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Hydrochemical Assessment of Surface and
Groundwater Resources of the Bostan Plain
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Abstract

Hydrochemical analyzes of 35 water samples during a dry and
a wet seasons (July 2016 and April 2017) have been used to
identify, extract the main factors of the hydrochemical
changes, and investigate the geochemical processes controlling
the surface water and groundwater resources of Bostan plain.
In this research, two multivariate statistical methods of
hierarchical cluster analysis (HCA) and principal components
analysis (PCA) were used to classify water quality samples of
the region. According to HCA, there are three main
hydrochemical facies in Bostan plains; facies with higher
salinity (group 1: Na-Cl), lower salinity facies (group 2: Ca-
Na-SO4-Cl), intermediate facies (group 3: Na-Mg-Cl). In the
analysis of the PCA, the first factor of the three factors showed
68.2% of the change. The second and third factors exhibited
14.45% and 9.25% of the change, respectively. The results of
this study clearly demonstrated the usefulness and benefits of
multivariate  statistical ~techniques in assessing the
hydrochemical characteristics of surface and groundwater.
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Table 1- The methods used for water quality analysis
ui CudsS ”)bi LS‘)'? a3lew! dy90 du&” - Jg.&?

Quality parameter Symbol Method used
pH pH Potentiometric
Electrical Conductivity EC Conductometer
Calcium Ca?* EDTA (0.05 N) titrimetric
Magnesium Mg? EDTA (0.05 N) titrimetric
Sodium Na* Flame photometric
Potassium K* Flame photometric
Chloride CI Titration using 0.05 N AgNO3
Carbonate Cos Titration (with 0.01 N H2SO4)
Bicarbonate HCos Titration (with 0.01 N H2SO4)
Sulphate SO+ Spectro Photometric
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Fig. 3- Surface and groundwater samples

dendrogram for Bostan plain in July 2016 and April
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Table 2- Surface and groundwater samples grouping for Bostan plain in July 2016 and April 2017
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Group 1: Sample: BS1, BS11(1.96)

Group 2: Sample: BS2, BS3, BS4, BS5, BS7, BS10(95), BS11(95), BS12, SW1, SW2, SW3, SW5, SW6,

SW7
Group 3: Sample: BS6, BS8, BS9, BS10(96), SW4(96)
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Table 3- Correlation coefficient of the water resources chemical parameters in Bostan plain
Ol Cudd O aalio (o lhownd (5 yiol )by Sinsod Cu pud -V Jgua

Variables Ec PH tds Ca Mg Na K HCO3 ClI S04
Ec 1

PH -0.029 1

TDS 0.998 -0.039 1

Ca 0.635 -0.435 0.621 1

Mg 0.916 -0.189 0.909 0.688 1

Na 0.987 0.083 0983 0.537 0.872 1

K 0.818 0.085 0.817 0.366 0.678 0.852 1

HCO3  -0.209 0.063 -0.207 -0.409 -0.220 -0.160 -0.065 1

Cl 0995 -0.029 0989 0.659 0.911 0.984 0.822 -0.212 1

SO4 0.889 0.093 0.884 0517 0.852 0905 0.757 -0.191 0.868 1
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Table 4- Analysis results of the factors (after
rotation varimax)

(ouSlosylg s 2 51 ) Jolos a3 gl —F Jgus

Variable F1 F2 F3
EC 0.982 0.003  0.001
pH 0.004 0.678  0.246

TDS 0.974 0.003  0.001
Ca 0.465 0.363  0.000

Mg 0.872 0.016  0.008

Na 0.951 0.034  0.000

K 0.694 0.081  0.006
HCO3 0.066 0.240  0.660
cl 0.978 0.001  0.001
S04 0.835 0.026  0.003
Eigenvalue 6.820 1.446 0.925
Vaz;);’"'ty 68.201 14458  9.253
C”'{,};"a“"e 68.201 82659 91.912

dol Jole opytin olgie @ PH (YL Cons dowg 4 ¥ adlie
Jad 90y 0 PH Glpus dioh cwl odd Jasie il )lg
(B Jodn) asb o VIVD ()] (pSke s MA BBV oy (5 5 ppiges
SlaoM3B ) pmen 5 IS Mol ) wlge LIS PH
yubw  [(Dinka et al., 2015) 55 Jol> (g5y5liS ¢ (mio
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Table 5- Statistic summary of the water resources hydrochemical parameters in Bostan plain

Ol Cudd (S g (ot 5 O @ilio otleowig pind (51 plolyy (g o AoV —0 Jouo

EC PH TDS Mg Na K S04
Total(n=35)
Min 1067.0 6.2 640 18.2 158.4 3.9 47.5
Max 92300 8.9 60434 1381 20897.7 703.8 8664
Mean 21849.2 7.76 13847.6 393.7 42717 747 22114
Sted.Dev 25240.7 054 16077.9 426.6 5556.4 146.7 2400
CcVv 1155 6.95 116.1 108.3 130 196.4 108.5
July 2016 (n=15)
Min 1687 6.2 1214 22.2 158.4 3.9 47.5
Max 90200 8.9 60434 1381 20231 5474 8664
Mean 22065.8 7.6  14697.7 397.4 4100 72.2 2020.6
Sted.Dev 253545 0.57 16960.8 433 5426.5 135.2 2290.8
April 2017(n=20)
Min 1067 6.2 640 18.2 175 3.9 219.5
Max 92300 8.6 57226 1370 20897.7 703.8 8421
Mean 21686.8 7.85 13210.1 391 44005 76.6 2354.5
Sted.Dev 25813.1 052 15799.2 4329 5788.7 158.3 2527.9
All values are in mg/1 except pH and EC (u.Siemens/cm).
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Fig. 8- Scatter plot of PCI component compilation on PC2
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1- Hierarchical Cluster Analysis
2- Principal Components Analysis
3- Reaction Error

5- Dendrogram

6- Eucliden Distanc

7- Weighted Pair-Group Average
9- Kaiser Criterion

10- Eigenvalue

11- Correlation Coefficient

12- Epsom Salts

13- Scatter-Plot
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