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Abstract

One of the main issues in arid and semi-arid areas like Iran is water shortage and environmental deterioration. This study
aimed to address the groundwater quality for drinking, irrigation, and industrial consumption by integrating the water qual-
ity indices with the geographic information system (GIS) for Fasarud Plain groundwater quality interpretation in southern
Iran. Hence, 186 borehole water samples were collected in wet and dry seasons, and all these samples were subjected to
lab experiments for pH, EC, TDS, TH, and major cations and anions using standard techniques. The outcomes of the Piper
diagram indicated that in both seasons, the water type in the research region is Ca-Mg (HCO;),, CaCl,, and mixed. In this
study, the suitability of groundwater for drinking was determined by using WHO guidelines and Water Quality Index (WQI).
The results indicated that despite the decrease in total dissolved solids in the wet season, the concentration of high ionic
strength inorganic components such as nitrate and bicarbonate increase and results in raised electrical conductivity. The
spatial distribution maps for the most water quality variables revealed that the not-permissible values were found, during
both seasons, in the south, southwest, and northeast parts of the aquifer. According to WQI in both seasons, most plain areas
have excellent and good quality water for drinking purposes, except the regions at south and west of the study area with
poor quality (10.26% and 8.62% in the dry and wet seasons, respectively). The classification of water for irrigation based on
the US salinity diagram showed the medium-to-high salinity and low SAR class in both seasons. In addition, based on the
corrosivity ratio, the groundwater quality in most areas of the plain is in an unsafe zone in terms of industrial uses in both
seasons (81.97% and 88.63% in the dry and wet seasons, respectively). In general, the reduction of water quality for potable,
agricultural, and industrial uses from the dry season to the wet season shows the destructive effect of anthropogenic activities
such as agriculture on groundwater quality.
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Introduction

The distribution of freshwater resources is inconvenient
all over the world, and freshwater accessibility is becom-
ing rare day by day due to the development of communi-
ties and various anthropogenic operations. With decreas-
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the assessment of the groundwater quality for usages such
as domestic, agricultural, and industrial uses. Assessing
water quality for the intended usage requires designatin
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necessary to recognize potential sources of groundwater
pollution (Annapoorna and Janardhana 2015; Tolera et al.
2020). Groundwater quality in areas facing water shortage
in southern Iran is decreasing due to contaminants from
natural origins and man-made point and non-point sources
(Rezaei et al. 2017; Bahrami et al. 2020a). The potential
sources of groundwater pollution have been expanded in this
area in the last decades because of anthropogenic activities’
growth. Excessive withdrawal from a groundwater aquifer
for agricultural and industrial usage has not only decreased
groundwater levels but also damaged the quality of drink-
ing water. Agriculture is one of the main reasons for the
deterioration of groundwater via soil erosion and chemical
effluent (Barakat et al. 2020). Due to the increment in water
quality vulnerability, particularly with human activities,
evaluation of groundwater quality has become inevitable in
water resources management. The usual water quality evalu-
ation is to investigate the water quality variables concerning
their standard amounts under an intended aim. The principal
parameters to evaluate groundwater quality competency for
agricultural usage are sodicity and salinity (Sreedevi et al.
2018). In addition to the World Health Organization guide-
lines, the Water Quality Index (WQI) approach is exten-
sively utilized for groundwater quality evaluation throughout
the globe due to its capability to represent drinking water
quality information. This index ranks the combined effects
of individual water quality parameters concerning the overall
water quality for targeted citizens and decision-makers (Rad-
ouane et al. 2021). On the other, the geographic information
system (GIS) plays a fundamental role in natural resources
management. Using geostatistics models, the spatial analysis
extension of GIS permits interpolation of the groundwater
quality parameters at unknown locations from known values
to make a continuous surface, which helps comprehend the
distribution of water quality parameters of the study area.
(Bhunia et al. 2018; Batarseh et al. 2021) Many authors have
exploited the GIS program to estimate the groundwater spa-
tial distribution (Mosaferi et al. 2014; Verma et al. 2016;
Gharahi and Zamani-Ahmadmahmoodi 2020; Zarei et al.
2021; Asha and Paul 2019).

In addition, many researchers have developed different
water quality indices for the assessment of the propriety of
water resources for various uses (Barakat et al. 2018, 2020;
Ponsadailakshmi et al. 2018; Sunkari et al. 2020). Saha and
Paul (2016) used several interdisciplinary methods to dem-
onstrate a complex datasheet consisting of multiple water
quality variables of various seasons into a beneficial model.
They assessed the water competency for different usages
like direct ingestion, domestic utilization, and agricultural
and industrial operations. Rezaei et al. (2017) investigated
geochemical processes governing groundwater chemistry
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with specific respect to nitrate and fluoride enrichment in
groundwater in southern Iran. Aleem et al. (2018) investi-
gated the spatial variation of aquifer water quality for pota-
ble and agricultural uses in an industrial region of Pakistan
using the GIS software. Barakat et al. (2020) stated that
the detailed assessment of the groundwater contamination
condition in a district by various techniques has formed it
feasible to specify the groundwater quality predetermined
for different consumptions. The outputs contribute to water
resource determiners to administer logically the groundwater
resources as one of the main challenges for the progress of
semi-arid regions. In an industrial zone in Pakistan, Ullah
et al. (2022) investigated groundwater quality using a GIS-
based Water Quality Index. The outcomes indicated that a
larger proportion had poor drinking quality due to direct
releases of toxins by industries. It was observed that 87%
of the water samples demonstrated an unsuitable status of
groundwater for drinking goals in terms of pH, EC, Fe, Mn,
Cu, and Cr. These findings were used to construct waste-
water treatment plant facilities, reduce pollution loads on
the sewer system and river, and contaminant seepage rates
into groundwater. Atta et al. (2022) assessed the suitabil-
ity of groundwater quality around Ismailia Canal, Egypt,
for drinking purposes and generated the WQI maps to help
decision-makers and local authorities to avoid groundwater
contamination and to facilitate the selection safely future
development areas. They concluded that most of the obser-
vation wells are located within desirable and max. allowable
limits. Tasan (2023) determined the suitability of ground-
water for irrigation in Turkey. In the estimation of all irriga-
tion water quality parameters, the artificial neural network
(ANN) model performed much higher in comparison with
the adaptive neuro-fuzzy inference system (ANFIS) model.
Spatial distribution maps were generated for measured and
ANN model-estimated irrigation water quality indices using
the IDW interpolation method.

Reduction in the quantity and quality of groundwater
in recent years and numerous subsidence have caused the
migration of residents from arid and semi-arid southern
areas of Iran. Hence, the main aim of this research was to
evaluate the temporal and spatial physicochemical charac-
teristics of the groundwater in the Fasarud plain, located in
a semi-arid region of southern Iran. Due to population den-
sity in this part of the country and reliance on groundwater
to meet drinking, agricultural, and industrial requirements,
such a study has not been conducted so far. Therefore, the
competency of the groundwater for potable, irrigation, and
industrial uses was assessed using GIS software. To reach
this objective, 186 groundwater specimens were gathered
within wet and dry seasons and analyzed for different qual-
ity variables.
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Materials and methods
Study area

The specimens were gathered from 31 wells, mostly used
for irrigation, at Fasarud Plain, Darab County, Iran, two
times in June 2017 (dry season) and March 2018 (wet sea-
son). The Fasarud region is located in the Fars Province
(the south-eastern zone of Iran) within E 54°13" and E
54°32" and N 28°39 to N 28°49, with a total area of 7500
km?, an altitude of 1180 m above sea level, mean annual
temperature of about 25 °C, and the mean annual rainfall
of 350 mm (Fig. 1). Based on the Demarthen index, the
climate of the area is semi-arid (Zarei and Moghimi 2019).

Fig.1 Location map of the
study area

Sampling and analysis

To assess the groundwater quality of Fasarud Plain, speci-
mens taken from 31 wells located throughout the plain in
dry and wet months (June and March) were used. Overall,
taking into account three iterations, 186 water samples were
collected. Every well was pumped around 15 min before
each sampling. The samples were gathered below the water
table in the polythene container that was cleaned three times
with the water to be sampled before sampling. The collected
specimens were kept at 4 °C prior to analysis and carried
to the laboratory. The acidity (pH), total dissolved solids
(TDS), and electrical conductivity (EC) were specified
in situ immediately after sampling, and the other parameters,
including sodium (Na™), potassium (K*), calcium (Ca®"),
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magnesium (Mg2+), bicarbonate (HCO;™), chloride (CI7),
nitrate (NO;"), and sulfate (SO42_) were measured based
on the APHA methods in the laboratory within 24 h (APHA
2005). The validity of chemical analysis findings was car-
ried out by the ionic balance validation and by replicating
the analysis for a similar specimen. The correctness of the
outputs was assessed by computing the charge balance error
(CBE). The experiment results are regarded as trusty, just if
the CBE is fewer than 5% (Bahrami et al. 2020b). Based on
the Ca** and Mg?" concentration, total hardness (TH) was
calculated as mg/L as CaCO; (Sreedevi et al. 2018):

TH = 2.5(Ca**) + 4.1(Mg**) 1))

A correlation matrix was used to recognize the better
relationship between the different physicochemical param-
eters of the groundwater samples. In addition, the major cati-
ons and anions in meq/L were plotted on a trilinear Piper
diagram to evaluate the hydrochemistry of groundwater.

Groundwater data and GIS analysis

At first, the normality of each parameter data set was ana-
lyzed using Shapiro—Wilk's statistical test in SPSS Software.
Then, the analytical data were fed into the ArcGIS10.2
program to create spatial distribution maps for the chosen
variables that exhibit significant variation. For plotting
these maps, the inverse distance weighted (IDW) geosta-
tistical wizard was applied for non-normal data sets. While
for normal data sets, various geostatistical wizards (such as
Kriging, and Co-Kriging with Circular, Gaussian, Spherical,
and lots of other variograms) were tested to find an appropri-
ate interpolation method. Then, the error criterion and root
mean square error (RMSE) was used to assess their accu-
racy and precision (Radouane et al. 2021; Mokarram et al.
2020). Based on these maps, water quality was evaluated
for potable, agricultural, and industrial uses. Finally, area
percentages of each parameter class were extracted from the
spatial maps.

Assessment of groundwater for drinking uses

The suitability of groundwater quality of the plain was
investigated for drinking use based on the WHO guidelines
(WHO 2011) and Water Quality Index (WQI). A helpful
tool for groundwater assessment and management to the
citizens and policymakers is WQI. The index is expressed
as a grading displaying the compound impact of multiple
water quality variables (Ameur et al. 2016). Mapping this
index aids scientists, policymakers, and the general public to
easily distinguish the regions of high and low water quality
for treatment before different uses (Tlili-Zrelli et al. 2018).
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The WQI is computed in three steps as at the first step,
each of the 10 variables is allotted a weight (w;) based on
its relative influence on the whole water quality for potable
uses (Table 1). In the next step, the relative weight (W,) is
determined from the following formula:

W Wi
i o s 2)
2521 ‘/Vz

where w; is the weight of each variable and »n is the
number of parameters. The allocated weights to the vari-
ables range within 1 and 5 (Table 1) and are based on the
health influences of the variables. The highest weight (5)
is allocated to salinity and nitrate because of their great
significance in water quality evaluation and the health
consequences of the high concentration of these chemical
variables in water (Srinivasamoorthy et al. 2008; Yidana
et al. 2010).

In the third step, the following equation was applied to
calculate the WQI:

WQI:é((Wix<%x100>)> 3)

where C; is each chemical variable concentration in
each water specimen in mg/L. S; is the standard of the
World Health Organization for each of the major variables
in potable water (Asadi et al. 2019).

The calculated WQI quantities are categorized into
five kinds, from “excellent water” to ‘“‘unsuitable water for
potable” (Ramkrisahniah et al. 2009). In this research, a
total of ten chemical variables (TDS, pH, Na*, K*, Ca’*,
Mg?*, ClI7, SO,>~, HCO,~, and NO; ") of 186 water speci-
mens were applied to compute WQI for evaluation of the

Table 1 Weight and relative weight of chemical variables applied for
WQI calculation

Parameter WHO Weight (w;) Relative

weight

(W)
pH 8.5 3 0.103
TDS (mg L™ 1500 5 0.172
Ca> (mgL™") 200 2 0.069
Mg** (mg L") 150 2 0.069
Na* (mg L™ 200 3 0.103
K* (mg L™ 12 1 0.034
HCO,™ (mg L™ 300 2 0.069
Cl~ (mgL™h 600 3 0.103
NO,™ (mg L™ 50 5 0.172
S0, (mgL™h 400 3 0.103
Sum 29
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compatibility of the Fasarud plain groundwater for domes-
tic (potable) purpose.

Assessment of groundwater for agricultural uses

Irrigation water quality is mostly assessed by the US salin-
ity diagram according to electrical conductivity (EC) and
sodium adsorption ratio (SAR). In this study, SAR is calcu-
lated from the following formula, where the concentrations
are as meq/L (Sreedevi et al. 2018):

Na*

[ Ca?++Mg** 4
2

Assessment of groundwater for industrial uses

SAR =

To determine the appropriateness of groundwater for indus-
trial uses, the corrosivity ratio (CR) is applied as it indicates
the corrosion level in the metal tubes through which water
flows from one module to the next. This index is defined as
the ratio of alkaline earths to saline salts (all units in mg/L).
The water is inappropriate for industrial purposes if CR > 1
(Patel et al. 2016).

Ly 50
(35‘5 s ) 5
(C03+HC03> ©)

50

CR =

Results and discussion
GIS analysis and geostatistical model selection

The results of the geostatistical model selection showed that
in non-normal data sets (such as PH and TDS), the IDW
model with power equal to 2 and in normal data sets (such
as EC and TH), the Spherical and Gaussian models were
used (Table 2).

Evaluation of groundwater quality for drinking uses

The results of determining the groundwater quality suitabil-
ity of the plain for drinking use according to WHO guide-
lines (WHO 2011) are presented in Table 3. The quantities
of the chemical variables of the groundwater in the Fasarud
Plain reveal that pH varies from 6.41 to 7.45 in the dry sea-
son and 6.64 to 7.80 in the wet season with mean values
of 7.06 and 7.18, respectively. According to WHO (2011)
standards, almost all the samples are in the suggested range
for human utilization (6.5 to 8.5). Therefore, the ground-
water samples in both seasons are categorized as slightly

Table 2 Selected the best geostatistical model for each parameter

Parameter Model RMSE
pH IDW (Power 2) 31

EC Gaussian 71.301
TDS IDW (Power 2) 24.011
TH Spherical 14.614
HCO;, IDW (Power 2) 9.236
K Spherical 0.231
Mg Gaussian 4.123
Na IDW (Power 2) 6.003
So4 Gaussian 10.018
Cl Spherical 9.013
NO;, Spherical 1.076
Ca Spherical 7.052

acidic and slightly alkaline according to the pH values with
an increase in the wet season. The spatial distribution of pH
indicated the permissible values of this parameter (6.5-8.5)
in the whole plain in both the wet and dry seasons (Fig. 2).
Only in the dry season 0.02% of the area had desirable pH
(pH<6.5).

The EC of the aquifer water samples varied from 428.40
to 4788.00 with a mean of 1170.93 pmho/cm during the dry
season and from 394.80 to 5544.00 with a mean of 1239.41
umho/cm throughout the wet season. Water TDS ranged
from 253.31 to 3420.75 with an average of 871.06 mg L™!
for the dry season and from 222.23 to 3219.67 with an aver-
age of 795.73 mg L~ for the wet season. The maximum
quantities of TDS were observed in the dry season (June),
while the minimum quantities were observed in the wet sea-
son (March). This designates that a lower content of total
dissolved solids present in the groundwater contributes to
electrical conductivity. The spatial distribution of EC in
dry season indicated that 76.14% of the plain area is in the
desirable limit of EC (< 1400 pumhos/cm), 0.05% of the area
has permissible values of this parameter (EC = 1400 pmhos/
cm), and 23.81% of the area located at south, southwest, and
east of the plain is not permissible in terms of EC (> 1400
pmhos/cm). While in the wet season, the percent of area
related to desirable values of EC decreased to 73.44%, the
permissible percent was constant (0.05%), and the area per-
cent with not permissible EC increased to 26.51%. The spa-
tial distribution of TDS in the dry season revealed that 3.49%
of the area is in the desirable range (TDS <600 mg L"),
64.37% of the area is in the permissible range (600-1000 mg
L_l), and 32.14% of the studied area has not permissible
values of TDS (> 1000 mg L_l). In the wet season, 8.17%,
64.83%, and 27% of the plain are in desirable, permissi-
ble, and not permissible limits of TDS, respectively. These
results revealed that in contrast to EC, water quality in terms
of TDS for drinking is improved from the dry season to

@ Springer



3912

Modeling Earth Systems and Environment (2023) 9:3907-3921

Table 3 Statistical summaries of the physicochemical variables (mg/L)

Parameter WHO Dry Season (June) Wet Season (March)

Permissi- Desirable Limit Min Max Mean SD Min Max Mean SD

ble Limit
pH 8.5 6.5 6.41 7.45 7.06 0.29 6.64 7.80 7.18 0.21
EC (umho/cm) - 1400 428.40 4788.00 1170.93 1029.81 394.80 5544.00 123941 1218.21
TDS (mg L™ 1500 500 253.31 3420.75 871.06 745.89 22223 3219.67 795.73 777.59
TH (mg L' as CaCO3;) 500 100 130.05 1471.39 467.22 32351  140.31  1392.22 432.99 324.42
Ca** (mg L") 200 75 32.00 348.00 110.32 70.42 20.00 272.00 90.32 69.14
Mg?* (mg L™ 150 50 9.76 146.40 46.60 39.14 12.20 180.56 50.41 40.01
Na* (mg L) 200 - 15.87 549.93 102.57 124.76 11.04 690.00 98.95 146.78
K" (mg L7 12 - 1.02 15.64 3.04 2.90 1.02 35.19 3.08 6.15
HCO;™ (mg L™ 300 - 48.80 476.41 251.10 94.12  170.80 475.80 277.65 73.32
Cl~ (mg L™ 600 200 17.75  1136.00 209.56 267.23 17.75 1846.00 203.27 369.53
NO;™ (mg L™ 50 - 2.43 84.42 33.09 24.93 7.52 95.32 46.06 26.94
S0, (mg LY 400 200 3.14  1100.32 240.33 289.34 2.58 983.48 164.82 250.51

the wet season. Because despite the TDS reduction in the
wet season, the concentration of components affecting water
electrical conductivity increases (Hasan et al. 2017).

The TH of the aquifer water specimens ranged from
130.05 to 1471.39 with an average of 467.22 mg L~! as
CaCOj in the dry season and from 140.31 to 1392.22 with
an average of 432.99 22 mg L™! as CaCO; throughout the
wet season. The spatial distribution of TH in the dry season
demonstrated that 72.16% of the plain area is in the desirable
limit of total hardness (< 100 mg L 'as CaCO;) and the rest
of the area (27.84%), located at south, southwest, and east
of the plain, is in the permissible limit of TH (100-500 mg
L~! as CaCO;). The water quality in terms of TH improved
from the dry season to the wet season, as the area percentage
related to desirable and permissible limits of TH obtained
79.46% and 20.54%, respectively (Muthukumaravel et al.
2010).

The findings demonstrated that the order of dominance
of anions and cations is HCO;~>S0,>~ > CI~ >NO;~ and
Ca’* >Na™ >Mg?* > K™, respectively, in the dry season
and HCO;™>CI™ >S0,>">NO,~andNa® >Ca’* >Mg** >K*
in the wet season. Most parameters have more concen-
tration in the dry season, contrary to nitrate. The higher
concentration of nitrate in the wet season is indicative
of anthropogenic processes such as agronomy, indus-
try, urban growth, and enhancing the extraction of water
resources. The spatial distribution of cations and ani-
ons is represented in Fig. 3 and Fig. 4, respectively. It
can be observed in Fig. 3 that in the dry season, 9.47%
of the plain area has the desirable concentration of Ca
(<75 mg L"), 81.34% of the area is in the permissible
range (75-200 mg L), and 9.19% of the plain has a not-
permissible range of Ca for potable water (>200 mg L™").
But in the wet season, the area percentage with a desirable
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amount of Ca increases to 44.82%, and permissible and
not permissible classes decrease to 47.62% and 7.56%,
respectively.

The percentage of land area related to different classes
of Mg, Na, and K in wet and dry seasons is almost equal.
As most area of the studied plain is within the desirable
and permissible limits of these cations. In the southern and
eastern areas of the plain, the concentration of Mg and Na
is in the not permissible class.

As can be observed in Fig. 4, in the dry season,
76.04% of the plain area has the desired amount of HCO,
(<300 mg LY, 2.21% of the area is in the permissible
range (HCO,; =300 mg L"), and 21.75% of the plain
has a not-permissible range of HCO; for potable water
(>300 mg L™"). But in the wet season, the area percent-
age with desirable and permissible amounts of HCO,
decreases to 47.65% and 1%, respectively, and the not-
permissible class increases to 51.35%. Areas with a not-
permissible class range are in the western half of the plain.

Unlike bicarbonate, the concentration of SO, in the dry
season is more than in the wet season. In the dry season,
67.55% of the plain area has the desirable concentration of
SO, (<200 mg L1, 11.24% of the area is in the permissi-
ble range (200-400 mg L"), and 21.21% of the plain has a
not-permissible range of SO, for potable water (> 400 mg
LY. But in the wet season, the area percentage with a
desirable amount of SO, increases to 82.33% while per-
missible and not permissible classes decrease to 5.5% and
12.17%, respectively.

The percentage of land area related to different classes
of Cl in the wet and dry seasons is almost equal. The
percentage of desirable (<250 mg L~!), permissible
(250-400 mg L"), and not permissible (> 400 mg L")
classes are 76.90%, 12.07%, and 11.03%, respectively,
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Fig.2 Spatial distribution maps of pH, EC, TDS, and TH for dry season (left) and wet season (right)

in the dry season and are 78.76%, 9.02%, and 12.22%,
respectively, in the wet season.

The spatial distribution of NO; showed that in the
dry season, its concentration is within the desirable
limit (<50 mg L~!) almost all over the plain. But in the
wet season, the desirable class percentage decreases to
64.67%, while 5.47% of the region has the permissible

limit (=50 mg L™!) and 29.87% of the plain is within the
not-permissible range (> 50 mg L™").

The most usually found groundwater pollutant, particu-
larly in unconfined aquifers, is nitrate originating from both
point and non-point sources (Esmaeili et al. 2014). The
non-point sources of nitrate pollution are agronomic opera-
tions (fertilizer and manure utilization, leguminous plants,
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Fig.3 Spatial distribution maps of Ca, Mg, Na, and K for dry season (left) and wet season (right)

watering with groundwater comprising nitrogen composi-
tions) and decaying vegetation (Anayah and Almasri 2009).
Nitrate is transported approximately as a non-reactive com-
position in the unsaturated zone mostly due to its high solv-
ability and its trend to be repulsed by negatively charged
soil matrices.

The correlation matrix represented the better-paired rela-
tionship among the physicochemical variables (Table 4). A

@ Springer

strong correlation between Ca’* and Mg?* with TH in both
seasons reveals that these parameters are water hardness
factors. In addition, such a strong correlation between SO,
and Cl is a demonstrator of permanent hardness. A posi-
tive and significant correlation of CI~ with Na* and Ca®*
in the specimens is indicative of the dominance of these
soluble salts. To know the possible originations of Na* and
Cl™ in the water samples, the relationship between these
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Fig.4 Spatial distribution maps of HCO;, Cl, NO5, SO, for dry season (left) and wet season (right)

ions was assessed by plotting the scatter plot of Na™ versus
CI™ (Panno et al. 2006). According to Fig. 5, most of the
points that fall under the 1:1 line demonstrate that the con-
centration of CI™ has decreased, which might show silicate
mineral dissolution and cation exchange.

The positive and significant correlation between EC and
TDS, especially in the wet season (r=0.946), might be

because of ions in TDS that conduct electricity. In addi-
tion, a significant positive correlation between EC and
Na*, K*, Ca**, Mg?*, C1~, and SO,>" ions shows the high
mobility of ions. The strong correlation between Mg+
and CI™ can be attributed to domestic wastewater enter-
ing groundwater in the considered region. A significant
and positive correlation between Mg?* and SO,*~ can be
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Table 4 Correlation coefficient matrix of physicochemical parameters

Correlation in the dry season

pH -0.155 TDS TH Ca Mg Na K HCO, SO, cl NO,
pH 1.000 -0276 -0290 -0.355" -0220 -0.057 -0244 -0.199 -0314 0.035 —0.404"
EC 1.000 0.859"  0.878"  0.697 08877  0.784™ 0785  0.202 0.697" 0.875™ 0.280
TDS 1.000 0913 0752  0.843" 0.784™  0.738"" 0463  0.778" 0.730" 0.252
TH 1.000 0.886™  0.846™  0.666™  0.6877  0.292 0.808" 0.750" 0.327
Ca 1.000 0.575™  0419° 05217 0.195 0.651" 0.635™ 0.164
Mg 1.000 0.776™ 0712 0.354 0.739" 0.734™ 0.397"
Na 1.000 0.776™ 0317 0.670" 0.7917  —0.048
K 1.000 0.332 0.619" 0.745™ 0.089
HCO, 1.000 0.124  0.109 0.131
SO, 1.000  0.531" 0.277
cl 1.000 -0.044
NO, 1.000
Correlation in the wet season
pH EC TDS TH Ca Mg Na K HCO, S0, Cl NO,
pH 1.000  -0.305 -0334 -0309 -0346 -0261 -0317 -0255 -0.164 —0353 -0.262 0.124
EC 1.000 0.946"  0.936™  0.584™ 0936  0.893" 0733  0.209 0.814™ 0942  0.135
TDS 1.000 0951  0.692  0.864™ 0.944™ 0.833" 0342 0.879"  0.872"  0.182
TH 1.000 0.739™  0.896™  0.846™  0.762"  0.302 0.848™  0.866™  0.283
Ca 1.000 0.449° 05747  0.553"  0.206 0.654™ 0560  0.213
Mg 1.000 0.820  0.702"  0.220 0767 0.869  0.172
Na 1.000 8477 0.306 0.831"  0.868™ —0.006
K 1.000 0.377° 0708  0.693"  0.135
HCO, 1.000 0.172 0.022 0.115
SO, 1.000 785" 0.071
cl 1.000 0.043
NO, 1.000
“Correlation is significant at the 0.05 level (2-tailed)
“*Correlation is significant at the 0.01 level (2-tailed)
35 ®
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=15 =
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Fig.5 Scatter plot of Na* (meg/L) versus Cl~ (meg/L) in groundwater specimens
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Fig. 6 Spatial distribution maps of WQI for dry season (left) and wet season (right)

Table 5 Categorization of the water quality of the Fasarud aquifer
according to the WQI quantities

WQI range Water quality Dry season (%) Wet season (%)

<50 Excellent 38.03 32.31

50-100 Good 51.71 59.07

100-200 Poor 10.26 8.62

200-300 Very poor 0 0

>300 Unsuitable for drink- 0 0
ing

a result of using organic and chemical fertilizers in agro-
nomic operations in this area.

In addition, the results of the spatial distribution of WQI
presented in Fig. 6 and Table 5 indicate that, in both sea-
sons, most of the aquifer area has excellent and good quality
water for drinking purposes. Only limited areas, mainly in
the south of the plain, have poor-quality drinking water. In
addition, in none of the seasons, water quality falls in the
classes of very poor and unsuitable for potable. The reason
for the decrease in water quality for potable in the wet sea-
son can be ascribed to the increment in ionizable ions and,
consequently, the increase in electrical conductivity.

Evaluation of groundwater quality for irrigation
uses

The primary source of irrigation in this region is groundwa-
ter throughout the year because of the incompetent surface
water and irregular rainfall. A large amount of groundwa-
ter extraction happens from moderate to deep wells. The
groundwater appropriateness for irrigation is ascertained by
different values of various ions. Groundwater always con-
tains some soluble salts, and the excess amount of soluble
salts may be detrimental to many plants and also destroys
the soil characteristics over a long period.

The SAR quantities in the research area range between
0.46 and 6.24 with a mean of 1.80 during the dry season and
from 0.36 to 8.77 with a mean of 1.74 during the wet season.
Figure 7 and Table 6 represent the sampling boreholes on
the US salinity diagram.

These results indicate that within both seasons, the water
samples fall mainly into C2S1 and C3S1 limits. 48.39% and
35.48% of groundwater specimens place into doubtful class
(C3S1) within wet and dry seasons, respectively, showing
water of medium-to-high salinity and low SAR class, with-
out the hazard of soil destabilization. This groundwater can
be applied for watering crops possessing well salt toleration
on soils with good permeability, with salinity control (Wil-
cox 1955; Gouaidia et al. 2012). Overall, the water quality
is more appropriate for irrigation purposes in the dry season
(Table 7). The reason can be attributed to the lack of run-
off with rainfall origin and no occurrence of agricultural
effluents.

The spatial distribution of the irrigation suitability classes
indicates that the water quality in none of the seasons is in
the excellent class for watering crops (Fig. 8). In the dry
season, the groundwater quality in the south, east, and west
of the aquifer is in doubtful and unsuitable classes, which
increases during the wet season and the irrigation period.

Assessment of groundwater quality for industrial
purposes

The CR values in the study area varied between 0.23 and
9.46 with a mean of 2.51 during the dry season and from
0.10 to 16.50 with a mean of 1.84 within the wet season.
The spatial distribution maps of the CR classes for the con-
sidered area are illustrated in Fig. 9. As in the dry season,
18.03% of the area is in the safe zone limit, and 81.97% of
the plain has an unsafe zone for industrial uses (Table 8).
These values in the wet season are 11.37% and 88.63% of
the area for safe and unsafe zones. These results indicate
that in both seasons, the groundwater quality in most areas
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Fig.7 The sampling points on the USSR salinity diagram for the study area

Table 6 Groundwater quality for watering crops according to sodium
and conductivity (%)

C251 C381 C451 C482 C483
Wet season 38.71 48.39 6.45 3.23 3.23
Dry season 51.61 35.48 3.23 9.68 -

of the plain is in an unsafe zone in terms of industrial uses.
In addition to small sporadic areas throughout the plain, the
northern and northwestern parts of the plain also have safe
groundwater for industrial uses.

Hydro-chemical characteristics of groundwater

A Piper diagram was depicted to assess the hydro-chemical
characteristics of cations and anions represented in Fig. 10.
The results in both seasons show that the most dominant
cation is Ca, and the most dominant anion is HCO;. Based

on the Piper diagram for groundwater in both seasons, alka-
line earth metals exceed alkali metals. In the other words,
Ca-Mg (HCO;),, CaCl,, and mixed types of water are found
in the studied aquifer (Aleem et al. 2018). The dominance
of Ca-HCO; facies is because of the carbonate dissolution
process relevant to the presence of limestone and dolomitic
limestone outcropping in the research region (Prabha et al.
2013).

Conclusion

Pollution from point and nonpoint sources generated by
human activities has damaged groundwater quality in recent
years, causing socioeconomic and health troubles. Recog-
nizing and managing groundwater quality are necessary to
maintain freshwater resources in arid and semi-arid regions
like Iran. The Water Quality Index (WQI), the US salin-
ity diagram, and the corrosivity ratio were developed to

Table 7 Classification of the

. Classes
water quality of the Fasarud

Water quality Dry season (%) Wet season (%)

aquifer for agricultural uses C1S1

C1S2, C2S81, C282
C183, C283, C3S1, C352

C154, C254, C354, C454, C4S1,
C4S2, C4S3

Excellent 0 0

Good 53.95 35.83
Doubtful 38.99 56.12
Unsuitable 7.06 8.05
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Fig.9 Spatial distribution maps of the corrosivity ratio classes of the research area for the dry season (left) and wet season (right)

Table 8 Compatibility of

. : CR<1 CR>1
groundwater for industrial
purposes according to Wetseason 1137  88.63
corrosivity ratio Dryseason 1803  81.97

evaluate groundwater resources in Fasarud Plain, southern
Iran, for their drinking, irrigation, and industry suitability.
These indices and GIS mapping illustrate spatial distribution
along with other water quality parameters, such as anions
and cations. The results demonstrated that the water type in
the research region is Ca-Mg (HCOs;),, CaCl,, and mixed. In
addition, the groundwater quality for various uses decreased
from the dry season to the wet season. Based on WQI in both
seasons, most plain areas have excellent and good quality
water for drinking purposes. The spatial variation of ground-
water quality indicated that groundwater with poor quality is
seen in the south and west of the evaluation region (10.26%
and 8.62% in the dry and wet seasons, respectively).

For irrigation purposes, the water has medium-to-high
salinity and low SAR without the hazard of soil destabiliza-
tion in both seasons. This water is appropriate for watering
crops with good salt tolerance on soils with good perme-
ability, along with salinity control. According to the spatial
variation of groundwater quality, 7.06% and 8.05% of the
area in the south of the plain has unsuitable water for agri-
cultural uses. In addition, in terms of industrial uses in both
seasons, the groundwater quality in most regions of the plain
is in an unsafe zone. So that limited areas in the north and
northwestern of the study area have safe water for industrial
purposes.

In general, the reduction of water quality for potable,
agricultural, and industrial uses from the dry season to the
wet season shows the destructive effect of anthropogenic
activities such as agriculture on groundwater quality. This
research discovered that the usage of an integrated approach
of GIS and the water quality indices is incredibly helpful
in fetching groundwater quality and with a clear view of
the geographic area of groundwater quality; this result has
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Fig. 10 Piper diagram for the chemical compounds of groundwater for the dry season (left) and wet season (right)

significant consequences for regional decision-makers for
improving groundwater management and protection.
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