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Abstract

In this study, drinking and irrigation water quality in Shirin Darreh dam basin (1750 km?), NE Iran, was assessed. Thirty-
three surface water, groundwater, and the reservoir water samples were analyzed for physicochemical parameters, includ-
ing pH, EC, Ca**, Mg**, Na™, K*, CO,>~, HCO,~, SO,*7, and CI7, in laboratory of Water Company of North Khorasan.
Hydrogeochemical approaches showed that water-rock interaction was the main mechanism controlling the water chemistry
in the study area. The major type of the water samples were determined by Mg?*, Na*, Ca*, SO42_, Cl™, and HCO;™ ions
mainly originating from the developed marl, shale, and limestone rocky units in the study area. The water flow direction was
addressed as one of the effective parameters on the ion content in the surface waters. Based on saturation index, gypsum,
and anhydrite were under-saturated in all the water samples, and calcite and aragonite were super-saturated in major part of
the water samples. Drinking quality of the water samples was in suitable, intermediate, good and inappropriate categories,
and thoroughly unpleasant and non-potable classes were not dominant based on Schoeller classification. According to water
quality index, 36 and 64% of the water samples were in unsuitable and suitable drinking water quality ranges, respectively.
Among the irrigation water quality indices, EC, MH, SO,>~, and CI~ hazards were damaging for agricultural purposes. The
lithological frame of the study basin with erosion sensitive rocks is an important natural factor controlling the water resources
quality for different purposes, especially drinking and irrigation.
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Introduction

Water quality is one of the most important factors in health
and sustainable ecosystems. Clean water resources support
plants diversity and wildlife, and all human activities on land
affect the water quality. The chemical composition of irriga-
tion water influences plant growth directly through toxicity
and deficiency, or indirectly by altering the availability of
basic nutrients to plants (Qadir et al. 2021; Jha et al. 2022).
The major ion concentration in the water resources depends
on several factors, including geological setting, especially
lithological frame, precipitation and evaporation pattern,
temperature, oxidation—reduction reactions in the water,
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geological processes within the deep and shallow aquifers,
and anthropogenic activities leading to pollutants discharg-
ing into the water (nitrates, phosphates, heavy metals, etc.)
(Wu et al. 2009; Sasakova et al. 2018; Jha et al. 2020; Davraz
and Batur 2021; Fida et al. 2022). Several diseases and mal-
functions, such as typhoid fever, Giardia, and severe diar-
rhea, in human body originate from unsafe and polluted
water (WHO 2017). Therefore, evaluation of drinking and
irrigation water quality is a key process to assure the envi-
ronmental sustainability and development.

The water quality index (WQI) is an evaluable approach
to study the surface and groundwater quality for different
purposes, mainly drinking (Kouadri et al. 2021; Patel et al.
2023). Globally, different water quality indices have been
proposed, such as the United States National Sanitation
Foundation Water Quality Index (NSFWQI), British Colom-
bia Water Quality Index (BCWQI), Oregon Water Quality
Index (OWQI), and Canadian Council of Ministers of the
Environment Water Quality Index (CCMEWQI) (Mitchell
and Stapp 1996; Zandbergen and Hall 1998; Cude 2001;
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Khan et al. 2004). There are several researches focused on
assessing the water quality by WQI, and the results showed
that the water quality was considerably affected by popula-
tion growth, industrial development, and sensitive forma-
tions to erosion and weathering (Wu et al. 2017; Othman
et al. 2020; Chabuk et al. 2020). The irrigation water qual-
ity can be evaluated by different indicators, such as sodium
adsorption ratio (SAR), magnesium hazard (MH), residual
sodium carbonate (RSC), and residual sodium bicarbonate
(RSBC), based on the physicochemical parameters (Murtaza
et al. 2021; Nsabimana et al. 2022; Tekile 2023). Each of
these indicators implies the hazard of a specific parameter
in the irrigation water.

Mean annual rainfall in the world is 813 mm, while it
is measured at 217 and 228 mm in the Middle East and
Iran, respectively, that is less than one third of the global
average. In Iran, the water used in agriculture, drinking,
and industrial purposes is annually 90, 6, and 4%, respec-
tively (Marzban et al. 2019). Iran, with 1% of the world’s
population, has only 3% of the global fresh water resources
(Babran and Honarbakhsh 2019). Despite the suitable water
quality in the major part of Iran, agricultural, domestic
and industrial wastewater discharging into the surface and
groundwater resources has led to decrease in the water qual-
ity. The serious problems of anthropogenic pollution have
been observed in the rivers, such as Karoun, Kashafroud,
and Seymareh in south, northeast, and west (Madadinia
et al. 2014; Molavi et al. 2018; Noori et al. 2018). Geologi-
cal formations with high solubility, such as carbonate and
evaporate rocks, are regarded as the major natural concerns
affecting the water quality in Iran. Interaction between the
water and the soluble rocks changes the chemical composi-
tion of surface and groundwater resources, and the water
quality can be degraded as a result. Mohammadzadeh et al.
(2017) concluded that the cretaceous carbonate and marl
were the major sources of carbonate ions discharging and
carbonate type in the groundwater resources in Bajestan
plain, east Iran. Cheraqi et al. (2019) studied the ground-
water quality index for drinking in Khorramabad, western
Iran. They found that the high total dissolved solids (TDS)
and electrical conductivity (EC) in water resources was due
to halite and carbonates dissolution in the area. Valipour
(2022) showed the groundwater interaction with shale, marl,
dolomite, and evaporate rocks increase the water salinity in
southwest Qouchan, Iran, and therefore the water quality was
not suitable for agricultural purposes.

Shirin Darreh dam, northeastern Iran, was constructed
on Shirin Darreh River in North Khorasan Province, to sup-
ply drinking water of Bojnord City, and to store irrigation
water for downstream agricultural lands. There are 9577
ha agricultural lands in the area (40% water farming, 60%
dry farming). The rocks with high sensitivity to erosion and
weathering, like marl, shale, and gypsum, expose in more
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than 60% of upstream areas of the dam. Moreover, because
of arid and semi-arid characteristic, drought phenomenon
has adversely affected the water resources, resulting in the
water quality decrease (Ahmadian Mogaddam 2012; Kha-
demi 2019). Drinking and irrigation water quality in the Shi-
rin Darreh dam basin were studied in a few researches, in
which the development of villages and counties, and natural
factors, such as erosion sensitive rocks, were emphasized
as the main parameters controlling the water chemistry
(Khajehpour et al. 2014; Sadra 2014; Saghi et al. 2015;
Teimouri et al. 2018). Planning the management programs
on the dam reservoir and the other water resources in the
study area can be processed by monitoring and controlling
the water quality for various purposes, especially drinking
and irrigation. Therefore, because of the lack of sufficient
studies, and the vital role of safe drinking and irrigation
water in human health, the water quality assessment is of
high importance for the study area. This study gives the clear
insights in comparing the water quality of surface water,
groundwater, and stored water resources by hydrogeochemi-
cal tools and water quality indices. Moreover, the findings
of this study can fill the gap of studies about the role of
lithological units on water quality in the study area. The
main objectives of this paper are (1) to determine the main
mechanism controlling the dissolved ions discharging into
the water resources using hydrogeochemical tools, such as
Gibbs and Piper diagrams, and saturation indices (SI) and
(2) to evaluate the drinking and irrigation water quality of
surface and groundwater resources by WQI approach, Sch-
oeller classification, and irrigation quality indicators.

Materials and methods
Study area

The Shirin Darreh dam basin (57° 6'25"-57° 58' 35" E, 37°
41'31"-37° 59' 52" N), with drainage area of 1750 km?, is
located in the Koppeh-Daq basin, North Khorasan Province,
northeast Iran (Fig. 1a, b). The dam has supplied drinking
water for Bojnord City (the capital of the province) and the
irrigation water for agricultural lands in the downstream
since 2005, when the dam was constructed on the Shirin
Darreh River (the main river draining the basin). The total
storage capacity of the Shirin Darreh dam (an earth fill dam
with a clay core) is 92 million cubic meter water. In the study
area, the annual average temperature is about 15.3 °C. The
annual average precipitation is 266 mm that the maximum
and minimum monthly precipitation was obtained for March
(40.8 mm) and September (5.4 mm), respectively. Generally,
the wet period was recorded within December to May.
Afshar Harb (1994) reported that the sedimentary rocks
of Cretaceous age, such as limestone (Tirgan formation),
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Fig. 1 a General geology of Iran. b Geographical setting and geological map of the study area. ¢ Hydrological cross section of the study area
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marl (Sarcheshmeh formation), shale (Sanganeh formation),
sandstone (Aitamir formation), and Quaternary deposits
(fluvial terraces, eolian, alluvial, and debris sediments) are
the main geological units in the study area (Fig. 1b). Marl,
sandstone, shale, limestone, and Quaternary deposits out-
crop in 37% (647 km?), 30% (525 km?), 24% (420 km?), 8%
(140 km?), and 1% (18 km?) of the total area in the basin,
respectively (Ahmadian Mogaddam 2012). The Tirgan For-
mation is observed as massive or thick-layered with shale
and marl inter-layers, and mainly forms the heights due to
resistance to erosion. The thickness of the formation ranges
between 500 and 700 m from east to west in the study area.
The Tirgan Formation located at an anticline center and its
outcrop can be regarded as the feeding zone of karstic aqui-
fers. The Sarcheshmeh Formation is composed of gray marl
and shale with limestone inter-layers, and has 700-1200-m
thickness. Black shale and siltstone inter-layers are the main
petrographic constituents of the Sanganeh Formation with
1000-1400-m thickness in the basin. High erodibility of
the Sanganeh Formation is a result of its soft petrographic
nature leading to huge amount of suspended sediment load
discharging into the rivers. Thickness of the Aitamir sand-
stone is about 200—800 m in the study basin.

The Aitamir unit is a cliff forming because of more hard-
ness and resistance to erosion compared to the other geo-
logical units in the study area. The Quaternary deposits are
mainly fluvial terraces, eolian, alluvial, and debris sediments
with rare outcrops of travertine units. The NE-SW trending
faults are the consequence of the regional tectonic and have
an important role in evolution of hydrologic network and
groundwater flow. Based on the topographic map and satel-
lite image of the basin the elevation range is between 697
and 2703 (Fig 2a, b). The elevation decreases from north
and northeast to southwest so that the minimum elevation is
measured in the dam location (Afshar Harb 1994).

There are three types of the groundwater resources in
the study area including karstic aquifers, semi-deep alluvial
aquifers, and deep aquifers. The karstic Tirgan Formation
with limestone lithology is the main sources of supplying the
Shirin Darreh River water. The semi-deep alluvial aquifers
are observed in the Quaternary deposits where the faults
and fractures facilitate the water infiltration. These aquifers
are supplied by the river and local flows in permeable soils
and grounds. The deep faults are the major factor to evolu-
tion of the deep aquifers with rare distribution in the study
area. The bedrock is uniform and completely composed of
sandstone and shale covered by marl and dolomite (Fig. 1c).
The Sarcheshmeh and Sanganeh Formations are considered
as impermeable rocks and surface and rainfall water cannot
be allowed to penetrate and create deep and semi-deep aqui-
fers through these formations. In contrast, the fractured and
faulted Aitamir and Tirgan Formations are the most effective
formations to supply the groundwater (Kazemi 2014). The
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hydrological properties of the formations in the study area
are summarized in Table 1

The surface water distribution system of the study area is
made up of five main rivers including Qoroq (east), Asia Zou
(northeast), Mian Zou (north), Pasin Darreh (northwest), and
Shirin Darreh (southwest) (Fig. 2c). The Shirin Darreh River
finally reaches the Caspian Sea in north Iran. The total chan-
nel length in the study basin is about 1200 km. The Qoroq
River originated from eastern heights has seasonal flows and
60-km length and reaches the Shirin Darreh River in the
west. The northern heights between Iran and Turkmenistan
are the origin of the Asia Zou and Mian Zou Rivers.

These rivers have constant flows and can be considered as
perennial streams. The seasonal Pasin Darreh River is sup-
plied by the western heights. The average flow discharge of
the above main rivers is estimated to be about 80-95 m?/s.
The depth of water table is increasing from west (dam loca-
tion) to east and center to north, and is varying between
800 and 1600 m in the study basin (Fig. 2d). Based on
topographic map (Fig. 2a), the direction of surface water
flow is toward the southwest (dam location). The direc-
tion of groundwater flow was also determined in north and
northwest to south (Kazemi 2014). It suggests that the dis-
solved ions in the upstream area where covered by erodible
geological units are leached by water resources and can be
transported to the south and southwest. Therefore, high ionic
content in the south and southwest can be predicted.

Sampling

The surface and groundwater samples (n = 33) were col-
lected from rivers, wells, springs, and the dam reservoir dur-
ing autumn 2020 (Fig. 2c). The water samples included were
20 river waters, 6 well waters, 6 spring waters, and 1 water
sample from the reservoir. The most part of Iran are involved
in the severe drought and less precipitation outcomes. Water
table falling is leading to dried wells and springs. It was
discussed in many previous researches, such as Hejaziza-
deh et al. (2019), Babaeian et al. (2021), and Teimouri et al.
(2022). The groundwater samples were collected after sev-
eral hours’ fieldwork to find wells and springs with enough
water to collect. The average depth of the study wells is
about 230 m, as Wwel, Wwe2, Wwe3, Wwe4, Wwe5, and
Wwe6 water samples were collected from a depth of 200,
215, 234, 235, 245, and 255 m, respectively. These water
resources are important to supply the stored water in the Shi-
rin Darreh dam reservoir. A 0.45-pm filter was used to filter
the water samples, and then the samples were transferred to
500-ml high density polyethylene bottles (HDPE) for the
next laboratory analysis. Prior to collection, the bottles were
thoroughly cleaned and rinsed with distilled water and then
with the collected water sample. pH and EC were meas-
ured in situ by portable pH meter (Horiba) and EC meter
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Table 1 Hydrological properties of the formations in the study area (Kazemi 2014)

Formation Permeability Transmission Aquifer formation ~Considerations

Tirgan High High High Limestone and faulted and fractured formation

Sarcheshmeh No Low No Transmission possibility only in limestone and marl interlayers
Sanganeh No No No Shale and faulted and fractured formation

Aitamir Medium Medium Medium Aquifer formation possibility in sandstone part due to carbon-

Quaternary deposits

High to medium High to medium High to medium

ate cement and faulted and fractured rocks

Possibility of permeability, transmission and aquifer formation
is low in fine-grained and clay parts

(con 200), which were calibrated before use. Sampling,
preservation and analysis procedure of the water samples
were carried out based on the method suggested by APHA
(1992) (Mallick 2017; Dixit et al. 2021). Ca** and Mg>*
were measured titrimetrically by standard EDTA, and Na*

and K* were measured using flame photometry. Titration
with HCI was used to measure CO;*~ and HCO;™. SO,*",
and C1~ were determined by UV-Visible spectrometer and
standard AgNOs; titration, respectively. All the analyses were
carried out in laboratory of Regional Water Company of
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North Khorasan (RWCNK). TDS and total hardness (TH) Vo =7
of the water samples were computed as below (Boyd 2015): 4:(pH) = 857 x 100 ©)
Alkalinity = 0.82 X (HCO;™(mg/1)) + 1.66 X (CO,*"(mg/1)) <
(D W, = El @)
TDS =(0.6 X (Alkalinity)) + Ca®* + Mg?* + Na* + K* )
+S0,” +CI” @ n
24X W,
woI = = ®)

TH = 2.497 x (Ca**(mg/1)) +4.118(Mg**(mg/l))  (3)

All the water resources in natural ecosystems are electri-
cally neutral. Therefore, sum of anions concentration must
be equal to the sum of cations concentration. To ensure the
analytical accuracy, a formula called “ion balancing” was pro-
posed (Eq. 4), in which, the concentrations are expressed in
meq/l, and %D is the difference percentage. A given water
sample is accurately analyzed and is neutral if the %D is in
+10 range (Fuchu et al. 2021; Wang et al. 2022).

Y caions — Y. anions

%D =
‘ Y cations + Y, anions

X 100 &)

Drinking water quality

Drinking quality of the water samples was assessed by Schoe-
ller classification (1967) and WQI suggested by Mishra and
Tiwari (1985). Based on five parameters including TDS, TH,
Nat, SO42', and CI17, Schoeller proposed a drinking water
classification, and therefore six water quality categories can
be distinguished (Table 2).

WQI provides a single number expressing the overall water
quality at a certain location and time, based on several water

where g; is the quality rating for the ith water quality param-
eters (i = 1, 2, 3, ..., N); V, is the obtained value of the ith
parameter; S, is the standard permissible value for a param-
eter (Table 3), and W, is the inverse value of the S;. The
information to calculate the WQI is presented in Table 3.
The permissible value of the WQI is 100. If WQI > 100
for a water sample it is concluded that it is not suitable for
drinking, and values of the WQI lesser than 100 indicate that
the water sample is suitable.

Irrigation water quality

Two important indices to reflect the sodium hazard in irri-
gation water are SAR and sodium percent (%Na). The SAR
indicates the proportion of Na* to Ca?* and Mg**. %Na
compares Na™ and K* content with sum of the major cation
contents of water. The following equations are used to obtain

Table 3 Standard permissible

. Parameter S; W,
value and weight of

hysicochemical parameters
quality parameters (Chabuk et al. 2020; Patel et al. 2023). The Fio)r/ls concentrati (f)n in me/l) Tis e 2050—8 ggg?g
WQI presented by Mishra and Tiwari (1985) is calculated by =~ (Mishra and Tiwari 1985) - & ‘
the content of Ca2*, Mg?*, Na*, K*, HCO,™, SO,2, CI", pH, c 5o 0013
and TDS by the following equations: Me 50 0.0200
Nat 200 0.0050
Vi K* 12 0.0833
=75 100 ®) HCO, 120 0.0083
SO, 250 0.0040
ClI~ 250 0.0040
Table 2 Schoeller classification 4000y TDS (mg/l) THas CaCO; (mg/l) Na*(mg/) SO, (mg/)  CI- (mg/l)
water resources (Schoeller
1967) Good 500 > 250 > 115> 145 > 175>
Suitable 500-1000 250-500 115-230 145-280 175-350
Intermediate 1000-2000  500-1000 230-460 280-580 350-700
Inappropriate 2000-4000 1000-2000 460-920 580-1150 700-1400
Thoroughly unpleasant ~ 4000-8000  2000—4000 920-1860 1150-2240 1400-2800
Non-potable 8000 < 4000 < 1860 < 2240 < 2800 <
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the SAR and %Na (ions concentration in meq/l) (Richards
1954; Wilcox 1955):

+
SAR = L
[C g™ ®)
2
+ +
%Na = Na” +K x 100 (10)

Ca** + Mg** + Na* + K+

MH is calculated as below (ions concentration in meq/l)
(Paliwal 1972):

+

Mg

MH=————
Ca™ + Mg?*

x 100 (1)

RSC and RSBC are useful indices for evaluating the qual-
ity of irrigation water, because they show the relationship
between the quantity of CO;2~, HCO;~, Ca>*, and Mg>".
These two indices are calculated as below (ions concen-
tration in meq/l) (Eaton 1950; Ragunath 1987; Gupta and
Gupta 1987):

RSC = (CO?™ + HCO3 ) — (Ca®* + Mg™") (12)

RSBC = HCOj — Ca** (13)

Concentration < 400 mg/l is desired range of
SO42‘ content in irrigation water, and waters with > 400
mg/l SO,* can acidify the soil (Jha et al. 2022). Therefore,
the concentration less than 400 mg/l was considered as the
desired range of SO,>~ for irrigation in the study water sam-
ples. The chloride hazard in irrigation water can be assessed
as below (ions concentration in meq/1) (Grillot et al. 1957):

Cl™

Cl, = 2 2 2
CI™ + HCO,2™ + CO,%™ + 50,2

4

x 100 (14)

Hydrogeochemical tools

Gibbs (1970) proposed a diagram, in which the ratio
of anions [C17/(CI"+HCO;7)] and cations [(Na*+K*)/
(Na*+K*+Ca’")] are individually plotted against the TDS.
In fact, the mutual effects of water and respective aquifers
can be easily studied in the Gibbs diagram. The mechanisms
controlling water chemistry such as chemical composition of
the rock types (rock dominance), chemistry of precipitation
(precipitation dominance), and evaporation rate (evapora-
tion dominance) can be detected in the Gibbs diagram (Ren
et al. 2020; Mthembu et al. 2021). Piper diagram (or trilin-
ear diagram) is used as an effective graphical representa-
tion of water chemistry in hydrogeological studies (Piper
1944). The percentage values of four ion groups including

Ca®™+ Mg**, Na*+ K*, CO,*"+HCO; ", and SO, +Cl" are
considered in the plot. Two separate ternary plots show
the cations and anions and both are then projected onto a
rhomb (Gad and El Osta 2020; Siddah and Sahu 2022). The
main rock types interacting with the water resources can be
detected in the Piper diagram (Hounslow 1995).

Natural water resources quality is affected by different
dissolved ions, which can be derived from natural or anthro-
pogenic processes. Dissolution of mineral species occurs
because of weathering and erosion of soil and rock (Singh
et al. 2019; Hori et al. 2021). Generally, the SI is used to
evaluate the degree of equilibrium between water and spe-
cific mineral and is expressed as below (Apello and Postma
2005):

IAP
SI = Log——
og™ (15)

where IAP is the ion activity product, K is the solubility
constant, and SI is the saturation index. If the water is in
equilibrium with a mineral, the SI = 0. SI greater than zero
indicates super-saturation and the specific mineral would
tend to precipitate; if less than zero, this index indicates
under-saturation and the specific mineral would tend to be
dissolved (Jampani et al. 2020; Ren et al. 2020; Wang et al.
2020).

Arc GIS 10.3 was applied to draw the maps of the study
area and produce the spatial distribution of major analyzed
parameters. The statistical properties of the parameters in
the study water samples were obtained by IBM SPSS 20.
To determine the chemical equilibrium between minerals
and waters, SI of carbonates (calcite, dolomite, aragonite)
and sulfates (gypsum and anhydrite) was calculated using
PHREEQC ver.2 software. Piper and Schoeller diagrams
were plotted by Aq.QA ver.1.1.5.1. It should be noted that
the reservoir water sample (Wre) was regarded as surface
water in the analytical procedures.

Results and discussion
Water type

The Shirin Darreh dam basin shows a varied water qual-
ity mainly due to its general geology. The groundwater
resources are mostly observed in Cretaceous to Quaternary
deposits that can also determine the surface water type. As a
result, the water resources quality in the study area changes
in the basin due to effect of various parameters such as
regional geology, different lithological units, aquifer compo-
sition and hydrological properties of the formations. To bet-
ter evaluate the chemical characters of the water resources
and the relationship between the ion content and lithological
units, the analysis results has been plotted on Piper diagram
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(Piper 1944) (Fig. 3). According to the majority of differ-
ent cations and anions in the surface water samples, five
hydrochemical water types can be distinguished as Na-SO,,
Mg-SO,, Ca-SO,, Ca-HCO;, and Mg-HCO; (Table 4).
About 38%, 33%, and 19% of the surface water samples
fall in the Na-SO4, Mg-SO4, and Ca-SO4 fields, and only
5% of them equally lie in the Ca-HCO; and Mg-HCO; domi-
nance. Abundance of the sulfate ion compared to bicarbo-
nate is probably due to water action on gypsum and anhy-
drite inter-layers of marl and limestone, and sulfate ion in

sandstone units. The alkaline and earth alkaline metals in the
surface water samples can originate from weathering of Na,
Ca, and Mg bearing minerals such as marl, limestone, and
clay minerals. Therefore, Na-SO,, Mg-SO,, and Ca-SO, are
the dominant hydrogeochemical types in the surface water
samples.

In the groundwater resources, five hydrochemical types
can be defined including Na-Cl, Mg-SO,, Mg-HCO;, Ca-
HCO;, and Na-HCO;, with sequential decrease in per-
cent. Khosravani Shiri et al. (2017) assessed the water

Fig. 3 a Piper diagram of the
surface water samples. b Piper (@)
diagram of the groundwater
samples
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Table 4 Types of the water samples

Hydrogeochemical type S.ID Percent
Surface water
Na-SO4 Wri8, Wri9, Wril0, Wril2, 38.09
Wril6, Wril7, Wril8, Wri20
Mg-SO4 Wri4, Wri6, Wri7, Wrill, 33.33
Wril3, Wril4, Wril5
Ca-SO4 Wril, Wri2, Wri5, Wril9 19.04
Ca-HCO3 Wri3 4.76
Mg-HCO3 Wre 4.76
Groundwater
Na-Cl Wwel, Wwe2, Wwe3, Wweb 33.33
Mg-SO4 Wspl, Wsp3, Wsp5 25.00
Mg-HCO3 Wsp4, Wspb6 16.66
Ca-HCO3 Wwed, WweS 16.66
Na-HCO3 Wsp2 8.33

quality for Farouj City, North Khorsan Province, and
mostly detected Na-SO, and Na-Cl types for the study
water resources. The latter finding is in accordance with
the above result that is due to the same lithological frame
of the two study areas (mainly composed of carbonates
and evaporates). It is well established that the saturation
processes, such as interactions with surrounding rocks,
remaining time in an aquifers, and no exchange with
atmospheric materials, can change water type to Na-Cl.
Therefore, it is predicted when the water infiltrates into
deeper aquifers, the water type gradually changes from
sulfate or bicarbonate to Na-Cl in water cycling system
(Adelana 2014; Tikhomirov 2016). Hence, predominance
of Na-Cl type only in the groundwater samples implies
that the saturation processes result in evolution of Na-Cl
type. Wu et al. (2009), and Kumar et al. (2017), who
observed more water samples with Na-Cl type in ground-
water resources compared to surface waters in southwest
China and Tamil Nadu, India, respectively, reported simi-
lar findings. Arifullah et al. (2022) found that the col-
lected water samples in Nankana Sahib District, Punjab
province, Pakistan, showed Ca-Cl and mixed Ca-Mg-Cl
types because of silicates and carbonate weathering and
dissolution. In addition, the abundance of chloride ions
was attributed to the addition of fertilizers containing
chloride to the soil. Not extended rocks bearing sulfate
minerals (mainly gypsum and anhydrite) and presence of
carbonate and silicate formations in Catalonia (northeast-
ern Spain) led to distinguish of only Ca-HCO; and Na-
HCO; by Tapias et al. (2022). Overall, general geology
plays an important role in determining the water type by
decreasing or increasing special ion contents in the water
environment.

Water chemistry

Statistical summary of the analyzed water samples and
major ions of water resources in the Shirin Darreh dam basin
including maximum, minimum, and average are presented
in Table 5. By Kolmogrov-Smirnov, normality of the data
was determined and the results indicate that the half of the
study samples are normally distributed (significant level
>0.05) and remaining are non-normally distributed (signifi-
cant level <0.05). The skewness and kurtosis results also
emphasize on the normality test of the data. %D for all the
water samples falls in +10 range and therefore there was no
error in analysis of the major ions. Water pH has an impor-
tant effect on ion concentration, geochemical equilibrium,
oxidation-reduction reactions, and water suitability for dif-
ferent purposes, as a result. Optimum pH ranges for drinking
is between 6.5 and 8.5 (WHO 2017). The pH value of the
water samples ranges between 7.3 and 8.5, with an average
of 7.9, indicating suitable quality for drinking (Figs. 4b and
5b). EC stands for electrical conductivity as it relates to the
capacity of water to transport electricity. Maximum allowed
value for EC in drinking water is 1500 pS/cm (WHO 2017).
EC of the water samples ranges between 612 and 2510 pS/
cm with an average value of 1282 puS/cm. EC in 14% and
41% of the surface water and groundwater samples is higher
than the allowed limit, respectively (Figs. 4a and 5a). Higher
EC values of the groundwater samples show more residence
time in the aquifers and salt enrichment in the groundwa-
ter. TDS is a measure of the dissolved combined content
of all inorganic and organic substances in the water. The
permissible value of TDS for drinking is 1000 mg/l1 (WHO
2017). TDS values of the study water samples (using Eq. 2)
range from 364 to 4469 mg/l1, with an average of 1195 mg/l.
Values of this parameter in 62 and 25% of the surface and
groundwater samples are more than the maximum accept-
able limit, respectively (Figs. 4d and 5d). As mentioned
before, EC and TDS are the quality parameters showing the
salinity and ion content in the water. Dissolved ions, EC,
and TDS are directly related. Lee et al. (2019) studied the
groundwater hydrogeochemistry in Korea with main lithol-
ogy of metamorphic and volcanic rocks. EC and TDS of the
water samples ranges were 48—340 pS/cm and 30-220 mg/l,
respectively. Similarly, Apollaro (2019) measured the water
EC and TDS about 72-196 pS/cm and 53-95 mg/l, respec-
tively, in Southern Calabria, Italy, where the main lithology
is observed as volcanic and metamorphic rocks. In contrast,
Nganje et al. (2017) and Tafesse et al. (2022) obtained the
water EC and TDS in the higher ranges (5.6-2720 pS/cm
and 2.8-1360 mg/1, 600-1120 pS/cm and 310-560 mg/1)
for Northern Ethiopia and Nigeria, respectively, covered by
sediments especially marl, shale, and sandstone (like the
study area). Therefore, abundance of easily eroded rocks

@ Springer
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Table 5 (continued)

D (%)

Major ions (meq/l)

TH as CaCO; (mg/l)

EC (pS/cm) TDS (mg/1)

pH

Sampling site

S.ID

CO,>~ HCO,~ SO (I

K+

M g2+

C a2+

7.2
0.0
0.8

54.2
6.3

21.1
9.2
0.8

9.1

5.8

1.2
0.2

54.9
7.9
0.0
33

19.7
53

28.0
6.7
0.0
22
44

1643
608

4469

2510

8.5
7.9
0.13

Max.

39
0.7

0.4
0.0
3.8

1195
0.01
2.81
8.48

1282
0.73
0.96
1.81

Aver.

0.0
34

0.0

0.1

0.01

Sig.

-0.3
0.1

0.6

1.2 0.1

0.1

2.7

1.83
2.90

-0.71
-0.39
6.5-8.5

Skewness

114
7.0

1.9 -0.1
10.0

4.0

17.9

11.3
8.7

12.5

Kurtosis

0.3

4-12.5

5-15

100-500

1000

1500

Standard®

SWHO (2017)

(mainly sedimentary units) in the study area can be a major
source of higher EC and TDS in the water compared to less
eroded rocks such as metamorphic and volcanic formations.
TH is the amount of dissolved Ca®* and Mg?*, and hard
water has high dissolved minerals, especially calcium and
magnesium bearing minerals (WHO 2017). Generally, TH
more than 100-500 mg/1 in the water can lead to scale devel-
opment in pipelines of water distribution systems or water
treatment plants. In addition, soap reacts with the calcium
(which is relatively high in hard water) to form soap scum
in hard water (Oyebode and Omoya 2019; Hori et al. 2021).
TH values (using Eq. 3) of the water samples vary between
195 and 1643 mg/l, with an average of 608 mg/l.

TH value exceeds the permissible limit in 67 and 25% of
the surface and groundwater samples, respectively (Figs. 4k
and 5k). Ca** and Mg?* content varies from 1.9 to 28 and
0.6 to 19.7 meq/l, with an average of 6.7 and 5.3 meq/l,
respectively (Figs. 4c, f and 5c, f). The maximum accept-
able values of Ca** and Mg?* for drinking are 5-15 and
4-12.5 meq/l, respectively (WHO 2017). Concentration of
Ca** and Mg?* is higher than the WHO standard in 9.5 and
16.5% of the surface and groundwater samples, respectively.
The above ions can be originated from weathering of Ca-Mg
bearing minerals such as calcite (aragonite) and dolomite.
Carbonate, marl, and dolomite studied by Raisossadat and
Shokri (2010), Javanbakht et al. (2013), and Golafshani et al.
(2020) in Tirgan and Sarcheshmeh Formations are the main
natural sources for Ca’" and Mg?* in the water samples.
Calcite and dolomite are two abundant minerals in marl or
limestone, and reacts with water to form Ca?* and Mg2+ ions
as below (Langmuir 1997):

CaCOj; + CO, + H,0 — Ca®* + 2HCO;~ (16)

CaMg(CO3)2 +2C0, + 2H,0 — Ca’* + Mg?* + 4HCO,~

a7

Moreover, gypsum and anhydrite were observed in Tirgan

limestone and Sarcheshmeh marl in inter-layer heterogenic

form (Raisossadat and Moussavi-Harami 2000). Gypsum

and anhydrite dissolution results in Ca®* discharge into the
water as below (Hem 1989):

CaS0,.2H,0 — Ca** 4+ SO, 4+ 2H,0 (18)

CaSO, — Ca’* +S0,*~ (19)

Clay minerals reaction with water is the other source of
Ca** in the water. Anortite, detected by Khormali and Amini
(2015) in the Sanganeh unit, hydrolyze according to Eq. 20,
and Ca®" is released into the water, as a result (Hem 1989):

CaAlSi20; + 4CO, + 6H,0 — 2AL,Si,05(0H), + Ca®* + 4HCO;"
(20)

@ Springer
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Fig.4 Spatial distribution of analyzed parameters in the surface water samples of the study area

Mechanism controlling water chemistry such as ion
exchange is confidently responsible for low concentration
of Ca’* and Mg?* in the water resources. During the ion
exchange Ca’* and Mg?* are replaced by Na* and K* on
adsorption sites on the clay minerals (Hem 1989). Na*t and

meq/1) in all the surface water samples, while this ion con-
tent exceeds the limit in 25% of the groundwater resources
(Figs. 4e and 5e). Considering the allowed limit of K* (<0.3
meq/l) (WHO 2017), 42 and 17% of the surface and ground-
water samples are not qualified for drinking, respectively.

K* concentrations vary from 1.5 to 54.9, and 0 to 1.2 meq/1,
with an average of 7.9 and 0.2 meq/l, respectively. The
Na™ is lower than the permissible limit for drinking (<8.7

@ Springer

Albite hydroloization (Eq. 21) can be a source of Na* releas-
ing into the water, that Khormali and Amini (2015) detected
this mineral in Sanganeh Formation.
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Fig.4 (continued)

NaAlSi; Oy + 9H,0 + 2H,CO; — AL, Si,05(OH),

+2Na* + 2HCO,” + 4H,SiO, @b

Halite can be formed in marl or gypsum units as hetero-
genic layers, and dissolves in the water and disintegrates
to Na* and C1~ ions (Eq. 22). Therefore, halite-bearing
units such as Tirgan, Sarcheshmeh, and Aitamir (Sharafi
et al. 2012; Jafarzadeh et al. 2020) are regarded as the other
sources for Na* ions in the water.

NaCl — Na* + CI” (22)

K* is a major constituent of clay minerals such as illite,
chlorite, and smectite. Chlorite was detected in Sanganeh unit
(Tazikeh et al. 2017) and can be a source for K* releasing into
the water. As mentioned before, ion exchange process can
increase the Na* and K™ content in the water. HCO;~ con-
tent varies between 0 and 9.1 meq/l with an average of 3.9
meq/l. Main natural source of this ion in the water is calcite
and dolomite dissolution (Egs. 16 and 17), or anortite and
albite hydration (Egs. 20 and 21). The interaction of the men-
tioned minerals with water and silicate weathering can lead
to enrichment of Ca*>*, Mg?*, and HCO,~ ions. In addition,
HCO;™ can be derived from CO, dissolution through anoxic
biodegradation of organic matter originating from anthro-
pogenic activities (such as industrial, irrigation and domes-
tic wastewater, or waste in landfills) (Henry et al. 2017; Gu

20 376000
185
17

=155

| ™ ;
1 375000

570000

573000

570000

571000 572000 574000

[ m—m—
0 10 20 km

575000 08

et al. 2022). Despite not well-known adverse health effects
of HCOy, it is suggested that its allowed limit in drinking
water is 4 meq/l (WHO 2017). Therefore, HCO;™ content in
53 and 50% of the surface and groundwater samples exceeds
the permissible limit (Figs. 4j and 5j). Sulfate concentration
varies from 2.3 to 21.1 meq/l, with an average of 9.2 meq/1.
Sulfate levels above 250 mg/l may make the water taste bitter
or like medicine. High sulfate levels may also corrode plumb-
ing, especially copper piping. Health concerns regarding high
sulfate in drinking water commonly occur in concentrations
above 10 meqg/l (WHO 2017). Sulfate content in 62 and 17%
of the surface and groundwater samples is higher than the
allowed limit (10 meq/l), respectively (Figs. 4i and 5i). Weath-
ering of sulfate bearing minerals such as gypsum and anhy-
drite (Egs.18 and 19) can be regarded as the major natural
sources of sulfate releasing into the water. Chloride content
in the water samples ranges from 1.1 to 54.2 meq/l, with an
average of 6.3 meq/l. This ion is a natural-occurring ion that
is present in both fresh and salt water. The presence of chlo-
ride in the water can result from several sources including the
soils weathering, salt-bearing geological units, deposition of
salt spray, WHO 2017and wastewaters. The chloride content
above the permissible limit (7 meq/l) results in a detectable
taste (). Chloride content in all the surface waters is less than
the permissible limit, while 25% of the groundwater sources
contain the higher concentration of chloride (Figs. 41 and 51).
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Fig.5 Spatial distribution of analyzed parameters in the groundwater samples of the study area

Halite-bearing geological units are responsible for natural
content of chloride in the study groundwater samples (Eq. 22).

Based on the spatial distribution of the analyzed parameters
in the surface water resources (Fig. 4), concentrations of Ca*t,
Mg**, K*, HCO;~, SO,>~, CI7, TDS and TH in the west and
southwest of the basin are higher than the other parts. It is clearly
suggests that the surface water direction (toward southwest) has
an effective role on ion concentration. Tang and Wu (2014),
and Jin et al. (2019), who observed more ions content in surface

@ Springer

water accordance with water direction in Xilin River basin and
Lake Genggahai Catchment, China, respectively, reached the
similar result.

Mechanisms controlling water chemistry
Water-rock interaction is the most important factor control-

ling the geochemical composition and ion content of water
resources. This process includes dissolution/precipitation,
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Fig.5 (continued)

ion exchange, oxidation, and reduction providing differ-
ent ions content in the water (Hem 1989). Gibbs diagram
(Gibbs 1970) was applied to better understand the main
mechanisms controlling the water chemistry such as pre-
cipitation, rock weathering, and evaporation in the water
resources of the Shirin Darreh dam basin. In this diagram,
Na™+K*/Na*+K*+Ca** and C17/CI"+HCO;" ratios are
plotted against TDS. Based on Fig. 6, the main part of the
water samples falls in the rock dominance suggesting the
water chemistry in the study basin is mainly determined by
chemical weathering of geological units. A few numbers
of the water samples were plotted in the evaporation domi-
nance. As mentioned before, the mean annual temperature

571000 572000 573000 574000

574000

571000 572000 573000

and precipitation was obtained 15.3 °C and 266 mm for the
study basin. It means that the evaporation (associated with
high temperature) and high precipitation cannot significantly
affect the water chemistry in the study basin. Therefore, the
rock weathering is determined as the most effective con-
trolling mechanism of the water chemistry. Mohamed et al.
(2022) studied the water hydrogeochemistry in northeast-
ern Africa with mean annual temperature and precipitation
about 21 and 210 mm. Most part of the water samples was
plotted in the rock dominance and it was concluded that the
moderate temperature and precipitation led to water samples
falling in the water-rock interaction field. In contrast, Naz-
zal et al. (2014) plotted the major part of the water samples,

Fig.6 Gibbs diagram of the 100000 ~ 100000 .
water samples TN TN
- N s \
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S 1000 t ° 6 .0& o w«"/ M
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collected from Saq aquifer, Saudi Arabia, in the evaporation
field. High mean annual temperature (43—-48 °C) and low
rainfall (less than 30 mm/year) can be regarded as the main
reason for controlling the water chemistry by the evapora-
tion mechanism. Egbueri et al. (2019) in Ojoto Province,
southern Nigeria, with mean annual temperature and rainfall
about 32 °C and 500 mm, found the role of precipitation in
determining water chemistry. Therefore, the effect of cli-
mate parameters on water ion content can be simply shown
by Gibbs diagram. In the areas with high temperature and
low rainfall, the evaporation mechanism controls the water
chemistry. Moderate temperature and rainfall (like the study
area) can be lead to more effects of water-rock interaction on
water chemical composition. The precipitation dominance
is mostly observed in areas with humid climate and heavy
rainfall (moderate to high temperature and high rainfall).
Overall, based on Gibbs diagram (Fig. 6), high tempera-
ture and low rainfall results in high TDS and more con-
tent of Na™+K* and Cl~ compared to Na*+K*+Ca>" and
CI"+HCO;™ (evaporation dominance). Moderate to high
temperature and high rainfall shows the precipitation domi-
nance with low TDS and higher content of Nat+K* and
CI™ than Na™+K*+Ca®* and CI"+HCO,~ in water. Moder-
ate temperature and rainfall are generally associated with
moderate TDS and lower content of Na*+K* and CI~ than
Na*+K*+Ca®* and CI"+HCO;" in water sources.

Sl

SI calculated values of calcite, dolomite, and aragonite range
between —0.79 and 1.31, —2.84 and 2.2, and —0.95 and 1.15,
with an average of 0.5, 0.75, and 0.29, respectively. SI for gyp-
sum and anhydrite was calculated between —1.83 and —0.21,
and —2.07 and —0.47, with an average of —1.07 and —1.33,
respectively. Based on the average SI, most of the water sam-
ples are over-saturated with respect to calcite, dolomite, and
aragonite (carbonate minerals) (Fig. 7a). In contrast, gyp-
sum, and anhydrite (sulfate minerals) are under-saturated in

the water samples. Figure 7b shows that the water samples
are almost saturated or over-saturated in carbonate minerals,
indicating that carbonate precipitates, especially for dolomite
with steeper descending slope (R? = 0.17). Hence, effect of
carbonate minerals on the water sources is obvious. TDS and
SI for sulfate minerals are increasing contemporaneously, with
two nearly equal increasing slopes of gypsum (R? = 0.473)
and anhydrite (R> = 0.477). Gypsum or anhydrite dissolution
(Egs. 18 and 19) occurs in a closed system consisting of a
confined aquifer with calcite and aragonite remaining at satu-
ration. During this process, delivering sulfate and calcium to
the water, calcite and aragonite become oversaturated (Andre
et al. 2005). The above observation reveals that the water
chemistry in the study basin is considerably affected by car-
bonate precipitation and sulfate dissolution. Ren et al. (2020)
calculated the positive SI values for calcite and dolomite, and
negative values for gypsum in groundwater samples collected
from Guanzhong Basin, China. This basin is mainly covered
by sedimentary rocks with carbonate thick bedrock that can be
regarded as a source for calcite and dolomite (Xu et al. 2019;
Xu et al. 2022). Similar findings were reported by Adimalla
and Venkatayogi (2018), Talangana State, South India, and
Davraz and Batur (2021), Yalvac-Gelendost basin, Turkey. In
contrast, Lu et al. (2015) obtained the negative SI values for
calcite and dolomite in water samples collected from Leizhou
Peninsula, China, where mainly covered by volcanic rocks.
The under-saturated carbonates showed that soluble carbon-
ates mineral phases were absent in the host aquifer. Therefore,
lithological frame of a basin governed the ion content of water
and saturated or under-saturated mineral phases in water.

Water drinking suitability
Schoeller classification
Major part of the water samples (84%) are classified as

good category based on Cl~ content (Table 4). According
to SO42_ concentration, 54, 19, 15, and 12% of the water

3 3
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Fig.7 a SI for different minerals. b Relationship between SI of different minerals and TDS for the water samples
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samples are in intermediate, inappropriate, suitable, and
good categories, respectively, while equal percent of these
samples (45%) are classified in good and suitable catego-
ries based on Na* content (Fig. 8). As mentioned before,
sulfate bearing minerals are one of the main constituents
of the rocky units in the area. Water reaction with these
minerals (Egs. 18 and 19) can lead to sulfate ion release in
to the water and make water inappropriate and intermedi-
ate for drinking. TDS falls in two major categories as suit-
able (54%) and intermediate (33%) quality. Suitable (45%),
intermediate (39%), and inappropriate (13%) categories are
detected for the water samples based on TH. Over all, drink-
ing quality of the water samples is in suitable, intermediate,
good and inappropriate categories, and thoroughly unpleas-
ant and non-potable classes are not dominant.

wal

According to the obtained values, WQI is more than 100 for
12 water samples (36%) which were not suitable enough to
drink (Fig. 9). These water samples include 8 surface waters,
2 well waters, and one spring water sample. In contrast, WQI

for 21 water samples (64%) (Including 12 surface waters, 4
well waters, and 5 spring water samples) is less than 100 and
can be used for drinking. The mean WQI for surface water
and groundwater samples is equal to 130 and 89, respec-
tively, and for the reservoir water, it is equal to 106. The
reservoir water sample, which can be considered as a surface
water resource, (WQI = 106) is almost unsuitable for drink-
ing purposes (Fig. 9). Therefore, it can be concluded that
the groundwater resources has higher quality for drinking
compared to surface waters in the study area, based on WQI.
Through runoff, air fallout, and other sources, surface water
can contain significant amounts of natural and anthropogenic
contaminants. Because groundwater is connected to surface
water systems through soil percolation and seepage, it is
also susceptible to contamination. However, the rock and
sediment layers below the water table act as natural filters.
Therefore, groundwater generally contains fewer contami-
nants than surface water and requires less treatment pro-
cesses (Apello and Postma 2005; Singh et al. 2019). This is
in good agreement with previous studies, in which ground-
water resources were more suitable for drinking compared to
surface waters (Sasakova et al. 2018; Jha et al. 2020).
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Irrigation water quality

The water quality used for irrigation is essential for the yield
and quantity of crops, maintenance of soil productivity, and
protection of the environment. Irrigation water quality refers
mainly to the chemical composition of the water, or more
specifically, to the mineral composition of water (Boyd
2015). The quality criteria for irrigation water are entirely
different from the criteria for drinking water. Furthermore,
the quality criteria may vary among crops, as different crops
have different susceptibilities to certain minerals or proper-
ties of the water. Irrigation suitability of the water resources
was evaluated by EC, TDS, SAR, %Na, MH, RSC, RSBC,
SO42‘ content, and Clp. Classification of the water sam-
ples for irrigation based on calculated parameters and the
parameters histograms are shown in Table 6 and Fig. 10,
respectively.

Salts in irrigation water are mainly sodium chloride, cal-
cium and magnesium bicarbonates, chlorides, and sulfates.
Salty irrigation can affect plant growth in two ways: salin-
ity and toxicity. The first sign of salinity is usually stunted
growth, with plant leaves often having a bluish-green color
(Ogunfowokan et al. 2013). As salt levels in the soil increase
to more toxic levels, scalding, or burning on the tip and
edges of the older leaves occurs. Two common indicators
of irrigation water salinity are EC and TDS (Zaman et al.
2018). High salinity in the irrigation water potentially asso-
ciated with soil salinization in arid and semi-arid regions,
especially in lowland areas with clay soil. Loess with high
clay content is more susceptible to soil salinization, and the
farmland development should be prevented in this area (Li
et al. 2018). Based on EC, 100 and 75% of the surface and
groundwater samples, and the dam water sample are catego-
rized as doubtful irrigation water. 62 and 75% of the surface
and groundwater samples indicate moderate and excellent
irrigation water quality based on TDS content, respectively.
Like the groundwater sources, the dam reservoir is also
excellent for irrigation.

High Na® in water affects the soil permeability and causes
infiltration problems. Sodium ion in soil as exchangeable
forms replaces calcium and magnesium absorbed on soil
clays, and disperses soil particles. As a result, when the soil
dries, it becomes hard and compact and reduces water and
air infiltration, and its structure is destroyed, as a result (Li
et al. 2018; Qadir et al. 2021). According to SAR values,
100 and 75% of the surface and groundwater samples, and
the dam water sample fall in excellent class of irrigation
water. Seventy-five and 58% of the surface and groundwater
samples, and the dam reservoir water sample are classified
as good irrigation water quality based on %Na. In natural
water resources, Ca>* and Mg?* maintain a state of equilib-
rium. A high level of magnesium in irrigation water leads to
soil alkalinity; moreover, a considerable quantity of water is

@ Springer

absorbed between Mg>* and clay minerals that can reduce
the soil infiltration ability and adversely affect the crop
yields (Tekile 2023). Calculated MH values indicate that 70
and 89% of the surface and groundwater samples, and the
dam reservoir water sample fall in unsuitable irrigation qual-
ity class. As water in the soil becomes more concentrated,
waters with high content of HCO;™ have a propensity to
precipitate Ca®* and Mg?*.

In fact, there is tendency for Ca** and Mg”* to precipi-
tate in high carbonate waters (Zaman et al. 2018). Addi-
tional Na*, HCO; and CO32_ ions affect the soil properties,
such as increase the organic matter. As a result, the rela-
tive proportion of Na* in the water increases in NaHCO,
form, and then, soils irrigated with high carbonate water
might become unproductive, because of carbonate deposi-
tion (Murtaza et al. 2021). All the study water samples are
good for irrigation based on RSC. 65 and 58% of the surface
and groundwater samples fall in non-alkaline class irrigation
water, while the dam reservoir water sample is qualified as
low alkaline water according to RSBC values. Sulfate is rela-
tively common ion in water and has no major impact on the
soil other than contributing to the total salt content. Irriga-
tion water high in SO42‘ reduces phosphorus availability to
plants (Zaman et al. 2018). Considering the SO,>~ content,
80% of the surface water samples are unsuitable, while 83%
of the groundwater samples and the dam reservoir sample
indicate suitable quality for irrigation purposes. Chloride
contributes to salinity of irrigation water, and when con-
centrations are high enough, can be toxic to plants. This ion
cannot be absorbed by soils, and therefore accumulates in
the leaves of plants due to movements in the soil (Zaman
et al. 2018). Based on chloride hazard, half of the surface
waters (50%) fall in the moderate class, and the rest indicate
unsuitable quality, while 50% of the groundwater samples
and the dam reservoir water sample are very damaging for
crop production.

Conclusions

In this research hydrogeochemical evolution and drinking
and irrigation suitability of the surface and groundwater
resources in the Shirin Darreh dam basin were evaluated.
Water type (predominance of Na-SO,, Mg-SO,, Ca-SO,
types) of the study sources indicates that the presence of
sulfate and carbonate geological units has an important
role on ion content management of the surface waters. In
contrast, majority of Na-Cl and Mg-SO, types shows that
the maturity of groundwater in addition to sulfate and car-
bonates weathering control the chemical composition of
the groundwater sources. Calcite, dolomite, gypsum, anhy-
drite, albite, and anortite bearing units are outlined as the
most important factors releasing the major ions through
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Table 6 Classification of the water samples based on irrigation water quality indices

Index Range Water quality Range (number of Percent of all  Percent of Percent of Dam
water samples) water samples  surface water groundwater reservoir
samples samples sample
EC (pS/cm) <250 Excellent - 0 0 0
250-750  Good - 0 0 8
750-2250  Doubtful 612-2110 (31) 93 100 75 [ ]
> 2250 Unsuitable 2510-7740 (2) 7 0 17
TDS (mg/l) <10° Excellent 364-975 (17) 51 38 75 [ ]
10°-10*  Moderate 1013-4469 (16) 49 62 25
10*-10°  unsuitable - 0 0 0
>10° Very harmful - 0 0 0
SAR <10 Excellent 0.5-4.8 (30) 91 100 75 [ ]
10-18 Good 13.3 (1) 3 0 25
18-26 Doubtful 22.9-24.6 (2) 6 0 0
>26 Unsuitable - 0 0 0
%Na <20 Excellent 7.8-15.9 (4) 12 5 0
2040 Good 21.1-40.7 (22) 67 75 58 o
40-60 Permissible 41.7-53.9 (5) 15 20 25
60-80 Doubtful 73.4 (1) 3 0 8.5
>80 Unsuitable 82.9 (1) 3 0 8.5
MH (%) <50 Suitable 3.4-49.2 (11) 33 30 41
> 50 Unsuitable 50.6-69.0 (22) 67 70 89 [ ]
RSC (meq/l) <1.25 Good (—25.3)-(-0.8) (33) 100 100 100 [ ]
1.25-2.50  Doubtful - 0 0 0
>2.50 Unsuitable - 0 0 0
RSBC (meq/l) <0 Non-alkaline (=20.2)-(-0.1) (20) 60 65 58
=0 Normal 0D 3 5 0
0.0-2.5 Low alkalinity 0.3-2.4(11) 34 30 33 o
2.5-5.0 Medium alkalinity 2.5(D) 3 0 9
5.0-10.0  High alkalinity - 0 0 0
>10.0 Very high alkalinity - 0 0 0
SO,2~ (mg/l) <400 Suitable 110.4-370.8 (15) 46 20 83 [ ]
> 400 Unsuitable 427.5-1013.5 (18) 54 80 17
Cl, 04 Excellent - 0 0 0
4-7 Suitable - 0 0 0
7-12 Moderate 7.3-11.9 (13) 39 50 25
12-20 Unsuitable 12.0-18.4 (13) 39 50 25
> 20 Very damaging 21.1-74.9 (7) 22 0 50 o

interaction with water resources in the study basin. Spatial
distribution of the analyzed parameters in the surface water
resources shows that the concentrations of Ca>*, Mg?*, K,
HCO;™, SO42‘, CI~, TDS, and TH in the west and southwest
of the basin are higher than the other parts. Therefore, it
can be concluded that the direction of the above parameters
increases in accordance with the surface water direction
(toward southwest) in the basin. A Gibbs diagram demon-
strates that chemical weathering of rock-forming mineral
controls water chemistry in the study basin. Based on SI
values, the water chemistry in the study basin is considerably

affected by carbonate precipitation and sulfate dissolution.
According to the calculated WQI, water quality of the
groundwater samples is more suitable for drinking than the
surface waters, and Schoeller drinking water classification
dose not determine unpleasant and non-potable classes.
High EC and Mg?* content lead to low quality of the water
resources for crop yield. In addition, major part of the sur-
face water resources is unsuitable based on sulfate content,
and CI™ concentration makes mostly the surface and ground
water samples unsuitable and very damaging for irrigation,
respectively.

@ Springer



544 Page 20 of 23

Arab J Geosci (2023) 16:544

@ M 1464.45 *® * o
ean = 4D - -
- Mean = 1019.61 Mean = 4.55
— Std. Dev. = 1191.427 Std. Dev. = 862.524 Std. Dev. = 5.417
20— N=33 N=33 N=33
157 15—
g 15 & oy
g g 10 — & 10
M 10+ N = =
|
5 s |
5
] ! ’f — | []
R S S N O O O O SLLL S LLLLLLLLL 0 | S S R R R A
> > S o S & o =3 > S o 5 o > o © o © © o S 0w S v @ v @ v S v S
> ~ S =3 =3 = = =3 7 > I O — T B — T R — I R (2] w, [ e o w - =3 (8] w;
- N - - w - - ) - e NN T T WD - Ll - Ll (3] o
EC(uS/cm) TDS (mg/l) SAR
20 (@) 12 (e) — 29 ® -
Mean = 35.90 Mean = 49.08 Mean = -7.62
Std. Dev. = 15.195 Std. Dev. = 18.356 Std. Dev. = 6.671
N=33 10| N=33 ] 10— -
N=33
15—
8- 3
g g g _
g g ]
g 10 g 61 g 6
=] L~ B = —
™
4 4
5
hON T N G R N G O A Y R S N N O N N N (U T T 1 1
- N ] T w ° - ® ) = Aal o L - g < Q. w; C. W O_ l(! O_ IQ O_ q = q =.
- R I G A
%Na MH (%)
RSC (meq/l)

2 (g — 10 (h) 254 (i)

Mean = 18.59
Mean = -2.81 g Mean = 443.03 Std. Dev. = 16.54

10-{ Std. Dev. = 6.149 Std. Dev. = 241.717 — Ne3s

N=33 8- N =233 20
> L )
g g o6 & 15
v v =
g £ g
g s » g
= NN = [}
4 10
4
2] 27 —‘ | s A
_| ]

O~ T [ I L T LTI 1 0~ T ) T [
DT - S - S ©cg228g88s8g8geg8¢8z8 AN S N A G G N A A
gdgsrwgsnen N w Qs FEeE RS S = - Q @ - w0 ° ~ ®

RSBC (meq/1) 504 (mg/l) Clp

Fig. 10 Histograms of irrigation water quality indices for the water samples

Overall, it can be concluded that the geological character-
istics, especially lithological frame of the study area have an
important effect on water quality for irrigation and drinking
purposes. Water quality is an essential parameter to sustain-
able development and environmental stability of the study
area and the other dam basins. Therefore, the periodical
monitoring (monthly or seasonal) of the water resources, or
long-time and non-stop (one or two-year period) assessment
of the water quality in terms of major ion concentrations and

@ Springer

physicochemical parameters are highly recommended. It can
be helpful procedure to identify temporal variation in the
quality of water resources. Determination of anthropogenic
pollutants, like agricultural or domestic wastewater, is also
suggested.
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