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INTRODUCTION  

 

Radioactivity from naturally occurring radioactive materials (NORMs) is 

ubiquitous in the terrestrial environment and exists in various geological formations, viz. 

soils, rocks, sediment, air, and construction materials (Ramasamy et al., 2013; Abbasi et 

al., 2022). However, the distribution of NORMs in the terrestrial and coastal sediments 

relies on both the distribution of rocks and the procedures through which they are 

concentrated. Noureddine et al. (1998) and Mahur et al. (2010) reported that, the major 

source of natural radionuclides in the aquatic environment results from the weathering 

and recycling of terrestrial minerals and rocks that give rise to 
40

K, 
232

Th and 
238

U in 

marine sediments (Zakaly et al., 2021). 
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The current study introduced the activity levels of 
238

U, 
232

Th, and 
40

K as 

well as their radiological hazard indices for some valleys along the Gulf of 

Suez and the Red Sea. Activity levels of 
238

U, 
232

Th, and 
40

K were performed 

by a ϒ-ray spectrometer at the Nuclear and Radiological Regulation 

Authority (CLERMIT), Egypt, using a NaTl detector (3x3 inch). "Genie-

2000" program has been used to analyze the gamma-ray spectrum. The 

mean activity levels of 
238

U ranged from 6.10Bq/kg to 157.68Bq/kg, 
232

Th 

fluctuated between 4.38Bq/kg and 29.92Bq/kg, and 
40

K changed from 

44.80Bq/kg to 497.18Bq/kg. The calculated absorbed and effective dose rate 

values in the downstream and the tidal flat of Hamrawin valley reached 

76.41 and 88.39nGyh
-1

; the annual effective dose-effect was 93.71, and 

108.40Sv Gy
-1

; the radium equivalent activity level index values were 

163.59 and 190.01Bq kg, and the external hazard index reached (0.44 and 

0.51). The representative level index values reached 1.16 and 1.30, and the 

excess lifetime cancer risk reached 0.27×10
-3

 in the valley downstream and 

0.31×10
-3

 in the tidal flat zone, respectively. The radiological risk 

parameters values of (D), (AEDE), (Iγr), and (ELCR) at the Hamrawin 

valley are not safe, exposing health risks to the population, since they are 

higher than the permissible levels. 
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Human and other organisms alive are inevitably exposed to some amount of 

ionizing radiations from the NORMs 
238

U, 
232

Th, and 
40

K in the soil, sediments and 

streams, lakes, and other environmental samples (El Samad et al., 2013; Yücel et al., 

2020). It was estimated that about 87% of the radiation doses received by humans are 

from natural sources, produced by radioactive isotopes of 
238

U and 
232

Th in addition to 

their progeny and 
40

K (UNSCEAR, 2008; Shetty & Narayana, 2010). The effects of 

radiation on humans and biota vary according to the radiation type (α or β or γ), the time 

of exposure, the dose, and the exposure route (external, inhalation, and ingestion) 

(ATSDR, 1988; INRS, 2012; El Zrelli et al., 2019). A long exposure period leads to a 

greater risk of cancer (including lung, breast, and thyroid glands) that usually appear after 

decades of exposure (UNSCEAR, 2000). Therefore, it is important to estimate the 

potential hazards of natural radiation for the human health and to protect the natural 

environment (Ramasamy et al., 2013). 

Previous studies showed that some areas around the world (France, Australia and 

China) have elevated background radiation levels as a result of the occurrence of elevated 

NORMs in soil, rocks and sediments. Phosphate rocks and ores around the world contain 

significantly high levels of 
238

U, 
232

Th series, and 
40

K. Therefore, the mining and the 

processing of phosphates and subsequent spread of phosphate-containing dust in the 

environment are considered a major source of contamination with naturally radioactive 

materials (Shetty & Narayana, 2010; El Zrelli et al., 2019). 

Egypt's phosphate ore deposits are a part of the Mediterranean Phosphate Province, 

which is located in the Mediterranean Sea, where the Red Sea Mountains and the coastal 

areas are considered the main center for mining, processing, and shipping of phosphates 

in Egypt (El Mamoney & Khater, 2004). In addition, high radiation levels are connected 

to igneous rocks such as granite, which is widely distributed in the eastern desert of 

Egypt (El-Gamal et al., 2018). Considerable amounts of these phosphate ores and other 

materials reach the marine environment throughout shipping operations and with flash 

floods via several valleys along the Gulf of Suez and the Red Sea (Salah el Din & 

Vesterbacka, 2012). Previous studies (Seddeek et al., 2005; Dar & Saman, 2012; El-

Taher et al., 2018b) have reported high levels of natural radionuclides in marine 

sediments, associated with phosphate mining and shipping. However, there is still lacking 

information regarding the natural radiation hazards of the valleys as well as the hazards to 

human health and the marine environment. 

The present work aimed to assess the natural activity levels of 
238

U, 
232

Th, and 
40

K 

in sediment samples collected from some valleys downstream and the tidal flat zones in 

front of the valleys outfalling along the Gulf of Suez and the Red Sea. In addition, the 

study targeted the assessment of the radiological hazards associated with these 

radionuclides in the investigated areas. To achieve the objectives of this work, the 

research was conducted in six valleys along the Gulf of Suez and the Red Sea, Egypt 

during 2018. 
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MATERIALS AND METHODS  

 

1. Study Areas 

Al Galala Valley is located at the northern tip of Suez Gulf at the Industrial Area of 

Northern Suez Gulf, Soumed Terminal Station and Harbor, Dubai Harbors Company, and 

in an area with many industrial and tourist activities. The valley is annually active and 

has a heavy load of flash floods from the neighbour mountains that threaten the locality. 

Two main drains were observed for this valley; one of them extended northern of 

Soumed Terminal Station, and the other was found to the South of this station and 

extended to the Gulf. The southern drain of the valley is active most of the year and is 

covered with dense vegetation. 

Araba Valley has a very wide downstream which drains directly in Suez Gulf 

northern of Zafarana Village and has an annually heavy load of flashflood. Most of the 

downstream are covered with dense vegetation due to the presence of freshwater all over 

the year. The area around the downstream is exploited in tourist and recreational 

activities.  

Umm Hawytat Valley is situated about 15km south of Safaga City, and its 

downstream drains directly in the Red Sea. This valley extends from the Red Sea 

Mountains with many distributaries and has temporarily flashfloods, approximately every 

five years. The upstream area of the valley is occupied by small Umm Hawytat 

occupation town. About 5,000 people are working in mining, and governmental services 

many mines are found in the locality. The downstream is very wide, followed by an 

extended tidal flat enriched with the ethnic communities. 

Hamrawin territory involves the largest phosphate mines, a manufacturing plant 

for milling, and a port on the Red Sea coast. Hamrawin phosphate port is on a small 

embayment to the south (Dar, 2005) of Hamrawin valley, which the phosphate comes 

from. Two main downstream paths for V. Hamrawin, south and northern the occupation 

area and the ore grinding factory. 

Ambagy Valley is a path through the southern part of Qusier City. The downstream 

of the valley is described by the occupation of large population with few tourist activities 

and temporary flashfloods (each 10 to 20 years). 

Abu Dabab Valley formed a tiny fault in the submersible coastal terrace of the Red 

Sea. The tidal flat and marine area of the valley downstream are described by varied and 

prolific coral communities, which are deeply exploited as diving places that expand the 

anthropogenic stress in the marine constituents of the locality (Fig. 1). 
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Fig. 1. Location map illustrating the studied Valleys. 
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2. Fieldwork: 

Throughout five field trips along the Gulf of Suez and the Red Sea covering a 

distance of 750km during 2018, 57 sediment specimens have been handly collected, and 

snorkeling from the selected valleys represents the downstream and the flat tidal area of 

each valley. 

3. Analysis: 

In the Lab., the collected specimens have been air-dried, about 100 g of the sample 

intended for the grain size analyses each one phi (Ø) interval according to (Boggs, 2009). 

The obtained fractions were; gravel Ø-1 (>2.00mm), very coarse sand Ø0 (2.00:1.00mm), 

coarse sand Ø1 (1.00:0.50mm), medium sand Ø2 (0.50-0.25mm), fine sand Ø3 

(0.25:0.125mm), very fine sand Ø4 (0.126:0.063mm) and mud fraction Ø5 (<0.063mm). 

The different sediment categories were grouped into three groups; Coarse Sediment 

Group CSG (Ø-1+Ø0), Medium Sediment Group MSG (Ø1+Ø2), and Fine Sediment 

Group FSG (Ø3+Ø4+Ø5). About 0.250 kg homogenized and air-dried specimen has been 

dried in furnace at 110ᵒC to take off moisture. The specimens have been powdered 

utilizing mortar to < 80 mesh (177µm) then to occur secular equilibrium, All specimens 

have been saved in closed container for twenty-eight days where the rate of disintegration 

of the progeny be egalitarian to that of the parent (Ra and Th), and the progeny will exist 

in the specimen (Ravichandran et al., 2019) (ASTM 1983, 1986). 

The activity levels of 
238

U, 
232

Th, and 
40

K were performed by a ϒ-ray spectrometer 

at the Nuclear and Radiological Regulation Authority (CLERMIT), Egypt, using a NaTl 

detector (3x 3 inch). "Genie-2000" program has been used to analysis the gamma-ray 

spectrum. The 
232

Th level was measured from the average levels of 
212

Pb and 
228

Ac with 

238.6 and 911.1 keV, respectively. The 
238

U was measured using 
214

Pb and 
214

Bi at 

gamma lines 351.9, 609.3, and 1764.5 keV, respectively. In contrast, the gamma line for 
40

K is 1460.6 keV. The minimum detectable activities (MDA) were 25.2, 6.5, and 5.7 

Bq/kg for 
40

K, 
238

U, and 
232

Th as described by (Dar et al., 2015; Zakaly et al., 2019), 

respectively. 

4. Radiological Hazard Indices Calculations: 

4.1. Absorbed and effective dose rate (D): 

The absorbed dose rate (D) in the air at 1m above the ground surface for the 

naturally occurring radioisotopes (
238

U, 
232

Th, and 
40

K) was calculated according to 

(UNSCEAR, 2000). The conversion factors were utilized to evaluate the D values in the 

air are 0.462, 0.604, and 0.0417 Bq/kg for 
238

U, 
232

Th, and 
40

K, respectively. Therefore D 

values have been evaluated as follows (UNSCEAR, 2000):  

D (nGy h
-1

) = 0.462CU+0.604CTh+0.0417CK 

Where CU, CTh, and Ck are the activity levels of 
238

U, 
232

Th, and 
40

K in Bq/kg, 

respectively. 
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4.2. The annual effective dose effect (AEDE): 

(AEDE) was estimated in (µSv/y) according to the following formula (UNSCEAR, 

2000): 

AEDE (Al-Trabulsy et al., 2011) = (D) (24 h) (365.25 day) (0.2, occupancy factor) 

(7× 10
-4

, conversion coefficient) 

4.3. Radium equivalent (Raeq): 

(Raeq) describe the gamma emitted from uranium, thorium, and potassium mixtures 

in specimens from various sites. Raeq was computed using (Beretka and Mathew, 1985):  

Raeq = CU + 1.43CTh + 0.077CK 

This equation is based on the assumption that 10, 7, and 130 Bq/kg of 
238

U, 
232

Th, and 
40

K produce the similar D. 

4.4. External hazard index (Hex): 

Hex is the external exposure related to gamma irradiation from the natural 

radionuclides, in the selected locations. It was computed using the equation of (Janković 

et al., 2008): 

Hex = (CU/370 + CTh/259 + CK/4810) ≤ 1  

To hold the radiation risk insignificant, the Hex should be less than unity. 

4.5. Representative level index (Ir): 

(Ir) is manipulated using the equation (Awad et al., 2021): 

Ir = (CU/150 + CTh/100 + CK/1500) <1 

As the Hex, The value of Ir must be <1 

4.6. The excessive lifetime cancer risk (ELCR): 

(ELCR) gives eventuality Prevalence of the risk of cancer disease over a long period at a 

given exposure level. It was calculated using AEDE values as the following: 

ELCR = (AEDE) (DL, the average length of one's life) (RF, 0.05 Sv
-1

) 

Where RF is the fatal cancer risk per Sv (Taskin et al., 2009). 

 

RESULTS  

 

1. Granulometric analysis: 

The majority of natural radionuclides in the sediments are attached by the fine 

fractions with diameters < 2×10
-3

 cm; more significant fractions contain only traces of 

these radionuclides (Nasr et al., 2006). 
238

U has the tendency to accumulate in the finest 

sediments much more than the medium and coarse sediments (Noureddine et al., 1998). 

These radionuclides are absorbed onto SPM in the water column and then settle out in the 

seabed sediment (Bell et al., 1997). In the present study, the fine sediment fraction Ø4 and 

the fine sediment group FSG are prevailing the most of samples at the downstream areas 

of the different valleys except V. Umm Hawytat, where the FSG group is almost equal to 

MSG group (37.6 and 37.25% respectively); meanwhile, MSG group recorded the 

highest percentage at V. Ambagy (40.25%). The highest percentage of FSG group was 

recorded at V. Hamrawin downstream (79.39%) due to the dust and smoothers from 
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pulverizing and milling the raw boulders and large stones at Phosphate Grinding Factory. 

The raw materials contain a mixture of all grain sizes. On most days, the transferred raw 

materials were exposed to intensive winds throughout the shipping process. Then, the 

precisest particles of raw materials in the air fall in the marine area and the adjoining 

zone. On days when the wind is blowing in the opposite direction, the amount of 

volatilized materials doubled to more than 4 or 5 folders due to the produced eddy winds 

that increase the fell raw materials to the marine zone around the port (Dar, 2005). In the 

tidal flat zones as in the downstream valleys, FSG and Ø4 recorded the highest 

percentages except for V. Umm Hawytat, whereas MSG showed the highest percentage 

(49.61%). At the tidal flat of V. Al Galala, FSG and MSG groups recorded nearly equal 

percentages (48.12 and 46.4%). The tidal flat of V. Hamrawin recorded a significantly 

high FSG group (82.08 %), this is due to thrown terrestrial runoff from the phosphate 

shipment operations as well as the flash floods (El-mamoney & Rifaat, 2001), while the 

lowest percentage recorded at Umm Hawytat tidal flat (36.54%) (Fig. 2). 

 

 

Fig. 2. The Distributions pattern of different sediment groups percentage (CSG, MSG, 

and FSG %) of areas of the study valleys during 2018. 

 

As shown in (Table 1) in the downstream zones, 
238

U showed a strong positive 

correlation with FSG percentage at V. Ambagy downstream (r= 0.80), 
232

Th recorded fair 

to strong positive correlations with FSG percentages at V. Ambagy and V. Abu Dabab 

(r= 0.69 & 0.59) and fair negative at V. Al Galala (r=-0.63). Meanwhile, 
40

K showed a 

fair, positive correlation with FSG at V. Ambagy (r=0.53) and fair to good negative 

correlations With FSG at V. Al Galala and V. Umm Hawytat (r=-0.64 and -0.75). In the 

tidal flat zones of the studied valleys, 
238

U, 
232

Th, and 
40

K showed excellent positive 
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correlations with FSG percentage (r=1.00) at V. Umm Hawytat, 
238

U recorded strong to 

excellent negative relationships with FSG at V. Hamrawin, V. Ambagy, and V. Abu 

Dabab (r= -0.79, -0.75 and -1.00), 
232

Th recorded strong positive at V. Al Galala (r=0.75) 

and excellent positive at V. Abu Dabab (r=1.00). 
40

K Showed a strong positive with FSG 

at V. Araba and V. Hamrawin (r=0.85 and 0.80) and excellent negative at V. Abu Dabab 

(r=-1.00). The positive correlations mean that the FSG is the probable source of the 

recorded activities. Meanwhile, the negative correlations indicated that CSG and MSG 

are the probable sources. The positive correlations between FSG and 
232

Th mean that 

these valleys continuously receive fresh sediments in both downstream and tidal flats; 

this investigation was supported by the field observations like in V. Al Galala, V. Araba, 

and V. Hamrawin. 

 

Table 1. Correlation Coefficients illustrate the relation between the FSG% and the 

radionuclides (
238

U, 
232

Th, and 
40

K) in the sediment samples at the studies valleys during 

2018. 

Sites 
Downstream

 
Tidal flat

 

238
U 

232
Th 

40
K 

238
U 

232
Th 

40
K 

V. Al Galala 0.16 -0.63 -0.64 -0.45 0.75 0.39 

V. Araba 0.40 -0.39 -0.07 0.38 -0.39 0.85 

V. Umm Hawytat -025 -0.23 -0.75 1.00 1.00 1.00 

V. Hamrawin 0.11 0.38 0.01 -0.79 0.47 0.80 

V. Ambagy 0.80 0.69 0.53 -0.75 -0.13 -0.17 

V. Abu Dabab 0.36 0.59 0.40 -1.00 1.00 -1.00 

 

2. Radioactivity and radiation hazards: 

2.1. Activity levels of 
238

U, 
232

Th and 
40

K: 

The activity levels of the natural radionuclides (
238

U, 
232

Th, and 
40

K) in sediment 

samples of the studied valleys along the Gulf of Suez and the Red Sea are reported in 

(Tables 2, 3). In the downstream zones, V. Hamrawin recorded the highest 
238

U activity 

(93.20Bq/kg) meanwhile; V. Ambagy recorded the lowest activity (20.30Bq/kg). The 

increased activities of 
238

U at V. Hamrawin were attributed definitely to the phosphate 

ores in the locality, dust, and smoothers from the grinding factory, and shipment 

operations at the Harbor in addition to the temporary flash floods. The recorded average 

activity of 
238

U at the study valleys was found higher than those recorded in El-Salam 

Canal (Ramadan et al., 2018), Red Sea (Salama et al., 2015), Burullus and Marriot 

lakes (Dar & El Saharty, 2013), Ras El Behar and Hamrawin, Red Sea (Dar & Saman, 

2012); Red Sea sediments (El Saharty & Dar, 2010), Brullus Lake (El-Reefy et al., 

2010), and Idku Lake (Fahmi et al., 2010). (Table 4). 
232

Th showed the high activity at 

V. Araba (29.92Bq/kg) followed by V. Hamrawin downstream (27.98Bq/kg) and V. Al 
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Galala (27.36Bq/kg) and the lowest activities (at 14.53Bq/kg) was recorded at V. Abu 

Dabab downstream. The recorded high activities of 
232

Th in the downstream of V. Araba 

and V. Al Galala were attributed to the fresh sources of sediments from the continuous 

heavy loads flash floods, meanwhile, at V. Hamrawin downstream could be due to the 

artificial sources from phosphate ores, dust, and smoothers from shipment operations. 

The average activities of 
232

Th recorded at the study valleys were found higher than the 

recorded activity in Hamrawin (Salah el Din & Vesterbacka, 2012), Safaga and 

Hurghada sands (El-Arabi, 2005); Quseir harbor, Abu tartour harbor, Touristic harbor 

and Hurghada harbors (El-Taher et al., 2018a), El Salam Canal (Ramadan et al., 2018), 

Red Sea (Salama et al., 2015), Burullus and Mariout lakes (Dar & El Saharty, 2013), 

Ras El Behar and Hamrawin, Red Sea (Dar & Saman, 2012), Red Sea sediments (El 

Saharty & Dar, 2010), Brullus Lake (El-Reefy et al., 2010), Safaga and Hurghada Red 

Sea (El-Arabi, 2005)
 
and Nasser Lake (Khater et al., 2005). However, it was much 

lower than those recorded at Shore sediment (El Mamoney & Khater, 2004) and 

Zaranik, North Sinai (Seddeek et al., 2005) and Suez Canal (El-Tahawy et al., 1994). 

(Table 4). 

In all studied valleys, the highest activity of 
40

K was observed at V. Umm Hawytat 

downstream (497.18Bq/kg) followed by V. Araba downstream (426.45Bq/kg) and the 

lowest one (296.23Bq/kg) was at V. Ambagy. The high activities of 
40

K at both V. Umm 

Hawytat and V. Araba indicated that the essential sources of terrestrial runoff are from 

granitic sources at the Red Sea Mountains which are enriched by potash feldspars. 

(Jacobi, 1988; Al-Trabulsy et al., 2011) The conclusion was reached that the phosphate 

industry has been identified as a significant source of natural radionuclides, which can be 

traced back to industrial operations involving phosphate ores. 
40

K recorded activities at the study valleys were found near to those recorded in 

Quseir harbor, Abu Tartor Harbor, and Hurghada Harbor (El-Taher et al., 2018a) and 

lower those recorded in Touristic Harbor (El-Taher et al., 2018a), Mariout lake (Dar & 

El Saharty, 2013), Red Sea sediments (El Saharty & Dar, 2010) and Safaga and 

Hurghada sand (El-Arabi, 2005). (Table 4). 

On the other hand, the recorded activities were greater those reported in Hamrawin 

(Salah el Din & Vesterbacka, 2012), Shore sediment (El Mamoney & Khater, 2004), 

Zaranik, North Sinai (Seddeek et al., 2005), El Salam canal (Ramadan et al., 2018), 

Burullus Lake (Dar & El Saharty, 2013), Ras El Behar and Hamrawin, Red Sea (Dar & 

Saman, 2012), Idku Lake (Fahmi et al., 2010), Nasser Lake (Khater et al., 2005)
 
and 

Red Sea (Salama et al., 2015). (Table 4). 

In the tidal flat zones, the significantly high activity of 
238

U was also recorded at V. 

Hamrawin tidal flat (157.68Bq/kg) whereas huge quantities of phosphate rows were 

fallen in the marine area inside and around the navigation basin during shipment 

operations whereas the significant low activity (4.40Bq/kg) was observed at Umm 

Hawytat tidal zone. The recorded activities of 
232

Th in the tidal flats were found 

significantly lower those downstream of the different valleys. The highest 
232

Th was 
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recorded at V. Araba (17.63Bq/kg), affected by the high activity recorded at the Gulf of 

Suez and Red sea during 2018. The valley downstream and the lowest activity 

(2.90Bq/kg) was recorded at Umm Hawytat tidal zone. V. Ambagy recorded the highest 
40

K (345.78Bq/kg) and V. Abu Dabab recorded the lowest activity (44.80Bq/kg). In 

general, the significant decline in the natural radionuclides activities at the tidal flat zones 

except for 
238

U at V. Hamrawin was attributed to many reasons; the biological activities 

at these zones, marine current effects that disperse the fine particles from the shallow 

zones and the effects of wave winnowing that remove particles. 

 

Table 2. The mean activities of 
238

U, 
232

Th, and 
40

K, and radiation hazard parameters 

along the Gulf of Suez and Red Sea during 2018. 

Site Zone 
238

U 
232

Th 
40

K D AEDE Raeq Hex Iγr ELCR 

V. Al Galala 

D
o

w
n

 s
tr

e
a

m
 29.36 27.36 336.44 44.12 54.11 94.39 0.25 0.69 154.42 

V. Araba 24.23 29.92 426.45 47.05 57.70 99.85 0.27 0.75 164.67 

V. Umm Hawytat 26.73 19.82 497.18 45.05 55.25 93.35 0.25 0.71 157.68 

V. Hamrawin 93.20 27.98 394.58 76.41 93.71 163.59 0.44 1.16 267.44 

V. Ambagy 20.30 17 296.23 32 39.24 67.42 0.18 0.50 112 

V. Abu Dabab 22.43 14.53 328.01 32.82 40.24 68.46 0.18 0.51 114.85 

 

Table 3. Comparison between the mean activities concentrations of 
238

U, 
232

Th and
 40

K, 

and radiation hazard parameters along the Gulf of Suez and Red Sea. 

Site Zone 
238

U 
232

Th 
40

K D AEDE Raeq Hex Iγr ELCR 

V. Al Galala 

T
id

a
l 

F
la

t 

6.10 4.38 73.52 8.53 10.46 18.02 0.05 0.13 29.85 

V. Araba 16.30 17.63 136.13 23.86 29.26 52.00 0.14 0.38 83.50 

V. Umm Hawytat 4.40 2.90 87.20 7.42 9.10 15.26 0.04 0.12 25.97 

V. Hamrawin 157.68 11.58 205.03 88.39 108.40 190.01 0.51 1.30 309.35 

V. Ambagy 19.60 16.73 345.78 33.58 41.18 70.14 0.19 0.53 117.52 

V. Abu Dabab 6.70 13.67 44.80 13.22 16.21 29.69 0.08 0.21 46.26 

 

Table 4. Comparison between the main activity concentration of 
238

U, 
232

Th and 
40

K of 

the present study with those of the other locations inside Egypt. 

Location 
238

U 
232

Th 
40

K Reference 

Red Sea valleys 6.10- 157.68 4.38-29.92 44.80-497.18 Present study 

Hamrawin - 8±0.1 282±7 (Salah el Din & Vesterbacka, 2012) 

Safaga sand - 21.4±10 618±122 (El-Arabi, 2005) 

Hurghada sand - 22.4±10 548±82 (El-Arabi, 2005) 

Shore sediment - 31.4±9.6 427.5±35 (El-Mamoney & Khater, 2004) 

Suez canal - 33-35.4 59-368 (El-Tahawy et al., 1994) 

Qusier harbor - 19(4-33) 458(16-2665) (El-Taher et al., 2018) 

Abutartour harbor - 20(14-34) 430(378-511) (El-Taher et al., 2018) 

Touristic Harbor - 21(15-32) 602(327-821) (El-Taher et al., 2018) 

Hurghada harbor - 13(2-23) 489(36-950) (El-Taher et al., 2018) 

Zaranik North Sinai - 214 77.7 (Seddeek et al., 2005) 

El-Salam Canal 16.18 13.66 264.42 (Ramadan et al., 2018) 

https://www.sciencedirect.com/science/article/pii/S0265931X04003273?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0265931X04003273?via%3Dihub#!
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Red Sea  9.2 6.6 172.15 (Salama et al., 2015) 

Burullus lake 17.22 10.03 299.7 (Dar and El Saharty, 2012) 

Mariot lake 12.65 7.24 518.75 (Dar and El Saharty, 2012) 

Ras El-Behar, R.S. 15.2 16.2 330.7 (Dar and El Saman, 2012) 

Hamrawin, Red Sea 114.2 14.8 253.9 (Dar and El Saman, 2012) 

Red Sea sediments 16.76 10.15 593.01 (El Saharty and Dar, 2010) 

Burullus lake 14.3 20 312 (El-Reefy et al., 2010) 

Idku lake 20.37 26.05 329.05 (Fahmi et al., 2010) 

Safaga, Red Sea 25.3 21.4 618 (El-Arabi, 2005) 

Hurghada, Red Sea 20.6 22.4 548 (El-Arabi, 2005) 

Nasser lake 14.3-22 18.4-24.4 222-326 (Khater et al., 2005) 

 

3. Radiation Hazard Indices: 

3.1. Absorbed and Effective Dose Rate (D): 

The D is the principal parameter to assess health risk, as biological, radiologic, and 

clinical impacts relay on the D. The highest value was found in the tidal flat zone of V. 

Hamrawin (88.39nGy h
-1

), and the lowest values were found in tidal flat areas of V 

(Table 2). Umm Hawytat (7.42nGy h
-1

) and V. Al Galala (8.53nGy h
-1

). The D values of 

the different selected areas were found below the permissible level 55 nGyh
-1

 

(UNSCEAR, 2000), except at the downstream and tidal flat areas of V. Hamrawin due to 

the high activities of phosphate ores grinding and shipment. 

3.2. The Annual Effective Dose Effect (AEDE): 

The results of AEDE rates for the different specimens are listed in (Table 2). V. 

Hamrawin downstream and tidal flat recorded the highest values of AEDE (93.71 and 

108.40 mSvy
-1

, respectively) compared to the different valleys, and the lowest value was 

found in the tidal flat of V. Umm Hawytat (9.10mSvy
-1

). The AEDE values for the 

analyzed samples were found lower than the corresponding worldwide value of 73.67 

mSvy
-1

 (UNSCEAR, 2000) and does not represent any danger signs to humans except V. 

Hamrawin, which has AEDE value higher than the permissible level. 

3.3. Radium Equivalent Activity Level Index (Raeq): 

The major purpose of assessing natural radioactivity is to predict the possible 

radiation dose to be transmitted to living organisms. Various parameters can explain 

exposure to radiation; Raeq is a common hazard identification marker to explain the 

radiation exposure. Because of the non-uniform distributions of radionuclides in samples, 

Raeq has been defined as a single radiological parameter that compares the specific 
238

U, 
232

Th, and 
40

K in the sediments (Beretka & Mathew, 1985). Table (2) represented that 

V. Hamrawin downstream and tidal flat recorded the highest value of Raeq (163.59, 

190.01Bq kg
-1

, respectively) relative to the different valleys, and the lowest value was 

found in a tidal flat area of V. Al Galala (18.02Bq kg
-1

). The Raeq values for the analyzed 

https://www.sciencedirect.com/science/article/pii/S0265931X04003273?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0265931X04003273?via%3Dihub#!
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samples were found lower than the international recommended average of 370 Bq kg
-1

 

(UNSCEAR, 2000) and the humans are not exposed to any radiological danger. 

3.4. External Hazard Index (Hex): 

To assess the hazard of natural  radiation, the Hex was computed. The value of Hex 

should be below one or negligible in order for the external hazard must be acceptable to 

the general public, and the radiation hazard must remain insignificant (UNSCEAR, 1993; 

Varshney et al., 2010). In present study, the values of the Hex in the examined samples 

were found less than unity at the downstream and tidal flat areas of the different valleys. 

3.5. Representative Level Index (Ir): 

Table (2) represents the radioactivity level indices, where the lowest value 0.13 was 

found in the tidal flat zone of V. Al Galala, while the highest values were 1.30 and 1.16 

found in tidal flat and downstream zones of V. Hamrawin respectively showed higher 

levels than the permissible level (≤1.00) according to (UNSCEAR, 1993). The 

radioactivity level indices for studied valleys lie within the permissible limit except the 

tidal flat and downstream of V. Hamrawin. 

 

Table 5. The radiological hazard parameters calculated in the sediment samples of the 

present study as compared with the previous studies inside Egypt. 

Site 
D 

(nGy h-1) 

AEDE 

(μSv/y) 

Raeq  

(Bq/kg) 
Hex Ir ELCR Reference 

Red sea valleys 7.42-88.39 10.46-108.40 18.02-190.01 0.04-0.51 0.12-1.3 25.97-309.35 Present study 

Timsah Lake 30.85 37.84 67.02 0.18 0.23 132.43 (Dar et al., 2020) 

El-Salam Canal 27.14 33.28 56.06 0.15 0.42 - (Ramadan et al., 2018) 

Red Sea 15.7 19.25 32.2 0.07 0.24 67.38 (Salama et al., 2015) 

Burullus Lake 26.62 32.65 59.17 0.15 0.42 114.26 (Dar and El Saharty, 2012) 

Mariot Lake 32.01 39.26 70.19 0.17 0.5 137.4 (Dar and El Saharty, 2012) 

Rasel Behar 30.69 37.65 63.81 0.17 0.48 131.776 (Dar and El Saman, 2012) 

Hamrawin 72.35 88.73 154.88 0.42 1.08 310.56 (Dar and El Saman, 2012) 

Red Sea 

sediment 
38.78 47.56 76.94 0.21 0.61 166.46 (El Saharty and Dar, 2010) 

Brullus Lake 31.79 38.99 66.92 0.181 0.5 136.455 (El-Reefy et al., 2010) 

Idku Lake 36.06 44.22 73.94 0.2 0.56 154.784 (Fahmi et al., 2010) 

Safaga, Red sea 50.38 61.79 103.49 0.28 0.8 216.27 (El-Arabi, 2005) 

Hurghada, R.S. 45.9 56.29 94.828 0.26 0.73 197.01 (El-Arabi, 2005) 

Nasser Lake 32.66 40.05 69.47 0.187 0.52 140.19 (Khater et al., 2005) 

Suez Canal 26.45 32.44 56.66 0.153 0.42 113.534 (El-Tahawy et al., 1994) 

World average 60.07 73.67 129.69 0.35 0.95 257.84 (UNSCEAR, 2000) 

3.6. Excess Lifetime Cancer Risk (ELCR): 

The values of ELCR in the studied valleys were ranged between 0.03×10
-3

and 

0.31×10
-3

. All the samples show ELCR values lower than the world average (0.29×10
-3

) 

(Kapdan et al., 2011) except the Tidal flat area of V. Hamrawin (0.31×10
-3

). 

https://www.sciencedirect.com/science/article/pii/S0265931X04003273?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0265931X04003273?via%3Dihub#!
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Consequently, the cancer risk increment with increasing the exposure time for humans 

and/or in closed places as the Grinding factory at Hamrawin. 

Finally, by comparing the results of calculated radiation hazards; D, AEDE, Raeq, 

Hex, Ir and ELCR obtained In the present study with the previous studies showed that, 

the values of radiation hazard indices were found close to the values of the previous 

studies that were recorded in some sites in Egypt, except for Hamrawin valley, which 

recorded the highest radiation hazards values (Table 5). 

4. Statistical Analysis: 

As shown in (Table 6), The obtained results of correlation coefficients indicated that 

the different radioactive nuclides; 
238

U, 
232

Th, and 
40

K, were responsible for the recorded 

radiation parameters but with different intensities, the downstream zones of V. Al Galala, 

V. Araba, V. Umm Hawytat, V. Ambagy, and V. Abu Dabab, showed excellent positive 

correlations between the different radionuclides (
238

U, 
232

Th and 
40

K) and radiation 

hazard indices (D, AEDE, Raeq, Hex, Ir and ELCR) indicated that the three radio-

elements are responsible for the recorded hazards levels in the localities. In the tidal flat 

zone of W. Al Galala, 
232

Th showed strong to excellent positive correlations with 

different indices, 
40

K showed fair, positive correlations, meaning that 
232

Th was the 

essential reason for the hazard parameters in the tidal zone of this valley. At the tidal flat 

of V. Araba, 
238

U and 
232

Th showed excellent positive correlations with the hazard 

parameters; a fair negative correlation with 
40

K indicated that 
238

U and 
232

Th are the 

probable sources for the recorded hazard levels. At V. Umm Hawytat tidal flat, D, AEDE, 

and Ir showed excellent negative correlations with the three radio-elements; inversely, 

Raeq, Hex, and ELCR showed excellent positive correlations with the three radio-elements. 

At V. Ambagy tidal flat, the three radioelements could be responsible for the recorded 

hazards levels, and at V. Abu Dabab tidal flat, 
238

U was positive with D and AEDE, 
232

Th 

showed positive with Raeq and Hex. However, 
40

K was found excellent positive with Ir 

and ELCR. Therefore, all the recorded hazard parameters at these valleys were found 

within the permissibility limits determined by (UNSCEAR, 1993; 2000). 
238

U is the only responsible reason for the elevated radiation hazard in V. Hamrawin 

downstream and tidal flat, where 
238

U showed excellent positive correlations with the 

different radiation hazard indices (D, AEDE, Raeq, Hex, Ir and ELCR) and a fair to strong 

correlation with 
232

Th and 
40

K, as shown in (Fig. 3). 
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Fig. 3. Correlation Coefficients illustrate the relation between the radionuclides 
238

U, 
232

Th, 
40

K, and radiation hazard parameters at Hamrawin valley. 
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Table 6. Correlation Coefficients illustrate the relation between the radionuclides 
238

U, 
232

Th, and 
40

K, and radiation hazard parameters at the study valleys along the Gulf of Suez and the Red Sea 

during 2018. 

Parameters 
Downstream

 
Tidal flat

 

238
U 

232
Th 

40
K 

238
U 

232
Th 

40
K 

V
.A

l 
G

a
la

la
 D  0.74 0.94 0.85 -0.26 0.83 0.58 

AEDE 0.74 0.94 0.85 -0.26 0.83 0.58 

Raeq 0.73 0.95 0.83 -0.14 0.89 0.47 

Hex 0.73 0.95 0.83 -0.14 0.89 0.46 

Ir 0.72 0.94 0.85 -0.28 0.82 0.60 

ELCR 0.74 0.94 0.85 -0.26 0.83 0.58 

V
.A

ra
b

a
 

D  0.84 0.94 0.95 0.87 0.96 -0.64 

AEDE 0.84 0.94 0.95 0.87 0.96 -0.64 

Raeq 0.83 0.95 0.94 0.85 0.97 -0.67 

Hex 0.83 0.95 0.94 0.85 0.97 -0.67 

Ir 0.83 0.95 0.95 0.86 0.97 -0.66 

ELCR 0.84 0.94 0.95 0.87 0.96 -0.64 

V
.U

m
m

 

H
a
w

y
ta

t 

D  0.72 0.85 0.86 -1.00 -1.00 -1.00 

AEDE 0.72 0.85 0.86 -1.00 -1.00 -1.00 

Raeq 0.72 0.87 0.84 1.00 1.00 1.00 

Hex 0.72 0.87 0.84 1.00 1.00 1.00 

Ir 0.70 0.87 0.87 -1.00 -1.00 -1.00 

ELCR 0.72 0.85 0.86 1.00 1.00 1.00 

V
.H

a
m

ra
w

in
 D  1.00 -0.48 -0.95 0.99 -0.50 -0.86 

AEDE 1.00 -0.48 -0.95 0.99 -0.50 -0.86 

Raeq 1.00 -0.48 -0.95 0.99 -0.49 -0.86 

Hex 1.00 -0.48 -0.95 0.99 -0.49 -0.86 

Ir 1.00 -0.47 -0.95 0.99 -0.48 -0.86 

ELCR 1.00 -0.48 -0.95 0.99 -0.50 -0.86 

V
.A

m
b

a
g
y

 D  0.99 1.00 0.97 0.76 0.88 0.78 

AEDE 0.99 1.00 0.97 0.76 0.88 0.78 

Raeq 0.99 1.00 0.97 0.78 0.90 0.74 

Hex 0.99 1.00 0.97 0.78 0.90 0.74 

Ir 0.99 1.00 0.97 0.74 0.88 0.79 

ELCR 0.99 1.00 0.97 0.76 0.88 0.78 

V
.A

b
u

 D
a
b

a
b

 

D  0.63 0.85 0.94 1.00 -1.00 1.00 

AEDE 0.84 0.85 0.94 1.00 -1.00 1.00 

Raeq 0.84 0.85 0.94 -1.00 1.00 -1.00 

Hex 0.84 0.85 0.94 -1.00 1.00 -1.00 

Ir 0.82 0.86 0.95 1.00 -1.00 1.00 

ELCR 0.84 0.81 0.94 -1.00 -1.00 1.00 
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CONCLUSION 

 

The natural radioactivity of the sediment samples in the valleys along the Gulf of 

Suez and the Red Sea was determined. The measured activity levels of the examined 

radioisotopes (
238

U, 
232

Th, and 
40

K) in the studied valleys were found very changeable 

and rely on their radioactive mineral content. The average activity levels for 
238

U, 
232

Th, 

and 
40

K in all selected zones were found lower than the worldwide reference levels 

except for Hamrawin valley, which is slightly higher than the worldwide average for 
238

U 

activity, and Valleys of Araba and Umm Hawytat, which are slightly higher than the 

recommended worldwide average for 
232

Th activity. The radiological risk parameters: D, 

AEDE, Raeq, Hex, Iγr and ELCR values indicated that all the sites are safe and have no 

health risk for the population except Hamrawin valley, which had (D), (AEDE), (Iγr) and 

(ELCR) values higher than the Permissible levels. 
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