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Abstract: The wastewater amounts of 13 provinces included in the Central Anatolia Region in Turkiye between 2002
and 2018 were spatially analyzed in the Geography Information Systems (GIS) environment within the scope of this
study. Wastewater amounts were spatially evaluated and modeled for each year with the help of the IDW interpolation
method. Moreover, the change in wastewater amounts over the years was analyzed using Mann-Kendall, Sperman's
Rho, and Sen's Trend Slope Tests. The analyses indicated that while the total amount of wastewater in the Central
Anatolia Region was 466279 thousand m?/year in 2002, this amount increased by 31% in 2018 and reached 611275
thousand m?/year. On the other hand, while the amount of treated wastewater was 238779 thousand m*/year in 2002,
this rate increased by 123% to 534456 thousand m®/year in 2018. The trend analyses indicated that there was a significant
increasing trend in the amounts of treated wastewater in Eskisehir, Cankiri, Kirsehir, Konya, Karaman, Kayseri, Yozgat
and Sivas provinces yearly. The change in the total amount of wastewater over the years was analyzed, and it was
observed that there was a significant tendency to increase over time in the provinces of Eskisehir, Konya, Karaman,
Kayseri, and Sivas.
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1. Introduction

Improved living standards accompany the rapidly increasing population around the world. Accordingly,
the amount of water consumption also increases. While the amount of water used per capita increases with the
increasing population, some of the water used turns into domestic wastewater, and some turns into industrial
wastewater. When domestic and industrial wastewater is discharged without treatment, it causes environmental
pollution. Damages caused by environmental effects have a negative impact on aquatic creatures, soil, air
quality, and human health.

Wastewater production has increased both in the world and in Turkiye for reasons such as population
growth, development of technology, and increase in living standards. Uncontrolled discharge of this
wastewater into nature causes environmental problems. The presence of health-threatening factors (bacteria,
viruses, parasites, and worm eggs) in domestic wastewater is an issue that should be taken seriously. Even in
well-treated wastewater, some disease-causing pathogens may remain, and after the wastewater is treated,
it must be subjected to a disinfection process to remove disease-causing pathogens (Samsunlu 2008). Studies
have shown that water use worldwide has doubled in the last 40 years (Zeyrek 1996).

Water, the main source of life, is constantly polluted as it is used in different areas of daily life, and as
a consequence, it becomes wastewater. It is important in which area the water is used in wastewater treatment,
and it aims to regain the partially lost biological, physical and chemical properties when it turns into
wastewater. In addition, the treatment processes applied to prevent wastewater from harming the environment
in which it is released can be defined as wastewater treatment (Sekaran et al. 2007).

Water pollution can disrupt natural balances, affect aquatic ecosystems, and gradually reduce or destroy
the assimilation capacity of all waters in nature. Water pollution can disrupt natural balances, affect aquatic
ecosystems, and gradually reduce or destroy the assimilation capacity of all waters in nature (Anonymous,
2007). After lakes, rivers, and other water resources are polluted, improving the conditions and purifying them
is possible at very costly expense. Hence, minimizing the amount of wastewater and waste concentration is
necessary. For this reason, wastewater treatment should be carried out using technology that will prevent
pollution from its source. Wastewater treatment must be carried out using technically and economically
suitable methods (Anonymous 2004, Ergiiven et al. 2021).
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Domestic wastewater is mostly wastewater originating from residential areas, domestic activities (laundry,
bathroom, toilet, kitchen, house cleaning, etc.), and service departments such as hotels, schools, workplaces,
and hospitals where the daily life activities of the society are located (Agiktepe 2016, Kucuk et al. 2021).
Domestic wastewater is polluting and should not be released into the water network without treatment. The
wastewater treatment process can be done according to the characterization of the wastewater and the
characteristics of the receiving environment (Sekaran et al. 2007).

Another area of water use is the removal of industrial waste and human waste. These wastes must be
removed from areas where people live and rendered harmless. While local government institutions in urban
areas meet this requirement with sewage systems, wet and dry pits can be used in rural areas. However, this
waste is mixed directly with the sea, rivers, or even lakes in some regions. In such regions with limited
infrastructure, groundwater and surface water are easily polluted. In this case, water, which is indispensable
for life, may become a medium or carrier that poses a danger to health (Gililer & Cobanoglu 1994, Bayhan
etal. 2017).

Within the scope of this study, the amount of wastewater discharged from the network in the Central
Anatolia Region of Turkiye between 2002 and 2018 was spatially analyzed, and an evaluation was made.
The obtained data were transferred to the GIS environment, and distribution maps and models regarding
the wastewater amounts of the provinces in the Central Anatolia Region were created. In addition, the temporal
change in the wastewater amounts of 13 provinces in the Central Anatolia Region between 2002 and 2018 was
also revealed by trend analysis.

2. Materials and Methods
2.1. Study Area

The current research material consists of data on the amount of wastewater discharged from the network in
the provinces of the Central Anatolia Region of Turkiye between 2002 and 2018. The region's location subject
to the research is shown on the map in Figure 1.
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The Central Anatolia Region, the study area, is one of the 7 geographical regions of Turkiye. Central
Anatolia Region consists of 13 provinces. One of these provinces, Ankara, is the capital of Turkiye and the
second largest city in Turkiye. The population of Ankara province is 5 million 782 thousand 285 people. The
total population of the Central Anatolia Region, which is the subject of the research, is 13 million 566 thousand
792 people (TUIK 2023).

2.2. Spatial Analysis and GIS-Based Mapping

Fig. 1. Study area

Within the scope of the study, the Arc GIS 10.3.1 program, one of the Geography Information Systems
(GIS) software, was used to evaluate the wastewater amounts (ESRI 2010) spatially.

Wastewater amounts in the examined provinces were spatially analyzed and modeled using the IDW
interpolation method in the GIS environment. The IDW method performs analysis because nearby points have
more weight than distant points on the surface to be analyzed (Sen 2007). Predicted values are a function of
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near and far points, and as the distance increases, the importance and impact on the cell to be predicted
decreases. The provinces' wastewater amount data were modeled using the IDW interpolation method and the
following equation (Burrough & Mcdonnell 1998).
N, zidi™
Zo =25 (M)
where:
Zo — The estimation value of variable z in point I,
zi — The sample value in point I,
di — The distance of the sample point to the estimated point,
N — The coefficient that determines weight based on a distance,
n — The total number of predictions for each validation case.

IDW interpolation method is faster, easier to calculate, and simpler to interpret than other interpolation
methods. This method gives very good results for dense models. In this study, the IDW interpolation method
is preferred over other interpolation methods (Lu & Wang 2008, Garnero & Godone 2013).

2.3. Trend Analysis

The study determined changes in the amount of treated, untreated, and total wastewater over the years
through trend analysis. Mann-Kendall and Sperman's Rho Test and Sen's Trend Slope method were applied to
water quality data at a 95% confidence level (Kendall 1975, Mann 1945, Sen 1968). The current study used
the Mann-Kendall test called "Trend Analysis for Windows", Spearman's Rho test, Mann-Kendall Rank
Correlation test and a software developed by Sen to calculate the Trend Slope method (Giimiis 2006).

Although the Mann-Kendall Test is a widely used method, it is a non-parametric test (Karakus 2017). In the
Mann-Kendal statistical test, the data does not require any special distribution. Data show less sensitivity
to sudden breaks (Yu et al. 1993). Mann-Kendall test statistical was calculated using the equations given below
(Karakus 2017).

S = X N sgn(x; — x;) ()

where n is the number of data points, x; and x;; Data values in time series j and i (j > i) are sgn (x; — X;); it is
a sign function and is expressed as follows (Karakus 2017).

+1, Xj-Xi > 0
sen ()= = 0, xx=0 3)

‘1, Xj-Xi<O
Variance:
VaT' (S) = n(n_l)(2n+5)_z::li;1ti(ti_l)(zti+5) (4)
where:

n — number of data points,
m — number of connected groups,
t; — number of bonds within I (Karakus 2017).

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
(Biiyiiky1ldiz & Berktay 2004):

5-1
Jvar (s)’
ZS = 0, S == 0 (5)

S+1
lﬁF@’S<O

S$>0

As a result of the tests, if the trend has a positive correlation level, it can be considered. Still, if it has
a negative correlation, the trend's importance may not be considered (Kumar et al. 2009). Sperarman's Rho
Test is compared with the Mann-Kendall test (Karakus 2017). While the HO hypothesis means no trend, the
H1 hypothesis determines the increasing or decreasing direction of the trend (Yue et al. 2002). This test statistic
is given in the equation below (Karakus 2017).
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_ 6™ (Di—i)?
Rp=1-— (6)

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,

Zs — (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).

Spearman's rank correlation coefficient measures how strong the coefficient is between variables in data
analysis. The Mann-Kendall test is widely used in such studies to determine and evaluate the significance
of a trend in a data set (Esterby 1993, Samsudin et al. 2017).

3. Results and Discussion

3.1. Spatial Evaluation and Modeling of Wastewater Amounts

Treated, untreated, and total wastewater amount data of 13 provinces in the Central Anatolia Region of
Turkiye were analyzed spatially using the IDW interpolation method with the help of Arc GIS 10.3.1 software
in the GIS environment. The spatial analysis results of the total wastewater amount in the Central Anatolia
Region in 2002 are presented in Figure 2.
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Fig. 2. Spatial Modeling of wastewater amount for the 2002 year

Due to the high population in Ankara, the amount of wastewater is high, and Ankara is the province with
the highest amount of treated wastewater. The amount of treated wastewater throughout the Central Anatolia
Region varied between 0-196,690 thousand m®/year. It has been determined that the amount of treated
wastewater is higher in Ankara and its neighboring provinces than in other provinces. The amount of treated
wastewater showed a low distribution in the provinces around Ankara, depending on the population, compared
to Ankara. In 2002, 196,690 thousand m®/year of wastewater was treated in Ankara, the capital of Turkiye.
The amount of untreated wastewater was examined and it was seen that it varied between 365-61,807 thousand
m’/year. It was determined that Ankara, Kayseri, Konya, and Sivas provinces had a high distribution regarding
untreated wastewater potential. Wastewater treatment was not carried out in Kirikkale, Kirgehir, Aksaray,
Karaman, Nigde, Kayseri, Yozgat and Sivas provinces in 2002. The total amount of wastewater varies between
3,285 and 244,196 thousand m?/year. The total amount of wastewater was more densely distributed in the
provinces in the north and northwest of the Central Anatolia Region. The total wastewater amount of the
provinces in the Central Anatolia Region is 466,279 thousand m*/year. The rate of wastewater treated in 2002
was only 52.6%. The spatial distribution of wastewater amounts in the Central Anatolia Region in 2004
is given in Figure 3.
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Fig. 3. Spatial Modeling of wastewater amount for the 2004 year

The amount of treated wastewater in the Central Anatolia Region varied between 0 and 243,546 thousand
m?®/year. The amount of treated wastewater was higher in Ankara, Kayseri, and Eskisehir provinces. It was
concluded that the amount of treated wastewater in the provinces of Sivas, Cankiri, Yozgat, Kirikkale,
Karaman, Nevsehir, Nigde, Kirsehir, Aksaray and Konya was less dense. The provinces where wastewater
was not treated in 2004 were Aksaray, Kirikkale, Kirsehir, Sivas, Cankir1 and Y ozgat.

It has been observed that the amount of untreated wastewater varies between 399-67,907 thousand m®/year.
The amount of untreated wastewater was higher in Konya and Ankara provinces. Total wastewater amounts
in the Central Anatolia Region in 2004 varied between 3,143 and 256,999 thousand m?/year. In the provinces
in the northern and southern regions of the Central Anatolia Region, the density of the total amount of
wastewater showed a decreasing distribution depending on the population. The highest amount of untreated
wastewater in 2004 was in Konya with 67,907 thousand m’/year.

The provinces with the highest total amount of wastewater were Ankara, Konya, Kayseri, and Eskisehir,
respectively. The highest amount of treated wastewater in 2004 was in Ankara, the capital of Turkiye, with
243,546 thousand m*/year. Kayseri was the second province with the highest amount of treated wastewater,
with 50,102 thousand m® / year. In 2004, 65.9% of the total wastewater amount of the provinces in the region
could be treated. The spatial distribution modeling of wastewater amounts in the Central Anatolia Region
in 2006 is shown in Figure 4.

/:\ 13-Sivas jmm—
"“‘"," 12-Yozgat jmm
s 11-Kayseri |EEE—
10-Nigde
Treated 9-Nevgehir 't
Wastewater 8-Karaman & = Treated Wastewater
o 209.249 7-Konva | ]
6-Aksaray - = Total Wastewater
1) S-Kirgehir
4-Kinkkale |
e 3-Cankin W
\—‘ - 2-Ankara }
i 1-Eskigehir j—

0 100000 200000 300000 400000 S00000
Untreated

Wastewater* Treated Untreated Total
o 79609 1-Eskigehic 22507 12713 35219
2-Ankara 205249 17667 226916
a2y 3-Cankin 0 6776 6776
o a-Kinkkale [ 17326 17326
s ol 5-Kirsehir [} 9483 9493
°1! . 6-Aksaray 0 9923 9923
7-Konya 8066 79609 87674
Total
Wastewater® |SXeman 2555 2288 4843
5-Nevgehir 2141 8490 10630
o 226916 10-Nigde 9241 2646 11886
11-Kayseri 51500 8141 59641
- 4.843 12-Yozgat 5700 13096 18796
2006 year 13-Sivas [ 29600 29600
om0 2w sz * Thousand m¥/year  [hond nifyer

Fig. 4. Spatial Modeling of wastewater amount for the 2006 year
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The amount of treated wastewater in the Central Anatolia Region in 2006 varied between 0-209,249 thousand
m?®/year. The amount was less in the provinces located in the south, north, and northwest of the region. It was
observed that the density of treated wastewater was higher in Ankara, Eskisehir, and Kayseri provinces.

The amount of untreated wastewater varied between 2,227 and 79,609 thousand m3/year. In 2006, it was
observed that the amount of untreated wastewater in the region was at high levels in Sivas, Ankara, and
Eskisehir provinces.

Total wastewater amounts varied between 4,843 and 226,916 thousand m’/year. The provinces with
the highest total wastewater amounts are Ankara, Eskisehir, Kayseri, and Konya. This amount was found to be
lower in the provinces located in the north and south of the Central Anatolia Region compared to Ankara,
Eskisehir, Kayseri, and Konya.

The total amount of wastewater was observed at the highest level in 2006, with 226,916 thousand rn3/year,
in Ankara, which has a high population. It is seen that the lowest total wastewater amount is in Cankiri province,
with 6,776 thousand m*/year. The total wastewater amount of the provinces in the Central Anatolia Region is
528,722 thousand m®/year, and only 61.6% of this wastewater amount could be treated in 2006. The spatial
distribution modeling of wastewater amounts in the Central Anatolia Region in 2008 is given in Figure 5.

13-Sivas =

12-Yozgat |
11-Kayseri jm—

10-Nitde =
Treated 9-Nevsehir

Wastewater

8-Karaman m Treated Wastewater

S .
L o 176.020 7-Konya jmm— ® Untreated Wastewater
~ . 6-Aksaray M Total Wastewater
-~ o S-Kirsehir

4-Kirikkale
3-Cankin I
2-Ankara |
1-Eskisehir

o 100000 200000 300000 400000 S00000
Untreated

Wastewater®

Treated Untreated Total
61.736 1-Eskisehir 15260 9887 25147
- 2-Ankara 176020 35959 211979
. 418 3-Cankin a7 5130 5177
4-Kinkkale ) 19506 19506
rfﬁrv\-. S-Kirgehir o 7161 7161
Res ¢ 6-Aksaray 0 8321 8321
7-Konya 11871 61736 73606
8-Karaman 5600 a18 6018
9-Nevsehir 3000 5777 8777
o 211.979 10-Nigde 32058 1730 33789

Total
Wastewater®

11-Kayseri 51892 5023 56915

.., 12-Yozgat 5353 20294 25646
2008 year 13-Sivas 0 34579 34579
04080 160 240 320 * Thousand m¥year [Thousand m?/year

Fig. 5. Spatial Modeling of wastewater amount for the 2008 year

In the Central Anatolia Region, subjecting to the research, the amount of treated wastewater in 2008 varied
between 0 and 176,020 thousand m*/year. It was determined that the amount of treated wastewater was highest
in Ankara, Kayseri, and Yozgat provinces. In terms of the amount of treated wastewater, it was observed that
wastewater was not treated in Aksaray, Kirikkale, Kirsehir, and Sivas provinces in 2008. It is seen that the
highest amount of treated wastewater in the region is in Ankara, with 176,020 thousand m®/year. It was
observed that the amount of untreated wastewater in the research area varied between 418 and 61,736 thousand
m?*/year. In 2008, it was found that the amount of untreated wastewater was high, especially in Ankara, Konya,
and Sivas provinces. It was determined that the provinces where the amount of untreated wastewater was
distributed were Aksaray, Konya, Kirikkale, Kirsehir, Nevsehir, Sivas and Yozgat. Total wastewater varies
between 5,177 and 211,979 thousand m*/year in terms of quantity. It was determined that the spatial density
of the total amount of wastewater was high in the northwest, west, and east provinces of the Central Anatolia
Region. It is observed that the density is low in the provinces located in the north and south of the Central
Anatolia region. The provinces with the lowest total wastewater amounts in 2008 are Cankir1 with 5177
thousand m®/year, Karaman with 6.018 thousand m®/year, and Kirsehir with 7.161 thousand m®/year. The
provinces with the highest total wastewater amounts are Ankara with 211979 thousand m*/year, Konya with
73606 thousand m*/year, and Kayseri with 56915 thousand m®/year. Spatial distribution modeling of the
amount of wastewater in 2010 is given in Figure 6.
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Fig. 6. Spatial Modeling of wastewater amount for the 2010 year

The spatial analysis results of the 2010 data of the Central Anatolia Region were examined, and it was seen
that the amount of treated wastewater varied between 0 and 223,537 thousand m*/year. The spatial distribution
of treated wastewater amounts in the Ankara, Eskisehir, Konya, and Kayseri provinces showed higher density
than others.

The amount of untreated wastewater in the region varied between 268-31687 thousand m*/year. It has been
observed that the amount of untreated wastewater is above the average in the provinces of Eskisehir, Ankara,
Konya, Kirikkale, Aksaray, Yozgat, Nigde and Sivas. The province with the lowest amount of untreated
wastewater is Karaman with 268 thousand m?/year. The province with the highest amount of untreated
wastewater is Kirikkale, with 16,281 thousand m*/year.

The total amount of wastewater is distributed below the average in the provinces located in the north, south,
and southwest of the region. Total wastewater amounts in the Central Anatolia Region in 2010 varied between
4,162 and 233,902 thousand m*/year. The highest amount of total wastewater is in Ankara province, with
233,902 thousand m*/year. The lowest total wastewater amount was Cankir1 province, with 4,162 thousand
m’/year. In 2012, the spatial distribution of wastewater amounts in the Central Anatolia Region was analyzed,
modeled, and presented in Figure 7.
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Fig. 7. Spatial Modeling of wastewater amount for the 2012 year

The 2012 data in the Central Anatolia Region was subjected to spatial analysis, and it was observed that
the amount of treated wastewater varied between 0 and 337,141 thousand m?/year. The amount of treated
wastewater showed a dense spatial distribution in Ankara, Eskisehir, Konya, and Kayseri provinces.
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The provinces in the region were examined, and it was seen that the water was not purified in the Aksaray and
Kirikkale provinces in 2012. In 2012, it was observed that Ankara, the capital of Turkiye, was the province
with the highest wastewater treatment, with 337,141 thousand m?/year. The amount of untreated wastewater
in the region varied between 336 and 20,147 thousand m’/year. It has been observed that Ankara, Konya,
Kirikkale, Yozgat, Aksaray, and Yozgat provinces have a figure above the average in terms of the amount of
untreated wastewater. It was concluded that the untreated wastewater density was at lower levels in Eskisehir,
Cankir1, Kirsehir, Nevsehir, Nigde, Karaman, and Kayseri provinces.

It was determined that the total amount of wastewater in the research area varied between 4,150 and 349,150
thousand m*/year. It was determined that the total amount of wastewater in the northern, northwestern, and
western provinces of the Central Anatolia Region was higher than that in the eastern, southeastern, and
southern provinces. The total amount of wastewater was measured at the lowest levels in Cankir1 province,
with 4,150 thousand m®/year, and in Karaman province, with 4,816 thousand m®/year. The total wastewater
amount of the provinces in the region is calculated as 668,465 thousand m*/year. In 2012, only 85.1% of this
total amount of wastewater could be treated. Spatial distribution models of treated, untreated, and total
wastewater amounts in the Central Anatolia Region in 2014 are given in Figure 8.
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Fig. 8. Spatial Modeling of wastewater amount for the 2014 year

The amount of treated wastewater in the Central Anatolia Region in 2014 varied between 0-318,983
thousand m*/year. In the central parts of the region, this amount was below average. Kayseri, Eskisehir,
Ankara, and Konya provinces were among the provinces with the highest amounts of treated wastewater.
As a result of examining the amount of wastewater treated in 2014, it was observed that wastewater was not
treated only in Kirikkale province. It has been observed that the amount of untreated wastewater in the research
area varies between 290-20,000 thousand m’/year. It has been observed that the amount of untreated
wastewater is concentrated in Ankara, Konya, Kirikkale, and Yozgat provinces. The provinces with the highest
amount of untreated wastewater were Konya with 20,000 thousand m’*/year, Kirikkale with 10,460 thousand
m?/year, and Ankara with 10,400 thousand m*/year. Total wastewater amounts in the Central Anatolia region
varied between 3,673 and 329,383 thousand m’/year. Total wastewater amounts show a dense spatial
distribution in the region's northwestern, western and southwestern provinces. The total wastewater amount of
the provinces in the Central Anatolia Region is calculated as 643,654 thousand m*/year. In 2014, only 87.1%
of this amount could be purified. Spatial distribution models of wastewater amount in the Central Anatolia
Region in 2016 are given in Figure 9.
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Fig. 9. Spatial Modeling of wastewater amount for the 2016 year

The spatial analysis results of the 2016 data of the Central Anatolia Region, subjecting of the research, were
examined. It was observed that the amount of treated wastewater varied between 282 and 303,442 thousand
m?*/year. It has been observed that Ankara and Konya provinces have a denser spatial distribution compared to
other provinces in terms of treated wastewater amounts. In 2016, efforts were made to treat wastewater
amounts in all provinces in the Central Anatolia Region. There were no provinces that did not treat any
wastewater in 2016.

The amount of untreated wastewater varied between 0-21,250 thousand m*/year. It has been observed that
the amount of untreated wastewater, especially in the Aksaray and Konya provinces, is at higher levels than
others.

Total wastewater in the research area varied between 4,574 and 303,442 thousand m*/year, depending on
the population density of the provinces. It was observed that the total wastewater amounts were at higher
levels, especially in the provinces of Ankara, Konya, and Kayseri. Depending on the population ratio, the
provinces with the highest amount of treated wastewater are Ankara, with 303,442 thousand m*/year, Konya,
with 100,275 thousand m*/year; and Kayseri, with 69,955 thousand m*/year. In 2016, the total wastewater
amount of the provinces in the Central Anatolia Region was 649,512 thousand m®/year; only 88.0% of this
amount could be treated. Spatial distribution models of treated, untreated, and total wastewater amounts in the
Central Anatolia Region for 2018 are given in Figure 10.
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Fig. 10. Spatial Modeling of wastewater amount for the 2018 year
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The amount of wastewater treated within the Central Anatolia Region in 2018 varied between 431 and
246,746 thousand m*/year. The provinces with the highest amount of treated wastewater were Ankara, Konya,
and Kayseri. The proportional distribution of the treated wastewater amounts in the region's provinces was
examined. It has been observed that 100% of the wastewater was treated in Eskigehir, 6.8% was treated in
Aksaray, 97.6% was treated in Ankara, 87.2% was treated in Kirikkale, 92.5% was treated in Karaman, 96.1%
was treated in Kayseri, 96.1% was treated in Konya, 83.4% was treated in Kirsehir, 93.0% was treated
in Kirgehir, 79.7% was treated in Nevsehir, 86.6% was treated in Nigde, 78.2% was treated in Sivas, 9.1% was
treated in Cankir1 and was treated 45.5% in Yozgat. The amount of untreated wastewater varied between
0-23,062 thousand m*/year. It has been observed that the amount of untreated wastewater has a dense spatial
distribution in Konya and Aksaray provinces.

Total wastewater amounts in the research area varied between 4,749 and 252,732 thousand m3/year. It has
been observed that total wastewater amounts have a dense distribution in the northwestern, western, and
southwestern provinces of the Central Anatolia Region and in the province of Kayseri. It has been determined
that this density is at lower levels in the region's northern, southern, and eastern provinces than in Ankara,
Konya, and Kayseri provinces. The total wastewater amount of the provinces in the Central Anatolia Region
is 611,275 thousand m*/year; only 87.4% of this amount has been treated.

3.2. Trend Analysis of Wastewater Amounts in 2002-2018 periods

The treated and untreated wastewater amounts of 13 provinces in the Central Anatolia Region between
2002 and 2018 were subjected to trend analysis. Mann-Kendall, Spearman's Rho and Sen's trend slope method
tests were applied to the data in this context. The results obtained were presented statistically in terms of yearly
trends. The trend analysis results regarding the wastewater amounts of the provinces of the Central Anatolia
Region are summarized and presented in Table 1.

Table 1. Trend Analysis of Average Wastewater Amounts (2002-2018)

Treated Unreated Total Treated Unreated Total
Waste Waste Waste Wastewater Wastewater Wastewater
Provinces water water water Test Statisticals
Am;)unt Am::unt Amgunt MK SR MK SR MK SR

1 Eskisehir 308227 51986 360211 + + - - + +
2 Ankara 2255354 153345 2408699 n n - -
3 Cankiri 1956 41263 43220 + + n n
4 Kirikkale 19396 111540 130936 + n n - -
5 Kirsehir 36994 37739 74733 + + - - -
6 AKksaray 3789 104701 108490 n n + + +
7 Konya 370416 382143 752558 + + - - + +
8 Karaman 42851 5283 48133 + + n n + +
9 Nevsehir 49618 37096 86712 n n n -
10 | Nigde 131867 33992 165857 n n n n
11 | Kayseri 464560 80603 545163 + + - n + +
12 | Yozgat 49259 109422 158678 + + n n
13 | Sivas 111033 150849 261882 + + - - + +

Max. 2255354 382143 2408699 n : No Trend

Min. 1956 5283 43220 - : Downward Tren

Avrg. 295793,8 99997,1 395790,2 + : Increasing Trend

SD 607963,3 96856,1 640712,7 | * : Thousand m*year
MK: Mann — Kendall Test Statistical SR: Spermans's Rho Test Statistical

The average amount of treated and untreated wastewater in the provinces of the Central Anatolia Region
between 2002 and 20018 was subjected to trend analysis. The temporal change in wastewater amounts over
17 years was revealed by trend analysis. Trend analysis results have indicated that the amount of treated
wastewater had an increasing trend in Eskisehir, Cankiri, Kirgehir, Konya, Karaman, Kayseri, Yozgat and
Sivas provinces according to both test statistics. This indicates that there has been a positive trend towards the
treatment of wastewater in the provinces over the years.

In terms of the amount of untreated wastewater, it has been observed that there is an increasing trend only
in Aksaray province. An increasing trend in the amount of untreated wastewater is not acceptable. It seems
extremely important to take precautions to purify untreated wastewater, especially in Aksaray province. When
the temporal change of the total wastewater amount in the provinces of the Central Anatolia Region was
examined, it was concluded that there was an increasing trend in both test statistics in the provinces of
Eskigehir, Konya, Karaman, Kayseri, and Sivas.
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There are many studies in the literature where wastewater amounts are evaluated by spatially analyzing them.
In addition, it is possible to come across many studies that evaluate wastewater data with trend analysis. Mann
Kendall and Sperman's Rho tests and Sen's Trend Slope method are among the most commonly used methods in
studies to determine the change of wastewater amounts over the years. In these studies, wastewater amounts were
analyzed spatially in the GIS environment, and distribution maps and models of wastewater amounts were
created. In addition, the change in the amounts of treated and untreated wastewater between 2002 and 2018
on a provincial basis in 13 provinces in the Central Anatolia Region was tried to be revealed through trend
analysis. Similar studies on these issues in the literature are summarized and presented in Table 2.

Table 2. Current studies on the evaluation of wastewater quantities regarding GIS modeling and Trend analysis

Recent Studies

Research Area

Aim

Analysis

(Sakti et al. 2023)

Bandung province
in Indonesia

Spatial network analysis

GIS analysis

(Zolfaghary et al. 2021)

Golestan province,
Iran

Use of GIS
in wastewater evaluation

GIS evaluation

(Hama et al. 2019)

Sulaimania, Iraq

Spatial evaluation

Spatial analysis by GIS

L GIS Applications . .
(Shamsi1 2013) General Applications for Water and Wastewater Spatial Evaluation
. Cimahi City Examination .
(Muttagin 2020) in Indonesia of wastewater Trend Analysis
The Logan-Albert The Quality Trend Analysis

(Eccles et al. 2020) estuary in southeast

Queensland, Australia with Mann-Kendall Test

of wastewater discharges

Impacts of urban
wastewater ant etc.
on groundwater level
fluctuation

Yogyakarta-Sleman
Groundwater Basin,
Indonesia

(Wilopo et al. 2021) Trend Analysis

Evaluation
of groundwater resources

(Fathl & El-Rawy 201 8) near wastewater treatment

Greater Cairo, Egypt GIS-based analysis

plants
(Mancuso et al. 2022) Northern Italy Potential for treated A§sessment .
wastewater reuse with GIS mapping
The largest wastewater treatment Evaluation

wastewater treatment
plant in Finland

(Tomperi et al. 2018)

process by trend analysis

4. Conclusion

With rapid population growth and the development of technology and industry worldwide, water
consumption is also increasing linearly. With the increase in water consumption and environmental pollution,
spring waters and groundwater, as well as streams, lakes, and coastal and sea waters where wastewater is
discharged or indirectly mixed, are decreasing.

The amount of water used per person increases with the increasing population. Some water used turns into
domestic wastewater, and some into industrial wastewater. Discharging domestic and industrial wastewater
without treatment causes environmental pollution. Damages caused by environmental effects have a negative
impact on aquatic creatures, soil, air quality, and human health.

In the current study, the wastewater amounts of 13 cities in the Central Anatolia Region, one of the 7 regions
of Turkiye, were evaluated and modeled spatially yearly in the Geography Information Systems (GIS)
environment. In addition, the change in the total wastewater amounts of the provinces in the research region
between 2002 and 2018 was determined by trend analysis. Analyzing the amount of wastewater in cities and
evaluating the change amounts are extremely important processes. While conducting such research, making
spatial evaluations with geographic information systems is extremely important for planning. In addition,
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determining the changes in wastewater amounts over the years will inevitably contribute to effective
wastewater management.

In conclusion, through the current study, research has been conducted to evaluate the wastewater amounts
for the provinces of the Central Anatolia Region yearly. The study's results will contribute to planning
wastewater treatment capacities in the provinces for future projections with the increasing population.
In addition, the results will guide the decision-making processes of local governments regarding increasing
wastewater treatment capacities. It is thought that this study will lead to similar research and make significant
contributions.

This study is quoted from a part of the MSc thesis of Yigitcan Balli titled "Spatial Analysis of the Amounts
of Wastewater Discharged from the Network in the Central Anatolia Region by Years and with the Help
of Geographical Information Systems (GIS)", Nevsehir Haci Bektas Veli Univesity, Graduate School
of Natural and Applied Sciences.
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