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Abstract
In this study, hydrogeochemical processes controlling groundwater chemistry and groundwater quality were investigated. 
Drinking water is supplied from groundwater (mostly spring and well water) in the study area. The various parameters such 
as physicochemical parameters, major ions, trace elements and nitrogen derivatives of groundwater samples of were analyzed. 
These analysis results are compared with drinking water standards for suitability and it does not exceed the permissible limit 
values, except for the As and F contents of some samples. The results of major ion chemistry of groundwater in the Yalvaç–
Gelendost basin suggest that the silicate weathering and ion exchange are the main controlling hydrogeochemical processes 
in the variation of groundwater quality. The water types are Ca–Mg–HCO3, Mg–Ca–HCO3 and Ca–HCO3 in the basin.
Non-carcinogenic health risk assessment associated with arsenic, nitrate and fluoride was assessed by oral (ingestion) and 
dermal pathways for adult and child. For child, hazard coefficient and hazard index values are less than 1, and a negative 
effect on usage as drinking water and dermal (skin contact) absorption not expected. But, potential non-carcinogenic effect 
with oral intake is likely to occur for some water samples for adults. In addition, carcinogenic risk of As element was evalu-
ated for adults and child related to oral and dermal effect. The carcinogenic risk of As through oral intake may pose health 
risks for children. For adults, it has been determined that water ingestion with dermal exposure may cause cancer. Arsenic 
is the main toxic element for human health in the study area. The content of As decreases in seasonal water samples. In this 
case, the negative effect of arsenic intake with ingestion and dermal pathways on health decreases.
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Introduction

While the need for surface and groundwater resources has 
increased in the last century with population growth and 
industrialization, increasing human pressure has also nega-
tively affected existing water resources in terms of quality 
and quantity. There are important problems in meeting the 
drinking, using and irrigation water needs of many countries 
in the world. Nowadays, surface waters are more exposed 
to adverse effects and become unusable due to their easy 
accessibility. This situation has caused the groundwater to 
take a large place in meeting the water needs for different 
purposes. Today, groundwater is considered a vital resource 

for drinking, domestic, agricultural and industrial purposes 
worldwide (Shakerkhatibi et al. 2019). However, in many 
studies it is stated that groundwater is also contaminated 
with different pollutants and is unusable (Kumar Singh et al. 
2012; Narsimha and Sudarshan 2017; Jalali et al. 2019; 
Sarvestani and Aghasi 2019; Asare-Donkor and Adimado 
2020; Malakootian et al. 2020). The most important fac-
tor polluting groundwater is anthropogenic pollution. This 
factor is entirely due to human activities (industrial and 
agricultural activities, urbanization, wastewater, waste stor-
age, etc.). However, the quality of groundwater can be nega-
tively affected depending on geological factors. Knowing the 
hydrogeochemical characteristics of groundwater is vital for 
the determination of usage areas, groundwater planning and 
management studies.

The chemistry of groundwater changes with degree of 
chemical weathering of the various rock types, aquifer 
composition interacting along the flow path, general geol-
ogy and interaction time. The hydrogeochemical processes 
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help to get an insight into the contributions of rock–water 
interaction and anthropogenic influences on groundwater 
quality (Kumar et al. 2009). Hydrochemical evaluation of 
groundwater systems is usually based on the availability 
of a large amount of information concerning groundwater 
chemistry (Aghazadeh and Mogaddam 2011). In most recent 
studies, hydrogeochemical processes controlling the chem-
istry of groundwater have been studied (Subramani et al. 
2010; Pazand et al. 2012; Tay 2012; Zaidi et al. 2015, 2019). 
These processes affect aquatic chemistry differently because 
the aquifer environment, rocks and geological structure are 
different. Therefore, it is important to define groundwater 
chemistry and hydrogeochemical processes in each region.

With the widespread use of groundwater as drink-
ing water, health problems arise due to the chemistry of 
groundwater and its pollutants such as trace elements and 
nitrogen derivatives. There are many studies on drinking 
water-related health risk assessments. The majority of these 
studies are related to heavy metal, fluoride, nitrate and 
microbiological pollution (Shankar et al. 2014; Liu et al. 
2015; Davraz et al. 2016; Varol and Davraz 2016; Jalali et al. 
2019; Sarvestani and Aghasi 2019; Malakootian et al. 2020; 
Shukla and Saxena 2020).

In the Yalvaç–Gelendost basin chosen as a research area, 
the need for drinking and domestic water is fully met by 
groundwater. There is little awareness of water quality and 
health risks among people associated with water consump-
tion in this region. There are no studies investigating ground-
water quality and related human health risks in the study 
area. The main objectives are (1) to determine hydrogeo-
logical features of basin, (2) to determine hydrogeochemical 
characteristics of groundwater used as drinking water, (3) to 
identify of hydrogeochemical processes controlling water 
chemistry, (4) to evaluate water quality for drinking water 
and (5) to assess human health risk.

Study area

The Yalvaç–Gelendost basin covers a fairly large area in the 
catchment area of the Eğirdir Lake which is second largest 
freshwater lake of Turkey (Fig. 1). Yalvaç and Gelendost 
districts are the most important settlements in the basin with 
an area of 1165  km2. There are many villages belonging to 
these districts. Agriculture is the most important source of 
income in the region. The annual average precipitation was 
determined as 490 mm with isohyetal method for a period 
of 47 years (1970–2017). The hottest months are July and 
August, and the average highest temperature value measured 
in Yalvaç district is 22.9 °C. The most important river of 
the study area is Yalvaç stream. All of the streams in the 
basin are discharged to the Eğirdir Lake. Drainage area and 
average annual flow of Yalvaç stream are 1159.58  km2 and 

63.40 ×  106  m3/year, respectively (Soyaslan 2004). Springs 
are important drinking water sources in the basin.

Geology and hydrogeology

The Yalvaç–Gelendost basin is located in the northern part 
of the Western Taurus section in the Taurus belt. In the study 
area, there are units belonging to Anamas–Akseki autoch-
thonous and Beyşehir–Hoyran–Hadim nappes and Neo-
otochthonous cover rocks. Anamas–Akseki autochthonous 
is represented by the formations of Sultandağ and Çay units 
in the region. Formations belonging to Sultandağı unit in 
the study area are Gökoluk, Çaltepe, Seydişehir, Ergenli, 
Kurucaova, Hacıalabaz, Gölgeli formations and Hüdai 
Quartzite. The oldest unit of Anamas–Akseki autochtho-
nous is Precambrian Gökoluk formation. There is only Ter-
tiary aged Değirmendere formation belonging to Çal unit 
in the study area. Beyşehir–Hoyran–Hadim nappes in the 
basin are represented by Marmaris Peridotite of the Mar-
maris Ophiolite nappe, Dutdere and Bakırdağ formations 
of the Domuzdağ nappe (Umut 2009). Neo-otochthonous 
cover rocks are Bağkonak, Yarıkkaya, Göksöğüt and Kepez-
tepe formations and slope debris and alluvium (Fig. 1). The 
lithological and hydrogeological properties of stratigraphic 
units within the Yalvaç–Gelendost basin are summarized 
in Table 1. The surroundings of the Yalvaç Neogene basin 
are mostly a triangular area bounded by normal faults, but 
exhibits a triangular structure. The thrust and reverse faults 
in the study area and its surroundings developed in the pre-
Neogene units (Yağmurlu 1991).

In the study area, alluvium has a porous aquifer feature 
with significant groundwater potential and is the most impor-
tant aquifer. There are many wells drilled in the alluvium 
unit in the basin. Groundwater is taken from the sand and 
gravel levels in the wells drilled in the alluvium. Groundwa-
ter is taken from the limestones on the alluvium floor near 
Gelendost Plain and Tokmacık, Çaltı and Akçaşar villages 
in the study area. The groundwater flow direction of the 
alluvium aquifer is toward the Eğirdir lake (Soyaslan 2004; 
Davraz et al. 2009). The limestones are units with a karstic 
aquifer feature with significant groundwater potential. The 
dominant lineament direction in the limestones on the shore 
of Lake Eğirdir is toward the lake. In addition, there are 
springs discharged from limestones in the lake shore (Soya-
slan 2004; Sener and Soyaslan, 2006). This shows that the 
dominant groundwater flow direction in the limestones is 
toward Eğirdir Lake.

Drinking water in the study area is mostly supplied from 
springs. The most important water resource in the region is 
the Suçıkan spring, the only drinking water source of Yal-
vaç district, which is the largest settlement. The spring is 
discharged from the fault zone along the contact of Çaltepe 
formation and Seydişehir formation (Fig. 2). The yield of 
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the spring is approximately 70–85 l/s (Soyaslan 2004). The 
water need of the ancient city of Pisidia Antiokheia, which 
was established in the north of Yalvaç district, was met from 
the Suçıkan spring. The ruins of the approximately 10 km 

long waterway are observed in the ancient city of Pisidia 
Antiokheia.

The second important water source in the region is 
the Bağkonak Sugözü spring. The spring located in the 

Fig. 1  Geological and location map of the Yalvaç–Gelendost basin
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northeast of Bağkonak village is discharged from the 
contact of Seydişehir and Hacıalabaz formations (Fig. 2). 
The yield of the spring is between 50 and 73 l/s (Soya-
slan 2004). Özbayat Suçıkan Spring is discharged from 

the contact of Seydişehir and Çaltepe formation in east 
of Özbayat village and its flow rate is between 75 and 
110 l/s. Çetince spring is discharged from the conglomer-
ate and sandstone levels of Göksöğüt formation. Dedeçam 

Table 1  The lithological and hydrogeological properties of stratigraphic units

Rocks Group Ages Formation Symbol Lithology Hydrogeological 
properties

Neo-otochthonous 
Cover rocks

Quaternary Alluvium Qal Gravel, sand, and 
mudstone

Permeable

Quaternary Alluvial fan Qay Stream deposits Permeable
Quaternary Slope debris Qym Slope debris Permeable
Quaternary Old alluvial deposits Qeal Old alluvial deposits Permeable
Plio-Quaternary Kepeztepe plQk Old slope debris and 

alluvial sediments
Permeable

Late Miocene Göksöğüt Tmg Sandstone, claystone, 
siltstone, marl, 
clayey limestone

Semi-permeable

Middle Miocene Yarıkkaya Tmy Claystone, mudstone, 
clayey limestone 
(lignite level)

Slight-permeable

Middle Miocene Limestone member Tmyk Limestone Permeable-karstic
Middle-Late Mio-

cene
Bağkonak Tmb Conglomerate, sand-

stone, marl, clay-
stone, mudstone

Semi-permeable

Beyşehir–Hoyran–
Hadim Nappes

Domuzdağ Nappe Middle Triassic–
Liassic

Dutdere TRJd Neritic limestone Permeable-karstic

Middle-late triassic Bakırdağ TRb Limestone, dolomite Permeable-karstic
Marmaris ophiolitic Cretaceous Marmaris peridotite Kmp Harzburgites, dunite, 

serpentine
Impermeable

Çay Unit Late Devonian–early-
middle carbonifer-
ous

Değirmendere Dcd Chlorite schists, 
sericite schists, 
quartz schists, slate

Impermeable

Middle eocene Gölgeli Teg Sandstone, claystone, 
siltstone, marl, 
conglomerate

Slight-permeable

Anamas–Akseki 
autochthon

Sultandağ Unit Dogger-late Creta-
ceous

Hacıalabaz JKh Limestone, dolomite, 
dolomitic lime-
stone

Permeable-karstic

Dogger-late Creta-
ceous

Düzkaya member JKhd Spilite, basalt, 
diabase

Impermeable

Middle Liassic–
Cenomanian

Kurucaova JKk Neritic limestone, 
dolomitic lime-
stone, dolomite

Permeable-karstic

Malm Ergenli Je Neritic limestone Permeable-karstic
Late Cambrian–Early 

Ordovician
Seydişehir εOs Metashale, 

metasandstone, 
nodular limestone, 
quartzite, dolomite

Impermeable

Cambrian Çaltepe εç Limestone, dolomite 
and nodular lime-
stone

Permeable-karstic

Early Cambrian Hüdai quartzite εh Quartzite Impermeable
Precambrian Gökoluk pεg Schist, quartzite, 

slate, dolomite
Impermeable
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Spring is discharged along the fault zone in limestones 
of Hacıalabaz formation. Tokmacık Kızılkaya spring 
discharged from the contact of Kurucaova and Göksöğüt 

formations (Fig. 2). In addition, there are many seasonal 
springs discharged from limestones and Göksöğüt forma-
tion in the study area.

Fig. 2  Geological section of springs
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Materials and methods

Sampling and analysis

Groundwater samples were collected in October-2019 and 
July-2017. Twenty-three water samples were gathered from 
drinking water resources (spring, well) in the Yalvaç–Gelen-
dost basin. A global positioning system (GPS) equipment 
used for locating sampling points. Groundwater samples 
were collected in two polyethylene bottles. The samples 
were acidified (HNO3) to < pH 2 for cation analysis. No 
action has been taken on water samples for anion analysis. 
The pH, electrical conductivity (EC) and discharge tempera-
ture (T °C) of groundwaters were measured using a portable 
multiparameter HANNA (HI 991,301). Cations  (Na+,  K+, 
 Ca+2,  Mg+2) and trace elements (such as B, Cr, As, Ba, Mn, 
Cu, Zn, Pb) were analyzed by using inductively coupled 
plasma-mass spectrometry (ICP-MS) at the Bureau Veri-
tas Minerals Laboratories (BVML)/(Canada, an ISO 9002 
accredited company). The anions  (Cl−,  SO4

2−,  HCO3
−, 

 CO3
2−),  F−,  NH4

+,  NO3
− and  NO2

− were analyzed in the 
Süleyman Demirel University, Laboratory of Geological 
Engineering Department. AquaChem 2014.2 software pro-
gram was used to evaluate the hydrogeochemical properties 
of waters. In addition, health risk assessment was carried 
out using the results of the chemical analysis of the waters. 
The hazard index (HI) approach that USEPA (1986) cre-
ated based on the “Guidelines for Health Risk Assessment 
of Chemical Mixtures” was used in the analysis of health 
risks. Formulas and coefficients recommended by USEPA 
(2004) were used for carcinogenic and non-carcinogenic risk 
assessments.

Results and discussion

The hydrogeochemical analyses of groundwater samples 
(well and spring) of Yalvaç–Gelendost basin are presented in 
Table 2. Major ion chemistry, water types, saturation indices 
and hydrogeochemical processes of groundwater samples 
were identified. In addition, for the use of water samples as 
drinking water, water quality was evaluated with the stand-
ard guideline values as advised by WHO (2017) and health 
risk assessment was performed.

Hydrogeochemical characteristics of groundwater

Major ions chemistry

The pH value of groundwater in the study area ranges from 
7.59–8.89 (Table 2), indicating that the dissolved carbonates 

are predominantly in the  HCO3
− form (Adams et al. 2001; 

Varol and Davraz 2016) and faintly alkaline nature. PH val-
ues of groundwater comply with WHO (2011, 2017) stand-
ards. The electrical conductivity (EC) value of spring waters 
and well waters in the study area varies between 230 and 
420 µS/cm and 310–660 µS/cm, respectively. The EC of the 
waters varies depending on the presence of ions, their total 
concentrations and temperature (Şahinci, 1991). The EC val-
ues of well waters are higher than spring waters due to pro-
longed contact with rocks. The ion content of spring waters 
varies during the circulation due to contact with rocks. The 
temperature (T, °C) of groundwaters in the study area varies 
12.7–19.6 °C. All of the EC and T values of groundwater are 
suitable for drinking water standard of WHO (2011, 2017).

The  HCO3
− concentrations of groundwater were deter-

mined as 158.6 and 445.3 mg/l. The most known model 
for  HCO3

− production in groundwaters is the dissolution of 
calcium carbonate by  CO2 (Eq. 1). In this model,  HCO3

− and 
Ca will be released to groundwater during infiltration of 
rainwater. Similarly, silicate weathering also increases the 
concentration of  HCO3

− in groundwater (Elango and Kan-
nan 2007).

The  Ca2+ concentrations varied for spring and well water 
as a range 24.56–99.34 mg/l and 44.96–124.5 mg/l, respec-
tively (Table 2). Calcium in groundwater is mostly found in 
calcite, dolomite, aragonite, anhydrite and gypsum minerals. 
In addition, the calcium ions can be derived from disso-
lution of amphibole and pyroxene groups, apatite, wollas-
tonite, fluorite and some feldspars minerals. It is the sec-
ondary dominant cation in  Mg2+ groundwater in the study 
area. The  Mg2+ ions varied for spring and well water as a 
range 5.76–28.86 mg/l and 17.29–42.16 mg/l, respectively 
(Table 2). The  Mg2+ ion in groundwater originates mainly 
from dolomite mineral. In addition, magnesium is found in 
groundwater through igneous rock minerals (olivine, bio-
tite, hornblende, augite), evaporite and metamorphic rock 
minerals (serpentine, talc, tremolite, diopside) (Singh et al. 
2012). Hydrogeochemical processes controlling groundwa-
ter chemistry in the study area are discussed in detail in the 
following sections.

Groundwater types

The chemical character of water in hydrologic systems has 
been determined with the concept of hydrochemical facies 
(Back 1966). The hydrochemical facies reflect the effects 
of hydrochemical processes occurring between the miner-
als within the rocks and groundwater (Sajil Kumar 2013). 
The concept of hydrochemical facies has been widely used 
in many studies for chemical assessment of groundwater 

(1)CO2 + H2O + CaCO3 ⇄ Ca2+ + 2HCO−
3
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Table 2  Summary statistics of 
physical, chemical and pollution 
parameters of waters

Parameter Units Minimum Maximum Average Standard deviation WHO (2017)

October-2019
 Insitu measurements
  pH 7.59 8.89 8.26 0.40 6.5–8.5
  T oC 12.6 19.6 14.8 2.17
  EC µS/cm 230 660 376 121.37
  TDS mg/l 100 330 182.66 64.75 600–1000

 Major elements
   Na+ mg/l 1.65 27.85 6.48 7.08 200
   Ca2+ mg/l 24.56 124.50 56.12 27.17
   K+ mg/l 0.22 2.02 0.91 0.55
   Mg2+ mg/l 5.76 42.16 19.57 7.08
   Cl− mg/l 0.64 27.20 5.96 7.90 250
   SO4

2− mg/l 3.11 40.63 13.16 11.75 500
   HCO3

− mg/l 158.60 445.30 285.89 81.31
   F− mg/l 0.02 3.5 0.36 0.85 1.5

 Nutrients
   NO3

− mg/l 0.73 41.3 7.28 9.68 50
   NO2

− mg/l 0.01 0.01 0.01 3
   NH4

+ mg/l 0.06 0.06 0.06 –
 Trace elements
  As μg/l 1.9 6.9 4.76 1.59 10
  B μg/l 5 43 15.87 14.20 2400
  Ba μg/l 18.7 490.97 146.64 119.57 1300
  Cr μg/l 0.6 6.3 1.55 1.45 50
  Cu μg/l 0.3 12.3 3.87 3.59 2000
  Mn μg/l 0.05 4.96 0.74 1.26 400
  Pb μg/l 0.018 0.9 0.23 0.26 10
  U μg/l 0.25 3.55 1.42 1.12 30
  Zn μg/l 0.7 27.9 7.02 7.09 5000

July-2017
 Insitu measurements
  pH 7.17 8.21 7.85 0.32 6.5–8.5
  T oC 13.4 17.8 15.63 1.43
  EC µS/cm 190 600 277.14 134.20
  TDS mg/l 100 300 144.28 64.77 600–1000

 Major elements
   Na+ mg/l 1.68 14.25 3.91 4.27 200
   Ca2+ mg/l 29.08 109.26 45.87 26.93
   K+ mg/l 0.28 0.74 0.42 0.14
   Mg2+ mg/l 10 20.31 13.15 3.23
   Cl− mg/l 0.87 10.78 2.94 3.35 250
   SO4

2− mg/l 2.83 28.2 10.00 8.60 500
   HCO3

− mg/l 137.55 400.69 187.10 88.86
   F− mg/l 0.01 0.17 0.06 0,046 1.5

 Nutrients
   NO3

− mg/l 0.98 17.09 3.83 5.42 50
   NO2

− mg/l 0 0 0 3
   NH4

+ mg/l 0 0.08 0.04 0.025 –
 Trace elements
  As μg/l 9.3 14.7 11.36 1.77 10
  B μg/l 5 29 8.43 8.39 2400



 Applied Water Science (2021) 11:67

1 3

67 Page 8 of 21

and surface water. Piper (1944) and Durov (1948) proposed 
the first graphical applications used in the determination 
of hydrogeochemical facies of water. Both the diagrams 
reveal differences and similarities among water samples. 
In Piper diagram, the water type/hydrochemical facies in 
a water sample determine with plotting on the subdivisions 
of diamond-shaped field. In the Durov diagram, intersec-
tion of lines extended from the points in ternary diagrams 
and projected on the subdivisions of binary plot defines the 
hydrochemical processes related to the water type (Raviku-
mar et al. 2015).

In this study, Piper and Durov diagrams were used to 
assess the geochemical processes controlling the water 
chemistry and to delineate variation in hydrochemical facies. 
According to the Piper diagram, all well and spring water 
samples in the study area generally have similar structures. 
The dominant water type is Ca–Mg–HCO3 in the basin 

(Fig. 3). Other water types in the basin are Mg–Ca–HCO3 
and Ca–HCO3. The Mg increase in some samples is due 
to the rock–water interaction in relation to the Kurucaova 
formation consisting of dolomitic limestones. In addition, 
the increase of  Mg2+ in a spring water is associated with the 
Göksöğüt formation consisting of conglomerate, sandstone, 
claystone and marl units.

The Durov diagram is one of the most widely used forms 
of trilinear graphical representation for hydrochemical data. 
In this diagram, several parameters such as the total dis-
solved solids (TDS) and the pH can be shown in the remain-
ing sides of the main rectangular field. Durov diagram is 
used to represent of the hydrochemical data and also helps to 
identify reasonable hydrogeochemical processes that domi-
nate groundwater chemistry. Lloyd and Heathcote (1985) 
stated that the Durov diagram is useful in discerning pro-
cesses that control the chemical properties of groundwater. 

Table 2  (continued) Parameter Units Minimum Maximum Average Standard deviation WHO (2017)

  Ba μg/l 19.45 192.77 155.77 201.19 1300
  Cr μg/l 1.7 2.3 1.89 0.18 50
  Cu μg/l 0.5 3.9 1.71 1.10 2000
  Mn μg/l 0.75 3.74 1.58 0.98 400
  Pb μg/l 0.2 0.5 0.31 0.12 10
  U μg/l 0.28 3.83 0.82 1.23 30
  Zn μg/l 1.3 15.5 5.75 4.33 5000

Fig. 3  Piper diagram
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They have identified nine subfields on the Durov diagram. 
These areas contain information about aquifer environment 
and the hydrogeochemical processes that control water types 
(Table 3). Groundwater samples of the Yalvaç–Gelendost 
basin were plotted into the expanded Durov diagram shown 
in Fig. 4. Most water samples were grouped within the field 
1. Only two samples are in field 4 (Fig. 4). Field 1 represents 
 HCO3

− and  Ca2+ dominant ions in water and aquifers units 
are generally limestone and sandstone. Fields 1 and 4 define 
ion exchange process.

Identification of hydrogeochemical processes

The reactions between aquifer minerals and groundwater 
control the hydrogeochemical properties of water, and this 

is useful in understanding the source of groundwater. Major 
ions are a significant part of the total dissolved solids in 
groundwater. The concentrations of these ions in ground-
water depend on the hydrogeochemical processes taking 
place in the aquifer system. These processes occur when 
groundwater reaches equilibrium in major ion concentrations 
(Lakshmanan et al. 2003). For this reason, the investigation 
of the concentrations of various major ions in groundwater 
used to identify geochemical processes.

Weathering, ion exchange processes and inputs from 
atmospheric and anthropogenic sources are the main sol-
ute uptake mechanisms that control the content of chemical 
components in groundwater. Depending on the abundance 
and solubility of ions in aquifer environments, the ion con-
tents in groundwater change. The Gibbs (1970) diagram 

Table 3  Classification of water based on Durov diagram (Lloyd and Heathcote, 1985)

Water types

1 HCO3 and Ca dominant, frequently indicates recharging waters in limestone, sandstone and many other aquifers
2 This water type is dominated by Ca and  HCO3 ions. Association with dolomite is presumed if Mg is significant. However, those samples in 

which Na is significant, an important ion exchange is presumed
3 HCO3 and Na are dominant, normally indicates ion exchanged water, although the generation of  CO2 at depth can produce  HCO3 where Na 

is dominant under certain circumstances
4 SO4 dominates, or anion discriminant and Ca dominant, Ca and  SO4 dominant, frequently indicates recharge water in lava and gypsiferous 

deposits, otherwise mixed water or water exhibiting simple dissolution may be indicated
5 No dominant anion or cation indicates water exhibiting simple dissolution or mixing
6 SO4 dominant or anion discriminate and Na dominant; is a water type that is not frequently encountered and indicates probable mixing or 

uncommon dissolution influences
7 Cl and Na dominant is frequently encountered unless cement pollution is present. Otherwise the water may result from reverse ion 

exchange of Na-Cl waters
8 Cl dominant anion and Na dominant cation indicate that the ground waters be related to reverse ion exchange of Na-Cl waters
9 Cl and Na dominant frequently indicate end-point down gradient waters through dissolution

Fig. 4  Durov diagram
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describes the composition and origin in the structure of 
water using ionic ratios in water. Gibbs diagram represents 
the ratio of  Cl−/Cl− +  HCO3

− (Gibbs ratio I = for anions) and 
 Na+ +  K+/Na+ +  K+ +  Ca2+ (Gibbs ratio II = for cations) as 
a function of TDS (Gibbs 1970; Fig. 5a,b). This diagram 
describes the possible sources of chemical compounds found 
dissolved in water. The groundwater samples taken from the 
study area are located in the “rock dominance” region on the 
Gibbs diagram. This shows that the main factor controlling 
groundwater chemistry is the rock–water interaction (Fig. 5).

It is impossible to control the dissolution of ion com-
pounds when the waters are infiltrating underground. How-
ever, chemical changes of water can understood during 
circulation (Johnson 1979). Possible hydrogeochemical 
processes that control the chemical structure of groundwater 
are described in below. These processes are weathering and 
dissolution (carbonate weathering–silicate weathering), ion 
exchange and evaporation.

Weathering and dissolution

The origin of ions dissolved in groundwater can be evaluated 
by the content of ions, their ion ratios and the abundance of 
ions. The ionic concentrations variations of groundwater can 
easily be understand with different X–Y coordinate graphs 
or ratios of ions with different resolutions, and hydrogeo-
chemical processes in the aquifer environment can defined 
(Guler et al. 2002; Aghazadeh and Mogaddam 2011).

The weather ing and dissolut ion of  miner-
als can be interpreted simply by the graph of 
 (Ca2+  +  Mg2+)-(HCO3

− +  SO4
2−). If the groundwater sam-

ples fall along the 1:1 line in this scatter plot, it indicates the 
weathering of carbonate and silicate in groundwater (Kuldip 
et al. 2011).

In a groundwater system where solubility of dolomite, 
calcite and gypsum is dominant, water samples will be 
close to the 1:1 line. The excess of  SO4

2− +  HCO3
− in the 

water causes the points to shift to the right, which reflects 
the ion exchange (Datta and Tyagi 1996).

The chemical data of the groundwater samples of the 
investigation area were illustrated in  (Ca2+ +  Mg2+) versus 
 (HCO3

− +  SO4
2−) diagram (Fig. 6a). The majority of the 

sampling points fall below the equiline (1:1). This situa-
tion shows that silicate weathering is dominant processes 
in the aquifer system. Silicate weathering may indicate 
that Na decreases in groundwater and  HCO3

− ion increases 
due to ion exchange process. The presence of  Na+and  K+ 
ions in groundwater can be associated with the weathering 
of K-feldspar and Na-feldspar (albite). In silicate rocks, 
feldspars are more sensitive to alteration and weathering 
than quartz (Kumar et al. 2009).

The hydrochemistry of silicate weathering (weather-
ing of albite to kaolinite) as presented in Eq. 2. Bicar-
bonate ion is produced by silicate weathering reactions 
(Tay 2012). This explains dominant  HCO3

− content in the 
groundwaters of the investigation area.

(2)2NaAlSi3O8 + 2CO2 + 11H2O = Al2Si2O5(OH)4 + 2Na+ + 2HCO−
3
+ 4H4SiO4

(Albite) (Kaolinite)

Fig. 5  Gibbs’s diagrams
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Weathering occurs during the passage of groundwater 
through sandstones and silicate rocks.

Sandstones contain quartz and K-feldspar grains in a 
matrix of calcite and clay (Hounslow 1995). Bicarbonate 
may be produce by during percolation of groundwater in 
sandstones with weathering (Tay 2012).

The  HCO3
−/Si02 ratio of groundwater can indicate the 

species of weathering in aquifer media. If  HCO3
−/Si02 ratio 

is less than 5, indicates silicate weathering and if this ratio is 
greater than 10, indicates carbonate weathering process (Tay, 

2012). The  HCO3
−

/Si02 ratio of groundwater samples in the 
study area is below 5 (Table 4) and this ratio confirmed that 
the silicate weathering process is the major hydrogeochemi-
cal process within the aquifer units in the study area.

The  Ca2+ +  Mg2+/HCO3
− ratio of groundwater can pro-

vide information about weathering type. Values of this 
ratio greater than 1 indicate that carbonate weathering is 
dominant, while values of this ratio less than 1 indicate 
silicate weathering (Kumar Singh et al. 2012; Pazand et al. 
2012). The points are below the 1:1 line in the graph of 

Fig. 6  Graphs of different parameters a scatter plot  (Ca2+ +  Mg2+)—
(HCO3

− +  SO4
2−); b the scatter plot  (Ca2+ +  Mg2+)—(HCO3

−); 
c the scatter plot  (Ca2+ +  Mg2+)—TC; d The scatter plot of 

[(Ca2+ +  Mg2+)-(HCO3
− +  SO4

2−)]—(Na+-Cl−); e scatter plot of Na/
Cl-EC (µmhos/cm); f plot of saturation indices dolomite (SId) of ver-
sus calcite (SIc).
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 (Ca2+ +  Mg2+)/(HCO3
−), except for five samples (Fig. 6b). 

This shows that  Ca2+,  Mg2+ and high  HCO3
− sources were 

derived from non-carbonate sources and silicate weathering 
is dominant.

Potential hydrochemical behavior can also estimate 
from ratios between ions such as  Ca2+/Mg2+ and  Na+/
Cl− (Han et al. 2009). In the study area,  Ca2+,  Mg2+ and 
 HCO3 are dominant ions in groundwater. The dominant 
 Ca2+ and  Mg2+ contents in groundwater are associated 
with the presence of carbonated rocks in the basin. Car-
bonate and silicate weathering controls for the presence of 
 Ca2+ and  Mg2+ in groundwater. In different studies,  Ca2+/
Mg2+ ratios of water have been used to make comments 
about the solubility of calcite and dolomite. In general, 
if  Ca2+/Mg2+ ratio is equal to 1, the presence of dolo-
mite dissolution is mentioned, and a higher ratio reflects 
the calcite contribution. A  Ca2+/Mg2+ ratio higher than 2 
indicates that the calcium and magnesium contribution in 
groundwater occurs with the dissolution of silicate min-
erals (Katz et al. 1998; Han et al. 2009). The  Ca2+/Mg2+ 
ratio of 33% of groundwater in the study area is greater 
than 2 (Table 4) and indicates that the secondary process 
providing Ca ions to groundwater is silicate weathering 

(Datta and Tyagi 1996). However, it is seen that calcite and 
dolomite solubility is dominant in the investigation area.

Also, groundwater samples are on the 1:1 line on the 
graph of total cations (TC) with  Ca2+ +  Mg2+ (Fig. 6c). 
It is indicates that some of these ions  (Ca2+ +  Mg2+) are 
resulted from the weathering of silicate minerals (Kumar 
et al. 2009).

Ion exchange

The ion exchange between aquifer rocks and groundwater 
is one of the important factors controlling groundwater 
chemistry. The most common ion exchangers in the aquifer 
system are clay minerals. The ion exchange process can be 
explained by chloro-alkaline indexes (CAI-I = [Cl-(K + Na)]/
Cl, CAI-II = [Cl-(K + Na)]/(CO3 +  HCO3 +  SO4 +  NO3) given 
below (Schoeller 1967, 1977). Chloro-alkali indices are pos-
itive when there is an exchange of  Mg2 + and  Ca2 + ions in 
rock and  K+ and  Na+ ions in water. This situation indicates 
reverse ion exchange. If the chloro-alkali indices are nega-
tive, Na and K in aquifer exchanged Ca and Mg in water, 
indicating ion exchange phenomenon (Liu et al. 2015; Zaidi 
et al. 2015). The negative values indicate chloro-alkaline 

Table 4  Some ion ratios of 
groundwater

No Ca/Mg Na/Cl HCO3/Si02 Ca + Mg/HCO3 CAI-I CAI-II

October-2019
YG-1 1,65 0,77 2,34 1,01 0,11 0,00
YG-2 1,80 1,96 1,76 0,90 −2,37 −0,02
YG-3 1,58 2,17 1,43 0,92 −1,46 −0,02
YG-4 0,97 2,14 0,63 0,94 −1,77 −0,02
YG-5 2,54 0,94 2,35 0,82 −0,01 0,00
YG-6 1,58 4,01 3,65 0,82 −3,27 −0,03
YG-7 1,20 4,84 1,89 1,01 −4,15 −0,02
YG-8 1,14 2,87 2,01 0,77 −2,14 −0,02
YG-9 1,23 3,49 1,68 1,02 −2,74 −0,02
YG-10 3,65 0,93 1,99 1,08 0,03 0,00
YG-11 2,34 1,83 1,48 0,95 −0,90 −0,08
YG-12 0,70 2,10 1,07 1,01 −1,18 −0,04
YG-13 10,46 2,18 1,41 0,99 −1,68 −0,02
YG-14 0,85 3,28 0,92 0,84 −2,53 −0,08
YG-15 2,15 2,50 2,38 0,91 −1,81 −0,02
YG-16 2,02 3,05 2,01 1,05 −2,25 −0,02
July-2017
YG-5 3,20 1,47 2,20 1,10 −0,56 −0,02
YG-6 1,46 2,38 3,45 1,04 −1,67 −0,02
YG-7 1,35 3,90 1,92 1,17 −3,19 −0,03
YG-8 1,33 2,07 2,03 1,10 −1,32 −0,02
YG-9 1,81 1,82 1,71 1,04 −1,09 −0,02
YG-10 3,26 2,04 2,01 1,08 −1,10 −0,05
YG-16 2,01 3,03 1,98 1,19 −2,37 −0,02
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disequilibrium, and this reaction is known as cation–anion 
exchange reaction.

Calculated CAI-I and CAI-II indices of water sam-
ples in the study area are generally negative (Table 4). 
This situation shows that “ion exchange” is dominant in 
the region. In other words, the  Ca2+ and  Mg2+ in ground-
water are exchanged with  Na+ and  K+ in reservoir rock 
(Subramani et al. 2010; Zaidi et al. 2019). The diagram of 
[(Mg2+ +  Ca2+)-(SO4

2− +  HCO3
−)] /  (Na+–Cl−) is used to 

evaluate ion exchange processes occurring in groundwater 
(Subramani et al. 2010; Zaidi et al. 2019). The majority of 
samples being in the ion exchange zone strongly support the 
dominant influence of ion exchange (Fig. 6d).

Evaporation

Evaporation is a common phenomenon that can be observed 
in the groundwater system. The Na/Cl ratio can be use to 
describe of evaporation process in groundwater. Evapora-
tion is directly proportional to the increase of total dissolved 
solids (TDS) of groundwater (Kumar et al. 2006; Mahaqi 
et al. 2020). In the Yalvaç–Gelendost basin, the Na/Cl ratios 
of groundwater are generally greater than 1 (Table 4). If the 
Na/Cl ratio is around or above 1, it indicates that sodium is 

the order of groundwater samples is not completely straight 
(Fig. 6e). This shows that evaporation is not the main geo-
chemical process that controls groundwater chemistry in the 
study area. The Gibbs diagram given in Fig. 6 confirms that 
evaporation is not a dominant process in this basin.

Correlation analysis can also use to determine the rela-
tionships between the origin and physicochemical proper-
ties of the elements dissolved in water samples (Azaza et al. 
2011). Correlations between major ions of groundwater were 
determined by Spearman’s correlation analysis (Table 5). 
The groundwater samples have a strong positive correla-
tion between the electrical conductivity (EC-µS/cm) and 
 Ca2+,  K+ and  HCO3

− contents. In addition, there is a strong 
positive correlation between  HCO3

− and  Ca2+ and  K+ ions, 
and a strong positive correlation between  Na+ and  Cl− ions. 
The strong positive correlation between  HCO3

− and  K+ ions 
indicates that the elements controlling the chemical structure 
of groundwaters are associated with silicate weathering. In 
an example silicate weathering reaction, potassium feldspar 
forms kaolinite as secondary mineral. In such a reaction,  K+ 
and  HCO3

− are dissolution products (Eq. 3). Na-feldspar 
(albite) and K-feldspar (orthoclase and microcline) are com-
mon in sand and clay in the alluvium aquifer, and  Na+–K+ 
ions are added to groundwater as a result of their weathering.

The strong positive correlation between  HCO3
− and  Ca2+ 

ions is associated with carbonate solubility (Eq. 4).

According to the correlation analysis, there is a moder-
ate correlation between  Ca2+ and  Na+,  K+ and  Cl− ions and 
between  Mg2+ and  SO4

2−. This reflects similar source and/or 
geochemical behavior during ionic mobilization. There is a 
moderate positive correlation between  Na+ and  HCO3

− and 

(3)KAlSi3O8 + 2CO2 + 11H2O ↔ Al2Si2O5(OH)4 + 4H4SiO4(aq) + 2K+ + 2HCO−
3

K-feldspar Kaolinite

(4)CaCO3 + H2CO3 ↔ Ca+2 + 2HCO−
3

Table 5  Correlation analysis of 
major ions in groundwater

Boldface are the values that exceed the limit values

pH EC Ca Mg Na K HCO3 Cl SO4

pH 1 −0.106 −0.456 −0.09 −0.18 −0.220 −0.214 −0.288 −0.356
EC 1 0.732 0.617 0.696 0.774 0.988 0.687 0.427
Ca 1 0.212 0.503 0.665 0.756 0.610 0.350
Mg 1 0.490 0.482 0.614 0.411 0.563
Na 1 0.415 0.688 0.862 0.661
K 1 0.754 0.479 0.083
HCO3 1 0.686 0.454
Cl 1 0.44
SO4 1

attributed from silicate weathering related to ion exchange 
processes (Mayback 1987; Garcia et al, 2001; Kumar et al, 
2006; Tay 2012). As a result of ion exchange,  Na+ ions in 
clay minerals are replaced with  Ca2+ ions in groundwater 
in the basin.

If evaporation dominant, the groundwater’s EC value will 
increase, while the Na/Cl ratio will remain constant. Accord-
ingly, EC (µmhos/cm) versus Na/Cl diagram should form 
a horizontal line (Jankowski and Acworth 1997; Chebboh 
and Allia 2015). On the Na/Cl-EC (µmhos/cm) diagram, 
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 SO4
2−. The correlation between  Na+ and  HCO3

− is also 
related to silicate weathering and is due to the weathering 
of albite to kaolinite (Eq. 2).

Saturation index

The most important factor controlling groundwater geo-
chemistry is the dissolution–precipitation processes resulting 
from rock–water interaction. Ion exchange between ground-
water and rocks which is in contact during the cycle causes 
changes in the chemical composition of the water. To iden-
tify the geochemical reactions that control water chemistry, 
the saturation states of various minerals are examined. Satu-
ration indexes are used to evaluate the degree of equilibrium 
between water and minerals (Langmuir 1997; Aghazadeh 
and Mogaddam 2011; Kumar Singh et al. 2012). The satu-
ration indexes (SI) of groundwater were determined using 
PHREEQC software (Parkhurst and Appelo 1999). Neutral 
SI (SI = 0) is in equilibrium state with the mineral phase. SI 
less than zero (or negative) indicates dissolution of mineral 
phase and undersaturation conditions. A positive SI value 
for a mineral indicates that groundwater is over-saturated 

with that mineral, and that the mineral in equilibrium may 
precipitate.

The mineral saturation indexes determined according to 
the discharge temperatures and pH values of groundwater are 
given in Table 6. All groundwater samples are under satura-
tion with respect to gypsum, halite and anhydrite minerals, 
and they tend to dissolve. This indicates that the solubility 
of  Na+,  Cl− and  SO4

2− ions in the reservoir still continues. 
Fluorite mineral is also undersaturated except for one sample 
(YG10). It is thought that the increase of F (3.5 mg/l) ion in 
this example is related to the Seydişehir formation, where 
the spring water is discharged. About 46% of the analyzed 
water samples are saturated with aragonite mineral.

The graph of saturation indices dolomite  (SId) of versus 
calcite  (SIc) indicates that most of the groundwater samples are 
supersaturated with respect to calcite and dolomite (Fig. 6f). 
This shows that carbonate minerals are the main components 
in the aquifer environment and carbonate dissolution–precipi-
tation processes continue. It is seen that the groundwater sam-
ples saturated with respect to calcite and dolomite minerals 
in the basin are related to the Kurucaova formation, which 
consists of limestone and dolomitic limestone lithologies.

Table 6  The mineral saturation 
indexes of groundwater

No Anhydride Aragonite Barite Calcite Dolomite Fluorite Gypsum Halite

October-2019
YG-1 −3,0858 0,3676 −0,7939 0,5205 0,7088 −3,2413 −2,8331 −9,1842
YG-2 −3,1769 0,5562 −0,3655 0,7061 1,1782 −2,3553 −2,9313 −10,2205
YG-3 −3,0048 −0,524 −0,2186 −0,3747 −1,0502 −3,1399 −2,7612 −9,827
YG-4 −3,1187 −0,6247 −0,2294 −0,4722 −0,9696 −2,5698 −2,8668 −9,9352
YG-5 −3,2327 −0,715 −0,4044 −0,563 −1,5549 −4,0437 −2,9819 −9,3801
YG-6 −2,5573 −0,6346 −0,2294 −0,4816 −1,2083 −3,089 −2,3046 −9,5707
YG-7 −2,7243 −0,0951 −0,1004 0,0579 −0,0103 −4,5633 −2,4714 −10,4159
YG-8 −3,6554 −0,0834 −1,2033 0,0693 0,0408 −4,2681 −3,4029 −10,4464
YG-9 −3,5586 −0,0771 −1,176 0,076 0,0127 −4,5413 −3,3056 −10,3196
YG-10 −2,0679 0,9203 0,3594 1,071 1,5845 0,3791 −1,8202 −7,92
YG-11 −2,2727 −0,2209 0,3507 −0,0698 −0,5155 −1,2158 −2,0238 −7,7481
YG-12 −2,6468 0,4051 −0,0793 0,5581 1,2285 −1,8471 −2,394 −8,6707
YG-13 −3,1589 0,7568 −0,1971 0,9074 0,8005 −4,1247 −2,9111 −9,5731
YG-14 −3,3012 0,3499 −0,2369 0,4976 1,1303 −3,3036 −3,0629 −8,752
YG-15 −2,9936 0,5064 −0,5589 0,6557 1,012 −4,9726 −2,7497 −9,6214
YG-16 −2,7586 −0,0971 −1,256 0,1256 0,0256 −4,6587 −3,3578 −6,3896
July-2017
YG-5 −3,1214 −0,845 −0,3978 −0,689 −1,5987 −4,0587 −3,0178 −9,4012
YG-6 −2,3574 −0,7125 −0,2587 −0,4978 −1,2521 −3,098 −2,3698 −9,6105
YG-7 −2,8291 −0,0868 −0,1154 0,0634 −0,0121 −4,6254 −2,4915 −10,4584
YG-8 −3,3587 −0,0762 −1,2258 0,0745 0,0458 −4,3378 −3,4532 −10,4945
YG-9 −3,1354 −0,0687 −1,198 0,0890 0,0135 −4,5974 −3,3365 −10,2186
YG-10 −1,9157 0,9678 0,3798 1,0790 1,6178 0,4168 −1,8584 −7,890
YG-16 −2,9850 −0,125 −1,378 0,2015 0,0528 −4,5874 −3,2547 −5,8970
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Chemical quality of groundwaters

The chemical quality of the groundwaters has been evalu-
ated for drinking water use in the study area. The analysis 
results of major ions, trace elements and nitrogen deriva-
tives of groundwaters were compared with the World Health 
Organization (WHO, 2017) and Turkey Regulation on Water 
Intended for Human Consumption (TS266, 2005). The pH of 
the groundwater samples is within acceptable drinking water 
limits (6.5–9.5) of TS266 (2005). No health-based guide-
line value is proposed by WHO (2017) for pH. Although 
pH usually has no direct impact on consumers, it is one of 
the most important operational water quality parameters 
(WHO 2017). The analysis results of major ions  (Na+, 
K+,  Ca+2,  Mg+2,  Cl–,  SO4

2−,  HCO3
−), nitrogen derivatives 

 (NO3
−,  NO2

−,  NH4
+) and trace elements (As, B, Ba, Cr, 

Cu, Mn, Pb, Zn) of groundwaters do not exceed permissi-
ble limits. But,  F− concentration of YG-10 sample exceeded 
the WHO (2011, 2017) and TS266 (2005) limit (1.5 mg/l). 
YG-10 sample belongs to well water of Yağcılar village. 
In this well, alluvium and Göksöğüt formation have been 
cut. Fluoride is present in most geological environments but 
particularly in igneous and sandstone rocks. Fluorides are 
found in groundwater through various fluoride-containing 
minerals due to water–rock interaction. Fluorine exists in the 
form of fluorides in a number of minerals, such as fluorspar, 
cryolite and fluorapatite (WHO 2017). The increase of F in 
the YG-10 groundwater sample may be related to the sand-
stones of the Göksöğüt formation. In addition, fluorapatite 
 (Ca5(PO4)3F) is used mostly for production of fertilizers. 
Also, agricultural anthropogenic sources may be effective 
in this increase.

The arsenic content of groundwater in the study area 
ranged from 9.3–14.7 µg/l in July-2017 and 1.9–6.9 µg/l 
in October-2019 (Table 2). For drinking water, the tol-
erable limit of As is 10 µg/l according to WHO (2017) 
and TS266 (2005) standards. The presence of arsenic in 
groundwater depends on local hydrogeology, geochemi-
cal properties of aquifers, climate changes and human 
activities (Wang and Mulligan 2006). The most common 
sources of arsenic in the natural environment are geo-
thermal waters, hydrothermal ore deposits, marine sedi-
mentary rocks, volcanic rocks (weathering products and 
ash), and fossil fuels (coals and petroleum levels). The 
main anthropogenic sources for arsenic are use of arseni-
cal fungicides, herbicides and insecticides in agriculture, 
burning of fossil fuels, mining, wood preservatives and 
municipal and industrial wastes (Wang and Mulligan, 
2006; Shankar et al. 2014).

Arsenic content of groundwater in the study area is 
related to rock–water interaction and agricultural activities. 
The arsenic content increased in the July 2017 samples rep-
resenting the rainy period. This increase is as a result of the 

influence of water–rock interactions and the greater tendency 
in aquifers for the physical and geochemical conditions to 
be favorable for arsenic mobilization and accumulation. The 
variability of the arsenic concentration in groundwater is 
associated with the arsenic content of the aquifer and dis-
solution and desorption processes that release the arsenic 
from the solid phase to the liquid phase. The increase of 
arsenic in the aquifer environment is associated with the use 
of pesticides in the study area.

The nitrate content of groundwater samples varies 
between 0.73 and 41.3 mg/l in the study area (Table 2). 
The nitrate content (41.3 mg/l) of the YG-10 sample taken 
from well water approached the drinking water limit value 
of 50 mg/l (TS266, 2005; WHO, 2017). The nitrate con-
tent of YG-10 sample was determined as 17.9 mg/l in July 
2017 representing the rainy period. The nitrate contents of 
groundwater samples do not exceeded the permissible values 
giving WHO (2017) and TS266 (2005). However, nitrate 
concentration values above 10 mg/l indicate anthropogenic 
pollution. Natural nitrate levels in groundwater are very low 
(generally < 10 mg/l). However, nitrate concentrations in 
water increase with human activities, such as over fertiliza-
tion of crop, cultivation of crops (corn, tobacco and vegeta-
bles) that require high fertilizer use, fertilizer transport with 
drainage systems, domestic wastewater and industry.

In this study, health risk assessment has been made for 
the parameters of As, F and  NO3, which may have a negative 
health effect by evaluating the groundwater samples in terms 
of drinking water quality.

Human health risk assessment

Today, lack of drinking water and drinking water-related 
health problems have become a global problem. Human 
life depends on healthy drinking water intake (WHO 2004). 
The presence of toxic pollutants such as microbiological and 
heavy metals that can found in drinking water is important 
risk for human health. Risk assessment is an attempt to iden-
tify and measure potential risks to human health from expo-
sure to various pollutants (Kavcar et al. 2009; Davraz et al. 
2016; Varol and Davraz 2016; Shukla and Saxena 2020).

Exposure assessment

The first step of the human health risk assessment is expo-
sure assessment (Means 1989; USEPA 2001; Sarvestani 
and Aghasi 2019). The pollutants intake by human body 
through ingestion (oral), inhalation (inhalation) and skin 
contact. Ingestion and skin (dermal) absorption are com-
mon exposure conditions for drinking water (USEPA 2004; 
Wu et al. 2009; Li and Zhang 2010). In this study, exposure 
with ingestion and dermal (skin contact) routes is taken into 
consideration.
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To estimate the daily exposure of an individual, USEPA 
(2005) recommended a Lifelong Average Daily Dose 
(LADD) or Chronic Daily Intake (CDI) exposure calculation 
(Kavcar et al. 2009; Yu et al. 2014; Varol and Davraz 2016; 
Sarvestani and Aghasi 2019; Shukla and Saxena 2020). 
The average daily dose (ADD) through oral ingestion and 
dermal is calculated with the following formulas (USEPA 
2004). The parameters recommended by USEPA (2001) in 
calculating the average daily dose (ADD) for drinking water 
and dermal (skin absorption such as bath, etc.) are given in 
Table 7.

Non‑carcinogenic risk assessment

The hazard index (HI) approach has been developed based 
on USEPA’s (1986) “Health Risk Assessment Guidelines for 
Chemical Mixtures” to evaluate non-carcinogenic effects 
caused by multiple chemicals. The potential non-carcino-
genic risk is calculated using the reference dose (RfD) value 
and the average daily dose (ADD) value which is calculated 
taking into account the route of contaminant absorption into 
the body, exposure time, grade and frequency (Eq. 7). The 
non-carcinogenic risk calculation for human health through 

(5)
ADDoral ingestion =

(

C
i
× L × EF × ED

)

∕ (AT × BW)

(6)

ADDdermal

=
(

Ci ×Kp× SA×EF×ET × ED×10−3
)

∕ (AT×BW)

multiple heavy metals can also be evaluated with the haz-
ard index (HI), which is the sum of all HQs calculated for 
the individual heavy metal. RfD values provided from the 
EPA Health Effects Assessment summary tables (HEAST) 
(Table 7; USEPA 2013).

HQ or HI > 1 values indicate that pollutants will have 
a negative impact on human health (USEPA 2001, 2004).

Carcinogenic risk assessment

The carcinogenic risk is calculated with the following for-
mula using the average daily dose (ADD; mg/kg d) and slope 
factor (SF; kg d/mg) values. The acceptable risk is in the 
range of  10−6 to  10−4 (Asare-Donkor and Adimado 2020; 
Li and Zhang 2010; Lim et al. 2008). SF values (Table 7) 
provided in the integrated risk information system (IRIS) at 
the web site of USEPA (2013).

In this study, health risk calculations have been made for 
As,  NO3 and F parameters that may pose health risks. The 
hazard quotient (HQ), hazard index (HI) and Rcancer values 
for oral and dermal pathways relating to child and adult are 
presented in Tables 8 and 9. For child, hazard coefficient 
 (HQoral) and hazard index values  (HIoral) calculated for As, 
F and  NO3 parameters for use as drinking water are less 
than 1. Similarly, hazard coefficients  (HQdermal) and total 
hazard index (HI) calculated for parameters As,  NO3 and 
F, depending on skin exposure, are less than 1 (Table 8). 
It can be suggested that it will not have a negative effect on 
usage as drinking water and dermal (skin contact) absorp-
tion for child. For October-2019, cancer risk values for 
use as drinking water (oral) and dermal intake for As ele-
ment are also within the tolerable risk range of  10–6–10–4, 
for child (Table 8). But, carcinogenic risk of As with oral 
intake in July-2017 exceeded the permissible risk of 1 ×  10–4 
(Table 8).

For adults,  HQsingestion (hazard quotient by ingestion) val-
ues of As and  NO3 were less than 1, suggesting that these 
elements posed little hazard in use as drinking water. How-
ever,  HQingestion of YG-10 (well water) sample for F element 
was more than 1 (1.67), implying that F may cause adverse 
health effects and potential non-carcinogenic concern for 
adults. The hazard indexes (HI) of water samples except for 
YG-10, YG-11 and YG-16 samples were lower than 1.0 in 
October-2019 (Table 9). Potential non-carcinogenic effect 
is likely to occur for YG-10 and YG-11 samples which are 
taken from well waters for adults. The excess fluoride intake 
with drinking water can cause dental fluorosis, skeletal 

(7)Hazard Quotient (HQ) = ADD∕ RfD

(8)Rcancer = ADD × SF

Table 7  Default values for drinking water and dermal use (USEPA, 
2001) and Kp, RfD, SF values (IRIS, 2005; USEPA, 2013)

ED exposure duration, EF exposure frequency, L: daily water inges-
tion rate; BW bodyweight, AT average exposure time, Kp dermal per-
meability coefficient in water; ET exposure time, SA exposed skin 
area

Adult Child

L (l/day) 2 1
EF (gün/year) 365-oral 365-oral

350-dermal 350-dermal
ED (year) 30 6
BW (kg) 70 15
AT (day) 10,950 2190
SA (cm2) 18,000 6600
ET (s/day) 2.6 1

As F NO3

Kp (cm/h) 0.001 0.001
RfD-oral (mg/kg/d) 3E-04 0.06 1.6
RfD-dermal (mg/kg/d) 1.23E-04 0.06 0.8
SF-oral (kg d/mg) 1.5
SF-dermal (kg d/mg) 3.66
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fluorosis, calcification of ligaments, mottling of teeth and 
deformation of bones (WHO 2011; Narsimha and Sudarshan 
2017; Narsimha and Rajitha 2018). In July-2017,  HQingestion 
of YG-5, YG-7 and YG-10 samples for As element was more 
than 1. The hazard indexes (HI) of water samples except for 
YG-9 sample was more than 1.0. (Table 9). Arsenic intake 
with drinking water may cause adverse health effects and 
potential non-carcinogenic concern. For adults,  HQdermal 
(hazard quotient by dermal absorption) of As,  NO3 and F 
parameters was all below unity, indicated that these metals 
posed little hazards via dermal absorption.

For October-2019 samples, carcinogenic risk of As 
through oral intake for adults is between 1.29 ×  10–4 and 
8.19 ×  10–5 (Table 9) and these risk values are an accepta-
ble value to human health. Similar results (3.99 ×  10–4 and 
6.30 ×  10–4) were obtained in July-2017 samples. It can 
be said that the use of these waters as drinking water will 
not pose a cancer risk. However, all of the dermal route 
cancer risk values are above acceptable values for adults 

in October-2019 and July-2017 sample groups (Table 9). 
This suggests that dermal exposure over the lifetime may 
increase the risk of cancer.

The intake of arsenic with drinking water has health 
effects. Short-term effects such as diarrhea, abdominal 
pain, muscle weakness, vomiting and flushing of the 
skin begin approximately 30 min after drinking water. 
An arsenic content above 1.2 mg/l is sufficient for these 
effects to begin for adults. But, these symptoms may be 
seen in child at levels as low as 0.2 mg/l. (Wang and Mul-
ligan 2006). Prolonged exposure to lower concentrations 
of arsenic may cause chronically adverse health effects 
(Nichols et al. 1998). Previous studies reported adverse 
health effects including cardiovascular disease, peripheral 
vascular disease, skin lesions, neurologic and neurobe-
havioral effects, diabetes, hypertension, portal fibrosis of 
the liver, lung fibrosis diseases and carcinogenic effects 
through high arsenic intake (IARC 1987; Chen and Lin 
1994; Yıldız et al. 2008; Wu et al. 2009).

Table 8  Hazard index for each element and cancer risk of As for child

Boldface are the values that exceed the limit values

Child-HQoral Child-HQdermal

As F NO3 HI As-Can.R As F NO3 HI As-Can.R

October-2019
YG-1 3.07E-01 1.56E-02 3.22E-02 3.54E-01 6.91E-04 2.37E-02 4.92E-04 2.04E-03 2.62E-02 1.07E-05
YG-2 2.09E-01 8.89E-03 4.13E-02 2.59E-01 4.71E-04 1.61E-02 1.41E-03 2.61E-03 2.01E-02 7.27E-06
YG-3 2.27E-01 3.56E-03 2.18E-02 2.52E-01 5.11E-04 1.75E-02 5.63E-04 1.38E-03 1.94E-02 7.89E-06
YG-4 3.07E-01 7.56E-03 4.28E-02 3.57E-01 6.91E-04 2.37E-02 1.20E-03 2.71E-03 2.76E-02 1.07E-05
YG-5 1.91E-01 1.33E-03 1.75E-02 2.10E-01 4.31E-04 1.47E-02 2.11E-04 1.11E-03 1.61E-02 6.65E-06
YG-6 1.78E-01 4.00E-03 6.08E-03 1.88E-01 4.01E-04 1.37E-02 6.33E-04 3.85E-04 1.47E-02 6.19E-06
YG-7 1.87E-01 8.89E-04 1.13E-02 1.99E-01 4.21E-04 1.44E-02 1.41E-04 7.17E-04 1.53E-02 6.50E-06
YG-8 1.33E-01 1.33E-03 1.98E-02 1.54E-01 3.01E-04 1.03E-02 2.11E-04 1.25E-03 1.18E-02 4.64E-06
YG-9 8.44E-02 8.89E-04 1.84E-02 1.04E-01 1.90E-04 6.52E-03 1.41E-04 1.17E-03 7.82E-03 2.94E-06
YG-10 1.91E-01 1.56E-01 3.44E-01 6.91E-01 4.31E-04 1.47E-02 2.46E-02 2.18E-02 6.11E-02 6.65E-06
YG-11 3.02E-01 2.80E-02 5.78E-02 3.88E-01 6.81E-04 2.33E-02 4.43E-03 3.65E-03 3.14E-02 1.05E-05
YG-12 1.20E-01 1.78E-02 7.21E-02 2.10E-01 2.71E-04 9.26E-03 2.81E-03 4.56E-03 1.66E-02 4.18E-06
YG-13 1.42E-01 8.89E-04 1.18E-01 2.61E-01 3.21E-04 1.10E-02 1.41E-04 7.46E-03 1.86E-02 4.95E-06
YG-14 2.27E-01 4.00E-03 6.10E-02 2.92E-01 5.11E-04 1.75E-02 6.33E-04 3.86E-03 2.20E-02 7.89E-06
YG-15 2.53E-01 4.44E-04 4.61E-02 3.00E-01 5.71E-04 1.96E-02 7.03E-05 2.92E-03 2.25E-02 8.82E-06
July-2017
YG-5 5,29E-01 2,36E-03 1,06E-02 5,42E-01 1,19E-03 4,08E-02 3,74E-04 6,70E-04 4,19E-02 1,84E-05
YG-6 4,62E-01 1,70E-03 1,67E-02 4,81E-01 1,04E-03 3,57E-02 2,69E-04 1,05E-03 3,70E-02 1,61E-05
YG-7 6,53E-01 1,79E-03 8,17E-03 6,63E-01 1,47E-03 5,04E-02 2,83E-04 5,17E-04 5,12E-02 2,27E-05
YG-8 4,44E-01 1,60E-03 1,71E-02 4,63E-01 1,00E-03 3,43E-02 2,52E-04 1,08E-03 3,56E-02 1,55E-05
YG-9 4,13E-01 4,53E-04 1,53E-02 4,29E-01 9,32E-04 3,19E-02 7,17E-05 9,70E-04 3,29E-02 1,44E-05
YG-10 5,73E-01 7,38E-03 1,42E-01 7,23E-01 1,29E-03 4,42E-02 1,17E-03 9,01E-03 5,44E-02 2,00E-05
YG-16 4,58E-01 1,68E-02 1,31E-02 4,88E-01 1,03E-03 3,53E-02 5,32E-04 8,28E-04 3,67E-02 1,59E-05
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Conclusion

Groundwater is the primary source used for drinking 
water in the study area. Drinking water in the study area is 
mostly supplied from springs. The most important of these 
springs is the Suçıkan spring, which was used as drinking 
water in the ancient city of Pisidia Antiokheia. This spring 
water is still used for the drinking water need of Yalvaç 
district. In this study, groundwater quality assessment has 
been carried out to assess its suitability for drinking in a 
predominantly rural area. In addition, possible health risk 
assessment has been made in the use of water as drinking 
water.

The main factor controlling groundwater chemistry in 
the study area is rock–water interaction. The groundwater 
chemistry changes with the composition of sedimentary 
rocks in the basin, flow path and residence time. The domi-
nant water type is Ca–Mg–HCO3 in the basin. Other water 
types in the basin are Mg–Ca–HCO3 and Ca–HCO3. The 

Mg increase in some samples is due to the rock–water 
interaction in relation to dolomitic limestones, sandstone, 
and conglomerate. The results of major ion chemistry of 
groundwater in the Yalvaç–Gelendost basin suggest that 
the silicate weathering and ion exchange are the main 
controlling hydrogeochemical processes in the variation 
of groundwater quality. The dolomite (SId) and calcite 
(SIc) saturation indices of groundwater demonstrate that 
carbonate minerals are the main components in the aqui-
fer environment and carbonate dissolution–precipitation 
processes continue Query.

The chemical quality of the groundwaters in the study 
area has been evaluated for drinking water use. The analysis 
results of major ions, trace elements and nitrogen derivatives 
of groundwaters were compared with Turkey Regulation on 
Water Intended for Human Consumption (TS266 2005) and 
the (WHO 2017). The analysis results of major ions, nitro-
gen derivatives and trace elements (As, B, Ba, Cr, Cu, Mn, 
Pb, Zn) of groundwaters do not exceed permissible limits. 

Table 9  Hazard index for each element and cancer risk of As for adults

Boldface are the values that exceed the limit values

Adult-HQoral Adult-HQdermal

As F NO3 HI As-Can.R As F NO3 HI As-Can.R

October-2019
YG-1 6.57E-01 3.33E-02 6.89E-02 7.59E-01 2.96E-04 1.03E-04 7.48E-04 3.09E-03 3.94E-03 1.39E-07
YG-2 4.48E-01 9.52E-02 8.84E-02 6.31E-01 2.01E-04 7.00E-05 2.14E-03 3.97E-03 6.17E-03 9.47E-08
YG-3 4.86E-01 3.81E-02 4.66E-02 5.70E-01 2.19E-04 7.59E-05 8.55E-04 2.09E-03 3.02E-03 1.03E-07
YG-4 6.57E-01 8.10E-02 9.16E-02 8.30E-01 2.96E-04 1.03E-04 1.82E-03 4.11E-03 6.03E-03 1.39E-07
YG-5 4.10E-01 1.43E-02 3.75E-02 4.61E-01 1.84E-04 6.40E-05 3.21E-04 1.68E-03 2.07E-03 8.67E-08
YG-6 3.81E-01 4.29E-02 1.30E-02 4.37E-01 1.71E-04 5.96E-05 9.62E-04 5.85E-04 1.61E-03 8.06E-08
YG-7 4.00E-01 9.52E-03 2.43E-02 4.34E-01 1.80E-04 6.25E-05 2.14E-04 1.09E-03 1.37E-03 8.46E-08
YG-8 2.86E-01 1.43E-02 4.23E-02 3.42E-01 1.29E-04 4.47E-05 3.21E-04 1.90E-03 2.26E-03 6.05E-08
YG-9 1.81E-01 9.52E-03 3.95E-02 2.30E-01 8.14E-05 2.83E-05 2.14E-04 1.77E-03 2.01E-03 3.83E-08
YG-10 4.10E-01 1.67E + 00 7.38E-01 2.81E + 00 1.84E-04 6.40E-05 3.74E-02 3.31E-02 7.06E-02 8.67E-08
YG-11 6.48E-01 3.00E-01 1.24E-01 1.07E + 00 2.91E-04 1.01E-04 6.73E-03 5.55E-03 1.24E-02 1.37E-07
YG-12 2.57E-01 1.90E-01 1.54E-01 6.02E-01 1.16E-04 4.02E-05 4.27E-03 6.93E-03 1.12E-02 5.44E-08
YG-13 3.05E-01 9.52E-03 2.53E-01 5.67E-01 1.37E-04 4.77E-05 2.14E-04 1.13E-02 1.16E-02 6.45E-08
YG-14 4.86E-01 4.29E-02 1.31E-01 6.59E-01 2.19E-04 7.59E-05 9.62E-04 5.87E-03 6.90E-03 1.03E-07
YG-15 5.43E-01 4.76E-03 9.88E-02 6.46E-01 2.44E-04 8.49E-05 1.07E-04 4.43E-03 4.62E-03 1.15E-07
YG-16 8.81E-01 3.45E-02 2.65E-02 1.02E + 00 4.25E-04 1.23E-04 7.96E-04 1.45E-03 2.35E-03 2.12E-07
July-2017
YG-5 1.13E + 00 2.53E-02 2.27E-02 1.18E + 00 5.10E-04 1.77E-04 5.68E-04 1.02E-03 1.76E-03 2.40E-07
YG-6 9.90E-01 1.82E-02 3.57E-02 1.04E + 00 4.46E-04 1.55E-04 4.09E-04 1.60E-03 2.17E-03 2.10E-07
YG-7 1.40E + 00 1.92E-02 1.75E-02 1.44E + 00 6.30E-04 2.19E-04 4.31E-04 7.85E-04 1.43E-03 2.96E-07
YG-8 9.52E-01 1.71E-02 3.66E-02 1.01E + 00 4.29E-04 1.49E-04 3.84E-04 1.64E-03 2.18E-03 2.02E-07
YG-9 8.86E-01 4.86E-03 3.29E-02 9.23E-01 3.99E-04 1.38E-04 1.09E-04 1.47E-03 1.72E-03 1.87E-07
YG-10 1.23E + 00 7.90E-02 3.05E-01 1.61E + 00 5.53E-04 1.92E-04 1.77E-03 1.37E-02 1.57E-02 2.60E-07
YG-16 9.81E-01 3.60E-02 2.80E-02 1.04E + 00 4.41E-04 1.53E-04 8.08E-04 1.26E-03 2.22E-03 2.08E-07
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But,  F− concentration of one sample exceeded the limit 
(1.5 mg/l) value. The increase of F in this water sample may 
be related to the sandstones of the Göksöğüt formation. The 
content of the As ranged from 9.3–14.7 µg/l in July-2017 and 
1.9–6.9 µg/l in October-2019. For drinking water, the limit 
value of As is 10 µg/l at WHO (2017) standards. Arsenic 
content of groundwater is related to water–rock interaction 
and agricultural activities. The nitrate content of ground-
water samples varies between 0.73–41.3 mg/l in the study 
area. The nitrate contents of groundwater do not exceeded 
the tolerable limit value of WHO (2017) and TS266 (2005). 
But, groundwater in the Yalvaç–Gelendost basin is affected 
with anthropogenic factors.

In this study, health risk assessment has been made for 
the parameters of As, F and  NO3, which may have a negative 
health effect by evaluating the groundwater samples in terms 
of drinking water quality. The results for non-carcinogenic 
human health risks suggested that children are not non-car-
cinogenic risks associated with consumption of arsenic, fluo-
ride and nitrate contaminated water. But, carcinogenic risk 
of As through oral intake creates health risks for children.

Potential non-carcinogenic effect is likely to occur for 
three well water samples for adults according to results for 
non-carcinogenic human health risks. For adults,  HQdermal 
(hazard quotient by dermal absorption) of As,  NO3 and F 
parameters was all below unity, indicated that these metals 
posed little hazards via dermal absorption. However, all 
of the dermal route cancer risk values are above accept-
able values for adults in October-2019 and July-2017 sam-
ple groups and indicated that the ingestion of water with 
dermal exposure over a long life time could increase the 
probability of cancer. Arsenic is the main toxic element 
for human health in the study area. The arsenic content 
increased in the July 2017 samples in the study area. The 
increase of arsenic in the aquifer environment is associ-
ated with the use of pesticides in the study area. Due to 
the seasonal decreasing of the As, the negative effect of 
arsenic intake on health also decreases.
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