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Abstract

Introduction

The pollutants have exceeded the environmental load capacity of the water resources due to the rapid development and
expansion of urban areas, increased industrial production, agricultural activities, and discharging of the domestic sewage into
the surface water runoff in recent years. These point and non-point source pollutions have decreased the water quality of the
surface water. Water pollution has become a concerning management issue in quality control of the surface water in
developing countries. Pollution of urban rivers seriously hinders sustainable economic and social development and threatens
human health. Assessment of river water quality according to physical, chemical and biological parameters is the basis of
health management of its ecological system. Water quality in any region is affected by two factors: natural processes and
human activities such as the transfer of nutrients and heavy metals to surface waters. In this regard, freshwater pollution by
heavy metals has become one of the main environmental concerns in recent decades.

Materials and Methods

This study is aimed to evaluate the water quality and the controlling mechanisms through calculation of Drinking Water
Quality Index (DWQI) and four pollution indices (PLs). In this regard, the multivariate statistical analysis techniques such as
partial least squares regression (PLSR), stepwise multiple linear regression (SMLR) were used, as well as the chemical type
of the water has been determined using a three-line piper diagram. Therefore, 26 physicochemical parameters for eight
surface water areas of the Talar River were analyzed in this research using standard analytical methods.

Results and Discussion

The results indicate that the surface water resources in this region are determined to be alkaline with Ca-Mg and Ca-Mg-Cl-
SO4. According to the results of DWQI analysis, 19% of the total samples were good water, 56% poor and very poor, and 25%
were inappropriate for drinking. Also the PI results demonstrate that the surface water is highly affected by Mn and Pb and
are under a slight impact of Fe and Cr. The obtained SMLR models of the DWQI and Pls which developed according to the
base ions and heavy metals represented the best estimates with R?=1 for QWQI and Pls. According to the Piper diagram, the
surface water is affected by the interactions and weathering of rocks. According to Gibbs geochemical diagram, it was shown
that surface water points are in areas with weathering and permeability. As a result, these factors have been proposed as the
most important factors affecting the geochemistry of surface waters in the study area. The surface waters of the study area are
polluted by heavy metals and this pollution increases from the beginning of the river to the station near the Caspian Sea.

Conclusion

The integration of DWQI and Pls is considered as a functional and distinguishing method in the assessment of the surface
water quality, and the PLSR and SMLR models can be used to evaluate DWQI and Pls via chemical techniques application.
Degradation and reduction of surface water quality can be attributed to the widespread use of agricultural pesticides,
industrial activities and poor drainage network. The water quality amount has been severely reduced from upstream to
downstream of the Talar River, due to the entry of agricultural effluent and passing through urban and industrial areas. The
use of wastewater treatment methods before discharge to freshwater improves water quality and prevents its degradation.
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S1 5309 30 355314 2171
S2 530758 355647 1770
S3 530256 355952 1345
S4 530347 36 06 26 1270
S5 524531 360435 870
S6 525705 3609 36 617
S7 525251 361841 205
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Table 2 - Statistical description of measured physicochemical parameters
el ) Ao’ Ay OoSile Sz Bl
Ccr (mg/L) 2 75 38.8 10.2
Mg?* (mg/L) 6.2 35 20.6 6.3
Ca™ (mg/L) 12 84 48 13
K* (mg/L) 15 16.2 8.95 3.2
TH (mg/L) 1.8 436 218.2 46.80
Cu (mg/L) 0.001 0.06 0.0305 0.009
Zn (mg/L) 0.001 0.42 0.215 0.09
T-Coliform (Colony/100ml) 25 2852 1852 105
Na* (mg/L) 10 65 375 14.6
Cd (mg/L) 0.0001 0.053 0.016 0.01
B (mg/L) 0.01 0.55 0.22 0.021
so%, (mg/L) 26.8 204 105.1 211
Ni (mg/L) 0.001 0.06 0.021 0.019
Alkalinity (mg/L) 101 378.3 239.3 54.7
pH - 7.2 8.7 8 0.3
EC WU mho/cm 406 790 562 138
F (mg/L) 0.1 0.8 0.365 0.108
Mn (mg/L) 0.001 0.09 0.0305 0.057
Fe (mg/L) 0.1 1.7 0.31 0.3
Cr (mg/L) 0.003 0.84 0.163 0.05
TDS (mg/L) 360 606 459 98
NOs (mg/L) 0.8 4.98 2.508 0.852
Temperature (°C) -2 17.8 9.2 2
Pb (mg/L) 0.001 41 0.705 3.2
BOD (mg/L) 0.8 11.2 8.5 0.95
DO (mg/L) 1.2 9.5 5.1 1.04
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Table 3- Estimation of drinking water quality index (DWQI) according to relative weight for determined surface water parameters

sl (1) o5 WHO 2011 (W) s 039
cr 1 250 0.0114
Mg?* 2 30 0.0227
Ca* 2 75 0.0227
K* 2 10 0.0227
TH 2 300 0.0227
Cu 2 2 0.0227
Zn 2 3 0.0227
Na* 3 200 0.0341
Cd 3 0.003 0.0341
B 3 05 0.0341
so%, 3 250 0.0341
Ni 3 0.07 0.0341
Alkalinity 3 120 0.0341
T-Coliform 3 1000 0.0341
Temperature 4 12-18 0.0455
pH 4 75 0.0455
EC 4 2000 0.0455
F 4 15 0.0455
Mn 4 0.05 0.0455
Fe 4 15 0.0455
Cr 5 0.05 0.0568
BOD 5 20 0.0568
DO 5 4 0.0568
TDS 5 500 0.0568
NOs° 5 50 0.0568
Pb 5 0.01 0.0568

U (HE) o 138 o5 G5 (HP1) i S (39 5L el sl o 53385 - F g
(P1) Fogl i 5 (CD) (S35

Table 4 - Arithmetic ranking method for calculating Heavy Metal Pollution Index (HPI), Heavy Metal Evaluation Index (HEI),
Degree contamination (CD) and Pollution Index (PI)

S 6 (Mg/) Sl olojlo 3kl ol Jos I clale Sl Wi 559 2l
Pb 0.01 10 0.20224
Cd 0.003 3 0.67415
B 0.5 500 0.00404
Cu 2 2000 0.00101

F 15 1500 0.00135
Mn 0.05 50 0.04045
Ni 0.07 70 0.0289
Zn 3 3000 0.00067
Fe 0.3 300 0.00674
Cr 0.05 50 0.04045

Pl ol & angi U (5390 g =0 Jou>
Table 5 - Level of contamination according to Pl values

03, aials b
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Cl . K¥, Mg*, Na*+, Ca™ byl chale 5Sike
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o Ayl Sl s e lis 1y gl o S e Y04
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g 3 ek <IVY 5 o[NE w/NBY /YD o /YED
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23 o i |y (gyed uined g Cusl PYLEC lids wiil
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Table 6- Evaluation of surface water according to water quality indicators

Lgad el )
Water Quality Index’s (WQIs) s oS o gl by ol bylys () age5 slass
0-25 e .
Drinking Water Quality Index (DWQI) 26-50 G . 3(197)
25.42 106.53 65.97 3.45 51-75 a'~ 5 6 (37/)
76-100 G LS @ 3w
>100 il . 4 (257)
Heavy Metal Pollution Index (HPI) <100 oS Sl 7 (447)
18.28 14251 70.24 12.4 i .
>100 3b5 S @ o661
<0.3 o5 b @ -
Heavy Metal evaluation Index (HEI) 0.3-1 RS o (197)
1-2 b oo 5 (317
101 10.23 6.62 1.03 - o (317)
2-3 25U ot bugie jgba 0 (197)
3-6 b cov ousa 0! (0.067)
>6 A cos guysby @) 4(25%)
>1 25U cos o @ 4@25)
Degree contamination (CD)
507 535 1.02 0.98 13 Lagie 7 (447)
<3 Y @ 53

whosd Sy a4 dog bl ol o2l lis ¥ Sy
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e g asly o5 e Jg,e (Ca-Mg-CI-SO4 , Mg
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JAS S punilo g (22loaini Tobaw Y-V
G e 9 Bdiged (gaaled Caa b hd dw Jbges
& dog b plagh ol 0 &5 90 odlitel O plesd
5 5 bl xaw Ol cladiges e laygsl § el
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(# daily)
(%)
DWQI = 2.613x107+474.932x(Pb)+0.042x(TDS)
+17.27%(Fe)+99.859x (Cr)+57.241x(Ni)+14.375
x(Mn)+1429.87%(Cd)+0.303% (K)+0.079x (Mg)
+0.040x (alkalinity)+3.458x (F)+0.008x(TH)+0.026
X(S04)+0.421x(pH)+1.842%(B)+0.142x(NO3)

+0.042%(Ca)+0.023x(Na)+0.006x(C1)+1.24x(Cu)
+0.534%(Zn)+0.870 x(BOD) +1.87 x(D0)+3.204 (EC)

1 TDS ww, L Gibbs jlages 5l odlatul b odaw sla]
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Figure 3- Geochemical species and water type based on Piper diagram
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Figure 4- Geochemical control mechanisms, according to the Gibbs diagram
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Figure 5- Distribution maps of water quality indicators of surface water network: (a) Drinking water quality index (DWQI), (b)
Heavy metal pollution index (HPI), (c) Heavy metal evaluation index (HEI), and (d) Degree contamination (CD)
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Table 7- Assessment of surface water quality according to the results of heavy metals

O 318 Pl &l Cundy

Pb 3.01 4 ol 48,8 15 156 cov Gada
Cd 111 2 ol 43 )3 )5 36 cov WS e
B 0.15 1 56 e

Cu 0.01 1 I

F 0.21 1 56 e
Mn 291 3 ol 68,8 15 156 Cov lawgio jobay
Ni 0.24 1 56 e

Zn 0.01 1 256 e

Fe 1.68 2 ol 433 )5 31 cov WS e
Cr 1.18 2 ol 43 )3 )5 31 cov WS i
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Figure 6 - Relationships between DWQI, HPI, HEI and CD drinking water quality index with respect to heavy metals
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Figure 7- Observed and predicted relationships for DWQI, HPI, HEI and CD calibration and validation datasets with respect to
heavy metals using partial least squares regression model ***: p <0.001
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Table 8- Extraction of the most important main elements and heavy metals using stepwise linear regression for drinking water
quality index and pollution indices

Je ojles DWQI 3,38 50 S 3 R? SE
1 0.789  6.66982
2 Pb, TDS 0.894 5.55858
3 Pb, TDS, Fe 0.901 2.32572
4 Pb, TDS, Fe, Cr 0.922 1.05682
5 Pb,TDS,Fe,Cr,Ni 0.923  0.95285
6 Pb,TDS,Fe,Cr,Ni,Mn 0.925 0.62354
7 Pb,TDS,Fe,Cr,Ni,Mn,Cd 0.946 0.58524
8 Pb,TDS,Fe,Cr,Ni,Mn,Cd,K 0.952 0.49664
9 Pb,TDS,Fe,Cr,Ni,Mn,Cd,K,Mg 0.961 0.48951
10 Pb,TDS,Fe,Cr,Ni,Mn,Cd,K,Mg,alkalinity 0.968 0.41256
11 Pb,TDS,Fe,Cr,Ni,Mn,Cd,K,Mg,alkalinity,F 0.971 0.31477
12 Pb,TDS,Fe,Cr,Ni,Mn,Cd,K,Mg,alkalinity,F, TH 0.981 0.12982
13 Pb,TDS,Fe,Cr,Ni,Mn,Cd,K,Mg,alkalinity,F, TH,S0, 0.985 0.09854
14 Pb,TDS,Fe,Cr,Ni,Mn,Cd,K,Mg,alkalinity,F, TH,S0, ,PH 0.990 0.07254
15 Pb,TDS,Fe,Cr,Ni,Mn,Cd,K,Mg,alkalinity,F, TH,S0,,PH,B 0.991  0.05324
16 Pb,TDS,Fe,Cr,Ni,Mn,Cd,K,Mg,alkalinity,F,TH,S0,,PH,B,NO, 0.999 0.03525
17 Pb,TDS,Fe, Cr,Ni,Mn,Cd,K,Mg,alkalinity,F,TH,S0,,PH,B,NO;,Ca 0.999 0.03251
18 Pb,TDS,Fe,Cr,Ni,Mn,Cd,K,Mg,alkalinity,F,TH,S0,,PH,B,NO;,Ca,Na 0.999 0.01101
19 Pb,TDS,Fe,Cr,Ni,Mn,Cd,K,Mg,alkalinity,F,TH,S0,,PH,B,NO;,Ca,Na,Cl 0.999 0.00320
20 Pb,TDS,Fe,Cr,Ni,Mn,Cd,K,Mg,alkalinity,F,TH,S0,,PH,B,NO;,Ca,Na,Cl,Cu 1.000 0.00062
21 Pb,TDS,Fe,Cr,Ni,Mn,Cd,K,Mg,alkalinity,F,TH,S0,,PH,B,NO;,Ca,Na,Cl,Cu,Zn 1.000 0.00025
22 Pb,TDS,Fe,Cr,Ni,Mn,Cd,K,Mg,alkalinity,F,TH,S0,,PH,B,NO;,Ca,Na,Cl,Cu,Zn,BOD 1.000 0.00004
23 Pb,TDS,Fe,Cr,Ni,Mn,Cd,K,Mg,alkalinity,F,TH,S0,,PH,B,NO;,Ca,Na,Cl,Cu,Zn,BOD,DO 1.000 0.00002
24 Pb,TDS,Fe,Cr,Ni,Mn,Cd,K,Mg,alkalinity,F,TH,S0,,PH,B,NO,Ca,Na,Cl,Cu,Zn,BOD,DO,EC 1.000 0.00000
Jo oylos HPI j3 I8 180 i il R? SE
1 0.971 4.99988
2 Pb ,Cd 0.988 2.90212
3 Pb, Cd, Cr 0.995 0.85642
4 Pb, Cd, Cr, Ni 0.999 0.22354
5 Pb, Cd, Cr, Ni, Fe 0.999 0.09542
6 Pb, Cd, Cr, Ni, Fe, Mn 1.000 0.01895
7 Pb, Cd, Cr, Ni, Fe, Mn, F 1.000 0.00854
8 Pb, Cd, Cr, Ni, Fe, Mn, F, B 1.000 0.00125
9 Pb, Cd, Cr, Ni, Fe, Mn, F, B, Cu 1.000 0.00024
10 Pb, Cd, Cr, Ni, Fe, Mn, F, B, Cu, Zn 1.000 0.00000
Jde oyles HEI 5 )35 ,56 (S ol R? SE
1 0.861 0.89985
2 Pb, Fe 0.923 0.52891
3 Pb, Fe, Cr 0.968 0.45285
4 Pb, Fe, Cr, Ni 0.989 0.32585
5 Pb, Fe, Cr, Ni, Mn 0.998 0.18952
6 Pb, Fe, Cr, Ni, Mn, F 0.999 0.07185
7 Pb, Fe, Cr, Ni, Mn, F, Cd 1.000 0.02541
8 Pb, Fe, Cr, Ni, Mn, F, Cd, B 1.000 0.00981
9 Pb, Fe, Cr, Ni, Mn, F, Cd, B, Cu 1.000 0.00980
10 Pb, Fe, Cr, Ni, Mn, F, Cd, B, Cu, Zn 1.000 0.00000

HEI=1.891x10"'%+100.0x(Pb)+3.333x (Fe)+20.0%(Cr)
+14.286x (Ni)+2.5% (Mn)+0.667x (F)+333.333x(Cd)
+0.417%x(B)+0.5%(Cu)+0.2%(Zn)

()
CD=100%(Pb)+3.333x(Fe)+20x(Cr)+14.286x(Ni)
+2.5%(Mn)+0.667x(F)+333.333x(Cd)+0.417x(B)
+0.5%(Cu)+0.2x(Zn)-10.0

RFeS b eSS e 398 Ay Yy (JS)eba
s HEIL, HPI, DWQI, (¢l [, R? oy 5V g 3 sl cllas

ol lesdy (K clild plas I (Vo) SMLR Jae
Jie Glsisar) (o9l Gasls aw yiae pats ly 099
odlaiwl A Jgdo > (295 sleodly lgicas (HEI CD HPI
BY slrayly Gypo 4 Jdo dw &Yoo g SMLR 05 0
wlos 4311 4
()

HPI=1.167x1084+2104.22(Pb)+23380.21x(Cd)

+84.17%(Cr)+42.94x(Ni)+2.34x (Fe)+1.32x(Mn)
+0.94%(F)+0.04x(B) +0.05x(Cu)+0.01x(Zn)
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