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Sample NO.  Anions Concentration Cations Concentration Water Chemical Type

1 HCO3 > S04 > ClI Ca> Mg > Nat+K Calcic Bicarbonate
2 HCO3 > S04 > ClI Ca> Mg > Na+K Calcic Bicarbonate
3 HCO3 > S04 > ClI Ca> Mg > Na+K Calcic Bicarbonate
4 HCO3 > S04 > ClI Ca> Mg > Nat+K Calcic Bicarbonate
5 HCO3 > S04 > ClI Ca> Mg > Nat+K Calcic Bicarbonate
6 HCO3 > S04 > ClI Ca> Mg > Na+K Calcic Bicarbonate
7 HCO3 > S04 > ClI Ca> Mg > Na+K Calcic Bicarbonate
8 HCO3 > S04 > ClI Ca> Mg > Nat+K Calcic Bicarbonate
9 HCO3 > Cl > SO4 Ca> Na+K > Mg Calcic Bicarbonate
10 HCO3 > S04 > ClI Ca> Mg > Na+K Calcic Bicarbonate
11 HCO3 > S04 > ClI Ca> Mg > Na+K Calcic Bicarbonate
12 HCO3 > S04 > ClI Ca> Mg > Nat+K Calcic Bicarbonate
13 HCO3 > S04 > ClI Ca> Mg > Nat+K Calcic Bicarbonate
14 HCO3 > Cl > S04 Ca> Na+K > Mg Calcic Bicarbonate
15 HCO3 > Cl > S04 Ca> Mg > Na+K Calcic Bicarbonate
16 HCO3 > S04 > ClI Ca> Mg > Nat+K Calcic Bicarbonate
17 HCO3 > S04 > ClI Ca> Mg > Nat+K Calcic Bicarbonate
18 HCO3 > S04 > ClI Ca> Mg > Na+K Calcic Bicarbonate
19 HCO3 > Cl > S04 Ca> Mg > Na+K Calcic Bicarbonate
20 HCO3 > S04 > ClI Ca> Mg > Na+K Calcic Bicarbonate
21 HCO3 > S04 > ClI Ca> Mg > Nat+K Calcic Bicarbonate
22 HCO3 > S04 > ClI Ca> Mg > Nat+K Calcic Bicarbonate
23 HCO3 > S04 > ClI Ca> Mg > Na+K Calcic Bicarbonate
24 HCO3 > S04 > ClI Ca> Mg > Na+K Calcic Bicarbonate
25 HCO3 > S04 > ClI Ca> Mg > Na+K Calcic Bicarbonate
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Sample NO. SAR EC  Wilcox Classification Water Quality for Agriculture

1 0.23 435 C2-S1 Slightly saline-Suitable for irrigation
2 0.26 354 C2-s1 Slightly saline-Suitable for irrigation
3 0.2 388 C2-s1 Slightly saline-Suitable for irrigation
4 021 634 C2-S1 Slightly saline-Suitable for irrigation
5 0.15 547 C2-S1 Slightly saline-Suitable for irrigation
6 0.12 609 C2-s1 Slightly saline-Suitable for irrigation
7 0.14 505 C2-s1 Slightly saline-Suitable for irrigation
8 0.3 463 C2-S1 Slightly saline-Suitable for irrigation
9 03 628 C2-S1 Slightly saline-Suitable for irrigation
10 0.28 469 C2-s1 Slightly saline-Suitable for irrigation
11 0.26 394 C2-s1 Slightly saline-Suitable for irrigation
12 0.28 167.5 C1-51 Fresh-Absolutely harmless for irrigation
13 047 772 C3-S1 Saline-Usable for irrigation

14 0.69 754 C3-s1 Saline-Usable for irrigation

15 0.55 905 C3-s1 Saline-Usable for irrigation

16 229 423 C2-S1 Slightly saline-Suitable for irrigation
17 0.12 244 C1-s1 Fresh-Absolutely harmless for irrigation
18 0.24 161 Cl-s1 Fresh-Absolutely harmless for irrigation
19 081 718 C2-s1 Slightly saline-Suitable for irrigation
20 0.14 238 Cl-s1 Fresh-Absolutely harmless for irrigation
21 0.14 4355 C2-51 Slightly saline-Suitable for irrigation
22 0.14 368 C2-51 Slightly saline-Suitable for irrigation
23 0.43 402 C2-s1 Slightly saline-Suitable for irrigation
24 11/0 610 C2-s1 Slightly saline-Suitable for irrigation
25 0.25 160 C1-s1 Fresh-Absolutely harmless for irrigation
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Sample . Quality Quality Total Temporary Permanent  Quality Based on
/Na  Basedon  RSC Based on
NO. Hardness Hardness Hardness TH
Na% RSC
1 8.35 Excellent -.24 Suitable 174.60 174.60 0 Hard
2 9.48 Excellent 0.04 Suitable 178.21 178.21 0 Hard
3 6.17 Excellent  -0.88 Suitable 260.43 260.43 0 Hard
4 8.30 Excellent 0.00 Suitable 237.50 237.50 0 Hard
5 4.90 Excellent -.00 Suitable 24354 24354 0 Hard
6 3.96 Excellent -.65 Suitable 21341 21341 0 Hard
7 5.00 Excellent 0.32 Suitable 201.05 201.05 0 Hard
8 9.61 Excellent  -1.68 Suitable 235.84 235.84 0 Hard
9 11.20  Excellent 0.05 Suitable 232.32 232.32 0 Hard
10 10.80  Excellent 0.05 Suitable 144.81 144.81 0 Moderately hard
11 8.89 Excellent  -2.18 Suitable 198.16 179.83 18.326 Hard
12 8.54 Excellent ~ -0.03 Suitable 247.16 247.16 0 Hard
13 10.49  Excellent  -4.03 Suitable 458.48 458.48 0 Very hard
14 14.10  Excellent  -3.54 Suitable 456.93 456.93 0 Very hard
15 13.33  Excellent  -2.25 Suitable 369.95 369.95 0 Very hard
16 31.18 Good -8.60 Suitable 647.98 444.17 203.811 Very hard
17 5.77 Excellent  -0.32 Suitable 115.67 115.67 0 Moderately hard
18 13.11  Excellent 1.87 Permissible 81.15 81.15 0 Moderately hard
19 20.69 Good -1.73 Suitable 260.53 260.53 0 Hard
20 7.65 Excellent ~ -0.03 Suitable 101.97 101.97 0 Moderately hard
21 3.36 Excellent  -5.28 Suitable 436.12 347.47 88.652 Very hard
22 5.87 Excellent  -1.17 Suitable 224.40 224.40 0 Hard
23 12.64  Excellent -1.42 Suitable 296.60 296.60 0 Hard
24 3.97 Excellent  -0.66 Suitable 213.39 213.39 0 Hard
25 13.12  Excellent 1.88 Permissible 81.16 81.16 0 Moderately hard
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Abstract

The main aim of this paper is the hydrochemical evaluation of groundwater and Its impact on the quality of
groundwater resources in order to check its suitability for drinking and irrigation In Alut area located in
northwestern Iran. Geologically, metamorphism rocks are present in most parts of the Alut area for example
Gneiss, Green schist, sericite schist, slate and metaryholite. In order to evaluation of groundwater quality and
hydrochemical assesment, samples were taken from 50 wells and springs in the study area and the amount of
heavy metals as well as its various parameters were measured. In the studied area, the groundwater facies belong
to the calcic bicarbonate type and generally hard water due to the total hardness. In terms of EC and sodium
adsorption ratio (SAR), Na% and residual sodium carbonate (RSC), the groundwater is totally suitable for
irrigation. Moreover, dissolved heavy elements concentrations in the groundwater of the Alut area have the safe
limits which recommended by the WHO. Based on the ionic ratios, Gibbs diagram, saturation index and
multivariate analysis indicate that silicate sources had a relatively large impact on water chemistry in the Alut
area. These calculations also showed that the groundwater source in the Alut area generally originated from
weathering and interactions between silicate water and rock. Based on these studies, ground waters in Alut area
are suitable for drinking, irrigation and agriculture and are chemically of a calcium bicarbonate type, and hard.
Statistical studies show similar results between factor analysis and cluster analysis.

Keywords: Groundwater, Hydrochemistry, Total hardness, bicarbonate, Alut, Iran.



