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Abstract— A preliminary study was conducted to 

determine thorium, uranium and potassium elemental 

concentrations in surface of different types of zirconia powder 

materials used for dental prosthetics restoration, mainly 

feldspathic, zirconia-based ceramics.  

Ten different samples from various manufacturers that has 

been imported to be used in various dental laboratories in 

Tripoli-Libya. These samples were investigated with regard to 

content of natural radionuclides by means of gamma 

spectrometry using high-resolution γ- ray spectrometry. 

The samples were weighed and measured in the "EGA" 

laboratory in terms of their gamma radioactivity for a 

counting time of 15 hours each.  From the measured γ-ray 

spectra, total dose rate for each sample were determined for 

uranium, thorium and potassium which is equivalent to 

0.00495, 8.35x10-6, 0.046 µSv/Kg  , respectively as in sample 

number two.   The cancer risk factor per 10000 cases over age 

40 were estimated by using specific online software approved 

by International Atomic Energy Agency (IAEA).The results 

reveal that, sample NO.8 has high risk factor , which attributed 

to the activity of 238U, 238 Th and 40K in this sample  while    

sample No.3 and 5 had the lowest cancer risk factor ( 0.211, 

0.211 , respectively ).  

Although individual cancer risk estimates as a function of 

gender and age are small .The concern about the risks from 

dental material is related to the rapid increase in its use for 

dental practice, especially in children patients. 
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Introduction  

Gamma radiation emitted from  naturally occurring 
radioisotopes, such as 40K and the radionuclides  from the 232Th 
and 238U series and their decay products (also called terrestrial 
background radiation), which exist at trace levels in most Zirconium 

oxides and different porcelain powder formations, represents  which 
considered to be the  main  external and internal  source   of  
irradiation  to  the  human  body.  More specifically, natural 
environmental and man-made radioactivity and the associated 
external exposure due to gamma radiation depend primarily on  the 
source mixture and the manufacturer content of the powder 
materials, and it appears to be very low and at different levels from 
one sample to the other. 

UNSCEAR 2000 Report1,that, the specific levels of natural and 
man-made radiation are related to the element composition of each 
manufactured Zirconium Oxides , and to the content in thorium 
uranium (U), (Th) and potassium (K) of the Zirconium Oxides  
from where it is row material originated for a specific 
manufacturers.  

Since no systematic data on Zirconium based ceramic and 
Oxides radioactivity were available, the main objective of these 
measurements was carried out  to determine the gamma radiation in 
these typical samples, and to determine its contribution to the 
annual effective dose equivalent to the mouth of the patients.  There 
are two main features that make this study particularly important 
and interesting to  radiometric studies. Firstly, it provides 
information on the concentration composition of natural and  the  
associated man-made radioactivity the Zirconium based Oxides.  
Secondly, the analysis of  selective elemental abundance (Th/U, 
K/U, and K/Th ratios) may also allow us to calculate effective dose 
rates to the human body and specifically processes as  a result of the 

complex matrix. 

 

Materials and methods  

Sample counting and Data presentation: 

Ten samples of used Zirconium Oxides used in various dental 
Libyan Centers were collected to be measured. Zirconium powder 
sample containers were placed into the active volume of a shielded 
high-purity germanium (HPGe) detector with an efficiency of 50%, 
relative to a 3"x 3" NaI(Tl) Scintillator, and measured for a counting 
time of 15 hours. A detailed description of the high-resolution  γ- 
ray spectrometry  system, as well as of the measurement and 
analysis  techniques  used  in  these  investigations,  has  been  
presented by  Tzortzis2.  The  naturally  occurring  radionuclides  
considered  in  the present analysis of the measured  γ- ray spectra 
are: 214Pb with a main gamma energy at 352 keV, and a gamma 
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yield of (37.1%), 214Bi 609 keV, (46.1%), 228Ac 911 keV, (29%), 
and 40K 1461 keV, (10.7%). Under the assumption that secular 
equilibrium was reached between  238U  and  232Th and their 
decay  products,  the  concentration  of 238U was determined from 
the average concentrations of the 214Pb and 214Bi and the  
concentration  of  232Th  was  determined  from  the  average 
concentrations  of 212Pb and 228Ac in the samples. (Hamby and 
Tynybekov,  2000)3;    The collected data for all the measured 
samples, the calculated dose rates as well as the average total 
activities for uranium, thorium and potassium were presented in 
Table 1.1  Thus,  an  estimation  of  radionuclide concentration of 
238U  and  232Th  was obtained, whereas a direct measurement of 
40K concentration  was  achieved.  

 

Tables 1.1 Presents the calculated natural radio activities in 
Bq.kg-1 , the related dose rates in  Sv.kg-1 and the  total average  
for activities  for  U, Th and K . 

 

Calculation of elemental concentrations 

Following the spectrum analysis, count rates for each detected 
Photo peaks and activity concentration for  each  of  the  detected  
nuclides were calculated(activity  per  unit  Zirconium powder mass 
Thus,  for  each  sample studied the activity concentrations, of the 
238U, 232Th, and 40K radionuclides are determined in units of       
Bq. Kg-1.   Activity concentrations of  238U ,   232Th, and 40K 
were then converted into elemental concentrations of uranium, 
thorium and potassium, respectively and were tabulated in Table1.1,  

The  uncertainty  of  the  radioactivity  measurements  
calculated,  which  is  also applicable to the extracted U, Th, and K 
elemental concentration values, was typically in the range 3-10%.  
It has been calculated by taking into consideration the counting 
statistical  error of (< 3%)  and  weighted  systematic  errors  that  
mainly  included the uncertainty in the efficiency calibration (0.5-
8%) (Tzortzis et al., 2003b)7. However, additional uncertainties due 
to the dry weight estimation or sample homogeneity, as well as due 
to the assumption of secular equilibrium in the estimation of the 
238U  and   232Th  activity, have not been taken into account.  

 

Results and Discussion 

Upon reviewing the collected data for the ten Zirconium Oxide 
samples, it should be noted that the lower values given correspond 
to the detection limit derived for each of the three elements mainly 
uranium, thorium and potassium, exhibited a wide range of detected 
activities for all the samples. The calculated radioactivity 
concentrations of uranium, thorium and potassium for the 10 
measured samples presented in Table 1.1 in units of Bq.kg-1. Using 
the radiation dose calculations program in the net a radiation doses 
were tabulated in Table 1.1 Considering all samples studied, 
elemental concentrations of uranium ranged from, from 2.34  to 
16.77 Bq.kg-1  and  1.75 to 17.4 Bq.kg-1 for thorium, and from  8.54 
to 250 Bq.kg-1   % for potassium.  As it can be seen in from the 
tabulated data a higher values of elemental concentrations are 

associated with sample No.7 for uranium while the lowest was due 
to sample No4 At the same time the highest measured concentrated 
value was from sample No8 and the lowest was from sample No4 
for thorium. 

This result reveals that the mean concentrations of the 
radioactive elements of U , Th and K, as obtained from samples No. 
4 gave the lowest values while sample No. 7 gave the highest values 
by a factor of seven times for uranium. For thorium sample No. 1 
gave the lowest activity of while sample No.7 gave the highest 
value by a factor of eight times. At the same time for 40K sample 
No. 5 gave the lowest activity while sample No 2 gave the highest 
activity by a factor of fifty times. The corresponding highest 
calculated dose rates for all detected natural and associated man 
made as presented in Table 1.1 showed values of 2.34x10-2 for 
U,3.64x10-5 and a value of 4.62x10-2

this  research  project  are  in  general  agreement  with  the other 
outlined data by other researchers and lower than what has been 
proposed by some National and International bodies and recognized 
institutes. The Source Term for Uranium concentrations of 31 - 145 
ppm were found in 4 types of porcelain denture teeth marketed in 
Sweden [Sairenji1982]4 .  And  for Uranium concentrations of 0.6 - 
2.8 ppm were found in 6 types of porcelain powders marketed in 
Sweden, baked and fired on gold plates (simulating use for 
superficial parts of crowns) [Sairenji1982]4. It has to be emphasized 
that the two main Standardized bodies  for limiting uranium 
concentration in denture were:  0.05 weight-percent (500 ppm) for 
U.S. NRC standard for uranium in denture and 0.03 weight-percent 
(300 ppm)  for German standard for uranium in denture 
[Zinke1994]5. 

 

Conclusions 

High-resolution γ-ray spectrometry was used to determine 
elemental concentrations of the radioactive elements of thorium, 
uranium, and potassium in a number of ten Zirconium samples 
collected from various dental clinics. The number and the type of 
composed materials  of  the  samples  collected  can  be  considered  
as  widely  and sufficiently covering the various Zirconium based 
dental materials. Samples originated from various operating dental 
Centers and Clinics that are being used in for Libyan patients they 
all appeared  generally  to  have  lower  naturally  occurring 
radionuclide concentrations, compared to other types of Amalgams 
Ceramic types. In the present study, the radioactive natural 
radionuclide concentration using ppm found to be in the range 
0.19ppm to 1.4ppm and was 0.33ppm to 0.6ppm of 1.2ppm for  
uranium and  thorium   respectively,  for potassium-40 was found to 
be 137ppm for Zirconium sample No.1  and was found to be  
8050ppm for sample No.2.  These values fall within the lowest 
range of those measured at worldwide scale by other authors and, 
more specifically, are by a factor of three to six  lower than the 
reported world average values of, 2.8 µg g-1 (U) 7.4 µg g-1  (Th)  
and 1.3% (K) as mentioned  in the UNSCEAR 2000 Report. 

The results  obtained  from  the  present  wide-range  
investigations  are  in  general agreement with the first studies on 
activity and elemental concentrations of naturally occurring  
radionuclides  and  on  their  associated  dose  rates  in  various  
Zirconium Oxides  types (Tzortzis et al., 2003a)7. They further 
confirm that the dose rates due 

 to naturally occurring  radiation  in  all of these samples were  
significantly lower  (by a  factor  of  two  on  an average)  than  the  
corresponding  radioactivity  levels  reported  from other types of 
dental amalgam ceramics. It has to be noted that other types of 
dental porcelain powders used in Greece have been measured for 

their radioactivity.  The 238U concentration varied from about 3.6 
Bq.kg

-1 
up to 5.6 kBq.kg

-1
. The dose equivalent induced at 

the surface
 
of oral mucosa ranged from 2.3 mSv per year up 

to 3.6 Sv per
 
year, respectively. The uranium concentration 

in the cases examined
 

was lower than the maximum 



686 

 

ICTS32830112020-MD1035 
 

permissible concentration of this
 
element in such materials; 

that of 6.17 kBq.kg-1 (500 ppm) corresponded to a surface dose 
equivalent of about 4 Sv per year.
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