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1-Introduction

Social change and sustainable economic development are mostly dependent on water resources (Dinka et al.,
2017). The reason for many problems is the human need and the ecosystem of living life to provide excellent
quality water resources (Amangabara and Ejenma, 2012). Therefore, the assessment of water quality is an
essential issue by many researchers in the field of hydrology and hydrogeology. Among the water resources,
lakes are well known as continuous and reliable water sources for domestic, agricultural (irrigation), and
industrial uses (Esakkimuthu et al., 2015). In this regard, identifying the pollution and factors affecting water
resources is one of the most critical issues in human health (Shrestha and Kazama, 2007). Jareh Dam Lake is
located in the northeast of Ramhormoz city in Khuzestan Province. This lake is an excellent choice to
investigate the processes that control water resources' quality using multivariate statistical and graphical
methods. Multivariate techniques have been used to classify water quality data effectively to find similarities
between samples in many studies (Zhao et al., 2012). In this way, several research types have been conducted
where the quality of water resources was the main issue. Rezaei (2015) identified four active factors in the water
guality of the Maroon Dam reservoir using the statistical analysis method (Rezaei et al., 2015). Other research
using multivariate statistical techniques includes assessing spatial and seasonal changes in the water quality for
the Oum Er Rabia River (Barakat et al., 2016) and the Baiyangdian Lake water quality in China (Zaho et al.,
2012).

2-Methodology

Jareh Dam site in southwestern Iran is situated on Zard river in 31031" to 31025 N latitudes and 49041" to
49049°E longitudes. In this study, 20 water samples were collected to perform chemical analysis, including
cations and anions and nitrate, fluorite, iron, and copper. The current work used statistical methods comprising
Principal Component Analysis (PCA), Discriminant Analysis (DA), Hierarchy Cluster analysis (HCA), and
hydrochemical methods such as piper diagram, index saturation, and ion exchange. For the hierarchical analysis
of HCA, two methods, R-mod and Q-mod, have been performed. The similarity between the clusters and the
separation of homogeneous clusters has been determined based on the euclidean distance, and the Ward method
has been used (Azhar et al., 2015; Belkhiri et al., 2011). The principal components analysis method is used to
reduce the number of variables from the same variables, thus showing the changes made by several variables
(Esakkimuthu et al., 2015). Discriminant analysis is also a multivariate statistical method in which the data set
contains a variable X divided into several predetermined groups using a linear combination of variable analysis
(Kheifam and Vafakhah, 2015; Carroll et al., 2009). In this study, XLSTAT 2016 and SPSS Statistic 22
software were used for mathematical and statistical calculations.

3- Results and discussion
The PCA results implicate 81.87% of the changes, which is very good for identifying the hydrocarbon changes
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in the study area. The first component shows 63.73% of the changes. This component indicates the highest rate
of modification due to the more significant effect of the electrical conductivity parameters, the amount of solute,
total hardness, sulfate, calcium, chloride, iron, sodium, bicarbonate, potassium, and nitrate. The substantial
changes in these factors are due to the reaction of rocks, water, and local human activities. The second
component shows 18.3% of the changes due to the effect of pH and Mg parameters. The change in pH as one of
the critical factors in chemical processes and is a reason for the deposition and dissolution of substances
(especially calcium carbonate). Thus, the modification in pH indicates how the deposition rate of calcium
carbonate changes through the Jareh dam.

The HCA that designs in two procedures, R-mod and Q-mod, shows three groups (clusters) of water quality (Fig
1). According to this classification, there are three zones, including riverine, the transition, and the lacustrine
zones. The results of this analysis are precisely consistent with the results of PCA. Moreover, three groups of
water were identified with different qualities. Also, the piper diagram was used to identify the water sample
type. The first group samples have sulfate-calcium water type and have a more unfavorable quality among other
groups (Fig. 2). The second water type is mainly sulfate-magnesium, and the third group is located in the
northeastern part of the river zone. They have sulfate-magnesium and bicarbonate-magnesium water types and
have better quality among other groups.
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Fig. 1. Water samples dendrogram of Jareh dam lake; (a) Water samples parameters dendrogram of Jareh dam lake
by R-mod method, and (b) Water samples dendrogram of Jareh dam lake by Q-mod method.

Fig. 2. Piper diagram of Jareh dam lake water samples.
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4-Conclusion

The present research showed the following results:

1. According to the HCA classification by the Q-mod method, twenty samples of water resources in the study
area are located in three distinct clusters, and third group samples have better quality than other samples.

2. Principal components analysis shows 81.87% of the total changes in the study area.

3. The first component, as the most critical factor, shows 63.73% of the changes. Representing the reaction of
rock and water as one of the main factors affecting the quality of water resources in the study area.

4. The main types of water in the lake are sulfate-calcium and sulfate-magnesium.

5. The study of saturation indices, ionic ratios, and Gibbs diagram shows the dissolution and weathering of
evaporative minerals in the study area. The source of these minerals is the Gachsaran Formation, which is
placed on the Jareh Dam reservoir.
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Fig. 1. Catchment and location of the Jareh reservoir dam.
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Table 1. Applied methods to measure chemical quality parameters.

Quality parameter Symbol Unit Method used Standard limit
pH pH pH Unit Potentiometric >8 (WHO)
Electrical Conductivit EC pmoh/cm Conductometer -
Total Hardness TH mg/l titrimetric 500 (Iran)
Calcium Ca* mg/l titrimetric 250 (Iran)
Magnesium Mg?* mg/I titrimetric 50 (Iran)
Sodium Na* mg/l Flame photometric 200 (WHO)
Potassium K* mg/l Flame photometric -
Chloride Cr mg/l Titration 250 (WHO)
Carbonate COs mg/I Titration -
Bicarbonate HCOs mg/I Titration -
Sulfate SO mg/l Spectro Photometric 250 (WHO)
Nitrate NOs" mg/I Spectro Photometric 50 (WHO)
Fluoride F mg/I Spectro Photometric 1.5 (WHO)
Copper Cu mg/I Spectro Photometric 2 (WHO)
lon Fe mg/l Spectro Photometric 0.3 (WHO)
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1- Hierarchical Cluster Analysis
2- Principal Components Analysis
3- Discriminant Analysis

4- Wilks lambda
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Table 2. Physical and chemical parameters of the Jareh dam reservoir samples with statistical indicators.

, Ca®* Mg? Na* K* ClF SO# HCOsy NOs F Fe  TDS EC pH  TH
Station Mg/L pMoh/cm ppm
1pl 2244 2431 3655 2346 5318 5284 122 685 0285 0023 990.2 1161 792 660.21
2pl 2244 2431 3622 1955 5141 5674 1464 682 0284 00225 1087 1154 7.98  660.51
3pl 2174 322 3127 2346 5141 5284 1281 681 0286 00217 990 1166 802 67552
4pl 2104 243 5564 2346 5318 5284 1403 682 0289 00225 1014 1167 805 62548
1p2 2204 3038 5701 2737 5318 5572 1525 676 0322 0011 1072 1150 81 67552
2p2 1904 3646 4575 2346 5318 5284 1098 675 0317 00155 9652 1138 799 62549
3p2 1874 37.07 4391 1955 5318 4803 1403 674 0316 00152 943 1100 799 62048
1p3 2084 2674 5058 1955 5318 5284 1525 672 0117 00149 1002 1127 8 63049
3p3 1643 4618 648 1955 585 4803 1098 671 0115 00158 949.2 1089 79 600.47
1p4 1603 5469 3839 1955 5495 4803 1403  6.74 0 0018  929.7 1023 797 6255
3p4 1383 4496 5081 1564 5318 4299 1525  6.73 0 00187 8701 987 795  530.42
1p5 1603 5469 5518 1955 5495 5284 1281 675 0404 0019 9823 1112 795 6255
3p5 1242 4496 2989 1955 5318 3843 1464 676 0397 0021 7839 946 7.94 46539
1p6 1172 3828 1609 1955 5141 2522 2014  6.12 0 0023  677.6 833 8.04  450.36
2p7 9018 4679 2897 1564 4077 2642 1953 68 0216 00238 666.8 712 793 417.84
2p8 7715 559 9656 1955 49.63 2065 1708  7.35 0233 00243 5707 746 793 42285
1p9 6212 5469 292 1955 5141 2161  176.9 82 0321 0025 5915 774 792 380.31
1pl0 1683 4861 354 2346 5318 477.9 1647 83 0379 00218 9489 1074 7.98  620.49
2p9 3206 3524 1448 0782 1595 6004 1953 8.6 0 0091 347 400 8.06 22519
2pll 4496 501 9426 1564 195 1441  183.1 87 00429 0093 4519 577 8.08 310.26
Observations (axes F1and F2: 81.87 %) PCA i) sl oil)ls sl Julse -V Jgor
Table 3. Factors causing variance based on PCA.
* Varibles F1 F2
3 . Ca 0.992 0.051
2p9 10} Mg 0.222 0.546
2 2p11 I .Qn Na 0.701 0.001
1p6 I B 2p) 0.601 0.001
g 1 3;3 2.@1 HCO3 0.672 0.041
e ] t t t t
-] ° S04 0.969 0.001
i 29 % 110 0.657 0.186
s 1pig EC 0.970 0.002
2 259 i o 3p3 pH 0.020 0.804
. I NO3 0321 0.005
0211 0.038
4 0316 0.007
R 2002 o023 0541 0.146
F1(63.73%) TH 0.823 0.006
PC2 55, » PCL LS 5 ggome D Sl jloges - S Eigenvalue 5.736 1.633
Fig. 3. Scatter plot of PCI component compilation on PC2. Variability (%) 63.732 18.139
Cumulative % 63.732 81.87
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Table 4. Specific vector values and focal correlation coefficients of the detection function.
Function Special amount Variance Frequency Canonical correlation
1 32.559 94.1 94.1 0.985
2 2.051 5.9 100 0.820
Dendrogram Dendrogram
-0.442809 0.9999585
-0.242809 0.9999635
0.002809 0.9999685
% - c_.:? 0.9999785
E 0.3571508 E
o ? 0.9999835
= - &
0.5571908 0.9999885 ° H g
A c} ] C]
). 0.9999935 j
oss7iss : osssses S f [
2 & 5 & = °= 3 2 8 8383 EzaiErEiiegieess
: 1

- dig0s pl,5 9,000 (0) g R-MO g, 0 0,5 s 4zl y0 O slaaiges (sl ol )b ol S 058 @) to,2 duw ax b jo O slaaiges ol 59,050 -F JSi

Q-mod g, 4 0> o axbyo O sla

Fig. 4. Water samples dendrogram of Jareh dam lake; (a) Water samples parameters dendrogram of Jareh dam
lake by R-mod method, and (b) Water samples dendrogram of Jareh dam lake by Q-mod method.
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Table 5. Classification of the samples for Jareh Dam Lake in accordance with the cluster analysis method.

Group 1 Sample:1P1, 2P1, 3P1, 4P1, 1P2, 2P2, 3P2, 1P3, 3P3, 1P4, 3P4, 1P5, 3P5, 1P10
Group 2 Sample: 1P6, 2P7, 2P8, 1P9
Group 3 Sample: 2p9, 2P11
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Fig 5. Piper diagram of Jareh dam lake water samples.

Seb ganaib gllhe wyd Of CaiS o laibl slalae -F Joo
Table 6. Standard criteria for quality of fresh water according to Schuler classification.

Classification | ' deg;gfito; water TDS (mg/l) | THmg) | Nameg/l) | CI(meg/t) | SOs (meg/l)
1 High 280> 190> 10> 5> 5>
2 Medium 281-500 190-250 10-15 5-10 5-10
3 Low 501-1000 251-600 | 460-230 11-20 11-15
4 Very low 1001-3500 601-1550 | 920-460 2130 16-25
5 Non-Drinking 3501> 1551< 1840< 31< 26<

Al Eely ol (] & i oS g JobS Godimalas ¥ g )
6oL Jlade shls hluas wijle IS jab 4 008 0 0l jo o clale
Ao s anlllans jge o3gamme 45 Wile il ST .08l so Slalgus 5 penedS
Sl Jslne yo 1ol So3 axly sae 4 Na/Cl cos asl Ses 40y
il ezl sue 4 Soop Na/Cl sCa+ Mg/SO4 e Sl (S
Sl d5zse slogg ol mlie Sod 5 s 4 ol (ool
4 ) og, 5 slaasses Na/Cl 4 Ca + MQ/SOs Joo s ol o
Ol3s i el b el 5593 Comad I ¥ 09,5 0 (Jg iS00 35 aly sae
Sl endS Gad ogllaals g (Sogdl Jalse o e 5145 2855 4
(S O3la ol Wil 5l (56 (a5 Sligasy Pxil 0z ds azly o

Sl Cond Sl glaclad yioren g ddlate ;o 0L S
iS008 5250 (Lo Siw (S35l 5B (2 solaned;
oS Sl 51T 50 05z (Lol Glagg oS5 s ol Gz 2 0S
45 jsbles (Subbarao, 2001; Khazaie, 2001) sgi o ool
ouiS J 7S ol Jelse 50T 5 S (2085 09 g0 ovmlin ¥ IS5 50

el 0y dw axl o Of culs

£YA

axlllns ;g0 ailiio oSl (o3 ool giS (sL0T 3 (5
Parkhurst ) coul sie OF Jolss el frns sl p glosl slaasles
S oamiawlxe glil sladsles polis @nd Appelo, 1999
sloasla Jolae o s sldl slaasles oy 90 Jlogai .Conl 00ys I
Sl o Ladigel dod a5 a2 g0 s (F JSK0) Cumglgd g ConndS gl
(Slrl 9 559) a5 oy 4y alols axpn 5 i)l )5 elosl cos
Plssl sasmo )lis 58 comdS g Guns gl asls Jilae o Olidgu
ol (A (529)5) S ()8 (295 i Seon 4 Slilgus (g Sibin
il 3 Slgy PDsul 51 b O 5o eendS g Slalgan cdale 20153

el asdllans jge ailaie o ol leaS w55l
adlaie ;5 GusSas g Jols 5 S SOl glaans] B reni
59 Na/Cl ) HCO3 + SO, Jlie jo Ca+ Mg 0 yiin 3 5lo logal
39 o saaline & JS_i 10 45 9 b jlen ol odboslitwl EC Jilis


Free Hand


a

Foyled Ve 090 Ad liuss; i O )5 (ol e i o
Addllas 3 50 slagys 5 b S G sl 5 gledl a3l =Y Jgor
Table 7. Saturation index and ionic ratios of minerals and target ions.
Station Saturation Index lonic Ratio
Calcite  Dolomite  Gypsum Halite | Ca+Mg/SO4 Na/Cl Ca+Mg HCO3+S0O4
1pl -0.13 -0.87 -0.26 -7.33 1.20 1.06 13.2 13
2p1 -0.07 -0.76 -0.63 -7.11 1.10 1.9 13.2 14.4
3pl -0.13 -0.76 -0.66 -7.41 1.23 0.94 135 131
4p1 -0.11 -0.83 -0.67 -7.15 1.14 1.61 125 13.3
1p2 -0.06 -0.64 -0.65 -7.14 1.16 1.65 135 141
2p2 -0.24 -0.87 -0.71 -7.24 1.14 1.33 125 12.8
3p2 -0.14 -0.63 -0.75 -71.25 1.24 1.27 12.4 12.3
1p3 -0.12 -0.8 -0.68 -7.19 1.15 1.47 12.6 13.2
3p3 -0.21 -0.63 -0.81 -7.04 1.20 1.71 12 12.2
1p4d -0.2 -0.52 -0.82 -7.3 1.25 1.08 12,5 12.3
3p4 -0.21 -0.57 -0.9 -7.18 1.18 1.47 10.6 11.45
1p5 -0.24 -0.61 -0.79 -7.4 1.14 1.55 12,5 13.1
3p5 -0.26 -0.6 -0.97 -7.41 1.24 0.87 9.9 104
1p6 -0.1 -0.34 -1/14 -7.69 1.71 0.48 9 8.55
2p7 -0.25 -0.46 -1/22 -7.23 1.52 1.10 8.35 8.7
2p8 -0.33 -0.44 -1/38 -7.92 197 0.30 8.45 7.1
1p9 -0.41 -0.51 -1/45 -7.42 1.69 0.88 7.6 7.4
1p10 -0.09 -0.36 -1/81 -7.35 1.25 1.03 124 12.65
2p9 -0.64 -0.93 -2.15 -8.44 3.60 0.80 4.50 4.45
2pll -0.47 -0.64 -1/66 -8.32 2.07 0.75 6.20 6
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Fig 6. Two-variable charts for the ratios of saturation index and ionic exchange.
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Fig. 7. Gibbs diagram for the samples of Jareh dam lake.
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