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Abstract

Rainwater samples were collected from different areas in Baghdad city of 9 samples for the
rainy season 2007-2008, and 14 samples for the rainy season 2008-2009. The objective of this
work is to identify the chemical and physical properties as well as isotopes contents of the
rainwater, in addition, the LMWL was also carried out for the rainwater in Baghdad city. The
results show that the pH was in the range from (5.5-6.44) which is moderately acidic and the
TDS was in the range (84-189 ppm). As for cations and anions concentrations, they were in
the range of (11.59-28 mg/l) for Sodium, (0.05-1.05 mg/l) for Potassium, (2.2-9.7 mg/l) for
Magnesium, (11.22-36.2 mg/l) for calcium, (17.5-39.82 mg/l) for chloride, (18.3-49.57 mg/l)
for Bicarbonate and (12.47-38.34 mg/l) for sulfate. On the other hand, the isotopic
concentrations of 9 samples of rainwater, which include Deuterium, and Oxygen-18, were
determined to be in the range of (-0.79-7.25%o) and (-48.78-18.75%o) respectively. The local
meteoric water line for Baghdad city is represented by the following equation: (?H = 8.538 *
180 + 26.175).

Key words: rainwater, chemical, isotopic content.
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Introduction

The rainwater or precipitation is considered as the beginning of hydrological cycle on the
terrestrial [1], and the effective parameter in surface and groundwater recharge, where most
studies of water resources require water balance to calculate the water surplus available from
rainwater. The climate of study area lies within the semi-arid region and effected by
Mediterranean climate which characterized by rare rainfall of less than 200 mm.[2]

The importance of determining the physical and chemical properties of the rainwater is
considered as the first step in a number of studies of environmental and climatic changes as

well as the impacts and air transport of pollutants [3].
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The importance of studying isotopes characteristics and its concentrations in rainwater is to
verify scientific facts of any study on water resources and other studies dealing with this
object, there are two types of using this approach, the first one is radioactive isotope such as
Tritium and the second one is stable isotopes such as Deuterium and Oxygen-18 [4].
Rainwater is considered as a good cleaner for atmosphere through removing the suspended
dust particles in high layers of air by complex reactions [5]. So the chemical contents of
rainwater reflect the amount of dissolved dust from air, and they vary within locations and
from rain storm to another. The sources of dust particles in atmosphere come from the sea
salt, continental aerosol, biogenic material and anthropogenic release, where these sources are
controlling the chemical composition of rainwater by dissolving in rain and giving the
chemical content behavior of rainwater [6].

Generally, the physical and chemical contents of rainwater represent the amounts of dissolved
solids and particles in the atmosphere, and the chemical composition of rain are changed due
to the amount of dust in high layers of air because the fresh vapor from the sea is changed
during transition phase from the sources until precipitation. This mechanism of changing in
chemical and isotopic content is called fractionation of contents.

The main objective of this work is to put a corner stone in the observation network creation in
order to evaluate changing in rainwater quality in Iraq as well as identifying the physical,
chemical and isotopic contents to use this data in various studies of water resources
management.

Baghdad city lies in the center of Iraq, within the latitude (33° 10" -33° 29'N) and longitudes
(44° 09'- 44°33'E ) with an area of about 1350 km? [7] and the elevation is about 34 (m a.s.l.).
The climate of Baghdad city is mainly arid to semi-arid, in correspondence to Mediterranean
climate which affecting the region. According to the meteorological information during the
period (1981 — 2000), the annual mean of meteorological data for rainfall is approximately
140 mm, relative humidity is (45 — 46) %, evaporation is about 3300 mm, temperature is 23°
C and the wind speed is range of (3 — 3.5) m/sec. [8]
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Materials and methods

This study has included two steps which are described as following:

1-Water sampling

Rainwater sampling was done manually by distributing plastic dishes with 90 cm diameter in
random locations of the city of Baghdad, those dishes were placed on the roofs at 1 m height
from the surface when it starting precipitation. Then they were emptied into plastic containers
at the end of rain to avoid the effects of evaporation, later these samples were transported to
the laboratory. The use of this method was as an alternative to sampling network which is not
available in Baghdad city. The samples were collected during two rainy seasons from location
pointed in map shown in figure.1.

a - Nine samples were taken from rainwater during rainy season of (2007-2008).

b - Fourteen samples were taken from rainwater during rainy season (2008-2009).

m—— Rivers
Boundary of study area
o Sampling Station

Fig. 1. Location map of study area with sampling points.
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2-Laboratory work
The laboratory work included the analysis of major ions (such as: Na, K, Ca, Mg, Cl, SO,
HCO3), in addition to the pH and Ec which were done for (2008-2009) rainy season samples.
These analyses were carried out according to the standard methods in the Ministry of Science
and Technology laboratories. [9,10]. As for the Isotopic contents were analyzed in the
Jordanian Water Authority-Jordan, for the samples of (2007-2008) rainy season. These
analyses included the measurements of Deuterium (°H), and Oxygen-18 (*30).
3-Local Meteoric Later Line (LMWL)
Local meteoric water line (LMWL) is one of important factors in using the environmental
isotopes as tracer techniques in surface and groundwater studies [4], the goal of LMWL is to
measure the fractionation process which happens on vapor from sources until reaching the
rain points on continental area.
The environmental isotopes are considered as a good tracer regarding their properties like,
mobile, soluble and not retained by the soil or aquifer materials. That means the tracer should
be conservative and easily measurable. [11]
The Oxygen exists naturally in three stable isotopes: %0, 'O, and 0. The ratios of their
abundances are 99.76%, 0.04% and 0.20%, respectively. So the 0/ ®O ratios are used
because of their higher abundances and the greater mass difference between %0 and 80. The
hydrogen is also existed in nature forming three isotopes: 'H, 2H, 3H, their relative natural
abundances are 99.9885%, 0.0115%, respectively. The °H is abundance naturally in
atmosphere in small amount because of reaction of cosmic rays with gases in the atmosphere
layers. The basic determination of isotopic ratios is difficult work, so the result, as a relative
isotopic ratios are measured as shown in the equation below. [12]

880 = (Rsample/Rstandard-1)x1,000,
Where:
3180 = relative difference in concentration, in units of parts per thousand.
Rsample = 20/*%0 in the sample.

Rstandard = l80/160 in the standard.
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Generally the fractionation is the change in *0/°0 from the sea vapor as a source point to the
rainfall, the vapor deals with many processes during the movement just like condensation,

temperature and height, which effect on the ratio.

Results
Tables (1) show the results of physical and chemical contents obtained for the samples of
rainwater for the (2008-2009) season, while table (2) shows the statistical analysis for the
chemical results for (2008-2009) samples. Table (3) shows the isotopic contents results of
rainfall samples for the rainy season (2007-2008).
Table (4) shows the accuracy of chemical analysis results for (2008-2009) samples, which are

in range of (-1.2% to 5.53%), and those accuracies are acceptable for interpretation. [13]

Table 1: Chemical contents of 2008-2009 samples in mg/I.

Ec
Sal\’gp'e location pH | (us/c |TDS| Na | K | Mg | ca | CI | SOs | HCOs
. o)
R1 Al-Mashtel | 6.07 | 171 | 166 | 15 | 066 52 | 32 | 39 | 22 | 366
R2 Sadr city 587 | 178 | 160 | 22 |008| 62 | 20 | 35 | 28 | 444
R3 Ubidy 578 | 190 | 150 | 13 |068| 24 | 16 | 276 | 43 | 383
R4 Ameriya 631 | 185 | 168 | 135 |024| 22 | 362 | 31 | 26 | 335
R5 Al-Wazeriya | 6.2 | 145 | 123 | 19 | 087 | 51 | 16 | 175 | 28 | 245
R6 Al-karrada 59 | 143 | 120 | 14 |055] 82 | 12 | 202 | 235 | 24.4
R7 Al-Zafaraniya 5.75 114 96 20 09 | 3.1 12 19.5 19.4 18.3
R8 Al-Durra 58 | 118 | 95 | 18 |003| 65 | 12 | 226 | 199 | 183
RO | Al-Kadhmiya | 6.2 | 190 | 189 | 22 | 043 | 75 | 288 | 299 | 352 | 46.9
R10 Baladiyat 66 | 158 | 134 | 28 | 072 6.7 | 248 | 199 | 175 | 27.8
RI1 Al-Shaab 66 | 118 | 96 | 127 | 043 | 7.7 | 11.22 | 204 | 156 | 24.4
RI12 Al-Adil 64 | 155 | 137 | 119 | 0.31 | 4.85 | 18.02 | 34.98 | 22.1 | 24.4
R13 | Shiekh Maaruf | 6.43 | 129 | 127 | 142 | 0.63 | 3.38 | 24.43 | 24.98 | 18.6 | 27.45
R14 Yarmmok 6.44 | 149 | 130 | 147 |073| 9.7 | 18.02 | 34.98 | 22.8 | 24.4
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Table 2: Basic statistics of chemical contents of 2008-2009 samples.

pH | Ec | TDS | Na | K | Mg | Ca | CI | SO4 | HCOs

No. of values 14 14 14 14 14 14 14 14 14 14
Minimum 575 | 114 95 1191003 | 22 |11.2 | 175|156 18.3
Maximum 6.6 | 190 | 189 28 | 09 | 9.7 | 36.2] 39 43 46.9

Mean 6.16 | 153 | 135 17 | 05 | 56 | 201269244 | 295

Standard deviation | 0.30 | 26.9 | 28.9 46 | 0.2 | 2.2 8 71 | 7.3 9

Table 3: Isotopic contents of 2007-2008 samples.

Sal\r::)‘_"e 8 O18+0.15 %o vs smow | & D 1.0 % vs smow | Dexcess
R1 0.79 18.75 17.96
R4 -2.91 9.68 12.59
R5 -2.37 13.56 15.93
R6 -2.87 8.37 11.24
R7 -2.26 14.3 16.56
RS -2.72 9.07 11.79
R10 -1.82 2.15 3.97
R12 -3.08 3.67 6.75
R13 -7.25 -48.78 41.53

Table 4: Accuracies of results for 2008-2009 samples.

SAPIE | TDSpess | TDSu | (TDSmess-TDSca)/ (TDSmess +TDSea) * 100
R1 166 150.46 4.910571

R2 160 155.68 1.368477

R3 150 140.98 3.099871

R4 168 142.64 8.163791

R5 123 110.97 5.141684

R6 120 102.85 7.69576

R7 96 93.2 1.479917

R8 95 97.33 -1.21146

R9 189 170.73 5.078811

R10 134 125.42 3.307379

R11 96 92.45 1.88379

R12 137 116.56 8.06121

R13 127 113.67 5.538705

R14 130 125.33 1.829005
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Discussion
A-Chemical content
1-pH variation
Samples indicate a pH variation in range of (5.75 - 6.6) while the mean is (6.16) with standard
deviation of about (0.3). Generally, natural pH is wildly acidic [14], the pH in this study
reflects the acidity characterization because of dissolved the naturally exist gases just like
CO2, NO2, and SOg, in addition to the gases released from consumptions.[15] Fig 2-a shows
the variation of pH in the study area.
2-TDS and Ec variations
TDS and Ec are very significant parameters describing the chemical constituents of the water
[16]. In the present study, the TDS are in the range of (95-189 mg/l) and the Ec (114-190
uS/cm). The variation of values reflects the amount of dissolved dust in rainwater during
storm. Fig 2-b, ¢ shows the variation of TDS and Ec in the study area, the noticeable things
from the maps that the increasing direction were from the middle of study towards outside the
area, that means the area over Tigris river is the lowest concentration and the values are
increasing outside. The TDS concentration reflects that rainwater is classified as fresh water,
because it is under the upper limit of fresh water which is 1000 mg/l. The relation coefficient
between TDS and EC are represent by liner regression equation as shown in figure 3, which
reaches about 90%.
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Fig. 2: Physical properties variations of rainwater samples in study area.
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Fig 3: the linear regression relations between TDS (mg/l) and Ec (uS/cm).

3-Major Cations variations (Na, K, Ca, Mg)

The concentrations of sodium were in range of (11.9 to 28 mg/l). The concentrations are
within the normal values, and the sources of this cation is from seawater and non-seawater.
The concentration of potassium was in range of (0.03 to 0.9 mg/l). The source of the
potassium is derived from erosion and geological processes for clay which allow fine grains
to be suspended in high layer of air. Fig 4-a, b shows the variation pattern of sodium and
potassium.

The concentrations of Mg cations were in range of (2.2 to 9.7 mg/l) and for Ca (11.2 to 36.2
mg/l), the source for these cations comes from geological processes and from human activity
such as mining. Fig. 4-c, d shows the variation of Ca and Mg, which refers to be the opposite
of sodium and potassium behaviors that the increasing of Mg and Ca cations concentration is

to be found in the middle of study area.
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c-ba ' ' N d-Mg

Fig. 4: Cations variations of rainwater samples in study area.

4-Major Anion variations (Cl, SO4, HCO3)

The concentrations of Cl, SO4, and HCOs are in range of (17.5 to 39.82 mg/l), (12.47 to 45.58
mg/l) and (18.3 to 49.57 mg/l) respectively. The source of chloride comes from seawater and
non-seawater origin. As for SO4 and HCOs3, they come from gases released from human
activities such as refinery and electricity generators, and natural geological processes. Fig. 5

shows the variation of these anions in the study area.
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Fig. 5: Anions variations of rainwater samples in study area.
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B-Isotopes contents

1-Deuterium (?°H) and Oxygen-18 (*30) variations:

These elements represent the stable isotopes of Hydrogen and Oxygen respectively. They are
in range of (-7.25%. t0 0.79%. ) for Deuterium and (-48.7%. to 18.75%.) for Oxygen-18. Fig.

6-a, b shows the variation of Deuterium and Oxygen-18 in the study area.

wkm

a-?H b-130

Fig. 6: Isotopes contents variations of rainwater samples in study area.

2-Local Meteoric Water Line (LMWL)

Table 4 shows the values of deuterium and oxygen-18, the values of 2H and 20 reflect the all
process and fractionation on its content happen from the sources until it rains in Baghdad. The
deuterium access is represented by linear regression which is known as meteoric water line
(MWL). Craig, 1961 carried out the global meteoric water line. The global Deuterium access
was 10, according to the equation (8°H = 8 * §'®0 + 10) [17]. Dansgrad, 1972 give the
Mediterranean meteoric water line in the equation (8°H=8* &80 + 22) [18]. Fig. 7 shows the

linear regression of stable isotopes data (?H and *80) in present study.
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Fig. 7: Linear regression of ?H and 0 (LMWL) for Baghdad in this study.

The previous studies to identified the meteoric water line in Irag have only been started
recently, Mawlood, 2003 [19] studied the Erbil-Hajji Omaran meteoric line in the northern
part of Irag which was represented by (8°H= 8 $'80 + 20). Ali, in 2012 [7] studied the local
meteoric water line in Baghdad and was represented by (8°H = 8.6 680 + 17.48), and Al-
Barwany, in 2013 [20] described the rainwater sampling collected from 18 station which
covered Iraq areas and presented the following equation (8°H =7.5735'80+13.82) .

All these equations have slope value of about 8 and different intercept values. The intercept
values refer to the depletion in deuterium access due to variation in environmental factors that
affect the value of deuterium access. In Ali's work, 2012, sampling of rainwater depended
only on one station in Baghdad at deferent times, so it refers to temporal variation. Whereas in
this work the method of sampling depended on several stations distributed in Baghdad and
have samples at the same time so the study concerns with the spatial variations in deuterium

access.
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Fig. 8: comparison of baghdad LMWL in this study with the previous study

The equation for deuterium access for Baghdad in this study is described as (5°H = 8.538 *
380 + 26.175) which reflects the high deuterium access. The value of deuterium access
reflects the effect of rising air temperature parameter.

The variation between local meteoric water line in Baghdad with global and local lines in
surrounding regions shown in table 5. which clearifies that the local meteoric line of Baghdad
is close to the Meditrrranean line, that refers to the same origin of vapor but that variation in
distance from the source point which is the Mediterranean Sea, the fractionation of oxygen

isotopes are reflecting the evaporation process due to rise of temperture degrees in baghdad.

Table 5: Meteoric water lines for global and local surrounding areas.

Meteoric water line Correlation equation Reference
Global meteoric water ’H=8.13*'%0 +10.8 Craig, 1961 [17]
Mediterranean meteoric water H=8~*180+22 Dansgrad, 1971 [18]
Baghdad meteoric water ’H = 8.538 * 10 + 26.175 Present study
Tehran meteoric water ’H=6.46 * 80 + 0.24 IAEA data base
Lebanese Meteoric water ’H=7.13 * 80 + 15.98 Saad, et al., 2005 [21]
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Conclusion

Rainwater chemical content and its variation in Baghdad city have been identified for 2008-
2009 rainy season in addition to isotopic content for 2007-2008 rainy season. The study
includes the pH, Ec and TDS in addition to major ions concentrations as described in tables
1,2. All the chemical cationes and aniones are in the limites of fresh water and the variations
depend on the amount of areosoles dissolving and gases in the air from natural and humman
acitivities.

The isotopic content reflects the depleted 20, because of many factors, such as the far away
form sources and evaporation due to high temperature of air. The local meteoric water line for
Baghdad city indicate the effect of rising air temperature. The compareson between LMWL
with other results such as Ali, 2012 reflected the difference in sampling pattern.

Finally, a sampling network is recommended to be established for Iraq to set up a database to
be used in diffirent studies of environmental effecs on rainwater composition and to identify

the changing pattern with high accuracy.
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