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ABSTRACT

This study aimed at utilizing geographic information system (GIS) and water quality index (WQI) for eval-
uation of the quality of groundwater in Birjand City, Iran. This study evaluated the physical and chemical
parameters of 19 wells located in South Khorasan Province, within the boundary of Birjand City (with
an area of 5,400 km?). First, using ArcGIS 10.22 software, the zoning maps were plotted for pH, electri-
cal conductivity (EC), total dissolved solids (TDS), total hardness (TH), bicarbonate, ammonium, sulfate,
nitrate, calcium, magnesium, sodium, and potassium. Then, WQI was employed to evaluate water quality.
According to the results, in over 90% of the studied area, EC, TDS, and TH values were above the allow-
able limit. Considering the zoning map and the results of spatial analysis of the parameters, the more we
moved from the south of the studied region to the north, the parameters values increased, representing the
worsened quality of water. Based on the results of WQI classification, only 10.5% of the studied wells were
placed in the first group (excellent water), while the majority of sampling points (36.84%) were placed in
the third group (poor water). The zoning and spatial analysis of water quality showed that water quality
was suitable for drinking purposes only in 1,958 km?* (36.28%) of the entire studied region. Moreover, in
3,437.53 km? (63.69%) of the studied area, water quality was unsuitable for drinking. Therefore, the applica-
tion of WQI and spatial analysis through GIS was effective for monitoring groundwater quality in the stud-
ied region, and it can be considered as a promising tool for understanding the spatial patterns and changes.

Keywords: Physicochemical parameters; Geographic information system; Water quality index; Spatial
analysis; Birjand

1. Introduction regions especially in Iran [1]. It is estimated that around one
third of the world’s population use groundwater for drinking
purposes [2]. The quality of groundwater normally depends
on the geochemical compounds of minerals and other hydro-
dynamic factors present in any region [3,4]. However, due to
* Corresponding author. the passage through different layers of earth, groundwater is

Groundwater plays an important role in provision of water
for drinking purposes in dry and semi-dry urban and rural
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generally filtered and is usually colorless and free of turbidity
and other microbial contaminants and organic compounds.
Instead, they are rich in minerals that makes it necessary to
treat water only in some special cases [5]. However, it seems
that the quality of groundwater is constantly worsening, which
is mainly due to uncontrolled exploitation of these resources
and penetration of dissolved chemicals resulting from urban
and industrial activities along with agricultural wastewaters
[6-8]. Low-quality drinking water can affect human health
and result in the incidence of many acute and chronic dis-
eases in many parts of the world. The mentioned health prob-
lems are considered as main important causes of mortality in
many communities [9,10]. According to a report by the World
Health Organization (WHO), about 80% of human diseases
are somehow related to water; moreover, when a groundwa-
ter resource is contaminated, its water quality does not eas-
ily recover through stopping the entrance of contaminants
[11-13]. Moreover, concurrent with the growth of population,
there has been an increase in people’s demand for water for dif-
ferent uses including household, industrial, agricultural, and
recreational activities; thus, it has become necessary to better
manage, monitor, and evaluate the quality of water resources
[10]. The quality of water resources can be evaluated through
the comparison of the values of a parameter with its standard
values; however, it is considered as a traditional and simple
method that cannot present a comprehensive and thorough
picture of the overall status of water quality in a specific region.
To overcome this problem, several water quality indices have
been developed for converting the values of different param-
eters into a comprehensive and thorough index [14]. Water
quality index (WQI) is a very promising tool for evaluation
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of and monitoring the extent of spatial and temporal changes
in water quality parameters through a numerical scale and
using mathematical calculations; it can provide policy-makers
and managers with very useful information regarding water
resources quality [15-17]. Indeed, WQI reflects the composite
influence of several water quality parameters. It has attracted
a great deal of attention for groundwater monitoring because
it can present comprehensive, thorough, and understandable
data about water quality status [18,19].

Geostatistical ~ techniques, geographic information
system (GIS), and ArcGIS software (as an important and
useful type of GIS software) can be used as suitable tools to
represent temporal and spatial variations in parameters of
groundwater quality, determine the quality of groundwater
between distant sampling points, and depict the overall sta-
tus of groundwater quality in a region under the coverage of
a water resource [20].

Given the importance of monitoring groundwater qual-
ity and application of suitable instruments and methods
for water quality measurement, this study was conducted
with the aim of utilizing GIS and WQI for the evaluation of
groundwater quality for drinking purposes in Birjand City.

2. Methods
2.1. Location of the studied region

The studied region is located in South Khorasan Province
within the boundary of Birjand City with an area of 5,400 km?
covering a geographical position from 58°4"0" to 59°40"0" E
and from 32°40"0" to 33°40"0" N (Fig. 1).
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Fig. 1. The geographical position of the studied region.
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2.2. Data input

In this study, the samples were collected from 19 wells
located in the study region; they were collected twice during
spring and autumn 2015, and mean values were reported.
The parameters investigated in this study were the follow-
ings: pH, electrical conductivity (EC), total dissolved solids
(TDS), total hardness (TH), bicarbonate (HCO;), chloride
(CI), sulfate (SO,*), nitrate (NO,"), calcium (Ca*), magne-
sium (Mg?), sodium (Na"), and potassium (K*).The data on a
1-year trend of the mentioned parameters were collected and
then analyzed using standard methods [21].

2.3. Analysis using GIS and remote sensing

In this study, ArcGIS 10.22 software was used for the prepa-
ration of zoning maps. Interpolation models were used to ana-
lyze the data in GIS Software. In this study, inverse distance
weighting (IDW) was used for the preparation of zoning maps
of the desired parameters [22,23]. IDW is an algorithm that
is used for interpolation of data in a spatial form; it predicts
the distances between sampling points based on the weighted
mean of each parameter and the distance between the points
[24]. Moreover, to study the status of vegetation in the studied
area we used Landsat Archive image (L4-5 TM sensor). ENVI
4.7 software was used to combine bands and extract maps.

The WHO’s standards for drinking water were used
to determine water quality in terms of the investigated
parameters.

2.4. Determination of WQI

WQI was calculated through the measurement of several key
factors to determine the effect of human and natural activities
on the quality of groundwater resources [25]. There were three
stages for calculation of WQI [26]. At the first stage, 12 parame-
ters were chosen (pH, EC, TDS, TH, HCO,, CI, SO 2 NO-,, Ca*,
Mg*, Na', and K); then considering the impact of each param-
eter on the quality of groundwater for drinking purposes and
its influence on human health a weight (w)), ranging from 1 to 5,
was attributed to each parameter. The largest weight, i.e., 5, was

Table 1
Statistics of physicochemical parameters (1 = 18)

attributed to nitrate and TDS; 4 to EC and SO,*; 3 to bicarbonate
and ammonium; 2 to calcium, sodium, and potassium; and 1 to
magnesium [27]. At the second stage, the relative weight (W) for
each parameter was calculated using Eq. (1):

W= M
Zi=lw1

where W, is the relative weight of each parameter; w, is the
weight attributed to each parameter; and n is the number of
parameters investigated

At the third stage, the relative quality (g,) of each param-
eter was calculated using Eq. (2); accordingly, the value mea-
sured for each parameter in the sample was divided by the
standard value of that parameter [25]:

C,

;=—-x100 2
where g, is the relative quality of each parameter; C, is the mea-
sured concentration of each parameter in the sample (mg/L);
and S, is the WHO's standard for each parameter (mg/L).

Finally, in order to calculate WQ]I, the critical index or
sub-index (SI) for each parameter was calculated using
Eq. (3), where the sum of SI, calculated for each parameter
represented the WQI value (Eq. (4)) [19,25]:

SL=q,*W, 3)

i

WQI=YsI, (4)

where S, is the sub-index of the ith parameter; g, is the rel-
ative quality of each parameter; W, is the relative weight of
each parameter; and WQI: water quality index.

3. Results and discussion

Table 1 presents the results of the statistical analysis of the
investigated parameters including maximum, minimum, and
the mean values. Figs. 2—4 present the zoning maps depicted
for each of the investigated parameters using IDW model.

Parameters Maximum Minimum Mean Standard Deviation
Temperature (°C) 26.7 23.4 24.573 0.915
pH 8.32 7.25 7.83 0.25

EC (uS/cm) 7,450 1,000 2,619.31 1,589.86
TDS (mg/L) 4,980 586.75 1,658.36 1,072.93
HCO, (mg/L) 443.29 105.40 289.25 106.58
CI- (mg/L) 1,668.43 75.29 415.90 407.91
SO,* (mg/L) 1,487.33 123.86 508.13 362.11
NO, (mg/L) 54.69 6.98 25.891 12.339
Ca? (mg/L) 511.18 29.46 118.29 118.39
Mg? (mg/L) 120.64 7.05 54.485 28.64
Na* (mg/ L) 1,042.16 110.32 387.16 239.11
K* (mg/ L) 13.05 1.74 5.786 3.63

TH (mg/ L) 1,774.41 123.63 519.95 370.64
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Fig. 2. Zoning the status of groundwater quality in the studied region in terms of pH (a), EC (b), TDS (c), and TH (d).

3.1.pH

The pH value represents the ability of water to react with
acidic and alkaline compounds present in the water resource,
controlled through the equilibrium between carbon dioxide,
carbonate, and bicarbonate [13,24]. Typically, pH does not
directly influence human health, but it is a very important
parameter in determination of quality of water resource
that can influence the extent of solubility of many salts and
determine the level of contaminants in water resources [28].
The WHO'’s standard for pH is between 6.5 and 8.5. In this
study, the mean pH was 7.83, which laid within the standard
range, suggesting that bicarbonate ion was abundant and the
region’s wells had an alkaline nature (Table 1) [29]. As shown
in Fig. 2(a) and based on the results of zoning and spatial
analysis of pH values, in the majority of points and distance
between them pH parameter laid within the normal range.

3.2. Electrical conductivity (EC)

EC represents the capacity of transmission of electrical cur-
rent due to the presence of ions that exist in water resources.

Indeed, EC shows the presence of water-soluble salts [25,30].
EC values can be categorized in three groups as follows: the
first group: a value lower than 1,500 ps/cm (low soluble salts),
second group: an EC value between 1,500 and 3,000 ps/cm
(medium levels of soluble salts), and third group: an EC value
above 3,000 ps/cm, which suggests that the level of soluble
salts in the water resource is high [31]. Although the maxi-
mum standard level of EC for drinking water at a temperature
of 25°C is 1,500 us/cm [28], in this study, the level of EC laid
between 1,000 and 7,450 ps/cm. Based on the EC classification,
21% of the studied water resources laid within the range of
the first group (low salt enrichment ); 52.6% were placed in
the second group (medium salt enrichment); and 26.4% were
placed in the third group (high salt enrichment). The zoning
map and spatial analysis of EC values also indicate that over
90% of the studied area had unfavorable EC values (Fig. 2(b)).

3.3. Total dissolved solids (TDS)

TDS value indeed represents the weight of residual com-
pounds following water sample evaporation and drying
[32]. TDS value is one of the most important parameters in
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Fig. 3. Zoning the status of groundwater quality in the studied region in terms of SO (a), CI- (b), NO," (c), and HCO,™ (d).

determination of the level of water consumption and with-
drawal in a region. High levels of TDS are not suitable for
agricultural purposes nor for drinking purposes [33]. Studies
have revealed that high concentration of TDS in groundwater
alone cannot be harmful for human, but consumption of this
type of water can be detrimental to the health of people suffer-
ing from cardiovascular and kidney disorders [34]. According
to TDS classification of groundwater, water with a TDS lower
than 1,000 mg/L is classified as freshwater, between 1,000 and
10,000 mg/L as brackish, and over 10,000 mg/L as salty waters
[20]. Fig. 2(c) presents the zoning map and spatial analy-
sis of TDS values; in this figure, orange color, which covers
over 90% of the studied area, represents TDS values above
1,000 mg/L, suggesting that TDS values do not lie within the
allowable limit for drinking purposes and the studied water
type is brackish. The high TDS concentration could be a result
of the entrance of soil salts into the groundwater resources

due to uncontrolled exploitation of the resources. Further,
human activities and penetration of household wastewaters
to the water resources can increase TDS values [20].

3.4. Total hardness (TH)

Water hardness is mainly caused due to the presence of
calcium and magnesium cations together with carbonate,
bicarbonate, chloride, and sulfate anions [35]. Water with a
hardness of above 200 mg/L can form scale in the distribu-
tion network. In addition, water with a hardness of above
300 mg/L is considered as a very hard water [36]. Although
high levels of water hardness have no known adverse effects
on human health, some recent evidences have suggested
its relationship with cardiovascular disorders. It can also
result in scale formation in the distribution network, system
fouling, and increased boiling point; moreover, it makes it
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Fig. 4. Zoning the status of groundwater quality in the studied region in terms of Ca* (a), Mg* (b), Na* (c), and K* (d).

difficult to use the water for washing clothes for household
uses [20,36]. In this study, the TH values ranged from 123.43 to
1,774.41 mg/L with a mean value of 519.93 mg/L, suggesting
that TH of groundwater in the studied region was very high.
Fig. 2(d) presents the zoning map and spatial analysis of TH
values; in this figure, orange color, which covers over 90% of
the studied area, represents TH values above 300 mg/L. The
high level of hardness in the studied region is attributed to the
material and texture of pathway of groundwater, as it passes
through calcareous layers and collects carbonate as well as
bicarbonate ions, which later accumulate in water resources.

3.5. The main studied anions
3.5.1. Sulfate (50,%)

The high concentration of sulfate in drinking water brings
about a laxative effect in the body system [25]. According to
the WHO's standard, the maximum desirable level of sulfate

is 250 mg/L, and the maximum allowable concentration of sul-
fate in water is 400 mg/L. In this study, the concentration of sul-
fate ranged from 123.86 to 1,487.33 mg/L; moreover, in 52.6%
of the sampling points, its concentration did not lie within the
allowable range. Fig. 3(a) presents the zoning map and spa-
tial analysis of sulfate values; in this figure, orange color rep-
resents an area of the studied region where sulfate values were
above 400 mg/L, i.e., they were not in an allowable range, sug-
gesting that in the majority of the studied region sulfate values
were above the allowable limit. Presence of large amounts of
sulfate can be due to the existence of reduced form of sulfur in
sedimentary rocks that form metallic sulfides and change into
sulfate in response to contact with water and air humidity [37].

3.5.2. Chloride (CI')

Chloride ion is often naturally available in the form of
chlorine and has a very low mobility in water. The presence
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of chloride ion in groundwater resources can be due to
different factors including weathering, leakage of soil sedi-
ments, minerals, as well as urban and industrial wastewaters
into water resources [25]. According to the WHO’s standard,
the maximum desirable level of chloride is 250 mg/L. In this
study, the concentration of chloride ranged from 75.29 to
1,668.43 mg/L. The maximum allowable limit for chloride is
600 mg/L, where in 15.7% of samples, it exceeded the allow-
able limit. Fig. 3(b) presents the zoning map and spatial
analysis of CI~ values; in this figure, orange color represents
an area of the studied region where CI- values were above
600 mg/L. It was observed mainly in northern regions. The
more we move toward south, the Cl- values decrease more.
The high level of chloride can be attributed to the material
of rocks and the soil of the region or entrance of urban and
industrial wastewaters. The high concentration of chloride
can give a salty taste to water and cause the water to become
corrosive, not to mention that it is not very suitable for car-
diovascular and kidney patients [24].

3.5.3. Nitrate (NO;")

Nitrate is one of the elements that is highly water
soluble; it can enter water resources easily through soil
[29]. Its presence in groundwater is mainly attributed to the
impact of agricultural and human wastewaters [38]. The
most important problems caused by these compounds are
methemoglobinemia, blue baby syndrome, hypertension,
diabetes, thyroid disease, stomach cancer, abortion, and
altered immune function [39-41]. According to the WHO's
standard, the maximum allowable concentration of nitrate is
45 mg/L (as NO,"). In this study, its level ranged from 6.98 to
54.69; in addition, in only one point of the sampling its level
exceeded the allowable limit, which is shown in zoning map
and spatial analysis of nitrate values presented in Fig. 3(c).

3.5.4. Bicarbonate (HCO,")

The concentration of carbonates in natural water mainly
depends on the level of soluble carbon dioxide, tempera-
ture, pH, cations, and some soluble salts. The concentration
of carbonates in groundwater is usually higher than that in
surface waters [25]. According to the WHO'’s standard, the
maximum allowable concentration of bicarbonates is 500 mg/L.
In this study, the level of bicarbonate ranged from 105.43 to
443.29 mg/L, and it laid within the standard range. The zoning
map and spatial analysis of the values of bicarbonate also indi-
cate that in the majority of the studied area, bicarbonate values
laid within the standard and allowable range (Fig. 3(d)).

3.6. The main studied cations
3.6.1. Calcium and magnesium (Ca** and Mg*')

The presence of calcium and magnesium cations in
groundwater is mainly attributed to mineral carbonates
including calcite and dolomite [33]. These items can directly
result in water hardness; they mainly exist in form of bicar-
bonate and to a little extent sulfate and chloride [25,42].
According to the WHO's standard, the maximum desirable
level of calcium is 75 mg/L, and its maximum allowable limit
is 200 mg/L. In this study, it ranged from 29.46 to 511.18 mg/L,

where in four sampling points (21%), its value was above the
standard level. Fig. 4(a) presents the zoning map; in this fig-
ure, orange color represents the area with values out of the
allowable range. The water with a calcium level above the
allowable limit can cause stomach problems, kidney prob-
lems, bladder stone, and urinary tract obstruction in human
beings [24]. Further, the use of such a water for household
purposes can result in encrustation and scaling of the pipes
[25]. According to the WHO'’s standard, the maximum desir-
able level of magnesium is 50 mg/L, and its maximum allow-
able level is 150 mg/L. In this study, it ranged from 7.05 to
120.64, and in all the sampling points, its value was below the
maximum allowable level. Fig. 4(b) presents the zoning map
of magnesium levels.

3.6.2. Sodium and potassium (Na* and K*)

According to the WHO's standard, the maximum allow-
able concentration of sodium in drinking water is 200 mg/L.
In this study, the concentration of sodium ranged from 110.32
to 1,042.16 mg/L, and in 15 points of the sampling site (78.9%),
it was above the allowable level. Fig. 4(c) presents the sodi-
um’s zoning map; in this figure, the orange color represents
the area where sodium concentration was not in the allow-
able range. In this study, sodium ion was the predominant
cation; in addition, the higher value of sodium, as compared
with calcium, is due to the process of cation exchange in soil.
The high level of sodium in groundwater can be the result of
weathering of silicate rocks or solubility of the salts present
in soil due to evaporation, human activities, and agricultural
activities [25]. According to the WHO’s standard, the max-
imum allowable concentration of potassium is 12 mg/L. In
this study, it was 1.74-13.05 mg/L. According to the results,
in four points of the sampling (21%), potassium values were
above the allowable level. Fig. 4(d) presents the potassium’s
zoning map; in this figure, orange color represents the area
where potassium concentration was not in allowable range.

3.7. Estimation and mapping of water quality index

WQI is known as a very important parameter for deter-
mining water quality for drinking purposes [33]. WQI is a
technique that measures the effect of several parameters on
the quality of water resource together and expresses them as
one parameter [25]. Table 2 presents weight, relative weight,
and the WHO'’s standard for every parameter required for
calculation of WQI. Moreover, WQI classification is pre-
sented in Table 3. The results of WQI classification indicated
that out of the 19 sampling points (the sampling wells), 10.5%
(two sampling wells) were located in the first category (excel-
lent water), 31.57% (six sampling wells) in the second cate-
gory (good water), 36.84% (eight sampling wells) in the third
category (poor water), 15.7% (three sampling wells) in the
fourth group (very poor water), and 5% (1 sampling well) in
the fifth category (water unsuitable for drinking purposes)
(Table 4). Zoning and spatial analysis of water quality (Fig. 5)
showed that the more we moved from south to north, water
quality worsened further, and only in 1,958 km? (36.28%) of
the entire studied area, water quality was good for drinking
purposes; on the other hand, in 3,437.53 km? (63.69%) of the
studied area, water quality was not suitable and was poor
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Table 2
Weight, relative weight, and the WHO's standard for physical—-
chemical parameters in the studied region

parameters WHO Weight Relative
standards (w,) weight (W)

pH 6.5-8.5 4 0.114

EC (uS/cm) 500 4 0.114

TDS (mg/l) 500 5 0.142

HCO, (mg/l) 500 3 0.086

Cl- (mg/l) 250 3 0.086

SO,* (mg/l) 250 4 0.114

NO," (mg/l) 45 5 0.142

Ca* (mg/l) 75 2 0.057

Mg (mg/1) 50 1 0.029

Na* (mg/1) 200 2 0.057

K* (mg/l) 12 2 0.057

Sum 2 w=35 2 w=0.998

Table 3

Water quality classification ranges and types of water based on
water quality index (WQI) values [30,43]

WQI range Type of water

<50 Excellent water

50-100 Good water

100-200 Poor water

200-300 Very poor water

>300 Water unsuitable for drinking purposes

for drinking purposes (Table 5). The low quality of water in
northern regions of the studied area could be attributed to
the process of weathering of rocks and dissolution of salts
from the bedrock into the water resources. It can be also
attributed to the material of the bedrock or mother rock in
this region, which is of clay or shale. Therefore, penetration
of rainfall into groundwater in these regions is low, and thus,
the quality of groundwater has declined. Furthermore, the
low water quality in this region can be the result of discharg-
ing industrial and urban wastewaters as well as agricultural
wastewater in this area.

3.8. Land-cover pattern and groundwater quality

Fig. 6 presents region vegetation cover. As shown in the
figure, there is vegetation cover around wells located in a
region south band. This vegetation cover does not include
agricultural lands, but natural vegetation cover. In north of
wells located in the center of the region, a mass vegetation
cover can be seen that indicates agricultural vegetation. In
the rest of the region, the plant cover is scarce and scattered.
A comparison between vegetation and WQI index is shown
in Fig. 5. Based on the figure, it is clear that, in areas with
natural vegetation, WQI is in the green status, and in areas
where vegetation is related to agriculture, WQI is in the
red; in other areas with low vegetation and in the absence
of the agricultural activities, WQI is in the yellow status.

Table 4
WAQI classification for individual samples

Sample WQI Water quality classification
number values type

1 85.91 Good water

2 51.58 Good water

3 122.94 Poor water

4 48.80 Excellent water
5 70.54 Good water

6 73.81 Good water

7 203.97 Very poor water
8 121.66 Poor water

9 124.53 Poor water

10 121.96 Poor water

11 113.74 Poor water

12 76.44 Good water

13 83.82 Good water

14 158.91 Poor water

15 45.18 Excellent water
16 102.71 Poor water

17 206.03 Very poor water
18 366.93 Water unsuitable for drinking
19 205.54 Very poor water
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Fig. 5. Zoning the status of the water quality in the studied region
in terms of WQI.

Comparing Figs. 5 and 6, it is clear that WQI is red for a well
that is located quite close to agricultural lands (sample 18)
while it is shifted to orange for downstream well. This clearly
shows the effects of farmlands on groundwater quality. For
example, elevated concentration of nitrate in groundwater is
usually related to diffused pollution caused by an overuse
of nitrogen fertilizers on farmlands. Application of nitrogen
fertilizers on farmlands can accelerate rock weathering, with
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Table 5
Status of water quality for drinking purposes in the studied
region in terms of WQI

Water quality classification type  Area (km?) Area (%)
Excellent water 24.53 0.45
Good water 1,933.47 35.83
Poor water 2,629.72 48.73
Very poor water 533.51 9.88
Water unsuitable for drinking 274.30 5.08
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Fig. 6. Vegetation area image produced by ENVI and ArcGIS.

reflexing on groundwater chemistry, because nitrification of
these fertilizers improves the alteration of minerals by the
nitric acid reaction in concurrence with the alteration of min-
erals with carbonic acid reaction [44].

In the southern part of the studied area, natural vegeta-
tion is in a good situation; there is no farmland around; and
regional water quality is better too. Vegetation cover has a
very important role on regulating hydrological processes as
well as changes in soil properties that control nutrient leach-
ing and hence groundwater quality. As groundwater quality
is related to the type of land use, any change in the use of
land affects water quality as well. In general, a change caused
by agricultural activities, instead of natural vegetation, will
degrade groundwater quality, while afforestation of bare
lands will remediate groundwater pollution [44].

4. Conclusion

In this study, WQI was applied in order to evaluate the
quality of groundwater in some regions of Birjand City.
Moreover, GIS was employed for spatial analysis of param-
eters. The results of zoning the area through GIS indicated

that in over 90% of the studied area, the values of the param-
eters of EC, TDS, and TH were above the allowable limit,
which are shown in orange color in the related maps. In this
study, in 52.6% and 15.7% of the sampling points, the con-
centration of main anions, i.e., sulfate and chloride, respec-
tively, was not within the allowable range. Considering the
studied cations, the concentration of calcium, sodium, and
potassium were above the standard level in 21%, 78.9%, and
21% of the sampling points, respectively. The zoning map
and spatial analysis of the investigated parameters showed
that the more we moved from the south to north, the value
of these parameters increased, suggesting worsened qual-
ity. The results of WQI classification also indicated that
only 10.5% of the studied wells (two sampling wells) laid
within the range of excellent water (the first group), whereas
the majority of points (36.84%) laid in the third group. The
zoning and spatial analysis of water quality in the studied
region indicated that only in 1,958 km? (36.28%) of the entire
studied area water quality was good for drinking purposes,
whereas in 3,437.53 km? of the studied area water quality
was unsuitable and poor for drinking purposes. Therefore,
in order to improve the quality of groundwater especially
in the northern areas of the studied region, it is possible
to use rainwater harvesting systems and artificial recharge
methods. Finally, it can be stated that the application of WQI
and spatial analysis through GIS was effective for monitor-
ing groundwater quality in the studied region and it can be
considered as a promising tool for understanding the spatial
pattern and variations.
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