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Groundwater, Magnesium In this research, it has been tried to use entropy theory to evaluate the quality of sixteen

water well samples at Abdalan aquifer, April 2018 to September 2019. This has been

done to reduce taste judgments. Additionally, SIAP and EWQI indices have been used

to investigate the relationship between drought and groundwater quality. The results

showed that chlorine has the highest rate of influence on the quality of underground

water in the region and is the main factor in water quality reduction. Also, sodium

and potassium have the most instability and constant changes. The results showed

that 74% of the groundwater samples in the study area have high quality, 13% have

average quality, and the other 13% have poor quality. Also, the inverse relationship

between the drought index (SIAP) and the groundwater resources quality index

(EWQ]) in the 18-month period shows the leaching effect of evaporative formations

Received: in increased precipitation. Various methods such as fuzzy logic (Nakhaei and Vadiati,
08 May 2023 2013), factor analysis (Jalali and Asghari Moghaddam, 2013), gray modeling (Ip et al.,
2009), and analytic hierarchical process (Nakhaei and Vadiati, 2013) to evaluate water

quality have been used by various researchers. These methods are often qualitative

Revised: and cannot accurately describe water quality. In this research, an attempt will be
26 August 2023 made to determine the rank of underground water quality using the weighted entropy
index method. This research evaluates the quality groundwater of the Abdalan plain in

Gachsaran city in terms of drinking. Also, to reduce expert judgments and obtain more

accurate results, Shannon’s entropy theory was applied to weight the water quality

Accepted: index. In the second place, an attempt is made to establish and justify a meaningful
02 September 2023 relationship between the drought index and groundwater quality changes.
Materials and Methods:

First, descriptive analysis of statistical characteristics of hydrochemical parameters
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was used to gain a correct understanding of the hydrogeological and hydrochemical conditions of
the aquifer. Then, using the entropy-weighted groundwater quality index (EWQI), the groundwater
quality of the alluvial aquifer in the northeast of Gachsaran was analyzed. The Shannon entropy is a
concept introduced by Shannon (1948), which measures the uncertainty of an event occurring given
partial information about the system. In the first step, the entropy weight of each parameter should
be calculated. Considering that groundwater qualitative parameters have different units and also
the difference in the quality of the samples, the data is prepared using the normalization function.
The second step is calculating the EWQI, determining the quality rating criteria for each parameter.
Finally, based on Pei-Yue et al. classification (Pei-Yue et al., 2010), groundwater quality based on
EWQI for drinking purposes is placed in 5 categories: very good, good, moderate, bad and very bad.
After qualitative studies in the scope of studies in the period of 18 months (April 2017 to September
2018), the examination of the six-month period of dry or wet period compared to the long-term
climatic average and its relationship with the EWQI qualitative index will be done using the SIAP
index (Khalili, 1991) to check whether the period is dry or wet will be a great help to achieve this
goal. The SIAP index has been used in three six-month periods at Dogonbadan rain gauge station.
The first period is April 2017 to September 2017, the second period from October 2017 to March
2018 and the third period to April 2018 to September 2018.

Result and discussion:

The average value of all parameters measured in this study (measurement of major ions in 16
wells for 18 months) is lower than the permissible value of the WHO standard for drinking water.
Considering the geological characteristics of the studied area and the presence of the Gachsaran
formation, it can be expected that the concentration of sulfate ions is slightly higher than other ions.
According to the results of the correlation coefficients of the mentioned parameters, the presence
of Gachsaran formation and marl and evaporite sediments in the southern and central parts of the
region, as well as the feeding role of hard limestone formations in the north and northwest of the
aquifer region, have caused high changes in the quality of underground water in the region. The
high entropy values of chlorine indicate the higher influence of this ion than other parameters on
groundwater quality in the study area. According to the EWQI index, most groundwater samples are
ranked second (good quality), followed by two samples ranked third (average quality), and two other
samples ranked fourth. Therefore, the results show that the quality of underground water in most
wells in the study area is in a good class. The samples with a higher EWQI value are located near
the Gachsaran formation, Bakhtiari, and Pabdeh. This has caused groundwater quality degradation
in the studied area. Examining the relationship between the water quality index (EWQI) and drought
index (SIAP) shows an inverse relationship between the two, as the more climatic conditions move
towards wetter and more humid, the more qualitative conditions of groundwater will worsen. In fact,
with the increase in precipitation in the study area, more leaching occurs in the region.

Conclusion:

Only parameters such as bicarbonate and potassium have values higher than the permissible limit.
The high proportion of bicarbonate can be attributed to geological features and aquifer nutrition
from the hard Asmari limestone formations in the study area. The rest of the parameters are below
standard. According to the results of using the entropy method, chlorine has the highest influence
on the quality of underground water in the study area. It is the main factor in reducing water quality
and increasing electrical conductivity. The results of qualitative zoning of underground water in
this study area showed that the quality of underground water in most of the wells in the study area
is in a high-quality category. The relationship between precipitation amounts and the quality of
water resources has been manifested by the increase in dissolution, especially in marl-evaporite
formations. As explained by the increase in precipitation and the consequent increase in water
discharge, the amount of leaching has increased and the quality of water resources has decreased.
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Table 3. Specifications of sampling wells

sy ojlad il Olaike ol g5
well type of well

number utmx utmy

1 486290 3356030  semi deep well o dous ol>

2 487140 3357030 deep well o ol

3 498460 3352280 deep well Goos ol>

4 497010 3353350 deep well Gooe ol>

5 495472 3353505 deep well Gooe ol>

6 493501 3353713 deep well Gooe ol>

7 497810 3353870 deep well Gooe ol>

8 496550 3354320 deep well Gooe ol>

9 492006 3354906 deep well Gooe ol>

10 494400 3354980 semi deep well s.oe dous ol

11 493650 3355370 deep well Gooe ol>

12 496801 3351690 deep well Gooe ol>

13 495300 3352100 deep well Gooe ol>

14 492000 3356160 deep well Gooe ol>

15 491200 3356500 deep well Gooe ol>

16 488910 3356910 deep well Gooe ol>
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Table 4. Statistical summary along with WHO standard for each parameter.
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Table 5. Probability value (P-value) of hydrochemical parameters.
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Table 6. Pearson correlation coefficients of hydrochemical parameters.
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Fig 2. Entropy value and entropy weight of the used parameters.
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Fig 3. EWQI value evaluation results for groundwater samples of the study area.
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Table 7. EWQI index and quality rating of all groundwater samples in terms of potability.
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Fig 4. Status of groundwater quality ratings in the study area.
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Fig 5. Drawing of groundwater samples by Schuler's diagram.
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Table 8. EWQI index values in three periods from April 2018 to September 2019

IWAA jo1 i GIYAA (30,9,8 1YY wawl GYAY pg0 WAV jgs e GIYAY (1059,
April 2019-September 2019 October 2018-March 2019 April 2018-September 2018
CosS Sp) EWQI CodnS ad) EWQI oS p) EWQI
Quality Rank index Quality Rank index Quality Rank index
weak s 4 163 weak Cass 4 170 weak ano 4 195 1
well s> 2 69 well s> 2 60 well Cgs 2 57 2
well s> 2 98 well s> 2 87 well L 2 88 3
Loy 3 110 well s> 2 82 well Ly 2 86 4
medium
by 3 133 by 3 149 well Ly 2 90 5
medium medium
boge 3 13 well s> 2 74 well Ly 2 76 6
medium
weak s 4 186 weak oo 4 186 weak caxs 4 186 7
well o> 2 73 well g5 2 69 well Ly 2 76 8
well o5 2 66 well Cos 2 86 well g 2 76 9
well s> 2 79 well s> 2 79 well Cgs 2 60 10
well Cos 2 81 well Cos 2 66 well wys 2 52 11
by 3 112 well g5 2 71 well o> 2 73 12
medium
well s> 2 85 well o> 2 71 medium Lawgze 3 101 13
well o> 2 68 well g 2 62 well g 2 52 14
well ogs 2 94 by 3 133 well g5 2 78 15
medium
well o> 2 69 well o> 2 68 295 e 1 46 16
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Table 9. SIAP drought index values in 2009- 2010 to 2018-2019
oS Job 5
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Climate value Rain period Climate value Rain period
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Jb 5 normal 23.9 60.5 88-89 normal L 35.7 356 88-89
o -139.4 3 89-90 wet wob e 53.2 377 89-90
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s dry 91.1 20 90-91 normal Jb 1.6 315 90-91
< Lo
Jb snormal 42.3 67 91-92 25 ot 122.6 460.5 91-92
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Szzdry -95.4 18.5 92-93 normal JL ; 17.4 334 92-93
o (Vo)
23k o 104.8 89 93-94 dry e <732 225 93-94
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Jbynormal -7.4 49.5 94-95 normal JL s 42.5 262 94-95
sl
Ju snormal -30.1 41.5 95-96 2 -114.8 175 95-96
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Loy S 5l
ey 4.5 50.5 96-97 —_= -158.5 122.5 96-97
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- (Vow o)
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Fig 6. Correlation diagram between water quality index (EWQI) and SIAP drought index
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