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ARTICLE INFO ABSTRACT

Freshwater ecosystems support a diverse range of
Received 22 July 2025 organisms and constitute vital centres of biodiversity on
Revised 18 August 2025 the Earth. However, these environments are subject to
Accepted 21 August 2025 various environmental stresses that have impacted water
Published 31 December 2025 quality. The Shatt al-Arab River, a main waterway in

southern lIraq, is continuously influenced by multiple
Keywords: factors that alter its water characteristics. This study aimed

to assess the water quality of the Shatt al-Arab at three
stations over the period from August 2024 to January
2025. Dissolved Oxygen (DO), Oiological Oxygen
Demand (BOD), Total Hardness, Chlorides, Sulfates
(SO+*), Chemical Oxygen Demand (COD), Alkalinity
(expressed as CaCOs), Total Phosphorus, and Total
Nitrogen (TN) were measured. The results revealed
significant spatial variations in dissolved oxygen, was the
highest in Al-Salal 13.307 + 4.088 mg/L and lowest was
in Al-Ashar 10.293 + 4.437 mg/L. Similarly, the biological
oxygen demand recorded the highest mean at Al-Sallal,
6.100 + 3.846 mg/L, and the lowest mean value observed
at Al-Ashar, 2.833 £ 2.697 mg/L. Chloride concentrations
also had mostly the same trend, where the highest mean
concentration was at the Al-Sallal station, 2457.383 +
588.847 mg/L,and the lowest was in Abu Al-Khasib
wasl611.683 + 407.397 mg/L. Conversely, the
concentrations of total hardness, sulphate, alkalinity, total
phosphorus, and total nitrogen did not differ significantly
across the three sites. Monthly variations were significant
for most chemical parameters DO (P < 0.000), BOD (P <
0.02), COD (P <0.001), TH (P < 0.000), CI~ (P < 0.000),
Alkalinity (P <0.013), TP (P <0.000), and TN (P < 0.000)
except for sulphate, which showed no significant monthly
fluctuations in the waters of the Shatt al-Arab.
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1. Introduction

Freshwater ecosystems are complex systems in terms of their composition, biological processes,
and geological characteristics, which are clearly reflected in their chemical, physical, and biological
structures. These include factors such as water temperature, salinity, dissolved oxygen, acidity, and
various nutrients, in addition to the diverse biological species inhabiting these systems. These
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components vary from one water body to another, and within different regions of the same watercourse,
both longitudinally, laterally, and with depth, as well as under the influence of seasonal or daily
temporal variations[1, 2].
Freshwater bodies cover approximately 1% of the Earth’s surface and provide numerous ecological
services for both humans and other living organisms. These services include the provision of water
for drinking, irrigation, and recreational activities, while also serving as suitable habitats for a wide
range of organisms[3, 4] . The functions offered by these ecosystems fundamentally depend on the
preservation of their natural characteristics and biodiversity. Indeed, freshwater environments support
around 10% of all living species|[5,6].
Despite their ecological importance, freshwater environments have faced numerous pressures in recent
decades, leading to a marked deterioration in their characteristic’s properties, which has negatively
impacted biodiversity. highlighted several of these adverse influences, including climate change,
invasive species, infectious diseases, harmful algal blooms, the expansion of hydropower stations,
industrial waste, and various other pollutants resulting from human activities[7]. It is therefore evident
that anthropogenic activities are the primary source of unprecedented environmental pressures on
freshwater systems, causing a significant decline in water quality[8].
The Shatt al-Arab River stretches between 195 and 200 kilometres in length, is located north of
Sindibad Island[9, 10]. This river serves as the confluence of the Tigris and Euphrates rivers and flows
into the Arabian Gulf. The waterway holds significant economic and social importance and is the
primary source of drinking and irrigation water for Basrah Governorate[11].
This water stream is subjected to numerous pressures that have reduced the suitability of its water for
both human and ecological uses. The decline in water availability through the Tigris and Euphrates
rivers, due to dam construction at their sources, combined with increased human population density,
industrial facilities, recreational establishments, and the direct and indirect discharge of heavy
wastewater into the river, has led to a deterioration in water quality. This includes elevated salinity
levels caused by saline currents from the Arabian Gulf and increased nutrient concentrations, which
have consequently resulted in a decline in biodiversity[11, 12].
The fresh water shortage supply, and increasing the human-made stress on Shatt Al-Arab River have
induced serious impacts on water quality of this stream and, consequently, may provoke influences on
biodiversity that relies profoundly on chemical and physical analyses of fresh water ecosystem[13].
Hence this study aims to highlight the variations in some chemical characteristics of Shatt Al-Arab
river water quality.
Methods
Description of Study Areas

Three distinct sampling sites were systematically selected along the Shatt al-Arab River within
Basrah Governorate, southern Iraq, to ensure comprehensive spatial coverage of the study area. The
precise geographic, coordinates of each site were determined using a Garmin GPSetrex 10 Global
Positioning System (GPS) device. The locations are as follows: Site 1was Al-Sallal (S1) —
474048.804E, 30360.492N, Site 2 was Al-Ashar (S2) — 475045.732E, 303058.902N and Site 3 was
Abu Al-Khasib (S3) 4822.052E, 302719.422N

Water Sample Collection

Water samples were collected using 750 mL high-density polyethylene (HDPE) sampling
containers for general physicochemical analyses. For the measurement of Biological Oxygen Demand
(BOD), samples were collected in 250 mL Winkler titration bottles, designed specifically for dissolved
oxygen analysis. Each sampling vessel was filled by submerging it vertically into the water column at
a depth of approximately 20 cm to avoid surface contamination and ensure representative sampling.
Immediately after collection, samples were preserved in situ by sealing the vessels airtight to prevent
gas exchange and contamination. All samples were stored in Icebox to inhibit biological activity prior
to laboratory analysis. Expedient transport to the analytical laboratory was conducted to maintain
sample integrity and ensure the reliability and accuracy of subsequent physicochemical and biological
assessments.
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Water Quality Measurements

The study encompassed the laboratory determination of various key chemical water quality
parameters, including DO, BOD, TH, CI, SO+*, COD, Alkalinity (expressed as CaCOs), TP, and TN.
All analyses were conducted following the standard methods outlined by the American Public Health
Association (APHA)[14] .
Statistical analysis of the data was performed using the Statistical Package for the Social Sciences
(SPSS), version 26. The datasets were evaluated employing parametric Analysis of variance (ANOVA).
The probability P<0.05 was used to determine the significant differences between groups.

2. Results

Analysis revealed that the concentrations of Dissolved Oxygen (DO), Biological Oxygen
Demand (BOD), and Chloride (CI") differed significantly among the sampling stations, with
significance levels of P <0.013, P <0.0001, and P < 0.0001, respectively (Figure 1). The highest mean
concentration of dissolved oxygen was recorded at the Al-Sallal site, measuring 13.307 + 4.088 mg/L,
which was significantly higher (P < 0.01) than that at the Shatt al-Arab station, where the mean DO
concentration was 10.293 + 4.437 mg/L. No statistically significant difference was observed between
Al-Sallal and Abu Al-Khasib (P = 0.2), nor between Al-Ashar and Abu Al-Khasib (P = 0.4).

The biochemical oxygen demand exhibited a similar pattern to dissolved oxygen. The highest mean
BOD concentration was recorded at Al-Sallal, at 6.100 + 3.846 mg/L, which differed significantly
from the lowest mean value observed at Al-Ashar, 2.833 + 2.697 mg/L, at a significance level of P <
0.0001. Furthermore, BOD concentrations at Al-Sallal were significantly different from those at Abu
Al-Khasib (P <0.019). However, no significant difference was found between Al-Ashar and Abu Al-
Khasib with respect to BOD levels (Figure 1).

The chloride ion (CI7) exhibited its highest mean concentration at the Al-Sallal station, recorded at
2457.383 + 588.847 mg/L, which was significantly greater (P < 0.0001) than the concentrations
measured at Al-Ashar (1822.300 + 388.886 mg/L) and Abu Al-Khasib (1611.683 + 407.397 mg/L)
stations Figure (2).

Conversely, no significant differences were observed in the COD among the sampling sites (P = 0.255)
(Figure 1). Similarly, the concentrations of TH, SOs*, Alkalinity, POs, and TN did not differ
significantly across the three stations (Figures 2 and 3).

Statistical analysis revealed significant differences among the monthly mean values of various
chemical water quality parameters. These included Dissolved Oxygen (DO) (P < 0.000), Biochemical
Oxygen Demand (BOD) (P < 0.02), Chemical Oxygen Demand (COD) (P < 0.001), Total Hardness
(P <£0.000), Chloride ion (CI") (P < 0.000), Alkalinity (P < 0.013), Total Phosphorus (P < 0.000), and
Total Nitrogen (TN) (P < 0.000) (Figures 10-12). Conversely, analysis of variance indicated no
significant differences in Sulfate (SO4+*") concentrations across the study months (P = 0.132).

The highest mean concentration of dissolved oxygen was recorded in January 2025, measuring 15.813
+ 2.472 mg/L, which differed significantly (P < 0.000) from the concentrations observed in August,
October, and November. No significant difference was found between January and September (P =
0.140) or December (P = 0.642) with respect to dissolved oxygen levels. The lowest mean dissolved
oxygen concentration was observed in November, at 8.360 + 2.573 mg/L, which differed significantly
from the values recorded in September (13.093 £ 2.437 mg/L) and December (14.133 £ 3.323 mg/L)
at significance levels of P <0.01 and P < 0.000, respectively (Figure 4).

The BOD recorded its highest mean value in December, measuring 6.378 + 4.276 mg/L, which was
significantly different from the values observed in August (2.960 £+ 1.561 mg/L) and November (2.840
+ 1.575 mg/L), at significance levels of P <0.027 and P < 0.02, respectively (Figure 4).
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Fig. 1. Spatial variations of Dissolved Oxygen (DO), Biochemical Oxygen Demand (BOD), and
Chemical Oxygen Demand (COD) across the three sampling stations along the Shatt al-Arab
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Fig. 2. Spatial variations of Total Hardness (TH), Chloride (C1"), and Sulfates (SO4>")
concentrations across the three sampling stations along the Shatt al-Arab River
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Fig. 3. Spatial variations of Alkalinity, Phosphate (PO4*"), and Total Nitrogen (TN)
concentrations across the three sampling stations along the Shatt al-Arab River
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The highest mean concentration of COD was recorded in January 2025, reaching 160.000 + 49.868
mg/L, which was significantly higher than the COD levels measured in August 2024 (96.000 + 54.089
mg/L), September 2024 (81.067 + 26.681 mg/L), and December 2024 (102.400 * 54.359 mg/L), at
significance levels of P < 0.06, P <0.000, and P < 0.018, respectively (Figure 4).

(Figure 5) illustrates the monthly variations of TH, Cl-, and SO+*" concentrations in the Shatt al-Arab
River during the study period from August 2024 to January 2025. The highest mean total hardness
was observed in November 2024, at 729.333 + 161.004 mg/L, which differed significantly from all
other months except October 2024, where the mean hardness was 693.333 + 39.761 mg/L, with no
significant difference observed (P = 0.925). The lowest mean total hardness was recorded in August,
measuring 144.252 + 5.773 mg/L, which was significantly different from all other months at P < 0.05.
Regarding chloride concentration, the highest mean value was recorded in January 2025, at 2622.267
+ 537.892 mg/L. This was significantly different from the chloride levels measured during August,
September, October, and November, with significance levels of P < 0.000, P <0.015, and P < 0.001,
respectively. No significant difference was observed between December and January (P = 0.061),
where the chloride concentration in December was 2139.467 + 634.117 mg/L (Figure 5).

No significant differences were detected in sulfate (SO+*") concentrations across the study months.
However, the highest mean sulfate concentration was recorded in January at 459.140 + 257.240 mg/L,
while the lowest mean was observed in November, at 170.466 + 53.882 mg/L (Figure 5).
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Fig. 4. Monthly variations of Dissolved Oxygen (DO) and Biochemical Oxygen Demand
(BOD) in the Shatt al-Arab River from August 2024 to January 2025
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Fig. 5. Monthly variations of Total Hardness (TH), Chloride (CI"), and Sulfate (SO+*")
concentrations in the Shatt al-Arab River from August 2024 to January 2025
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Figure (6) revealed the monthly variations of Alkalinity, Phosphate, and Total Nitrogen concentrations
during the study period. Despite significant monthly variations in alkalinity concentrations in the Shatt
al-Arab River, Tukey’s test revealed that these significant differences were specifically between
December and September. The highest mean alkalinity was recorded in December, at 304.013 +£57.182
mg/L, whereas the lowest mean alkalinity was observed in September, at 97.111 £ 16.420 mg/L, with
a significance level of P < 0.013. Phosphate concentrations peaked in August 2024, with a mean value
of 46.354 £ 69.956 mg/L, which was significantly higher than the levels recorded in September and
October (P < 0.003 and P < 0.002, respectively). No significant differences were observed between
November, December, and January. The lowest phosphate concentration was recorded in December,
at 3.913 + 1.890 mg/L (Figure 6).
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Fig. 6. Monthly variations of Alkalinity, Phosphate, and Total Nitrogen concentrations during
the study period.

3. Discussion

A significant difference in the monthly mean values of DO, BOD, and COD was observed. The
findings of [15] are consistent with the current study, reporting wide fluctuations in dissolved oxygen
concentrations in the Shatt al-Arab River during winter and summer. It is well known that dissolved
oxygen content in water is influenced by water temperature and the chemical or biological processes
occurring within the aquatic system. The observed decrease in dissolved oxygen levels at certain
stations may be attributed to increased inputs of untreated domestic sewage, which introduces reducing
substances such as nitrites, or to organic pollutants that accelerate the consumption of dissolved
oxygen during warmer months, as observed at the Al-Ashar station. Low dissolved oxygen levels at
specific sites serve as indicators of pollution and are therefore critical parameters in water quality
assessment. Another study reported DO concentrations ranging from 5.1 to 9.8 mg/L, noting elevated
levels during winter and declines in summer[15]. This pattern is explained by the inverse relationship
between dissolved oxygen and temperature, whereby colder conditions slow the decomposition of
organic matter. Additionally, rainfall, wind, and tidal activity enhance water mixing and circulation.
Conversely, higher summer temperatures reduce oxygen solubility, increase evaporation, lower water
levels, and intensify decomposition rates, collectively resulting in diminished DO values[16, 17] .
Moreover, the decline in dissolved oxygen in the southern reaches of the river may be linked to
elevated salinity, which adversely affects oxygen solubility. Nonetheless, the minimum DO values
recorded in this study fall within previously reported ranges for the Shatt al-Arab River. Both BOD
and DO exhibit variability throughout the river and its tributaries. Generally, a decrease in BOD
coincides with an increase in DO, reflecting the negative correlation between organic matter
concentration and bacterial activity during oxidative decomposition, which leads to reduced oxygen
consumption during the thermolytic phase. Furthermore, dilution effects from increased water volume
contribute to the observed decline in BOD concentrations[18] .

The highest mean of Chemical Oxygen Demand (COD) was recorded in January 2025, significantly
exceeding the COD levels measured in August and September 2024. Typically, permissible COD
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concentrations in freshwater range between 48.2 and 120.7 mg/L[19]. Notably, the COD value
observed in January surpassed this threshold, signalling contamination of the Shatt al-Arab River by
both organic and inorganic chemical pollutants. In contrast, COD values during the summer months
remained within acceptable. limits. This pattern is consistent with findings by[19,20], who attributed
elevated winter COD levels to increased water volumes compared to the dry season.

The peak mean concentration of total hardness during the study period occurred in January 2025,
showing a statistically significant difference from all other months. The water of the Shatt Al-Arab
River is characterised by exceptionally high TH, exceeding permissible environmental thresholds
throughout the year, except in August 2024 at the Al-Sallal station, where salinity levels notably
decreased. Total hardness in the Shatt al-Arab exhibits a seasonal pattern, rising during winter and
declining in summer, which correlates with increased salinity observed in the colder months. This
phenomenon is primarily attributed to reduced water volumes in the river and its tributary canals,
resulting from diminished water discharge. Furthermore, factors such as limited rainfall during the
winter study period, the decomposition of organic matter, and the intrusion of highly saline waters
from the Arabian Gulf—combined with pollutants originating from groundwater, internal canals, and
sewage cffluents—contribute collectively to the formation of a complex chemical mixture that
adversely affects water quality[21].

The highest concentration of chloride ions was recorded at the Al-Sallal station in January 2025,
whereas the lowest concentration was observed at the Abu Al-Khasib station in September 2024. This
variation was statistically significant when compared to the levels recorded in August, September,
October, and November; however, no significant difference was noted between December and January.
Elevated chloride concentrations exceeding permissible environmental limits indicate a decline in
water quality in certain sections of the Shatt al-Arab River, particularly around the Al-Sallal area. The
increased chloride levels are primarily attributed to geological factors, reduced rainfall, and
diminished freshwater inflows resulting from decreased discharge from the Tigris and Euphrates
Rivers. Moreover, the rise in salinity further contributes to this phenomenon, given the direct
correlation between salinity and chloride ions, which are the predominant anions in salt, combining
with sodium to form sodium chloride (NaCl)[22].

The elevated chloride concentrations observed at other monitoring stations are largely attributed to the
high chloride content inherent in the local geological formations, as well as increased chloride levels
present in domestic sewage and certain industrial effluents.[23] identified two primary drivers behind
the degradation of the Shatt al-Arab River’s water quality: rising salinity and organic pollution. They
characterised the overall water quality as “unstable,” vulnerable to further degradation, and fragile,
highlighting its susceptibility to pollution and deviation from optimal ecological conditions.
[24]documented chloride concentrations ranging from 137 to 1060 mg/L in their study spanning 1988
to 2001. In contrast, the present investigation revealed elevated chloride levels between 241.06 and
2056.6 mg/L in the northern sector of the Shatt al-Arab River within southern Basra, signalling a
notable increase in industrial effluent contamination [25]. similarly reported heightened chloride
concentrations during various months of 2021 surpassing the Canadian Council of Ministers of the
Environment[26] thresholds for human (<250 mg/L) and industrial use (<600 mg/L), with the lowest
values observed in August .

The highest sulfate concentration was recorded at the Abu Al-Khasib station in October 2024, whereas
the lowest was observed at the Al-Sallal station in November 2024, indicating elevated sulfate levels
during the winter season. This seasonal increase may be attributed to intensified use of petroleum-
based fuels, leading to greater release of sulfate compounds into the environment, or alternatively, to
wet deposition occurring in the winter months. Furthermore, emissions from power generation
facilities, notably the Najibiyah and Turkish power plants, contribute significantly to environmental
sulfate levels. Agricultural activities in the surrounding areas also play a role in augmenting sulfate
concentration[15].

A significant difference was noted between the monthly mean alkalinity values (P <0.001), indicating
that alkalinity levels exceeded the permissible limits set by APHA[27]. which range from 20 to 200
mg/L. Alkalinity tends to increase during the winter months, primarily due to the intrusion of saline
water from the Arabian Gulf and the dissolution of carbonate rocks. Additionally, reduced discharge
from the Tigris and Euphrates Rivers contributes to this rise, as saline water is rich in ions that elevate
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alkalinity. Furthermore, lower temperatures diminish biological activities such as organic
decomposition and cellular respiration, resulting in decreased production of organic acids that would
otherwise reduce alkalinity. Conversely, the decline in alkalinity observed during summer is attributed
to higher temperatures and increased evaporation, which enhance biological activity and organic acid
production, alongside greater river discharge. These findings align with those reported by[28].
Monthly variations in total phosphorus revealed the highest mean concentration in April 2024, which
differed significantly from the values recorded in September and October (P < 0.003), as well as from
those in November, December, and January (P < 0.003). The lowest mean phosphorus concentration
occurred in December. .

There is a marked similarity between the fluctuations in total phosphorus and total nitrogen
concentrations, which can be largely attributed to agricultural activities, reduced water discharge, the
application of chemical fertilisers, and the discharge of sewage water. Collectively, these factors
contribute significantly to the observed variations in phosphorus and nitrogen levels within the Shatt
al-Arab River.

Human activities perform a crucial role in elevating phosphorus concentrations in river systems,
particularly through the use of detergents and phosphate-based fertiliser[29].[30] reported that the
water quality index of the Shatt al-Arab River falls within the ‘very poor’ category during the summer
months. The rise in phosphorus concentration at the central station of the river is primarily attributed
to the disposal of industrial liquid waste, sewage effluent, and agricultural fertilisers.[31] observed
that downstream stations along the Shatt al-Arab River exhibited higher concentrations of nitrogen
compounds compared to upstream sites, largely due to increased pollution from domestic sewage
discharged in central Basra. Moreover, climate change and variations in river flow have further
influenced nitrogen compound concentrations, findings that concur with those reported by[32,15].
(27) documented fluctuations in nutrient concentrations, including ammonia, nitrate, and phosphate,
throughout the study period. These variations were attributed to changing climatic conditions and
reduced water inflow into the river, which contributed to variability in nitrogen compound levels.
Indeed, this issue require more indispensable and attention to be addressed, however, currently, the
financial and time limitations were the most obstruction to do more field and laboratory works. The
productivity and consumer organisms are needed necessitated to have a comprehensive view of this
issue.

3. Conclusion

The study has demonstrated the presence of chemical pollution within the Shatt Al-Arab
River ecosystem, as indicated by elevated concentrations of several water quality parameters
exceeding established permissible limits. Moreover, the findings demonstrated that highest
concentrations of the most chemical characteristics were recorded from November to January,
that may vital for decision maker to resolve this ecological concern.
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