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New possibility of retrospective EPR dosimetry
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Abstract. Tooth enamel plates irradiated by different types of radiation were studied by
electron paramagnetic resonance imaging with local gradient of magnetic field. The depend-
ence of radiation defect distributions on an irradiation type was found. A new procedure of
retrospective electron paramagnetic resonancedosimetry determining the irradiation type was

proposed.
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1. Introduction

The study of the radiation influence on a living system
and a human organism has become very important dur-
ing last years. An irradiation dose and its power deter-
mine a result of such influence. Therefore, a dose evalu-
ation is currently central. Nevertheless, immediate dose
measurements during an irradiation process are often
impossible, in particular, during accidents. The retro-
spective dosimetry on crystals of a biological origin
(biocrystals) is very useful in such situations. The
biocrystals are synthesized in living organisms and have
little changes when time passes. Therefore, if structural
defects were created in the biocrystals by radiation such
defects remain constant for a long time and can be used
as an irradiation retrospective detector. The retrospec-
tive electron paramagnetic resonance (EPR) dosimetry
was applied to a variety of calcified tissues: bone, egg
shells, mollusks, tooth enamel, tooth dentin, etc [1-6].
The stability of the main dosimetric signals in these ma-
terials is such that they may be used for EPR dating of
archeological findings [7].

The tooth enamel is the most interesting biocrystal. It
contains a mineral phase representing 94-98% of the to-
tal weight; water and organic matter form the rest. The
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inorganic component of enamel is largely composed by
calcium apatites. The crystallites of hydroxyapatite are
organized into small prisms plunged into an organic sub-
stance. Both prisms and crystallites reveal a certain or-
dering [8].

An ionizing irradiation of the tooth enamel induces
paramagnetic centers responsible for intensive EPR spec-
trum near g = 2. The CO,", CO33", CO5", CO radicals, O
center and the so-called «background signal» with
g = 2.0045, AH,, = 0.64 mT contribute to it [9]. The
background signal is observed in the enamel samples be-
fore irradiation and dominates at irradiation doses up to
1 Gy. The EPR signal intensity is a linear function of the
irradiation dose in a wide dose range and is used in the
retrospective dosimetry.

A characteristic feature of the retrospective EPR
dosimetry procedure is the necessity of an additional labo-
ratory irradiation to eliminate individual peculiarities
of a tooth radiation sensitivity [10]. However, the EPR
signal intensity was found to depend not only on an ab-
sorption dose but also on some radiation characteristics
such as its type (B3, ¥, etc.) and energy. Therefore, the
determination of these parameters is important before
application of the above procedure. Besides, there are
problems as to differentiation of accidental () rays, as a
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rule) and medical (X-rays) irradiation. The procedure of
a separate estimation of doses absorbed by front and back
tooth parts has been applied up to now [3].

On the other hand, methods of the EPR imaging for
obtaining distribution of paramagnetic defects along a
sample are known [11-13]. The imaging methods appear
to be useful in the retrospective EPR dosimetry because
irradiation energy and type determine a radiation defect
distribution along dosimeter. So some parameters of ir-
radiation can be estimated from EPR images.

2. Materials and methods

Intact teeth with clinically sound enamel were used in
this study. After removing dentin with diamond tools, four
rectangular plates were cut off with the sizes approxi-
mately 4x3x1 mm?. Three of these plates were irradiated
by electrons with 1.5 MeV energies, }+ and X-rays, re-
spectively, the fourth one was irradiated by 1.5 MeV en-
ergy electrons and )rays. The radiation was directed
normally to one plate surface while other ones were pro-
tected against the irradiation. The absorption doses were
estimated to be approximately 100-300 Gy at different
samples. The fifth plate of the same size was received
from molar enamel of a wild boar that had lived in the
Chernobyl Zone.

EPR imaging measurements were carried out on
«Radiopan» X-band EPR spectrometer equipped by
7Z7G1 imaging unit. The ZZG1 unit forms the additional
magnetic field B’ = Gx directed along the main field B so
that a sample is located in the total field B - Gx, where x
is the spatial coordinate along B and G denotes the mag-
netic field gradient. The so-called «local gradient of
magnetic field» (G = const) was used in this study. In this
case the EPR im-
age is recorded by main field sweeping and described by

I
T(B)= J'R(x)S (B-Gx)dx , ¢y
0

where / is the sample length along the field direction,
R(x) denotes the spatial distribution of paramagnetic
centers and S(B) is the EPR lineshape function. The spa-
tial distribution R(x) is extracted from (1) by means of
Fourier method or iterative algorithm.

Fourier method. The equation (1) can be written as:

T=R*S, ()]

where * is the convolution symbol.

Fourier method employs the convolution theorem. The
Fourier transform of the convolution of two functions is
equal to the product of their Fourier transforms. There-
fore, after Fourier transform, equation (2) becomes:

HT)=F(R) K(S) 3
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and

R(x)=F'{R(D/F(S)}. )

The largest part of all known spectra can be decom-
posed into Lorentzian and/or Gaussian lineshape func-
tions. Since Fourier transform of a Lorentzian or
Gaussian diminished with increasing independent vari-
able in the Fourier space w the problem of division by
zero occurs at large . The simplest solution to overcome
this problem is the division limitation to a window f{w):

R(x) = F{F(DAWIF(S)}. ©)

To obtain the spatial distribution from EPR images a
homemade program was used in this study. It allows ap-
plying the Gauss windows

0 He? 1R

(63]

B [exp[f—zln—g w<wg

f(w)=10 7 ? ag (6)
O
EO’ W>w;g

Parameter wydepends on signal/noise ratio and is de-
fined from a spectrum

Fa) = F(S) F¥(S) 0

as a maximum value of w, where F(w) values exceed the
noise level.

Iterative algorithm. The equation (1) can be integrated
with respect to magnetic field from zero to B:

B / B
[T(0)dt = [R(x) [S(t-Gx)dxdlt (8)
0 0 0

The equation (8) can be written as:
/
F(B) = [R(x)I(B-Gx)dx )]
0

where /(B) is EPR absorption line and

B

F(B)= [T(1)dr (10)
0

The equation (9) can be transformed as following:
R(x) = F(Gx+Bo)/(l(Bp)l) +

|
+R(X) - [R(Y)1 (G(x-y) + Bg)dy (11)
0

On the base of equation (10) we can form the next
iterative procedure which is solved numerically:
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Rn +1(x) = F(Gx +Bo)/(I(Bo)l) +

I
+ Rn(X) = [Ra(N1(G(x-y) + By)dy (12)
0

Ry(x)= F(Gy +By)I(1(By)l)

Zero order approximation corresponds to the assump-
tion that F(B) is determined only by concentration of the
centers which are located in the region where magnetic
field is equal to resonance value.

It is evident that if lim R,(x) exists then it will
n - o
obey the equation (1). Also it can be accurately proved
that this limit exists and gives a usual onepeak EPR
absorption.

3. Results and discussion

The sample was placed in a microwave cavity so that the
direction of the field gradient was coincident with the
direction of irradiation. As well known, the radiation-
induced EPR spectrum of a tooth enamel plate depends
on the direction of an external magnetic field. Therefore,
EPR spectrum recorded in such sample geometry has
been used as the EPR lineshape function in the calcula-
tions of spatial distributions. It is shown in Fig. 1.

The EPR images of the four enamel plates are pre-
sented in Fig. 2. The field gradient was equal to 2 T/m. It
allowed to obtain the spatial resolution approximately
0.4 mm. Corresponding distributions are presented on
Fig. 3. They have been obtained by means of the Fourier
transform and iterative algorithm that lead to the same
distribution pattern. Fourier transform method gives suc-
cessful results provided the Gauss windows with a = 0.03
is used. Note that the blurring of a front edge of distribu-
tions is due to a window applying.

The calculated distributions reflect the change of a
radiation defect concentration in plates along the direc-
tion of irradiation. It is well seen that different irradia-

EPR Intensity, a.u.
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Fig. 1. EPR spectrum of irradiated tooth enamel plate.
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tion types result in different spatial distributions of para-
magnetic defects. The yirradiation creates a homogene-
ous distribution of defects while a plate irradiated by
electrons with 1.5 MeV energy shows strong inhomoge-
neity in defect distribution (Fig. 2, a and c). The X-ray
irradiation leads to an inhomogeneous distribution of
defects with a detectable decay of their concentration
along the sample (Fig. 2, b). The calculated distribution
allows to separate visually the contributions of two irra-
diation types if their characteristics are distinctive (Fig.
2,d).

The fifth plate was studied to test the possibilities of
the application of EPR imaging on real dosimetric ob-
jects. Recorded for different sample orientation, the EPR
images showed homogeneous distribution similar to Fig.
2, a. Thus, the samples cut out from tooth of the wild boar
has been irradiated by Jrays only. To determine the ir-
radiation dose the standard procedure of the retrospec-
tive EPR dosimetry with additional g-irradiation was
used. The dose was estimated to be approximately 16
Gy.

To eliminate the mistakes in the dose determination
caused by different types irradiation the preparation of
samples and the measurement procedure seem to be as
following:
getting a tooth;
separating an enamel;
cutting out a plate;
measuring the EPR spectrum and EPR images;
computing of a radiation defect distribution;
separating the defects distribution on the components,
each determined by one of the irradiation kinds;
determining types of a sample irradiation;

» calculating the relative contribution of each irradia-
tion type;

o

o
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Fig. 2. EPR images recorded with 2 T/m local gradient of mag-
netic field for tooth enamel plates irradiated by g-rays (a), X-
rays (b), 1.5 MeV electrons (c), g-rays and 1.5 MeV electrons (d).
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Distribution of defects, a.u.
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Fig. 3. The distributions of radiation defects obtained from EPR
images in Fig. 2.

dividing the sample into the parts according to the
number of irradiation types;

applying the standard procedure of the retrospective
EPR dosimetry to each part of the samples with using
the corresponding type of additional irradiation and
taking into account the corresponding EPR compo-
nent intensity;
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determining the total irradiation dose as the sum of
doses received from different irradiation types

The use of EPR imaging in the retrospective dosimetry

allows obtaining information about type and energy char-
acteristics of sample irradiation. It permits to eliminate
the dose determination mistakes caused by characteris-
tics differences of accident and additional (laboratory)
radiation.
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