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Abstract: Forty tilapia and mullet fish samples (20 from each) were collected from different markets at Sharkia
Governorate, Egypt, in order to detect and determine of 12 Polycyclic aromatic hydrocarbons (PAHs) which are
naphthalene, acenaphthylene, acenaphthene, fluorene, phenanthrene, anthracene, fluoranthene, chrysene,
benzo (b) fluoranthene, benzo (a) pyrene, dibenzo (a,h) anthracene and benzo (g,h,i) perylene. Eleven out of
the twelve target PAHs compounds were detected. Naphthalene was the only PAHs compound that was not
detected among all the estimated PAHs. The statistical analysis showed no significant difference between mean
total PAHs residues in the two examined fish species. Benzo (a) pyrene, levels were exceeded the permissible
limit in 3 (15%) and 11 (55%) of tilapia and mullet samples respectively. Thus, PAHs residues in the examined
mullet fish are more serious than those in the examined tilapia one. The public health concern was discussed.
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INTRODUCTION used in medicines or to make dyes, plastics and

Fish and  other  aquatic  foods  had  been  regarded aquatic ecosystem may be industrial effluents [2] or from
as nutrition and highly desirable food due to its petroleum oil spilling [3].
contribution of high quality protein, often low fat, has Owing to their lipophilic nature, PAHs can easily
attracted consumers due to health benefits  in addition to penetrate biological membrane and accumulate in the
their widespread and relative low price. In the Egyptian organisms. Moreover, these compounds are important
markets, the fresh water tilapia fish and marine water environmental pollutants because of their ubiquitous
mullet  fish  are  the  most common spread fish types. presence and carcinogenicity. Thus, they are considered
Thus  any  high level pollutant detected in these fish the most toxic among the hydrocarbons family [4].
types  could  be  exhibited a considerable public health Furthermore, PAHs are widely distributed and found
risk [1]. throughout the environment in the air, water and soil and

Many aquatic pollutants such as polycyclic aromatic can remain in the environment for months or years. Their
hydrocarbons (PAHs) and their halogenated forms are levels in urban air may be 10 times greater than those
chemically stable. PAHs considered as a group of found in rural areas. Any one also may be exposed to
approximately 100 different chemical compounds which PAHs in soil near hazardous waste sites or near areas
are formed during the incomplete burning of coal, oil, where coal, wood, gasoline or other products have been
garbage and other organic compounds and usually found burned. Some water supplies in the different areas have
in a mixture of two or more compounds. Some PAHs are been found to have low levels of PAHs [5].

pesticides. The sources of these compounds in the
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When an organism is exposed to the organic anhydrous sodium sulfate. The extract was then
pollutants, the concentration of these compounds in its evaporated to about 2 ml. The extract was transferred to
tissues varies until it reaches a steady state level. This a round bottom flask and 100 ml of 10 % aqueous
apparent constant concentration results from a balance methanolic potassium hydroxide was added and the
between uptake and depletion. The uptake of a mixture was refluxed for 3 hours in order to saponify the
contaminant is governed by its bioavailability, which in lipids. At the end, the content of the round bottom flask
the case of a neutral organic compound is related to its was transferred to separator funnel and rinsed with 150 ml
water solubility [6]. Due to their hydrophobic nature, of methanol-water (4:1) (v/v) mixture, then extracted with
PAHs tend to be absorbed rapidly on suspended hexane (80 ml) to recover the non-saponified lipids. The
materials and sediment, becoming bioavailable to fish and hexane phase was concentrated down to 1.5 ml with an
other marine organisms through the food chain [7]. A evaporator.
previous study in Spain by Falco et al. [8], recorded that
the fish is the 3 higher source of PAHs for consumer Clean up of Samples: Clean up was achieved with ard

among examined 11 foods type groups. silica/alumina column. Aromatic hydrocarbons were
Therefore, the aim of the present study was to detect eluted with 30 ml of a mixture of hexane and

and determine of 12 compounds of PAHs residues in fresh dichloromethane (90:10) (v/v). The volume of the eluted
water tilapia and marine water mullet fish at Sharkia fraction was reduced to 1 ml and analyzed by a Gas Liquid
Governorate markets, Egypt. Chromatography equipped with a flame ionization

MATERIALS AND METHODS

Collection of Samples: Forty samples of fresh water solvents and anhydrous sodium sulfate, which used in
tilapia fish and marine water mullet fish (20 fish each) were extraction of polycyclic aromatic hydrocarbon from the
collected from different markets at Sharkia Governorate, examined  samples  were subjected to the same
for detection of 12 polycyclic aromatic hydrocarbons procedures as the examined samples to detect any
(PAHs) compound residues [naphthalene, possible traces of the studies PAHs in the solvents or
acenaphthylene, acenaphthene, fluorene, phenanthrene, distilled water.
anthracene, fluoranthene, chrysene, benzo (b)
fluoranthene, benzo (a) pyrene, dibenzo (a,h) anthracene Gas Chromatographic Analysis: The polycyclic aromatic
and benzo (g,h,i) perylene]. The soft parts of fish samples hydrocarbon fraction was injected into a gas liquid
be removed and a muscle tissue sample was taken from chromatography equipped with a flame ionization detector
the dorsal muscle in aluminum foil and kept in deep GC/FID.  GC analysis was conducted on a HP-608
freezing (-18°C) until analysis. (Agilent,  Folsom,  CA)  fused  silica capillary column of

Analysis of PAHs Residues: The analysis of PAHs oven temperature was programmed from an initial
residues was conducted according to the method temperature 100°C (2 min hold) to 260°C at a rate of
described by Ahmed et al. [9]. Extraction procedures was 6°C/min and was maintained at 260°C for 15 min. Injector
performed in Animal Health Research Institute, Zagazig and detector temperature were maintained at 280 and
Provincial Lab. Clean up and estimation of PAHs levels by 300°C, respectively. Nitrogen was used as a carrier at flow
gas chromatography were conducted in Pesticide Residue rate of 4 ml/min.
Dept., Central Pesticide Lab., Agriculture Research Center,
Giza. Determination of Percentage Rate of Recovery:

Extraction and Preparation of Samples: Exactly 20 g of standards  mixture at the three levels of 1, 5 and 10 µg.
fish muscle from each examined samples was grinded in The average recovery percentages of PAHs for fortified
mortar with anhydrous sodium sulfate (2 g). The mixture samples at the three levels were determined and calculated
was then extracted with 60 ml of hexane-acetone (1-1) for all tested PAHs in each of the examined samples. All
(v/v) mixture. The mixture was filtered and the tissue was data were corrected according to the recovery percentage
extracted twice more. Organic solvent fractions were values. Compounds were identified by matching retention
combined and filtered through filter paper with 1 gm time against those of authentic standard.

detector GC/FID.

Preparation of Blank Solution: The same volume of

30 m length, 0.53 mm id. and 0.5 µm film thicknesses. The

Recoveries were carried out by the addition of PAHs
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Statistical Analysis: Statistical analysis of data of the The obtained data showed in Table 2 revealed that
examined PAHs residues was conducted as described by the total PAHs residues were detected in all the examined
Petric and Watson [10]. samples of both tilapia and mullet fish. Moreover,

RESULTS AND DISCUSSION perylene were the more frequently distributed PAHs

The results achieved in Table 1 showed that 11 out of compounds was estimated in 17 samples (85%).
the examined 12 polycyclic aromatic hydrocarbon (PAHs) Meanwhile, fluoranthene residues were detected in all the
residues were detected in the fish samples. Only examined mullet fish samples. These results agreed with
naphthalene residues were not found in all the examined those recorded by Olabemiwo et al. [14] which detected
samples in the current investigation; while, the other 11 phenanthrene, dibenzo(a,h) anthracene, benzo(g,h,i)
mentioned PAHs residues were found. In the examined perylene and fluoranthene residues in the fresh water fish
tilapia fish samples the residues of 7 PAHs were detected. in Nigeria. On the other aspect, benzo(a) pyrene was
Fluorene, phenanthrene, fluoranthene, benzo(b) estimated in only 4 samples (20%) out of the examined
fluoranthene, benzo(a) pyrene, dibenzo(a,h) anthracene fresh water tilapia fish, this result also, coincided with
and benzo(g,h,i) perylene residues were determined in the those reported by Olabemiwo et al. [14], they estimated
mean concentrations ranged between 0.0022 ±0.0012 ppm benzo(a) pyrene in fresh water fish caught from only one
for benzo(a) pyrene to 3.3506±1.3922 ppm for area out of 5 examined areas. On contrast, benzo(a) pyrene
fluoranthene. Meanwhile, the mean value of total PAHs residues were detected in 13 samples (65%) from the
levels in tilapia fish samples was 3.728 ±1.359 ppm. On the examined marine water mullet fish, this result agreed with
other hand, all the detected 11 PAHs residues those detected benzo(a) pyrene residues in 66% from the
[acenaphthylene, acenaphthene, fluorene, phenanthrene, examined marine water fish in Italy [1].
anthracene, fluoranthene, chrysene, benzo (b) Because of its serious public health significance, the
fluoranthene, benzo (a) pyrene, dibenzo (a,h) anthracene European Union determined only the permissible limit of
and benzo (g,h,i) perylene] were found in the examined benzo(a)pyrene (0.002 ppm in fish) among all the PAHs
mullet fish samples in the mean levels varied between compounds [16] Data in Table 3, revealed that the
0.0006±0.0002 and 0.757±0.2948 ppm for phenanthrene and benzo(a)pyrene residues exceeded the permissible limit in
Benzo(b) fluoranthene residues respectively. The mean 3 samples (15%) out of 20 tilapia fish samples and 11
concentrations of the total PAHs residues in examined samples (55%) out of 20 mullet fish samples. Although
mullet fish was 2.4350 ±0.5313 ppm. The statistical there is no significant difference between the total PAHs
analysis revealed no significant difference of the mean residues in the tilapia and mullet fish samples, the
total PAHs levels between both the tilapia and mullet fish relatively high levels of benzo(a)pyrene in the marine
samples. The obtained mean levels of the total PAHs water mullet fish than those in the fresh water tilapia fish
residues in the two examined fish types coincided with may explained by the difference of the sources of PAHs
those detected by Nasr et al. [11], which estimated the pollution. Previous study in Egypt coincided with this
total PAHs residues in levels ranged between 0.466 to result, Said and Agroudy [15] reported that
2.019 ppm in fresh water fish samples in El Menofiya benzo(a)pyrene residues was the most dominant PAHs
Governorate, Egypt. On the other hand, other foreign found in the sea water samples from Great bitter and
studies obtained lower total PAHs levels than those in the Temsah Lakes, Suez Canal. This result may be attributed
present investigation, Cheung et al. [12] estimated 0.015 to the ships effluents.
to  0.118 ppm  of  the total PAHs residues in marine fish in Concerning the public health point of view, PAHs
China. Moreover, Storilli et al. [13] and Olabemiwo et al. can be harmful to the human health under some
[14] recorded 0.046 to 0.124 ppm and 0.264 to 0.95 ppm of circumstances. Several PAHs, including benzo(a)pyrene,
the total PAHs residues in the smoked fish in Italy and benzo(b)fluoranthene, chrysene and dibenzo(a,h)
Nigeria respectively. On contrast, obviously higher levels anthracene cause tumors in the human [17]. The health
of total PAHs than our figures were recorded by Said and effects of PAHs from the long-term exposure included
Agroudy [15] they estimated 57.98 and 87.69 ppm of total kidney and liver damage, cataracts and jaundice,
PAHs in fish muscle samples from Great bitter Lake and furthermore, abnormalities, chronic bronchitis [18] and
EL Temsah Lake in Suez Canal, Egypt respectively. decreased immune function [19].

phenanthrene, dibenzo(a,h) anthracene and benzo(g,h,i)

among the examined tilapia fish samples, each of these
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Table 1: Concentrations  (ppm)  of  the  Detected*  11Polycyclic  Aromatic  Hydrocarbons  (PAHs)  in  the  Examined Tilapia and Mullet Fish Samples
(n = 20 for each)

Samples Tilapia Fish Mullet Fish
--------------------------------------------------------------- ----------------------------------------------------------------

PAHs Min. Max. Mean ±S.E. Min. Max. Mean ±S.E.
Acenaphthylene ND ND ND ND 3.54 0.4237±0.216
Acenaphthene ND ND ND ND 1.058 0.1914±0.0856
Fluorene ND 0.350 0.0627±0.0266 ND 0.313 0.0876±0.0213
Phenanthrene ND 0.183 0.0472±0.0149 ND 0.0041 0.0006±0.0002
Anthracene ND ND ND ND 0.0445 0.010±0.0033
Fluoranthene ND 18.360 3.3506±1.3922 0.051 4.310 0.657±0.2679
Chrysene ND ND ND ND 1.60 0.2654±0.1265
Benzo(b) fluoranthene ND 0.992 0.2264±0.0678 ND 4.521 0.757±0.2948
Benzo(a) pyrene ND 0.0222 0.0022±0.0012 ND 0.0997 0.0194±0.00712
Dibenzo(a,h) anthracene ND 0.082 0.0255±0.0052 ND 0.0717 0.0153±0.00617
Benzo(g,h,i) perylene ND 0.55 0.01429±0.0039 ND 0.09 0.0104±0.0044
Total PAHs** 0.062 18.415 3.728±1.359 0.38 6.291 2.435±0.5313
*: Naphthalene residues were not detected in all the examined samples
**: The statistical analysis revealed no significant difference between the total PAHs values in the 2 examined fish types

Table 2: Frequency Distribution of the Detected PAHs Residues in the Examined Tilapia and Mullet Fish Samples (n = 20 for each)
Samples Tilapia Fish Mullet Fish

--------------------------------------------------------------------- -----------------------------------------------------------------------
Detected Not detected Detected Not detected
---------------------- ----------------------- ------------------------ -------------------------

PAHs No. % No. % No. % No. %
Acenaphthylene 0.0 0.0 20.0 100.0 4 20 16.0 80.0
Acenaphthene 0.0 0.0 20.0 100.0 5 25 15.0 75.0
Fluorene 5.0 25.0 15.0 75.0 13 65 7.0 35.0
Phenanthrene 17.0 85.0 3.0 15.0 5 25 15.0 75.0
Anthracene 0.0 0.0 20.0 100.0 9 45 11.0 55.0
Fluoranthene 13.0 65.0 7.0 35.0 20 100 0.0 0.0
Chrysene 0.0 0.0 20.0 100.0 4 20 16.0 80.0
Benzo(b) fluoranthene 14.0 70.0 6.0 30.0 12 60 8.0 40.0
Benzo(a) pyrene 4.0 20.0 16.0 80.0 13 65 7.0 35.0
Dibenzo(a,h) anthracene 17.0 85.0 3.0 15.0 5 25 15.0 75.0
Benzo(g,h,i) perylene 17.0 85.0 3.0 15.0 13 65 7.0 35.0
Total PAHs 20.0 100.0 0.0 0.0 20 100 0.0 0.0

Table 3: The Incidence of Benzo(a) Pyrene Residues in the Examined Samples in Relation to the Permissible Limits (n= 20 for each sample type). 
European Permissible limit in fish is 0.002 ppm*
--------------------------------------------------------------------------------------------------------------------------------------------------------------------
Not detected Within P.L. Over P.L.
------------------------------- ---------------------------------- ------------------------------------

Samples No. % No. % No. %
Tilapia Fish 16 80 1 5 3 15
Mullet Fish 7 35 2 10 11 55
*: Official Journal of the European Union (2006)

From the obtained results, it is clear that the fresh were recorded in the mullet fish in higher levels than those
water tilapia fish and marine water mullet fish had in the tilapia fish. Moreover the mentioned compound
considerable levels of the total PAHs residues. Although exceeded the permissible limits in the most of mullet fish
the absence of the significant difference between total samples. These differences may be attributed to the
PAHs in both the examined fish types, the incidences and variation of the PAHs pollution sources between fresh
levels of the most hazardous compound [benzo(a)pyrene] and marine water.
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Fig. 1: Typical GC Densitgram of a Tilapia Fish Sample Contained Phenanthrene, Fluoranthene, Dibenzo (a,h)
Anthracene and Benzo(g,h,i) Perylene Residues

Fig. 2: Typical GC. Densitgram of a Mullet Fish Sample Contained Acenaphthene, Anthracene, Fluoranthene, Benzo(b)
Fluoranthene and Benzo(a) Pyrene Residues

CONCLUSION AND RECOMMENDATIONS 2. Stange, K. and J. Klungsøyr, 1997. Organochlorine

Hygienic treatment of the industrial effluents before
their drainage in the fresh water streams and the
marine water coasts is highly recommended.
The fishing areas must be fare from the sources of the
industrial and petroleum effluents.
Continuous monitoring of PAHs residues in the
different fish types in the Egyptian markets are
recommended.
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