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Abstract:

Five sites were chosen to the north of Babil Governorate in order to identify the limnological features
and the impact of the Hindiya Dam during 2019. Site2 was located near the dam to reflect the ecological
features of this site, whereas other sites, S1 was located at the upstream of the dam as a control site.
Moreover, the two other sites S3 and S4 were located down the dam. The results
of the study showed a close correlation between air and water temperature at all sites. Also there were
significant differences in average of thirteen out of eighteen water parameters.Water temperature, total
alkalinity, bicarbonate, DO, POS, TH and Mg*? ions decreased from 22.76°C, 203.33 mg/L, 146.75 mg/L,
8.8 mg/L, 100.023%, 438 mg/L, 35.55mg/L, respectively on S2 to 22.66 °C, 200.28 mg/L, 145.58 mg/L,
8.35 mg/L, 95.45%, 422.66 mg/L, 28.81 mg/L, respectively at site below the dam. While, turbidity, TSS,
Ca™ S0,™ NO;? and PO,? increased from 13.32 NTU, 23.08 mg/L, 116.89 mg/L, 107.5 mg/L, 1.027
mg/L and 0.019 mg/L, respectively on S2 to 26.574 NTU, 26.83 mg/L, 119.23 mg/L, 137.5 mg/L, 1.145
mg/L and 0.032 mg/L, respectively at the site below the dam. However, no apparent dam effect was reported
in EC, S, TDS, pH values at Euphrates River. No significant differences of all characteristics were found
among sites except, turbidity, TSS, Mg, SO* and PO, It can be considered that the Euphrates River is
very hard, oligohaline, slightly alkaline, well ventilated and clear to turbid. In addition, the turbidity and TSS
values exceeded permissible limits of water quality for aquatic life in most samples especially in site below
the dam. However, the river was considered by BODs to be doubtful in its cleanliness water. Calcium,
magnesium, nitrate and phosphate values in this study were within permissible limits.

Keywords: Euphrates River, Freshwater, Hindiya Dam, Permissible limits, Physical-chemical properties.

Introduction:

Water's physical and chemical properties  ecological characteristics of river, and studying
are an important factor in assessing water quality  additional basic knowledge on physical-chemical
and validity and give an idea of the water content of  properties under the effect of the dam during the
organic, inorganic compounds and elements *. Also, 2019, Therefore, this studycan be considered
water plays a major role in life of aquatic lives,  the first of its kind by dealing with this aspect of the
quality of water affected by change in atmospheric ~ work.
and geological circumstances®.

For forty decades, the limnology of Iraqi water Material and Methods:
bodies has received considerable attention and  Stydy area Description

several studies have been recorded in various parts Hindiya Dam is situated on the Euphrates River
. . 3-20

of Iragi water bodies such as . However, the {4 the south of Musayyib City to the north of Babil

current study dealt with one of the major dams of  Governorate, Irag. The Dam length is 250 m and

the Euphrates River to the north of Babil  n;536 dams' spillways, 5m wide of each one. It was

Governorate, for which we can include the major  gesjgned for treatingsediment matter of the one of

aims in the following points: investigating the  two major branches of the Euphrates in this area
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called Hilla River. Hindiya Dam was constructed
from 1911 to 1913.A new canal in addition to the
Hillah River was excavated. Willcocks supervised
on the work whereas it was done by a British
contractor named John Jackson. The dam was
developed in 1927 #. Hindiya Dam contains other
canals in addition to the Hindiya and the Hilla
branches which are called the Kifil and Beni
Hasan®.
Description of Study Sites

Five sites were chosen for the collection of study
samples onEuphrates River  near Hindiya
Dam (Fig.1). 1. Site 1: This site is located before
the Babylon Cement Factory south of the Musayyib

_323550".

City about 1Km upstream the dam at longitude 44°
16 05"and latitude 32" 4418". Euphrates River and is
328m wide. Site 2: It represents the Hindiya Dam
site characterized as wider among other sites about
366m width at longitude 4416 07"and latitude 32
43 42", Site 3: It is located about 400m down
Hindiya Dam with 235m width at longitude 4416
06"and latitude 32°43'29". Site 4: This site is 293 m
wide and located about SKm down Hindiya Dam at
longitude 44715 16"and latitude 3241°24". Site 5: It
is 231 m wide and located about 10Km
downstream site 4, and about 15Km downstream
the Hindiya Dam at longitude 44713 12"and latitude
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Figure 1.Map of Hindiya Dam with locations of the studied sites.

Water discharges were in range between
lower value of 116.92 m¥sec. in February 2019
while the greatest value was 409.89 m%sec. in
July2019. Water velocity of Euphrates River study
sites during study period was in range between the
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lower value of 0.46 m/sec. in February 2019 while
the greatest value was 0.64 m/sec at November
2019 (Ministry of Water Resources, 2019personal
communication) (Fig. 2).
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Figure2. Water discharges and velocity of Euphrates River during period study.

Samples were collected monthly during
year 2019, by using polyethylene
containerswithcapacity 2L and  washing
well with river water before using it.

Physical and chemical parameters included -
Air and water temperature which were measured by
using a precise mercury thermometer. Dissolved
oxygen and Biological oxygen demand used the
modified Winkler method 2. The percentage
of oxygen saturation was calculated as reported
in Mackereth et al. 2%, electrical conductivity,
salinity, pH, and Total Dissolved Solid in water by
HANA (HI9811). The Total Suspended Solids were
measured according to the method mentioned in
APHA 2%, The turbidity was measured by the
turbidity meter Jenwa Company Model-6035. Total
hardness, calcium, and magnesium were measured
according to Lind *. Sulphate used the method
described by Brands and Tripke %, the nutrients
(Nitrate), measured as in APHA 2 the effective
phosphate was measured according to the method

APHA %, Finally, the Degremont method 2" was
used to measure the bicarbonate in the water of the
studied sites.

Results and Discussion:

The air temperature having clear variation
seasonally (Fig.3 and 4) and (Table 1) might be due
to the air temperature reflection of fluctuations in
Irag weather characterized as long, hot and dry
summers. In contrast, it has short and cool winters
because of Irag's location between the Arabian
desert areas that give the effect of the subtropical
aridity and the Arabian Gulf that give the effect of
the subtropical humidity *. The current findings
proved that the dam affected water temperature
apparently on site 3 downstream the dam which
caused decreasing water temperature values in this
site after opening spillways the dam and releasing
colder water from hypolimnetic layer of reservoir to
site 3%,
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Figure 3. Variation of air temperature during the
period study.

Figure 4. Variation of the water temperature
during the period study.

Figure 5 and 6 and, Table 1 showed the
results of electrical conductivity and salinity .The
range of electrical conductivity recorded on site
lupstream the dam was from 690uS/cm(0. 44%o) to
1320uS/cm(0.84%o0). The lowest value of electrical
conductivity and salinity in was October whereas
the highest values were in January, respectively.

The electrical conductivity values in Hindiya Dam
site were unchanged which varied from 680
uS/cm(0.44%o) in October to 1340 uS/cm(0.86 %o)
value in January, respectively. The electrical
conductivity values in sites (downstream the dam)
varied from 690 puS/cm(0.43%o) in October to 1380
puS/cm(0.88%o) value in January, respectively. The
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statistical analysis of EC and salinity had no
significant difference among sites P > 0.05 (Table
1).

It has been shown that Hindiya Dam has no
effect on electrical conductivity and salinity values
at Euphrates River and this case could be due to the
high water discharges in the river at 2019, which led

to disappear of the dam effect on EC and salinity
values *. Freshwater salinity levels are 0.5 ppt or
less. Salinity levels are referred to as oligohaline
(0.5-5.0 ppt), mesohaline (5.0-18.0 ppt), polyhaline
(18.0-30.0 ppt), or euhaline, where salinity levels of
more than 30.0 ppt are the same as those of the
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Figure 5. Variations of the conductivity during
the period study.
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Figure 6. Variations of the salinity during the
period study.

Figure 7 and Table 1 showed
thatsite 1 recorded a minimum level of 3.84 NTU in
November, while the maximum level in
Julywas31.25 NTU. The turbidity values atthe
Hindiya Dam site were substantially unchanged and
ranged froml. 58 NTU to 33.31 NTU reported in
August and March 2019, respectively.

The turbidity range at sites downstream the
Hindiya Dam site was significantly increased, espe
cially at site 3, and then gradually decreased to lowe
r values at site 5.The turbidity values ranged from
the lowest value of 4.34 NTU at site 5 in April to
the highest turbidity value of 45.71 NTU in
November 2019 at site 3. The statistical analysis
revealed that no significant difference between all
turbidity sites (P > 0.05) except site 3 was identified
(P<0.05) (Table 1).

Table 1 and Fig. 7 illustrate that site 3
(downstream the dam) had the highest turbidity
average compared with other sites which might be
related to the frequent fluxes resulting from the
opening of dam spillways leading to the release of
sediments settled in the lower reservoir layer *. Or,
it may be because of the higher velocity currents at
site3 below the dam resulting from opening the dam
spillways *. Whereas, the lower turbidity average
near Hindiya Dam was because of the lentic state of

reservoir water on this site led to the settling of
particles and sediment downward bottom *. It was
believed that both causes are mentioned to increase
turbidity values at sit 3 downstream the dam
contributed in increase turbidity values at site 3.
Site 5 had low turbidity average which could be due
to it being far from the city about 10 Km and it was
far from sewage and effluents as compared with
other sites *.Turbidity values exceeded permissible
limits of water quality for aquatic life which was 5
NTU *in most samples, especially in site 3
(downstream the dam) which might be due to the
dam effect on site 3.

The pH values did not show an even notice
dam impact on pH values at Euphrates River
during 2019, and no significant differences P>0.05
among sites were remarked( Fig. 8 and Table 1).
Also, a narrow range of this parameter was recorded
which was from 7- 8.18. So Euphrates River was
considered weak alkaline as it is known in Iraqgi
freshwater *’. The pH values remained stable at
levels in narrow range owing to the high buffering
capacity resulting from high content of calcium
bicarbonate *. Overall, these local and global
studies agreed with this study finding such as (4 ;
5)
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Figure 7 .Variation of the turbidity NTU value
during the period study.

Figure 8. Variation of pH values during the
period study.

According to our findings of TDS, it is
proved that no apparent dam effect and no
significantdifferences P>0.05 are detected by
statistical analysis(Fig. 9 and Table 1).

All the water sources are usually
categorized as freshwater (TDS < 1000 ppm), based
on the classification system of Pradhan and Pirasteh
% 0r, it is known as brackish (1000-10.000 ppm)
water. Whereas, with extremely high TDS (12.000
ppm), it is known as salty water, almost identical to
seawater. So, Euphrates River classified as fresh
water because of its TDS values were less than
1000 ppm which ranged from 340 ppm to 690 ppm .

Figure 10 and Table 1 show total suspended
solid (TSS) values.The results showed that, at site 1

upstream of the dam, the TSS value differed from
the lower value of 1 mg /L in May, while 52 mg/ L
was the highest value recorded in June. While TSS
values at the Hindiya Dam site ranged from 3 mg /
L to 65 mg / L, the lowest value was recorded in
February, whereas in July the highest value was
recorded. The values at site 3 downstream of the
dam increased and then at sites 4 and 5 decreased.
Thevalues of sites Dam downstream ranged from 2
mg / L at site 4 in May to 56 mg / L at site 4 in
May. Statistical study of the difference between
sites showed that there was no significant difference
between sites 2 and 4 P > 0.05, which showed
significant differences with other sites(Table 1).
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Figure 9. Variation of total dissolved solids
value during the period study.

Figure 10. Variation of the total suspended solids

values during the period study.

The result of this study indicates that the
dam affected on water TSS values especially on
site3 (downstream the dam) by causing increasing
TSS values after opening the dam spillways, This
contributed to the release of sediments found in the
lower reservoir layer *. Or, owing to the higher
velocity currents at site 3 resulted from opening the
dam spillways *. It can be said that both causes
mentioned to higher TSS values at sit 3 downstream
the dam contributed in increase TSS values at site
3.USEPA “ divided water into three classes based
on the TSS value: less than 20 mg / L as low
turbidity water, between 20 and 80 mg/L as

moderate turbid, and more than 150 mg / L as turbid
water. So, water quality of Euphrates River ranged
from clear to turbid in study area.

Figure 11 and Table 1 show the values of total
alkalinityvalues at site 1 (upstream of the dam), the
total alkalinity values ranged from 152 mg / L in
January to 237.8 mg / L in October. At Hindiya
Dam site, the values raised slightly, the maximum
value of total alkalinitywas 244 mg/L which
reported in October. Whereas, the minimum value
was 158.6 mg/L as reported in March. Total
alkalinity levels at sites downstream of the dam
decreased relative to the site of the dam, ranging
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from 152.5 mg /L at site 4 in March to 244 mg/L at
site 3 (December), site 4 (April and October) and
site 5 (March).

Figure 12 and Table 1 show the values of
bicarbonates at site 1(upstream of the dam), which
ranged from 90 mg/L in February to 170 mg/L in
May, July and October. Bicarbonates were slightly
raised at the Hindiya Dam site, with a maximum
bicarbonate concentration of 190 mg/L recorded in
May. In comparison, the minimum concentration

recorded in February was 115 mg/L. The
bicarbonate average values at sites downstream of
the dam were especially high in site 4, the lower
value was in February, varying from 112 mg/L to
220 mg/L, while the highest value was in May, and
both values were on site 3.

No significant differences in total alkalinity and
bicarbonate P > 0.05 have been identified. among
sites (Table 1).
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Figure 11. Variation of the total alkalinity
values during the period study.

Figure 12. Variationof bicarbonate values
during the period study.

It can be seen from the Figure above that
the dam affected water alkalinity and bicarbonate
values especially on Hindiya Dam site which
caused increasing the values in this site compared
with other sites might be related with lack of
macrophytes in reservoir led to increasing CO,
concentrations that have also been converted to
bicarbonates after dissolution in water have
contributed to higher bicarbonate concentrations **.
Exception site 4 had the maximum values of
bicarbonate only may owing to its location within
the city could be because of sewage and waste
water released at this site contributed to a rise in
bicarbonate concentrations to higher values
compared with other sites®®. The current study
showed that alkalinity values were over the normal
limits allowed by Iragi and international standard
water, which were 20-200 mg / L CaCO3%. Also, it
was observed that Iragi waters had alkalinity
Ezharacteristics because of presence carbonate salts

Figure 13 and Table 1 show the dissolved
oxygen concentrations for surface water in study
area of Euphrates River. At site 1 (upstream of the
dam), the value of dissolved oxygen ranged from
7.2 mg/L in October to 12 mg/L in May, while the
value of dissolved oxygen decreased at the site near

Hindiya Dam compared with the sitel which its
highest value recorded during January was 12.5 mg
/ L, and the lowest value recorded in July and
August was 6 mg / L. However, values of sites
downstream of the dam decreased at site 3 relative
to the dam site, while these values were steadily
increased until they were approximately equal to
sitel, with values ranging from 5 mg / L at site 3 in
July to 12 mg / L at site 5 which reported in
February and March.

Whereas, Fig.14 and Table 1 show that the
percent oxygen saturated (%) values for the surface
water of the study area. The percentage of oxygen
saturated (%) on site 1 (upstream of the dam)
ranged from 84.56 % in December to 147.7 % in
May, While the highest percentage of saturated
oxygen (%) on site near Hindiya Dam in June was
142.66 %, and in July the lowest value was 79.26 %
. The percent saturated oxygen (%) values at the site
near Hindiya Dam were lower compared to site 1.
Sites below the dam, however, showed values
ranging from 66.05 % at site 3 in July to 163.7% at
site 5 in June. For DO and P.O.S., no significant
differences were shown by statistical analysis
during the study period recorded between sites P >
0.05 (Table 1).
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Figure 13. Variation of dissolved oxygen value
during the of period study.

‘Figure 14 Variation ofthepercentage of oxygen
saturation value during the period study.

it was proved that the dam affected on
water DO and P.O.S. level especially on site 3
(below the dam), which  was recorded with
depletion DO and P.O.S. could be due to reservoir
bottom through release hypolemintic layer with
depletion dissolved oxygen and P.O.S. typically by
opening dam spillways into site 3 *.

Figure 15 and Table 1 show the results of
biological oxygen demand. The total amount of
demand for biological oxygen was from 1.5 to 7 mg
/ L at site 1 (upstream of the dam). The lower
number was in November and December, while in
July and September it was higher. At site near
Hindiya Dam, biological oxygen demand values
were declined slightly, The values were in the range
of 2 to 8.9 mg/L. The lower value was in May,
while the maximum value was in February and
March. BODs ranged from 0.5 to 8.8 mg/L at sites
downstream from the dam. The statistical analysis
showed that there was no significant difference
between biological oxygen demand sites of P > 0.05
(Table 1).

Odum * divided the water into two types
based on BODs as BODs = 2 clean, BOD5 = 5 or
more was doubtful in its cleanliness. Therefore,
Euphrates River was doubtful in its cleanliness.

Our findings showed that no apparent dam effect on
BOD:s levels at Euphrates River during 2019.

Figure 16 and Table 1 show the values of
total hardness of the water of River Euphrates in the
study area. The total hardness of the site (upstream
of the dam) was found to range from 280 to 575 mg
/ L. In June 2019, the lowest value was, while in
March 2019, the higher value was. Total hardness
values ranged from 336 to 552 mg / L at the site
near Hindiya Dam. The lowest value was in
October, while during the month of January the
higher value was. Hardness levels ranged from 308
mg / L at site 3 in June to 568 mg / L at site 4 in
February at sites downstream the dam.

It was shown by statistical analysis that no
significant difference among sites P > 0.05(Table
1).

Our findings proved that dam had a clear effect
by raising in total hardness at Euphrates River on
Hindiya Dam site, may be owing to the limestone
substrate composed of Hindiya storage water®.
USEPA “ classified water into four forms based on
total hardness as non- hard water with CaCOs
concentrations less than 50 mg/L, water has range
from50-100 mg/L, have been classified as moderate
hard water, values between 100- 200 mg/L
classified as hard water and more than 200mg/L
classified as very hard water. So it can consider
Euphrates River as very hard water according to
total hardness values in the present study.
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Figure 15. Variation of the biological oxygen
demand value during the period study.

Figure 16. Variation of the totalhardness values
during the period study.
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Figure 17 and Table 1 showedthecalcium
values ranged from 88.17 mg/L to 180.3 mg/L at
site 1 upstream of the dam between June and
March 2019, it was reported. On the other hand, at
the Hindiya Dam site, lower values were reported
than at site 1, ranging from 64.12 to 160.32 mg/L in
October and November 2019, respectively. Calcium
hardness levels were greater at sites downstream of
the dam than at Hindiya Dam sites, ranging from
86.16 to 192.38 mg/L at sites 4 in December and
November respectively. The statistical analysis
showed that there was no significant difference
P>0.05 among sites for calcium ions (Table 1).
Hindiya Dam site had the lowest average of calcium
ions compared with other sites as showed in Table
1. This could be either due to co-precipitation of
phosphorous with CaCO; which was important in
moderating the productivity of deep impoundments
with smaller littoral zones. Or owing to very hard
water in reservoirs and lakes drive to precipitation
process of calcium carbonates and some nutrients
which led to decrease calcium ions values in water
of reservoirs and lakes *'.

While, site 4 had the highest average of calcium
ionscompared with other site values, which could be
associated with increased discharge of city sewage
effluents containing large concentrations of calcium
salts *. In this study, the calcium values were
within the acceptable limits in natural waters of 200
mg /L “,

Figure 18 and Table 1 show magnesium values
during the study period. It was reported that the
values ranged from 12.02 to 62.81 mg / L at site 1
(upstream of the dam)during September and June
2019, respectively. On the other hand, Hindiya Dam
site values ranging from 14.46 to 58.39 mg / L were
recorded, the findings suggested that the lower
values were in September, while the higher values
were in February 2019. The magnesium hardness
values were lower at sites downstream of the dam
than the dam site ranging from 10.07 to 58.39 mg/L
in August and February 2019,
respectively. Statistical analysis found that there
was no significant difference between all P > 0.05

at sites 5

sites except site 3 (Table 1).

It was proved that the dam affected site 3
downstream the dam which caused decreasing
values of magnesium concentrations which may be
related to the presence of sulphates in this site, after
the discharge of water from the reservoirbottom via

the opening of dam spillways *°, which resulted in

the reaction of sulphur compounds with magnesium
and magnesium precipitation and reduced their
values in the water column in Hindiya Dam
average of
magnesium concentrations was on site 1 (upstream
the dam) might be related to this site received
wastewater from a local wastewater sources °'. In
this study, the magnesium values were within

50

reservoir While, the higher

acceptable limits in natural waters of 150 mg/L *.
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Figure 17.Variation of the calcium value

during the period study.

Figure 18 .Variation of magnesium value during
the period study.

Figure 19 and Table 1 show sulphate values
during the study period. It is shown that during
October and August 2019, the values ranged from
40 to 200 mg/L at site 1 (upstream of the dam),
respectively. On the other hand, the recorded values
at site near Hindiya Dam were from 50 to 200
mg/L, the lower values were recorded in October,
while the higher values were recorded in January.
The amount of sulphate at sites downstream of the
dam was lower with values varying from 70 to 250
mg/L at sites near Hindiya Dam. The lowest values
were in June at sites 3 and 5, while the higher

values were in January at sites 3 and 4. No

significant variations were demonstrated through

statistical analysis. among sites 2 and 3 P > 0.05,
while, 1,5 and 3.4 which appeared significant

difference with site 2 P <0.05 (Table 1).

Our finding provides that Hindiya Dam site had a
lower sulphate average compared with other sites as
showed in Table 1 might be due to change
hydrological condition from lotic water to lentic
water into reservoir, this led to precipitation of

sulphate ions into bottom *2,
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Whereas site 4 had a higher average of sulphate
compared with other sites as a consequence of
discharges of sewage effluents from the city *’as
well as may be due to the chemical nature of the
groundwater. This is more abundant in the southern
regions of Iragq which led to leaching sulphate ions
to river water >,

—81 ——S2 S3 S5

280

230

180

S04mg/L

130

80

Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec.
2019
Months

Figure 19.Variation of sulphate value during
the period study.

Figure 20 and Table 1 show nitrate values during
the study period . It showed that, between June and
February 2019, the values ranged from 0.17 to 3 mg
/ L at site 1 upstream of the dam. On the other hand,
on site near Hindiya Dam, the values of this
parameter were reported ranging from 0.12 to 3 mg
/ L, the results suggested that the lower values were
in August, whereas the higher values were in
February and the values were higher compared to
site 1. The amount of nitrate at sites downstream of
the dam increased slightly, ranging from 0.1 to 3.61
mg / L. The lower values were in August at sites 5,
while the higher value was in February at sites 3.
Statistical analysis revealed that there was no
significant difference between sites P >0.05 (Table
1).

It was noted that the dam affected by increase the
values of this parameter in site 3 (downstream the
dam) (Tablel) which might be due to the impound
of river by the dam caused increment of diversity
and soil microbial biomass on this site thus
increasing nutrient concentrations especially nitrate
ions **. Also, Hindiya Dam site had high average
could be due to nitrate-rich reservoir bottom,
formed by decomposition processes of organic

455

matter in the hypolimnetic layer *. However, by
reviewing nitrate values, it was found lower values
than permissible limit for purpose of aquatic life
48.2 mg/L *.

Figure 21 and Table 1 show
phosphatevalues during the period studied.It has
been shown that, during April and March 2019, the
values ranged from 0.01 mg/L to 0.046 mg/L at site
1 upstream of the dam. On the other hand, the
values ranged from 0.006 to 0.047 mg/L at site 2.
The lowest values were in July, while those in
October were higher. The amount of phosphate at
sites downstream of the dam was increased slightly
at site 3, then decreased from 0.004 to 0.11 mg/L at
the last two sites 4 and 5. The lower values were in
August at site 3, while the higher value was in
November at the same site. It was reported by
statistical analysis that there was no significant
difference P >0.05 among sites 1, 4 and sites 2, 5
that had significant differences P <0.05 with other
sites (Table 1).

It was found that the lower phosphate
average was in reservoir zone on site 2 compared
with most sites as showed in Table 1 owing to an
increment of precipitation processes which
decreased nutrient concentrations *2. While, the high
average was recorded on site 3 compared with other
sites might be due to that this site was under dam
impact by influxes of hypolimentic layer during
opening of spillways of the dam. This layer was rich
with phosphate that came from decomposition
processes of organics and phytoplankton damage *.
Our findings agreed with researcher such as Ling et
al.®when investigated Bakun Dam in Malaysia.
Also, Adesakin et al.>when they investigated Opa
Reservoir in Nigeria. While, it was recorded the
lowest average on site 5 compared with other sites
could be due to it is far from sources of
gsnthropogenic activities especially sewage effluents

The permissible range of phosphate concentration
in surface water according to Water Watch *°is from
0.005 to 0.02 mg / L. So according to the recorded
values of phosphate that water of Euphrates River
was far from permissible range.
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Figure 20.Variation of nitrate values during the

period study.

Figure2l.Variation
ofphosphatevaluesduringtheperiod study.

Table 1. Minimum and maximum (First Line), mean and standard error (Second Line), for physical

and chemical characteristics at study sites during the period study.

Site LSD
Parameters ! 2 3 4 S value
Air Temp. °C 12539.7 128403 14394 158437 141478 5.298
' 25.33+2.247 25.858+2.202  26.933+2324  28.725:2514  30.25+2.976 NS
Water Temp. “C 125-32.6 122-316 12.4-313 125-32 135-326 2.371
' 23.1+1.936 22766+1.887  22666+1876  23.175:1948  24.058+1.980 NS
Turbidity 3.84-31.25 1.58-33.31 1159-45.71 4.87-37.31 4341856 (oo
NTU 12.408+285b  1332:2.857b  26.574+328la  16.947+268b  10.16+130b
EC psiem 690- 1320 680-1340 680-1350 690-1360 730-1380 137.62
964.16+63.22 964.16+63.36 O77.5:65.04  978.33:66.662 1010.83:65.66 NS
Salinity %o 0.44-0.844 0.44-0.86 0.43-0.864 0.44-0.87 0.46-0.883 0.209
0.61330.04 0.6155:0.04 0.622£0.041  0.624:0.042  0.646+0.041 NS
oH 7.01-8.18 7-8.08 7.1-8.17 7.01-8.07 7.01-8.2 0.483
7.508+0.121 7.527+0.121 7.632£0.103  7.556:0.104  7.565+0.114 NS
DS gL 0.34-0.67 0.34-0.67 0.34-0.67 0.34-0.68 0.36-0.69 0.179
0.482+0.032 0.486+0.033 0.487:0.032  0487:0.033  0.509:0.034 NS
Tss 1-52 3-65 14-44 2-56 3-22 2631
16.916+5.0380c  23.0851lab  26.83:327a  21.75+4.65ab 12.166+1.829¢c
Total Alkalinity 152-237.8 158.6-244 158.6-244 152.5-244 158.6-244 18.94
194.2757.914  203.333%7.742  200.283+7.312  194.65+10.044 200.283+8.555 NS
HCOS mglL 90-170 115-190 112-220 120-210 115-180 1250
141416+7.367  146.75¢6.47 14558338717 151.833+6.696  149.25+5.081 NS
DO mg/ L 7.2-12 6-12.5 5-11.3 6-11.4 6-12 1.249
9.3+0.409 8.8080.647 8.35+0.484 8.933+0436  9.125+0.634 NS
ngfg:ircseam%%g; 84.56-147.7 79.26-142.66  66.05-130.72  79.26-1342  77.92-163.7  14.663
(.09 % 108.08+4.908  100.023%5.715 ~ 9545:4.842  103.191%4.284  107.4446.852 NS
BOD; mg/ L 157 2-8.9 1379 2-8.8 0.5-8.3 0.941
4.35+0.611 4.0+0.642 39410.729  4.458:0649  3.925+0.699 NS
Ca"? mg/L 88.17-180.3 64.12-160.32  88.16-180.36  86.16-192.38  96.19-160.32  17.521
124.909+8.454  116.89+9.397  119.23+7.77 124.40+8.87  123.41+7.23 NS
Mg mg/ L 12.02-62.81 14.46-58.39 18.91-40.8 14-57.89 10075839, 0,
36.75:4.603a  35554:4205a  28.81+2.148b  35175:4.112a 34576:377a
S042 mg/ L 40-200 50-200 70-250 90-250 70-220 17305 *
118.33+14.76bc  107.5¢11.87c  137.5+14981a  1525+14.93a 13516%116ab
NO;2 mg/L 0.17-3 0.12-3 0.382-3.61 0.288-2.62 0.1-3 0.348
0.997+0.252 1.027+0.258 114550279 0982:0.229  0.964+0.257 NS
PO,2 mg/L 0.01-0.046 0.006-0.047 0.004-0.11 0.01-0.059 0008-0043 1o
0.0225:0.003Ab _ 0.019+0.004b  0.0320.008a  0.027+0.005ab  0.018+0.003b

NS: no significant difference when total letters are similar (P> 0.05). *: significant difference when some letters are different (P <
0.05) . **: highly significant difference when some letters are different (P < 0.01) .

Conclusion:

It can be concluded that the Euphrates
River is very hard, oligohaline, slightly alkaline,
well ventilated and clear to turbid. In addition, the
turbidity and TSS values exceeded permissible
limits of water quality for aquatic life in most

samples especially in site below the dam. However,
the river was considered by BODs to be doubtful in
its cleanliness water. Calcium, magnesium, nitrate
and phosphate values in this study were within
permissible limits

456




Open Access
Published Online First: November 2021

Baghdad Science Journal
2022, 19(3): 447-459

P-1SSN: 2078-8665
E-ISSN: 2411-7986

Authors' declaration:

- Conflicts of Interest: None.

- We hereby confirm that all the Figures and Tables
in the manuscript are mine ours. Besides, the
Figures and images, which are not mine ours, have
been given the permission for re-publication
attached with the manuscript.

- Ethical Clearance: The project was approved by
the local ethical committee in Ministry of Science &
Technology.

Authors’ contributionsstatement:

This work was carried out in collaboration
between all authors. ‘ldrees A. A. Al-Bahathy’
performed the statistical analysis and wrote the first
draft of the manuscript. ‘Muhanned R. Nashaat’
designed the study, wrote the protocol and managed
the analyses of the study. ‘Muhanned R. Nashaat’
managed the literature review. ‘ldrees A. A. Al-
Bahathyand Muhanned R. Nashaat’ collected the
samples and analyzed all parameters. All authors
read and approved the final manuscript.

References:

1. Weiner, Eugene R. Applications of environmental
chemistry: a practical guide for environmental
professionals. CRC press, 2010.

. Stark, James R.Water Quality in the Upper
Mississippi  River Basin, Minnesota, Wisconsin,
South Dakota, lowa, and North Dakota, 1995-98. US
Geological Survey, Water Resources Division, 2000.

. Salman R M, Nashaat M R, Moftin F Sh. Estimating
the water properties which effluent from sewage
treatment plants of Al-Kut Province into the Tigris
river, Irag. Euro. Acad.Res. 2017; 4(12): 10672-
10687.

. Sabri AW, Ali ZH, Shawkat SF, Thejar LA, Kassim
TI, Rasheed KA. Zooplankton population in the River
Tigris: effects of Samarra impoundment. Regulated
Rivers: Res. & Manag. 1993 Aug;8(3):237-50.

. Al-Shamy, N J, Al-Sariy J S, Nashaat M R.
Environmental Properties of Tigris River at Al-Kut
Dam in Wassit Province. Ibn AL-Haitham J. Pure and
Appl. Sci. 2017; 28(3): 317-330.

.Mirza, N N A, Nashaat M R. An ecological
assessment for interactions between the physico-
chemical  characteristics  of  Gharaf  river
characteristics, Southern Irag.J. Res. Eco. 2018; 6(2):
2344- 2363.

. Alazawii L H, Nashaat M R, Muftin F Sh.
Assessing the effects of Al-Rasheed electrical power
plant on the quality of Tigris River, Southern of
Baghdad by Canadian Water Quality Index (CCME
WQI). Iragi J. Sci. 2018; 59(3A): 1162-1168.

.Abed | F, Nashaat M R. Interactions between the
ecological Dejiala river properties, Southern Irag.
Iraqi J. Sci. 2018; 1026-
1040.D0I:10.24996/ijs.2018.59.2C.6.

457

9.Rhadi M M, Nashaat M R, Dauod H A M.
Environmental Effect of Al-Kut Dam on Tigris River
Properties Which passed throw Wassit Province-Irag.
J. Wassit for Sci. & Medicine. 2018; 11(1): 82-98.

10. Muftin F S,Nashaat M R,Rasheed R S, Racine' K
H. Impact of Al-Rasheed Power Plant Effluents on
Some Ecological characteristics of Tigris River,
Southern Baghdad City. J. of Madenat Alelem Univ.
Coll. 2019; 11(1): 114-124.

11.Abbas D A, ALl K K. Water Quality of

Groundwater and Diyala River in Jisr Diyala Area

within Baghdad City-lraq. Iragi J. Sci. 2020; 584-

590.

Mohammed, N I, Bamarni K A. Water quality

monitoring of Duhok Dam (Kurdistan Region of

Iragq). ZANCO J. of Pure and Appli. Sci. 2019;31(1):

7-16.

Abbas A A A, Hassan F M. Water quality

assessment of Euphrates river in Qadisiyah province

(Diwaniyah river), lIrag. lragi J. Agri. Sci. 2018;

48(6).

Rasheed K A,Nashaat M R, Hassan H A. Study of

Physico-chemical Properties of Al-Shamyia River in

Irag. Iragi J. of Biotech. 2015; 14(2): 339- 355.

Al-Mukhtar M, Al-Yaseen F. Modeling water

quality parameters using data-driven models, a case

study Abu-Ziriq marsh in south of Irag. Hydro. 2019;

6(1): 24.

Khalaf Z N, Nashaat M R, Al-Sariy J S.

Limnological Features of Southern Part of the Gharaf

River and the Impact of Floodplain Period on it

Characteristics. Iragi J. Sci. 2020 Nov 1 (Vol. 1664,

No. 1, p. 012134). IOP Publishing.

Nashaat M R,Merhoon K A, Salman S K, Abbas E

K, Ali E H. Impact of Al-Rasheed Power Plant

Effluents on Phytoplankton Biodiversity in Tigris

River, Southern Baghdad. In: Journal of Physics:

Conference Series. IOP Publishing, 2019. p. 012064.

Nashaat M R, Rasheed K A, Hassan H A. Study of

ecological parameters of Al-Kuffa river in Irag. Iraqgi

J. Biotech. 2015; 14(2): 401-417.

19. Nashaat M R, Al-Azawii L H A, Al-Azzawi M N.
Sources and Compositional Pattern of Polycyclic
Aromatic Hydrocarbons in Water of Tigris River
throughout Passing Baghdad Governorate. In: Journal
of Physics: Conference Series. IOP Publishing. 2019.
p. 012063.

20. Mirza N N A, Nashaat M R. Abundance, Diversity
and Distribution of Mollusca in the Gharaf River,
Southern Irag. Iraqgi J. Sci. 2019; 469-485.

21. Mutin G. Le Tigre et I'Euphrate de la discorde,
VertigO,2003; 4 (3): 1-10.

22. Huwaidin M M M A Bin. China's Relations with
Arabia and the Gulf 1949-1999. Routledge.
2003.1SBN 978-0-7007-1730-9.

23. APHA, American Public Health Association.
Standard methods for the examination of Water and
Wastewater. 14th Ed. American Public Health
Association, Washington. DC. 2003.

24. Makareth F J H, Herson J, Talling J T. Water
analysis some revised method liminology. Sci. Publ.
Fresh water. Bio. Ass. England. 1978; 36: 1-120.

12.

13.

14.

15.

16.

17.

18.



Open Access
Published Online First: November 2021

Baghdad Science Journal
2022, 19(3): 447-459

P-1SSN: 2078-8665
E-ISSN: 2411-7986

25.Lind O T. Handbook of common methods in
limnology. The CV Mosley Company. 1979.

26. Brands H J, TRIPKE E. Water manual. Vulkan-
Verlag, Essem,1982: 320pp.

27. Degremont Company. Water treatment handbook.
5ed, Division of John Wiley & Sons, New York,
1979: 1186pp

28. Abdullah H K, ALI S S . Effect of Using External
Packaging Materials for New Building Walls on
Heating Load. Wasit J. Engin. Sci. 2018; 6(2): 28-37.

29. Ling F, Foody GM, Du H, Ban X, Li X, Zhang Y, et
al. Monitoring thermal pollution in rivers downstream
of dams with Landsat ETM+ thermal infrared images.
Rem. Sens. 2017; 9(11): 1175.

30. Arfib B, Charlier Jean-Baptiste.Insights into saline
intrusion and freshwater resources in coastal karstic
aquifers using a lumped Rainfall-Discharge—Salinity
model (the Port-Miou brackish spring, SE France). J.
Hydro.2016; 540: 148-161.

31. Environmental Protection Agency (EPA). National
primary drinking water standards. 2006, Office of
Water.

32. Duda J J, Warrick J A, Magirl CS. (ed.). Coastal

Habitats of the Elwha River, Washington: Biological

and Physical Patterns and Processes Prior to Dam

Removal. US Department of the Interior, US

Geological Survey, 2011.

Paytan A, Roberts K, Watson S, Peek S, Chuang PC,

Defforey D, et al . Internal loading of phosphate in

lake erie central basin. Sci. Tot. Environ. 2017; 579:

1356-1365.

Hou X, Feng L, Duan H, Chen X, Sun D, Shi K.

Fifteen-year monitoring of the turbidity dynamics in

large lakes and reservoirs in the middle and lower

basin of the Yangtze River, China. Rem. Sens.

Environ. 2017; 190: 107-121.

Liu Y, Hou L, Bian W, Zhou B, Liang D, Li J.

Turbidity in  Combined Sewer Sewage: An

Identification of Storm water Detention Tanks. Inter.

J. Environ. Res. Pub. Health. 2020; 17(9), 3053.

CCME, Canadian Council of Ministers of the

Environment. Canadian Water Quality  Guidelines

for the Protection of Aquatic Life: Canadian Water

Quality Index 1.0 Technical Report. I Canadian

Environmental Quality Guidelines, 2001.

Alzurfi S K L, Alasadi K, Alausawi S A.

Assessment of Water Quality Status of Euphrates

from Hindiya dam to Mishkab Regulator-Irag. Res. J.

Phar. Tech. 2018; 11(1): 09-16.

Al-Zamili H A A.Effect of local domestic sewage in

water quality of Al-Dujaila River in Al-Kut city/ Iraq.

M Sc. Thesis. Coll. Sci.. Univ. of Bagh. Iraq.

2014;140 pp.

Pradhan B, Pirasteh S. Hydro-chemical analysis of

the ground water of the basaltic catchments: upper

Bhatsai region, Maharastra. Open Hydro. J.2011;

5(2).

USEPA (United State Environmental Protection

Agency). Current Drinking Water Standards:

National Primary Drinking Water Regulation. 2002;

816F.02.013.

33.

34.

35.

36.

37.

38.

39.

40.

458

41. Krevs A, Kucinskiené A. Microbial decomposition
of sedimentary organic matter in small temperate
lakes. Fund. Appl. Limno./Archiv fiir
Hydrobiol.2018; 191(3): 239-251.

Hussein A A. Monthly changes of some physico -
chemical characteristics of the Tigris - Baghdad water
between 2002-2003. J. Engin. Techno. 2009; 27 (2):
7.

Adesakin TA, Adedeji AA, Aduwo Al, Taiwo YF.
Effect of discharges from re-channeled rivers and
municipal runoff on water quality of Opa reservoir,
lle-Ife, Southwest Nigeria. Afri. J. Environ. Sci.
Techno. 2017;11(1): 56-70.

Odum W A. Insidious alternation of the estuarine
environment. Trans. Amer. Fisher. Soci. 1970; 99:
836 — 847.

Al-Sanjari M N. An environmental study on the
Tigris River within Mosul city. M.Sc. Thesis, Coll.
Sci., Univ. Mosul, 2001: 33 pp.

USEPA (United States Environmental Protection
Agency). Bioaccumulation testing and interpretation
for the purpose of sediment quality assessment (status
an needs) .Office of Water (4305) Office of Solid
Waste (5307W) EPA-823-R-00-001, 2000.

Cooke GD, Welch EB, Peterson S, Nichols
SA. Restoration and management of lakes and
reservoirs. CRC press, 2016.

EPA(Environmental Protection Agency). National
primary drinking water standards, Office of Water.
1999 ; 810F.94.100

49.Ling TY, Soo CL, Heng TL, Nyanti L, Sim SF,
Grinang J. Physicochemical characteristics of river
water downstream of a large tropical hydroelectric
dam. J. Chem.2016 Jan 1;2016.

Hassan F M, Al-Saadi H A, Mohamed A A. On
the ecological features of Razzazah lake.
Irag. National J. Chem. 2001; 4: 549-565.

Potasznik A, Szymczyk S. Magnesium and calcium
concentrations in the surface water and bottom
deposits of a river-lake system.J. Element. 2015;
20.3.

Fantin-Cruz |, Pedrollo O, Girard P, Zeilhofer P,
Hamilton SK.Changes in river water quality caused
by a diversion hydropower dam bordering the
Pantanal floodplain. Hydrobio. 2016;768(1): 223-
238.

Mustafa M H B. Tigris River Water Quality within
Mosul Area, Rafidain J. Sci. 2000; 11 (4):26-39.
Huang W, Jiang X. Profiling of sediment microbial
community in dongting lake before and after
impoundment of the three gorges dam. Inter. J.
Environ. Res. Pub. Health. 2016; 13(6): 617.
Adesakin TA, Adedeji AA, Aduwo Al, Taiwo
YF.Effect of discharges from re-channeled rivers and
municipal runoff on water quality of Opa reservoir,
lle-Ife, Southwest Nigeria. African J. Environ. Sci.
Techno. 2017; 11(1): 56-70.

Water watch. Water quality parameters and indicators
phosphorus. Namoi Catchment Manag. Autho.,
Australian Government, 1997; 1-6.

42.

43.

44,

45.

46.

47.

48.

50.

51.

52.

53.

54.

55.

56.



Open Access Baghdad Science Journal P-1SSN: 2078-8665
Published Online First: November 2021 2022, 19(3): 447-459 E-ISSN: 2411-7986

ke 3l Aliblae Jloadi il gl L aglsialll madlall b Ayaigh 5o s

Zéu..m J.A'AA'J\ LSt~ g.‘ﬁ UA_JJJi Ly A sz A AL 42

4

Gloall ealany a1 i€l 5 o glall 55551

Gl alelangedn i85l 5 5 cApmsaldl) 4y 54, 08

s Al

DI Lo gl o il g i el ApLesll g 4l judll Gailiadll 48 el Qb ddailae Jlad (8 @) ge dused LGl
@saS aull o) vie @iy ST AY) @8l o gn A el Al Cland) (Sl aull (e ol U &8 sall 23,31.2019 ale
30 da )3 Om Ao 8 ABDe D ga s Al ol 0l @ pelal ol Ll s S4 5 S3 AN (sl a3 eelld e 3 Me an s
A ) Cazidil 3 dpala e Al daal (e e 4300 Jaus gia 8 Alean) AV G2 (55 58 2 55 LaS a8l sl paan S slall 5 o) 5gl)
022,76 (4 psmtiall s IS 3 pually onnS YL pLEY) Loy Qe eSSV Glig Sull 5 LN neldlly slall 550 a
S 82 gise b Nl e i/ail35.555 5iaaled38 <7100.023 5 siVparle 8.85 il /aike 146,755 siVarle 203.33
Asall 8 N e ji/aale 28 815 sil/prle 422.66 57.95.45 5 /arke 8,355 5 farke 145.58 5 5i/p2le200.28 5 2022.66
5 /axke 23.085 NTU 13.32 e PO,%5 NO3?5 SO2 * %5 Ca * 25 TSSs 5,0 (e JS ad ol Layy aud) Jid
Vaske 26.83 5 NTU26.574 ) S2 gdse & sl e sl/pale 0.019 5 Sil/aade 1.0275 5/pakal07.55 5/peka116.89 5
ol (o O ol IS gl Jid a8 gal) (3 i) e jasle 00325 sil/aae 1,145 5 sil/aale 137.5 5 5l /aake 119.23 5
sliuly @) sall G pailiadll pan 8 diloan) A1 b B350 el aly WS il jei NepH s TDS5 S5 EC (8 aull gl
25 sl Bam s ik ool gdp s slall ALy e Ll sba 33 O (S PO, SO Tt Mg T 25 TSS s 58l
Lals il aliee 8 4l slall slaall Lo 51l Ly = sansall 3 gl A1 Aball o) gl 55 )\Sal) o ) lad ol ) il | Se
il 5 spninal) 5 o spndl€l) o8 ClS LS BODs o A (g 45560 6 4 & Sia il 32 celld pay audl Jind pdsall
LG_'CM‘ J}_\;J\u,maa.m\)ﬂ\ a&&&lﬁu}ﬂb

-:‘1.‘311."“.%53\} 4733173):\3]\ )ﬁw\ e CM\ J}.\;.“ Aaaigl) 3o dde sl ‘Q\)ﬂ\ Prx 3.9\.’\3.41\ clalsly

459



