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ABSTRACT 

 
     In petroleum oil industries, technologically-enhanced, naturally occurring 
radioactive materials are produced. The presence of TENORM constitutes a 
significant radiological human health hazard. In the present work, liquid 
scintillation counting technique was used to determine both 222Rn and 226Ra 
concentrations in TENORM samples, by measuring 222Rn concentrations in the 
sample at different intervals of time after preparation.  The radiation doses from 
the TENORM samples were estimated using thermoluminenscent detector 
(TLD-4000). The estimated radiation doses were found to be proportional to 
both the measured radiation doses in site and natural activity concentration in 
the samples that measured with LSC.  
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INTRODUCTION 

      Naturally occurring radioactive material (NORM) includes all radioactive materials found in 
the environment. Long-lived radioactive elements such as uranium, thorium, potassium and their 
decay products such as radium and radon are examples of NORM. Although the concentrations 
of NORM in most natural substances are low, technologically-enhanced, naturally occurring 
radioactive material (TENORM) may be produced at higher concentrations as a result of human 
activities. Radium concentrations in 470 samples of the various types of waste from oil and gas 
industries were analyzed using �-spectrometers.  

      The results showed that the radium concentration varied within a wide range. The highest 
mean 226Ra concentrations of114.3 kBq/kg was measured in scales. Overall, 75% of the waste, 
mostly sludge and extraction residue lies within the normal range of radium concentration in soils 
of Malaysia (1). Samples of technologically enhanced natural occurring radioactive material (TENORM) 
in the Brazilian petroleum industry, shown that scales contain 106 kBq/kg 226Ra(2).  In the present work, 
liquid scintillation counting system is used to measure both 222Rn and 226Ra activities in 
environmental and TENORM samples.  

      Liquid scintillation cocktail was prepared in the laboratory by dissolving cheap chemical 
materials in toluene. The prepared liquid scintillation cocktail is immiscible with water. When 
mixing the sample containing 226Ra with the cocktail, 226Ra remains in aqueous phase where 
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222Rn originally present in the sample and that generated from 226Ra are transferred into the 
cocktail phase because of the high solubility of radon in toluene(3). The samples are then counted 
for 222Rn at different intervals of time preparation. 222Rn activity concentration originally present 
in the sample decays according to the equation: 

 [222Rn] = [222Rn]0 e
–λ t                                                               (1) 

 

where [222Rn]0 is the initial 222Rn  activity concentration, λ = 0.1813 day-1 is the decay constant of 
222Rn and t is the elapsed time, in days,  between preparing and counting the sample. 222Rn 
activity concentration generated from 226Ra is given by the equation:  
 

[222Rn] = [226Ra] (1 – e –λ t)                                                                   (2) 
 

Where [226Ra]  is the 226Ra activity concentration in the sample. 
From equations (1) and (2), the total measured 222Rn activity concentration could be calculated 
from the equation: 
 

Measured [222Rn] = [226Ra] + {[222Rn] 0 - [226Ra] e –λ t}                        (3) 
 
     Plotting the measured [222Rn]   as a function of e-λt gives a straight line. The 222Rn and 226Ra 
activities can be calculated from the slope of the straight line and the value of the intercept with 
the measured [222Rn] axis (4). 
The efficiency of the system was determined as follows: 

E = (S-B) /A                                                                                                (4) 
 

Where E is the efficiency, S total counting rate of the standard source (counts/sec), B background 
counting rate and A the activity of the standard source. Measured [222Rn] activity in the samples 
was determined according to the equation: 
                                    

              Measured  [222Rn] = (C-B)/E                                                                   (5) 
 
Where C is the counting rate of the sample.  
 
      The measurement of the natural radioactivity from soil by thermoluminscence detectors 
requires high sensitivity and low fading rate detector. The dose levels to be measured are much 
lower with a much longer measurement period requiring high thermal and optical stability. The 
environmental dose assessment using TLD required a calibration and measurement procedure. 
 
       The original batch of the TLD given a pre- irradiation annealing treatment appropriate the 
used material .The batch is divided into four groups first group for calibration the second stored 
in a shield container to assess the zero dose level the third group given a test irradiation in 
laboratory and the saved in a shield container for fading assess and the last group (measuring 
group) is used for actual environmental dose assessment.   
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Materials and methods 
 
The investigated materials are supplied by oil environmental services (OES). These samples are 
the solid contamination waste extracted from petroleum equipments collected from Abu_Rdais 
oil field. 
 
     Liquid scintillation analysis (LSA) of samples is achieved by a Packard Tricarb 1000 liquid 
scintillation counter.  
 
     Liquid scintillation cocktail was prepared by dissolving 4.0 g PPO (2,5-diphenyloxazole) and 
50.0 mg of POPOP {1,4-di [2-(5 phenyloxazoyl)]-toluene} in 1.0 liter of toluene. The solution 
was placed in a brown bottle and kept away from light. 
 
    Uranium-238 standard was prepared by dissolving 98.9 mg of uranyl acetate (M.W. = 425.15) 
in 250.0 ml of 1.0 M HCl. The total activity of 238U in the solution was calculated and found to 
be 683Bq, i.e. 2.73 Bq/ml.  
 
     Liquid scintillation vials loaded with 10.0 ml liquid scintillation cocktail, 10 ml of 1.0 M HCl 
were added to control samples whereas 10 ml of 238U standard were added to each standard 
vial(5). Vials were capped tightly and shaken well to ensure complete transfer of 222Rn to the  
cocktail phase. A period of about four weeks is needed for 222Rn to reach secular equilibrium 
with its parents. Standard samples and background samples were counted daily for about five 
weeks(6). The efficiency of the system was determined using equation (4).  
 
     .10.0 ml of 1. M HCl were added 1.0 g TENORM sample in the liquid scintillation vial. 10.0 
ml of 1.0 liquid scintillation cocktail were added and [222Rn] activity in the sample was 
determined using equation (5). By counting the sample at different intervals of time after 
preparation and plotting the measured 222Rn activity as a function of e-λt, a straight line is 
obtained. The slope of the straight line = {[222Rn]0 - [226Ra] and its intercept with the measured 
222Rn axis = [226Ra]. 
 
Radiation Dose Measurement for TENORM Samples by Thermoluminscence Detectors: 

    The TENORM samples were stored on a can with geometry 15.5cm height and 14cm diameter.  
A batches of TLD -100 chips (Li F: Mg, Ti) were used to estimate the radiation exposure of the 
TENORM samples. Calibration and uniformity check of TLD chips was performed and the 
reproducible chips with variation 5% were chosen.  Pre- irradiation annealing course has 
performed for the TLD-100 chips at 400oc for 1 hour followed by 2 hour at 100oc then cooled 
down to room temperature. The measuring group divided to five groups of TLD-100 (each group 
consists of 10 chips) exposed for 2.5 hour at different distance from the samples (5cm, 20cm, 
35cm, 70cm and 100cm). The thermolumienscence from all the samples is read out on 
HARSHOW 4000 TLD reader.  
  

 373



IX Radiation Physics & Protection Conference, 15-19 November 2008, Nasr City - Cairo, Egypt 
 
 

RESULTS AND DISCUSSION 
 

     The efficiency of the liquid scintillation counter was found to be 3.28(7). 222Rn transfers into 
the liquid scintillation cocktail phase because 222Rn gas is highly soluble in toluene, the decay 
chain from 222Rn to 214Po involves release of five energetic particles; three α  particles (5.5, 6.0, 
7.7 MeV) and two β particles with end points ranging from 0.69 to 3.26 MeV. Thus 222Rn, in 
equilibrium with its daughter, products five particles per becquerel and each of these particles 
could be detected with nearly 100 % in a liquid scintillation solution(8). The energy window was 
set at 200-700 keV.  
    

 

0
500

1000
1500
2000
2500
3000
3500
4000
4500

0 10 20 30 40
M
e
as
u
re
d 
[R
n-
22
2]

(c
p
m
)

Time (days)
Fig. (1) Measured Rn - 222 From scale samples

at different time  

 
 

0

500

1000

1500

2000

2500

0 10 20 30 40

M
ea

su
re

d 
R

n-
22

2 
by

 C
PM

Time (days)Fig (2) Measured Rn-222 from sludge samples at different 
time

 
 
Fig (1, 2) shows the buildup of 222Rn from scales and sludges samples. The net count rate of 
the 222Rn reach maximum after about one month. After such period of time, the decay factor, 

reaches Approximately Zero.   te λ−
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Fig(3) Calculation of Rn-222 and Ra-226 
Concentrations in a scale samples
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Fig (4) Calculation of Rn-222 and Ra -226 Concentration in Sludge Samples
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 Plotting the measured 222Rn concentration arising from Scales and sludges samples as a 
function of the decay factor, , straight lines were obtained as shown in Fig(3, 4)The slope 
of the straight line equals [(

te λ−

222Rn)0 – (226Ra)]and the intercept with the measured 222Rn axis 
equals (226Ra), thus 222Rn and 226Ra concentrations, together with standard deviation of their 
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values, in the different samples were calculated by applying equation (3) and using the 
method of least squares regression analysis, as listed in table (1).  
 

Table (1): 222Rn and 226Ra Concentrations in TENORM Samples 
Sample No. Dose Rate At Site 

μ  Sv/h 
222Rn 

Concentration 
Bq/g 

226Ra 
Concentration 

Bq/g 
Scale 1 30 158.70 ± 11.4 1166.0 ± 47.12 
Scale 2 24 62.920 ± 8.50 857.88 ± 41.23 

Sludge 1 26 186.92 ± 14.3 700.05 ± 36.85 
Sludge 2 21 125.93 ± 9.20 658.62 ± 31.69 

 
Fig (5) represents the estimated radiation dose for the tested samples at different distance using 
TLD-100 chips  

fig (5) TLD-100 respose for TENORM sample at different distance for 
2.5 hr exposure
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. 
CONCLUSION 

 
     During the separation process, different radionuclides in the decay chain are also 
separated. In the separation process, the deposits tend to be in form of scales, sludges. 
Radium and radon tend to accumulate on the oil. The liquid scintillation counting technique is 
often the best, and perhaps the only practical detector for measuring low-energy alpha 
emitters. In addition, it was used to measure 226Ra and 222Rn activity in TENORM samples. 
High activity concentrations of 226Ra and 222Rn are found in scale and sludge samples 
resulting from the decontamination process of the oil production equipments. 
      

 376



IX Radiation Physics & Protection Conference, 15-19 November 2008, Nasr City - Cairo, Egypt 
 
 

      This study shows that the workers who deal with TENORM (e.g. workers in commercial 
decontamination facility for oilfield tubular and equipment) are potentially at risk of high 
occupational exposure to NORM due to the working condition and the radioactivity levels in 
the equipment they handle. Those workers exposed not only for external radiation exposure 
but also internal radiation exposure due to inhalation of radon. Thus, a special precautions 
and stringent protection measures should be undertaken to safeguard such workers from both 
external and internal exposures. In addition the extracted TENORM should be managed 
according to the local regulation issued by the Atomic Energy Authority and Ministry of 
environment. 
 
     While knowledge about NORM and TENORM areas has increased substantially over the 
last few years estimation of doses in many studies still needs to be improved. Estimates of 
absorbed dose to specific organs for individuals are necessary and can be made from 
measurements of exposure, air kerma, or personal dose equivalent. Increased realism in organ 
dose estimates can be accomplished by properly accounting for spatial variations in the 
radiation field including the differences in air kerma rate indoors and outdoors and the time 
spent at each location, or by obtaining measurements from personal radiation monitoring 
devices worn by individuals. 
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