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Introduction

Surface water quality is largely influenced by physical processes, chemical and biological
processes such as weathering of minerals, rocks, climate and precipitation amount. Human
activities (domestic and industrial wastewater, atmospheric sediment, irrigation return flow, etc.)
also can reduce the quality of surface water and disrupt using it for drinking, industrial and
agricultural consumption. The investigation of saturation index changes is useful to determine the
different stages of the evolution of hydro chemical and chemical reactions to control the water
chemistry. The control processes of water chemistry including physical, chemical and biological
processes, structural, geological and mineralogical composition of the host rocks, and human
activities such as household and industrial wastes, excessive use of chemicals and pollution
emissions of wastewater tanks can effectively affect the surface water chemistry. Hierarchical
clustering methods are appropriate methods for data analysis of water samples which are applied
to assess the water quality data and the possibility of sample hydrochemical grouping having the
highest importance of the statistical viewpoint in hydrology, hydrogeology and geology. In this
study, Azna river water quality has been investigated based on the major elements and heavy
metals. Results showed that the reactions due to area formations are the factor that affects the
major elements and heavy metal in the surface waters of area.

Methodology

The study area is conducted in some parts of Azna and Aligoudarz located in Lorestan
province, between 20 °49 to 5 °49 eastern and longitude and "10°33 to "50°33 northern latitudes.
Azna River with an area of 2189/1 Km2 is one of the Karun’s catchment area in the east of
Lorestan Province whose average discharge measured to be 38/88MCM (million cubic meters)
during a period of 21 years. Besides, lithological units of second to fourth eras outcrop in the
study area which are prioritized from the oldest to youngest as phyllite, quartzite, paragnys,
marble, shale, sandstone, tuff and volcanic rocks, crystalline limestone, not separated miocene
sediments, marl, limestone, conglomerates originated from the Bakhtiari conglomerate and
alluviums. Alluvium of fourth period including sand, clay, silt and gravel covers the plain.
Studied chemical quality of groundwater in this study include salt remain, electrical conductivity,
acidity, bicarbonate, chlorine, sulfate, all anions, calcium, magnesium, sodium, potassium, all
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cations, total hardness and heavy metals. PHREEQC Interactive software and saturation index
were applied to study the reaction between water and rock in the region and also its interaction
with ground and geology.

Results and Discussion

According to the significant level of Kolmogorov - Smirnov test, all elements of the study
area have normal distribution. In the scree plot, the special quantities are plotted against the components
representing that there are factors in the river samples that indicating the water quality of the area.
Saturation index is a useful one to determine the balance of water state. Applying the saturation index
values of various minerals and the investigation of the relationship between saturation indices are
helpful to identify the factors affecting the hydrochemistry of surface waters. The geochemical
processes of study area are introduced by the investigation of saturation indices. All samples of
the studied river in terms of calcite, dolomite and aragonite concentration were super saturated,
while they were under saturated in terms of gypsum, anhydrite and halite concentration. The high
saturation indices of dolomite respected to calcite show the further dissolution dolomite minerals
respected to calcite along the water passage of Azna river. As a result, the mentioned processes
can be considered as the factors affecting the composition of the water in the studied area.
Chemical evolution sequence of river water is determined in the connection with the complete
dissolution of limestone. In water river sources, water-rock reactions are the controlling factors of
water quality. Samples of the studied river regarding the calcite, dolomite and aragonite were
super saturated, while with respect to gypsum, anhydrite and halite were under saturated.

Conclusions

According to statistical studies, the application of principal components analysis based on
major elements and heavy metals in the area, showed the highest correlation between the total
soluble solids and chlorine; and linear regression analysis of cations, anions and electrical
conductivity, as the dependent variable versus of total dissolved solids as the independent
variable showed high correlation between total dissolved solid with electric conductivity and CI".
In terms of heavy metal in the study area the amount of cadmium exceeds the standard amount
and other elements are in the standard range. There is the highest correlation between Zinc,
Cadmium and Manganese, Chromium in the study area.
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Fig 1- Location map of the study area
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Table 1- Distribution of main elements' concentration in the Azna River (Kolmogorov-Smirnov test)

DS bH EC HCO, Ci SO, Ca Mg Na K TH
Kolmogorov- 4 558 598 1220 0747 1312 1035 %2 0553 1307 %7 1303
Smirnov Z 72 59
Asymp. Sig. 0.9 0.6
e . . . . . . . . ) .
o) 0065 0867 0102 0623 0064 023 OO 0920 0066 o 0067
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Table 2- Distribution of heavy metals’ concentration in the Azna River (Kolmogorov-Smirnov test)

Al Fe Mn Zn Pb Cd Cr Cu B F

Kolmogorov-
Smirnov Z
Asymp. Sig.
(2-tailed)

1.59 0.50 111 0.45 0.86 0.80 0.97 0.79 1.00 0.74

0.51 0.96 0.16 0.98 0.43 0.53 0.30 0.55 0.26 0.64
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Table 3- Specific values for determining the number of factors of the main elements in the study area

Extraction Sums of Squared Loadings

Initial Eigenvalues

Cumulative % % of Total Cumulative % % of Total
Variance Variance

1 49.3 49.3 5.42 49.3 49.3 5.42
2 62.72 13.42 1.47 62.72 13.42 1.47
3 74.75 12.02 1.32 74.75 12.02 1.32
4 82.65 7.90 0.87
5 89.52 6.86 0.75
6 94.44 492 0.54
7 97.07 2.63 0.28
8 99.59 2.51 0.27
9 99.86 0.27 0.03
10 99.98 0.114 0.013
11 100 0.017 0.002
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Fig 3- Scree diagram to determine the number of factors of the main elements of the study area
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Table 4 - Specific values for determining the number of factors in heavy elements in study area

Extraction Sums of Squared Loadings

Initial Eigenvalues

Cumulative % % of Variance Total Cumulative % % of Variance Total
1 32.88 32.88 3.28 32.88 32.88 3.28
2 55.40 22.52 2.25 55.40 22.52 2.25
3 72.18 16.77 1.67 72.10 16.77 1.67
4 84.90 12.72 1.27 84.90 12.72 1.27
5 91.12 6.22 0.62
6 96.12 4.99 0.50
7 98.91 2.78 0.27
8 99.66 0.75 0.075
9 99.96 0.30 0.031
10 100 0.032 0.003
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Fig 5- Scree diagram to determine the number of factors of the heavy metals of the study area
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Fig 6 - Plot diagram for the heavy metals in study area
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Table 5 -Correlation matrix of main elements in Azna River samples

TDS pH  HCO, _ Cl SO, Ca Mg Na K TH
TDS 1
pH 020 1
HCO; 076  -006 1
cl 088 019 056 1
so, 008 019 -015 013 1
Ca 052 008 066 034  -003 1
Mg 071  -0.04 059 064 037 002 1
Na 047 028 052 059 025 037 033 1
K 045 017 034 057 003 032 020 035 1
TH 059 051 044 048 049 043 029 054 021 1
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Fig 7 - The cluster analysis of the main elements of study area
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Table 6 -Correlation matrix of heavy metals in Azna River samples

Al Fe Mn Zn Pb Cd Cr Cu B F

Al 1

Fe 0.35 1

Mn  -0.19 -018 1

Zn -0.20 0.50 0.11 1

Pb -0.54 0.12 0.055 0.52 1

Cd 0.14 0.23 0.24 0.73 0.18 1

Cr -0.089  0.12 0.74 0.56 0.49 0.44 1

Cu -0.18 0.52 -0.18 0.62 0.56 0.037 0.27 1

B -0.33 -0.48 -0.047 -0.34 0.37 -0.46 0023 -011 1

F 0.21 0.18 0.10 0.073 0.068 -0.027 0.23 0.16 0.010 1

Dendrogram using Average Linkage (Between Groups) Azna
[s] 5 10 15 20 25
1 1 1 1 1

Zn 4
” J
Cd 6 —
Fe 2
Al 1 |
F 10
B 9

Fig 8 - The cluster analysis of the heavy metals of study area
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Table 7 - Azna River saturation index in Dry period

Anhydride Aragonite  Calcite CO,(g) Dolomite Gypsum  Halite Sample(Azna river-
dry season)
-2.74 0.40 055 -2.50 0.95 -2.5 -8.87 84
-2.40 0.29 0.44  -251 0.56 -2.16 -9.19 85
-2.67 0.12 027 -2.03 0.49 -2.45 -9.06 86
-2.04 0.62 0.76  -2.55 1.57 -1.82 -8.41 87
-2.57 0.51 0.65 -2.76 0.73 -2.35 -8.99 88
-2.88 1.17 132 -3.18 2.24 -2.66 -7.89 89
-2.70 0.78 092 -2.63 1.23 -2.48 -8.84 90
-2.27 0.14 0.30 -2.23 0.53 -2.01 -7.50 91
-2.12 0.31 046 -2.14 0.51 -1.86 -7.51 92
-2.57 1.01 1.16 -2.50 2.02 -2.33 -8.28 93

b 0 0398 L)l k39 £lbl S4lei -A Jaue
Table 8 - Azna River saturation index in wet period

Anhydride Aragonite Calcite CO,(g) Dolomite Gypsum Halite  Sample(Azna river-wet
season
-2.74 0.16 031 -201 0.57 -252 913 84
-2.53 0.15 030 -2.21 0.47 -231  -8.98 85
-2.86 0.42 057 -2.56 0.31 -261  -9.68 86
-3.12 0.54 0.69 -2.44 112 -2.89  -9.13 87
-2.24 0.52 0.66 -2.49 1.17 202 7171 88
-2.42 0.48 0.63 -2.72 0.74 -220  -8.64 89
-2.82 0.72 087 -2.79 1.65 -259  -8.34 90
-2.60 0.47 0.63 -2.96 0.54 -2.35  -8.14 91
-2.72 0.42 057 -2.48 0.33 -2.48  -8.66 92
-2.31 0.23 037 -2.12 0.55 -2.08  -8.18 93
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