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Abstract: The present study aims to quantify the distribution of some heavy metals (Pb, Cd, Ni, Mn, Cr, Cu, Co and Zn ions) and
natural radionuclides (**®U-series, 2?Th-series and “°K) in some marine organisms and water samples in the Alexandria Mediterranean
Sea coastline. As well as assessment the heavy metals impacts and the radiological impacts of the detected radionuclides on Marine
organism. Five locations are selected for this study and they are EI-Mex, Eastern Harbour, El-Dekhila, Abu-Qir and Rashid. The
investigated marine organisms areFish (Engraulisencrasicolus), Sepia Officianalis, Crabs, Diatom Amphora, Om-Elkhlol
"Donaxtrunculus, and Gandofelly" Tapes decussates. Determination of heavy metals in the investigated organisms and water samples
has been carried out using atomic absorption spectrophotometer. Also the laboratory investigations for radionuclides in the organism
and the water samples have been carried out using a HpGe gamma ray spectrometric technique. The seawater samples in all studied
locations have very high concentration of Zn and Mn ions, and the concentrations of the investigated heavy metal ions have the
following order: Zn> Mn> Pb> Co> Cr> Cu> Ni> Cd. In all locations, the concentrations of Cr ions nearly coincident with that of
worldwide average values, while other heavy metal ions are very high than the worldwide average values, USEPA. The concentrations of
heavy metals in the investigated marine organisms discernthat Mn ions do not accumulated in any investigated marine organisms in
compared to worldwide average values by the USEPA. Fish (Engraulisencrasicolus), Sepia OfficianalisandOm-Elkhlol
""Donaxtrunculusareable to highly accumulate Ni and Co ions. Crab and Diatom Amphoraareable to highly accumulate Pb, Cd, Ni, Cr
and Co ions.Cu ions do not accumulate in any investigated marine organism except Diatom Amphora in Rashid and Abu-Qir locations.
Diatom Amphorais able to accumulate Zn ions than any investigated marine organisms. High levels of >®U-series, 2?Th-series and “°K
in water samples are recorded in Rashid location and they equal 15.71+0.83, 13.8+1.27 and 185.84+8.42 mBq/l, respectively. Also in this
location Fish Engraulisencrasicolus has high level of 28U equals 55mBag/kgbut Sepia Officianalis has high level of both Z8Uequals 34
mBag/kgand #?Th equals 35 mBg/kgas well as the Diatom Amphora record high activity of “’Kequals 340+19mBq/kg, than other
organisms. Bioconcentration factors (BCF) of the investigated heavy metals and radionuclides for the studied organisms were
calculated. The investigated marine organisms have bio-accumulative properties towards most of the investigated heavy metals and
radionuclides. The concentration levels of the heavy metals found in this study do not constitute a risk factor for the marine organisms
and appear to be accommodating with the worldwide values by the USEPA. Concentrations of **®U-series, 2**Th-series and “°K in both
water and marine organisms are accommodate with worldwide values.
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uniformly distributed in the seas and the oceans [7].Human
activities like mining and milling of mineral ores,
reprocessing and enrichment, nuclear fuel fabrication and
handling of the fuel cycle tail end products cause release of
additional amounts of natural radionuclides into the
environment. Also, the discharge into the sea of low level
waste from nuclear industry has become a source of
contamination in the marine coastal environment of
countries possessing nuclear power plants and nuclear
reprocessing plants [8].Most of the radioactivity deposited
on surface sediments are washed by rains and drained
through rivers to the oceans. Part of the ground deposited
activity is absorbed in the soils and percolates with the
underground waters to the oceans. Radionuclides reaching

1. Introduction

Marine organisms can accumulate trace metals from the
dissolved phase and from ingested food [1]. Metals enter the
environment naturally as a result of chemical and physical
weathering of rocks, leaching of soils, vegetation, and
volcanic activity [2]. Both anthropogenic and natural
processes can contribute to the trace metal contamination in
the coastal sediments [3].Marine food such as fish, prawn,
crab and mussel are delicacies and form an important staple
part of daily food chain [4]. The tendency of heavy metals to
get is of scientific interest in heavy metals chemistry. The
bioavailability and accumulation of heavy metals in marine
organisms is the key factor for determining tissue metal

levels in the marine biota [5].A number of natural
disturbances influence the marine environment of
Mediterranean- Alexandria area including the pollution by:
oil spills, wastewater discharge, effluents of desalination
plants, building activities along the seashore, marine traffic,
landfilling and dredging operations. Several studies on
marine organisms and marine-sediments of the Egyptian
Mediterranean Sea have been carried out [6].The
bioaccumulation of radioactive materials refers to a process
by accumulating in various tissues of a living organism. The
naturally occurring radionuclides are relatively and

the ocean become part of the marine ecosystem (water,
sediments, and biota) and may transfer through seawater-
sediment-biota interface to human [9]. Accumulation of such
substances in the marine costal environment raises many
problems concerning safety of biotic life, food chain and
ultimately humans. To address these problems, assessment
of radioactivity concentration in the marine environment is
essential. It is necessary to quantify the distribution of
radionuclides in the main marine constituents (sea water and
marine organisms) and to assess radiological impacts of the
detected radionuclides on human health. Bioconcentration
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factor of an organism can be calculated to estimate the
amount of heavy metal input to the organism from the
surrounding environment. Bioconcentration is defined as the
net result of the absorption, distribution and elimination of a
substance in an organism, after an exposure via water. The
bioconcentration factor is the ratio between the chemical

concentration in the organism and the chemical
concentration in water, at equilibrium [10].
_Carganism
BCF o ganism = v weevee ve s sne sne e e (1)

Cwater

Where: BCFqrganism 1S the bioconcentration factor for the test
organism,

Corganism 1S the chemical concentration in organism in mg/kg,
and

Cwater IS the chemical
mg/I(OECD)[11].

The present study aims to quantify the distribution of some
heavy metals and natural radionuclides (***U-series, **Th-
series and “°K) in some marine organisms and water samples
in the Alexandria Mediterranean Sea coastline. As well as
assessment the heavy metals impacts in addition
toradiological impacts of the detected radionuclides on
human health.

concentration in water, in

2. Materials and Methods
2.1. Study area

The investigated area (110km along) expanded along the
coast of Alexandria, from Al-Max 31°.08' .11" N to 29°. 5'.
02" E in west to Abu-Qir 31°.17'. 20"N t030° . 08'.23" E in
east and stretches to Rashid coast city 31°.21' .18" N to
30°.18' .20" E.

2.2. Sampling and sample preparation

Collected samples in the coastline study area occurred
during spring 2013. Five representative water samples were
collected by using water sampler. The marine organisms
samples of Fish (Engraulisencrasicolus), Sepia Officianalis,
Crabs, Diatom Amphora, Om-Elkhlol "Donaxtrunculus™ and
Gandofelly, Tapes decussates were collected in the study
area and transported to the laboratory in ice boxes and stored
at (-10°C) until subjected for further analysis, about 15
individuals of each species were collected from the study
area; at the same locations of the selected water samples.
The samples of marine organisms were then cut into smaller
pieces to ensure effective grinding .The cleaned samples
were dried in an oven at70 °C for five days (until there was
no detectable change in the mass of the samples)to ensure
that the sample were completely moisture free, a constant
dry weight being obtained. Dried samples were ground to
fine grain sizes by using a stainless steel cutter blender, and
sieved in order to obtain homogeneity. All homogenized
samples were then transferred into 250 ml sizes Marneli
beaker, sealed hermetically, and left for about 4 weeks at
room temperature in order to attain secular equilibrium
among the ?®U-series and **Th-series precursors with their
short-lived progenies[12].

2.3. Determination of heavy metals in Sea water and
marine organisms samples

The heavy metals concentrations in the investigated sea
water and marine organisms samples were measured using
computer controlled Atomic Absorption Spectrophotometer
(Shimadzu 6701F System manufactured in Germany). The
instrument setting and operational conditions were done in
accordance with the manufacturers ‘specifications. All
determinations were in triplicates.

2.4- Radioactivity measurements for Sea water and
marine organism’s samples

A gamma ray spectrometer in the laboratory of Egyptian
Nuclear and Radiological Regulatory Authority was used to
estimate the activity levels of the *®U-series, ?**Th-series
and “°K in the investigated sea water and organism
samples..The y -ray spectra of the samples were collected
using a high resolution CANBERRA coaxial hyper pure
germanium (HpGe) detector. Standard sources of natural
Uranium (1997.56Bq), natural Thorium (1237.28 Bq) and
KCI (5181.59 Bqg) with a standard 250ml container from
International Atomic Energy Agency (IAEA) were used for
calibrating the gamma ray spectrometer. For the *®U- series
they are 351.9 keV (***Pb), 609.3 keV (**Bi), 1120.3 keV
(*“Bi) and 1764.5 keV (***Bi). For the %*Th-series, they are
338.4 keV (*®Ac), 583 keV (*°*TI), 911.1 keV (*®Ac), and
968.9 keV (“®Ac)[13].

3. Results and Discussion

1- Activity of radionuclides in the investigated sea
water samples

Table 1 shows the radionuclide activities of 2*®U-series,
Z2Th-series and “°K in different locations at Alexandria
coastline. It is clear that high levels of Z8U-series, **Th-
series and “°K are recorded in Rashid location and this could
be explained as due to the presence of black sands, which
are enriched in the mineral monazite containing a significant
amount of “®U-series, ***Th-series and “K. The
concentrations of ?®U-series nuclides in  Rashid
arel5.71mBg/L. On the other hand decreased concentration
value of *®U-series , Z?Th-series and “°K in marine water
are recorded in EI-Mex and Eastern Harboursites and this
may be due to the presence of some organic and polymers
discharged from industrial facilities into these area, so these
compounds acting chelating materials and scavengers for
radionuclides. This reaction lead to radionuclide remediation
specially of low level contamination, and take place under
physical and chemical marine environmental condition as ,
pH, temperature, salinity, tidal waves and other geo-
chemical factors [14]. It is also the table reveals that the
activity of *?Thin EI-Mex , Eastern Harbour, El-Dekhila,
Abu-Qir and Rashid locations are 4.18 +0.02, 7.3+0.33,
9.24+0.55, 6.86+0.04and 13.8+1.2 mBg/L respectively, and
the results show that the mean activity of “°K in EI-Mex ,
Eastern Harbour, El-Dekhila, Abu-Qir, Rashidlocations are
98.04mBg/L, 125.33mBg/L, 88.24mBg/L, 130.55mBq/L,
185.8mBq/L consequently, this values are low when
compared with worldwide average values, where *“K
recorded 350mBg/L in the Mediterranean Sea [15, 16].The
obtained results were compared with published data from
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some countries [15, 16], where the *®U-series level recorded
in the Mediterranean Sea 22mBg/L, also U recorded in
Caribbean Sea, Black Sea, Red Sea and Baltic Sea
25mBg/L, 27mBg/L, 25 mBg/L and 30mBag/L,
consequently. It is important to note that the sea water and
ocean contain large quantities of radionuclides, both
naturally occurring and originating from the atmospheric
testing of nuclear weapons. The occurrence of such nuclides
is, of course, of no direct relevance the calculations made for

radiological protection purposes, but, nevertheless, such data
provide a useful background to the use of the oceans for
radioactive waste disposal [17]. Boissonet al, 1997 reported
that large variation of radionuclides in marine water may be
due to the continuous wave action, as the waves reaches up
to about 10m from the waterline during high tide and results
in the fresh deposition of heavy minerals along the seashore
[18].

Table 1: Concentration of 22U-series, **Th-series and “°Kin seawater samples

Locations
El-Mex Eastern Harbour El-Dekhila Abu-Qir Rashid
Water Water Water Water Water
Radionuclides (mBg/L) (mBg/L) (mBg/L) (mBg/L) (mBg/L)
ZBU-series 6.08 +0.01 5.33+0.03 11.18+0.94 9.22+0.88 15.71+0.83
Z2Th-series 4.18 +0.02 7.3+0.33 9.24+0.55 6.86+0.04 13.8+1.27
K 08.04+2.4 125.33+4.1 88.24+5.2 130.5524.52 185.8+8.42

Table 2: Worldwide average values of 2°U, ??Th and “K in
sea water(IAEA, 2000& US EPA, 1997)

Mean activity
Location 28y-series | 2*?Th-series K
(mBg/L) (mBg/L) (mBg/L)

The Mediterranean
Sea 22 30 350
The Caribbean Sea 25 35 320
The Black Sea 27 37 275
The Red Sea 25 36 325
The Baltic Sea 30 33 400

2- Activity of radionuclides in the investigated marine
organisms

Figures (1, 3, 5, 7, 9) show the activity of 2*®U-series
and®Th-series in the studied marine organisms at different
investigated locations. It is recognize that Gandofelly "Tapes
decussates, Craband, Sepia Officianalis are preferentially
accumulate naturally occurring *®U-series compared to Om-
Elkhlol "Donaxtrunculus, Fish and Diatom Amphora. The
concentration of 2®U-series in Gandofelly, Crab, Sepia, Om-
Elkhlol, Fish and Diatom Amphora are9.3+1.1 mBag/kg,
8.740.74 mBqg/kg, 6.2+0.52mBg/kg, 3.2+0.12mBg/kg,
4.5+0.43mBg/kg and 4.9+0.46mBg/kg, respectively. Also
the activity of***Th-series in Fish, Sepia Officianalis, Crab,
DiatomAmphora, = Om-Elkhlol  "Donaxtrunculus  and
Gandofelly "Tapes decussates are 1.82+0.21 mBg/kg,
2.440.32 mBg/kg, 1.42+0.22 mBg/kg, 2.7+0.33mBg/kg,
1.3+0.11mBg/kgand 3.2+0.42mBqg/kg, respectively. Also it
is clear that the investigated marine organisms have low
concentration of **?Th-series in compared to worldwide

average values. By comparing the obtained results with that
in table 3; it can be speculated that such differences may be
attributable to a number of biological, ecological and
physicochemical factors [19]. Other biological reasons may
be evoked such as the position of the marine organisms in
the food-chain that may result in different susceptibilities to
accumulate nuclides and the physiology of the fish itself.
This may combined with the specific affinities of the
radionuclides for some tissues and/or species leads to a
singular biological availability for each nuclide in each
marine organisms species [20].The present study also shows
the activity of “°K in marine organisms in different locations
at coastline of Alexandria, Figures (2, 4, 6, 8, 10), the data
reveals higher activity of “°K in Rashid fig (6), El-Dekhila
fig. (8) and Eastern Harbor fig. (10) locations than El-
Mexfig(2) and Abu-Qir fig(4)locations. The Diatom
Amphora, Crab and Sepia Officianalis, record high activity
in “°K at Rashid location and they are340+19.4 mBg/Kg,
305+17.6 mBg/Kg and 255+13.5 mBqg/Kg, respectively.
Also “°KinEl-Dekhilalocationrecord high activity in Diatom
Amphora, Crab and SepiaOfficianalis 355+19.8 mBqg/Kg,
310+16.3 mBg/Kg and340+19.5 mBqg/Kg. Increasing the
activity of*°K in Rashid may be due to presence black sand
in this site contained more “°K quantity than other sites, also
in El-Dekhila site, the industrial activities and the processing
of shipping harbours enhancement “°K concentration. These
results agreement with that reported by confirmed Mohanty
et al., 2004, which they had shown that the shipping Harbors
activities and also petroleum industry in marine sea
enhancement®K  concentration and with remarkable
concentration for NORM and TENORM activity[21, 22, 23].
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Table 3: worldwide average values of *®U, %?Th and “°K in some marine biota in Mediterranean sea water, (IAEA,
2000&USEPA, 1997)

Activity concentrations
. Marine organisms (mBa/kg dry weight)

Location ZBY-series Z2Th-series K

Fish (Engraulisencrasicolus) 22 43 101

Sepia Officianalis 35 38 125

Crab 30 45 112

Mediterranean Sea | Diatom Amphora 18 47 120
Om-Elkhlol "Donaxtrunculus 9 55 135

Gandofelly "Tapes decussates 25 60 140

3- Bio concentration factor (BCF) for the investigated
radionuclides in the investigated marine organisms

BCF for natural radioactive material lin an organism=

Chatural radioactivity  in organism (2)

C natural radioactivity ~ in water

The bio concentration factors for the investigated radioactive
materials in marine organisms in EI-Mix and Abu-Qir
locations are illustrated in figs (11, 12).The figures reveal
that all the investigated marine organisms have highly bio
concentration factors for 2**U-series, on the other hand the
lowest values of bioconcentration factors for ***Th-series in
all the investigated marine organisms are recognized, while

they have intermediate values of bio concentration factors
for “K. The bio concentration factors are ranged between
0.20and 0.6 1.Kg™. At EI-Mex location, Crab and Gandofelly
have higher BCF for ?®U than all the other marine
organisms and they reached up to 0.6 Kg™*. At Abu-Qir
location, Diatom Amphora and Sepia Officianalis have
higher BCF for %®U than all the other marine organisms and
they reached up to 0.6 IKg™.The bio concentration factors
for the investigated radioactive materials in marine
organisms in Rashid and Eastern Harbour locations are
illustrated in figs (13, 14).The figures reveal that all the
investigated marine organisms have highly bio concentration
factors for®*Th, on the other hand the lowest values of bio
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concentration factors for “°Kin all the investigated marine
organisms are recognized, while they have intermediate
values of bio concentration factors for”*®*U-series. At Rashid
location recorded highly BCF for®*Th-series this may be
due to presence black sand sedimentations which contain
large quantity of***Th-series.DiatomAmphoraand Carb
recorded highly bio concentration factor. At Eastern
Harbour location Diatom Amphora and Om-Elkhlol
recorded highly bio concentration factor.The
bioconcentration factors for the investigated radioactive
materials in marine organisms in El-Dekhila location are
illustrated in fig (15).The figure reveals that all the
investigated marine organisms have highly bio concentration
factors for”*®U, on the other hand the lowest values of bio
concentration factors for “°K in all the investigated marine

organisms are recognized, while they have intermediate
values of bio concentration factors for”*Th-series.Diatom
Amphora, Sepia Officianalis have highly value of bio
concentration factor for 2®U-series. The obtained results are
agreement with that reported with Friedlander et al.,
2005[24].For most radionuclides, the food chain is assumed
to be the primary uptake pathway [25]. The bioaccumulation
capabilities of this biota were expressed by Bioconcentration
Factor (BCF). Bioaccumulation factors (BAFs) are
commonly used to predict contaminant concentrations in
biota from concentrations in water. Concentration factors
(CFs) or Bioconcentration Factor (BCFs) for aquatic biota as
defined in IAEA are equivalent to BAFs (bioaccumulation
factors [26].
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4- Concentrations of heavy metals in the investigated sea
water samples

Some heavy metals concentrations of the investigated
seawater samples in Alexandria coastline are shown in table
(4). It is recognizable that the concentrations of the
investigated ions  have the  following  order:
Zn>Mn>Pb>Co>Cr> Cu>Ni>Cd. It is noticeable that
concentrations of Cr ions in all locations nearly coincident
with that of worldwide average values, table (5). The Pb,
Cd, Ni, Mn, Cu, Co and Zn ions are highly concentrated in
all investigated locations than worldwide values.

It is clear that Zn and Mn ions are very high concentration in
all investigated locations. Concentrations of Cd ions are the
lowest in all locations. Ni and Cu ions are record the same

concentration levels, and they are very high at Rashid and
El-Dekhila locations. The concentration of both Pb and Cr
ions are consonantin all locations and they are very high at
Rashid and El-Dekhila locations. Increasing of heavy metal
ions in El-Dekhila and Rashid locations may be attributed to
industrial and agricultural discharge [27]. Increasing of
heavy metals in Eastern Harbor location may be due to the
effect of ships discharges which used antifouling paints. In
Abu-Qir and EI-Mex locations it is recognizable that most of
the investigated heavy metals are decreased in concentration
and this can be interpreted in the light of the effect of
sediment texture, clay content, organic carbon, iron hydrous
oxides and carbonates; the two locations contain large
sediment and clay content [28].

Table 4: Concentration of the investigated heavy metals (ug/L)in marine water samples

Heavy metal Site
ng/L El-Mex Abu-Qir Rashid El-Dekhila Eastern Harbor
Meanz S.D Mean+ S.D Mean+ S.D Meant S.D Mean+S.D
Pb 34.6+7.2 25.314.1 38.7+4.8 40.545.1 22.7+4.6
Cd 2.4 +0.2 3.8+0.9 4.8+1.1 6.7+t 1.4 1.4+ 0.05
Ni 16.2+2.3 13.7+2.1 154+ 1.9 21.8+3.2 10.5+ 1.2
Mn 170.4+11.1 155.649.2 188.4+12.8 140.748.2 195.2+15.7
Cr 22.7+2.1 15.9 +1.8 13.5+1.2 35.9 +4.6 21.8+1.9
Cu 15.3+2.3 18.4+3.1 22.7+4.2 36.8+4.8 12.3+1.6
Co 34.6+7.2 22.8+2.8 15.7+2.3 45.6+8.5 18.2+1.9
Zn 223.5+13.8 280.7+15.6 190.4+ 11.6 176.8+ 9.5 166.3+ 8.7

Table 5: worldwide average values for heavy metals in sea water, US EPA (1997).

Location Mean_concentration of Heavy metal ions, pg/L
Pb Cd Ni Mn Cr Cu Co Zn
The Mediterranean Sea 0.19 0.22 124 4.7 224 0.92 10.3 42.7
The Caribbean Sea 0.21 0.34 10.2 3.2 25.2 0.47 8.2 45.2
The Black Sea 0.18 0.38 13.7 6.2 33.7 0.83 7.7 39.4
The Red Sea 0.16 0.21 11.3 8.4 19.4 0.57 9.2 40.2
The Baltic Sea 0.34 0.42 174 9.7 38.2 1.24 15.7 52.8

5- Concentration of heavy metals in marine organisms

The concentrations of heavy metals in the investigated
marine organisms are illustrated in tables (6-10).Generally it
is recognize that Mn ions do not accumulated in any
investigated marine organisms in compared to worldwide
average values table (11). Fish (Engraulisencrasicolus),

Sepia Officianalis and Om-Elkhlol "Donaxtrunculus are able
to highly accumulate Ni and Co ions in compared to
worldwide average values. The highly concentrations for Ni
and Co ions are spreading in industrial locations [29].Crab
and Diatom Amphora are able to highly accumulate Pb, Cd,
Ni, Cr and Co ions in compared to worldwide average
values. Cu ions do not accumulate in any investigated
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marine organism except Diatom Amphora in Rashid and
Abu-Qir locations. Diatom Amphora is able to accumulate
Zn ions than any investigated marine organisms. These
results agreement with that reported with Chouba, et al.,
2007 and MacFarlane & Burchettt, 2000; [30, 31]. The
contribution of the obtained results of the toxic heavy metals

concentrations in the investigated marine organisms may be
due to the action bioavailability and physical/chemical forms
of those metals with feeding network in marine ecosystem
[32, 33].

Table 6: Concentration of heavy metal in the investigated marine organisms in El-Mexsitelocation

Concentration of heavy metal ( ug/g dry weight)
Marine organisms
Pb Cd Ni Mn Cr Cu Co Zn

Fish 0.14 0.59 8.55 1.35 9.47 1.55 1.45 22.31
(Engraulisencrasicolus) | +#0.002 | *0.006 +0.011 +0.058 +0.052 +0.013 +0.021 +2.3
0.24 0.68 45 0.65 6.25 2.37 2.85 25.78
Sepia Officianalis +0.004 | +0.007 | 0.025 | #0.0012 | +0.038 +0.015 +0.03 +0.85
0.33 0.95 33.47 2.38 37.44 5.66 11.52 8.62
Crab +0.002 | +0.008 10.24 +0.066 +0.68 +0.029 +0.081 +0.42
Diatom Amphora 0.75 0.92 43.65 1.22 48.24 7.58 15.27 18.66
+0.005 | +0.007 +0.57 +0.043 +0.75 +0.038 +0.092 +1.74
Om-Elkhlol 0.5 0.18 6.55 0.35 6.66 4.22 4.32 5.53
"Donaxtrunculus +0.001 | +0.003 +0.031 +0.0027 +0.047 +0.031 +0.025 +0.35
(Gandofelly "Tapes 0.6 0.25 9.27 0.57 4.55 5.69 5.19 2.74
decussates +0.002 +0.003 +0.014 +0.0049 +0.011 +0.037 +0.022 +0.12

Table 7: Concentration of heavy metal in the investigated marine organisms in Eastern Harbor location

Concentration of heavy metal ( pug/g dry weight)
Marine organisms
Pb Cd Ni Mn Cr Cu Co Zn

Fish 0.22 0.57 30.47 0.55 25.33 2.44 6.33 15.22
(Engraulisencrasicolus) +0.001 +0.004 +0.25 +0.0013 +0.47 +0.026 +0.031 +1.2
0.12 0.23 1.77 0.85 33.42 4.64 2.85 13.65

Sepia Officianalis +0.001 | +0.003 +0.08 +0.0022 +0.75 +0.035 | +0.009 +0.85
0.65 0.12 9.72 1.77 12.64 1.77 4.74 8.62

Crab +0.008 +0.002 +0.058 +0.0075 +0.22 +0.028 +0.05 +0.42
Diatom Amphora 0.20 0.85 6.58 0.96 15.78 8.22 3.53 18.66
+0.003 +0.006 +0.024 +0.0033 +0.32 +0.15 +0.015 +1.74

Om-Elkhlol 0.15 0.11 4.64 0.89 8.99 3.72 7.66 5.53
"Donaxtrunculus +0.002 +0.002 +0.015 +0.0044 +0.11 +0.027 +0.035 +0.35
(Gandofelly "Tapes 0.11 0.22 12.59 0.45 17.88 2.96 2.66 2.74
decussates +0.001 +0.001 +0.095 +0.0011 +0.43 +0.025 +0.012 +0.12

Table 8: Concentration of heavy metal in the investigated marine organisms in El-Dekhila location

Marine organisms Concentration of heavy metal ( pg/g dry weight)

Pb Cd Ni Mn Cr Cu Co Zn
Fish 0.45 0.59 8.55 1.35 9.47 1.55 1.45 22.31
(Engraulisencrasicolus) | +0.007 +0.006 +0.011 +0.058 +0.052 +0.013 +0.021 +1.16
. o 0.74 0.68 4.5 0.65 6.25 2.37 2.85 35.77
Sepia Officianalis +0.008 +0.007 +0.025 +0.0012 +0.038 +0.015 +0.03 +1.28
0.46 0.95 33.47 2.38 37.04 5.66 11.52 44.12
Crab +0.005 +0.008 +0.24 +0.066 +0.68 +0.029 +0.081 +1.55
Diatom Amphora 0.83 0.92 43.65 1.22 48.14 7.58 15.27 65.43
+0.008 +0.007 +0.57 +0.043 +0.75 +0.038 +0.092 +2.38
Om-Elkhlol 0.15 0.18 6.55 0.35 6.36 4.22 4.32 18.55
"Donaxtrunculus +0.003 +0.003 +0.031 +0.0027 +0.047 +0.031 +0.025 +0.99
(Gandofelly "Tapes 0.9 0.25 9.27 0.57 4.55 5.69 5.19 32.85
decussates +0.001 +0.003 +0.014 +0.0049 +0.011 +0.037 +0.022 +1.24
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Table 9: Concentration of heavy metal in the investigated marine organisms in Abu-Qirsite location

Concentration of heavy metal
Marine organisms (pg/g dry weight)

Pb Cd Ni Mn Cr Cu Co Zn

Fish 0.43 0.22 14.95 1.20 12.25 9.55 1.52 7.88
(Engraulisencrasicolus) +0.002 +0.001 | #0.11 +0.001 +0.21 +0.25 +0.002 +0.55
0.15 0.55 25.7 18 10.74 11.85 2.85 5.44

SepiaOfficianalis £0.004 | 0.004 | %0.13 | #0.0032 £0.20 +0.32 +0.009 +0.32
0.14 0.78 18.2 0.95 15.8 11.85 4.74 10.77
Crab +0.003 +0.006 +0.12 +0.001 +0.34 +0.32 +0.05 +0.64

Diatom Amphora 0.35 0.95 32.8 2.22 20.9 11.85 3.53 12.55
+0.004 +0.008 +0.21 +0.004 +0.45 +0.32 +0.02 +0.75

Om-Elkhlol 0.29 0.25 20.5 0.84 9.7 11.85 2.93 4.80
"Donaxtrunculus +0.003 +0.003 +0.12 +0.003 +0.11 +0.32 +0.03 +0.22
(Gandofelly "Tapes 0.30 0.28 16.4 17 1.7 11.85 145 3.77
decussates +0.004 +0.002 +0.11 +0.002 +0.09 +0.32 +0.001 +0.21

Table 10: Concentration of heavy metal in the investigated marine organisms in Rashid location
concentration of heavy metal
Marine organisms (png/g dry weight)
Pb Cd Ni Mn Cr Cu Co Zn

Fish 0.01 0.01 5.47 0.86 5.22 6.33 1.27 5.22
(Engraulisencrasicolus) +0.009 +0.001 +0.07 +0.002 +0.37 +0.38 +0.03 +0.21
0.12 0.22 6.58 1.32 8.96 12.94 2.47 8.64

Sepia Officianalis +0.001 | +0.001 +0.09 +0.001 +0.64 +0.42 +0.02 +0.43
0.022 0.6 10.66 0.33 12.74 5.77 5.62 4.97

Crab +0.001 +0.005 +0.58 +0.002 +0.86 +0.28 +0.07 +0.28

. 0.23 0.8 12.41 1.55 4.22 14.64 2.75 6.82
Diatom Amphora £0.002 | *0.003 | +0.62 | *0.003 | 0.7 +0.67 £0.04 +0.36
Om-Elkhlol 0.47 0.2 8.32 0.69 6.94 8.42 1.55 1.44
"Donaxtrunculus +0.04 +0.005 +0.44 +0.001 +0.08 +0.48 +0.002 +0.06
(Gandofelly "Tapes 0.01 0.1 11.68 1.4 7.7 10.84 3.77 2.66
decussates +0.002 +0.003 +0.74 +0.002 +0.09 +0.79 +0.004 +0.08

Table 11: Average values for heavy metals in the investigated marine organisms in Mediterranean Sea, USEPA (1997).

. . Heavy metals concentration ( pg/g dry weight)
Marine organisms Pb Cd Ni Mn Cr Cu Co Zn
Fish (Engraulisencrasicolus) 0.99 0.65 4.2 5.8 10.2 12.3 0.89 33.2
Sepia Officianalis 0.32 0.62 4.8 4.3 9.3 14.8 0.92 25.1
Crab 0.17 0.48 4.1 6.2 12.4 10.2 0.74 18.7
Diatom Amphora 0.66 0.63 3.9 5.5 135 11.3 0.99 12.4
Om-Elkhlol "Donaxtrunculus 0.84 0.55 4.4 5.7 11.7 9.7 0.77 28.2

6- Bio concentration factor (BCF) for heavy metals in the
investigated marine organisms

The bio concentration factors for the investigated heavy
metals in the studied marine organisms at the studied
locations are shown in figs ( 16, 17, 18, 19, 20).At EI-Mex
location, Diatom Amphora has higher BCF for pb, Cd, Ni,
Cr, Cu and Co ions but Crab has higher BCF for Cd, Ni, Mn
and Cr ions, while Sepia Officianalis has higher BCF for Zn
ion than other heavy metals. At Eastern Harbour location,
Fish has higher BCF for Ni ions, Sepia Officianalis has
higher BCF for Mn and Cr ions, Crab has higher BCF for Pb
ions, Diatom Amphora has higher BCF Cd, Cu and Zn ions
and Om-Elkhlol "Donaxtrunculus has higher BCF for Co
ions than other investigated heavy metals. At El-Dekhila
location, Crab has higher BCF for Mnions, Diatom Amphora
has higher BCF for Pb, Cd, Ni, Cu, Co and Zn ions and Om-
Elkhlol "Donaxtrunculus has higher BCF for Cd and Cr ions
than other investigated heavy metals.At Abu-Qir location,
Crab has higher BCF for Co ions, Diatom Amphora has
higher BCF for Pb, Cd, Ni, Mn, and Cr ions and Om-Elkhlol
"Donaxtrunculus has higher BCF for Pb and Cu ions than

other investigated heavy metals. At Rashid location, Fish has
higher BCF for Pb and Cd ions, Sepia Officianalis has
higher BCF for Cr and Zn, Diatom Amphora has higher BCF
for Ni, Mn and Cu ions, and Gandofelly "Tapes decussates
has higher BCF for Pb ions than other investigated heavy
metals. This may be due to interdependency of the uptake
and diminution rates when sufficient levels of the essential
elements for metabolism in marine organism. Higher
concentration of heavy metals in the definite organisms may
be due to their capability to bio-selectivity and bio-
accumulation of the investigated heavy metals from the
water body; and it depends on several factors such as time,
temperature, age of marine organism, metabolic activity of
the organisms and biological half-life of metals [34, 35, 36
and 37].
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4. Conclusion

e The seawater samples in all studied locations have very
high concentration of Zn and Mn ions, and the
concentration of the investigated heavy metal ions have
the following order: Zn>Mn>Pb> Co> Cr> Cu> Ni> Cd.

o The seawater samples at Rashid location have high levels
of ?8U-series, ?**Th-series and “°K.

o The investigated marine organisms have bio-accumulative
properties towards most of the investigated heavy metals
and radionuclides.

e The concentration levels of the heavy metals found in this
study do not constitute a risk factor for marine organisms
and appear to be accommodating with the worldwide
values by the US EPA.

e Concentrations of 28U, #*Thand “K in both water and
marine organisms are accommodating with worldwide
values.

o The investigated marine organisms are suitable indicators
of dissolved metal forms.
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