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ABSTRACT

Alexandria and Port Said are two northern coastal Egyptian govemnorates located
along the Mediterranean Sea. Both governorates were considered the most important
harbors in Egypt. Many industrial activities located in it, especially fertilizers manufactories,
recycling and waste incinerators which considered as a major source for food especially fish
contamination with PCDD/'s. This study highlighted the levels of PCDDs/Fs to assess the
ecological and potential health risks derived from its intake and was performed to obtain
information about the concentrations of PCDDs/Fs in fish that are high in production and
commonly consumed. A total number of 26 fish samples that represent different types;
Tilapia (Tilapia Zilli), grey mullet (Mugil cephalus), sardine (Sardinella spp.) and brush tooth
lizard (Saurida undosquamis) samples were collected during 2006 from seven locations
along the coastal Mediterranean borders for both govemnorates. The results demonstrated
that the concentration of dioxins didnot exceeded the maximum level proposed by the
Egyptian Organization for Standardization which relatively the same with the European
Community which have set a limit of 4 pg WHO-TEQ/g of PCDD/Fs for fish and fish products
on a wet weight basis. The results obtained from the analysis of seventeen 2,3,7,8-
substituted congeners of PCCD/Fs in the four species of fish from seven areas over the
Mediterranean Sea were determined and showed to be lower than the maximum permissible
limits. Average concentration of total PCDD/Fs in tilapia, grey mullet, sardine and brush
tooth lizard fish from the Mediterranean Sea was ranged from 0.22 to 2.9 pg WHO-TEQ/g
fw, 0.38 to 1.2 pg WHO-TEQ/g fw, 0.21 to 0.47 pg WHO-TEQ/g fw, and 0.3 to 0.66 pg
WHO-TEQ/g fw respectively.
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1. INTRODUCTION

Polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDDs and
PCDFs) are two groups of chemicals within the persistent organic
pollutants (POPs) found in the environment because of their persistent,
toxic, and bioaccumulative properties. PCDD/Fs are fat-soluble and
accumulate in animal tissues. They are among the more toxic
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anthropogenic contaminants where PCDD/Fs are produced from
combustion sources and manufacturing process, Such as combustion
(Baker and Hites, 2000), incinerators (Schuhmacher et al., 1997). and
vehicles exhausts (Miyabara et al., 1999), although they are 210 PCDD/F
congeners, only 17 (those with a 2,3,7,8 substitution) have so far been
found to be toxic. Among them, the most toxic compound is 2,3,7,8-
tetrachlorodibenzo-p dioxin or TCDD. The toxicity of other PCDD/Fs is
measured in relation to TCDD. PCDD/Fs have well described toxicities at
extremely low concentrations, and a highly competent system, which allows
inter-comparison of toxicities between different isomers on the basis of
toxic equivalents (TEQ), has been developed for humans and wildlife (Van
den Berg et al., 1998). These toxic substances tend to bioaccumulate
further up the food chain, so PCDD/F levels in fish are often 100,000 times
greater than those found in the surrounding environment (Schecter et al.,
2001). Exposure to PCDD/Fs can cause several endocrine. reproductive
and developmental problems in animals, including human beings (Van den
Berg et al., 1998). In 1997, the International Agency For Research on
Cancer (IARC) declared 2,3,7,8- TCDD carcinogenic for humans (World
Health Organization (WHO, 1997). Since 1990s food has been identified
as a pathway of human expesure to. dioxin compounds. Dietary intake
contributes about 90-98% of the total daily dioxin intake of the general
population. In which animal origin feed contribute about 90%of the daily
intake in European country’'s (Hoogenboom et. al.2004). The
Mediterranean Sea is no exception, as it is the recipient of extensive urban
and industrial waste-water discharges from neighboring countries, while at
the same time it is an attractive leisure region: there is thus an evident need
for environmental risk assessment tools where it is the end point of various
outlet that discharge large volumes of agriculture, municipal and industrial
waste water, these contaminates are mainly ported to aquatic systems
through the atmospheric deposition or directly via rivers (Bruzuzy and
Hites, 1996), All Wastes are originated from shipping activities, and
maintenance works around. Marine ecosystem is the end point for a variety
of pollutants that originate either from land or sea. Pollutants tend to
accumulate in marine organisms reaching high concentration levels, posing
potential threats to marine life and their consumers where fish is the
primary protein source in diet of residents in some area along the
Mediterranean Sea. In Egypt there is a lack of information to the PCDD/Fs
evaluation studies (Loutfy et al., 2006) to estimate the PCDD/Fs exposure,
the research work on dioxins in Egypt has been started recently and only
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scarce information about PCDD/Fs contamination levels in food or the
environment is available. The results from this work will provide an
important data pool for setting the Egyptian National PCDD/Fs Standards in
food and provide important information to decision makers in formulating
policies to control sources and release of PCDD/Fs in the future.

2. MATERIALS AND METHODS

Chemicals and Reagents

All solvents used were from grade A and purity not less than 99%,
Silica gel and basic Alumina were purchased from Aldrich (Brockmann |,
Standard grade, Milwaukee, USA). Calibration standard solutions, labeied
standard and injection solutions specified in EPA Method 1613B were
obtained from Cambridge Isotopes Laboratories (Andover, USA).

Sampling and Sample processing

The procedures of sampling method were following the European
commission regulation (EC) No 1883/2006. The collected samples during
2006 were represented from the most expected contaminated fishing area
in Mediterranean Sea from Alexandria and Port Said harbors. The sampling
strategy for the current survey targeted fish species that commonly eaten
by the local people due to its cheaper prices in Egypt are one of the
developments countries. Fish samples were analyzed in this survey include
four different species of (Tilapia, grey mullet, sardine, and brush tooth lizard
fish). All fish samples were mature for sale. The edibie parts of the fish
were removed, grounded, and then freeze-dried.

Extraction

N-hexane/ dichloromethane (1:1) were used for extraction for at
least 18-24 h, an aliquot of freeze dried sample (equivalent to 20g wet
samples) were spiked with known amounts of mixture of labeled PCDD/Fs,
are extracted using Soxhlet after mixing the homogenized sample with
anhydrous sodium sulfate, the extract solvent was evaporated using a
rotary evaporator to concentrate the lipid, then lipid content were
determined.
Clean-up : R S

Steps were conducted according te' EPA Method (U.S EPA
1613(B), 1994), using anthropogenic, muiltilayer silica gel, alumina and
active carbon column.
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HRGC/HRMS Instrument

Analyses were conducted using HP 6890 plus gas chromatograph
coupled with Micromass/Autospec Ultima mass spectrometer operating in
El mode at 35. eV and with a resolution of 10.000 (5%valley). Sample
injections were performed in the splitless mode on DBS MS column (60m,
0.25 mm id, 0.1pm film thickness). The oven program was started from
90°C then takes 15min. to reach 220°C then held for 15 min, then from 220-
290 in 8min then held for 17min. Helium (Ultra high purity) at a flow rate 0.8
ml/min. was used as a carrier gas. Injector temperature was 225 C, 1l of
the sample was injected using splitless mode.

Quantitative determination

Determinations of PCDD/Fs were performed by an isotope dilution
method using relative response factors previously obtained from five
standard solutions. The TEQ concentrations were calculated guided to
World health Organization-toxic equivalent factor (WHO-TEFs, 1998), the
result values are presented in pg WHO-TEQ/g fresh weight (fw) Multiplied
by the associated WHO-TEF (Van den Berget al., 1998). It was assumed
that non-detected isomer concentrations were equal to the limits of
determination. As recommended by the European Regulation (Council
Regulation EC No. 2375/2001, detection and quantification limits, as well
as recoveries, for all PCDD/Fs congeners were in good agreement with
requirements established in the European Commission Directives
(2002/69/CE and 2004/44/EC), laying down the sampling methods and the
methods of the analysis for the official control of PCDD/Fs. For each run
the samples were prepared including a method blank and quality control
samples are performed. All steps of analysis were conducted according to
(U.S EPA 1613(B), 1994).

3. RESULTS AND DISCUSSION
3.1 PCDDs/Fs in fish samples

Seventeen 2,3,7,8-substituted congeners of PCDD/Fs profile in the
edible parts of four species of fish from seven areas were determined. The
levels of PCDD/Fs were shown in Table (1), figure (1) show the profile of
the PCDD/Fs in Egypt, this study shows that the most dominant congeners
was PCDDs where OCDD contribution was remarkable in higher
percentage than any other congener in the four kinds of fish as shown in
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figure (1), this congener has been reported to be dominant in emission from
domestic combustion by (Weres et al., 2004).

Table; (1) Average concentration of PCDD/Fs in fish pg/g in
Alexandria and Port Said

Govemorate Alexandria Port Said
Brush Brush
Kind Of fish  Tilapia Grey Sardine Tooth Tilapia Grey  Sardine Tooth
No of
Sampies 5 3 3 3 3 3 3 3

YPCDDs 4.6 3.9 3.3 3.3 21.6 19.2 11.9 10

>PCDFs 2.3 2.3 1.2 1.6 2.7 5 2.3 28

> PCDDs/Fs 6.9 6.2 4.5 4.9 243 24.2 14.2 12.8

This study showed that Tilapia fish contained the highest
concentration found in Alexandria 6.9 pg/g fw ranged from 3.8 to 13.1 pg/g
fw where the most abundant congener was OCDD 3.8 pg/g fw which
contributes about 54% from YPCDD/Fs ranged from 2.1 to 5.4 pg /g fw,
where the OCDD was the highest congener, While OCDF 0.52 pg/g fw
which contributes about 8% from Y PCDD/Fs ranged from 0.28 to 0.63 pg/g
fw. (Bacher et al., 1992), reported that OCDD was the most abundant in
open fire of garden waste where the dominance PCDFs has been reported
in the chimney soot, Samples arising from wood burning was reported in
the United Kingdom ambient air Samples from an area where the domestic
burning of wood and coal is wide spread (Lohmann et al., 2000).
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Figure (1) Average concentration of profile PCDDs/Fs of fish
pg/g for Alexandria and Portsaid harbors.

Port Said tilapia fish average concentration was 24.2 pg /g fw ranged from
11.9to 48.3 pg/g fw where the most abundant congener was also OCDD 18
pg/g fw which contributes about 74% from Y PCDD/Fs ranged from 7.6 to
37.4pg /g fw as shown in figure(1),The profile of dioxin when calculated in
Port Said showed that tilapia was the highest concentration (pg/g) but in
(pg WHO-TEQ/g) Grey Mullet was the highest concentration this difference
is according to sum of PCCD/Fs multiplied by Toxicity equivalency(TEQ),
OCDF was detected in all kinds of fish but with small amounts compared
with OCDD which reflects that Egypt nature is not industrial as the source
of OCDF is caused mainly by chemical manufacturing especially polyvinyl
chloride (PVC), manufacturing process (Bakogiu et al., 2005).

3.2 PCDDs/Fs pg/g(TEQ) Toxic equivalency in fish samples.

These results obtained from the analysis of seventeen 2,3,7,8-
substituted congeners of PCCD/Fs in the four species of fish Multiplied by
Toxic equivalency factor (TEF).

Vol. 14 (3), 2009 682



J. Adv. Agric. Res. ( Fac. Ag. Saba Basha)

Table; (2) Average concentration of fish (pg WHO-TEQ/g) in
Alexandria and Port Said

Govemnorate Alexandria Port Said
Brush Brush
Kind Offish  Tilapia Grey Sardine Tooth  Tilapia Grey Sardine Tooth
No of
Samples 5 3 3 3 3 3 3 3
Fat (g) 0.7 1.4 0.8 1.1 1 1.7 0.83 0.97

3 PCDDs 0.41 0.22 0.16 0.22 0.42 0.33 0.27 0.27

> PCDFs 0.41 0.26 0.13 0.27 0.27 0.51 0.13 0.22

3 PCDDs/Fs 0.82 0.48 0.29 0.48 0.69 0.84 04 0.49

Average concentration of total PCDD/Fs in Tilapia, grey ,sardine

and brush tooth lizard fish from Mediterranean Sea was 0.82 pg WHO-
TEQ/g fw ranged from 0.22 to 2.93pg WHO-TEQ/g fw, 0.48 pg WHO-
TEQ/g fw ranged from 0.38 to 1.2 pg WHO-TEQ/g fw, 0.29 pg WHO-TEQ/g
fw ranged from 0.21 to 0.47 pg WHO-TEQ/g fw, 0.49 pg WHO-TEQ/g fw
ranged from 0.3 TO 0.66 pg WHO-TEQ/g fw.
The Sum of PCDD and PCDF are presented in table (2), Mostly all
analyzed samples are characterized generally by the dominance of
PCDDs. These congeners have been reported to be dominant in emission
from domestic combustion (Alcock et al., 2001), PCDFs usually dominate
the typical finger prints from combustion sources (Huang and Buekens,
1995), The study shows that tilapia fish contained the highest concentration
found in Alexandria (0.8 pg WHO-TEQ/g fw) ranged from 0.22 to 2.9 pg
WHO-TEQ/g fw where it was the minimum fat content 0.7g, the most
abundant congeners were PeCDFs 0.33pg WHO-TEQ/g fw which
contributes about 40% from YPCDD/Fs , PeCDDs 0.27pg WHO-TEQ/g fw
which contributes about 33% from YPCDD/Fs and TCDD 0.10 pg WHO-
TEQ/g fw which contributes about 13% from > PCDD/Fs.
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Figure; (2) Average concentration of profile PCDDs/Fs of fish (pg
WHO-TEQ/g) for Alexandria and Portsaid harbors.

Toxicity equivalency (TEQ) was calculated based on the WHO-TEFs for
humans/mammails (Van den berg et al., 1998), Alexandria and Port Said
have the most contributed amount of PCDDs/Fs but was in the permissible
limits of the ESO. Agriculture drainage, Electricity Plant, factories for
fertilizer, Metal, and petrochemical companies settled at Abu kier make it
the highest concentration area in Alexandria and Porfouad in Port Said was
the highest concentration area which have recycling rubbish factory, Abu
Kir concentration was 2.9pg WHO-TEQ/g fw Where the most abundant
congeners were PeCDFs 1.4 pg WHO-TEQ/g fw which contributes about
48% from Y PCDD/Fs, PeCDDs 1pg WHO-TEQ/g fw which contributes
about 35% from YPCDD/Fs, and TCDD 0.28 pg WHO-TEQ/g fw which
contributes about 10% from Y PCDD/Fs, and the lowest concentration was
found in Sardine 0.3pg I-TEQ/g fresh weight were its fat percent 0.8g
higher than Tilapia as shown in table(2),Port Said Grey Mullet was the
highest fat content 1.7g also it was the highest concentration Found in Port
Said 0.84pg WHO-TEQ/g fresh weight ranged from 0.56 to 1.2 pg WHO-
TEQ/g fw where the most abundant congeners were PeCDFs 0.26pg
WHO-TEQ/g fw which contributes about 31% from > PCDD/Fs, TCDF 0.18
pg WHO-TEQ/g fw which contributes about 21% from 3 PCDD/Fs, and
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TCDD 0.16 pg WHO-TEQ/g fw which contributes about 20% from
2PCDD/Fs. PorFouad contained the highest concentration 1. 2 pg I-TEQ/g
fresh weight Where the most abundant congeners found was PeCDFs
0.36pg WHO-TEQ/g fw which contributes about 31% from 3PCDD/Fs,
TCDF (0.27 pg WHO-TEQ/g fw) which contributes about 23% from
2PCDD/Fs, and TCDD 0.23 pg WHO-TEQ/g fw which contributes about
20% from Y PCDDI/Fs, and the lowest concentration was found in Sardine
0.39pg I-TEQ/g fresh weight. PCDD/F concentrations in food samples
ranged between 0.12 and 3.35 pg WHO-TEQ/g wet w Egypt. (Tundo et al.,
2004, 2005).

4. CONCLUSION

The levels of PCDD/Fs were studied in four fish species collected
from the Northern Egyptian harbors where Tilapia eight samples, Grey
Mullet six samples, Sardine six samples and Brush tooth Lizard fish six
samples from two governorate (Alexandria, Portsaid) along the
Mediterranean Sea. The study showed that the levels of PCDD/Fs were
fairly lower than the maximum permissible limits of European Community.
Average concentration of total PCDD/Fs in Tilapia, grey muliet, sardine and
brush tooth lizard fish from Mediterranean Sea was Ranged from 0.22 to
2.9 pg WHO-TEQ/g fw, 0.38 to 1.2 pg WHO-TEQ/g fw, 0.21 to 0.47 pg
WHO-TEQ/g fw and 0.3 to 0.66 pg WHO-TEQ/g fw respectively.

ACKNOWLEDGEMENTS

This work was funded by the Central Laboratory of Residue
Analysis of Pesticide and Heavy Metal in food, Cairo, Egypt. We are
grateful to Dr. Sohair Gadallah, Dr. Emad Ramadan, Dr. Mohamed Amer
and Mr. Mustapha Nabil for there technical support.

REFERENCES

Alcock, R.E., Sweetman, A.J., Jones, K.C., A congener-specific PCDD/F
emissions inventory for the UK: do current estimates account for the
measured atmospheric burden? Chemosphere 2001; 43:183- 194.

Bacher, R.,. Swerev, M., Ballschmiter, K., Profile and pattern of
monochlorodlbenzodloxms through octachlorodlbenzodloxms and
octachlorodibenzofurans in chimney deposits from wood burning.
Environ. Sci. Technol. 1992; 26:1649—-1655.

Vol. 14 (3),2009 685



J. Adv. Agric. Res. ( Fac. Ag. Saba Basha)

Baker, J. L. and Hites, R. A. Is combustion the major source of
polychlorinated dlbenzo-p-dloxms and polychiorinated
dibenzofurans to: the enviroment. Enviromental science and.
technology 2000; 342870-2886 -

Bakoglu, M., Karademlr, A Durmusoglu, E., Evaluation of, PCDD/F‘
levels in ambient air and soils and estlmatlon of deposition rates in
Kocaeli, Turkey. Chemosphere 2005; 59: 1373-1385.

Bruzuzy, L. P. and Hites, R. A. Global mass balance polychlorinated
dibenzo-p-dioxins and polychlorinated dibenzofurans Enviromental
science and technology. 1996; 30:1797-1804.

Bocio A, Domingo JL., Daily intake of polychiorinated dibenzo-p-dioxins/
polychlorinated dibenzofurans (PCDD/PCDFs) in foodstuffs
consumed in Tarragona, Spain: a review of recent studies (2001~
2003) on human PCDD/ PCDF exposure through the diet. Environ
Res. 2005; 97:1-9.

EC(European Commission), Commission directive 2006/13/EC of
3februrary 2006amending Annexes | and |l to directive 2002/32/EC
of the European Parliament and of the council on undesirable
substance in animal feed as regards dioxins and dioxin-like PCB'S
Official J. Eur. Union L 2006b; 32:44-52.

EC(Commission Regulation), No. 199/2006 of 3 February amending
Regulation No. 466/2001 setting maximum levels for certain
contaminants in foodstuffs as regard to dioxins and dioxin-like
PCBs. Off J Eur Union, L 2006, 32/34.

EPA (Environmental Protection Agency, U.S.A) Method 1613, "Tetra
through octa-chlorinated dioxins and furans by isotope dilution
HRGC/HRMS". 1994.

Loutfy N.; M., Fuerhacker;P., Tundo; S., Raccanelli; M. T., Ahmed
Montoring of polychlorinated dibenzo-p-dioxins and dibenzo furans,
dioxin-like PCBs and pelycyclic :aromatic hydrocarbons in food and
feed samples from Ismailia city,Egypt.Chemosphere
2007;66(10),1962-1970. ‘

Vol. 14 (3),2009 686



J. Adv. Agric. Res. ( Fac. Ag. Saba Basha)

Hoogenboom R, Bovee T, Portier L, The German bakery waste incident:
use of a combined approach of screening and confirmation for
dioxins in feed and food. Talanta 2004; 63:1249-53.

Huang, H., Buekens, A., On the mechanisms of dioxin formation |
combustion processes. Chemosphere 1995 31:4099-4117.

Lohmann, R., Northcott, G.L., Jones, K.C., the contribution of diffuse
domestic burning as a source of PCDD/Fs, PCBs, and PAHs to the
UK atmosphere. Environ. Sci. Technol. 2000; 34: 2892 2899.

Miyabara, M., Shunji, H., Masarau, S. and Masatosh, M. PCDDs and
PCDFs in vehicle exhaust particles in Japan. Chemosphere 1999;
39:143-150.

Schecter A, Cramer P, Boggess K, Stanley J, Pdpke O, Olson J, Intake
of dioxins and related compounds from food in the U.S. population.
J Toxicol Environ Health 2001; 63:1-18.

Schuhmacher, M., Xifro, A.S., Liobet,J. M., De Kok, H. A. M. and
Dominag, J. L. PCDD/Fs in soil samples collected in the vicinity of
a municipal solid waste incinerator: Human health risks. Archives of
Environmental Contamination and Toxicology 1997, 33:239-246.

Tundo, P.,Raccanelli, S., Reda, L., Tawific Ahmed, M., Distribution of
polychlorinated dibenzo-p-dioxins, polychlorinated dibenzofurans,
dioxin-like polychlorinated biphenyl and polycyciic aromatic
hydrocarbons in the sediments of temsah lake, Suez Canal,
Egypt.Chem. Ecol. 2004, 20: 257- 265.

Tundo, P., Reda, L., Yehia, Y. Mosleh, Tawfic Ahmed, M., Residues of
PCDD, PCDF, and PCBs in some marine organisms in Lake
Temsah, Ismailia, Egypt. Toxicol. Environ. Chem. 2005; 87, 21-30.

Van den Berg, M., L.S., Birnbaum, A.T.C., Bosveld, B., Brunstrom, P.,
Cook, M., Feeley,J.P., Giesy, de A., Hanberg, R., Hasegawa,

S.W., Kennedy, T., kubiak, J.C., Larsen, F.X.R., Van Leuwen,
A.K.D., Liem, C., Nolt, R.E., Peterson, |, Poellinger, S.h., Safe,

" D., Schrenk, D., Rillitt, m., Tysklind, M., Younes, F., Waern, T.,
Zachrewski Toxic equivglency factors (TEFs) for PCB's, PCDDs,
PCDFs for humans and wildlife. Environ. Health Perspect, 1998;

106(12), 775-792.

Vol. 14 (3). 2009 687



J. Adv. Agric. Res. ( Fac. Ag. Saba Basha)

Wevers, M., De Fre’, R., Desmedt, M., Effect of backyard burning on
dioxin deposition and air concentrations. Chemosphere 2004; 54:
1351-1356.

WHO, 1997. World Health Organization, ‘International Agency for
Research on' Cancer. IARC Monaographs on the evaluation of
carcinogenic risks to humans. Polychlorinated dibenzo-p-dioxins
and polychlorinated dibenzofurans, vol 69. Lyon.

A Busiall o) dladd pany A Gl gl i glall Gl gia eal
Anall pas 4y sgar O Lgrsand o5
EP- - U Y- IS VR SO PR RVE QI RN RS I [ U B
" sl il g
= Sl cliial 558 el Jenall =Y alill dasla — ded 5N Al - Shauall and -
4l ol St S 56
ean Ay gean (b Jma ) g Ay )NV liilae (3 Y 0T A dlas A (YY) pan 65
ol g (b ABae Silisall (3 gl CanS gl il siaan ok lly g Joss il jagll (ge A pal
Lrl;d_,’u’uwidéuﬂlo;\a.bj.\é‘,t(ﬁ)_)ﬁn—ggé)a-d_)_,,\—uhh)cﬂ“m&ama
SNV PU SERY- U EEIE SRR P IO P PR TY R ORI E R R W
ds ol pa gl VY = 4 o e gl 5T ilS (el sl Aaailly ) sl 5 peS ol & gand
Sl oYY =tV gl alpa S/ WS W e B ALY G Gl ) e S
Ol g all 038 5 Ay Sall ol ja S [ lS plpa gl 4T = 90Ty Gpall o) a SIS/ i B
0F Jshie Jass Lo Jasall Sl 5 2 s¥) STV 3 g0n e D (3 & eaall 0 s2adl e B
) Gk e (S Al Al (5 el Canlll alall el (52e

ol y e gl — S Aal Slalel

Vol. 14 (3), 2009 688



