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Abstract. Salinity is one of the important environmental factor that
expresses as the sum of the concentrations of positive and negative
ions and dissolved salts in water, it has effects on the quality of water
. This study examines the seasonal variation (2021-2022 ) of salinity
in Al-Ashar and Al-Qurna stations within Al-Basrah city,. The
salinity values ranged from 34932-35012 g/l at Al-Ashar station ,
While at the Al-Qurna station , Low salinity values were recorded
,ranging to 30668 — 35040 g/l. This study observes an increase in
salinity during the summer season and a decrease during the winter at
both research stations. There are no discernible differences between
salinity values recorded during the day and night at both stations,
however, Al-Ashar station consistently records higher percentages
than Al-Qurna station.
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1. Introduction
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Salinity is a critical environmental parameter that affects water bodies. The
primary contributors to salinity are chloride, sulfate, and carbonate ions (Lind,
1979). The leading causes of these ions are sodium chloride, sodium sulfate,
and sodium carbonate salts. Several factors influence the salinity of water
bodies, including the volume, quantity, and freshness of water received during
specific periods, as well as temperature, sunlight, rainfall, and evaporation
(Kotta et al., 2014).

Chloride is widely distributed in nature, primarily in the form of sodium,
potassium, and calcium salts. It constitutes approximately 0.05 percent of the
Earth's crust, with the majority found in the world's oceans. Seawater, for
instance, contains chloride at a concentration of about 19,000 g/l, while
drinking water typically contains less than 100 g/l of chloride (NHMRC, 2011).

Basrah heavily relies on surface water for most of its domestic, agricultural,
and industrial needs. The Shatt Al-Arab River serves as the primary source of
surface water in this region of Iraq, flowing from north to south and ultimately
into the Gulf (Abdul-Hameed & Hatem, 2021). The quality of water in the
Shatt Al-Arab River reflects the combined influence of natural and
anthropogenic factors (Al-Asadi & Alhello, 2019). Salinity in the Shatt al-
Arab's waters is primarily attributed to the influx of seawater and contributions
from saline water originating from sewage and drainage channels. It also
originates from the marshes, which play a role in elevating the river's salinity
levels.

The issue of high salinity in the Shatt al-Arab River has worsened since the
1970s, when dams and reservoirs were constructed on the Tigris and Euphrates
rivers. These infrastructural developments led to reduced water flow and
increased salinity levels (Al-Ansari et al., 2014). So the decline in water
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imports as a result of the construction of dams by neighboring countries such
as Turkey, syria and Iran contributed to the lack of water imports, also Iran's
diversion of the course of the Karun River (the main feeder of the Shatt al-Arab
with fresh water), all led to a decrease in the quantity of fresh water, and
therefore to increase the salinity ( Muttai ,2021)

Lateef et al. (2020) found that salt concentrations during the winter of 2018
were markedly different from other seasons in the confined area spanning from
Al-Hartha station to Al-Seba station. To address this freshwater loss, the
construction of an artificial dam upstream of Basra city to separate fresh and
saltwater has been suggested (Abd-El-Mooty et al., 2016).

Hamdan et al. (2020) observed that with high flow, total dissolved solids
(TDS) values ranged from 3000 to 4000 g/l during the lowest low tide and
highest high tide, respectively. In contrast, with low flow, TDS ranged between
1000 and 2000 g/l, reaching 150 km from the river mouth when freshwater
discharge increased to 103 m3/s. This increase effectively prevented salinity
intrusion into the center of Basrah city, both during low and high tides. The
study results provide a comprehensive description of TDS variation from the
sea to the upstream portion of the Shatt Al-Arab Rive
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2. Study objective:

The Shatt al-Arab has been suffering from a deterioration in its water
quality during these recent years due to the increase in salinity values. This
study aims to investigate the behavior of salinity in two stations for the period
2021-2022, and to determine the differences and factors affecting this on
salinity values .

\ybo 9\::\33\92\5'2.\.\\}5

é:\

2026 | February — b\ —

2.1. Study area descriptions:

The Tigris and Euphrates rivers converge at Al-Qurna town, located 70 km
north of Basra in southern Iraq, forming the Shatt al-Arab River. This river
flows for an estimated distance of 204 km until it discharges into the Arabian
Gulf, south of Faw town, where an estuary is formed. The river's average width
is approximately 400 meters, and its depths range from 8 to 20 meters. In
addition to the Tigris and Euphrates Rivers, the Karun River, originating in
Iranian territory, joins the Shatt al-Arab at Umm al-Rasas Island, further
contributing to its water supply. Notably, tides originating in the Arabian Gulf
impact the river as far north as Qurna, a unique feature of the Shatt al-Arab
River.
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The type of tides in the river is mixed, predominantly semi-diurnal
(Abdullah, 2002) with tide ranges varying from 1.1 to 1.84 meters. The highest
water level near Al-Faw is 1 meter (Abdullah, 2014)

The hydrological conditions of the river have changed over time. In the
1970s, the river's freshwater discharge occasionally exceeded 1000 m?/sec but
has since declined to 50 m3/sec due to reduced freshwater supply from
upstream sources, primarily a result of dam construction by countries
upstream. To conduct this study, two stations were selected for salinity
measurements: Al-Qurna and Al-Ashar stations, Figure (1). Al-Qurna Station:
(30° 58' 7.24" N,47°28'21.83"E)

This station represents the first area of the Shatt al-Arab River where
freshwater enters. The areas surrounding the station are primarily agricultural,
except for the residential area represented by the city of Qurna. Therefore, the
sources of pollution in this place are few. The naked section of the river is
characterized by a width of approximately 200 meters and a depth of no more
than 1 meter, while the extent of the ebb and flow does not exceed 30 cm. Al-
Ashar station: (30° 30' 40.17" N,47°51'13.58"E)

This station represents the middle part of the Shatt al-Arab River and serves
as the center of Basra, where approximately one million people reside. This
high population density is a significant source of water pollution for the Shatt
al-Arab River. In this region, the river's width can reach up to 400 meters, with
depths exceeding 12 meters. The tidal range exceeds one meter.
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Fig.(1) Study Area (Lafta , 2022)

3. Materials and methods
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In this study, two stations were selected, Al-Ashar and Al-Qurna stations,
there are two Hobo measuring stations in these two places, as shown in the
figure (2), which were previously installed by the Marine Science Center -
University of Basrah, these two stations measure some physical properties of
water and air. However, in this study relied on the data measured in these two
stations regarding water salinity and through a dedicated sensor as in the figure
(2), The sensor's function is to measure the conductivity of the water and then
automatically convert it into salinity values estimated in g/l, the time period of
measurements of salinity included several months during 2021-2022, 69,944
and 65,708 reading were taken for Al-Ashar and Al-Qurna station respectively.
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9 o | 3-1. Statistical Analysis
8 The statistical analysis was conducted by Iraqi center for research services;
N using the SPSS program. A one-way ANOVA or T-test was used to determine

significant differences between the results of the two stations and months at
the probability level (P < 0.05). The salinity of water samples from both
stations was measured in situ during the study period from 2021 to 2022.

4. Results:

The highest salinity value in 2021 was recorded at Al-Ashar station, where
it reached 34,932 mg/l, while the highest salinity value in 2022 was nearly
equal at both Al-Ashar and Al-Qurna stations (Fig.3).
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Fig.(3): Annual average salinity values (mg/l) at study stations in the years
2021-2022
The results of the statistical analysis of salinity showed significant
differences between the study stations at a probability level of 0.001 in 2021
and 2022 at Al-Ashar station compared to Al-Qurna station (Table 1).
Additionally, Table 2 shows that salinity significantly increased (P <0.001) in
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| 2021 at both Al-Ashar and Al-Qurna stations compared to 2022.
o
g Table (1): Statistical analysis of salinity in Al-Ashar and Al-Qurna stations
9 using a T-test based on years.
& W . Al-Ashar stations Al-Qurna stations
) 9 Variables MeantSD MeantSD P- Value
~N T
Q (S;/lll)mty 2021 1.81£0.912 1.06£0.247 <0.001
\ (S;/lll)mty 2022 4.06+2.66 0.905:0.212 <0.001

Table (2): Statistical analysis of salinity in 2021 and 2022 by using a T-test,
categorized by stations

Awsn alle o ywyas)

Variables 2021 2022 P- Value

G

Mean+SD Mean+SD
Salinity Al-Ashar ) o1, 0910 4064266 <0.001
stations (g/1)

Salinity Al-Qurna

stations (g/]) 1.06+0.247 0.905+0.212 <0.001
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Figure (4) indicates an equal amount of salinity during both day and night

hours for both study stations. However, salinity at Al-Ashar station was higher
than at the second station, Al-Qurna.

Salinity g/1 Salinity g/1
6 2.5
= 4 g
£ £ 1.5
s g 1ol
= < 0.5
o- 0.0-
S S N
&7 & &
& S 5 N
@ &P Cd <&

Fig.(4): Annual average salinity values during day and night hours for study
stations during 2021-2022.

Table (3) showed significant differences between the two study stations
during both day and night hours.

Table (3): Statistical analysis of salinity at Al-Ashar and Al-Qurna stations
using the T-test, categorized by AM and PM times.

. Al-Ashar stations Al-Qurna stations
Variables MeantSD MeantSD P- Value
(Sg/ll‘)mty AM 5 991027 0.948+0.253 <0.001
(Sg/ll‘)mty PM 5 962231 0.978+0.239 <0.001
P- Value 0.030 <0.001

G\

The results indicated an increase in values (p-value = 0.001) at Al-Ashar
station in both AM and PM times compared to Al-Qurna station. It also showed
a significant (P-value = 0.030) increase in AM time at Al-Ashar station
compared with PM time at the same station and a significant (P-value <0.001)
increase in AM time compared with PM time at Al-Qurna station. As shown
in Figure (5), the salinity percentage increased during the summer and was
followed by the autumn season at both stations, respectively. The winter season

tasnim-lb.org/index.php tasnim.ijhs@gmail.com



- e e
Print ISSN: 2791-2248 &9_3)\ NI DTERALY
Online ISSN: 2791-2256 dtigildllg declaiaNly dtilucl PYNEST :

*

recorded the lowest salinity percentage at both stations, with the Qurna station
turned her below of salinity.

Salinity g/1 Salinity g/1
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Fig. (5): Semester variations in the salinity ratio of the studied stations during
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—? the semesters of the academic year 2021-2022.

§‘ Table (4) shows significant differences between the two study stations

g during the seasons. Salinity was significantly lower (<0.001) in Al-Ashar

QL stations in all seasons (spring, summer, and autumn) compared to Al-Qurna
) — stations, except in winter, where the P-Value = 0.164. It also showed

ﬁ significant differences (P-value < 0.001) in all seasons when comparing Al-

R Qurna stations.

Table (4): Statistical analysis of salinity in Al-Ashar and Al-Qurna stations
by T-test and ANOVA test during the 2021 season.

Al-Ashar stations  Al-Qurna stations

Awsn alle o ywyas)

Variables MeantSD MeantSD P- Value
Salinity Winter (g/1) 1.43+0.112 1.43+0.178 0.164
Gl Salinity Spring (g/1) 1.51+£0.342 1.18+0.277 <0.001
U Salinity Summer (g/1) 2.86+1.26 0.892+0.0881 <0.001
Salinity Autumn (g/1) 1.43+0.280 0.928+0.0401 <0.001
P- Value <0.001 <0.001

Meanwhile, Table 5 shows that salinity significantly increased (P-Value <
0.001) in Al-Ashar stations in all seasons compared to Al-Qurna stations. It
also showed significant differences (P-Value < 0.001) in all seasons when

tasnim-lb.org/index.php tasnim.ijhs@gmail.com




- v o BT
Print ISSN: 2791-2248 5:;39_,3\ NI DTERALY
Online ISSN: 2791-2256 diigililly diclaiaXly AriluMl aglall :

*

comparing each other in Al-Ashar stations and significant differences (P-Value
< 0.001) in all seasons when comparing each other in Al-Qurna stations.

Table (5): Statistical analysis of salinity in Al-Ashar compared to Al-Qurna
stations by T-test and ANOVA test during the 2022 seasons.

Al-Ashar stations  Al-Qurna stations

m Variables MeantSD MeantSD P- Value
9 Salinity Winter (g/1) 1.11£0.160 1.05+0.139 <0.001
g: Salinity Spring (g/l) 2.13+0.993 1.06£0.190 <0.001
E) (Sg/ll‘)mty SUMMEr ¢ 9341 71 0.880£0.0535 <0.001
£ (Sg/ll‘)mty Autumn ¢ 50,121 0.635+0.0538 <0.001
| P Value <0.001 <0.001
%\ 3 An increase in salinity values per month was observed at Al-Ashar station
= '? compared to Al-Qurna station (Fig. 6), with the highest values recorded in July,
) > and the lowest in January. Salinity values was recorded the lowest one at the
l S second station (Al-Qurna), except for March and April, which increased and
s recorded the highest values of salinity.
i3
\9) > Salinity g/1 Salinity g/
S
o 8-

o
1
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—
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Fig.(6): Monthly|changes in salinity values in study statiogs: A= Al-Ashar
station, B= Al-Qurna station
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5. Discussion

Water stands as the most essential and fundamental requirement for life,
supporting various activities. Surface water sources, such as rivers, lakes,
ponds, and dams, serve multiple purposes, including drinking, irrigation, and
power supply (Penna et al., 2002). The Shatt Al-Arab River is one of the
important rivers in Iraq due to its agricultural, commercial, economic, and
social importance. It supplies water for drinking, irrigation, fishing,
transportation, and various industrial uses, Hamza,(2023)

It is imperative that drinking water is devoid of chemical, physical, and
biological contaminants, ensuring it remains colorless, tasteless, and odorless
(Al-Fatlawi, 2007).

The exponential increase in population and economic activities within
countries inevitably leads to a heightened demand for water across various
applications. Several criteria are employed to evaluate the quality of drinking
water. One effective and straightforward method is to measure electrical
conductivity, which assesses water's capacity to conduct electrical current.
Each body of water possesses its unique salinity value (Al-Sabah, 2016).

The findings from the Al-Qurna stations indicated the lowest salinity rates
in 2021-2022 compared to the Al-Ashar stations (Figs. 3 and 6). The increase
in water releases by the Ministry of Water Resources in response to the
growing demand in Basrah city resulted in decreased salinity at the Qurna
station (Figure 6). In contrast, the Al-Ashar station recorded a significant
salinity increase for two reasons: its distance from the water release source and
its proximity to the sea, which constitutes the primary source of salinity in the
Al-Basrah area's waters.

It is important to note that water salinity is not solely determined by a single
type of salt but rather reflects the percentage of total dissolved salts, including
potassium, magnesium, calcium, and sodium.

Iraqi drinking water standards stipulate a maximum desirable total
dissolved salt content of 500 mg/l, with a maximum permissible limit of 1500
mg/l ,Al-Salihy et al., (2011).

Seasonal comparisons reveal an increase in salinity during hot seasons
(summer and autumn) in both study stations (Fig. 5), with a decline during cold
seasons (winter and spring). This observation aligns with the findings of
(Abdul Nafi and Salman, 2011) and may be attributed to climate change.
Months characterized by significant temperature increases, such as summer
months with high temperatures, experience heightened evaporation rates,
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leading to increased salt concentrations and greater pollutant concentrations,
resulting in elevated electrical conductivity values. This result agreement with
Al-Saedy,(2021) and Saki,(2022). The increase in the evaporation processes
of the river water during the hot months of the year because the EC increases
with the increase in temperature, and the increase in the concentration of ions
in the water, which are carries of high concentration of. (Xia, et al., 2019) and
(Hamza,2023)

(Nomas and Hashem, 2021) pointed out that most of the water filtration
plants that take water from the Shatt al-Arab, the resulting water is unfit for
drinking use according to the World Health Organization index. As for the
filtration plants that take water from the Al-Bada Canal, the resulting water is
water suitable for human use according to that index.

The researchers (Nomas and Hashem, 2021) indicated that The quality of
water in water projects that depend on the Bada'a canal for their recharge falls
within the internationally permissible limits for the quality of potable water
according to the specifications of the World Health Organization, while the rest
of the water projects that are recharged from the waters of the Shatt al-Arab
are higher than the permissible limits for human consumption.
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6. Conclusions

The salinity significantly increased (P < 0.001) in 2021 at both Al-Ashar
and Al-Qurna stations compared to 2022. the salinity percentage increased
during the summer while The winter season recorded the lowest salinity
percentage at both stations, According to the month the July was recorded the
highest values of salinity and the lowest in Januar at Al-Ashar station
compared to Al-Qurna station
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