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Abstract
The investigation area includes the Emirdağ (Afyonkarahisar) basin and its vicinity located in the Upper Sakarya section of
Central Anatolia Region. Mesozoic aged recrystallized limestone and dolomites forming the basis of the investigation area,
Cretaceous ophiolites, Neogene aged pyroclastic rocks, and unconstructed terrestrial clastics are the dominant rocks. There are
many natural water springs in this region. Springs are the primary source for drinking and household needs. Besides, these
springs are used for agricultural irrigation, trout plant, etc. In this study, a total of 10 spring samples collected from the Emirdağ
basin and waters were evaluated for hydrochemical processes, drinking water chemistry, and irrigation water quality. Generally,
the yield of water springs which are discharged from volcanic rocks and limestones varies between 0.02 and 2.00 l/s. The pH,
temperatures, electrical conductivity, total dissolved solids, and redox potential are changed between 6.53 and 7.86, 11.50 and
17.80 °C, 251 and 790 μS/cm, 132 and 490 mg/l, and 204.10 and 262.30 mV, respectively. The major ion sequence of waters is
generally Ca2+ >Mg2+ > Na+ > K+ and HCO3

− > SO4
2− > Cl− > F− > PO4

3−. Ca2+, Mg2+, and HCO3
− are the dominant ions in the

groundwater of the study area. The hydrochemical facies of the majority of the study area spring samples are “CaMgHCO3” and
“CaMgSO4” types. The distribution of sample points in the Gibbs diagram suggests a rock dominance area. The Schoeller
drinkability diagram shows very good and good quality waters. The springs’ suitability for irrigation classification suggests that
more than 90% of the water sampling locations are suitable for irrigation. However, the water quality of Pınarbaşı spring is
different from the other springs due to the high electrical conductivity value (790 μS/cm). Also, the Wilcox and US Salinity
Laboratory diagrams show that groundwater samples are good for irrigation. As a result of the analysis of nitrogen compounds,
nitrate concentration in the Ağzıören (64.09mg/l) and Ufukpınar (62.01mg/l) springs only exceeds drinkingwater standards. It is
thought that the increase of nitrate in these springs is due to agricultural pollution. The values in the isotopic composition are
above the local and global meteoric water lines, probably indicating similarity in the mechanism of recharge, and the tritium level
shows recent groundwater contribution. The springs generally are represented as shallow and have fast circulation.

Keywords Emirdağ (Afyonkarahisar) basin .Water springs . Hydrochemistry . Stable isotopes

Introduction

In recent years, investigations have focused on natural springs
because spring waters are a significant resource and springs
can have the qualities suitable for all conditions like drinking,
usage, irrigation, and industrial purposes in many regions.
Therefore, it is much more vital to comprehensively

understand the controlling factors of springs’ chemistry and
its quality. For the past years, a number of researchers have
emphasized on the springs’ quality characteristics and its im-
pact on water chemistry and its suitability for various pur-
poses. Hydrochemical parameters are important to assess the
springs’ water quality. The quality of spring waters is influ-
enced by factors such as geogenic and anthropogenic. There
are many studies about spring waters in the literature (Ryan
and Meiman 1996; Prasad and Bose 2001; Ragno et al. 2007;
Michalik 2008; Ako et al. 2012; Shigut et al. 2017).
Especially, evaluations of the main geochemical processes
and the impact of anthropogenic and natural sources of con-
tamination on groundwater quality of the aquifer system used
for domestic and agricultural purposes were investigated in
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detail by Barbieri et al. (2017, 2019). A spring’s discharge
characteristics and water quality can be predicted from its
geological and hydrogeological settings. The hydrogeochem-
ical characteristics of groundwater reflect the source of the
main components, the type of water, its formative mechanism,
the water–rock interaction, and the environment of the
groundwater reservoir (Sun et al. 2014; Saxena and
Ahmed 2001; Taheri et al. 2017). The hydrochemistry of
spring waters provides information regarding water–rock in-
teraction along flow paths (Kanduč et al. 2012). Also, springs
can provide information about local and regional groundwater
hydrology (Larsen et al. 2001). Therefore, geogenic and an-
thropogenic factors are understood to be the principal cause
for the springs’ pollution. The physicochemical characteristics
of groundwater are also important to determine the effects of
natural processes (e.g., the dissolution of minerals, ion ex-
change, evaporation, and precipitation) and human activities
and enable the evaluation of its quality for agricultural irriga-
tion purposes (Jang et al. 2016; Iqbal et al. 2017; Mostaza-
Colado et al. 2018; Khalid 2019). The quality of irrigation
water can be assessed with various water quality indices that
are widely used worldwide. These include salinity hazard
(SH), sodium percentage (Na%), sodium adsorption ratio
(SAR), residual sodium carbonate (RSC), residual sodium
bicarbonate (RSBC), soluble sodium percentage (SSP), mag-
nesium ratio (MR), permeability index (PI), Kelley’s ratio
(KR), synthetic harmful coefficient (K), and irrigation coeffi-
cient (Ka) (Li et al. 2016; Tahmasebi et al. 2018; Verma et al.
2017; Abdulhussein 2018; Khalid 2019, Xu et al. 2019).

The Emirdağ basin has rich water supply. Springs are the
major water resource for drinking water and agricultural de-
velopment of the Emirdağ basin. Therefore, the aims of this
study were to investigate the origin of the spring waters and to
determine the suitability of spring water for drinking and irri-
gation, using major ions, hydrochemical processes, and envi-
ronmental isotopes, various criteria to Emirdağ basin.

Field site descriptions

The investigation area covers Emirdağ district and its vicinity
on the border of Central Anatolia and in the northeast of the
Aegean Region. The region is lies between 39° 1′ 33.7404″
latitude and 31° 9′ 12.4200″ longitude (Fig. 1). The annual
mean precipitation is 421 mm in Emirdağ. The least amount of
precipitation occurs in August and the mean in this month is
12mm. InMay, the precipitation reaches its peak, with a mean
of 56 mm. The difference in precipitation between the driest
month and the wettest month is 44 mm. The annual mean
temperature is 11.0 °C in the region. The temperatures are
highest onmean in July, at around 21.1 °C. At 0.3 °C onmean,
January is the coldest month of the year (https://tr.climate-
data.org/asya/tuerkiye/afyonkarahisar/emirdag-21371, Erişim
tarihi ve saati: 20 Sept 2019, 14:15). The average elevation of

the Emirdağ plain varies between 950 and 1100 m, which is
surrounded by Adaçal mountain (1259 m) in the northwest,
Karadağ in the west, and Sakardağ and Karaçal crystalline
limestone in the south (Ardel 1955). The area of the
Emirdağ district is 2000 km2, which forms a transition zone
between the Aegean and Central Anatolian Regions. The
Emirdağ plain extending in the direction of NW–SE consti-
tutes the Quaternary aged alluvium, which is the youngest unit
of the investigation area. The Emirdağ mountainous mass,
which is located to the south of the investigation area, is com-
posed of Mesozoic limestones and volcanic rocks (Canlı
2007). The Triassic crystallized limestones and dolomites,
which form the base of the investigation area, are called
“Emirdağ limestones” by Wirtz (1955). The geological, min-
eralogical, geochemical, and physical properties of the
Emirdağ limestones have been determined in many studies
(Türksoy 2010; Yılmaz et al. 2011; Yıldız et al. 2014).

The inadequate amount of groundwater and increasing of
groundwater depth gradually reduced the population in rural
areas of Emirdağ Province (Yakar 2009). The people of
Emirdağ district generally migrated abroad. However, the ma-
jority of the people come to Emirdağ in summer and increase
the population of the district. Therefore, the demand for agri-
cultural and domestic water use in the province is increasing in
summer. Springs in the region discharged from high eleva-
tions are mainly used for drinking, irrigation, and domestic
use. In this study, the hydrogeochemical properties of springs
have been examined. The results of research are of great im-
portance for the first time in the region.

Materials and methods

The 1/100,000 scale geology map covering Emirdağ district
and its vicinity has been revised in the direction of literature
studies within the scope of the study. The lithological units in
the investigation area are classified according to their aquifer
potential and are shown on the geological map.Water samples
were collected from 10 springs in wet seasons, 2018. Samples
were taken in 100 ml sterile polyethylene bottles with plastic
sealing cap, and high purity HCl (hydrochloric acid) was
added and acidified to pH < 2 (for cation analysis).
Sampling site geopositions were determined using a
Magellan Explorist 710 handheld GPS and sample locations
were processed on the geological map. The various physico-
chemical parameters such as pH, redox potential (Eh), dis-
charge temperature (T), electrical conductivity (EC), and total
dissolved solids (TDS) were measured in situ using potable
HACH HQ40D handheld device after calibration.

The groundwater samples were analyzed for various
hydrochemical parameters, such as calcium (Ca2+), magne-
sium (Mg2+), sodium (Na+), potassium (K+), chloride (Cl−),
sulfate (SO4

2−), bicarbonate (HCO3
2−), fluoride (F−),
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phosphate (PO4
3−), and nitrogen derivatives including nitrate

(NO3
−), nitrite (NO2

−), and ammonium (NH4
+) ions, and the

analyses were carried out at the Hacettepe University Water
Chemistry and Environmental Tritium Laboratories. The
chemical composition was determined using standard analyt-
ical methods (The American Public Health Association
(APHA), The American Water Works Association (AWWA),
and The Water Pollution Control Federation (WPCF)) with
the Standard Methods (APHA and WEF 2012) for the
Examination of Water and Waste Water test. Trace elements
(Al, As, B, Ba, Br, Cd, Cr, Cu, Fe, Hg, Mn, Ni, Pb, U, Sb, Se,
and Zn) were determined using the inductively coupled
plasma-mass spectrometer (ICP-MS) instrument at Canada
Bureau Veritas Mineral Laboratories (Acme Analytical
Laboratories). All of these results were evaluated in detail
and compared with the water quality guidelines of WHO
(2011) and TS-266 (2005).

Relations between physical–chemical parameters and con-
centrations of elements were determined by Spearman’s cor-
relation coefficient using the statistical software SPSS 15.0
(Statistical Package for the Social Sciences). For

identification, the chemical data of spring samples were plot-
ted and interpreted using Piper, Gibbs, Schoeller, Schoeller
drinkable, US Salinity Laboratory, and Wilcox diagrams.
Interpretation of the results of the hydrochemical analysis
was made with AquaChem software.

Stable isotope techniques were used to interpret recharge
mechanisms of the aquifer in the investigation area. Stable
isotope samples were taken in 1-l sterile polyethylene bottles.
Analyses for stable isotopes oxygen-18 (δ18O), deuterium
(δ2H), and radioactive isotopes of hydrogen (tritium-δ3H) in
water samples were carried out at the Ankara Technical
Research and Quality Control Department of Isotope
Laboratory and Director in the State Hydraulic Works
(SHW). δ18O and δ2H from isotopic compositions of the sam-
ples were determined using the International Atomic Energy
Agency IAEA-Equilibration method. Also, δ3H was deter-
mined using the IAEA-liquid siltation counting (LSC) tech-
nique. The isotope results are expressed with respect to the
global meteoric water line (GMWL). The analytical errors
were ± 0.1 and ± 1%, respectively. Tritium concentration
was identified using tritium unit (TU). The tritium units are

Fig. 1 Geological and hydrogeological map of the study area (revised from Umut 2008; Acarlar et al. 2009; Öcal et al. 2011)
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1 TU = 0.1183 Bq/l. The precision of measurements is ± 1 TU.
Measurement uncertainty in experimental results is calculated
at 95% CI (confidence interval; K = 2). The isotopic compo-
sitions of waters within the investigation area were compared
with the GMWL and Ankara meteoric water line (AMWL).

Results and discussion

Geological setting

In the investigation area, the Kütahya Bolkardağı Belt rocks
and ophiolites belonging to the Bozkır Union cover rocks are
located (Fig. 1). The basement of the investigation area is the
Mesozoic aged Loras formation consisting of limestone and
dolomites belonging to KütahyaBolkardağı Belt. The forma-
tion basin begins with Middle-Upper Triassic aged dolomite
and recrystallized limestones. The unit is continuing upwards
with Middle Triassic–Upper Jurassic aged, oolitic, algal lime-
stones and dolomites. The formation is ending with Jura-
Cretaceous aged recrystallized limestone and cherty recrystal-
lized limestones. Loras formation is transitional with Midos
formation which is composed of Upper Cretaceous aged pe-
lagic sediments. The formation consists of micritic limestone,
clayey limestone, mudstone, chert, and shale.

The Yunak ophiolite and Hatip ophiolitic rocks belonging
to the Bozkır Unit tectonically overlie the underlying
Mesozoic units. Upper Cretaceous aged Hatipophiolitic rock
consists of rocks containing neritic–pelagic limestone, marl,
sandstone–shale alternation, conglomerate, sericite–chlorite
schist, phyllite, volcanite, and ultramafic blocks. The Upper
Cretaceous Yunakophiolite, consisting of mafic and ultramaf-
ic rocks such as serpentinized peridotite, gabbro, and diabase,
settled as a nap on the region. It is tectonically contacted with
the Hatipophiolite complex.

The Lower Eocene aged Piribeyli formation consisting of
clayey limestone, cherty nodule, and nummulitic–micritic
limestones overlies ophiolitic rocks unconformably. The
Middle Miocene aged Gebeciler formation overlies on all
the lower units unconformably. The formation begins with
basal conglomerate, pebbly sandstone, marl, clayey lime-
stone, and limestone, followed by tuff-tuffite–marl, clayey
limestone, and limestone.

The Seydiler pyroclastic member of Köroğlu volcanics of
Middle Miocene ages is laterally and vertically transitional
with the Gebeciler formation. Pyroclastics of the Seydiler py-
roclastic member consist of shale, back-fall deposits, ignim-
brite, and block-ash flows. The lavas forming the Köroğlu
volcanics are defined as two members. One of them is the
Karakaya basalt member composed of basalt and trachybasalt,
and the other, Kocatepe lava member consisting of trachyte
and trachyandesite containing large crystals and abundant bi-
otite crystals.

Upper Miocene aged Gömü formation, consisting of rug-
ged rocks such as sandstones, claystones, and conglomerates,
unconformably overlies the volcanics. Upper Miocene aged,
Devriş formation consisting of marl, limestone, and
claystones and the Uruş formation composed of limestone,
marl, gypsum, sandstone, claystone, and conglomerate are
transitional with Gömü formation. The Pliocene aged
Bağlıca formation, consisting of conglomerate, sandstone,
and claystone, unconformably overlying Upper Miocene aged
units, is transitional with Kıran formation. The Kıran forma-
tion, where the dominant lithology is formed by pebbles, in-
cludes rugged rocks such as sandstone, claystone, siltstone,
and clayey limestone. The age range of the unit extends from
the Pliocene to the Lower Pleistocene.

Quaternary units formed by materials such as loose gravel,
clay, sand, and mud are distinguished in the investigation area
as old alluvial fan, old fluviatile deposits, slope debris, alluvial
fan, and alluvium (Özcan et al. 1990; Umut 2008; Acarlar
et al. 2009; Öcal et al. 2011).

Hydrogeological setting

The lithological units in the investigation area are classified
according to their hydrogeological properties. Alluvium is
consisting of loose clay, silt, sand, gravel, block-sized mate-
rials, and alternating combinations of these. Alluvium has a
wide spread in the plain which can be taken with significant
amounts of water from gravel and sand levels. Old alluvial
fan, old fluviatile deposits, slope debris, and alluvial fan are
intertwined with alluvium, which covered large areas in the
northern and southern parts of the plain, formed as “porous
aquifer” in the investigation area. Drinking and usage water in
the towns and villages are provided from drilling wells opened
in alluvium and springs.

The calcareous rocks (clayey limestone, nummulitic–
micritic limestones, limestone, and dolomite levels within
Piribeyli, Midos, and Loras formations) in the investigation
area have a permeable feature. The limestones, which are
melt-fractured, are “karstic aquifers.”

Gebeciler formation, Köroğlu volcanics, and members are
Neogene aged volcanic rocks. These rocks have wide spread-
ing in the investigation area and are semipermeable. Volcano-
sedimanter units are composed of tuff, tuffite, andesite, basalt,
trachyte, ignimbrite, etc., and lithologists do not allow move-
ment of groundwater because their pores are too low.
However, secondary porosity in the fractured and cracked part
of the unit is increased and groundwater movement occurs.
The Gömü, Devriş, Uruş, Kıran, and Bağlı formations become
permeable with medium-thick bedded sandstone, limestone
levels, and loose sand or carbonate cemented conglomerates.
These units, which have semipermeable characteristics, sym-
bolize the “aquitardmedium” in the investigation area because
of they contain impermeable levels such as marl, claystone,
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siltstone, and mudstone. Groundwater is taken from the sand-
stone and conglomerate levels of the Neogene units.
Groundwater level is 59.5 m in Dağınık village on Gömü
formation. Groundwater levels in the wells on the Uruş for-
mation are 46.3 m (Toklucak village) and 28.7 m (Yarıkkaya
village) (Canlı 2007).

Hatip ophiolitic complex consisting of neritic–pelagic
limestone, marl, sandstone–shale, conglomerate, sericite–
chlorite schist, phyllite, volcanite, and ultramafic blocks. The
neritic–pelagic limestone, conglomerate, and sandstone levels
may contain groundwater in the fracture and crack region. But
the sericite–chlorite schist and phyllite levels have imperme-
able characteristic. The complex contacted with limestones in
the northwest and south regions and spring discharges are
observed in these regions of the investigation area. So, Hatip
ophiolitic complex is interpreted as a low permeability medi-
um. Yunak ophiolite which is composed of the serpentinized
peridotite, gabbro, and dunite mafic and ultramafic rocks is
impermeable. Another impermeable unit is due to the marls
and schists it contains, and the unit is hydrogeologically im-
permeable and represents the “aquifuge medium” (Fig. 1).

Hydrology

The most important surface in the investigation area is
Sakarya River. Also, the river is Turkey’s third longest and
largest river in northwestern Anatolia. The length of the river
is 824 km and the width of the feeding basin is 53.800 km2.
The river is born as Bayat creek from the Bayat plateau in the
northern part of Afyonkarahisar. The highest water level in the
river, which has an irregular regime, is observed in the spring
season (TMMOB 2012). The wetland areas of the Sakarya
River, which has large water transport capacity, are entered
into force as “National Wetland Area” in 2009 by the
General Directorate of Nature Conservation and National
Parks of the Turkish Republic Ministry of Forestry and
Water Affairs (Meriç and Çağırankaya 2013).

There are many seasonal streams (Çayırlar, Çayönü,
Saman) along the Sakarya River in the investigation area.
There are two small dams within the investigation area. The
EmirdağYedikapı damwas constructed on the YedikapıRiver
with 2.58 hm3 of water storage capacity. This dam is used for
the drinking water requirement of Emirdağ Province (DSİ
2018). The Çıldırım dam is located in Hamzahacılı village
and constructed for irrigation.

Springs Springs are recharged from volcanics and limestones
in the investigation area. These springs are discharged from
high elevations and used for drinking water, irrigation, domes-
tic purposes. The springs are generally in the form of strata,
karstic, fault, and crack springs. The springs that are located in
the north and south of the investigation area are as follows
Emirdağ , Tezköy, Emirdede , Elmal ı , Ağz ıören ,

Aşağıpiribeyli, Karadağ, Uykucupınar, Ufukpınar, and
Pınarbaşı springs. The yields and discharged temperatures of
the springs are in the range of 0.02–2.00 l/s and 11.50–17.80
°C, respectively.

Hydrochemistry

A total of 10 different water samples were collected to deter-
mine the hydrogeochemical and quality properties of the
springs in the investigation area.Water samples were analyzed
for multiple chemical constituents’ major ions, nitrogens,
trace elements, and stable isotopes. The samples taken from
the springs were found in Emirdağ (1), Tezköy (2), Emirdede
(3), Elmalı (4), Ağzıören (5), Aşağıpiribeyli (6), Karadağ (7),
Uykucupınar (8), Ufukpınar (9), and Pınarbaşı (10).

Physicochemical parameters

Physicochemical parameters such as hydrogen ion concentra-
tion (pH), discharge temperature (T, °C), EC (μS/cm), TDS
(mg/l), dissolved oxygen (DO, mg/l), and redox potential (Eh)
are measured in situ. pH is one of the most important param-
eters in water chemistry. The pH values of the samples were
between 6.53 and 7.86 and all pH values are within the per-
missible limits (6.5 ≤ pH ≥ 9.5) of WHO (2011) and TS-266
(2005) for drinking water. The water samples are “basic char-
acter”waters in the study area. The temperature and EC values
of these springs are between 11.50 and 17.80 °C and between
251 and 790 μS/cm. The maximum permissible limit of elec-
trical conductivity as per TS-266 (2005) is 650–2500 μS/cm.
The total dissolved solid values were between 132 and 490
mg/l and within the permissible level of TDS for drinking
water of 600–1000 mg/l−1 for WHO (2011). The redox poten-
tial and salinity values measured 204.10–262.30 mV and
0.03–0.2‰, respectively. The hardness of the springs is deter-
mined as 4.00–53.47 Fr (Table 1).

Hydrogeochemical facies

According to the chemical analysis results, the major cation
and anion sequence of spring waters is Ca2+ > Mg2+ > Na+ >
K+ and HCO3

− > SO4
2− > Cl− > F > PO4

3−. The dominant ions
are Ca2+, Mg2+, and HCO3

- due to water–rock interaction.
Limestones units (Loras, Midos, and Piribeyli formations)
are dominant in the investigation area. These springs are
interacting with limestones. The chemical analysis values of
spring waters are in compliance with the drinking water
standard.

Fluoride concentration values of the spring waters range
from 0.02 to 1.49 mg/l. Fluoride mainly occurs in groundwa-
ter as a natural constituent. The Ağzıören spring sample
showed fluoride concentration (1.49 mg/l) exceeding the
WHO (2011) guideline limit (1.5 mg/l) for drinking water.
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Fluoride-rich minerals are most abundant in almost all rocks
(Saxena and Ahmed 2001). The geological formation of this
region (Davulga village) is mainly conglomerate, sandstone,
marl, and limestone, followed by tuff-tuffite–marl, and cov-
ered clayey limestone.

Hydrochemical facies evaluations define the complex
hydrochemical processes in the subsurface (Kumar 2013).
Hydrogeochemical facies evaluates geochemical classifica-
tion of waters and interpretation of chemical data. To
determine hydrogeochemical facies, Piper (1944) trilinear
and semilogarithmic Schoeller (1962) diagrams were used,
and Gibbs (1970) plots were also evaluated for understanding
the dominant factors in the spring waters. According to the
Piper diagram, the springs are generally “CaMgHCO3”-type
waters, but the Emirdağ spring water is of the “CaMgSO4”
type (Fig. 2). The semilogarithmic Schoeller (1962) diagram
indicated that spring waters except for the Emirdağ spring
have similar lithologic origin and the same recharge area
(Fig. 3). According to the diagram, the spring waters are gen-
erally Ca2+ and HCO3

− ion-rich waters.
Gibbs plot (Fig. 4) is used to know the association of

groundwater composition with the aquifer lithology and rep-
resent the source of chemical constituents in groundwater such
as precipitation, rock, and evaporation dominance (Gibbs
1970). The ratios for cations and anions, i.e., Na/(Na + Ca)
and Cl/(Cl + HCO3), and of the groundwater samples when
plotted against relative values of TDS showed the “water–rock
interaction zone” dominance process in the spring samples.
The geological formations, water–rock interaction, and rela-
tive mobility of ions influenced the geochemistry of ground-
water (Yousef et al. 2009). The hydrochemical facies of the
spring waters in the investigation area is controlled by rock–
water interaction.

Hydrogeochemical process

The hydrochemical processes can be explained with ion ex-
change, mineralization, weathering, and dissolution. Results
from the chemical analyses were used to identify the hydro-
geochemical processes. The chemical composition of water,
ion exchange, mineralization, weathering, and dissolution
can be explained by the hydrochemical processes. Also,
the plotted X–Y coordinate defines the geochemical vari-
ations of groundwater (Güler et al. 2002). Results of the
chemical analyses in water were used to identify hydro-
geochemical processes.

Ion exchange

The ion exchange can be determined with chloroalkaline in-
dices to groundwaters. Chloroalkaline indices I and II (CAI-I
and CAI-II) are calculated from the following Eqs. (1) and (2):T
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CAI−I ¼ Cl− Naþ Kð Þ½ �=Cl ð1Þ
CAI−II ¼ Cl− Naþ Kð Þ½ �= SO4 þ HCO3 þ CO3 þ NO3ð Þ ð2Þ

(All values are expressed in meq/l).
When there is an exchange between Na+ or K+ with Mg2+

or Ca2+ in the groundwater, both the above indices will be
positive, and if there is a reverse ion exchange prevalent, then
both these indices will be negative (Schoeller 1965). In spring
waters, CAI-I values range from − 10.69 to − 0.53, while CAI-
II values range from − 0.22 to 0.02 (Table 1, Fig. 5a). All the
computed values of CAI were negative and there is a reverse
ion exchange, thus indicating exchange of Mg2+ and Ca2+ of
the water with Na+ and K+ of the rocks.

Carbonate weathering

The concentrations of Ca2+ andMg2+ ions range from 11.43 to
148.32 mg/l and from 2.80 to 41.78 mg/l, respectively. The
concentrations of SO4

2− and HCO3
− range from 2.89 to

152.23 mg/l and from 18.30 to 488.00 mg/l, respectively.
Mg2+ and Ca2+ were the dominant cations present in the
spring waters in the investigation area. Similarly, HCO3

−

was also present in significant amounts. This situation is most-
ly due to weathering of calcium and bicarbonate minerals and
leaching of limestones.

Figure 5 shows the scatter plots of (Ca2+ + Mg2+) versus
(HCO3

− + SO4
2−) indicating that 60% of the samples lie above

the equiline of 1:1 and that there is a very strong correlation R2

= 0.98 (Ca2+ + Mg2+ = 1.0069 × SO4
2− + HCO3

− + 0.1795),
thus indicating carbonate weathering except for the E-1, E-2,
E-4, and E-10 samples (Fig. 5b). In the scatter plots, the ionic
concentrations falling above the equiline result from carbonate

Fig. 2 Piper diagram

Fig. 3 Semilogarithmic Schoeller diagram
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weathering (Dehnavi et al. 2011). Carbonate weathering results
from the action of rainwater impregnated with CO2 and be-
comes rich in carbonic acid (Nayak and Sahood 2011).
Carbonic acid influences the dissolution of carbonate minerals
(calcite and dolomite) in the aquifer system (Nur et al. 2012).
The Midos, Loras, and Piribeyli formations are the major
sources of carbonate in the investigation area. Carbonate min-
erals are dissolved when the waters contact with calcium and
carbonate-richminerals in karstic units of the investigation area.

The chemical data of the groundwater samples is plot-
ted for the Ca2+ + Mg2+ versus HCO3

− + CO2
3− diagram

(Fig. 5c). The data fall below the equiline 1:1, which
suggests that an excess of alkalinity in the water has been
balanced by alkalis (Na+ + K+).

The dissolution of calcite and dolomite in the aquifer
was shown with the plot of Ca/Mg ratio of groundwater.
That is, if the ratio Ca/Mg = 1, dissolution of dolomite
should occur, whereas a higher ratio is indicative of
greater calcite contribution (Maya and Loucks 1995).
Higher Ca/Mg ratio > 2 indicates the dissolution of sil-
icate minerals, which contribute calcium and magnesium
to groundwater. It can be seen from Fig. 5 d that the
spring water samples in the investigation area were
found to have values greater than 2 (Table 1), indicating
the effect of silicate minerals.

Silicate weathering

Silicate weathering can be estimated according to the ratio
between (Na+ + K+) and total cations (TC+). The relationship
in the investigation area indicates that all of the samples are
plotted above the Na+ + K+ = 0.5 TC+ line (Fig. 5e), which
reflects the involvement of silicate weathering in the geo-
chemical processes, contributing mainly sodium and potassi-
um ions to groundwater (Stallard and Edmond 1983).

A further plot of Ca2+ + Mg2+ versus total cations (TC+) in
spring water samples is shown in Fig. 5 f which resulted in a
linear spread between Ca2+ + Mg2+ = 0.5 TC+ line and Ca2+ +
Mg2+ = TC+, indicating that the increase in Ca2+ + Mg2+ ions
results from the weathering of silicate minerals. The dominant
hydrochemical facies of springs was CaMgHCO3, reflecting
the influence of silicate weathering. The increased contribu-
tion of alkalis to the major ions is caused by silicate
weathering (Rao 2008).

Correlation analysis

Correlation matrix has been effectively and extensively
employed in understanding relationships among constituent
parameters in groundwater (Omonona et al. 2013; Onwuka
and Omonona 2017; Tiwari et al. 2017; Amano et al. 2018).

Fig. 4 Gibbs diagram
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Various methods in correlation analysis are used to identify
the relation between hydrochemical variables. Correlation co-
efficient p < 0.05 of variables is a significant level. A good
relationship between two variables has high correlation coef-
ficient (near 1 or 1); if there is no relationship, the value is 0.
The relationships between various elements were carried out
using Spearman’s correlation analysis (Table 2). A strong pos-
itive and significant Spearman’s correlation coefficient (p <
0.01) was found between most physical parameters and major
elements.

Various indices were calculated for determining the irriga-
tion water quality for parameters such as EC, TDS, total hard-
ness (TH), Na%, SAR, SH, RSC, RSBC, PI, potential salinity
(PS), SSP,MR, KR, synthetic harmful coefficient (K), and Ka.
The springs are classified according to the irrigation water

criteria. Also, chloroalkaline indices (CAI-I and CAI-II) were
calculated.

EC was related to K+ and HCO3
− ions with correlation

coefficients of 0.588 and 0.515, respectively. The moderate
correlations reflected significant contributions of these ions
to groundwater mineralization. There was relation between
temperature and K+ (r = 0.511). There was a strong correlation
between pH and SO4

2− (r = 0.927) and pH and HCO3
− (r =

0.709). TDS was related to chloride and arsenic with correla-
tion coefficients of 0.539 and 0.644, respectively, and this
significant correlation depends on anthropogenic pollution
sources. The results are shown in Table 2. There is a strong
positive correlation with cations (Na+, Ca2+, Mg2+, K+) and
anions (Cl−, SO4

2−, HCO3
−), which indicates that they may be

derived from rock–water interaction processes and ionic
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exchange. Na+ exhibited a strong correlation with K+ (r =
0.661), Mg2+ (r = 0.964), Cl− (r = 0.673), and SO4

2− (r =
0.600) and a moderate correlation with Ca2+ (r = 0.552),
HCO3

− (r = 0.564), and NO3
− (r = 0.552). Groundwater from

basalt aquifers displays positive correlations between major
cations (Na+, Ca2+, and Mg2+) and alkalinity (HCO3

−)
(Kortatsi 2006). The basaltic volcanic rocks in the springs
and in the vicinity of the investigation area are very wide-
spread. K+ was strongly correlated with Mg2+ and SO4

2− with
correlation coefficients of 0.648 and 0.818. Mg2+ was related
to the ions (Ca2+, Cl−, SO4

2−, and HCO3,) and As with strong
correlation coefficients of 0.661, 0.661, 0.600, 0.685, and
0.809, respectively. There was a strong correlation between
Ca2+ and anions (Cl−, HCO3

−) (r = 0.709, r = 0.964). Cl− and
HCO3

− have a strong correlation (r = 0.758). There was a
positive and significant correlation between NO3

−, As, Na+,
and Cl−. Nitrate was related to arsenic with correlation coeffi-
cients of r = 0.590, and the significant correlation originates
from the water–rock interaction and anthropogenic pollution.
NO3

−–Na+ ratio ≥ 0.5 was observed to have a positive corre-
lation (r = 0.552) and NO3

−–Cl− was observed to have a very
strong correlation (r = 0.697) in samples with NO3

− levels
above 50 mg/l, indicating likely from on-site and agricultural
sources. Nitrate concentrations of the Ağzıören (64.09 mg/l)
and Ufukpınar (62.01 mg/l) springs were determined to be
above the drinking limit value due to agricultural sources.
The high correlation between As–TDS (r = 0.644), As–Na+

(r = 0.705), As–Mg2+ (r = 0.809), As–Ca2+ (r = 0.632), As–
Cl− (r = 0.778), As–HCO3

− (r = 0.723), and As–NO3
− (r =

0.590) are attributed to rock–water interaction processes.
Pınarbaşı spring arsenic concentration (15.8 mg/l) may exceed
the drinking water limit value from rock–water interaction.

Drinkability of the springs

The major cation–anion concentrations (Ca+, Mg+, Na+, K+)
in the spring waters are below theWHO (2011) standards. The
Schoeller diagram was used to determine the drinkability of
the spring waters in the investigation area. According to the
diagram, Tezköy, Aşağıpiribeyli, Uykucupınar, and Pınarbaşı
spring waters are in the class of “good quality” and the other
spring waters have “very good quality waters” (Fig. 6). In
addition, the physical properties and major ions of all
samples were within the WHO (2011) and TS-266 (2005)
permissible limits for drinking water.

Irrigation usability of springs

To know the suitability of groundwater quality for irrigation is
very essential and useful for Emirdağ region because the peo-
ple in the region are provided livelihood through agricultural
activities. The springs in the region have been evaluated in
detail in terms of irrigation water quality. Especially, the US
Salinity Laboratory (USSL) and Wilcox diagrams were im-
plemented, and these methods were used to determine EC,
TDS, TH, Na%, SAR, salinity hazard (SH), RSC, RSBC,
PI, PS, SSP, MR, KR, K, and Ka. The data obtained was
evaluated according to the irrigation classifications in
Table 3, and spring waters are suitable for irrigation in the
Emirdağ region.

The US Salinity Laboratory (Richards 1969) and Wilcox
(1955) diagrams were used to determine the availability of
spring waters for irrigation purposes in agricultural areas.
According to the US Salinity Laboratory diagram, generally,
spring waters are in the class of “C2S1,” i.e., medium salinity

Table 2 Spearman correlation coefficients of variables taken for spring waters

T EC pH TDS Na+ K+ Mg2+ Ca2+ Cl− SO4
2− HCO3

− NO3
− Al As

T 1.000

EC 0.249 1.000

pH − 0.553 − 0.442 1.000

TDS − 0.176 0.455 − 0.018 1.000

Na+ 0.316 0.224 − 0.455 0.406 1.000

K+ 0.480 0.588* − 0.927* 0.285 0.661* 1.000

Mg2+ 0.377 0.370 − 0.418 0.430 0.964* 0.648* 1.000

Ca2+ 0.182 0.406 − 0.103 0.467 0.552* 0.297 0.661* 1.000

Cl− − 0.024 0.115 0.030 0.539* 0.673* 0.139 0.661* 0.709* 1.000

SO4
2- 0.511* 0.333 − 0.709* 0.394 0.600* 0.818* 0.600* 0.309 0.152 1.000

HCO3
− 0.195 0.515* − 0.079 0.455 0.564* 0.285 0.685* 0.964* 0.758* 0.224 1.000

NO3
− − 0.517 0.006 0.224 0.430 0.552* − 0.006 0.527 0.430 0.697* − 0.152 0.467 1.000

Al 0.260 − 0.075 − 0.331 − 0.450 − 0.256 0.175 − 0.338 − 0.838 − 0.732 0.100 − 0.788 − 0.607 1.000

As 0.171 0.462 − 0.079 0.644* 0.705* 0.322 0.809* 0.632* 0.778* 0.340 0.723* 0.590* − 0.508 1.000

*Correlation is significant at the p < 0.01 level
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Fig. 6 Schoeller diagram
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waters with low sodium. But, Emirdağ spring water has low
salinity with water having low sodium “C1S1” and Pınarbaşı
spring water is “C3S1,” i.e., high salinity with low sodium
water, and occasional soil washing measures should be taken
to prevent salting and salt-sensitive plants should not be
grown (Fig. 7). In the Wilcox diagram, all spring waters are
“very well-usable” in the investigation area (Fig. 8).

The EC values of springs range from 240 to 790 μS/cm
(Table 1). Also, according to EC, 90% of the spring samples
are suitable for irrigation. Springs are “good and excellent”
based on electrical conductivity classification by Richard
(1984) and Raghunath (1987) except one sample (Table 3).
Pınarbaşı spring is “doubtful” due to its EC value of 790
μS/cm (EC > 750 μS/cm). The TDS values in the study area
vary from 90 to 132 mg/l (Table 1). Also, according to TDS

classification, 100% of the springs are suitable for irrigation.
Spring water samples falls under “freshwater” (TDS < 1.000
mg/l) types of water (Catroll 1962; Freeze and Cherry 1979;
Table 3). The average total hardness (as CaCO3) of the springs
in the study area ranges from 40.02 to 534.68 mg/l (Table 1).
Emirdağ, Tezköy, Elmalı, and Dedeköy spring samples were
“soft” and suitable for irrigation. Ağzıören, Karadağ, and
Ufukpınar spring samples were “hard,” and Aşağıpiribeyli,
Uykucupınar, and Pınarbaşı spring samples were determined
to be “very hard” according to Sawyer andMcMcartly (1967).
The springs exceeding the limit of 300 mg/l were unsuitable
for irrigation. The Na% values range from 2.63 to 25.43%
(Table 1). According to Na% classification, springs are “good
and excellent” (Table 3). Also, according to the related per-
centage sodium and total concentration (Wilcox 1955), the

Fig. 7 US Salinity Laboratoy
diagram
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spring samples are “very well-usable” and the springs are
suitable for irrigation. The SAR values range from 0.05 to
0.55 meq/l in the spring samples (Table 1). According to the
SAR classification (Richards 1954; Todd 1980; Karanth 1987;
Saleh et al. 1999), spring waters in the study area were deter-
mined “excellent” because its SAR values are < 10 meq/l.
Also, according to the salinity hazard classification (Richard
1954), spring waters are “good and excellent” except
Pınarbaşı spring quality due to electrical conductivity value
of 790 μS/cm (Table 3). The RSC values are from − 2.69 to
0.10 (Table 1). Spring samples are “good” (Eaton 1950;
Richards 1954; Raghunath 1987; Table 3). The RSBC values
of the spring samples from the study area vary from − 0.71 to
0.74 meq/l (Table 1). As per the classification of Gupta (1983)
and Gupta and Gupta (1987), all spring samples are “satisfac-
tory” (< 5 meq/L) for irrigation (Table 3). The PI values range

between 36.12 and 97.29 meq/l (Table 1). The resulting spring
samples are class I and class II according to Doneen (1964)
and samples can be categorized as “good and excellent”
(Doneen 1964; Domenico and Schwartz 1990, Table 3). The
PS of the water samples varied from − 0.88 to 0.11 meq/l
(Table 1). As per Doneen (1962), the classification of all
spring samples is “excellent to good” (< 5 meq/l) for irrigation
(Table 3). The SSP values range from 2.57 to 25.99 meq/l
(Table 1) and spring samples are “excellent to good” for irri-
gation water (Table 3). The MR was found in the range from
4.71 to 37.40 meq/l (Table 1) in the spring samples, and these
spring waters are “suitable” due to MR < 50 meq/l for irriga-
tion in the study area (Table 3). The KRwas found in the range
from 0.03 to 0.28meq/l in spring samples (Table 1). All spring
waters are “suitable” for KR < 1 meq/l for irrigation in the
investigation area (Table 3). Synthetic harmful coefficient

Fig. 8 Wilcox diagram
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Table 3 Irrigation water classifications of the springs

PARAMETER SYMBOL UNIT REFERENCES FORMULA RANGES WATER CLASS SAMPLE NO

Electrical
Conductivity

EC μS/cm Richard 1954
Raghunath 1987

<250 Excellent 9

250-750 Good 1,2,3,4,5,6,7,8

750-2000 Permissible 10

2000-3000 Doubtful

>3000 Unsuitable

Total Dissolved
Solids

TDS mg/L Catroll 1962
Freeze and
Cherry 1979

TDS=0.64xEC <1.000 Fresh water 1,2,3,4,5,6,7,8,9,10

1.000-10.000 Brackish water

10.000-100.000 Saline water

>100.000 Brine water

Total Hardness TH mg/L
CaCO3

Sawyer and
McMcartl-
y1967

TH=(Ca2++Mg2+)meq/Lx50 <75 Soft 1,2,3,4

75-150 Moderately hard

150-300 Hard 5,7,9

>300 Very hard 6,8,10

Percentage
Sodium

Na% meq/L Wilcox 1955 Na%={(Na++
K+)x100}/(Ca2++Mg2++

Na++K+)

0-20 Excellent 1

20-40 Good 2,3,4,5,6,7,8,9,10

40-60 Permissible

60-80 Doubtful

>80 Unsuitable

Sodium
Adsorption
Ratio

SAR meq/L Todd 1980
Richards 1954
Saleh et al. 1999

SAR=Na+/{(Ca2++Mg2+)/2} <10 Excellent S1 1,2,3,4,5,6,7,8,9,10

10-18 Good S2

19-26 Doubtful S3

>26 Unsuitable S4-S5

Salinity
Hazard

SH Richards 1954 100-250 (EC) Excellent C1 1

250-750 Good C2 2,3,4,5,6,7,8,9

750-2250 Doubtful C3 10

>2250 Unsuitable C4-C5

Residual
Sodium
Carbonate

RSC meq/L Eaton 1950
Richards 1954
Raghunath

1987

RSC=(HCO3
-+CO3

2-)-(Ca2++
Mg2+)

<1.25 Good 1,2,3,4,5,6,7,8,9,10

1.25-2.5 Doubtful

>2.5 Unsuitable

Residual
Sodium
Bicarbonate

RSBC meq/L Gupta 1983 RSBC=(HCO3
--Ca2+) <5 Satisfactory 1,2,3,4,5,6,7,8,9,10

5-10 Marginal

>10 Unsatisfactory

Permeability
Index

PI meq/L Raghunath
1987

PI={(Na++√HCO3
-)x100}/

(Na++Ca2++Mg2+)
>75% Excellent Class I 2,3,4

75% - 25% Good Class
II

1,5,6,7,8,9,10

<25% Unsuitable Class
III

Potential
Salinity

PS meq/L Doneen 1962 PS=(Cl-)-(½SO4
2-) <5 Excellent to good 1,2,3,4,5,6,7,8,9,10

5-10 Good to injurious

>10 Injurious to
satisfactory

Soluble
Sodium
Percentage

SSP meq/L Todd 1960 SSP={(Na+)/(Ca2++Mg2++
K+)}x100

0-20 Excellent 2,3,4,5,6,7,8,9,10

20-40 Good 1

40-60 Permissible

60-80 Doubtful

80-100 Unsuitable

Magnesium
Ratio

MR meq/L Raghunath
1987

MR=(Mg2+x100)/(Ca2++
Mg2+)

<50 Suitable 1,2,3,4,5,6,7,8,9,10

>50 Unsuitable

Kelly’s Ratio KR meq/L Kelly 1963 KR={(Na+)/(Ca2++Mg2+)} <1 Suitable 1,2,3,4,5,6,7,8,9,10

1-2 Marginal suitable
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(K) can comprehensively reflect the salt and alkali hazards. K
values of the spring samples ranged from 1.64 to 6.08 meq/l
(Table 1). The samples were classified as “excellent” (Xu et al.
2019) and the waters are suitable for irrigation (Table 3).
Irrigation coefficient (Ka) can be determined depending on
the Na+, Cl−, and SO4

2− ions in the water. Ka values ranged
from 65.17 to 895.55 meq/l, and according to the Ka classifi-
cation (Xu et al. 2019), the average level was “excellent” for
the spring samples (Table 1 and Table 3). All methods and
formulas required for irrigation classification are presented in
detail in Table 3.

Water pollution in the springs

The livelihood of the people in the investigation area is agri-
culture. The analysis results of nitrogen compounds (NO3

−,
NO2

−, and NH4
+) were evaluated in order to determine their

effect on spring waters of substances like pesticides, fertil-
izers, etc. used in agriculture. In addition, analyses of trace

elements (Al, As, B, Ba, Br, Cd, Cr, Cu, Fe, Hg, Li, Mn, Ni,
Pb, U, Sb, Se, and Zn) were also evaluated (Table 1).

Nitrogen compounds The nitrate, nitrite, and ammonium con-
centration changes in the investigation area are 2.74–10.76, 0–
0, and 0.03–0.47 mg/l, respectively (Table 1). Nitrite and am-
monium concentrations of waters were within the recom-
mended values for drinking water (WHO 2011). However,
the concentration of nitrate in the Ağzıören (64.09 mg/l) and
Ufukpınar (62.01 mg/l) springs exceeds the drinking water
standard limit (50 mg/l). Nitrate originates from both natural
and anthropogenic sources. Nitrogen comprises 78% of the
earth’s atmosphere, and the cycling of nitrogen in the ecosys-
tem is affected by both biotic and abiotic processes (Bouchard
et al. 1992). The nitrates are mainly attributed from domestic
waste, animal wastages, nitrogen-rich fertilizers, etc. (Wagh
et al. 2019a, b). Especially, high levels of nitrate in ground-
water are usually the result of improper disposal of human
wastes, especially by septic tanks, industrial and food process-
ing operations, and silvicultural or agricultural activities.

Fig. 9 Plot of δ2H and δ18O for spring waters

Table 3 (continued)

PARAMETER SYMBOL UNIT REFERENCES FORMULA RANGES WATER CLASS SAMPLE NO

>2 Unsuitable

Synthetic
harmful
coefficient

K meq/L Xu et al. 2019 K=12.4M+SAR
M=where M represents the

total dissolved solids (in
g/L)

K<25 Excellent 1,2,3,4,5,6,7,8,9,10

25<K<36 Good

36<K<44 Injurious

K>44 Unsuitable

Irrigation
coefficient

Ka meq/L Xu et al. 2019 Ka=288/(5Cl-) if Na+<Cl-288/
(Na++4Cl-) if

Cl-<Na+<Cl-+2SO4
2−288/

(10Na+−5Cl-−9SO4
2-) if

Na+>Cl-+2SO4
2−

>18 Excellent 1,2,3,4,5,6,7,8,9,10

6-18 Good

1.2-6 Doubtful

>1.2 Unsuitable
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Nitrate also occurs naturally in geological deposits of nitrate
salts as sodium nitrate; some of these deposits were an impor-
tant source of fertilizer prior to the emergence of synthetic
nitrogen fertilizer (Barbieri et al. 2019). Also, nitrate is a
source for plants and is commonly used as a fertilizer
(Fedkiw 1991). Ağzıören (64.09 mg/l) and Ufukpınar (62.01

mg/l) spring samples were collected in an area with agricul-
tural activities, so the nitrate concentrations could be related to
contamination by excessive use of fertilizers in the field, there-
by causing health problems. Nitrate is one of the main ground-
water pollutants; high nitrate concentrations in groundwater
can cause public health risks and environmental pollution that

Fig. 11 d-Excess (‰) versus Cl−

(mg/l), EC (μS/cm), and δ18O in
relation to spring waters

Fig. 10 Tritium versus oxygen-
18 isotope values of spring waters
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have already become a common problem in many parts of the
world. The threat from nitrate depends on its scales, which can
take on chronic or acute forms (Sousa et al. 2014). The con-
sumption of nitrate-rich water leads to methemoglobinemia
and affects oxygen circulation in the blood. Also, it causes
the blue-baby syndrome in infants as well as hypertension
and stomach cancer (Comly 1945).

Trace elements Generally, trace element concentration values
except for aluminum and arsenic do not exceed these limit
values of the drinking water standards of WHO (2011) and
TS-266 (2005). According to TS-266 (2005) and U.S. EPA
(2012) drinking water standards, the maximum allowable
limits of aluminum is 200 μg/l. Al contents determined in
the investigation area range from > 1 to 438 μg/l. The highest
Al content was determined at Emirdağ spring (438 μg/l)
discharged from volcanic rocks near Emirdağ district.
Feldspar, kaolin, and mica minerals in volcanic units are
caused by Al concentration increase of groundwater due to
rock–water interaction (Erikson et al. 1981).

Arsenic concentrations measured in the study area
range from 1.9 to 15.8 μg/l. The permissible limit from
the TS-266 (2005) and WHO (2011) drinking water
standards for maximum arsenic concentrations in
groundwater is 10 μg/l. Arsenic concentration (15.8
μ/l) at the Pınarbaşı spring exceeds the drinking water
standards limits of WHO (2011) and TS-266 (2005).
Sediments derived from volcanic rocks generally have
higher arsenic concentrations (Saldivar and Soto 2009).
The dominant source of arsenic in the spring from the
study area is related to the geological setting. Miocene
aged Köroğlu volcanic rocks outcrop in a wide area of
the region. The Pınarbaşı spring is discharged from the
Köroğlu volcanic rocks. The arsenic concentration in-
crease can be ascribed to the water–rock interaction
with the volcanic rocks. The increase in arsenic concen-
tration in drinking water is dangerous to human health.
The water demand for drinking and agricultural pur-
poses by the people living in the villages in the study
area is not taken from the rocks.

Isotopic characteristics in the springs

The environmental isotopes of oxygen-18 (δ18O), tritium
(δ3H), and deuterium (δ2H) are excellent tracers for determin-
ing the origin of groundwater. δ2H, δ18O, and δ3H analyses of
spring waters from the Emirdağ basin field are presented in
Table 1. The values for δ18O and δ2H of spring waters range
from − 8.91 to − 11.56‰ and − 68.75 to − 74.32‰, respec-
tively (Table 1). The origins and recharge conditions of waters
were determined using the δ18O–δ2H diagram. The relation-
ship between the δ18O and δ2H values is plotted in Fig. 9. In
this diagram, the following equations are defined:

– The global meteoric water line (GMWL) (Craig 1961)

δ2H ¼ 8δ18Oþ 10
� � ð3Þ

– The Ankara meteoric water line (AMWL) (IAEA/WMO
2004)

δ2H ¼ 8δ18Oþ 11:42
� � ð4Þ

The isotopic compositions of waters within the inves-
tigation area were compared with the GMWL and
AMWL. The values plotted close to the GMWL were
with d-excess value of 10% and the AMWL with d-
excess value of 11.42‰. Water samples from the region
were collected near the end of winter. The oxygen-18
and deuterium data from the Ağzıören spring in the
study area suggest that there is evaporative enrichment
of the stable isotopes (Fig. 3). The relation between
oxygen-18 and deuterium values for the other spring
sampling sites with the global meteoric water line and
local meteoric water line (LMWL) shows that the sam-
ples fall above the GMWL and AMWL and close to
winter precipitation. This indicates the winter precipita-
tion (snow melt) as the predominant source of spring
waters. If the aquifer has the same recharge area and
mechanism or recharged with the same type of precipi-
tation, the samples of this aquifer are located close to
each other on the diagram. The samples collected in
winter are more depleted in heavy isotopes. Low-
surface temperatures inhibit isotope enrichment by the
amount of effect during these months. The samples
show the most negative values in the diagram
(Fernández-Chacón et al. 2010).

Tritium in groundwater

Tritium is produced in the upper atmosphere. Relative resi-
dence time of groundwater was estimated based on the con-
centration of tritium (Clark and Fritz 1997). The 3H < 1 TU in
waters indicates that they entered their present environment of
residence before 1953 (Mazor 1991; Güleç and Mutlu 2002).
The tritium concentrations in the spring water samples range
from 0.96 to 5.04 TU (Table 1). The bivariate plot of δ18O
versus 3H can be used for estimation of residence time of
spring waters in the investigation area (Fig. 10).Waters having
3H < 1 TU have residence time older than 1953 (Clark and
Fritz 1997), while values > 1 TU are regarded as submodern
waters. According to Fig. 10, the Pınar spring sample shows
values < 1 TU and the spring water has “old waters.”
According to Fig. 10, other samples have values of > 1 TU
and lie in the “submodern waters” field. Ravikumar and
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Somashekar (2011) and Alçiçek et al. (2016) stated that triti-
um values varying from 1 to 8 TU are interpreted as an ad-
mixture of recent water with old groundwater and groundwa-
ter having been subjected to radioactive decay.

Tritium–chloride relationship is a method used for separat-
ing shallow and deep circulating waters (Çelmen and Çelik
2009; Bozdağ 2016). A plot of Cl− versus 3H in spring water
samples is shown Fig. 11. The isotopic and geochemical anal-
yses show that many of the spring waters consist predomi-
nantly of precipitation and springs generally are represented
as shallow and have fast circulation. The Pınarbaşı spring has
the lowest tritium (0.96 TU) value and shows deep and slow
circulation and longer residence time (Fig. 11). The spring has
an indication of surficial waters.

The deuterium excess

The origin of recharge of the groundwater is determinedwith the
value of the deuterium excess (d-excess). Regionally, d-excess
values vary due to differences in meteorological conditions. The
d-excess values are defined by Eq. (5) (Dansgaard 1964):

d−excess ¼ δ2H−8δ18O ð5Þ

The d-excess values for the spring water samples in the
investigation area ranged from 2.53 to 17.22‰, again
reflecting inheritance from precipitation (Table 1). Higher d-
excess was observed at Emirdede spring. Groundwater affect-
ed by evaporation represents higher value of δ18O and lower d-
excess values. So, during the process of evaporation, the resid-
ual water is enriched in heavier isotopes (Gupta andDeshpande
2005). Lower d-excess values (< 10‰) may be indicative of
secondary evaporation of the locally formed clouds (Araguas-
Araguas et al. 2000; Peng et al. 2007). Higher d-excess values
(> 10‰) may possibly be due to the mixing of moisture
sources (Mediterranean and local) (Jeelani et al. 2013).

Conclusions

The present study provides new data useful for assessing the
quality and usability of springs in the Emirdağ basin. Emirdağ
water springs in the region are utilized for drinking, irrigation,
and domestic purposes. The springs are discharged from vol-
canic rocks and limestones. The spring waters are generally
Ca2+ and HCO3

− ion-rich waters. There was also a significant
positive and strong correlation with Na+, Ca2+, Mg2+, K+, Cl−,
SO4

2−, and HCO3
− ions which indicates that they may be

derived from rock–water interaction processes and ionic ex-
change. Calculations of chloroalkaline indices I and II show
negative values. The negative values indicate the exchange of
Mg2+ and Ca2+ in the water with Na+ and K+ in the rocks.
According to the Gibbs diagram, all of the samples are on the

field where “water–rock interaction” is active. According to
the Schoeller diagram, all of the spring waters are in the class
of “good quality–very good quality waters.”Generally, spring
waters are suitable for irrigation criteria (EC, TDS, TH, Na%,
SAR, SH, RSC, RSBC, PI, PS, SSP, MR, KR, K, and Ka) in
the Emirdağ region except for the Pınarbaşı spring (EC = 790
μS/cm). According to the US Salinity Laboratory diagram,
generally, spring waters are in the classes of C1S1, C2S1, and
C3S1. Pınarbaşı spring water is of high salinity with low sodi-
um water, so occasional soil washing measures should be
taken to prevent salting and salt-sensitive plants should not
be grown. In the Wilcox diagram, all spring waters are “very
well-usable.” Usually, spring waters’ quality in the investiga-
tion area was affected by rock–water interaction and anthro-
pogenic pollution. Nitrite and ammonium concentrations of
waters were within the drinking water standard limits. The
increase in nitrate in the results of the analysis is due to an-
thropogenic and agricultural pollution. The concentration of
nitrate in the Ağzıören (64.09 mg/l) and Ufukpınar (62.01 mg/
l) springs is exceeding the drinking water standard limit (50
mg/l) due to agricultural fertilization. Generally, trace element
concentration values of spring waters do not exceed the limit
values of the drinking water standards of WHO (2011) and
TS-266 (2005). According to drinking water standards, the Al
and As parameters surpass the threshold limits. The Al con-
tents of Emirdağ spring (438 μg/l) and the As concentration
(15.8 μ/l) at the Pınarbaşı spring exceed the drinking water
standard limits due to water–rock interaction with volcanic
rocks which have a wide spreading in the investigation area.
The spring waters indicate a similarity in mechanism of re-
charge. The spring water samples are represented as shallow,
have fast circulation, and are recharged. The Pınarbaşı spring
has deep and slow circulation. The results of the study may
help local governing bodies for the effective management of
groundwater resources in the Emirdağ region.
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