciik
Creek (29.04 mg/L) falls into the 'slightly polluted'
category. Our finding that Bagpmar and Golciik
Creeks have higher TSS levels compared to the other
two creeks is similar to the findings of Karakog et al.
(2003). However, the TSS values for Sukesen and
Yavrucak Creeks were found to be lower than the
values reported by Kapan (2011) (Table 3).

While the total organic carbon concentrations in
surface waters are generally less than 10 mg/L,
anthropogenic activities have a significant impact on
the organic carbon budgets of aquatic ecosystems
(Pulatsii et al. 2014). Especially the melting of snow,
surface runoff from agricultural lands, domestic and
industrial wastewater discharges, as well as rainwater
overflows, can lead to significant increases in the
levels of total and dissolved organic carbon in surface
waters. In this study, it is thought that the maximum
values of total organic carbon in creek waters,
especially in February, are related to the increased
surface runoff due to precipitation. In addition,
Golciik Creek has the highest TOC value (14.92
mg/L) based on the average of the three sampling
months. This parameter gives an idea about the total
pollution of dense organic compounds reaching this
creek.

Cigek et al. (2023) have indicated that the middle
and lower sections of the Simav River (Susurluk
Basin) are influenced by pollution originating from
intensive agriculture, livestock farming, domestic,
and industrial wastewater, and that pollution pressure
has also started to increase in the upper sections. The
increases observed in total phosphorus and total
nitrogen concentrations in the creeks feeding Mogan
Lake over the years (Table 3) are in parallel with the
increase in settlement, industrial and agricultural
activities in the basin. Over the years in the lake
basin, it has been observed that anthropogenic
activities have led to changes in hydrology. The
dramatic  increases in  total  phosphorus
concentrations, especially among the parameters
considered in the study, are noteworthy. It is clear
that more effective reduction and management
measures specific to this parameter are a necessity.

In the river mouth section of the Red River, a
typical example of Southeast Asian rivers, a
significant positive correlation (r> = 0.0757) was
found between TSS and TP concentrations (Da et al.
2020). In this study, a moderate correlation (r=0.581)
was found between TP and TSS, while a positive high
correlation (r = 0.647) was observed between TN and

TSS. The result that TP and TN concentration levels
in water samples from creeks in four geographical
regions and seven provinces of Canada are positively
correlated with the percentage of agricultural land in
the watershed (Chambers et al. 2012) is in line with
the result that the average three-month TP and TN
values of Golciik and Baspinar creeks, which pass
through the region where agricultural activities are
intense, are found to be high. The same researchers
reported predefined trigger ranges according to the
Canadian Council of Ministers of the Environment as
follows: oligotrophic: < 0.025 mg/L TP and < 0.70
mg/L TN; mesotrophic: 0.025 to 0.075 mg/L TP and
0.70 to 1.5 mg/L TN; eutrophic: >0.075 mg/L TP and
> 1.5 mg/L TN. According to this, it is observed that
all the creek waters considered in our study have
eutrophic nutrient levels on a monthly average basis.

In surface water resources, several studies were
conducted to assess spatial-temporal water quality
changes and identify the main sources of pollution
(Kagalou et al. 2001; Barakat et al. 2016;
Chounlamany et al. 2017). The common
point of these studies is related to estimating the
sources of the parameters that characterize water
quality  (temperature, pH, EC, turbidity,
total suspended solids, dissolved oxygen,
ammonium, ammonia, total phosphorus, biological
oxygen demand, chemical oxygen demand, etc.).
In this study, the creeks feeding the lake originate
from different pollutant sources. For example,
Yavrucak and Golciik Creeks transport pollutants
primarily associated with agricultural activities
to the lake, while Sukesen Creek carries pollutants
from quarries and settlements, and Baspinar Creek
conveys pollutants originating from residential
areas and agricultural activities to the lake.
In this context, changes in creek water quality are
primarily believed to be associated with point source
pollution (such as domestic and industrial
wastewater), non-point source pollution (like
agricultural activities), and natural processes (soil
erosion). According to the results of the factor
analysis conducted within the scope of the study, it
can be said that TP and TOC are controlled by
wastewater from both residential areas and
agricultural activities in Bagpmar and Sukesen
Creeks. Both parameters are directly affected by
urbanization and land use. Wastewater originating
from agricultural activities was found to be directly
responsible for DO, TN and TSS levels as in Golciik
and Yavrucak creeks. Nevertheless, the fact that
Bagpinar Creek enters Cokek Wetland before flowing
into Mogan Lake provides an important advantage in
terms of its contribution to the eutrophication of the
lake. Furthermore, it is believed that the increases in
various pollutant sources in the basin affect the
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transport and diversity of nutrients in the creeks over
the years.

Within the scope of this study, the estimated TSS
and TP load values for Sukesen Creek also reflect the
impact of quarries, in addition to domestic-oriented
wastewater. The high TN and TOC load values for
Yavrucak Creek indicate the significant amount of
organic pollutants carried by agricultural-origin
wastewater reaching this creek. Similar results were
presented in various other studies. For example, it
was reported that the wastewater from the Akgalar
Town, located on the shores of Lake Uluabat, carried
nutrient elements and suspended solids load to the
Akgalar Creek (Musa Creek) and ultimately to Lake
Uluabat (Katip et al. 2013). Similarly, it was reported
that Solakli and Siirmene Creeks in Trabzon and
several other rivers flowing into the Black Sea carried
nutrient elements and suspended solids loads into the
sea (Boran and Sivri 2001). It was also reported that
ten rivers flowing into Lake Hazar carried nutrient
elements and suspended solids loads to the lake (Sen
et al. 2002).

In Tirkiye, numerous studies (Sen and Golbasi
2008, 2014; Baytasoglu and Sen 2015; Turan and
Ulkii 2013; Golbas1 and Sen 2019) were conducted to
determine the water quality classes of surface waters
that carried pollution loads to inland water sources
such as lakes and reservoirs in different years. Our
study findings, indicating that the dissolved oxygen
and total nitrogen values for Sukesen and Yavrucak
Creeks, as well as the pH values for all creeks, fall
into Class | according to the Surface Water Quality
Regulation, align with the results of studies on saline
water sources within the Van Lake Basin (Atici et al.
2021) and Tersakan Creek in Mugla, which generally
fall into the high-quality water class (Kasimoglu and
Yilmaz 2014). Our finding that all the creeks
considered in the study fall into the category of
polluted waters in terms of total phosphorus
concentration supports the presence of potentially
threatening pollutants in these creeks.

Within the scope of this study, the diversity of
anthropogenic pollutant sources in the Mogan Lake
Basin and the effects of uncontrolled increases were
revealed through adverse changes in water quality
parameters in the creeks. Significant increases,
particularly in nutrient values compared to previous
years, were detected, and this situation appeared to be
related to factors such as land management practices
(such as soil tillage methods, drainage applications,
types of fertilizers) and climate change. Additionally,
the control of water quality parameters in the creeks
is challenging due to the diversity of factors
contributing to pollution and the complex
interactions among these factors. In this context, the
development and use of seasonal and discharge-

related regression models based on the monthly and
yearly concentrations of the parameters considered in
the study will be beneficial for making long-term
predictions aimed at controlling the eutrophication
level of Mogan Lake.
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