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Abstract: Natural ?*°Ra, **Th and “°K radio nuclides concentration in beach
Sediments along Safaga coast of Red sea, Egypt has been carried out using a
Nal (T1) gamma ray spectrometric technique. The total average concentrations
of radionuclides + uncertainty of >Ra, »?Th and *K were 22.2 + 1.7, 19.2 +
2.5, and 477.6 + 27.6 Bq kg !, respectively. The total average absorbed dose
rate is found to be 41.4 nGyh™!, whereas the annual effective dose rate has
an average value of 54 pSvy~'. The total organic matter (TOC), carbonates
(CaCo,) and Heavy metals distribution have been measured at some locations,
the concentration for the investigated heavy metals overtake the allowable limits
recommended by the Canadian Environmental Quality Guidelines, this assigned
to the ratio of metals pollution is caused by anthropogenic activities (phosphate
shipment as in Abu Tartour harbor and navigation as in Touristic harbor) and
or by natural impacts such in mangrove interment. Statistical analyses were
carried out between the parameters obtained from the radioactivity to know the
existing relations and to study the spatial distribution of radionuclide.

Keywords: radiation hazard; radionuclides; natural radioactivity; Heavy

metals ; Safaga; 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
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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 near shore 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 coasts are important in estimating
potential environmental hazards resulting from the illegitimate human
activities.

The natural radionuclides of the uranium (***U) and thorium (?*>Th) series
and “K as well as the artificial radionuclides of *’Cs, *°Sr and >****°Pu are
the major long-lived radionuclides already present or introduced into seas [2].
Thorium isotopes have been widely used as tracers for particle dynamics in
marine geochemistry. Particle-reactive radionuclides are useful as particle
transport tracers. All sizes of Particles play a central role in the scavenging of
particle-reactive radionuclides and pollutants in embouchure, coastal and open
oceans [3]. 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 [4]. 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 2*U kg)
and for *Ra, a range from 100 to 10 000 Bq kg™ is reported. It is within this
context that the present study aimed to determination of the radioactivities of
naturally occurring nuclides in marine sediment. [5].

Among the various geological formations, sediment plays a predominant
role in aquatic radioecology and plays a role in accumulating and transporting
contaminants within the geographic area. It is the basic indicator of
radiological contamination in the environment [6]. Beach sediments are
mineral deposits formed through weathering and erosion of either igneous or
metamorphic rocks. Among the rock constituent minerals are some natural
radionuclides that contribute to ionizing radiation exposure on Earth. Natural
radioactivity in soils comes from U and Th series and natural K. The study of
the distribution of primordial radionuclides allows the understanding of the
radiological implication of these elements due to the gamma-ray exposure
of the body and irradiation of lung tissue from inhalation of radon and its
daughters [7].
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The information about the radiological and geochemical pollution of
marine sediments in Safaga (Egyptian Red Sea coast) is limited consequently,
and need update to exam the status of natural radioactivity and heavy metals
pollution in area under investigation. Beside that associated radiological
hazards we calculating the absorbed dose rate, annual effective dose rate,
representative level index and external hazard index. The data which obtained
are fundamental to drawing a radiological map for Egyptian Red Sea coast

2. MATERIALS AND METHODS
2.1 Study regions

The study area Safaga City divided into three stations from south to north
namely; Mangrove area (K17), Abu-Tartour Harbour and Touristic
Harbour (Fig. 1).

Station I: Mangrove area (k 17), it is located at latitude 26° 36' 56" N and
longitude 34° 00' 43" E (Table 1 and Fig. 2-a). It is distinguished by mangrove
trees (Avicennia marina) and tidal zone reach to about 100 m occupied by sand
mud and small rocks, the tidal zone followed by deep water which begins with
5 m. There is successful transplantation operation carried out in this area by
Egyptian Environmental Affairs Agency (EEAA).

Station II: Abu-Tartour harbour, it is located out of Safaga City. It is
situated between latitude 26° 41' 46" N and longitude 33° 55' 47" E (Table 1
and Fig. 2-b). Its activities are limited to exporting of the Egyptian phosphate,
packed cement and crude alchortz. Shoreward, the area is skirted by high
basement mountains. The beach sediments are generally coarse sands mixed
with common rock-forming detritus from the surrounding formations. The
sediments covering the intertidal zone are fine to very fine sands sizes and rich
in terrigenous constituents. On the other hand, bottom topography of Abu-
Tartour Harbour is mud to sandy mud. This is due to phosphate shipment;
packing of cement and other activities enter this harbour.

Station III: Touristic Harbour, it is located at north Safaga City. It is lying
at latitude 26° 45' 98" N and longitude 33° 56' 42" E (Table 1 and Fig. 2-c).
Generally, the northern part of the Red Sea is characterized by the existence
of a wide intertidal zone (~1000m wide). Also, Shoreward, the area is skirted
by a raised reefal limestone (about 1.0m in height) that is considered to have
been deposited during the marine transgression in the late Pleistocene or early
Holocene [8]. The Egyptian experts of egyptian environmental affairs agency
(EEAA) and Danish experts studied this area then, the EEAA allowed to use
landfilling and dredging on beach and intertidal zone during construction this
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Figure 1: Map showing the location of the three areas were studied at Safaga
and surrounding areas.

marina. A geotextile curtain has been used during the operation for preventing
dust from spreading to the surrounding environment but in many times the wind
was cut the geotextile. The fill operation has been used sediments transported
from the natural land of this site, and mountain area, and as illustrated in the
figures there are many solid wastes and disposal of garbage from the boats in
addition to, sunken boats at the area. Patch reefs and fringing reefs characterize
the area in front of Tourist Harbour. The most common and widely distributed
coral species in this area are Acropora sp., and Stylophora pistillata. A long
the intertidal zone, there are some patches of seagrass. Dense algal species and
coralline algae are incorporated with the reefs.

2.2 Sample collection and preparation

Eighteen samples of sediment have been collected from Safaga city coastline, Red
sea. Samples collection was considered the locations throughout three Stations
(Km 17 Mangrove area, Abu Tartour Harbor and Touristic Harbor) in Safaga, Red
sea governorate, Egypt, as shown in figure 1. six samples have been collected from
Km 17 Mangrove area (south town), also 6 samples from Abu Tartour Harbor
(Middle town) and 6 samples Touristic Harbor (North town)). Table 1.
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Figure 2: Samples Location in the Study area.

The locations (Co-Ordinates) were determined by using Geographical
Position System GPS (Magellan). The physical criteria of water (temperature,
salinity, pH, depth, specific conductivity (SPC) and total dissolved salts (TDS)
were measured directly in the field using Hydrolab Instrument (HANNA HI
9828) during collecting of samples at the studied localities, See table 1.

The location and description of bottom characteristics of the collected
samples are given in (Figures 2). Sediment samples were collected by hand,
grab sampler and scuba diving. Three different environmental zones such as
(i) beach, (ii) intertidal zone and (iii) offshore zone until 4 m water depth
represent these localities. Scuba diving was used in areas rich in corals where
grab sampler failed to collect samples.
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2.3 Mechanical (Granulometric) Analysis

Electroformed sieves are now available that take the range of analysis below
the 31 um permitted by woven-wire sieves. This has extended the range down

Density Functional
Theory Study
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and Electronic

to 5 um, but not for routine analysis [9]. About 100 gm of prepared sample Pproperties of Group

were taken for mechanical analysis, which was carried out using a standard set
of sieves, shacked in a Ro-Tap shaker for 20 minutes. The sieves were arranged
where 1® interval separates each sieve from another. The used sieves are 2.0,
1.0, 0.5, 0.25, 0.125 and 0.063 mm in addition to the ban. These sieves have
the equivalent -1, 0, 1, 2, 3 and 4 ® values, respectively. The collected sieve
fractions were accurately weighed. Each ban fraction weighing more than 5%
of the analyzed sample was analyzed for silt and clay using the pipette method
[10].

2.4 Geochemical Analysis

In the National Institute of Oceanography and Fisheries. Chemical and
Geochemical analysis were carried out. Samples for geochemical analysis were
produced by splitting the dry samples. Ten grams of each prepared subsamples
of all collected samples were ground using an agate mortar (Retsch Mortar-
method), passed through a 80 mesh sieve and kept in dry, clean bag waiting
for analysis.

(1) For total carbonates, To determine the carbonate content, one gram of
each prepared sample were treated by (1N HCL acid), filtered and washed
several times by distilled water, dried and reweight in order to calculate the
percentage of carbonate content of the sediments.

(2) For organic carbon and total organic matter, One gram of each crude
sample was burned to 550 °C for about two hours. The organic matter
content of the sediments was determined by sequential weight loss at 550
°C[11-13].

(3) For heavy metals, about 0.5 gm of well homogenized ground sediment
samples were accurately weighed on an analytical balance and then
transferred into a Teflon beaker and then were completely digested by
using a mixture of concentration. Nitric, per chloric and hydrofluoric
acids, with the ratio 3: 2: 1 respectively according to [14]. Acids were
slowly added to dried sample and left overnight before heating. Samples
were heated for two hours on hot plate at temperature of approximately
200 °C, then left to cool and filtered to get rid of the nondigested parts.
The solution was justified to volume of 25 ml, and then the concentration
of the elements was determined by Atomic Absorption Spectrophotometry
(AAS). technique, using GBC-932 ver. 1.1 with detection limits 0.01 ppm
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of the National Institute of Oceanography and Fisheries, Red Sea Branch.
Results were expressed in ppm.

2.5 Gamma Spectroscopic Analysis
2.5.1 Sample preparation

The samples were prepared as follows. Each sample (about] kg) was washed in
distilled water and dried at about 110°C to ensure that moisture is completely
removed. The samples were crushed, homogenized 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) [15].This step is necessary to ensure that radon gas confined within
the volume and the progeny will also remain in the sample.

2.6 Instrumentation and calibration

Radioactivity measurements were performed by gamma ray spectrometer,
employing a scintillation detector 3 x3 inch. Its hermetically sealed assembly
which includes a high-resolution Nal (Tl) crystal, photomultiplier tube, an
internal magnetic/light shield, aluminum housing and a 14 pin connector
coupled to PC-MCA Canberra Accuspes. It has the following specifications:
resolution 7.5% specified at the 662 keV peak of '*’Cs, window aluminum 0.5
mm thick, density 147 mg/cm?, reflector oxide; 1.6 mm thick; density 88 mg/
cm?, magnetic/light shield-conetic lined steel and operating voltage positive
902 V (dc). To reduce gamma ray background, a cylindrical lead shield with a
fixed bottom and movable cover shielded the detector. The lead shield contained
an inner concentric cylinder of copper (0.3 mm thick). The detection array was
energy calibrated using “Co (1173.2 and 1332.5 keV), '¥*Ba (356.1 keV) and
37Cs (661.9 keV), however, the efficiency calibration was made by calibration
cylindrical beaker standard source IAEA-314 [16], where the specific activity
was known, which containing three radionuclides: ***Ra, ***Th and ***U.

The offline analysis of each measured ~-ray spectrum has been carried out by
a dedicated software program genie 2000 [17]. The ***Ra radionuclide was
estimated from the 351.9 keV ~ -peak of 2"“Pb, and 609.3 keV, 1120.3 keV,
1728.6 keV and 1764 keV ~ -peak of 24 Bi. The 186 keV photon peak of **Ra
was not used because of the interfering peak of 2°U, with energy of 185.7 keV.
The #*?Th radionuclide was estimated from the 911.2 keV ~ -peak of **Ac and
the 238.6 keV ~ -peak of 2?Pb. The “’K radionuclide was estimated using the
1461 keV ~ -peak from “°K itself [18].
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3. RESULTS AND DISCUSSION
3.1 Environmental conditions

Oceanographic conditions spread along the shore have an exchangeable effect on
the coastal features. The oceanographic parameters affect the shore environment
and the same time have an impact on the shore activities. Most oceanographic
parameters were measured at the study areas listed in (Table 1). The salinity of
seawater in Mangrove region is high and varies between 43.3% at depth 0.5m and
43.8% at depth 0.3 m. The water temperature ranges between 15.2 °C at depth
0.5m and 15.9°C at depth 0.3m in the winter season, Jan.,2012 (period of collecting
samples ) (Table 1). The salinity of seawater in Abu-Tartour harbore ranges
between 42.3% at depth 1.5m and 43.9 at depth 4 m, and the water temperatures
are between 20.6°C at depth 1.5m and 21.2°C at depth 4m in the winter season
(Table 1). The salinity of water in Touristic Harbour is varies between 42.4 % at
depth 0.3m and 42.9 % at depth 0.3 m, while the water temperatures are between
21.4 °C at depth 0.3m and 23 °C at depth 0.3m in the winter season (Table 1).

3.2 Sediment texture

The purpose of such mechanical analysis of the sediment not just for the nature
of the sediment, also to understand the physical properties of the sediments
and revealed the relationship and the effect of the grain size, source materials
and depositional environment.

Sediments of the investigated marine harbor and intertidal bottoms facies
are composed of over 98% sand figure (3) table (2). Very fine 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 (3).
Gravel is common in the intertidal samples and reach up to 34% with an average
of 7% especially in Abu Tartour Harbor and in north (Touristic Harbour) reach
up to 21% with average of 7% but in Mangrove area reach up to 23% with
average 10%. Mud is relatively higher in the beach samples than in the intertidal
sediments at Mangrove area. 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 [19].

3.3 Geochemistry
3.3.1 Carbonates(CaCo,)

The average carbonates content in the investigated sediments varies from 7 %
at Touristic Harbor in the north to 91 % at Mangrove area (Table, 2: Fig. 4).
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Figure 3: Distribution of gravel, sand and mud fractions of the sediment
samples at the studied Regions.
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Figure 4: Distribution of carbonate content, total organic matter of marine
sediments of Safaga City.

Mangrove area recorded the highest values of corbonate contents compared
with the other studied areas. It is due to mangrove trees (Avicennia marina). On
other hand, The four principal sources of carbonate in marine sediment are [20]:

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 (TOC)

Organic matter affects the aquatic ecosystem by interacting with in organic
matter to form complex compounds, which include in its structure several
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other elements. It also serves as a source of food for sundry animal groups
[21]. The content of organic matter in intertidal sediment varies from 2.3 %
at Touristic Harbour to 13.7 % at Mangrove area (Table 2; Fig. 4). Mangrove
area and Abu Tartour Harbor recorded the highest values of organic matter
content compared with Touristic Harbour. The aerial distribution of the organic
matter shown a general decrease toward the north.[22,23] attributed the high
content of the organic matter in tidal flat sediments to the terrigenous influx.
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.

Table 2: Sediment types, geochemical properties and heavy metals of
sediment samples at the study areas.

Density Functional

Theory Study
of Structural
and Electronic

Properties of Group
V Transition Metal

Carbide

South Middle (Abu I}%ﬁi‘ls "
(Mangrove area) Tartour Harbor) Harbour) (n
(n"=06) (n* = 6) (n*= 6)
Variables Range (%) Avg. (%) Range Avg. (%) Range (%) Ave.
' (%) ] (%)
Gravel 2-23 9.7 0-34 6.6 00.-21 6.9
Sand 77-96 87.7 65-98 92.2 79-98 924
Mud 1-8 2.6 1-2 1.2 0-3 0.7
Carb. %  36-91 59.6 24-44 36.7 7-21 13.2
TOM%  5-14 8.1 2-5 3.9 2-5 3.5
78589— 92457~
kk |
Fe 64720-76277 70499 90146 84367 104014 98236
200—
Mn** 378-531 445 281-578 373 620 398
Zn** 38-53 45 52-117 76 40-361 117
Cu** 10-15 13 10-22 14 10-756 138
Pb** 7-24 16 4-28 15 22-81 37
Ni** 5-15 11 1-12 6 0-5 3
Cd** 0-0.4 0.1 0-1.2 0.6 0-0.8 0.2

Notes: n*, number of samples; **Values in pg g'!
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3.3.3 Heavy metals distribution

In the present study, marine sediments from Mangrove area, Abu Tartour
Harbor and Touristic Harbour were analyzed to detect the concentration and
distribution of seven heavy metals (Fe, Mn, Ni, Zn, Cu, Pb and Cd) in order
to understand the effect of human action and natural unputs on the quality
of marine sediments and to exam the pollution situation. The mesured
concentration and distribution have been listed and shown in (Table 3; and
Fig.5),

Fromthe resultin Table 3, we can find there is a wide range of concentrations
as follow: for iron (Fe) concentration in marine sediments varies between

Table 3: heavy metals distribution of marine sediments at Safaga city.

Sample o 7, Py cd  Fe Mn  Ni
name
S1 14 49 10 0.1 64720 490 13
S2 12 49 20 0.0 67031 531 13

south S3 15 53 18 0.0 69343 438 15

(Mangrove

area ) S4 10 38 18 04 71654 3718 5
S5 13 42 7 0.0 73966 398 12
S6 12 42 24 0.0 76277 433 11
S7 15 96 28 0.4 78589 388 7
S8 12 57 17 0.0 80900 282 1

Abu S9 22 117 4 1.2 83211 578 12

Tartour

Harbor S10 10 55 6 09 85523 333 6
S11 11 81 18 0.6 87834 375 6
S12 11 52 14 0.5 90146 281 5
S13 14 51 44 0.0 92457 359 0
S14 17 110 32 0.1 94769 620 5

north S15 17 72 22 01 97080 307 2

(Touristic

Harbour)  S16 10 40 25 00 99391 283 5
S17 13 65 22 0.8 101703 620 4
S18 756 361 81 0.3 104014 200 2
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64720 ug g-lat South area (Mangrove area) and 104014 ug g~'(ppm) at the  Density Functional
north area (Touristic Harbour). In the same manner magnesium (Mn) level Theory Study
ranges from 200 pg g~'at Touristic Harbour to 620pug g~'at Touristic Harbour of Structural
. The association of iron and manganese was well known reported that in the and Electronic
igneous silicate rocks, Mn is present in divalent state associated with Ferro Pmpertle,s,()f Group
. . . ) V Transition Metal
magnesium and accessory iron minerals; [24]. There are many sources for Carbide
iron and manganese transfer to the marine environment. In the present work
Fe and Mn transfer to the marine environment naturally by human activation
like sewage, shipment and navigation in touristic harbor. Touristic Harbour
recorded the highest values compared with the other studied area due to
egyptian environmental affairs agency (EEAA) allowed to use landfilling and
dredging on beach and intertidal zone during construction this marina. Also
there are many solid wastes and disposal of garbage from the boats in addition
to, sunken boats at the area. Patch reefs and fringing reefs characterize the area
in front of Tourist Harbour. Numbers of anthropogenic activities in Touristic
Harbour are the main reasonable sources for the high heavy metals contents.
From the Permissible Levels of heavy metals (ug g~') for Marine Sediments
Quality Guidelines according to Canadian, Ontario and Florida Guidelines (Table
4) [25 - 27] we found Cu, Cd and Ni are reach The Probable Effect Level (PEL) in
Quseir Harbor, while in the residual station in The Threshold Effect Level (TEL)

3.4 Activity Concentrations Of *Ra, 2’Th And “K In The Sediments

The activity concentrations in Bqkg-1 for *Ra (***U) series, **Th and “’K in
the sediment samples under investigation were given in TableS. The activities
range from 7.4+0.7 to 53.1+3.8 and 6.3+ 1.5 t033.8+5.2 and 195.7«11.2
to 821.0+46.0 Bgkg™' for **Ra, »?Th and *K respectively as it seems in
Figure.7. The wide variations of the activity concentration values are due to

LA T RO i Pl
80% r_
60%
0%
20% 2 %

Concentration pg g-1

- S U Y P S W U W = PR
0% . >—=9 - . . 4 . —ip—=_ . . - . v .

51 52 53 54 55 56 57 58 59 510 511 512 513 514 515 516 517 518

Figure 5: Distribution of heavy metals of marine sediments at Safaga city.
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Uosif, MAM Table 4: Permissible Levels of heavy metals (ug g~!) for Marine Sediments

Issal, S Quality Guidelines according to Canadian, Ontario and Florida Guidelines
Sharma, 1 [25 - 27).
Zakaly, HMH
Hashim, M Levels of heavy metals (ug g')
Tamam, M Metals TEL PEL SEL
Cd 0.6-0.7 421 10
Cu 16 - 18.7 108 110
Ni 159-16 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
120000
—éi 100000
. 80000
é so000 ]
§ 40000 ——Fe
é 20000
1]
51 52 53 54 55 56 57 S8 59 510511512 513514 515516 517 518
sample name

Figure 6: Distribution of Fe of marine sediments at Safagacity.

their presence in the marine environment and their physical, chemical and geo
chemical properties [28, 29]. The results show that the average activity of **Ra
and »?Th are (22+1.7 &19+2.5) less than the compared worldwide average
value (35Bgk ! for 28U, 30 Bgkg ! for 22Th) while and “’K is higher than the
compared worldwide average value (400 Bgkg ! for “°K) of these radionuclides
in the sediment (UNSCEAR, United Nations Scientific Committee on the
Effects of Atomic Radiation, 2000). [30].
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The main source of sediments in the beaches of the Red Sea is the terrestrial
deposits transported from the fringing mountains. Uranium concentration
in the shore sediment depends on the uranium concentration in the fringing
mountains (crystalline rocks), also and the mobility of uranium from the rock
and the shore sediment by rain and sea water, respectively [31, 32].

3.5 Radium Equivalent Activity Concentration Index (Raeq)

Radium equivalent (Ra_) index in Bq kg~! is a widely used radiological
hazard index. It is a convenient index to compare the specific activities of
samples containing different concentrations of ?2Ra, ***Th (**®*Ra) and “K. It
was defined on the assumption that 10Bq kg~' of ?°Ra, 7 Bq kg~ of **Th and
130Bq kg' of *K produce the same gamma dose rate. It was calculated as
follows [33].

Ra,, = Cy, +1.43+Cy, +0.077C, ()

Where C, ,C,, and C_are the activity concentrations of **Ra, **Th and
40K in Bq kg ', respectively. Raeq was estimated for the collected samples
and listed in Table 5.The values of Raeq varied from 31.5 to 140.7 Bgkg™!
and the average value of Raeq was found to be 86.5 Bgkg !. The estimated
highest value of Raeq is 140.7 Bq kg~! in the present work are less than the
recommended safe limit 370 Bq kg~' [34]. We use surfer 8, [35] program to
describe the distribution patterns of Raeq, through figure 8 (a, b and c) we can

MRx226 MTh-232 mK-40

400

AfBa/fKe)

300 4—

200 |

T
= 110 1
NFEEFEENANERE R

51 52 53 54 55 56 57 5B S9 SL0S1L1 512513 514 515 516 517 518

Sample name

Figure 7: Activity concentrations of the radioelements (in Bq kg™') found in
studied samples.
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see the increase and decrease concentration of Raeq in mangrove area, Abu  Density Functional

Tartor harbor and Touristic harbor, respectively. Theory Study
of Structural

and Electronic

4. EVALUATION OF RADIOLOGICAL HAZARD EFFECTS Properties of Group

4.1 Absorbed gamma dose rate (Dr) V Transition Metal
Carbide

The contribution of natural radionuclides to the absorbed dose rate in air (DR)
depends on the natural specific activity concentration of *Ra, »?Th and “’K. If
a radionuclide activity is known then its exposure dose rate in air at 1 m above
the ground can be calculated [36, 37]. The conversion factors used to compute
absorbed gamma dose rate (D) in air per unit activity concentration in Bqkg-1
(dry weight) corresponds to 0.462 nGyh-1 for **Ra, 0.604 nGyh~' for >*Th and
0.0417 nGyh™! for “K. Therefore D, can be calculated as follows [30]:

D, (nGyh™) = 0.462Cy, +0.604Cy, +0.0417C, @

Where C,, C, and C,_are the activity concentrations of 226Ra, 2**Th and “K in
Bq kg !, respectively. The calculated results of the absorbed dose rate in air for
samples have been listed in Table 5, colum 7. The absorbed dose rate values
ranged between 15.3 and 65.9, with a mean value of 41.4 nGyh!. This mean
value is approximately the half of the world average absorbed dose rate value
of 84 nGyh~' [38].

4.2 Annual effective dose equivalent (AEDE)

The annual effective dose equivalent (AEDE) outdoors in units of (mSv/ y),
resulting from natural radionuclides of ?**Ra, #**Th and *K. was calculated by
the following formula [30].

AEDE(mSv/y) = Dg (0.2%365.25d * 24h)* (0.7 * 107%) 3)

Where, is dose rate in (nGy/h), (0.2%¥24h*365.25d) is the outdoor occupancy
time and (0.7 * 1073) is the conversion coefficient in Sv/Gy [39]. The annual
effective dose equivalent obtained (Table 5) ranged between 18.7 and 80.8 with
average value of 50.8 Svy'.(0.05SmSvy '), This value about 5% of 1.0 mSvy '
recommended by the International Commission on Radiological Protection [40]
as the maximum annual dose to members of the public[40]. Fig. 9 shows the
variation of annual effective dose equivalent indifferent Samples. Also Figure
10 (a, b and c) describe the distribution patterns of AEDE, through this figure
we can see the Places of Increases and decreases of AEDE in mangrove area,
Abu Tartor harbor and Touristic harbor, respectively.
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4.3 Annual gonadal equivalent (AGDE)

AGDE is a measure of the genetic significance of the yearly dose equivalent
received by the population’s reproductive organs (gonads) [18]. In the same
context, the activity bone marrow and the bone surface cells are considered as
the organs of interest by [41]. Therefore, the annual gonadal dose equivalent
(AGDE) due to the specific activities of *Ra, »?Th and 40K was calculated

using the following formula [42].

South Safaga (Km 17 Mangrove area) 26 57 11

34020
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' o oem O 3356528 ., .

—

Figure 8: The distribution patterns of Raeqfor mangrove area, Abu Tartor
harbor and Touristic harbor.
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AGDR = 3.09Cy, +4.18Cy, +0.314C, (uSvy ") @)

The AGDE values are presented in Table5. As can be seen, the average values
do not, in general, exceed the permissible recommended limits, indicating that

Density Functional
Theory Study

of Structural

and Electronic

the hazardous effects of these radiations are negligible. However, the overall Froperties of Group

average values of AGDE, is found to be 299 uSv y~'. In literature, the average
value of AGDE are greater than our result and found to be 334.3 uSv y~! for
soil of Northern Jordan [43], 282 uSv y~! for costal sediments of East costal
of Tamilnadu, Inda [36], 2398 uSv y' for Eastern Desert of Egypt [44], 495.5
uSv y~! for Firtina river of Turkey [45]. Fig.9 shows the samples and annual
gonadal dose equivalent (AGDE).

W AEDE
W AGDE

AEDE& AGDE (uSvyl)

Sample name

Figure 9: Annualeffectivedoserate(AEDE)and (AGDE) (uSvy~')for sediment
samples.

4.4 Excess Lifetime Cancer Risk (ELCR)

Excess lifetime cancer risk (ELCR) can be defined as the excess probability
of developing cancer at a lifetime due to exposure level of human to radiation.
Excess lifetime cancer risk is calculated using the equation [46]: Excess
lifetime cancer risk (ELCR) was calculated using the following equation and
presented in Table 5.

ELCR = AEDE * DL(70y) * Rf(0.5uSv ") Q)

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. The calculated
range of ELCR is 65.5 x 10 to 282.8 x 10 with an average of 177.9 x 10°.
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Figure 10: The distribution patterns of AEDE for mangrove area, Abu
Tartor harbor and Touristic harbor.

The average value of ELCR from the present study area is lower than the world
average (290 x 10°) [30]. We see from Figure 11 (a, b and c), the distribution
patterns of ELCR, through this figure we can see the Places of Increases and
decreases of ELCR in mangrove area, Abu Tartor harbor and Touristic harbor,
respectively, Fig. 12 shows the Excess life time cancer risk (ELCR) with
samples under investigation. where the highest value (283x10) found in Abu
Tartor harbor, while the lowest one (66x10°)was found in mangrove area.

4.5 Calculation of Hazard Indexes
4.5.1 External hazard index (H )

The external hazard index (H_ ) represents the external radiation exposure
associated with gamma irradiation from radionuclides of concern. The value
of H_ should not exceed the maximum acceptable value of one in order to keep
the hazard insignificant. The external hazard index (H_)) is defined by equation
[47]:
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H,, =(Cg, /370+Cy, /259+Cy /4810)<1

Where C, , C,, and C, are the concentration in(Bq Kg"') of radium, thorium
and potassium respectively, Fig. 13 shows the external hazard index (H_) with

sediment samples

4.5.2 Internal hazard index (H, )

The internal hazard index (H, ) is used to control the internal exposure to
222Rn and its radioactive progeny [48].The internal exposure to radon and its
daughter products is quantified by the internal hazard index (H, ), which is

given by the following equation [49]:

H;, =(Cg, /1854 Cy, /259 +Cy /4810) <1
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Figure 12: ELCR. With samples under investigation.

Where C,, C, and C_ are the activity concentrations of **Ra, **Th and
“K in Bq kg, respectively. The value of Hin must be less than the unity to
have negligible hazardous effects of radon and its short-lived progeny [50],
the calculated values of these indices are given in Table 5. Fig. 13 shows the
internal hazard index (H, ) with sediment samples.

4.5.3 Gamma representative level index, (I~)

The representative level index (I~) is used to estimate the level of ~-radiation
hazard associated with the natural radionuclides in specific investigated samples.
This index is used to correlate the annual dose rate due to the excess external
gamma radiation caused by superficial materials. It is used only as a screening
tool for identifying materials that might become health concerns when used as
construction materials [51]. The gamma radiation hazard level of the sediment
samples associated with natural radionuclides was calculated using the following
formula, which was based on the radiation hazard index I~. [34]:

lyr = (Cg, /300 -+ Cq, /200 + Cy /3000) ®)

Where C, , C,, and C,_are the specific activities (Bq kg') of *°Ra, **Th and *K,
respectively. The value of these indexes must be less than unity in order to keep
the radiation hazard insignificant. The values for the representative index ranged
between 0.11 and 0.47 with average value of 0.29. Values of Iy < 1 correspond
to an annual effective dose of less than or equal to 1 mSv. Fig. 13 shows the
Gamma representative level index (Iry) with sediment samples. From figure 13, it
is clear that the highest values of H,_, H_and I~y have been founded in Abu Tartor
harbor, while the lowest values were found in mangrove area
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Table 6: Descriptive statistical characteristics of radioactive variables of
Coastal sediment samples of Safaga city, Egypt.

Variables 2Ra 22Th K
Valid 18 18 18
N Missing 0 0 0
Mean 22.24 19.22 477.56
Std. Error of Mean 2.85 1.53 43.81
Std. Deviation 12.10 6.49 185.85
Variance 146.42 42.18 34540.97
Skewness 1.28 0.64 0.29
Std. Error of Skewness 54 0.54 0.54
Kurtosis 1.12 1.50 -0.88
Std. Error of Kurtosis 1.04 1.04 1.04
Range 45.70 28.00 625.00
Minimum 7.40 6.00 196.00
Maximum 53.10 34.00 821.00
Frequency distribution Log-normal Normal Normal

4.5.4 Multivariate Statistical Analysis
4.5.4.1 Descriptive statistics

Descriptive statistics is techniques that take raw scores and organize or
summarize them in a form that is more manageable. Often the scores are
organized in a table or a graph so that it is possible to see the entire set of
scores. Even if the data set has hundreds of scores the average provides a
single descriptive value for the entire data set. The list of statistical data
are mean, Std. Error of Mean, Std deviation, variance, skewness, Std. Error
of Skewness, kurtosis, Std. Error of Kurtosis, range, minimum, maximum,
type of frequency distribution of radionuclides in sediment samples were
presented in Table 7.

The spread of entire data set is analyzed by the variance and standard
deviation. The shape of the distribution may also be described by skewness
and kurtosis. The highest value of arithmetic mean (AM) is observed for “°K
(477.56 Bgkg™') and the lowest is for *Th (19.22 Bgkg'). The basic statistics
show that the AM of activity concentrations for all samples are different from
each other but are close within the SD. The values of skewness and kurtosis
for “K are near to O and negative, respectively; therefore this radionuclide
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Figure 13: Different Parameters (Inr, Hex, & Hin) in sediment samples of
Safaga city.

follows normal distribution. For 2**U and **’Th, the skewness values are not
close to the null value and kurtosis coefficient is positive, showing the non-
existence of normal distribution. The positive value of kurtosis coefficient
for the radionuclides indicates that distribution is higher and narrower than
normal.

4.6 Histograms

In statistics, a histogram is a graphical representation of the distribution of
data. It is an estimate of the probability distribution of continuous variables.
The frequency distribution for all radioactive variables in sediments samples
were analyzed, where the histograms are given in Figs. 10-12. The graph of
22Th and *°K shows that these radionuclides demonstrate a normal (bell-shape)
distribution. But #**U exhibited some degree of multi-modality. This multi-
modal feature of the radio elements demonstrates the complexity of minerals
in sediment samples.

4.7 Pearson’s Correlation Coefficient Analysis

Correlation analysis has been carried out, as a bivariation statistics in order to
determine the mutual relationships and strength of association between pairs
of variables through calculation of the linear Pearson correlation coefficient.
Results for Pearson correlation coefficients between all the studied radioactive
variables for sediments are shown in Table 7. The high good positive correlation
co-efficient was observed between >*?Th and ?*°Ra because radium and thorium
decay series occurs together in nature [52].
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Table 8: Pearson correlation coefficients between radioactive variables and
heavy metals in Coastal sediment samples of Safaga city.

Ra- Th- .
226 232 K-40 Cu Zn Pb Cd Fe Mn Ni
%Ra 1

Z2Th 0.541 1

YK 0.061 0252 1

Cu 0275 0.153 -0.200 1

Zn 0422 0313 -0.137 0952 1

Pb 0393 0.241 0.103 0.833 0.798 1

Cd 0.104 0.128 0.047 -0.007 0.142 -0.268 1

Fe 0203 0.102 0586 0.399 0462 0.524 0.220 1

Mn -0.215 0.115 0.009 -0.412 -0.262 -0.350 0.212 -0.243 1

Ni  -0.303 -0.111 -0.525 -0.271 -0.272 -0.479 -0.040 -0.756 0.478 1

The positive correlation coefficient was absorbed between ??°Ra, »2Th
and K with all the radiological parameters. This implies that, there is a very
strong relationship between the radionuclides in sediments and radiological
parameters. Hence this strong relationship shows the all three radionuclides
contribute the emission of gamma radiation in all the samples. Also we see
weak correlation between radionuclides in sediments (gravel and sand), while
increase with mud. As it appear from table 7.

Correlation coefficients between heavy metals and radioactivity were
determined. Natural radioactivity in the studied area originated from the costal
sediments samples. Spearman correlation coefficients between heavy metals
and activity concentrations of natural radioactive isotopes are presented in
Table 8. Significant negative correlation between radioactivity and Ni is seen
(the correlation coefficient R for all data pairs is between—0.111 and—0.525).
In Table 8 that significant positive correlations occur between Natural
radioactivity and Pb, Cd and Fe.

4.8 Cluster Analysis

Cluster analysis (CA) is one of multivariate techniques used to identify and
classify groups with similar characters in a new group of observations. Each
observation in a cluster is most like others in the same cluster. Similarity is a
measure of distance between clusters relative to the largest distance between
any two individual variables [53]. The zero distance means the clusters are
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100% similarity in their sample measurements, whereas the cluster areas are
as disparate as the least similar region means similarity of 0%. Cluster analysis
was carried out through axes was to identify similar characteristics among
natural radioisotopes and radiological parameters in the sediments.
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Figure 17: Dendrogram shows the clustering of radionuclides.

In CA, the average linkage method along with correlation coefficient
distance was applied and the derived dendrogram shown in Fig. 13. In this
dendrogram, 8 radiological parameters and three radionuclides were grouped
into three statistically significant clusters. Cluster-I consistof H, , I, H_, ***Ra,

**Th, D, AEDE and Ra_. Cluster-II consists of ELCR and AGDE. Cluster-III
separately accounted for EOK. From this cluster analysis, external hazard index,
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internal hazard index and Gamma representative level index in the study area  Density Functional
are due to the concentration of ?’Ra and dose absorbed by the human beings Theory Study
are due to high concentration of »**Th. Cluster—III suggests that “*K does not of Structural

contribute to any radiological parameters in the study area. and Electronic
Properties of Group

V Transition Metal
CONCLUSIONS Carbide

The conclusion of our study can be summarized in the following points:

1. Theresults show that the average activity of ?Ra and ***Th are less than the
compared worldwide average while and *“’K is higher than the compared
worldwide average value of these radionuclides in the sediment [30].

2. Mangrove area and Abu Tartour Harbor recorded the highest values of
organic matter content compared with Touristic Harbour. 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.

3. Sediments sampled in Safaga Harbour and Touristic harbor were recorded
the highest values of Fe, Zn, Pb and Cd when compared with Mangrove area.
The high concentrations of these metals may be caused by anthropogenic
activities. The main factor is phosphate and bauxite. This is attributed to
the high input of terrigenous fragments including mafic minerals and the
packing of cement in Safaga Harbour

4. The presence of the heavy metals detected in both soil profiles allows us to
conclude that the pollution was produced a long time ago and the pollutant
activities in the investigated areas are still present
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