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Abstract  

The Red Sea is one of the main traffic routes of oil tankers, resulting in environmental damage and marine resource pollution due to the spillage. Quantitative 

analysis of tar ball was used to detect the concentrations of total petroleum hydrocarbons (TPHs) and total aromatic hydrocarbons (TAHs). In this study, six 

stations across the Red Sea coast of Yemen were selected according to their suitability and accessibility. An ultraviolet fluorescence technique was used to 

analyze the TPHs and TAHs after being extracted by an ultrasound-assisted solvent extraction procedure. The concentrations of TPHs ranged from 175.67 ± 

11.20 mg/g to 708.55 ± 6.57 mg/g, and for TAHs were from 16.06 ± 1.89 mg/g to 48.25 ± 1.76 mg/g. The highest values of TPHs and TAHs were noticed in Ras 

Isa-II station, which reflected a continued oil spill from the Safir oil loading terminal. The study revealed significant environmental and health risks to marine 

organisms and humans. 
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1. Introduction 

The rapid development of Yemen as an oil-producing country and its 

geographic position as one of the world's busiest shipping routes means a 

high risk of oil pollution in various forms. There are 25,000-30,000 ship 

transits annually in the Red Sea, and more than 100 million tons of oil are 

transported through the Red Sea annually [1]. There are no oilfields 

located along the coast of Yemen's Red Sea. Still, there are many petroleum 

service installations, such as the Safir terminal supertanker used for oil 

storage. Crude oil is supplied by pipeline from the Mariab oilfield to the 

Safir tanker and then transferred from it to other vessels, which causes oil 

spills or leakage during the loading process. A recent oil spill accident on 

the coast of Yemen occurred in October 2002 by a Lumburge oil tanker, 

spilling more than 17,000 tons of discharges to the Gulf of Aden [2]. 

Yemen, like many countries of the world, could be affected by oil pollution 

due to its position in the busiest shipping route.  

Tar balls are stranded oil residues that include a complex mixture of 

hydrocarbons, aliphatic, aromatics, and heterocyclic compounds. Tar balls 

have been used as an indicator of the impact of oil pollution [3]. Tar balls 

are fragments or lumps of oil weathered to a semi-solid or solid 

consistency, sticky to the touch, and are difficult to remove from 

contaminated surfaces [4]. During oil spills, the components of crude oil, 

particularly the heavier refined products, float on the ocean surface. It will 

undergo several physical, biological, and chemical processes, reaching the 

shoreline as tar balls [5]. The tar balls can be found in several sizes, from a 

few millimeters to tens of centimeters, and are generally spherical in 

shape [4]. 

Tar balls on the beaches can originate from both land and/or sea. 

Land-based sources comprise atmospheric input, storm sewer runoff, 

refineries, and oil waste. Marine-based sources include offshore petroleum 

production, drilling, onshore bulk oil storage or production facilities, 

marine transportation discharges, which comprise vessels pumping bilges 

and tank cleaning, and pipelines. In addition, the natural seepage from the 

ocean/sea floor is considered a source of tar balls [6,7]. 

Petroleum hydrocarbons (PHs) in the marine environment originate 

from crude oils, their different refined derivatives, and from combustion 

products of crude oil and other fossil fuels. There is a broad range of 

substances, from harmless n-alkanes to toxic and partly carcinogenic 

aromatic and heterocyclic compounds, e.g., benzo(a)pyrene and 

benzo(a)anthracene [8]. Aromatic hydrocarbons (AHs) have been 

presented in the environment as complex mixtures. Sixteen polyaromatic 

hydrocarbon compounds (PAHs) have been identified by USEPA as serious 

pollutants due to their toxic, mutagenic, and carcinogenic characteristics 

[9]. AH compounds are unusually more stable and unsaturated; their 

stability permits them to be important constituents of oil pollution [10]. 

Moreover, aromatic hydrocarbons can be divided into two groups based 

on their properties and molecular weight: the low molecular weight AHs 

with two or three benzene rings and the high molecular weight AHs with 

four to six aromatic rings [10].  

To the best of the researcher's knowledge, only a few studies on the 

total petroleum hydrocarbons and aliphatic fraction have been done on tar 

balls and sediments on the Red Sea coast of Yemen [6,11,12,13,14,15,16].  

Abu Bakr [15] studied the distribution of n-alkanes in recent sediments on 

the Red Sea coast of Yemen from 1995 to 1997. The concentration of n-
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alkanes in sediments from non-detectable to 1651 ng/g dry weight 

expressed as Kuwait crude oil equivalent. Al-Shwafi [16] identified the 

occurrence of oil and oil-products pollution along the Red Sea of Yemen. 

The concentration of aliphatic hydrocarbons ranged between 2.46 to 22.8 

g/g dry weights in sediment. In the tar ball samples from the same area, 

the Aliphatic concentrations were between 0.100 and 1.560 ug/g [6]. For 

the total Aromatic hydrocarbons (TAHs), there is no data available for tar 

balls from the Red Sea coast of Yemen. Moreover, the toxic effect of 

aromatic hydrocarbons to aquatic organisms are more serious than 

aliphatic. Therefore, the present study determined the concentrations of 

TPHs and TAHs in tar balls from the Red Sea Coast of Yemen to know the 

current state of oil pollution in this area of the Red Sea. 

2. Materials and Method 

2.1 Study Area 

The sampling stations were between Khawidah and Alsallif (latitude 

4267.0 E 1615.3 N and longitude 43 23.0 E 1355.0 N, Figure 1). These 

stations cover the coastal lines of Hodeidah city across the Red Sea of 

Yemen.  

2.2 Samples collection  

The tar ball samples were collected carefully by spoon and cleaned 

from debris like sand or coral using a brush. They were then wrapped in 

aluminum foil and then kept in plastic bags (Ziploc) and stored in a dark 

place for transport to the laboratory. The tar ball samples were stored 

under -5 ºC until analyzed.  

2.3 Chemical analysis 

Extraction of extractable organic matter (EOM) and analysis of total 

petroleum hydrocarbons (TPHs) and total aromatic hydrocarbons (TAHs) 

were performed following the procedure described by Hegazi [17]. The tar 

ball (100 mg) was mixed with approximately 250 mg of anhydrous sodium 

sulfate Na2SO4 (activated at 400ºC for 2 hours) and then extracted with 20 

ml of n-hexane/dichloromethane (DCM) (1:1 v:v) for 15 mins using the 

ultrasound-assisted solvent extraction technique (sonication bath) to 

obtain the liquid layer. The extraction was repeated twice. The combined 

extracts were filtered by a Glass Fiber Filter (GF/F) of 0.45µm to remove 

any particulates from the solution. The extracts were concentrated to 

approximately 5 ml using rotary evaporation. The EOM was transferred to 

10 ml of a pre-weighed vial and then dried under nitrogen steam. The 

constant weight of the vial to obtain the EOM was recorded. The EOM was 

redissolved in a 25 ml volumetric flask with an n-hexane solvent. The 

sample extracts, which include the TPHs and TAHs, were measured using 

an ultraviolet fluorescence technique (UVF, Perkin Elmer model LS 55- 

Luminescence spectrometer) at excitation and emission wavelengths of 

310 and 360 nm, respectively. The Marib light crude oil was used as the 

equivalent standard in Yemen for measuring TPHs [6]. The chrysene 

standard was used as equivalent standard for measuring TAHs in tar balls. 

2.4 Quality control and data analysis 

Quality control and quality assurance were applied to all data. 

Replicate samples were analyzed for each station to calculate the precision 

of measurements. Procedural blanks were used between each batch of two 

samples to prevent contamination and detect interference. The density 

measurement of samples was minimized from the interference density 

detected in the blank. Detection limits of the ultraviolet fluorescence 

technique were between 1 ppm and 5 ppm, according to the Naval 

Facilities Engineering Command [18]. Thus, the extracts were diluted to 

give a reading within detection limits and the linear calibration range of 

the fluorimeter. Marib light crude oil equivalent and Chrysene standard 

calibration standards were run at the beginning of each working day 

before analyzing samples to estimate the regression equations used to 

calculate the concentration of TPHs and TAHs in the tar balls, respectively. 

Linear relationships were obtained with correlation coefficients (r) from 

the linear regression of r = 0.99 for Marib light crude oil equivalent and r = 

0.9914 for Chrysene. Regression equations obtained an r value of ≥ 0.99 

are acceptable according to the Environmental Protection Agency.  

 

 

 

Figure 1: Sampling stations in the Red Sea coast of Al-Hodeidah, Yemen.   
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3. Results and Discussion  

3.1 Total Petroleum Hydrocarbons (TPHs) in Tar Balls  

Figure 2 shows the concentrations of TPHs by Marib light crude oil 

equivalent in the tar ball samples. The concentrations of TPHs vary to a 

wide range: from 175.67 ±11.20 mg/g at Ras Isa I station to 708.55 ±6.57 

mg/g at Ras Isa II station, the mean concentration of which was 444.75 

±17.42 mg/g. The high concentration was found at Ras Isa-II station, 

which was expected due to the continuous deposition of petroleum 

hydrocarbons derived from different sources. For example, the oil spill 

that occurred during the load and transport of crude oil from the Safir oil 

loading terminal or from an adjacent area to a fuel storage depot at the 

coastal line is one of the important sources of oil pollution in this area. The 

same station, Al-Salif or Ras Isa –II, showed a high concentration of 

aliphatic in the tar ball found by Alshawfi [6]. The same input source was 

concluded: the Ras Isa oil loading terminal, which affected the area. 

Moreover, under favorable wind and currents, a portion of the oil leakage 

was deposited along the coastal stretch around Ras Isa II station. 

Furthermore, from the field observations, the gentle slope of the shoreline 

can increase the accumulation of tar balls on it.  The slope of the shoreline 

was so high that it may have saved the tar balls from the weathering 

factors. The concentrations of TPHs in other stations, Urj, South of 

Gabaneh, Hodeidah, and Khawkhah samples were 487.69 ± 34.39, 364.45 

± 5.52, 463.41 ± 16.79 and 468.72 ± 30.02 respectively. Variations of 

concentration in these stations were slight and may be due to their similar 

sources of petroleum hydrocarbons or similar activities, which include 

fishing boats, changing engine oil, and discharging dirty ballast water from 

tankers before reaching the oil loading terminal. In contrast, the low 

concentration was 175.67 ±11.20 mg/g at Ras Isa -I station, which could 

indicate the low oil spill or may be due to low activities in the Alsalaf port. 

Petroleum hydrocarbons in the tar balls and sediments of Yemen and 

other regions of the Red Sea pose significant environmental and health 

risks. Research shows that these petroleum hydrocarbons can severely 

impact marine life, leading to bioaccumulation in the food chain and 

causing physiological and reproductive issues in aquatic organisms [19]. 

The socio-economic impacts of petroleum hydrocarbons in the tar balls 

include loss of fish and crustaceans, eutrophication of water bodies, 

abandonment of fishing grounds and associated livelihood pursuits, 

degradation of aquatic resources, and ecological damage [20]. The tourism 

sector is affected by tar ball pollution, which causes tourists to migrate 

from the beach and causes economic losses. 

 

Figure 2: Concentrations of Total Petroleum Hydrocarbons (TPHs) in the tar balls. 

3.2 Total Aromatic Hydrocarbons (TAHs) in Tar Balls 

Chrysene standard was used widely to reveal the total aromatic 

hydrocarbons (TAHs) in the sample extracts by an ultraviolet fluorescence 

technique [21]. Figure 3 shows the concentrations of TAHs in the tar ball 

samples. The concentration range of TAHs was between 16.06 ± 1.89 mg/g 

at South of Gabaneh station to 48.25 ± 1.76 mg/g at Ras Isa II station, and 

the mean concentration was 28.98 ±1.36 mg/g. The same station, Ras Isa-

II, recorded high concentrations of TAHs and TPHs, which represented the 

same source of oil pollution. Clearly, the continuous deposition of 

petroleum hydrocarbons derived from the oil spill that occurred during 

the load and transport of the crude oil from the Safir oil loading terminal 

or from an adjacent area to a fuel storage depot at the coastal line was 

considered the main sources of TAHs and TPHs. In the second station for 

the same location that Ras Isa labeled, I recorded a concentration of 39.50 

± 0.70 mg/g, close to that of Ras Isa II station. Both of these stations 

reflected the same sources of oil pollution. The concentrations of TAHs in 

Urj, Hodeidah, and Khawkhah samples were 25.13 ±1.55, 19.73 ±0.39, and 

25.28 ±1.82 mg/g, respectively. The concentrations in these stations were 

slightly different, which may indicate the similarity of the oil pollution 

sources or/and their effect by the same level of weathering factors. The 

possible sources of TAHs in these stations could result from continuous 

deposition of PAH derived from heavy, light crude oil spills and/or used 

crankcase oil of fish boats and water balance from tankers. Similar 

possible sources have been found worldwide in many tar ball samples [22, 

23, 17]. The same sources were suggested by DouAbul [24] when high 

concentrations of polyaromatic hydrocarbons were found in fish of the 

Red Sea. The impact of aromatic hydrocarbons on aquatic environment lei 

on their toxicity. The other types of toxicities that TAHs cause on aquatic 

organisms and from them to human society are developmental toxicity, 

genotoxicity, immunotoxicity, oxidative stress, and endocrine disruption, 

and the most concerning toxicity is their carcinogenicity [25].  

 

Figure 3: Concentrations of Total Aromatic Hydrocarbons (TAHs) in the tar balls. 

3.3 Extractable organic matter (EOM) in tar ball 

Figure 4 shows no strong correlation between the EOM of the tar balls 

and the concentration of TPHs. Indeed, the hydrocarbons in the samples 

were not related to the concentration of EOM (R²= 0.21). Likewise, the 

relationship was positive, but the correlation was not strong between the 

EOM and TPHs, suggesting that the organic matter does not govern the 

observed distribution of petroleum hydrocarbons associated with tar 

balls; therefore, they may be controlled by various sources of inputs 

and/or differing transport processes [26,27].  

 

Figure 4: Correlation of total petroleum hydrocarbons against extractable organic 

matter for tar balls. 

Figure 5 shows the concentrations of EOM in tar ball samples. The 

concentrations of EOM ranged from 153.00 ±9.00 to 548.00 ±54.00 mg/g, 

with the mean concentration 334.42 ±31.08 mg/g. The significant 

concentrations were found in Ras Isa I (548.00 ±54.00 mg/g) and Urj 

(544.50 ±75.50 mg/g). These high results could be affected by both 

natural (plants, animals, and microorganisms) and anthropogenic input 

(oil spill, sewage, agricultural drainage). Notably, the lowest value was 

observed in Al-Hodeidah station (153.00 ± 9.00 mg/g). The reasons for the 

high or low concentrations of EOM in the several stations were probably 

caused by sea grass, algae, mangroves, and plankton as natural sources or 

may be due to untreated sewage, port activities, and/or adjacent fuel 

storage depot at the coastal area. Other reasons can be due to the 

contaminated sediments and water, which are likely to enter the sea as 

well as be deposited in the shoreline through valley run-offs during 

seasonal rainfall [2]. 
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Figure 5: Concentrations of extractable organic matter (EOM) in the tar balls. 

4. Conclusion  

The concentrations of hydrocarbon partitions, total petroleum 

hydrocarbons (TPHs), and total aromatic hydrocarbons (TAHs) were 

measured in tar balls collected from the Red Sea coast of Al-Hodeidah, 

Yemen. The high concentrations of TPHs and TAHs in some sampling 

stations were due to the continued deposition of crude oil that occurred 

during the load and transport of the crude oil from the Safir oil loading 

terminal and oil spill from other tankers. The concentrations of TPHs and 

TAHs can pose significant environmental and health risks to marine 

organisms and humans. Annual monitoring of oil pollution on the coast of 

the Red Sea by using water, sediments, tar balls, and local fish is 

encouraged to protect and sustain the Red Sea resources.   

Data Availability  

The datasets used and analyzed during the current study are available 

from the corresponding author upon reasonable request. 

Conflict of Interest 

The authors declare no conflict of interest. 

References 

[1] Gladstone, W., Tawfiq, N., Nasr, D., Andersen, I., Cheung, C., Drammeh, 

H., Krupp, F., Lintner, S. (1999) Sustainable use of renewable 

resources and conservation in the Red Sea and Gulf of Aden: issues, 

needs and strategic actions, Ocean & Coastal Management 42: 671-

697. 

[2] The Protection of the Marine Environment From Land-Based Activities 

(NPA).(2003) Yemen’s National Programme of Action for the 

Protection of the Marine Environment from Land-Based Activities; 

Minister of Water and Environment, Sana'a, Yemen.  

[3] Clark, R.B. (2002) Marine pollution, 3rd ed., Oxford University Press, 

UK, pp. 220. 

[4] Goodman, R. (2003) Tar Balls: The End State, Spill Science & Technology 

Bulletin 8: 117-121. 

[5] Chandru, K., Zakaria, M.P., Anita, S., Shahbazi, A., Sakari, M., Bahry, P.S., 

Mohamed, C.A.R. (2008) Characterization of alkanes, hopanes, and 

polycyclic aromatic hydrocarbons (PAHs) in tar-balls collected from 

the East Coast of Peninsular Malaysia, Marine Pollution Bulletin 56: 

950-962. 

[6] Al-Shwafi, N.A. (2000) Beach Tar along the Red Sea Coast of Yemen—

Quantitative Estimation and Qualitative Determination “. Earth and 

Environmental Sciences, Ph.D. Thesis, Sana ‘a University. 

[7] Gabche, C.E., Folack, J., Yongbi, G.C. (1998) Tar ball levels on some 

beaches in Cameroon, Marine Pollution Bulletin 36: 535-539. 

[8] Bleeker, E.A.J., Pieters, B.J., Wiegman, S., Kraak, M.H.S. (2002) 

Comparative (Photoenhanced) Toxicity of Homocyclic and 

Heterocyclic PACs, Polycyclic Aromatic Compounds 22: 601-610. 

[9] Nasher, E., Heng, L.Y., Zakaria, Z., Surif, S. (2013) Assessing the 

Ecological Risk of Polycyclic Aromatic Hydrocarbons in Sediments at 

Langkawi Island, Malaysia, The Scientific World Journal 2013: 858309. 

[10] Tam, N.F.Y., Ke, L., Wang, X.H., Wong, Y.S. (2001) Contamination of 

polycyclic aromatic hydrocarbons in surface sediments of mangrove 

swamps, Environmental Pollution 114: 255-263. 

[11] Douabul, A.A., Al-Shwafi, N.A.(1996) Composition and sources of 

hydrocarbons in the Red Sea and Gulf of Aden. 1st Conference on the 

Chemistry and Environment, Yemen Chemical Society, Sana'a, Yemen, 

pp. 20-24. 

[12] DouAbul, A., Heba, H.(1996) Investigation following a fish kill in Bab el-

Mandeb Red Sea during November 1995; Environmental Protection 

Council (EPC) (Dutch Support Project to Technical Secretariat EPC, 

Yemen), Yemen,  

[13] Al-Shwafi, N.A. (1997) A Baseline Study on Petroleum Hydrocarbons 

in Southern Red Sea. Earth and Environmental Sciences, M.Sc. Thesis, 

Sana‘a University, Sana'a. Yemen. 

[14] Regional Organization for the Conservation of the Environment of the 

Red Sea and Gulf of Aden (PERSGA) (2001) Strategic Action 

Programme for the Red Sea and Gulf of Aden, Country Reports The 

International Bank, Washington, D.C., U.S.A. 

[15] Al-Shwafi, N.A., Heba, H.M.A., DouAbul, A.A.Z. (2002) N-alkanes 

Distributions in surface sediments from the Red Sea coast of Yemen, 

Faculty of Science Bulletin-Sana’a University 15: 59-65. 

[16] Al-Shwafi, N.A. (2003) Distribution of aliphatic and polynuclear 

aromatic hydrocarbons (PAHs) in surficial sediments from the Red 

Sea of Yemen, Journal of King Abdulaziz University: Marine Sciences 14: 

89-97. 

[17] Hegazi, A.H., Andersson, J.T., Abu-Elgheit, M.A., El-Gayar, M.S. (2004) 

Source diagnostic and weathering indicators of tar balls utilizing 

acyclic, polycyclic and S-heterocyclic components, Chemosphere 55: 

1053-1065. 

[18] NAVFAC (Naval Facilities Engineering Command), TechData Sheet, 

(2000) Near-Real Time UV Fluorescence Technique for 

Characterization of PAHs in Marine Sediment. NFESC TDS-2075-ENV, 

NAVFAC. Washington, DC, USA, 10 June 2000. 

  https://frtr.gov/pdf/uvfluorescence_2.pdf 

[19] Neff, J.M. (2002) Bioaccumulation in marine organisms: effect of 

contaminants from oil well produced water, ed., Elsevier, Amsterdam, 

The Netherlands, pp. 468. 

[20] Ipingbemi, O. (2009) Socio-economic implications and environmental 

effects of oil spillage in some communities in the Niger delta, Journal 

of Integrative Environmental Sciences 6: 7-23. 

[21] Tolosa, I., de Mora, S.J., Fowler, S.W., Villeneuve, J.-P., Bartocci, J., 

Cattini, C. (2005) Aliphatic and aromatic hydrocarbons in marine 

biota and coastal sediments from the Gulf and the Gulf of Oman, 

Marine Pollution Bulletin 50: 1619-1633. 

[22] Barakat, A.O., Mostafa, A.R., RullkÖtter, J., Rahman Hegazi, A. (1999) 

Application of a Multimolecular Marker Approach to Fingerprint 

Petroleum Pollution in the Marine Environment, Marine Pollution 

Bulletin 38: 535-544. 

[23] Pauzi Zakaria, M., Okuda, T., Takada, H. (2001) Polycyclic Aromatic 

Hydrocarbon (PAHs) and Hopanes in Stranded Tar-balls on the Coasts 

of Peninsular Malaysia: Applications of Biomarkers for Identifying 

Sources of Oil Pollution, Marine Pollution Bulletin 42: 1357-1366. 

[24] DouAbul, A.A.Z., Heba, H.M.A., Fareed, K.H.(1997) Polynuclear 

Aromatic Hydrocarbons (PAHs) in fish from the Red Sea Coast of 

Yemen. Asia-Pacific Conference on Science and Management of 

Coastal Environment, 123:  Springer Netherlands, Dordrecht, pp. 251-

262. 

[25] Honda, M., Suzuki, N. (2020) Toxicities of Polycyclic Aromatic 

Hydrocarbons for Aquatic Animals, International Journal of 

Environmental Research and Public Health 17: 1363. 

[26] Readman, J.W., Fillmann, G., Tolosa, I., Bartocci, J., Villeneuve, J.P., 

Catinni, C., Mee, L.D. (2002) Petroleum and PAH contamination of the 

Black Sea, Marine Pollution Bulletin 44: 48-62. 

[27] Turki, A. (2006) Hydrocarbon contamination in sediments from 

Obhur Creek, Jeddah, Saudi Arabia, Bulletin of Pure & Applied Sciences-

Geology 25: 41-41. 

 


