
  

Int. J. Aquat. Biol. (2022) 10(6): 504-514 

ISSN: 2322-5270; P-ISSN: 2383-0956

Journal homepage: www.ij-aquaticbiology.com 

© 2022 Iranian Society of Ichthyology 

 Original Article 
Total petroleum hydrocarbons in water, sediment, and Redbelly tilapia, Coptodon zillii in 

Shatt Al-Basrah Canal, Iraq 
 

Ali M. Glou, Rajaa N. Al-Yassein, Amjed K. Resin 

 
Department of Fisheries and Marine Resources, College of Agriculture, University of Basrah, Iraq. 

 

 

 

 

s 

Article history: 

Received 7 June 2022 

Accepted 21 August 2022 

Available online 25 December 2022 

Keywords:  

TPHs 

 Pollution 

 Muscles tissue 

 Sediments 

Abstract: Water pollution is one of the most common global problems resulting from 

increased industrial and agricultural activities. Petroleum hydrocarbons have extremely 

dangerous to the aquatic environment. The total petroleum hydrocarbon (TPHs) was 

investigated in water, sediment, and muscles of Coptodon zillii at Abu Sakhir and Al-

Zubair Bridge stations seasonally in the Shatt al-Basra Canal. The results showed a 

variation in the TPHs levels in the studied stations. In addition, a significant difference in 

the TPHs was recorded during the seasons in the water, and sediments between stations. 

The results showed significant differences in the TPHs in the muscles in the spring but no 

significant in other seasons between the two stations. The results of the lipid contents of 

fish revealed significant differences between the two studied stations in the fall, spring, and 

summer seasons but not significant in winter.   

Introduction 

Water contamination is a crucial global problem 

resulting from expanding industrial and agricultural 

activities (Wang et al., 2019). Many pollutants enter 

the aquatic environments directly or indirectly due to 

human activities, affecting aquatic organisms (Li et 

al., 2019). One of the main environmental pollutants 

worldwide is crude oil-based hydrocarbons 

(Ławniczak et al., 2020). Petroleum hydrocarbon 

pollution is a significant environmental issue that 

threatens the aquatic environment, whether from 

benzene or other toxic organic materials (Abha and 

Singh, 2012). Increased urbanization and intensive 

industrial activities have led to an increase in the 

consumption of oil and its products worldwide (Liu 

et al., 2019).    

There are many ways to enter oil contaminants in 

the aquatic environment e.g. discharged through oil 

spill accidents or by-products for individual or 

commercial uses (Cai, 2021). Furthermore, 

navigation, transporting oil, washing loading docks, 
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balance water, and export ports are the main sources 

of pollution of aquatic ecosystems that have been 

reported as approximately 6 million tons annually 

(Chougule et al., 2009). In addition, there are other 

sources of hydrocarbon pollution, such as domestic, 

agricultural, and power plant releases (Frena et al., 

2017). Therefore, when petroleum hydrocarbons are 

discharged into aquatic ecosystems, they cause harm 

to living organisms, with toxic effects ranging from 

acute to chronic depending on the metabolism and 

photo-oxidation process (Kuppusamy et al., 2020). 

This damage may appear direct or indirect after a 

long period (Rodrigues et al., 2010).  

Releasing large quantities of petroleum 

hydrocarbons into rivers and coastal areas during oil 

production and transportation negatively impacts the 

environment and human health (Ihunwo et al., 2021). 

It would be affected water in its dissolved particles, 

organisms, and sediments phase (Raja et al., 2022). 

Because of their hydrophobic nature, hydrocarbons 

tend to bind to organic particles in aquatic 
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 ecosystems where they are deposited in sediments 

(Qiu et al., 2009). Fish can rapidly absorb soluble 

petroleum hydrocarbons that are highly sensitive to 

lipids, which enhances living organisms’ ability to 

absorb petroleum hydrocarbons through the 

respiratory and gastrointestinal tracts (Rodrigues et 

al., 2010).  

 Fish plays a significant role in the food chain and 

is an important indicator for many environmental 

pollutions in the aquatic system (Wang et al., 2021). 

On the other hand, fish is an important part of the 

human diet due to having high-quality protein 

(Holub and Holub, 2004). In addition, it contains a 

wide variety of vitamins and minerals, containing 

vitamins A and D, magnesium, selenium, and 

phosphorus (Fischer and Glei, 2015). Fishes can 

absorb petroleum hydrocarbons from contaminated 

water directly or indirectly through food and 

sediments (Scheuhammer et al., 2016). The uptake 

of contaminants directly from the aquatic 

environment is known as bioconcentration (Muijs 

and Jonker, 2012). Fish generally dissolve petroleum 

hydrocarbons due to their high lipid solubility 

(McConville et al., 2018).  

Tilapia can be found in freshwater or brackish 

waters such as rivers, lakes, estuaries, shallow 

streams, and ponds (Iyabo, 2015). It is the second 

most important fish in the world aquaculture after 

common carp, with production reaching 6.3 million 

tons in 2018 (FAO, 2019). Redbelly tilapia, 

Coptodon zillii has a widespread distribution within 

the Iraqi inland waters. It might come from Iraq's 

bordering countries, such as Turkey, Syria, and Iran 

(Mutlak and Al-Faisal, 2009). Based on above-

mentioned background, this study aims to evaluate 

the total petroleum hydrocarbon levels in the water, 

sediment, and muscles of C. zillii in Shatt al-Basra 

Canal, Iraq. 

 

Material and Methods 

Study area and sampling: The Shatt al-Basra Canal 

is a drainage channel that starts north of Basra and 

extends southeast.  It covers about 37,157 km and is 

situated within the alluvial plain of Basrah, located 

between latitudes 3027-3028 in the north and 4750-

4749 in the east.  It transfers flood waters from the 

Al-Hammar Marsh to Khor Al-Zubayr and then to 

the Persian Gulf. It is also used to withdraw saline 

water from irrigated agricultural lands, which later 

turned into marsh reclamation. Moreover, this 

channel is a waterway connecting the southern 

marshes with the Persian Gulf from its northern part 

(Hassan et al., 2018).  

The sampling was done in two stations, including 

(1) Abu Sakhir, in the northwest of Basrah 

(47.702856N, 30.561467E), and (2) Al-Zubair 

Bridge, in the southwestern part of the city of Basrah 

in (47.760947N, 30.442322E). It is about 6,423 m 

from the center of Basrah and about 15,272 m from 

the second station (Fig.1). Fish, water, and sediment 

samples were collected seasonally to measure total 

petroleum hydrocarbons from the selected stations 

from fall 2021 to summer 2022. Fish were collected 

by gill net, and the samples were frozen and taken to 

the lab, where they were weighed, measured, and 

stored at -4oC. They were dissected using aseptic 

equipment to obtain the muscles, and the samples 

were labeled for analysis. Water samples were 

collected from the surface in 2-liter amber glass 

bottles by adding 10 mm of CCL4, carbon 

tetrachloride. Before water sampling, all bottles were 

washed with warm water and liquid detergent, then 

properly rinsed with tap water and dried for 24 hours, 

afterward the bottles were cleaned with acetone, 

dried for about 30 seconds, and finally rinsed with n-

hexane. Sediments were collected during the low 

tide period from the slightly submerged riverbank at 

approximately 2-3 m using a small shovel and placed 

in plastic bags.  

Total petroleum hydrocarbons extraction: Fish 

and sediments extractions were performed according 

to Goutx and Saliot (1980). Three gram of fish 

muscles was dried, weighted, and crushed in a 

ceramic mortar with a pestle. For sediment, 3 g of the 

dried sediment was passed through a sieve of 63 μm 

mesh and put into an extraction thimble. The fish and 

sediments' ground samples were placed separately in 

thimbles with 100 ml of methanol: benzene (1:1 v/v) 
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for 24 h, as the extraction solvent. The extract was 

saponified for two hours at 40°C by adding 15 ml of 

an aqueous 4N MeOH (KOH) solution. The contents 

were poured into a separating funnel, and then 50 ml 

of normal n-hexane was added; afterward, the 

sample was well-shaken and left to settle. The two 

layers were formed, and the layer containing 

hydrocarbons was taken and passed on a separation 

column from the bottom of the glass wool, topped 

with a layer of silica gel, alumina, then anhydrous 

sodium sulfate.  

The extraction of total hydrocarbons from the 

water was based on UNEP (1989), that in this 

procedure, 10 ml of CCL4 was added to 1 liter of 

sampled water. Using an electric mixer, the sample 

was shaken for 30 min; then, the contents were 

poured into a separating funnel and left to settle. The 

organic layer (the lower layer containing carbon 

tetrachloride and hydrocarbons was collected and 

passed over a separation column containing glass 

wool at the bottom, topped with a layer of aqueous 

sodium sulfate Na2SO4 to remove water. The 

extracted muscles, water, and sediment samples 

were dried at laboratory temperature. Finally, the 

total petroleum hydrocarbons were measured after 

dissolving them with pure hexane using a 

spectrofluorometer. 

For calibration, Basrah crude oil was used by 

dissolving a known weight of oil with a specific 

volume of n-hexane to prepare standard solutions 

using a fluoridation device to determine the 

concentrations of total petroleum hydrocarbons in 

fish, water, and sediments. The emission intensity 

was measured at a wavelength of 310 nm and at an 

excitation of 360 nm. To determine the lipid 

concentrations in muscles, aliquots of the lipid 

extracts were dried and dissolved with a mixture of 

n-hexane (Egan et al., 1981).  

Statistical analysis: The statistical analysis was 

performed using SPSS 20 (Statistical Package for 

Social Sciences). LSD test was used to determine 

those differences under the significance level of 

P<0.05 through the ANOVA test (Snedecor and 

Cochran, 1989). 

 

Results      

The results showed differences in the total petroleum 

hydrocarbons in the water, sediment, and muscles for 

both stations in the Shatt Al-Basra Canal study areas. 

The highest TPHs in the water were 21.58 and 30.53 

µg.l-1 in winter in the first and second stations, 

respectively. The lowest values were 7.45 and 8.61 

µg.l-1 in summer and fall in the first and second 

stations, respectively (Fig. 2). The sediments results 

showed the highest level of TPHs as 39.59 and 41.37 

µg/g dry weight in  spring  in  the  first  and  second 

Figure 1. Map of sampling sites in the Shatt al-Basrah Canal. 
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Figure 2. TPHs in the water of Shatt Al-Basrah Canal. 
 

Figure 3. TPHs in the sediments of Shatt Al-Basrah Canal. 
 

Figure 4. TPHs in the Coptodon zillii muscles of Shatt Al-Basrah Canal. 
 

Figure 5. Percent distribution of lipids in the muscles of Coptodon zillii in Shatt Al-Basrah Canal. 
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stations, respectively. The lowest values were 8.17 

and 6.98 µg/g dry weight in fall at the first and 

second stations, respectively (Fig. 3).  

A highly significant difference (P≤0.05) at both 

stations in the TPHs level in the muscles of C. zillii 

was recorded. The highest value was in spring at the 

first station as 36.56 µg/g dry weight, while the 

lowest value was 3.87 µg/g dry weight in fall at the 

second station (Fig. 4). The highest lipids of C. zillii 

were 9.90 and 9.51% in spring at the first and second 

stations, but the lowest values were 3.41 and 4.61%, 

respectively in winter at the first and second stations 

(Fig. 5). 

 

Discussion     

Petroleum hydrocarbons enter the aquatic 

environment through various sources, including the 

atmosphere, industrial sources, household waste, and 

untreated civil waste (Eganhouse et al., 1981). The 

current study showed a seasonal variation in the 

TPHs in water in all seasons in both stations. A 

highly significant difference in TPHs was observed 

in the water of both stations. The least TPHs in water 

was 7.45 µg.l-1 in summer in the first station (Fig. 6). 

However, the highest TPHs was 30.53 µg.l-1 in 

winter at the second station (Fig. 7). However, a 

higher level of TPHs recorded in the surface waters 

was observed in summer in the study of Adeniji et al. 

(2017). Depending on the regions and seasons, the 

amount of petroleum hydrocarbons in water varies 

e.g. the highest TPHs were 4.92-46.4 µg.l-1 in Khor 

Abdullah water (Nasir, 2005), but the lowest TPHs 

at Shatt al- Basrah was 0.05-26.44 µg.l-1 (Atti, 2014), 

whereas in the current study, it was 7.45-30.53 µg.l-

1. Conversely, the TPH was 45.07 to 307 µg/L in the 

water of Algoa Bay in South Africa, and the ranges 

of TPH in a seasonal investigation were 45.07 to 273 

g/L in surface water and 55.72 to 307 g/L in bottom 

water (Adeniji et al., 2017).  

Based on the results, the second station had the 

highest concentrations of TPHs, which may be due 

to the accumulation of oil residues from the Basrah 

oil refinery (Aziz and Sabbar, 2013). Furthermore, 

the small fishing boats, and the presence of main 

drainage pipes that receive untreated domestic and 

sewage waste to the east of the canal, are the most 

important sources of petroleum hydrocarbon 

pollution (Eganhouse et al., 1981). The ratio of TPH 

was higher in the winter because of the low 

temperatures that prevented evaporating compounds 

(Al-Saad and Al-Timari, 1993). In addition, the 

effectiveness of microorganisms in breaking down 

hydrocarbons decreases with decreasing temperature 

(Khillare et al., 2014; Marić et al., 2020). Due to the 

high temperatures, the oil loses 20-50% of its 

components through evaporation (Harnstrom et al., 

2009). Light oxidation also leads to the breaking of 

oil compounds in the water column, which coincides 

with the high temperatures in the summer, as this 

factor depends on the length of the illumination 

period during the day and is one of the reasons for 

the low concentrations of TPHs in the summer 

(Talal, 2010).  

There were also highly significant differences in 

TPHs in the sediments of both stations. The highest 

concentration of TPHs in sediment was 41. 37 µg/g 

dry weight in spring in the second station. A 

consistent rise in TPH in sediments was noted from 

summer to autumn (Al-Saad et al., 2017b). There 

was a seasonal variation, with the dry season having 

the most variability because of the higher level of 

increased oil activity during that time (Clinton et al., 

2009). Massoud et al. (1996) reported TPH in 

sediments between 10-15 mg/kg should be regarded 

as unpolluted and 15-50 mg/kg as slightly polluted. 

The levels of PHCs in the sediments were high in our 

study, however 279 to 17 900 mg.kg-1 was reported 

by Lindén and Pålsson (2013), and the high level of 

PHC in the surficial sediment of the inshore area of 

Ratnagiri has been reported as 107.7 ppm, dry 

weight (Chouksey et al., 2004).  

Table 2 shows the petroleum hydrocarbon (PHC) 

levels in the sediments of different water bodies in 

Iraq. The values of PHCs in Iraqi waterbodies were 

2.3-50.2, 4.76-45.24, and 19.43-49.09 µg/g dry 

weight (Hantoush, 2006; Al-Hejuje, 2014; Al-Ali et 

al., 2016) and in our work, it was 6.98-57.5 µg/g dry 

weight. Pollutants can enter the aquatic environment 
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and settle in the sediment in various ways, including 

direct deposit because of their weight or long-

distance water current transport because of their 

stability, which causes them to deposit when the 

speed of the currents decreases (Liu et al., 2019). 

These compounds enter the living organisms and 

reach the sediments after death (Al-Saad, 1995). 

Therefore, THP levels in the sediment were 

consistently higher than in surface water, showing 

that it accurately indicates pollution in the river 

systems (Osuji et al., 2004). The reason for 

increasing PHCs levels in sediment after many years 

is the establishment of shore refineries (Aziz and 

Sabbar, 2013)). Similarly, variation in different 

regions could be related to the transfer of PHCs loads 

from the inshore areas to the open-shore sediments 

and probably to an important role of benthic 

organisms in the biological transfer of PHC into the 

sediment due to the remnants of an oil spill 

(Chouksey et al., 2004). Due to the particle size, the 

Figure 6. TPHs levels in different sample types at station 1. 
 

 

Figure 7. TPHs levels in different sample types at station 2.  

 
 

 Region                                          TPHs µg.l-1                                       References 

Khor Abdullah 4.6-22.6 Al-Timar et al. (2002) 

Khor Abdullah 0.9-23                                           Al-Timar et al. (2003) 

Khor Abdullah 4.92-46.4                                       Nasir (2005) 

Khor Abdullah 11.23-26.57                                    Nasir (2007) 

Northwest Persian Gulf                           6.38-13.36                                      Al-Imarah et al. (2007) 

Shatt al- Basrah                                       0.05-26.44                                       Atti (2014) 

Shatt al- Basrah                                       7.45-30.53                                        Current study 
 

Table 1. PHCs concentrations of water in different Iraqi aquatic ecosystems. 
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sediments’ bottom structure with silt and clay has a 

greater potential to preserve TPH. Therefore, 

sediment analysis is a good indicator of the 

distribution of petroleum hydrocarbons (Raja et al., 

2022). 

An increase in the PHC during the summer at both 

stations (31.82 and 37.21 µg/g dry weight, 

respectively) was recorded, maybe because of 

irregular oil leaks from industrial areas, the 

accumulation of oil residues from fishing boats that 

are active in the summer, municipal sewage water, 

and surface runoff from the land (Al-Saad et al., 

2017a). Water temperature also impacts the speed of 

organic matter sedimentation and the solubility of 

hydrocarbons (Al-Dossari, 2008). The lowest 

concentration of petroleum hydrocarbons in the 

sediments was in the fall (6.98 µg/g dry weight), and 

with the decrease in temperature. TPHs gradually 

increased during the winter at station two due to the 

reduction in temperature. Lower temperatures 

reduce the evaporation process, photo-oxidation, and 

biodegradation by microorganisms in the sediments, 

which can oxidize more than 70% of the crude oil in 

roughly 18 days (Atlas and Bartha, 1973). Moreover, 

the higher phytoplankton mortality rates during the 

winter will result in higher organic matter levels in 

sediments, increasing the proportion of 

hydrocarbons that are adsorbed to the surface of 

these sediments (Al-Khafaji, 2007). 

Petroleum hydrocarbons were found in all fish 

samples. There was a correlation between THC in 

the organisms and their surrounding water and 

sediments (Clinton et al., 2009). The PHCs in 

C. zillii muscles range from 3.87-57.5 µg/g dry 

weight; however, it was 2.545 to 48.16 µg/g dry 

weight in other Iraqi waterbodies (Table 3). 

Differences in PHC are found based on the seasons 

and fish species, e.g. in summer and winter seasons, 

Tenualosa ilisha had the highest PHC (6.85 and 7.65 

g/g dry weight, respectively), whereas in summer 

and the winter, Euryglossa orientalis had the lowest 

THC concentration (2.45 and 2.64 g/g dry weight, 

respectively) (Al-Ali et al., 2016).  

There is a significant fluctuation in the TPHs of 

fish between the seasons (Ansari et al., 2012). Al-

Baidani (2014) indicated that the abundance of 

phytoplankton, the primary food for fish, causes high 

TPHs during the spring season. Additionally, 

physical and chemical factors of water bodies affect 

the composition and spread of petroleum compounds 

(Akaahan et al., 2014). Due to their feeding habits, 

some fish have higher PHCs in their muscle 

(Veerasingam et al., 2011). Nasir (2007) explained 

that the variations in THC concentrations in fish 

muscles in different seasons are caused by the 

influence of environmental factors, nutrition, type 

Region                                          TPHs µg.l-1                                       References 

Khor Abdullah 34-192                                            Nasir (2005) 

Shat Al-Arab                                                 2.3-50.2                                          Hantoush (2006) 

North-West Persian Gulf                             34.37-66.02                                       Nasir (2005) 

Iraqi coast regions                                        2.39-30.88                                        Al-Khion (2012) 

Shat Al-Arab                                                4.76-45.24                                        Al-Hejuje (2014) 

North-West Persian Gulf                            19.43-49.09                                        Al-Saad et al. (2017a) 

Shatt Al-Basrah                                       6.98-57.5                                             Current study 
 

Table 2. PHCs concentrations in sediments of different Iraqi aquatic ecosystems. 

 

Region                                          TPHs µg/g dry weight                                       References 

Shat Al-Arab                                                 29.6-45.9                                            Al-Saad (1989) 

Khor Alzubair 8.3-40.6                                          Al-Saad (1990) 

Shat Al-Arab estuary and northwest Persian Gulf         1.7-10.91                                       Al-Saad et al. (1997) 

Shat Al-Arab estuary and northwest Persian Gulf         2.55-26                                        Hantoush et al. (2001) 

Iraqi marine waters                                                     11.44-48.16 Nasir (2007) 

North-West Persian Gulf                            2.545-7.25                                 Al-Ali et al. (2016) 

Shatt Al-Basrah                                       3.87-57.5 Current study 
 

Table 3. PHCs concentrations in fishes of different Iraqi aquatic ecosystems. 
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 and amount of available food, and the breeding 

season. Chronic exposure to PHCs causes 

physiological and histopathological alternations at 

all life stages of fish (Rodrigues et al., 2010). The 

primary threat posed by these pollutants is 

accumulating in the tissues of aquatic species and 

then transferring to humans (Wang et al., 2021). 

Thus, PHCs in fish tissues more than the normal 

level significantly negatively impact human health 

(Lindén and Pålsson, 2013). 

Lipids had significant differences between the two 

studied stations at most seasons. The values in the 

first station were 3.41, 5.12, 5.61 and 9.90%, 

respectively (Fig. 6) and4.61,7.80, 7.99 and 9.51% 

in the second station (Fig. 7). The present results 

were higher than previous studies because the fish of 

the Shatt al-Basra Canal are exposed to oil pollutants 

continuously. Increasing the hydrocarbon levels in 

fish could be related to the high concentration of 

lipids in the fish muscle tissue (Shriadah, 2001). The 

amount and nature of fat vary in different fish species 

(Suzuki, 1981). There is a direct correlation between 

THCs ratio and fat percentage (Jamoussi et al., 2022) 

i.e. fatty parts of fish possess higher concentrations 

of organic pollutants (Shriadah, 2001).  Ansari et al. 

(2012) observed a decrease in the level of TPH in the 

tissues of lean fish. Feed type is also responsible for 

fish muscles’ high and low-fat content (Tolosa et al., 

1996). In addition, many factors, such as the 

exposure time, the lipid content of tissues, 

environmental conditions, age, and sex, might affect 

the accumulation of PHs in fish (Froehner 

epossess11). In conclusion, there were significant 

differences in the TPHs levels of fish and their 

surrounding environment. TPHs concentrations in 

fish samples are based on the expected levels of the 

TPH; therefore, Tilapia can be a good indicator to 

assess TPH pollution in aquatic systems. 

 

Acknowledgments 

The authors thank the Fisheries and Marine 

Resources department and Marine Center 

Laboratories. 

 

References   
Abha S., Singh C.S. (2012). Hydrocarbon pollution: 

effects on living organisms, remediation of 

contaminated environments, and effects of heavy 

metals co-contamination on bioremediation. 

Introduction to enhanced oil recovery (EOR) 

processes and bioremediation of oil-contaminated 

sites. pp. 186-206.  

Adeniji A.O., Okoh O.O., Okoh A.I. (2017). Petroleum 

hydrocarbon profiles of water and sediment of Algoa 

Bay, Eastern Cape, South Africa. International 

Journal of Environmental Research and Public 

Health, 14(10): 1263. 

Akaahan T.J.A., Araoye P.A., Olabanji F.M. (2014). 

Macro invertebrates’ fauna group and their 

relationship with environmental variables in River 

Benue at Makurdi, Benue State, Nigeria. Journal of 

Ecology and the Natural Environment, 6(8): 271-279. 

Al-Ali B.S., Al-Bidhani M.F., Al-Khion D.D., Al-Nagar 

G.A., Al-Saad H.T., Khwadem A.A., Hantoush A.A. 

(2016). Environmental assessment of petroleum 

hydrocarbons in fish species from north-west Persian 

Gulf. Journal of Pharmaceutical and Biological 

Sciences, 4(2): 126-134. 

Al-Dossari M.A. (2008). Isolation and Identification of 

fungi from sediments of southern marshes of Iraq and 

study their ability to degrade crude oil in nitro. 

Doctoral dissertation, Basrah University. 113 p. 

Al-Hejuje M.M. (2014). Application of water quality and 

pollution indices to evaluate the water and sediments 

status in the middle part of the Shatt Al-Arab River. 

Doctoral dissertation, Ph.D. Thesis, Biology 

Department, College of Science, University of Basrah. 

239 p. 

Al-Imarah F.J., Hantoosh A.A., Nasir A.M. (2007). 

Petroleum hydrocarbons in water and sediments of 

northwest Persian Gulf 1980–2005. Aquatic 

Ecosystem Health and Management, 10(3): 335-340. 

Al-Khafaji B.Y. (2007). Concentration and distribution of 

total petroleum hydrocarbons in two emerged aquatic 

plants from the river Euphrates near Al-Nassiriya 

City-South of Iraq. Journal of Thi-Qar Science, 2(4): 

2-16. 

Al-Khion D.D. (2012). Distribution of polycyclic nuclear 

compounds in Iraqi coast regions. Doctoral 

dissertation, Ph.D. Thesis, College of Agriculture, 

University of Basrah. 171 p. 

Al-Saad H.T. (1990). Hydrocarbon residues in fishes 



512 
 

Glou et al./ Total petroleum hydrocarbons in water, sediment, and Redbelly tilapia 

from Khor Al-Zubair, northwest Gulf. Marina 

Mesopotamica, 5(1): 81-88. 

Al-Saad H. T. (1995). Distribution and sources of 

hydrocarbons in Shatt Al-Arab estuary and NW Gulf. 

Doctoral dissertation, Ph.D. thesis, Basrah University. 

189 p. 

Al-Saad H.T., Al-Asadi M.K. (1989). Petroleum 

hydrocarbon concentrations in fishes from Shatt Al-

Arab River. Marina Mesopotamica, 4(2): 233-242. 

Al-Saad H.T., Al-Timari A.A. (1993). Seasonal 

variations of dissolved normal alkanes in the water 

marshes of Iraq. Marine Pollution Bulletin, 26(4): 

207-212. 

Al-Saad H.T., Al-Timari A.A., Douabul A.A.A., 

Hantoush A.M.N., Saleh S.M. (2017a). Status of oil in 

water and sediments from Shatt Al-Arab Estuary and 

North-West Gulf. Journal of Marine Sciences, 32(1): 

9-18. 

Al-Saad H.T., Karem D.S., Kadhim H.A. (2017b). Total 

petroleum hydrocarbons (TPH) in the soil of west 

Qurna-2 oil field Southern Iraq. International Journal 

of Marine Science, 7. 

Al-Timari A.A.K., Hantoush A.A., Nasir A.M. (2003). 

Petroleum hydrocarbons in southern Iraqi waters. 

Marina Mesopotamica, 18(2): 141-149. 

Ansari Z.A., Desilva C., Badesab S. (2012). Total 

petroleum hydrocarbon in the tissues of some 

commercially important fishes of the Bay of Bengal. 

Marine Pollution Bulletin, 64(11): 2564-2568. 

Atlas R.M., Bartha R. (1973). Abundance, distribution, 

and oil biodegradation potential of micro-organisms in 

Raritan Bay. Environmental Pollution, 4(4): 291-300. 

Atti R.S. (2014). Estimate levels of petroleum 

hydrocarbons in green and golden mullet fishes (Liza 

subviridis, L. klunzingeri) at Shatt Al-Basrah canal. 

Journal of King Abdulaziz University, 25(2): 41-53. 

Aziz N.M., Sabbar A.A. (2013). Physiochemical 

Properties of Basrah oil refinery discharges and its 

potential effects on Shatt Al-Basrah Canal. Marsh 

Bulletin, 8(1): 39-57. 

Cai Y., Wang R., Rao P., Wu B., Yan L., Hu L., Zhou X. 

(2021). Bioremediation of petroleum hydrocarbons 

using Acinetobacter sp. SCYY-5 isolated from 

contaminated oil sludge: Strategy and effectiveness 

study. International Journal of Environmental 

Research and Public Health, 18(2): 819.  

Chougule M.B., Wasif A.I., Naik V.R. (2009). 

Assessment of Water Quality Index (WQI) for 

Monitoring Pollution of River Panchganga at 

IchAlkaranji. Proceedings of International Conference 

on Energy and Environment. 19-21 March. Cont. Fed. 

37(3): 300-306. 

Chouksey M.K., Kadam A.N., Zingde M.D. (2004). 

Petroleum hydrocarbon residues in the marine 

environment of Bassein–Mumbai. Marine Pollution 

Bulletin, 49(7-8): 637-647. 

Clinton H.I., Ujagwung G.U., Horsfall M. (2009). 

Evaluation of total hydrocarbon levels in some aquatic 

media in an oil polluted mangrove wetland in the 

Niger Delta. Applied Ecology and Environmental 

Research, 7(2): 111-120.    

Egan H., Kirst R.D., Sawyer R. (1981). Pearson's 

chemical analysis of food 8th (ed). Longman Scientific 

and Technical, UK. 591p. 

Eganhouse R.P., Simoneit B.R., Kaplan I.R. (1981). 

Extractable organic matter in urban stormwater runoff. 

2. Molecular characterization. Environmental Science 

and Technology, 15(3): 315-326. 

FAO. (2019). Globefish highlights-a quarterly update on 

world seafood markets. Food and Agriculture 

Organization of the United Nations, Rome, Italy.    

Fischer S., Glei M. (2015). Health aspects of regular 

consumption of fish and omega-3-fatty acids. 

Ernahrungs Umschau, 62(9): 140-151. 

Frena M., Bataglion G.A., Sandini S.S., Kuroshima K.N., 

Eberlin M.N., Madureira L.A. (2017). Distribution 

and sources of aliphatic and polycyclic aromatic 

hydrocarbons in surface sediments of Itajaí-Açu 

estuarine system in Brazil. Journal of the Brazilian 

Chemical Society, 28: 603-614.  

Froehner S., Maceno M., Machado K.S. (2011). 

Predicting bioaccumulation of PAHs in the trophic 

chain in the estuary region of Paranagua, Brazil. 

Environmental Monitoring and Assessment, 174(1): 

135-145. 

Goutx M., Saliot A. (1980). Relationship between 

dissolved and particulate fatty acids and 

hydrocarbons, chlorophyll, and zooplankton biomass 

in Villefranche Bay, Mediterranean Sea. Marine 

Chemistry, 8(4): 299-318.  

Hantoush A.A. (2006). A study of oil pollution status in 

water and sediments of Shatt Al-Arab River-South of 

Iraq. Doctoral dissertation, Ph. D. Thesis, College of 

Science, University of Basrah. 142 p. 

Harnstrom K., Karunasagar I., Godhe A. (2009). 

Phytoplankton species assemblages and their 



513 
 

Int. J. Aquat. Biol. (2022) 10(6): 504-514 

 relationship to hydrographic factors a study at the old 

port in Mangalore, coastal Arabian Sea. Indian Journal 

of Geo-Marine Sciences, 38(2): 224-234. 

Hassan A.A., Dawood A.S., AL-Mansori N.J. (2018). 

Assessment of water quality of Shatt Al-Basrah canal 

using water pollution index. International Journal of 

Engineering and Technology Innovation, 7(4.19): 

757-62. 

Holub D.J., Holub B.J. (2004). Omega-3 fatty acids from 

fish oils and cardiovascular disease. Molecular and 

Cellular Biochemistry, 263(1): 217-225. 

Ihunwo O.C., Onyema M.O., Wekpe V.O., Okocha C., 

Shahabinia A.R., Emmanuel L., Bonnail E. (2021). 

Ecological and human health risk assessment of total 

petroleum hydrocarbons in surface water and 

sediment from Woji Creek in the Niger Delta Estuary 

of Rivers State, Nigeria. Heliyon, 7(8): e07689.  

Iyabo U.B. (2015). Condition factor of Tilapia species in 

Ebonyi River, southeastern Nigeria. International 

Journal of Bioscience and Biochemistry, 2(2): 33-36. 

Jamoussi B., Chakroun R., Al-Mur B. (2022). 

Assessment of Total Petroleum Hydrocarbon 

Contamination of the Red Sea with Endemic Fish 

from Jeddah (Saudi Arabia) as Bioindicator of Aquatic 

Environmental Pollution. Water, 14(11): 1706. 

Khillare P.S., Hasan A., Sarkar S. (2014). Accumulation 

and risks of polycyclic aromatic hydrocarbons and 

trace metals in tropical urban soils. Environmental 

Monitoring and Assessment, 186(5): 2907-2923. 

Kuppusamy S., Maddela N. R., Megharaj M., 

Venkateswarlu K. (2020). An overview of total 

petroleum hydrocarbons. Total petroleum 

hydrocarbons, pp. 1-27. 

Ławniczak Ł., Woźniak-Karczewska M., Loibner A.P., 

Heipieper H.J., Chrzanowski Ł. (2020). Microbial 

degradation of hydrocarbons—basic principles for 

bioremediation: a review. Molecules, 25(4): 856.   

Lindén O., Pålsson J. (2013). Oil contamination in 

ogoniland, Niger Delta. Ambio, 42(6): 685-701. 

Liu G.X., Wu M., Jia F.R., Yue Q., Wang H. M. (2019). 

Material flow analysis and spatial pattern analysis of 

petroleum products consumption and petroleum-

related CO2 emissions in China during 1995–2017. 

Journal of Cleaner Production, 209: 40-52.  

Marić N., Štrbački J., Mrazovac Kurilić S., Beškoski 

V.P., Nikić Z., Ignjatović S., Malbašić J. (2020). 

Hydrochemistry of groundwater contaminated by 

petroleum hydrocarbons: the impact of biodegradation 

(Vitanovac, Serbia). Environmental Geochemistry 

and Health, 42(7): 1921-1935. 

Massoud M.S., Al-Abdali F., Al-Ghadban A.N., Al-

Sarawi M. (1996). Bottom sediments of the Persian 

Gulf-II. TPH and TOC contents as indicators of oil 

pollution and implications for the effect and fate of the 

Kuwait oil slick. Environmental Pollution, 93(3): 271-

284. 

McConville M.M., Roberts J.P., Boulais M., Woodall B., 

Butler J.D., Redman A.D., Brander S.M. (2018). The 

sensitivity of a deep‐sea fish species (Anoplopoma 

fimbria) to oil‐associated aromatic compounds, 

dispersant, and Alaskan North Slope crude oil. 

Environmental Toxicology and Chemistry, 37(8): 

2210-2221.  

Muijs B., Jonker M.T. (2012). Does equilibrium passive 

sampling reflect actual in situ bioaccumulation of 

PAHs and petroleum hydrocarbon mixtures in aquatic 

worms? Environmental Science and Technology, 

46(2): 937-944.  

Mutlak F.M., Al-Faisal A.J. (2009). A new record of two 

exotic cichlids fish Oreochromis aureus (Steindacher, 

1864) and Tilapia zilli (Gervais, 1848) from south of 

the main outfall drain in Basrah city. Mesopotamian 

Journal of Marine Science, 24(2): 160-170. 

Nasir A.M. (2005). Levels of petroleum hydrocarbons in 

water and sediment from Iraqi regional waters. Journal 

of Basrah Research (Sciences), 31(2B). 

Nasir T.M. (2007). Seasonal variation of the levels of 

petroleum hydrocarbons, Nickel and Vanadium 

metals in water, sediments, some Fishes, and Shrimps 

from the Iraqi marine waters (Doctoral dissertation, 

Ph. D. thesis, University of Basrah. 154 p.       

Osuji L.C., Adesiyan S.O., Obute G.C. (2004). Post‐

Impact Assessment of Oil Pollution in Agbada West 

Plain of Niger Delta, Nigeria: Field Reconnaissance 

and Total Extractable Hydrocarbon Content. 

Chemistry and Biodiversity, 1(10): 1569-1578. 

Qiu Y.W., Zhang G., Liu G.Q., Guo L.L., Li X. D., Wai 

O. (2009). Polycyclic aromatic hydrocarbons (PAHs) 

in the water column and sediment core of Deep Bay, 

South China. Estuarine, Coastal and Shelf Science, 

83(1): 60-66.  

Raja P., Karthikeyan P., Marigoudar S.R., Sharma K.V., 

Murthy M.V.R. (2022). Spatial distribution of total 

petroleum hydrocarbons in surface sediments of Palk 

Bay, Tamil Nadu, India. Environmental Chemistry 

and Ecotoxicology, 4: 20-28.  



514 
 

Glou et al./ Total petroleum hydrocarbons in water, sediment, and Redbelly tilapia 

Rodrigues R.V., Miranda-Filho K.C., Gusmão E.P., 

Moreira C.B., Romano L.A., Sampaio L.A. (2010). 

Deleterious effects of water-soluble fraction of 

petroleum, diesel, and gasoline on marine pejerrey 

Odontesthes argentinensis larvae. Science of the Total 

Environment, 408(9): 2054-2059. 

Scheuhammer A.M., Lord S.I., Wayland M., Burgess 

N.M., Champoux L., Elliott J.E. (2016). Major 

correlates of mercury in small fish and common loons 

(Gavia immer) across four large study areas in 

Canada. Environmental Pollution, 210: 361-370.  

Shriadah M.A. (2001). Petroleum hydrocarbon 

concentrations in Persian Gulf fish tissues. Bulletin of 

Environmental Contamination and Toxicology, 67(4): 

560-567. 

Snedecor G.W., Cochran W.G. (1989). Statistical 

methods, 8th In. Ames: Iowa State Univ. Press Iowa, 

54: 71-82. 

Suzuki T. (1981). Fish and krill protein: Processing 

Technology Applied Science Publishers, Ltd: London, 

260 p. 

Talal A.A., Al-Saad H.T., Al-Adhub A.Y. (2010). 

Seasonal and Regional variations of hydrocarbon 

levels and origin of n-alkanes in water of Southern 

marshes of Iraq. Basrah Journal of Science, 28(2): 47-

56. 

Tolosa I., Bayona J.M., Albaigés J. (1996). Aliphatic and 

polycyclic aromatic hydrocarbons and sulfur/oxygen 

derivatives in northwestern Mediterranean sediments: 

spatial and temporal variability, fluxes, and budgets. 

Environmental Science and Technology, 30(8): 2495-

2503. 

UNEP. (1989). Comparative toxicity test of water 

accommodated fraction of oils and oil dispersants to 

marine organisms. Reference Methods for Marine 

Pollution, 45: 21. 

Veerasingam S., Venkatachalapathy R., Raja P., 

Sudhakar S., Rajeswari V., Asanulla R.M., Sutharsan 

P. (2011). Petroleum hydrocarbon concentrations in 

ten commercial fish species along Tamilnadu coast, 

Bay of Bengal, India. Environmental Science and 

Pollution Research, 18(4): 687-693. 

Wang H., Xia X., Wang Z., Liu R., Muir D.C., Wang 

W.X. (2021). Contribution of dietary uptake to pah 

bioaccumulation in a simplified pelagic food chain: 

Modeling the influences of continuous vs intermittent 

feeding in zooplankton and fish. Environmental 

Science and Technology, 55(3): 1930-1940.  

Wang J., Liu X., Liu G., Zhang Z., Wu H., Cui B., Zhang 

W. (2019). Size effect of polystyrene microplastics on 

sorption of phenanthrene and nitrobenzene. 

Ecotoxicology and Environmental Safety, 173: 331-

338.  

 


