ELECTRON SPIN RESONANCE (ESR) OF GAMMA-IRRADIATED OYSTER SHELLS
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ABSTRACT

Monirradiated and gamma-irradiated molluse shells were studied by EPR. Four paramagnetic
species ascribed to COy and SOy radicals were identified in the EPR specira. Three
paramagnetic centers are attributed 1o CO, ions of isowropic (g = 2.0007) and orthorhombic
symmetries and the lourth species are associated with axially symmetric 50, radicals (g, =
20036, g, = 2.0021), These radicils are present in the EPR spectra of nonirradiated samples
suggesting that they can also be created by sample mechanical treatment. As a ¢onscquence,
505 and €O centers ¢an be used in high dose EPR dosimetry with precautions.

INTRODUCTION

Mallusc shells are composed of organic mairices
with small erystal domains of calcium carbonate deposited
in them. These carbonate materials can be caleitic or
aragonitic and are able o host stable EPR  aclive
paramagnelic specics induced by ionizing radiation. Most
of these radiogenic species are atributed (o CO., 50, and
S50y radicals [1]. EPR technique has proved (o be a useful
ool for dating and radiation dosimelry and many works
have been published abowt the use of paramagnetic conters
in assessing accumulated radiation doses, specially in
carbronale shells |2 - 8).

The swdy of the dose response of difTerent
paramagnelic defcels produced by radiation is essencial (o
EPR dosimetry. From this knowledge, it is possible 1o
deline EPR specics which can be used as dose markers and
determine their sensitivity o radiation. as well as the
minimum radiation dose for which they have a reasonable
inlensity 1o be clearly detecied. A fairly small minimuam
dose of 0.2 Gy was already found lor ses water molluse
shells [2].

In this work, we evaluaie the radiation dose
production ol differemt signals present in the EPR spectra
of bradiated marine ovster shells. and compare the signal

o gamma-dose sensitivity ol these signals with the ones
reporied in the literature |2].

EXPERIMENTAL

Marine ovster shells (Crassostrea  brasiliona)
from Cananéia, Sdo Paulo, were selected for the EPR
experiments, Some of them were gamma-irradiated by a
“Co source at IPEN/SP with absorbed doses of 918, 0.5,
1.0, 2.0, 5.0. 10 Gy, 1,75, 1.5 and 3.0 kGyv (dose rate abou
400Gy/h for the higher doscs and 40Gy/h for the lower
doses) and some specimen were lell unirradiated. After the
imadiation, the samples were ground to powder (90 - 125
e} and separated mlo ten aliguots of 714 mg cach. The
9.5 GHx EFR measurements were carricd out al room
lemperature in a Bruker ESP300E  spectrometer with
100kHx modulation amplitude of 0.5 Gauss.

RESULTS AND DISCUSSION

EPE spectra of a gamma-irradiated oysicr shell.
recorded a1 high and low microwave powers. are shown in
Fig, 1. Al least four paramagnetic species associated with



CO. and 50, radicals can be identified. The €O, ions
give rise 10 EPR signals with isotropic (g = 2.0007) [9 -
[1] and orthorhombic  svmmetrics [¢. 11]. Two
arthorhombic CO; species can be identified, one with
narrow lings (0.7 Gauss wide, g, = 2.0022, g, = | 9971,
2= 2.0026) and another with broad lines (3 Gauss wide,
B = 200017, g = L9973 g, = 2.0032) lines. The SOy
radicals are responsible lor the axially svmmetric 0.4
Gauss limewidth spectrum at g, = 2.0056 and g, = 2.0021
[12]. This latter species is beller observed at  low
microwave power (1 mW. Fig. 1) All nonirradiated
samples present a well defined 5O, EPR spectum and
weak signals at the same g, positions of CO centers. Ad
low doses (D < 700 Gy), radiation induced signals are
oreatly masked by strong Mn™ signals. which would cause
some maccuracy 1 the line intensily measurements, In
order to overcome this problem. a bascline correction was
performed (Bruker WIN-EPR software) to eliminate. at

least partially, the influence of the Mn™' lines on the
radiation damage spectra, Spectra of CO; radicals cannot
Be well defined in samples imadiated with doses lower
than 10 Gy,

Line intensity of  80; specirum i not
proporcional 1o dose in the 0,18 - 10 Gy interval
suggesing (bat pre-dose signal contribution can vary from
a sample lo another (figure 2a). From Ogure 2b. it can be
observed that at doses higher than 10 Gy, the signal (o
dose response of both species  follows a  growth
exponential curve given by the Barabas et al. {1988} |13]
analytical model with saturation level of about 3 kGy for
the 505 specics and about 1 kGy lor the CO. contors.
This result indicates that (i) pre-dose signal contribution
has a small influence on the overall spectrum and (i) the
signal 1o dose sensitivily of the specics docs nol present a
large variation amang (he studicd samples.
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Figure 1. EPR Specira of Molluse Shells iradiated with 3.0 kGy Gamma Dose, recorded at low (1 mW) and high (20 mW)

Magnetic field (CGauss)
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Microwave Powers. The Identification of the Radistion Produced Paramagnetic Species is also shown,
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Figure 2. Gamma-Dose Kesponse Curves of the EPR Signals at g = 2.0022 and g = 20036, recorded at 20 mW and I mW
Microwave Powers. respectively. in the ranges (a) 0. 18 - 10,0 Gy and (b) 10,0 Gy - 3.0 kGy.

CONCLUSIONS

The EPR spectra ol irradialcd oyster shell
samples are composed by lincs atributed 1o Mo™ ions,

COs and 505 radicals. The Mn™" spectnum, presenl i all
the studicd samples, can difficull the dosimetry of the
irradialed carbonates. principally at low doses. The signal
10 dose sensitivily 15 smaller than the one verified by



Stachowicz et al. (1993) |2] for sea water molluse shells.
In this work, it was not possible to resolve the CO.
spectrum for' doses lower than 10 Gy, whercas in the
samples studied by the later authors, the radiation induced
spectra is well deéfined for doses of 0.2 - 4.0 Gy. The
weak signal (o dose sensitivity observed in the studied
samples could be due 1o the presence of Mn®™ ions in the
vicinity of the paramagnelic radicals. Spectra of S04 and
probably of CO, radicals are detecled in nonirradiated
samples. suggesting that they can also be created by
sample mechanical (reatment (tribodefects). These pre-
daose signals may impose limitations on the carbonate
dosimetry for doses lower than 10 Gy. For doses higher
than & Gy, when pre-dose contribution is no longer
important, the dose response of COs and S0y species
follows a well deflined growth saturation curve of the type
described by Barabas et-al. (1988) [13].
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