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Fig. 1 Geographical location of study area and springs
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Table 1. Experiment methods of parameters

ParameterExperiment method

TDSEvaporation
Mg CaEDTA titrationEDTA
Na+ +Flam Photometer

CO HCO -HCl titration

SOSpectrophotometer

Cl-AgNO  titration

EC  μMohs cm pH mg L
Table 2. Summary statistics of chemical component of spring water samples (All of unites are mg/l, except pH and EC 

(μMohs/cm))

Statistical
parameter

Electrical
conductivitypHCOHCOClCaMgKNaSO

Average326.72.263.590.3762.251.560.312.041.35

Standard
deviation194.20.250.950.8010.0730.6580.9270.0881.311.49

Max5408.57.25.80.725.84.81.2611.038.66

Min1066.901.750.20.440.340.290.5250.01
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Fig 2. Landuse map of study area

Fig 3. Lithology map of study areaFig 4. Piper diagram of spring water samples
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Table 3. Average of water quality parameters and these significant differences in several lithology types

Lithology typeElectrical
conductivity

Total dissolved
solidCOClCaMgKNaTotal

hardness
Crystallized
limestone333.44204.431.770.362.621.360.0070.06198.8

Dolomite and
Limestone-
Dolomite

240.522.520.372.700.300.00790.08200

Phyllitic
sandstone327.60200.892.500.322.151.900.00950.08202.5

Quaternary
sediments267.262.360.432.932.130.00760.1253.3

Limestone207.021.860.402.261.590.00800.08192.5
Significant0.001*0.002*0.033*0.004*0.002*0.018*0.5810.7170.01*

Table 4. Grouping the average of water quality parameters in different lithology types 

ParameterGroup 1Group 2Group 3
Electrical

conductivitykph pd mbmQtpl

Total dissolved solidkph pd mbmQtpl

-CO3
2pl Qt kph mbmpl Qt kph pd-

HCO3
-pd mbm kph Qtpd mbm pl-

Cl-pl pd mbm kphpl t pd mbm-
Ca2+pl pd mbm kphQt pd mbm-

Total hardnessQt pd mbm kphpl pd mbm kph-

Mg2+Pl mbm Kphpd Qt-

Qt Pl Kph Pd mbm



Fig. 5 Controlling mechanisms of spring water quality in the study area

Table 5. The comparison of spring water quality averages in agriculture and rangeland landuse types

ParameterSignificant

Electrical conductivity0.068

Total dissolved solid0.321

CO3
2-0.04*

HCO3
-0.708

Cl-0.031*

Ca2+0.941

Mg2+0.63

K+0.038*

Na+0.094

Total hardness0.052
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