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Introduction

The study of surface water quality control in water resources and environment management programs is very
important. Surface water is one of the most important water sources that have crucial impact on agricultural,
industrial, drinking and electricity production activities. Due to insufficient water sources with good quality and the
increase in population growth rate and as a result of the increase in demand, the study of water quality parameters is
very important. The Water Quality Index (WQI) serves as a prominent indicator in classifying surface water quality.
Moreover, in recent years, the TOPSIS method has gained traction for evaluating water quality. This approach, known
for its simplicity, is increasingly utilized in prioritizing river water and assessing its quality. Through this index,
various components of water quality are condensed into a single numerical value, effectively expressing overall water
quality. To ascertain the weight index, Shannon's entropy method was employed. Furthermore, to assess water
suitability for drinking, agriculture, and industrial purposes, Schuler, Wilcox, and Piper diagrams were utilized. These
diagrams provide valuable insights into the quality of water, aiding in decision-making processes regarding its
utilization across different sectors. Therefore, the results of this study also confirmed the effectiveness of the TOPSIS
method in identifying contaminated stations.

Materials and Methods

This research focuses on evaluating the water quality of three stations within the Aji Chai river watershed on an
annual basis. These stations are identified as Arzanag, Akhola, and Markid. The assessment spans the years 2003 to
2021 and aims to classify water quality for both drinking and agricultural purposes. Utilizing the standards set forth
by the World Health Organization, the surface water quality index of the Aji Chai basin is investigated to ascertain
its suitability for drinking purposes. Shannon's entropy theory was used to prevent expert judgments in determining
the weight of each parameter. TOPSIS method was used to classify eleven qualities including TDS, EC, pH, HCOz
, CI, 502~, Ca?*, Mg?*, Na*, K* and TH. In all the three stations water quality were ranked, based on TOPSIS
numerical values. Also, in order to check the quality of drinking, agricultural and industrial water, Schuler, Wilcox
and Piper diagrams were used.

Results and Discussion

The initial findings from the %RE error analysis revealed that throughout the entire statistical period (2003-2021),
the %RE values were consistently close to zero, with the majority being positive. This suggests that the total number
of cations surpasses the total number. In terms of the Shannon water quality index, the results indicate that Markid
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station exhibited the highest index value at 945.92, while Arzanag station displayed the lowest value at 127.365
among the surveyed stations. The results of the water quality index showed that Arzanag and Akhola stations are in
an average condition (100 < EWQI < 150) and Markid station is in a very poor condition (EWQI > 200). According
to Schuler's diagram, it was found that the water of Arzanag station is in the average level in terms of water quality,
which is in a good position in terms of quality compared to the other two stations, while the water of Akhola station
is in a good position. In the range of poor quality, Markid water was undrinkable, which ranked worst among the
three stations. According to the Wilcox diagram, it was found that the water quality of Markid is very poor, which is
even outside the boundary of the Wilcox diagram, while the water of Arzanag station was ranked 1st in terms of
quality. Arzanag water is in CsS; class in terms of quality. Finally, the water class of Akhola station was placed in
the C4S4 class (in the Wilcox chart), which shows very low water quality. According to the TOPSIS method, the first
priority in terms of water quality pollution belonged to Markid station. Two other stations, including Akhola and
Arzanag, were ranked second and third in this respect. Therefore, the most important station in this basin is Markid
station.

Conclusion

The results of Shannon water quality index showed that among the stations, the highest index value is related to
Markid station with a value of 945.92 and the lowest one is related to Arzanag station with a value of 127.365.
According to Schoeller diagram, it was found that the water quality of Arzanag station is average, compared to the
other two stations, it was in the right place and the water of Akhola station was in the range of poor quality. The
quality of Markid water was found to be undrinkable, which was the worst one among all the three stations. The range
of TOPSIS values in different stations is between 0.054 and 0.894, which belonged to the Arzanag and Markid stations,
respective ly. According to the results of the Arzanag station, the best water quality condition and the Markid station
were assigned the worst water quality condition among all the three stations.
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V= W13T21 Wzsrzz Wnsrzn (\\‘)
WiTmi W2Tmz = Wplmn ;
38es nBoml 5 (VL) ke 5 Cute glaJlod] (yai =0
(0asld

A*={(maxVijljed).(minVijlie))i=1,2,...m}={
VTV T (V)

A~={(minVijlied).(maxViilieJ")i=1,2,...m}={
ViV VTV T (0F)
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Table 2- Classification of water for agricultural purposes based on the Wilcox chart (Goudarzi et al., 2022)

ol g b $529WS (gl T S £
Water category Type of water quality for agriculture
CiSt EigtS Sl sp (2 Mol e

C2Sy, C25z, CiSe

CsSs, CsSz, CsSy, C2S3, C1Ss

C1S4, C2S4, CsS4, CaSy, CaSz, CaSa

Freshwater, completely harmless to agriculture
Sia9lS lp canlio Loy )9 (oS
Slightly salty, almost suitable for agriculture
piY Sl b (555l gl 9
Saltwater, for agriculture with the necessary
preparations
©539WS gl pe y9d Sl
Very salty, harmful to agriculture

(%RE) (g2 Joli glbd o> (o2 gl -Y Jg>
Table 3- The results of checking the percentage of ion balance error (%RE)

Jl &) Vol 5 30

Year Arzanag Akhola Markid
1382 (2003) 0.102 -1.185 -0.0539
1383 (2004) -0.001 -0.008 0.182
1384 (2005) 0.0258 0.017 0.009
1385 (2006) 0.031 0.010 0.017
1386 (2007) 0.013 0.002 0.000
1387 (2008) 0.009 -0.008 -0.433
1388 (2009) 0.015 0.008 0.006
1389 (2010) 0.020 -0.012 0.007
1390 (2011) 0.028 0.012 0.007
1391 (2012) 0.044 0.040 0.007
1392 (2013) 0.052 0.043 0.018
1393 (2014) 0.071 0.042 0.007
1394 (2015) 0.033 0.047 -0.002
1395 (2016) 0.038 0.050 0.003
1396 (2017) 0.052 0.047 0.006
1397 (2018) 0.062 0.030 0.021
1398 (2019) 0.048 0.023 0.004
1399 (2020) 0.014 0.027 0.000
1400 (2021) 0.045 0.027 0.008
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Table 4- Summary of descriptive statistics of studied parameters and WHQO's optimal limit for drinking water

J';:u" U91.\a.4..\>

Pl Sl Sl oo e WHO
Parameter Minimum  Maximum Average  Standard VYWHO optimal

deviation limit
TDS(mg/l) 1524.54 13762.94 6122.27 6662.52 100

EC(umhos/cm) 2249.65 21179.14 9424.19 10250.22 1500
pH 7.79 7.86 7.83 0.036 85
HCO3 (mg/lit) 179.77 311.97 246.73 66.11 120
CI~(mg/1) 46753 8432.73 3401.37 4377.31 250
S0%~(mg/1) 276.04 892.72 491.04 348.15 250
Ca?*(mg/1) 114.99 390.29 212.85 153.94 200
Mg?*(mg/1) 55.90 132.93 83.52 42.66 150
Na*(mg/l) 287.28 5227.88 2117.35 2715.89 200
K*mg/l) 6.83 12.36 9.62 2.76 12
e (moll cace:) 548.45 1529.63 881.39 561.46 300

(TH)Js

g (dit=2/-3Y) cote Jlow) 5l alols jlade olKiwl oyl 4> amd 0
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Table 5- Calculated values of EWQI index based on the
annual average in three stations of Arzanag, Akhola and
Marki during the statistical period (2003-2021)

ol EWQI e Ll ,ludie Ol CubsS Curdg
Station EWQI index value  Water quality status

&) 127.36 bosts
Arzanag Medium

Yyl 219.67 bosio
Akhola Medium

5 2 945.92 s Sy
Markid Extremely poor

JIl 5l alols jlaio b YosT ol 4 b2 po pod 45 ol 5l 4
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Table 6- Results of ranking of the selected stations using
the TOPSIS method in Aji Chai basin
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Figure 2- Schoeller diagram for Arzanag, Akhola and Markid stations during the statistical period (2003-2021)
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Figure 3- Wilcox diagram for Arzanag, Akhola and Markid stations in the period 2003-2021
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Figure 4- Piper diagram for Arzanag, Akhola and Markid stations in the period 2003-2021
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Table 7- Type and surface of water in three stations of Arzanag, Akhola and Markid in the period 2003-2021
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