- -
A s | s
o . e

\i" bl:m-ﬁ).. i A)u. \\ A)}A
AW-MY sl i
DOI: 10.22059/jwim.2022.332514.932

Sloinl sy Jbogil Lide i 9 (595 Cuwd (ylgdul o lowmig yiud Cumidg ow )y
Tl alo Ly M g dllae ST sl
Ol 52585 €525 o8 oro ol 0aSils ey pole 095 ¢ay T (65 ol )
'O‘):‘.I BNEITW] olKiisly ‘wa.\o Hls: IS 3] p}h‘. 05; ‘)L..JLJI) Y

w5y oIS ol pole 0aSLEII ¢ prej pole 05,5 s yS3luy S Limg ¥
Ve NNV e 5 dy o)l Ve [VINE i cly s )6

o>

b logas s pl b 5 i (535018 Slinsge DT oS Al o 20T Ol (5355 5 e ol ST 51 (S g s
oyl 4 iy bogme omips Sl kS dsgn iy pgr Do b3 ol s 3 Slacl oS W g b i s e
5SS Gl i, st B Ol 53 lentinsds okl b e S 6ln s cnl 4 il o e iy (Sl bk 55508
sdalie 5 ey S YWA0 Il sl g e 53 fund s ol e 3l el 4500 08 ltas BRI B s (51 0 pitakin bl
Sy S adlan 33 o Ol I G o 5 0l s s el 8L mlE el s sl Sl Skl A 1 St ST e &S 4
Slaslsged A3 S 13 kg 5y 5 ool kg 53 53 e ged ol pmabdis glad gt BT s el Lo (5 5 S 6,50 (S 5 S
I 5 (03) Sl 5 b S5 b 5 o8 S5 Sl 5 3T S AL (Kol g L b IS 05 8 tia SOLE by it
e 3 peeelS (Dl S o DM g IS e s adl e 55 3500 Sl Laesls (1 1y ladl e 4 Je (s Lo g5 s A ey jasls
5 ds sl ele 3 g Byl 53wk b S5 sbay ool po e 53 &S Jlmps iy bls ) Sedea b Syl 5 Sz p3o alge 53 (g atly eaas

Sl J‘j&ulm&q}ﬂj(}:ﬂjmgr‘}é Jﬁbjl‘;:sv__,};b&:ﬁj‘l;;ﬁry

bt ladyl b (S31LS la i ok el (sla sy (S| 0 31 guls”

Hydrochemical characteristics investigation of Khoy plain aquifer and
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Abstract

Khoy plain is one of the main industrial and agricultural centers in West Azerbaijan province that the water requirement for agriculture,
industry and drinking water is generally supplied by groundwater. Therefore, the quality of available water seems very important in this area.
Groundwater quality is generally dependent on hydrogeochemical processes that regnant the water resources system. For this purpose, in
order to better understand the hydrochemical processes in Khoy plain aquifer, graphical and multi-variable statistical methods were used to
interpret the results obtained from the analysis of 54 samples taken in September 2016 from groundwater resources. The results of the Piper
diagram and the expanded Durov diagram shows that the groundwater type in the region is mostly calcium and magnesium carbonate,
sodium chloride and the mixed type. In hierarchical cluster analysis, the samples are placed in two main clusters and five sub-clusters. The
Stiff graphs identified eight general groups with saline, calcareous, basaltic, igneous and calcareous composition, Saline shale composition,
shale and lime composition (Marne) and mixed type. The results of the factor analysis method suggested a three-component model for the
data. In the first component, sodium, chloride, sulfate, bicarbonate, calcium and magnesium were interdependent; in the second component,
nitrate and arsenic were linked; while in the third component, iron was partially related to the others. The first and third factors have
geogenic sources and the second factor shows both geogenic and anthropogenic sources for groundwater contaminants.

Keywords: Arsenic, Hydrochemical processes, Graphical methods, Multivariate statistical methods.
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Figure 2. Location of sampling points from Khoy plain aquifer

Table 1. Characteristics of statistical parameters related to Khoy plain hydrochemistry

Max permissible level

Factors Range Min Max (WHO, 2008) Mean  Standard deviation ~ Variance skewness kurtosis
Ca (mg/L) 656.88 36.72 693.6 300 133.5 112.02 12549.6 2.67 9.6
Mg (mg/L) 386.59 26.74 4133 30 92.54 71.89 5169.286 2.55 8.4
Na (mg/L) 94291 459 94751 200 121.56 175.130 30670.6 2.59 7.74
K (mg/L) 39.10 0 39.10 - 7.697 7.693 59.18 221 5.86
HCO; (mg/L) 1494.81 30.5 15253 - 222.64 286.07 81837.9 2.731 8.071
CI (mg/L) 1084.7 14.17 1098.8 250 194.73 266.45 70998.4 1.88 2.748
SO4 (mg/L) 1176.7 24.05 1200.7 250 175.27 225.20 50716.9 2.73 8.071
NO; (mg/L) 10.16  0.69 10.58 45 4.16 2.024 4.1 0.683 1.03
Fe (mg/L) 148 0.05 1.53 0.3 0.51 0.44 0.197 0.90 -0.492
As (ng/L) 209.89 0 209.89 0.01 20.17 41.66 1735.8 3.148 10.292
pH 1.80 6.5 8.3 6.5-8.5 7.573 0.472 0.224 -0.722  -0.381
EC (umohs/cm) 72501 510 7760 750 1843.3 1370.051 1878300 2.105 5.54
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Figure 3. Piper diagram of water samples of the study area according to the main diagram
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Figure 5. Expanded Durov diagram of water samples in the study area
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Table 2. Pearson correlation matrix between standardized samples of Khoy plain groundwater (August, 2016)

Factors (Na) (K) (Ca) (Mg) (C1) (SO4) (HCO3) (As) (NO3) (Fe) (EC) (pH)
(Na) 1

(K) 665 1

(Ca) .168 453" 1

(Mg) 220 524" 7577 1

(Cl) 857" 742" 416" 476" 1

(SO4) 604 669 6737 736" 771" 1

(HCO3) 604 669 673" 736" 7717 1.0007 1

(As) -.047 127 -.034 .040 -.046 -.042 -.042 1

(NO3) -.069 -.029 =221 -.158 .006 -.079 -.079 205 1

(Fe) 051 -.005 -.100 -.055 027 -.103 -.103 061 -016 1

(EC) -.136 -.040 125 098 -.099 088 088 061 -.024 -.065 1
(pH) 010 -.004 -.155 -.190 -.019 -.128 -.128 013 -.004 012 502" 1

** Correlation is significant at the 0.01 level (2-tailed).

* Indicates the degree of reliability of the calculation of the correlation coefficient between the data.

* Minimum confidence 0.95% and ** Best assurance 0.99%.

Items with a high correlation are marked with two asterisks that have an R above 0.05.
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Figure 6. Tree diagram obtained from hierarchical cluster analysis related to water samples in Study area
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Figure 7. Tree diagram obtained from hierarchical cluster analysis related to water ions in Study area
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Table 3. Factors analysis results after varimax rotation

Standardized factors 1 Factorzs 3
(Na) 0.919 0.003 0.194
(K) 0.823 -0.080 0.105
(Ca) 0.167 -0.139 -0.68
Mg) 0.279 -0.81 -0.014
(@) 0.956 0.031 0.148
(So4) 0.641 -0.022 0.029
(HCo3) 0.641 -0.022 0.029
(As) -0.056 0.742 0.065
(No3) -0.014 0.799 -0.116
(Fe) -0.041 0.059 0.929
(Ec) -0.149 0.018 -0.246
(pH) 0.031 -0.004 0.267
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Table 4. Extraction factors and their values of variance

Initial specified value

Total squares after rotation

Components Total Variance% Cumulative% Total Variance% Cumulative%
1 3.472 38.021 38.021 3411 37.352 37.352
2 1.220 13.317 51.384 1.226 13.427 50.778
3 1.033 11.317 62.700 1.089 11.922 62.700
4 0.959 10.500 73.200
5 0.839 9.193 82.393
6 0.561 6.140 88.533
7 0.438 4.797 93.330
8 0.256 2.799 96.130
9 0.196 2.146 98.276
10 0.107 1.171 99.447
11 0.051 0.553 100.000
12 -1.001E-013 -1.012E-013 100.000
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Figure 9. Shows the effective factor loads in each extraction factor
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