
Australian Journal of Basic and Applied Sciences, 5(9): 1822-1829, 2011 
ISSN 1991-8178 

Corresponding Author:  Farid Majid Mohammed, Department of physics/College of Science/Tikrit University/Tikrit/Iraq. 
                                          E-mail: dr_fr_2006@yahoo.com 

1822 

Measurement and calculation of the Radiatory Pollution in Salah Alden Governorate 
 

 ¹Farid Majid Mohammed, 1Marwan Rasheed Abass, ² Shaker Mahmood AL-Jobori 
 

1Department of physics / College of Sciences / Tikrit University / Tikrit / Iraq 
2College of Madinat Al-Elim Al-Jamea / Baghdad / Al-khalisa School / Al-kadhmea School/ Baghdad 

/ Iraq 
 

Abstract: This work devoted to study the radiator pollution in Salah Alden Governorate - Iraq, the 
ratio of Depleted Uranium , radiation dose by using Gamma-ray spectrum, the specific radioactivity 
were calculated for many nuclides,Ra226  as an  equivalent activity for U238, Ac228 as an equivalent 
activity for Th232, K40 and Cs137. 15 samples of soil were collected from selected areas in Salah Alden 
governorate, the samples were analyzed by using Gamma-ray spectrometry system (DSA  2000) with 
high purity Germanium detector, which has 50% efficiency and resolution of (2.2 keV) at gamma line 
(1332 keV) of the source Co60. The results of average specific activity of radio  active nuclides for 
Ac228, Ra226, K40and Cs137 were (15.5±0.62) , (55.08±1.4) , (323.6±21.19) and (4.43±0.62)  
respectively, The results showed that all samples are normal and within the allowed limits.The value of   
Ru which represent U235/U238 was counted and it ranged between (0.00720-0.00538) of soil,  that means 
the concentration of Depleted Uranium equals 0%-40% and the soil is unpolluted. The result of 
radiation dose of unit mSv/y for K40, Ra226, Ac228 were (0.085, 0.225, 0.116) respectively, and for unit 
rad/y or rem/y were (0.085, 0.0225, 0.0116) respectively the results showed that all radiation dose 
within allowed limits.  
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INTRODUCTION 

    
  The radiopoluttion is an important subject which related to the health and life of human beings , a lot of 
researchers did successive scanning and studies about it resulted to a great improvement in style of 
measurement(United Nations Scientific Committee on the Effects of Atomic Radiation’s, 1996; IAEA, 1996) . 
  The radiations can be divided into: Ionized and nonionized radiation, the ionized radiations also divided 
into electromagnetic radiation which cause ionization in the medium of atoms when passes through if the energy 
radiation increased up to 100eV. 
  The second ionized radiation are those with particles properties like, the cosmic ray which is reaching us 
from the outside space,another radiations produced from isotopes with radioactivity, these radiations might be 
charged like α , β or neutral like neutrons. 
  The study and calculation of natural radioactive background still got a great attention from researchers in 
the field of nuclear physics, especially after the Chernobyl accident in 1987 and the wars followed and the use 
of prohibited weapons which includes the depleted uranium(DU) also the industrial pollution. 
  So first it becomes necessary to watch the natural radioactivity to discover the existence of oral radioactive 
materials   and second to distinguish between the elements exist in the nature and the product of nuclear tests 
and accidents  , and how to deal with this subject which have a great effect on life and health of human. 
  The purpose of this work is to calculate the background, ratio of depleted Uranium and calculation of 
radiation dose.   
 
Theory: 
Energy resolution of the detector: 
  It measures for the ability of the detector on separation between two near line energies , The full width at 
half maximum to be consider for ability of the detector and for energy separation, for this purpose we used Co60 
which have two line of γ-ray (1173 – 1332) KeV and   using  the equation (Knoll, 1979) 
 
Resolution                                                                                                                   (1) 

 
 : Different between two peaks of γ-ray line in channel number unit.  

  : Different between two line energy by KeV unit. 
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by applying equ. (1) we get : 
 

 
 
This value represent the analysis ability of the detector. 

 
Calculation of detector efficiency: 
  We can define the efficiency of the detector that is the ratio between the number of out pulses  to  the 
number of incident γ-ray photons (Allen, 1981). 
 

                                                                                                                                                 (2) 

 
:total measured area under peak. 

  Tc: time of measurement. 
   Iγ:relative intensity of all energy from radioactive source. 

 
 The ratio between  U235/U238 : 
The radio activity of all (1mg) from U238 will be (Kananee & Taheer, 19905). 
 

                                                       (3)
   

Where; Ac :radio activity by Bq ,  ( decay constant)= ln2/t1/2 

N: number of atom, t1/2 :half life of radio isotopes.  
 

                                 (4) 
W: mass of  isotopes by gm, A:  mass number of   radio isotopes. 
After all substitution we get: 
Ac  = 12.35 Bq 
 To convert radio activity to matter quantity (mg/kg) we divide the radio activity of samples of soil on 12.35 
Bq. From background  measurement of U238  in soil of zone that is found to be equal to concentration of Ra226  
and excrete from concentration U238 we get the quantity of Depleted Uranium [DU]and to get ratio of DU in soil 
[X%] the following equation will be used  .(UNEP, 2000). 
 

                  (5) 
 
Where; X% : ratio of DU, DU: quantity of depleted Uranium in soil by mg/kg ,  CsU: concentration of U238  in 
soil by mg/kg. And to find the ratio between 235U/238U for the soil includes a natural Uranium   consist of 238U 
with ratio of 99.2745% , 235U with ratio of 0.72% , 234 U with ratio of 0.0054% , the DU consisting of increased 
ratio of 238U as much as 0.35% and less  ratio of  235U   . 
 To impose the quantity of Uranium in mass (M) measure by (mg) and result from the ratio of DU [X] so the 
quantity resulted from natural Uranium will be (1-X) , and the ratio between 235U/238U in mass (m)  (Unep, 
2000): 
 

           (6) 
 

 Where ; Ru: ratio between 235U/238U  , X: ratio of DU in samples of soil.  
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 Level exposure radioactivity: 
          We can calculate the level exposure radioactivity by using the equ. (IAEA, 1996): 

 

           (7)  
 

Where H(t) :absorption dose , A(t) :specific activity (Bq/Kg) 
   DRF : factor conversion with unit of (n.Gy/h) for  (Bq/kg)  
Whereas the conversion factor to be varied from series to another: 
232Th  series = 0.623 (n.Gy/h) for each (Bq/kg)  
238U series = 0.461 (n.Gy/h) for each (Bq/kg)  
40K = 0.0414 (n.Gy/h) for each (Bq/kg)    
To convert from absorption dose unit to equivalent dose unit  ,the following equation to be used : 
 
DE (Sv) = D (Gy).   QF                                                                                                                                       (8) 
 
Where ; DE (Sv) : equivalent dose (Sv) , D (Gy): exposure dose (Gy) 
QF : conversion factor = 1.000  
know  we get : 
 
DE  = D .   QF                                                                                                                                                     (9) 
 
Where ; DE: unit to be convert , D:  conversion unit, QF: conversion factor. 
The following are some conversions(www.IRSRA.GOV.IQ): 
1 

 Ci=3.7x1010  )10(                                                                                                         )Bq(  
   =Bq1 2.7x10-11Ci                                                                                                                                           (11) 

 
1Gy  = 100 rad                                                                                                                                                     (12) 
 
  1Sv = 100 rem                                                                                                                                                   (13) 

 
1Sv = 1 Gy                                                                                                                                                          (14) 
 
1 rad = 1 rem                                                                                                                                                        (15) 
 
Experiment : 
 The system used for measuring radio activity is as in fig.(1) consisting of[- Model  DSA-2000 Digital 
Spectrum Analyzer, Users  Manual,  Canberra  Industries,  U.S.A, 2002; Genie 2000  operations  tools   manual, 
Canberra  Industries  Inc.,  USA, 2002): 
a- High purity Germanium detector  
b- Digital spectrum analyzer  
c- Computer   
d- We collect  15 samples from the surface of soil with area (90cmX90cm) and depth 5cm for all samples. 

 
 The (DSA 200) type were used to measure the γ-ray spectrum, the measurement time was 7200 sec.for each 
sample, we find that in the operation of identification of nuclides were not changed after this time. 

 
e- Energy Calibration: 
 The operation of energy calibration means pointing the position of incident photons energy for each channel 
by using standard source contains of known peaks energy. we used 40K  with energy (1460 KeV) and 60Co with 
energy (1332-1173 KeV)  and 137Cs with energy (661 KeV) as in fig(2). The fig(3) showed diagram for relation 
between position energy in analyzer and quantity of energy we find a liner  relation between energy source and 
channel position . 
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Fig. 1: The schematic diagram of the  instrument used to measure  the radio activity. 
 

 
 
Fig. 2: Shows the 40K , 60Co , and 137Cs spectrum for energy calibration system of measurement 

 

 
Fig. 3: Diagram for relation between position energy in analyzer and quantity of energy   
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Calculation of Bbackground in Work Zone: 
 We register the spectrum of γ-ray for empty Marnelly beaker and subtracted  from the reading registered for 
samples and same energy. Fig(4) showed spectrum of background in work zone. 
 
Calculation of Detection limit: 
 To express the detection limit to minimize the isotopes radio activity it can be detected by measuring time, 
and we can do this from Curie equ.(Rubaiee & Alsadawee, 2006): 

D.L. =(2.77 +3.29 ×  )                                                                                          (16) 

Where; NetArea (A): pure area under peak, dps: radio activity   
B,G: background,                                          

B .G=                                                                                                                                                     (17)  

 

 
 
Fig. 4: Spectrum of background in work zone  

  
 Table 1: Average detection limit for some isotopes in soil 

Detection limit  Selected energy for isotopes in(MeV) Isotope 
12.461 1460 40K 
7.047 911 228Ac 
1.985 661137Cs 
20.108 727 212Bi 

5.717 238 212Pb 

 

Where ; : relative error   taken from the report measurement system.   

We calculated average detection limit for some isotopes and for different energy and well-arranged in table (1): 
 

RESULTS AND DISCUSSION 
 
        The specific activity for 226Ra isotopes at 182 MeV was equivalent to specific activity of 238U[John Wiley 
and Son Inc ., New York,(1979; 11,12] , also for 228Ac isotopes at 911 MeV was equivalent to specific  activity 
for 232Th .The specific  activity were registered  for number of selected position shown in fig(5) and included in 
detail in table to be as follows . 

The specific activity level for  226Ra in soil of higher value (66.53±1.35) (Bq/kg)  in Al Efraz from Samara 
city and lower value( 1.53 ± 33.13 ) (Bq/kg)  in Al Boajeel from Tikrit city , and the average specific activity for 
238U is (55.08±1.4) (Bq/kg) . 

The specific activity level for 228Ac of higher value (20.5±0.87) (Bq/kg) in Ragah from Samara city ,  and 

lower value in Al Quads army from Tikrit city, and the average specific activity for 232Th(15.5±0.83) Bq/kg. 
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The specific activity level for 40K of higher value(403.7±14.7) Bq/kg in Baije city near   electricity office 

and lower value(220.5±11.2) in Al Efraz from Samara city , the average specific activity was (323.6±21.19) 
Bq/kg . 

1- For specific activity of 137Cs the higher value was (12.2±0.64) Bq/kg in Baije city near the refinery and 

lower value (1.04±0.2) Bq/kg in Sherkat city , and the average specific activity was (4.43±0.62) Bq/kg. 
 The table (2) showed the specific  activity levels  for radio nuclides which were   selected as equivalent for 
mother specific activity nucleus  which can be represented by uranium and thorium, besides to some other 
radioactive nuclides which are not belong to natural series, from the measurements of specific activity for each 
of Ac228, Ra226, K40 and Cs137 were found to be (15.5±0.62), (55.08±1.4), (323.6±21.19), (4.43±0.62)  
respectively and after comparing with international and local studies, The results showed that all samples are 
normal and within the allowed limits. 
 By using eqn.(5) and eqn.(6) to calculate the  ratio of DU  also the ratio between 235U/238U  , the table (3) 
shows The value of Ru which represent U235/U238  it ranged between (0.00720-0.00538) of soil  that means the 
concentration of Depleted Uranium equals 0%-40% and the soil is unpolluted. 
 
Calculation and results for level of exposure dose: 
 By using eqn.(8) to convert the activity in (Bq/kg) to absorption dose with unit of (n.Gy/h) and equ. (9) to 
convert absorption dose to exposure dose with unit (mSv/h) and eqn. (13) to  convert (rem/h) to (rad/h) and after 
that   the result should be multiplied by 8760(number of hours in one year), the table (4) showed the value of 
dose radiation and table (5) showed the average dose radiation.The result of radiation dose of unit mSv/y for 
K40, Ra226, Ac228 were (0.085, 0.225, 0.116) respectively, and for unit rad/y or rem/y were (0.085, 0.0225, 
0.0116) respectively the results showed that all radiation dose within allowed limits.    
 
Table. 2: Showed the specificity activity levels for radioactive nuclides 

Position  

Number of 
simple  

specificity activity  (Bq/kg) 

  

Baije city near dissolved S1 0.79 ±16.2 - 1.35  ±36.61 14.1  ±
372.7 

12.2 ±0.64 

Baije city near electricityoffice 
   

S2 0.76 ±15.3 6.4  ±40.64 1.18  ±56.58 14.7  ±
403.7 

4.3 ± 0.36 

Sherqat city center S3 0.69 ±15.1 5.8  ±36.67 1.15  ±61.3 13.7  ±
387.6 

1.04 ± 0.2 

Ragah Samara city S4 0.87 ±20.5 8.3  ±71.53 1.5  ±58.26 
14.5  ±

359.7 
4.42±0.4 

Intersection alfalojah (Samara city) S5 0.91 ±18.2 8.7  ±57.21 1.6  ±55.56 15.6  ±
366.7 

3.44 ±0.39 

Al Eshaqee( Balad city) near 
electricityoffice 

   
S6 0.8  ±17.6 7.2  ±59.15 1.3  ±57.37 

12.8  ±
329.4 

1.31 ± 0.21 

Al Quads army from Tikrit city S7 0.8 ± 10.7 6.8  ±28.65 1.4  ±61.55 12.4  ±
232.9 

1.52 ±0.27 

Al Boajeel Tikrit city S8 0.9  ±14.4 - 1.53  ±33.13 12.3  ±
222.2 

2.9 ±0.63 

Al Degael city near midway S9 0.75 ±13.9 3.1  ±22.34 1.37  ±57.88 13.1  ±
341.4 

5.79 ± 0.41 

Al Efraz from Samara city S10 0.78 ±11.6 5.8  ±46.33 1.35  ±66.35 11.2  ±
220.5 

2.22 ± 0.28 

Al Jebereh from Samara city S11 0.75 ±11.2 1.7  ±26.32 1.28  ±58.7 
10.7  ±

209.8 
1.64 ± 0.26 

Al Doois city center S12 0.77 ±19.3 3.2  ±52.17 1.32  ±57.11 14.6  ±
397.3 

10.1 ± 0.56 

Region of Al Dloaeh Balad city  S13 0.68 ±17.3 5.5  ±22.12 1.23  ±64.23 
13.1  ±

362.4 
3.82 ± 0.32 

Al Door city games town  S14 0.67 ±19.9 4.1  ±59.81 1.27  ±60.47 
12.7  ±

337.4 
5.65 ± 3.97 

Al Door city collection residential 
near stadium 

S15 0.71 ±16.3 6.5  ±70.73 1.27  ±59.1 12.4  ±
310.4 

6.1 ± 0.71 

The average   0.83 ±15.5 4.8 ±39.5 1.4  ±55.08 
21.19±

323.6 
0.62  ±4.43 

 Equivalent  238U.   Equivalent  232Th. 
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Table 3: The value of   Ru  

Ru= 235U/238U 
Quantity natural 

Uranium X-1 
ratio of DU 

X% 
ratio of DU 

mg/kg 
concentration of 238U 

mg/kg 
Number of 

simple 
- - - - - S1 

0.00710 0.960 3.951 0.181 4.581 S2 
0.00682 0.886 11.343 0.563 4.963 S3 
0.00699 0.932 6.720 0.317 4.717 S4 
0.00717 0.978 2.178 0.098 4.498 S5 
0.00705 0.947 5.274 0.245 4.645 S6 
0.00681 0.883 11.699 0.583 4.983 S7 

- - - - - S8 
0.00702 0.938 6.103 0.286 4.686 S9 
0.00655 0.814 18.54 1.002 5.402 S10 
0.00697 0.925 7.426 0.353 4.753 S11 
0.00695 0.919 8.088 0.374 4.624 S12 
0.00667 0.846 15.38 0.800 5.200 S13 
0.00687 0.898 10.130 0.496 4.896 S14 
0.00685 0.916 8.095 0.361 4.459 S15 

 
Table 4: Average dose radiation 

Simple and radiation dose unit 
Isotopes 

 (911) MeV 

Isotopes 

 (182)  MeV 

Isotopes 

 (1460) MeV 

S1 
mSv\y 0.088 0.145 0.134 
rad\y p.0088 0.0145 0.0134 
rem\y 0.0088 0.0145 0.0134 

S2 
mSv\y 0.083 0.226 0.146 
rad\y 0.0083 0.0226 0.0146 
rem\y 0.0083 0.0226 0.0146 

S3 
mSv\y 0.082 0.246 0.140 
rad\y 0.0082 0.0246 0.0140 
rem\y 0.0082 0.0246 0.0140 

S4 
mSv\y 0.111 0.234 0.131 
rad\y 0.0111 0.0234 0.0131 
rem\y 0.0111 0.0234 0.0131 

S5 
mSv\y 0.099 0.222 0.132 
rad\y 0.0099 0.0222 0.0132 
rem\y 0.0099 0.0222 0.0132 

S6 
mSv\y 0.096 0.230 0.119 
rad\y 0.0096 0.0230 0.0119 
rem\y 0.0096 0.0230 0.0119 

S7 
mSv\y 0.058 0.248 0.084 
rad\y 0.0058 0.0248 0.0084 
rem\y 0.0058 0.0248 0.0084 

S8 
mSv\y 0.078 0.133 0.078 
rad\y 0.0078 0.0133 0.0078 
rem\y 0.0078 0.0133 0.0078 

S9 
mSv\y 0.075 0.234 0.123 
rad\y 0.0075 0.0234 0.0123 
rem\y 0.0075 0.0234 0.0123 

S10 
mSv\y 0.063 0.266 0.079 
rad\y 0.0063 0.0266 0.0079 
rem\y 0.0063 0.0266 0.0079 

S11 
mSv\y 0.061 0.231 0.075 
rad\y 0.0061 0.0231 0.0075 
rem\y 0.0061 0.0231 0.0075 

S12 
mSv\y 0.105 0.230 0.143 
rad\y 0.0105 0.0230 0.0143 
rem\y 0.0105 0.0230 0.0143 

S13 
mSv\y 0.094 0.258 0.131 
rad\y 0.0094 0.0258 0.0131 
rem\y 0.0094 0.0258 0.0131 

S14 
mSv\y 0.108 0.242 0.122 
rad\y 0.0108 0.0242 0.0122 
rem\y 0.0108 0.0242 0.0122 

S15 
mSv\y 0.088 0.238 0.112 
rad\y 0.0088 0.0238 0.0112 
rem\y 0.0088 0.0238 0.0112 
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Table 5: The value of dose radiation  

 

WWW. IRSRA . GOV. IQ 
 

 
 

Fig. 4: Selected position of study  
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Isotopes Energy (MeV) 
Average dose radiation 

rem/y rad/y mSv/y 

K40 1460 0.0116 0.0116 0.116 

Ra226 182 0.0225 0.0225 0.225 

Ac228 911 0.0085 0.0085 0.085 


