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Abstract
Groundwater and surface water qualities are evaluated using geographic information sys-
tem (GIS)-based geo-statistical and multivariable statistical methods. This research aims 
to investigate the water quality of Kızılırmak River, that remain within the provincial 
boundaries of Sivas, using geo-statistical and multivariable statistical methods, and to 
provide the water quality map of Kızılırmak River. In this regard, surface water samples 
from 28 surface water quality monitoring stations were analysed for wet and dry seasons. 
The hydro-chemical properties of surface water quality were determined, and the water 
quality index was evaluated for each station. Spherical, exponential and Gaussian models 
were determined as the best semi-variogram models according to the minimum root mean 
square error values and the cross-validation method. The final water surface quality map of 
Kızılırmak River was obtained by weighted superposition of the spatial distribution maps 
of the surface water quality parameters which were obtained by the geo-statistical method. 
The correlations between the surface water quality parameters were determined using mul-
tivariable statistical analysis methods such as correlation analysis and factor analysis (prin-
cipal component analysis). The surface water quality in the study area was categorized as 
excellent, good, poor and very poor. The water quality of Kızılırmak River’s portion near 
Sivas city centre and in the South of the province did not meet the standards for drinking 
water purposes. This research provides the surface water quality map of the study area by 
use of GIS-based statistical methods.

Keywords Water quality · Geo-statistical analysis · Multivariable statistical analysis · 
Kızılırmak River

1 Introduction

Rivers are important water resources that make a considerable contribution to the eco-
nomic growth of a country and serve several purposes such as recreation, sports, fish-
ing, irrigation, power generation and transportation (Mohamed et al. 2015). Rivers are 
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highly susceptible to pollution as they incorporate several kinds of waste stemming from 
municipalities, industries and agricultural lands (Li et al. 2009). Agricultural pollution 
is expressed by the increase in the number of algae, which causes eutrophication at high 
nutrient levels and which cause serious damage to freshwater ecosystems; industrial 
pollution is indicated by biochemical oxygen demand (Leong et al. 2018). Considering 
the ever-increasing population, urbanization and industrialization, rivers have become 
indispensable disposal fields for various municipal and industrial wastes (Kumar et al. 
2015) which results in the inevitable degradation of surface water quality. Surface water 
quality is under a persistent risk depending on the surface currents and anthropogenic 
discharges in the river basin (Liu et  al. 2011). Prevention and control of river pollu-
tion hold particular importance as these are the main water resources for drinking, irri-
gation and industrial purposes in numerous areas throughout the world. In addition to 
the global issue of climate change-induced declining water resources, there is an ever-
increasing urban water demand in most areas of the world (Haque et al. 2014).

The surface flow caused by rainwater creates mixing zones between land and water 
surfaces, and therefore faecal contamination, nutrients (N and P), basic ions and sus-
pended solids cause pollution in a river (Howell 2018). As a means to prevent and con-
trol the declining water quality in rivers, reliable data as to the water quality should 
be gathered, changes in water quality should be analysed in a spatial scale, and water 
quality evaluation should be conducted for pollution monitoring and resource manage-
ment (Wu et al. 2018). WQI is widely used in the evaluation of rivers’ water quality, and 
it has gained increasing importance in the management of water resources (Sutadian 
et al. 2016). The most effective way of defining water quality is to define the suitability 
of water resources for human consumption in terms of WQI. WQI allows the public to 
gain in-depth information as to the quality of water and enables modification of the poli-
cies formulated by various environmental monitoring agencies (Bharti and Katyal 2011; 
Akoteyon et al. 2011). WQI was initially developed by Horton (1965) in the USA using 
the most commonly used ten water quality variables involving dissolved oxygen (DO) 
pH, coliforms, specific conductivity, alkalinity and chloride. It has been commonly 
adopted and applied by European, African and Asian countries. In 1970, Brown’s group 
(Brown et al. 1970) developed a WQI which was similar to that of Horton (1965) and 
based on individual parameter weights (Tyagi et al. 2013).

Multivariable statistical analyses and geo-statistical techniques have been widely 
used to evaluate and characterize surface water quality (Belkhiri and Narany 2015). 
Multivariable statistical techniques are effective tools for evaluating human effects on 
water quality. Multivariable statistical techniques such as principal component analysis 
and factor analysis enable in-depth characterization of surface water through the inter-
pretation of complex data matrices. These methods provide quick solutions for reliable 
management of water resources and pollution issues (Liu et al. 2011; Singh et al. 2004). 
Evaluation of water quality requires statistical analysis of multiple variables and the 
determination of the spatial distribution of contamination levels related to these vari-
ables. GIS and geo-statistical methods are powerful tools for spatial analysis (Yan et al. 
2015; Vairavamoorthy et al. 2007) and estimation of the contaminant concentrations in 
locations that lack measurement data (Gharbia et al. 2016; Ella et al. 2001). The geo-
statistical approach and the kriging methods hold various advantages regarding spatial 
correlation and the reliability of estimations (Büttner et al. 1998; Gharbia et al. 2016). 
In the geo-statistical analysis, if data exhibit a normal distribution, kriging technique is 
more likely to yield favourable results (Wu et al. 2011; Teikeu et al. 2016).
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Surface water quality was evaluated using geo-statistical and multivariable statisti-
cal analysis methods in various studies. Zhao and Cui (2009) used multivariable statisti-
cal techniques such as clustering and factor analysis to analyse the source quality of River 
Luan (China). Wang et  al. (2013) also used multivariable statistical techniques such as 
clustering analysis, principal component analysis and factor analysis to determine the tem-
poral changes in the surface water quality of River Songuya near Harbin in 2005–2009 
period using 15 water quality parameters. Marko et al. (2014) reported the spatial distribu-
tion of groundwater quality and estimated the chemical parameters of groundwaters using 
geo-statistical analysis method. Islam et  al. (2018), Ben-Jemaa et  al. (1994) and Teikeu 
et al. (2016) carried out analyses on groundwaters using geo-statistical and multivariable 
statistical techniques.

In this regard, the aim of the present research is to (1) evaluate the surface water quality 
of Kızılırmak River, and (2) provide the surface water quality mapping of Kızılırmak River 
within the provincial boundaries of Sivas, using geo-statistical and multivariable statistical 
methods.

2  Materials and methods

The basis of the method used in this study is the evaluation of surface water quality param-
eters through geo-statistical and multivariate statistical approaches. The flow chart of the 
method used in this study is shown in Fig. 1. Information about the method is explained in 
the following sections. 

The analysis results (monthly average) of 28 surface water quality parameters [BOI, Ca, 
Cl, DO, Fe, K,  HCO3, Mg, Mn, Na,  NH4,  NO2,  NO3, pH,  SO4, total dissolved solids (TDS), 
total hardness (TH), total phosphorus (TP)] of Kızılırmak River were obtained from the 
General Directorate of State Hydraulic Works (Ankara/Turkey) for the dry and wet seasons 
of the year 2015. A database representing the surface water quality was established in a 
GIS environment for the analyses, mapping procedures and evaluations that would be con-
ducted in the further stages of the research.

The parameters for surface water quality were evaluated in accordance with Piper dia-
gram and drinking water quality standards. WQI was calculated for all sampling stations, 
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Fig. 1  Flow chart of the method applied in the study
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and the resulting WQI values were categorized as “excellent”, “good”, “poor” and “very 
poor”. Spatial distribution maps of the surface water quality parameters and WQI were pre-
pared using the geo-statistical analysis module of GIS. Weighted-overlapping of the spatial 
distribution maps of surface water quality parameters was conducted to obtain the final 
surface water quality map of Kızılırmak River. Optimum semi-variogram models were 
determined for all parameters via geo-statistical analysis which was followed by statistical 
evaluations for the water quality parameters. In addition, the water quality of Kızılırmak 
River was evaluated using multivariable statistical methods such as correlation and factor 
analyses. During the research, AquaChem 2014.2 was used for the preparation of Piper dia-
gram, ArcGIS 10.2 was used for the preparation of all geo-statistical analysis-based spatial 
distribution maps, and SPSS Statistics 22 was used for multivariable statistical analysis 
applications.

2.1  Study area

The study area consists of Kızılırmak, its tributaries and Kızılırmak River basin that 
remain within the provincial boundaries of Sivas (Fig. 2). The annual average discharge of 
Kızılırmak River is 39.42 m3/s. Kızılırmak is the longest river of Turkey that originates and 
empties into the sea inside its boundaries. It has a length of 1.151 km and discharges the 
waters of an area of 82.181 km2 into the Black Sea. Kızılırmak originates from the vicin-
ity of Sivas-İmranlı, passes through the provincial lands of Kayseri, Nevşehir, Aksaray, 
Kırşehir, Ankara, Kırıkkale, Çankırı, Çorum, Sinop and Samsun and empties into the 
Black Sea from Bafta Plain. Kızılırmak Basin is largely located in the east of Central Ana-
tolia region between 37°56′ and 41°44′ north latitudes and 32°48′–38°24′ east longitudes. 
A large proportion of Kızılırmak Basin consists of plains. The river is named after the col-
oured appearance of the clayey sediment at the basis of the riverbed in Kızıldağ region of 
Sivas province. The river’s water regime reaches its highest in April and drops down to the 
lowest level in July and February (Yüce and Ercan 2015).

2.2  Geology

Sivas Basin lays between the east of Erzincan and Kayseri in NE–SW direction with 
250 km length and 50 km width. It is a sedimentary basin which incorporates metamor-
phic, magmatic and ultramafic rock formations. These sedimentary formations mainly 
consist of clastic, evaporite and carbonate rock formations which deposited at different 
geologic periods. Particularly, Hafik formations among evaporitic rock formations include 
industrial raw materials such as barites, halites (salt) and celestine. These units are widely 
exposed particularly among İmranlı, Zara and Hafik regions and pose serious agricultural 
and engineering problems due to their chemical composition. The basin also involves 
metallic mineral deposits such as chromium, iron and manganese (Poisson et al. 1996).

2.3  WQI calculation

WQI is defined as an evaluation method that shows the effect of water quality parameters 
on the general quality of water. Water quality and its suitability for drinking purposes can 
be examined through the determination of quality index. The drinking water standards that 
are recommended by the WHO are compiled in the evaluation of WQI (Sadat-Noori et al. 
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2014). A WQI evaluation aims to transform complex water quality data into a more under-
standable form. WQI is thereby regarded as a highly simple, efficient and helpful indica-
tor of WQI water quality which is based on some specific parameters (Khwakaram et al. 
2012).

This index is evaluated in five stages (Sadat-Noori et al. 2014; Hadithi 2012; Ambiga 
and Durai 2013):

First stage Assignment of a weighted value (wi) to each parameter for drinking water 
purposes depending on the relative importance of the parameter in terms of water qual-
ity. (The value 5 is assigned to the parameter with the highest relative importance, and 
the value 1 is assigned to the one with the lowest relative importance. For instance, 5 is 
assigned to  NO3 parameter as it has the highest relative importance among others.)

Second stage Evaluation of relative weight by use of a weighted arithmetic index.

Wi =
wi

∑n

i=1
wi

Fig. 2  Location of the study area and distribution of surface water observation stations
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where Wi = relative weight, wi = the weight of each parameter, n = the number of param-
eters. Wi values calculated for each parameter are shown in Table 2.

Third stage Evaluation of quality rating scale (Qi) through a division of all concentra-
tion values by the drinking water standard concentration values specified by WHO (2017) 
for each of the chemical parameters in each water sample.

where Qi = quality rating scale, Ci = concentration of each chemical parameter in each 
water sample (mg/l), Si = drinking water standards specified by WHO (2017) for each 
chemical parameter (mg/l)

Fourth stage Evaluation of sub-index value for each chemical parameter.

where  SIi = sub-index value of parameter i, Qi = quality rating scale based on the concentra-
tion of parameter i, and Wi = relative weight.

Fifth stage Evaluation of water quality index (WQI).

The sum of sub-indices of each water sample gives the WQI value.

2.4  Geo‑statistical analysis

Geo-statistical interpolation techniques (such as kriging) use the statistical characteristics 
of the measured points (Esri 2001). The geo-statistical analysis establishes a relationship 
between the quality values in sampling locations and estimates the values in non-sampled 
areas. As a geo-statistical method, kriging method is a regression-based optimum inter-
polation method that uses the z values of data locations measured on the basis of spatial 
covariance values (Kavurmacı 2016). Kriging method provides strong and accurate inter-
polation. In other words, it is based on statistical models. Efficient use of kriging method 
requires an advanced level of statistical information. Calculation of an unknown value 
requires the use of all sample data. Kriging method is a multi-stage process which initially 
requires the detection of sampling points. An estimated surface model is then specified in 
accordance with these sampling points (Esri 2014).

In the case of normal data distribution, kriging method yields efficient results. Kriging 
process takes place in two stages. In the first stage, the spatial structure of data is calcu-
lated. In the second stage, an estimated surface is built. The kriging method uses spatial 
data relationships and the values of the sampling points adjacent to the estimated location 
to predict an unknown value for a given location (Sharma et al. 2015).

The main advantage of kriging method is its capability to reveal the interpolation-based 
estimation error for the spatial variable and determine the accuracy and reliability of spa-
tial interpolation (Teikeu et al. 2016). To make a prediction for an unmeasured location, 
kriging method weights the measured values for adjacent locations, and thus, it provides a 
weighted sum which is expressed as follows: (Esri 2015).

Qi =

(

Ci
/

Si

)

× 100

SIi = Wi ∗ Qi

WQI =
∑

SIi

Z∗(S0) =

N
∑

i=1

Z(Si)
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where Z(Si) is the value measured at location i, λi is an unknown weight for a value meas-
ured at the location I, S0 = is the predicted location, N is the number of measured locations. 
The relationships between the estimated and measured data are determined using cross-
validation statistics. In cross-validation, R2 is used as the performance criteria and it should 
converge to 1 (Kavurmacı 2016). The main characteristic of this method is the use of vari-
ograms in the estimation of spatial variations. In the evaluation of water quality, variables 
such as continuity of quality, range and direction of effect together constitute a function. 
Variogram γ(h) is a curve that indicates the change in water quality with distance and is 
expressed with the following equation (Kavurmacı and Üstün 2016).

Variogram should be determined using territorialized variables prior to kriging estima-
tion. Experimental variogram [γ(h)] is defined as the separation distance of the mean semi-
squared difference between Z(xi) and Z(xi + h), where γ(h) is the semi-variogram value, h 
is the lag distance, Z(xi) and Z(xi + h) are the value at point x and the value at point x + h, 
respectively (Belkhiri and Narany 2015).

RMSE criterion is used to make a comparison between different variogram models and 
determine the most best-fitted model, where the lowest RMSE value indicates the optimum 
model for the related data. RMSE criterion is defined with the following equation (Demer 
and Hepdeniz 2018).

The accuracy of estimations should be determined to define the difference between the 
measured and estimated values. For accurate estimation results, the RMSE value should be 
as low as possible and RMSSE (root mean square standardized error) should be close to 
1 (Marko et al. 2014; Johnston et al. 2001). Geo-statistical analysis has been widely used 
to model the distribution of groundwater chemistry, and it is regarded as a combination of 
numerical techniques which use spatial attributes that are based on random models (Marko 
et  al. 2014). Kriging weights are assigned to each parameter measured to ensure spatial 
auto-correlation between the measured and estimated locations, thus enabling the evalu-
ation of the parameter for an unknown location (Kumar et al. 2011). The main advantage 
of ordinary kriging method over the other kriging methods is its simplicity and high esti-
mation accuracy (Gorai and Kumar 2013). In recent years, semi-variogram models such 
as linear, exponential and spherical models have been widely used in related works (Var-
ouchakis and Hristopulos 2013).

2.5  Multivariable statistical analysis

Multivariable statistical methods provide useful information related to the evaluation of 
water quality and surface water management. These methods minimize the size of large 
data sets, thus enabling their classification, modelling and interpretation (Massart and 
Kaufman 1983; Simeonov et al. 2003).

�(h) =
1

2n

n
∑

i=1

[

Z(xi
)

− Z(xi + h)]2

RMSE =

√

1

n

n
∑

i=1

[

Z(xi
)

− Z(xi)]
2
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2.5.1  Correlation matrix

Correlation coefficients are used to establish a correlation between two variables, meas-
ure their statistical significance and to take into account the shared variability level 
between the individual pairs of water quality variables (Kurumbein and Graybill 1965; 
Gummadi et al. 2014). Correlation analysis measures the proximity between the speci-
fied dependent and independent variables. Correlation coefficients which are close to 
− 1 or + 1 are indicative of a linear correlation between x and y variables (Gummadi 
et  al. 2014). This is also indicative of a high correlation between the two variables, 
thus indicating a good positive relationship between them. In cases where the correla-
tion coefficient between two variables is zero, there is no correlation at the level of p <  
.05 between the two variables. If the condition r > .7 is satisfied, this indicates a strong 
correlation between the parameters, and r values between .5 and .7 indicate a moderate 
correlation (Manish et al. 2006).

2.5.2  Factor analysis

Factor analysis is an advanced tool used as a statistical method to evaluate the correlation 
between various parameters. This method was initially introduced by Krumbein (1957) to 
minimize the number of data required to define a few factors (Narmatha et al. 2011). The 
main purpose of factor analysis and principal components analysis is to reduce the dimen-
sions of a multivariable data set. The main advantage of both techniques is their capability 
to preserve the existing information while generating new variables on the basis of linear 
combinations of the original variables (Mohamed et  al. 2015). Factor analysis/principal 
components analysis has been widely used to analyse the hydro-chemical data set of differ-
ent groundwater resources for sorting out the most important factors and reduce the amount 
of data with the least possible loss of information (Mustapha and Aris 2012; Belkhiri and 
Narany 2015). As a multivariable statistical technique, this method provides a general cor-
relation between the measured chemicals (Varol and Davraz 2015). Principal components 
analysis reduces the correlations in a data set with multiple variables to a simple set of hid-
den factors (Islam et al. 2017). Factor analysis can be used to define a limited number of 
factors that describe the majority of the indices observed during water quality monitoring 
and evaluate water quality with combined factors (Yu et al. 2003).

In factor analysis, total variance is reduced to a single factor via principal component 
analysis and the factors are determined accordingly. Additionally, correlation matrices 
are built using R mode and the principal components are determined using factor eigen-
values. All factors with an eigenvalue higher than 1 (Kaiser 1960) are taken into consid-
eration. Factor 1 has the highest eigenvalue and accounts for the biggest variation in the 
data set. Factor 2 has the second highest eigenvalue. Liu et al. (2003) classified factor 
loadings as strong (> .75), moderate (.50–.75) and weak (.30–.50) and used this clas-
sification for describing the correlation degree of each component (Varol and Davraz 
2015). The factor analysis results applied in the present research were evaluated within 
the scope of this evaluation scale.
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2.6  Piper diagram

Piper trilinear diagram (Piper 1944) provides a graphical illustration of major cations 
and anions and provides information about the hydro-chemical evolution and facies of 
water. This diagram enables the determination of the chemical reactions that take place 
in waters (Talabi 2012; Ebrahimi et al. 2016).

3  Results

3.1  Hydro‑chemical properties of surface water

The pH values within the study area varied between 7.3–8.2 and 6.8–8.3 in wet and 
dry seasons, respectively (Table 1). All pH values within wet and dry seasons remain 
within the values recommended by the WHO (2017) for drinking water (Figs.  3n, 
4n). The average of TDS concentrations is 892.57 mg/l and 1533.5 mg/l, respectively, 
for wet and dry seasons. TDS concentrations varied between 120–5320  mg/l and 
between 158–9741  mg/l, respectively, for wet and dry seasons (Table  1). In the wet 
season, 57.15% of the sampling points in the study area were in freshwater category 
(TDS < 1000  mg/l) and 42.85% were in brackish water category (TDS > 1000  mg/l). 
57.15% and 53.57% of TDS values of Kızılırmak River near Sivas city centre and its 
tributaries exceeded the upper limit value of 1000  mg/l recommended by the WHO 
(2017) for drinking purposes, respectively, for wet and dry seasons (Figs. 3p, 4p).

HCO3 concentrations varied between 110.5–291.6  mg/l and 124.2–291.3  mg/l for 
wet and dry seasons, respectively (Table 1). In wet and dry seasons, 27 sampling points 
exceeded the upper limit (125 mg/l) of the WHO (2017) for  HCO3 concentration and 
the stations with high  HCO3 concentrations were largely located in the southwest of the 
study area (Figs. 3f, 4f). The average Cl concentrations were found as 154.83 mg/l and 
400.29 mg/l, respectively, for wet and dry seasons. In the study area, Cl concentrations 
varied between 0.63 and 1114 mg/l in wet season, and between 0.96 and 3900 mg/l in 
dry season. 78.57% and 57.15% of the Cl values remained under the limit values recom-
mended by the WHO (2017), respectively, for wet and dry seasons. Overall, high Cl 
values were observed in the Kızılırmak River and its tributaries located near Sivas city 
centre (Figs. 3c, 4c).

In wet season,  NH4 varied between 0.007 and 4.72 mg/l,  NO2 varied between 0.06 
and 0.01 mg/l, and  NO3 varied between 0.3 and 21.12 mg/l. In dry season,  NH4 varied 
between 0.007 and 4.91  mg/l,  NO2 varied between 0 and 0.11  mg/l, and  NO3 varied 
between 0.8 and 38.5 mg/l (Table 1). In wet seasons, three sampling points and in dry 
season nine sampling points exceeded the upper limit (0.5  mg/l) of WHO (2017) for 
 NH4 concentrations (Figs. 3k, 4k). In both seasons, all sampling points met the drink-
ing water standards for  NO2 and  NO3 concentrations recommended by the WHO (2017) 
(Figs. 3l, m, 4l, m). Higher  NH4,  NO2 and  NO3 concentrations detected in the surface 
waters in the south of Sivas city centre as compared to the north are ascribed to the 
sewage discharges coming from Sivas city centre. Particularly, domestic wastewater dis-
charges and agricultural activities adversely affected the water quality of the Kızılırmak 
River near the south of Sivas city centre.
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TH (total hardness) values in the study area varied between 114 and 1916  mg/l in 
a wet season and between 140 and 2491 mg/l in a dry season. In wet and dry seasons, 
respectively, 12 and 14 sampling points exceeded the limit value of mg/l recommended 
by the WHO (2017) for TH. In the wet season, 3.57% of the TH values in the study area 
were in medium–hard water category, 39.28% were in hard water category and 57.15% 
were in the very hard water category. In the dry season, 7.15% of the TH values were 
in the medium–hard category, 25% were in hard water category and 67.85% were in 
very hard water category (Anbazhagan and Nair 2004) (Figs. 3, 4q). The water quality 
of Kızılırmak River in the vicinity of Sivas city centre falls into “very hard water” cat-
egory in terms of total hardness.

In terms of Na concentrations, 3 and 11 samples, respectively, in wet and dry seasons 
met the limit values recommended by the WHO (2017) (Figs. 3j, 4j). The standards for 
K values are met by all samples in both seasons (Figs.  3g, 4g). Ca concentrations var-
ied between 31.42–490.2 mg/l and 40.93–931.16 mg/l in wet and dry seasons, respectively 
(Table  1). In wet and dry seasons, respectively, 14 and 18 sampling locations exceeded 
the upper limit (100 mg/l) for Ca concentrations (Figs. 2b, 3b). In both seasons, Fe and 
Mn concentrations remained under the limit values recommended by the WHO (2017) 
(Figs. 3e, i, 4e, i). Total P values exceeded the related standards in both seasons (Figs. 3r, 
4r).  SO4 values recommended by the WHO (2017) are met by 12 and 15 sampling loca-
tions in wet and dry seasons (Figs. 3o, 4o). The majority of the sampling points met the 
limit values for Mg concentrations in both seasons (Figs. 3h, 4h). In terms of cation and 
anion concentrations, the dominant ion in the study area was determined as  SO4 and the 
ion with the lowest concentration was K, in both seasons. The descending order of ion con-
centrations is  SO4,  HCO3, Cl, Ca, Na, Mg, K in the wet season and  SO4, Cl, Na, Ca, Mg, K 
in the dry season (Table 1; Figs. 3, 4).

3.2  WQI evaluation

According to WQI calculation method, a weight value (wi) is given primarily for the impor-
tance of each parameter in the evaluation of the quality of drinking water and the relative 
weight values (Wi) of each parameter are calculated (Table 2).

In this research, WQI values of groundwater samples varied between 36.30–392.75 
and 52.84–705.12, respectively, for wet and dry seasons. The highest WQI values were 
observed at sampling station 7 in wet and dry seasons, and the lowest values were observed 
at sampling stations 3 and 9 (Table 3).

Table 4 shows the levels and definitions of water quality indices based on WQI values. 
WQI values were evaluated for all observation stations in the study area, and the calcu-
lated WQI values were evaluated in accordance with the water quality index levels and 
definitions (Sadat-Noori et  al. 2014; Hadithi 2012; Khwakaram et  al. 2012; Rupal et  al. 
2012) given in Table 4. Etim et al. (2013) found that the WQI values based on the water 
quality parameters at different sampling stations ranged from 3480 to 36.26 (excellent) for 
pipe-welded water, 38.52 to 48.67 (excellent) for well water, and 55.05 to 84.94 (well) for 
the stream. The WQI values obtained as a result of variations of physico-chemical param-
eters between different water samples provided the recommended standards (Etim et  al. 
2013). In the study performed by Goher et al. (2014), WQI values ranged between 43.68 
and 65.48 for drinking water purpose. This study indicates that the water quality fluctua-
tion could be classified from good to poor water for drinking water purposes. In our study, 
WQI-based water quality classification (Table 4) shows that in the wet season 17.85% of 
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the water samples are in “excellent” category, 39.28% are in “good” category, 39.28% are 
in “poor” category, and 3.57% are in “not suitable for drinking” category. In the dry sea-
son, 46.42% of WQI values are in “good” category, 28.57% are in “poor” category, 21.42% 

Table 2  Unit weight of each of 
the physico-chemical parameters 
used for WQI

Parameters WHO desirable 
limit (2017)

Weight (wi) Relative weight (Wi)

BOD 5 4 .062
Ca 100 2 .031
Cl 250 3 .046
DO 5 5 .077
Fe .3 2 .031
K 20 2 .031
HCO3 200 2 .031
Mg 50 2 .031
Mn .1 5 .077
Na 200 3 .046
NH4 .5 5 .077
NO2 3 5 .077
NO3 50 5 .077
pH 8.5 4 .062
SO4 250 4 .062
TDS 1000 5 .077
TH 500 2 .031
Top.P .01 5 .077

∑

wi = 65
∑

wi = 1, 0

Table 3  WQI values of surface water samples

WQI
Sample no. Wet season Dry season Sample no. Wet season Dry season

1 96.58 269.12 15 106.03 128.19
2 180.34 265.87 16 132.79 262.10
3 40.55 52.84 17 104.04 219.73
4 93.44 137.38 18 115.69 274.13
5 108.33 64.70 19 104.83 153.11
6 62.48 57.37 20 61.67 80.23
7 392.75 705.12 21 82.37 114.90
8 117.31 95.95 22 48.50 71.38
9 36.30 59.18 23 110.70 141.80
10 113.93 163.20 24 63.95 58.06
11 83.00 121.78 25 48.33 71.28
12 77.78 94.61 26 86.73 138.60
13 108.61 234.22 27 45.28 63.78
14 69.77 90.72 28 51.46 56.20
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are in “very poor” category, and 3.57% are in “not suitable for drinking” category. In both 
seasons, the regions remaining in “excellent water” category are mostly the located in the 
south and north of the Kızılırmak River. Particularly the part of the river in the south of 
Sivas city centre was in the “good water” category in the wet season, whereas it shifted to 
“poor water” category in the dry season (Table 4, Figs. 3s, 4s).

3.3  Geo‑statistical evaluation

Gharbia et al. (2016) expressed that all parameters of groundwater quality have a strong 
spatial structure. Low RMSE values obtained for ten water quality parameters indicate 
that the model is well understood (Gharbia et al. 2016). In this work, ordinary kriging and 
semi-variogram models were applied to determine the spatial distribution of water quality 
on Kızılırmak River. RMSE values were determined to reveal the best-fitted semi-vario-
gram model for all parameters used in the research. The optimum models were determined 
on the basis of the lowest RMSE values for all parameters. Gaussian was determined as 
the best-fitted model for BOD, Na, TDS, TH and WQI parameters, and the exponential 
model was specified as the best model for  NH4 and  SO4 parameters. A spherical model was 
determined as the best model for all remaining parameters. The best-fitted semi-variogram 
models for all parameters did not vary in wet and dry seasons (Table 5a, b). The RMSE 
values determined for the accuracy of estimation results varied between .010 and 1006.21 
in the wet season and between .025 and 1778.29 in the dry season. RMSSE values, which 
are expected to converge to 1, were found to meet the related standard value in both sea-
sons (Table 5a, b).

Values under 25% are indicative of high dependence, those between 25 and 75% indi-
cate moderate dependency and those higher than 75% indicate low dependency (Nayanaka 
et al. 2010; Mehrjardi et al. 2008; Demer and Hepdeniz 2018). Marko et al. (2014) empha-
sized that other parameters except  NO3 and temperature have strong spatial dependence, 
 NO3 exhibits moderate spatial dependence, and temperature shows weak spatial depend-
ence. Nugget/Sill ratio was used to determine the spatial dependence of surface water qual-
ity parameters for the Kızılırmak River. In the wet season, the spatial dependence (spatial 
correlation) between all parameters except  NO2 and TDS was high and in the dry season 
the spatial dependence (spatial correlation) between all parameters except TDS was also 
high (Figs. 7, 8; Table 5a, b). Spatial dependence mainly depends on the factors such as 
existing aquifer geology, groundwater source, rainfall and infiltration processes as well 
as the groundwater topography that varies depending on the agricultural, residential and 
industrial areas (Bhuiyan et al. 2016).

Table 4  Classification of the underground water samples in the study area according to WQI

Number of samples
Value range Water classification Wet season Dry season

WQI < 50 Excellent 5 (% 17.85) –
50 > WQI < 100 Good 11 (% 39.28) 13 (% 46.42)
100 > WQI < 200 Poor 11 (% 39.28) 8 (% 28.57)
200 > WQI < 300 Very poor – 6 (% 21.42)
WQI > 300 Unsuitable for drinking 1 (% 3.57) 1 (% 3.57)
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Cross-validation technique was used to determine the correlations between the meas-
ured and estimated values for all parameters used in the research. The validity and accu-
racy of the variogram model can be tested using cross-validation (Kyriakidis 2004; Teikeu 
et al. 2016). Here, the aim is to evaluate how accurately the surface quality parameters are 
estimated in the non-sampled regions of the study area. In this method, a correlation coeffi-
cient (R2), which is supposed to converge to 1 for accurate estimation, is used for cross-val-
idation (Kavurmacı 2016; Esri 2015). Accordingly, the distribution graphs were plotted for 
the measured and the estimated (by geo-statistical analysis–kriging method) values for all 
parameters and their R2 were evaluated for both seasons. The parameters with the highest 
R2 (.96) were determined as Mn,  NO2 and total P in the wet season, and as Mn (.96) in the 
dry season. The parameters with the highest R2 values indicate that there is a high correla-
tion between the measured and estimated values (Figs. 5, 6). The spatial distribution maps 
that show the estimated water quality of Kızılırmak River and its tributaries were prepared 
by use of the best-fitted variograms determined using the RMSE, RMSSE and R2 values 
on the basis of geo-statistical analysis and cross-validation-based statistical analyses, and 
these are shown in Figs. 3 and 4.

Figures 7 and 8 show the experimental semi-variogram (distribution points) around the 
omnidirectional semi-variogram model for all parameters used in the research. In the fig-
ures, the blue line shows the semi-variogram model, and the plus (+) sign shows the aver-
age of semi-variogram studies. A semi-variogram model shows the levels of the model at 
a given distance. The distance at which the model becomes linear is known as the range. 
The sample locations that are separated at distances which are shorter than the range are 
spatially auto-correlated, and more distant points are not auto-correlated. The value yielded 
by the semi-variogram model at the range (the value on y-axis) is termed as the thresh-
old (Esri 2015). In this research, the range values belonging to the semi-variogram mod-
els built for wet and dry seasons for all parameters vary between 14.14  km and 209.50 
(Table 5a, b). Such variations in the range can be ascribed to pollutant sources, agricul-
tural activities and the factors which are effective on water quality (Islam et al. 2018). The 
geo-statistical results obtained in this study are in parallel with the geo-statistical results 
obtained in the literature studies.

3.4  Classification of surface water quality via Piper diagram

The analysis results of water samples that represent the surface water in the study area 
were shown in Piper diagram for both wet and dry seasons, and the hydro-chemical facies 
of the water samples were determined, accordingly. In the study area, the amount of alkali 
earth elements (Ca + Mg) in the surface water samples is higher than the amount of alkali 
elements (Na + K), and the total number of weak acid radicals  (HCO3 + CO3) is lower than 
the total amount of strong acid radicals  (SO4 + Cl). As indicated in the Piper diagram, the 
majority of water samples are in Ca–Mg–SO4–HCO3 water facies (Fig. 9a, b). High  SO4 
values observed in most parts of the study area mainly arise from the interaction of gyp-
sum formations (due to the lithological structure of the area) with water in the study area. 
Also, the water samples being in Ca–Mg–SO4–HCO3 waters facies are indicative of the 
high water hardness and salinity in the study area.
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Fig. 5  Scatter plot of estimated versus observed values of surface water quality parameters during wet sea-
son in the study area
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Fig. 6  Scatter plot of estimated versus observed values of surface water quality parameters during the dry 
season in the study area
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3.5  Multivariable statistical evaluation

3.5.1  Correlation matrix evaluation

Liu et al. (2011) showed that there were positive correlations between TP,  NH4-N, TN, 
TSS and negative correlations between DO, temperature,  NH4-N and TN parameters. In 
this study, a correlation matrix was built both for wet and dry seasons using the anions, 
cations and other physical and chemical parameters that characterize the hydro-chem-
ical composition of surface water (Table  6a, b). In the wet season, there is a moder-
ate correlation between BOD and K values (r = .551; P < .05) and a negative correla-
tion between the BOD and DO values (r = − .406; P < .05). Strong positive correlations 
were observed between Ca values and Cl, Na,  NO3,  SO4, TDS and TH values (r = .912, 
r = .858, r = .797, r = .958, r = .924 ve r = .979; P < .05). Low positive correlations were 
observed between Ca values and K and total P values (r = .421, r = .436; P < .05), and 

BOD Ca Cl

DO Fe K

HCO3 Mg Mn

Na NH4 NO2

NO3 pH SO4

TDS TH Top P

WQI

Fig. 7  Best-fitted semi-variogram models for surface water quality parameters during the wet season in the 
study area
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moderate positive correlations were observed between Ca values and Mg and  NH4 
(r = .622, r = .677; P < .05).

Strong positive correlations were found between Cl values and Na,  NO3,  SO4, TDS and 
TH values (r = .985, r = .932, r = .869, r = .958, r = .986, r = .949; P < .05), and low positive 
correlations were observed between Cl values and Mg and  NH4 values (r = .475, r = .480; 
P < .05). Moderate positive correlations were observed between Cl values and total P val-
ues (r = .613; P < .05), low positive correlation was observed between DO values and  NH4 
values (r = .400; P < .05), and negative correlation was observed between DO values and 
K values (r = − .388; P < .05). No statistically significant difference was found between 
the sampling stations in terms of Fe and Mn values of surface water (P > .05). Low posi-
tive correlation was detected between K values and pH values (r = .455; P < .05), whereas 
moderate positive correlations were detected between K values and Mg and  SO4 values 
(r = .661, r =  .546; P < .05). Negative correlation was found between  HCO3 values and pH 
values (r = − .416; P < .05). Likewise, strong positive correlations were found between Mg 

BOD Ca Cl

DO Fe K

HCO3 Mg Mn

Na NH4 NO2

NO3 pH SO4

TDS TH Top P

WQI

Fig. 8  Best fitted semi-variogram models for surface water quality parameters during the dry season in the 
study area
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values and  SO4 values, Na values and  NO3, TDS and TS values,  NO3 values and  SO4, 
TDS, TH and total P values,  SO4 values and TDS and TH values, and TDS values and TH 
values (r > .7).

In the dry season, no statistically significant difference was found between the sam-
pling stations in terms of BOD, Fe, Mn and  NO2 values of surface water samples (P > .05). 
Strong positive correlations were found between Ca values and  SO4, Cl, Na,  NH4,  NO3, 
 SO4, TDS, TH values; Cl values and Na,  NO3,  SO4, TDS, TH values; Mg values and total 
P values; Na values and  NO3,  SO4, TDS, TH values;  NH4 values and  SO4, TDS, TH val-
ues;  NO3 values and  SO4, TDS, TH values;  SO4 values and TDS, TH values; and TDS val-
ues and TH values (r > .7) (Table 6b). In both seasons, the correlations between all param-
eters can vary depending on the chemical reactions between ions.

3.5.2  Factor analysis evaluation

Some researchers (Liu et al. 2011; Howladar et al. 2018, Gu et al. 2016; Simeonov et al. 
2003) used factor analysis to evaluate the relationship between various parameters. Factor 
1 accounted for 22.1% of the total variance and correlated with COD,  BOD5, TON, TP and 
 PO4

3−. This “organic” factor can be interpreted to represent effects from point sources such 
as municipal and industrial wastes. Factor 2 constitutes 19.8% of the total variance, and 
factor 2 correlated with mainly water-soluble N-types,  NO2,  NH4 and  NO3, and secondary 
to  PO4

3− or TP. This nutrient factor represents effects from non-point sources such as agri-
cultural flow and atmospheric accumulation. Factor 3 is weighted on pH, DO and EC and 
represents the physical–chemical source of variability (Simeonov et al. 2003).

Factor 1 can be connected to un-controlled domestic discharges (Su et al. 2011; Gu et al. 
2016). Factor 2 can be attributed to biochemical contamination (Zhou et al. 2007). Factor 3 
can be caused by pollution from domestic discharges and from agriculture and surface flow 
(Gu et al. 2016).

The results of factor analysis and principal components analysis performed using 18 
parameters at all surface water sampling stations on the Kızılırmak River are shown in 
Table  7. As a result of the performed analyses, three factors eigenvalues of which were 
higher than 1 were considered. These three factors describe 69.17% of total variance in 

Fig. 9  Piper trilinear diagram showing hydro-geochemical facies of surface water in a wet season and b dry 
season
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the wet season, and 69.96% of total variance in the dry season. In wet season, the first 
factor describes 45.75% of total variance, and in this factor, Ca, Cl, Na,  NO3,  SO4, TDS 
and TH parameters are represented with positive strong correlations. Mg,  NH4 and total P 
parameters were represented with positive moderate correlations, whereas pH parameter 
was represented with a negative moderate correlation. As indicated by the capability of 
the first factor, that incorporates the majority of water parameters, to describe total vari-
ance, this factor is capable of representing the water quality by itself. This factor indicates 
that the surface water samples in the study area are rich in Ca, Cl, Na,  SO4, TDS and TH. 
This is mainly attributable to the fact that surface water is fed by groundwater which is in 
direct contact with soil and rock formations available in the study area’s geologic structure. 
In addition, this factor is indicative of high  NO3 values in several surface water samples. 
Agricultural activities and un-controlled discharges from sewage have increased the effec-
tiveness of  NO3 on factor 1.

In the dry season, the first factor describes 49.27% of total variance, and in this factor, 
Ca, Cl, Na,  NH4,  NO3,  SO4, TDS and TH parameters are represented with a positive strong 
correlation level; K and Mg parameters are represented with a positive moderate level, 
and DO and pH parameters are represented with a negative moderate correlation level. In 
the wet season, the second factor describes 13.78% of total variance where K parameter is 
represented with a positive strong correlation; and BOD, Mg and pH parameters are rep-
resented with a positive moderate correlation. The positive strong correlation level of K 

Table 7  Factor analysis results of hydro-chemical parameters of surface water sampling points

Component (wet season) Component (dry season)

Factor 1 Factor 2 Factor 3 Factor 1 Factor 2 Factor 3

BOD .302 .535 − .362 .253 − .374 − .387
Ca .954 .054 .186 .982 .031 .057
Cl .974 − .033 − .055 .925 − .262 − .086
DO .007 − .490 .656 − .501 .110 .337
Fe − .024 .260 − .136 .002 − .191 .469
K .396 .819 − .082 .514 .417 − .403
HCO3 − .063 − .225 − .365 .051 − .687 .146
Mg .584 .539 .160 .591 .553 .185
Mn .364 .031 .199 .039 .505 .068
Na .955 − .096 − .158 .929 − .246 − .096
NH4 .549 − .237 .618 .795 .176 − .002
NO2 − .133 .167 − .343 .239 .110 − .589
NO3 .921 − .204 − .224 .899 − .007 .088
pH − .051 .731 .373 − .538 .710 − .320
SO4 .917 .259 .213 .970 .197 .011
TDS .986 − .074 − .058 .980 − .119 − .046
TH .985 − .014 .072 .981 .099 .077
Top.P .621 − .448 − .477 .437 .416 .653
Initial eigenvalues 8.69 2.62 1.82 9.36 2.31 1.61
% of variance 45.75 13.78 9.62 49.27 12.17 8.51
Cumulative % 45.75 59.54 69.17 49.27 61.44 69.96
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parameter is attributable to its being a K-rich mineral-based factor. In the dry season, the 
second factor describes 12.17% of total variance. In the dry season, there is no param-
eter with a strong positive correlation in this factor; and Mg, Mn and pH parameters are 
represented with positive moderate correlation; and  HCO3 is represented with a negative 
moderate correlation. In the wet season, the third factor describes 9.62% of total variance, 
where DO and  NH4 parameters are represented with a positive moderate correlation. In the 
dry season, the third factor describes 8.51% of total variance where total P is represented 
with a positive moderate correlation; and  NO2 is represented with a negative moderate cor-
relation. The results obtained from our study support the results obtained according to the 
literature studies.

3.6  Final surface water quality map

Weighted overlay method was used to build the final surface quality map for the study 
area. Sub-class units were established for each parameter considering the value intervals 
(Table 8) in terms of suitability for drinking purposes. Afterwards, considering the suit-
ability of each parameter for drinking purposes, positive values varying between 1 and 
4 were assigned to the sub-classes specified for each parameter. The spatial distribution 
maps, prepared for the water quality parameters of all sampling stations using geo-statisti-
cal analysis, were re-classified in accordance with the suitability intervals set for drinking 

Table 8  Comparison intervals of surface water quality parameters according to conformity classes

*The numeric values (between 1 and 4) in brackets indicate the scores for suitability of each parameter for 
drinking purposes

Conformance class value range for sub-class units

Parameters Unit Excellent Good Permissible Unsuitable

BOD mg/l 0–1 (4) 1–3 (3) 3–5 (2) > 5 (1)
Ca mg/l 0–75 (4) 75–200 (3) 200–350 (2) > 350 (1)
Cl mg/l 0–25 (4) 25–150 (3) 150–250 (2) > 250 (1)
DO mg/l 0–1 (4) 1–3 (3) 3–5 (2) > 5 (1)
Fe mg/l 0–.05 (4) .05–0 (3)1 .1–.3 (2) > .3 (1)
K mg/l 0–5 (4) 5–10 (3) 10–20 (2) > 20 (1)
HCO3 mg/l 0–250 (4) 250–500 (3) 500–750 (2) > 750 (1)
Mg mg/l 0–50 (4) 50–150 (3) 150–250 (2) > 250 (1)
Mn mg/l 0–.05 (4) .05–.5 (3) .5–3 (2) > 3 (1)
Na mg/l 0–50 (4) 50–100 (3) 100–200 (2) > 200 (1)
NH4 mg/l 0–.02 (4) .02–.1 (3) .1–.5 (2) > .5 (1)
NO2 mg/l 0–.1 (4) .1–1 (3) 1–3 (2) > 3 (1)
NO3 mg/l 0–5 (4) 5–20 (3) 20–50 (2) > 50 (1)
pH 6.5–7.5 (4) 7.5–8.5 (3) > 8.5 (2) (2) < 6.5 (1)
SO4 mg/l 0–50 (4) 50–100 (3) 100–250 (2) > 250 (1)
TDS mg/l 0–500 (4) 500–1000 (3) 1000–3000 (2) > 3000 (1)
TH mg/l 0–75 (4) 75–150 (3) 150–300 (2) > 300 (1)
Top.P mg/l 0–.005 (4) .005–.008 (3) .008–.01 (2) > .01 (1)
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water quality. Finally, the resulting thematic maps were subjected to weighted overlaying 
for each parameter using the weighed overlaying module of ArcGIS 10.2 software package. 

The final surface water quality maps prepared using weighted overlaying for wet and 
dry seasons are shown in Fig. 10a, b. The water quality in the study area is categorized as 
excellent, good, poor and very poor. The regions with excellent water quality are the end-
points of the tributaries of Kızılırmak River. The water quality of the Kızılırmak River near 
the city centre of Sivas and in the south of the city was categorized as poor and very poor 
in wet and dry seasons, respectively. As the season shifts to dry from wet, the excellent 
water quality of Kızılırmak River did not change significantly, whereas the regions classi-
fied with the other quality levels (good and poor) were adversely affected.

4  Conclusions

Population growth and urbanization are threats to water resources. As a result of climate 
change, water resources decrease and the quality of existing water resources should be 
maintained. Due to population growth and urbanization, river water quality deteriorates 
and concerns over the reduction of river water quality arise. In this context, it has become 
mandatory to develop geo-statistical and multivariate statistical techniques for analysing, 
using and interpreting data sets of river quality management in order to overcome such 
concerns.

This research was carried out to evaluate the water quality of Kızılırmak River in 
Kızılırmak Basin within the provincial boundaries of Sivas using geo-statistical and mul-
tivariable statistical approaches. The spatial distribution maps were prepared in accord-
ance with the best-fitted models for each parameter on the basis of the statistical values 
(RMSE, RMSSE, R2) obtained as a result of the geo-statistical analysis. A spherical model 
was determined as the best-fitted variogram for 66.66% of the surface water quality param-
eters. Piper diagram that reflects the hydro-chemical characteristics of the Kızılırmak River 
showed that the dominant water type is waters with Ca–Mg–SO4–HCO3 content. Correla-
tion results showed that positive and negative correlations arise between ions depending 
on the dissolution, sedimentation and evaporation mechanisms within surface waters. In 
the wet season, the strongest positive correlation was detected between Cl values and TDS 
values (r = .986), while in the dry season the strongest positive correlation was detected 
between Cl values and Na values (r = .998). Factor analysis results show that the first factor 

Fig. 10  Final surface water quality map in a wet season and b dry season
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has stronger positive loadings than the second and third factors as a characteristic of the 
surface waters in the study area.

The final map of the surface water quality, which was formed according to the weighted 
registration method, revealed the final surface water quality of the Kızılırmak River and 
its lateral branches. The spatial distribution maps of WQI calculated for wet and dry sea-
sons and the final surface water quality maps clearly indicate the suitability of surface 
water quality of the Kızılırmak River for drinking purposes. The water quality at the end-
points of the tributaries of Kızılırmak River is in “excellent water” category. The portion 
of Kızılırmak River in the south of Sivas city centre is in “poor water” category in the wet 
season and in “very poor water” category in a dry season. Particularly, agricultural activi-
ties and urban wastewater discharges are considered to have an adverse effect on the water 
quality of the Kızılırmak River.

Consequently, this study shows that geo-statistical and multivariate statistical 
approaches can be useful in defining the sources of pollutants, easily understanding and 
interpreting the water quality data of complex structures, and determining the water qual-
ity based on spatial analysis. Geo-statistical and multivariate statistical approaches have 
shown that the development of monitoring strategies for the management of Kızılırmak 
river water quality and the analysis of GIS-based pollutant levels can generate useful infor-
mation for experts and decision makers on the planning of river water resources.
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