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ABSTRACT

The purpose of this study is to investigation thecess of alteration main elements along with fiderin the
region's water, their relation with each other aatbo with geology and human made activities of Hasin. In
order to gain this purpose, 25 samples of groundwatere studied on December, 2013. Moreover, $icgis
methods such as correlation matrix, the main corepbmnalysis, and cluster analysis with the SPS&rsavere
used to evaluation of the relations between watepurces and the elements dissolved in water. Resulved that
fluoride concentration increase, from upstream tavdstream (from 1 to 4 mg/L). Also result of thanary test
showed that some of the main elements and physicochl parameters such as sodium, sulphate, cldogtectric
conductive, and some of the soluble electrolyteredme, from upstream to downstream while bicarb@nat
decreases. The result taken from the main compoamealysis represents the presence of different exsnin
different groups. Furthermore, the cluster analysasegorizes the water resources into 3 classestamgresented
that water resources in downstream are completifgrént from the other resources in their constive elements.
The correlation coefficient of ions showed thatretation of Fluorine with calcium sodium and sulpbavas
positive and with bicarbonate a pH was negativeaelPs diagram also showed that faces and typessfream
samples are Bicarbonate Magnesia - calcic and sadid downstream samples are sulphate sodic. Relsalved
that fluoride concentration in the region's wat@rtp 8-fold) more than normal range in in the reg®owater the
level found in the water with fluoride concentratinormal range (0.5 mg /L). These findings prowadeasis for
further studies on evaluation of serum and urinefiide concentration of animals and humans that mséhe
region's water.
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INTRODUCTION

The population growth increasingly and its consequsing ground water for different usage, esphcialarid and
semiarid regions, draws the attention toward tivesgable water resources. Better understandingafrgl waters
about their quality and quantity, the sedimentuiadothem and their feeding resources causes a betteagement
of using them. In Iran and most parts of the wodderusing ground water resources and, on the dthed, the
increasing of man—made pollutant resources, suelgr@sulture, has cause a wide pollution in wagsiources [1-5].
In spite of the high importance of ground watersiiid and semiarid regions (like Iran), there igdiinformation
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about the effect of natural and man — made phenanmenthe quality of these resources [6]. The chalmic
compound of ground waters is determined by facwush as the rainfall water compound, geological and
mineralogical construction of the basin the cheimmacess along the water passing [7]. In studiesedon
hydrochemical of the regions in which ground watmes the main resource, in addition to the amofimain ions
and parameters, the studies done on subsidiarpsaitentively, because of their importance spldlloride and
nitrate on the life of the residences [8]. Fluoride one of the subsidiary anions existing in watdrose
concentration. Varies based on geology conditiors man — made activities, its amount has been tegphdrom
about zero to 15 mg/l [9]. Fluoride, in the envimnent, is more in a form of free ion of fluoride Fout in certain
conditions this element makes a complex with elémeuch as aluminum, beryllium, boron, silicon [1B¢nerally,
water resources existing in arid and semiarid megiarystalline stones, and alkali soils have liigbride [11]. One
of the most important man — made factors whichdases the concentration of fluoride in water isgigihosphate
fertilizers in agriculture [12]. The other factomscreasing the concentration of fluoride are: thghhrate of
evaporation and transpiration, long time irrigateomd over using agricultural fertilizers [13]. Gegf fluoride less
than its usual amount (0.5 ppm) by human and ealbebly children causes lack of consistency in lsoaed teeth.
On the other hand, if fluoride is used in a largeoant (more than 1.5 ppm) causes diseases in laometeeth of
children and adults [14, 15]. Nowadays, multivaviatstatistical analyses make a significant helgetognizing the
main reactions which affect the chemistry of watérhydrochemical analyses are coupled with a cetepl
knowledge of geology and hydrology conditions, fivaltiable statistics methods can define the amainthe
relation of ground water resources with the memtébfactors very well [16-20]. Purpose of the présesearch is
to understand the process of controlling the urstiedy region’s water quality with focusing on flide element.
This significant factor was done by sampling fronater and analyzing them, geological studies, andllfi
multivariative statistical methods such as princgmmponent analysis (PCA) and cluster analysis)(CA

EXPERIMENTAL SECTION

Study area

Roumeshgan plain’s basin which is located in sewght of Lorestan Province and between longitude387%o 47°

66" and latitude 33° 22" to 33° 38’, has a popiatibout 47000 people. The estimated space ob#sm and
Roumeshgan plain are 384 and 153 square kilometspectively. The average calculations taken frioenaidjacent
stations of this region in a 40 — year statistlosves that the average of the rainfall in this rege®544 milliliter and

the average of the region’s temperature is 17.hfigmde. Hence, In De Martonne’s climatology diws, this

region’s climate is Mediterranean climate [21]. Rmshgan region is located in the zone of fold Zagmifferent

formations which present in this region are: Tadety formation, Kashkan formation, Asmari formatidsmari —

Shahbazan formation, Aghajari formation, and Gaerséormation (Figure 1). Asmari, Asmari — Shahlvaaad

Gachsaran formations and also alluvial sediment3uzternary are appear in a large part of the negia they are
considered as the most important formations ofégeon.

The constructive materials of alluvial sedimentQuofaternary are Gravel, sand, silt and clay. Thection of flow
of the ground water in this region is from carbentrmations toward Gachsaran formation. The stusi®w that
the depth of ground water in this region has downed about five meters during 8 years.

Sampling of the under studied region’s ground wates and Physical and chemical analysis

In order to determine the hydrochemical qualitygobund waters of Roumeshgan, 25 wells which hathisia
dispersion all over the region were selected akdrtssamples from (Figure 1). Some physiochemicedrpaters
such as pH and electrical conductivity (EC) wemagla@d and calculated with pH — EC meters model WILG i at
the place of sampling. In order to transfer samdelaboratory, two completely clean polyethylematainers for
each sample were used, and all of the samplestaleza at least 10 minutes after the turning ofwilelis on.

To calculate cations, the sample’s pH, were brolmgher than 2 with nitric Acid 25% by coupled plagratomic

emission Spectrometry, the concentrations of Sodaicium, Magnesium in water samples were detezthifihe

concentrations of anions of chlorine, sulphate dlndride were calculated with lon chromatographZ)(l

Bicarbonate was also determined with potensiomedrid total dissolved solids (TDS) were calculateith w
evaporation and the remained amount. The erratiseofest for anions and cations was calculated Wth Balance

Error (IBE) based on milligram per liter and in aflthese samples these numbers were less thah2}5Table 1

represents the results of chemical analysis fratdken sample in Roumeshgan region’s ground waters
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Figure 1. The geology map and the location of thempling places of ground water resources in Roumeghn plain’s aquifer

Statistical analyses

Multivariative analysis is a quantitative and indagent approach which categorizes ground wateuress based
on correlation between chemical parameters. Usifigrent methods of multivariative analyses suchpeacipal

component analysis (PCA) and correspondence ardlg#i) causes a better understanding of the albasabf the
quality of water and better comparison of samplik @ach other [23, 24].

Standardizing the data

Standardizing the data decreases the effect odilvas with high variance and increases the effeeaables with
low variance. Furthermore, by deleting differentgmaeters, standardizing can have a better exptanati the
relation between them. In order to make multi aréastatistical analysis, the data should be stedided at first.
Standardizing is done with the following formula:

X=(X-p)k

X = represents the primary amount of the calculp@dmeter
M = the average of all calculated parameters iofalhe samples
o = the standard deviation of the parameter.

RESULTS AND DISCUSSION

Hydrochemiacal data

Hydrochemical combinations of ground waters in Reshgan plain depend on different factors such as th
construction of sediments in contact with waterathility of ground waters, and man — made actisi{igpecially in
downstream of the basin). The reaction between nieationed factors causes ground waters with diftere
combinations. Table 1 represents the charactevisfievater resources and the primary results ofpaanalyzing.

In figure 2 co — concentration lines for elementstsas sodium, bicarbonate, sulphate, chlorine, fe@ride,
magnesium and calcium in Roumeshgan plain have bepresented. A brief look to these data shows that
concentration of some parameters such as sodiulphata, chlorine and TDS increases from the upstréa
downstream of the basin and also concentratiormdfonate and bicarbonate

decreases. In other words, as we go forward fronbocete formations toward evaporative formatiors t
concentration of sulphate, sodium and chlorinegases intensely and the concentration of bicareahatreases.
As it can be seen in table 1, the amount of flumiidthe most of samples is less than the detedrangount with
the universal health organization (1.5 mg/l). Ih @so be seen that the amount of fluoride suddecheases in the
basin’s exit. Because of the sediment constructibithe region’s all formations and consequently thek of
enrichment of fluoride in the sediments , and #eogrowth of agriculture in the region and ovemngsof phosphate
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fertilizers, it seems that the other factors — glanan—made factors interfere the high concentraifahis element
in the basin’s water resources.

Figure 2- The map of the alteration of some existgnion’s concentration in Roumeshgan plain’s groundavaters

The statistical results for chemical and physiabmeters of Roumeshgan plain’s ground water gmesented in
table 1. According to the statistics, the averaggration of fluorine in Romeshgan plain’s groundters is 3.75
milligram per liter which is too higher than unigerstandards [25} which the standard concentration of fluoride
for drinking use is 1.5 ppm.

Saturation Index
. . IAD . : . L .
Saturation Index is represented as S| = L@ in which IAP is the amount of ion acivity and kb i

equibriumsduability constant. If water is exactly the maximum of saturation, Sl will be equal t@ozdf Sl is
positive, it shows the over saturation of the nimevater and its tendency to sedimentation and i§ $iegative, it
shows the under saturation of that mine and itdeieay to solution [26]. Figure 3 represents tharséibn index for
main mines and also fluorite. As it can be viewauong the main mines, carbonates, sulphates anddds have
the highest saturation respectively. In other wpodsbonates, sulphates and chlorides have the dehasility in
water respectively. As it can be viewed, unlikepsaltes and chlorides which have a fixed procedwra fipstream
toward downstream, carbonates have a very divemigasion. It is due to the fact that carbonates ery
susceptive in pH alterations. As it is clear irufig 3, fluorite, except in resourcegswo Wss in which concentration
of fluoride in water increases significantly, irhet water resources it is under saturation. It medtmough solution
of fluorite is less than the other mines contairfingride (like phosphate mines), in most of thenptes of water its
amount is under saturation [11]. It shows the labhity of water in dissolving fluoride existing ftuorite.
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Figure 3- saturation index of different mines exishg in Roumeshgan plain’s ground water

Data correlation

Linear correlation between different variables é&edmined with coefficients between +1 and -1. Wbemnelation

coefficient of a number is near to +1 or -1, thé&atiens of two parameters has a significant vaResitive

correlation represents common features between different elements like common evolution patteronir
upstream to downstream. If the correlation coedfitiis negative, it shows that an alteration of pammeter from
upstream to downstream is against the other paeauriatthe present research, correlation matrokrdsvning with

spearman method by software SPSS 19 which is repex$ in table 2. As it can be viewed in this taBledium,
Chlorine, Sulphate, TDS, EC and Fluoride — lessantthe others — have a high correlation with edbbr. Due to
this fact and co—concentration maps taken fromesusbftware, it can be said that the concentratibrthe

mentioned parameters increases from the basintsegps toward its downstream. On the other handarBanate
has a sever negative relation with the mentionedrpaters and due to its concentration alteratibean be said
that its amount is decreased from upstream towavwehdtream. The rather high correlation of Bicarlieneith pH

on one hand, and on the other hand increasingeoithount of these two parameters in water resoureas the
Carbonate units make it too clear the effect o¢hanits in increasing of Bicarbonate and pH. Tatons of
Calcium and Magnesium have just a high correlatioth each other which reveals their high behaviamat

chemical similarities from upstream to downstreard the same origin for both of these elements.t Asentioned
before, fluoride with sodium, sulphate, chlorin@3 and EC has a direct relation, while it has area relation
with Bicarbonate. Correlation of fluorine with calm and sodium is positive, while the amount of ¢berelation of
fluorine with sodium is more positive than fluoriméth calcium which shows the tendency of fluorinecombine
with sodium. While moving, more of sodium replacatcium, than more sodium have reaction with flnerand its
correlation becomes more positive.

Table 2- Spearman'’s correlation coefficients in diterent physicochemical parameters in ground water @sources

Ca Mg Na K HCO3| S04 Cl F TDS EC pH
Ca 1.00 | 0.82 | 0.12 | -0.11] -0.09 0.19 0.11] 0.37 0.21L 0.21 0.p5
Mg |08 | 1.00 | -0.08]| -0.26] 0.13 -0.02 -0.09 0.31 0.01 0.01 060
Na 0.12 | -0.08] 1.00] 033 -099 0.99° | 0.99° | 0.68 | 098 | 0.98 | -0.47
K 011 | 026] 035 1.00 -0.40 0.33 036  0.048 0.310.31 | -0.30

HCO3 | -0.09| 0.13] -0.99| -040| 1.00 | -0.97 | -099" | -0.66 | -0.96" | -0.96" | 0.50
S04 019 ] -0.02] 0.99] 033 -097 | 1.00 | 098 | 0.7 | 099 | 099 | -0.47
Cl 0.11 | -0.09| 0.99 | 0.36 | -0.99 | 0.98 1.00 | 0.68 | 0.97 | 097 | -0.48

F 0.37 0.31] 068 0.05] -066 | 0.71 | 0.68 1.00 07T | 071 | -0.33

TDS | 021 | 0.01] 098 | 031] -096 | 0.99° | 0.97 | 0.71 1.00 1.00 | -0.37
EC 021 001] 098] 031] -096 [ 099 | 0.97 | 0.7 | 1.007 1.00 | -0.37
pH 005] 006] -047]-030] 050 | -047 | 048 | 033 | 037 ] -0.37] 1.00

**_Correlation is significant at the 0.01 level{ailed).

*. Correlation is significant at the 0.05 level-tailed).

The high correlation of fluoride with Sodium helfisoride to be more resistant and be unwilling tanbine with
the other ions existing in water and finally it sas increasing of fluoride solubility with sodiumthe water [27].
Positive correlation of fluorine with sulphate ateweals the increasing of fluorine with increasigulphate [28].
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The amount of correlation of fluoride with mentiodnparameters and also its concentration distribuitiowater
resources shows the fact its amount is increasimg fipstream toward downstream, and it is up toiatghat its
amount in the exit of the basin is higher thandbtermined standard amount by the universal heaftanization.

Principal component analysis (PCA)

Principal component analysis was done to bettererstdnd the relation among physicochemical paramete
ground water resources and also the decreasingrables. A certain amount and a special vectorlmmtaken
from the matrix of the covariance of primary vatebin this way. Each of the principal variablesiisollection of
independent variables which is showed by multipicaof dependent variables in each other with ecisp vector.
The special amounts of each principal componentaaneit of aggregative variance and the presenqgariofary
variables in principal components are determingt Woiading the numbers and studying alterationaahevariable,
which generally called ranking. First the variablegh high correlation are determined and clasgifiln this
method, to evaluate eligibility kervit Bartlett teg®artlett’'s sphericity) is done on the matrix adita correlation.
According to cattle & Jasper’'s standards, the fpedccomponents which their special amount is highan 1
(Eigen Value >1) are remained and the rest aretatkelR, 5, 12, 20, 24]. In table 5 principal compots and
aggregation variance of physicochemical parametershown. Special amounts in two components isehnithan
1. These two components consist of 83.94% of at dénhich is an acceptable number. As it is seenhénfirst
component which is 64.98% of all data, sodium, Isatp, chlorine, TDS and EC and also fluoride arenia section
and pH and Bicarbonate are in the other sectionstiBy Sodium, Sulphare, Chlorine, TDS and EC shows
weathering and dissolving evaporative mines in ugyrdeind layers and also existing Fluoride in thisup shows
that the main ground — made origin of this elemei centralized evaporated mines. There are s Calcium
and Magnesium in the second component. In the ailagaken from principal-component analysis the oeat
explanations are very obvious and as it is showrap#iBicarbonate are in one group, and CalciumMaghesium
are in the other group, and in the third group,0@hk, Sodium, EC and TDS along with Fluoride aeated.

Table 1- The chemical analysis results of Roumeshgaegion’s ground waters

Abbreviation —C2 | Mg|] Na | K] Hco3] so4 ci|] F|] TD$ EC oH
mg/L uS/icm
W1 53.7| 49.1| 127 0.8 3893 26.9 99 134 543 699 .40 8
W2 521|471 14.¢ | 1.2 | 3862 | 27.C 8.7 | 0.97 | 54z 697 | 8.4¢
W3 542 439 149| 12 3618 26.9 9.9 0{75 520 669.90 ¥
W4 51.7| 459 29.0/ 13 3612 418 230 0§85 557 7pB.10
W5 51.9| 449/ 159| 1.6 3704 3440 13]1 0{94 535 6B4.50
W6 49.9| 448 389 16 3472 64Pp 26|19 061 581 748.00
W7 51.6| 469 439| 12 3539 68) 330 0/87 €03 77 3.24
w8 39.¢ | 42.¢| 50. | 0. | 339.% | 71.C | 35.0 | 1.2C | 58¢ 7571 | 7.87
W9 42.9| 448 529| 0.4 338 75.89 36|9 145 597 763.64 7
W10 479| 439 588 1.6 3318 788 451 120 613 788.11
W11 46.9| 429 658 19 3191 965 468 127 6§26 807.95
W12 459| 43.9] 70.8| 2.7 3094 1086 567 100 643 4 827.63
W13 429| 419 738 24 3045 1110 587 0[93 @447 4 83754
W14 42.8| 41.1] 887 2| 295. 123|9  64/9 087 663 8p7.89
W15 43.1| 41.7) 90.8] 19 289.2 1287 670 091 68 6 §78.00
W16 46.7| 429 959 O. 286.p 1427 748 1100 695 8 917.98
w17 45.4| 42.6) 100.1 0.9 2831 1475 80.8 108 706 27 9 7.67
w18 43.9| 41.00 989 1. 2825 1475 787 1|53 699 6 927.93
W19 55.9| 46.8] 869 1.1 3209 1527 567 132 126 6 978.21
W20 51.1| 43.8] 1058 2.0 2782 1638 847 278 13498 9 7.90
w21 51.9| 448 1081 24 2734 1705 908 2141 7480561| 8.10
W22 52.9| 44.7| 1138 16 2715 1864 947 342 {730781| 7.67
W23 54.9| 47.8] 1168 2.2 264pP 1936 989 418 7861031| 7.40
w24 58.9| 51.9] 1201 1.3 2605 2075 105.6 405 13148 | 7.63
W25 63.1| 55.8) 1281 14 2526 2382 1248 436 79219 | 7.30
Table 3- the amounts of each component, special aords, the percentage of variance and aggregative iance
Ce Mg | Na K HCO:Z | SOZ | Cl TDS | EC pH F E.V | Var%
Comp| 1| 040/ 039 0095 031 -0.94 0.98 0.98 0}99 9(0.90.59| 0.87| 7.1 64.98
21 084| 087 -0.26 -051 032 -009 -0.15 0.p1 00816 | 0.35] 2.08 18.96
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Picture 5- The dendogram of water resources (whit ard’s method and Euclidian square distances)

Cluster analysis

Cluster analysis is a powerful means to identifg aalect homogeneous group from crude hydrocherdatal This
method encompasses different algorithm and withdtcrude data can be categorized based on thedetteeir
relation to each other. With this method, differpatameters based on the maximum relation with ett@r can be
categorized. Hence, the collection of data takemfthis method has a less relation with the otledlections. The
results taken from—cluster analysis depend on ipeseasure of similarity and linking methods [1Ifi.the present
research and based on cluster analysis usage,naggltive hierarchical clustering with ward’s linlkaghethod,
clustering algorithm and Euclidian distance weraeltob determine the amount of similarity. It sholb&lnoted that
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ward’s method is a famous method which by considedata variance, evaluates the distance betwestecs.
Euclidian distance is also a geometrical distamce imulti dimensional space. The result of thishams is a
diagram which is called dendogram. In figure 5, deadogram of water resources is represented. Acapto this
dendogram, which is drowning with SPSS 19 softwtre water resources are divided in to 3 main gsoupfirst
group the resources from Wb W4, in the second group resources frony ¥ Wyg and in the third group resources
from W,o to Wa5 (Wells 20 to 25 get the most effect from Gachs&oamation) are located. Moreover, it is seen that
the third has a little relation with the first attte second group. The reason for this can be mesdian much
variety in mineralogy, difference in the constroos of the existing formations in the region anérowmterpreting
of man—-made activities. The other fact which isidigant is that the highest concentration of Flderis seen in the
third, second, and the first group of water resesireespectively. Due to increasing in agricultuctvdies and
using different chemical fertilizers, the high centration of Fluoride in the third group shows tpabbably the
man—made activities have a special effect in irginggthe concentration of Fluoride.

Types and faces of Roumeshgan plain’s ground waters

Piper’s triangular diagram, which is used for shayvihe chemical combination, is composed of twaleogram
triangles and one rhombus. The right triangle regmés the percentage of equivalent anions andetheriangle
represents the percentage of equivalent cationslel@rmine types and faces of Roumeshgan regioaisnd water
samples exactly, these sources could be divided Birzones: Zone 1 (the upstream region), zon&e rttiddle—
plain region) and zone 3 (the downstream regiohp fiype of ground water in the feeding area of thgion is
Bicarbonate and then during its flow, in penetrdblgers based on the existing mines on the strdfamogement
specially gypsies formations, becomes Sulphateiratite exit of the plain and evaporative areasitdmes a kind
of Chlorine. Generally, according to Piper’s diagréor Roumeshgan plain’s ground waters the follgwasults
have been taken:

1- The general type of this region’s water is Bixarate, Calcic and Magnesia (Mg, Ca—HCthat is, these waters
have a temporary hardness.

2- In most of the cases, the cations of CalciumMagnesium are more than Sodium and Potassium.

3- In all of the samples existing in zone 1 and samhthe samples existing in zone 2. The followdogditions are
govzernir;zg: M@"™> Na" + K™> Ca'?, while in samples existing in zone there this ¢tonl is governing: N&+ K* >
Mg“*>Ca™.

4- In all of the taken samples except the two $ashples the following condition is governing: HeoSo4>C1
and in the two last samples the amount of Sulphat®mes more than the amount of Bicarbonate. Basedhat
mentioned before we come to this point that tyfesamples in zone 1 and 2 are Bicarbonate, Magn€siaic and
Sodic and in samples of zone 3 Sulphate Sodiumtsanding.

Figure 6- The Piper diagram of Roumeshgan plain’'smund waters
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In figure 7 scattering of anion and cation sequendie plain is shown. In cationic sequence, tikiads of cations
sequence and two kinds of anionic sequence inldie pan be viewed. In the plain’s upstream regidesause of
lime dolomites of Kashkan formation, it can be s#®mincreasing of concentration of Magnesium, Datcand
Sodium respectively. In the second kind of catisequence, as it closes to Gachsaran’s evapofativation the
concentration of Sodium increases and this elemeghéces Calcium in the second rank. Finally inttiiel ground
the increasing of durability in downstream partstioé plain and the more than before effect of Gadrss
formation increases the concentration of Sodiuninegad, among the other cations, the mentionedeiétake the
highest concentration for itself. In anionic seqesrbecause of the wide spreading of Carbonateatismin the
basin, in most of the plain’s water resources,dtvecentration of Bicarbonate ion is higher than atteer anions.
Gradually by gradual movement of water stream fostieam to downstream and sedimentation of Bicatgon
mines and also the high effect of Gachsaran’s ftionathe Sulphate ion replaces Bicarbonate in dstkeam parts
of the basin. It should be noted that concentratibfiuoride in downstream parts of the basin, ihieh type and
faces of water is Sulphate Sodium , is more tharother parts of the plain significantly.

I&] & Na+Kk>Mg>Ca, S04HCO3>C1  Legend

47.6°
Figure 7- Special scattering of anionic and catiogisequence in Roumeshgan plain

CONCLUSION

This research is done to study Fluoride hydrocheltyi@and also the main elements existing in wagsources of
Roumeshgan plain, Lorestan province. Thus, 25 sssmfithe region’s water resources were gatherddtanlied.

The results taken from the analysis of ground watenples shows that as we move forward from theoméagy
upstream toward downstream, the concentrationwadrifie in the region’s ground water increases.

In order to have better results and explanatidagistical methods such as correlation matrix, @gal component
analysis, and cluster analysis with the softwar&SRvere done. For better explanation of the bersawab the
dissolved elements in underground water resoutbese elements were divided in to two principal ponents.
Existing fluoride, sodium, chloride and sulphatoime group shows their close chemical behavior. ddreelation
coefficient of the ions existing in these waterswh that the correlation of Fluorine with Calciu8pdium and
Sulphate is positive and it is negative with Bicarate and pH.

The cluster analysis divided the water resource® i classes and it also showed that the wateuress in
downstream are quite different from the rest ofeva¢sources of the region about their combinatidhgs is due to
the high geological varieties (the existence oftl@aate and Sulphate formation in this region) ded agriculture
and man—made activities in this basin. Piper's @iagalso shows that type and faces of the upstszamples are
bicarbonate, magnesium, calcic and soguicand thestoeam samples are sulphate sodic.

In addition to, results showed that flouride coricaion in the region’s water (2 to 8-fold) moreathnormal range
in in the region’s water the level found in the aratvith fluoride concentration normal range (0.5 by These
findings provide a basis for further studies. Thene further study is recommended for future; klgation of
serum and urine fluoride concentration of animald Aumans that use in the region’s water. 2-Thaticgiship
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between flouride concentration and diseases relaiedlevation of flouride concentration such asofasis in
animals and humans.
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