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ABSTRACT - Sand beach contamination by radon has been investigated along the beach of Gaza Strip, Palestine. 
Around forty samples of surface beach sands have been selected along the study area, then analyzed in the laboratory to 
find the grain-size distribution and radon activity concentration. The results showed grain-size fining towards the north 
direction, and high level radon activity in Gaza and North Governorates, both located in the northern side of the study 
area. These results suggest positive correlation between the grain-size of the sediments and radon concentration, and 
radon activity depending on black fine-grained sediments carried from Nile delta by longshore currents generated by 
approaching breaking waves. On the other hand, the slightly increasing in concentration levels were observed around the 
wastewater pumping stations which discharge in the beach. The annual effective dose (AED) in these governorates were 
above the standard international limit, whereas the AED of the radon in the remaining governorates in the Gaza Strip 
were below the standard international limit.
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1. INTRODUCTION

Naturally occurring radon (222Rn; half-life = 3.82 days) 
that originates within the earth and is transported into 
indoor air in amounts large enough to constitute a health 
hazard has been a matter of concern around the world 
for several years. As a noble gas, radon is chemically inert 
and thus does not interact with bodily tissues. However, 
the inhalation of radon and thoron (220Rn; half-life = 56 
s) progeny, particularly the short-lived decay products 
(218Po, 214Pb, 216Po, 212Pb) can result in their deposition 
on respiratory tract tissues. Subsequent alpha decays 
may damage cells near the deposition sites, contributing 
to an increased risk of lung cancer (UNSCEAR, 1988; 
Katheren, 1998;  USEPA, 2003; Hassan et al., 2009; Darby 
et al., 2004; Lubin et al., 2004; Krewski et al., 2005).

Radon emanates and diffuses from rocks/soils and 
trends to concentrate in pore spaces, its atoms have enough 
kinetic energy to reach the pore volume. It is released from 
the upper layers of rock and sediments with an average 
of 10% of radon formed in the soil being released in air. 
Radon migration can be described by two mechanisms, 
diffusion and advection flows. Its emanation is affected 
by many factors, such as grain-sizes, moisture content, 
porosity, permeability, position of radium (Ra) atoms in 

grains, etc. (e.g. Nazaroff, 1992; Markkanen and Arvela, 
1992; Shweikani et al., 1995; Menetrez and Mosley, 1996; 
Sundal et al., 2004; Barillon et al., 2005; Immé et al., 2014).

The aim of this work is to assess the activity 
concentration levels of radon in the marine surface sands 
along the beach of Gaza Strip, Palestine, and to test a 
possible correlation between the concentration levels and 
the grain-size  distribution of the sands.

2. MATERIALS AND METHODS

2.1. The Study area
The coastline of Palestine is broadly concave, generally 

trending NNE-SSW (Fig. 1A). It lies between two 
parallel lineaments. The eastern (onshore) lineament 
is an escarpment that locally is steeper than 45 degrees 
and rises as high as +50 m above mean sea level (MSL). 
Adjoining the coastline are coastal plain on the land 
and the continental shelf beneath the ocean. Both areas 
contain broadly curved subparallel sand ridges that are 
similar to each other. Smaller interruptions are provided 
by river valleys and by a ridge bifurcations. 

The Gaza Strip is situated in the southwestern part of 
Palestine and southeast coast plain of the Mediterranean 
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Sea (Fig. 1A). The topography of Gaza Strip is defined by 
three ridges. The coastal ridge is up to 50 m above MSL, it 
extends up to the current coastline in the west; in the other 
hand, the Al-Montar and the Beit Hanoun ridges lay at the 
middle and the east of Gaza Strip (Fig. 1B). The three ridges 
consist of marine and continental calcareous sandstones 
which locally named as kurkar, and intercalated by red 
sandy loam soils locally called hamra (Fig. 1C). The ridges 
are separated by deep depressions (20-40 m above MSL) 
with alluvial deposits (Ubeid, 2010).

The coastal zone of Gaza Strip is 45 km long, while the 
width of the Strip is between 6 to 12 km covering an area 
of 365 km2. The coastal zone is defined as a band of water 
and land along the marine shoreline where different 
activities interact with each other. It includes the sand 
dunes in the south and north, the coastal cliffs (exposed 
kurkar ridges) in the middle to north, the non-urban 

areas, and part of Gaza valley ‘Wadi Gaza’. The land of 
the coastal zone covers about 74 km2 of which 2.7 km2 are 
beaches (Ubeid and Albatta, 2014).

The coastline has a straight and sandy shore. The near-
coast continental shelf slopes down with a gradient of 
1:100. The coastal shelf of Gaza is 28 km wide in the 
south of Gaza (i.e. to the 100 m depth line) and 14 km in 
the north. Beyond the 100 m depth line, the sea bottom 
drops quickly. The sea bottom sediments mainly consist 
of sand 25 m depth and there are some muddy places near 
the Wadi Gaza. Down to a depth of 100 m, the seabed is 
irregular with rocky grounds (Soghreah, 1996).

The sand dunes which cover large areas along the beach 
particularly in the southern part and the kurkar (hard 
sandstones) that crop out along the beach have been 
used extensively for construction since ancient times. 
Moreover, the beach of the Gaza Strip is considered a 

Fig. 1 - (A) Location map of the study area. (B) The kurkar ridges along the Gaza Strip (after Ubeid, 2010). (C) The lithology of  Plio-
Pleistocene of kurkar and hamra alternations (Gaza Formation) (after Abed and Al Weshahy, 1999).
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favorable recreation place for people. The total population 
of the Gaza Strip was about 2 million inhabitants. 

Along the coast of Gaza Strip around eight sewage 
stations are observed in addition to Wadi Gaza, which 
are pumping poorly treated or untreated sewage into 
the seawater. One of sewage stations is located in North; 
three stations in Gaza; two stations in the Middle; one in 
Khan Younis; and one in Rafah Governorate (Fig. 2). The 
sewage is either disposed near the seashore or few meters 
inside the seawater.

2.2. Field Procedure
The field survey was carried out along the Gaza strip field 

from south to north direction. Forty observation sites were 
selected along the Gaza Strip beach as indicated in Figure 
2, and located by global position satellite (GPS) technology 
(Tab. 1). At least 3 kg of representative sand samples were 
collected from the uppermost centimeters of each site. 

2.3. Laboratory analysis
This study determined particle sizes by sieving method. 

Initially, the samples were dried at 105 C° for 24 hours in 
an oven. After drying of the sediment samples, sieving 
method was performed by sieve shaker to classify the 
particle sands of each sample, by using eight sieves (2000, 
1180, 600, 425, 300, 212, 150, 63 μm). The initial weight 
of each sand sample was kept constant at 100 g, and the 
duration of shaking was about 15 minutes for each sample. 
At the end of the shaking time, the retained weight of 
sediment in each sieve was determined separately. The 
results of grain-size analysis are generally expressed in 

terms of the percentage of the total weight of sample that 
passed through the eight sieves.

After that, the data were processed using GRADISTAT 
software (Blott and Pye, 2001) to obtain the grain-
size distribution (Tab. 2). In this software the linear 
interpolation is used to calculate statistical parameters and 
for describing the grain parameters (Folk and Ward, 1957).Fig. 2 - Location of the observation sites in the study area.

Site no. Location N E

1 Rafah 
Governorate

31.32391 34.21988
2 31.33083 34.22821
3

Khan Younis
Governorate

31.33614 34.23484
4 31.34251 34.24188
5 31.34904 34.24970
6 31.35542 34.25704
7 31.30158 34.26453
8 31.36760 34.27181
9 31.37460 34.27889
10 31.38112 34.28522
11 31.38794 34.29314
12 31.39421 34.30023
13 31.40022 34.30847
14

Middle  
Governorate

31.40683 34.31593
15 31.41277 34.32331
16 31.41854 34.33003
17 31.42572 34.33814
18 31.43238 34.34486
19 31.44004 34.35241
20 31.44606 34.35827
21 31.45295 34.36492
22

Gaza  
Governorate

31.45996 34.37160
23 31.46672 34.37854
24 31.47365 34.38515
25 31.48078 34.39192
26 31.48761 34.39853
27 31.54945 34.40548
28 31.50110 34.41213
29 31.50832 34.41830
30 31.51529 34.42458
31 31.52256 34.42965
32 31.52871 34.43711
33 31.53682 34.44464
34 31.54345 34.46122
35 31.55054 34.45734
36

North 
Governorate

31.55796 34.46327
37 31.56591 34.46973
38 31.57277 34.47496
39 31.58034 34.48088
40 31.58749 34.48629

Tab. 1 - The coordinates of the sampling sites.
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2.4. The activity measurements
In this study, the activity concentrations of the samples 

were measured using cup technique and solid-state 
nuclear track detectors CR-39 for monitoring radon in 
this study. The detectors were cut in small pieces (usually 
1cmx2cm) and fixed at the top of the plastic container 

(3 liters, diameter of 14 cm), 300 cm3 of the sediment 
sample were put at the bottom of container, the detector 
was exposed to air containing radon emanated from the 
sediment for a time period of 95 day. At the end of the 
exposure time, the CR-39 films were chemically etched 
using a 6M solution of NaOH, at a temperature of 70 oC, 

Sample 
no. Location Coarse 

sand (%)
Medium 
sand (%)

Fine sand 
(%)

V. Fine 
sand (%)

Description
Mean Sorting

1 Rafah 
Governorate

26.2 67.9 5.6 0.3 Medium sand Moderately well sorted
2 7.0 71.0 20.6 1.4 Medium sand Moderately well sorted
3

Khan 
Younis  

Governorate

4.9 76.2 18.5 0.5 Medium sand Moderately well sorted
4 4.0 65.3 30.0 0.7 Medium sand Moderately well sorted
5 6.2 76.8 16.9 0.1 Medium sand Moderately well sorted
6 29.5 61.9 8.5 0.1 Medium sand Moderately well sorted
7 9.4 76.5 13.5 0.6 Medium sand Moderately well sorted
8 9.2 74.1 16.5 0.2 Medium sand Moderately well sorted
9 11.3 68.8 19.6 0.3 Medium sand Moderately well sorted
10 7.5 67.9 24.2 0.4 Medium sand Moderately well sorted
11 16.1 63.6 19.8 0.6 Medium sand Moderately well sorted
12 7.5 73.0 19.0 0.5 Medium sand Moderately well sorted
13 3.9 61.6 29.7 4.8 Medium sand Moderately well sorted
14

Middle  
Governorate

7.4 76.0 16.5 0.1 Medium sand Moderately well sorted
15 5.8 77.6 16.4 0.3 Medium sand Moderately well sorted
16 4.3 40.1 51.6 4.0 Fine Sand Moderately well sorted
17 9.5 63.1 26.3 1.2 Medium sand Moderately well sorted
18 2.5 50.0 43.3 4.2 Medium sand Moderately well sorted
19 3.6 58.5 35.4 2.5 Medium sand Moderately well sorted
20 8.1 64.6 25.8 1.6 Medium sand Moderately well sorted
21 4.6 64.5 29.1 1.8 Medium sand Moderately well sorted
22

Gaza  
Governorate

13.0 68.2 17.2 1.6 Medium sand Moderately well sorted
23 1.7 48.9 47.3 2.1 Medium sand Moderately well sorted
24 4.6 61.5 31.1 2.7 Medium sand Moderately well sorted
25 1.9 59.1 36.8 2.1 Medium sand Moderately well sorted
26 4.2 63.5 31.2 1.1 Medium sand Moderately well sorted
27 7.2 65.5 25.4 2.0 Medium sand Moderately well sorted
28 1.2 51.4 45.1 2.3 Medium sand Moderately well sorted
29 3.5 57.1 37.0 2.5 Medium sand Moderately well sorted
30 0.7 39.6 55.7 4.1 Fine Sand Moderately well sorted
31 0.4 25.2 69.9 4.5 Fine Sand Moderately well sorted
32 0.2 9.0 68.7 22.1 Fine Sand Moderately well sorted
33 2.5 48.1 40.6 8.8 Fine Sand Moderately well sorted
34 10.2 74.6 15.0 0.3 Medium sand Moderately well sorted
35 2.0 43.4 45.2 9.4 Fine Sand Moderately well sorted
36

North 
Governorate

13.3 77.7 8.3 0.7 Medium sand Moderately well sorted
37 11.8 82.1 6.1 0.0 Medium sand Moderately well sorted
38 10.2 77.2 12.3 0.3 Medium sand Moderately well sorted
39 3.4 65.6 30.5 0.5 Medium sand Moderately well sorted
40 2.4 41.9 51.9 3.9 Fine Sand Moderately well sorted

Tab. 2 - The grain size distributions of beach sand samples.
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for about 5 hours. The detectors were washed with distilled 
water and left to dry. Each detector was counted visually 
using an optical microscope through the area within 
3 mm2 in 4 distinct regions, and the average number of 
tracks/mm2 was determined from the measured average 
track densities on the CR-39, with detector sensitivity 0.41 
Bq/m3 per tracks cm-2 month-1.  Radon calculations in this 
study were carried out using the following equations:

where, E is radon exhalation rate (Bq m-2 h-1), CRn is the 
radon concentration (Bq/m3), CRa is the effective radium 
content (Bq/kg), ρ is the track density (tracks / cm2), k is 
the detector sensitivity (Bq m-3/tracks cm-2 h-1), λ is the 
decay constant (λ= 7.56 x 10-3 h-1) , V is the free volume 
of the container (cm3), A is the area of the sample (cm2), 
M is the mass of the sample (kg), and Teff is the effective 
exposure time (Baykara and Dogru, 2006; Baykara et al., 
2005; Sroor et al., 2001).

UNSCEAR (2000) report noted the difference in 
radon doses and recommended a radon effective dose 
conversion factor (of 9 nSv per (Bq h m-3). Then the 
annual effective dose (AED) was calculated from radon 
concentrations. Assuming an indoor occupancy factor 
of 80% (T = 7000 hours per year), an equilibrium factor 
(e) of 0.4 (Chen, 2005), using the mentioned UNSCEAR 
recommendation, the effective dose for one year radon 
exposure is calculated using the relation:

where e is the equilibrium factor (= 0.4), fRn is the 
conversion factor (= 9 nSv / (Bq h m-3)), T is the time 

spent indoors per year (= 7000 hours), and CRn is the 
radon concentration (Guo and Cheng, 2005).

3. RESULTS AND DISCUSSION

3.1. Sand beach characteristics
The sand beach of the Gaza Strip is characterized by 

a light yellow color. From the results of mechanical 
analysis of surface sands it was observed that the samples 
are composed of high percentage of quartz, with light 
color to transparence and sugary-like, in addition to this, 
around 1% of accessory minerals with dark color. Most 
of samples contain coarse- to very coarse-sized shell 
fragments of pelecypods and gastropods that represent 
around 1% of the total weight.

The grain size parameters of sands from 40 observation 
sites along the beach of Gaza Strip are shown in Table 
2. The analysis of surface sand samples shows that the 
predominant grain size of the samples are medium-sized, 
excluding sample no. 16, 30, 31, 32, 33, 35, and 40 that 
are fine-grained. These sites are located in northern part 
of Gaza Strip indicating that the grain size is finer toward 
the north (Fig. 3). This composition is probably the result 
of sediment transport processes, sedimentation in the 
different sectors of the beach, variable extent of exposure 
to hydrodynamic agents and longshore gradients of wave 
energy.

All the samples had moderately well sorting (Tab. 2). This 
could be referred to sea-wave abrasion that has improved 
their sands’ sorting. Well-sorted medium sand is mainly 
associated with the effects of the marine, fluvial, and 
eolian selectiveness that produces it due to the hydraulic 
action of waves in beach sedimentary environments and 
wind in dune areas (Carranza-Edwards, 2001; Carranza-
Edwards et al., 2009; Ubeid and Albatta, 2014).

𝐴𝐴𝐴𝐴𝐴𝐴 = 	𝜀𝜀𝑓𝑓()𝑇𝑇𝐶𝐶()					 4 	

𝐸𝐸 =
𝑘𝑘𝑘𝑘
𝐴𝐴

𝜆𝜆𝜆𝜆
𝑇𝑇)**

							 1 ,				𝐶𝐶/0 = 𝑘𝑘
𝑘𝑘
𝑇𝑇)**

						 2 ,					𝐶𝐶/2 = 𝑘𝑘
𝑘𝑘𝜆𝜆

𝑀𝑀𝑇𝑇)**
	,				(3)	

Fig. 3 - Correlation of grain-size distribution along the beach of Gaza Strip.
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3.2. The activity concentrations
The results of activity measurements for identified 

radionuclides of the radon in the beach surface sands 
of the Gaza Strip are presented in Table 3. These results 

were consistent with some studies in different regions 
(e.g.; Rahman et al., 2007; Saad et al., 2013) (Tab. 4). The 
activity concentration are also depicted in Figure 4 with 
the sampling locations in the spatial order.

Samples 
no. Location E

(mBq/m2 h)
CRn

(Bq/m3)
CRa

(Bq/kg)
Dose

(mSv/y)
1 Rafah 

Governorate
123.5 122.4 0.70 3.1

2 223.1 221.2 1.24 5.6
3

Khan Younis 
Governorate

151.6 150.3 0.84 3.8
4 101.8 100.9 0.56 2.5
5 120.2 119.2 0.66 3.0
6 167.9 166.4 0.92 4.2
7 200.4 198.6 1.09 5.0
8 128.9 127.8 0.70 3.2
9 179.8 178.2 0.98 4.5
10 170.0 168.6 0.95 4.2
11 154.9 153.5 0.85 3.9
12 120.2 119.2 0.65 3.0
13 146.2 145.0 0.81 3.7
14

Middle 
Governorate

143.0 141.7 0.77 3.6
15 96.4 95.6 0.53 2.4
16 113.7 112.7 0.62 2.8
17 122.4 121.3 0.67 3.1
18 134.3 133.1 0.73 3.4
19 166.8 165.4 0.89 4.2
20 161.4 160.0 0.89 4.0
21 149.5 148.2 0.82 3.7
22

Gaza 
Governorate

265.3 263.1 1.48 6.6
23 213.4 211.5 1.22 5.3
24 214.4 212.6 1.21 5.4
25 167.9 166.4 0.92 4.2
26 240.4 238.4 1.33 6.0
27 257.8 255.6 1.41 6.4
28 159.2 157.8 0.88 4.0
29 261.0 258.8 1.46 6.5
30 421.3 417.7 2.52 10.5
31 220.9 219.0 1.41 5.5
32 327.1 324.3 1.97 8.2
33 150.5 149.3 0.82 3.8
34 1279.1 1268.2 6.97 32.0
35 306.5 303.9 1.82 7.7
36

North 
Governorate

228.5 226.6 1.26 5.7
37 1202.1 1191.8 6.58 30.0
38 1161.0 1151.0 6.33 29.0
39 1464.1 1451.5 8.46 36.6
40 229.6 227.6 1.31 5.7

Tab. 3 - Activity concentration of radon in Gaza Strip beach surface sands.
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Radium activity in sand samples range from 0.56 to 
8.46 Bq/kg, with a mean value of 1.66 Bq/kg and standard 
deviation 1.90. The highest values of the radium activity 
concentration were observed in the Gaza and North 
Governorates (0.82-8.46 Bq/kg). Concentrations start to 
rise from the south direction of Gaza Governorate until 
they reach their highest values in North Governorate 
1.26-8.46 Bq/kg) (Tab. 3 and Fig. 4). In Gaza and North 
Governorates the concentration values were (0.82-
6.97) and (1.26-8.46) Bq/kg, with average values of 1.82 
and 4.79 Bq/kg, and standard deviation 1.55 and 3.3, 
respectively.

It is remarkable that the AED values in the Gaza and 
North Governorates in Gaza Strip are above the standard 
limits of the National Council on Radiation Protection 
and Measurements (1-5 mSv/y) (NCRP, 1978).

The remaining governorates, Middle, Khan Younis, 
and Rafah in Gaza Strip have little variation and low 
activity concentrations. The concentration values in these 
governorates range between (0.53-0.89), (0.56-1.09), and 
(0.70-1.24) Bq/kg, with average values 0.74, 0.82, and 

0.97 Bq/kg, and standard deviation 0.13, 0.16, and 0.38, 
respectively (Tab. 5). 

The AED in the sands beach of Middle, Khan Younis 
and Rafah Governorates are below the standard limits 
of the National Council on Radiation Protection and 
Measurements and United Nations Scientific Committee 
on the Effects of Atomic Radiation (NCRP, 1987; 
UNSCEAR, 2000).

Higher radon concentration at Gaza and North 
Governorates and in some observation sites (number 2 
and 7) in Rafah and Khan Younis Governorates could 
be possibly associated with large volumes of untreated 
wastewater discharges from close pumping stations 
and to Wadi Gaza which also releases large amount of 
sewage into  the beach (Fig. 2). It worth to mentioning 
that, these locations are close to agricultural lands, and 
the wastewater which is transported to the beach through 
the drainages and runoff carries fertilizers remains and 
painting materials disposal, which likely contain high 
amount of radium (Scholten and Timmermans, 1996). 
Particularly relevant, these drainages and runoff increase 

Region Type 
sample E (mBq/m2 h) CRn (Bq/m3) CRa (Bq/kg) Reference

Palestine (Gaza Strip) Sand 96-1464 96-1452 0.56-8 This study

Palestine (Nablus) Sand 38-121 21-68 0.22-0.73 Shoqwara et al. (2013)

Pakistan Soil 263-331 101-143 - Rahman et al. (2007)

Libya (Benghazi) Soil 31-460 31- 469 1.50-23 Saad et al. (2013)

Tab. 4 - The radon concentrations of the sediments from different regions.

Fig. 4 - The activity concentration of radon in beach surface sands in site locations of the study area. At the x-axis locations 
are depicted the spatial order (number 1 is the location close to Rafah border at the south direction and number 40 the 
last site in the north direction).
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in Northern area due rain regime which increase from 
SW to NW in Gaza Strip (Aish et al., 2009). 

Additionally, the high activity concentration values 
in Gaza and North Governorates can be  well explained  
by the observation that these areas have relatively high 
percentage of fine-grained black sediments. The grain-
size analysis results show that the grains are fining 
towards north direction, and contain relatively high 
percentage of fine-grained black sediments in northern 
governorates comparing with middle and southern 
governorates (Shweikani et al., 1995; Filippidis et al., 
1997; Kannan et al., 2002; Sundal et al., 2004; Breitner 
et al., 2010; El Afifi et al., 2006). It is well known that 
longshore currents generated by approaching breaking 
waves, transport sands particularly black fine-grained to 
Gaza Strip`s Coastline from Nile Delta. These currents 
appear to affect the transport of sediment more strongly 
than other mechanisms. Its transportation northward 
along the Mediterranean coast results from larger waves 

approaching from the WSW and SW than those from the 
WNW and NW (Zviely et al., 2007; Ubeid, 2011).

4. CONCLUSION

This study provides the first quantitative assessment 
of radon release and its parent nuclide (226Ra) activity 
concentration in surface sands along the Gaza Strip 
beach. The objectives were to find the distributions 
of radon exhalation rates and radium concentrations, 
potentially contaminating surface sands beach in Gaza 
Strip. A second goal was to correlate these data with 
grain-size distribution of beach sand in the study area.

The sand beach of Gaza Strip is characterized by light 
yellow color and are composed of high percentage of 
quartz and around 1% of accessory minerals with dark 
color. The predominant grain-size distributed on the 
beach of Gaza Strip was medium-grained sand, and the 
result shows fining trend toward the north direction.

Location Statistics E (mBq/m2 h) CRn (Bq/m3) CRa (Bq/kg) Dose (mSv/y)

Rafah

Governorate

Min. 123.5 122.4 0.70 3.1

Max. 223.1 221.2 1.24 5.6

Average 173.3 171.8 0.97 4.4

St. Dev. 70.4 69.9 0.38 1.8

Khan Younis

Governorate

Min. 101.8 100.9 0.56 2.5

Max. 200.4 198.6 1.09 5.0

Average 149.3 148.0 0.82 3.7

St. Dev. 29.5 29.3 0.16 0.7

Middle

Governorate

Min. 96.4 95.6 0.53 2.4

Max. 166.8 165.4 0.89 4.2

Average 135.9 134.8 0.74 3.4

St. Dev. 24.1 23.9 0.13 0.6

Gaza Gover-
norate

Min. 150.5 149.3 0.82 3.8

Max. 1279.1 1268.2 6.97 32.0

Average 320.3 317.6 1.82 8.0

St. Dev. 285.2 282.7 1.55 7.1

North Gover-
norate

Min. 228.5 226.6 1.26 5.7

Max. 1464.1 1451.5 8.46 36.6

Average 857.1 849.7 4.79 21.4

St. Dev. 585.0 580.0 3.30 14.6

Total area 

Min. 96.4 95.6 0.56 2.4

Max. 1464.1 1451.5 8.46 36.6

Average 296.2 293.6 1.66 7.4

St. Dev. 339.6 336.7 1.90 8.5

Tab. 5 - Statistical analysis of activity concentration in surface sand samples in the study area.
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The radium concentration in beach sands of the study 
area varied from 0.56 to 8.46 Bq/kg, with an average value 
of 1.66 Bq/kg.

The activity concentration values increase towards 
north direction of the study area, suggesting positive 
correlation with the decreasing grain-size of the sediments. 
The highest activity concentration values were found in 
the Gaza and North Governorates, and they were above 
the standard international limits. On the other hand, the 
Rafah, Khan Younis and Middle Governorates recorded 
the lower concentration levels, below the standard 
international limits. Consequently, the latter ones must 
be preferred as favorable recreation place for people, and 
safe sources for construction purposes.

It cannot be excluded that the source  of the pollution 
by radon activity in the Gaza and North Governorate 
and in some observation sites in Rafah and Khan Younis 
depends on untreated wastewater discharged in the beach. 
However, it is well assessed  now that the contamination 
by radon activity in the Gaza and North Governorate is 
positively associated with black fine-grained sediments 
which were carried by longshore currents generated by 
approaching breaking waves. 

This study could open a wide range of research on the 
impact of untreated wastewater on the increasing of the 
activity concentration in the sediments of Gaza Strip.
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