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ABSTRACT 

 
Isotopes of uranium in marine sediments collected from El Hamraween 
harbour and Ras El-Bhar areas on the Egyptian coast of the Red Sea have 
been studied using radiochemical separation procedures and alpha-particle 
spectrometry. Activity concentrations of 238U, 235U, 234U were calculated. The 
activities observed indicating the enhancement of radioactivity level in El 
Hamraween harbor area due to the activities of phosphate shipment 
operation. Secular equilibrium between 234U and 238U was found in the 
analyzed samples. The average activity ratio of 235U/238U was close to the 
value 0.046 for uranium in nature. 
 
Key words: radiochemical separation, alpha spectrometry, uranium isotopes, 
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INTRODUCTION 

     Uranium is a member of the actinide series of elements, along with Th and human-made 
elements such as Pu. The element has five main oxidation states (+2, +3, +4, +5 and +6), of 
which +4 and +6 are most common in nature. In most places on earth uranium vary only 
within narrow limits, but in some locations there are wide deviations from normal levels. The 
uranium normally found in nature consists of three alpha emitting radiuonuclides 238U with 
half-life (T1/2) of 4.468 × 109 y, 234U (T1/2 - 2.455 × 105 y) and 235U (T1/2 – 7.038 × 108 y). 
Natural uranium contains 99.2745 % 238U, 0.0055% 234U and 0.72% 235U. The mass ratio of 
natural uranium 235U to 238U is about 0.0073 and the activity ratio is 0.046.  
 
      The source of uranium in the marine environment is the atmospheric precipitation of 
terrigenic (rock) material, as well as river waters (Skwarzec, 1999). In oxidized ocean and sea 
waters, natural uranium (VI) exists predominantly in the dissolved form of uranium carbonate 
anions (Langmuir, 1978). In the reduction areas of marine environment the reduction process 
from U(VI) to U(IV) as well as removal of nondissolved autogenic uranium(IV) forms from 
seawater to sediment (Bonatti, Fisher,Joensuu, & Rydel, 1971) is possible. 
  
      Uranium is a redox-sensitive and biologically-related element, and a small change to more 
reducing conditions may immobilize the soluble U(VI) to insoluble U(IV), while more 
oxidizing conditions have the reverse effect. Transfer of U from water to sediments is known 
to arise from adsorption and/or adhesion onto settling particles including organic matter. 
Additional transfer of U may result from diffusion into the sediments and reduction of U(VI) 
to U(IV)  with precipitation of U(OH)4 at the redox boundary.  
 
      In the earth’s crust, 238U is usually in radioactive equilibrium or near equilibrium with its 
daughter 234U. The 234U/238U activity ratio in the majority of natural waters equals 1–2, but in 
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groundwater it ranges between 0.52 and 9.02 (Kigashi, 1973; Szefer, 1987). The 234U/238U 
activity ratio in seawater (especially in oceanic water) is relatively constant and equals 1.14 
(Ku, Knauss, & Mathieu, 1977). The 234U/238U in brines is between 1.11 and 5.14 (Baar, 
Lambert, & Carter, 1979). Bottom waters (main component of brines) probably have an effect 
on radioactivity disequilibrium between isotopes of uranium. In river waters the values of the 
234U/238U activity ratio are between 1.00 and 2.14, but for the majority of the rivers it is equal 
to 1.20–1.30 (Miyake, Saruhashi, & Sugimura, 1973; Sackett & Cook, 1969). Higher 
disequilibrium has been noticed rather in the seawater than in the sediments (Czerdyncew, 
1969). 
 
      The investigation on the concentration of heavy metal pollution in the Egyptian Red Sea 
has shown increase in the concentration of most heavy metals due to man-made pollution 
from oil, heavy metal mining, phosphate mining and transportation along the Red Sea coastal 
areas (Hanna, 1992). So study of the radioactivity level in the coastal sediments of El-
hamraween harbour along the Egyptian Red Sea coastal is a subject of much interest due to 
the strong influence of phosphate shipment operations as well as the derived materials from 
the nearby Wadis (i.e. Wadi Hamraween) on the marine environment in this area and its 
surroundings. In order to know how much the phosphate shipment operation influence on this 
area we selected another area on the Red Sea coast (Ras El-Bhar) which not impact with 
human activities to reflect the normal conditions.  
 
      The concentration values of 238U,235U and 234U in sediments from El-hamraween Harbour 
and Ras El-Bhar areas are present in this paper. Moreover values of the activity ratios in the 
analyzed samples were calculated. These data will be useful to evaluate the present 
radiological impacts of the phosphate ore mining on the coastal environment. Also, these data 
will be available for subsequent evaluations of the possible future environment contamination 
due to human activities.  
 
Material and Method 
Sampling   
 
      Twenty Six sediment samples were collected using grab sampler during May and June 
2006 from two different areas (El Hamrween harbour and Ras Al-Behar) along Egyptian Red 
Sea coast. El Hamrween area is located about 20 km northern of Qusier City, bordered 
between latitude 26° 15' 5.26'' and 26° 15' 11.55'' N and longitude  34° 12' 0.7'' and 34° 
12' 12.34''E. Ras Al-Bahar area is located about 65 km northern of Hurghada City at 
latitude and longitude of 27˚ 43̀ 43.50̀̀̀̀ ̀N; 33˚ 32̀ 55.91̀̀ ̀E. In El Hamrween harbour area, 
samples from 3 station in Wadi El Hamrwien, 5 stations from the beach, 5 stations from the 
tidal flat area, 3 stations (in the section vertical on the coastal area) and 2 stations (in the 
northern and  
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Fig.1 Location sites of the collected samples in El Hamrween area  

 

 

 

 

 

 

 

 

 

 

 

 

 

          Fig.2 Location sites of the collected samples in Ras El Bahar area 
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southern shipping wharf), have been collected (Figure 1). In Ras Al-Behar area four from 
beach and four bottom sediment samples have been collected (Figure 2). About 250 g of 
sediment from each studied points were dried in an oven at 105˚C, pulverised and 
homogenised. 
  
Uranium isotopes analysis 
 
      One gram of each homogenised sample was spiked with 232U tracer, for chemical recovery 
and activity calculation, and dissolved using mineral acids (HNO3, HCl and HF) and digested 
by MARS5 microwave burning oven. After digestion, the sample was centrifuge in order to 
separate solution and residue of the sample. The solution was evaporated and dissolved in 
concentrated HCl. Uranium isotopes were separated from other radionuclides by the ion 
exchange method using Dowex 1x8, 50/100 mesh. Uranium then co-precipitated with CeF3 
for the alpha measurement (Pöllänen et al. 2005, Sill 1981, Sill 1987, Liberman and Moghissi 
1968).  
 
      The sample was counted with alpha spectrometry using an Alfa Analyst (Canberra). The 
activity concentration of uranium isotopes is determined according to following equation: 
 

effYtm
NN

A
Tracer

BackgroundNuclide
Nuclide ×××

−
=     (1) 

where NNuclide is the count from the studied nuclide, NBackground is the background count, t is the 
counting time (s), m is the mass of the sample (kg) and eff is the efficiency of the detector 
(%). 
 
      The determination methods used at the Radiation and Nuclear Safety Authority (STUK) 
for analysing 238U, 235U and 210Pb have been accredited according to the European Standard 
EN ISO/IEC 17025:2005 (code T167). Accreditation is given by the Finnish Accreditation 
Service and all methods are documented in STUK’s quality manual. Quality assurance for the 
methods used in this study has been performed by analysing several environmental reference 
samples, e.g. IAEA-326, IAEA-330, parallel and blank samples.  
 
      The minimum detectable activity (MDA) was calculated using Currie definition (Currie, 
1968).  
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where Np is the background (cpm), k is the calibration factor (cpm/Bq) and m is the mass of 
the sample (kg). The calibration factor was defined according to equation 3: 

                                     
At

Nk
*

=         (3) 

where t is the counting time of the sample (s), A is the activity of the standard (Bq), and N is 
the number of counts from the standard sample. The MDA was 10 mBq for sample with a 
1000 minute counting. The chemical recovery was in the range of 60 - 90%. 
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RESULT AND DISCUSSION 
 
      Uranium activity concentration in sediment fluctuated depending on the sampling point. 
Activity concentrations of 238U, 234U and 235U in sediments from El-hamraween harbour and 
Ras El-Bhar areas are given in table 1. Activity concentrations of 238U in El-hamraween 
harbour sediments ranged from 29.0±1.9 Bq kg-1 at points EL T3 and ELT4 (tidal flat area) up 
to 803.9±46.2 Bq kg-1 at point EL S10 (northern shipping wharf), whereas concentration of 
234U ranged from 27.7±1.8 to 797.4± 45.8 Bq kg-1 at points El T3 and El S10, respectively. 
The range of 235U activity concentrations was much smaller, being from 1.1±0.2 to 27.1±2.6 
Bq kg-1. In Ras El-Bhar area, the activity concentrations of 238U was ranged from 13.2 ±1.2 at 
point R31 (beach sediment) to 56.5±3.5 Bq kg-1 at point R43 (bottom sediment), whereas 234U 
was from 16.7±1.4 to 62±3.8 Bq kg-1. 235U activity concentrations range being from 0.6±0.2 
to 3.2±0.5 Bq kg-1. 
 

Table 1: Activity concentration of 238U,234U and 235U Bq kg-1 in El Hamraween harbor 
and Ras El-Bhar area. 

 
Activity concentration Bq.kg-1 Sample ID 
U-238 U-234 U-235

EL1 Valley 309.0±18.9 302.7±18.6 14.1±1.8
EL2 Valley 110.3±6.3 112.3±6.4 4.8±0.6
EL3 Valley 112.9±6.2 113.9±6.3 4.3±0.5

El B1 30.1±2.0 32.4±2.1 1.6±0.3
EL B2 46.5±2.5 47.8±2.6 2.3±0.2
EL B3 41.9±2.4 44.1±2.5 1.9±0.2
EL B4 66.4±3.6 66.2±3.5 3±0.3
EL B5 36.1±2.1 37.5±2.1 1.5±0.2
EL T1 56.1±3.4 58.2±3.5 2.8±0.4
EL T2 30.3±2.0 28.5±1.9 1.1±0.2
EL T3 29.0±1.9 27.7±1.8 1.3±0.3
EL T4 29.0±1.9 30.7±2.0 1.3±0.3
EL T5 36.3±2.3 37.1±2.3 1.5±0.3
EL S6 30.4±2.0 38.6±2.5 1.9±0.4
EL S7 113.5±6.3 105.6±5.9 5.1±0.6

S8 234.4±12.5 239.±12.7 9.5±0.8
EL S9 488.1±27.6 482±27.3 19.5±1.9
EL S10 

El
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803.9±46.2 797.4±45.8 27.1±2.6
Average 144.7±3.3 144.5±3.30 5.8±0.23

R401 32.2±2.2 33.7±2.3 1.1±0.3
R 43 56.5±3.5 62±3.8 3.2±0.5
R 14 30.7±2.6 29±2.5 1.4±0.4

RT 14 41.1±2.6 43.1±2.7 1.7±0.3
R 21 19.7±1.4 21.5±1.5 1.2±0.3
R 24 38.3±2.4 43.5±2.7 1.30±0.3
R 31 13.2±1.2 16.7±1.4 0.6±0.2
R 34 

R
as

 E
l-B

ha
r

 

37±2.4 39.1±2.5 1.9±0.3
Average 33.6±0.85 36.1±0.90 1.6±0.12
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      Spatial distribution of U isotopes in El Hamraween harbour was given in Fig.3. It is 
observed that the activity concentrations of U increase as we approach the shipping wharf of 
the harbour and the Wadi. This due to phosphate loading operations at El-hamraween harbour 
create immense clouds of dust, which depending on the wind direction, settle down on the at 
adjacent Wadi or directly fall in the water. These dusts are leading to the enhanced contents of 
uranium observed in this area. 
  
      Fig.4 shows the comparison of the uranium content in the two areas under study, its 
evident from the figure, activity concentrations of U isotopes in El Hamraween harbour are 
clearly much higher than those found in Ras El Bhar, with values up to 803.9±46.2 Bq kg-1 of 
238U. The comparison between the two areas was made to know how much the phosphate 
shipment operations has strong influence on the marine environment in this area (typical 
values of U in uncontaminated sediments are 20-50 Bq kg-1, UNSCEAR, 1988). 
 
      234U/238U activity ratios in sediments under study are given in Fig.5. 234U/238U activity 
ratios in most sediment samples were around 1.0, which imply that there is a secular 
equilibrium between 234U and 238U. The activity ratio of 235U/238U for El-hamraween harbour 
sediment was ranged from 0.034±0.004 to 0.062±0.012 with average value 0.044±0.005, 
whereas for Ras El Bhar area it ranged from 0.033±0.009 to 0.063±0.014 with average value 
0.046±0.004; these values are close to the value 0.046 for uranium in nature. 
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Fig.3 : Spatial distribution of Uranium isotopes in El Hamraween harbour sediment. 

 
Fig.4: average activity concentrations of uranium isotopes in studied area. 
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Fig. 5: 234U/238U activity ratios in sediments under study. 

 

CONCLUSION 

High activity concentrations of U-isotopes in sediments of El-hamraween harbour area on the 
Egyptian Red Sea coast have been found, while normal levels of U-isotopes in sediments of 
Ras El Bhar were observed. Activity concentrations of U in El-hamraween harbour sediments 
were more one order of magnitude higher than those found in Ras El Bhar sediments. The 
enhanced levels in El-hamraween area is attributed to the phosphate shipment operation and 
phosphate mining in this area. Activity ratios have also been investigated, 234U/238U activity 
ratio indicate the equilibrium between 238U and 234U isotopes. 235U/238U activity ratios for the 
analyzed samples have an average value close to 0.046 as for uranium in nature.   
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