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Abstract

RETROSPECTIVE EPR DOSIMETRY ON THE BASIS OF TOOTH ENAMEL
ANALYSES OF TECHA RIVER RESIDENTS.

The dose in tooth enamel from residents of villages along the Techa river was measured by
EPR dosimetry. The results were correlated to the 90Sr whole body burden as measured about 30 years
after ingestion. Based on the results of this preliminary investigation the ingestion dose coefficient of
tooth enamel for 90Sr is estimated and compared with the value for bone surface given in ICRP. The
results of the preliminary study suppose a similar metabolism of strontium for tooth dentine and the
skeleton.

1. INTRODUCTION

In the period from 1949-1956 the plutonium production facility MAJAK released 1017

Bq of fission products in liquid waste into the Techa river, Southern Ural, Russia. The most
massive releases of about 95% of the total activity were in the years 1950 and 1951
(Trapeznikov et al., 1993). About 25% of the released activity resulted from the radionuclides

7Cs and 90Sr. The population of the Techa riverside villages were mainly exposed external
by Y-radiation from 137Cs and internal by incorporation 90Sr. The external exposure of the
population is decreasing with the increasing distance of the villages from the site of activity
release. In a distance further than about 80 km the mean cumulative dose due to external
radiation is calculated to be less than 0.1 Gy for all age groups of the population (Degteva et
al., 1994). The residents of these villages have been exposed predominantly due to the
ingestion of 90Sr which occurred in the period 1950-1959. The main pathways of ingestion
were drinking water, milk and fish. The rate of ingestion of the population of the villages
along the Techa river varies by about a factor of 10 depending on the habits of life and diet
(Kozheurov and Degteva, 1994). In a distance further than about 80 km from the site of
activity release the average dose accumulated within 25 years in the bone surface of the
residents was calculated to be less than 14 Gy (Degteva et al., 1994). The calculations are
based on whole body counter measurements (Kozheurov, 1994) and a model for strontium
retention by Degteva and Kozheurov (1994).

At present, electron paramagnetic resonance (EPR) dosimetry using teeth is the only
solid state dosimetry method which allows for retrospective dose assessment at the individual.
EPR dosimetry using tooth enamel was done for dose evaluation for atomic bomb survivors
(Ikeya et al., 1984) and nuclear workers (Romanyukha et al., 1994). The method makes use of
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(Dceya et al., 1984) and nuclear workers (Romanyukha et al., 1994). The method makes use of
the formation of stable radicals proportional to the absorbed dose in hydroxyapatite, the
mineral component of tooth enamel, dentine and bone (Cevc et al., 1972; Moens et al., 1993).
At 25°C a lifetime of 107 years (Schwarcz, 1985) was determined for the radicals. Therefore
EPR dosimetry of tooth enamel seems to be suitable for individual dosimetry after long
periods of exposure and for a long time after the exposure. However, the dose reconstruction
for the population of the Techa riverside villages is complicated due to the combined
contribution of external and internal radiation. Further complications result from the different
metabolism of strontium in tooth enamel, dentine and bone (Kozheurov and Degteva, 1994).
We suggest to measure in addition to tooth enamel the dose in dentine. The complementary
measurements of the two tooth components might provide information about the prorated
contribution from different radiation sources. The use of tooth dentine for EPR dosimetry in
the required dose range so far was not possible due to its high content of organic components.
Now, it has become applicable after a method of preparation was developed to remove the
organic components by chemical degradation and extraction (Wieser et al., 1994).

In the present pilot study samples of tooth enamel from residents of villages along the
Techa river were measured by EPR dosimetry. The samples under investigation were from
residents of villages with low external radiation. All persons were older than 6 years at the
beginning of the Strontium ingestion and therefore, no or only little strontium is expected
inside their tooth enamel (Kozheurov and Degteva, 1994). The cumulative doses in tooth
enamel estimated by EPR dosimetry will be related to whole body counter measurements of
the tooth donors.

2. MATERIAL AND METHODS

In this preliminary examination from five tooth donors six samples of tooth enamel
and one sample of tooth dentine were measured by EPR dosimetry. The teeth were extracted
at most two years before the measurement. Some information about the samples and its
donors are given in Table I. Details about the P count rate and whole body counter
measurements are given elsewhere (Kozheurov, 1994).

The tooth enamel samples were separated from dentine by a dental drill after treatment
with sodium hydroxide in an ultrasonic bath (Romanyukha et al., 1994). The tooth dentine
sample was prepared from the root of the tooth after treatment with diethyltriamine in an
Soxhlet apparatus (Wieser et al., 1994). All samples were ground in a mortar to powder with
grain size less than 1 mm. The mass of the individual samples used for measurement varied
between 50-150 mg.

The EPR measurements (ESP300, Bruker) were made using a standard rectangular
cavity. The spectra were recorded with 5 mT magnetic field sweep, 0.3 mT modulation
amplitude, 42 sec sweep time and 82 msec time constant. For each measurement the spectrum
was accumulated 40 times. The tooth enamel samples were measured twice with a microwave
power of 2 mW and 12.5 mW to apply the selective saturation method for reduction of the
background EPR signal (Ignatiev et al., 1994). The tooth dentine sample was measured with a
microwave power of 12.5 mW. Due to the strong EPR signal from hydroxyapatite in the
dentine sample a reduction of the background was not necessary.

The dose reconstruction was done by the additive dose method with an unweighted
linear least-square-fit. Six measurements, one original and five after additional irradiation
were used for dose reconstruction of the samples. The precision of the individual
measurement of the amplitude of the gj_ = 2.0018 EPR signal from hydroxyapatite was 10%
and 20% for tooth dentine and tooth enamel, respectively. The irradiations were made within
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an accuracy of ±3% with 60Co source (Eldorado) with a dose rate of 0.1 Gy/min. The
calibration of the source was converted to absorbed dose to tooth enamel (Hubbell, 1982).

3. RESULTS AND DISCUSSION

The results of the investigation are summarised in Table I. The 7-dose resulted external
due to the contamination of the Techa river and internal due to incorporation of 137Cs. It was
calculated to be 50±10 mGy for all samples. Within the limits of error no p-activity was
measured in the tooth enamel of the residents which were older than 10 years at the beginning
of the strontium ingestion. A weak activity was detected in the tooth enamel (sample r2) from
the resident which was 6 years old at the inset of ingestion. About 30 years after the end of
strontium ingestion whole body counter measurements were made in 1992-1993. At this time,
the measured whole body burden was in the range of 1-8 kBq for all residents under
investigation. The dose in tooth enamel was estimated by EPR dosimetry. Hereby, the variable
thickness of the layer of enamel for different teeth is not considered. In average the thickness
of enamel layers for all teeth was found to be about 0.5±0.2 mm. Especially for the p-
dosimetry of 90Sr the ignorance of the thickness of layer will introduce an additional error, but
is expected to be less than about 20%. The dose estimated in enamel with a different thickness
from a canine (sample r5) and a molar (sample r3) from the same resident agreed within the
limits of error of measurement. In the case of one resident (sample r2) the dose was estimated
both, in tooth enamel and dentine. The dose in dentine was found to be about 5-fold bigger
than in enamel. A big difference is expected between the dose absorbed in the two tooth
components if dentine is much stronger contaminated with 90Sr than enamel. The tooth
enamel would act predominantly as a |3-dosimeter measuring the radiation from the
contaminated dentine.
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Figure 1: Absorbed dose in tooth enamel versus
end of ingestion.

'Sr body burden 33 years after

The absorbed dose in tooth enamel was found to be proportional to the Sr body burden for
the Techa river residents under investigation (Figure 1). The body burden was measured 33
years after the period of main ingestion of 90Sr. The least square fit of the data (solid line in
Figure 1) delivers an intercept with the dose axis, D o = 0.1±0.1 Gy and a body

155



Table 1: Sample description and estimated dose in tooth enamel

sample no.;
tooth
position15

r2;
61

r7;
5u

7u

rS*;
41

r4;
7u

r1;
1u

year of birth;
settlement;
distance
from site of
release, km

1944;
Karpino;
96
1930;
R. Techa;
138
1939;
Pershino;
212
1939;
Pershino;
212
1939;
Klyuchi;
223
1936;
Zatecha;
237

calculated
y-dose,
mGy

60

60

50

50

40

50

P count rate
of teeth,
min"1

19±3

4±3

0

0

2

0

^Sr body
burden, kBq;
year of
measurement

7.6±2;
1993

2.3±2;
1993

1.6±2;
1992

1.6±2;
1992

2.3±2;
1992

1.4±2;
1992

EPR dose in
tooth
enamel,
mGy

890±150
(4300±300)3

30±110

280±50

340±100

200±90

460±180

1)1 = lower jaw, u = upper jaw.
2) sample no. r3 and r5 are from the same person.
3) EPR dose in tooth dentine.

Table 2: Estimate of ingestion dose coefficient for tooth enamel

measured equivalent dose in tooth
enamel per Sr body burden, Sv/Bq
(30 years after ingestion)

retention of ^Sr in skeleton
33 years after ingestion (adults)1}

estimated equivalent dose in tooth
enamel per Sr ingestion2*, Sv/Bq

equivalent dose in bone surface
per ^Sr ingestion (adults)3), Sv/Bq

9.6±3.9*10"5

3.6 *10'3

3.5±l.4*10'7

4.1 *1Q-7

1) calculated with model parameters from ICRP Publ. 56/2
including radioactive decay of ^Sr.

2) a single ingestion is assumed for the estimation
3) ICRP Publ. 69
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burden dose coefficient of 9.6±3.9 * 10"5 Gy/Bq (33 years after ingestion). The value of Do is
consistent with the expected external 7-dose.

The experimentally determined body burden dose coefficient for tooth enamel was
used to do a first approximation to calculate also the ingestion dose coefficient of tooth
enamel (Table II). The approximation assumes a single Sr ingestion 33 years before the
measurement of the body burden. The fraction of 90Sr retained in the skeleton after 33 years
was calculated to 3.6 * 10~3 by using model parameters from ICRP Publ. 56/2 and including
the radioactive decay of 90Sr. From this the equivalent dose in tooth enamel per Sr ingestion
is estimated to 3.5±1.4 * 10'7 Sv/Bq. The value was found to be very close to the ingestion
dose coefficient of the bone surface (4.1 * 10'7 Sv/Bq) given in ICRP Publ. 69. This result
may suppose that the metabolism of strontium is very similar for tooth dentine and the
skeleton.

4. CONCLUSION

In this preliminary examination only teeth were investigated with no 90Sr
contamination of the enamel from persons who have received only low external radiation. For
this cohort the dose in tooth enamel estimated by EPR dosimetry was found to increase
linearly with the whole body burden of 90Sr as measured about 30 years after ingestion. Based
on the experimental data of this investigation a first approximation of the ingestion dose
coefficient of tooth enamel was found to be very close to the value from the bone surface
given in ICRP Publ. 69. It is supposed from the results that the metabolism of strontium for
the skeleton and tooth dentine is very similar to each other. The tooth enamel is supposed to
measure only the dose resulting from the contamination of the dentine in the case of low
external radiation fields and no contamination of the enamel. The dose absorbed in tooth
dentine was found to be bigger than in enamel. The ratio of absorbed dose measured in tooth
enamel and dentine may provide information to identify the location of the radiation source.
Theoretical considerations will be made for predicting the dose ratio dependent on the source
location.
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