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ARTICLE INFO ABSTRACT

Article History: As a result of the changes in characteristics and vitality caused by
Received: March 25, 2024  human inventions, and due to the difficulty of understanding the motives for
Accepted: April 19, 2024 these changes, the study aimed to link the nutritional state of the Shatt al-Basra
Online: April 30, 2024 Canal to the main reasons for its production for the period from October 2022
to September 2023. Water samples were collected monthly from two stations

in the water canal, then the physical, chemical and biological parameters were
analyzed including water temperature, dissolved oxygen, salinity, total
phosphorus (TP), total Chlorophyll-a (Chl a), and light transmittance (secchi
disc depth (SD) in addition to temperature. For water temperature, values
fluctuated between 11 & 36°C in January and August, whereas the dissolved
oxygen was recorded between 4.5 & 11.5mg/ L in June and January. The
values of salinity ranged between 48.9 & 20.3 parts per thousand in March and
July, and the water light penetration was between 23-55cm in March and
August, while a range between 3.5 and 0.6g/ L was recorded for the total
phosphorus in March and December. For chlorophyll-a, values ranged from
20.57 to 118.79ug/ L in February and September, while a value range from
46.76-57.89 was assessed for the nutritional state index (TSI) in November and
December. Thus, it was deduced that the canal was experiencing a high state of
dimerization. Based on the results of the statistical analysis, significant
differences were detected between the studied plants at a level of P> 0.05 in
the second station, where a higher TSI concentration was recorded compared
to the first study site.
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The environment is an important element for humanity, as human life and the natural
world are built on a variety of balances, and the human relationship with the environment is

one of these main balances (Yang, 2022).

Any external impact on the boundaries of the chain forming this natural balance causes this

balance to be negatively affected, leading to environmental problems (Genc, 2018).

As a result of multiple human activities, rivers have become a reservoir of flows, including
industrial and agricultural activities. The current state of the rivers shows that there is great
concern regarding the quality of water in these aquatic ecosystems as a result of their exposure
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to the process of eutrophication (Klippel et al., 2020). The process of enriching water with
plant nutrients, primarily nitrogen and phosphorus, is called eutrophication, which stimulates
primary aquatic production, leading to the proliferation of visible algae and phytoplankton,
and promoting the growth of algae attached to aquatic plants (UNEP, 2003). The trophic state
reflects the human impact on water quality and the environmental performance of rivers and is
an important characteristic of aquatic ecosystems, as nutritional state indexes show a clear
picture of how the availability of nutrients and light control the development of phytoplankton
(Cunhaetal., 2013).

The trophic state index is also considered to be the best for assessing the trophic state of
rivers since it reduces the assessment of water penetration, which is associated with inorganic
turbidity rather than phytoplankton biomass (Klippel et al., 2020). Notably, the trophic state
of a river reflects its productivity, water quality, and biological integrity (USEPA, 1994). The
concept of trophic state depends on the lake production and is measured by estimating the
biomass of algae due to its impact on the biological structure of the lake (Naumann, 1919).
The trophic state index (TSI) is widely used to assess the trophic state of aquatic
environments, being an index that combines chlorophyll-a, light transmittance, and total
phosphorus (Li et al., 2022).

The trophic state index helps guide decision-making and aids in water resource
management by collecting and organizing data (Carlson & Simpson, 1996). By applying this
index, the productive state of the aquatic environment can be described, and it is expressed by
a number whose value ranges from 0- 100 (Carlson, 1977). The aquatic environment is also
classified according to the trophic state index Trophic into four sections (Table 1),
oligotrophic, mycotrophic, mycotrophic, eutrophic, and hypertrophic (Rajashekar & Vijay
Kumar, 2008).The trophic state index is the total weight of biomass in a water body and is the
biological response to nutrient supply into the water bodies (Devi Prasad & Siddaraju,
2012).

Water depth affects the estimation of the TSI (SD) of water bodies, as it is not preferable to
use TSI (SD) and TSI (TP) in shallow water bodies with depths less than 2m. On the other
hand, total nitrogen (TSI) (TN) must be excluded from eutrophication in bodies with depths
more than 5m, as water depth is the main internal regional factor affecting the accuracy of
these factors in indicating algal biomass (Zhang et al., 2023). This research aimed to evaluate
the trophic state index of the aquatic environment in the Shatt al-Basra Canal by linking the
nutritional state of the canal to the main causes of its productivity, which is a complex
response to the interaction between various physical, chemical, and biological factors.
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MATERIALS AND METHODS

Study and sampli

The Shatt al-Basra Canal is an artificial drainage canal and is a waterway linking the
southern marshes to the Arabian Gulf (Hassan et al., 2018). It is used to transport floodwater
from the Hammar Marsh to Khor Al-Zubair and then to the Arabian Gulf via Khor Abdullah
(UNEP, 2001). It starts from the north of Basra and extends toward the southeast. It covers
about 37,157km? located within the lands of the Basra Alluvial Plain. It is located between
latitudes 30 27-30 28 in the North and 47 50-47 49 in the East. Samples were collected from
two stations. The first station is near the Shatt al-Basra gas power station and is located
northwest of Basra (N: 47 44 42.5 E: 30 28 31.1), while the second station is near the Shatt al-
Basra regulator and is located in the southwestern part of the city of Basra (E: 30 24 40.1 N:

ng area

47 46 22.6) (Fig. 1).
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Sample collection

Samples were collected from two stations for the period from October 2022 to September
2023 during the low tide period. A mercury thermometer graduated from 0- 100 and a light
penetration were used to measure water temperature (°C) and light transmittance by a Secchi

Fig. 1. Map of collection site from Shatt Al-Basrah Canal

disk, with a diameter of 30cm. The values (cm/s) are expressed as Secchi depth.
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These variables were measured during real-time sampling in the field. Dissolved oxygen
(mg/L) was determined according to the modified Winkler method (Azide modification)
described in APHA (2005). Salinity (parts per thousand ppt) was also measured using a
Cond3L5i type wTw device. Plastic bottles, made of polyethylene with a capacity of 500mm,
were used to collect water samples. They were preserved in 4% formalin immediately after
being withdrawn from a depth of 15- 25cm below the surface of the water, and the samples
were preserved in refrigerated containers with crushed ice and transported to the laboratory
for further analysis. Total phosphorus (TP) was determined according to APHA (2005). and
chlorophyll-a was evaluated according to Lorenzen (1967). The nutritional state index was
calculated according to Carlson(1977) by applying the formula:

TSI (SD) =60-14.41 Ln [Secchi disc depth (meter)]
TSI (Chl a) =9.81 Ln [Chlorophyll a(ug/1)]+30.6
TSI (TP) = 14.41 Ln [Total phosphor(ug/1)]+4.15
Average TSI = [TSI (TP) + TSI (Chl )a+ TSI (SD)]/3

Statistical analysis

The statistical analysis of the data was performed by using SPSS 20 software (Statistical
Package for Social Sciences). In addition, the L.S.D. test was used to determine those
differences under the significance level of P<0.05 through the ANOVA test in the current
study sites.

On what basis were the two sites chosen? Their results are very close.
Fig. (2) August on X-axes is written dad.
RESULTS

Water temperature

Monthly changes in water temperature IN the stations varied over time. Temperatures ranged
between 11 & 36°C in January and August (Fig. 2).
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Fig. 2. Monthly variations of the temperature °C at the study sites
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Dissolved oxygen

DO concentrations ranged from 4.5 to 11.5 mg/L in June and January (Fig. 3).
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Fig. 3. Monthly changes in dissolved oxygen concentration at the study sites
Salinity

Salinity concentrations ranged monthly between the lowest and highest (48.9-20.3) ppt in
March and July, respectively (Fig. 4).
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Fig. 4. Monthly changes in salinity concentration at the study sites

Total phosphorus

The lowest and highest TP concentrations ranged between 3.5 and 0.6pg/ L in March and
December, respectively (Fig. 5). Statistical analysis showed significant differences between
the study stations at the probability level of P<0.05.
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Fig. 5. Monthly changes in total phosphorus concentration at the study sites
Chlorophyll-a

Chlorophyll-a (Fig. 6) shows that the highest value of Chl-a (118.79ug/ L) was recorded in
September, while the lowest (20.57ug/ L) was in February. Statistical analysiss exhibited
significant differences between the study stations at the level of P<0.05.
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Fig. 6. Monthly variations of Chlorophyll-a at the study sites

Light penetration

Fig. (7) shows the monthly changes in light penetration. The highest value was 55cm recorded
in August, while the lowest was in March, with a value of 23cm.
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Fig. 7. Monthly light penetration/cm variations at the study sites

Trophic state index

The trophic state index (Fig. 8) showed that the highest value (57.89) was registered in
December, and the lowest (46.76) was in November.
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Fig. 8. Monthly changes in the trophic state index at the study sites

Table 1. TSI grade and their ecological attributes (Carlson & Simpson, 1996).

Ecological attributes TSI Class
Oligotrophic <40 1
-low productivity
Mesotrophic 40-50 2
moderate productivity
Eutrophic 51-70 3
-high productivity
Hypereutrophic >70 4
very high productivity
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DISCUSSION

Water temperature is one of the most important factors affecting the environment of water
bodies through its effect on several chemical and physical factors, viz. gases dissolved in
water, pH, conductivity, specific density, and viscosity (Banana et al., 2016). The highest and
lowest values were recorded during August and January, respectively. The decrease in water
temperature in winter and its increase in summer in the ecosystem follow the temperature of
the surrounding air (Fouzia & Amir, 2013). During summer, the study area is affected by the
long hours of daylight and the resulting brightness of sunlight affecting the surface of the
water.

The river's shallowness, due to reduced flow during summer, increases its vulnerability to
air temperatures (Galo, 2023). This differs from the winter season, which is characterized by
short daylight hours, weak sunlight, and varying levels of water depth. The reason for the
difference may also be attributed to changes in climate, being hot and dry during summer and
cold and rainy during winter (Al-Hejuje, 2014). This was reflected in the water temperature,
giving clear differences between months. For the difference between the two study stations, it
may be due to the sampling times and the depth of the water from which they were taken,
taking into account the high heat capacity of the water (Lampert & Sommer, 1997).

Given that placing an earthen dam on the Karma Ali River (the confluence of the Tigris
and Euphrates rivers) to prevent the high salt tide, causes a decrease in freshwater discharge.
It is worthy to mention that, salinity affects the size of the biological community and its
quantitative and qualitative representation (Power et al., 2000), and that the strong tidal
currents from the Gulf increase the salinity concentrations in the water (Galo et al., 2022). In
this context, the current study recorded salinity concentrations that are higher than what was
reported in previous studies in the waters of the Shatt al-Basra Canal in the first station during
July.

The lowest salinity concentrations were also recorded in the second station during March.
The reason for the high concentrations may be ascribed to the evaporation process in the
season of summer owing to the high temperature and the length of the day. The lower part of
the canal is also affected by marine tidal phenomena, which shows the effect of the salt water
of the Arabian Gulf on the Shatt al-Basra Canal. The water of the Shatt Basra Canal can be
classified as marine water. In addition to this, there is a continuous increase in salts resulting
from human activities and untreated wastewater (Galo et al., 2023). The decrease in salt
concentrations during the cold months may be due to the reduction in rainfall and the increase
in Shatt al-Basra Canal discharges during those months of the year.

Dissolved oxygen in water plays an effective role in regulating the vital processes of
several aquatic organisms. It is not possible to dispense with it, even if its concentrations are
reduced below the level of sustaining the lives of these organisms (Abowei, 2010). The results
showed a decrease in oxygen concentrations during summer and an increase during winter and
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spring in the two study stations. The reason for the decrease in dissolved oxygen
concentrations during the summer, especially in June, may be attributed to the increase in the
rate of decomposition of organic materials and the consumption of oxygen by aquatic
organisms owing to the increase in water temperature (Moyel, 2014).

The reason for the high concentrations of dissolved oxygen during winter, especially in
January, may be traced back to the presence of an inverse proportion between the solubility of
gases and temperature (Durmishi et al., 2008). In addition, the results of the current study
showed that dissolved oxygen concentrations in the second station are lower than those
recorded in the first station, and this may be due to household waste and untreated wastewater
(Charles et al., 2019) in the Shatt Basra Canal.

Notably, total phosphorus is one of the main variables that control the nutritional index and
is directly related to its values. Phosphorus accumulates in plants and animals in the aquatic
environment, leading to sedimentary materials entering the bottom of the water body upon
death.

When organic compounds decompose, they regain their movement in the water column
under the influence of the movement of water currents (Li et al., 2018). It is worth noting that
orthophosphate represents the factor that determines the growth of algae in the freshwater
environment; however, its presence in high concentrations causes the phenomenon of
eutrophication (Camargo & Alons, 2006). The increase in concentrations, especially in
December, may be attributed to the lack of consumption by phytoplankton and aquatic plants
of the factor that determines algal growth, orthophosphate.

The dissolution of phosphorus compounds in the Earth’s crust is a result of rainfall and
washing of agricultural lands (Rasan, 2001) in addition to the domestic wastewater that the
canal containing phosphate compounds receives without treatment (Hassan et al., 2018). With
respect to the low concentrations during November and March, it may be traced back to the
consumption of orthophosphate by phytoplankton and aquatic plants to flourish in spring and
fall. This proves that TSI values depend mainly on an increase in nutrients (nitrogen and
phosphorus) (Rahul et al., 2013).

This reflects the pressure exerted by the increasing discharge of untreated wastewater
loaded with phosphate compounds, such as household detergents and agricultural fertilizers
(Al-Asadi & Al-Hejuje, 2019). The increase in nutrient values led to an increase in the values
of chlorophyll a, which is an important pigment for the process of photosynthesis by
converting the solar energy into a chemical energy, adding to its significance in estimating
primary productivity in the water bodies (Kim et al., 2021).

The current study recorded two peaks of chlorophyll values, the first during the month of
April, which is the lowest, while the highest peak was recorded during the month of
September. The reason for this may be attributed to the moderate temperature and increase in



1128 Galo and Resen, 2024

nutrient concentration leading to the growth of types of algae, which are considered to have a
high content of chlorophyll. Chlorophyll a in all lakes and rivers responds to changes in the
concentrations of total nitrogen or total phosphate (Zhang et al., 2023). Light penetration is a
physical factor with an impact on the abundance and distribution of algae due to the effect of
light on the photosynthesis process (Swatland, 2020). The results of the current study indicate
that light penetration values decreased during the winter months until they reached the lowest
value in March. The reason for this may be related to the difference in the photoperiod and
high productivity, which causes an increase in the concentrations of suspended materials,
reducing the light penetration, while light penetration values were high during the summer
months. It reached its peak in August, which may be due to the difference in the density of
phytoplankton and the low speed of the current, leading to the sedimentation of suspended
materials (Abdullah, 2015). The results showed that the second station recorded the least
penetration to light during the study period, and this may be due to the movement of fishing
boats, household waste, and sewage (Charles et al., 2019). The angle of incidence of the
sun’s rays, the clarity of the air, the movement of boats, mixing processes, and tides also affect
the penetration of light (Hussein & Fahad, 2008).

Eutrophication is a natural process accelerated by eutrophication in aquatic ecosystems and
is caused by fertilizers, industrial products, sewage, and household waste (Lopes et al., 2019).
This causes algae growth to flourish and results in a decrease in dissolved oxygen
concentrations because of its consumption through the decomposition process of these algae
after their death, causing habitat pollution and the death of aquatic organisms (Liang et al.,
2021).

The values of the trophic state index (TSI) in the first station were within the medium
nutritional status category, while the second station was in the high trophic state, especially in
December. This may be attributed to the discharge of untreated local sewage and industrial
wastewater loaded with phosphate compounds, such as household detergents and agricultural
fertilizers (Al-Asadi & Al-Hejuje, 2019). Heavy rains also contributed to the deposition from
the air and the emission of phosphate from sediments, as a result of increased mixing
processes since the rate of recycling nutrients from sediments is better in the absence of plants
(Horppila & Nurminen, 2003).

The study indicates that the Shatt al-Basra Canal is full of nutrients. Although no previous
studies related to TSI in the Shatt al-Basra Canal were followed, comparisons were made with
local and international studies (Table 2). In general, the higher TIS values in the second station
compared to the first station are due to the release of untreated domestic wastewater and
agricultural wastewater coming with the general downstream water.

The PCA analysis (Fig. 9) showed that the value of the TSI index was directly related to
total phosphorus, chlorophyll a, and light penetration. The direct correlation showed the effect
of these factors on the value of the index. This can be mainly due to the apparent increase in
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salinity, which led to the death of aquatic plants and phytoplankton, as elucidated in the study
of El-Serehy et al. (2018).

The temperature and length of the lighting period also affected the growth of
phytoplankton, given that the concentrations of pollutants in aquatic systems increase with an
increase in chlorophyll a, through which the living mass of phytoplankton is estimated. In
terms of locational changes, the current study recorded the highest concentrations of TSI
values in the second station, which are higher than those of the 1% station.

The reason for this may be attributed to the large quantities of untreated sewage and
industrial wastewater released from pollutant discharge pipes, rich in organic matter, resulting
from nearby population centers (Hassan et al., 2018). The TSI evaluation value (53.38) in the
current study was compared with values of local and international studies (Table 2).
Noticeably, it is highly eutrophic and does not agree with the study of Al Amri (2021) in the
Shatt al-Arab, where he evaluated TSI value at 36.30, which is mesotrophic. Moreover, this
difference in the TSI values is obvious in the study of AL-Shamary (2022) on the Shatt al-
Arab estuary and Iraqi marine waters, who evaluated it at 36, which is mesotrophic as a result
of the lack of vegetation in Iragi marine waters, this may be due to continuous mixing
processes due to tidal processes, the nature of the estuary, and sea levels. On the other hand,
high levels of salinity, decrease in total phosphorus, and low levels of light penetration cause a
decrease in the TSL index. The present study agrees with that of Shawi (2010) in Khor Al-
Zubair, as the TSI of his study was evaluated at 54.98, which is highly nutritious. Globally, the
current study coincides with the study of EI-Serehy et al. (2018). In Egypt's Crocodile Lake,
the TSI is rated at 60 and is highly eutrophic, This may be attributed to the state of
eutrophication in the lake’s water as a result of the formation and abundance of phytoplankton
with the dominance of diatoms and the increase in population density, reflecting the state of
eutrophication in the lake. On the other hand, the lake receives water with high salinity, very
low light pentration, and high total phosphorus values, causing an increase in the TSL index.

Variables (axes F1 and F2: 65.22 %)
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Fig. 9. PCA analysis between TSI and input variables in Shatt al-Basra Canal
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Table 2. TSI evaluation in the present study and around the world

Evaluation (TSI} Country Place Reference
Mesotrophic Cyprus Limassol Coastal Papoutsa and Hadjimitsis
(2014)
Oligotrophic Romania Adriatic Sea Fiori et al. (2016)
Hypertrophic Brazil Patos lagoon Estuary Marrero et al. (2017)
Eutrophic Egypt Like Timsah El-Serehy et al. (2018)
Eutrophic Iraq Khor Al Zubair Shawi (2010)
Oligotrophic Iraq Shatt al-Arab Al Amri (2021)
Mesotrophic Iraq Shatt al-Arab Estuary and AL-SHAMARY (2022)
Iragi marine water
Eutrophic Iraq Shatt al-Basrah Canal Present study

The author is grateful to the authorities of both the Department of Fish and Marine Resources

and the laboratories of the Marine Science Center.
CONCLUSION

The study showed that the TSL INDEX in the Shatt al-Basra can be largely inferred
by assessing water depth, chlorophyll a concentration, total phosphorus as a result of the
discharge of untreated domestic and industrial wastewater, agricultural drainage water from
irrigated lands and the movement of fishing boats, which increased the level of organic
matter and nutrients within. Other environmental standards are mandatory to be taken into
consideration, such as salinity, turbidity, water temperature, dissolved oxygen
concentration, and the mutual relationship between these variables.
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