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Abstract

Purpose In this study the aim was to analyze the seasonal concentration, groundwater quality, usage areas and arsenic-related
health risk of major ions and heavy metals in groundwater samples collected from the Salda Lake basin.

Methods In this study, 42 groundwater samples were collected from springs and wells in dry and wet seasons in 2015.
Hydrogeochemical evaluations were made using different diagrams such as Piper and Gibbs diagrams. Groundwater quality
was determined by the water quality index method (WQI) and different diagrams. Finally, health risk assessments related to
arsenic were performed.

Results The dominant water types are Mg-Ca-HCO3 and Mg-HCOj in the wet season and Mg-HCO; and Mg-HCO3-COs in the
dry season. According to calculated WQI values ranged from 24.14 to 56.93 in the wet season ranged from 25.27 to 145.87 in dry
season. This situation indicates that the quality of water samples is mostly good both seasons. Ast concentrations were between
2.1-6.3 pg/L in the dry season and 2.9—10.5 pg/L in the wet season. The risk of developing cancer due to arsenic exposure in
healthy adults or children is very low. But arsenic has high non-carcinogenic and carcinogenic potentially harmful effect in the
study area. In addition, water samples are not appropriate for use as drinking water in terms of fertilizers and trace element
concentrations. Also, MH will be an important problem in waters that will be used as irrigation water. The use of some samples is
not recommended as it may cause crusting on metal surfaces in industrial areas.

Conclusions According to the results obtained, the quality of groundwater in the study area should be monitored and the usage
areas should be determined accordingly.

Keywords Groundwater - Water quality index (WQI) - Health risk assessment - Salda Lake

Introduction

Environmental pollution is one of the most important obsta-
cles to the sustainable development of countries. Water is an
extremely valuable, economic and strategic natural resource in
our country as in the whole world [1-3]. In total, 95% of
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domestic wastewater and 70% of industrial wastewater are
discharged to receiving environments without treatment in
underdeveloped and developing countries. As a result, clean
water sources become contaminated and access to safe drink-
ing water becomes a major problem [4]. Groundwater is es-
pecially preferred as drinking water because it is less likely to
be affected by pollutants [5—8]. Therefore, about half of the
world’s drinking water is taken from groundwater aquifers
[9]. However, groundwater quality and chemistry are con-
trolled both by natural processes (weathering and soil erosion)
and by anthropogenic inputs (agricultural activities, municipal
and industrial wastewater discharge, solid wastes etc.) [10,
11]. The chemical composition of groundwater is determined
based on the physical properties, composition and contact
time of the substances it comes into contact with. The longer
the contact time of the water with the substances in question,
the more minerals dissolve in the water [12—14]. These pro-
cesses also play an effective role in the formation of
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groundwater quality. Differences in groundwater chemistry
are related to rock-water interaction during infiltration until
it reaches the aquifer. In addition, water-borne pathogens
and toxic and non-toxic pollutants, which are indicators of
water quality, are carried by groundwater movement and
cause changes in water quality [15].

The quality of groundwater reflects the combined effect of
many processes along the groundwater flow path at any point
underground [15-17]. Under normal conditions, seasonal and
spatial changes in groundwater chemistry are determined by
geochemical processes in the environment. It is possible to
divide the factors affecting these geochemical processes into
geogenic and anthropogenic factors. Geogenic factors are re-
lated to geological, hydrological and hydrogeological condi-
tions. Anthropogenic factors that change the chemistry and
quality of groundwater are the result of domestic, irrigation
and industrial uses [18]. The deterioration of groundwater
quality affects and limits its use in drinking, domestic, agri-
cultural and industrial activities. Today, almost 80% of dis-
eases worldwide and one third of deaths in developing coun-
tries are caused by contaminated or degraded drinking water
[19]. Therefore, the determination of groundwater quality is
important for the suitability of the water for use.

In addition, groundwater quality, especially when used as
drinking water, directly affects human health. One of the im-
portant parameters affecting, groundwater quality is arsenic
pollution. Groundwater arsenic (As) pollution is a problem
frequently observed in many countries worldwide. Over 100
million people face the risk of arsenic poisoning due to natu-
rally occurring groundwater arsenic pollution in many coun-
tries around the world. It has been widespread for many years
especially in countries such as Bangladesh, Chile, India and
Taiwan, and it is one of the important groundwater pollution
problems in our country [19-21].

Arsenic is a toxic and carcinogenic substance that can be
found in nature, with both natural and anthropogenic sources.
The presence of natural As in groundwater is controlled by
mineral dissolution/precipitation, adsorption/desorption,
oxidation/reduction reaction mechanisms and biological
transformation. The most important mechanism that restricts
and increases arsenic mobility is generally adsorption and de-
sorption. Arsenic has significant contaminant properties due
to its oxidizable and reducible structure [22, 23]. The use of
pesticides and mining activities are among the most important
human activities that cause arsenic formation [24, 25]. The use
of pesticides containing arsenic is among the non-point an-
thropogenic sources of arsenic. Also, copper, nickel, gold
mining and ore disposal operations, fossil fuels, and landfill
leachate are among the anthropogenic sources of arsenic [26].
Inorganic arsenic compounds vary depending on the redox
conditions and the pH of the water and are generally seen in
surface waters as arsenate (As>*) and in the groundwater as
arsenite (As®*) [27]. In order to prevent drinking water
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pollution with arsenic in many countries around the world
and prevent the health effects caused by it, the maximum
pollution level accepted for arsenic in drinking water was
decreased from 0.05 mg/L to 0.01 mg/L [28, 29].

As species in surface water and groundwater have become
worldwide health problems due to their carcinogenic and
many other toxic features. As, which is included in the
Group A classification by the United States Environmental
Protection Agency (USEPA), is an important carcinogen.
As, which threatens human health, is increasing gradually in
the water cycle today. This situation seriously increases the
threats to human health. Research about the effects of As on
health show that As in drinking water mainly causes skin
cancer, but it also causes wide variety of other cancer types
like liver, bladder, and lung cancers. Inorganic As is more
toxic than organic As [30]. In our country, the limit value
for arsenic was accepted as 10 ppb as of February 2008 in
the Regulation on “Standards for drinking waters™ [31].
Accordingly, previous studies about water resources in the
west and center of Turkey showed the presence of arsenic as
natural and/or anthropogenic contamination [32, 33].

Generally, drinking water containing different anions and
heavy metals has significant adverse effects on human health
either through deficiency or toxicity due to excessive intake.
For example, like many elements, fluoride which generally
occurs in nature is beneficial to human health in trace
amounts, but can be toxic in excess. The links between low
intakes of fluoride and dental protection are well known; how-
ever, fluoride is a powerful calcium-seeking element and can
interfere with the calcified structure of bones and teeth in the
human body at higher concentrations causing dental or skele-
tal fluorosis. Previous studies show that health problems asso-
ciated with excess fluoride in drinking water are experienced
in our country. Including the study area, Isparta and Burdur
provinces are among the regions where this problem is most
experienced [34].

In this study, the Salda Lake basin was selected as the study
area. The Salda Lake basin is a region where intensive agri-
cultural activities and animal husbandry are carried out.
Groundwater is used as drinking, domestic and irrigation wa-
ter in the study area especially. Also, Salda Lake is located in
the basin. Salda Lake is one of Turkey’s two alkaline lakes
with pH values ranging between 9 and 12. Salda Lake is
located in SW Turkey and is known as Turkey’s deepest and
cleanest lake. This lake is a natural analog for mineralogic
carbon storage [35, 36], as meteoric waters feeding the lake
dissolve adjacent ultramafic rocks and precipitate
hydromagnesite in shallow littoral zones [37]. Salda Lake is
extensively used for tourism and fishing. In addition, it is
planned that the water of the Salda Lake will be used as drink-
ing water in the future. Groundwater is one of the most im-
portant recharge sources for Salda Lake. Agricultural activi-
ties are the most important nonpoint pollution sources
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observed in the basin. The most intensive crop species are
wheat, barley, corn, oats, nectarine, vegetables and fruits (es-
pecially apples), sugar beet, anise, poppy, chickpeas, beans
and potatoes. During these activities, fertilizers (synthetic
and natural) and pesticides are used extensively to increase
product quality and quantity. Livestock in the study area is
an additional source of income. Livestock wastes are another
pollutant in the basin [38]. Pollutants mixed into groundwater
as a result of these activities also pollute Salda Lake.

Therefore, it is important for the region to determine the
chemical properties, pollution status and usage areas of
groundwater and determine the effects on human health de-
pending on the use of these waters. In relation to this, the fact
that the effect of agricultural activities on the water resources
(Lake and groundwater) in the region has not been studied in
detail before is a major deficiency for the study area. This
study aims to overcome this deficiency with current scientific
techniques. As a result, the main purposes of the present study
are to determine the basic hydrochemical properties of the
groundwater in the basin, to evaluate the groundwater quality
for drinking and irrigation by calculating the water quality
index (WQI) and to evaluate the human health risk related to
high arsenic concentrations in the groundwater.

Material and methods
Study area

The Salda Lake basin is located between 4,259,404—
444,624 N and 1,799,785-734,837 E. The study area has
207.14 km? basin area. Generally, the Mediterranean climate
is observed in the study area.

The Salda Lake is located in a depression basin with closed
basin characteristics, formed by the effect of tectonism at the
end of the Neogene [39]. The Quaternary alluvium in the
Salda Lake basin covers up to 34.84 km?. Yesilova is located
southeast of Salda Lake and has the largest agricultural area in
the basin. In addition, the wastewater from settlements in the
Salda Lake basin discharges into streams or into septic tanks
and the streams flow into the lake, too. The thickness of the
aquifer is 5-60 m in Yesilova and surroundings. The aquifer
system is composed of sand, gravel, clay and mudstone levels
(Table 1). The mean annual precipitation and real evaporation
are approximately 494.10 mm/year and 345.91 mm/year in
the basin, respectively [38].

Geology and hydrogeology

The interaction time of groundwater within the stratigraphic
units controls the chemical compounds in the groundwater.
Therefore, firstly the lithological units in the study area were
investigated. The lithological formations are autochthonous

and allochthonous in the study area. Allochthonous units are
Marmaris peridotite and Dunite member, Kizilcadag
ophiolitic mélange, Igdir metamorphites, Dutdere limestones
and Orhaniye formation. The autochthonous units are alluvi-
um and slope debris in the Cameli formation (Table 1, Fig. 1).

The lithological formations in the study area have different
hydrogeological properties. Therefore, lithological units in the
study area were classified as permeable-1 (granular aquifer)
and permeable-2 (karstic aquifer), semipermeable (aquitard-1,
2, 3) and impermeable (aquifuge). The properties of the for-
mations in the study area and their hydrogeological classifica-
tion are given in Table 1. The Kizilcadag ophiolitic mélange
and Igdir metamorphic rocks are classified as impermeable
(aquifuge) units since they cannot contain water. Peridotite
and dunites are generally impermeable rock types. However,
fractures and cracks found in these rocks ensure that they can
contain significant amounts of water depending on their
spread and frequency. A large number of springs were also
observed in the locations with outcrops of Marmaris
peridotite and Dunite member units, which are widely
distributed in the study area. Most of these springs are
in the shoreline areas of Lake Salda. At the same time,
these spring waters recharge Salda Lake. Therefore, the
Marmaris peridotite and dunit member units in the Salda
Lake basin are classified as semi-permeable units
(aquitard-3) in terms of their hydrogeological properties.

The Orhaniye formation, which is observed in a small area
cast of Doganbaba village to the north of the study area, is
classified as semipermeable (aquitard-2). Semipermeable
(aquitard-1) characteristics were identified by considering
the lithology of the Cameli formation (Plg), which is observed
in a very small area at the southern boundary of the study area.
Limestones allow groundwater to be retained in significant
amounts in cracks and melting spaces and allow transport of
water. Therefore, the Dutdere limestone unit, which is ob-
served in Kayadibi village and south of Yesilova in the study
area, represents permeable-2 (karstic aquifer) features.
Quaternary alluvium and slope debris that are exposed in large
areas of the basin are classified as permeable-1 (granular aqui-
fer). The most important unit with aquifer features in the study
area is alluvium. The area of the alluvium in the basin is
approximately 34.84 km?. When well logs are examined, the
thickness of alluvium is between 5 and 60 m in the study area.

Sampling and analysis

A total of 42 groundwater samples were analyzed in
November 2015 (dry season) and June 2015 (wet season) in
the study area. The water samples taken from each sampling
point were collected in two plastic bottles which were pre-
washed with deionized water. During sampling, two bottles
were filled with water from each spot, with the first filtered
and a few drops of HNO; added for use for major cations,
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Fig. 1 Location and geology map of the study area

while the second sample was not acidified and used for major
anions. All the samples were transported and kept in the dark
at 4 °C before analysis. The physical parameters like hydrogen
ion concentration (pH), electrical conductivity (EC), total dis-
solved solids (TDS), oxidation-reduction potential (Eh) and
discharge temperature (°C) were determined in situ by using
a Y'SI multi-parameter water quality probe (YSI 6050).

The major cations were analyzed at the Bureau Veritas
Commodities Canada Ltd. (ACME Laboratory Vancouver,

Canada, an ISO 9002 accredited company) with I[CP-MS (in-
ductively coupled plasma-mass spectrometer). Bicarbonate
(HCOs5), and carbonate (CO3) concentrations were deter-
mined, while chlorine (Cl), sulfate (SO,), nitrate (NO3), nitrite
(NO,) and ammonium (NH,) were determined using ion chro-
matography in the Hacettepe University Water Chemistry
Laboratory (Ankara, Turkey) with the titrimetric method
(Table 2). The charge—balance error in the water samples
was detected below 5%, which is within the limits of
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Table 2 Analytical methods used in the study

Name of laboratory

Method

Analysis parameters

Type of samples

In situ
ICP mass spectrometry Bureau Veritas Mineral Laboratory (Canada-ISO 9002 Accredited Co.))

Groundwater samples (Total 42) Discharge temperature (T/C), pH, TDS and electrical conductivity (EC) In situ

Al, As, F, Fe, Mn, Pb

S0, %~
cr

Hacettepe University Water Chemistry Laboratory (Ankara, Turkey)
Hacettepe University Water Chemistry Laboratory (Ankara, Turkey)

Ton chromatography

Titrimetric

Hacettepe University Water Chemistry Laboratory (Ankara, Turkey)

Ion chromatography

NO;',

Hacettepe University Water Chemistry Laboratory (Ankara, Turkey)

Titrimetric

HCO; ™, CO;5 2

acceptability. All mathematical calculations were performed
with Excel 2007 software (Microsoft Office). Statistical as-
sessments such as correlation analysis were performed using
the SPSS software version 15.

Methods

Hydrogeochemical evaluations Hydrogeochemical evalua-
tions were made using different diagrams. Among these dia-
grams, the Piper diagram especially was used to investigate
and identify the hydrogeochemical facies of groundwater in
the study area and the order of the main ionic abundance [40].
In addition, mechanisms controlling groundwater chemistry
were determined by using Gibbs ratios [41]. The results of
the analysis were evaluated by comparing with the permitted
limit values for drinking water determined by [29, 31]
(Table 3). These ratios were calculated using the following
formulae (Eqgs. 1 and 2):

Gibbs Ratio I (for Anion) = Cl/(CI+ HCO;) (1)

Gibbs Ratio I (for Cation) = (Na+ K)/(Na + K + Ca) (2)

Water quality index (WQI) The relative weight (Wi) is com-
puted from the following Eq. (3).

Wi = wi/Y"_ wi 3)

Where Wi is the relative weight, wi is the weight of each
parameter, and n is the number of parameters. In the next step,
a quality rating scale (gi) for each parameter is assigned by
dividing its concentration in each water sample by its respec-
tive standard according to the guidelines laid down by the
World Health Organization [29] and Turkish Standards
Institution [31] and the result is multiplied by 100 (Eq. 4):

qi = (Ci/Si)X100 (4)

Where ¢i is the quality rating, Ci is the concentration of
each chemical parameter in each water sample in mg/L. Si is
the drinking water standard for each chemical parameter in
milligrams per liter according to the guidelines in [29, 31].
To compute the WQI, the SI is first determined for each chem-
ical parameter, which is then used to determine the WQI as per
the following (Egs. 5 and 6)
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SIi = Wi Xqi (5)
WOI = Y SIi (6)

Where Sli is the sub-index of i th parameter, g1 is the rating
based on concentration of i th parameter, and # is the number
of parameters.

Arsenic risk assessment

Exposure assessment Arsenic can enter the human body in
many different ways such as food chain, dermal contact and
inhalation. However, compared to oral intake, the effect of
intake by all other means can be neglected. Therefore, expo-
sure to Ast is measured in two main ways: oral (ingestion) and
dermal (absorption) [42]. [43] recommends a lifelong average
daily dose as an exposure measure to estimate a per-
son’s daily exposure [34]. The following equation is a
similar representation of daily exposure for the ingestion
route modified from Eq. 7:

ADD = C x IR x ED x EF/BW x AT (7)

According to the formula, chronic daily intake (mg/kg/day)
is ADD, drinking water contaminant concentration (mg/L) is
C, ingestion rate per unit time (L/day) is IR, exposure duration
(years) is ED, frequency of exposure (day/year) is EF, body
weight (kg) is BW and average time (30/70 x 365 days) is AT.
Deterministic exposure assessment is made to estimate indi-
vidual exposures for each trace element using Eq. (7) [34]. As
a result of this formulation, risk characterization must be done
in order to make a risk assessment. Toxicity and exposure
assessment results provide cancer risk and hazard indices with
numerical estimates.

Human health risk assessment In this study, both chronic and
carcinogenic risk levels due to trace element concentrations in
water sources were evaluated. HQO ,,,,cancer €an be calculated
by the following equation from [44] (Eq. 8):

HQHOI’!CGI’!CEV = ADD/Rm (8)

Asr toxicity reference dose (RfD) used in the formula was
determined as 0.0003 mg kg~ ' day ' by [44]. Non-cancer
risk, which is hazard quotient (HQ ,,o5cancer), 18 represented a
single substance and/or exposure pathways for multiple sub-
stances. If a substance’s exposure level exceeds the specified
reference dose value (RfD), that is, if the HQ ,,o,cancer Value
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exceeds 1, it indicates that it may have potential non-
carcinogenic but harmful effects. The higher this value, the
higher the negative and carcinogenic effects on health [34, 44,
45]. Cancer risk (Rc) of trace elements on human health is
calculated using the formula (Eq. 9) given below.

Re = ADD x CSF (9)

According to the formula, the carcinogenic risk is Rc,
chronic daily intake (mg/kg/day) is ADD and pollutant’s slope
factor (mg/kg/day) “lis SF ([46]; Eq. 9). The slope factor (SF)
of the contaminant for Ast was specified by [43] as
1.5 mg kg ' day .

Statistical analysis Basic descriptive statistical analysis and
Pearson correlation analysis were done by using SPSS
(Version 15.0, SPSS Inc., Chicago, IL).

Results and discussion
Hydrogeochemistry

Groundwater quality and chemical properties depend on the
properties of the aquifer rocks and anthropogenic inputs.
Therefore, hydrochemical properties and water quality infor-
mation are needed to determine the suitability of the water for
different purposes [47, 48]. In this study, the physicochemical,
major ion and trace element contents of groundwater in the
study area were determined and the mechanisms controlling
their geochemical properties are detailed below under the fol-
lowing headings.

Seasonal evaluation of physico-chemical parameters

The physicochemical parameters and major ions in the
groundwater samples, including temperature (°C), Eh, EC,
pH and TDS, are statistically summarized and presented in
Table 3. Temperatures (°C) of groundwater samples were
11.50-21.40 °C in the wet season and 8.50-16.10 °C in the
dry season. Eh indicates the degree to which a substance is
capable of oxidizing or reducing another substance [18]. Also,
Eh, along with pH, is an important factor for determining
arsenic (As) species. In the study area, Eh values in ground-
water samples range from 86.40 to 255.80 (mV) in the wet
season, and from 19.80 to 160.50 (mV) in the dry season.
Electrical conductivity (EC) is a measure of the water’s ability
to conduct electricity. The EC value increases due to increases
in temperature and ion concentration of the water [33]. EC
values of groundwater samples ranged from 265.70 (1S/cm)
to 925.00 (uS/cm) in the wet season and 181.20 (uS/cm) to
929.00 (1S/cm) in the dry season. The high EC values in the
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water samples indicate enrichment of salts and the presence of
anthropogenic effects resulting from domestic and agricultural
activities in the study area. The pH values of the groundwater
were measured as 7.38-9.74 in the wet season and 7.09-9.84 in
the dry season. This shows that the waters are alkaline water.
Generally, the pH values of all water samples increased in the
wet season (Table 3). Also, all other samples, except water sam-
ple S16 well water, in the study area are drinkable in terms of pH
values in the dry (9.84) and wet (9.74) season. Sample S16 is not
suitable for use as drinking water. Since the pH values of other
spring and well waters are within the limits specified in drinking
water standards, they are suitable in terms of pH value as drink-
ing water [29, 31]. In addition, TDS values of groundwater
ranged from 200 to 660 (mg/L) in the wet season, and from
220 to 670 (mg/L) in the dry season. The TDS limit value stated
in drinking water standards is 500 mg/L [29]. Accordingly, the
water samples in the study area S7, S12, S14, S15 and S20
exceeded the limit values in November 2015 and June 2105.

All other samples in the study area are suitable for use as
drinking water. Also, the TDS values of water samples are
relatively high in the dry season. High TDS value is an indi-
cator of the presence of anthropogenic inputs, especially agri-
cultural pollutants in the study area.

Seasonal evaluation of major ions

The major cations most commonly found in groundwater are Ca,
Mg, Na and K. The major anions are HCOs, Cl and SO, (Table 3).
The main source of these ions in groundwater is the decomposition
of rock-forming minerals in water. Another reason for the presence
and increase in these ions in groundwater is the contribution of
atmospheric and anthropogenic chemical components [49].

According to analysis results, the relative abundance of cat-
ions in groundwater was in the order of Mg >Ca>Na>K and
Mg>Na>Ca>K in the dry and wet season, while the anions
were in the order of HCO5; > CO5; > Cl> SO, and HCO; > Cl >
SO,4 > CO; in the dry and wet seasons, respectively (Table 4).
The Ca ion concentration of the water samples in the study area
ranged from 1.63 to 64.28 mg/L in the wet season and from 1.89
to 64.12 mg/L in the dry season. Mg ion concentration in the
water samples ranged from 34.47 mg/L to 208.02 mg/L in the
wet season and from 29.25 to 196.78 mg/L in the dry season. Na
ion concentration of water samples in the study area ranged from
1.24 t0 32.57 mg/L in wet season and from 1.10 to 25.09 mg/L in
the dry season. K ion concentration of water samples ranged
from 0.09 to 5.13 mg/L in the wet season and from 0.08 to
5.18 mg/L in the dry season.

Table 4 The major ion sequences of water samples (dry and wet season)

No. Sample type June-2015 (wet season) November-2015 (dry season)
Cation sequence Anion sequence Cation sequence Anion sequence

S1 Well Mg>Ca>Na>K HCO5;>C0O;>S0,4>Cl Mg>Ca>Na>K HCO;>C05;>S0,4>Cl
S2 Well Mg>Ca>Na>K HCO;>S0,4>CI>CO; Mg>Ca>Na>K HCO;>S0,4>CI>COs
S3 Spring Mg>Ca>Na>K HCO;>C0;>S0,>Cl Mg>Ca>Na>K HCO;>C0;>S0,>Cl
S4 Spring Ca>Mg>Na>K HCO3>S0,4>Cl1>CO;3 Ca>Mg>Na>K HCO3>S0,4>Cl1>CO;3
S5 Spring Mg>Ca>Na>K HCO; >SS0, >CI1>CO; Mg>Ca>Na>K HCO; >C1>S0,4 >CO;3
S6 Spring Mg>Ca>Na>K HCO; >CO; >S0,4 >Cl Mg>Ca>Na>K CO; >HCO; >CI>S0,4
S7 Well Mg>Ca>Na>K HCO;3>CI>S04>CO3 Mg>Ca>Na>K HCO;3>CI>S04>CO;3
S8 Spring Mg>Ca>Na>K HCO5;>C0;>CI>SO,4 Mg>Ca>Na>K HCO5;>C05;>CI>SOy4
S9 Spring Mg>Ca>Na>K HCO5;>C0O5;>CI>SOy4 Mg>Ca>Na>K HCO5;>C0O5;>CI>SOy4
S10 Spring Mg>Ca>Na>K CO3>HCO5;>Cl1>S0y4 Mg>Ca>Na>K CO3>HCO5>CI1>S0y4
S11 Spring Mg>Na>Ca>K HCO5;>CO;>CI>S0, Mg>Na>Ca>K HCO5;>CO;>CI>S0,
S12 Spring Mg>Na>Ca>K HCO;>C1>S0,>CO;3 Mg>Ca>Na>K HCO;>C1>S0,>CO;3
S13 Spring Mg>Na>Ca>K HCO; >S0,4 >CI1>CO; Mg>Ca>Na>K HCO; >CI>S04 >CO;
S14 Well Mg>Na>Ca>K HCO; >CO; >CI>S0y4 Mg>Ca>Na>K HCO; >CI>S0,4 >CO;
S15 Spring Mg>Na>Ca>K HCO; >CO; >S0,4 >Cl Mg>Ca>Na>K HCO; >CO; >CI>S0y,
S16 Well Mg>Na>Ca>K CO5;>CI>HCO3>S0,4 Mg>Na>Ca>K CO5;>CI>HCO3>S0,4
S17 Spring Mg>Na>Ca>K HCO5>CI>S0,4>CO; Mg>Ca>Na>K HCO;>Cl1>S04>CO0;
S18 Well Mg>Na>Ca>K HCO;>C0;>C1>S0, Mg>Ca>Na>K HCO;>C05;>Cl1>S0,
S19 Well Mg>Na>Ca>K HCO;>Cl1>S0,4>CO0; Mg>Ca>Na>K HCO;>C05;>C1>S0,
S20 Spring Mg>Na>Ca>K HCO;>C1>S04>CO0; Mg>Ca>Na>K HCO;>Cl1>S04>CO0;
S21 Spring Mg>Na>Ca>K CO; >HCO; >CI>S0y4 Mg>Ca>Na>K HCO; >CO; >CI>S0y4
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Analysis results show that the dominant cations in the
study area were determined as Mg, Ca and Na ions. In general,
the reason for the presence of Ca and Mg ions in groundwater
are carbonate-rich rocks such as limestone and dolomitic lime-
stone in the environment. In the study area, high Mg ion con-
centrations in groundwater were associated with Marmaris
peridotite and Kizilcadag ophiolite and mélange units because
ultrabasic rocks such as gabbro, peridotite and serpentine also
contain abundant Mg, Fe and Ca ions. Accordingly, magne-
sium ion is dominant in the waters discharged from this type
of rock. The source of Na and K ions in water are generally
decomposition products of minerals such as albite, potash
feldspar, mica and other silicate and aluminosilicate minerals.
K concentrations in natural waters are generally much lower
than Na ions. According to the results of the analysis, the
increase in Na ion in the groundwater is remarkable, especial-
ly in the wet season. This increase is related to ion exchange
due to water—rock interaction.

The bicarbonate (HCO3) ion concentration in groundwater
samples ranged from 12.20 to 890.89 mg/L in the wet season
and from 30.50 to 915.30 mg/L in the dry season. Carbonate
(CO3) ion concentrations varied from 0.00 to 126 mg/L in the
wet season and from 0.00 to 132 mg/L in the dry season
(Table 3). According to the results of the analysis, HCO;
and COj; ions increased during the dry season (Table 3).
HCOs3, which is the main indicator of alkalinity in water, usu-
ally occurs due to the dissolution of CO, and carbonates, the
reaction of silicates with carbonic acid and oxidation of organ-
ic matter [50]. The concentration of chloride (Cl) ranged from
1.57 to 49.84 mg/L in the wet season and from 1.76 to
56.66 mg/L in the dry season (Table 3). The main sources of
chloride ions in natural waters are geogenic sources such as
precipitation, water-rock interaction, and anthropogenic
sources such as sewage, animal waste, synthetic fertilizers,
chemicals and other industrial sources [51].

According to the results of the analysis, an increase in CI
concentrations in groundwater in the basin was observed in
the dry season. The presence of Cl ions in the study area is
associated with water-rock interactions and synthetic fertilizer
mixing into the water. The SO, concentration of the ground-
water samples was between 0.71 and 66.93 mg/L in the wet
season and from 0.13 to 73.68 mg/L in the dry season
(Table 3). In natural waters, SO4 can be found by decompo-
sition of sulfur-containing minerals and storage due to evapo-
ration [52]. In addition, another reason for the presence of
sulfate in waters is the mixing of manure and sewage waste
water into the water [51]. Accordingly, when the analysis
results were evaluated, it was determined that Cl and SOy4
concentrations increased during the rainy season. This in-
crease in Cl ions, especially in the wet season, may result from
agricultural activities and animal wastes in the study area [38].
Chemical characteristics of water such as anions and cations
are considered to be an important part in drinking water
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quality that can influence human health. As an adverse con-
sequence of excessive use of fertilizer in farms, high concen-
tration of SO4 can be observed in drinking water [45, 53].
Drinking water with high concentration of SO, may cause
health problems due to laxative properties.

Seasonal evaluation of fertilizers and trace elements

In the study, NO,, NOsz, NH,4 and heavy metal analysis (alu-
minum (Al), arsenic (As), fluoride (F), iron (Fe), manganese
(Mn) and lead (Pb)) were completed to determine types and
sources of pollutants (Table 3).

NO,, NO3, and NH, are pollutants which mainly come
from agricultural and industrial effluents, contain a high con-
centration of nitrogen and are some of the largest contributors
to groundwater pollution in the world [47]. According to the
results of the analysis, NO, concentrations were determined as
<0.01 mg/L in both periods. The detection limit for nitrite is
+0.001 mg/L. For this reason, the mean and standard deviation
values for nitrite were not calculated (Table 3). NO5 concen-
trations ranged from 0.32 to 88.31 mg/L in the wet season and
from 0.03 to 102.77 mg/L in the dry season. NOj3 limit value
stated in drinking water standards is 50 mg/L [29, 31].
Fertilizers, manures, and sewage are considered significant
sources of NO3;. Methemoglobinemia or blue baby disease is
related to high concentrations of nitrate in drinking water.
However, high concentration of nitrate (more than 10 mg/l)
has no serious toxicity effects in adults [45, 54-56].
Accordingly, S7 well water among the water samples in the
study area exceeded the limit values in November 2015 and
June 2105. All other samples in the study area are suitable for
use as drinking water.

In addition, NH, concentrations were 0.06-0.10 mg/L in
the wet season and 0.05-0.08 mg/L in the dry season
(Table 3). From the point of view of NHy, all samples in the
study area are suitable for use as drinking water [29, 31].
Accordingly, seasonal variation in NO,, NO5; and NH,4 con-
centrations is thought to be related to infiltration of rainwater
and agricultural activities.

When trace element analysis results are examined, fluoride
(F) concentration of the groundwater samples was between
0.01 and 5.87 mg/L in the wet season and between 0.03 to
0.27 mg/L in the dry season (Table 3). The increase in F
concentrations in the study area, especially in the wet season,
is associated with water-rock interaction. The F limit value
stated in drinking water standards is 1.5 mg/L [29, 31].
Accordingly, the F concentration in sample S9 spring water
exceeded the limit values in June 2015. It is not appropriate to
use this water as drinking water. All other samples in the study
area are suitable for use as drinking water. Al concentrations
were determined to be 1-369 pg/L in the wet season, and 1—
517 ng/L in the dry season. The Al limit value stated in drink-
ing water standards is 200 pg/L for [29] and 500 ug/L for
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[31]. Accordingly, the water samples from S2 well water in
the study area exceeded the limit values in the dry and wet
seasons. Therefore, it is not appropriate to use sample S2 as
drinking water. In addition, Ast concentrations ranged from
2.90 to 10.50 pg/L in the wet season and from 2.10 to
6.30 ng/L in the dry season. The increase in arsenic concen-
trations of groundwater is associated with lithological units
throughout the basin and around Salda Lake and is of
geogenic origin. In addition, it is thought that the increase in
arsenic concentrations in groundwater may be caused by ag-
ricultural activities. The Ast limit value stated in drink-
ing water standards is 10 ug/L [29, 31]. Accordingly,
the water samples from S14 well water and S19 well
water exceed the limit values in the wet season. Due to
the carcinogenic effect of arsenic, it is not appropriate
to use these waters as drinking water. The Fet concen-
tration ranged from 9.00 to 200 pg/L in the wet season
and ranged from 10.00 to 437 pg/L in the dry season.
Fer limit value stated in drinking water standards is
200 pg/L [31]. Accordingly, the water samples from
S5 spring water exceed the limit values in wet season
and from S2 well water, S5 spring water and S9 spring
water exceed the limit values in dry season. Therefore,
it is not appropriate to use these samples as drinking
water. The Mn concentration ranged from 0.13 to
143.55 pg/L in the wet season and from 0.18 to
804.82 pg/L in the dry season. The Mn limit value
stated in drinking water standards is 400 pg/L for [29]
and 50 pg/L for [31]. Accordingly, the water samples
from S5 spring water and S19 spring water exceed the
limit values in the wet season. In addition, S5 samples
exceeded the limit values in dry season. Therefore, it is
not appropriate to use these samples as drinking water.
Finally, the Pbt concentrations were determined to be
0.10-1.00 pg/L in the wet season, and 0.10-39.50 pg/L
in the dry season. The Pbr limit value stated in drinking
water standards is 10 pg/L [29, 31]. Accordingly, the
water samples from S5 spring water and S19 spring
water exceed the limit values in the wet season.
Samples from S5 exceeded the limit values in the dry
season. Accordingly, in terms of Pby concentrations, all
water samples are drinkable during the wet season.
However, in the dry season, Pby concentrations exceed
the limit value in samples from S3 spring water and
S10 spring water. Therefore it is not appropriate to
use these samples as drinking water.

As a result, it is thought that seasonal variations in the
presence and concentration of trace elements in waters may
be of geogenic origin, due to the fact that the most common
elements found in ultrabasic rocks (containing gabbro, peri-
dotite, serpentine) are Mg, Fe, Mn and Ca. In addition, ele-
ments in rainwater are thought to have anthropogenic origin
by infiltrating groundwater through agricultural activities.

Hydrogeochemical facies

One of the important tools used to determine the chem-
ical history and origins of groundwater is hydrogeo-
chemical facies. Hydrogeochemical facies determined
using major ions (cations and anions) in water are clas-
sifications used to show similarities and differences be-
tween the chemical properties of water (Table 5). The
hydrogeochemical facies of groundwater in the study
area was evaluated with the Piper diagram [40] using
major cations (Ca, Mg, Na and K) and anions (HCOs,
SO4, and Cl) as meq/L unit and separately for both
seasons (Fig. 2). According to the Piper diagram, dom-
inant water types are Mg-Ca-HCO; and Mg-HCOj; in
the wet season. Also, Mg-HCO; and Mg-HCO3-CO3
are the main water facies in the dry season (Table 5).
The interaction time of groundwater with rocks plays an
important role in the formation of different water types
in the region. The high Mg concentrations of ground-
water in the region are associated with peridotite and
serpentine, which are commonly found throughout the
basin. Mg ion is the main component of groundwater
in terms of chemical structure.

Table 5
[18]

The groundwater facies of water samples in dry and wet season

No. Sample type Water facies

June-2015 (wet season) Nov.-2015 (dry season)

S1 Well Mg-Ca-HCO4 Mg-Ca-HCO;
S2 Well Mg-Ca-HCO; Mg-Ca-HCO;
S3  Spring Mg- HCO; Mg-HCO;-CO;
S4  Spring Ca-Mg-HCO; Ca-Mg-HCO;
S5  Spring Mg-HCO; Mg-Ca-HCO;
S6  Spring Mg-HCO;-CO4 Mg-CO5-HCO;
S7  Well Mg-Ca-HCO; Mg-Ca-HCO;
S8  Spring Mg-HCO; Mg-HCO3

S9  Spring Mg-HCO;-CO; Mg-HCO;-CO;
S10  Spring Mg-CO5-HCO4 Mg-CO5-HCO;
S11  Spring Mg-HCO;-CO5 Mg-HCO;-CO5
S12  Spring Mg-HCO; Mg-HCO;

S13  Spring Mg-HCO; Mg-HCO;

S14  Well Mg-HCO; Mg-HCO;

S15  Spring Mg-HCO; Mg-HCO;

S16  Well Mg-Na-CO; Mg-Na-COs-Cl
S17  Spring Mg-HCO; Mg-HCO;

S18  Well Mg-HCO; Mg-HCO;

S19  Well Mg-Ca-HCO; Mg-HCO;-CO4
S20  Spring Mg-HCO; Mg-HCO;

S21  Spring Mg-CO5-HCO4 Mg-HCO;-CO;
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Fig. 2 According to the Piper diagram, water facies in dry and wet season [18]

Mechanisms controlling groundwater geochemistry

Information on the origin of dissolved ions in groundwater
can be accessed with the Gibbs diagrams [41]. These diagrams
are plots of (Na+ K)/(Na+K + Ca) vs TDS (Gibbs Ratio I)
and Cl/(C1+ HCO;) vs TDS (Gibbs Ratio II). These diagrams
are mostly used to determine chemical processes such as pre-
cipitation, rock and evaporation dominance, which reveal the
chemical composition of water.

In this study, Gibbs diagrams were used to determine the
factors affecting the chemical structure of the waters in the
region. The Gibbs diagrams show that almost all water sam-
ples in the study area fall in the rock dominance and evapora-
tion dominance areas (Fig. 3). This means that the chemical
decomposition of rock-forming minerals and evaporation are
the main processes that contribute to water chemistry.
Depending on the ion content of the samples plotting in the
area of rock domination indicates interaction between rock
chemistry and groundwater chemistry. The evaporation field
is associated with high rates of dominant cations and anions,
especially sodium ions, as well as increases in TDS value, in
relation to precipitates caused by the combination of Ca and
HCO; [57].

Statistical analysis
Correlation matrix

The correlation analysis between the physicochemical and
trace elements of the water samples can reveal the effects of
the factors in the origin and composition of the water on each
other [15]. In this study, the Kolmogorov—Smirnov (K-S) test
was initially used to determine the compatibility of the data to
normal distribution [58]. According to the K-S test, all the
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variables were normally distributed with 95% confidence.
Therefore, Pearson correlation analysis was applied to deter-
mine the relationship between physicochemical parameters
and trace elements in water samples. The correlation matrix
of the parameters (Temp, Eh, EC, pH, TDS, Ca, Mg, Na, K,
CO;, HCO3;, C1, SO4, NOs, NH4, F, Al, Ast, Fer, Mn and
Pbr.) is given in Tables 6 and 7. A high correlation coefficient
(near +1 or+ 1) means a good positive relationship between
two variables and a value around zero means no relationship
between them at a significant level of p < 0.05. More precise-
ly, it can be said that parameters showing » > 0.7 are consid-
ered to strongly correlate whereas  between 0.5 and 0.7
shows moderate correlation. When the correlation coefficient
decreases, the relationship ratio between the variables de-
creases [20, 59—62]. The correlation matrix of the parameters
is given in Table 6 (wet season), and Table 7 (dry season). The
analysis results for NO, in the dry and wet season were
0.00 mg/l, and owing to this results were not evaluated in
the correlation matrix.

According to the physicochemical Pearson correlation
analysis results, pH showed negative moderate correlation
with EC in the wet season and negative moderate correlation
with EC and Eh in the dry season. TDS showed positive
strong correlation with EC and negative moderate correlation
with pH in wet season. In addition, TDS showed positive
strong correlation with EC in dry season. This indicates that
the total dissolved solid matter in the water samples and the
electrical conductivity values increase in direct proportion
with each other. This increase may be related to anthropogenic
inputs as well as rock water interaction.

According to the Pearson correlation analysis results for the
major ions, Ca ion showed negative strong correlation with
pH in the wet season. In addition, Ca ion showed positive
moderate correlation with Eh and negative strong correlation
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Fig. 3 Gibbs diagram [19]

with pH. Mg ion showed positive strong correlation with EC
and TDS in the wet and the dry seasons. This shows that Ca
and Mg salt in water samples increase the TDS and EC values.
This increase is particularly related to rock-water interaction
due to limestones and dolomitic limestones in the study area.
Na ion showed positive moderate correlation with Ca in the
wet and dry seasons. This indicates that ion exchange process-
es occur between Ca and Na ions, and there may also be
anthropogenic input into the water. The CO3 ion showed pos-
itive strong correlation with pH and negative moderate corre-
lation with Ca in the wet season. It also showed a negative
moderate correlation with Eh in the dry season, in addition to
the correlations during the wet season. The HCO; ion showed
positive strong correlation with EC, TDS, and Mg, showed a
negative moderate correlation with pH and COs in the dry and
wet seasons. This indicates that the CO3; and HCOs ions in the
water samples and the Ca ion, Mg ion, electrical conductivity
and TDS values increase in direct proportion with each other
due to water-rock interaction. The Cl ion showed positive
strong correlation with Na in the wet and dry seasons and

positive moderate correlation with Ca in the wet season. SO,
ion showed positive strong correlation with Ca, Na and Cl
ions in wet season. In addition, SO, ion showed positive
strong correlation with CI and positive moderate correlation
with Ca and Na ions. The SO, and Cl ion concentration may
also be related to rock-water interaction in the study area and
particularly inputs related to agricultural activities.
According to the Pearson correlation analysis results of the
trace elements and pollution parameters, NO5 ion showed
positive strong correlation with Ca, Na, Cl and SO, ions in
wet season. In addition, NO; ion showed positive strong cor-
relation with Cl, SO, ions and positive moderate correlation
with Ca and Na in the dry season. This shows that there is a
strong and directly proportional relationship between the in-
crease in NOj; ion concentration in water samples and espe-
cially Na and CI concentrations. The presence and increase of
the NO; ion concentration are also associated with inputs re-
lated to agricultural activities in the study area. NHy ion
showed positive strong correlation with K ion only in the
dry season. The direct proportional increase relationship
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Table 7 (continued)
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.64
.00
.02

17
44
.39
.07

.01

—-.10
.65

57
.00
—-.02
.90

-.09
.66
23

—.04
.84
12
.59

18
41

.00
98

-31
.16
26
24

—.00
97

.02

-24
28

13

.56
-.19

.39

=75  —11 -26 —-.09
.62 .67

.00

-.16
A48

Mn

.96

.90

25

-.18
41

-.01
.96

.05

.14
52

=31
.16

—.08
72

-.07

74

-12
.59

32 -11
.61

.15

—17
44

—-.01
.94

24
27

PbT

.90

.82

31

between ammonium salts with K ion also shows that there are
inputs related to agricultural activities in water. F ion showed
positive strong correlation with Ca ion positive moderate cor-
relation with Na and negative moderate correlation with EC in
the dry season. The F ion did not show a significant correla-
tion with any parameters in the wet season. The direct propor-
tional relationship between the amount of fluoride (F) in water
samples with Ca and Na concentrations shows us that rock-
water interaction is high in the study area. Al ion showed
positive moderate correlation with Ca ion only in the wet
season. Ast showed a negative moderate correlation with Al
only in the wet season. The Ast did not show a significant
correlation with any parameters in the dry season. Fer showed
positive moderate correlation with Al ion in dry and wet sea-
son. Mn ion showed negative strong correlation with Eh
showed positive moderate correlation with NH,4 and Fer in
the wet season. In addition, the Mn ion showed positive mod-
erate correlation with F and Fer in the dry season. Pbt ion
showed negative moderate correlation with temperature in the
dry season. Pbr ion did not show a significant correlation with
any parameters in the wet season. Among the trace elements,
especially the positive relationship of Fer and Mn ion may be
due to rock water interaction or pesticides in water. As a result
statistical analysis results show that rock-water interaction,
climate conditions, ion exchange processes and excessive ap-
plication of fertilizer and agricultural chemicals in the study
area affect water resources.

Evaluation of Water Quality

In order to determine the suitability of the water samples in the
study area for drinking, irrigation and industrial purposes, de-
tailed evaluations are made in this section.

Evaluation of water quality for drinking water
Water quality index (WQI) evaluations

WQI is a kind of grading technique prepared to show the total
effect of each water quality parameter on the overall quality of
the water to be used for human consumption [63]. The stan-
dards for drinking purposes as recommended by [64] were
considered for the calculation of WQI. In this study, WQI
was computed in three steps. The analysis results were evalu-
ated and compared with [29, 31] (Table 3). Each of the 16
parameters (pH, TDS, Ca, Mg, Na, K, HCO;, Cl, SOy4, NO3,
F, Al, Fer, Pbt, Ast, Mn) were assigned a weight (wi) accord-
ing to its relative importance for drinking water quality
(Table 8). Much weight is assigned to parameters which have
critical health effects and whose presence above certain criti-
cal concentration limits could limit the usability of the re-
source for domestic purposes. [65]. For this reason, parame-
ters such as TDS, Cl, SO4, NOs, Pby and Ast are given the
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Table 8 Relative weight of

physicochemical parameters in Chemical parameters WHO (2011) Stand. ~ Turkish drinking ~ Weight (wi) ~ Relat. weight (Wi)
study area water stand.
(TS 266) (2005)
Total dissolved solids (TDS)  500-1500 1500 5 0.08
pH 6.5-8.5 6.5-9.5 4 0.06
Ca (mg/L) 300 200 3 0.05
Mg (mg/ L) 30 150 3 0.05
Na (mg/ L) 200 200 4 0.06
K (mg/L) - 12 2 0.03
HCO; (mg/ L) - - 1 0.02
Cl (mg/ L) 250 250 5 0.08
SO4(mg/ L) 250 250 5 0.08
NO; (mg/ L) 50 50 5 0.08
F (mg/L) 1.5 1.5 4 0.06
Al (ug/ L) 200 500 4 0.06
Ast (ng/ L) 10 10 5 0.08
Fer (ug/L) - 200 4 0.06
Mn (ug/ L) 400 50 4 0.06
Pbr (ug/ L) 10 10 5 0.08
> wi=63 Ywi=1

maximum weight value of 5 due to their deterioration of water
quality and effect on consumption [66]. Since it has the least
effect on water quality, HCOs; ion is given a value of 1 with a
minimum weight value. Other parameters are evaluated
among themselves and weight values between 1 and 5 are
given to these parameters according to their importance.

Finally, the WQI values obtained from the calculations
were evaluated together with the water quality types in
Table 9. In addition, the WQI values and water types for each
sample are shown separately in Table 10 for the dry and wet
season. According to Table 10, the calculated WQI values
ranged from 24.14 to 56.93 in the wet season. In addition,
71.42% of groundwater samples represent “excellent water”
and 28.57% of groundwater samples represent “good water”
in the wet season. In the dry season, WQI values ranged from
25.27 to 145.87 in the study area. In this season, 80.95% of
groundwater samples represent “excellent water”, 14.28% of
groundwater samples represent “good water” and 4.76% of
groundwater samples represent “poor water”. This situation
indicates that, the quality of water samples is mostly good in
both seasons. However, when the quality of groundwater in
the dry season and the groundwater quality in the wet season
are compared, the water quality in the dry season is relatively
deteriorated. The increase of ion concentrations in the dry
season is associated with the infiltration of anthropogenic pol-
lutants into groundwater in agricultural areas.

In addition, fertilizers and trace element concentrations in
water samples were compared and assessed with the limit

values determined by the World Health Organization [29]
for the usability of drinking water. Accordingly, it is not ap-
propriate to use as drinking water in terms of fertilizers and
trace element analysis results (Table 3).

Evaluation of arsenic pollution in groundwater

Arsenic is the 20th most abundant element found in the earth’s
crust, and its presence in the continental crust is 1-2 mg/kg
[67]. Arsenic is released organically by natural processes such
as decomposition and volcanic eruptions (geogenic) and from
anthropogenic (human activities) sources and can be
transported over long distances as water- or air-suspended
particles and aerosols. However, inorganic arsenic, which
constitutes the human health risk, is primarily present in the
form of arsenate (As>*) or arsenite (As”"). In general, arsenate
is dominant in oxidizing conditions, whereas arsenite is dom-
inant in reducing conditions. Ast concentrations were be-
tween 2.1-6.3 pg/L in the dry season and 2.9-10.5 pg/L in
the wet season. Ast limit value stated in drinking water stan-
dards is 10 pg/L [29 and 31]. Accordingly, the water samples
in the study area from S14 well water and S19 well water
exceed the limit values in the wet season.

Therefore, the reason for the increase in arsenic concentra-
tion in groundwater in the study area was investigated. There
are four main geochemical processes that cause arsenic for-
mation in water. These reactions are enrichment by dissolu-
tion, desorption and evaporation through oxidation and
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Table 9  According to the WQI water types

Range Type of water
<50 Excellent water
50-100.1 Good water
100-200.1 Poor water
200-300.1 Very poor water

>300 Water unsuitable for drinking purposes

reduction. Accordingly, the high Asr concentration in
groundwater in the study area may be caused by an
oxidative and reductive dissolution reaction of Fe and
Mn hydroxides in the Kizilcadag ophiolitic mélange and
Marmaris peridotite [20]. The Kizilcadag ophiolite and
mélange and Marmaris peridotite cover wide areas in
the Salda Lake basin and groundwater wells are located
within the alluvium formed by materials detached from
the Kizilcadag ophiolite and mélange and Marmaris pe-
ridotite. (Fig. 1). This unit consists of extremely
serpentinized ophiolitic material, and can be considered
as a geogenic source of Ast in groundwater [68]. In
addition to all this, groundwater in the study area may

be polluted by anthropogenic pollution as well as
geogenic pollution because agricultural activities are
carried out intensively in the study area, especially in
the alluvial environment around Salda Lake.

Accordingly, the arsenic species found in groundwater in
the study area were determined using the pH-Eh diagram
(Fig. 4). According to this diagram, arsenate (H,AsO4 %)
was identified as the dominant arsenic type in groundwater
in the study area. Increasing the pH of the water also affects
the solubility of arsenic in the water. Studies show that arsenic
can be adsorbed to colloidal iron oxides when it enters an
oxidizing environment with a pH higher than 9.4 [69-72].
Accordingly, arsenic can be a contaminant in water sources
in relation to oxidation under alkaline conditions. The pH
values of the water samples in the study area ranged from
7.38 to 9.74 in the wet season and 7.09 to 9.84 in the dry
season and all of the waters were alkaline in terms of pH.
This situation creates a potential environment for arsenic con-
tamination in the study area. According to this, the reason for
arsenic pollution in the region is accepted as geogenic due to
the Kizilcadag ophiolite and mélange and Marmaris peridotite
which are widely distributed in the study area and is accepted
as anthropogenic due to the chemicals used in agricultural
activities.

Table 10 The WQI values and

their types for each sample in the June-2015 (wet season)

Nov.-2015 (dry season)

study area (dry and wet season)

Sample no > SI Type of water Sample no > SI Type of water
S1 27.14 Excellent water S1 30.55 Excellent water
S2 53.28 Good water S2 65.31 Good water

S3 31.15 Excellent water S3 61.67 Good water

S4 30.33 Excellent water S4 25.74 Excellent water
S5 56.93 Good water S5 145.87 Poor water

S6 39.02 Excellent water S6 29.02 Excellent water
S7 56.05 Good water S7 53.21 Good water

S8 37.20 Excellent water S8 25.27 Excellent water
S9 50.78 Good water S9 34.15 Excellent water
S10 24.14 Excellent water S10 39.97 Excellent water
S11 28.65 Excellent water S11 31.47 Excellent water
S12 48.33 Excellent water S12 46.65 Excellent water
S13 37.45 Excellent water S13 35.73 Excellent water
S14 47.92 Excellent water S14 46.20 Excellent water
S15 51.26 Good water S15 42.46 Excellent water
S16 26.92 Excellent water S16 26.92 Excellent water
S17 35.56 Excellent water S17 32.89 Excellent water
S18 39.37 Excellent water S18 35.27 Excellent water
S19 4147 Excellent water S19 29.81 Excellent water
S20 50.18 Good water S20 38.86 Excellent water
S21 27.82 Excellent water S21 27.05 Excellent water
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Fig. 4 Eh—pH diagram for Arsenic species
Arsenic health risk assessment

The consumption of drinking water contaminated with arsenic
plays an important role in increasing diseases related to arse-
nic exposure. Risk assessment is defined in two groups as
carcinogenic risk and non-carcinogenic risk. Geographical
differences, arsenic (Ast) concentrations within drinking wa-
ter, differences in water consumption and anthropometric fea-
tures such as height and body weight are indicative of the
variability of arsenic exposure. Therefore, exposure and car-
cinogenic effect are determined by taking into account the
daily intake, the amount of concentration, water consumption
rate, body weight and all variations in sex [73].

In the study area, groundwater is used as drinking, irriga-
tion and domestic water by local people from wells.
Therefore, in this study, a health risk assessment (chronic
and carcinogenic effects such as average daily dose (ADD),
HQ,oncancer and carcinogenic risk (Rc)) was made for arsenic
exposure in groundwater through drinking water intake in
Tables 11 and 12. In addition, health risk values were calcu-
lated separately for adults and children and are given in
Table 12 because children are more vulnerable to the harmful
effects of arsenic compared to adults.

According to Table 12, the values of ADD for Ast were
between 0.0000-0.0001 (mg/kg) for an adult and between
0.0002-0.0007 (mg/kg) for a child in the wet season. In addi-
tion, the values of ADD for Ast were between 0.0000-0.0001
(mg/kg) for an adult and between 0.0001 and 0.0004 (mg/kg)
for a child in the dry season. The values of HO,,,,cancer WeTe
between 0.1324 and 0.4795 for an adult and between 0.6180
and 2.2374 for a child in the wet season. In addition, the
values of HQ,,ncancer Were between 0.0959—0.2877 for an
adult and between 0.4475—1.3425 for a child in the dry sea-
son. Also, values of Rc, were between 0.0001-0.0002
for an adult and between 0.0002—0.0007 for a child in
the wet season. In addition, values of Rc, were between
0.0000-0.0001 for an adult and between 0.0002—0.0006
for a child in the dry season.

The carcinogenic risk is the possibility of developing can-
cer in the body if a person is exposed to a substance that has a
toxic effect throughout their life. Tolerable risk values for
toxic substances were determined by experts and legal regu-
lators. Accordingly, the tolerable risk values determined for
arsenic are between 10 and 107* [18, 19, 74, 75].

According to Table 12, the risk of developing cancer due to
arsenic exposure in healthy adults or children is very low. But

Table 11 Reference doses and

B

slope factors of Asy with accepted Substance ~ Water IR ED EF BW AT RfD SF
values for drinking water sampleno.  (I/day) (years) days/years (kg) (days)  (mg/kg/d) (mgl/kg/
d)”
Ast Adult 2 15 350 70 30/70x  3.107* 1.5
365
Child 1 3 350 15 30/70x  3.107* 1.5
365
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Table 12 ADD, Rc and HQ values for arsenic (adult and child)

June-2015 (wet season) Nov.-2015 (dry season)
Samples  Adult Child Adult Child

ADD R HQ yoncancer  ADD Rc HQ yoncancer  ADD — Rc HQ yoncancer  ADD — Rc HQ yoncancer
S1 0.0000 0.0001 0.1324 0.0002  0.0003 0.6180 0.0000  0.0000  0.0959 0.0001 0.0002 0.4475
S2 0.0000 0.0001 0.1553 0.0002  0.0003 0.7245 0.0000  0.0001 0.1370 0.0002 0.0003 0.6393
S3 0.0001  0.0001 0.2237 0.0003  0.0005 1.0441 0.0000  0.0000 0.1096 0.0002 0.0002 0.5114
S4 0.0001  0.0001 0.2329 0.0003  0.0005 1.0868 0.0001  0.0001 0.1963 0.0003  0.0004 0.9163
S5 0.0001  0.0001 0.3288 0.0005 0.0007 1.5342 0.0001  0.0001 0.1689 0.0002 0.0004 0.7884
S6 0.0001  0.0002 0.4475 0.0006  0.0009 2.0883 0.0000 0.0001 0.1187 0.0002  0.0002 0.5540
S7 0.0001  0.0002 0.3836 0.0005 0.0008 1.7900 0.0001  0.0001 0.1689 0.0002 0.0004 0.7884
S8 0.0001  0.0001 0.3059 0.0004 0.0006 1.4277 0.0000 0.0001 0.1416 0.0002  0.0003  0.6606
S9 0.0001 0.0002 0.3744 0.0005 0.0008 1.7473 0.0000  0.0001 0.1507 0.0002  0.0003 0.7032
S10 0.0001  0.0002 0.3607 0.0005 0.0008 1.6834 0.0001  0.0001 0.1781 0.0002 0.0004 0.8311
S11 0.0001 0.0002 0.3516 0.0005 0.0007 1.6408 0.0001  0.0001 0.2603 0.0004 0.0005 1.2146
S12 0.0001 0.0002 0.3744 0.0005 0.0008 1.7473 0.0001  0.0001 0.1918 0.0003  0.0004 0.8950
S13 0.0001  0.0002 0.3379 0.0005 0.0007 1.5769 0.0001 0.0001 0.2146 0.0003  0.0005 1.0015
S14 0.0001  0.0002 0.4795 0.0007 0.0010 2.2374 0.0001  0.0001 0.1963 0.0003 0.0004 0.9163
S15 0.0001  0.0002 0.3333 0.0005 0.0007 1.5556 0.0001 0.0001 0.2283 0.0003  0.0005 1.0654
S16 0.0001  0.0001 0.3288 0.0005 0.0007 1.5342 0.0001 0.0001 0.2100 0.0003  0.0004 0.9802
S17 0.0001  0.0002 0.3379 0.0005 0.0007 1.5769 0.0001 0.0001 0.2055 0.0003  0.0004 0.9589
S18 0.0001 0.0001 0.3242 0.0005 0.0007 1.5129 0.0001 0.0001 0.1918 0.0003  0.0004 0.8950
S19 0.0001  0.0002 0.4749 0.0007 0.0010 2.2161 0.0001 0.0001 0.2466 0.0003  0.0005 1.1507
S20 0.0001  0.0002 0.3790 0.0005 0.0008 1.7686 0.0001  0.0001 0.2740 0.0004 0.0006 1.2785
S21 0.0001  0.0002 0.3653 0.0005 0.0008 1.7047 0.0001  0.0001 0.2877 0.0004 0.0006 1.3425

arsenic has high non-carcinogenic and carcinogenic potential-
ly harmful effects. According to drinking water standards,
concentrations of Ast exceeded the limit values in only S14
and S19. This also supports the health risk assessment results.

Evaluation of water quality for irrigation use

Values of parameters such as sodium adsorption rate (SAR),
permeability index (PI), sodium percentage (% Na), magne-
sium hazard (MH) and residual sodium carbonate (RSC) were
calculated to determine the suitability of the waters in the
study area for use as irrigation water in agricultural activities.
The results obtained are evaluated in Table 13.

Sodium adsorption ratio SAR values, which are one of the
most important parameters in the use of groundwater in the
study area for irrigation water in agricultural areas, were be-
tween 0.03 and 0.71 in the wet season and between 0.03 and
0.77 in the dry season. Accordingly, groundwaters are in the
“no problem” class in terms of SAR value in both periods. In
short, the waters are suitable for irrigation in terms of SAR
value (Table 13). In addition, the United States Salinity

@ Springer

Laboratory (USSL 1954) diagram was prepared according to
the relationship between the EC and SAR values of water.
According to the diagram, 85.71% of the groundwater in the
study area was in the C,-S; water class and 14.25% was in the
C;-S; water quality class in the wet season. This shows that
most of the groundwater in the wet season has medium salin-
ity and low sodium hazard and is suitable for use as irrigation
water. In this period, only samples from S7 well water, S12
spring water and S15 spring water had high salinity and low
sodium hazard. Also, 76.19% of the groundwater was classi-
fied as C»-S1, 19.04% C;-S; and 4.76% Cs-S; water quality in
the dry season (Fig. 5). This shows that most of the ground-
water in the dry season has low-medium salinity and low
sodium hazard and is suitable for use as irrigation water. In
this period, only sample S12 had high salinity and low sodium
hazard. When evaluated in general, samples S7, S12 and S15
are limited for use as irrigation water.

Permeability index In the study, permeability index values
were calculated and [76] classification was prepared accord-
ing to these values. PI values of groundwater in the study area
vary between 22.24 and 56.32 in the rainy season and between
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23.66 and 46.51 in the dry season. According to these results,
all water samples are in the category of “suitable” waters and

are suitable for use as irrigation water (Table 13).

Sodium percentage In all natural waters, the percentage of

sodium in water is a parameter commonly used to evaluate
the suitability of water for agricultural purposes [77]. Sodium
combined with carbonate ion causes the formation of alkaline
soils. In addition, sodium combined with chloride ion forms

soils with high salt content. Both of these soils prevent plant
growth and reduce crop yield [78]. Therefore, in order to de-
termine the suitability of groundwater for use as irrigation
water in the study area, sodium percentage values of individ-
ual samples were calculated for dry and wet seasons
(Table 13). The sodium percentage of these samples was plot-
ted against EC in a Wilcox diagram (Fig. 6) and are given in
Table 13. According to the Wilcox diagram, 95.23% of all
samples were in the “excellent to good” irrigation water class

Table 13 Irrigational quality parameters results in groundwater samples in the study area

Parameters Range Groundwater class Samples Samples
(irrigation uses) (n=21) in dry season (n=21) in wet season
In (no.) In (%) In (no.) In (%)
SAR (Bouwer 1978) <6 No problem 21 100 21 100
6-9 Increasing problem  — - - -
>9 Severe problem - - - -
Permeability index (PI) (Doneen 1964) <60 Suitable 21 100 21 100
>60 Unsuitable - - - -
Na % (Wilcox 1955) <20 Excellent 20 95.23 21 100
2040 Good 1 4.76 - -
40-60 Permissible - - - -
60-80 Doubtful - - - -
>80 Unsuitable - - - -
Magnesium hazard (Paliwal 1972) <50 Suitable - - - -
>50 Unsuitable 21 100 21 100
Residual sodium carbonate (Lloyd and Heathcote (1985))  <1.25 Suitable 20 95.23 21 100
1.25-2.50  Marginal 1 4.76 - -
>2.50 Unsuitable - -
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Fig. 6 According to the [55] diagram, irrigational suitability of groundwater in the dry and wet season

and 4.76% (S16) were in the “good to permissible” irrigation
water class in the dry season. In addition, all samples were in
the “excellent to good” irrigation water class in the wet season.

Magnesium hazard (MH) Another method developed to eval-
uate the suitability of irrigation water quality is the “magne-
sium hazard” ratio (MH) developed by [79]. Ca and Mg ions
are generally in equilibrium in water and tend to maintain this
equilibrium state. If the Na ions or other salts in the water are
high, the magnesium concentration in the water increases and
this damages the soil structure. This situation affects crop
yields [15]. Accordingly, MH values for groundwater in the
study area were calculated. MH values varied between 49.64
and 98.78 in the wet season and between 49.41 and 98.91 in
the dry season. When the water samples in the study area are
evaluated with the classification according to MH given in
Table 13, all water samples are not suitable for use as irriga-
tion water. It was determined that if all groundwater through-
out the basin is used as irrigation water, it will have negative
effects on agricultural land and crop productivity.

Residual sodium carbonate (RSC) RSC is another important
parameter used in evaluating the use of water as irrigation
water [15, 80]. If magnesium and calcium ions are high, these
ions tend to precipitate as carbonate. While carbonate precip-
itation takes place, the sodium concentration increases and the
sodium in the water is fixed to the soil. Thus, soil permeability
is reduced; [18] classified irrigation water in three main
groups according to RSC (Table 13). According to the RSC
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values, 95.23% of all samples were in the “suitable” irrigation
water class and 4.76% (S20 spring water) were in the “mar-
ginal” irrigation water class in the dry season. In addition, all
samples were in the “suitable” irrigation water class in the wet
season (Table 13).

Evaluation of water quality for industry

Classifications for the quality of water to be used in industrial
areas are quite diverse and have their own standards for each
industrial unit. The most common problems due to low water
quality and related chemical reactions in industrial areas are
crusting and corrosion. Crusting is a condition that occurs on
metal surfaces in industrial materials and vehicles due to ex-
cessive CaCQOj3. Corrosion, on the other hand, is the wear of
metal surfaces due to the chemical properties of water as a
result of contact of water with metals in the industrial envi-
ronment. There is no known large-scale industrial activity in
the study area. However, in this study, an attempt was made to
determine whether groundwater is suitable for use in small-
scale industrial activities and industries planned for the future
according to the following water quality criteria [18];

(a) If the water contains more than 400 mg/L of HCO; or
more than 100 mg/L of SO, ions, a crusting problem may
occur;

If the water has pH <7, TDS more than 1000 mg/L or CI
more than 500 mg/L, this water may cause corrosion in
its environment.

(b)
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When the groundwater in the study area was evaluated
according to these criteria, + approximately 42.85% of
HCO; concentrations of the samples (S2, S5, S7, S8, S12,
S13, S14, S15 and S20) exceeded 400 mg/L in the wet season.
Also 38.09% of HCOj; concentrations of the samples (S2, S5,
S12, S13, S14, S15, S17 and S20) exceeded 400 mg/L in the
dry season. In addition, SO, concentrations in none of the
water samples exceeded 100 mg/L in dry and wet seasons.
The results show that the use of the mentioned samples is
not recommended as it may cause crusting on metal surfaces
in industrial areas. In the evaluation made according to other
criteria for industrial use, pH > 7, TDS values were lower than
1000 mg/L and Cl concentrations were lower than 500 mg/L
in both dry and rainy seasons in the study area. This shows
that the groundwater of the region has no corrosion effect.

Conclusions

In the present study, hydrochemical properties, water quality
and its suitability for drinking and irrigation were assessed
using water quality index methods in the Salda Lake basin,
and arsenic pollution of the groundwater and effects on human
health were examined. The groundwaters are used especially
as drinking, domestic and irrigation water in the study area. At
the same time, these groundwaters are one of the most impor-
tant recharge sources for Salda Lake located in the basin. It is
also known that Salda Lake basin is a region where intensive
agricultural activities and animal husbandry are carried out.

In this study, according to the analysis results, the physical
properties and major ions in groundwater show that seasonal
changes in the physicochemical properties of groundwater
occur due to rock-water interaction. According to the Piper
diagram, the dominant water types are Mg-Ca-HCO; and
Mg-HCOs in the rainy season. In addition, Mg-HCO5; and
Mg-HCO3-CO;5 are dominant water types in the dry season.
In the results obtained from the Gibbs diagrams, the chemical
decomposition and evaporation of rock-forming minerals are
the main processes that contribute to water chemistry. Pearson
correlation analysis results also showed that dissolution/
precipitation reactions, concentration effects and anthropo-
genic inputs are mainly effective in the formation of physico-
chemical properties of groundwater, in relation to simulta-
neous increase/decrease in cations.

In this study, WQI was applied to determine the drinking
water quality of groundwater samples in the study area.
According to the calculated WQI values, 71.42% of ground-
water samples represent ‘excellent water’ and 28.57% of
groundwater samples represent ‘good water’ in the wet season
and 80.95% of groundwater samples represent ‘excellent wa-
ter’, 14.28% of groundwater samples represent ‘good water’
and 4.76% of groundwater samples represent ‘poor water’ in
the dry season. This situation indicates that the quality of

water samples is mostly good in both seasons. However, fer-
tilizers and trace element concentrations in water samples
were compared and assessed with the limit values determined
by the World Health Organization (2011) for the usability of
drinking water. Accordingly, it is not appropriate to use the
groundwater as drinking water in terms of fertilizers and trace
element analysis results. Especially, Ast pollution was detect-
ed in samples S14 and S19 from the groundwater of Salda
Lake basin during the wet season. According to the Eh-pH
graphs, the dominant type is arsenate. According to this, the
reason for arsenic pollution in the region is accepted as
geogenic due to the Kizilcadag ophiolite and mélange and
Marmaris peridotite which are widely distributed in the study
area and as anthropogenic due to the chemicals used in agri-
cultural activities. Therefore, health risk assessment related to
arsenic was performed for adults and children separately.
According to this, the risk of developing cancer due to arsenic
exposure in healthy adults or children is very low. But arsenic
has high non-carcinogenic and carcinogenic potentially harm-
ful effects.

In addition, the sodium adsorption ratio (SAR), permeabil-
ity index (PI), sodium percentage (Na %), magnesium hazard
(MH), and residual sodium carbonate (RSC) indices were
used to determine the suitability of groundwater for agricul-
tural irrigation. As a result, none of the water samples in the
study area are suitable for use as irrigation water in terms of
MH values. Use of this water will cause a decrease in soil
quality and crop yield in the region. In addition, almost all
of these waters are suitable for use as irrigation water in terms
of the other parameters. Also, groundwater quality was also
evaluated in terms of suitability for industrial use. The results
show that the use of some samples (S2, S5, S7, S8, S12, S13,
S14, S15 and S20) is not recommended as it may cause
crusting on metal surfaces in industrial areas. In addition, the
groundwater of the region has no corrosion effect.

Besides all these, the water quality in Salda Lake, which is
recharged from groundwater, will gradually deteriorate due to
the pollution of groundwater. This situation will negatively
affect the ecological balance of Salda Lake and its surround-
ings together with human health in the Salda Lake basin.
Therefore, the results obtained from this study show that for
the sustainability of water resources in Salda Lake and its
basin, groundwater quality should be monitored, usage areas
should be determined accordingly and necessary measures
should be taken.

Ultimately, it is suggested that the knowledge of people
and farmers in the study area be improved about using organic
and inorganic materials as fertilizer for protecting groundwa-
ter sources with emphasis on groundwater contamination and
human health risks. Furthermore, strict governmental manage-
ment and administration of effective water treatment, as well
as monitoring of selected water supply sources far from con-
taminated sources, should be considered.

@ Springer
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