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Abstract

The drinking water of Bostanabad region is mostly supplied
from the groundwater resources of Bostanabad Plain. The aim
of this study is to select the most reasonable and suitable
method for investigating the quality of this resources. For this
purpose, the rate and weight of the water quality index were
calculated using multi-criteria decision making methods. The
quality of groundwater resources was investigated by
combining entropy and AHP weighting methods with TOPSIS
and WQI rating methods. In this study, parameters of pH, TDS,
Na, SO4, Cl, NOs and F were used in the combined methods of
Entropy-WQI, AHP-WQI, Entropy-TOPSIS and AHP-
TOPSIS. The coefficient of determination (R?) between the
average rank of the samples and the ranks obtained from each
of the methods showed that the AHP-TOPSIS method has a
high ability to ranking and classifying water resources. The
samples are placed in different ranges according to the
different weighting and rating of each method, so that the
samples were located in the Entropy-WQI method in 2 classes
of good and average, in the AHP-WQI method in 3 classes of
very good, good, and average, in the Entropy-TOPSIS method
in 5 classes of very good, good, average, poor, and very poor
and in AHP-TOPSIS method in 4 classes very good, good,
medium and poor. By comparing the combined methods, it
became clear that AHP was better than entropy in terms of
weighting and TOPSIS was better than the classical WQI
method in terms of rating. The results showed that the TOPSIS
method leads to the evolution of the samples quality
classification and the entropy method is caught in an error
regarding the values that are similar and close to the minimum
value of the parameters that have a direct relationship with
entropy.
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Fig. 1- a) Geographical location of the Bostanabad region along with its digital elevation map and b) the
geological map of Bostanabad region along with the sampling points
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Entropy- (whwl e owejm; & CudsS guudiwd -Y Joio
Subba Rao et al., ) & i & ,lae 5!, AHP-WQI ¢ WQI

(2020
Water quality Entropy-WQI/ AHP-WQI
Excellent <25
Good 25-50
Medium 50-100
Poor 100-150
Extremely poor > 150
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Table 2- Classification of groundwater quality based on Entropy-TOPSIS and AHP-TOPSIS for drinking
purposes (Gorgij et al., 2019)
Gorgij et al., ) &y 8,la0 g1 AHP-TOPSIS ¢ Entropy-TOPSIS wluw!y ouojyj & CodaS aodiwd =Y Jouo

(2019
Water H TDS Na* S04 Cr NO3z" F
quality P (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Excellent 7.5 300 40 50 50 5 0.5
Good 7 500 120 150 150 10 1
Medium 6.5 1000 200 250 250 50 1.5
Poor 55 2000 280 350 350 75 2
Exggg‘re'y <55 >2000 >280 >350 >350 >75 >2
Table 3- Statistical characteristics of measured chemical parameters
8w (6525 05151 (ot lrowd (S il y (gl (S S 55 Y Jgua
pH TDS Ca>* Mg® Na* K* HCO;y SO# CI NOsy F  Si0o;
Unit - mg/L  mg/L mg/L mg/L mg/L mg/L mg/L  mg/L mg/L mg/L mg/L
Minimum 737 1212 16 0.97 9.5 0.98 136.7 2.65 2 0.91 0.29 20.13
Maximum  9.55 1800 153.1 139 401.7 12.73 854.2 516.7 5649 2291 138 8174
Mean 7.97 53827 4141 4725 97.88 4.28 373.7 10186 7499 9.77 0.64 50.22
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Fig. 3- Weights obtained from Entropy and AHP methods
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Pl}u‘ s gsodin oo Wy D90 O Bao et al. (2020)
L9‘“L> Lol 4.».‘3; Sygo 6.»9).01 )‘ J*ob uﬁ.»fdl.mua}u PRR-N W
0ol bl )3 gyl a5 Wlon,S o sdel Cawd 4 (6 S
Sl slaodly a8 dalyd aSle s (dlaio 23059 4 B
dee 4l el oy sl Uiy ol e
2l SHL YL Gy ils 5 WS e (Spme H15,80 slayialil
P ol g Olabls cuw Colpd j g A5 e o bayalyl

Do o Ol S (At

S XN WY Sladged) 0ot diwd ;3 diges 5l oy Yo (VY
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203 YY) 5 (Y8 52 DAY AF ) YA A DAY ladised)
(YW o YO & YV XY FA D sladiges) camd diwd ) ladiges )l

(vd 5 5d sla JS5) )l sl

BO0)9 4S5 e dagle (B0j9 i 5l sy, dwalie Ly
Entropy- ;I yue AHP-TOPSIS 5 AHP-WQI sl g, ,
bwss sladdlae .cusl a8, 5 &0 Entropy-TOPSIS 4 WQI

Table 4- The final values in each method for the samples along with their respective rank and average rank
Bl (il 83, g Abgspo 83, ol yoi &y Baiged (sl B g, 5 Sy 2 Al HIde —F Jgu

Average Entropy-WQI AHP-WQI ETrgE,oSplé AHP-TOPSIS
Sample rank Value Rank Value Rank Value Rank Value Rank
1 13 36.42 8 3555 18 0.74 13 061 21
2 19 3536 5 4613 26 0.56 28 062 19
3 9 31.86 2 3139 16 0.72 15 072 11
4 3 2008 1 2278 9 0.82 6 078 8
5 24 46.94 22 4536 25 0.63 24 050 27
6 30 65.25 32 68.83 32 0.48 30 048 31
7 14 4716 23 2653 13 0.77 11 070 14
8 11 4580 20 2278 10 0.78 10 074 10
9 22 4930 25 3499 17 0.69 17 056 25
10 21 4005 14 4799 28 0.63 23 066 18
11 5 30.88 13 2081 6 0.86 5 087 4
12 2 4105 15 1590 2 0.87 4 087 2
13 1 3846 11 1470 1 0.88 3 089 1
14 17 4239 17 2662 14 0.65 20 057 22
15 7 36.16 7 2075 4 0.74 14 070 13
16 4 3227 3 2187 7 0.81 8 080 7
17 3 3240 4 2080 5 0.80 9 080 6
18 18 36.10 6 4700 27 0.67 19 057 24
19 12 37.69 10 2965 15 0.71 16 068 17
20 8 3851 12 2564 11 0.82 7 077 9
21 28 4690 21 56.14 30 0.46 32 048 30
22 15 3718 9 39.25 20 0.68 18 068 16
23 31 64.86 31 84.07 33 0.30 33 043 33
24 18 4188 16 4535 24 0.65 21 070 15
25 29 5279 28 50.71 31 0.47 31 044 32
26 25 49.63 27 4212 2 0.59 26 053 26
27 23 4496 19 4226 23 0.60 25 057 23
28 27 4838 24 5164 29 0.52 29 049 28
29 20 4487 18 37.07 19 0.64 22 061 20
30 16 7777 33 2613 12 0.76 12 071 12
31 26 4955 26 4051 21 0.57 27 049 29
32 6 5318 29 1880 3 0.89 1 087 3
33 10 54.05 30 2230 8 0.88 2 08 5
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Fig. 4- The bivariate diagram of ranking results from the methods versus average rank
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Fig. 5- The concentration of the samples in the parameters used in the water quality investigation
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Fig. 6- Pie diagram showing the classification of samples in each of the methods
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Fig. 7- Spatial distribution of samples in each of the methods
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