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ABSTRACT

W ater is necessary for sustainable development and healthy society. Groundwater, often, is not
sufficient and protected for direct human consumptiboe to increag in the density of
populationthe requirement of water is increasingn this work,the assessmerdf groundwater
guality was conductenh the southwestpartof Basrah provinceSpatialvariationsin the quality

of groundwateiin the study area have beamalyzedutilizing GIS technique The geochemical
parameter®f groundwater samplascluding pH, EC, TDS,Ca Mg, Na, C| HCO;3;, SQ, and
NOs wereassesseth this study Information maps of the study area h&veenactually prepared
to makeuse ofthe GIS spatial interpolation approafdn all the parameterd he currentstudy
reveals thamost ofthe parametersire observetb be beyond permissible limit as paHO and
Iragi standardsThus, it is concluded frorthis work thatresultsacquiredin this researclandthe
spatialdatabasdéoundedin GIS will be usefulto monitor and manage the groundwater pollution
in thestudyarea.
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1. INTRODUCTION

Wateris the fundamental demanaf all life onaworld. Both of surface watemdgroundwater
tendto be the significantsources ofwater Groundwater is actually a required resource that is
necessaryor previous decades becausetloé rise in its consumption for drinking, irrigation,
watersupply, and industrial usegtc. The rise irpopulation andirbanization requiremcreass

in the agricultural anéhdustrialsectorsvhich needmore freshwater.

Nevertheless, complete dependengeruhuman are not satisfied through the surface water just
therefore,they have to depend on the groundwater thay or may possiblynot be potable
Nowadays, the dedicated issue is the contamination of drinking water by some activities such as
human ad industrial.

Evaluation of the qualityf water fordrinking purposemeansthe dedicatiorof the chemical
composition of groundwateandthe correlatedmeasures fothe recovery of the quality of water

in case of its degeneration demand teeognitionof possible sourcethat contributedo the
cortamination of groundwater. i crucial toinvestigate thegeochemistryf groundwateused
aspotable water Consequentlyappropriatédreatmenif contaminatedjroundwaters important
beforeconsumingt.

Geographic Information System (GIS) provides an essaotéfor the efficientmanagemenof
groundwater resource$sIS helps in developing a scientific database for the resource and
furthermore helpsn updating the dataGIS-basedmodels assisin understandingthe yearly
distribution andoroducea databaséor futureuse

Indistinctive useof groundwatedegrades the quantity and quality of water. The quality of water
was evaluated with regards tgeochemicalparameters and compared to WHMd Iraqi
standardsThis study is certainly current to the evaluation of ging/sicatchemical propertiesf

the groundwater in the study area that is certainly situated in aaseihegion wherein the
peopleis dependingon the groundwater for their needs. Thisrk also provides an evaluation
regarding the suitability associated with the groundwater for drinking purposes. @eiand
sampleswere collectedrom all around the study area, and #teategicdly analyzedresults
presentedn the GIS-basedwater quéty mapping recommendinggmedial actionsn the study
area.Many researchers used chemical characteristics of groundwater to evaluate the
groundwater qualityf drinking such asSubramani, et al., 2005 Nagarajan, et al., 201Q
Barbooti, et al., 201Q Jassas and Merkel, 2005AI-Mussawi, 2014 and Al-Mezori and
Hawrami, 2011 This paper relates to the application of GIS as a tool for comprehending
distribution amonghese studied variables.

2. MATERIALS AND METHODS
2.1 Study Area

Basrahprovinceis situated irthe south part of Iraq. Basrah provincéo@deredn the south by
Kuwait, in the north byMaysanprovince, in the east blyan, and in the west biphi-Qar and
Muthannagprovinces. It covex thesouthwestrea of the alluvial plain. Ehprovinces situated in
a climate that is sermarid which can behot and dry in summerug to therregulardistribution
of rainfall throughout theeightmonthsThe study area is locatad the sout-west part of Basrah
province,Fig.1. Geomorphologicédl, this study area shows smooth plainwith small linear
structural hills and valleys The direct infiltration of precipitation rechargesthe Dammam
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aquifer of the study arewhichis the mainsource ofgroundwater rechargelhe composition of
Dammamaquiferis mainly limestone andolomite

2.2 Sample Collection and Analysis

In the present study, the groundwasampleswere collectedfrom sixteen wells of the
unconfined aquifer and analyzed for different chemical parametefi@able 1 shows the
characeristicsof thewells located withinthe study areal’he analyital data werdgaken iro the

GIS environment. In GISa number ofpatial distribution maps were prepared for the selected
parameters, which show significant variatemmdthe evaluation of wéer samplesvascarried out
according to standard methods of water analyBige chemical analysiswas carried outto
determine pHTDS, EC, andions for each oCa, Mg,Na, HCGO;, Cl, SOy, as well adNOs ions,
andcontrastedvith standardralues suggestday Iragi and WHO standard$able 2 containshe
statistics opphysicochemicatlata ofthe sixteengroundwater samples the current study.

2.3 Hydrogeological situation

The hydrogeologicahttributesof any area depend ots structuesand geological rtare, kinds
of formation topographic of the areand the nature dherocksin that areaDammam aquifer
is regar@d as one ofthe groundwatestorage thats essential in the wesrea of the Basrah
province.This aquifer could be thmain regional agifers in the southerpart of BasrahThe
Dammamagquifer in thestudy areas an unconfined typeAl-Basrawi, 2006 and it depends
mainly on the rainfall that falling its widespread western area.

2.4 Type of goundwater

There are various geologicahdhydrochenical factors such as porosity apeérmeability of the
rocks and the presence of cracks well asthe movement of groundwatesrworking to arrange

and discoverany elements dissolved in water Several techniquesand categories were
hydrochenableistry implementedn the classification of groundwater sues Schoeller,1977,

and Piper, 1944 diagrams. P i p dritin@as diagram Piper, 1953 was used to classify the
groundwatehydrochemistry othe basis of dominant ions of the groundwater.itAsshown in

Fig.2, t he pi per disded dntoasmall atmangles. Each triangle shosv different
groundwater type.There are two types of water depending on the cation or anion ions in that
water.

3.RESULTS

Groundwater quality is hidgi degraded s1a result of humaactivities and/omnatural processes
Analyss of groundwater quality fodrinking establishests suitability for various purposes
dependingupon the requirements which arspecfied by different agenciesncluding the
drinking water sandardspreparedby WHO, 2011 The physical parametaraluesof the
groundwater samples in the study area shiost pH varieswithin the standard limitsvhich
suggest the alkaline nature tbfe groundwater samples the fudy area. On the basis of the
WHO, 2011standards, all the groundwater samples can be used for human consumption because
its values fallwithin the recommended limit (6.5 to 8.5)he concentration ofDS in the
groundwater samples of the study aredigh and it variedfrom 453 to 7174 mg/l with an
average value d2923.7mg/l, Table 2. As perTDS category,68.75% of thewells watertypes
are brackish because its TDS is more than 100 meanwhile 31.25% of waterwells type

is fresh dueto its TDS was less than 1,000g/l, Freeze and Cherry, 1979 The EC of
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groundwater samples is ranged fré@®7 to 8668 uS/cm with a mean a3832.2uS/cm. Nedy

all the groundwater samplexceeed the desirable limit ofLO00 uS/cm for ECfor drinking
water (as per WHO)A gastrointestinal atation in humans make cause by higher EC. Even
though the big difference in EC is especially relatedGenchemical process sudilicate
weathering reverseexchange ion exchange, evaporation rockyater interaction oxidation
processesnd sulphatereduction Ramesh 2008 The spatialdistribution of TDS and ECis
shown inFigs.3 and Figs4 respectively. Table 3 shows the standard values of water quality
parameters according to WHO and Iragi standards.

The Caconcentration of groundwat samples ithe study aresanged fronb2 to 500 mg/l with

a mean value d&220mg/l. Themajorsourceof Cain the groundwater is a result of ion exchange
of mineralsfrom rocksof the study areaAs per WHO standard§7.5 % ofthe groundwater
from the study area igot safe to use for drinking purposes due to its values is more than the
desirabldimit specifiedas 75 mg/l by HO, 2011 The spatiablistributionof Ca is illustrated

in Fig.5. The concentration of Mg in the groundwater samples of the study areahieragd
varying from15to 292 mg/l with an average value 8i..1mg/l. The spatiadlistributionof Mg is
illustrated inFig.6. It could be seerfrom Table 2, thatMg concentratiorin the groundwater
samples fromthe study area is very high and unacceptaiolr some applicationsuch as
drinking, WHO, 2011 Mg may probablyhavebeenproduced by the precise resource that is
sameasthat of Ca.Na concentratiomf groundwater samples ranged fré&hto 1339mg/l with

an average valuef 600.4 m@. As per WHO recommendations, the maximum allowable limit
is 200 mdl. Forthe current study, 68.75%f groundwater sampleshoweda concentration of
Na above permissibléimit statedby WHO, 2011 The spatiadistribution of Na is shown in
Fig.7. Hypertension ath congenitaldiseases caused lexcess inNa concentrationsHem,
1985, reportedthat the groundwater with high valuesNd maybe either as a result of theer
exploitationof groundwater resources or the chemical weathering of feldspars.

Theconcentréion of Cl in groundwater samples of the study area is varied &6to 2378mg/!
with a mean value of7f74. mg/l. For the drinkhe ng water, the desirable limit of CI
concentrations specified as 250 mg/l according\dHO 2011 From this study, it is ricced
that68.75% of the groundwater samples were abawpecified limit for Cl concentration. The
spatialdistribution of Clis illustrated inFig.8. The higher levels oftdoride concentration above
250 mg/l causesalty taste and odaside from aggreating heartrelatedillnesses and causing
high levels of blood pressure. It absolutely was discovered th&@he&oncentration of the
groundwaer samples in the study areenged from96 to 2724 mg/l with an average value of
946.6mg/l. It really is mationed thai81.25% of groundwater samples in this study are above
the maximum permissible limit of 250 mg/l that statedAO, 2011 Fig.9 showed the spatial
distribution of SQ concentration in thetudyarea. In drinking water, th@gher concentratioof
SO, conrected with respiratory issueSyubramani, et al., 2010 The concentration dfiO3 in the
groundwagr samples of the study arkasvaried from4 to 130 mg/l with an average value of
39.6mg/l. It is observed thé25 % of the groundwater samplase not amongst the permissible
limit of 45 mg/l for drinking waterand 50 mg/| for irrigatiorpurposes as p&/HO, 2011 and
Iragi standard, respectively¥he spatialdistribution of NOs is clarifiedin Fig.10. The sewage,
decaying organicmatter and fertilizer that camefrom agricultural runoff, increases the
concentration oNOs, Karnath, 1987 Some diseases, suels Methaemoglobinaemia, goiter
gastric cancerand hypertensioand birth malformatiorare causedhy higher concentration of
NOs in the drhking water.The concentratiorof HCO3in groundwater samples of the study area
hasrangedfrom 85 to 256 mg/l with a mean value of 157.4 mgig.11 shows the spatial
distribution of HCQ in the wells of the study are@he rmeabilityof some wells irthe aquifer
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is rangedbetweerD.7 m/dayand6 m/day. The movement of groundwater is directed as shown in
Fig.1.

To determine the groundwater type, the concentrations of major ionic constituents of
groundwater samples were plottedtive Piperdiagramof the study area as shown kig.12
From the fieldsof cationic and anionic triangulam Piper'sdiagram, it ishoticedthat the typeof
water inthe groundwater samples in the study anesshown inTable 4. There are 12 wells in
the study area witla dium typeof the cation ion water type. Furthermore, it is noticed that
there are 4 wells ofutfate typeand 5 wells of bloride typein the study area ofngéon ion water
type. Schoeller diagrams for trgroundwater samples in tsudy areareshown inFig.13 The
classification of water in thstudy areaof Dammamaquifer, accading to its Schoeller diagram
Fig.13, showsthatthere ardhree different gpups. The first group whicis rich with NaSQ, is
shown in seven samples in the aquifer. The segoowalp which is rich with G&0O, is shown in
two samples. While the third groughich is rich with NaCl, is shown in the resof seven
samplesn the study area.

4. CONCLUSIONS

This study has provethat GIS application in groundwater quality iseetive in additionto the
understanding of thepatialdistribution ofmanyGeochemical parameteo$ groundwater in the
area of the study. Thus, tepatialdistribution map®f particular parameters such as EC, TDS,
Ca Mg, Na, C| HCO;, SQ, and NOgs, arrived at in this study are proven to form a useful
notification for groundwater evaluation. It is concluded in this sttitht contaminationin
groundwateshould be taken into consideratisienanalyzinggroundwater qualityit has been
found out that the ality of groundwater in the area of the study decreases due to the dyntinu
environmental pollutionEor this reasonmonitoring and controllingf groundwateis essential.
The current work has presenteduadelinefor evaluating groundwateguality in Basrah. The
analysis ofphysical and chemical parametarsthe groundwater samplasf this study was
compared with the standamlideline for drinking (WHO) to assessthe suitability of the
groundwater for drinking purposes. Consequertthg collected groundwater samples in this
study are almost not suitable for hum#seaccording tahese study parameters, except the pH
parameter.
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Table 1. Total depth andhewaterlevel of wells in the study area.

Well No. Total Depth (m) Water Level (m)
1 2000 1700
610 410
3 66.5 40.0
4 1580 122.7
5 1650 1300
6 1700 1220
7 2100 1300
8 1120 780
9 1740 1240
10 1730 NS
11 1750 1300
12 215.7 163.5
13 62.3 40.5
14 1800 1700
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15 60.0 40.3

16 2220 164.0
NS :Not specified.

Table 2. Statistics of Physic&€hemical water parameter.

Parameter| Min. | Max. | Mean | Standard Deviation
TDS 453 | 7174 | 2923.7 2358.70
EC 697 | 8668 | 3832.2 2813.39
Ca 52 500 220 158.67
Mg 15 | 292 | 91.1 90.29
Na 51 1339 | 600.4 465.55
Cl 57 2378 | 774.9 687.47
SO, 96 2724 | 946.6 859.80
NO; 4 130 39.6 30.93
HCOs 85 256 157.4 40.37

Table 3. Standardralues of water quality parameters (Standgoecification no. 417, 2009) and
(WHO, 2011)for drinking and irrigation purposes.

The sandardfor The gandaradfor

Parameter | Mean value| Prinking water Irrigation water
WHO Iraqi WHO Iraqi
TDS (mg/l) 2923.7 500 1500 2000 2500
EC (uS/cm 3832.2 1000 2000 2000 250
Ca(mgl/l) 220 75 200 20 450

Mg (mg/l) 91.1 50 150 50 80

Na (mg/l) 600.4 200 200 4 -

Cl (mg/l) 774.9 250 200 300 250
SO, (mgll) 946.6 250 400 20 200

NOs (mg/l) 39.6 45 10 - 50
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Table 4. Piper field classificatiof groundwater type thestudy area

Water type Total number of samples

Cation lons

A. Magnesium type -

B. Calcium type -

C. Sodium type 12

D. No dominant type 4

Total number of samples 16
Anion lons

E. Sulfate type 4

F. Bicarbonate type -

G. Chloride type 5
H. No dominant type 7
Total number of samples 16
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Legend
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D. No dominant type

Anion lons

. Sulphate type
. Bicarbonate type
. Chloride type
. No dominant type

IIomm

CaMgSOa4
Mixed

. CaMgHCOs
NacCl

Mixed

. NaHCOs

PapwNS

Figure 2. Piper diagram showing the relative cation #melanion compositionPiper, 1953
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Figure 9. Digital map explaisthe gatialdistributionof SO, concentrations in thetudy area

Figure 10. Digital map explaisthe patialdistributionof NO3; concentrations in thetudy area
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