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Abstract: In this research, Beşgöz Lake in Sarayönü district of Konya province, located in the Central Anatolia Region of Turkiye, was chosen as the study area. The changes in heavy metal concentrations in Beşgöz Lake in different periods were examined spatially. To determine the heavy metal concentrations of Beşgöz Lake, water samples were taken from eight different points representing the lake in four different periods (spring, summer, autumn, and winter). Al, Cr, Fe, Cu, Ni, and Zn concentrations were examined seasonally in Beşgöz Lake water. Heavy metal concentrations in the samples were determined on the ICP-MS device. The obtained concentration values were spatially modeled using spline interpolation techniques with ArcGIS 10.3.1, one of the Geographic Information Systems (GIS) software. As a result of the research, the average of all periods was Al: 0.004±0.0012 mg/l, Cr: 0.023±0.0083 mg/l, Fe: 0.269±0.0286 mg/l, Cu: 0.115±0.0198 mg/l, Ni: 0.071±0.0099 mg/l, and Zn: 0.035±0.0085 mg/l. It was determined that the Fe, Cu and Ni concentrations in the lake water were higher than the upper permitted limit values. It is thought that the spatial modeling obtained from the study will significantly contribute to evaluating surface water resources and serve as an example for similar studies.
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1. Introduction
Pollution threatens the environment and human health. It also has effects on urban climate and air quality. Climate elements and air pollutants interact in the atmosphere (Zateroglu 2021a, 2021b). The concentrations of air pollutants are influenced by climate elements and environmental factors such as an increase in fossil fuel combustion due to an increase in industrial activities and energy demand (Zateroglu 2022, 2024). An increase in air pollutants in the atmosphere contributes to climate change, which has adverse effects on natural resources, e.g., freshwater resources. Lakes are important freshwater resources with several ecosystem service functions, such as aquatic habitat, groundwater table maintenance, and biodiversity conservation (Zerizghi et al. 2020). However, with the rapid development of population, production, and economy, lakes are exposed to serious heavy metal pollution (Xu et al. 2020). Heavy metals (HMs) are typical inorganic pollutants produced during social and economic development (Kaur et al. 2022). They can have carcinogenic, teratogenic, mutagenic, and other effects due to their properties on the human body. If these pollutants are uncontrolled and widely distributed in the environment, they seriously threaten ecological safety and human health (Esmaeili et al. 2022).
Heavy metals primarily penetrate aquatic environments due to different factors (e.g., industrial, agricultural, combustion, and smelting factors, sewage effluents, and road vehicle activities) (Rajeshkumar et al. 2018). Exposure to heavy metals is known to be linked to many different negative health effects, such as cancer, mental and physical developmental deficiencies, mental retardation, kidney damage, and stillbirth (Alomary & Belhadj 2007, Rinklebe et al. 2019). Biomarkers in the aquatic environment are valuable tools for determining how biological systems interact with potential contaminants (chemical, physical, or biological) (US NRC 1989). For this reason, their effects on aquatic life are determined by evaluating the reactions of heavy metals in organisms (Hemmadi 2017, El-Agri et al. 2022). These heavy metals are also known to cause oxidative stress in fish by stimulating the formation of reactive oxygen species (ROS) that damage biological components such as lipids, proteins, and DNA. The effects of heavy metals on the aquatic environment are also observed in this way (Burgos-Aceves et al. 2018, Gobi et al. 2018). 


In this research, the water quality of Beşgöz Lake in Sarayönü district of Konya province, located in the Central Anatolia Region of Turkiye, was examined periodically in terms of heavy metal content. The results obtained were evaluated and modeled spatially with the help of Geographic Information Systems (GIS). The data obtained in this study contribute significantly to monitoring the periodic water quality of the lake and evaluating water resources in the region.
2. Materials and Methods
2.1. Study Area
This research was carried out to investigate the water quality of Beşgöz Lake, located within the borders of Sarayönü district of Konya province of Turkiye, in terms of heavy metal content. The location of Beşgöz Lake, where the research was conducted, and the locations of the water samples taken are schematized in Figure 1.

[image: ]
Fig. 1. The locations of the study area and water sampling points

Beşgöz Lake is located in Sarayönü district, which is located in the Central Anatolia Region of Turkiye and is 55 km away from Konya province. The lake surface, which has an average surface area of 8 km2, is exposed to pollution from industrial and residential waste. 
The water source of the lake is mainly groundwater. Trout and carp farming is also carried out as aquaculture in the canals originating from Beşgöz Lake, which is located within the borders of Konuklar State Production Farm. Beşgöz Lake benefits from important spring waters, mostly coming from the bottom, and the water temperature in summer does not exceed 16-18°C. The water temperature in January is 5°C, the water temperature in March is 12°C, the water temperature in May is 16°C, and the water temperature in July is 18°C. The water in Beşgöz is slightly alkaline, and its pH values are around 7.5-8.0. The dissolved oxygen concentration in lake water is around 9 mg/l in every season due to the great influence of spring waters coming from the bottom. Nitrate nitrogen concentration (3.4 mg/l) and phosphorus concentration (0.57 mg/l) were also measured to be above normal values (Akköz et al. 2000). The average annual temperature of the research area is 11.5°C, and the average annual total precipitation is 374 mm. The semi-arid, cold Mediterranean climate is effective in the study area (Akman 1982). 
2.2. Water quality analysis method
The containers where water samples were taken and the devices where analyses were performed were pre-cleaned using acid solution, then washed with pure water and dried in an oven to maintain and clean them. Water samples were collected approximately 30-40 cm below the water surface. It was taken for analysis by filling it into 500 ml bottles. Water sample containers were rinsed with lake water, and water samples were taken after this process. Sample volumes and appropriate sample containers specified in the TS EN ISO 5667-3 standard were used for heavy metal analyses in water samples (Anonymous 2018). Water samples were taken from the lake surface and from 8 different points representing the lake surface in 4 periods (spring, summer, autumn, winter). Heavy metal concentrations in the samples were determined on the Inductively Coupled Plasma and Mass Spectrometry (ICP-MS) device.
2.3. Evaluation of heavy metals in water samples
Heavy metal concentrations in water samples collected in four different periods in the research area were evaluated according to Turkish Standards (TS), World Health Organization (WHO), United States Environmental Protection Agency (EPA), and European Union (EC) criteria. Permissible limit values that can be allowed in terms of heavy metal levels in drinking water are summarized and presented in Table 1. In addition, the quality class of the water resource subject to the research was interpreted according to the classes of Turkiye's Inland water resources, taking into account the limit values given in Table 2.

Table 1. Permissible limit values of some heavy metals permissible in drinking water (Anonymous 1998, Anonymous 2005, Anonymous 2008, Anonymous 2017)
	Heavy Metals
	TS*
	WHO*
	EPA*
	EC*

	Al 
	0.20
	0.10
	0.30
	0.20

	Cr 
	0.05
	0.05
	0.10
	0.05

	Fe 
	0.20
	-
	0.30
	0.20

	Cu 
	2.00
	-
	1.00
	2.00

	Ni 
	0.02
	0.02
	0.02
	0.02

	Zn 
	-
	3.00
	-
	-

	TS: Turkish Standards 266 EPA: US Environmental Protection Agency
WHO: World Health Organization EC: European Union*: mg/l



Table 2. Quality criteria according to classes of inland water resources (Anonymous 2004)
	Heavy Metals
	I
	II
	III
	IV

	
	High quality water (mg/l)
	Slightly contaminated water (mg/l)
	Dirty water (mg/l)
	Very dirty water (mg/l)

	Al
	0.30
	0.30
	1.0
	>1.0

	Cr
	0.02
	0.05
	0.2
	>0.2

	Fe
	0.30
	1.00
	5.0
	>5.0

	Cu
	0.02
	0.05
	0.2
	>0.2

	Ni
	0.02
	0.05
	0.2
	>0.2

	Zn
	0.20
	0.50
	2.0
	>2.0



2.4. Spatial GIS modeling
In the research, heavy metal contents in water samples were spatially analyzed and modeled. For this purpose, the ArcGIS 10.3.1 program, one of the Geographic Information Systems (GIS) software, was used to model the data spatially (Anonymous 2010). The coordinates of the points where water samples were taken using a hand-held GPS. The spline interpolation method was used in spatial modeling of heavy metal concentrations in water samples (Hou & Andrews 1978, Hummel 1983, Lee 1983). 
3. Results and Discussion
In this research, water samples were taken from 8 different surface points in Beşgöz Lake, located in the Sarayönü district of Konya province of Turkiye in four seasons (spring, summer, autumn, and winter). The periodic spatial distributions of the Al values measured in the water samples taken are presented in Figure 2, and the Al concentrations according to the water sampling points are presented in Table 1.
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Fig. 2. GIS-based Spatial Modeling of Aluminum (Al)

In the water samples taken from the surface of Beşgöz Lake in the spring, the Al value was measured as a maximum of 0.01 mg/l. In the spring months, Al values were found to be higher in the northwestern part of the lake than in other parts of the lake. During the summer months, Al values were found to be higher in the middle parts of the lake compared to other parts. Al values were found to be 0.001-0.009 mg/l in the autumn months, and Al values were higher in the southwestern parts of the lake. In winter months, the highest Al value was determined as 0.005 mg/l. In this context, it was observed that the Al concentrations of Beşgöz Lake were well below the upper limit values given in Table 1.
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Fig. 3. GIS-based Spatial Modeling of Chromium (Cr)

When we look at the quality criteria according to the classes of Turkiye's intra-continental water resources in Table 2, it can be said that Beşgöz Lake falls into the first class, high-quality water class in terms of Al concentrations. Periodic spatial modeling of chromium concentrations of Beşgöz Lake is given in Figure 3.
Chromium values in water samples taken from the lake surface in spring varied between 0.034 and 0.110 mg/l. Cr values in water samples taken during the summer period ranged between 0.008 and 0.010 mg/l. Cr values in water samples taken in autumn varied between 0.009 and 0.015 mg/l. Especially in the Middle Eastern part of the lake, Cr values were detected at higher levels than in other surfaces. 
The maximum Cr value in winter months was measured as 0.007 mg/l. According to the allowable upper limit value given in Table 1, the water quality of Beşgöz Lake was deemed appropriate in terms of Cr concentration. 
According to the limit values given in Table 2, (slightly dirty water). The lake was classified as Class II water based on Cr concentrations. Periodic spatial modeling of iron (Fe) concentrations of Beşgöz Lake is given in Figure 4.
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Fig. 4. GIS-based Spatial Modeling of Iron (Fe)

Fe values measured in water samples taken on the lake surface in spring varied between 0.137 and 0.431 mg/l. Especially Fe values in the eastern parts of the lake were determined to be higher than in other lake surface. Fe values in the summer period varied between 0.140 and 0.430 mg/l in the south of the lake. It was observed that Fe values in the water were higher in the western parts of the lake during the summer period than in other sampling points. In autumn, Fe concentration varies between 0.138 and 0.490 mg/l. During the winter period, Fe concentrations were distributed between 0.122 and 0.370 mg/l. It can be seen that the Fe concentrations of water samples taken especially in the winter period, are at lower levels compared to water samples taken in other periods, depending on seasonal conditions.
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Fig. 5. GIS-based Spatial Modeling of Copper (Cu)

According to the limit values given in Table 1, it was observed that the Fe concentration of Beşgöz Lake was above the allowed limit values. According to the classification data given in Table 2, the lake has class I water quality and is at a level that can be included in the high-quality water category. Periodic spatial distribution modeling of Copper (Cu) concentrations in water samples taken from Beşgöz Lake is given in Figure 5.
A change between Cu: 0.13-0.256 mg/l was observed in the water samples taken from the surface of Beşgöz Lake in the spring. Cu concentrations, especially in the southwestern and the Middle Eastern parts of the lake surface, were distributed at relatively high levels compared to other parts. Cu in water samples taken during the summer period varied between 0.049 and 0.201 mg/l. The amount of Cu was higher in the south of the lake in the summer than in other parts. In water samples taken during the autumn period, Cu varies between 0.044 and 0.207 mg/l. Cu values in the northeastern and central parts of the lake were distributed at higher levels compared to other parts. In the winter period, Cu is distributed between 0.030 and 0.075 mg/l. When all periods were examined, it was seen that Cu concentrations varied between 0.025 and 0.207 mg/l. Considering the limit values in Table 1, it was determined that the Cu concentration in Beşgöz Lake was above the allowed limit values. According to the criteria given in Table 2, it falls into the class III water category (dirty water). Periodic spatial modeling of Ni concentrations in water samples taken from Beşgöz Lake is given in Figure 6.
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Fig. 6. GIS-based Spatial Modeling of Nickel (Ni)

Ni concentrations in water samples taken from Beşgöz Lake in spring varied between 0.041 and 0.141 mg/l. It was determined that Ni concentrations were higher in the middle parts of the lake compared to other parts. During the summer period, Ni varied between 0.034 and 0.060 mg/l. Ni concentrations were found to be higher than at other sampling points, especially in the central and northern parts of the lake during the summer period. Ni in the samples taken in autumn varies between 0.064 and 0.091 mg/l. Especially in the northern parts of the lake, Ni concentrations were distributed at higher levels than in other parts. In water samples taken during the winter period, Ni ranged between 0.036 and 0.090 mg/l. It was observed that Ni concentrations in water samples taken for all periods varied between 0.034 and 0.141 mg/l on average.
 Taking into account the limit values given in Table 1, it was concluded that the Ni concentration in Beşgöz Lake was above the allowed limit values (0.02 mg/l). According to the classification of intra-continental water resources given in Table 2, Ni concentration in the lake is in the III class. It has been determined that it falls into the class water category (dirty water). Spatial modeling and distribution of Zn changes in Beşgöz Lake are given in Figure 7.
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Fig. 7. GIS-based Spatial Modeling of Zinc (Zn)

Zn concentrations in water samples taken from Beşgöz Lake in spring varied between 0.001 and 0.006 mg/l. Elevated Zn concentrations were observed in the lake's northwestern region compared to other points where water samples were taken. Zn values in the summer period vary between 0.051 and 0.134 mg/l. During the summer period, a higher level of Zn concentration was observed in the northeastern parts of the lake compared to other sampling points. In autumn, Zn values varied between 0.010 and 0.038 mg/l. In the water samples taken during the autumn period, it was observed that the Zn value in the middle parts of the lake was lower than in the other parts. During the winter period, Zn concentration was distributed between 0.009 and 0.020 mg/l. It was observed that the Zn concentration in the water samples taken from the middle part of the lake was higher than the Zn concentration in the other parts. Generally speaking, it was revealed that the Zn concentration in Beşgöz Lake varied between 0.001 and 0.134 mg/l. According to the World Health Organization (WHO) criteria (Table 1), the Zn concentration was found to be below the upper allowable limit value (3 mg/l). 
In terms of Zn concentration, it has been determined that the water quality of Beşgöz Lake falls into the first-class (high-quality water) category, in line with the criteria given in Table 2.
In a study conducted in Beyşehir Lake in Turkiye, heavy metals As, Cr, Cu, Ni, Zn, Pb, Cd, Hg, Fe, Al, and Mn were analyzed in water samples taken from the lake surface and sediment samples taken from the bottom sediments. The results obtained were analyzed spatially using IDW interpolation techniques in ArcGIS. As a result of the research, the average concentrations of heavy metals in the lake water were observed as 
Fe > Al > Mn > As > Zn > Ni > Pb > Cr > Cu > Hg > Cd. 
The results obtained showed that the lake water was below the limit values in terms of heavy metals according to TS 266 and World Health Organization standards (Şener et al. 2023). 
Multivariate statistical methods and Geographic Information Systems (GIS) technology are used effectively in water quality management (Arslan 2009). It is possible to find many studies in the literature on the spatial evaluation of water quality with GIS. In the studies carried out, different modeling techniques were used with the help of interpolation techniques in the GIS environment, and spatial analyses of water quality data were carried out (Ross & Tara 1993, Warwick & Haness 1994, Chen et al. 1997, Wang et al. 2005). In a study conducted in South Korea, water samples were taken from 118 different points to determine water quality in the Han River Basin. In these samples, temperature, pH, dissolved oxygen, biological oxygen demand, chemical oxygen demand, suspended solids, and total nitrogen parameters were examined.
The results obtained were modeled spatially in the GIS environment, and distribution maps for each parameter were produced (Chang 2008). In another study, water samples were taken from 14 different points along the Tigris River in Baghdad. Temperature, pH, electrical conductivity, total dissolved solids (TDS), turbidity, chlorophyll A, blue-green algae, and dissolved oxygen amounts were determined in the water samples taken. The results obtained were evaluated spatially with the help of GIS (Ahmed et al. 2023). 
In another study, a study was carried out within the scope of spatial evaluation of water quality with GIS in two different lakes located in the Panchula region of India. In the research, 4 water samples were taken from different points in Lake 1, and water samples were taken from 3 different surfaces and 3 different depths (2, 3, and 4 m) in Lake 2. Temperature, dissolved oxygen, nitrate, and total phosphorus values were analyzed in the water samples taken. The obtained data were spatially modeled using the IDW interpolation method for both lake surfaces. 
As a result of the study, quality changes on lake surfaces were obtained more easily and reliably with water quality surface models made with the help of GIS compared to traditional methods. In such studies, it has been concluded that modeling made in the GIS environment produces more reliable results (Vasistha & Ganguly 2022).
A study was conducted to determine water quality and pollution in the Little Akaki River of Ethiopia. For this purpose, 22 water samples were collected from the river. pH, EC, Temperature, dissolved oxygen, total solid matter, biological oxygen demand, chemical oxygen demand, heavy metals, Nitrate, Phosphate parameters were analyzed in the collected water samples. The determined values were spatially modeled using IDW interpolation techniques with the help of GIS, and a water quality change map for each parameter was created (Bushero et al. 2022).
In another research study, the water quality in the Brahmani River Basin in Odisha, India, was determined. To determine water quality, 5 different stations were established, and water samples were collected monthly. pH, temperature, dissolved oxygen, biological oxygen demand, electrical conductivity, total hardness, and CaCO3 parameters were analyzed in the collected water samples. The results obtained were evaluated spatially with the help of GIS using the IDW interpolation technique (Sarangi et al. 2023). 
Water quality indicators were monitored between 2012 and 2016 using 13 sampling points in the Wadi El Bey basin of Tunisia. pH, temperature, biological oxygen demand, suspended solids, chemical oxygen demand, nitrate, phosphorus, and ammonium concentrations were analyzed in water samples. In the study, the examined parameters were evaluated spatially using the IDW interpolation method with the help of GIS. As a result of the study, the quality change in the river bed from which water samples were taken was revealed by map-based modeling (Khouni et al. 2021). 
Research was conducted to evaluate the water quality in the water harvesting reservoir that provides drinking water, located in the central part of Nigeria. Water samples were taken from 5-10 m depths at 500 m-1 km intervals at 6 different points of the reservoir. pH, EC, dissolved oxygen, total dissolved solids, chemical oxygen demand, biological oxygen demand, turbidity, nitrate, Cl, Ca, Na, Fe, and K were analyzed in the water samples taken. The results were spatially analyzed using Geographic Information Systems and IDW interpolation techniques (Oseke et al. 2021). 
As can be seen in the literature, spatial analyses made with GIS in water quality assessment studies reveal the spatial distribution of water quality change. The resulting spatial distribution models convey important information to decision-makers about the course and distribution of change.
4. Conclusions
This study was carried out in Beşgöz Lake, within the borders of Sarayönü district of Konya province, located in the Central Anatolia Region of Turkiye. Water samples were taken from the lake surface in 4 different periods. Al, Cr, Fe, Cu, Ni, and Zn analyses were determined in water samples taken from the lake surface using an ICP-MS device. The results obtained were modeled spatially with the help of the spline interpolation technique using the ArcGIS 10.3.1 program, one of the GIS software programs. 
By spatially modeling the obtained results, the concentrations of the examined elements on the surface could be revealed. Spatial evaluation of the results obtained in such studies gives meaningful results regarding the distribution of concentration levels. Simply presenting information about laboratory results graphically may not produce meaningful results. However, spatial distribution models made in the GIS environment provide important information about the spatial distribution of water quality changes.
In this study conducted in Beşgöz Lake located in the Konya- Sarayönü district of Turkiye, some heavy metal concentrations in the water were examined periodically. Heavy metal concentration values obtained from laboratory results were also spatially modeled and analyzed in the GIS environment. Particularly, spatially examining water quality parameters in surface water resources and modeling the findings with GIS will provide important contributions to presenting the results more meaningfully.

This study was financially supported by Selcuk University Scientific Research Coordinating Office 
(Project Number: 19401026) in Turkiye.
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