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ABSTRACT  
New Mansoura is a part of eastern north of Nile Delta which located on the coast of Mediterranean Sea, 
50 soil samples were taken from 50 boreholes 10 m deep. Interpreting the obtained results divided soil 
profile in two main types loose to medium dense, poorly graded, fine to medium-grained sand followed 
by high plasticity silt with sand. The main geotechnical hazards in New Mansoura is soil aggression 
from intrusion of sea water. Radioactively New Mansoura is safe, naturally occurring radionuclides 
238U, 232Th, 226Ra and 40K in sediments were measured using Sodium Iodide Detector. The 
concentrations of  238U ranging from ULD to 37.05 with average 20.501 Bq Kg-1, 232Th ranging from 
8.12 to 28.42 with average 18.216 Bq Kg,-1  226Ra ranging from 11.10 to 77.70 with average 36.853 Bq 
Kg,-1 while 40K ranging from 435.07 to 544.62 with average 469.85 Bq Kg,-1  The activity concentrations 
of 238U, 232Th, 226Ra are within the acceptable limit as recommended by the International Atomic Energy 
Agency (IAEA, 1989) except the concentration of 40 K is higher than the acceptable limit. 
 
Keywords: New Mansoura, Nile Delta, soil samples, medium dense, poorly graded, radionuclides, 

International Atomic Energy Agency 

 
Introduction 

New Mansoura is one of new cities in many parts of Egypt. It is located in the northeastern part of 
Nile delta. It is bounded by latitudes 31° 33' 15" N and 31° 25' 15" N, longitudes 31° 32' 45" E and 31° 
17' 45" E (Fig. 1). The current work is separated into two components. The first one focused on 
geotechnical qualities, including physical and mechanical properties of the foundation bed spread in the 
study region. The second one is radioactivity measurements and the different sources of natural 
radiation and their ecological risk assessment in New Mansoura. The city is completely covered by 
marine sediments and black sand. Black sand is distributed along the northern coastal plain from Abu-
Qir to Rafah. 

Geologic setting and stratigraphy of the study area  
The study area is a semi-flat elevated with average of 0 – 2 m above sea level, lies on the coast of 

Mediterranean Sea, which completely covered by marine sediments and black sand. In the Late 
Pliocene, a paleo-Nile began to move over a marine embayment and evolved particularly throughout 
the Pleistocene as a result of significant sea-level fluctuations linked to glacial periods. A significant 
amount of mud and sand was carried and scattered around the Eastern Mediterranean during low sea-
level. The study area is characterized by very gentle topography. 

The different litho-stratigraphic units that are exposed on the surface and encountered in the sub-
surface as shown in (Figs. 2 & 3). Geologically the sediments of the study area are related to late 
quaternary and divided into: 
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1. Near-shore sand 
        Near-shore sand deposits are composed of fine sand, rich in heavy minerals and poor in quartz 
with thickness of 4 to 58 m.  
 
2. Coastal dune sand 
       It is very fine to fine sand, which has a low percent of a heavy mineral and a high percent of quartz. 
It has a thickness of about 4 and 12 m. 
 
3. The mud of the Nile Delta 
       Intercalated mud, silt, and sand, which have a light olive grey to a dark grey color. 
 

 

 
 

Fig. 1: Location map of the study area and samples 
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Fig. 2: Composite Stratigraphic Section of the Study Area (After Schlumberger, 1984). 

Sampling and analytical techniques 
Fifty soil samples were taken from 50 boreholes 10 m deep (Fig. 1), which taken from standard 

penetration test sampler at every one meter (1, 2, 3, 4, etc..) and testing samples selected every change 
in soil texture to detect the geotechnical parameters through laboratory tests, which used to geotechnical 
hazard calculations. Physical and mechanical tests include moisture content (ASTM D22216-19), sieve 
analysis (ASTM D6913M-17), specific gravity (ASTM D854-14), relative density (ASTM D4254-16), 
shear box (ASTM D3080-11), permeability (ASTM D2434-19); chemical test (BS 1377), including 
total dissolved salt (TDS), pH, chloride content (Cl-), sulphate content (So3

++) and CaCo3 content 
(ASTM D3042-17).  

The collected samples were prepared for measuring their contents of 238 U, 226 Ra, 232 Th and 40 K 
and analyzed at Sodium Iodide Detector laboratory, Authority of Nuclear Materials, Egypt. Uranium is 
estimated both as eU and Ra (eU) and thorium as eTh. The values of eU represent the concentration of 
U using 234 Th energy peak (93 keV) and measure the first daughter isotope in the 238 U decay series 
with very low possible loss. Radium is measured at the 214 Pb energy peak (352 keV) which is considered 
as a measure for concentration of the U only in case of the secular equilibrium state between 238 U and 

all its daughter isotopes. Thorium is measured from 212 Pb energy peak (238 keV). 
 
Geotechnical Laboratory Results  

Soil profile of New Mansoura City can be classified into loose dense, poorly graded fine to medium 
grained sand with thickness 6 m followed by poorly graded, brown to black sand plasticity silt, with 
thickness 4 m. The results of geotechnical parameters of New Mansoura City soil layers given in Tables 
(1 & 2). 

Boreholes were obtained from a mechanical rig (a rotary drilling rig) at depths from zero to 10 
meters (from the surface of the earth), as shown in Figure 4. 
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Fig. 3: Geological Map of the Study Area (After CONCO-Coral, 1987). 

 
Fig. (4): Bore hole obtained from mechanical rig 

SPT value Correction 
Youd et al., 2003 produced a standard curve for fine content in sand as an effective parameter in 

CRR calculation and gave it the name, clean-sand base curve. This curve is fitted to represent low (N1) 
60 < 30 and intercept at fine percent 5% as in (Figure 5). The curve was reproduced to Seed's and Idriss 
(1971) correction equation for fine content correction SPT value; (N1) 60 CS to represent clean sand 
status:  

(��)���� =   � +  �(��)��      (1) 

�  and  � = constant proportions with fine content. 

 

There are more elements, beyond fines content, that determine SPT value. Equation (2) incorporates 
these corrections. 

(��)�� =  ������������     (2) 
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Where (N1) 60 is the SPT number at an overburden stress 1 atmosphere and 60% from the efficiency 
of the hammer. Nm is measured as the standard penetration value; CN, CE, CB, CR, and CS are factors in 
the correction of overburden pressure, hammer energy, bore-hole diameter, rod length, and spoon liner 
respectively. CRR calculated by the (eq. 3):  

����.� =  
�

���(��)��
 + 

(��)��

���
+

��

��[(��)��   ���]� -  
�

���
             (3) 

 

When (N1) 60 > 30, sandy and gravelly soils become dense and non-liquefaction soil, Seed et al. (1985) 
noted that the increasing fine fraction in sand soil leads to an increase in CRR. 

 

Fig. 5: Simplified base curves recommended for calculation of CRR from SPT data, along with 
empirical liquefaction data, (after Seed, et al., 1985 and Robertson and Fear, 1997). 

Table 1: Results of geotechnical properties of New Mansoura City 
Item Unit Minimum Maximum Average. 

Water content % 2.9 21.8 12.3 

Specific gravity -- 2.331 2.715 2.512 

Unit weight kN/m2 15.93 19.11 17.82 

Relative density % 21.94 57.62 38.46 

CaCo3 % 1.93 9.84 4.42 

Cl PPM 10934 11883 11164 

SO3
-- PPM 2112 8002 5834 

Conductivity (Ω/m) 207 377 281 

Cohesion Kn/m2 4 21 12 

Fraction Angel o 27o 33o 30o 

Void Ratio % 55.7 87.1 78.3 

Collapsibility   Index -- 1.402 1.653 1.514 

 

Collapsible probability of sand soil at New Mansoura City according to an equation of (Das, 2011); Eq. 
(4) gives a range between 1.402 and 1.653 with average 1.514, the results revealed that the New 
Mansoura City sand soils can classified as non-collapsible soils. 

                      �� ≤  
����

�� ��
=

����

��(��% ���)
  KN    (4) 

 
Where  �� Void ratio, �� specific gravity, LL liquid limit,  �� dry density and �� water specific gravity 
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Table 2: Results of geotechnical properties of New Mansoura Silt 
Parameters 

 
Unit 

Liquid 
limit 
(%) 

Plastic 
limit 
(%) 

Plasticity 
index 
(%) 

Water 
content 

(%) 

Consistency 
index 
(%) 

Swelling 
pressure 

(kPa) 

Maximum 78.6 41.3 42.9 25.4 1.6 131.2 

Minimum 60.3 30.5 25.8 18.5 1.1 58.3 

Average 70.5 36.4 35.1 21.1 1.5 105.3 

 
Swelling potential values of New Mansoura according to equation (5) range between 58.3 kPa and 
131.2 kPa with average 105.3 kPa, according to Gelany et al. (2019) classification the New Mansoura 
City silt soils are classified as low swelling potential soil.  
 

P� = (3.71 * LL - 125)/�I   kPa      (5) 
 

Where Ps Swelling pressure, CI consistency index and LL liquid limit. Relative   density of sand layer 
was ranging from 21.94 %, which classified as loose sand to 57.62 %, which classified as medium dense 
sand with average 38.46 % classified as loose sand (Das, 2010).  

Results of sieve analysis and grain size distribution indicate that the upper ten meters of New 
Mansoura has high liquefaction possibility according to (Ministry of Transportation Japanese code, 
1999), because it is poorly graded fine sand with low non-plastic fine content > 10 %. The pore water 
pressure built up faster than drainage under earthquake load leading to lose of effective strength of soil 
and liquefaction. 
 
Radioactivity  

Radioactivity pollution is coming from natural and artificial sources. Natural sources of 
radioactivity are about 80% of the environmental radiation (UNSCEAR., 1988). Man-made 
radionuclides sources are nuclear and non-nuclear industries. The artificial radioactivity is coming from 
several sources such as phosphate fertilizers manufacture, agriculture application and coal combustion 
cement activities which are non-nuclear industries which distributed in increasing amounts of 
radioactive matter resulted in radio-ecological pollution (UNSCEAR, 1988). The interaction between 
the radiation and human body that resulted from the external sources outside the human body in its 
surrounding environment or from internal contamination of the body by radioactive substances which 
may cause clinical symptoms in the human body (UNSCEAR, 2000). Gamma radiation emission 
sources are the naturally occurring radioisotopes such as radionuclides from 232Th, 238U series and 40K 
and their decay products which are also known as terrestrial background radiation. They represent the 
main external source of irradiation to the human body (Harb, 2008). The increased levels of terrestrial 
gamma radiation are dependent on the presence of radioisotopes in the soils. Many studies assessed the 
terrestrial gamma-ray dose rate in the air (Faheem et al.; 2008, Lee et al.; 2009, Taskin et al.; 2009, El-
Taher et al., 2010) in which around 85% of the annual total radiation dose is originated from natural 
radionuclides of both terrestrial and cosmogenic origin (Belivermis et al., 2010; NCRP, 1994; 
UNSCEAR, 2000). In this study we try to identify the natural radiation and their ecological risk 
assessment in New Mansoura 

Table (3) shows the distribution concentrations of natural radionuclide, 238 U, 232 Th, 226 Ra, and 40 
K of the studied samples, while the average specific activity concentrations of 238 U (226 Ra) series, 232 
Th series, and 40 K, expressed in Bq / kg dry weight together with the 238 U (226 Ra) / 232 Th ratio and 
the radium equivalent for each sample were calculated while fig. 6 shows concentrations of the natural 
radionuclide, 238U, 232Th, 226Ra, and 40K of the study area.  
The activity concentrations of the studied samples in Bq / Kg were determined from the photo peaks of 
the gamma-ray spectra corresponding to 238 U, 232 Th, and 40 K. The values of eU and eTh in ppm as 
well as K in percent were converted to activity concentrations (Bq / Kg), using the conversion factors 
given by IAEA, (1989).  
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Table 3: The distribution concentrations of natural radionuclide, 238U, 232Th, 226Ra, and 40K of the 

studied samples. 
Sample 

No. 

238U Concentration 232Th Concentration 226Ra Concentration  40K Concentration 
ppm Bq/Kg ppm Bq/Kg Ppm Bq/Kg % Bq/Kg 

1 1 12.35 3 12.18 3 33.3 1.44 450.72 
2 2 24.7 3 12.18 6 66.6 1.54 482.02 
3 3 37.05 4 16.24 7 77.7 1.74 544.62 
4 ULD ULD 3 12.18 3 33.3 1.55 485.15 
5 1 12.35 3 12.18 2 22.2 1.55 485.15 
6 1 12.35 3 12.18 5 55.5 1.46 448.13 
7 2 24.7 5 20.3 1 11.1 1.44 444.46 
8 1 12.35 3 12.18 4 44.4 1.65 513.48 
9 2 24.7 3 12.18 2 22.2 1.56 491.12 
10 2 24.7 5 20.3 3 33.3 1.41 433.46 
11 3 37.05 7 28.42 5 55.5 1.50 472.63 
12 ULD ULD 3 12.18 1 11.1 1.48 453.10 
13 3 37.05 5 20.3 4 44.4 1.48 463.24 
14 1 12.35 6 24.36 1 11.1 1.61 503.93 
15 1 12.35 3 12.18 7 77.7 1.51 472.63 
16 ULD ULD 3 12.18 1 11.1 1.46 456.98 
17 3 37.05 2 8.12 2 22.2 1.53 478.89 
18 2 24.7 1 4.06 7 77.7 1.55 485.15 
19 ULD ULD 3 12.18 2 22.2 1.49 466.37 
20 2 24.7 5 20.3 4 44.4 1.39 435.07 
21 1 12.35 1 4.06 3 33.3 1.47 460.11 
22 3 37.05 3 12.18 2 22.2 1.66 519.58 
23 1 12.35 2 8.12 5 55.5 1.70 532.1 
24 2 24.7 7 28.42 2 22.2 1.57 493.25 
25 1 12.35 5 20.3 3 33.3 1.50 472.63 
26 2 24.7 5 20.3 5 55.5 1.46 448.13 
27 2 24.7 2 8.12 1 11.1 1.55 485.15 
28 3 37.05 1 4.06 4 44.4 1.48 453.10 
29 1 12.35 4 16.24 1 44.4 1.61 504.87 
30 1 12.35 3 12.18 7 77.7 1.59 497.7 
31 1 12.35 5 20.3 1 11.1 1.40 439.12 
32 3 37.05 6 24.36 2 22.2 1.63 507.06 
33 2 24.7 6 24.36 7 77.7 1.57 493.21 
34 3 37.05 5 20.3 2 22.2 1.50 472.63 
35 2 24.7 7 28.42 2 22.2 1.47 460.11 
36 2 24.7 5 20.3 5 55.5 1.46 448.13 
37 1 12.35 3 12.18 2 22.2 1.49 466.37 
38 3 37.05 3 12.18 2 22.2 1.66 519.58 
39 1 12.35 2 8.12 5 55.5 1.70 532.1 
40 1 12.35 4 16.24 1 44.4 1.61 504.87 
41 1 12.35 5 20.3 1 11.1 1.40 439.12 
42 3 37.05 6 24.36 2 22.2 1.63 507.06 
43 1 12.35 2 8.12 3 33.3 1.55 485.15 
44 3 37.05 7 28.42 5 55.5 1.50 472.63 
45 ULD ULD 3 12.18 1 11.1 1.48 453.10 
46 3 37.05 5 20.3 4 44.4 1.48 463.24 
47 1 12.35 6 24.36 1 11.1 1.61 503.93 
48 1 12.35 3 12.18 7 77.7 1.51 472.63 
49 3 37.05 4 16.24 7 77.7 1.74 544.62 
50 1 12.35 5 20.3 3 33.3 1.50 472.63 

Min. ULD ULD 2 8.12 1 11.1 1.39 435.07 
Max. 3 37.05 7 28.42 7 77.7 1.74 544.62 

Average 1.66 20.501 3.96 18.216 3.32 36.853 1.504 469.85 
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Fig. 6: The chart shows concentrations of the natural radionuclide, 238U 232Th, 226Ra, and 40K of 
the study area. 

The activity concentration of a sample 1 ppm by weight of 238 U is 12.35 Bq / Kg, 1 ppm of 232 Th 
is 4.06 Bq / Kg, 1 ppm of 226 Ra is 11.1 Bq / Kg and 1 ppm of 40 K is 313 Bq/Kg.  
The activity concentrations of all samples are within the acceptable limit which is 370 Bq / Kg-1 as 
recommended by the International Atomic Energy Agency (IAEA, 1989) except the concentration of 
40 K is higher than the acceptable limit. 

          

Radium equivalent activity (Raeq) 
Radiation hazards were measured by the radium equivalent activity (Raeq) in which 238U series has 

been replaced by the decay product 226Ra. The radium equivalent activity is an index that represents the 
specific activities of 226Ra, 232Th and 40K by a single quantity. Radium equivalent activity (Raeq), is 
calculated by equation (6) of Beretka and Mathew (1985). 
 

Raeq = ARa + 1.43ATh + 0.077Ak           (6) 
 
Where, ARa, ATh and AK are referred to as the values of the activity’s concentrations of 226Ra, 232Th and 
40K (Bq kg–1), respectively. The Raeq values in the studied area vary from 60.4 to 344.5 Bq kg–1 with 
an average of 191.3 Bq kg–1 (Table 4) which is below the accepted value of Raeq (370 Bq kg–1) 
approved by UNSCEAR (2000). 

 

Table 4: Shows Result of radioactive doses and external hazard at the study area 
Parameter 
 

Unit 

Radium Equivalent (Raeq) 
Bqkg–    1 

Effective dose rate 
(Deff) index 

(μSv y-1) 

External hazard(Hex) 
(Bqkg–1) 

Depth (m) 

Min. Max. Avg. Min. Max. Avg. Min. Max. Avg. 

1 60.4 344.5 191.3 26.1 111.3 66.4 0.15 0.98 0.46 

2 41.2 251.4 133.9 28.4 105.9 65.1 0.17 0.71 0.39 

 
External Hazard Index Hex  

According to, ICRP 60 (1990), the external hazard index is used as a datum against which one can 
know whether particular levels exceed the external radiation permissible dose equivalent limit to the 
population of 1.0 mSvy-1. External and internal hazard indexes are hazardous to the respiratory organs 
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(Shuaibu et al., 2017). The external hazard index (Hex) can be computed by equation 7 (Oktay et al., 
2011) 

Hex= (ARa/370 + ATh/259 + AK/4810) ≤ 1  (7) 
 
whereas ARa, ATh and AK are the same as in the equation 6. 
The results of external hazard index of the analyzed samples are between 0.15 and 0.98 Bq kg–1 with 
an average of 0.46 Bq kg–1. The results did not exceed the permissible limit ≤1. 
 
Effective Dose Rate (Deff)     

To estimate the annual effective dose rate, the conversion coefficient from absorbed dose in the air 
to effective dose (0.7 μSvGy-1) and outdoor occupancy factor (0.2). The effective dose rate in unit μSvy-

1 was calculated by eq. 8: 
 

Deff = D × 8760h× 0.2 × 0.7 μSvy-1×10-3 (μSvyr-1)    (8) 
 
For the soil samples of the study area, the values of the annual effective dose range from 26.1 μSvy-1 to 
111.3 μSvy-1 with an average 66.4 μSvy-1 of the soil samples. These values are acceptable for the 
worldwide levels which is approximately 70 μSvy-1  
 
Annual gonadal dose equivalent (AGDE) 

Annual gonadal dose equivalent (AGDE) is a genetic significance of the dose equivalent received 
each year by the reproductive organs (gonads) of the exposed population to natural radioactivity 
(Shousha et al., 2019). The AGDE is calculated from the specific activities of 226Ra, 232Th and 40K in 
the samples by using equation 9 (Mamont Ciesla et al., 1982): 
 

AGDE (µSv y-1) = 3.09 CRa + 4.18 CTh +0.314 CK  (9) 
 
The maximum value of AGDE in the study area is 545.15 µSv y-1 whereas, the minimum value is 149.30 
µSv y-1 with an average 244.11 µSv y-1. The highest values exceeded the permissible limit (300 µSv y-
1, UNSCEAR, 2000) (Fig.7). 
 

 
Fig. 7: The AGDE values of the study area. 
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Activity utilization indexes (AUI) 
The activity utilization index is a useful index to illustrate the indoor effect of the sediments in case 

of using it in building materials. This index is calculated using the following formula (Orgun et al., 
2007): 
 

AUI= (CRa /33Bq/Kg)ƒu + (CTh/45Bq/Kg)ƒTh + (CK /420Bq/Kg)ƒk  (8) 
 
where CRa, CTh and Ck are the activity concentrations of 238U, 232Th and 40K in Bq/Kg respectively, ƒu 

(0.462), ƒTh (0.604) and ƒk (0.041) are the fractional contributions to the total dose rate in air due to 
gamma radiation from the actual concentrations of these radionuclides. 
The activity utilization index is ranged from 0.520 to 0.1329 (Fig.8). The obtained AUI value are below 
the permissible limit (≤ 2). 
 

 

Fig. 8: The calculated AUI values of the study area. 

Discussion 
Comparing the obtained results in the study area with other deposits along the Mediterranean coast 

(Table 5) indicate that the mean activity concentrations of 238U, 232Th, 226Ra, and 40K are greater than 
the industrial area of port Said (Attia et al., 2015), Port Said beach (Aziz et al., 2020) El-Arish (Seddeek 
et al., 2005) and Nile Delta (Ibrahim et al., 1993) and much lower than their corresponding means at 
Baltim and Rosetta (Hilal and Borai; 2018, El-Bahi et al., 2005) 

A comparison of the radioactivity of the sand of the study area with those in other worldwide beach 
sediments is presented in table (6). The average activity concentrations of 232Th and 226Ra in beach sand 
deposits in the study area are relatively lower than the average worldwide activity concentrations in 
similar deposits in Iraq, Iran, Malaysia but slightly higher than that of Hungary. 

Values of study area are less than the unity recommended by the International Atomic Energy 
Agency (IAEA, 1989) except the concentration of 40 K is higher than the acceptable limit, the 
corresponding gamma radiation hazard indices were below the acceptable limits and there is no 
radioactive hazard for human activities in the study area so the study area is safe. 

New Mansoura soil not have collapsibility or swelling potential hazard. Liquefaction mitigation 
should be using soil improvement as stone column, which is suitable for New Mansoura case. New 
Mansoura soil can achieve the principle of sustainability; for roads using filter material and increase of 
roads levels and for foundation chemical resistance should be using sulphate resistant cement and 
concrete additives as silica fume or meta-kaoline and using bitumen isolation. For heavy and argent 
building using piling foundations. 
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Table 5: Comparison between the mean natural activity concentration of radionuclide in beach sand of 
the present study area with those in other areas along the Egyptian coasts (unit: Bq/kg). 

Area e238U e232Th e226Ra 40K Reference 

This study 20.501 18.216 36.853 469.85  

Industrial area of Port-Said 5.208 0.0525 - 3.756 Attia et al. (2015) 

Port Said beach, 

Mediterranean Sea 
12.37 6.16  223.30 Aziz et al. (2020) 

Arish, Mediterranean Sea - 7 8 197 Seddeek et al. (2005) 

Delta, Mediterranean Sea - 10 22 180 Ibrahim et al. (1993) 

Baltim, Mediterranean Sea  - 198 132 236 Hilai. and Borai (2018) 

Rosetta, Mediterranean Sea - 53 56 120 El-Bahi et al. (2005) 

Rosetta, Mediterranean Sea 42.76 38.71  168.12 Nada et al. (2012) 

Rosetta, Mediterranean Sea 
111.24-

24.5 

140.38-

21.7 
- 

474.68-

36.3 

Abel-Rahman and El-

Mongy (2017) 

Coastal Red Sea of Egypt 22.7 11.6 21.1 930 Harb (2008) 

 
Table 6: Comparison of radioactivity in the beach sand of the present study area with those in 

worldwide other areas (unit: Bq/kg). 

Location 283U 40K 232Th 226Ra Reference 

The present study 
20.501 18.216 36.853 469.85 

 

Abu Al Khasib, Arabian Gulf, Iraq 
43.56 321.76 19.39 58.44 

Mohammed and Ahmed 
(2017) 

Coastline of Guangxi Province, China 
11.9 39.6 9.6 6.9 Liu and Lin (2018) 

Coast of Xiamen Island, China 
ND 401.0 11.3 14.1 Huang et al. (2015) 

Black sand in of Langkawi Island, 
Malaysia ND 103 718 1478 Khandaker et al. (2018) 

beach sand, coastal regions of Ramsar, 
Iran  ND 337.5 17.9 19.2 Tari et al. (2013) 

Kirklareli, west coast of the Black Sea, 
Turkey 28±13 667±282 40±18 37±17 Taskin et al. (2009) 

Beach sand Ilha Grande, Southeastern 
Brazil ND 412 48 39 

Freitas, and Alencar 
(2004) 

Beach Sands from Rizhao Bathing 
Beach, China ND 1079 15 12 Lu and Zhang 2008 

Hungary ND 302 28 28 UNSCEAR 2000 
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Conclusions  
Radiological risk of the study area can be negligible because, values of radioactivity are less than 

the unity recommended by the International Atomic Energy Agency (IAEA, 1989) except the 
concentration of 40 K is higher than the acceptable limit. New Mansoura soil has aggressive behavior 
from intrusion of seawater and raises level in ground water surface. 
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