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Introduction

The water quantity and quality has always been one of the main challenges in the issue of allocating water
resources for different uses. Water quality management requires the collection and analysis of large amounts of
water quality parameters that will be evaluated and concluded. Many tools have been found to simplify the
evaluation of water quality data, and the water quality index (WQI) is one of these widely used tools. In
summary, the WQI can be defined as a number obtained from the combination of several quality parameters
based on standards for its extraction. The aim of this study was to develop and introduce the new Surface
Drinking Water Quality Index (SDWQI) adopt the water quality parameters measured on hydrometric stations of
Iran. In developing this index, criteria such as the availability of required parameters in most rivers and simple
and accurate methods have been considered. Also, the ability to calculate with the minimum general parameters
of water quality, simple calculations and in terms of the international standard WHO for drinking is one of the
advantages of the introduced index.

Materials and Methods

For this purpose, 12 water quality parameters including Total Dissolved Solids (TDS), Electrical
Conductivity (EC), Total Hardness (TH), pH, Chloride (CI'), Sulfate (S0,%), Carbonate (CO3%), Bicarbonate
(HCOj3), Magnesium (Mg?"), Sodium (Na*), Calcium (Ca®*") and Potassium (K*) have been used from Rudbar
and Astaneh hydrometric stations located on Sefidroud river. Then initial preprocessing on data e.g. correlation
analysis, and multivariate statistical methods including cluster analysis (CA) and principal components analysis
(PCA) are used to selecting and weighting of water quality parameters using the “clustering” and “factoextra”
packages in R 4.1.1. In order to develop the SDWQI were performed four steps including, parameter selection,
sub-indexing, weighting and aggregation of the index. Also, in order to evaluate the index of the present
research, the results of the SDWQI have been compared with the WHO drinking water quality index and
Schoeller drinking water quality classification.

Results and Discussion

Correlation analysis between water quality parameters shows a significant correlation between TDS, EC and
TH parameters and also with CI', Ca,” and Mg," parameters at the level of 1% in both Astaneh and Rudbar
stations. On the other hand, the lowest values of Pearson correlation coefficient are related to pH and CO3”
parameters with other quality parameters. The results of CA indicate that most of the water quality parameters
are located in separate clusters. So only the parameters TDS, EC, CI" and Na* in both Rudbar and Astaneh
stations are in the same cluster. The weights of the parameters showed that TDS and K" are assigned with the
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highest and lowest weights equal to 0.163 and 0.031 based on PCA method. Also, PCA results show that first
and second principal components covered 59.3% and 67.6% of the total variance of measured water quality
parameters in Rudbar and Astaneh stations, respectively. Water quality classification results indicate that
(40.5%, 16.4% and 23.7%) and (90.1%, 73.1% and 57.3%) of data in Rudbar and Astaneh stations, respectively,
fell into the excellent and good categories for drinking purposes based on Schoeller classification, WHOWQI
and SDWQI.

Conclusion

Generally, the comparison of the SDWQI with the WHO index and the Schoeller classification shows the
rigidity of the new index in the classification of water quality for drinking purposes. Each water quality index
developed in order to evaluate the uncertainty of results, should be tested for data with different characteristics in
terms of the range of variation with different limit values (minimum and maximum). The index developed in the
present study is no exception to this rule and in order to evaluate the results better, it is suggested that to be
evaluated and analyzed with data from other hydrometric stations. Another important point that should be
considered in using any water quality index, including the present research index, is to examine the allowable
limits of water quality parameters that are not considered in these indicators. The results of the study indicated
that two most important steps in the development of a quality index that have a great impact on its results are
sub-indexing and weighting of parameters. According to the results, two ideas recommended for future research.
One, choosing an appropriate method such as non-deterministic (fuzzy) and intelligent (machine learning)
methods to sub-index the parameters and two, to weigh the parameters more effectively, multivariate statistical
methods such as clustering, factor analysis and principal component analysis should be used.

Keywords: Clustering, Hydrometric stations, Principal component analysis, Sefidroud river, Water quality
index
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5- Analytic Hierarchy Process (AHP)
6- Principal Component Analysis (PCA)
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Sl (1) kel sl o 53,50 (slainly (bl 5 (X2) Sl
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Slojlw Cyd 3kl copd Bjlas yolaie 4 pols v U
5 751 allin (53,8 e o sl (WHO) e cudlig,
olie .ol 0 oolatwl (V) 5 (V) kalgy ,0 (X2 4 X1) Jolus

1- Environmental Quality Index (EQI)
2- Great Lakes Nearshore index (GLNI)
3- Malaysia river WQI (MRWQI)

4- West Java WQI (WIJWQI)
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Table 1- The maximum and minimum of water quality parameters and standard allowable threshold of WHO (Cotruvo,

2017)
Y)Y WHO 3 lsibi! Sbdg, 0] aliw] 81!
i [ WHO standard, 2017 Rudbar station Astaneh station
rEIR 19 sloxe s Jilas JUCIRTS Jilas JECARTS
Parameters Unit : - . . .
Standard allowable Minimum Maximum Minimum Maximum
threshold (Xz) (X1) (X2) (X1)
TDS (Mg L) 52 5 )5 ke 1000 327 1920 137 1472
Scm) o zsbe ;
EC S Cm) e “”(1 #uretinsSe - 520 2861 130 2336
H CacCOs 5l p5 ke 300 180 830 9 500
mg L™ of CaCO,
pH - 6.5-8.5 5.7 8.6 6.4 115
cr (Mg L™ 2 5 o5 e 250 14 737 5 553
3042- (Mg L) ) 5 S ke 500 16 800 10 354
cor (MY L) 52 5 pyS ke - 0 9 0 15
HCO, (Mg LY ) 5 S ke 120 66 659 79 409
Mg?* (Mg L) 12 5 )5 ke 30 0 104 2 67
Na* (Mg L) 12 5 )5 ke 200 15 421 3 360
ca® (MO L) oy oS e 300 28 205 26 142
K* (Mg L) 12 5 o5 ke 12 0 12 0 10

Sl 0d gilopadli gyl lde Q5 (0 <w; <1)
Raietal., ) L il (0<Q; <100) pli a5 byl
g b 2SS (adls 4 by dab (; Uddin et al., 20212011
Y Join L e WQI a2 ls (gly onds duolre (ol dae 4
Lol 035 RS

L Gillas (V Jsio) yols (300 Ol CodeS jas s iyt
Suo dae wlwl cpl il oads 48,3 Jlas > NSFWQI 23l
yuda Voo Caoww 03 (pl 4> m g Ol CulS o 5 oaias ylis
(Uddin et al., 2021)s4 salgs O poglae cuis Sly g

s A0l 0ad ool dewy e li gl o)l jskate &
2 29 duglie 05 (i (adls b anail G b ol 5l Jols
02>l s L o 00> dawgd de (et b ol pobs aasd
il 5 (WQlwnio) sl sl glosle oy T kS

4- Water Quality Index World Health Organization
(WQIWHO)

oedld (b))l 9 paans

0adls SO anwg jlads jo o 31 4 adli gess
015 (il ymd L sl el 51 odlitl L als yo ol )3 bl o
Sl bl Gleis 4 sae S el)l ya 4 bgyye slayg g
A lg e S Jadld pens b ] e sy OF oS

& . . v .- Y M . \ M = .-
A3b @b ol jl S P by phops  phrer ply O)ge
wlaedli b alis b s 4o (Sutadian et al., 2016)
0adLd g lym plizer b I NSFWQI g 95,90 1L
ol 04 oolizwl (B) alayly b gollas 28

SDWQI =" w,Q, )

oi 5 dwlre a5 a3l 5 SDWQI () alal,
Pl (25 el e bgye 035 Wi (0 <SDWQI <100)

1 Additive functions
2 Multiplicative functions
3 Combination functions
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Table 2- Water Quality classification based on value of calculated index (Uddin et al., 2021)

CadsS S KV Y buwgie e S
Class of quality Very bad Bad Medium  Good  Excellent
b5 pa3ld 392> 0-24 25-49 50-69 70-89 90 - 100

Boundary of quality index

(; Babanezhad et al., 2018Schoeller, 1965) JJgui (gaisaiab wlw! 3 & i OF CopS (gisdiwd -V Jgun
Table 3- Schoeller classification for drinking water quality (Schoeller, 1965; Babanezhad et al., 2018)

) e Cca** Mg** Na* TDS TH cr S0,% HCOy
Rank class
1 N <100 <25 <120 <522 <262 <184 <145 <182
Good
5 4
2 i 100-198 25-49 120-238  522-1003 262-517 184-362 145-288 182-358
Permissible
Cawlio Liwd
3 i i 198-384 49-95 238-456  1003-1996  517-996 362-700 288-590 358-737
Moderately suitable
4 *“"_L“U 384-770  95-194  456-928  1996-4050 996-2010  700-1420  590-1198  737-1495
Unsuitable
cnlial Mols
o § ; 770-2500 194-387 928-1886 4050-8100 2010-4010 1420-2830 1198-2385 1495-2955
Quite unsuitable
6 = 449)?; >2500 >387 >1886 >8100 >4010 >2830 >2385 >2955
Non drinking

Sl adiligs plojlom oo il o cslas yadlt
(WQlwho)

o3zl b Klg¥ o oy Bylae Cps Of cunls anyd g coiS
S Slapadls Jl o 2 9 (e (S pasld S
SO Glgse 4 WHO i 3 il aisle Gpd (sl laslinl ]
Varol and ) 45,5 o 1,8 oolitwl 350 jloee dga Jasdlygiwd
;Adimalla et al., 2018 ;; Yadav et al., 2015Davraz, 2015
syl 5l (S slayje g 5l 394> (Verma et al., 2020
;» WHO, 2017 3,155kl ol Gy Gjlas g Of cusS
RO WP 1 G PR

»2 Coenl axyd ol 2 ¥ Jodo 53 byl (W) llae 5
o3> olaidl 0 LYy (eie Gy GBjlan jolaie 4y jiol)l
2 Lol Coanl 4 o L ooy sllas (g ST 095 0
0 ply 9 NOs 5 SO.7 CI' TDS (sloyiolyb 4y oy T oS
Conl 05 03l olais] « S5 plp g HCO3™ jal)b 4y o Jslis 4
Ois o Tiwari etal., 2018Vasanthavigar etal., 2010)
> lae (g S okl LY Joaa )3 lajielly (Wi) (oo
ol (7 adaly) Lo el JS° (059 g9-0ome o ol yialil
g 0

0L @S (oxteliel Caa Jod gandaib obal LYo
sl 3b5 o 22) 5 (92 peine (Al Jali p5l> (3udS
5=t Ol (0 b Ol Blas Cap 4SS Sliios > Jod
5 ol Gaiod (el ) ealitl 350 Ol i (gla ol
iuaib gl wie Sl 4 5l pas (g g Yo sanail
A3l ol el g ges g i sakiatod 329 5 g

oS sl Gdod padld palbe (ox)lasl jslate 4
Cowdy aab U adls cpl ool b o 00y jaouis cuas
3 sl o (et sl o dumlie o (cAipais ] o]
o B)luas polaie 4 O CudS (b)) elate 41470 Jlo
= dnaalb ool (Schoeller 1965, 1967) cowl sa i pbx!
Wliy)S (IS Olilgw i oo jute ol o)y A ol
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(Jesuraja et al., 2021) WHO wpd ad b 55 O CadsS b el )b jlme 390 g (439 € Joua
Table 4- Weight and threshold of water quality parameters in drinking WHO index (Jesuraja et al., 2021)

o ke 59 (39 WHO, 2017 jlxe s>

Falb Absolute weight  Relative weight  Threshold of WHO, 2017
Parameter (Wi) (W|) (mg L'l)

pH 3 0.083 8.5

TDS 5 0.139 500
HCO5 1 0.028 300

cr 5 0.139 250

S0,> 5 0.139 400

NO3 5 0.139 45

ca® 3 0.083 75

Mg** 3 0.083 50

Na" 4 0.111 200

K* 2 0.056 10

Egoxe 36 1 -

(Jesuraja et al., 2021) WQlwio (Wi ylae (wh! 5 & puid o CpdsS givalb —0 Joun
Table 5- Water Quality classification based on WQlwyo (Jesuraja et al., 2021)

CodsS NS S . Cams dmo LS b JBpe
Quality class Excellent  Good Fair Very Fair  Non drinking
CutS asld dge

Threshold of quality index

<50 50 - 100

100-200 200-300 > 300

L yrol )by Olsasl) (ad i ax wes s o )lp> pol a ol
2 ol 003 UI)I (ua.'>l_w 25 g (P59 cd)l.wua.&l.w).:)
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Ll 045 03l UL'“’
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1- Violin plot
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Figure 3- Variation of monthly water quality parameters measured in Rudbar and Astaneh stations (1987- 2017)

Rudbar station Astaneh station
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Table 6- Pearson correlation coefficient and significant level between water quality parameters in Rudbar (a) and Astaneh
(b) stations
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4- Truncation
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1- Clustering
2- Agglomerative Hierarchical Clustering (AHC)
3- Similarity
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Figure 4- Dendrogram of water quality parameters in Rudbar (a) and Astaneh (b) stations
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Figure 5- Frequency of water quality parameters in Rudbar and Astaneh stations after sub-indexing step
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Table 7- Eigenvectors, contribution and scores of quality parameters principal components 1 and 2

)lg.)” oKt wlew! oK )lg.)” oK wlewl oK )lg.)” oK Sl olKtw)

ol Rudbar st. Astaneh st. Rudbar st. Astaneh st. Rudbar st. Astaneh st.

Parameter 0529 5102 ojg oy o gielyly s b 2ol ot sbtel o o Stel Copo

Eigenvector Eigenvector Contribution Contribution Score Score

D1 D2 D1 D2 D1 D2 D1 D2 D1 D2 D1 D2
TDS 0.41 0.05 0.38 -0.01 165 02 142 0.0 0.17 0.05 0.14 -0.01
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