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Abstract 

The study was conducted in the Khor Al-Zubair  channal in the 

northwestern Arabian Gulf, where water samples were collected ly (summer 

and winter) from a depth of 10 cm during low tide at three stations in Khor 

Al-Zubair (Khor Al-Zubair Port, Al-Nafq, and Umm Qasr Port). A range of 

physicochemical parameters was measured, including (temperature, salinity, 

dissolved oxygen, pH, total nitrogen (TN), nitrite, nitrate, total phosphorus 

(TP), calcium, magnesium, and silica). The results showed clear variations in 

water quality indicators, with the stations  (Khor Al-Zubair Port, Al-Nafq, and 

Umm Qasr Port) recorded the highest temperature levels (30 °C) during the 

summer and salinity (50 mg/L) during the summer at the third station (Umm 

Qasr Port), while the pH (pH) (7.62) during the summer at the third station 

(Umm Qasr Port), while dissolved oxygen decreased during the summer, 

recording (6.7 mg/L) at the first station (Khor Al-Zubair Port). As for the 

major nutrients, the results showed clear spatial and variations, with the 

highest total nitrogen value recorded during the winter at the third station 

(Umm Qasr Port), reaching 3.1 µg/L. Similarly, nitrite and nitrate values 

during the winter also coincided at the Khor Al-Zubair Port station, reaching 

1.99 µg/L and 4.49 µg/L, respectively. In contrast, the highest total 

phosphorus value during the summer was recorded at the Umm Qasr Port 

station, reaching 0.297 µg/L, accompanied by the highest silica concentration 

at the same station and during the same season, reaching 6.08 mg/L As for 

the other elements, the highest concentrations of calcium and magnesium 

were recorded during the winter at the Tunnel Station, reaching 384.24 mg/L 

and 1,351.01 mg/L, respectively. 
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Introduction 

Marine ecosystems are among the largest aquatic systems on Earth, as they  develop in 

environments characterized by high salinity levels compared to low-salinity freshwater 

systems. Seas and oceans cover more than 70 percent of the planet’s surface and account 

for over 97% of the world’s total water resources, making them an essential component in 

sustaining life and regulating vital processes on Earth (Oceanic Institute, 2018). Marine 

ecosystems are a primary source of food, employment, and vital services, as a large portion 

of the world’s population depends on them. Coastal waters are among the most important 

ecosystems, covering approximately 7% of the total ocean area and contributing more than 

50% of the economic value of marine ecosystem services (Costanza et al., 2014) Nutrients 

circulate in the oceans through a process known as “biological pumping,” in which 

plankton extracts nutrients from surface waters and incorporates them into its biomass. 

When aquatic plants die, sink, and decompose, the nutrients return to their dissolved state 

in the deep ocean. Nutrient abundance is a key factor in ocean fertility, and this is 

measured by primary production, which is the rate of carbon fixation per unit of water 

over a specific time period (Ngatia et al., 2019). Nutrients are among the most important 

substances in aquatic ecosystems because their dynamics can limit primary production 

and consumer activities; nutrient dynamics affect ecosystem productivity and the 

interaction between the environment, producers, and consumers. The balance between 

nutrient consumption and remineralization is the basis for relatively stable nutrient 

concentrations in the short term (US EPA, 2022) 

Macronutrients:The major marine nutrients include nitrate, nitrite, available 

phosphate, and available silicate (Ma et al. 2014). These nutrients are among the most 

important elements essential for the growth and reproduction of marine organisms and 

form the basis of primary production and the food chain in marine environments (Louise 

et al., 2017). Nitrogen and phosphorus are not only sources of metabolic energy in 

biological cells in marine environments but also important components of the cellular 

protoplasm (the living part responsible for metabolic activity) (Song et al.,  2020). Silicon, 

meanwhile, is the primary element responsible for the formation of shells and skeletons 

in plankton such as diatoms (Ma & Byrne, 2012).Due to urban, industrial, and agricultural 

development, large amounts of nutrients have been discharged into the marine 

environment, either directly or indirectly, through industrial wastewater, agricultural 

runoff, excessive fertilizer use, sewage, and domestic wastewater (Wang et al., 2020).  

Excessive concentrations of these nutrients in marine environments have led to a marked 

increase in eutrophication phenomena such as red tides (Hong et al., 2015). These 

excessive concentrations can also negatively impact marine productivity and the marine 

environment’s ability to self-purify, leading to an overall imbalance in the ecosystem 

(Cloern et al., 2016). Therefore, careful monitoring of spatial and temporal changes, along 

with tracking the distribution of nutrient concentrations in the marine environment, is 

not only essential for monitoring marine productivity but also plays a key role in the early 
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prediction of phenomena such as harmful algal blooms and other problems associated 

with eutrophication (Zhang et al., 2007). 

Materials And Methods  

Aim of the study: 

1.Determination of major nutrient concentrations (nitrate, nitrite, phosphorus, silica, 

calcium, and magnesium). 

2. To understand the temporal and spatial variations in the concentrations of major 

nutrients in seawater. 

3. Analyze, understand, and determine the relationship between concentrations of major 

nutrients and certain important environmental factors in seawater. 

• Nitrogen (N): Inorganic nitrogen is present in natural water in the form of nitrate 

(NO3), nitrite (NO2), and ammonium (NH4) ions (Gruber, 2023). Ammonia is produced 

as a result of the decomposition of complex organic matter of plant and animal origin, as 

well as from the decomposition of proteinaceous materials that enter waterways via 

domestic wastewater(Wang et al., 2022). The concentration of total nitrogen in natural 

water often increases due to the proliferation of aquatic plants, as ammonium ions are the 

end product of protein decomposition. Furthermore, water rich in ammonium resulting 

from protein decomposition in wastewater is unsuitable for domestic use (Mohr et al., 

2022). 

• Silica (Si): Silica is the seventh most abundant element in the universe and is 

considered an essential nutrient in the marine environment, as it plays a vital role in the 

growth of diatoms, certain types of sponges, and possibly some small bacteria. Although 

there has long been interest in siliceous organisms and silica sediments (Bernard et al., 

2011), it was not until the late 20th century that the processes governing the marine 

biogeochemistry of silicon were identified (Ragueneau et al., 2000), and global ocean 

silica budgets have been calculated (Laruelle et al., 2009). The silica cycle is closely linked 

to atmospheric carbon dioxide stocks (Bernard et al., 2010). 

• Phosphorus (P): Many aquatic ecosystems around the world are negatively 

affected by phosphorus (P) loading (Xu et al., 2010). Phosphorus is considered one of the 

key limiting nutrients in both riverine and marine systems (Paerl, 2009). Phosphorus 

enrichment is defined as the excessive accumulation of phosphorus in aquatic ecosystems, 

leading to accelerated growth of algae or aquatic plants, oxygen depletion, changes in 

biomass, and shifts in species composition (Bennett et al., 2001). Eutrophication is a 

persistent environmental problem in surface waters and a widespread phenomenon. 

• Calcium (Ca): is one of the most abundant elements in the Earth’s crust, playing 

a key role in the global carbon cycle, the development of marine life, and the global climate 

(Fantle & Tipper, 2014). Calcium is abundant in carbonate rocks such as limestone and 

biogenic carbonates, as well as in crystalline silicate rocks and soils. It is also found in 
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sulfate minerals such as gypsum and anhydrite, and in other minerals such as fluorite and 

phosphates like apatite and biowapatite. Oceanic carbonate sediments constitute the 

largest reservoir of calcium and carbon within the atmospheric system, reinforcing the 

link between the global carbon and calcium cycles (Ridgwell & Zeebe, 2005). 

• Magnesium (Mg): is a widely distributed mineral and is ranked as the eighth 

most abundant element on Earth’s surface and the fifth most abundant element in 

seawater. (Kumar et al., 2010) It is found throughout the world either as a free cation 

(Mg²⁺) in aquatic environments or in the form of salts or minerals (Al-Taee, 2001). The 

distribution of magnesium on Earth parallels its distribution in the human body; it is the 

fourth most abundant cation in the body and the second most abundant ion within cells 

(Jassim and Al-Amiri, 2023). Due to its unique chemical properties and high solubility, 

magnesium is present in all cells and contributes to more than 300 enzymatic reactions 

essential for metabolic processes and numerous anabolic and regulatory processes in the 

body (Kumar et al., 2010). Magnesium is an essential element for the stability of cellular 

functions, the synthesis of RNA and DNA, and energy production, in addition to its role 

as an antioxidant in protecting cells It also facilitates the generation of adenosine 

triphosphate (ATP) and the synthesis of nucleic acids within cells (Koc et al., 2008) . 

Study Design 

This study relied on a field monitoring program to assess the environmental 

characteristics and physical and chemical indicators in the Khor Al-Zubair area, located 

in the northwestern Arabian Gulf. Three strategic monitoring stations were selected, 

including Al-Khor Port (Station 1) (N= 30˚ 10΄  20.8 ̎ ; E= 47˚ 53΄ 53.4̎ ), representing the 

northern part of the khour, where the depth ranges from approximately 12 to 15 m. This 

area experiences high traffic of commercial vessels and oil tankers, making it one of the 

khour’s regions most exposed to human and industrial impacts.  

The Tunnel (Second Station) (N= 30˚ 4΄ 41̎ ; E= 47˚ 57΄ 21. 2″) is located in the middle 

of the Zubair Creek. The depth of this area reaches approximately 20–25 m. This area is 

influenced by mixed water characteristics, combining river water coming from the north 

and seawater coming from the south. This station is characterized by a relative decrease 

in water current speed compared to areas near the ports  and Umm Qasr Port (Station 3) 

(N= 30˚ 00΄ 41.1̎ ; E= 47˚ 58΄ 40.3̎ ) This station represents the southern part of Khor Al-

Zubair, where the average water depth is approximately 16 m. It serves as a transitional 

zone between the estuarine system and the open marine system. This station is directly 

influenced by the near-daily tidal movement and marine currents coming from the Gulf, 

leading to continuous water renewal and strong mixing between the saltier water from the 

Gulf and the less saline water from the creek. Sampling trips were conducted on a  basis 

to monitor the sharp climatic variations between the summer and winter seasons. 

Study Area  

Khor Al-Zubair is an extension of the Arabian Gulf at the southern mouth of the Tigris 

and Euphrates river delta. It is approximately 42 km long, about 1 km wide at the islands, 
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and has an average depth ranging from 10 to 20 m (Figure 1). In 1983, Khor Al-Zubair was 

connected to the Shat Al-Basra Canal, which carries water from the estuary and the Hamar 

Marsh to the sea (Lafta, Altaei, & Al Hashimi, 2020). The topography of Khor Al-Zubair 

resembles a spindle with tapered ends at the northern and southern ends. The northern 

end receives a freshwater inflow averaging 700m³/s throughout the tidal cycle. The 

current in the creek flows in a single direction toward the southern end (the Arabian Gulf), 

with a velocity exceeding 2 m/s during ebb and 0.66 m/s during flood (Al Saad, Abd, Al 

Hello, & Zuhkair, 2007). At the southern end, the outflow reaches 10,000 m³/s with a 

velocity range of 0.8–5.78 m/s (Lafta & Abdullah, 2025). Due to the wide tidal range at 

Umm Qasr, which reaches 4.3 m, and the low elevation of the coastline, floodwaters 

penetrate the clay soils further inland, depending on tidal conditions  

 

Figure 1: Map of the Study Sites 
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The Khor Al-Zubair Port is located 60 km south of the city center of Basra in 

southeastern Iraq, and 105 km from the northern tip of the Arabian Gulf; the port is 

situated within the mouth of Khor Al-Zubair. Khor Al-Zubair Port is the second-largest 

port in Iraq and comprises 13 commercially used berths and docks (Filipova, Aruna, & 

Prasoon, 2012). The samples for the present study were collected during the (summer and 

winter) beginning on August 25, 2025, from three selected areas. Surface water samples 

were collected at a depth of approximately 10 cm using a boat at the study sites, and the 

collection was conducted during low tide to ensure better representation of the water’s 

environmental characteristics at the three stations. 

A range of environmental parameters was measured in the field during the collection 

process, including water temperature, salinity, and pH, using a Multifunction Water 

Quality Meter, model C-600. Dissolved oxygen was measured using a portable dissolved 

oxygen analyzer (Model BLE-9100). Total nitrogen (TN) was measured using the standard 

Kjeldahl method for determining total nitrogen, in accordance with Standard Methods for 

the Examination of Water and Wastewater, following standard procedure Norg B–4500 

(APHA, 2017).  

A 50-mL sample was taken in a beaker, to which 10 mL of digestion solution was added, 

and the mixture was placed on a hot plate until its volume reduced to approximately 10 

mL, noting the color change from clear to pale green. It was then allowed to cool and 

diluted to 100 mL using distilled water. The method for determining nitrite (NO₂) was 

adopted as described in (1952) Bendschneider and Robinson, as described in (Parson et 

al., 1984). A 50 mL sample was mixed with 1 mL of sulfanilamide solution and allowed to 

stand for 10 minutes; then, 1 mL of N-(1-naphthyl) ethylenediamine dihydrochloride 

solution until a pink color developed, and the optical density was measured using a 

spectrophotometer at a wavelength of 543 nm.  

The method for determining nitrate (NO3) was adopted as described in (Wood et al., 

1967) and (Parson et al., 1984), wherein nitrate is reduced to nitrite using a cadmium 

column by adding 2 cm³ of concentrated ammonium chloride solution to 100 cm³ of the 

sample, then passing it through the column and treating it as described in section 

(3.3.3.2), after which the previously estimated amount of nitrite is subtracted. Total 

nitrogen (TN) concentration was determined using the ascorbic acid method after 

digestion, in accordance with Standard Methods for the Examination of Water and 

Wastewater, Standard Procedure PD-4500 

Take 100 mL of the sample in a beaker, then add 5 mL of nitric acid (HNO₃) and 1 mL 

of sulfuric acid (H₂SO₄). Place the beaker on a hot plate until the volume reduces to 

approximately 3 mL. Allow the mixture to cool, then dilute to 100 mL using distilled water. 

The concentrations of magnesium (Mg), calcium (Ca), and silica (SiO₂) in the samples 

were determined using inductively coupled plasma mass spectrometry (ICP-MS) with an 

Agilent 7500 instrument (Agilent Technologies, USA), as previously reported, at the 

laboratories of the Faculty of Chemistry–University of Tehran, in accordance with 

approved standard methods. 
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Results and Discussion  

1. Temperature: Water temperature is one of the key factors influencing the physical, 

chemical, and biological characteristics of the aquatic environment, and this may be 

reflected in the distribution of organisms within it (Larnier et al., 2010). In this study, the 

highest water temperature (30°C) was recorded during the summer at all three sites (Khor 

Al-Zubair Port, the Tunnel, and Umm Qasr Port). Meanwhile, the lowest water 

temperature (10°C) was recorded during the winter at the third site (Umm Qasr Port). 

 Figure   (2) The results showed significant variations in water temperatures, with the 

highest values occurring during the summer and the lowest during the winter. This is 

attributed to the nature of Iraq’s climate, which is characterized by hot, dry summers and 

cold, rainy winters. It was also found that water temperature is closely to air temperature, 

as they are influenced by the seasons, wind patterns, cloud cover, and solar radiation 

intensity, all of which directly affect water temperature (Al-Shahri et al., 2016). 

 

 

 

 

 

 

 

 

 

 

Figure 2: variations in water temperature values at the study stations during summer and 

winter. 

2. Salinity: Salinity is an important indicator of the concentration of dissolved salts in 

water, including cations such as calcium, magnesium, and sodium, as well as anions such 

as carbonates, sulfates, and chlorides. High salinity levels place environmental stress on 

the aquatic system and limit the potential use of water for human and agricultural 

activities (Florke et al., 2019). The results of the current measurements showed that the 

highest salinity value was recorded in the summer at the third station (Umm Qasr Port) 

and reached 50.7, while the lowest value was observed during the winter at the first station 

(Khor Al-Zubair Port) and reached 44.8. Figure 3 

The results showed higher salinity values during the summer, which is attributed to 

higher water temperatures and the accompanying increase in evaporation rates, or 

possibly due to the discharge of salt-rich wastewater in addition to the products of organic 

matter decomposition. In contrast, salinity values decreased during the winter season, 
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likely due to rainfall and the resulting dilution of the water and reduction in salinity, as 

well as lower evaporation rates, since temperature variations lead to changes in 

evaporation rates, which in turn affect salt concentration, causing it to increase or 

decrease (Mohammad et al., 2021). 

 

 

 

 

 

 

 

 

 

 

Figure 3: changes in salinity levels across study stations during summer and winter seasons. 

3. pH: represents the concentration of hydrogen ions in water and is considered an 

important indicator in aquatic environments due to its direct impact on organisms that 

live within specific pH ranges. Most aquatic organisms prefer pH values within the range 

of 6.5–8.5, and values outside this range expose them to environmental stress (Agarwal 

and Rajwar, 2010). The results of the current study showed that the highest pH value was 

recorded during the summer (7.62) at Station 3 (Umm Qasr Port), while the lowest value 

was recorded during the winter (7.42) at Station 3 (Umm Qasr Port).  The pH values 

indicate that the water is neutral to slightly alkaline, a common pattern in marine 

environments characterized by active carbonate buffering systems; these values also fall 

within the normal range for seawater (Mohammad et al., 2021). 

4. Dissolved Oxygen: is one of the most important indicators used to assess water 

quality and the degree of pollution in aquatic environments, as low concentrations cause 

significant harm to aquatic organisms and serve as evidence of organic pollution (APHA, 

2005). The results of the current study showed  variation in dissolved oxygen values 

among the different study stations, with the highest value recorded during the winter (9.8) 

at the second station (the tunnel), while the lowest value was recorded during the summer 

(6.7) at the first station (Khor Al-Zubair Port) Figure (5). The results indicate that 

dissolved oxygen values were high during the cold seasons and decreased during the warm 

seasons. The increase in dissolved oxygen during the winter is attributed to lower 

temperatures, which increase the solubility of gases and reduce the rates of organic matter 

decomposition (Wilson and Floey, 2003). 
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Figure 4: variations in pH values at the study stations during summer and winter. 

 

 

 

 

 

 

 

 

Figure 5: variations in dissolved oxygen (DO) values at the study stations. during summer and 

winter. 

The decrease in dissolved oxygen levels during the summer, however, is associated with 

rising temperatures, which limit the solubility of oxygen, as well as the activity of 

microorganisms that consume dissolved oxygen during their metabolic processes in the 

oxidation of organic matter (Sanchez et al., 2007). 
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forms of inorganic and organic nitrogen, such as ammonia, nitrite, nitrate, and organic 

nitrogen (USGS, 2018). The results of the current study showed that the highest total 

nitrogen value was recorded during the winter at the third station (Umm Qasr Port) and 

reached 3.1 µg/L, while the lowest value was recorded during the summer at the same 
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Figure 6: variations in total nitrogen (TN) values at the study stations during summer and 

winter. 

This increase in winter is attributed to rainfall and agricultural runoff, while the lower 

values in summer were due to reduced river flow and biological assimilation (Li et al., 

2025). 

6. Nitrite: is formed as a byproduct of oxidation and reduction processes; it is an unstable 

compound resulting from the oxidation of ammonia or the reduction of nitrate. High 

concentrations of nitrite are toxic to aquatic organisms (Kroupova et al., 2005). The 

results of the current study showed that the highest nitrate value was recorded during the 

winter at the first station (Khor Al-Zubair Port) and reached 1.99 µg/L, while the lowest 

value was recorded during the summer at the third station (Umm Qasr Port) and reached 

0.37 µg/L. The high nitrite values during the winter may be attributed to untreated 

wastewater, and the presence of high levels of organic pollutants contributes to the 

reduction of nitrate to nitrite (Razamkhah et al., 2010). 

 

 

 

 

 

 

 

 

Figure 7: changes in nitrite concentrations across study stations during summer and winter. 

0

0.5

1

1.5

2

2.5

3

3.5

Khor Al₋Zubair Port Tunnel Umm Qasr Port

Total nitrogen (TN)

SUMMER Winter

0

0.5

1

1.5

2

Khor Al₋Zubair Port Tunnel Umm Qasr Port

Nitrite (NO₂)

SUMMER Winter

 



Assessment of Physico-Chemical Characteristics and Macronutrient Distribution in The Water  

 

291 

7. Nitrates: are one of the most abundant forms of inorganic nitrogen in water and are 

generally less toxic than ammonia and nitrites (Dewald et al., 2020). The results of the 

current study showed that the highest nitrate value was recorded during the winter at the 

first station (Khor Al-Zubair Port) and reached 4.49 µg/L, while the lowest value was 

recorded during the summer at the same station (Khor Al-Zubair Port) and reached 1.044 

µg/L. The high nitrate concentration during the winter is attributed to heavy rainfall, 

which helps dissolve organic compounds, and to the addition of nitrogen fertilizers to 

agricultural land. Additionally, the increase in untreated wastewater containing high 

nitrate concentrations and industrial waste rich in ammonia—which is converted into 

nitrate through the nitrification process—contributes to nitrate. 

The decrease in nitrate concentrations during the summer is due to their consumption 

by phytoplankton and aquatic plants as a result of reduced dissolved oxygen (Jassim and 

Al-Amiri, 2023) . 

 

 

 

 

 

 

 

 

Figure 8: changes in nitrate concentrations across study stations during summer and winter. 
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phosphorus recycling in sediments , while they decrease in winter due to dilution and 

increased river flow (Li et al., 2025). 

 

 

 

 

 

 

 

 

Figure 9: variations in total phosphorus (TP) concentrations at the study stations during 

summer and winter. 
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of the exoskeletons of certain microorganisms, such as diatoms, and also controls certain 

sedimentary and geological processes (Yehia & Said, 2023). The results of the current 

study showed that the highest silica value was recorded during the summer at Station 3 

(Umm Qasr Port) and reached 6.08 mg/L, while the lowest value was recorded during the 

winter at Station 3 (Umm Qasr Port) and reached 0.72 mg/L. 

 

 

 

 

 

 

 

 

Figure 10: variations in silica concentrations at the study stations during summer and winter. 
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The reason for the high silica concentrations in the summer is due to increased rates of 

silicate weathering and the dissolution of minerals under the influence of high 

temperatures, in addition to reduced river flow, which decreases dilution; whereas the 

decrease in concentrations in the winter is due to increased flow as well as lower 

temperatures, which reduce the release of silica from rocks (Quade et al., 2003). 

10. Calcium: is one of the essential elements required by aquatic plants and other 

organisms, as it contributes to numerous biological processes within the aquatic 

environment (Jassim and Al-Amiri, 2023). The results of the current study showed that 

the highest calcium value was recorded during the winter at Station 2 (the tunnel), 

reaching 384.24 mg/L, while the lowest value was recorded during the summer at Station 

3 (Umm Qasr Port), reaching 112.45 mg/L. The high calcium values in winter are 

attributed to natural mineral leaching from the surrounding soil and rocks due to 

rainwater, in addition to the role of agricultural runoff, which transports salts and 

minerals into water sources (Hammoumi et al., 2024). 

 

 

 

 

 

 

 

 

Figure 11: variations in calcium concentrations at the study stations during summer and 

winter. 
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the summer at the same station (the tunnel), reaching 483.21 mg/L. The increase in 

magnesium concentrations during the winter is attributed to hydrological factors and 

agricultural activities, as high rainfall stimulates the leaching of minerals from soil and 

rocks and the transport of ions extracted from agricultural lands, in addition to salt-rich 

groundwater flows (Koc et al., 2008). 
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Figure 12: variations in magnesium concentrations at the study stations during summer and 

winter. 

Conclusions 

This study investigated water quality at three stations in Khor Al-Zubair (Khor Al-

Zubair Port, Al-Nafq, and Umm Qasr Port) to analyze spatial and variations in physical 

and chemical parameters, as it is a coastal area. The results showed differences between 

the stations and across different seasons regarding temperature, salinity, dissolved 

oxygen, pH, total nitrogen (TN), nitrite, nitrate, total phosphorus (TP), calcium, 

magnesium, and silica). The results showed clear  variations in water quality indicators, 

with the stations (Khor Al-Zubair Port, Al-Nafq, Umm Qasr Port) recorded the highest 

temperature levels (30 °C) during the summer and salinity (50 mg/L) during the summer 

at the third station (Umm Qasr Port), while pH (pH) (7.62) during the summer at the third 

station (Umm Qasr Port), while dissolved oxygen decreased during the summer, recording 

(6.7 mg/L) at the first station (Khor Al-Zubair Port). As for the major nutrients, the results 

showed  variation, with a noticeable increase in the values of (total nitrogen (TN), nitrite, 

nitrate, calcium, and magnesium) during the summer, whereas they decreased in the 

winter, with the exception of total phosphorus (TP) and silica, which exhibited opposite 

behavior . 

References: 

Al-Saad, H. T., Abd, I. A., Al-Hello, M. A., & Zuhkair, M. K. (2007). Environmental 

assessment of trace metals pollution in sediment of Khor Al-Zubair, Iraq. Marina 

Mesopot., 22(1), 81–92. 

Al-Shahri, Y. J., Maulood, B. K., & Toma, J. J. A. (2016). Study on a sulfur spring (Ain Al 

Kibrit) ecosystem along Tigris River Mosul, Iraq. J. Adv. Lab. Res. Biol., 7(1), 1–8. 

https://e-journal.sospublication.co.in/index.php/jalrb/article/view/251 

Al-Taee, A. M. (2001). Assessment of water quality due to microbial growth in drinking 

water distribution systems in Basrah city. Mar. Mesopot., 16(1), 37–46. 

0

500

1000

1500

Khor Al₋Zubair Port Tunnel Umm Qasr Port

Magnesium (Mg)

SUMMER Winter

https://e-journal.sospublication.co.in/index.php/jalrb/article/view/251


Assessment of Physico-Chemical Characteristics and Macronutrient Distribution in The Water  

 

295 

APHA. (2005). Standard methods for the examination of water and wastewater (21st ed.). 

American Public Health Association, American Water Works Association, and Water 

Environment Federation. 1368 pp. 

Bennett, E. M., Carpenter, S. R., & Caraco, N. F. (2001). Human impact on erodible 

phosphorus and eutrophication: A global perspective. BioScience, 51(3), 227–234. 

https://doi.org/10.1641/0006-3568(2001)051[0227:HIOEPA]2.0.CO;2 

Bernard, C. Y., Dürr, H. H., Heinze, C., Segschneider, J., & Meier-Reimer, E. (2011). 

Contribution of riverine nutrients to the silicon biogeochemistry in the global 

ocean—a model study. Biogeosciences, 8(3), 551–564. https://doi.org/10.5194/bg-

8-551-2011  

Bernard, C. Y., Laruelle, G. G., Slomp, C. P., & Heinze, C. (2010). Impact of changes in 

river fluxes of silica on the global marine silicon cycle: a model comparison. 

Biogeosciences, 7(2), 441–453. https://doi.org/10.5194/bg-7-441-2010  

Cloern, J. E., Abreu, P. C., Carstensen, J., Chauvaud, L., Elmgren, R., Grall, J., Greening, 

H., Johansson, J. O. R., Kahru, M., Sherwood, E. T., Xu, J., & Yin, K. (2016). Human 

activities and climate variability drive fast-paced change across the world's 

estuarine-coastal ecosystems. Glob. Chang. Biol., 22(2), 513–529. 

https://doi.org/10.1111/gcb.13059 

Costanza, R., de Groot, R., Sutton, P., van der Ploeg, S., Anderson, S. J., Kubiszewski, I., 

Farber, S., & Turner, R. K. (2014). Changes in the global value of ecosystem services. 

Glob. Environ. Change, 26, 152–158. 

https://doi.org/10.1016/j.gloenvcha.2014.04.002  

Dewald, P., Jonathan, M., Friedrich, N., Rohrer, F., Tillmann, R., Reimer, D., Xu, K., 

Holzinger, R., Bernard, F., Zhou, L., Brown, S., Fuchs, H., & Crowley, J. (2020). 

Evolution of NO3 reactivity during the oxidation of isoprene. Atmos. Chem. Phys., 

20(17), 10459–10475. https://doi.org/10.5194/acp-20-10459-2020 

Fantle, M. S., & Tipper, E. T. (2014). Calcium isotopes in the global biogeochemical Ca 

cycle: Implications for development of a Ca isotope proxy. Earth-Sci. Rev., 129, 148–

177. https://doi.org/10.1016/j.earscirev.2013.10.004 

Filipova, V., Aruna, R., & Prasoon, S. (2012). Urban flooding in Gothenburg – A Mike 21 

study. J. Water Manag. Res., 68, 175–184. 

Flörke, M., Bärlund, I., van Vliet, M. T., Bouwman, A. F., & Wada, Y. (2019). Analysing 

trade-offs between SDGs related to water quality using salinity as a marker. Curr. 

Opin. Environ. Sustain., 36, 96–104. https://doi.org/10.1016/j.cosust.2019.01.002 

Gruber, N. (2023). The marine nitrogen cycle: Overview and recent advances. Annu. Rev. 

Mar. Sci., 15, 281–307. https://doi.org/10.1146/annurev-marine-032122-025607   

Hammoumi, D., Al-Aizari, H. S., Alaraidh, I. A., Okla, M. K., Assal, M. E., Al-Aizari, A. R., 

Moshab, M. S., Chakiri, S., & Bejjaji, Z. (2024).  variations and assessment of surface 

water quality using Water Quality Index (WQI) and Principal Component Analysis 

(PCA): A case study. Sustainability, 16(13), 5644.  

https://doi.org/10.3390/su16135644  

https://doi.org/10.1641/0006-3568(2001)051%5b0227:HIOEPA%5d2.0.CO;2
https://doi.org/10.5194/bg-8-551-2011
https://doi.org/10.5194/bg-8-551-2011
https://doi.org/10.5194/bg-7-441-2010
https://doi.org/10.1111/gcb.13059
https://doi.org/10.1016/j.gloenvcha.2014.04.002
https://doi.org/10.5194/acp-20-10459-2020
https://doi.org/10.1016/j.earscirev.2013.10.004
https://doi.org/10.1016/j.cosust.2019.01.002
https://doi.org/10.1146/annurev-marine-032122-025607
https://doi.org/10.3390/su16135644


 Hizam and Alshawi, 2026 

 

296 

Hong, H., Chen, N., & Wang, D. (2015). River-estuary-coast continuum: Biogeochemistry 

and ecological response to increasing human and climatic changes—Editorial 

overview. Estuar. Coast. Shelf Sci., 166, 144–145. 

https://doi.org/10.1016/j.ecss.2015.08.012 

Jassim, I. N., & Al-Amiri, N. J. (2023). Indicate the pollution extent at Shatt Al-Arab 

waters by water quality index (Canadian model). J. Surv. Fish. Sci., 10(3S), 2737–

2754. https://doi.org/10.53555/sfs.v10i3S.1751 

Koc, J., Sobczyńska-Wójcik, K., & Skwierawski, A. (2008). Magnesium concentrations in 

the waters of re-naturised reservoirs in rural areas. J. Elem., 13(3), 329–340. 

http://dx.doi.org/10.5601/jelem.2008.13.3.05 

Kroupova, H., Machova, J., & Svobodova, Z. (2005). Nitrite influence on fish: A review. 

Vet. Med. Czech, 50(11), 461–471. https://doi.org/10.17221/5650-VETMED 

Kumar, A., Bisht, B. S., Joshi, V. D., Singh, A. K., & Talwar, A. (2010). Physical, chemical 

and bacteriological study of water from rivers of Uttarakhand. J. Hum. Ecol., 32(3), 

169–173  

Lafta, A. A., & Abdullah, S. S. (2025). Hydrodynamic characteristics of Khor Al Zubair 

Channel, Southern Iraq. Vietnam J. Mar. Sci. Technol., 25(1), 103–112. 

https://doi.org/10.15625/1859-3097/19888 

Lafta, A. A., Altaei, S. A., & Al Hashimi, N. H. (2020). Impacts of potential sea level rise 

on tidal dynamics in Khor Abdullah and Khor Al Zubair, Northwest of Arabian Gulf. 

Earth Syst. Environ., 4(2), 331–343. https://doi.org/10.1007/s41748-020-00147-9 

Laruelle, G. G., Roubeix, V., Sferratore, A., Brodherr, B., Ciuffa, D., et al. (2009). 

Anthropogenic perturbations of the silicon cycle at the global scale: Key role of the 

land‐ocean transition. Glob. Biogeochem. Cycles, 23(4), GB4031. 

https://doi.org/10.1029/2008GB003267 

Li, J., He, Y., Xie, T., Song, Z., Bai, S., Zhang, X., & Wang, C. (2025).  variations and drivers 

of total nitrogen and phosphorus in China’s surface waters. Water, 17(4), 512. 

https://doi.org/10.3390/w17040512 

Louis, J., Guieu, C., & Gazeau, F. (2017). Nutrient dynamics under different ocean 

acidification scenarios in a low nutrient low chlorophyll system: The Northwestern 

Mediterranean Sea. Estuar. Coast. Shelf Sci., 186, 30–44. 

https://doi.org/10.1016/j.ecss.2015.07.014 

Ma, J., & Byrne, R. H. (2012). Flow injection analysis of nanomolar silicate using long 

pathlength absorbance spectroscopy. Talanta, 88, 484–489. 

https://doi.org/10.1016/j.talanta.2011.11.020 

Ma, J., Adornato, L., Byrne, R. H., & Yuan, D. (2014). Determination of nanomolar levels 

of nutrients in seawater. TrAC Trend. Anal. Chem., 60, 1–15. 

https://doi.org/10.1016/j.trac.2014.04.013 

Mohammad, A. J., Alyousif, N. A., Al-Mosawi, U. A. S., & Al-Hejuje, M. M. (2021). 

Variation of water quality and trophic status of Khor Al-Zubair canal, Southern Iraq. 

https://doi.org/10.1016/j.ecss.2015.08.012
https://doi.org/10.53555/sfs.v10i3S.1751
http://dx.doi.org/10.5601/jelem.2008.13.3.05
https://doi.org/10.17221/5650-VETMED
https://doi.org/10.15625/1859-3097/19888
https://doi.org/10.1007/s41748-020-00147-9
https://doi.org/10.1029/2008GB003267
https://doi.org/10.3390/w17040512
https://doi.org/10.1016/j.ecss.2015.07.014
https://doi.org/10.1016/j.talanta.2011.11.020
https://doi.org/10.1016/j.trac.2014.04.013


Assessment of Physico-Chemical Characteristics and Macronutrient Distribution in The Water  

 

297 

J. Phys. Conf. Ser., 1999(1), 012012. https://doi.org/10.1088/1742-

6596/1999/1/012012  

Mohr, W., Großkopf, T., & LaRoche, J. (2022). Recent advances in marine nitrogen 

cycling. Nat. Rev. Microbiol., 20(12), 741–757. https://doi.org/10.1038/s41579-

022-00752-y 

Ngatia, L., Grace, J. M., Moriasi, D., & Taylor, R. (2019). Nitrogen and phosphorus 

eutrophication in marine ecosystems. In: Monitoring of Marine Pollution. 

IntechOpen, 1–17. https://doi.org/10.5772/intechopen.81816 

Oceanic Institute. (2019). Aqua Facts. Retrieved December 1, 2018, from    

https://web.archive.org/web/20190103114836/http://oceanicinstitute.org/abouto

ceans/aquafacts.html  

Paerl, H. W. (2009). Controlling eutrophication along the freshwater–marine continuum: 

Dual nutrient (N and P) reductions are essential. Estuaries Coasts, 32(4), 593–601. 

https://doi.org/10.1007/s12237-009-9158-8 

Quade, J., English, N., & DeCelles, P. G. (2003). Silicate versus carbonate weathering in 

the Himalaya: A comparison of the Arun and Seti River watersheds. Chem. Geol., 

202(1-2), 275–296. https://doi.org/10.1016/S0009-2541(02)00330-X  

Ragueneau, O., Tréguer, P., Anderson, R. F., Brzezinski, M. A., DeMaster, D. J., et al. 

(2000). A review of the Si cycle in the modern ocean: recent progress and missing 

gaps in the application of biogenic opal as a paleoproxy. Glob. Planet. Change, 26(1-

3), 317–365. https://doi.org/10.1016/S0921-8181(00)00052-7  

Razmkhah, H., Abrishamchi, A., & Torkian, A. (2010). Evaluation of spatial and temporal 

variation in water quality by pattern recognition techniques: A case study on Jajrood 

River (Tehran, Iran). J. Environ. Manage., 91(4), 852–860. 

https://doi.org/10.1016/j.jenvman.2009.11.001  

Ridgwell, A., & Zeebe, R. E. (2005). The role of the global carbonate cycle in the regulation 

and evolution of the Earth system. Earth Planet. Sci. Lett., 234(3-4), 299–315. 

https://doi.org/10.1016/j.epsl.2005.03.006  

Sanchez, E., Colmenarejo, M. F., Vicente, J., Rubio, A., Garcia, M. G., Travieso, L., & Borja, 

R. (2007). Use of the water quality index and dissolved oxygen deficit as simple 

indicators of watersheds pollution. Ecol. Indic., 7(2), 315–328. 

https://doi.org/10.1016/j.ecolind.2005.11.006 

Song, G., Liu, S., Zhang, J., Zhu, Z., Zhang, G., Marchant, H. K., Kuypers, M. M. M., & 

Lavik, G. (2020). Response of benthic nitrogen cycling to estuarine hypoxia. Limnol. 

Oceanogr., 65(7), 1703–1718. https://doi.org/10.1002/lno.11630 

Spellman, F. R. (2014). Handbook of water and wastewater treatment plant operations 

(3rd ed.). CRC Press. 923 pp. https://doi.org/10.1201/b15449 

US EPA. (2022). Nutrient pollution: The issue. United States Environmental Protection 

Agency. https://www.epa.gov/nutrientpollution/issue  (Accessed August 30, 2022). 

https://doi.org/10.1088/1742-6596/1999/1/012012
https://doi.org/10.1088/1742-6596/1999/1/012012
https://doi.org/10.1038/s41579-022-00752-y
https://doi.org/10.1038/s41579-022-00752-y
https://doi.org/10.5772/intechopen.81816
https://web.archive.org/web/20190103114836/http:/oceanicinstitute.org/aboutoceans/aquafacts.html
https://web.archive.org/web/20190103114836/http:/oceanicinstitute.org/aboutoceans/aquafacts.html
https://doi.org/10.1007/s12237-009-9158-8
https://doi.org/10.1016/S0009-2541(02)00330-X
https://doi.org/10.1016/S0921-8181(00)00052-7
https://doi.org/10.1016/j.jenvman.2009.11.001
https://doi.org/10.1016/j.epsl.2005.03.006
https://doi.org/10.1016/j.ecolind.2005.11.006
https://doi.org/10.1002/lno.11630
https://doi.org/10.1201/b15449
https://www.epa.gov/nutrientpollution/issue


 Hizam and Alshawi, 2026 

 

298 

USGS. (2018). Nitrogen and water. U.S. Geological Survey. 

https://www.usgs.gov/special-topics/water-science-school/science/nitrogen-and-

water (Accessed April 26, 2026). 

Wang, H., Wang, G., & Gu, W. (2020). Macroalgal blooms caused by marine nutrient 

changes resulting from human activities. J. Appl. Ecol., 57(4), 766–776. 

https://doi.org/10.1111/1365-2664.13587 

Wang, S., Zhang, Y., & Liu, H. (2022). Marine nitrogen fixation and its biogeochemical 

significance in the global ocean. Front. Mar. Sci., 9, 883305. 

https://doi.org/10.3389/fmars.2022.883305  

Wilson, K., & Foley, A. (2003). Water quality of rivers in the Jordan catchment. A report 

forming part of the requirements for state of rivers reporting. Part 2. Department of 

Primary Industries, Water and Environment (DPIWE), Tasmania. pp. 8–29. 

Xu, H., Paerl, H. W., Qin, B., Zhu, G., & Gao, G. (2010). Nitrogen and phosphorus inputs 

control phytoplankton growth in eutrophic Lake Taihu, China. Limnol. Oceanogr., 

55(1), 420–432. https://doi.org/10.4319/lo.2010.55.1.0420 

Yehia, H. M. A., & Said, S. M. (2023). Silica nanoparticles for water purification and 

monitoring in point-of-use water supply systems. Am. J. Water Resour., 11(3), 98–

102. https://doi.org/10.12691/ajwr-11-3-2  

Zhang, J., Liu, S. M., Ren, J. L., Wu, Y., & Zhang, G. L. (2007). Nutrient gradients from 

the eutrophic Changjiang (Yangtze River) estuary to the oligotrophic Kuroshio 

waters and re-evaluation of budgets for the East China Sea shelf. Prog. Oceanogr., 

74(4), 449–478. https://doi.org/10.1016/j.pocean.2007.04.019 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.usgs.gov/special-topics/water-science-school/science/nitrogen-and-water
https://www.usgs.gov/special-topics/water-science-school/science/nitrogen-and-water
https://doi.org/10.1111/1365-2664.13587
https://doi.org/10.3389/fmars.2022.883305
https://doi.org/10.4319/lo.2010.55.1.0420
https://doi.org/10.12691/ajwr-11-3-2
https://doi.org/10.1016/j.pocean.2007.04.019


Assessment of Physico-Chemical Characteristics and Macronutrient Distribution in The Water  

 

299 

    299                                           299- 281:  2026- (2( العدد ) 23د )ل  ج  اع المائي الم  ستزر المجلة العراقية للإ
   مركز علوم البحار، جامعة البصرة، العراق

 ــ  ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ

شمال غرب الخليج العربي،  ،خور الزبير مياه  فيتقييم الخصائص الفيزيوكيميائية وتوزيع المغذيات الكبرى 

 العراق

و عماد جاسم الشاوي  حزام  رهام مشتاق  

 . العراق، البصرة، البصرة ، الجامعةعلوم البحار ، كليةعلوم البحار التطبيقيةقسم 

Corresponding Author E-mail: riham.mushtaq@uobasrah.edu.iq 

 ــ  ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
6202/ 00/ 00تاريخ النشر:          6202/ 00/ 00تاريخ القبول:             6202/ 00/ 00ستلام: تاريخ ال    

 المستخلص 
اجريت الدراسة على بيئة خور الزبير شمال غرب الخليج العربي حيث جمعت عينات المياه موسميا 

)ميناء خور  سم اثناء ظاهرة الجزر من ثلاث محطات من مياه خور الزبير  10الشتاء( من عمق   ،)الصيف

،  الملوحة  ،قيست مجموعة من المعايير الفيزيوكيميائية شملت )درجة الحرارة.  ميناء ام قصر(  ،النفق  ،الزبير

المذاب )  ،الاوكسجين  الهيدروجيني  )  ،(PHالاس  النيتروجين  اجمالي ،  النترات  ،النتريت  ،(TNاجمالي 

اظهرت النتائج تباينات موسمية واضحة في مؤشرات  .  (السيليكا  ،المغنيسيوم  ،الكالسيوم  ،(TPالفسفور )

اعلى مستويات درجة    ، بلغت ميناء ام قصر  ،النفق  ،الزبيرميناء خورجودة المياه حيث سجلت المحطات  

ميناء خلال فصل الصيف في المحطة الثاثة    لتر/ملغم   50˚م( خلال فصل الصيف والملوحة  30)  الحرارة 

بينما   ميناء ام قصر( خلال فصل الصيف في المحطة الثالثة  PH( )7.62والاس الهيدروجيني )  ام قصر 

ميناء   في المحطة الاولى   لتر/ملغم  6.7سجل    إذنلاحظ انخفاظ الاوكسجين المذاب خلال الفصل الصيف  

اعلى قيمة  حيث سجلت  واضحا  موسميا  مكانيا واما المغذيات الكبرى قد اظهرت النتائج تباينا    .الزبيرخور

كما تزامنت   3.1µg/L  وبلغت  ميناء ام قصرلاجمالي النيتروجين خلال فصل الشتاء في المحطة الثالثة  

كل معها   بلغت    قيم  حيث  الزبير  خور  ميناء  محطة  في  ايضا  الشتاء  فصل  خلال  والنترات  النتريت  من 

1.99µg/L    4.49و µg/L  وعلى العكس من ذلك سجلت اعلى قيمة للفسفور الكلي خلال  .  على التوالي

مصحوبة باعلى تركيز للسيليكا في المحطة    µg/L 0.297فصل الصيف في محطة ميناء ام قصر وبلغت  

وفيما يخص العناصر الاخرى فقد تم رصد اعلى تركيز   mg/L 6.08والفصل نفسه حيث بلغت    المحطة

  mg/L 1351.01و  mg/L 384.24للكالسيوم والمغنيسيوم خلال فصل الشتاء في محطة النفق حيث بلغت  

 .التوالي ىعل

 .الانظمة المائية ،البيئة ،المغذيات ،خور الزبير  الكلمات المفتاحية:
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