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ABSTRACT   
 

The distribution of individual PAHs of the reference16 PAHs listed by the United States environmental 
protection agency (USEPA) using high performance liquid chromatography (HPLC) was determined in water, 
sediment, tar ball and fish samples from Alexandria sea coasts. The contaminant origin, is shown to be either 
petrogenic or mixed petrogenic and pyrolytic were achieved using both PAHs distribution and molecular 
indices based on ratios of selected PAH concentrations. Quantitative analysis of total PAHs show 
concentrations in between 52811 up to 559096 ng/L,558.258-2924.273 ng/g dry weight, 2017.422-59621.308 
ng/g and 1696.924- 12827.245 ng/g wet weight for water, sediment, tar balls and fishes respectively.  PAHs in 
all samples used as chemical markers for identifying different sources of pollution in the studied regions. The 
obtained values can be considered to pose serious health hazards to both human health and all living organisms. 
 
Key words: Polycyclic aromatic hydrocarbons; water, sediment, tar ball, fish, pollution and Alexandria sea 

coasts. 
 
Introduction 
 

The adverse negative impact on human health and the environment have become the focus of increasing 
regulatory, public and research concern because of oil pollution problem. Polycyclic aromatic hydrocarbon 
PAHs ubiquitous organic contaminants in environment and belong to a class of persistent organic pollutants 
PAHs 16 of them have been identified and listed as priority, Pollutants by the US environmental protection 
Agency, US - EPA and European Union, EU Figure 1. (Sherif, A. et al., 2009). The group of chemical 
compounds known as polycyclic aromatic hydrocarbon (PAHs) represents an important class of compounds that 
affect the environment, they are a class of organic pollutants ubiquitous in the aquatic ecosystem, showing 
lipophilic character and resistant to biodegradation (Moustafa, Y.M. 2004). They have toxic mutagenic and / or 
carcinogenic properties. They are also highly lipid – soluble and thus readily absorbed from the gastro intestinal 
tract of mammals. The 16-PAHs can be divided according to the number of rings and carcinogenetic into low 
and high molecular weights PAHS Table 1. The low molecular weights are those having two or three aromatic 
rings and are referred to 6 LPAHs. The high molecular weight consists of tetra - penta and hexa –aromatic ring, 
they are 10 HPAHs  (Ma, et al., 2008), divided the 16 PAHS into three groups according to their molecular 
weights, the 6 LPAHs (2+3 rings), 4 medium (M) PAHs (4rings) and the 6 HPAHs (5+6 rings). The 
nomenclatures and abbreviations of the 16 PAHs are in Table 1 and Figure 1. LPAHs cause acute toxicity, the 
four ring PAHs have carcinogenic, mutagenic and geotaxis effects whereas, some of the HPAHs are 
carcinogenic (Perugini, et al., 2007). Investigation of (PAHs) in the aquatic environment is a very important 
part of environmental quality assessment that determines the status of contamination and the likely impacts, it 
may affect the ecosystem, The PAHs contamination result from either pyrogenic sources (incomplete 
combustion of organic matter, emission sources and exhausts) or from the release of Petroleum to the 
environment (Eman, M. K. 2013). After entering the environment, PAHs are widely dispersed by atmospheric 
transport or through stream pathways and eventually accumulate in soil and aquatic sediments.  

The PAHs were present in higher levels in semi - enclosed areas such marines and harbours, due to more 
intensive Pollution and higher accumulation of pollutants as a consequence of the limited circulation of 
seawaters. The studied location is probably affected by pollution from traffic through the port, as from the 
industrial and sewage discharger out falls, and stations. PAHs of the coastal sediment are due to anthropogenic 
and natural sources. Among anthropogenic factors, petrogenic and pyrolytic sources are the most important 
origin whereas, pyrolytic sources include combustion processes (e.g. fossil fuel combustion, forest, fires, shrub 
and grass fires), and petrogenic input is closely related to petroleum products (e.g. Oil spill, road construction 
material). The former inputs (anthropogenic combustions) are largely prevalent aquatic environments. Again, 
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PAHs from pyrolytic and petrogenic sources exhibit different chemical behavior and distribution in marine 
sediments. In particular, PAHs from pyrolytic processes are more strongly associated with sediments and much 
more resistant to microbial degradation than PAHs of petrogenic origin. The polyaromatic hydrocarbons PAHs 
are a class of organic priority pollutant ubiquitous in the aquatic ecosystems due to their toxicity, low vitality, 
resistance to microbial degradation and adverse health effects (carcinogenic activity) depending on molecular 
weight and structure. Due to this behavior their concentrations in sediments have been widely studied (Macias-
Zamora, J.V. 2002). A recent survey conducted (Falcó et al., 2005) in which the concentrations of various 
chemical contaminants were determined in 11 groups of foodstuffs acquired in Catalonia (Spain) showed that 
the highest total concentrations of PAHs were found in cereals, meats, oils and fats, and fish and other sea food. 
Besides, researchers need to be aware of the fact that most of these foodstuffs (e.g. cereals), oils and fats and 
even fish or large amount of fishery by-products and by-catch that are produced annually as fish silage and 
shrimp meals are being used as feed ingredients in the formulation of feed in the aquaculture industry. From a 
toxicological point of view, future research efforts should focus on the concentration of PAHs in most of the 
feed ingredients commonly used in the formulation of feed for farmed fish. The purpose of the present study is 
to identify the levels and distribution of petroleum hydrocarbons in this area and also, to survey the major 
sources of PAHs and identify their levels in addition to the distribution of individual PAHs in order to establish 
an up to date PAHs environmental monitoring. This would be a good reference for future studies of 
environmental management as well as protection and conservation programs. 
 
 Materials And Methods 

  
Sampling: 

 
15 different types of samples (water, sediment, tar ball and fishes) were chosen for this study. The names 

and there locations of these samples are shown in Table 2 and Figure 2. 
Surface seawater (0-2cm) samples were collected using narrow neck borosilicate glass bottles with Teflon 

lined caps. The samples were acidified by adding few drops of %10 HCL to preserve them against bacterial 
action during transportation and storage. 

Surface sediment (0-2cm): samples were collected using a stainless stell grab. Sediments from different 
stations were mixed and stored in refrigerator in pre – cleaned jars until analysis (Reedman, et al., 2002). 

Tar ball samples: were collected from the beach, and put in plastic nylon wet type IOC/WMO, Manual and 
guide (1984). The samples were collected stored in a refrigerator directly.  

 Fish Samples: were collected during January. After their capture, fish samples were stored in ice, wrapped 
in aluminum foil, frozen and stored until analysis (Burns, K. A. et al., 1989). 

 
 Oil extraction:   

 
Oil extracted from water samples: 

 
 Apparatus: 

 
-Separating funnel. 
-Round bottom flask. 
 

 Solvents: 
 
-Concentrated hydrochloric acid (Adwic).  
-Carbon tetrachloride (Adwic). 
 

Procedure: 
 
 100 ml of the seawater sample was shaken with 100ml of carbon tetrachloride in a separating funnel for 15 

minutes. After 30 seconds' agitation and 3 minutes settling period, the aqueous layer was discarded. The process 
was repeated until all of seawater sample has been extracted. The obtained extract was dried using anhydrous 
sodium sulphate30g. 

The extract was then transferred to a weighted beaker and finally evaporated by electrical furnace at 60 0C 
till constant weight (Moustafa, et. al.., 1997). 

The oil content was calculated as: ng of oil / L    =           
                                                                                          ml of water sample 

(A-B) x10(6)  

Where: A & B are the weight of flask after and before action. 
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Oil extracted from sediment sample: 

 
 Put 8-100 gm of dried, sediment in round bottomed flask 100 ml, Methanol and 3 gm potassium hydroxide 

were added. The mixture were refluxed for 1 hour and 30minute then cooled to room temperature. The 
methanol extracted twice with 25 ml n. hexane, then, the extract was filtered through anhydrous sodium 
sulphate. The volume was reduced to 0.5ml. The reduced volume was transferred quantitively to glass vial. The 
extracted oil was concentrated to approximately 0.2 ml using dry nitrogen. The oil content in sediment was then 
calculated after removing the solvent till constant wt. Viguris, et al., (2002). 

 
Oil extracted from tar-ball:  

 
Samples (30mg) of tar balls were transferred to a paper thimble, and then put in soxhlet. 250 ml chloroform 

were used as solvent, extraction of crude oil was carried out till chloroform passing through the thimble remains 
colorless. The extract was distilled to the least amount and dried in an oven at 105 ºC till constant weight, and 
the percentage of oil in tar-ball sample was calculated. 
 
Deasphalting of the extract: 

 
Deasphalting of extracted crude oil from tar ball samples was carried out using the standard test method (IP 

143/90 method) 
 IP Standards for analysis and testing of petroleum and related products (1993). 

 
Separation of maltene into its hydrocarbons: 
 
 Separation of the obtained maltene into its components saturates, mono-aromatics, di-aromatic, poly-
aromatics and resin, were carried out using column liquid chromatography based on the method used by Zewen, 
et al., (2006) 

 
Oil extracted from fish samples: 

 
 20 gm of fish sample muscles was treated with 100 ml methanol and 3 gm (KOH). The methanolic phase 

was extracted twice with n-hexane, dried over un-hydrous sodium sulphate. The extract was air dried to 
constant weight. 

 
High performance liquid chromatography (HPLC): 
 

PAHs identification and quantification in the extracted oil from all samples were performed using HPLC 
model waters 600 E equipped with auto sampler waters 717 Plus and dual wave- length UV detector model 
waters 2487 (set at 254 nm) PAHs standards were obtained from supelco. The condition of operation is as 
follows. Column: SUPEL- COSIL TM LC-PAH-15cmX4.6mm0. 5um. 

Mobile phase: acetonitrite: water gradient program, HPLC grade.  
 
 

W% 
60.00 
60.00 
00.00 
00.00 
00.00 
60.00 

CAN % 
40.00 
40.00 
100.00 
100.00 
100.00 
40.00 

Flow(ml/min) 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
 

    Time(min) 
  0.00 
  5.00 
  30.00 
  40.00 
  45.00 
   51.00 
Injection   volume : 2.0 μl 
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Table 1: Definition of each PAHs Compounds in term of aromatic ring and Carcinogenicity 

Carcinogenicity Abbreviation PAHs Compounds Structure Aromatic 
Rings 

--------- (Nap) Naphthalene (Nap) 
 

2 – Ring 

--------- 
 
--------- 
--------- 
 
--------- 
--------- 

A 
 
Ace 
Phe 
 
F 
Ant 

Acenaphthylene 
 
Acenaphthene 
Phenanthrene 
 
Flourene 
Anthracene 

 

 

 

 

 

 
 
 
 
 
3- Ring 

--------- 
 
--------- 
 
+ 
 
± 

Flu 
 
Pyr 
 
BaA 
 
Chr 

Fluoranthane 
 
Pyrene 
 
Benzo(a)anthracene 
 
Chrysene 

 

 

 

 

 
 
 
4 – Ring 

   
++ 
 
-------- 
 
-------- 
 
+++ 

 
BbF 
 
BKF 
 
BAP 
 
DahA 

 
Benzo(b)fluoranthene 
 
Benzo(K)Fluoranthene 
 
Benzo(a)Pyrene(BAP) 
 
Dibenzo(a,h)anthracene(DahA) 

 

 

 

 

 
 
 
5 – Ring 

   
-------- 
 
+ 

   
Bp 
 
IP 

 
Benzo(ghi)perlyene(Bp) 
 
Indo(1,2,3-cd)perlyene(IP) 
 

 

 

 
6 – Ring 

Note… Not carcinogenic, + Carcinogenic, ++, +++ strongly Carcinogenic, + Uncertain, (Eman, M. K., 2013).         
 

 
 
Fig. 1: HPLC Chromatogram of standard PAHs, (Annual Book of ASTM Standards, 1992). 
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Fig. 2: Map showing the Area of study (Alexandria Sea) shoreline. 

 
Table 2: Studied sites, their locations, activities and distances from Alexandria harbor. 

Distances from 
Alex. 
Harbour Km 

Activities Locations and fish species  Site 
No. 

20.6  Recreational and agriculture drainage  
 
 
w.s 

El-AGamy shore site (1) 1 
6.1 Petroleum industry Out let of Alexandria oil Refinery  2 
0.04 
 

Loading and unloading of ships 
producing lubricants oil and sewage. 

Alexandria Harbour (40m)  3 

0.05 Alexandria Harbour (60m)  4 
2  Petroleum industry  

S.s 
 

MisR oil campany 5 
8  Recreational El.shatby Beach 6 
0.04  Loading and unloading of ships 

producing lubricants oil and sewage. 
Alexandria Harbour  7 

0.05 Alexandria Harbour(60m)  8 
15   

T.s 
El Mamoura beach  9 

6.1  Petroleum industry Out of Alexandria oil Refinery  10 
8  Recreational El-shatby Beach  11 
34 Summed pipelines Sidi-kirear Harboue  12 
Move in all the 
Alex. Seawater. 

It habites and feeding in the sea  
F.s 

Pagellus ery thrimus(comm. Pandera)  13 
Sea Bream(Sparus auratus)  14 
Cuttle fish (sepia officinals)  15 

  w.s: water samples T.s: Tar samples S.s: sediment samples F.s: Fish samples Alex. : Alexandria km.:  kilo meter. 
 

Result And Discussion 
  
Qualitative and quantitative estimation of the individual PAHs for the extracted oils from water, sediment, 

tar ball and fish samples of Alexandria sea coasts were done and representative model samples are shown in 
Figure 3. Careful examination of the HPLC chromatograms show that, each sample has its own distribution 
pattern and all have most of the target compounds. The brief identification of the present PAHs as shown in 
tables (4, 6, 8 &10) reveal the presence of both LPAHs and HPAHs. The high concentration of higher 
molecular weight PAHs has been commonly observed in surface water, tar balls, fish and, sediments from 
marine environments. Generally in all the studied samples there is a higher concentration of HPAHs compared 
to that of LPAHs.  It is well known that the most important anthropogenic sources of PAHs are petrogenic and 
Pyrolytic, the latter type is usually prevalent in aquatic environments (Hager, R.A. et al., 2006). Some 
molecular indexes play a major role in establishing the origin of PAHs as Table 3.  
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Table 3: Pyrolytic and petrogenic origin of polycyclic aromatic hydrocarbon (PAHs). 

Chr/BaA BaA/Chr Flu/pyr Phe/Ant LPAHs/ 
HPAHs 

LPAHs/ 
HPAHs 

Origin 

<1 >0.9 >1 <10 Low<1 Low<1 Pyrolytic 
Origin 

>1 <0.4 <1 >15 High>1 High>1 Petrogenic 
Origin 

Soclo  
et. al. ,2000 

Readman et al, 
2002 

Kim et al, 
2008 

Ludvik Penko 
2010 

Soclo   et. al, 
2000 Magi  
et. al. ,2002 

Sicre  
et. al ., 1987 
Budzinski et. al ., 
1997 

References 

  

 

 

 
 
Fig. 3: Representative HPLC Chromatograms of the PAHs in oil extracted from; Water, sediment, tar ball and 

fish samples of Alexandria sea coasts. 
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Water samples: 

 
Qualitative and quantitative distribution of PAHs detected in water samples have followed no particular 

pattern, but were rather irregular. Their levels of concentration are high, which is alarmingly high, ranging 
between 52811 up to 559096 ng/L, high concentration were observed at El -A Gamy shore site (1) 559096 ng/L 
and Outlet of Alexandria oil refinery site (2) 411969 ng/L, while low value at Alexandria harbor site (4) 52811 
ng/L Table 4. The concentration range appear to be higher than that reported in literature data of the Baltic sea 
8.66–46.74 ng/L (Dhananjayan, V. and MuraLidharm, S. 2012) and the Deep bay 31.7-<118.8 ng/L (Oiu et al., 
2009), and higher by comparable to those reported in Saronikos Gulf, Greece 103- 459 ng/L (Valavanidis et al., 
2008), Red Sea 8000-12080 ng/L (Moustafa Y.M. 2010). Day bay, China 4228-29325ng/L (Zhou and Maskoui 
2003),also higher than those found in the western Xiamin sea 106-945ng/L (Zhou et al.,2000), Sea water around 
England Wales <1- 24.824 ng/L, Suez Gulf, Egypt 3115-252786 ng/L for (Mohamed I.A., 2012),and 1640-
39139.2 ng/L for (Eman, M. K., 2013), in addition Gulf of Trieste, Northern Adriatica 78-302 ng/L ( 
Ludvik,penko 2010) but lower than Suez Canal 5246-3393000 ng/l (Hager, R. A. et al., 2006).The reason lies in 
the more intensive pollution and limited circulation of seawater  leading to higher accumulation of pollutants, 
arising from boats engine losses, atmospheric  deposition and urban runoff. On the other hand, the offshore sites 
are less subjected to pollution pressure and at the same time, the mixing of water mass leads to the dilution of 
dissolved, dispersed compounds, beside Alexandria seawaters exposed to different surfaces of pollution from 
loading and un-loading ships and ballast water, conformed petroleum inputs, sewage industries and agricultural 
activities which contributed in the contamination. Water samples show disappeared PAHs in 2-3 rings except 
for Outlet of Alexandria oil refinery site (2) has value 407181 ng/L from Flourene (F). The absence of such 
PAHs may be due highly hydrophobic nature of these compounds and hence their strong interactions with 
suspended particles, leads to their removal from the water column. In addition, processes such as volatilization, 
photo-degradation and Biological mediation may remove proportion of these compounds, (Moustafa Y.M., 
2004). Tetra-aromatic rings show dominances at site (1) 43524 ng/L and site (3)31886 ng/L from pyrene (pyr) 
While, BAP dominances at site (1) 217681 ng/L, site (3) 58793 ng/L and site (4)19234 ng/L in penta aromatic 
rings. The values in six rings PAHs ranged between 4788 ng/L & 256359 ng/L. It can be observed that the 
water samples are generally characterized by low ratios of Ʃ 6LPAHs: Ʃ10HPAHs, in site (1) and no detectable 
values for the rest samples, as shown in Table 5 which might be presumably because of the relatively higher 
volatility of these LPAHs compounds which restrict their residence in water, especially in warm weather, 
(Hager, R. A. et al., 2006). No detectable values for these Flu / Pyr & Phe / Ant ratios; this misleading in results 
may be due to the weathering effects on low molecular weight PAHs. Alexandria harbour site (4) have value 
219 ng/L for BaA/Chr indicating petrogenic origin Tables 3, while El-AGamy shore sit (1) and Alexandria 
harbor site (3) show values 632 and 725 ng/L respectively explain pyrolytic origin. The presence of both 
progeny and petrogenic genesis of PAHs due to the different outlets of effluents discharged, different sources of 
potential contaminates and polluters in the studied area and pyrogenic genesis of PAHs. In conclusion, there are 
some discrepancies between the results obtained using the different parameters. The petrogenic genesis in 
Alexandria sea coasts, may result from the presence of some potential polluters such as dry docks and ships and 
tankers passing through the harbor, also they may be due to the presence of dockyards and ship-maintenance 
works .The high pyrogenic genesis is probably the result of the massive discharge of industrial effluents into the 
sea for sanitary waste water. 
 
Table 4: Individual PAHs distribution and their concentration (ng/l) in oil extracted from some selected water samples. 

Alexandria harbor 
(60m) site (4) 

Alexandria harbor (40m) 
site (3) 

Oulet of Alexandria 
oil refinery site (2) 

El-AGamy 
shore site(1) 

Samples 
 

Name of 
PAHs 

No. of 
Ring 

N.D 
 

N.D 407181  F 3 

…… ……….. 407.181 ……… ……… Total 
N.D 
7272 
0349 
1592 

N.D 
31886 
2119 
2921 

N.D 
N.D 
N.D 
N.D 

N.D 
43524 
6689 

10588 

Flu 
Pyr 
BaA 
Chr 

4 

9213 36926 ….. 60.801  Total 
3250 
0894 

19234 
4553 

5065 
1746 

58793 
3312 

N.D 
N.D 
N.D 
N.D 

1910 
N.D 

217681 
22345 

BbF 
BKF 
BAP 
DahA 

5 

28041 68916 ….. 241936  Total 
 

15557 
N.D 

 

 
11664 
48987 

 

N.D 
4788 

 
63091 

191268 
 

IP 
BP 

6 

15557 60561 4788 256359  Total 
52811 166493 411969 559096 (PAHs) Total 

Concentration (ng/L), N.D: not determined 
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 Table 5: PAHs parameters using to detect the origin of PAHs in some selected water samples 

Sample Phe/Ant Flu/Pyr BaA/Chr BAP/DahA 6 
LPAHs 

10 
HPAHs 

ƩLPAHs : 
Ʃ 

 HPAHs 
El-AGamy shore site (1) N.D N.D 632 9742 N.D 559096 N.D 
Outlet of Alex. Oil 
refinery site (2) N.D N.D N.D N.D 407181 4788 1:0.012 

Alex. Horbour 
40m site (3) N.D N.D 725 17752 N.D 166493 N.D 

Alex harbour. 60 m site 
(4) N.D N.D 219 4125 N.D 52811 N.D 

 
Sediment samples: 

 
Qualitative and quantitative distribution of TPAHs detected in sediment samples have followed no 

particular pattern, but were rather irregular and their level are alarmingly high, ranging between 558. 258 to 
2924.873 ng/g dry weights Table 6, the presence of such high concentrations are considered to be toxic (Eman, 
M. K., 2013), and the distribution profiles of PAHs for all the extracted oils are shown to have the same profile 
Figure 4. Alexandria harbour site (7) has high value 2924.873 ng/g with the predominance of Acenaphthene 
(ACe) 1336.482ng/g, El-Shatby beach site (6) represent 2182.304 ng/g dry weights and Misr oil company site 
(5) display low value 558.258 ng/g dry weights if compared by the rest samples. In comparison with the other 
previous studies, the level of  concentrations range of total PAHs in literature data were greater than those found 
in  each of  Yangtze Estuary, China 107-633 ng/g  (Liu et al., 2008), Gulf  of Trieste, Northern Adriatic 600-
800 ng/g (Health et al.,2006),Todos Santa Bay, Mexico 7.8-813 ng/g, (Macias-Zemora, et al.,2002), However, 
higher than levels reported in Western Xiamen Bay, China 247-480ng/g (Zhou et al., 2000) But lower than 
those detection in Red Sea 3750-4350 ng/g (Moustafa Y.M. 2010), Gulf  of Trieste, Northern Adriatic 297-
115,854 ng/g (Ludvik,penko 2010), Kaohsiung Harbor, Taiwan 472–16,207 ng/g (Chiu-Wen, Chen et al., 
2011), also lower than Xiamen Harbour, China 2,900-61,000 (Hong et al., 1995),Suez Canal 585900-8592000 
ng/g (Hager, R. A. et a.l.,2006) and Western Baltic Sea 3-30,100 ng/g (Baumard, et al., (1999a). Occasionally 
all the collected sediment samples are characterized by no detectable values for di-aromatic ring compound; but 
tri-aromatic rings characterized by high concentration values from flourene (F) 1136.639 ng/g site (6) and 
1336.482 ng/g site (7) from Acenaphthene (ACe) respectively. Tetra-aromatic rings represent values ranged 
between 184.703-371.676 ng/g for Alexandria harbour site (8), but site (7) show abundance in each of Flu 
(563.456), Pyr (220.024) & Chr (87.432) ng/g respectively, except for benzo (a) anthracene (BaA) which is 
under detectable limit in Alexandria harbour site (7). Misr Oil Company site (5) not detected values for 4-Ring 
absolutely. Five ring was under the limit of detection except for Alexandria harbour site (8) represent 54.199 
ng/g for benzo (b) fluoranthene (Bbf).The values of the six membered ring benzo {ghi} perlyene (BP) 24.909 
ng/g and indeno (1, 2,3 cd) perlyene (IP) 17.229 ng/g detected for site (6) and site (5) have value 22.495 ng/g 
from BP while the rest of sample not detected. The absence of the other PAHs may come to the fact that PAHs 
in sediments resulting from the release of petroleum were thought to be readily available for microbial 
degradation under aerobic conditions and the presence of such compound may have effect on the flora and 
fauna resulting in uptake and accumulation in food chain (Hartman, et al., 2004). PAHs are contaminants of 
marine coastal sediments because of their hydrophobic character (water solubility between 0-10 and 10-13 mg / 
L they are easily sorbet onto suspended particulate (De Luca et al., 2005). Considering the different origins of 
PAHs; these sources induce a different chemical behavior in marine sediments; e.g. the interaction with 
sediments and resistance to biodegradation is higher for Pyrolytic than for petrogenic PAHs  (Wang et al., 
2006), this could explain the high concentration of the HPAHs in all the collected sediment samples compared 
to that of the LPAHs , the sources of PAHs may be assessed by the ratios of individual PAHs concentrations 
Table 7, Alexandria harbour site (7) represents ratio for Phe/Ant phenanthere / anthracene <10 indicating 
pyrolytic origin. Also, Alexandria harbour sites (7, 8) show ratios for Flu/pyr 2.561, 1.267ng/g dry weight 
indicating pyrolytic sources, the values of site (7) 1.436 and site (8) 2.012 ng/g from BaA/Chr ratio indicating 
pyrolytic origin. Weathering causes considerable changes in the chemical and physical properties of spilled oils 
as well as the PAHs (Zakaria, et al., 2001).Due to evaporation; dissolution and Biodegradation, low molecular 
weights PAHs are thought to be selectively disappeared. As weathering increases the summation of the 6LPAHs 
decreased which makes the Ʃ 6LPAHs:Ʃ10HPAHs parameter not useful to detect the origin, as recorded 
1:0.042, 1:0.024, 1: 0.427 & 1:3.017 for sites (5, 6, 7 & 8) respectively. 
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Table 6: Individual PAHs distribution and their Concentration (ng/g) in oil extracted from some selected sediment samples. 

No. of 
Rings 

               Sample  
 
Name of PAHs 

Misr oil company 
site (5) 

El-Shatby beach 
site (6) 

Alexandria harbor 
(40m)  site (7) 

Alexandria harbor 
(60m) site (8)  

2 
 
3 

NaP 
ACe 
F 
Phe 
Ant 

N.D 
N.D 
535.352 
N.D 
0.4H 

N.D 
29.393 
1136.639 
N.D 
965.646 

N.D 
1336.482 
654.297 
52.244 
10.938 

N.D 
226.138 
116.376 
N.D 
62.082 

Total  535.763 2131.678 2053.961 404.596 
4 Flu 

pyr 
BaA 
Chr 

N.D 
N.D 
N.D 
N.D 

N.D 
3.550 
2.911 
2.027 

563.456 
220.024 
N.D 
87.432 

341.016 
269.188 
371.676 
184.703 

Total  ……. 8.488 870.912 1166.583 
5 BbF 

BKF 
BAP 
DahA 

N.D 
N.D 
N.D 
N.D 

N.D 
N.D 
N.D 
N.D 

N.D 
N.D 
N.D 
N.D 

54.199 
N.D 
N.D 
N.D 

Total  ……. ……. ……. 54.199 
6 IP 

BP 
N.D 
22.495 

17.229 
24.909 

N.D 
N.D 

N.D 
N.D 

Total  22.495 42.138 …….. 54.199 
Total  (PAHs) 558.258 2182.304 2924.873 1625.378 

 Concentration: (μg/L)                                                       not determine: (N.D) 
  
Table 7: PAHS parameters used to detect the origin of PAHS in some selected sediment samples  

Sample Phe/Ant Flu/Pyr BaA/Chr BAP/DahA 6 LPAHs 10 HPAHs ƩLPAHs:  
Ʃ HPAHs 

Misr oil company site 
(5) N.D N.D N.D N.D 535.763 22.495 1:0.042 

El.Shatby beach 
site (6) N.D N.D N.D N.D 2131.678 50.626 1:0.024 

Alexandria harbour 
(40m) site (7) 4.776 2.561 1.436 N.D 2053.961 876.912 1: 0.427 

Alexandria harbour 
(60m) site(8) N.D 1.267 2.012 N.D 404.596 1220.782 1:3.017 

 
Tar ball samples: 

 
Qualitative identification of the individual PAHs for the oil extracted from some selected tar ball samples 

show concentrations of TPAHs between 2017.422 up to 59621.308 ng/g and 39131.438 ng/g as shown in Table 
8, highest value 59621.308 ng/g at outlet of Alexandria oil refinery site (10) while lowest value 2017.422 ng/g 
at El-mamora beach site (9). In comparison the studies samples by the level of concentrations range of total 
PAHs literature data show that the obtained results  are lower than in Red Sea 7700-88200 ng/g (Nagla, 
K.,2006), Red Sea  8360-438380 ng/g (Moustafa, Y.M.2010) and also lower in Japan 41000-557000 ng/g 
(Mohamad, P. et al., 2001), Peninsular Malaysia 6000-3069000 ng/g  (Kuhan, C. et al., 2008) in addition to 
France 1600-4000000 ng/g (Re´my Bayard et al., 2000) and UK 27000-376000ng/g (Andrea Jordan, et al., 
2012), this  due to weathering on low molecular weight polyaromatic Hydrocarbon (LPAHs) of the studied area 
which lead to disappearance of 6 LPAHs and also, loss in concentration values compared to literature data, and 
confirmed by the absence of  2- 3 rings  PAHs. On the contrary, tetra-aromatic-ring shows dominances values 
of Flourene (F) at site (9) 1779.24, site (10) 1463.946 & site (11) 22883.741 ng/g respectively and Chrysene 
(Chr) shows values ranged between 4.461upto 2813.686 ng/g. PAHs in five aromatic rings completely present 
except for benzo (b) fluoranthene (Bbf) in sites (9, 12).The six aromatic rings values were under the limit of 
detection in all the study area for benzo (ghi) beryline  (BP),but show values 5.7892, 5252.091, 3532.394, 
12.2991 ng/g. for indeno (1, 2, 3-cd) Perlyene (IP) in sites (9, 10,11and12) respectively. Generally, all samples 
as shown in Tables 8 and 9 are characterized by predominance of HPAHs over LPAHs. It has been recognized, 
Pyrogenic PAHs are characterized by the dominance of the high HPAHs over LPAHs. In contrast petrogenic 
PAHs are normally abundant in lower molecular weight, PAHs (LPAHs) which are readily modified by 
weathering or degradation.  (Moustafa, Y.M. 2004). Thus all sites were contaminated by either pertogenic or 
biogenic origin of PAHs, also characterized by relatively high concentrations of five membered rings compared 
to the 2, 3, 4 & 6 membered rings. A less subjective approach to investigate sources can be achieved using 
molecular indices based on ratios of selected PAHs concentrations (Readman, et al., 2002). Phenantherene/ 
anthracene (Phe/Ant) and fluoranthene/pyrene (Flu/Pyr) not detected because of the absence of rings (2, 3) of 
the LPAHs. BaA/Chr ratio shows values 1.863ng/g and 5.627ng/g indicating pyrolytic origin, BAP/DahA ratio 
has values 0.702 for outlet of Alexandria refinery, 0.465ng/g for El-mamoura beach and 9.642ng/g. for El-
Shatby beach, which is suggesting pyrolytic origin. While, Sidi kirear harbour (0.194) ng/g was petrogenic 
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origin. In conclusion there appears some discrepancies between the results obtained using the different 
parameters. Weathering causes considerable changes in the chemical and physical properties of spilled oils as 
well as the PAHs. Due to evaporation, dilution and biodegradation, low molecular weight PAHs are thought to 
be selectively disappeared. As weathering increases the summation of 6 LPAHs decreased which makes the Ʃ 6 
LPAHs: Ʃ 10 HPAHs parameters un-useful to detect the origin. On the other hand it could be useful in the 
comparison of the weathering effects on the samples (Zakareia, et al., 2001). Data obtained show lower ratios 
indicating that all the tar ball samples had undergone weathering in different degrees. It has been suggested that 
the rate of poly-aromatic compounds degradation in the environment decreases with the number of rings and 
within a homologous series decrease with increasing the degree of branching (Hegazi, et. al., 2004). The studied 
tar ball samples are thought to be associated with oxidation where PAHs are oxidized forming resins, which 
explain the absence of LPAHs although they are of petrogenic origin. The coasts of the Mediterranean city of 
Alexandria are a major tourist attraction for their clear waters and coastal habitats, and are vital for fisheries and 
marine activities. However, the coasts are under constant threat of petroleum pollution in the form of heavy tar 
loads. This may result from natural seeps, untreated domestic sewage, oil transportation, oil spillage and Ballast 
water from tankers, and industrial waste waters. Furthermore, these regions were subjected to petroleum 
contamination from different sources. 

 
Table 8: Concentration of PAHs (ng/g) from some selected tar ball samples. 

No. of 
Ring 

           Sample  
 
 
name of PAHs 

El - Mamora beach 
site (9) 

Outlet of Alex. Oil 
refinery site (10) 

El-Shatby beach 
site (11) 

Sidi-krear harbor 
site (12) 

2 
3 

NaP 
Ace 

N.D 
N.D 

N.D 
N.D 

N.D 
N.D 

N.D 
N.D 

Total …. …. …. …. …. 

4 

Flu 
pyr 
BaA 
Chr 

1779.24 
N.D 
N.D 
8.493 

1463.946 
N.D 
5242.611 
2813.686 

22883.741 
N.D 
N.D 
685.607 

N.D 
N.D 
25.101 
4.461 

Total  1787.733 9520.243 23569.348 29.5621 

5 

BbF 
BKF 
BaP 
DahA 

N.D 
13.7692 
66.6473 
143.483 

78.264 
8008.248 
15168.476 
21593.986 

136.317 
5458.063 
5830.599 
604.717 

N.D 
78.1212 
471.6588 
2437.2009 

Total  223.8995 44848.974 12029.696 2986.9909 

6 IP 
BP 

5.7892 
N.D 

5252.091 
N.D 

3 532.394 
N.D 

12.2991 
N.D 

Total  5.7892 5252.091 3532.394 12.2991 
Total  (PAHs) 2017.4217 59621.308 39131.438 3028.8521 

Concentration (ng/g. dry weight) , N.D: not determined 
 
Table 9:  PAHs parameters used to detect the origin of PAHs in same selected tar ball samples. 

Site 
No.  

Samples phe/Ant Flu/pyr BaA/Chr   BAP/ 
DahA 

6LPAHs 10HPAHs ƩLPAHs Ʃ 
HPAHs 

9 El.Mamore beach N.D N.D N.D 0.4645 N.D 2017.4217 N.D 
10 Outlet of Alex. Oil 

refinery 
N.D N.D 1.863 0.702 N.D 59621.308 N.D 

11 El.shatby beach N.D N.D N.D 9.642 N.D 39131.438 N.D 
12 Sidi-kirear horbour N.D N.D 5.627 0.1935 N.D 3028.8521 N.D 

 
 Fish samples:  

 
Qualitative and quantitative distribution of PAHs detected in fish samples, the concentration of total PAHs 

ranged between 1696.924 up to 12827.245and 6074.316 ng/g wet weights Table 10 and Figure 6, Pagellus 
erythrinus (commen pandra) has the highest value 12827.245ng/g, sea bream (sparus auratus) represent lowest 
value12827.245ng/g and 6074.316 ng/g wet weights for Cutlet fish (sepia officinalis).These concentrations 
appear to be higher than the concentrations reported in edible fishes 0.207-3.365 ppm of the Gonti River, 
Lueknow, India (Malik, M. et al.,2008). The ΣTPAHs concentrations detected in fishes of present study are also 
higher than that reported in the muscles of the samples, from aquatic species of the Pearl River delta 49.59 ng/g 
wet wt and the levels in the Mai Po Marshes Reserve of Hong Kong 497ng/g wet wt. (Liang, Y., et al. 2007). 
However, higher than levels reported in the fish muscles from India  17.43-70.44 ng/g Wet wt. (Dhananjayan, 
V. et al., 2012) and lower than the Suez Canal 1696400–4785700 ng/g (Hager, R. A. et al., 2006). This result 
indicates that adverse effects from PAHs in the aquatic species could only be caused by lifetime consumption of 
the aquatic species. The estimated excess Cancer risk values from fish consumption for the general population 
exceeded the guideline value 1.0 x10 6 (Dhananjayan, V. et al., 2012) for potential cancer risk. The results of 
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the present study emphasize the importance of systematically monitoring PAHs levels and aquatic species 
intake and comparing them with published guidelines to protect human health. 2-3 rings for Pagellus erythrinus 
(commen pandra) show values375.745ng/g from phenanthrene (phe), 2484.285ng/g wet weight from anthracene 
(Ant), Cutlet fish (sepia officinalis) represent values 526.215 and 525.022ng/g wet. Weight from acenapthene 
(Ace) and phenanthrene (phe) respectively, PAHs were below detection limit for Sea breaw (sparus auratus). 
While, 4-ring represent values of chrysene (Chr) 469.122 ng/g wet weight and benzo (a) anthracene (BaA) 
276.506ng/g wet weight for pagellus erythinus.On the other hand, sea bream (sparus auratus) show absences of 
four rings except for chrysene (Chr) have value 25.649 ng/g wet weight while Cuttle fish (sepia officinalis) 
represents values ranged from 17.317 up to 2551.290 ng/g. wet weights. Five ring, have values range 872.093 to 
4227.253 ng/g. wet weight for Pagellus erythrinus (commen pandra), also Sea breaw (sparus auratus) and Cutlet 
fish (sepia officinalis) represented high values of PAHs, and show absence of benzo (k) fluoranthene (BKF) and 
dibenzo (a,b) anthracene (DahA).Six rings display values for pagellus erythrinus and sea bream species 817.785 
and 128.274 ng/g wet weight from indeno (1, 2, 3-cd) Perlyene (Ip) while the same species of fish show absence 
of benzo (ghi) perylene (BP) also, Cuttle fish (sepia officinalis) were below the detection limit from PAHs. 
Table 11 show detect of fish origin parameters, pyrolytic or petrogenic. Phenanthrene/ anthracene (phe/Ant) 
ratio if > 15 are seen in petroleum inputs, if lower than < 10 are characteristic of pyrogenic sources Table 3  
Pagellus erythrinus (commen pandra) have value 0.151 ng/g indicating  pyrogenic sources also, Flu/pyr ratio 
represent 0.597 ng/g for cutle fish (specia officinalis) indicating petrogenic origin. Cuttle fish (sepia officinalis) 
explain BaA/Chr 22.7ng/g wet weight from pyrolytic origin. While, pagellus erythrimus (common pandera) 
have 0.589ng/g wet weight from petrogenic origin. Lower molecular weight compounds LPAHs are abundant in 
petrogenic PAHs, which can easily undergo weathering as compared to the higher molecular weight HPAHs 
thus attention has been paid to the distribution of low and high molecular weight (PAHs) as are liable tool 
origin of PAHs. Studies have shown that high Σ LPAHs/Σ HPAHs) ratio >1 often indicate PAHs with 
petrogenic origin predominate sources, while low (Σ LPAHs/ Σ HPAHs) ratio < 1 suggest PAHs of pyrolytic 
origin (De lucia et al., 2004). Oil pollution causing serious threats to aquatic environments because of continued 
accidental spills which affecting resources and a wide range of surface organisms that are linked in a complex 
food chain which includes human food resources. Spilled oil can harm the environment in several ways 
including the physical damages that directly impact.  It can be observed also that fish samples are generally 
characterized by low ratios of Ʃ6LPAHs: Ʃ10HPAHs, as shown in Table 11 which is considered as a very 
serious alarm for the severe toxicity of these ten HPAHs. Several PAHs are known to be potential human 
carcinogen; these include benz[a]anthracene, chrysene, benzo[b] flouranthene and benzo[a]pyrene .The health 
hazards posed by these compounds have been studied extensively by several authors, (Hager, R.A. et.al ., 
(2006) &  (Dhananjayan, V.  et al., 2012). 

  
Table 10: Concentration of PAHs (ng/g) in some selected fish samples. 

No. of Ring                 Species  
 
Name of PAHs 

pagellus erythrmus (commn 
pandra) site     (13) 

Sea bream (sparus 
auratus)  site (14) 

Cuttle fish (spepia 
officinalis) site 
 (15) 

2 
3 

…… 
ACe 
F 
Phe 
AnT 

N.D 
N.D 
N.D 
375.745 
2484.285 

N.D 
N.D 
N.D 
N.D 
N.D 

N.D 
526.215 
N.D 
525.022 
N.D 

Total  2860.03 ….. 1051.237 
4 Flu 

pyr 
BaA 
Chr 

N.D 
N.D 
276.506 
469.122 

N.D 
N.D 
N.D 
25.649 

15523.518 
2551.290 
393.073 
17.317 

Total  745.628 25.649 4485.198 
5 BbF 

BKF 
BAP 
DahA 

872.093 
1047.101 
2257.355 
4227.253 

31.696 
N.D 
890.714 
620.591 

19.822 
301.641 
216.418 
N.D 

Total  8403.802 1543.001 537.881 
6 IP 

BP 
817.785 
N.D 

128.274 
N.D 

N.D 
N.D 

Total  817.785 128.274 N.D 
Total  (PAHs) 12827.245 1696.924 6074.316 

Concentration (ng/g) , N.D: not determined 
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Table 11: PAHs parameters used to detect the origin of PAHs in some selected fish samples. 

Sample Phe/Ant Flu/Pyr BaA/Chr BAP/DahA 6 LPAHs 10 PAHs ƩLPAHs: 
Ʃ HPAHs 

Pagellus erythrimus 
(common pandera) site 
(13) 

0.151 N.D 0.589 0.534 2860.03 9967.215 

 
 
1:3.485     
 

Sea bream (sparus 
auratus) site (14) N.D N.D N.D 1.435 N.D 1696.924 N.D          

Cuttle fish (sepia 
officinalis) site (15) N.D 0.597 22.70 N.D 1051.237 5023.079 

1:4.778     
 
 

Concentration (ng/g wet /weight), N.D: not determined 
 
Conclusion and Recommendations: 

 
The main objective of this work is to study the origin and types of poly-aromatic hydrocarbons polluting 

the Alexandria sea coasts. Qualitative and quantitative assessment of water, sediment, tar balls and fish samples 
indicated that they are highly affected by PAHs contamination which is problematic due to their propensity to 
initiate carcinogenic and or mutagenic effects in terrestrial as well as aquatic biota. These results contribute to 
better information of PAHs distribution, to a field validation, providing a technical basis to evaluate and pursue 
pollution abetments in Alexandria sea coasts by hygienic treatment of the industrial effluents before their 
drainage in the fresh water streams and the marine water coasts is highly recommended. The pollutants detected 
endanger the life of the micro-organisms and the food chain in the marine environment, there for the 
environmental conservation effects still needed to be strengthened and must used Environmental low for 1994 
year, which specific for the protection of water, and shores, so the fishing areas must be fare from the sources of 
the industrial and petroleum effluents and continuous monitoring of PAHs residues in the different fish types in 
the Egyptian coasts are recommended. 
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