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Abstract

This hydrochemical study of the surface and groundwater in KhaiBédghdadi
area western Irag,included thenterpretation of physical, chemi¢and biological
propertiesWater samples werellected from well{14 samplesandsurface water
of Euphrates Rive(6 samples) for thelry and wet periodef October 2018 and
April 2019, respectively. Thestable isadbpesanalysiswas performedfor the dry
period only. The surface water samplegere characterized by slighthalkaling
fresh,excessively mineralized, @znloride type andhard to very hardvaterclass.
While the groundwater samplegere characterized blightly alkaling brackish,
excessively mineralized, Gzhloride and Na-Chloride type andhard to very hard
water class The stableisotopic analysiswas used in studying thateraction
betweenwater resources dtuphrates Riveand groundwater Stablei s ot opes (0D
and ovie® Gspd to study the hydrological aspects of water resources in the
study areaThe results showed that surface and groundwater samglessimilar
sourcewith a correlationrelationship between thenm addition to thecleareffect of
river rechargeon groundwater The variationin 8 2 H a n dsigaturg ©Of
groundwater in the study area is caused mainly by variation in isotopic composition
of recharge water zone and mixing watgsingthed 2 H and & ,al80 diagram
surface and groundwateampleswere plotted belowhe global meteoric water line
(GMWL) and Local Meteoric Water line (LMWL )Jndicating the influenceof the
evaporation processes and seasonal variation.

Keywords: Hydrochemistry StableisotopesWaterResourcesKhan Al-Baghdadi.
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Introduction

The quality of groundwates important according to theurposeof use. Theneeds for drinking,
industrial, and irrigation water vary wideJ¥]. The use of stable and radioactive natural isotopes has
become a useful tool for hydrological research, particularly in the study of meteoric suatace
water and groundwater][2Valuesofd 2 ind 6180 i n water, especially
sdute concentrations, are the best geochemical indicators of the source, recharge |aratifiosy
paths. Precipitation and seawater were the rt@iics of studies on isotopes of watg]. In this
study, stable isotopianalysis( 8 1 8 O and & 2oHopservethes inteansxmgbetween the
different water resourcesvélls and Euphrates Riveri western IragLMWL was previoushplotted
from data obtained from isotopic analysis (2H and 180) for rain water samples collected from five
stations in Bghdad city in 2017 [4Ind fivestationsin Baghdad city in 2012 [5]n addition todata
obtained fromother previousstudies[6, 7]. Moreover, this analysis was applied to tdata from 3
stations in Baghdad and 2 stations in Sameaitya collected durig 2014[8]. The average-eéxcess of
all these datahowed a value df 4 . 3Th&fresentstudy area is located in the northwestern part of
Al-Anbar governorate, between the latitudes 33 °-434'° 0 ' Nandlongitudes 42° 2842 © 45' E.
Khan AlBaghdali represents the main area in the present research (FHigchted parallel to
Euphrates River.
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Figure 1-Location mapshowingthe study area and watgmpling locations

Geological Setting

The exposed formations within the map area range in agetfref®ligocene to Pliocenawith
different typesof Quaternarydeposits. The western shoreline receded towards the area of the present
daythe Euphrates RivelEuphrates River in Iraq crosses many geological formations within the stable
shelf of the NubianArabiancarton Oligocene sediments are absent over most of Rutba subzone, the
Salman zone and on the Zubair and Euphrates subzortbe bfesopotamian9]. The exposure
formations of the study area can be described as fallows
Anah Formation (Lower Oligocene)

The formation consistf massive, coralline, creamgndvery hard limestonas well asdolomite
limestone 10].
Euphrates Formation (Lower Miocenéd
The Euphratesd¥mation is composed of two Membgasdescribed belojt1]:
- Lower Member: The pebbles are composed of limestone, dolcanitdfine crystalline, hardand
angular, subangular to rounded splintgrains.
- Upper Memberit consiss of marl, brecciatedimestone, dolostone, marly limestgraend dolomite
limestone.
Fatha Formation (Lower Fars, Middle Miocene)
Theformationto theeastof Euphrates Rer is developed in its normal lithological constituents of
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cyclenature (marl, limestone, gypsum and clayst¢hg).
Materials and Methods

The laboratory worksclude the physical and chemical analysis of water sampk&e laboratory
of the Ministry of Scienceand Technology A total of 14well and 6surfacesamplesverecollected
in October, 2018nd April, 2019 The measurementsere conductedccording to thepublished
standard methad[12]. The measurementscluded hydrogen number (pH), electrical conductivity
(EC), total dissolved solidsTDS), and temperature (Twhich were analyzedsing TDSEC-pH and
T meter. Calcium, magnesium, chloride and bicarbonate. Sodium and potassium were analyzed using
flame photometer. Sulfate was determined by spectrophotometer. Trace elewremtstermined by
atamic absorption spectrometer. Rock Ware AgQa version sbftware was used for water
classification andletermination ofwater type. The coordinates for each saniptation, including
longitude, latitudeand elevationwere measured using GPBheisotopic analyses with the values of
deuterium excess (d) concentration of water sampére achievedn the laboratoryof the Ministry
of Science and Technolog¥hese analyses were conducted on all sangoléscted in October, 2018
Sampling procedurgvas carried out according tbe instructions of theéAEA [13]. Fifteen mlof
water was collected in glass bottles for each sample. All bottles were labeled with code number,
identification name, sampling date, coordinates, and physical properties (EEl), Twhich were
measurean site LWSIA was used taletermine the stable isotopic composition of the water samples
with an analytical precision of £0.8 range. The results of the measurements of hydrogen and oxygen
i sotopes are expr ©gs s aifrelgion todhe Vienaa Standard Mear( o Qcgan
Water (VSMOW).
Table 1-Coordinaés of the studied samples

Samples No. Latitude Longitude Well depth(m)
W.1 33.9022 42.5225 58
W.2 33.8808 42.5275 80
W.3 33.8681 42.5675 42
W.4 33.8525 42.5850 32
W.5 33.8669 42.5356 31
W.6 33.9006 42.5342 40
W.7 33.9014 42.5000 70
W.8 33.8686 42.6022 50
W.9 33.8508 42.5517 35

W.10 33.8344 42.5667 30
W.11 33.8519 42.5186 50
W.12 33.8333 42.5519 70
W.13 33.8169 42.5114 50
W.14 33.8672 42.5189 55
R.1 33.9059 42.5446 _
R.2 33.8899 42.5326 _
R.3 33.8744 42.5272 _
R.4 33.8588 42.5388 _
R.5 33.8527 42.5604 _
R.6 33.8485 42.5798 _

W:groundwaterR:surface water
Results and discussion
Hydrochemistry

Theresults ofwater samples collected from the study axeseplotted on Durov diagram. Plots of
groundwater indicate that most samples hhiedNa-Mg-Ca-Cl-SO4)water type, pH values less than
7.6, and TDS rangef 10005000 mg/) for boththe dry and wet periods. Bace water plots indicate
that most samples hatke (Na-CaCl-HCO3) and (NaCaHCO3-CI) types for the dry period and
(Na-CaHCO3-Cl) type for thewet period, as shown in Figwre? and 3 Stiff diagrams forll samples
in the study area duringhe two periods appear to be fit with the hydrochemical formua and
Na" appeaedto be prevailing as cationshereas Cland SQ? were the prevailingnions as shown
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in Figures-(4, 5, and6). The variability in the different types of water pointss possibly du¢o the
interaction ofseveralfactors such as lithology, rechargaquifer geochemistryand well depth [14].
Through the comparison between the type of groundveasigrsurface water, we find thiadth types
of waterweresimilarin termsof the studiedisotopes.
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Figure 2-Durov diagram of surface water during a: dry period b: wet period.
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Durov Diagram
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Figure 3-Durov diagram of groundwater during a: dry period b: wet period.
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Stiff Diagram for Dry Period Stiff Diagram for Wet Period
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Figure 4-Stiff diagram forsurface watemn the two periods.
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Stiff Diagram for Groundwater in the Dry Period
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Figure 5-Stiff diagram forgroundwatein the dry period.
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Stiff Diagram for Groundwater in the Wet Period
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Figure 6-Stiff diagram forgroundwatein the wet period.

The stable isotopesomposition of surface water (Euphrates River)

For more than four decades, stable and radioisotopes have been used to study hydrological systems
and have been particularly useful in understanding the surface water §¥Steriithe results of the
anaysisof the envi r onmen tid)lin sirface waiep samplepll@cteBfOm then d 5
Euphrates Rivearee x pr es s ed i pernd). Emapdration pracesseassrfade watelargely
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affect the isotope compositions in a river system. Thelte®of the environmental isotopes of
Euphrates Riveareshown in (Table).

Table 2-Stableisotopes dat@li a ) and Ecvaluesof Euphrates River

SamplesNo. U°H Vi®) EC(es/ c d-excess
R1 -38.21 -5.32 1465 4.35
R2 -33.71 -5.06 1437 6.77
R3 -34.81 -4.98 1453 5.03
R4 -36.78 -4.84 1402 1.94
R5 -36.60 -4.75 1446 14
R6 -36.96 -5.13 1471 4.08

T h €H valueof Euphrags river was between3 8 . 2ahd%3 3 . 7 Wittloa mean of3 6 . 1 7 %o.
T h €°0 walueranged betweerb . 3 aArfdo4 . 7,5V a mearof -5 . 0 1 %dgurel7,rthe Bample
points of surface water are plotted close to edbbr, which suggestmilar sources [16

-20
D
:’c’): -30
N @
~ 40
-50
-6 -5 -4 -3 = -1 0
118h &5 0

Figure7-The relationshippetweerd 1 8 O “H valtiesid the surface water samples.
The stable isotopegsomposition of groundwater
The application of isotopes in hydrology is based on the general concept of.tidemgajority of
the application of isotopes in atmospheric precipitation use the difference of isotopes in the input into
the hydrological syyem|[17]. The results of environmental isotopes of the groundwatshown in
Table3.
Table 3-Stableisotopes datéli a ) and Ecvaluesof the groundwater fathedry period

Samples No. U°H VO EC(es/ ¢ d-excess
W1 -32.72 -4.16 5682 0.56
W2 -36.87 -4.92 2547 2.49
W3 -37.26 -4.95 2871 2.34
W4 -42.25 -6.15 5768 6.95
W5 -40.20 -5.37 3885 2.76
W6 -35.88 -5.11 1597 5
W7 -27.34 -3.80 7294 3.06
W8 -23.10 -2.35 5438 -4.3
W9 -37.38 -5.02 4031 2.78
W10 -34.77 -4.52 5586 1.39
Wil -31.10 -3.79 7301 -0.78
W12 -20.78 -1.60 7543 -7.98
W13 -30.64 -3.91 4271 0.64
W14 -33.78 -4.78 3883 4.46
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T h €H v@lue of the groundwater in the study area vbasween -4 2 . 2ahd2 0 . 7 Withoa

mean of-3 3 . 1 4 %00 velhezang®d between6 . 1 &bl . 6 0 %, wi t# . &8 lt¥he an
appeas that water of the groundwater lie on the same regressioradiribatof rainwater(source of
feeding) However,they have underwent different degrees of evaporation, due to their difference in
depth their influence by evaporation within infiltratioras well as resident time effects, in this case
[4], but the rechargss less tharthatobservedn thedirection of the wells W&ndW12 (Figure8).

0
=) w8 W12
S =20
O
N

-40

& . .
regressiorline
-60
-8 -6 -4 -2 0
118 &5 0

Figure 8-The relationshippetween> 1 8 O &H findhe groundwater samples.

It appeas that water of the surface and groundwater lie on the same regressjovhiitieindicates
the same source odinwaterr(source of feeding)o the results also demonstrate effect of water
rechargdrom Euphrats River to groundwater in the study atEgure9).

0
W12
5 surface andgroundwater W8
-20 samples
Ne)
N
- -40
regressiorine
-60
-8 -6 -4 7 0
118h  6:: 0

Figure 9-The relationship between groundwater samples and the Euphrates river.

Deuterium Excess (d)
The excess deuterium is a standard character of air mass source. Dansgaard18] 964)

proposed using thd value to describe excess deuterium in global precipitation d@due was set

for slope 8anddetermined for any sample of precipitatiorfafws:
d= &M+ 6180 .. 1

The dexcess value is an index showing the effect of evaporation on the plorsecaical
properties of waterf Wwater evaporates, theakcess decreasgl9]. Figure- 10 showsthat water from
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Euphrates River androundwatethave nearlysimilar valuesof d-excesswhich is affected by rain

water in the regional scal€igure10).

20
surface and groundwater
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S L 4
B0 . :
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3 v
©
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Figure10The rel ati ons

bD-éxqpessii thet wateresourcast tBeGtudy area

The Useof Isotopic Techniques to Determine the Origin of GroundwateiSalinity

Salinization in brackish or highly saline water can be detected hynpltte relation betweetfO
and chloride content. The enrichmentacdtable isotope due to evaporationftwincrease of salinity
due to leaching and/ or dissolutjoor the mixture of the two casescould be defined [20]. These

processeare clearly noted in Figw#l.

EI I I I I
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.*'E *
-2 ]
.’.
mixing
:;,Eq ] + *
0 4
W
_E ] _’_
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Fa
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0 400 800 1200 1600 2000
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Figure 11-Therelationshipb e t w e e rand@&l’Xn8eq/IPin groundwater samples

Stable isotopesand local meteoric water line
The relationshipb e t wé®@n a B8 d
(Figurel2) s hows t hat
[21]. While the LMWL (Table4) followed a

t hese

Buphrafe® Rer and groundwater in the study area
wat er s ®+aqQ, divenbbgCraim \(196t)h e G MW

Il inear regressi oMostwaleBsin 7. 59

this area lie below or immediately to the lower right of thdVIZL. The isotopic composition of

215



Hussein and Abdulhussein Iragi Journal of Science, 2021, Vol. 62, No. 1, pp: 204-217

rainwater in Iraq is located between the Global @édet Water Line and the Eastern Mediterranean
Meteoric Water Line, which indicateghat the precipitation is genetglresultingfrom the mixing
betweenthe Mediterranean and Atlantic Ocean air masses[E&jure 12 showsthat all samples
controlled bythe influence of the local climate factorsuch as secondary evaporation (evaporation
within the rain event) and seasonal variations.

Table 4-Resultsof previousstudiesfor local meteoric water line

Reference LMWL value
Al-Paruany, 2015] 5 D= 3%0%513.97
Ali et al., 20157] dD= 77°051B3>
Ali & Ajeena 2016[8] dD= 7°%0#208

Al-Khafagi, 201g4] 5D 8 .“%% & 15. 53

Samples

80

60
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-20

62H (3)

-40
-60
-80

-100

-120
18 -16 -14 -12 -10 -8 -6 -4 -2 0 2 4 6 8
5180 (%o)

Figure 12 Ezekwe-Thevalues of0, ?H, GMWL, andLMWL in the study area.

Conclusions

The interaction between surface and groundwateromaplex and varies depending on climate,
landform, and geology. The hydrochemistry analysiicates thatcalciumion is a predominant
cation and Chloride is a predominant anion for siafavater samples, whereealciumand sodium
ions arepredominant catiomandchlorideis a predominant anion for groundwater sampléss may
reflect the fact othe presenceof limestone rocks and halite minegalvhich are consideed asthe
main sources for these ion¥he hydrochemistry results also indichta high similarity in the
chemical composition between surface gmdundwater samplesmplying a hydraulic connection
betweenthemAn obvi ous r el at i oH® had mpdaledsdf Buphsatebredr and e n
groundwater it appeas that water of the surface and groundwater lie on the same regression line
indicatingthe same source of rainwa{source of feeding)jn addition to the effect of water recharge
from Euphrags River to groundwater in the study ar@li.the samples irthe study area refer ta
strongerinfluence by GMWL as compared to that blyMWL . Also, the water iscontrolled by
influences of local climate factorssuch as secondary evaporation (evaporation within the rain event)
and seasonal variations
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