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A comparison of three materials used in ESR dosimetry:
L-a-alanine, DL-a-alanine and standard bone powder.

Response to Co-60 gamma radiation
Three solid state materials: L-a-alanine, DL-a-alanine and standard bone powder

were irradiated with gamma rays and analyzed with ESR method. It was stated that
the G-value of paramagnetic centres in L-a-alanine is practically the same as in
DL-a-alanine and about 50 times higher than in non-deproteinized bone powder. The
sensitivities of investigated materials are proportional to their G-values if double
integrals of ESR signals are chosen as a measure of radiation effects. When first
derivatives of ESR absorption bands are used to the construction of dose-response
curves (peak-to-peak method) the sensitivities of all investigated materials are
comparable.

Porównanie odpowiedzi trzech materiałów
używanych w EPR dozymetrii: L-a-alaniny, DL-a-alaniny

i standardowego proszku kostnego
na promieniowanie gamma Co-60

Trzy materiały: L-a-alaninę, DL-a-alaninę i standardowy proszek kostny
napromieniano promieniowaniem gamma i badano metodą EPR. Stwierdzono, że
wydajność radiacyjna centrów paramagnetycznych G, jest taka sama w L-a-alaninie
jak w DL-a-alaninie i około 50 razy wyższa niż w proszku kostnym nie poddawanym
deproteinizacji. Czułość badanych materiałów jest proporcjonalna do zmierzonych
wartości G, gdy jako miarę efektów radiacyjnych stosuje się całkę podwójną z sygnału
EPR. W sytuacji, gdy sygnałem analitycznym służącym do konstrukcji zależności
dawka-efekt jest amplituda pierwszej pochodnej krzywej absorpcji mikrofalowej -
czułości wszystkich badanych materiałów są porównywalne.

Сравнение отклика трех веществ

использованных в ЭПР дозиметрии: L-oc-аланина,

DL-a-аланина и стандартного костного порошка

на гамма узлучение Со-60

Три вещества: L-a-аланин, DL-a-аланин и стан-

дартный костный порошок подвергнуто гамма облучению

и исследовано методом ЭПР. Определено, что радиа-

ционный выход парамагнитных центров G, в L-ot-ала-

нине такой же как в DL-cc-аланине и около 50 раз

больше, чем в костном порошке, которого не подверг-

нуто депротеинизации. Когда измерительным сигналом
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1. INTRODUCTION

Each non-absolute (secondary) method of radiation dosimetry bases on a
correlation between dose and some radiation effect generated in dosimetric
material. One of the effects used for secondary dosimetry is the formation of stable
paramagnetic centres. Their concentration (and nature) can be analyzed by
electron spin resonance (ESR).

The most widely used dosimetric material for ESR dosimetry is simple
aminoacid a-alanine [1,2]. It is a chiral compound with one asymmetric carbon in
the centre surrounded with CH3, NH$, H and COO" groups. Both microcrystalline
DL- and L-forms of a-alanine are used in practice. The cheapest, racemat form of
the compound is commonly used for technological purposes [3] and the chiral
L-form of a-alanine - for transfer dosimetry, in science and medicine [4-6].

The L-form is considered as more sensitive one. A situation is puzzling
because commonly used ionizing radiations are non-chiral factors and there are no
reason to their different action on two forms of the same compound with different
chirality. With this in mind, we tried to investigate both materials once more, taking
into account two possible methods (see below) of dose-response curve
construction.

The third object of the investigation was bone powder, suggested as a
dosimetric material by Stachowicz et al. [7J. It is used in deproteinized and
non-deproteinized form. The dose-response curve for deproteinized form
irradiated in gamma source was found to be linear up to about 30 kGy and the
G-value of stable paramagnetic centres was equal 0.18 ±0.05 [7]. The G-value of
paramagnetic centres formed in non-deproteinized bone powder was determined
as 0.08 ±0.01 [8], in good correlation to the G-value of paramagnetic centres in
deproteinized form and the content of inorganic material (about 60%).

Only stable paramagnetic centres, localized in inorganic constituents of bone
are useful for dosimetry. Unstable paramagnetic species localized in organic part of
non-deproteinized bone give rise to some parasite signals. Luckily, they disappear
completely ~ 7 days after the irradiation and from that time also non-deproteinized
bone powder samples can be used for dose determination.

2. EXPERIMENTAL CONDITIONS

2.1. Materials

Microcrystalline, 99% of purity, DL- and L-a-alanine were obtained from
Aldrich-Chemie, Germany and used without further purification. Standard,
non-deproteinized bone powder was obtained from the Department of
Transplantology, Medical School, Warszawa. Bone powder was produced from a
compact bovine bone (femur diaphysis) which contains about 60% of inorganic



constituents. The bone was mechanically cleaned, cut into smaller pieces and
lyophilized. Then dehydrated bone fragments were powdered with a mortar. Sieve
selected fraction with the grain size between 100 and 200 \im was only collected.
The weight of one single batch of bone powder was about 200 grams. The
homogeneity of standard bone powders had been tested by the ESR examination
of a bunch of samples prepared from bones taken from different individuals.
Statistical deviation of the ESR signal intensities as recorded for normalized
samples was ±6%.

2.2. Irradiation and ESR measurements

The weighted amounts (~0.1g) of the dosimetric materials were placed in ESR
tubes (5 mm of internal diameter) from the eerie glass (no ESR signal after the
irradiation) and irradiated 8 minutes in 60Co y-source ISSLEDOVATEL The total
dose was 0.76 kGy. All samples were measured 10 days after the irradiation with
ESP-300 Bruker X-band spectrometer in high sensitive cavity TMno.The standard
settings were as follows: modulation frequency - 100 kHz, modulation amplitude -
1.43 G, microwave power for alanine and bone powder - 1 and 10 mW,
respectively. Both internal (Mn2+) and external standards were used. As external
standard an encapsulated, gamma irradiated bone powder sample was used.
Number of spins in the standard (3.5x1015) was estimated by the comparison with
Cu2+ quantitative standard (oriented CUSO4X6H2O monocrystal sample).

3. RESULTS AND DISCUSSION

The sensitivity of each secondary dosimeter depends on two factors:
• the G-value of radiation effect used for the construction of dose-response

curve,
• the sensitivity of analytical method which was chosen to measure the radiation

effect involved.
Electron spin resonance spectroscopy is a very sensitive method which allows to

detect in routine measurements as low as - 1011 spins in the sample. Two
parameters have been used to the construction of dose-response curves in ESR
dosimetry: an amplitude of first derivative of ESR absorption band (p-p) or a double
integral of derivative (d.i.). The amplitude of the most intense ESR signal
(peak-to-peak method) is more frequently used, mainly because of easier
measurement and lower requirements according to the class of ESR spectrometer.
It is also less sensitive to the errors connected with overlap of parasite signals [9].

The double integral has more clear physical sense and allows to calculate
radiation yield (G-value) of paramagnetic centres if energy imparted to the sample
is known from elsewhere. It is also less sensitive on some changes of the form of
ESR signal (for instance line-broadening at the high dose region).
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The characteristic ESR signals (first derivative of the absorption band)
measured in gamma irradiated L-a-alanine and the bone powder samples are
presented in the Figure. For our experimental conditions (high dose, ESR settings

Fig. ESR signals observed in gamma irradiated L-a-alanine (1) and standard bone powder (2). The way
of the determination of peak-to-peak heights is shown.
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as above) the shapes of ESR signals for DL- and L-alanine were very similar and
because of that the only one is presented.

Paramagnetic signal observed in irradiated a-alanine is commonly described to
CH3-CH*COO" radicals originated from alanine molecule after the cleavage of the
weakest bond between asymmetric carbon and NH$ group:

CH3-CH(NH5)COO- + e" => CH3-CH*COCr + NH3.

Some other pathways of a-alanine radiolysis and some other alanine originated
radicals were also postulated [10] but the above-mentioned reaction seems the
most probable way of alanine decomposition.

The nature of stable paramagnetic centre (or centres) observed in irradiated
bone is still a matter of controversy. Most probably there are few centres with the
most abundant CO2 ion radical which occupies slightly modified phosphate sites in
the hydroxyapatite lattice [11].

Table 1. The results of statistical treatment of the ESR signal amplitudes (a.u.) on the base of Student's
test [12]

Quantity

Average

Median

Range

Deviation

95% confidence interval

Standard bone powder

1.63

1.59

0.12

0.07

0.15

L-a-alanine

12.97

12.77

1.35

0.66

0.97

DL-a-alanine

10.58

10.66

1.31

0.64

0.94

For 95% confidence level:
(P-P)DL-a - 10.7 ±0.94 (±8.8%).

(p-p)st-1.59 ±0.15 (±10%), . - 12.8 ±0.97 (±7.6%),

The numerical results of experiments, after their statistical treatment, are
presented in the Tables 1 and 2. All values were normalized to the same
experimental conditions. Because of small number of samples which were
investigated (4 for both alanines and 3 for bone powder), the Student's test [12] was
used for statistical analysis of the results.

Table 2. The results of statistical treatment of the double integrals (a.u.) on the base of Student's test [12]

Quantity

Average

Median

Range

Mean deviation

95% confidence interval

Standard bone powder

0.449

0.455

0.02

0.012

0.015

L-a-alanine

26.38

26.04

3.26

1.60

2.35

DL-a-alanine

26.86

26.45

2.77

1.36

1.99

For 95% confidence level: (d.i.)st-0.455 ±0.015 (±3.4%), (d.i.)L_a-26.04 ±2.35 (±8.9%),
(d.i.)DL-a - 26.45 ±1.99 (±7.4%).
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As it is seen from both Tables a dispersion was rather high. It may result from
various size of crystallites (alanine), biological nature of material (bone powder),
dose inhomogeneity and so. It is interesting, however, that in the case of both
alanines the dispersion is practically the same for ESR signal amplitudes and the
double integral values (Table 1 and 2). It shows that in our conditions (rather high
dose and automatic integration on Bruker ESP-300) the last operation did not
involve significant errors, at least of random type. From this point of view the both
approaches seem to be equivalent.

Practically equal values of double integrals for L-a-alanine and DL-a-alanine
(Table 2) confirm our assumption that the radiation yields of radicals generated in
both alanines are the same. Recently, Zagorski and Gtadysz came to the same
conclusion on the base NH3 concentration measurements [13].

In situation where an amplitude of ESR signal was used as a measure of
radiation effect, L-a-alanine appeared to be about 20% more sensitive than
DL-isomer. The difference in sensitivity was about 3 times higher than the
experimental error, so it should be treated as significant. Because it does not arise
from different G-values it can be connected only with various shape of ESR signal.
The last one probably results from different crystallographical parameters of L- and
DL-isomers [14].

The results presented in Table 1 confirm the previous findings [8] that the
G-value of paramagnetic centres generated in standard bone powder irradiated with
gamma rays is about 50 times lower that G-value of paramagnetic centres in
alanine. Nevertheless, when amplitudes are used as a measure of dosimetric
response, standard bone powder is only about 7 times less sensitive than alanine.
It is because of much narrower ESR signal in bone in comparison with ESR alanine
spectrum (see enclosed Figure).

Table 3. The comparison of investigated materials from the dosimetric point of view

Material

L-a-alanine

DL-a-alanine

Standard bone
powder
(non-deproteinized)

Advantages

=» chemical compound
=» stable paramagnetic centres
=» a little more sensitive than DL-form
(peak-to-peak method)

=> chemical compound
=> stable paramagnetic centres
=> cheaper than L-a-alanine

=> very stable paramagnetic centres
=» narrow ESR signal
=» high saturation level of microwave
power

Disadvantages

=» low saturation level of microwave
power
=> wide ESR signal
=> ~ 5 times more expensive than
DL-form

=> low saturation level of microwave
power
=» wide ESR signal
=* a little less sensitive than L-form
(peak-to-peak method)

=* biological product
=» unattainable commercially
=> can be used as dosimeter only
after the organic radicals decay

High microwave power which can be used for bone powder analysis (up to - 70 mW)
makes additional advantage to this dosimetric material render it nearly as sensitive
as alanine.
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The comparison of three investigated materials from the point of view of ESR
dosimetry are presented in Table 3.

4. CONCLUSIONS

• Radiation yield of radicals generated in a-alanines is the same for both L-(chiral)
and DL-(racemat) forms.

• The sensitivities of L- and DL-forms of cc-alanine are the same when double
integrals are used as an analytical signal but by ~ 20% different if amplitude of
first derivative of ESR signal is used.

• it was confirmed that G-value of paramagnetic centres generated in standard
bone powder irradiated with gamma rays is about 50 times lower that G-value of
paramagnetic centres in alanine [8].

• For all investigated materials, but especially for bone powder an amplitude of
ESR signal seems to be more convenient parameter for the construction of
dose-response curves than double integral.
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