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Abstract: This study spatially evaluated certain drinking water quality parameters concerning the 2018-2020 period
in Ankara, the capital of Turkiye, using Geography Information Systems (GIS) and the IDW (Inverse Distance
Weighted) interpolation method. The study examined drinking water samples taken weekly by Ankara Water and
Sewerage Administration (ASKI). Electrical conductivity (EC), turbidity, residual chlorine (CI), sulfate (SO42), iron
(Fe), and aluminum (Al) values were analyzed in drinking water samples. In addition, changes in drinking water quality
parameters were evaluated over the years using Mann-Kendall and Sperman's Rho tests. The study indicated
the following general average value ranges for Ankara province EC: 28.3-134.9 mS/m, turbidity: 0.23-0.71 NTU,
residual Cl: 0.38-0.74 mg/l, SO42: 12.33-178.10 mg/l, Fe: 4.4-45.4 pg/l and Al: 9.2-85.6 pg /1. In the trend analysis
results, it was seen that there was an increasing change in the examined parameters. As a result of the research, it was
seen that the water quality of Ankara province was close to the allowed values.
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1. Introduction

Water is indispensable for all living things to survive. Water has a significant impact on the ecosystem. It is
important to use water resources consciously and correctly. Water is necessary for every being. Without water,
it will be impossible for all living things on Earth to escape the negative effects. Today, this problem is already
being experienced in some continents. This is especially evident in Africa. The quality characteristics of the
resources people find as drinking and utility water on this continent are not fully known.

The earth is largely covered with a layer of water. However, it cannot be said that the earth has a rich water
resource. Because the amount of water on Earth that is of drinkable quality, especially for human life,
corresponds to only 0.74% of the Earth's surface (Akin & Akin 2007).

One of the most important vital substances on Earth is water. If there were no water, there would be no life
on Earth. Approximately 20% of people living in the world have access to quality, drinkable and clean water.
Clean water resources are becoming increasingly polluted due to environmental pollution problems that occur
with increasing population density and industrialization (Ali et al. 2022).

The same is true for Turkiye. Agriculture constitutes a large part of Turkiye's economy. Water is of great
importance in agricultural activities. Therefore, Turkiye's water potential is of great importance. Turkiye's total
rainfall amount is 450 billion m®. Annual surface potential water flow is 186 billion m>. The amount of usable
surface water is 94 billion m®. Turkiye's total usable water amount is 112 billion m*. According to 2020 data,
the annual amount of water per person in Turkiye is 1346 m®. Therefore, Turkiye is among the countries
experiencing water stress. The average annual rainfall in Turkiye is below the world average. The average
annual rainfall is 574 mm/year. In Turkiye, 44 billion m® of water is used annually as irrigation water and 13
billion m® of water is used as drinking, domestic and industrial water (Anonymous 2021).

The population is increasing rapidly both around the world and in Turkiye. Various problems also arise due
to this rapid increase. In particular, the increase in consumption needs causes an increase in production. All
sectors will be negatively affected by the scarcity and absence of water. As a result, global water crises will arise.
Water resources need to be protected to prevent global water crises. It is important for local governments to create
water crisis action plans to protect water resources and correctly manage existing water resources. In particular,
taking advantage of the opportunities of developing technology will effectively create and monitor plans.

Geography Information Systems (GIS) plays an active role in monitoring water crises and the status of
existing water resources. GIS enables various analyses by collecting location and space-related data into
a database (Fitzpatrick & Maguire 2001). GIS integrates data from different information sources, where
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collected data, graphics, and quality information are used simultaneously, and the results can be displayed with
a map (Basayigit et al. 2008). With the topographic maps used as a base in GIS, current and future predictions
of water resources can be made, and protection or necessary precautions can be taken (Bagdatli et al. 2014).

In this current study, certain water quality parameters in drinking water were spatially evaluated and
modeled in Ankara, the capital of Turkiye, during the 2018-2020 period. Water quality data was obtained from
the Ankara Water and Sewerage Administration. The data were spatially modeled using IDW (Inverse
Distance Weighted) interpolation methods in the Arc GIS 10.3.1 software environment, which is a Geography
Information systems program. In addition, trend analyses were performed on 120 water samples collected
weekly between 2018 and 2020. Changes in some drinking water quality parameters over the years have been
revealed through trend analysis.

2. Materials and Methods
2.1. Study area

This research was conducted in Ankara, the capital of Turkiye, located in the Central Anatolia Region.
The location and water sampling locations of Ankara province, which is the subject of the research, are shown
in Figure 1.

Cllﬂid.l’;' -:‘ //\\\ = T@'[

/m )
/ /

Capital City of Turkey
(Ankara Province)

25706 km?

395N -3253'E

o (,’ /.

’
*Turkm‘ B Water Sample Points

(Districts of Ankara Province)

Fig. 1. Study area

Ankara province is located in the Central Anatolia Region of Turkiye. Ankara has an area of 26,897 km?.
Ankara province is between latitude 39.57 N and longitude 32.53 E (Anonymous 2023a). There are 25 districts,
1 metropolitan municipality, 25 district municipalities, and 1432 neighborhoods in Ankara (Anonymous
2023Db). Population distribution affects life in every sense and to a significant extent. Consumption and other
needs increase with population growth. Nowadays, the need for water is increasing daily in many countries.
In addition, population is an important parameter in determining the capacity and need to create a drinking
water treatment and distribution network. According to 2020 data from Ankara province, its population is
5,782,285 people (TUIK 2022). Kizilirmak and Sakarya rivers, two of the largest rivers in Turkiye, pass
through Ankara province. Kizilirmak River passes through the east of Ankara province, and Sakarya River
passes through the west and is used as irrigation water. In the south of Ankara province, there is Salt Lake, the
second-largest lake in Turkiye. 9 drinking water treatment plants supply water to Ankara.

2.2. Water Samples

Water samples collected weekly by Ankara Water and Sewerage Administration (ASKI) and covering
2018, 2019, and 2020 were used as research material. In laboratories, analyses were carried out fo}lowing
drinking water criteria for water samples collected from 25 different districts of Ankara province (ASKI 2021).
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Conductivity (EC), turbidity, residual chlorine, aluminum, iron, and sulfate in drinking water samples
collected weekly by ASKI are determined by classical and general instrumentation analyses. Turbidity was
measured by using a turbidimeter device (Hach Lange 2100AN). Conductivity measurement was made with
an EC meter (Hach Large brand HQ40D model). Residual chlorine was measured with ready-made test kits to
measure free chlorine in water (DRXD-002 device) (Tanas 2016).

Aluminum and iron were analyzed using the ICP-MS device (Shimadzu 2030 series). The sulfate parameter
was determined using ion chromatography (940 Professional IC Vario) (Zeydanli 2013).

2.3. Permissible Limit Values of Some Quality Parameters in Drinking Water

Water resources on earth have different characteristics. While some waters are described as fresh, some are
salty. Since water has different properties, choosing water with the appropriate properties for its intended use
is necessary. Physical, chemical, and biological parameters are valid for determining these properties.
Parameters have limit values for the intended use of water.

Some scientific organizations determine these limit values. In Turkiye, permissible limit values for water
to be used for human consumption are evaluated within the scope of TS 266 standards (TS 2005). In the world,
there are limit values determined by the World Health Organization (WHO 2017), the US Environmental
Protection Agency (EPA 2016), and the European Union (EU 2020). As a result of this study, the values
obtained from water samples were interpreted by considering these limit values. The limit values allowed for
drinking water in Turkey and the world are summarized in Table 1.

Table 1. Some permissible limit values in drinking water (TS 2005, WHO 2017, EPA 2016, EU 2020).

Parameters TS 266 WHO EPA EU
Turbidity (NTU) 1 5 1 1

Chloride (mg/1) 250 250 250 250
Fe (ng/l) 200 300 300 200
Al (ug/) 200 100 200 200
SO4 (mg/1) 250 500 250 250

TS 266: Turkish Drinking Water Quality Standard,
WHO: World Health Organization,

EPA: US Environmental Protection Agency,

EU: European Union.

2.4. Spatial Modeling by GIS-based Mapping

Various drinking water quality parameters of Ankara province were evaluated spatially in a GIS
environment using Arc GIS 10.3.1 software (ESRI 2010). IDW interpolation method was used to evaluate
spatial analysis. The IDW (Inverse Distance Weighted) method performs analysis on the basis that the nearby
points have more weight than the distant points on the surface to be analyzed (Sen 2007). The estimated values
are a function of the near and far points, and as the distance increases, the importance and impact on the cell
to be estimated decreases. Water quality parameters were modeled using the IDW interpolation method with
the help of Arc GIS software using the following equation (Burrough & Mcdonnell 1998).

N : g:—n
Zo =Mt (M
where:

Z — the estimation value of variable z in point I,

z; — the sample value,

di — the distance of the sample point to the estimated point,
N — the coefficient that determines weight based on distance,
N — the total number of predictions for each validation case.

2.5. Trend Analysis

The change in drinking water quality parameters over the years was evaluated by trend analysis in the
current study. Mann-Kendall and Sperman's Rho Test and Sen's Trend Slope method were applied to water
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quality data at a 95% confidence level (Mann 1945, Kendall 1975, Sen 1968). Mann-Kendall test was applied
using the following equation:

S = Zin=_11 Z;l=i+1 sgn(x; — x;) 2)

where:

S — Mann-Kendall test statistical,

n — number of data points,

x; and x; — data values in time series i and j (j > 1),

sgn (X;-x;) — mark function (Karakus 2017). It is expressed below:

+1, Xj-Xj > 0
sgn (X;-X;) = 0, xj-xi =0 3)
-1, Xj-Xi < 0

Whether the Mann-Kendall test, whose variance is determined, is significant or not is determined
by calculating the standard normal variable Z with the following equation and comparing it with the critical
Z value.

n(n-1)(2n+5)-x, ti(ti—1)(2t;+5)

Var (s) = = 4)
where:
Var(s) — variance,
n — number of data points,
m — number of connected groups,
t; — number of bonds within i.
5-1
Jvar (s)’ $>0
Z;={ 0,S=0 ®)
S+1
Jvar (s)’ §<0

Sperarman's Rho Test is used in comparison with the Mann-Kendall test. This test statistic is given in the
equations below.

4 6L (Di-i)?
Rop =100~ (©)

n-2
Zsp = Rsp_ / 1-Rsp? (7

where:

D; — sequence number of i observations,
n — total length of time series data,

1— observation order of data,

Zsp — (n-2) degrees of freedom.

Positive values of Zs, indicate an increasing trend in the hydrological time series, while negative values
indicate a decreasing trend (Karakug 2017, Biiyiikyildiz & Berktay 2004).

Water quality parameter values were subjected to the training method test developed by Sen. This test was
used to determine the slope and magnitude of the trend (Sen 1968). This non-parametric method, with its
structure that is not affected by large data errors or outliers, is applied to calculate the linear trend size, that is,
the change in unit time, in the time series of the data (Yu et al. 1993). "Trend Analysis for Windows" software
was used to evaluate drinking water quality parameters determined in water samples with trend analysis
depending on time. This program applies the Mann-Kendall test, Spearman's Rho test, Mann-Kendall Rank
Correlation test, and Sen's Trend Slope method to the data and performs analysis. The results are presented as
graphics and text (Giimiis 2006).
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3. Results and Discussions

3.1. Spatial Modeling and Trend Analysis of the Electrical Conductivity (EC) Values in Drinking
Water

EC values determined in the drinking water of Ankara province between 2018 and 2020 were analyzed spatially.
Spatial distribution models of EC values in drinking water of Ankara province are presented in Figure 2.
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Fig. 2. Spatial Modeling and Trend Analysis of the Electrical Conductivity (EC) Values

The EC term is the numerical expression of water's ability to conduct electricity, and the permissible limit
value (drinking water) according to the TS 266 standard in Turkey is 250 mS/m at 25°C (TS 2005). EC values
in the drinking water of Ankara province and 25 districts in 2018 were examined. According to this analysis,
it was determined that the highest EC value was 136.8 mS/m, concentrated in Beypazari and Polatl districts,
and the lowest value was 31.2 mS/m, concentrated in Camlidere and Kizilcahamam districts.

According to the EC values of 2020, the highest EC value was determined in Bala and Nallihan districts
with 144.6 mS/m, and the lowest value was determined in Camlidere and Kizilcahamam districts with
29.4 mS/m. It has been observed that the drinking water of Ankara province complies with the TS 266 standard
in terms of EC.

Trend analysis was applied to the average EC values of 25 districts of Ankara province in 2018-2020.
The results showed that there was a significant trend in 10 districts. According to Mann-Kendall and Sperman's
Rho tests, it was concluded that there was a decreasing trend in Altindag, Cankaya, Etimesgut, Go6lbasi,
Haymana, Kegioren, Mamak, Sincan and Yenimahalle districts, and an increasing trend in Bala district.
No significant increase or decrease in EC values was found in other districts.

3.2. Spatial Modeling and Trend Analysis of Turbidity Values in Drinking Water

Spatial distributions of turbidity values of drinking water in Ankara province for 2018-2020 are presented
in Figure 3.

In the analyses carried out in drinking water in Ankara in 2018, it was determined that the highest turbidity
value was 1.02 NTU, concentrated in Beypazar1 district and its surroundings, and the lowest value was 0.36
NTU, concentrated in Kizilcahamam, Nallithan, and Polatli districts. In drinking water analyses for 2019, the
highest turbidity value was seen in Altindag, Camlidere, Elmadag, Kahramankazan and Sereflikochisar
districts with 0.57 NTU.

The lowest value was seen in Beypazar1 and Giidiil districts, with 0.17. In 2020, the highest turbidity value
in drinking water was seen in Camlidere and Elmadag districts with 0.50 NTU. The lowest turbidity value was
seen in Giidiil and Nallihan districts with 0.15 NTU. Turbidity is a measure of light transmittance in water.
According to TS 266, EPA, and EU standards, the permissible limit value in drinking water is 1 NTU (TS 2005,
EPA 2016, EU 2020). Based on these outcomes, the drinking water in Ankara was found to be of drinkable
quality in terms of turbidity.
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Fig. 3. Spatial Modeling and Trend Analysis of Turbidity Values

The results obtained from the trend analysis indicate that there is a trend in 17 districts. According to
Sperman's Rho Test, it was determined that there was a decreasing trend in Altindag, Beypazari, Cankaya,
Golbasi, Kalecik, Kegioren, Pursaklar, Sincan, and Sereflikoghisar districts. Still, there was no trend according
to the Mann-Kendall test. According to Mann-Kendall and Sperman's Rho tests, it was determined that there
was a decreasing trend in Akyurt, Ayas, Cubuk, Giidiil, Haymana, Kahramankazan, Kizilcahamam and Polatl
districts according to both test results. No trend was observed in other districts.

3.3. Spatial Modeling and Trend Analysis of Residual Chlorine (Cl) Amounts in Drinking Water

A spatial analysis of the residual Cl values in the drinking water of Ankara province was carried out in the
2018-2020 period. Spatial models of residual Cl values according to years are presented in Figure 4.
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Fig. 4. Spatial Modeling and Trend Analysis of Residual Chlorine (Cl) Amounts

The highest residual Cl values in the drinking water of Ankara province in 2018 were seen in Beypazari
and Haymana districts with 0.66 mg/l. The lowest residual Cl value was in Elmadag and Sereflikoghisar
districts with 0.41 mg/l. The highest residual Cl value in drinking water for 2019 was seen in Beypazar1 district
with 0.60 mg/l. The lowest value was in Sereflikochisar district and its surroundings, with 0.33 mg/1. In 2020,
the highest residual Cl value in drinking water was seen in Elmadag, Haymana, Kalecik, and Nallihan districts
with 0.58 mg/l. The lowest residual CI value was seen in the Evren district with 0.40 mg/l. The highest
allowable residual Cl amount in drinking water is 250 mg/l according to TS 266, WHO, EPA, and EU standards
(TS 2005, WHO 2017, EPA 2016, EU 2020). In this regard, Ankara province's drinking water has been deemed
suitable for chlorine concentration.
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Trend analyses were conducted, and a trend was found in 16 districts. According to the Mann-Kendall test,
there is an increasing trend in Ayas, Cankaya, Camlidere, Etimesgut, Gdlbasi, Kahramankazan, Kalecik,
Kizilcahamam, Mamak, Polatli, Sincan and Yenimahalle districts. According to Spearman's Rho test, there is
a decreasing trend in the Beypazari, Evren, and Haymana districts. According to both test results, an increasing
trend was found in Elmadag district.

3.4. Spatial Modeling and Trend Analysis of Sulphate (SO42) Amounts in Drinking Water

Sulfate values in drinking water for the 2018-2020 period were subjected to spatial analysis and modeled
using the IDW interpolation method. Spatial models of sulphate amounts in drinking water of Ankara province
for 2018, 2019, and 2020 are presented in Figure 5.

504 (mg/L) Test Statistical
Water Districts of 2018 2019 2020 Mann- Spearman’s
Sample  Ankara Province Kendall | Rho
Points
1 Akyurt 588 399 62,3 + +
2 Alondag 1647 689 554 -
3 Avas 158 208 61,5 +
S04 (mg/) S04 (mg/l) 4 Bah 1908 1112 1537 n n
5 Beypazan 1717 1284 1201 n
190.8 . 1898 6 Cambhdere 234 207 39,7
7 Cankaya 1693 693 56,1 . -
I 12,1 6,7 8 Cubuk 255 395 77,6 n n
9 Elmadag 823 77,7 822 n n
Year: 2018 10 Etimesgut 1693 69,6 758
11 Evren 864 832 753 n
12| Gélbant 1478 823 52,0 =
N 13 Gidil 23,6 6,7 18,2 - -
14 | Haymana 283 199 21,7 n n
/@ 15 Kahramankazan 58,5 11,5 226 - -
"t v 16 Kalecik 388 66,9 516 & n

17 Kegioren 1579 553 93,7 - -
18 Kmlcahamam 12,1 103 259 n n
19 Mamak 168,3 69,2 82,9

— The Boundary of Ankara Province 03 3.4 1305 . .

S04 (mg/l S . 21 1747 1898 1184 n n
(mg/l) ¢ Water Sample Points 2 169 208 35 I o
153,7 px) 1731 692 66,6 . -
= (Districts of Ankara Province) 24 408 441 532 = o
25 1616 69.6 49, - .
18,2 8 . 3 -
1368 | 1234 | 1446 | n:No Trend
T —— — 312 244 294 | - : Downward Trend
0 15 30 60 20 120 74,6 556 | 56,6 | +:Increasing Trend

Standard Deviation 25,97 24,98 25,08

Fig. 5. Spatial Modeling and Trend Analysis of Sulphate (SO4) Amounts

The highest value of sulfate amount in drinking water of Ankara province in 2018 was seen in Bala,
Beypazari, Cankaya, Etimesgut, Golbasi, Polatli, Sincan and Yenimahalle districts with 190.8 mg/l. The lowest
sulfate value of 12.1 mg/l was seen in Ayas, Camlidere, Giidiil, Haymana, and Kizilcahamam districts.
Concerning 2019, the highest sulfate concentration in drinking water in Ankara was seen in Beypazar1 and
Polatl districts, with 189.8 mg/l. The lowest amount of sulfate was determined in Ayas, Camlidere, Giidiil,
Haymana, Kahramankazan and Kizilcahamam districts with 6.7 mg/l. The highest sulfate concentration in
drinking water of Ankara province for 2020 was seen in the Bala, Beypazari, Nallithan, and Polatli districts
with 153.7 mg/l. The lowest amount of sulfate was seen in Camlidere, Giidiil, Haymana, Kahramankazan, and
Kizilcahamam districts with 18.2 mg/l. According to TS 266, EPA and EU standards, the allowable limit value
for sulfate in drinking water is 250 mg/I (TS 2005, EPA 2016, EU 2020).

Regarding sulfate concentration, it is below the permissible limit values of Ankara drinking water.
The drinking water of Ankara province has been deemed suitable for sulphate concentration.

Trend analyses were made in sulfate values, and a trend was found in 17 districts. In Mann-Kendall and
Spearman's Rho test, a decreasing trend was detected in Altindag, Camlidere, Cankaya, Etimesgut, Golbas,
Giidiil, Kahramankazan, Kegiéren, Mamak, Sincan, Sereflikochisar Yenimahalle districts. It was determined
that there was an increasing trend in the Akyurt, Ayas, and Sereflikoghisar districts. It was determined that
there was an increasing trend in the Kalecik and Nallithan districts only according to the Mann-Kendall test.
No trend results were found in other districts.

3.5. Spatial Modeling and Trend Analysis of Iron (Fe) Amounts in Drinking Water

Spatial modeling of iron concentration values in drinking water is presented in Figure 6.

In Ankara province, the highest Fe concentration values in drinking water in 2018 were 70.0 ug/l,
concentrated in Ayas, Cankaya, Etimesgut, Golbasi and Sincan districts. The lowest Fe amount was seen in
Beypazari, Bala, Elmadag, Giidiil, Kizilcahamam, Nallihan, and Sereflikochisar districts with 4.2 pg/l. For
2019, the highest Fe amount was seen in Ayas, Camlidere, Etimesgut, Kahramankazan, and Sereflikochisar
districts with 37.8 upg/l. The lowest Fe concentration was determined in the Bala, Giidiil, Haymana,
Kizilcahamam, and Nallihan districts with 4.0 pg/1.
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Bala 10 57 67 . -
Beypazan 10 163 19 - -
Camhdere 248 239 26,6 n n
Cankaya 50,2 26,6 122 n n
Cubuk 124 65 53 + B
Elmadag 33 ny 16,1 n n
Etimesgut 435 303 235 n n
Evren 18,1 163 158 + n
Galbag 449 169 16,0 n n
Giidiil 42 63 51 + -
Haymana 203 43 11 . -
Kahramankazan 133 243 s n n
Kalecik 128 55 08 + R
Kegidren 211 129 103 n n
Kmlcahamam 65 4.0 13,1 + -
. 19 Mamak 2.6 14 140 n n
— The Boundary of Ankara Province 30" Nalliban 55 I 51 = R
21 Polath n n
® Water Sample Points 22 Pursaklar ];:: :': 17.';.‘3 + -
23 Sincan 419 22,7 195 n
| (Districts of Ankara Province) 24 Sereflikochisar 58 78 152 - .
25 Yenimahalle 16,8 164 98 n n
294 m“’\ ., Max. 70 78 283 | n:No Trend
Year: 2020) :;"'-‘ i Min. 42 i 51 | -:Downward Trend
( ) [ m— L Average 215 15,6 14,0 + : Increasing Trend
R 018 80 = 120 Standard Deviation 1670 933 638

Fig. 6. Spatial Modeling and Trend Analysis of Iron (Fe) Amounts

The distribution of Fe concentrations in drinking water in 2020 was examined. The highest Fe amount was
concentrated in the Akyurt, Beypazari, Camlidere, Etimesgut, and Sincan districts, with 28.3 pg/l. The lowest
Fe amount was seen in Bala, Cubuk, Giidiil and Nallthan districts with 5.1 pg/l. According to TS 266 and EU
standards, the allowable Fe concentration in drinking water is 200 pg/1 (TS 2005, EU 2020). In this regard,
drinking water in Ankara was deemed suitable for Fe concentration.

A trend analysis was conducted in sulfate values for the 2018-2020 period in 25 districts of Ankara.
The trend was found in 15 districts. Mann-Kendall test was conducted, and it was determined that there was
an increasing trend in Bala, Beypazari, Cubuk, Evren, Giidiil, Haymana, Kalecik, Kizilcahamam, Nallithan and
Pursaklar districts. According to SpearmanRho's test, it was determined that there was a decreasing trend in
Akyurt, Altindag, Bala, Beypazari, Cubuk, Giidiil, Haymana, Kalecik, Kizilcahamam, Nallithan, Pursaklar and
Sincan districts. According to both test results, it was determined that there was a decreasing trend in Ayas
district and an increasing trend in Sereflikochisar district. No trend was found in other districts.

3.6. Spatial Modeling and Trend Analysis of Aluminum (Al) Amounts in Drinking Water

The spatial distribution of aluminum amounts in the drinking water of Ankara province between 2018 and
2022 is presented in Figure 7.

Al(ug ) Test Statistical
Water | Districts of 2018 | 2019 | 2020 | Mann. | Spearman’s
Sll.lllplz Ankara Province Kendall Rho
Points
1 Akurt 193 154 437 u n
: Altndag 265 494 457 - -
3 Ayas M9 133 230 + -
4 Baa 89 133 194 + -
5 Bevpazan 80 80 404 + +
6 Cambdere 613 649 686 n n
7 Cankaya 313 460 76 - -
8 Gubuk 6 878 645 - .
9 Flmadag 14 22 46 n n
Year: 2019 10 Etimesgut 193 304 410 + &
11 Evren 02 154 284 + n
12 Gélbag 08 454 420 + +
N 13 Gidiil [ 04 142 - n
,* 14 Haymana 13,8 9.9 353 n n
15 Kahramankazan 553 17,1 69,5 + +
f #’ 16 Kalecik M 11 s n n
+’ 17 Kegiiren 278 542 51 - .
18 Kmlcahamam 78 76 30 . n
19 Mamak 21 a1 456 - -
. 20 Nallban 111 1Bs 130 . n
— The Boundary of Ankara Province n Polatl 00 51 85 . n
5
® Water Sample Points i; :::::h = i:i 3?:; ::': = 2
24 Sereflikochisar 97 123 433 + =
(Districts of Ankara Province) 25 Yenimahalle 2090 563 447 + .
Max T & 171 776 | m:NoTrend
- M ] 7.6 13 | -:Dewnward Trend
- — —fm Average 21 358 435 | +:Increasing Trend
o 18 20 e 0 120 Standard Deviation 1621 2875 1761

Fig. 7. Spatial Modeling and Trend Analysis of Aluminum (Al) Amounts

In 2018, the highest amount of Al in drinking water in Ankara was seen in the Camlidere, Cubuk, and
Kahramankazan districts, with 62.0 pg/l. The lowest amount of Al was seen in the Giidiil district, with 6.9 pg/l.
In 2019, the highest Al value was seen in Camlidere, Cubuk, Kahramankazan, and Pursaklar districts with
117.0 pg/l. The lowest Al concentration was seen in Beypazari, Haymana, and Polath districts with 7.6 pg/l.
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In 2020, the highest Al value was seen in Camlidere, Cubuk, Kahramankazan, and Pursaklar districts with
77 ng/l. The lowest amount of Al was determined in Ayas, Bala, Nallihan, and Giidiil districts with 13.0 pg/l.
According to TS 266, EPA, and EU standards, the maximum allowable Al concentration in drinking water is
200 pg/l (TS 2005, EPA 2016, EU 2020).

As a result of the trend analysis made with Al values in 2018-2020 of 25 districts of Ankara province,
a trend was found in 20 districts. According to the Mann-Kendall test, an increasing trend was found in the
Evren, Gudiil, Kizilcahamam, Nallthan, and Polath districts. Both test results showed that there was an
increasing trend in Altindag, Ayas, Bala, Beypazari, Cankaya, Cubuk, Etimesgut, G6lbasi, Kahramankazan,
Kegidren, Mamak, Pursaklar, Sincan, Sereflikochisar and Yenimahalle districts. No significant trend results
were found in other districts.

Many studies in the literature show that drinking water quality should be evaluated spatially with GIS. For
example, a study was conducted to determine and monitor drinking water quality in southern Ethiopia. This
study carried out some drinking water quality parameters and heavy metal analyses. The results obtained were
evaluated spatially with the help of IDW interpolation techniques using Arc GIS, one of the Geography
Information Systems programs, and distribution maps were produced (Bojago et al. 2023).

A study was conducted in the Jammu and Kashmir regions of India, and a GIS-based assessment of drinking
water quality was carried out. Water samples were collected from 32 different regions in the research
mentioned above. 11 parameters were examined in the drinking water samples taken, and spatial distribution
maps were produced (Hemraj & Kumar 2022).

In a thesis study conducted to determine drinking water quality in Giresun province of Turkiye, water
samples were taken from 5 different locations. Dissolved oxygen, temperature, pH, salinity, conductivity,
biological oxygen demand, alkalinity, and hardness values were examined in the water samples taken.

As a result of the study, it was seen that the drinking water content of Giresun province was among the
allowed limit values (Aydin 2020). There are many recent studies in the literature on evaluating water quality
spatially using GIS-based mapping and trend analysis (Table 2).

Table 2. Some recent studies on spatial modeling and trend analysis of water quality

Recent Studies Research Area Aim Analysis
In the northern part . . GIS-based Mapping
(Laaraj et al. 2023) of Morocco's Spatial Analyg S with Kriging
\ . of water quality . .
Fes-Taza region interpolation
. . . . GIS-based Mapping,
(Al Yousif & Chabuk 2023) | Al-AbbasiyahRiver ) Spatial Analysis IDW and Kriging
of Iraq of water quality . .
interpolations
South-western district Spatial Analysis GIS-based Mapping,
(Ram et al. 2021) of Uttar Pradesh, India of water quality IDW interpolation
Salerno of Napoli Trend analysis Trend Analysis
(Naddeo 2023) in Ital of water qualit with Mann-Kendall
y quality
. . Trend analysis Trend Analysis
(Alilou et al. 2022) South-west Australia of water quality with Mann-Kendall
— . . Trend analysis Trend Analysis
(Gao et al. 2023) Xiaoqing River, China of water quality with Mann-Kendall

4. Conclusions

It is vital for human health that the water supplied for drinking water and released into the distribution
network is high quality and healthy. Epidemic disease in the drinking water treatment process or distribution
network in a settlement can affect all people in the region and cause serious health problems. To prevent these
negative incidents, water quality parameters and regional monitoring of these quality parameters are necessary.
Therefore, monitoring drinking water quality parameters from the source to the distribution network is
important.

Evaluating water quality parameters alone is not sufficient to monitor the current situation. It may be
important for determining water quality, but it is ineffective in determining the current status and distribution.
It is important to perform spatial analyses with statistical and geographical programs to determine the current
situation and take precautions against future incidents with advanced technology. GIS enables spatial analysis
by storing data in a digital environment.
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Within the scope of the current study, spatial analysis of drinking water quality parameters of Ankara
province was carried out using Arc GIS 10.3.1 software, and the results were presented as map output. Spatial
analyses were carried out by integrating water quality parameters with GIS. It is important to obtain clear
results from the distribution maps created from these analyses to monitor the current situation and share the
results obtained strikingly and effectively. Drinking water quality parameters can be evaluated with spatial
analyses created in GIS. In addition, many factors such as climate, agriculture, and population change can be
analyzed to reveal clear results and factors.

Ankara province, which is important due to its strategic location, is in the Central Anatolia region and the
capital of Turkey. Due to regional geography, the drought rate is high. With the increasing temperature due to
drought, decreases in water resources are inevitable. Dams provide the majority of raw water resources for
drinking water in Ankara. The water occupancy rate in dams is important for the world and Turkey. The same
importance applies to Ankara. In some districts of Ankara, groundwater is used as a drinking water source.

Nowadays, the amount of water used for drinking is decreasing, and the importance of water resources is
increasing. Unfortunately, the opportunity to access quality water resources to obtain drinking water is
decreasing. Evaluation using GIS or different statistical analyses will provide more necessary information for
today and the future. As a result of all these processes, it will be important for local governments to use GIS
more widely and actively to control the existing water potential and monitor drinking water quality parameter
results. This will save time, especially in determining the measures that can be taken against current and future
changes or dangers.

This study is quoted from a part of the MSc thesis of Oguzhan ARSLAN titled "Modeling of Drinking

Water Quality Parameters in Ankara Province with Geography Information Systems (GIS) by Using

Different Interpolation Methods", Nevsehir Hacit Bektas Veli Univesity, Graduate School of Natural
and Applied Sciences.
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