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INTRODUCTION  

 

         The river of Shatt al-Arab is an important major river that is formed at the 

confluence of the Tigris and the Euphrates Rivers in the city of Qurna, north of Basra, 

Iraq, and then extends for about 200 km to flow into the northwest of the Arabian Gulf, 

south of the city of Al-Fao. The average width of the river is 500 meters, and its depth 

ranges from 7 to 22 meters. It is characterized by low current speed. It has great 

economic importance as a result of its many uses in industry and agriculture, in addition 

to the use of its water for the human consumption. 

           Shatt Al-Arab River is affected by tides that allow the penetration of the marine 

waters originated from the Arabian Gulf; it is characterized by the prevailing mixed-semi 

diurnal tide (Al-Taei et al., 2014). This River is exposed to many pollutants, the most 

important of which are heavy metals and petroleum hydrocarbons, resulting from the 

economic activities adjacent to it, which throw domestic sewage and agricultural wastes 

into the river, in addition to the wastes discharged from the activities of fishing and 

transport boats.   
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The waters of Shatt Al-Arab River were examined by determining the 

content of heavy elements (Ferrous, copper, Bromine, Chromium and zinc) 

and the petroleum hydrocarbons. In addition, 7 parameters were evaluated, 

including the chloride, phosphate (PO4), sulphate (SO4), nitrate (NO3), 

total suspended solids (TSS), temperature (°C) and the concentration of 

hydrogen ions (pH). The atomic absorption spectrometry was used to 

analyze the targeted heavy metals, whereas the infrared (IR) spectroscopy 

was used to measure petroleum hydrocarbons. The five heavy metals’ 

values were recorded during 2021, and a slight fluctuation in the 

concentrations of petroleum hydrocarbons was detected. Their values were 

under the acceptable environmental limits. The levels of TSS (68 mg/l), the 

highest concentration of Cl (888 mg/l) and SO4 (677 mg/l) were higher than 

the acceptable environmental limits.  
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           Heavy metals have a high density of more than 5 grams/ cm
3
; these metals are 

divided into essential and non- essential elements. The former has a basic function in the 

action of enzymes, viz. Zn
+2

 and Mg
+2

. These elements are essential for cell metabolism, 

and they act as ionic cofactors. Whereas, the non-essential elements are toxic to cells and 

organs, and even low concentrations can damage the cell components. Cadmium (Cd) 

and lead (Pb) are two elements of the latter group. Heavy metals are distributed in the 

ecosystem and their prevalence has increased due to the industrial sources of acid rain, in 

addition to the pollution resulting from residues emitted in particular from fuels. 

            Heavy elements have the ability to accumulate in the organs tissues of fish and the 

aquatic organisms, and thus these elements are considered among the most dangerous 

types of pollution (Shah, et al., 2020; Jaber et al., 2021). Because of their non 

biodegradability, they have acute and chronic effects on aquatic organisms 

(Jantawongsri, et al., 2021). Industrial pollutants are released into environments, such as 

Cu, Cr, Cd, Ni, and Fe which are essentially colorless and odorless, therefore, these 

elements have become a source of threat to the aquatic organisms (Singare et al., 2011). 

             Shatt Al-Arab River suffers from many problems related to pollution discharged 

from industrial activities and domestic  wastes, in addition to the effect of the salt tide 

originated from the Iraqi marine waters. Consequently, this study aimed to determine the 

pollution level of heavy metals contents (Fe, Cu, Br, Cr, and Zn), the total petroleum 

hydrocarbons (TPHC) and the basic physico-chemical parameters (potential of hydrogen 

(pH) & temperature (Temp.)), the total suspended solids (TSS), chloride (Cl
+1

), sulphate 

(SO4
+2

), phosphate (PO4
+2

) and nitrate (NO3
+2

) ) in Shat Al-Arab River.  

 

MATERIALS AND METHODS  

 

Study Location 

       The study area of Shatt Al-Arab River is located in the nearby area, where this river 

connects to the Garmat Ali River (Fig. 1). For the industrial activity, this area has a 

distiguished location, being near the electrical power plant and the activity of small boats. 

The current experiment extended from January – December 2021. Water samples 

monthly collected from the study site were carried out in three replicates. 

Analysis of heavy metals  

      The water samples were digested according to method of Islam et al. (2015) to 

examine the toxic heavy metals (Fe, Cu, Br, Cr and Zn). The elements were analyzed 

using a Shimadzu 1800 PC, (Japan) atomic absorption spectrometer and the metal 

concentration was calculated based on the standard curve method. 
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Fig. 1. A map showing the sampling sites of water 

Extraction and analysis of petroleum hydrocarbon  

  The total petroleum hydrocarbons (PHCs) were extracted thrice using the method of 

EPA 3510 liquid-liquid extraction (Adeniji et al., 2017). The EPA 418.1 method was 

carried out using infrared (IR) spectroscopy. Basra oil was used as a standard with 

wavelengths of excitation and emission, which were ( 310 and 360 nm), respectively. 

Water Physicochemical Parameters 

  Water samples were collected in glass bottles and transferred to the laboratories of the 

Marine Science Center. The samples were filtered using filter paper (Whitman 541), the 

samples were acidified by adding drops of nitric acid and stored at a temperature of 4°C, 

and then the physico-chemical measurements (Cl, PO4, SO4, NO3 and TSS) were 

analyzed using the standard procedures method of APHA (1998). The hydrogen ion 

concentration (pH) and temperature (°C) were tested via multimedia checker (YASI) 

model 556 MPS. 

 

RESULTS AND DISCUSSION 

 

     The current study showed the presence of heavy metals in the studied part of Shatt Al-

Arab River, where iron recorded the highest concentration, and copper showed the lowest 

concentration (Fig. 2 & Table 1).  

    The arrangement of heavy elements in the waters of this river was sequenced as 

follows: Fe> Br > Zn > Cr > Cu. The iron element recorded the highest concentrations at 

a significant level (<0.05) compared to the other elements, particularly in the cold 

months.  Generally, most of the elements recorded higher concentrations in the hot 
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months; from June to September 2021. The iron element recorded the highest values, 

especially in the hot months (1.3 mg/l) that were less than the permissible limit (<2 mg/l). 

  The study of Singh et al. (2019) on fish Labeo rohita mentioned that the essential 

physiological functions of many organisms are positively affected by the iron metals; 

However, if  an increase was detected in their concentrations, they would turn poisoning. 

It is worth mentioning that, the high iron content in the water bodies leads to lower 

productivity in the aquaculture systems. The previous authors noticed changes in the 

blood and the oxidative stress represented by the changes in the activity of the antioxidant 

enzyme in addition to the changes recorded in the histological parameters. 

 The copper element recorded close concentrations during the months of the year within 

0.02 – 0.05 mg/l, which were within the permissible limits (< 0.2 mg/l). Copper is one of 

the essential elements that humans need. Nevertheless, if its concentration in water 

increases, it becomes toxic to aquatic organisms as well as to humans. Copper is an 

essential element for human life. This mineral is involved in multiple cellular processes; 

on the other hand, residues from industrial processes of copper can lead to serious 

environmental problems. Including physiological effects and environmental damage that 

directly or indirectly affect human health (Latorre et al., 2019).  

  As for the Br element, it was recorded within (0.02 mg/l) in May month and (1.08 mg/l) 

in November, which was within the permissible concentration (<1 mg/l).  The reason for 

its existence was from the industrial activity of the electric power plant near the sampling 

area. Chromium element (Cr) showed the lowest value (0.02 mg/l) for March and the 

highest value was (0.37) for August. Air deposits resulting from gaseous emissions from 

the oil industry, in addition to electrical generators, lead to the pollution of the river with 

minerals such as chromium and bromine. The low level of its concentration in river water 

attributed to its solubility, in addition to the fact that heavy metals bind to suspended 

colloids easily over the adsorption progress. (Mimba et al. 2017).  

  Zinc element is one of the essential elements recorded the highest value was (0.7 mg/l) 

for April, where it was within the permissible measurements (< 2 mg/l) Zinc element has 

an effect on the hepatic enzymatic activity of live fish at a concentration level (1.2 mg/l) 

(Aldoghachi et al., 2019), as well as, when its concentration rises, it leads to toxic effects 

on aquatic organisms. 

 



79                          Assessment of metals contents and physico- chemical parameters in Shat Al-Arab River   
 

 

 

Fig. 2. Heavy metals concentrations (mg/l) of water samples collected from Shatt Al-

Arab River during months of 2021 

 

Table 1. Monthly variations of metals concentration in Shat Al-Arab River 2021 

Month Fe 

(mg/l) 

Cu 

(mg/l) 

Br 

(mg/l) 

Cr 

(mg/l) 

Zn 

(mg/l) 

Jan. 1.1 0.025 0.3 0.05 0.7 

Feb. 0.9 0.02 0.07 0.03 0.03 

Mar. 1.1 0.03 0.4 0.02 0.02 

Apr. 0.8 0.03 0.022 0.08 0.7 

May 0.8 0.06 0.02 0.03 0.01 

June 1.1 0.03 0.15 0.04 0.03 

July 0.9 0.029 0.3 0.05 0.5 

August 1.2 0.05 0.1 0.37 0.01 

Sept. 1.2 0.02 0.08 0.03 0.01 

October 1 0.03 0.04 0.04 0.02 

Nov. 1.3 0.03 1.08 0.05 0.03 

Dec. 1.05 0.04 0.07 0.03 0.02 

Permission 

limit 

<2 < 0.2 <1 0.1 <2 

  As for the total petroleum hydrocarbons (PHCs), the current results showed a slight 

fluctuation during the months of 2021 and the highest value was in July (5.36 µg/l) (Fig. 

3), all of which were with the acceptable level for environment (<10 µg/l).  
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  In general, there are many factors that completely affected this River water, the most 

significant factor is the tide coming from Arabian Gulf water which has distinctive 

activity in the transport of crude oil and therefore the oil hydrocarbons enter with the tidal 

movement into the Shatt al-Arab waters, especially the hot months when the water level 

of the Tigris and Euphrates decreases, and the discharge decrease with it. Previous 

research in the waters of the Arabian Gulf and Shatt al-Arab River recorded that the 

presence of petroleum hydrocarbons, A review of the northern Arabian Gulf by Al-

Imarah et al. (2007) for water and sediment, where they recorded levels ranged between 

(2.5-47 μg/l) in the dissolved water phases and (1.62-31.1 μg/g) in the particulate phase. 

Thus, it affected the level of oil hydrocarbon concentrations in sewage waters, inland 

waters, and they attributed this to the waterways in southern Iraq were affected by the 

illegal transportation of oil derivatives. Furthermore, the ballast water that is discharged 

from big ships, in addition to the effect of waterways by oil refineries (Abadan and 

Shuaiba refineries). 

 

Fig. 3. Monthly differences of Total Petroleum hydrocarbons concentration (µg/l) in 

Shatt Al-Arab River. Permission limit (10µg/l). 

Physico-chemical parameters  

  The current results showed that the pH was in the alkaline direction (7.3-7.9) constant 

for all month (Fig. 4). However, pH in water from Shatt Al-Arab River are with 

permissible level for aquatic organisms. When the pH is suitable for organisms, they will 

thrive, while the pH decreases, the solubility of metals in the water will increase, and then 

becoming more toxic to aquatic organisms (Mota et al., 2018). As for the water 

temperatures, they were within the guidelines for the acceptable level (<35 ºC), the values 

ranged from (16- 31 ºC) for January and July respectively (Figure 4). 
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Fig. 4. Monthly differences of pH and Temperature (ºC) in Shatt Al-Arab River water. 

Acceptable level (6-9.5) and (<35 ºC) for pH and for temperature respectively. 

  The parameter mean of total suspended solids in current results for Months 2021 is 

shown in Figure (5). The data of this study indicated that TSS value were within the 

permissible levels for industrial uses (<60 mg/l), except for February and March, it 

reached concentrations (60 and 68 mg/l) respectively (fig. 5). Unusual high TSS 

concentrations results have negative effects on fish physiology and behavior and trans 

generational implications (Kjelland et al., 2015). Moreover, it might have respiratory 

impacts via thickening gill lamellae if its concentrations reached 100-500 mg/l for a 

duration of 21 days (Cavanagh et al., 2014) 

 

 

Fig. 5. Monthly variations of TSS values (mg/l) in Shatt Al-Arab River water. Permission 

limit (<60 mg/l) 
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  Chloride recorded a high concentration level in Shat Al-Arab River during the months 

of 2021 showed in Figure (6), the higher value was (888 mg/l) for June which was higher 

than acceptable level for humans or industrial uses (< 250 and < 600) respectively 

(CCME 2008), while the lowest value was August (325) . Chloride is considered a toxic 

pollutant, and when its concentration in water increases, it causes endocrine disorders, in 

addition to being a mutagenic and carcinogenic substance for organisms that live in water 

(Granato et al., 2015). Many of the concentrations of this chloride in the waters of this 

studied river are from the source of the salty tides that came from the waters of the 

Arabian Gulf, especially in the hot season (Lateef et al., 2020).  

  

Fig. 6. Monthly variations of Chloride values (mg/l) in Shat Al-Arab River water. 

Permission limit (600 mg/l). 

  Concerning the concentrations of sulfates, phosphates and nitrates in river water, they 

were recorded in Table (2), Sulphate data average in most months during the year are 

exceeded than the permissible limit of CCME (2008) for humans or industrial uses where 

the highest value was recorded in March (677 mg/l). Water pollution with sulfates leads 

to an increase in sulfides and a rise in alkalinity in water that leads to hydrolysis 

Moreover, it causes eutrophication, and in addition to raising the level of sulfate reasons a 

substantial reduction in production of biomass, and thus, it causes a decrease in growth 

rates (Geurts et al., 2009). 

  The current data of PO4 concentrations during months 2021showed in Table (2). The 

high value of PO4 documented (2.1 mg/L) in May. Industrial raw materials, as well as 

agricultural waste water, are one of the main reasons for the presence of PO4 ions (Grela 

et al., 2020). Al-Saadi et al. (2020) studied some of parameters in Shatt al-Arab River 

during the period 2017 to 2018, they reported that Cl was 225-22325mg/l, sulphate was 

140-1600 mg/l, and PO4 was 0.22-0.97mg/l,   
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  Regarding NO3, higher value in the current study was (1.5 mg/L) for April and 

December. High concentrations of nitrates in the aquatic medium affect the growth of 

fish and plants, as well as cause damage to their quality. Phosphate and nitrate 

concentrations recorded in the current study were within the standard limits that 

mentioned by Philminaq (2016) (< 3 mg/l for PO4 and <50 mg/L for NO3) for aquatic 

life. 

Table 2. Monthly variations of SO4, PO4 and NO3 concentrations (mg/L) in Shatt Al-Arab 

River during 2021. 

Month SO4(mg/l) PO4(mg/l) NO3(mg/l) 

Jan. 578 1.5 1.4 

Feb. 610 1.9 1.1 

Mar. 677 1.6 1.1 

Apr. 495 1.9 1.5 

May 495 2.1 0.6 

June 600 1.2 1.1 

July 490 1.5 0.9 

August 309 1.5 1.1 

Sept. 367 1.65 1.1 

October 363 1.6 1.1 

Nov. 311 1.1 1.2 

Dec. 610 1.3 1.5 

Permission 

limit 

<400 <3 <50 

 

CONCLUSION 

 

  Heavy metals content and petroleum hydrocarbons in Shatt Al-Arab River were under 

acceptable environmental limits. The variation of physic-chemical parameters of Shat Al-

Arab River prejudiced by the low water levels of the Tigris and Euphrates rivers and the 

chemical ions inflow from these rivers moreover the marine salts coming from Arabian 

Gulf.  Levels of TSS, Cl and SO4 were higher than the permissible environmental limits.  
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