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Abstract Key words 
     The aim of this research is to measure the concentrations of 
radon gas for nine kinds of imported fertilizers samples that are 
widely used due to what they can cause of an increment in natural 
radioactive level of soil, and that will affect the increase in the 
environmental contamination level with radiation. 
The results of the research show, the concentrations of radon gas 
CRn ranges from 161.9-251.98 Bqm-3 with the average value 
208.01±32.8 Bqm-3, the surface exhalation rates for radon gas ܧx 
ranges from 0.249-0.388 Bqm-2h-1 with the average value 
0.320±0.06Bqm-2h-1, the mass exhalation rates for radon gas Em   
ranges from 0.183-0.285 Bqkg-1h-1 with the average value 
0.235±0.04Bqkg-1h-1, the concentrations of radium gas CRa  ranges 
from 0.365-0.57 Bqkg-1 with the average value 0.47±0.07 Bqkg-1 
and alpha  index Iα ranges from 0.0018-0.0029 with the average 
value 0.0023±0.0004.  
From these results, the highest existence of a significant increase in 
the  concentrations of radon gas in mono-ammonium phosphate 
Jordan1 sample, but  the lowest concentration of radon gas in 
ammonium phosphate Iran sample. 
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 لغاز الرادون المنبعث من بعض الأسمدة الفوسفاتية باستخدام قياس تراكيز ومعدل الانبعاث

  CR-39 الأثر النووي  كاشف

  عصام محمد رشيد    

 النھرين، بغداد، العراق قسم الفيزياء، كلية العلوم، جامعة

  الخلاصة 
تسع عينات من الأسمدة المستوردة المنبعثمن   CRتم من خلال ھذا البحث قياس تراكيز غاز الرادون     

المستخدمة على نطاق واسع مع التربة مما قد يسبب حدوث زيادة في مستوى النشاط الإشعاعي الطبيعي للتربة 
ون والتي من شأنھا أن تعمل على زيادة نسبة التلوث البيئي ومن خلال ما وذلك بسبب زيادة انبعاث غاز الراد

راوحت ت نتائج أن تراكيز غاز الرادون المنبعثالأظھرت حساب كل منتراكيز غاز الرادون المنبعث وقد  سبق تم
  Ex(s)معدل الانبعاث السطحياما .Bqm-3)32.8±208.01(وبمعدل قدره Bq m-3 )251.98- 161.9( بين

-0.244( بين قيمته معدل الانبعاث السطحي لغاز الرادون المنبعث تراوحتتراكيز نتائج أنالأظھرت فقد 
0.388( Bqm-2h-1 وبمعدل قدره)0.06±0.320(Bqm-2h-1. تراكيز معدل الانبعاث الكتليأما Emتراوحت 
  .Bqkg-1h-1)0.04±0.235(وبمعدل قدره  Bqkg-1h-1) 0.285-0.183( بين قيمته
±  0.47(وبمعدل قدره  Bqkg-1)0.57- 0.365( تراوحت قيمته بينفقد CRaالراديوم الفعال  تراكيزغازأما 

0.07( .Bqkg-1ر ألفا ثمؤ وأخيرا تم حساب Iαبين  ت قيمتهتراوح الذي)وبمعدل قدره )0.0029 - 0.0018 
)0.0023±0.0004 .(  

كانت واضحة في نموذج سماد ثنائي  المنبعثمن النماذج زيادة في تركيز غاز الرادون اعلىان مما سبق تبين  لنا 
المنبعث من النماذج كانت واضحة في  بينما كان اقل تركيز لغاز الرادون 1- الأردن/ فوسفات الامونيوم المنشأ 

 .إيران/ لمنشأ نموذج سماد فوسفات الامونيوم ا
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Introduction  
It is well known that traces of 
radionuclides are found in air, soil, 
water and human bodies, we inhale and 
ingest radionuclides every day of our 
lives and radioactive materials have 
been ubiquitous on earth since its 
creation. The presence of natural 
radioactivity in soil results in internal 
and external exposure to humans. 
Radioactive nuclides which can be 
found in nature are generally 
categorized in two distinct families, 
namely of arising from either 
"cosmogenic" or "terrestrial" origin. 
The most commonly encountered 
radionuclides that irradiate the human 
body through external exposure 
(primarily by gamma radiation) are 
238U, 235U and 232Th and their 
subsequent radioactive decay products 
and 40K [1]. 
Nuclei can undergo a variety of 
processes which result in the emission 
of radiation. The most common forms 

of nuclear radiation are alpha, beta 
particles (negative and positive) and 
gamma-rays, our bodies contain 
radioactive materials such as 14C and 
40K [2].  
Although it is generally agreed that 
fertilizers come in two physical forms 
liquid and solid. The term liquid 
fertilizer applies to anhydrous 
ammonia, aqua ammonia, N solutions 
and liquid mixed fertilizers. Liquid N-
P-K fertilizers are also known as fluid 
fertilizer they include true solutions 
which require no agitation and 
suspensions or slurry type mixtures of 
N, P and K, which require constant 
stirring to keep the solids suspended in 
the solution [3]. 
 

Collection of the samples  
Nine samples of fertilizer were 
collected from many national marked 
from Baghdad city as shown in        
Table 1.  

 
Table 1: Symbols of fertilizer samples. 

Symbols Fertilizer samples

S1 NPK(18,18,18) German

S2 NPK U.K.

S3 Ammonium phosphate(MAP)Jordan1-Mono 

S4 Ammonium phosphate(MAP)Jordan2-Mono 

S5 Soul Cyprus1Green

S6 Soul Cyprus2Green

S7 NPK (20,20,20)

S8 Ammonium phosphate(MAP)Mono-Iran 

S9 Super NPK( 27,27,0)
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ρS: is the track density of the standard 
sample (track/mm2). 
The unknown concentration was 
obtained using the following relation: 
standard uranium weight (known) × 
concentration (known) = weight of the 

sample (known) × unknown 
concentration. Fig.4 represents the 
obtained calibration curve for standard 
samples.  

  

 
Fig. 4: The relation between radon gas concentration and track density in standard 

samples [7]. 
  

The effective radium content CRa in 
samples were calculated as; [8]: 

ோܥ ൌ
∗୦∗

∗ெ∗்
                                    (3) 

 
where h: the distance from the sample 
to CR-39 detector.     
A: the area of the cup. 
K: the calibration factor which is equal 
to (3.9816 tracks.mm-2d-1/Bq.m-3) 
Te: the effective time calculated as Te 
= [T-λRn

-1(1- e-λRnT)] 
T: exposure time. 
The radon exhalation rate in terms of 
area ܧ௫ in (Bq.m-2.h-1) was calculated 
as follows [8, 9]: 

௫ܧ ൌ
λܸܥ

ሾܶܣ  λିଵ൫݁ିఒ் െ 1൯ሿ
										ሺ	4	ሻ 

where C: the integrated radon exposure 
measured by the CR-39 SSNTD 
(Bq.m-3.h).  
V: the effective volume of the 
container (m3). 
 λ: the decay constant of radon ( h-1). 
T: the exposure time (h), and A is the 
area covered by the container (m2).  

The radon exhalation rate in terms of 
mass Em in (Bq kg-1h-1) was calculated 
as: 

ܧ ൌ
λܸܥ

ሾܶܯ  λିଵ൫݁ି்ג െ 1൯ሿ
								ሺ	5	ሻ 

where M is the mass of the sample 
(kg), the alpha index was calculated as 
[10]. 

Iα = CRa / 200                                  (6)                             

Finally the concentrations of radon gas 
in fertilizer samples are shown in 
Table 2. 

Results  
Fig. 5 shows the lowest of radon 
concentration was found in (S8) is 
equal to (161.9Bqm-3), the highest of 
radon concentration was found in (S3) 
is equal to (251.98Bqm-3) and the 
average value is equal to (208.01± 
32.8Bqm-3).   
Fig. 6 shows the lowest of surface 
exhalation rate was found in (S8) is 
equal to (0.249Bq m-2h-1), the highest 
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of surface exhalation rate was found in 
(S3) is equal to (0.388Bq m-2h-1) and 
the average value is equal to 
(0.320±0.06 Bq m-2 h-1).   
Fig. 7 shows the lowest of mass 
exhalation rate was found in (S8) is 
equal to (0.183Bq kg- 1 h-1), the highest 
mass exhalation rate was found in (S3) 
and equal to (0.285Bq kg- 1 h-1) and the 
average value is equal to (0.235 ± 0.04 
Bq kg- 1 h-1).  
Fig. 8 shows: the lowest of radium 
concentration was found in (S8) is 
equal to (0.365 Bq kg-1), the highest of 
radon concentration was found in (S3) 
is equal to (0.57 Bqkg-1) and the 
average value is equal to (0.47 ±      
0.07 Bq kg-1).  

Fig. 9 shows the lowest of alpha index 
was found in (S8) and equal to 
(0.0018), the highest of alpha index 
was found in (S3) equal to (0.0029) 
and the average value is equal to 
(0.0023 ±4x10-4).   
These results shows that, the average 
values of radon gas concentration       
CRn in fertilize samples (208.01±                
32.8 Bqm-3) greater than the value of 
the global limit (200 Bqm-3), and the 
averages radiological hazard index 
(CRa, Ex, Em and Iα) in fertilize samples 
are, (0.47±0.07Bq kg-1,0.320±0.06Bq 
m-2 h-1, 0.235±0.04  Bq kg- 1 h-1 and 
0.0023 ±4x10-4) respectively.  

  
Table 2: Radon gas concentration, surface exhalation rate, mass exhalation rate, radium 
concentration and alpha index for fertilizer samples. 

Symbol CRn 

Bqm-3 

Ex 

Bqm-2h-1 

Em 

Bqkg- 1 h-1 

CRa

Bqkg-1 

Iα 

  S1 179.89 0.277 0.203 0.4 0.0020

S2 180.78 0.278 0.204 0.41 0.0021 

S3 251.98 0.388 0.285 0.57 0.0029 

S4 174.35 0.268 0.197 0.393 0.0019

S5 207.55 0.319 0.234 0.468 0.0023

S6 234.13 0.36 0.264 0.528 0.0026

S7 249.07 0.383 0.281 0.562 0.0028

S8 161.9 0.249 0.183 0.365 0.0018

S9 232.47 0.360 0.326 0.525 0.0026

average 208.01±32.8 0.320±0.06 0.235±0.04 0.47±0.07 0.0023 ±4×10-4 

 

 



Iraq

 

 

 

 

5

10

15

20

25

30

qi Journal of P

0

0

0

0

0

0

0

S1

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

S1

0

0.05

0.1

0.15

0.2

0.25

0.3

Physics, 2017

Fig.5: Con 

Fig.6: S 

Fig.7:  

S2 S3

S2

7                      

ncentrations 

Surface exha

Mass exhala

3 S4

CR

S3 S4

Ex

Em

                    

142

 of radon ga

alation rate f
 

ation rate fo

S5 S

Rn (Bq/m3

S5 S6

x (Bq m-3 h

m (Bq kg- 1 

                      

as for fertiliz

for fertilizer

or fertilizer sa

S6 S7

3)

6 S7

h-1)

h-1)

      Vol.15, N

er samples.

samples.

amples.

S8

S8 S9

No.32, PP. 136

 

S9 AVEARG

avearge

6-144 
 
 

 

GE



Iraq

 

 

 

Con
The
con
foun
(MA
Jord
(CR

con
foun
(MA
(251
high
ferti
con

qi Journal of P

nclusions 
e maximu
centration i
nd in A
AP) Mono-
dan1 and g
a, Ex, Em an
centration i
nd in A
AP) Mo
1.98Bqm-3)
hest concen
ilizer 
centrations 

0

0.1

0.2

0.3

0.4

0.5

0.6

S1

0

0.0005

0.001

0.0015

0.002

0.0025

0.003

Physics, 2017

Fig.8: Ra

Fi

um value 
in fertilizer 
Ammonium
-Jordan wh
gives a lar
nd Iα), the h
in fertilizer 
Ammonium
ono-Jordan
, the rea

ntration may
containing

of ura

S2 S

S1 S2

7                      

adium gas co

ig.9: Alpha i

of rado
samples w

m phospha
hich made 
rge value 
highest rado
samples w

m phospha
1equal 

ason of th
y be that th
g hig
anium. Th

S3 S4

C

S3 S4

                    

143

oncentration

index for fer

on 
was 
ate 
in 
of 
on 

was 
ate 
to 

the 
the 
gh 
he 

av
gr
(2

         
R
[1
Pr
E
13
[2
"M
Jo
56

S5 S6

CRa (Bq/kg

S5

Iα

                     

n for fertilize

rtilizer sampl

verage of ra
reater tha
200Bqm-3).

References 
1] United 
rogramme, 
ffects, and
3, (1985). 
2] J.R Cam
Medical Phy
ohn Wiley 
6-67. 

S7

g)

S6 S7

                   E

r samples. 

les. 

adon gas con
an the 

Nations 
UNEP "R

d Risks", U

meron and S
ysics", New
and Sons, I

S8 S9

S8 S9

Essam M. Ras

ncentration
global l

Environm
Radiation D
United Nat

Skofronick 
w York, Can
Inc., 47, (1

avearge

avearge

sheed 
 
 

 

 

  
was 

limit           

ental 
oses, 
tions, 

J.G. 
nada, 
992) 

     



Iraqi Journal of Physics, 2017                                                                       Vol.15, No.32, PP. 136-144 
 
 

 
 

144

[3] M.E Durance. "Radioactivity in 
geology", John Wiley and sons, New 
York, Elsiever, 67, (1986) 96-110. 
[4] Z.G Kadhem., "Concentration of  
radioactivity with uranium, radon gas 
and concentrations of some heavy 
metals in soil at Al-Nasiriyah City" 
M.Sc. Thesis, Baghdad  University, 
College of Science for Women, (2012). 
[5] R.C Dahal, Advances in 
Agronomy. 28 (1977) 83-117. 
[6] S. A. Durrani and Bull R. K., 
"Solid State Nuclear Track Detection: 
Principles, Methods and Applications " 
Pergammon Press, U.K., (1987). 

[7] Mahmood Salim Karim Al-Rakabi 
"Study of Radioactivity and Radon gas 
Emanation in Some Iraqi 
Governorates" Ph.D Thesis Al- 
Mustinsiria, pp.51, (2005). 
[8]  M. Faheem, Matiullah., Radiation 
Measurement, 43 (2008) 1458-1462. 
[9] "International Commission on 
Radiological Protection Against Radon 
-222 at Home and Work" Publication 
65, Pergamon Elsevier: 35-242, (1993). 
[10] R.C. Ramola and V.M. Choubey, 
Journal Radioanal and Nuclear 
Chemistry, 256, 2 (2003) 219-223. 

  
  
  
  
  
  
  
  
  
  
  
  
  
  


