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Polycyclic aromatic hydrocarbons (PAHs) are well known environmental pollutants at
low concentrations and are included in the Europcan Union and US Environmental
Protection Agency (EPA) priority pollutant list due to their mutagenic and carcinogenic
properties (Tsapakisa et al. 2003), They are gencrated by incomplete combustion of
organic materials arising in part from natural combustion such as forest fires and
voleanic eruptions (Wang et al. 1999). Petroleum production and import and export of
petroleum products also contribute to PAH contamination, especially in the marine
samples. Several PAHs are known to be potential human carcinogens these include;
benzo[a]anthracene, chrysene, benzo [blfluoranthene, benzofk]fluoranthene, benzo[a]
pyrene and benzo[ghi]perylene (IARC 1991). The acute toxicity of PAHs to marine
organisms increascs as the molecular weight of the compounds increases up to 202
molecular weight (e.g., flouranthene and pyrene), (GESAMP 1993).

The rapid growth of industrialization along the Red Sca coast has significantly changed
the environment of the region particularly the northern part of the Suez Gulf. That region
receives considerable drainage water, about 1.75 X 10° m*® were discharged annually
from oil refineries to the Suez Gulf (Awad 2002). On the other hand, the Gulf of Agaba,
is one of the most famous areas of tourism, allover the world. Despite this, the
accumulative effects of low-level hydrocarbon presence there are more dangerous than
accidental spills, in particular to sea grasses and phytoplankion. El Nemr et al. (2004)
recorded an average total concentration of 5452 ng/g; wet weight of 16 PAHs in mussels
(Brachidontes sp.), collected from the Egyptian Red Sea Coast.

The present iuvestigation is aimed to: 1) assess residual concentrations of dissolved
heavy aromatic hydrocarbons that may include carcinogenic PAHs, 2) study the sources
and inputs of oil pollutants into the Red Sea in order to estimate the PAH flux into this
area due to air-water exchange and 3) study the mobility of PAHs along the Egyptian
Red Sea coast.

MATERIALS AND METHODS

Surface water samples (1m depth) were collected from the Egyptian Red Sea coast (Fig.
1) using Nisken bottles from 39 sites during 2003. Water samples were stored at 21°C
and transported to the laboratory for PAHs analysis using well established techniques
(UNEP/ IOC/ TAEA 1991). Scawater samples were extracted with n-hexane, the sample
extracts were concentrated by rotary evaporator to 1 ml and analyzed according to
Gogou et al. (1998).
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Figure 1. Locations of sampling stations in the area of investigation

Briefly, extracts were fractionated on silica column and eluted with 11ml n-
hexane and (9.5/5.5) 13ml n-hexane/dichloromethane. The non polar aliphatic
hydrocarbons were collected in the first fraction and PAHs in the second one. Finally,
samples were concentrated under a gentle stream of purified nitrogen. To control the
analytical reliability and assure recovery efficiency and accuracy of the results, 6 analyses
were conducted on PAH reference materials, HS-5 and 2974 (provided by EIMP-IAEA).
The laboratory resulis showed recovery efficiency ranged from 92-111% with coefficient
of variation (CV) 8-14% for all studied pollutants. All solvents were pesticide grade
purchased from Merck and appropriate blanks (1000 fold concentrates) were analyzed.
The gas chromatograph was Hewlett Packard HP-3890 series II with split/splitless
injector and a fised silica capillary, HP-1 (30 m length, 0.32 mm id, 0.17 pm film
thickness); 100% dimethylpolysiloxane, and a flame ionization detector (FID) The
temperature was programmed from 60-290°C increased at a rate of 3°C min” ! and then
maintained at 290°C for 25 min. A 3pL splitless injection was used, and the mjecnon port
was maintained at 290°C. The carrier gas was nitrogen flowing at 1. 2 ml min™
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Figure 2. Correlation coefficient between THC and
total PAHs for all water samples during winter 2003,

A stock solution containing the following PAHs was used for quantification: naphthalene,
acenaphthylene, acenaphthane, fluorene, phenathrene, anthracene, fluoranthene,
benz(a)anthracene, chrysene, benzo(b)fluoranthene, benzo(k) fluoranthene, pyrene,
benzo(a)pyrene, dibenzo(a,h)anthracene, benzo(ghi) perylene and indeno(1,2,3-cd)pyrene
by dilution to create a series of calibration standards of PAHs at 0.1, 0.25, 0.5, 0.75, 1.0,
2.0, 5.0, and 10 pg ml™. The detection limit was approximately 0.01 pg ml™ for each
PAH, )

RESULTS AND DISCUSSION

The residue of 16 PAHs were identified in water (Tables 1-3). Pyrene, chrysene,
benzo(a)anthracene and benzo(b)fluoranthene werc the most dominant PAHs in most
samples. The total (316 PAHSs) concentrations were varied from 0.40 pg/L to a maximum
of 96.45 pg/L with an average of 20.93 pg/L. In addition, total hydrocarbon concentration
(THC) ranged from 9.73 pg/L to 164.03 pg/L with an average of 40.26 pg/L. These
values were lower than that recorded on the Arabian Gulf; 0.3-455 pg/L with an average
of 58.6 pg/L and those recorded on Saudi Arabia coasts ranged from 18.8-412 pg/L with
an average of 147.2 pg/L (Awad 1990). The present study suggests that the average THC
(i.e. 40.26 pg/L) is to some extent safe and will have weak, but not harmful, effect on
marine organisms. This is in accordance with conclusion derived from Mazmanidi et al.
(1976) who stated that the THC concentration in seawater which can produce a harmful
effect on the aquatic organisms is about 50 pug/L. .

PAH concentrations differ depending on the emission sources and several PAH
concentration diagnostic ratios have been extensively used in order to identify and
quantify the contribution of each source of contamination to the specific compartments
(Kavouras et al. 2001). They stated that the general distribution of PAHs in all water
samples reflects the high contribution of pyrolytic sources, due to the predominance of
parent PAHs over the alkylated derivatives. In general, the most important input of PAHs
in the investigated area is from petroleum transportation, offshore exploitation, and/or
natura!l seeps. The detection of perylene may be due to biogenic precursors via short-term
digenetic processes.
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Figure 3. Plot of isomeric ratios PHE/ANT vs FLTH/PYR for
water samples of the area of study during, 2003

A maximum concentration of perylene (5.58 pg/L) was recorded at station SU8; Gulf of
Suez. The origin of perylene is quite controversial. Perylene could also be derived from
aquatic material or diatoms. Ratio values such as phenanthrene/anthracene (PHE/ANT)
and fluoranthene /pyrene (FLU/PYR) had been used by different workers to identify the
origin of hydrocarbons (El Nemr et al. 2004). Petroleum often contains more
phenanthrene relative to anthracenc as phenanthrene is the most thermodynamically
stable tricyclic aromatic isomer. A low PHE/ANT ratio (<10) indicated that the major
PAH input was from combustion of fossil fuels while a high PHE/ANT ratio (>10)
suggested primarily petrogenic inputs. In addition, a FLU/PYR ratio less than 1 suggested
PAH presence was attributed to petrogenic inputs and values greater than 1 were related
to a pyrolytic origin (Bentahcen et al. 1997). In the present study, the simultancous
occurrence of isomer ratios of PHE/ANT <10 for all stations indicated that the major
PAH input was from combustion of fossil fuels (pyrolytic source) with an average ratio of
1.321 for all samples.

Also, FLU/PYR was <1 with an average value of 1.46. Figure (2) shows a positive
correlation (r = 0.646) between the ratio of fluoranthene/pyrene (FLTH/PYR) and
PHE/ANT, confirming also that the PAHs of the investigated areas were released from
pyrolytic resources (Readman et al. 2002). This is in accordance with El-Sikaily ct al.
(2003) who stated that PAHs recorded in coral reef samples of the Red Sea coasts is of
pyrolytic origin. In addition, the TCOMB ({(sum of PAHs come from
combustion/pyrolysis; MW>178) concentrations displayed values from 0.53 to 96.38
pg/L representing an average of 95% of total PAHs. While TF-PAHs (sum of PAHs
come from fossil fuels; MW<178) displayed valucs from 0.02 to 1.10 pg/L representing
an average of 5% of total anthropogenic PAHs. The benzo(a)anthracene/chrysene
(BaA/CHR) ratio has also been suggested to identify PAH sources, and this ratio tended
to increase as the petrogenic contribution decreased. The ratio for crude and fuel oil
ranged from 0.24 to 0.4 (Colombo et al. 1989). The BaA/CHR ratio in this study ranged
between 0.06-9.27 suggesting a pyrolytic source. On the other hand, a good correlation
was found between the THC and TPAHs with r = 0.42 (Fig. 3), which is greater than the
significant value; r = 0.329 at P = 0.05 for 38 pairs of water samples. This clearly
indicates that the two classes of compounds (alkanes and PAHs) may come from the
same source (i.e. pyrolytic).
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In addition, the present data shows that the group of PAHs from fossil fuels (MW<178);
naphthalene, acenaphthylene, acenaphthene and fluorene posed the lowest dominant
compounds in all water samples. Pyrene was the most dominant fraction of total
combustion oil (MW>178) observed clearly in both of the Gulf of Suez and the Red Sea
proper more than that recorded in the Gulf of Aqaba. The carcinogen BaP was the lowest
fraction among the TCARC compounds (sum of BaA+BbF+BaP+InP+DBA) in all water
samples.

The mobility of PAHs and THC are presented in Tables (1-3). It is clear that the order of
concentration of both of THC and TPAHs was: Gulf of Suez > Gulf of Agaba > Red Sea
proper. It can be concluded that water of the Red Sea does not interfere with the identity
of water of the Gulf of Sucz even with the most northem wind prevailing all the year
(Morcos 1970). This is also evident by low concentration in the Red Sea. The counter
clockwise circulation of water in the northemn part of the Gulf of Suez cansed transport of
hydrocarbons toward Ain Sukhna (SU6). Otherwise, we can divide the Gulf of Suez
water into two sectors; Sector a: (SU1-SU6) as industrial activity source from oil
refineries and Sector b: (SU7-8U13) as oil field activity. Going toward the Red Sea
proper, the activities occurred at Safaga harbour (RE 9) and at Quseir (RE 12) were the
highest source of pollution. Also, the PAHs were the lowest in the Red Sea proper. In the
Gulf of Agaba ancther trend was observed, where the main source of pollution was oil
fields with distribution along the Saudi Arabian coast via atmospheric deposition,

The sum of six carcinogenic PAHs (TPAHrc) as recommended by IARC (1991), were
highest at stations; SU2, RE13, AQ11 showing a concentration of 28.20, 2.59 and 23.88
pg/L, respectively (Tables 1-3). Benzo[a]pyrene has been chosen as a general indicator of
total PAHs in a given sample. The Joint FAO/WHO Expert Committee on Food
Additives has adopted a specification which requires that the concentration of
benzo[a]pyrene should not exceed a limit of 10 pg/kg. This value is much below the
average of 5.59, 0.02 and 0.86 pg/L obtained in water of the Gulf of Suez, Red Sea
proper and Gulf of Agaba respectively indicating low level contamination. According to
studies done in the USA, in four major cities, the total PAHs in drinking water ranged
between 4.7 pg/L and 600 ug/L (ATSDR 1995) as against average total concentrations of
4.33,30.24 and 38.717 pg/L recorded in water collected from the Red Sea proper, Gulf of
Aqaba and Gulf of Suez, respectively obtained in this study.
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