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ABSTRACT

Groundwater quality comprises the physical, chemical, and biological qualities of ground water. The pir-e-Qar
spring, located in the Zagrus mountains Iran have been considered as an important water source for people in the
area southwards. We used data samples water quality (SAR, Cation®, Anion’, EC, TDS, Cl, Mg, Na, CaSo4 and
Hco3) and discharge at 1987-2013 period. The results M-k test show that Hco3,Cation”,Anion’,Cl,EC and TDS have
upper ward but discharge has downward trend at period(1987-2013). Other results show that the calculated Z
element Hco3, Cation®, Anion’, Cl, EC and TDSare z >+ 1.96 that these amounts show elements have upper ward .
Thereis enough evidence to determine that there is an upper ward trend. The calculated z discharge is -3 that it was
> - 1.96. Discharge has down ward trend there is not enough evidence to determine that there is a downward trend
at Pir-e-gar spring.
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INTRODUCTION

Groundwater quality comprises the physical, chelmiaad biological qualities of ground water. Tengiare,
turbidity, color, taste, and odor make up the diEphysical water quality parameters. Since mostigd water is
colorless, odorless, and without specific taste,ane typically most concerned with its chemical dmological
qualities[5]. Naturally, ground water contains mradeions. These ions slowly dissolve from soil [rdes,
sediments, and rocks as the water travels alongralisurfaces in the pores or fractures of the tursted zone and
the aquifer. Some dissolved sediment rocks may lmiggnated in the precipitation water or river amathat
recharges the aquifer. In water, all of the dissdlgediment rocks are either positively charged i@ations) or
negatively charged ions (anions). The total negativarge of the anions always equals the totatipesiharge of
the cations.

A Karst spring is a spring that is part of a kagétem. That includes the underground drainage rafieh larger
area, which means that karst springs often haveralarge discharge. The properties of karst spreng suitable
for the supply of drinking water. Water rechargek&wst aquifers occurs directly, either through lkava holes and
sinkholes, or indirectly through the pores in tbé everlying the limestone bedrock. Although tteel ®verlying a
karst aquifer provides some filtration of contammitsafrom in-flowing water, almost none takes pldstween
swallow holes and springs. The water also ha ldafportunity to be filtered or for the contamirsatd become
bound to the bedrock as the water flows rapidlgudigh the karst conduits[21].

Water quality is assuming great importance withrthimg pressure on industries and agricultureréselin standard

of living [15]. The quality of water is a subject of continuinghcern and because of inextricably linked to water
quantity, it is very important for the hydrologisd understand the significance of developing andieting
techniques that can accommodate both the featlitesassessment of long-term water quality changedso a
challenging problem. Water quality has been rapitiiglining worldwide particularly in developing adties due to
natural and anthropogenic processes [26]. The sitidiream geochemistry reveals the pattern ahadja between
evaporation, chemical weathering, precipitation anthropogenic impacts [21].
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Changes in air temperature and rainfall could &fféeer flows and, hence, the mobility and strength
contaminants. With increased flows, there will bgmges in stream power and, hence, sediment loalsthve
potential to alter the morphology of rivers and thensfer of sediments to lakes, thereby impacfieghwater
habitats in both lake and stream systems [24].

The results of these studies compiled as reliabig-term water quality records and the examinatiothis data for
long-term trends [6]. Quantifying the major ion qousition of stream waters also has broad implicatiae., water
quality type, hydrogeology characteristics, wedtigeiprocesses and rainfall chemistry [2, 3].Thepvedd that
drainage network, geology, lit logy and hydro-desmical reason decreasing water quality thistlarge[12].

Karstified rocks scattered in all parts of therioKarst is estimated to cover 20 to 25 % of sheface of all
continents[2]. Karstic carbonate formations coveowt 11% of Iran’s land area (Figure 1). About 35.a8f these
formations are located in the Zagros Mountain Rande]. Most of the potable and irrigation waterfstioe

inhabitants are supplied by the springs emergiomfkarstic formations. Protection of these watspueces from
pollution is necessary.

EXPERIMENTAL SECTION

Geogr aphical area:

Saldaran Mountain is located in centeral of Zagno€aharmahal-Bakhtiari province, Iran (Figure [Zpst of this
mountain is composed of limestone-dolomite Asmamnifation, which is cover, by im marl formation &nd and
marl Aghajari Formation) and underlain by shale aratly Pabdeh-Gurpi formation. Because of high atiewn of
the Pabdeh-Gurpi core, the hydrogeological relatigm of two flanks is disconnected in most partshef anticline
(Figure 1).The highest elevation is up to 3563 mvabsea level in the top of Saldaran Mountain, evliiie
minimum absolute elevation is about 2050 m in tiveeRjar spring. Climate of the study area is ahieid to
Mediterranean type with a cool winter and a dry suem The study area receives an average of ab@ut®3 of
rainfall per year and discharge between 0.8 t0®*12m
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Fig.1. Thelocation of North Karoon basin and Armand station

The samples are 221that they collected by Chahainsid Bakhtiari Regional Water (CBRW) (Table.1fro
October 1987 to September 2013.The samples cdlleltieanalysis by CBRW. This data are monthly intihe
series 1987 to 2013.Monthly measurements of thehdige and water quality variables were obtained] a
monitored the Armand station (include bPit-e-qairgp of the Pir-e-gar spring by CHRW (Table 1)[B88)].

Table 1. Geography of Characteristics Pir-e-Qar station

Station | longitude| latitudé | Rainfall mean(mm)| Elevation (m
Pir-e-gar 50-33 32-13 560 2050

The following variables are measured by CBRW: ab{@ as m3/s, pH, electrical conductivity (EC) jegcm,
Total dissolved solid (TDS), chlorides {C{Anion’), Catiori include elements: (sodium (Na potassium (K),
Magnesium (Mg?2), calcium (Ca2+)) , Sodium Absorption Ratio (SARIMporary hardness and total hardness as
meg/lit at the above station (Tablel). The monitgrdata of these variables are available for thelyais as
presented in this paper on monthly and yearly Hasithe period of 1987-2013.
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M ethodology

Monthly average and yearly of the data time sehiage analyzed by statistical methods. Parametrit raom-
parametric statistical methods were use correlatiRearsonI{l), Mann-Kendall (MK) [17, 19].The significance
level in this study was p < 0.05.To evaluated thpact of discharge on water quality by correlatioefficient and
trend analysis by Mann-Kenddal test. In this stads/used correlation Man-Kendal Model for determitvend.

An aspect of technical analysis that tries to preiie future movement of a stock based on paat @a¢nd analysis
based on the idea that what has happened in theipas traders an idea of what will happen inftitere. A trend
can be creating as the general movement over tiraestatistically detectable change [9]. The MK testually used
to assess the trend of a time-series. The purpote Mann-Kendall (MK) test [17,19,10] is statistily assess if
there is a monotonic upward or downward trend & tariable of interest over time. A monotonic updvar
(downward) trend means that the variable consistémireases (decreases) through time, but thel tneay or may
not be linear. The MK test is using to in placeagfarametric linear regression analysis, whichseduto test if the
slope of the estimated linear regression line fiedint from zero [11, 5, and 7]. A trend can beating as the
general movement over time of a statistically detele change [9]. If the calculated>z+ 1.96 there is an upward
and or = -1.96 there is downward trend at alptth05.The regression analysis requires that theueaks from the
fitted regression line be normally distributed; @ssumption not required by the MK test, that is, MK test is a
non-parametric (distribution-free) test (Equatior82and 4).

% . =0
+/ Var(s)
@ Z.= 10, S=0 Where: 3)§ = Loy Xhoig sgn(x, — x5,
s+1‘ ’ 3 -0
war (s)
1, Xp = X;
3) sgnlx, — x) = 0, X = X
—1, Xp < X;

In which the x, xi are the sequential data values, n is the keafthe data set, t is the extent of any givenaiel ),
denotes the summation over all ties.

RESULTSAND DISCUSSION

Pir-e-Qar spring has an important role in drinkingter supply for Farsan Township. Geology formatjon
precipitation, temperature and dissolution of litnes have the main role in decreasing water quatithis spring.
The formation of this basin is sedimentary. Littgiées of the rocks are limestone, marl, sandstoakynite and
gypsum. In terms of tectonic, Pir-e-qar spring etffel by Zagrous and Pir-e-Qar faults. This faufiasallel to main
Zagros fault direction.

Quality analyses:

Table 2 shows that statistical profile of the Riar spring. SAR values vary from 0.06 to 0.79.i@dtvalues vary
from 1.37 to 6.03. The pH values and anions comatioh changed from 7.0 to 8.9 .Naalues between 0.04 to
1.06mig/lit, CI fluctuation is between 0.1to 1.4 mig/lit and Hds3rom 1 to 4.2melg/lit. Also, Ec have change
from146 t0581pohm. The concentration of these elements in watedifferent at summer and winter. In the
summer season concentration have increasing tneshdnathe winter, spring and autumn seasons haweedsing
trend in Pir-e-qar spring. In addition, the datawhhat the spring water is in good class watetityufar drink.

Table2. Descriptive Statistics of water quality characteristics of Pir-e-qar station

Variable Mean | StDe Coef Var Minimumm  Maximum  Skewsmé Kurtosis
SAR 0.30 0.14 48.13 0.03 0.79 0.55 0.41
Catiori (milg/lit) 4.40 0.93 21.04 1.37 6.03 -0.61 -0.2§
Na"*(milg/lit) 0.42 0.22 50.95 0.04 1.06 0.34 -0.32
CaZ " (milg/lit) 2.90 0.61 21.05 0.80 4.20 -0.52 0.41
Anion ™ (milg/lit) 4.36 0.92 21.11 1.37 6.00 -0.61 -0.33
So4 (milg/lit) 0.64 0.35 54.66 0.02 1.70 0.37 -0.17

CI™*(milg/lit) 0.75 0.35 46.71 0.10 1.40 -0.15 -1.14
Hco3 (milg/lit) 2.96 0.49 16.71 1.00 4.20 -0.86 1.73
PH'(milg/lit) 7.92 0.29 3.68 7.00 8.90 0.32 2.04]
Ec'(milg/lit) 439.34 | 90.28 20.55 146.00 581.07 -0.69 0.34
TDS (milg/lit) 285.45| 58.68 20.56 95.00 377.00 -0.69 .39
Debi(nT) 2.17 2.43 112.30 0.8 12.43 2.13 4.11
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Trend analysis:

Trend analysis is based on the idea that what appdmed in the past gives traders an idea of whiahappen in

the future [5, 7]. The results M-k test show thatoB, Catiofi, Anion, Cl, EC and TDS have upper ward but
discharge has downward trend at period(1987-20CRher results show that the calculated Z element
Hco3(graph.3), Catidiigraph.4), Anioi(graph.5), Cl(graph.2), EC and TDS(graph.6) are # 1.96 that these

amounts show elements have upper ward(Table.4yeTieeenough evidence to determine that there ispger
ward trend. The calculated z discharge is -3 thaias> - 1.96. Discharge has down ward trend (graph &etlis
not enough evidence to determine that there isvend@rd trend. The results show that elements chigmiisve
upward trend but discharge has downward trendreg-gar spring station Table 4.

Tabled. Mann-Kendall Trend Test by Normal Approximation in Pir-e-qar station

Mann-Kendall Hco3| Catio] Anio Cl EG TDE Discharge
The calculated 7 2.7 2.95 2.26 23 197 199 -3
P-value .003 0.04 0.01] 0.01 0.02 0.02 0.001

The calculated z > + 1.96 and -1.96, For Ha: Ugpel Down ward trend, at alpha = 0.05, there is gh@vidence

to determine that there is an upward trend.
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The results showed that the discharge rate chaageetfective on the water quality in Pir-e-qar sgriTherefore,
droughts among water basins increase the condentiaft Cation$, Anion, SAR, PH, EC and TDS.

Affect Discharge on Chemical concentration

Chemical concentration in this region shows thadepends on the amount of discharge fluctuatiorsurddn's
correlation results show that the relationshipoigakithmic relationship with a discharge ion corication. So to
investigate changes in ion concentration in theewatheck the changes. Results showed that diselisngpward
trend. Discharge was calculated to estimate themtiignce of the precipitation based on the reséiteeoannual
discharge of springs was a logarithmic relationghig best model to estimate the condition (t -1)ofm the test
stations, the max concentration was determinedrmafd station (r=-0.40). Anions (So4-2, Cl, HCOGB9Q3-2)
concentration increased in discharge in the statiof.48). Therefore, the concentrations the Catad Anion
increased in these samples. SAR showed decreasg) ducreased discharge. EC (r=-0.3), pH (r=-0.849 TDS
(r=-0.3) were increased during increased disch@fgdle 3, Annual Discharge). In addition, therears inverse
relationship between the discharge and the corationr of chemical factors(Table 3).SAR(-0.59),Catio
0.70),Anion(-0.70), Hco3(-0.40),EC(-0.70),TDS(-0,@(-0.71),S04(-0.59) and Na(-0.63) were decredsmical
during increased discharge(Table3,Graphl).

Table 3. The correlation between discharge and chemical elementsin Armand station

sar Sum.K na Ca Sum.pA So4 C Hco3 PH Hc TDS
debi | -0.59| -0.70| -0.63 -050 -0.7 -0.59 -0Jr1 00j40.17| -0.70| -0.7Q
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Graphl.Matrix correlation between chemical elements and dischargein Armand station
CONCLUSION

Groundwater quality comprises the physical, chemiaad biological qualities of ground water. The-@iQar
spring, located in the Zagrus mountains Iran haaenbconsidered as an important water source fqol@én the
area southwards. We used data samples water q(@iR, Cation+, Anion-, EC, TDS, CI, Mg, Na, CasSéand
HCos;) and discharge at 1987-2013 period. The results tst show that Hco3, Cation+, Anion-, Cl, EC araS
have upper ward but discharge has downward treperaad(1987-2013). Other results show that theutated Z
element HCg Cation+, Anion-, Cl, EC and TDS arez+ 1.96 that these amounts show elements have waydr
There is enough evidence to determine that thema igpper ward trend. The calculated z discharge fkat it was
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> - 1.96. Discharge has down ward trend there inotigh evidence to determine that there is a danshtvend at
Pir-e-qar spring. the results of the annual disphasf springs was a logarithmic relationship thetbmodel to
estimate the condition (t -1). Among the test setaj the max concentration was determined in Arnsdation (r=-
0.40). Anions (So4-2, ClI, HCO3-, CO3-2) concentratincreased in discharge in the station (r=0.F48grefore,
the concentrations the Cation and Anion increasedhese samples. SAR showed decrease during iecreas
discharge. EC (r=-0.3), pH (r=-0.01) and TDS (r3)Qwere increased during increased discharge (Tabdnual
Discharge). In addition, there is an inverse refahip between the discharge and the concentrafiamemical
factors (Table 3). SAR(-0.59), Cation(-0.70),Anighf0), Hco3(-0.40), EC(-0.70), TDS(-0.70), CI(-D);7 So4(-
0.59) and Na(-0.63) were decrease chemical duringeased discharge. In fact, the discharge fluicimadf the
river under increasing condition, which increades Karst formation erosion, leads to the intensitghe water
basin lime formations that increase the chemichstnce concentrations.
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