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Abstract: Surface and groundwater resources are two important sources in meeting agricultural, urban, and industrial
needs. Random supply of surface water resources has prevented these resources from being a reliable source of water
supply at all times. Therefore, groundwater acts as insurance in case of water shortage, and maintaining the quality of
these resources is very important. On the other hand, studying vulnerability and identifying areas prone to aquifer
pollution seems necessary for the development and optimal management of these valuable resources. Identifying the
vulnerabilities of the aquifer areas to pollution will lead to a greater focus on preserving those areas. Therefore,
groundwater quality assessment was performed in this study using the groundwater quality index (GQI), and
groundwater vulnerability to pollution was assessed using the DRASTIC index. GQI is developed based on the values of
six quality parameters (Na*, Mg2+, Ca®", SO42’, CI', and TDS). The DRASTIC index is developed based on the values of
seven parameters (depth to the water table, net recharge, aquifer media, soil media, topography, impact of vadose zone,
hydraulic conductivity). The zoning of both indexes has been done using geographic information system (GIS)
software. The results show that the GQI of the region was about 93, and its DRASTIC index was about 86. Therefore,
the quality of aquifer groundwater is excellent, and its vulnerability to pollution is low.
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INTRODUCTION

Excessive population growth, climate change, and limited water
resources have led to over-exploitation of aquifers and irreparable
damage [AFsHAR et al. 2021]. In addition to severe water levels in
aquifers, natural pollution sources and human pollution pose
a serious threat to groundwater [CHATTERJEE et al. 2018; NADERI,
Ragst 2018].

Natural pollution sources are resources that exist without
human intervention in nature and cause groundwater pollution
[Li et al. 2021; SHAFIEE 2018]. The most famous of these resources
can be saltwater, arsenic, and carbonates mentioned [BANDARA
et al. 2018; DeHBANDI et al. 2019]. The infiltration of seawater into
coastal aquifers and the contamination of their freshwater is an
example of saline pollution. The discovery of arsenic in the
groundwater supply system is an important issue in public
health.

Sources of human pollution are resources that are directly or
indirectly related to humans and their activities. These sources
can be divided into urban, industrial, and agricultural pollution
sources [EsHTawr et al. 2016; Xu et al. 2021]. Accumulation of
waste at ground level, wastewater treatment plants, urban surface
runoff, and cemeteries are among the sources of urban pollution
[MargGoT et al. 2015].

Given the importance of groundwater, assessing the quality
of these resources is one of the most important factors that should
be considered when assessing the proper development of an area
[Krvrts et al. 2018]. Groundwater quality should be defined based
on the physical and chemical variables associated with water use
[Aste 2018; EzenwaJi, EzENwEANI 2019; SHEA et al. 2019]. Although
the concept of groundwater quality seems clear, how to study and
evaluate it requires some tricks. The chemical composition of
groundwater includes a measure of its suitability as a water source
for human and animal use, irrigation, and industrial purposes.

According to various existing standards, acceptable and
unacceptable values are defined for each variable that if the water
exceeds this standard, it must be treated before use. Many
researchers have proposed measuring groundwater quality index
(GQI). GQI is one of the valid indicators for identifying
groundwater quality [JHA et al. 2020; NzaMa et al. 2021; RAHMANY,
Pat™AL 2021; ReN, KHAYATNEZHAD 2021]. This index makes the
combination of water data with different available qualities
understandable and provides a way to summarise the general
conditions of groundwater quality. In fact, the GQI combines
various water quality parameters (Na*, Mg**, Ca**, SO,*, CI’,
and TDS) to provide the final index value that can be used for
spatial comparisons. In addition to the quality of groundwater
resources, identifying and analysing the vulnerability of ground-
water aquifers to identify areas that are most exposed to
pollutants has become an important element for the sound
management of water resources and land use planning. In this
regard, the DRASTIC index is one of the most widely used
indices, which is obtained from the weight composition of seven
important sub-indices [Arya et al. 2020; Moges Dinka 2021]. The
acronym DRASTIC represents seven parameters used in the
model, ie, D (depth to water), R (net recharge), A (aquifer
media), S (soil media), T (topography), I (impact of the vadose
zone media), and C (hydraulic conductivity of the aquifer).

Therefore, this study investigates groundwater quality
assessment with GQI and groundwater vulnerability assessment

with DRASTIC index. Here, geographic information system (GIS)
capabilities are used to zoning the GQI. Also, using the
capabilities of this software, the direction of groundwater flow has
been used to determine the direction of pollution.

MATERIALS AND METHODS

GROUNDWATER QUALITY INDEX (GQ/)

The overall assessment of groundwater quality is based on
a comparison of the concentrations of the main ions with the
WHO standard using the GQI quality index. To calculate this
index at any point of the aquifer, Equations (1)-(3) should be
used.

. Cz‘ - Ci WHO
Crew(i) = 7() (1)

Ci + Cywo)
R; = 0.5C2, (i) 4+ 4.5Cen (1) + 5 2)
GQI =100 — {WER’} (3)

where: i = qualitative parameter index (Na*, Mg2+, Ca**, SO,
Cl', and TDS), Cywnoy = maximum allowable concentration
provided by the World Health Organization (WHO) for the
qualitative parameter i, C; = parametric concentration of i,
Chew(i) = normalised concentration of qualitative parameter i
(value between -1 and 1), R; = quality parameter rating (value
between 0 and 10), and W, = the relative weight of the i-th
parameter is equal to the average rank of each of the ranked
parameters.

The maximum allowable concentration provided by the
World Health Organization for Na*, Mg2+, Ca®*, S0,%, CI', and
TDS are 200, 300, 300, 250, 250, and 1000 mg-dm’3, respectively
[KnopaBAKHSHI et al. 2015]. In order to evaluate the groundwater
quality of the study area, the value of the index in the eight
existing wells should be calculated, and the average of the
calculated indices should be presented as the index of the whole
region. Then, the groundwater status of the region should be
determined (water quality: excellent: 91 < GQI < 100, good: 71 <
GQI < 90, medium: 51 < GQI < 70, bad: 26 < GQI < 50, very bad:
0 < GQI < 25).

GROUNDWATER QUALITY INDEX ZONING IN GIS

In this project, the direction of groundwater flow was obtained
using software Geographic Information System (GIS).

DRASTIC INDEX

DRASTIC index is one of the important indicators to assess the
vulnerable areas of the aquifer against pollution (very high:
DRASTIC > 200, high: 161 < DRASTIC < 200, medium: 121 <
DRASTIC < 160, low: 61 < DRASTIC < 120, very low: 1 <
DRASTIC < 60). The value of this index can be calculated using
Equation (4):
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DRASTIC index = D, D, + R,R, + A,A, + S,S, + T, T,
+ I, 1, + CyC, (4)

where: D = depth to the water table, R = net recharge, A = aquifer
media, S = soil media, T = topography, I = impact of vadose zone,
C = hydraulic conductivity, r = a numerical rank between 1 and
10, which belongs to each criterion’s subdivisions, w = the weight
of each drastic criterion (between 1 and 5 depending on its effect
on pollution). The information required to calculate this index for
well number 1 is shown in Table 1.

Table 1 Parameters determining the DRASTIC index along with
their amount, rank, and weight in well No. 1

Parameter Status or amount Rank Weight
Depth to the water table | 40 m 1 5
Net recharge 30.2 mm 1 4
Aquifer media compacted sandstone 7 3
Soil media clay room 3 2
Topography slope equal to 4% 9 1
Impact of vadose zone | clay with low sand 4 5
Hydraulic conductivity |15.93 m per day 4 3

Source: own elaboration.

GROUNDWATER FLOW DIRECTION IN GIS

The direction of groundwater flow indicates the direction of
pollution transfer. Therefore, it is important to know about it. In
this project, the direction of groundwater flow has been obtained
using software GIS.

RESULTS AND DISCUSSION

CALCULATION OF GROUNDWATER QUALITY INDEX
AND DRASTIC INDEX

In order to measure the groundwater quality index, first the
values of quality parameters in the control points should be
measured. Table 2 shows the concentration of qualitative
parameters in each of the wells in the study area.

Using Equations (1) and (2), normalised concentration
(Chew) and quality parameter rating (R) values were obtained for
all quality parameters in all wells (Tabs. 3, 4). By placing the
values presented in Table 4 in Equation (3), the GQI value for all
wells is presented in the last column of Table 4. Due to the fact
that the GQI in all wells is between 90 and 100, so the quality of
groundwater in this aquifer in eight wells is appropriate.
However, as can be seen in Table 4, the value of the GQI has
the highest value in well No. 2 and the lowest value in well No. 5.
This means that the groundwater quality in well No. 2 is higher
than all wells. Also, the groundwater quality in well No. 5 is lower
than all wells. According to Equation (2), the larger R; is the
higher concentration of the qualitative parameter. On the
other hand, according to Equation (3), the larger R; is the smaller

Table 2. Concentration of qualitative parameters of wells in the
study area

Well Na* | Mg** | Ca** $O,> | cr | TDS

number mg-dm™
1 68.16 232 84.0 38.4 194.07 |622.67
2 13.57 234 48.0 40.8 37.28 | 305.00
3 3228 21.6 66.67 72.0 37.87 | 491.33
4 12.96 25.6 50.67 54.4 26.03 |324.67
5 5497 416 96.67 67.2 195.25 |698.67
6 46.08 212 66.0 84.8 61.53 | 470.00
7 34.12 20.8 59.33 78.4 59.17 | 402.33
8 27.60 31.2 58.0 62.4 85.20 | 447.00

Explanation: TDS = total dissolved soilds. Source: own study.

Table 3. Normalised values of quality parameters of wells in the
study area (mg-dm™>)

e e | (G| (o (oo || O (e
1 -0.492 |-0.856 -0.563 | -0.734 | -0.126 |-0.233
2 -0.873 |-0.855 -0.724 | -0.719 | -0.740 |-0.533
3 -0.722 [-0.866 -0.636 | -0.553 | -0.737 |-0.341
4 -0.878 |-0.843 -0.711 | -0.643 | -0.811 [-0.510
5 -0.569 |-0.756 -0.513 | -0.576 | -0.123 [-0.177
6 -0.625 |-0.868 -0.639 | -0.493 | -0.605 |-0.361
7 -0.709 [-0.870 -0.670 | -0.523 | -0.617 |-0.426
8 -0.757 |-0.812 -0.676 | -0.601 | -0.492 [-0.382

Explanation as in Tab. 2. Source: own study.

Table 4. Rated values of quality parameters and groundwater
quality index (GQI) of wells in the study area

m‘::liler Rna Ryig Rca | Rsos Ra | Rmps | GQI
1 2.908 1.513 | 2.627 1.967 | 4.441 3.981 92.45
2 1.453 | 1.517 | 2.004 | 2.021 | 1.942 | 2.745 | 95.03
3 2.011 1.479 | 2.339 | 2.665 1.955 | 3.523 | 94.00
4 1.433 1.563 | 2.053 | 2.315 1.678 | 2.836 | 94.96
5 2.602 | 1.882 [ 2.825 | 2.573 | 4.454 | 4.217 | 91.99
6 2.381 1.471 2.327 | 2901 | 2.461 3.443 | 93.60
7 2.063 | 1.462 | 2.210 | 2.785 | 2.413 | 3.173 | 93.98
8 1.878 | 1.677 | 2.187 | 2.478 | 2.908 | 3.353 [ 93.79

Explanation as in Tab. 2. Source: own study.

value of the GQI. In the case of well No. 5, the values of Ry, Rcas
Rq and Ryps are higher than all wells. This means that the
presence of high amounts of Mg, Ca, Cl and TDS in well No. 5
compared to other wells has reduced the quality of groundwater
in this well. Therefore, it is recommended that most of the
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protection be in the areas around well No. 5. Artificial recharging
of well No. 5 with higher quality water can increase the value of
the index around this well [VaLHONDO et al. 2020]. In the case of
well No. 2, the low concentration of Ca and TDS parameters has
increased the groundwater quality in this well.

The GQI of the study area is obtained by averaging the index
in eight control wells. The value of the regional index is equal to
93.72. Obviously, the quality of groundwater in the study area is
also good.

By performing the descriptions mentioned in section
“Groundwater quality index (GQI)” using GIS software, the
GQI zoning in the aquifer range was obtained as Figure 1.
According to Figure 1, the central part of the study area has better
groundwater quality. It seems, this is because there is less
groundwater abstraction in this area.
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Fig. 1. Groundwater quality index (GQI) zoning in GIS software; source:
own study

The DRASTIC index values for wells No. 1-8 were
calculated as 77, 101, 79, 68, 74, 98, 91, and 101, respectively.
The arithmetic mean of these values is considered as the
DRASTIC index of the study area. Therefore, the DRASTIC
index for the study area is 86.125. According to DRASTIC index
classification, the study aquifer is in the low vulnerability
category. In addition, the DRASTIC index value for well No. 8
is higher than other wells. Therefore, the protection of the areas
around this well is of greater importance.

OBTAINING THE DIRECTION OF GROUNDWATER FLOW IN GIS

Groundwater always flows more from the hydraulic head to the
less hydraulic head. Therefore, if a part of the aquifer is
contaminated, information about the flow direction helps a lot
in the contamination process [Asapi et al. 2007; Nas, BERKTAY
2010]. In this regard, using GIS software, knowing that the flow
lines perpendicular to the lines are potential, the direction of

groundwater movement in the aquifer was obtained [JuA et al.
2020]. Figure 2 shows the direction of flow in the northern part of
the aquifer. According to Figure 2, the direction of groundwater
flow is mainly from north to south. Therefore, preventing the
contamination of northern wells and also applying management
strategies in case of contamination can help maintain the quality
of groundwater in the region.
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Fig. 2. The direction of groundwater flow in the study aquifer; source:
own study

CONCLUSIONS

According to the contents and calculations mentioned in this
study, the groundwater quality index (GQI) of the region was
about 93, and its DRASTIC index was about 86. Therefore, the
quality of groundwater in the aquifer is excellent for studies, and
its vulnerability to pollution is low. Therefore, the aquifer is
generally in good condition. This means that the quality of
groundwater is desirable for its use, and groundwater is not
contaminated with foreign elements. On the other hand, if an
area of the aquifer is contaminated, the potential for groundwater
contamination is low. Of course, it is necessary to mention that in
order to accurately assess the vulnerability of the aquifer, it is
necessary to obtain the DRASTIC index zoning in the aquifer. If
an area of the aquifer was more vulnerable to contaminants, by
detecting the direction of flow, it is possible to identify potential
points of contamination and apply its management strategies. The
results showed that the direction of groundwater flow is from
north to south. Therefore, it is recommended that the northern
region be more vigilant than the southern region in order to
prevent the southern parts from being infected as soon as possible
if the northern parts become infected. In addition, well No. 8 has
the highest vulnerability compared to other existing wells.
Therefore, preventing contamination of the areas around this
well should be a priority.
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