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Abstract: Radium levels in some soil and fertilizers are analyzed from radiation protection perspective. In this work, 
evaluation of Radon concentration, radium activity, the radon exhalation rate in some fertilizers and soil sample in Khabat 
village Sohage governorate, Egypt, were addressed and discussed using CR-39 nuclear track detector.  In that technique, 
radon gas passively diffused into the detector. For radium measurements, CR-39 Samples have been calibrated by using 
some natural samples with known radium activity. The radium activity in the natural sample has been determined using 
high pure germanium detector. Linear relationship between track density and radium activity has been achieved. It is found 
that the calibration factor of CR-39 for radium measurements is (0.014 Trcks.cm-2.day/Bq.kg-1). The mass and areal Radon 
exhalation rate show linear relation with radium content in the samples .The radon gas concentration show large variation 
with the maximum concentration ((7523.81 Bq/m3) in the waste product of Abo-Zaboul factory. The minimum value 
(71.43Bq/m3 ) is found in ammonium chemical fertilizer sample.Values of radium content in all soil samples except those 
near Abo-Zaboul factory are less than the permitted value of 370 Bq/kg authorized by organization for Economic 
corporation and development. 
Keywords: Radium activity, Radon, fertilizers, CR-39detector, Radonexhalation. 
 

 

1 Introduction 

It is known that, a major part of the total dose received 
from inhalation of Ra-226 decay product.   Phosphate 
fertilizer can contribute to radium content in the soil in a 
limited way. The determination of radium isotopes is 
important not only in environmental studies but also for the 
protection of public health. Radium has four naturally 
occurring isotopes [1]. Three of the isotopes (226Ra, 224Ra 
and 223Ra) disintegrate into radon isotopes [2]. A fertilizer 
from rock origins like phosphate contains some radioactive 
element in natural content so it is important to study the 
concentration of these elements in the fertilizers to evaluate 
the potential radiation hazard in the environment 
[3].Naturally occurring radionuclide are exist in the 
fertilizers. The most important radionuclide is 238U decay 
series, specially the isotope of radium. The radionuclide 
concentration in the fertilizers is largely depends on the raw 
material that used in the manufacture of fertilizers. It has 
been known that phosphate ores contains considerable 
amount of uranium, thorium and radium and natural isotope 

of potassium 40K [4,5 ].222Rn is a member of 238U series and  

a decay product of 226Ra, the radon concentration in the 
natural samples is dependent on the radium concentration in 
the ground which in turn dependent of uranium 
concentration in the soil. The rate at which radon released 
from ground into its surrounding environment is denoted as 
radon exhalation rate [6],determining its value is helpful to 
investigate the radon hazard on public health[7,8]. Radon 
exhalation is affected by many factors; the most important 
of them is the radium concentration in the soil [9]. As radon 
gas is inhaled its decay product is attached to inner surface 
of respiratory system and act as internal source of radiation 
cause large damage to cells that line it which may lead to 
lung cancer. It is known that, there is a strong relationship 
between radium activity and radon concentration anywhere 
[10]. Using phosphate fertilizers may be increase the 
concentration of radionuclide in soil with time [11]. The 
objective of this study was to evaluate the radium content 
and measure the radon activity concentration and 
exhalation rate in term of both mass and area for different 
samples of phosphate fertilizers using solid state nuclear 
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track detector.  
 

2 Experimental Sections 

In this environmental study, a CR-39 track detector was 
used to evaluate the radon concentration and effective 
radium content. Samples of different types of fertilizers 
used in Egyptian market are collected.Also, a number of 22 
soil samples were collected from El khabat village, which 
lies in the western south of Sohag governorate. Other 
samples were collected from Abo-Zaboul fertilizers 
phosphate factory, which lies in North West of Cairo. The 
samples were gathered at 10 cm depth from each point of 
sampling to eliminate organic waste martial from being 
contained within the sample. The samples are dried in the 
oven for one day at 110 Co then mashed and sieved and 
each 500 g of the soil samples are placed in plastic 
cylindrical container. Can of dimension 26 cm in height and 
15 cm in diameter has been used. A piece of CR-39 
detector of thickness 500µm and of area 1cm ×1cm is 
placed inside a plastic cup of 4cm in diameter and 10 cm in 
height and covered with plastic filter that fixed at the top of 
the container such that 23cm is the height of air between 
surface of sample and active side of the detector as shown 
in figure .1(a). 
 

 
Fig.1(a). The plastic can used as radon irradiator.(B) 
typical image for alpha particles tracks. 
 
The container is tightly sealed using silicon and plastic tape 
and left for 35 days to reach the secular equilibrium 
between radon and its daughter [12]. After the irradiation 
period, the CR-39 films were removed from the container 
and chemically etched in 6.25 N solution of Na OH at 70 
C0 for 7 h. After the end of etching time, the detector were 
removed from the solution and washed several times with 
distilled water then by running water and left in air for 
drying .The tracks produced by alpha particles are counted 
using optical microscope  [ 13 ] , typical optical photo for 
tracks has been depicted in fig1.(b). In this work, the 
activity concentration of radon emanated from the sample  
in (Bq/m3) can be calculated from the following equation 
in (Bq/m3) can be calculated from the following equation 

[14] . 
 activity concentration of radon emanated from the sample  
in (Bq/m3) can be calculated from the following equation 
[14] . 
 

𝑐 = 	 $
%&
																																																(1) 

Where C is radon concentration (Bq / m3), K is the 
calibration factor to be = 0.17 (track cm-2/ Bq m-3d) [15]. ρ 
is track density (average tracks count per cm2),T is the 
exposure time. The areal exhalation rate and mass 
exhalation rates can be calculated from the relation [16, 17 
and 19] 
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Where 𝐶>? is Radon concentration,  𝜆>? is Radon decay 
constant (h-1), A is sample surface area (m2), T is Exposure 
time (h), V is Volume of container (m3), M is Mass of 
sample (kg). To find a relation between the activity of 
radium and the track density, the specific activity of radium 
in 8 samples of mass 0.5 kg,has been investigated using 
high performance Ge detector, in lab of radiation protection 
at radiological authority Cairo Egypt, CR-39 films has been 
exposed to radon emanated from these samples with known 
activity of radium. The tracks formed on those films were 
determined using powerful optical microscope equipped 
with digital camera. For accurate measurements, 40 views 
for each sample are counted then average count for each 
sample is determined. Fig.2. depicts the variation of the 
track density as a function of the specific activity of 
radium. A calibration factor K for radium measurement in 
this work is determined to be 0.014(Track.cm-2.day / (Bq. 
kg-1). 
																	𝐶>A =

$B(
%<&CDD	

																																														(4) 

The radium activity concentration can be calculated using 
equation 4. (16) .where, ρ is track density, h is distance 
between lower surface of the detector and surface of 
sample, A is Surface area of sample, K is calibration factor, 
M is mass of sample in kg, Teff is effective time, The 
relation between effective time and real time of exposure 
can be calculated from the following relation ( 17 ) .  
 

		𝑇5FF = 𝑇. 9
,4985627:

																																										(5) 
 

Where T is real time of exposure, λ is radon decay constant, 
 

3 Results and Discussion 

International regulations regarding natural radioactivity of 
materials take into account three main natural 
radionuclides: 40K, 226Ra and 228Th. All of them are 
important due to their significance in ɤ-ray exposure; 
however, Ra-226 concentration is under special supervision 
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because of α-alpha exposure. This exposure came from Rn-
222 and its progeny. For Ra-226 concentrations limits are 
established in order to quantify and control α-particle 
exposure of Rn-222 and its progeny Po-218 and Po-214 [ 
18]. Fig.3. Depicts the radon concentration as a function of 
sample number, regarding four groups. One can notice that 
the highest value of radon concentration is 7523.81 
Bq/m3.Also, it is clear that group A and C have the highest 
value of radon concentration and this may be attributed to 
these samples (phosphate fertilizer) containing amount of 
natural radioactive nuclides. On another hand, it is appear 
that the soil samples (group B) have the smallest value of 
radon concentration; this because the soil samples are 
consists of clay with minimum value of radioactive 
isotopes. 

 
 

Fig.2: depicts the variation of track density as a function of 
radium activity. 
 

 
Fig.3: depicts the radon concentration emanated from the 
tested samples as a function of sample number. 
 
Fig.4. depicts the radium activity as a function of sample 

number. One can notice that the highest value of radium 
activity is 969.07 Bq/kg. In addition, it is clear that group A 
and C have the highest value of radium activity and this 
may be attributed to these samples containing natural 
nuclides. It is appear that the soil samples (group B) has the 
smallest value of radium activity, this because the soil is 
clay sample with minimum value of radioactive isotopes. 
Fig.5. depicts the variation of radium activity as a function 
of radon concentration. A strong linear relationship has 
been obtained between radon and radium concentration for 
the measured samples.i.e. The radium isotope 226Ra 
content in soil is the direct source and played a key role in 
determining the levels of soil radon and radon exhalation 
from soil surface. Fig.6. depicts the mass exhalation as a 
function of radon concentration. Fig. 6 depicts this 
dependence for investigated samples, where very good 
linearity of the mass exhalation rate vs. radon concentration 
is observed. Fig. 7 depicts this dependence for investigated 
samples, where very good linearity of the mass exhalation 
rate vs. radium   activity is observed. 

 
Fig.4: depicts the radium activity in the tested samples as a 
function of sample number. 
 
 
Tables (1–4) list the 222Rn activity concentration, radium 
content, areal and mass exhalation rate for 42 samples 
collected from Abo-Zaboul factory and El Khabat village. 
The results show that the average values of radium activity 
in different locations except soil and chemical fertilizers are 
relatively higher than normal. This survey leads to the 
following 
 

1- The range of radon concentration from soil of Abo-
Zaboul factory area and from soil around it is in the 
range from 7523.81 to 728.57  Bq/m3 with average 
value of 3683.81 Bq/m3. Also, the variation of 
radium in samples of Abo-Zaboul  soil samples are 
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from 969.67 to 93.84 Bq/kg  with average of 474.47 
Bq/kg , as shown in table 1.  

 
 

 
 

Fig.5: depicts the variation of radium concentration as a 
function of radon concentration emanated from the tested 
samples. 
 

 
Fig.6: depicts the mass exhalation as a function of radon 
concentration. 
 

2 Bq/m3 with average value of 161.77 Bq/m3, the 
radium concentration in the soil of Elkhabat 
village is between 29.44 to 13.49  Bq/kg with 
average value of 20.84 Bq/kg, as shown in table 2. 
The variation of radon concentration in soil 
samples may be attributed to the use of different 
kind of fertilizers used by farmers which in the 
recommended value declared by ICRP[22, 23]. 

3 The radon concentration in phosphate fertilizers 
are in the range of 6809.52 Bq/m3 to 2523.81 

Bq/m3 with average of 4898.10 Bq/m3, the 
variation in radon concentration may be due to  

 

Fig.7: depicts the mass exhalation as a function of radium 
activity. 
 

due to the variation in the phosphate content in 
each fertilizer. Also, in phosphate fertilizers the 
radium concentration vary from 877.07 to 325.07 
Bq/kg with average value of 630.87 Bq/kg, as 
shown in table 3. 

4 In chemical fertilizers, the radon concentration in 
the range from 171.43 to 71.43 Bq/m3with 
average value of 130 Bq/m3. And the radium 
concentration for chemical fertilizers varies from ( 
22.68 to 9.20) Bq / kg with average value of  16.87 
Bq / kg , as shown in table  ( 4 ),which in good 
agreement with the value from Egypt and other 
countries for soil samples [25, 26, 27 ,28 ] 

5 The obtained value of radium content in this 
survey is to be less than the permitted value of 370 
Bq/kg reported by organization for economic and 
corporation and development ( OECD ), 1979 [ 26 
]and near the main global value of 30 Bq /kg[ 27 
]for soil and chemical fertilizers but greater than 
that limit for phosphate fertilizers and waste 
product and soil of Abo-Zaboul phosphate factory 
.  

6 The areal exhalation rate for soil samples from 
Abo-Zaboul factory is in the range from 17.51 to 
1.70 ( Bqm-2h-1) with average value of 8.58(Bq 
m-2 h-1)And for soil from Elkabate village is in 
the range from 0.53 to 0.24(Bq m-2h-1)  with 
average value of  (0.38 Bq m-2 h-1)  and for 
phosphate fertilizers is in the range  from  15.85 to 
5.87  ( Bqm-2h-1) with average value of 11.40 
Bqm-2h-1,and for chemical fertilizers it varies 
from 0.40 to 0.17  (Bqm-2h-1)  with average of 
0.30 Bqm-2h-1. [29, 30 ,31, 32, 33] 
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7 The mass exhalation rate for soil samples from 
Abo-Zaboul factory is in the range from 0.62 to 
0.06 Bq /kg h with average value of 0.30 Bq /kg h, 
and for sample from Elkabat village is in the range 
from 0.02 to 0.01 Bq /kg h with average value of 
0.01 Bq /kg h. While in phosphate fertilizers is in 
the range from 0.56Bq /kg h to 0.21Bq /kg h with 
average value of 0.40 Bq /kg h. and for chemical 
fertilizers it was found to be same for all for types 
of 0.01 Bq/kg h.[19, 20,and 21]. 

Table (1) 222Rn activity concentration, radium content, 
areal and mass exhalation rate for waste and soil near 
Abo- Zaboulfactory (group A). 

 

 
 
Table (2) show 222Rn activity concentration, radium 
content, areal and mass exhalation rate for soil sample (1-
22) from El Khabat village (group B) . 

 

 
 

 

 

 

 

Table (3) show 222Rn activity concentration, radium 
content, areal and mass exhalation rate for phosphate 
fertilizers samples (group C). 

 

Table (4) show 222Rn activity concentration, radium 
content, areal and massexhalation rate for sample(1-4) 
group D). 

 

4 Conclusions 

Fertilizer and natural soil samples collected from 30 points 
were analyzed for natural radionuclide's using SSNTD 
detector. A strong positive correlation was found between 
radium concentration and track density registered by CR-39 
Nuclear track detectiontechnique .Samples of the highest 
radiological hazard among tested was phosphate fertilizer, 
with Ra-226 concentration reaching 969.07 Bq/kg.  This 
survey clear that, The value of the average radium 
concentration is less than the permitted value of 370 Bq/m3 
by ( OECD ) 1979 and it is less than average global value 
30 Bq/kg ( UNASCEAR 1993) for soil sample . The values 
of radon in soil samples show little variation in value, 
which may be due to the different types of fertilizers. The  
survey show strong liner relation between radium content 
and radon concentration in the samples. It also revel strong 
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linear correlation between radon concentration and areal 
and mass exhalation rates in all samples (R2 =1). With the 
data to hand, it is easy to ascribe with degree of certainty 
the reasons for elevated radon levels in fertilizer.  

Acknowledgement 

 
The authors thankfully acknowledge Dr / Ayman M Abd-
elmoty, Dr / Ahmed Ismael , Dr / waleed M abd-allah and 
radiation protection lab members (NRRA,Egypet) for their 
support and great effort and advice for performing that 
work.  . 
 

References 

[1]  Song L   , Yang Y  , Luo M , Yan Ma  and Dai X., 
Rapid determination of radium-224/226 in seawater 
sample by alpha spectrometry, Journal of 
Environmental Radioactivity., 171(1), 169-175,  
2009. 

[2] Kiro Y , Weinstein Y , Starinsky A and  Yechieli Y, 
Application of radon and radium isotopes to 
groundwater flow dynamics: An example from the 
Dead Sea., Chemical Geology., 411(1), 155–171, 
2015. 

 [3] Taher EA and MukhufS , natural radioactivity level in 
phosphate fertilizers and its environmental 
implication in Assuit  governorate , upper Egypt , 
Indian journal of pure & Applied physics .,48(1) , 
697-702, 2010.  

[4] Harb s , kamel EH , Elmaged AI, Abbady A and Negm 
HH  , nautral radioactivity measurement in soil and 
phosphate samples from El-sabaea , Awan , Egypt, 
Arab J nuclear sci Application ., 42(1), 233–237 
2009.  

[5] Boukhenfouf  W and  Boucenna A, The radioactivity 
measurements in soils and fertilizers using gamma 
spectrometry technique , Journal ofEnvironmental 
Radioactivity.,  102 (1), 336-339, 2011 

[6] Vaupotic J, Radon Concentration in Soil Gas and Radon 
Exhalation Rate at the Ravne Fault in NW ,Slovenia, 
Nat Hazards Earth Syst. Sci., 10(1) , 895-899, 2010. 

[7] Elzain AA, "Radon Exhalation Rates from Some 
Building Materials Used in Sudan, Indoor and Built 
Environment., 24(6), 852-860, 2015. 

 [8] Elzain AA, Estimation of Soil Gas Radon 
Concentration and the Effective Dose Rate by Using 
SSNTDs, International Journal of Science and 
Research Publications (IJSRP)., 5(2), 3887-3891, 
2015. 

[9] Azam A, Naqvi AH and Srivastava DS, Radium 

Content and Radon Exhalation Measurement Using 
LR-115 type II Plastic Track Detectors, Nucl. 
Geophys., 9(6), 653–657, 1995. 

[10] Saad AF, Abdalla YK, Hussein NA and Elyseery IS, 
Radon exhalation rate from building materials used 
on the Garyounis University campus, Benghazi, 
Libya , Turkish J. Eng. Env. Sci., 34(1), 677-774, 
2010. 

[11] Farrash EA , Yousef HA , Hafez AF , activity 
concentration of 238U and 232Th in some soil and 
fertilizers samples using passive and active 
techniques, radiation measurement., 47(1), 644-648, 
2010.  

[12] Elzher AM, An Overview on Studying 222Rn 
Exhalation Rates Using Passive Technique Solid 
State Nuclear Track Detectors, American Journal of 
Applied Sciences., 9(10), 1653- 1659, 2012. 

[13] SubberAR ,Saadon WT  and Hussain. A, Measurement 
of Radium Concentration and Radon Exhalation 
Rates of Soil Samples Collected From Selected Area 
of Basrah Governorate, Iraq Using Plastic Track 
Detectors, Journal of Radiation and Nuclear 
Applications., 1(1), 11-15, 2017. 

[14] Ayman MA and  Ali A, Radon Irradiation Chamber 
and its Applications, Nucl. Instrum. and Methods in 
Phys., Res.,  786 (1), 78-82, 2015. 

[15] Baruah DM , Deka  PC and   Rahman M , 
Measurement of Radium Concentration and Radon 
Exhalation Rate in Soil Samples Using  SSNTDs, 
The African Review of Physics.,  8(32), 215–218 
2013.  

 [16] - Saad AF, Radium Activity and Radon Exhalation 
Rates from Phosphate Ores Using CR-39 On-line 
with an Electronic Radon Gas Analyzer, Alpha 
GURAD, Radiation Measurements., 43(2) , 463-466 
2008. 

[17] Elzain AA, Mohammed YS and  Sumaia SM , Radium 
and Radon Exhalation Studies in Some Soil Samples 
from Singa and Rabak Towns, Sudan using CR-39, 
International Journal of Science and Research 
(IJSR)., 3(11), 632-637, 2014.   

 [18] European Commission, Radiation Protection 112 : 
Radiological Protection Principles Concerning the 
Natural Radioactivity of Building Materials, Office 
for Official Publications of the European 
Communities, Luxembourg, 2000 

[19] Chauhan RP, Radium Concentration and Radon 
Exhalation Measurements in the Water Around 
Thermal Power Plants of North Indian, Indian. J. 
Pure& Appl. Phys., 39(1), 491-495, 2001. 

[20] Saad, AF, Radon Exhalation from Libyan Soil 



 J. Rad. Nucl. Appl. 4, No. 2, 101-107 (2019) / http://www.naturalspublishing.com/Journals.asp                                                      107 
 

 
        © 2019NSP 
         Natural Sciences Publishing Cor. 

 

Samples Measured with the SSNTD Technique, 
Appl.Radiat and Isot., 72( 1) , 163-168, 2013. 

[21] Al-NaggarTI . And Abdalla AM. 
theactivityconcentrations of 222Rn in some ground     
water wells, najran city, saudiarabia ,nuclear 
technology &radiation protection., 32(2), 166-173, 
2017. 

[22] VaillantL  andBataille C , Management of radon: a 
review of ICRP recommendations, J. Radiol. Prot., 
32(1) , 1-12, 2012. 

[23] ICRP, International Commission of Radiological 
Protection, Lung Cancer Risk From Indoor 
Exposures to Radon Daughters, Pub., 17(50), 1987. 

[24] El-Samman  H, Etching Characteristic Studies for the 
Detection of Alpha Particles in DAM-ADC Nuclear 
Track Detector, Radiation Physics and Chemistry, 
102 (1), 79-83, 2014. 

[25] Farid SM, Indoor Radon in Dwellings of Jeddah City, 
Saudi Arabia and its Correlations With the Radium 
and Radon Exhalation Rates from Soil, Indoor and 
Built Environment.,  25(1), 269-278, 2016.  

[26] Elzain AA, Mohammed YS and Sumaia SM, Radium 
and Radon Exhalation Studies in Some Soil Samples 
from Singa and Rabak Towns,  Sudan using CR-39, 
International Journal of Science and Research 
(IJSR)., 3(11), 632-637, 2014.  

 [27] Welelaw S and  Bhardwaj MK, Assessment of 
Hazards Due to Radon's Mass and Surface 
Exhalation Rates: and Radium Content in Soil 
Samples of Lalibela, Ethiopia, I. J. E. M. S ., 4(4), 
445-448, 2013.. 

 [28] Youssef  HA, Embaby AA, El-Farrash  AH and Laken 
HA, Radon Exhalation Rate in Surface Soil of 
Graduate's Villages in West Nile Delta, Egypt, 
Using Can Technique, International Journal of 
Recent Scientific Research., 6(4), 3440-3446, 2015. 

[29] (OECD) Organization for Economic Cooperation and 
Development. In, Exposure to Radiation from 
Natural Radioactivity in Building Materials, Report 
by a group of Experts of the OECD Nuclear Energy 
Agency, OECD, Paris,  France, 1979. 

[30] UNSCEAR, United Nations Scientific Committee on 
the Effects of Atomic Radiations, United Nations, 
New York,  1993. 

[31] Sharma N , Singh J, ChinnaEsakki B and Tripathi RM 
,A study of the natural radioactivity and radon 
exhalation rate in some cements used in India and  
its radiological significance, Journal of Radiation 
Research and Applied sciences., 1-10, 2015. 

[32] Subber AR,.Noori HN,. Ali FN, Jabbar HJ and 
Khodier MK, Constructasa simple radon chamber 

for measurement of radon detectors calibration 
factors: Pelagia Research Library, Advances in 
Applied Science Research., 6(2),128-131, 2015. 

[33] Elzain AA, Mohammed S , Mohamed KS,  and Ali 
MA , A Study of Radium Concentration and Radon 
Exhalation Rate in Soil Samples from Kassala 
Town: Sudan Using SSNTDs, American Journal of 
Physics and Applications., 4(4), 84-89, 2016. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


