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Introduction 

EPR dosimetry with tooth enamel is commonly accepted as one of most precise and 

accurate methods for retrospective dosimetry. At the same time, regularly conducted 

international Intercomparisons and Intercalibrations of EPR dosimetry techniques 

demonstrate the significant scatter of results among laboratories operation in this area.  This is 

mainly caused by the lack of commonly adopted unified technique which would be based on 

clear and efficient scheme of quality assurance. In the present work we will summarize more 

than ten-year experience of Scientific Center for Radiation Medicine in the area of EPR 

dosimetry from the point of view of quality assurance. 

It is commonly agreed that EPR dosimetry with teeth consists of following main steps: 

§ separation of enamel and sample preparation, 

§ registration of EPR spectra, 

§ spectra decomposition and evaluation of dosimetric signal magnitude, 

§ calibration of dosimetric signal in terms of absorbed dose, 

§ determination of accidental dose component, 

§ estimation of cumulative uncertainty. 

For any particular version of EPR technique these steps may be characterized by 

specific set of factors influencing accuracy and reliability of dose reconstruction. The factors 

that are most significant in the SCRM technique are analyzed below. 

 

Separation of enamel and sample preparation  

This stage strongly affects the performance of the whole EPR protocol and needs to be 

applied with caution. First, some EPR signals interfering with dosimetric signal of enamel 

may arise when mechanical forces are applied to the sample (Desrosiers, 1989). Then, 



radiation sensitivity of enamel may change (Sholom et al., 1998). Finally, the treatment of 

enamel may significantly affect concentration of useful paramagnetic centers.  

SCRM sample preparation procedure is aimed to minimize change of dosimetric signal. 

This is achieved through use of combined mechanical-chemical technology. At the first step 

of preparation, 2-3 mm layers, which consist mainly of pure enamel with small quantity of 

dentin, are cut from lingual and buccal sides of the tooth using low speed diamond saw. At 

the second step, the samples are ground to particles of 2-3 mm and treated in ultrasound bath 

in 2-N NaOH solution for several hours. The influence of such mild procedure of sample 

preparation on accuracy and reliability of EPR dosimetry technique has been experimentally 

tested and was found to contribute 10-15 mGy of additional error. 

 

EPR spectra registration 

Slowly-changing EPR signals in the spectra of empty sample tube (Hayes et al., 1998) 

have effect on the results of spectra registration. The influence of this factor depends on 

model and configuration of EPR spectrometer and may be estimated via periodical recording 

of empty sample tube spectra (ESTS). In particular, for a spectrometer model BRUKER ECS 

106 with cavity ER 4108 (model used in SCRM) the variability of signals in ESTS during one 

day may result in an additional error up to 50-100 mGy. Residual anisotropy of enamel 

samples contributes to uncertainty of spectra registration too. Additional error of several 

percents may be caused by possible drift of EPR spectrometer gain, about 1%. 

Scheme of quality assurance for this step envisages daily tests of ESTS signals. It is 

acceptable if intensities of lines around g-factor of 2.0 in the difference of two ESTS (one 

recorded before and another after spectra of sample) have magnitude within 20 mGy as 

expressed in terms of dose.  Influence of residual anisotropy is controlled estimating the 

difference between dosimetric signal in studied sample spectra and some reference spectra. 

Usually this difference is within few percents when the of sample tube goniometry is used.  

 

Spectra decomposition and evaluation of dosimetric signal magnitude 

This step is one of most critical in EPR dosimetry technique due to possibility of false 

detection of EPR signals, especially in the case when several signals are overlapping (Grün, 

2002). SCRM technique uses the decomposition procedure which is based on matrix method 

(Sholom and Chumak, 2003). In fact, application of advanced procedures of sample 

preparation and spectra registration, allow consideration of only 3 spectra for decomposition, 

reducing thus the probability of false detection of EPR signals. The quality control at this step 



is expressed in estimation of differential signals in spectra between initial sample spectra and 

fitting spectra (sum of decomposition lines). Signals in this difference spectrum should be 

within 20-25 mGy. 

 

Calibration of dosimetric signal in terms of dose 

This procedure is performed either by means of individual calibration of samples or 

using universal calibration curve for radiation sensitivity of enamel. The first option is 

considered as preferable in SCRM technique. The samples are irradiated on 137Cs source, 

which is calibrated against primary standard in NIST to precision of 3 % (2σ).  

Quality control for given step of dosimetry technique is implemented via use of the 

same irradiation conditions for all samples and periodic check of the calibrator. 

 

Determination of accidental component of dose  

This step is one of most ambiguous in EPR dosimetry technique. Besides the transient 

(accidental) component of dose, three other components may contribute to cumulative dose of 

enamel, namely: background environmental exposure, x-ray diagnostic procedures and UV 

part of solar radiation. Often these components may be as high and even exceed significantly 

the value of accidental dose complicating this makes its correct determination. 

SCRM technique use following approaches for correct accounting of non-accidental 

components (Chumak et al., 1999, Sholom et al., 2000). Dose component due to background 

environmental exposure is calculated as product of tooth age by annual dose rate at the area 

where tooth donor lives. Doses from x-ray diagnostic procedures are estimated by comparison 

of doses to lingual and buccal parts of tooth (Sholom et al., 2002). Due to unknown 

contribution from UV solar radiation, front teeth are excluded from routine dose assessment. 

Quality control of these factors consists of following actions. The presence of data 

about liquidator’s age and type of extracted tooth is checked in the tooth ID form (supplied by 

surgeon dentist). In the case when data is absent, the required information is received directly 

from liquidator. Then, the gradient of dose between lingual and buccal parts is checked, and 

depending on magnitude of this gradient, appropriate algorithm of accidental dose evaluation 

is applied (Sholom et al., 2002). 

 

Estimation of cumulative uncertainty  

Objective verification of cumulative uncertainty for EPR dosimetry technique is 

achieved by international intercomparisons. Since 1995, SCRM took part in 6 such actions 



(see Table 1 for details). Results demonstrated by SCRM in these intercomparisons are shown 

in last column of Table 1 in the following way. The mean absolute deviation of EPR doses 

from corresponding nominal values was calculated for all nominal doses below 300 mGy. For 

nominal doses higher than 300 mGy, the mean deviation of two sets of doses is expressed in 

relative units. So, according to Table 1, the mean error of SCRM technique calculated using 

all intercomparisons is 21 mGy for doses below 300 mGy and 11 % for dose higher than 

300 mGy.   

 

Table 1. SCRM results demonstrated during 1995-2003 in different intercomparisons 

of EPR dosimetry techniques 

 

Title of intercomparison/ 
intercalibration 

Year 
 

Range of 
nominal 

doses (ND), 
mGy 

Results of SCRM (mean 
deviation from ND: mGy for 
dose below 300 mGy/ % for 
doses higher than 300 mGy)  

1st International 
intercomparison 

1995 0-1000 24 mGy / 5% 

1st Bilateral intercomparison 
with Utah University (USA) 

1996 171-256 55 mGy 

2nd International 
intercomparison 

1999-2000 99-815 2 mGy / 26% 

2nd  Bilateral intercomparison 
with Utah University (USA) 

2000-2001 74-810 20 mGy / 8% 

Bilateral intercomparison 
with NIST (USA) 

2001-2002 0-269 15 mGy 

3rd International 
intercomparison 

2003 79-704 13 mGy / 15% 

Mean values for all intercomparisons 21 mGy / 11% 
 

Conclusions 

1. EPR dosimetry technique with teeth, which was developed and being used in SCRM 

for routine dosimetry of liquidators is characterized by two-level system of quality assurance. 

In-house level covers all steps of the technique and allows control and minimizing of 

uncertainties that arise on separate steps. Extramural level provides the control of reliability 

and accuracy of technique in whole by means of regular participation in bi- and multi-lateral 

intercomparisons. 

2.  Cumulative uncertainty (1σ) of EPR dosimetry technique determined based on the 

results of 6 different intercomparisons is 21 mGy for dose below 300 and 11% for dose higher 

that 300 mGy. 
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