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ABSTRACT

In several laboratories all around the world, electron spin resonance (ESR)
dosimetry is a well-established reference dosimetric system in industrial
applications of ionising radiation, and its use is also proposed in radiation
therapy and accident dosimetry. I nthe present experimental work, PGA solid
state dosimeters (SSD) has been investigated using ESR Spectroscopy to
study the gamma radiation response of this material and to evaluate its
dosimetric characteristics: dose response, room temperature fading, Heat
treatment effect during post-irradiation storage. Results obtained up to now
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confirmthat PGA seemsto be suitable material for ESR dosimetry.
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INTRODUCTION

Electron spin resonance (ESR) Electron or
paramagnetic resonance (EPR) spectroscopy hasbeen
the tandard techniqueinthecharacterization of radicaic
species, their stabilities and decay kinetics.
Semiconductorsand polymersareexamplesof materias
that have been studied by EPR spectroscopy through
the detection of paramagnetic specied*?. It hastherefore
been themain experimenta techniquein understanding
theeffect of ionizing radiation on polymers. Radiation-

induced radicals, provided that radicals having long-
term gability can beusad intheestablishment of radiation
dose-radical concentrationrelations.

Themoreused materid in Dosimetric gpplicationg*
® for EPR dosimetry is the alanine due to its good
dosimetric properties, such assengtivity, stability of the
EPR signal with time®. Alanine has been accepted as
standard and referenceradiation dosmeter materid by
International Atomic Energy Agency (IAEA), its
sengitivity however isnot high for low doses.

In radiation technology applications, it is very
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important to adjust precise and accurateintegral dose
and dose rate. Many attempts to characterize a new
materiall™% has been discussed and have shown that
they havegreat potential of ESR dosimetersthey are
more sendtivethan conventiondly availableones. The
new materia should haveastableradical per radiation
energy; asharp linewidth and thermal stability at room
temperature.

Nevertheless, thereare present investigationstofind
new materia swith better radiation sengtivity to subdtitute
danind®¥, Oneof thesenew materidsaready studied
by X-Band EPR measurementsisPoly GlycolicAcid
(PGA) used for many yearsin medical and surgical
applicationg**9, The molecular structure of PGA and
thefreeradical sformed by itsinteraction with radiation
areshownin Figure 1. Thefreeradical produced by
radiation in PGA which is predominant at room
temperatureis the molecular species-CH°—COO-
Radicd 11*¥, In ESR Spectrumit’s traduced by a doublet
signal (Figure 2) and it is formed by Hydrogen
abstraction from aM ethylene group | ocated adjacent
to Carbonyl groupin the polymer backboneg*3. At room
Temperaturethereisessentially no contributionto the
spectrum fromradicasll and lil.

In spiteof itsgood dos metric properties, PGA may
begppliedtodosmetry inradiothergpy. Oneof thegods
of thepresent work wasto anayzetheresponse of PGA
dosmeter for possibleagpplicationin ESR dos metry.
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Figurel: Molecular structureof PGA and themost probable
freeradicalsformed.

EXPERIMENTAL

Poly glycolicacid polymer

Poly GlycolicAcid was obtained from Boehringer
Ingelheim of Germany. The characteristics of the
materials, according to the supplier, are given in
TABLE 1.

TABLE 1: Physical and chemical proprietiesof PGA

Mdting  Glass Approximate Processing
Polymer Point Transtion Strength M ethod
("0 (O
Polyesters:
) 70GPa E, IM,CM,
Z%Ii)(/j()Glycollc 225-230 35-40 (Modulus)  SC

E = extrusion, IM = injection moulding, CM = compression
moulding, SC = solvent casting

Irradiation

Theirradiationshave been performedinair at the
Tunisian semi-industrial ®Co gamma-irradiation
facility™. Thedoseratewasestablishedwiththedaning/
EPR dosimetry system in term of absorbed dose
traceable to the National Physical Laboratory, UK.
Beforethe experiment thedoseratewasverified by the
standard Fricke dosimeter. Three dosimeters were
irradiated for each point of measurement.

EPR measur ement

EPR measurementsat 9.837 GHz (X-band) were
performed a 25 °C using an EMX Bruker spectrometer.
Themicrowavepower used, 316 mW, weredetermined
by considering the saturation propertiesof PGA EPR
lines at 25°C. The samples were accommodated in
quartz sampletubesand kept up fromthe bottom. The
different EPR spectrapresented in thispaper havebeen
normalized tothe samereceiver gain (10% and sample
weight (mg) in order to get quantitative comparison of
the EPR linesintensties between thedifferent samples.
All sampleswerefixedinthecavity center and flat ones
were oriented to lie in the cavity nodal plane. Inthe
present work itisthusvery difficult to compare theses
spectrato determine the absol ute number of radical
spins. Then, inthisstudy, wewill only usearbitrary units
(arb.u.) toandyzetheevol ution of Radica concentration
in PGA Polymer content asafunction of theintegrated
dose.

Deter mination of important EPR parameters

The PGA dosimeter was fixed in the cavity and
measured 30min after switching on the EPR
spectrometer. Every spectrum wasrecorded in about
61 s and delay time was 300 s. Microwave powe,
modulationamplitude, timecongtant, conversontimeand
modul ation frequency were also studied, but are not
shownhereindetal. Theoperaing EPR parameterswere
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set asfollowing: center magneticfield 351.5mT, sweep
width 5 mT, microwave power 316 mW, modulation
amplitude 1G, modulation frequency 100 kHz, time
constant 163. 84 msand conversiontime 60 ms.

RESULTS

ESR spectraof gamma- irradiated PGA

Before gammairradiation, the PGA usedinthis
study has small signal at about 348mT which can be
related to impurity in PGA matrix. The X-Band EPR
spectra were subsequently recorded at R.T. (Room
Temperature, 25°C). The resulting EPR spectrum of
PGA sampleafter exposureto 25 kGyisshownin Fgure
2. All PGA samples, regardless of radiation dose
produced smilar EPR spectravaryingonly intheintengty
of theobserved signals.

Theradiolytic degradation mechanism of PGA and
it’s copolymers due to irradiation of samples has been
investigated previoudy**#29 gndit’s well known that
chain scission processesdominate at |ow temperature.
Thisresultsinawiderange of relative primary and
secondary radical specieswhich arevisibleby EPR.
However at temperatures (R.T.), as in ambient
conditionsstudied here, Hydrogen abstraction reaction
by the primary radicalsoccursextensively at secondary
C-H bondson the polymer backbone. This produces
anarrower range of relatively stableradicals, such as
-CH°-COO- which is visible at ambient temperature
(25°C)13,

Hpp

2.7mT

Figure?2: Peak to peak higher (Hpp) of ESR spectrarelated
toPGAirradiated at adoseof 25kGy.
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Dose response

In order tofind out the useful doserangefor this
Polymer, theresponse curve (specific higher Peak to
Peak (Hpp) versus dose) was measured in the dose
range 0.1-200 kGy (Figure 3). All data for the dose
response curve were immediately acquired after
irradiation. As expected in (Figure 3) the radical
concentration increaseslinearly asfunction of applied
dose in the dose range 0.1-200 kGy with the linear
regression coefficient better than 0.99 (Figure 3). At
higher dosesthe specific Hpp continued to grow dowly
up to 200 kGy which wasthe upper doselevel of the
present experiments. The PGA response had not yet
reached saturation at thisdoselevel. Therewaslinear
growth of the Hpp asfunction of the dose because at
room temperature only oneradical contributeto the
ESR spectrumwhichisformed by hydrogen abstraction
(Figure1) Rl -CH°-COO-*3, Inthedoserange0.1to
10kGy there was also linear growth of the Hpp as
function of thedose see (Inset Curve).

410° | | |

Normalized Hpp (arb.u.)

e hayf

0 I I I I
100 150 200

Dose (kGy)

Figure3: Doseresponse curveof PGA dosimeter inthedose
rangeof 0.1-200 kGy, experimental (°) and calculated by a
linear function (dashed line).

Post-irradiation stability

Asatransfer dosimetry system, itisvery important
to havegood stability after irradiation. Thereare many
factors that affect post-irradiation stability such as
temperature, humidity, dose, light, crystallization
degree™d,
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Fading char acteristicsof radical concentration at
roomtemperature

Themain disadvantage presented by magjority types
of dosmetersistheundesirable strong post-irradiation
fading at room temperature. In order to examinethe
stability of radical, threereplicate samplesPGA were
irradiated with ®Co gamma rays to 25 kGy. After
irradigtion PGA sampleswerestored a room Conditions:
25°C, 40-60% RH (RH, Relative Humidity). The
resulting radical concentration wasthen followed upto
60 daysviaESR technique.

Theresult concerninglong-term room temperature
variationinsignd intensity wasgiveninFigure4. The
signal intensity was found to be non stable at room
temperatureintherangeof storagetime. A functionwas
used tofit signd intensity decay asshownin Figure4.
The coefficient of correlation (R?) was 0.999. The
Sability of radiaion-induced redicd & roomtemperature
wasmainly controlled by thefading process. Thisfading
process seemstofollow asmplefirst-order kinetic. All
fitting parametersare presented in TABLE 2.

y=y,+taet @
Wherek isthefirst order decay rate constant.
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Figure4: Experimental and calculated ESR signal intensity
decay curvesfor PGA irradiated at a dose of 25kGy and
kept at room temperature. Symbol (experimental) and
dashed line(theor etical, calculated by afunction describing
first- order kinetic).

To overcomethe problem of theundesirablestrong
pogt-irradiationfading a room temperature. Theheating
at 140°C for 35 minutes was found to be the most
suitable procedure to stabilize the irradiated PGA
dosmeter. Thisproceduredid not affect themetrologica

properties (reproducibility and useful dose range) of
the PGA dosimeter.
TABLE 2: Calculated parametersfor afirst- order kinetic

describing thedecay curvesof PGA irradiated at a dose of
25kGy.

Fit parameter Value
Yo 110829,999
a 352107,206
k 0.096
R 0.999

Effect of post-irradiation heat treatments on
radical concentration at room temper aturefading

Theeffect of podt-irradiation heet treetmentsonthe
PGA responsefading was studied in thetemperature
range of 60140 °C using sets of three PGA samples.
After gammairradiation with 25 kGy absorbed dose,
samplessatswereimmediatdy submitted tothedifferent
heat Treatmentsfor 35 min, which wasfound to bethe
best treatment time, and stored after irradiation under
room condition. ESR measurementswere carried out
up to45 days. Theradical concentration valueswere
normalized tothefirst measurementstaken 5 min after
the heat treatments. Theresultsarepresented in Figure
5. The best results have been obtained with heat
treatmentsat 140 °C (35 min). This procedure is very
effectivefor theremova of unstableentitiesresponsible
for thestrong fading. The standard deviation of PGA
dosimeters response measurementsisabout 1% (1)
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Figure5: Variationsof the ESR signal intensity with storage
timefor PGA samplesirradiated at adoseof 25kGy and kept
at different temperatures. RT (W), 333K (4A), 353K (®) 373K
('v) 393K («€) 413K (#); calculated by afunction describing
first-order kinetic (dashed lines).
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withinthefirst 1 day after irradiation. After the heat
treatment performed at 140 °C, the response decay of
irradiated PGA isabout 3% between thefirst day and
45 days. This means that PGA dosimeters can be
evaluated anytimeafter irradiation and heating.
Thedecay behavioursat the higher temperatures
have been attributed to the semicrystalline nature of
PGA, whichwill influencethe mobility of the polymer
chains, particularly inthe crystallineand crystalline
amorphous boundary regiong*¥. Thefact that most of
theradicasformedin PGA decay we | below themelting
temperature of the crystallites suggeststhat they are
formed in theamorphousregions of the polymer.

CONCLUSION

A PGA hasbeen investigated with ESR technique
inorder to eva uate thispotentid asradiation-sensitive
material for dose measurements. Theresponse curve
was measured in the dose range 0.1 kGy- 200 kGry.
Theresults demonstrated that the influence of post-
irradiation storage on the ESR/PGA response might be
very significant. The heating at 140°C for 35 minutes
wasfound to bethe most suitable procedureto sabilize
theirradiated PGA dosimeter. From thedetailed studies
we concludethat the PGA dos meter hasthepotential
to beused asatransfer dosimetry system particularly
0Co y-ray.
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