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ABSTRACT

The pollutants of ground water resources are digdideto two groups, natural and human factors. Plaepose of
this research is to study Silakhor plain hydrocheatty and its pollutants. Silakhor plain is about(D square
kilometer located in the west of Iran and northtezfd orestan province. In this research, the quyatif surface and
ground waters of Silakhor plain and also the effecfactors on the quality of this water have bstrlied. In order
to do this, in two dry season. (October, 2014) avet season (May, 2015) 32 and 20 samples of Sitakho
underground and surface waters were taken. Parametaech as electronic conductivity (EC) and acidi@H)
were measured in their own taken places. Thenrderao study the effect of geological factors ba tjuality of the
regions’ waters, the density of the main anions aations of the plains’ water resources were stddimd the
results were compared with the universal standasdsld’s amounts. After that, in order to study thiect of
agricultural activities, the density of nitrate apthosphate and to study the effect of industrisiviies the density
of heavy elements was studied. The result of #ssarch shows that just concentration of Bororhiee samples
was higher than the universal standards and itue tb the adjacency of these places to stonecuttorgplaces. It
seems that it is these stone cuttings which hawsechan increase in concentration of Boron in tumsles.

Keywords: Quality water, Pollution, Ground water aquifergalghor.

INTRODUCTION

One of the main pollutants in ground waters is tluethe lithology and mineralogy characteristicstlod stones
which are in the water stream and the mines inrdggons’ stones has mainly caused high concentratfo
constitutive elements of these stores [1] Agriaalkactivities are probably the largest source ahsmade nitrate
which enters ground waters.

Nitrogen is essential for growing of plants and@ases the quantity of agricultural products, hawei it used in a
great deal, it enters through ground water in fofriNitrate. Nitrate in ground waters has a high ifityband it is

absorbed less [2]. However, the amount of nitratground waters depends on that regions’ geologicatlition.

The amount of nitrate in wells of infirm and nomdensed formations is more than the other wells $8akhor

plain is about 1100 square kilometer and locatetiénwest of Iran and north east of Lorestan betvweegitude of
48 and 30 minutes to 4%and 10 minutes of eastern latitude fron? a8d 48 minutes to 84and 10 minute of
northern.

Its highest point from sea level is Garrin mountainose height is 3645 meters and its lowest pairgouth of

which has a height of 1450 meters from the sed.l@Vws the difference from the highest point te thwest point
is about 2150 meters. Generally, the slope of Hadiread spring of aquifer is more than flat pla@égurel).
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Figure 1- The geographical situation of the undertsidy region (taken from Iran’s roadways map)

There has been a comprehensive study about thewatbastics of this region’s hydro geological angdio
chemical ground water sources and its pollutantaispand the main purpose of this research gotsuch a study
in the area between Boroujerd and Doroud on a spiaget 200 square kilometers.

The hydrologic aquifer of Silakhor plain is compdsd two main substances: lime and Trans formecdtégn. The
main formations of the region in its west and NANfest are lime and Carbonate formation with lotgraicks and
Slits, while on the eastern and south easternisfatjifer granite and gneiss and Trans formedsdga formation
more could be found (Figure 2).

Legend

Figure 2- Geology map of Silakhor plain

EXPERIMENTAL SECTION

To evaluate the effects of human activities andaggofactors (specially agricultural and industi@ativities) in the
quality of Silakhor plain’s ground water, the folling tasks have been done.

1- Collecting the information and maps of the regio

2- Field activities and measuring the parameteesieé in field.
3- Lab studies.

4- Statistics work done with soft wares.

Taking samples of underground and surface watettseabasin of Silakhor was done in two dry and sestsons. In

the first sample, 32 samples of underground anfhseisample were taken from this basin, and theg went to
laboratory for chemical analyzing (to determine dngounts of cation, anion, nitrate, phosphate aady metals).
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Theses soft wares have been used in this researelGlS, Rock work, surfer, RHREEQC, Aqua, and cistm
The multi variable analyzing is a quantitative amdependent approach which categorizes the soofdes ground
water based on adhesion among chemical parameters.

The use of different multi variable analyses sushpancipal component analysis (PCA) and correspond
analysis (CA) causes a better understanding ofaltazation in the quality of water and a better panson of
samples with each other [4, 5]. Data standardidiecyeases the effect of variables with high vagastd increases
the effect of variables with low variance. Furthers standardizing with deleting different paramgiean have a
better explanation of their relations. To analyadtnvariables statistics, first of all the databshd be standardized.
Standardizing is calculated from the following fariax

Z=(XX=W)/o

X = shows the primary amount of the measured paeme
K = the average of the measured parameters iaraple, and
o = the standard deviation of that parameter [6].

Linear correlation among different variables isedetined with coefficients between +1 and -1. Whenriumerical
coefficient correlation is close to +1 or -1, tledation of two parameters has a significant valRasitive correlation
reveals common characteristics between two difteitems like common—evolutionary pattern form upeai to
downstream; negative correlation reveals the diters of one of the parameters from up stream®tendtream be
against of the other parameter.

RESULTS AND DISCUSSION

In this research, the correlation matrix has drdvased on Pearson’s method (because of the abundérnbe
sample) and with the software ‘spss19’ which hasnbshowed in table 5. As you see in this table,iBod
Sulphate, Chlorine, TDS, and EC have a high caiocglavith each other. Because of this fact and blstause the
maps with the same consistency taken from the softvisurfer’, it could be explained that the dengif the
mentioned parameters increases from the upstreammeotbasin toward the downstream. On the other hand
bicarbonate has a very negative relation with @aicand acidity and based on the changes in itstgighsan be
said from upstream toward downstream its amountdvbe increased. The cations of calcium and Magmegust
have a positive correlation with each other, thist §hows that there are lots of chemical and hefe\similarities
between these two elements from upstream towardhskogam and also their origins are the same (tablel

Table 1 — Pearson’s coefficient correlation in dirent physiochemical parameters in Silakhor plain’svaters

pH EC TDS TH Ca Mg Na K TA HCO5 Cl SO,
pH 1.000| -0.092| -0.096| -0.328| -0.313| -0.104| 0.131| 0.003| -0.069| -0.069| -0.089| 0.095
EC -0.092| 1.000| 1.000" | 0.653 0.296| 0.766° | 0.835 | 0.768 | 0.715 | 0.715 | 0.873 | 0.785
TDS -0.096 | 1.000 1.000 | 0.653 0.292] 0.768" | 0.834" | 0.769" | 0.717" | 0.717 | 0.869 | 0.785
TH -0.328] 0.653" | 0.653 1.000| 0.785 | 0.726 0.154| 0.242] 0.489 | 0.489" | 0.556 0.258
Ca -0.313| 0.296| 0.292] 0.785 1.000| 0.213| -0.171| 0.019] -0.024| -0.024| 0.417" | -0.004
Mg -0.104 | 0.766° | 0.768" | 0.726" | 0.213| 1.000| 0.502" | 0.411 | 0.869" | 0.869 | 0.457" | 0.465
Na 0.131] 0.835 | 0.834 0.154| -0.171] 0.507 1.000| 0.854° | 0.630° | 0.630° | 0.750" | 0.821
K 0.003| 0.768" | 0.769 0.242| 0.019| 0.411 | 0.854 1.000 | 0.506" | 0.506" | 0.706" | 0.850°
TA -0.069| 0.715" | 0.717 | 0.489° | -0.024] 0.869" | 0.630° | 0.506 1.000 [ 1.000° 0.346 | 0.459
HCO; -0.069 | 0.715 | 0.717 | 0.489° | -0.024| 0.869" | 0.630° | 0.506 1.000| 1.000| 0.346| 0.459
Cl -0.089| 0.873" | 0.869" | 0.556° | 0.412 | 0.457" | 0.750° | 0.706" 0.346| 0.346| 1.000| 0.666
SO, 0.095| 0.785 | 0.785 0.258| -0.004] 0.465 | 0.821 | 0.850° | 0.459" | 0.459" | 0.666 1.000

The analysis of the main component was done t@bexplain the relation between physiochemical petars in
ground water sources and decreasing in variableserfain amount and a specific vector from the madf
covariance variables were taken in this method.

Each of the principal components is a collectionimafependent variables, which through the multgiimn of
dependent variable in each other, is show with ecigp vector. The special amount of each of theqpal
component is a unit of cumulative variance andpttessence of the primary variables in the princgmahponents is
determined through number loading and monitoriregdhanges of each of the variables which geneisalballed
ranking. First, the variables with high correlatiare arranged and determined. In order to evalhateligibility,
GrowitBartletr test on the correlation matrix oéttata will be done. According to cattle & Jaspstandards, the
principal components which their specific amourd arore than 1 (Eigen value>1) they are remainedtlamdest
will be omitted [5, 6]. In table two the principedmponents of physicochemical parameters are given.
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Table 2 — The amount of principal components of ptsiochemical parameter existing in Silakhor plain’svaters

component
1 2 3 4

pH -0.053 -0.591 -0.033 -0.370
EC 0.980 0.100 0.107 -0.029
TDS 0.980 0.101 0.102 -0.022
TH 0.591 0.757 -0.032 -0.200
Ca 0.187 0.820 0.335 -0.340
Mg 0.798 0.272 -0.458 -0.069
Na 0.877 -0.425 0.123 0.076
K 0.812 -0.239 0.300 0.211
TA 0.797 0.035 -0.576 0.108
HCO3 0.797 0.035 -0.576 0.108
Cl 0.812 0.087 0.491 -0.169
SO, 0.802 -0.250 0.295 0.156

As it can be seen in the above table, the firstpmmant has most of the above parameters. Thisgbaets that
these parameters are in one group based on geaaiemaracteristics. Two parameters — calcium hachirdness
of water—have a little difference with the othergraeters.

However, all of these parameters act, more or inghe same way. The above explanations coulddzglg seen in
Figure 3 which relates to the analysis of the ppakccomponent.

Component Plot
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Figure 3 — The diagram of the analysis of the anadys of principal component

In this research and because of the usage of clastdysis, agglomerative hierarchical clusteriagdd on ward’s
linkage method, cluster algorithm, and Euclidiastalice was done to determine the amount of sitigsri

It should be said that, this method is a populathow considering the variance of the data, evakittte distance
between clusters. Euclidian distance is a geonatdistance in a multidimensional space. The restilthis
analysis is a diagram which is called dendograntkiure 4, the dendogram of water resources faryaseason is
showed.

According to this diagram which is drawn with SPBBsoft were, the plain’s upstream points, dowstrgoints
and the interval points could be seen clearly.

That is, the water resources can be divided ioto main groups. These four groups are shown iargi§. Group 1
(which is mainly springs) includes the upstreanmpo{the disembarkation point of the secondaryifepdtream is
also located in this group), the fourth group ines the down—stream points and the second andglorgps are
also located between these two groups.
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Figure 4- The dendogram of Silakhor plain’s water esources (by the use of ward’s linkage method antie square of Euclidian
distances)
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Figure 5- Zoning the points of Silakhor plain withdendogram

In Figure 6 the tree diagram of water resourcesdahseason is shown.
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Figure 6- The tree diagram of Silakhor plain’s wate resources (by the use of ward’s linkage method ahthe square of Euclidian
distances)

According to this diagram which is drawn with SPBBSsoftware, the plain’s upstream points, downstreaints
and the interval points can be seen clearly. Thahe water resources can be divided in to founmeups. These
four groups are shown in Figure 7. The first growpjch is mainly springs, includes the upstreamnt®ithe
disembarkation point of the secondary feeding siréaalso located in this group), the fourth gréngludes the
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downstream points and the second and third groupslao located between these two groups—the dirdt the

fourth.
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Table 3 shows the procedure of ion alteration sdRisting zones of this plain. As it can be sdmnpgrocedure of

alteration of these ions agrees with what saidreefo

As it is shown, the highest concentration of nérean be seen in the middle and downstream opthie—because

of high agricultural activities in this region.

Figure 7- Zoning the points of Silakhor plains withdendogram

Table 3- the procedure of ion alteration in the diferent zones of Silakhor plain

zone EC| TDS| Ca| Mg| Na K HCQ | Cl | SO* | NOs
Zonel| 750 | 395 | 169 103 32 2.3p 236 65 38 3.p2
Zone2 | 754 | 392 | 123 97| 7§ 1.7b 250 13 33 7.2
Zone3 | 617 | 320 | 140, 93| 41 1.98 249 26 37 5.85
Zone4 | 800 | 418 | 158 97| 71 6.1} 271 65 4 9.88

According to Figure 8, in wet season, in whicligation is done widely and more water resourcesfate in to
underground, Nitrate rises in water resources tak8or plain. Both in dry and wet season, the cotre¢ion of
Nitrate in the middle and downstream of the plairhigher than concentration of Nitrate in the otparts of the

plain.
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Figure 8- the comparison of the concentration of Niiate in Silakhor plain’s water both in wet and dry seasons.

Considering the alterations of concentration of someavy elements in Silakhor plain’s waters, thfect$ of
industrial activities on the quality of this watamas dealt with. In order to determine the effectirafustrial
activities, the alterations of more than 25 elermemtre measured, but because the region was nastirad, the
concentration of these elements, like dry seasont)ese waters was nearly zero and lowers tharutinersal
standard amount. The concentration of these elenieshown in table 4.

CEGEE B

-}
-

L=]

b

EEEES6B
= T = T= = W= Y=

1004

g

—

LT o

andsdason (blue line)




Ali Khodakarami Fard and Seyed Vahid Shahrokhi J. Chem. Pharm. Res., 2015, 7(7):999-1006

Table 4- The concentration of heavy elements in &kthor plain’s waters in dry season (by ppb)

Abbreviation | As B Cr Cu Fe V Mo Si Zn Sr F
W <5 | 120 0 0 0 0 0 14.38 <5p 0 1.12
W, 0 100 0 <30| <50 <140 0 19.2 <50 830 0.89
W3 0 100 0 <30| <50 <10 0 21.38 <H0 430 1J2
W, <5 | 1260 0 <30, 68 0 <1 0 <50 [ 0.92
W5 <5 | 180 | <50| <30| <5( 0 <10 0 <50 [0 0.Y7
W <5 | 100 0 <30| <50 0 <1 0 <5D Q 0.88
W7 <5 | 100 0 <30/ <50 0 <1 0 <5D [0 0.58
Wg <5 | 190 0 <30 <50 0 <1 0 <50 q 0.75
Wy <5 | 290 | <50 0 68 0 0 0 <50 0 0.95
Wg <5 | 130 0 <30| <50 0 <1 0 <50 q 1.02
W <5 | 170 0 <30| <50 0 <1 0 <50 q 0.9
W, <5 | 210 0 0 <50 0 0 0 <50 0 0.84
W3 <5 | 230 0 <30| <50 0 <l 0 <50 q 0.86
Wy <5 | 160 0 <30| <50 0 <1 24.26 <50 0.8
Wis <5 | 1050| <50 <30 <5( 0 <10 0 <50 ( 0.63
W e 0 0 0 0 0 0 0 0 0 0 0.9
Wy, <5 | 250 | <50| <30 0 0 0 19.15 <50 ( 0.92
Wig <5 | 730 | <50 <30| <5( 0 <10 0 <50 o 0.71
W), <56 | 150 | <50| <30 <50 0 <10 0 <50 [0 0.47
W3 <5 | 110 | <560 <30 <50 <10 <19 0 <50 360 1.02
SP; <5 | 120 0 0 0 0 0 13.29 <5p 0 0.87
SP, 0 150 0 <30| <50 <10 0 16.7 <50 530 0.p5
SP; 0 140 0 <30 <50 <14 0 17.88 <50 590 1,05
SP, <5 | 160 0 0 0 0 0 10.98 <5p 0 1.p
SPs 0 100 0 <30| <50 <10 0 20.88 <40 210 1p2
SP, 0 190 0 <30| <50 <140 0 18.9 <50 670 1}3
SP; <5 | 190 0 <30| 95 0 0 0 <50 0 1.11
SP, <5 | 170 | <50| <30 <50 <10 <1D 0 <0 550 1.38
S 0 0 0 0 0 0 0 6.2 0 0 1.28
S, 0 0 0 0 0 0 0 17.04 0 0 1.02
S 0 0 0 0 0 0 0 13.43 0 0 1.62

Table 5- The concentration of heavy elements in &khor plain’s water in wet season (by ppb)

Abbreviation | As B Cr Cu Fe Mo Si Zn F
W <5 135 0 0 0] <10 1496 <5D il
W, <5 | 1140 0| <30] 162 <l D <50 0.85
W5 <5 195| <50| <30 <50 <1 D <50 0.§4
Ws <5 120 0| <30] <50 <1id <50 08
W, <5 105 0| <30] <50 <1d <50 0.66
Wg <5 210 0| <30| <50 <14 <50 0.71
Wy <5 270 0| <30] <50 <1d <50 1.03
Wi <5 140 0 0 0 0 o <54 0.9
Wiy <5 200 0| <30] <50 <1id <50 1.112
Wi, <5 200| <50 <30 <50 <1 D <50 0.95
W3 <5 220 0| <30| <50 <14 <50 0.88
Wy <5 190 0| <30] <50 <10 2498 <HO 017
Wis <5 | 1260 0| <30 66 <I1( <50 0.79
W e <5 0 0| <30| <50] <1d@ q <5 0.89
Wg <5 770 0| <30| 104 <1¢ <50 0.82
W, <5 185 0| <30| <50 <14 D 0.5p
W3 <5 160| <50| <30] <50 <1( D <50 0.92
S 0 0 0 0 0 0 779 <50 1.0p
S, <5 0| <50| <30| <50 Qg <1( D
S; <5 0| <50| <30| <50 <10 <1 D 360

Based on the above tables, the concentration oélth@easured elements was lower than their urédestandard
amounts. The concentration of Boron was just ira@ges higher than universal standard, and it westd the
closeness of these regions to stone cuttings.einsehat these stone cuttings hare increased tieecwation of
Boron in these samples.

CONCLUSION
According to the studies done on Silakhor plaire doncentration of chemical parameters of the gfowater

resources increases from the upstream of basinrdoits|adownstream. However, Bicarbonate has a wegative
relation with Calcium and acidity and based on #ieerations of its concentration it can be saidt ttias

1005



Ali Khodakarami Fard and Seyed Vahid Shahrokhi J. Chem. Pharm. Res., 2015, 7(7):999-1006

concentration will increase from upstream towaravistream. Cations of Calcium and Magnesium justehav
positive correlation with each other; this fact wahat they have a lot of similarities in behaslcaind chemical
actions from upstream downstream and it also shbatsthese two elements have the same origin.sitlean also
revealed that in wet season, when irrigation isedeidely and more water resources penetrate ihg@tound, the
amount of nitrate in Silakhor plain’'s water res@svill increase. Both in wet and dry seasonsgctimeentration of
Nitrate in the middle and lower parts of the plemmuch higher than the parts of the plain. Theltesalculated
from the measuring of heavy elements prove thattimeentration of all measured heavy elementswgsidhan the
universal standards. The concentration of Borgnsgsin 3 samples is higher than universal standaid because
of the adjacency of these regions to stone cuttiig®ems that it is these stone cuttings incréaseoncentration
of Boron in these samples.
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