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Radioactivity in and around the two hot springs, Ayun Musa and Hammam 
Faraoun, Western Sinai has been determined. The groundwater, plant, sediment 
and sand samples were measured using gamma-ray spectrometry for 232Th, 226Ra 
and 40K isotopes. The enrichment of 226Ra in Hammam Faraoun hot spring was the 
most prominent feature. The concentration of 226Ra in hot springs of Ayun Musa 
and Hammam Faraoun are 68 and 2377 Bq/kg for sediments, 3.5 and 54.7 Bq/kg 
for wild plants, and 205 and 1945 mBq/l for the groundwater, respectively. In 
addition, the activity concentration of 226Ra in sand samples was ~14 times larger 
in the area of Hammam Faraoun compared with that of Aِyun Musa. On the other 
hand, the concentrations of 232Th in different samples were comparable in the two 
areas while 137Cs concentrations were relatively higher in Ayun Musa. The activity 
concentrations in sand samples collected from two locations 5-12 km away from 
each spring were comparable and in agreement with those from the area of the two 
springs except in one case.  The major difference was the higher activity 
concentration of 226Ra in the area of Hammam Faraoun. The concentrations of all 
detected isotopes in water samples from these two springs were much higher than 
that detected in 22 wells in north Sinai and 5 wells in northeast Sinai. The results 
of the present study indicate that water in Hammam Faraoun hot spring is 
contaminated with 238U-series isotopes and the surrounding area is affected by this 
contamination. The calculated annual effective dose equivalents in the 
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surroundings of Hammam Faraoun (81.8 µSv) is superior to the maximum 
contaminant levels recommended.  
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1. INTRODUCTION 
 

Natural sources of radionuclide can be classified in a two-fold fashion. There are 
radionuclides from Earth's surface and others from the reaction between the direct 
atmospheric cosmic radiation and elements in atmosphere. Of these two, the contribution 
to dose from naturally occurring radionuclides is much larger. External dose rates can be 
substantially enhanced in areas of high natural background. These areas include monazite 
sand deposits, regions with volcanic soils and precipitates of radium associated with hot 
springs [1].  

 
The Gulf of Suez is located in the center of the along taphrogeosyncline which 

forms the northwestern extension of the Red Sea. It separates central Sinai massif from 
that of the Eastern Desert of Egypt. Together with Red Sea and its north-eastern 
extension, the Gulf of Eilat, the Gulf of Suez is part of the African Rift System. The 
tectonic depression of Suez is bordered by major faults trending primarily north-west. 
The narrow coastal plain bordering the Gulf is built mainly of Tertiary formation. Outside 
the depression, the elevated area consists of igneous rocks in the south and Paleozoic 
sedimentary rocks in the north. Three major groups of hot spring groups issue along the 
eastern coast of the Gulf of Suez.  The northernmost group is that at Ayun Musa (27 oC), 
which emerges from tension joints in Tertiary beds lying uncomformably on the Nubian 
Sandstone. The second group, 90 km to the south is at Hammam Faraoun (72 oC), where 
spring flow from the shore cliff of Gebal Hamman Faraoun. The waters issue from 
faulted, dolomitic Eocene limestones. The third group of hot springs (33oC) flows from 
faulted Miocene rocks near the shore, 5 km north of village AThor [2].  

 
Therefore, the main aim of this study was to measure the radioactivity contents in 

the environment of the two hot springs, Ayun Musa and and Hammam Faraoun, Western 
Sinai, using the gamma ray spectrometry. An additional objective of this study was to 
assess the radiological impact of these radioactive contents. The results of this study are 
important to follow up any possible enhancement of environmental radioactivity due to 
precipitations.  
 

2. MATERIALS AND METHODS 
 

2.1 Study Area  
 
Two regions were included in the present investigation in the East of Suez Gulf, 

Sinai Peninsula. Fig. 1 shows the geographic location of the study area. The study area 
has included Ayun Musa (Moses springs) and the surrounded area (between longitudes 
32o 36' and 32o 42' E and latitude 29o 41' and 29o 55' N) and Hammam Faruan (Pharaoh's 
bath) and surrounded area (between longitudes 32o 56' and 33o 00' E, and latitude 29o 08' 
and 29o 13' N). Both areas are important sites for therapeutic tourism in Sinai. Hammam 
Faruan is a group of hot sulfuric water springs extending l km along the Suez Gulf. Ayun 
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Musa area comprises twelve springs, situated in the extreme north of the eastern side of 
the Suez Gulf. Here, visitors are often overwhelmed by a sense of spiritual comfort.  

 
 

Fig. 1 The map of the locations of hot springs (closed triangles), dune sand samples 
(opened squares) and cities (closed circles). 

 
2.2 Sampling and Sample Preparation  

 
Sand samples were collected from 6 sites surrounding the two regions and at 

distance 5-12 km away from the two hot springs. These sites were selected to be open, 
reasonably level and not obviously prone to flooding or other natural disturbance. No 
samples were taken close to a field boundary, trees building or other obstruction. In the 
two hot spring regions, fourteen samples were collected in October 2008; sediment (2), 
dune sand (6), plant (4) and water (2).  

 
In general, at collection time, latitude and longitude of the selected site were 

recorded using GPS. About 3 kg of sediment samples were collected from the two hot 
springs under study. Sand samples (~3 kg) were collected form five cores within an area 
of 10×10 m, down to the upper 10 cm of the surface layer. The water samples (~20 liters) 
were collected form each site. Also, ~1.5 liters of water samples were collected for 
characteristics measurements. The plant samples collected from the two surrounding 
areas are abundant wild plants (~ 7 kg fresh weight). Their family and scientific names 
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are Tamaricaceae and Tamarix nilotica, respectively. Each sample consists of live roots, 
flowers and leaves from an area of ~ 50 m2 to ensure that the sample is representative. 
The collected samples were transported to Radioanalysis Research Laboratory (RRL), 
Faculty of Science, Tanta University, Tanta, Egypt for analysis. 

 
Sediment, sand and plant samples were air dried under ambient temperature and 

hand-cleaned to remove stones and other foreign particles. The samples were then oven 
dried at 90 oC until they reached constant mass, homogenized, crushed (for plant samples) 
and screened with 2 mm sieve. Each water sample was evaporated using a hot plat at 90 
oC to reduce its volume to ~ 1.0 liter, left to cool, acidified by hydrochloric acid (11M). 
Plant sample fresh and dry weights were determined.  

 
All the prepared samples were placed in PVC cylindrical container of a diameter 

~ 17 cm and height ~ 9.5 cm. the containers were sealed tightly with a thick vinyl tape 
around their necks to limit as far as possible any gas escape, and stored for a minimum 
period of 4 weeks to allow radioactive equilibrium between 226Ra, 222Rn and their 
daughter products.  
 

2.3 Activity Measurements  
 

In the present work, the activity concentration of radioisotopes in the studied 
samples were measured using a 50% p-type closed-end coaxial HPGe detector (Canberra) 
with energy resolution (FWHM) of 1.89 keV for the 1332.5 keV 60Co γ line. The detector 
is shielded using a 10 cm thick low-background lead shield (Canberra 747E) to reduce 
the background during the measurements from the surrounding materials and cosmic 
rays. The amplified signals of HPGe detector was acquired using 16K ADC MCA 
(Canberra, Genie 2000).  The measuring times ranged from 18,000 to 200,000 s to 
provide adequate counts under the various γ-ray photopeaks. The γ-ray background 
spectra were measured frequently under the experimental conditions as the sample 
activity measurements to check the stability of the background and to correct the net 
count rate of the selected γ -ray photopeaks of the samples. 
  

Table 1 The energies of γ-ray lines used to calculate the activity 
concentrations of radioisotopes. 

Nuclide Gamma ray  energy (keV) 
234Th 92.4 and 92.8  
214Pb 295.2 and 351.9  
214Bi 609.3, 1120.3 , 1764.5 and 2204.1 
228Ac 911.2, 964.6, 969.0 and 1588.2 
208Tl 538.2, 860.6, and 2614.5  
212Bi 727.3 and 1620.7 
212Pb 238.6 
40K 1460.8 
137Cs 661.7 
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The energy calibration was done using a set of standard point sources. The energy 
and efficiency calibrations have been done as mentioned in Refs [3-4]. A performance 
test using the IAEA standard reference materials soil 6, 326, 327 and uranium ore RGU-1 
was used to check the accuracy of the experimental set-up. The energies of gamma-ray 
lines used to calculate the activity concentrations of 234Th, 226Ra, 232Th, 40K, and 137Cs are 
listed in Table 1.  
 

The γ-ray radiation hazards due to the specified radionuclides 226Ra, 232Th and 
40K were assessed by the most widely used radiation hazard index Raeq, Radium 
equivalent activity [5]. It should not exceed a maximum of 370 Bq kg1 [6]. The 
measured activity concentrations were also used to calculate the absorbed dose rate in 
outdoor air (nGy h1) at a height of 1 m above the ground surface. The world average 
for absorbed dose rate is 0.5 (0.16-0.82) mGy a-1 [7]. The effective dose equivalent  
was calculated by assuming a conversion coefficient of 0.72 Sv Gy1 for the absorbed 
dose in air to the effective dose in the human body and indoor and outdoor occupancy 
factors of 0.8 and 0.2, respectively[8]. The top 10 cm of sand was considered the layer 
that makes the predominant contribution to external irradiation above the ground. The 
Eff. D. eq. from outdoor terrestrial gamma radiation is 70 µSv [8]. 
  

3. RESULTS AND DISCUSSIONS 
 

3.1. Characteristics of Samples 
 

The pH may influence the mobility of radionuclides into the ground because it 
affects the adsorption process and the solubility of radionuclides. The values of pH of 
sediment and sand for Ayun Musa and Hammam Faraoun hot spring were 9.16, 8.63, 
9.02 and 8.7, respectively. Also, the pH value was 8.6 for the sand samples collected 
5-12 km away from the Ayun Musaand Hammam Faraoun hot spring. The total 
organic matter (TOM) content was determined as the loss on ignition at 550 oC for 2.5 
h. The TOM of sediment and sand for Ayun Musa and Hammam Faraoun hot spring 
were 1.3%, 2.6%, 0.6%and 2.3%, respectively. Also, The TOM contents were 0.7% 
and 1.3% for the sand samples collected 5-12 km away from the Ayun Musaand 
Hammam Faraoun hot spring, respectively.  

   

3.2. Activity Concentrations 
 

Table 2 gives the activity concentrations of 234Th, 226Ra, 232Th, 40K and 137Cs for 
each sample type. In Ayun musa, the activity concentrations of 234Th, 226Ra and 232Th for 
sediment sample are about 3-8 times higher than that for sand samples (around and 5-12 
km away form the hot spring). While the activity concentrations of 40K for sediment 
samples is about one order of magnitude lower than those for sand samples. The activity 
concentrations of 234Th, 226Ra, 232Th and 40K for both sand samples (around and 5-12 km 
away form the hot spring) are comparable (see Fig. 3). The activity concentrations of 
137Cs for sand sample around the hot spring is about one order of magnitude higher than 
that for sediment sample and sand sample 5-12 km away form the hot spring. The activity 
concentrations of 234Th, 226Ra, 232Th and 40K for plant sample around and 5-12 km away 
form the hot spring are comparable. The activity concentrations of 234Th, 226Ra, 232Th and 
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40K for hot spring water sample  and  well water samples collected from north and 
northeast Sinai are comparable[9-10] .  

In Hammam Faraoun, the activity concentrations of 226Ra for sediment sample are 
about one order of magnitude higher than that for sand samples around the hot spring and 
about two orders of magnitude higher than that for sand samples 5-12 km away from the 
hot spring. The activity concentrations of 234Th, 232Th and 40K  for sand sample around 
and 5-12 km away form the hot spring  are comparable, while the activity concentrations 
of 40K for sediment samples is  lower than that of sand samples around and 5-12 km away 
form the hot spring. The activity concentrations of 137Cs for sand sample 5-12 km away 
form the hot spring is about one order of magnitude higher than sediment samples and 
sand sample around the hot spring (see Fig.4). The activity concentration of 226Ra for 
plant sample around the hot spring is about one order of magnitude higher than that for 5-
12 km away form the hot spring. The activity concentration of 226Ra for water sample 
form the hot spring is higher than water samples collected from north and northeast Sinai 
[9-10].  
 
Table 2 The average activity concentration (Bq kg1 for sediment, sand and plant 
samples and Bq l1 for water samples) of the collected samples from the two hot 
spring regions.  
Hot 
Spring 

Type of 
samples 

234Th 226Ra 232Th 40K 137Cs 

Sediment 30.0±3.0 68.0±1.0 40.0±0.7 88±3 0.46±0.10 

Local sand 10.0±2.0 9.9±0.3 7.5±0.3 230±8 3.73±0.19 

Sand (5-12 km) 9.0±10 10.0±3.0 5.9±0.2 108±4 0.22±0.07 

Local plant 4.3±1.7 3.4±0.2 1.8±0.1 216±7 0.57±0.09 

Plant (5-12 km) <0.30 1.1±0.2 0.17±0.22 443±12 0.23±0.09 

Ayun 
Musa 

Water < 0.15 0.21±0.01 0.28±0.02 1.18±0.09 < 0.18 

sediment 20.0±8.0 2377±36 33±1 34±6 < 0.06 

Local sand 2.7±2.4 143±2 3.5±0.2 80±3 0.31±0.10 

Sand (5-12 km) 9.9±2.0 18.5±0.4 5.9±0.2 92±4 1.16±0.13 

Local plant 2.9±4.7 55.0±3.0 1.0±0.4 179±19 0.38±0.32 

Plant (5-12 km) <0.30 0.9±0.2 0.3±0.2 340±10 <0.10 

Hammam 
Faraoun 

Water < 0.15 1.94±0.04 0.11±0.02 3.9±0.2 < 0.18 

 
3.3.  Dosimetry Assessment  

 
The resulting radium equivalent, absorbed dose rate and effective dose equivalent 

are listed in Table 3 for sediment, sand samples from the surrounding area and 5-12 km 
away from the hot springs. The highest values for radiation hazard indices are found for 
sediment sample from Hammam Faraoun, that exceed all the recommended values and 
world average for Raeq, 370 Bq kg-1, absorbed dose rate, 55 nGy h-1, and effective dose 
equivalent, 410 µSv a-1. Values for different radiation hazard indices for surround area 
and 5-12 km away from the Ayun Musa are comparable, while those for the surrounding 
area of Hammam Faraoun are higher than those for 5-12 km away from the spring. 
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Fig. 3 Activity concentrations of 234Th, 226Ra, 232Th, 40K and 137Cs for sediment, and 

local sand and sand from 5-12 km away from Ayun Musa.  
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Fig. 4 Activity concentrations of 234Th, 226Ra, 232Th, 40K and 137Cs for sediment, and 

Local sand  and  sand   from 5-12 km away from Hammam Faraoun.  
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Table 3 Radium equivalents (Bq kg1), absorbed dose rate (nGy h1) and effective 
dose equivalent (µSv a1) for each site from the two hot spring areas.  

Hot Spring Type of samples Raeq Dose rate Eff. D. eq. 

Sediment 132±2 59±1 75±1 
Local sand 38.4±0.8 19.1±0.4 23.5±0.5 Ayun 

Musa 
Sand (5-12 km) 27.2±0.5 12.9±0.2 15.8±0.3 

Sediment 2424±36 1037±15 1309±19 

Local sand 154±2 66.7±1.0 81.8±1.2 Hammam 
Faraoun 

Sand (5-12 km) 34±0.6 15.9±0.3 19.6±0.3 
 
 

4. CONCLUSIONS 
 

The results of this assessment study establish the existence of contamination in 
the surrounding area with 238U-isotopes in Hammam Faraoun, where, the activity   
concentration of 226Ra in sand sample in surrounded area is ~8 times higher compared 
with the area 5-12 km away from the Hammam Faraoun, which is attributable to 
existence of BS in Hammam Faraoun, the activity concentration of 226Ra of plant sample 
in surrounded area is ~50 times higher compared with the area 5-12 km away from the 
Hammam Faraoun. On the other hand, the activity concentrations of 226Ra and 232Th in 
the surrounding area are comparable with the area 5-12 km away from the Ayun Musa., 
the activity concentration of 226Ra and 232Th for plant sample in the surrounding  area are 
comparable with the area 5-12 km away from the Ayun Musa. This evidence that Ayun 
Musa spring has no effect on its surrounding environment. The activity concentration of 
137Cs in the sand sample around Ayun Musa is the highest values in the study area of the 
two springs. 

 
The average values of both Raeq and absorbed dose rate are higher than 

recommended and world average for sediment and dune sand in Hammam Faraoun. Sand 
in Hammam Faraoun is not recommended for use in building construction because the 
inhabitant will receive a relatively high radioactive dose generated by BS introduced in 
the building materials. 
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