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Abstract

Concentrations of natural radionuclides “°Ra, **Th and “K as well as the
radiological hazard parameters were calculated in the marine sediments in three regions
in Quseir city along the Red Sea coast; El-Edua area, Phosphate Harbour and north
Flaminko Village. The average activity concentrations of *°Ra, ***Th and “K at El-Edua
area were, 24.9+3, 19.6+2.4 and 234.5+43 Bq.kg™ and at Quseir Harbour recorded the
average activities concentrations were; 26.2+3.2, 19.4+2.8 and 458.6+164.2 Bq.kg™ while
at north Flaminko Village found to be; 25.7+6.9, 22.6+5 and 106.4+17.5 Bq.kg™
respectively in Quseir city, Egypt. Concentrations of the metals; Mn, Zn, Cu, Pb, Ni, Co
and Cd were determined by Atomic Absorption Spectrophotometry (AAS) using GBC-
932ver.1.1with detection limits of 0.01 ppm.

Keywords: radiation hazard; radionuclides; natural radioactivity; human health;
regions; Red Sea; Egypt; marine sediments

1. Introduction

The Egyptian Red Sea coast is being stressed due to over exploitation and has become
very vulnerable to human related activities. Generally, the main environmental problems
and threats to the Red Sea ecosystem and geosystem include recreation and tourism
activities, landfilling, dredging, oil pollution, water pollution, solid waste disposal,
navigation activities, phosphate shipment pollution and fishing activities. As a result of
the human activities, pollution extends along the shore, and is discharged to the nearshore
waters. Some of these pollutants may directly or indirectly be captured by bottom
sediments [1]. In the case of successive concentrations of these pollutants in bottom
sediments, the later will act as a reservoir for pollutants. Therefore, studies of the recent
sediments along the Red Sea coast are important in assessing potential environmental
hazards resulting from the irrational human activities.

Marine sediments are the essential reservoir for natural and anthropogenic radionuclide
retention because of their diverse composition. These sediments accumulate radionuclides
as a result of scavenging and settling processes in the water column. The sediment
movement and accumulation provide a strong signal about the sediment origin and future
abnormality in the radionuclide concentrations. The natural radionuclides of the uranium
and thorium series and “°K as well as the artificial radionuclides of *'Cs, *Sr and
2394289 are the major long-lived radionuclides already present or introduced into seas[2].
Among the former elements, the most abundant are “’K and the radioisotopes of the
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natural series of uranium, actinium and thorium including the parent nuclei **°U, ?*U and
22Th and the decay products from the successive alpha or beta decays, whereas the most
abundant of the cosmogenic origin nuclei are **C, °Be and °Al [3].

Thorium isotopes have been widely used as tracers for particle dynamics in marine
geochemistry. Particle-reactive radionuclides are useful as particle transport tracers.
Particles of all sizes play a central role in the scavenging of particle-reactive radionuclides
and pollutants in estuaries, coastal and open oceans [4,5] documented that the
environmental radiotracers can be used to understand the underlying processes of the
environment where they are found. The presence of artificial radionuclides in the marine
environment can thus lead to radiation exposure through the ingestion of sea food [6]
(Heldal et al., 2002).Investigators have reported a wide variation in the concentrations of
uranium and radium in samples from various parts of the world. For uranium, a range
from 3 to 400 ppm, corresponding to 37-4900 Bq **®U kg™ (1 ppm U = 12.23 Bq **U kg
1) and for ?*Ra, a range from 100 to 10000 Bq kg™ is reported. It is within this context
that the present study has been undertaken aimed at the determination of the radioactivity
of naturally occurring nuclides in marine sediment. Also The present work aims to assess
radiological hazards to the human health of the natural radionuclides (*°Ra, ***Th and
“OK) in three regions in Quseir city contain vary activation along the Red Sea; sewage and
productions at EI-Edua area and phosphate shipping activities at Phosphate Harbour and
touristic activation in north city.

2. Materials and Methods

2.1. Study Regions

The study area divided into three areas, south (El-Edua area south Quseir), middle
(Quseir Harbour) and north (north Flaminko village north Quseir city) (Figure 1).
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Figure 1. Map Showing the Drainage Network of Quseir Area, Location of

Tourism Projects and the Three Areas were Studied at Quseir and
Surrounding Areas
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1-El-Edua area is located south Quseir. The beach is 3 m wide, 30 cm high and sloping 8°
toward the Sea while the tidal flat is covered with sand, shell fragments, coral rubbles and
scattered stones covering the bedrock. After 4.5 cm seaward from the shoreline a number
of the Sea urchins appear. The needle-spine urchin was found in scattered aggregations on
the reef flat around and in between cracks at 12.5 m from the shoreline. The presence of
the different of Sea urchins continued all along the reef flat [7].

Quseir Harbour is located in Quseir City, and is considered from old Harbour on the
Egyptian Red Sea coast. It is lying at latitudes 26° 05' 02"'N to 26 ° 06' 12'N and
longitudes 34 ° 16' 58"E to 34 ° 17' 08"E. This harbour lies in a small by at the mouth of
Wadi Ambaji. The salinity of the water in Quseir Harbour is relatively high. It varies
between 40.83%o0 and 41.33%o in spring season. The water temperatures in this season
were 23.9°C and 24.89 °C terrigenous sediments have been transported to marine
environment by Wadi Ambaji especially in the southern part of Quseir Harbour. It is
observed that these sediments have a relatively large under cutting effect of the violent
drive water during heavy torrents. The beach sediments are coarse sands. These sands are
significant terrigenous fragments the tidal flat is very narrow and extends smoothly and
slopes gently seaward. The sediments covering the bottom topography of this area are of
fine sand to sandy mud. Most sediment samples have brown color. This is due to
phosphate shipment operations. The system of the malaise of marine environment
deterioration at Quseir area include the spread of algal blooms, dense seagrasses, coral
bleaching and declining of productivity in addition to the poor biological activity of
marine organisms especially coral reefs[2].
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Figure 2. Samples Location in the Study Area

North Flaminko Village is located north Quseir City. The beach is 8 m wide, 50 cm high
and sloping 12° toward the Sea. The sandy substrate extends to 9 m where some scattered
stones found. The presence of living coral colonies were in the form of separated small-
branched colonies of Acropora sp., Stylophora sp. at a depth of 45cm. The Sea urchin
formed a dense population around the coral colonies and in between cracks on the reef flat
at a depth of 60 cm, 23.7 m from the shoreline. The water depth increases as we go
seaward to be 90 cm and at a distance of 59 m, where coral flourished, either branched or
massive forms, making a number of communities where coral reef fishes were so
abundant. The algal community began to dominate at a distance of 89.5 m and a depth of
45 cm. The dominant brown algal species forming dense long narrow mats of 2 m width
covering the reef flat, 98 m from the shoreline at a depth of 60 cm. Also the water depth
decreased as we approached the reef slope where water movement was so strong and the
reef flat was relatively bare at a depth of 10 cm and a distance 250 m from the shoreline.
Reef slope is dominated by (Millepora sp.) according to Madkour and Ahmed (2006)
[13].

2.2. Sampling and Sample Preparation

In this study, 28 sediment samples have been collected from the three selected
localities: El-Edua area (South Quseir), Quseir Harbour (Middle area) and north Flaminko
Village(North Quseir) (Figure 1). The location and description of bottom characteristics
of the collected samples are given in (Figures 3). Surface sediment samples were collected
by hand and scuba diving. Three different environmental zones such as (i) beach, (ii)
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intertidal zone and (iii) offshore zone until 8 m water depth represent these localities.
Scuba diving was used in areas rich in corals where grab sampler failed to collect
samples.

For gamma spectroscopic analysis, the samples were prepared as follows. Each sample
(about 1 kg) was washed in distilled water and dried at about 110-C to ensure that
moisture is completely removed. The samples were crushed, homogenised and sieved
through a 200 mesh, the optimum size to be enriched in heavy minerals. Weighted
samples were placed in a polyethylene beaker of 350 cm® volume. The beakers were
completely sealed for 4 weeks to reach secular equilibrium where the rate of decay of the
progency becomes equal to that of the parent (radium and thorium) [8;9]. This step is
necessary to ensure that radon gas confined within the volume and the progeny will also
remain in the sample.

Table 1. The Hydrographic Parameters of Water Mass in the Studied Areas

sea water

S;‘;g;gd D(fﬁ;h PH  Sal % I,%m)p' (TFE;% ,Spe(cc:s.grav Co(rrf:/‘étr;]")'ty
1 875 4228 21.94 3131 298 62.63
South (El- 15 863 4228 2211 3125 297 62.51
Edua area) 2 8.76 42.07 21.94 3118 296 62.35
8 8.73 4256 20.62 3149 304 62.98
1 876 4251 237 3149 94 62.97
Middle 1 8.65 4245 21.72 31.42 30 62.84
(Quseir 3 8.6 4224 2224 3129 997 62.58
Harbour) 03 912 4308 2333 3185 30 63.7
05 882 4241 2204 314 299 62.8
North (north 05 893 4335 222 3201 305 64.02
Flaminko 05 888 4264 2317 3156 997 63.12
Village) 05 948 4328 2248 3197 304 63.94

Note: All parameters were measured during collecting samples by Hydrolab Instrument

2.3. Instrumentation and Calibration

Global Positioning System (GPS; Magellan) for the determination of the coordinates.
The temperature, salinity, pH, total dissolved salts (TDS) and specific electrical
conductivity (SEC) were measured at different depths using the Hydrolab Instrument
(Surveyor4, 1997) during sample collection at the studied localities (Table 1). Grain size
analysis providing basic information for the geochemical investigations of marine
sediments was carried out by mechanical wet sieving. Geochemical analysis was carried
out on all sediment samples including the determination of total carbonate (TC) content,
the determination of total organic matter (TOM) by sequential weight loss at 550- C [10,
11, 12] (Dean Jr EW, 1974; Flannery et al., 1982; Brenner and Binford, 1988).
Concentrations of the metals; Mn, Zn, Cu, Pb, Ni, Co and Cd were determined according
to Chester et al., (1994) [13] (Chester et al., 1994). 0.5 gram of the prepared ground
sample was completely digested in a Teflon cup by using a mixture of conc. Nitric

Copyright © 2016 SERSC 13



International Journal of Advanced Science and Technology
Vol.86 (2016)

(HNO3), per chloric (HCIO4) and hydrofluoric acids (HF) in the ratio 3:2:1, respectively.
Acids were slowly added to the dried sample and left over night before heating. Samples
were heated at a temperature of approximately 200 °C, then left to cool and filtered to get
rid of the non-digested parts .The solution was justified to a volume of 25 ml and the
concentration of elements were determined by Atomic Absorption Spectrophotometry
(AAS) using GBC-932ver.1.1 with detection limits of 0.01 ppm (National Institute of
Oceanography and Fisheries, Red Sea Branch).Results were expressed in (ug g™).

Activity measurements were performed by y -ray spectrometry, employing a 3" x 3"
scintillation Nal (TI) detector. The hermetically sealed assembly is coupled to a personal
computer-multichannel analyzer (Canberra AccuSpec). A dedicated software program
(Genie 2000) analysed each measured y —ray spectrum. To reduce y -ray background, a
cylindrical lead shield (100mm thick) with a fixed bottom and movable cover shielded the
detector. The lead shield contained an inner concentric cylinder of copper (0.3mm thick)
to absorb lead X-rays. In order to determine the background distribution in the
environment around the detector, an empty sealed beaker was counted in the same manner
and in the same geometry as the samples. The efficiency calibration curve was made
using Reference Materials (IAEEA-314) international Atomic Energy Agency which have
known activity of “°Ra (732 Bg.kg™) and **Th (72 Bg.kg™).

Efficiency
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3. Results and Discussion

3.1. Environmental Conditions

Oceanographic conditions prevailing along the shore have an exchangeable influence
on the coastal features. The oceanographic parameters affect the shore environment and
simultaneously have an impact on the shore activities. Most oceanographic parameters
were measured at the study areas (Table 1). The salinity of seawater in Quseir harbour is
high and varies between 42.24 % at depth 3m and 43.08 % at depth 0.3 m. The water
temperature ranges between 21.72 °C at depth 1m and 23.7°C at depth 1m in the winter
season (Table 1). The salinity of seawater in north Flaminko Village ranges between
42.64% at depth 0.5m and 43.35%at depth 0.5 m, and the water temperatures are between
22.2°C at depth 0.5m and 23.17°C at depth 0.5m in the winter season (Table 1). The
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salinity of the water in EI-Edua area is high and varies between 42.07 % at depth 2m and
42.56 %at depth 8 m, while the water temperatures are between 20.62 °C at depth 8m and
22.11 °C at depth 1.5m in the winter season (Table 1).

3.2. Sediment Texture

The purpose of the mechanical analysis for sediments is not only to obtain the nature of
sediments but also to understand the physical characteristics of these sediments and to
reveal the relation and the influence of grain size, source material and depositional
environment. The areas under study receive sediments from two different sources; the
terrigenous rock fragments from the hinter land mountains and skeletal carbonates from
the sea (i.e., siliclastic and carbonate sediments, respectively). In these mixed
environments, the terrigenous components are introduced from outside the depositional
basin, whereas the skeletal carbonates originates mainly from near the depositional basin
[14] (Mansour, 1995). The skeletal carbonates have a remarkably limited history of
transportation and deposition. However, it is not easy to reveal the hydrodynamic
behavior of the skeletal fragments, which is dependent on shape, density and size [15, 16]
(Maiklem,1968; Braithwaite, 1973) Generally, the particle size of the sediments changes
from coarse sand near the beach to fine sand with increasing distance from the beach
towards the deeper water.

Sediments of the investigated beach and intertidal bottoms facies are composed of over
83% sand Figure (4) Table (2). Very fine sand, five sand and medium sand are the most
dominant the beach sediments, whereas coarse sand and very coarse sand are the most
abundant fractions in the intertidal sediment Figure (4). Gravel is common in the intertidal
samples and reach up to 31% with an average of 6% especially in EI-Edua area and north
Flaminko Village. Mud is relatively higher in the beach samples than in the intertidal
sediments at quseir Harbour. The areal distribution of sediments and the variation of their
grain characteristic are controlled to a great extent by the nature of the coastal sediments,
bottom facies and hydrodynamic status along the coast [17].
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Figure 4. Distribution of Gravel, Sand and Mud Fractions of the Sediment
Samples at the Studied Regions

Copyright © 2016 SERSC 15




International Journal of Advanced Science and Technology
Vol.86 (2016)

3.3. Geochemistry

3.3.1. Carbonates

The average carbonates content in the studied sediments varies from 30.02 % at El-
Edua area to 76.16 % at north FIminko Village (Table 2, Figure 5). Noth Flaminko
Village area recorded the highest values of corbonate contents compared with the studied
areas. It is due to terrestrial materials from erosion boundary limestone rock and biogenic
from accumulation of skeletal grains. Similar observation was also recorded in the
shallow carbonate sediments of Hurghada and EI Esh area [2].

On other hand, The principal sources of carbonate in marine sediment are: 1) Inorganic
chemical precipitation. 2) Residual from weathering of limestone rock on the sea floor. 3)
Terrestrial rock. and 4) Biogenic from accumulation of skeletal grains.

3.3.2. Total Organic Matter

Organic matter affects the aquatic ecosystem by interacting with in organic matter to
form complex compounds, which include in its structure several other elements. It also
serves as a source of food for several animal groups. In general, the beach sediments of
this area have values of organic carbon that range from 0.32 % to 1.67 % and total organic
matter content which varies from 0.58 % to 30 %. The content of organic matter in
intertidal sediment varies from 6.84 % at north Flaminko Village area to 24.08 % at
Quseir Harbour (Table 2; Figure 5). Quseir Harbour and EI-Edua area recorded the
highest values of organic matter content compared with north Flaminko Village area. The
aerial distribution of the organic matter shown a general decrease toward the north. [18]
attributed the high content of the organic matter in tidal flat sediments to the terrigenous
flux. Also, they recorded that the terrestrial materials rich in organic matter and the high
organic productivity are the two main reasons for the higher organic matter content.
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Figure 5. Distribution of Carbonate Content, Total Organic Matter of Marine
Sediments of Quseir City
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Table 2. Sediment Types, Geochemical Properties, heavy metals and water
Depth of Sediment Samples at the Study Areas

South (El-Edua area) Middle (Quseir harbour) (n North (north Flaminko Village)
(n=7) =10) (n=6)
Variables Range (%) Mean (%) Range (%) Mean (%) Range (%) Mean (%)
Gravel 0.5-32 9.3 0.0-31.1 2.7 0.2-31.1 6.9
Sand 68-99.1 89.4 68.8-97.3 94.9 68.8-97 92.7
Mud 0.0-1.5 0.3 0.1-8.5 1.2 0.0-2.8 0.8
Carb.% 12.1-61.5 30.0 17-83.3 51.5 67.4-81 76.2
TOM% 15.8-34.4 24.1 4.9-22 14.9 5.2-7.5 6.8
Fe* 4987-8927 6930.0 9500-16000 11321.5 3245-6543 4932.0
Mn* 187.7-390 249.6 500-1000 727.4 98.9-456.6 220.2
n* 11.7-32 17.9 37.8-110 87.4 7.9-23 14.9
Cu* 3.5-10.7 9.9 19-60 33.3 3.5-15.5 9.4
Pb* 1.5-8.1 3.9 23.9-75 454 5.7-18 10.9
Ni* 5.3-16.2 13.1 24.6—-65 55.7 4.5-25.5 12.8
Co* 2.8-5.5 4.4 2.8-11.7 10.9 1.6-5 3.8
Cd* 0.09-0.03 0.2 0.97-3.1 2.0 0.09-0.6 0.4
Depth (m) 0.3-3.0 1.0 1.0-8.0 1.8 0.0-0.5 0.5

Notes: n, number of samples; *Values in pg g™

Table 3. Correlation Coefficients between Grain Size Analysis, Heavy Metals and Geochemical
Analyses in Marine Sediments at the Study Areas

Gravel Sand Mud Fe* Mn*  Zn* Cu* Pb* Ni* Co* Cd* Carb.% 0C% TOM%

south (El-Edua area)

Gravel 1

Sand -1.00 1

Mud -0.51 047 1

Fe* 036 033 -0.72 1

Mn* -0.10  0.11 -0.13  0.57 1

Zn* -0.21 022 -0.03 0.61 0.58 1

Cu* 036 _033 -0.72 1 057 0.61 1

Pb* -0.07  0.10 -0.56 0.51 057 -0.02 0.51 1

Nij* -0.19  0.18 0.17 0.37 0.19 090 037 -0.39 1

Co* 0.47 _-045 -0.59 092 054 043 092 057 022 1

Cd* 030 -035 069 -022 0.12 0.11 -022 -050 0.23 -0.03 1

Carb.% -0.15 012 o077 -056 0.15 -0.19 -0.56 -0.38 -0.17 -0.45 0.78 1

0C% -0.01 001 o036 -0.82 -0.15 -0.69 -0.82 -0.07 -0.70 -0.71 0.18 0.53 1

TOM% -0.01 001 o036 -0.82 -0.15 -0.69 -0.82 -0.07 -0.70 -0.71 0.18 0.53 1 1
Middle (Quseir Harbour)

Gravel 1

Sand -0.97 1
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-0.46 023 1

092 085 -0.78 1

0.82 090 -037 055 1

096 _088 -0.82 0.80 0.84 1

046 _034 -0.60 1 -0.10 0.29 1

0.82 _083 -0.52 0.94 051 062 0.76 1

0.84 _066 -0.98 0.88 044 086 0.67 0.67 1

0.80 -0.76 -0.62 0.50 089 092 -0.11 032 0.63 1

095 .085 -0.87 098 0.61 089 069 08 095 0.64 1
0.56 .048 -045 0.70 080 099 020 049 0.84 095 0.83 1

023 417 on9 073 097 091 -0.14 -068 061 -0.87 -078  -071
023 017 029 -0.73 -097 -091 -0.14 -068 -0.61 -087 -0.78  -0.71

north (north Flaminko Village)

Gravel
Sand
Mud
Fe*
Mn*
Zn*
Cu*
Pb*

Co*
Cd*
Carb.%
OC%
TOM%

1

-1.00 1

-0.72 0.67 1

046 .0.44 -0.52 1

-0.18 014 048 -0.53 1

-0.17 022 -029 -0.50 -0.03 1

-0.52 050 0.58 -1 0.62 052 1

-0.17 020 -0.17 -0.29 028 0.79 0.49 1

-0.16 017 o004 -0.71 056 079 0.81 0.84 1

-0.55 056 030 -045 0.67 048 0.64 0.78 0.74 1

-0.52 051 042 042 030 047 0.66 0.75 0.64 0.70 1
-0.68 068 048 -0.77 020 067 0.86 0.59 0.69 0.58 0.82 1

061 057 085 -0.56 008 -0.19 049 -039 -0.11 -009 021 050
061 057 085 -0.56 0.08 -0.19 049 -039 -0.11 -0.09 021  0.50

*Values in pug g~

3.4. Heavy Metals Distribution

In the present work, marine sediments from El-Edua area, Quseir Harbour and north
Flaminko village were analyzed to detect the concentration and distribution of eight
metals (Fe, Mn, Ni, Co, Zn, Cu, Pb and Cd) in order to understand the effect of human
action and natural unputs on the quality of marine sediments, (Table 4).

The eight heavy metals (Fe, Mn, Zn, Cu, Pb, Ni, Co and Cd) showed a wide range of
concentrations. Fe concentration of marine sediments varies between 3245ug g™at north
area (north Flaminko area) and 16000 pg g’at the middle area (Quseir Harbour). In the
same manner Mn level ranges from 98.98 pg g™at north Flminko Village area to 1000ug
g*at Quseir Harbour. The association of iron and manganese is well known; [19] reported
that in the igneous silicate rocks, Mn is present in divalent state associated with
ferromagnesium and accessory iron minerals. There are many sources for iron and
manganese transfer to the marine environment. In the present work Fe and Mn transfer to
the marine environment naturally by Wadis [20]. Quseir Harbour recorded the highest
values compared with the other studied area due to shipment of mineral products from
phosphate mines in the Eastern Desert in the past time.
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Obviously, the concentration of heavy metals (Zn, Cu, Pb, Co and Cd) recoded high
values in Quseir Harbour compared with the south area (Ed Edua area) and the north area
(north Flaminko Village area).

The relationships showed that Fe and Mn are negatively correlated with carbonate,
depth and distance from the shoreline and positively correlated with zinc, nickel, cobalt,
phosphorus and mean size (Table 3). A number of anthropogenic activities in Quseir
Harbour are the main reasonable sources for the high heavy metals contents.

Results of correlation coefficients of carbonate and total organic matter with heavy
metals show positive correlations and negative correlations at the areas under study
(Table 3).

From the Permissible Levels of heavy metals (ug g-1) for marine Sediments Quality
Guidelines according to Canadian, Ontario and Florida Guidelines (Table 5)(Bennet and
Cubbage, 1991; Persaud et al., 1990; MacDonald et al., 1996) we found Cu, Cd and Ni
are reach The Probable Effect Level (PEL) in Quseir Harbour, while in the residual
station in The Threshold Effect Level (TEL).

Table 4. Heavy Metals Distribution of Marine Sediments at

Quseir City

sample ¢y oz P cd Fe Mn Ni Co
= SQ1 13.0  20.0 45 03 7125 2745 16.3 5.5
5 SQ2 10.8 320 28 03 8925 3375 325 4.3
% SQ3 103  18.0 81 02 5310 390.0 5.4 4.5
mj SQ4 8.3 15.7 32 01 6735 187.8 115 3.3
= SQ5 3.6 11.8 16 03 4987 193.8 9.7 2.9
7 SQ6 9.5 17.9 62 0.1 8346 224.7 14.7 4.5
Q2 19.8 379 408 1.0 9876 600.3 24.7 9.4
T Q4 450 1100 750 2.2 16000 10000 650  12.0
ég Q7 60.0 650 600 1.8 14000 500.0  60.0 9.5
% % Q8 236 884 398 16 11867 754.8 56.7  11.8
s Q12 350 900 500 25 9500 7000 450 115
Q14 31.7 864 239 31 10776 865.5 547  10.3
° NQ1 75 19.0 180 05 5950 240.0 16.0 5.0
% NQ2 155 235 170 05 3245 308.0 255 4.1
; % NQ3 11.0 140 123 06 5000 180.0 11.0 35
é = NQ4 35 8.0 58 0.1 6543 200.5 4.6 1.7
g NQ5 7.8 15.8 6.1 0.1 4864 99.0 6.4 2.3
2 NQ6 13.7 109 9.6 0.4 3875 456.7 147 4.8
AVARAGE 183 38.0 214 0.9 7940.2 417.4  26.3 6.2
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Table 5. Permissible Levels of Heavy Metals (ug g-1) for Marine
Sediments Quality Guidelines according to Canadian, Ontario and Florida
Guidelines[21;22;23] (Bennet and Cubbage, 1991; Persaud et al., 1990;
MacDonald et al., 1996)

Levels of heavy metals (pg g-1)
Metals

TEL PEL SEL
Cd 0.6-0.7 4.21 10
Cu 16 -18.7 108 110
Ni 15.9-16 42.8 75
Zn 120-124 271 820
Pb 30.2-46.7 112 250
Mn 460 — 1110
Fe 20000 — 40000

TEL: The Threshold Effect Level, PEL: The Probable Effect Level, SEL: The
Severe Effect Level

3.5. Natural Radionuclides

The #Th concentration was determined from the average concentrations of %?Pb
(238.6 keV) and ?®Ac (911.1 keV) in the samples, and that of ?°Ra was determined from
the average concentrations of ?*Pb (351.9 keV) and ?Bi (609.3, 1120.3 and 1764.5 keV)
decay products. The “°K activity was determined by the peak at the energy 1460.8 keV
[24]

3.5.1. Uncertainty of the Determination of Net Peak Areas

The uncertainty of each single net-peak area is determined by the spectrum-evaluation
code. It takes into account the Poisson uncertainties of the counts in the individual
channels as well as the uncertainty of the background determination. Sometimes, a peak
cannot be attributed unambiguously to a single nuclide. If it seems that the contributions
of other nuclides to a peak are very small, no correction was applied. Due to this
procedure, it is thought that a maximum inaccuracy of 2% was assumed due to
contributions of other nuclides but it must be pointed out that in the average, this
uncertainty should be smaller [25]. By repeated measurements, it could be verified that
the total uncertainty of the efficiency calibration was 5%.

Table 6. Activity Concentrations of the Radioelements (in Bq kg™) Found in
Studied Samples

Sample 226

Samples Location Name Ra A (Bq kg'l) 2Th A (Bqg kg'l) Ok A (Bq kg'l)
south sQl 32.4+2.2 25.9+2.7 350+19.5
(El-Edua area) sSQ2 18.8+1.7 16.0+1.7 103.545.8
SQ3 29.0+2.0 26.012.6 180.7+10.1
sQ4 37.5%2.6 25.2+2.6 262.6+14.7
SQ5 20.4+2.3 20.5+2.3 377.9+21.1
SQ6 17.2+2.2 12.0+1.6 274.5+15.3
Middle sQ7 18.7+1.4 11.7+1.2 88.615.1
(Quseir Harbour) Ql 16.6+1.3 19.4+4.7 393.6+22.7
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Q2 27.4+1.8 18.9+1.9 341.8+19.2
Q3 33.94+2.2 22.3+4.3 324.9+18.4
Q4 33.443.1 13.0+1.7 297.3+x16.9
Q5 29.0£2.0 23.242.2 627.9+35.0
Q6 17.0+1.0 15.2+1.8 266.8+15.2
Q7 26.742.2 16.5+1.8 114.616.5
Q8 28.1+1.9 24.6%2.8 212.0+12.2
Q9 17.2+1.0 12.9+1.8 101.046.1
Q10 57.8%5.0 33.0+3.2 101.145.6
Ql1 5.210.4 3.9+1.0 14.8+1.1
Q12 34.7¢4.0 47.2+10.8 612.7+£35.7
Q13 13.3+0.8 13.9+1.5 447.1+24.9
Q14 31.812.4 4.2+0.8 2665.41149.4
north Q15 21.0+2.0 22.615.4 354.7+21.2
(N. Flaminko Village) NQ1l 27.6x2.1 34.7+5.7 152.948.53
NQ2 29.8+2.0 29.6+2.9 138.7+7.7
NQ3 51.5%6.0 33.844.5 88.815.0
NQ4 1.28+0.1 3.940.9 34.1+2.7
NQ5 29.4+2.2 19.2+1.9 126.0£7.0
NQ6 14.9+1.6 14.3+1.4 98.1+5.5
AVERAGEZS.E 25.8+2.3 20.1+1.9 327491.7
3000
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Figure 6. Activity Concentrations of the Radioelements (in Bq kg™) Found in
Studied Samples

Activity concentrations of *°Ra (**®U) series, %?Th series and “°K (Bg.kg™ dry weight)
in the shore sediment samples are shown in Table 6. The average activity + standard error
(range) of *°Ra (**®U) series, **’Th series and “°K were 25.8+2.3 (1.3+57.8), 20.1+1.9
(3.9+ 47.2) and 327+91.7 (17.8-2665.4) Bg.kg™ dry weight, respectively.

The average activities (range) of *°Ra (***U) series, *Th series and “°K in Egyptian
soil are 17 (5-64), 18 (2-96) and 320 (29-650) Bq.kg™ dry weight, respectively
(UNSCEAR, 2000).
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Also the World’s average Activity concentrations (Bg.kg™) of **Ra, *’Th and K
measured worldwide were 35, 30 and 400, respectively [26].

In our study the average concentrations values of “°Ra, ?*Th and “°K are lower than
that of world’s average and higher than the average activities in Egyptian soil in *°Ra
(V) series.

The range of measured activities differed widely as their presence in marine
environment depends on their physical, chemical and geo-chemical properties and the
pertinent environment {1.2} [27, 28].

Figure 6 shows the results of Table 6 in graphical form, clearly indicating the high- and
low-activity samples. Relationships between *?Th and *Ra, “°K concentrations in the
Red Sea shore sediment samples are given in Figures 8,9,10. The relationships between
226Ra and ***Th were medium correlated with correlation coefficients (R) values of 0.451.
These medium correlations could be because Ra and The have some similarity in their
environmental origin, i.e., the rocks from which the shore sediment were formed, and
their chemical behaviour, The relationships between *°Ra, “* and®*’Th, “°K were weak
with correlation coefficient (R) values of 0.0167 and 0.0332, respectively .The weak
correlation between radium and potassium could be explained due to the high potassium
solubility.

The uranium concentration varied widely from 1.3 to 57.8 Bg/kg dry weight. The main
source of sediments to the beaches of the Egyptian Red Sea is the terrestrial deposits
transported from the fringing mountains. The uranium concentration in the shore sediment
depends on the uranium concentration in the fringing mountains (crystalline rocks), and
the mobility of uranium from the rock and the shore sediment by rain and sea water,
respectively [29, 30].

3.6. Radiological Hazard Indices

3.6.1. Radium Equivalent (Rag)

Radium equivalent (Raeg) index in Ba/kg is a widely used radiological hazard index. It
is a convenient index to compare the specific activities of samples containing different
concentrations of ?°Ra, ?*Th (***Ra) and “°K. It was defined on the assumption that
10Bq/kg of *°Ra, 7Bqg/kg of #**Th and 130Bg/kg of “°K produce the same gamma dose
rate. It was calculated as follows [31].

Ragq = Cra + 1.43 Cry, + 0.077C

Where Cga, Cry and Cy are the activity concentrations of ?°Ra, *’Th and “°K in Bg/kg,
respectively. Raeq was estimated for the collected samples and are given in Table 7. The
values of Rag, varied from 9.4 to 243.1 Bq kg™ and the average value of Ra., was found to
be 78.7 Bq kg™ The estimated highest value of 243.1 Bg kg™of Rae, in the present work
are lower than that of the recommended maximum value of 370 Bq kg™ [42].

3.6.2. Absorbed and Effective Dose Rate (Do)

The absorbed dose rates due to gamma radiations in air(in outdoor air Do,nGy h™)atlm
above the ground surface for the uniform distribution of the naturally occurring
radionuclides (*°Ra, **Th and “°K) were calculated based on guidelines provided by
UNSCEAR (2000)[32]. The conversion factors used to compute absorbed gamma dose
rate (Do) in air per unit activity concentration in Bg/kg (dry weight) corresponds to
0.462nGy/h for ?°Ra, 0.604nGy/h for **Th and 0.042 nGy.h™ for “K. Therefore Do can
be calculated as follows (UNSCEAR, 2000) [43]:

D, = 0.462 Cg, + 0.604 Cyp, + 0.0417Cx
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Where Cra,, Cr, and C, are the activity concentrations of *°Ra, *™ and “°K in Bg.kg™,
respectively. Table 7 gives the results for the absorbed dose rate in air for samples. The
authors note that Quseir Harbour shows the highest values of 126.5 nGy h™.

To estimate the annual effective dose rates doses, one has to take into account the
conversion coefficient from absorbed dose in air to effective dose and the indoor
occupancy factor. proposed by UNSCEAR, (2000) [43], a value of 0.7 Sv Gy™ was used
for the conversion coefficient from absorbed dose in air to effective dose received by
adults, and 0.8 for the indoor occupancy factor, implying that 20% of time is spent
outdoors, on average, around the world.

The annual effective dose rate outdoors in units of( mSv/ y), is calculated by the
following formula (SCEAR, 2000)

Sv
AEDE(m?) = D (0.2 X 365.25d X 24h) x (0.7 x 10‘3)

Whereas, D is dose rate in (nGy/h), (0.2*24h*365.25d) is the outdoor occupancy time
and (0.7 * 1072 ) is the conversion coefficient in Sv.Gy™ (Al-Trabulsy et al., 2011) [33].
The experimental results of the annual effective dose rate are presented in Table 7, From
the results it is clear that the average total annual dose (based on the samples of this study)
is 45.3uSvy™. The International Commission on Radiological Protection (ICRP, 1993)
has recommended the annual effective dose equivalent limit of 1 mSvy™ for the individual
members of the public and 20 mSvy™ for the radiation workers [34].

3.6.3. Calculation of nesHazard Indexes:

I. External Hazard Index (Hey)

The external hazard index (He) represents the external radiation exposure associated
with gamma irradiation from radionuclides of concern. The value of He should not
exceed the maximum acceptable value of one in order to keep the hazard insignificant.
The external hazard index (Hey) is defined by equation [35]:

Hex = (Cy/370 + Cpy/259 + C /4810) < 1

Where Cg., Cr, and Cy are the concentration in(Bq Kg™) of radium, thorium and
potassium respectively.

I1. Internal Hazard Index (H;,)

The internal hazard index (H;,) is used to control the internal exposure to ?Rn and its
radioactive progeny [44]. The internal exposure to radon and its daughter products is
quantified by the internal hazard index (Hi,), which is given by the following equation
(Krieger, 1981):

H;i, = (Cra/185 + Crp, /259 + € /4810) < 1
Where Cra, Crn and Cy are the activity concentrations of “°Ra, %?Th and “°K in Bq.kg
! respectively. The value of H;, must be less than the unity to have negligible hazardous

effects of radon and its short-lived progeny, the calculated values of these indices are
given in Table 7.
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I11. Representative Level Index (lyr):

An additional hazard index so called representative level index is calculated by using
the formula of Harb, [42]:

Ly = (Cu/300 + Cpy/200 + C,/3000)

Where Cy, Cr, and Ck are the specific activities (Bq kg™?) of #®U, #*Th and “K,
respectively. The value of these indexes must be less than unity in order to keep the
radiation hazard insignificant.

IV. Excess Lifetime Cancer Risk (ELCR):

Excess lifetime cancer risk (ELCR) was calculated using the following equation and
presented in Table 7.

ELCR = AEDExDL (70y) = Rf(0.5 SV™1)

where AEDE, DL and RF are the annual effective dose equivalent, duration of life (70 y)
and risk factor (Sv'), fatal cancer risk per sievert. For stochastic effects, ICRP 60 uses
values of 0.05 for the public [36]. The calculated value of ELCR showed that the highest
value (543.2*10°°) was in Quseir Harbour. This value of ELCR was higher than the world
average 0.29x10°(UNSCEAR, 2000). For the soil sample in Quseir city, Egypt.

Table 7. Radium Equivalent (Bq kg™), the Dose Rate (nGy h™), Hazard
Indices (Hex and Hin) (nGy h'), Annual Effective Dose Rate (uSvy'), Excess
Lifetime Cancer Risk (ELCR) Gamma Index (ly) and Annual Gonadal, Dose
Equivalent (AGDE) (uSv y™)

Ez_de Raeq D.rate  Hex Hin A.Eff.  ELCR*10- (Iy) AGDE
sq1 96.3 44.9 0.3 0.3 55.1 192.8 0.3 318.0
5Q2 49.6 226 0.1 0.2 27.7 96.9 0.2 157.4
sQ3 80.1 36.5 0.2 0.3 44.8 156.7 0.3 255.1
sQ4 93.8 433 0.3 0.3 53.1 185.9 0.3 303.7
5Q5 78.8 37.3 0.2 0.2 45.7 160.0 0.3 267.3
Q6 55.5 26.4 0.1 0.1 32.4 113.5 0.2 189.5
sQ7 42.2 19.3 0.1 0.1 23.7 83.0 0.1 134.4
a1 74.7 35.5 0.2 0.2 43.6 152.5 0.3 256.1
Q2 80.7 38.1 0.2 0.2 46.7 163.4 0.3 270.9
Q3 90.9 42.5 0.2 0.3 52.1 182.4 0.3 300.3
Q4 74.8 35.4 0.2 0.2 435 152.1 0.3 250.7
Qs 1106  53.2 0.3 0.2 65.2 228.2 0.4 383.9
Q6 59.3 28.0 0.2 0.2 34.3 120.1 0.2 199.9
Q7 59.1 27.0 0.2 0.2 33.1 115.9 0.2 187.5
Qs 79.7 36.6 0.2 0.2 44.8 156.9 0.3 256.4
Q9 43.4 19.9 0.1 0.1 24.4 85.3 0.1 138.7
Q10 83.0 37.0 0.2 0.3 45.4 158.8 0.3 256.2
Qi1 12.2 5.5 003 004 68 237 0.0 38.2

Q12 1493 696 0.4 0.4 85.4 298.8 0.5 496.6
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Q13 67.6 32.9 0.2 0.1 40.3 141.1 0.2 239.6
Q14 243.1 126.5 0.7 0.2 155.2 543.2 0.8 953.0
Q15 80.7 37.9 0.2 0.2 46.5 162.8 0.3 270.9
NQ1l 89.0 40.0 0.2 0.3 49.1 171.7 0.3 278.5
NQ2 82.8 373 0.2 0.3 45.8 160.2 0.3 259.3
NQ3 106.6 47.8 0.3 0.4 58.7 205.3 0.4 328.2
NQ4 9.4 4.3 0.03 0.02 53 18.6 0.03 30.8
NQ5 66.5 30.3 0.2 0.2 37.2 130.2 0.2 210.6
NQ6 42.9 19.5 0.1 0.1 24.0 83.9 0.1 136.6
Average 78.7 37.0 0.2 0.2 45.3 158.7 0.3 263.1
Range 9.4-243.1 4.3-126.5 0.04-0.7 0.02-0.4 5.3-155.2 18.6-543.2 0.03-0.8 30.8-953
V. Annual Gonadal Equivalent (AGDE):
The annual gonadal dose equivalent (AGDE, pSvy™1) due to the specific activities of
226Ra, #2Th and “°K was calculated using the following formula [37]:
AGDE = 3.09Cg, + 4.18Cqy, + 0.314C (uSvy™1)
The average values of AGDE are presented in Table 7. As can be seen, the highest
values ware in Quseir Harbour.
Table 8. Comparison of Radionuclide Activities in Bq kg™ from Sediments
of the Study Areas and other Coastal and Aquatic Environmental Locations
Country Location 226Ra 221h 0K References
Egypt El-Hamraween SS 29104 8+0.1 282 +7 [38]
Egypt El-Hamraween BS 238 +4 11+0.3 19517 [49]
Egypt Ras El Behar SS 14+0.3 13+0.3 396 +12 [49]
Egypt  Safaga sand 25.3+13.7 21.4+10 618 + 122 [39]
Egypt  Hurgada sand 20.6+9.6 22.4+10 548 + 82 [50]
Egypt Red Sea shore sediment 24.7+4.3 31.4+£9.6 427.5+ 35 [5]
Sudan Port Sudan 11.05+22 - 311+ 84 [40]
Sudan  Red Sea Coastal, Sudan 11.6 6.02 158.4 [41]
Jordon  Gulf Agaba, Red Sea 9.5+0.15 10+£0.14 734 +19 [42]
Egypt Nasser lake 14.4-22 18.4-24.4 222-326 [43]
Egypt Suez canal 4.9-20.2 3.3-354 59-368 [44]
Egypt  River Nile sediments (3.8-34.9) (2.9-30.1) (112-313) [45]
Egypt Red SeaWadies 27 (18-48) 38 (34-110) 419 (214-641) [47]
Egypt Quseir harbour 71(34—81) 83(31—98) 513 (336—611) [48]
Egypt Safaga harbour 66 (51-76) 71(17-141) 493 (272-866) [59]
Egypt  EI-Esh area 92(47-142) 162(272-866) 681 (143-1252 [59]
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Egypt  El-Edua area 25(17-38) 20(12-26) 234(89-378) Present work
Egypt Quseir Harbour 26(5-58) 19(4-47) 459(18-2665)  Present work
Egypt north Flaminko Village 26(1.3-52) 23(4-35) 106(34-153) Present work

4. Conclusions

The study area is very rich with natural resources in the land or in the Sea and its
preservation is a national interest. Most of the investigated areas are covered by sand
blanked. Gravel sized and carbonate dominated in the intertidal sediments. The highest
content of organic matter in the studied sediments of the study areas is mainly due to
human activities either in the Sea or long the coast. The carbonate content in South Quseir
(El-Edua area) samples is low, indicating the oversupply of terrigenous materials, while
Quseir Harbour and north Quseir (Flaminko Village area) samples recorded a relatively
high average carbonate content due to phosphate shipment and the abundance of coral
reefs. In some areas, the seagrass cover in the tidal flat zone is the main reason for high
organic matter content in the studied localities especially in Quseir Harbour.

Generally, the behavior of heavy metals in the marine sediments at the study areas is
complex, and the human impact on Quseir area is clearly reflected by their concentrations.
In comparison with the concentrations of metals in sediments of the study areas along the
Egyptian Red Sea with the other studies, the Egyptian Red Sea coast is relatively
uncontaminated.

The average activities of *°Ra, *?Th and “°K in Quseir Harbour are higher than those
in north and south Quseir due to local contamination by phosphate shipment.
Furthermore, the higher radionuclide activity in Quseir Harbour is due to the increase of
fine particles from land filling and dredging to prepare the Port Shipping. The average
activities range of “°Ra, *Th and “°K in the studied areas is almost near those in other
coastal and aquatic environments in the Red Sea.The range of measured activities differs
widely as their presence in marine environment depends on their physical, chemical and
geochemical properties and the pertinent environment. According to The average
activities of “°Ra (*®U) series, ?*?Th series and “°K in Egyptian soil the Quseir coast
along Red Sea is relatively contaminated.

The southern Red Sea sector is undergoing rapid development for tourism and mining.
Management of coastal area at Quseir district is an example can be applied an the
southern Red Sea sector coastal areas.
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Figure 7. The Activity Patterns Distributions of the Different Radiological
Hazard Parameters at Quseir City Coastal
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