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Abstract

The Euphrates River is one of the most important sources of running water
in Iraq. In this study, the dissolved and suspended heavy metals in the Euphrates
River are measured by taking water samples from four different sites between
three provinces Babylon, Al-Najaf, and Al-Diwaniyah. The results of the samples,
which were taken between May 2013 and April 2014, showed that the values of
cadmium (imperceptible -0.075) ppm for the dissolved and (0.0043 to 0.2705) ppm
for the suspended, while the values of lead ranged between (imperceptible -
0.0232) ppm for the dissolved and (0.0045-0.148) for the suspended and for zinc,
recorded (imperceptible— 0.0168) ppm for the dissolved and recorded (0.0115 -
0.316) ppm for the suspended; for copper between (imperceptible — 0.0273) ppm
for the dissolved and (0.0062 — 0.063) ppm for the suspended and for chromium
between (imperceptible —0.0193) ppm for the dissolved and between (0.0043-
0.0449) ppm for the suspended and manganese between (imperceptible -0.0256)
ppm for the dissolved and between (0.0085-0.0739) ppm for the suspended
manganese. All the above confirms the pollution of the river water with heavy
metals.
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Introduction

The largest freshwater in West Asia
is the Euphrates. It starts in Turkey, flows
through Syria, enters Irag from the west,
and empties into Shatt Al-Arab. The safety
of surface water, including river water,
depends greatly on natural and
anthropogenic processes like mining and
throwing domestic waste, agricultural and
industrial waste, which serves as an
ongoing source of pollution for this water
[1]. Water pollution also results from
other sources like untreated or
inadequately treated waste and animal
excrement, pollution may occur naturally
as chemicals like arsenic and fluoride
enter the waterway through these natural
processes [2]. Due to the depletion of
freshwater resources over the past few
decades brought on by increasing
population, economic progress, and social
advancement, there has been an increase
in demand for surface and groundwater
sources to supply the varied needs
resulting from this growth [3, 4].

Unpolluted water is a vital natural
resource. It is important for drinking,
irrigation, agriculture, industry, and animal
husbandry, in addition to being a

recreational source such as swimming and

recreation. Many large rivers in the world

suffer from pollution resulting from
human activities, especially in recent
centuries [5]. Heavy metals have a major
influence on water quality, and numerous
studies, including [6, 7], have supported
this. Determining the concentrations of
various dissolved and suspended heavy
metals in the Euphrates River was the
target of this work for determine the
extent of river pollution with heavy

metals.

Material and methods
Study area and water samples

collection:

Four sites throughout the major
Euphrates River basin were chosen to

collect the samples of the current study

(Table 1) and (Figure 1). Three-liter
polyethylene bottles were used to collect
water samples from 20-30 cm deep in the
upper and middle streams every month
from the study sits between May 2013
and April 2014. Following the collection of
the water samples, the technique
described in [8] was used to filter the
samples using specialized filter papers
(Millipore Filter paper 0.45 m) in order to
determine the levels of the dissolved
metals, while the method described in [9].
Least Significant Difference (LSD) use to

find the least significant difference.
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Sites

Al Kifil
Al Kufa

Al
Mishkhab

Al
Shinafiyah

Table 1. Study Sites by GPS

East longitude

44°21'45.00"
44°24'38.80"

44°31'09.04"

44°38'47.01"

was used to

North

latitude

32°13'10.20"

32°02'15.10"

31°45'33.01"

31°34'49.05"

determine the

concentration of suspended heavy metals
using filter papers. Flame Atomic
Absorption Spectrophotometer (model
Shimadzu AA-6300) was used to measure
the concentration of dissolved and
suspended heavy metals, and the results

were presented in ppm.

Sample site
et RO @A S
—EUuphrates River

Borders of Provinces

Figure (1) Map of the study places
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Results

Dissolved cadmium values in the
fourth and first sits varied between (0.075
ppm - undetectable) in May which is the
highest value recorded in site 1, Figure (2.
a) and the highest value for suspended
cadmium was 0.2705 ppm in April at the
second site, while the lowest value was
0.0043 ppm in May at the fourth site
Figure (2. b). The statistical analysis's
results indicated that there were clearly
significantly different among the sites and
the months for the two types of cadmium,
suspended and dissolved (p < 0.05), (Table
2).

It is clear as in Figures (3. a) and (3.
b) the highest value of dissolved lead is
0.0232 ppm recorded in December in the
second site, and the lowest
(imperceptible) value in the second site in
October. As for suspended lead, the
highest value was 0.148 ppm in December
in the third site, and the lowest value was
0.0045 ppm in October in the second site.
It is evident from the statistical analysis (p
< 0.05) that there are distinct significant
differences between the sites and
significant  differences between the
months for both dissolved and suspended

lead (Table 2).

The results show that the range of

dissolved zinc levels was between (0.0186
ppm - imperceptible) at the second site in
February and January, respectively Figure
(4. a). As for suspended zinc, it fluctuated
from 0.316 ppm in April in the third site
and 0.0115 ppm in June at the fourth site
Figure (4. b). There were significant
variations between the months and the
sites according to the statistical analysis (p
< 0.05) for the two forms of dissolved and

suspended zinc (Table 2).

The values of dissolved copper
fluctuated between (0.0273 ppm -
imperceptible), which is the highest value
dated in February in the fourth site, and
the least value recorded in September in
the second site Figure (5. a). As for
suspended copper, its highest value was
recorded at 0.063 ppm in the first site in
February, whereas its lowest value was
attained 0.0062 ppm in July in the first site
as well, Figure (5. b). It is evident from the
statistical analysis's findings that there are
different significant variations between
the sites as well as between the months
for each of the dissolved and suspended

copper (Table 2).

The values of dissolved chromium

ranged between (0.0193

ppm -
imperceptible), which is the highest value

observed in September at the second site,
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and the lowest value recorded in June in
the first and third sites, in January in the
third and fourth sites, and in May and
September in the fourth site Figure (6. a)
While the suspended chromium values

ranged between (0.0043 ppm - 0.0449
ppm), the first site recording the highest
value in March and the fourth site
recording the lowest value in May, Figure
(6. b). The statistical analysis findings that
there are substantial variations between
sites as well as between months for both
dissolved and suspended chromium, (p <

0.05). (Table 2).

The outcomes further recorded
that the greatest value of dissolved
manganese was 0.0256 ppm in April in the
third site, the lowest was imperceptible in
December in the third site and in July in
the fourth site Figure (7. a). As for
suspended manganese, the highest value
was 0.0739 ppm in the first site in
November, and the least amount was
0.0085 ppm in July in the fourth site Figure
(7. b). The statistical analysis showed that
there were substantial variations between
the months as well as the sites for both
dissolved and suspended manganese (p <

0.05) (Table 2).

Discussion

One of the most significant types
of pollution in the environment is heavy
metals, which can come from either
natural or human sources. [10-13].
Sediments are the source and final place
for heavy metals in the water [14]. The
results showed an increase in heavy
metals in suspended as compared with
dissolved form, and this may be due to the
tendency of heavy metals to move from
dissolved forms to suspended forms due
to increased adsorption and bonding with
clay, organic materials, and particle
matter surfaces in the water column [15].
The release of trace elements in the water
and sediment column and their movement
depends on many factors including pH,
manganese oxides, iron and reducing

potential [14].

As the pH affects the solubility of
metal ions, the weak acidic conditions
limit the adsorption of heavy metals to
solutions and increase their
deposition[16], which restores the
adsorption of insoluble mineral complexes
on sediments including silica and clay
reach the water column, and this affects
the vital readiness of heavy metals. [12]
and causes the release of heavy metals by

dissolving unstable metal compounds or

through the formation of insoluble
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mineral sulfates [17], while increasing the
pH causes the transformation of heavy
metals from the dissolved form to the

suspended form [18].

The quantity of heavy metals is
impacted by municipal garbage and waste
put into water systems. The concentration
of these metals in water is also impacted
by rainfall and atmospheric decomposition
processes. [16, 19]. Salinity plays a major
role in the lack of toxicity of heavy metals
in aquatic organisms, by forming
complexes, which makes the metal
unavailable biologically, and then its
deposition [20]. The increase in water
hardness causes an increase in the toxicity
of many heavy metals in an aquatic
environment due to the formation of a
complex of elemental and calcium
carbonates, and this depends on the
exponent The increase in the pH increases

the toxicity [21].

The high concentrations of heavy
metals in the cold months during the
current study may be due to the influx of
eroded materials from the river shoulders
containing the concentrations of heavy
metals, in addition to the rates of
discharge from farms and factories,
sewage water, sediment dissolution, and

an increase in bioaccumulation and

chemical adsorption on the sediments [22]
and The findings of the present
investigation were consistent with those
of [23] on the Euphrates River and [24]

on the Nile River.

It is also apparent that during
other high-temperature months, there is
an increase in the concentration of heavy
metals, which due to increase the rates of
vaporization and breakdown of organic
materials, particularly the dead parts of
living organisms, and a reduce in the
uptake of these metals by living
organisms, In addition, the majority of
these metals are reduced by anaerobic
bacteria, such as sulfur-decomposing
bacteria, which analyze organic materials
mixed with heavy metals subsequently,
increasing the amount of heavy metals in
the water [25], and the concentration of
these metals increases in the suspended
phase at times when the sulfates in the
water rise, to form sulfates of insoluble

metals [26].

As for the positional differences,
they are due to the different rates of
discharge  of industrial  pollutants,
household waste, and agricultural land
waste [27], or to the difference in wind
speed, as the increase in turbulence

increases the rates of release of heavy
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metals from the sediments into the water Accessed by [29].

column [28], and this agrees with what
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Figure (2.a) Variations in dissolved cadmium concentrations in the study sites
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Figure (2.b) Variations in Suspended cadmium concentrations in the study sites
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Dissolved Lead (mg/l)
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Figure (3.a) Variations of dissolved lead concentrations in the study sites
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Figure (3.b) Variations of Suspended lead concentrations in the study sites
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Figure (4.a) Variations of dissolved Zinc concentrations in the study sites
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Figure (4.b) Variations of Suspended Zinc concentrations in the study sites
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Figure (5.a) Variations of dissolved Copper concentrations in the study sites
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Figure (5.b) Variations of Suspended Copper concentrations in the study sites
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Figure (7.a) Variations of dissolved Manganese concentrations in the study sites
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Figure (7.b) Variations of Suspended Manganese concentrations in the study sites

Table 2. The range (first line) and meant standard deviation (second line) and of Heavy

metals of the study sites.

¢ = Not Detection (Imperceptible)

Heavy Metals

Dissolved Cadmium

(ppm)

Suspended

cadmium (ppm)

Dissolved lead

(ppm)

Suspended lead

(ppm)

Dissolved zinc (ppm)

Suspended zinc

(ppm)

S.1

0.077-0.001

0.008 £0.014

0.085-0.008

0.020 £0.021

0.013 -0.001

0.004 £ 0.007

0.046-0.013

0.009 +0.024

0.015-0.002

0.004 +0.008

0.065-0.012

0.018 +0.029

S.2

0.02 -0.002

0.005+0.01

0.271-0.007

0.002 +0.042

0.023 - N.D.

0.006 + 0.008

0.037-0.004

0.008 +0.019

0.019 -N.D.

0.006 + 0.008

0.299-0.012

0.095 +0.122

S.3

0.013-0.001

0.004 £ 0.007

0.09-0.013

0.026 £ 0.034

0.020-0.01

0.006 + 0.007

0.150-10.015

0.042 +0.052

0.017-0.001

0.005 +0.008

0.318-0.012

0.043% 0.068

S.4

0.014-N.D.*

0.004 + 0.006

0.032 -0.004

0.007 +0.018

0.019-0.001

0.006 -0.010

0.035-0.012

0.006 +0.019

0.01-0.001

0.003 + 0.006

0.29-0.011

0.104 +0.107
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Dissolved copper 0.017-0.002 0.022 - N.D.

(ppm) 0.005+0.009  0.006 + 0.009
Suspended copper 0.065-0.006 0.056 — 0.006
(ppm) 0.013+0.025  0.014+0.02

Dissolved Chromium 0.011-N.D. 0.019-0.001
(ppm) 0.003+0.004  0.005 * 0.007
Suspended 0.045-0.004  0.028—0.008
chromium (ppm) 4 51 40,018 0.006 £0.017
Dissolved 0.016 —0.002 0.02-0.002

manganese (PPm) 4 509 4 0,005 0.009 +0.006
Suspended 0.074-0.01 0.061-0.012
manganese (pPPM) ) 13610023 0.034+0.017

0.018 -0.001

0.005 + 0.009

0.035-0.012

0.007 £ 0.022

0.01 -N.D.

0.003 + 0.005

0.028 - 0.007

0.006 +0.016

0.026 —N.D.

0.011 + 0.007

0.051-0.009

0.027 +£0.012

0.028 - 0.004

0.006 +£0.01

0.059-0.013

0.07 £0.029

0.009 - N.D.

0.003 +0.004

0.025-0.004

0.006 +0.016

0.018 -N.D.

0.004 +0.01

0.04 —-0.008

0.010 £ 0.024

Conclusion

The increases in heavy metal
concentrations are affected by many
physical and chemical properties of river

water. There is an increase in heavy

metals in the suspended form compared
with dissolved and elevated
concentrations of lead and cadmium, as
other

their concentrations exceeded

metals.
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