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Abstract

Isotope Hydrology has become a widely used technique for managing the global water crisis. The study of the Isotopic
content of Groundwater and surface water and the study of chemical analysis is an important source of water sustain-

ability. The study area is located south of Baghdad- Iraq three regions (Al-Dora, Al- Rustumiya and Al-Tuwaitha). Many
samples were taken in the study area (15) samples Groundwater (well) and surface water (Rivers Tigris and Diyala).

The results of the isotopic study indicated that there is a clear interaction in the values of the two stable isotopes be-
tween groundwater and surface water (Tigris and Diyala Rivers). In the wells (-41.5,-42.95 %) for deuterium (2H)

(-6.77, -7.15 %o) Oxygen-18 (180) and the Tigris and Diyala rivers (-40 , - 39.47 - -7.34,-7.2 %o) respectively ((2H),

((180)) in the study area. Depending on these variables, indicates isotopic signatures similar between groundwater and
surface water in the study area, helped in this the geological structures of the city of Baghdad (the sedimentation of the
sedimentary plain). Through the results of isotope Tritium (H-3), (indicator to know the age of water and Recharge of
water) we showed a clear convergence between the concentrations of tritium in the surface water of the rivers (Tigris
and Diyala) (4.8 £ 0.064) TU and the wells (4.5 £0.045) TU in the region, which indicates that the supply of water from
wells is modern and continuous, and confirms the overlap between surface water and groundwater in the study area. It
also indicated the high values of electrical conductivity in wells samples because most of the wells in the study area are

shallow, where salt concentrations are high due to increased evaporation and are not suitable for drinking.
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1. Introduction

The assessment of surface and ground water is one of the
main tasks in the planning and rational management of water
resources around the world because it is considered one of the
main sources for drinking water and agriculture, and the scarcity
of fresh water is one of the major threats facing humanity today.
Iraq, as one of the arid to semi-arid countries, is severely affected
by water shortage [1]. Efforts must be intensified to protect the
existing water resources, develop new sources of sustainable
water supply, and improve the management of water resources
[2]. Groundwater is recharged by (rain, snow and surface water
intrusion into the soil), and recharge rates depend on the geology
and weather conditions of the area, In addition to the abundance
of vegetation cover on the Earth's surface [3]. This groundwater
finds its way to the surface of the earth, where it rises naturally
in the form of springs or a person may dig a well to reach it.
The movement of Groundwater down to recharge and then pull
it up again is a natural filtration process for it, which makes
Groundwater under natural conditions one of the safest water
sources for human use on earth, and even one of the best sources
for producing agricultural crops [4]. Hydrological studies

indicate the high levels of groundwater in the sedimentary
plain region, as their levels do not exceed a few meters and
may reach less than one meter, while their depth increases as
they move away from riverbeds [5, 6]. The application of
environmental isotopes techniques (both stable and radioactive)
plays an important role in the assessment, management, and
protection of water resources. Stable environmental isotopes are
a powerful tool to study the sources of water bodies, allowing a
better appraisal of their capacity and more rational exploitation.
They also can be used in (correlation between aquifers, inter
relationships between surface and groundwater, sources of
pollution and salinization of groundwater ,evaluate the sources
and potential risk of contamination and to investigate the
transport and fate of those contaminants, origin of groundwater,
efficacy of natural and artificial recharge, the exchange of water
movement between lakes and adjacent groundwater aquifers,
sources of recharge, and estimation of recharge (or depletion)
in aquifer quantities [7]. Therefore, if there is a real problem
to be studied, the priority in choosing an environmental impact
instrument to study this problem is whether it is in the form of a
stable or radioactive isotope [8]. In general, in open areas, stable
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isotope selection is most appropriate because the stable isotope
composition of water is modified by physical and chemical
atmospheric processes to make it have a characteristic signature
of isotopes from rain and water supplying the area in order to
know the origin of groundwater for example at that location [9].

Here itmustbe noted that itis necessary to know the distinguishing
properties of the isotopes of rain water on the one hand, and
the distinguishing properties of the isotopes of sea and ocean
waters on the other [10]. One of the most important of these
properties is to determine the relationship between the isotope
oxygen-18 (180) and deuterium (2H), as this relationship is
called the Global Meteorite Water Line (GMWL) [11]. Tritium
is the heavy isotope of the hydrogen atom and is a radioactive
isotope of beta particles that is used as a tracer for groundwater
movement [12]. And measuring the ages of modern water, with a
half-life of (12.5) years, to find out the source of nutrition for one
of the water layers [13]. We can determine the age of the water
by it - meaning when was the last time that water touched the
atmosphere. Based on this, we can find out how long the water
took to reach its source of nutrition in that water layer, and thus
we can calculate safe amounts of water withdrawal from that
layer [14]. There are many research and studies in which the use
of isotopic techniques in determining water quality and points
Interference between ground and surface waters including Nada
et al. (2018): Using isotopic techniques to identify areas of
overlap between Ground and surface waters in Al-Shanafiya area
in southern Iraq, Al-Barwani (2013) studied hydro chemical and
isotopic resources Water between Haditha Dam and Al-Baghdadi
Dam. Ajna (2014) studied an isotopic and geochemical study of

water resources in the Samawah region [15]. This study aims
to use Isotope techniques (deuterium, tritium, and oxygen-18)
to determine groundwater recharge sources and interference
areas. The potential between it and the surface waters (Tigris
and Diyala rivers) in the areas south of Baghdad (Al-Dora, Al-
Tuwaitha, Al-Rustumiya), In addition to providing a database
for the quality of ground and surface water (Tigris and Diyala
rivers) in the region.

Study Area:- The study area is located in the south and southeast
of Baghdad (Iraq) and includes Al-Dora, Al-Rustumiya,
Al-Tuwayitha areas between latitudes (33.16 - 33.13) N
and longitude (44.31-44.33) E, elevation of the catchment
area ranges from 30 m to 35 m above sea level (Fig.1). It is
characterized that residential and agricultural. The Tigris and
Diyala rivers pass through them. The geology of the study area
is relatively simple and is dominated by Quaternary sediments
(Holocene —Pleistocene age). The sediments consist of recent
alluvial sediments, flood plain deposits, valley- and depression-
fills, that the water-bearing layers are sand and gravel layers, and
as for the clay layers, they are Low permeability layers separate
between the water-bearing layers [16]. The climate throughout
the study area is hot and dry in summer season is cool and wet in
winter. The average annual values of rainfall, temperature, and
evaporation rates are 9.9 mm, 23.07 °C, 266.81 mm, respectively,
Precipitation incidents occurs only in winter (December-April)
while it rarely rains in other months , Hydrogeological, a good
sand aquifer has been observed at a depth range of 8 — 20 m in
the studied area [17].
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Figure 1: Location of the Study Area
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2. Materials and Methods

Samples were collected for the period 2019-2020 (15) samples
Groundwater and Surface water (Rive) analyzed for oxygen,
hydrogen, and Tritium and |[Hydrochemical composition. water
distributed in the study area, 3 samples from Dora area and 4
samples from Rustumiya area and 5 samples from Al-Tuwaitha
area, in addition to 3 samples from surface water Tigris river (two
samples) and Diyala (one sample). During two seasons, autumn
(September 2019), spring (March 2020) Details of sampling
locations are shown in (Tablel). Temperature, pH value and
electrical conductivity of each sample were measured in situ
using an Ec/pH meter. Table no. (1), Samples were taken under
the instructions of the International Atomic Energy Agency
(IAEA, 2007) one liter from each well for isotopic analysis of
samples in addition to chemical and physical properties (pH,
Ec). All bottles were marked with their coding, sampling date,
and coordinates. Electrical conductivity was measured (pH, Ec)

locally. As for the collected samples, they were placed in a cold
box to be sent to the laboratory for measurement and analysis
Stable isotopes (2H and 180) were measured using liquid
water isotope analyzer instrument Model DLT-100 from LGR
Company-USA and reported as (2H and 180) in %o (per mil)
relative to a VSMOW and Tritium was analyzed using Liquid
Scintillation Counter (LSC). Measurements were conducted in
the Iraqi Ministry of Science and Technology, Environment and
Water Directorate for accuracy purposes, they are as shown:

(V SMOW?2): a water sample was taken from the ocean water
sample standard reference for all water on the surface of the
ground.(SLAP2) Standard Light Antarctic Precipitation: a water
sample taken from the molten snow from the Antarctica area.
(GISP) Greenland snow Sheet Precipitation: a water sample
was determined isotopic composition of several international
laboratories [18].

Location Sample type Symbol Latitude Longitude
Al-Tuwaitha Well W1 33°13'23.7"N 44°33'03.9"E
Al-Tuwaitha Well w2 33°13'30.09"N 44°34'10.67"E
Al-Tuwaitha Well W3 33°13'57.4"N 44°33'52.7"E
Al-Tuwaitha Well W4 33°14'28.94"N 44°33'68.9"E
Al-Tuwaitha Well W5 33°13'38.7"N 44°32'03.9"E
Al- Rustumiya Well W6 33°16'33.04"N 44°33'58.12"E
Al- Rustumiya Well W7 33°15'33.94"N 44°33'26.66"E
Al- Rustumiya Well W8 33°16'8.50"N 44°33'16.64"E
Al- Rustumiya Well W9 33°15'29.33"N 44°32'42.17"E
Al-Dora Well W10 33°15'33.29" N 44°22'04.49" E
Al-Dora Well Wil 33°15'33.29" N 44°24'04.49" E
Al-Dora Well Wi2 33°13"22.5" N, 44°26'30.63" E
Tigris river Surface water R1 33°15'37.88"N 44°27'3.00"E
Diyala river Surface water R2 33°15'27.48"N 44°31'24.88"E
Tigris river Surface water R3 33°12'51.03"N 44°29'56.21"E

Table 1. Location of sampling points in the study area

3. Results and Discussion

The stable isotopes of water deuterium *H, oxygen '30 and the
radioactive isotope Tritium 3H were used in the current study
to determine the interaction between groundwater and surface
water, in particular, the relationship between rivers (Tigris,
Diyala), and groundwater in areas south of Baghdad (Al-Dora,
Al-Tuwaitha, Al-Rustumiya).

The study area was divided into three regions, where the rates of
stable isotope values (*H and '®0) ranged. In Al-Tuwaitha region
show that values range from (-42.16 to -40.88) %o for 2H, (-7.15
t0 -6.97) %o for '*0, while the values range In the Al-Rustumiya
region (-30.57 to --28.7) %o for 2H, (-4.69 to -4.66) %ofor '*0, and
values range in the Dora (-39.13 to -38.64) %o for 2H, (-7.56 to
-6.82) %o for 'O, in September 2019. While the isotopic values in
the March 2020, (-42.95 to -41.42) %o for 2H, (-7.62 to -6.96) %o
for 0, (-31.52 to -29.34) %o for 2H, (-5.48 to -4.96) %o for 180

and (-40.78 to -40.3) %o for 2H, (-7.14 to -6.99) %o for *O In Al-
Tuwaitha, Al-Rustumiya and Al- Dora Respectively. The results
of the stable isotope values of surface water represented by In
the Tigris River, (-39.47) %o for ?H and -7.2 for 30 September
2019 While in the March 2020, (-40) %o for 2H, (-7.34) %o for '*O
In addition to the Diyala River, (-23.91, -24.91) %o for *H and
(-4.87,-5.19) for 'O for two seasons September 2019 and March
2020 Respectively; (Table 2). From the above results, a spatial
and temporal changes showed a slight variation in the values of
stable isotopes (deuterium and oxygen-18) where there was a
slight increase in 2019 and This can be attributed to The samples
were collected in September The end of the summer season
(Dry), which is characterized by high temperatures, which leads
to a rise in isotope values due to the evaporation process While
the opposite happens in the winter (Wet) because of the impact
of rain water.
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Well. no pH Ec(ms/cm) 8D %o SD 3180 %o SD d-excess Date

W1 8.28 2.65 -41.5 0.94 -6.77 0.22 12.7

W2 7.66 2.26 -41.74 0.52 -6.87 0.05 13.2

W3 7.18 2.25 -42.06 0.26 -7.13 0.09 15.0

W4 6.86 2.72 -42.16 0.75 -7.15 0.14 15.0

W5 7.22 2.89 -40.88 0.11 -6.97 0.21 14.9

W6 7 4.98 -30.57 0.75 -4.69 0.08 7.0 g
W7 6.8 6.55 -28.42 0.26 -4.35 0.15 6.4 o -
W8 7.12 5.71 -29.54 0.24 -4.5 0.12 6.5 '_ﬂg E
W9 7.56 5.15 -28.7 0.4 -4.66 0.11 7.0 E -
W10 6.8 3.2 -39.13 0.44 -7.56 0.03 13.4 §
Wil 6.9 3.01 -38.88 0.82 -6.82 0.13 15.7

W12 6.9 2.2 -38.64 1.77 -1.07 0.13 17.9

R1 7.6 0.733 -39.47 0.77 272 0.08 18.1

R2 6.91 0.755 -23.91 0.39 -4.87 0.02 15.1

R3 7.3 0.733 -39.5 0.54 -6.54 0.32 12.8

W1 8.06 2.65 -41.68 1.35 -7.22 0.25 12.9

W2 7.65 2.26 -42.1 1.1 -6.96 0.11 10.5

W3 7.75 2.25 -42.64 1.56 -7.62 0.23 15

W4 7.3 2.72 -41.42 0.12 -7.38 0.13 14.4

W5 7.81 2.89 -42.95 0.73 -7.15 0.08 11.1

W6 7.07 4.98 -31.52 0.07 -5.48 0.15 9.9

w7 7.23 5.55 -29.78 1.03 -5.22 0.13 9.7 §
w38 7.06 5.71 -29.34 0.29 -4.96 0.09 8.2 g
W9 7 5.15 -31.5 0.58 -5.37 0.14 9.2 ‘2"
W10 6.8 2.8 -40.59 1.28 -6.99 0.03 12.3

Wil 6.9 2.4 -40.3 1.3 -7.12 0.13 13.6

W12 6.82 2.3 -40.78 0.26 -7.14 0.13 13.2

R1 7.65 0.720 -40 0.19 -7.34 0.09 15.

R2 6.945 0.73 -24.91 0.71 -5.19 0.05 12.9

R3 0.743 -38.5 0.9 -6.14 0.52 10

VSOMW2 0 0 STANDARD
SLAP2 4275 -55.5 SOLUTION
GISP -189.8 -24.85

Table 2. Isotopic Values & Parameters (pH, Ec) of Water Samples in the Study Area

Figures (2a, 2b). Shows that’s all the samples of study area
placed along both the global meteoric water lines ( Reference
for determining water sources depending on the region, the
differences in the amount of rainfall, and changes in degrees
Heat, evaporation, and all influence in the relationship between
deuterium isotopic and -18. oxygen This leads to its difference
from the global rain line on the local scale) (Craig, 1961) and
local meteoric water lines (Al-Paruany, 2013) which indicates the
similarity between there groundwater and surface water (Tigris

River , Diyala River), indicating that the rainfall is the recharge
source of water resources in the study area but the difference in
its distribution is related to the amount of evaporation and its
relationship to the evaporation line of the region, which depends
mainly on the depth of water in these wells. While some samples
below the local meteoric water line (LMWL) (water samples in
the Al- Rustumiya region in the dry season in September (2019),
indicating that experienced evaporation.
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Figure 2a: Relationship between 62H and 8180 and Meteoric water line (GMWL and LMWL) in groundwater, surface water of
the study area during September 2019
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Figure 2b: Relationship between 62H and 6180 and Meteoric water line (GMWL and LMWL) in groundwater, surface water of
the study area during March 2020
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Figure 3a: Type of water in the study area according to isotopic values 2019
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The values range d-excess 18.1- 6.4 (is an indicator that shows
the effect of evaporation on the chemical and physical properties
of water. With the following equation:

d- excess = 62H - 8%6180 (Clark and Fritz, 1997).

Figures (4a, 4b) show the relationship between the excess of

Figure 3b: Type of water in the study area according to isotopic values 2020

deuterium and oxygen-18 for the water samples in the study area.  deuterium.
The average excess of deuterium for the groundwater samples in

the Al-Dora and Al-Tuwaitha areas shows a clear convergence.
This reflects that the evaporation process is little and the
continuous feeding of groundwater from surface water (River
Tigris), while in the groundwater samples in the Al-Rustumiya
area, the excess of deuterium was less. The reason is attributed to
the exposure of groundwater to a state of evaporation or related
to air masses, which led to a decrease in the average excess of
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Figure 4a: The relationship between 5180 d-excess in the study area.2019
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There are several sources of salinity in the water, some of these
sources are natural while others are industrial The results of
the study showed an increase in electrical conductivity values
in well water samples compared with surface water, where it
reached The highest value of electrical conductivity was in the
Al-Rustumiya region (6.55ms/cm), while the conductivity values
were in the Al-Tuwaitha region. And the cycle (4.9 ms/cm) and
(3.2 ms/cm), respectively, and this indicates that the groundwater
in the study areas is saline. It is not suitable for drinking because
it significantly exceeds the permissible limits worldwide (WHO,
2011/ 0.6 mS/cm) as well as Local (IQS.2009/2ms/cm).

Stable isotopes can determine successfully the mechanisms of
groundwater salinization (the origin of salinity and brackish
water or highly saline water can be detected of salinity and due

to leaching and/ or dissolution or mixing from the two cases)
could be defined by plotting the relation between 'O and Ec
content. This concept is based on the isotopic composition of
groundwater under evaporation processes whereas salinization
caused by the dissolution of salt is not accompanied by a
change in isotopic composition. This Figures (5a, 5b)shows the
relationship between '®0 and Ec, where it was found from the type
of relationship that there is a stability of the isotopic values of
the water in the study area with the values of Ec, which indicates
that the salinity in groundwater due to the dissolution and highly
suffering from evaporation and the groundwater in that area is
affected by the operations of Irrigation and drainage .It is clear
that the wet period had low values This can be attributed to the
influences of evaporation, dissolution, isotopic depletion
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Figure 5a: Relationship between 180 and Ec in the study area

J Water Res, 2023

Volume 1 | Issue 1|53



10 -
B -
E ® g
-~
@ =
E
O 4
oY # Well - Tuwaitha
3 "ﬁ H well-Rustumiya
o well Al-Dora
u T T T T T T T T 1
-13 -11 -9 -7 &0 [%-a -1 1 3 5
Figure Sb: Relationship between 180 and Ec in the study area

Tritium is an important indicator to know the age of water and
the potential for interference between groundwater and surface
water, The main source of tritium in surface and groundwater is
trittum in rainwater (Ali,K.Ket al., 2015), The trititum content
actual rainfall in Iraq (below 5 — 6 TU) (Al-Paruany, 2013).
shown in Table (3).In 6 water samples selected from the study
area as follows: 2 samples of river water The Tigris and Diyala,
3 samples of well water (Al-Dora, Al-Tuwaitha, Al-Rustumiya)
in addition to one sample of rainfall.

The values of tritium for water samples collected from different
stations along its course during the wet period (2020) , the data
indicate a clear convergence between tritium concentrations
in surface water (Tigris and Diyala rivers), and groundwater
in the cycle Al Tuwaitha, Al Rustumiya and is lower than that
of rainfall in Baghdad in the study area . This indicates the
existence of modern recharge of well water from the waters of
the Tigris and Diyala rivers. Figure (6).
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Figure 6: Tritium content in the study area

4. Conclusions

Isotopic compositions were used in the current study to
identify the interaction between groundwater and surface water
(Tigris and Diyala River) south of Baghdad City. Based on
environmental isotopes, that there is a closeness in the values of
the two stable isotope concentrations (180 and 2H) in well water
and surface water. In the area of the study, indicates isotopic
signatures similar between groundwater and surface water in the
study area, helped in this the geological structures of the city
of Baghdad (the sedimentation of the sedimentary plain). The
depths of the wells few (4-12) m.

* EC values in the well water samples are high, and this proves
that the groundwater in the study areas is not valid to drink.

* It was found that the concentrations of well water of tritium
are relatively high, which indicates the modern feeding of these
wells from rainwater and interaction between water river and
Groundwater.

Acknowledgments

The authors thank the staff of isotopic laboratories in the
Ministry of Science and Technology for their support during
technical analysis. Our grateful thanks are also extended to Dr.
Kamal B.Al-paruany efforts and valuable comments

J Water Res, 2023

Volume 1 | Issue 1 | 54



References

1.

National Center for Water Management, 2013. Discharges
and water level data of Diyala and Al-Wand Riversand Al-
Wand reservoir Ministry of Water Resources, Report.
Abbas, D. A. (2019). Evaluation the interaction of Diyala
River and groundwater in Jisr Diyala area within Baghdad
city—Iraq (Doctoral dissertation, MSc. thesis, College of
Science, University of Baghdad).

Abd Al-Razzaq, M. A., Dawood , kh. S., Jassem , A.sh. and
Abraheem, D., 2013; Study the effect of groundwater on
Atshan River between Shanafya and Samawa city.

Dirican, A., Unal, S., Acar, Y., and Demircan, M. (2005).
The temporal and seasonal variation of H-2 and O-18 in
atmospheric water vapour and precipitation from Ankara,
Turkey in relation to air mass trajectories at Mediterranean
Basin. Isotopic composition of precipitation in the
Mediterranean Basin in relation to air circulation patterns
and climate, 191-219.

Ali, S. M. (2012). Hydrogeological environmental
assessment of Baghdad area. Department of Geology,
College of Science, University of Baghdad, Baghdad, Iraq,
6.

Liao, F., Wang, G., Shi, Z., Cheng, G., Kong, Q., et al.
(2018). Estimation of groundwater discharge and associated
chemical fluxes into Poyang Lake, China: approaches using
stable isotopes (6D and 6 18 O) and radon. Hydrogeology
Journal, 26(5).

Aguirre, E., Squeo, F. A., & Aravena, R. (2007).
APPLICATION OF STABLE ISOTOPES TO EVALUATE
GROUNDWATER RECHARGE OF A COASTAL
AQUIFER IN NORTH-CENTRAL CHILE AND ITS
ROLE IN VEGETATION DYNAMICSI. Advances in
Isotope Hydrology and its Role in Sustainable Water
Resources Management (IHS—2007), 21, 649.
Al-Charideh, A. (2011). Environmental isotope study
of groundwater discharge from the large karst springs
in West Syria: a case study of Figeh and Al-sin springs.
Environmental Earth Sciences, 63, 1-10.

Schmiedl, G., Pfeilsticker, M., Hemleben, C., and
Mackensen, A. (2004). Environmental and biological effects
on the stable isotope composition of recent deep-sea benthic
foraminifera from the western Mediterranecan Sea. Marine
Micropaleontology, 51(1-2), 129-152.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Singh, M., Kumar, S., Kumar, B., Singh, S., and Singh, L.
B. (2013). Investigation on the hydrodynamics of Ganga
Alluvial Plain using environmental isotopes: a case study
of the Gomati River Basin, northern India. Hydrogeology
Journal, 21(3), 687.

Craig, H. (1961). Isotopic variations in meteoric waters.
Science, 133(3465), 1702-1703.

Shamsi, A., and Kazemi, G. (2014). A review of research
dealing with isotope hydrology in Iran and the first Iranian
meteoric water line. Geopersia, 4(1), 73-86.

Ajena, A.R. (2014). Behavior of Natural Occurring Isotopes
in Water Resources in Shanafiya-Samawa Area (Doctoral
dissertation, MSc. thesis, College of Science, University of
Baghdad).

Hadi, S. H., and Alwan, H. H. (2020). Surface water-
groundwater interaction in diwaniya, southern iraq using
isotopic and chemical techniques. The Iraqi Geological
Journal, 89-112.

Zhou, J., Zhang, Y., Zhou, A., Liu, C., Cai, H,, et al. (2016).
Application of hydrochemistry and stable isotopes (6348,
0180 and 837Cl) to trace natural and anthropogenic
influences on the quality of groundwater in the piedmont
region, Shijiazhuang, China. Applied Geochemistry, 71, 63-
72.

Abdullah, E. J. (2010). Environmental factors affecting
diabetic patients in Baghdad City, a specific study in medical
geochemistry (Doctoral dissertation, Ph. D. thesis, College
of Science, University of Baghdad).

Jummah, M. S., and Al-Shammaa, A. M. (2020).
Hydrochemical assessment of groundwater of Euphrates
aquifer in Anah, Western Iraq for irrigation purposes. The
Iraqi Geological Journal, 121-133.

TAEA,2007; "Information Sheet on the new International
Measurement Standards VSMOW?2 and SLAP2," TAEA,
Isotope Hydrology Laboratory, Vienna, InfoSheet-
VSMOW2-SLAP2.doc,.

Ali, K. K., Al-Kubaisi, Q. Y., and Al-Paruany, K. B. (2015).
Isotopic study of water resources in a semi-arid region,
western Iraq. Environmental earth sciences, 74, 1671-1686.
Al-Paruany, K. B. (2013). Hydrochemical and isotopic
study of water resources between Haditha Dam and site of
Al-Baghdadi Dam. University of Baghdad, Baghdad.

Copyright: ©2023 Amer Abed Mohammed, et al. This is an open-access
article distributed under the terms of the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original author and source are credited.

J Water Res, 2023

https://opastpublishers.com

Volume 1 | Issue 1 | 55


https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Evaluation+the+interaction+of+Diyala+River+and+groundwater+in+Jisr+Diyala+area+withinBaghdad+city+%E2%80%93Iraq&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Evaluation+the+interaction+of+Diyala+River+and+groundwater+in+Jisr+Diyala+area+withinBaghdad+city+%E2%80%93Iraq&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Evaluation+the+interaction+of+Diyala+River+and+groundwater+in+Jisr+Diyala+area+withinBaghdad+city+%E2%80%93Iraq&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Evaluation+the+interaction+of+Diyala+River+and+groundwater+in+Jisr+Diyala+area+withinBaghdad+city+%E2%80%93Iraq&btnG=
https://www.osti.gov/etdeweb/servlets/purl/20674057#page=198
https://www.osti.gov/etdeweb/servlets/purl/20674057#page=198
https://www.osti.gov/etdeweb/servlets/purl/20674057#page=198
https://www.osti.gov/etdeweb/servlets/purl/20674057#page=198
https://www.osti.gov/etdeweb/servlets/purl/20674057#page=198
https://www.osti.gov/etdeweb/servlets/purl/20674057#page=198
https://www.osti.gov/etdeweb/servlets/purl/20674057#page=198
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=5.%09Ali%2C+S.M.%2C+2012%3B+Hydrological+environmental+Assessment+of+Baghdad+area%2C+Ph.D.+thesis%2C+University+of+Baghdad%2C+College+of+Science.+245p.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=5.%09Ali%2C+S.M.%2C+2012%3B+Hydrological+environmental+Assessment+of+Baghdad+area%2C+Ph.D.+thesis%2C+University+of+Baghdad%2C+College+of+Science.+245p.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=5.%09Ali%2C+S.M.%2C+2012%3B+Hydrological+environmental+Assessment+of+Baghdad+area%2C+Ph.D.+thesis%2C+University+of+Baghdad%2C+College+of+Science.+245p.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=5.%09Ali%2C+S.M.%2C+2012%3B+Hydrological+environmental+Assessment+of+Baghdad+area%2C+Ph.D.+thesis%2C+University+of+Baghdad%2C+College+of+Science.+245p.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=6.%09Liao%2C+F.%2C+Wang%2C+G.+C.%2C+Shi%2C+Z.+M.%2C+Cheng%2C+G.+Q.%2C+Kong%2C+Q.+M.%2C+Mu%2C+W.+Q.%2C+Guo%2C+L.%2C+2018.+Estimation+of+groundwater+discharge+and+associated+chemical+fluxes+into+Poyang+Lake%2C+China%3A+approaches+using+stable+isotopes+%28delta+D+and+delta+O-18%29+and+radon.+Journal+of+Hydrogeology%2C+26+%285%29%3A+1625%E2%80%931638&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=6.%09Liao%2C+F.%2C+Wang%2C+G.+C.%2C+Shi%2C+Z.+M.%2C+Cheng%2C+G.+Q.%2C+Kong%2C+Q.+M.%2C+Mu%2C+W.+Q.%2C+Guo%2C+L.%2C+2018.+Estimation+of+groundwater+discharge+and+associated+chemical+fluxes+into+Poyang+Lake%2C+China%3A+approaches+using+stable+isotopes+%28delta+D+and+delta+O-18%29+and+radon.+Journal+of+Hydrogeology%2C+26+%285%29%3A+1625%E2%80%931638&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=6.%09Liao%2C+F.%2C+Wang%2C+G.+C.%2C+Shi%2C+Z.+M.%2C+Cheng%2C+G.+Q.%2C+Kong%2C+Q.+M.%2C+Mu%2C+W.+Q.%2C+Guo%2C+L.%2C+2018.+Estimation+of+groundwater+discharge+and+associated+chemical+fluxes+into+Poyang+Lake%2C+China%3A+approaches+using+stable+isotopes+%28delta+D+and+delta+O-18%29+and+radon.+Journal+of+Hydrogeology%2C+26+%285%29%3A+1625%E2%80%931638&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=6.%09Liao%2C+F.%2C+Wang%2C+G.+C.%2C+Shi%2C+Z.+M.%2C+Cheng%2C+G.+Q.%2C+Kong%2C+Q.+M.%2C+Mu%2C+W.+Q.%2C+Guo%2C+L.%2C+2018.+Estimation+of+groundwater+discharge+and+associated+chemical+fluxes+into+Poyang+Lake%2C+China%3A+approaches+using+stable+isotopes+%28delta+D+and+delta+O-18%29+and+radon.+Journal+of+Hydrogeology%2C+26+%285%29%3A+1625%E2%80%931638&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=6.%09Liao%2C+F.%2C+Wang%2C+G.+C.%2C+Shi%2C+Z.+M.%2C+Cheng%2C+G.+Q.%2C+Kong%2C+Q.+M.%2C+Mu%2C+W.+Q.%2C+Guo%2C+L.%2C+2018.+Estimation+of+groundwater+discharge+and+associated+chemical+fluxes+into+Poyang+Lake%2C+China%3A+approaches+using+stable+isotopes+%28delta+D+and+delta+O-18%29+and+radon.+Journal+of+Hydrogeology%2C+26+%285%29%3A+1625%E2%80%931638&btnG=
https://www.academia.edu/download/32826887/Carrillo-Rivera_etal-oiea2007.pdf#page=666
https://www.academia.edu/download/32826887/Carrillo-Rivera_etal-oiea2007.pdf#page=666
https://www.academia.edu/download/32826887/Carrillo-Rivera_etal-oiea2007.pdf#page=666
https://www.academia.edu/download/32826887/Carrillo-Rivera_etal-oiea2007.pdf#page=666
https://www.academia.edu/download/32826887/Carrillo-Rivera_etal-oiea2007.pdf#page=666
https://www.academia.edu/download/32826887/Carrillo-Rivera_etal-oiea2007.pdf#page=666
https://www.academia.edu/download/32826887/Carrillo-Rivera_etal-oiea2007.pdf#page=666
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=8.%09Al-+Charideh+.+A.R.%2C+2010%3B+Environmental+isotope+study+of+groundwater+discharge+from+the+large+karst+springs+in+the+west+Syria%2C+environment+Earth%2C+23%282%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=8.%09Al-+Charideh+.+A.R.%2C+2010%3B+Environmental+isotope+study+of+groundwater+discharge+from+the+large+karst+springs+in+the+west+Syria%2C+environment+Earth%2C+23%282%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=8.%09Al-+Charideh+.+A.R.%2C+2010%3B+Environmental+isotope+study+of+groundwater+discharge+from+the+large+karst+springs+in+the+west+Syria%2C+environment+Earth%2C+23%282%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=8.%09Al-+Charideh+.+A.R.%2C+2010%3B+Environmental+isotope+study+of+groundwater+discharge+from+the+large+karst+springs+in+the+west+Syria%2C+environment+Earth%2C+23%282%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=9.%09Schmiedl%2C+G.%2C+M.+Pfeilsticker%2C+C.+Hemleben%2C+and+A.+Mackensen.+2004.+Environmental+and+biological+effects+onthe+stable+isotope+composition+of+recent+deep-sea+benthic+foraminifera%2C+from+the+western+MediterraneanSea.+Marine+Micropaleontology%2C+51%3A+129-152.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=9.%09Schmiedl%2C+G.%2C+M.+Pfeilsticker%2C+C.+Hemleben%2C+and+A.+Mackensen.+2004.+Environmental+and+biological+effects+onthe+stable+isotope+composition+of+recent+deep-sea+benthic+foraminifera%2C+from+the+western+MediterraneanSea.+Marine+Micropaleontology%2C+51%3A+129-152.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=9.%09Schmiedl%2C+G.%2C+M.+Pfeilsticker%2C+C.+Hemleben%2C+and+A.+Mackensen.+2004.+Environmental+and+biological+effects+onthe+stable+isotope+composition+of+recent+deep-sea+benthic+foraminifera%2C+from+the+western+MediterraneanSea.+Marine+Micropaleontology%2C+51%3A+129-152.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=9.%09Schmiedl%2C+G.%2C+M.+Pfeilsticker%2C+C.+Hemleben%2C+and+A.+Mackensen.+2004.+Environmental+and+biological+effects+onthe+stable+isotope+composition+of+recent+deep-sea+benthic+foraminifera%2C+from+the+western+MediterraneanSea.+Marine+Micropaleontology%2C+51%3A+129-152.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=9.%09Schmiedl%2C+G.%2C+M.+Pfeilsticker%2C+C.+Hemleben%2C+and+A.+Mackensen.+2004.+Environmental+and+biological+effects+onthe+stable+isotope+composition+of+recent+deep-sea+benthic+foraminifera%2C+from+the+western+MediterraneanSea.+Marine+Micropaleontology%2C+51%3A+129-152.&btnG=
https://www.researchgate.net/profile/Bhishm-Kumar/publication/235741650_Investigation_on_the_hydrodynamics_of_Ganga_Alluvial_Plain_using_environmental_isotopes_A_case_study_of_the_Gomati_River_Basin_northern_India/links/00463519cb4c834119000000/Investigation-on-the-hydrodynamics-of-Ganga-Alluvial-Plain-using-environmental-isotopes-A-case-study-of-the-Gomati-River-Basin-northern-India.pdf
https://www.researchgate.net/profile/Bhishm-Kumar/publication/235741650_Investigation_on_the_hydrodynamics_of_Ganga_Alluvial_Plain_using_environmental_isotopes_A_case_study_of_the_Gomati_River_Basin_northern_India/links/00463519cb4c834119000000/Investigation-on-the-hydrodynamics-of-Ganga-Alluvial-Plain-using-environmental-isotopes-A-case-study-of-the-Gomati-River-Basin-northern-India.pdf
https://www.researchgate.net/profile/Bhishm-Kumar/publication/235741650_Investigation_on_the_hydrodynamics_of_Ganga_Alluvial_Plain_using_environmental_isotopes_A_case_study_of_the_Gomati_River_Basin_northern_India/links/00463519cb4c834119000000/Investigation-on-the-hydrodynamics-of-Ganga-Alluvial-Plain-using-environmental-isotopes-A-case-study-of-the-Gomati-River-Basin-northern-India.pdf
https://www.researchgate.net/profile/Bhishm-Kumar/publication/235741650_Investigation_on_the_hydrodynamics_of_Ganga_Alluvial_Plain_using_environmental_isotopes_A_case_study_of_the_Gomati_River_Basin_northern_India/links/00463519cb4c834119000000/Investigation-on-the-hydrodynamics-of-Ganga-Alluvial-Plain-using-environmental-isotopes-A-case-study-of-the-Gomati-River-Basin-northern-India.pdf
https://www.researchgate.net/profile/Bhishm-Kumar/publication/235741650_Investigation_on_the_hydrodynamics_of_Ganga_Alluvial_Plain_using_environmental_isotopes_A_case_study_of_the_Gomati_River_Basin_northern_India/links/00463519cb4c834119000000/Investigation-on-the-hydrodynamics-of-Ganga-Alluvial-Plain-using-environmental-isotopes-A-case-study-of-the-Gomati-River-Basin-northern-India.pdf
https://hwbdocuments.env.nm.gov/Los Alamos National Labs/General/14259.PDF
https://hwbdocuments.env.nm.gov/Los Alamos National Labs/General/14259.PDF
https://geopersia.ut.ac.ir/article_51193_a0029a98378f7b460209f66fb0b1746c.pdf
https://geopersia.ut.ac.ir/article_51193_a0029a98378f7b460209f66fb0b1746c.pdf
https://geopersia.ut.ac.ir/article_51193_a0029a98378f7b460209f66fb0b1746c.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Behavior+of+Natural+Occurring+Isotopes+in+Water+Resources+in+Shanafiya-Samawa+Area&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Behavior+of+Natural+Occurring+Isotopes+in+Water+Resources+in+Shanafiya-Samawa+Area&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Behavior+of+Natural+Occurring+Isotopes+in+Water+Resources+in+Shanafiya-Samawa+Area&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Behavior+of+Natural+Occurring+Isotopes+in+Water+Resources+in+Shanafiya-Samawa+Area&btnG=
https://igj-iraq.org/igj/index.php/igj/article/download/258/259
https://igj-iraq.org/igj/index.php/igj/article/download/258/259
https://igj-iraq.org/igj/index.php/igj/article/download/258/259
https://igj-iraq.org/igj/index.php/igj/article/download/258/259
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=15.%09Zhou%2C+J.%2C+et+al.%2C+2016.+Application+of+hydrochemistry+and+stable+isotopes+%28%CE%B434S%2C+%CE%B418O+and+%CE%B437Cl%29+to+trace+naturaland+anthropogenic+influences+on+the+quality+of+groundwater+in+the+piedmont+region%2C+Shijiazhuang%2C+China.Applied+Geochemistry%2C+71%2C+63%E2%80%9372.+doi%3A10.1016%2Fj.+apgeochem.2016.05.018.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=15.%09Zhou%2C+J.%2C+et+al.%2C+2016.+Application+of+hydrochemistry+and+stable+isotopes+%28%CE%B434S%2C+%CE%B418O+and+%CE%B437Cl%29+to+trace+naturaland+anthropogenic+influences+on+the+quality+of+groundwater+in+the+piedmont+region%2C+Shijiazhuang%2C+China.Applied+Geochemistry%2C+71%2C+63%E2%80%9372.+doi%3A10.1016%2Fj.+apgeochem.2016.05.018.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=15.%09Zhou%2C+J.%2C+et+al.%2C+2016.+Application+of+hydrochemistry+and+stable+isotopes+%28%CE%B434S%2C+%CE%B418O+and+%CE%B437Cl%29+to+trace+naturaland+anthropogenic+influences+on+the+quality+of+groundwater+in+the+piedmont+region%2C+Shijiazhuang%2C+China.Applied+Geochemistry%2C+71%2C+63%E2%80%9372.+doi%3A10.1016%2Fj.+apgeochem.2016.05.018.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=15.%09Zhou%2C+J.%2C+et+al.%2C+2016.+Application+of+hydrochemistry+and+stable+isotopes+%28%CE%B434S%2C+%CE%B418O+and+%CE%B437Cl%29+to+trace+naturaland+anthropogenic+influences+on+the+quality+of+groundwater+in+the+piedmont+region%2C+Shijiazhuang%2C+China.Applied+Geochemistry%2C+71%2C+63%E2%80%9372.+doi%3A10.1016%2Fj.+apgeochem.2016.05.018.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=15.%09Zhou%2C+J.%2C+et+al.%2C+2016.+Application+of+hydrochemistry+and+stable+isotopes+%28%CE%B434S%2C+%CE%B418O+and+%CE%B437Cl%29+to+trace+naturaland+anthropogenic+influences+on+the+quality+of+groundwater+in+the+piedmont+region%2C+Shijiazhuang%2C+China.Applied+Geochemistry%2C+71%2C+63%E2%80%9372.+doi%3A10.1016%2Fj.+apgeochem.2016.05.018.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=15.%09Zhou%2C+J.%2C+et+al.%2C+2016.+Application+of+hydrochemistry+and+stable+isotopes+%28%CE%B434S%2C+%CE%B418O+and+%CE%B437Cl%29+to+trace+naturaland+anthropogenic+influences+on+the+quality+of+groundwater+in+the+piedmont+region%2C+Shijiazhuang%2C+China.Applied+Geochemistry%2C+71%2C+63%E2%80%9372.+doi%3A10.1016%2Fj.+apgeochem.2016.05.018.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=16.%09Abdullah%2C+E.+J.%2C+2010%3B+Environmental+factors+affecting+diabetic+patients+in+Baghdad+City%2C+a+specific+study+in+medical+geochemistry%2C+Ph.D.+thesis+%2C+Collegeof+Science%2C+University+of+Baghdad%2C+195p.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=16.%09Abdullah%2C+E.+J.%2C+2010%3B+Environmental+factors+affecting+diabetic+patients+in+Baghdad+City%2C+a+specific+study+in+medical+geochemistry%2C+Ph.D.+thesis+%2C+Collegeof+Science%2C+University+of+Baghdad%2C+195p.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=16.%09Abdullah%2C+E.+J.%2C+2010%3B+Environmental+factors+affecting+diabetic+patients+in+Baghdad+City%2C+a+specific+study+in+medical+geochemistry%2C+Ph.D.+thesis+%2C+Collegeof+Science%2C+University+of+Baghdad%2C+195p.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=16.%09Abdullah%2C+E.+J.%2C+2010%3B+Environmental+factors+affecting+diabetic+patients+in+Baghdad+City%2C+a+specific+study+in+medical+geochemistry%2C+Ph.D.+thesis+%2C+Collegeof+Science%2C+University+of+Baghdad%2C+195p.&btnG=
https://igj-iraq.org/igj/index.php/igj/article/download/214/308
https://igj-iraq.org/igj/index.php/igj/article/download/214/308
https://igj-iraq.org/igj/index.php/igj/article/download/214/308
https://igj-iraq.org/igj/index.php/igj/article/download/214/308
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=19.%09Ali%2C+K.K.%2C+Al-Kubiasi%2C+Q.Y.+and+Al-Paruany+%2C+K.B.%2C+2015%3B.+Isotopic+study+of+water+resources+in+a+semi+arid+egion+western+Iraq.Environmental+Earth+Sciences.+Environ+Earth+Sci+Vol.74%2C+No.2.+74%2C+pp1671+%E2%80%93+1686&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=19.%09Ali%2C+K.K.%2C+Al-Kubiasi%2C+Q.Y.+and+Al-Paruany+%2C+K.B.%2C+2015%3B.+Isotopic+study+of+water+resources+in+a+semi+arid+egion+western+Iraq.Environmental+Earth+Sciences.+Environ+Earth+Sci+Vol.74%2C+No.2.+74%2C+pp1671+%E2%80%93+1686&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=19.%09Ali%2C+K.K.%2C+Al-Kubiasi%2C+Q.Y.+and+Al-Paruany+%2C+K.B.%2C+2015%3B.+Isotopic+study+of+water+resources+in+a+semi+arid+egion+western+Iraq.Environmental+Earth+Sciences.+Environ+Earth+Sci+Vol.74%2C+No.2.+74%2C+pp1671+%E2%80%93+1686&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=20.%09Al-Paruany%2C+K.B.%2C+2013%3B+Hydrochemical+and+isotopic+study+of+water+resources+between+Haditha+Dam+and+site+of+Al-Baghdadi+Dam.+Ph.D.Thesis+College+of+Science+University+of+Baghdad.+Baghdad.Iraq.137P&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=20.%09Al-Paruany%2C+K.B.%2C+2013%3B+Hydrochemical+and+isotopic+study+of+water+resources+between+Haditha+Dam+and+site+of+Al-Baghdadi+Dam.+Ph.D.Thesis+College+of+Science+University+of+Baghdad.+Baghdad.Iraq.137P&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=20.%09Al-Paruany%2C+K.B.%2C+2013%3B+Hydrochemical+and+isotopic+study+of+water+resources+between+Haditha+Dam+and+site+of+Al-Baghdadi+Dam.+Ph.D.Thesis+College+of+Science+University+of+Baghdad.+Baghdad.Iraq.137P&btnG=

