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It is known from the world literature that for EPR spectrometry for emergency dosimetry, where doses from 0.5 Gy and
higher are used, the quality and reliability of calculating the experimental dose depends on the parameters of recording
spectra (accumulation time, microwave power).

This article describes the results of the development and application of a method for optimizing the parameter of recording
EPR spectra on human tooth enamel, such as microwave power, but in the range of emergency radiation doses (from 1 Gy
to 5 Gy), under conditions of a local radiation incident based on a biodosimetric laboratory. The results showed that the
obtained experimental microwave power value of 5 MW is the most effective parameter for improving the quality of EPR
spectra of human tooth enamel for a range of emergency radiation doses, even taking into account different types of
spectrometers on which measurements are carried out. Optimization of the parameter for recording EPR spectra, in
particular microwave power, improves the quality of the obtained spectra for the range of emergency radiation doses,

even taking into account different types of spectrometers on which measurements are carried out.
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INTRODUCTION

Radiation accidents, both large-scale and local, can
occur as a result of a combination of various factors, in-
cluding careless in handling radioactive materials or dif-
ficulties associated with the operation of radioactive
sources at industrial facilities of the nuclear industry [1—
3]. In the event of a radiation accident, information about
the radiation dose of an irradiated patient is necessary for
medical treatment and triage of an irradiated patient [4].
EPR dosimetry using biological samples of an irradiated
patient (teeth, nails and hair) and his personal items has
been widely studied for several decades for dose assess-
ment. Tooth enamel is a well-known sample for assessing
the effects of radiation on a patient in a radiological acci-
dent.

In the past, the method of EPR dosimetry of tooth
enamel was actively investigated and used for the retro-
spective assessment of emergency doses after large-scale
incidents such as the accidents at the Chernobyl nuclear
power plant, Fukushima and for assessment of conse-
quences of SNTS activity (Kazakhstan).

Currently, it is known that the method of tooth enamel
EPR dosimetry is relevant for emergency radiation do-
simetry, due to the high sensitivity of samples to high
doses. Recent studies include such issues as the develop-
ment of techniques for preparing samples without remov-
ing a whole tooth, by using only a tooth enamel biopsy
[5, 6]. Also the approaches for different spectrometers to
obtain a “purified” radiation-induced signal (RIS) are be-
ing studied [7, 8]. Various approaches to optimizing the
procedure for calculating and interpreting EPR spectra
are also being investigated, such as estimating the

minimum detection limit of RIS depending on the mass
of the sample [9].

Despite the fact that EPR dosimetry of tooth enamel
is currently being more actively developed in world sci-
ence, especially in the field of emergency radiation doses,
over the past 10 years, the experience of using this
method in Kazakhstan has been limited by monitoring
and calculating chronic retrospective doses in residents
of the vicinity of the SNTS territory [10-12]. Then, there
is one known study on the assessment of chronic doses
received by employees of Kazakhstan’s uranium pro-
cessing plant [13]. However, in all these works, the EPR
technique is applied according to the standard protocol
without significant modifications of the method.

It should be noted that the application of the EPR do-
simetry method for human tooth enamel, currently in Ka-
zakhstan, has no research experience in modifying a
standardized technique or improving the quality of the
procedure for calculating EPR spectra, with the exception
of one work [14].

In 2018, a study was conducted to optimize the pa-
rameters of spectrum measurement for tooth enamel EPR
spectroscopy in order to improve the accuracy of the
method based on a domestic laboratory [14]. As a result,
the authors developed an approach to optimize the pa-
rameters of EPR spectra registration by determining the
most effective range of microwave power values and the
accumulation time during registration of spectra.

The authors determined the minimum uncertainty
limit for EPR spectra with different microwave power —
2 MW, and also analyzed the effectiveness of increasing
the accumulation time.
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However, in this study, the authors used a range of
low radiation doses (up to 0.5 Gy). The optimization of
the specifically described parameters in this work was
due to the dependence of the accuracy of experimental
dose calculation with special recording parameters.

Nevertheless, it is known that the quality and reliabil-
ity of dose calculation in a range of high doses (from
0.5 Gy) also depends on particular EPR spectra registra-
tion parameters [15, 16]. But for each individual study, it
is necessary to determine individual values, considering
the range of experimental doses and particular spectrom-
eter features.

The purpose of our study was to develop a modifica-
tion of recording parameters for human tooth enamel
EPR spectra samples, such as microwave power (micro-
wave) under conditions of a local radiation incident based
on the biodosimetry laboratory of Kazakhstan.

MATERIALS AND METHODS

Sampling was carried out from 3 adult donors of the
same age range (35-40 years old), which are residents of
Ust-Kamenogorsk. The selected age range was chosen
due to the influence of the donor's age on the quality of
the measured EPR signal, since it depends on the number
of the tooth enamel paramagnetic centers. This number
increases throughout an individual's life. Up to 30-35
years, human tooth enamel may accumulate an insuffi-
cient number of centers, while after 45 years there is an
excess of them, which can significantly contribute to par-
asitic noises and background RIS signal. Based on this, a
specific age range was selected in this study.

A total sum of 10 teeth removed for medical reasons
at a dental clinic were included in the analysis. The do-
nors did not live in radioactively contaminated areas and
were not exposed to acute emergency or chronic radiation
exposure. According to information obtained through a
donor questionnaire, dental samples have not been sub-
jected to X-ray irradiation in the jaw area in the last 6
months.

Due to the special complexity and complexity of the
sample preparation procedure, it was decided to conduct
a study on combined samples. In addition, this study does
not search the effect of donor age on the quality of the
EPR signal due to the homogeneity of the group.

The selected samples were divided into buccal and
lingual parts. The position of each sample was also taken
into account in order to avoid ultraviolet sunlight expo-
sure, since they may provoke the appearance of addi-
tional parasitic signals in RIS.

The preparation of combined samples of powdered
tooth enamel was carried out according to the standard
method of chemical treatment of whole teeth samples.
After chemical treatment, the enamel was crushed into
particles of 0.5-1.5 mm in size. This granule size was
chosen because it is the most optimal in terms of mini-
mizing the effects of sample anisotropy and surface
noise, which leads to distortion of the EPR signal. Mixed
samples were divided into portions equated to 100 mg,
and then irradiated. According to the results of the sample

preparation, 3 samples of 73.6, 77 and 75.4 mg were ob-
tained, respectively.

The irradiation was carried out at a gamma-ray instal-
lation with a source of Cs'¥". The samples were also irra-
diated at 3 dose points: 1.3 and 5 Gy, and measurements
at the 0 Gy point were also included. This range of dose
points was determined due to the special effectiveness of
the investigated method in measuring high emergency
doses. Since this is a pilot study on the modification of
measurement parameters, it was decided to choose a
small range of dose points in order to avoid strong uncer-
tainties when measuring EPR spectra. In further studies,
it is planned to use a wider range of experimental radia-
tion doses. Dose control was carried out with preliminary
measurement of the enamel spectra before irradiation,
then equated to the sample spectrum of manganese.

All measurements were performed in the X frequency
range on a Bruker ESP 300 E EPR spectrometer at a sta-
bilized room temperature of 21 °C. The spectrometer is
equipped with a spherical TE ES-UCX2 resonator with a
high Q factor. Table 1 shows the parameters for measur-
ing the spectra.

Table 1. Parameters for measuring EPR spectra
on tooth enamel samples

Name, unit Value
The amplitude of the signal intensity, MT 3622
Field width, MT 3480
Scan width, MT 93.1
Modulation frequency, kHz 100
Receiver of the time constant, ms 2048
Scan time, ms 40.96
Frame scan, Mt 10
Microwave power, MW 9.70
Number of scans 50
Spectrum set time, min 5-20

The signal of the control sample containing Mn?* in-
stalled in the cavity was recorded together with each sam-
ple spectra. The signal in the tube spectrum was received
with a minimum value, and no subtraction was carried
out.

RESULTS AND DISCUSSION

For computer processing of EPR spectra, an auto-
mated program was used as part of the spectrometer soft-
ware. This procedure is capable of scanning the experi-
mental spectrum of irradiated enamel using the nonlinear
least squares method using a model spectrum describing
an analytical form of RIS and BGS (background signal).
The spectrum processing procedure was applied in the
BGS description mode with two components consisting
of a combination of derivatives of Gaussian functions.

The window was set with a left boundary of —=1.0 MT
and a right boundary of +2.0 MT relative to the BGS
maximum. During the fitting process, the following pa-
rameters were changed: RIS amplitude, amplitudes of
narrow and wide BGS components, width of the narrow
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BGS component, vertical and horizontal shifts of the
spectra. The baseline correction was performed by fitting
a first-order polynomial to two regions of the spectrum
between the tooth enamel signal and two Mn?* signals.

At the same time, RIS amplitude was determined for
a series of spectra by irradiated samples at different doses
and measured with the same registration parameters.

Then, according to the dependence of the RIS ampli-
tude on the nominal dose, the parameters of the calibra-
tion dependence were determined by linear regression
and, using these parameters, the dose in the enamel was
determined based on RIS amplitude.

To optimize the parameter for recording spectra, EPR
signals from the spectra of 3 samples weighing up to
100 mg were recorded at 10, 20, 40 scans (which corre-
sponds to an accumulation time of 5, 10, 20 minutes, re-
spectively) and at microwave power of 1, 5 and 15 MW.

5

Figure 1 shows that RIS amplitude, depending on the
increase in the experimental dose, has a linear structure
for all 3 samples at a microwave power value of 5 MW.
This is due to an increase in both low-frequency and
high-frequency noise components in the spectra at other
parameter values.

There is a comparative uniformity of the signal in-
crease with an increase in microwave power at dose
points 1 and 3 Gy (Fig. 1a; 1b) however, at the dose point
of 5 Gy, a deviation in the curve was recorded at a power
value of 5 MW. The presence of such fluctuations is
probably due to the influence of the heterogeneity of the
RIS in the experimental doses values, since at this dose
point EPR signals for all samples show a sufficient range
of values. We suppose that it can be caused by increased
noise component at a high radiation dose, as well as spe-
cific spectrometer characteristics.
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Figure 1. Sample 1 — Dependence of the RIS amplitude on range of the microwave power
with 3 dose points
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Figure 3. Sample 3 — Dependence of the RIS amplitude on range of the microwave power
with 3 dose points
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Figure 4. The obtained experimental values of all samples at 3 dose points

In comparison with the previous work [15], there is a
difference in a certain effective value of microwave
power for the most reliable calculation of the absorbed
experimental dose. It has been established that the most
effective value of microwave power for recording EPR
spectra in the range of emergency doses is 5 MW.

The slope curve of the experimental dose values from
the nominal ones was also calculated. The experimental
absorbed dose accumulated in the samples was calculated
using a standard formula.

As a parameter characterizing the accuracy of dose
determination, for each series of spectra measured with
the same registration parameters, the standard deviation
of the dose between certain and nominal values (SDD)
was calculated.

As it can be seen from Table 2, the values of expe-
rimental doses vary slightly from the nominal values.
However,standard deviation for each sample correspond
to the literature data and generally accepted meanings for
tooth enamel samples. Next Figure 4 demonstrates the

spread of experimental dose values relative to the
nominal curve.

Table 2. Calculated values of the received doses

Nominal dose, Gy | Sample, Ne | Experimental dose, Gy | SDD, %
1 0.02
0.04 10
0.04
1.1
1.3 13
14
32
31
35
53
54 19

5.3

16,6
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Figure 4 shows the increasing of the RIS peaks. With
regard to the curve of the energy dependence of the in-
tensity values of tooth enamel RIS in relation to experi-
mental dose, we can conclude, that this parameter has a
fairly linear shape (Figure 4). However, there are discrep-
ancies in the dose range from 0.4 to 5.8 Gy (the values of
the actual absorbed doses). These differences can be ex-
plained by the presence of background noise signals that
somehow occur with each repeated measurement, as well
as possible technical features of the spectrometer used.
This is also due to the fact that even on the same tooth,
the degree of formation of stable radicals depends on the
chemical structure of each enamel sample.

A study of the EPR spectroscopy approach for human
tooth enamel was conducted, taking into account the op-
timization of the parameter for recording EPR spectra
(microwave power) at 3 dose points under conditions of
a local radiation incident.

It was found that at a microwave power value of
5 MW, a linear increase in the EPR signal is observed,
similar to the amplitude of the RIS with increasing dose.

It is shown that the obtained results correlate with the
literature data on the use of this modification in the field
of low doses of radiation. The values of the standard de-
viation were expected and do not conflict with the stand-
ardized methodology.

It was found that the increased differences in the in-
tensity values of RIS at the dose point of 5 Gy, depending
on the increase in microwave power, can be explained by
the influence of a noise signal, as well as the uncertainty
of the signal at the highest radiation dose.

CONCLUSION

In this study, we applied an optimization technique
for the parameter of recording EPR spectra on human
tooth enamel, in the range of emergency radiation doses
(from 1 Gy to 5 Gy), under conditions of a local radiation
incident. The results showed that optimization of the pa-
rameter for recording EPR spectra, in particular micro-
wave power, improves the quality of the obtained spectra
for a range of emergency radiation doses, even taking
into account different types of spectrometers on which
measurements are carried out.

The further direction for research should be the im-
provement of approaches for dose calculation EPR meth-
ods in the range from 1 to 3 Gy, as well as the study of
other methods for optimizing processing parameters and
calculating EPR spectra for emergency doses.

The application and study of individual EPR spec-
trometry and physical dosimetry techniques for the iden-
tification and evaluation of the absorbed dose specifically
in the range from 1 Gy represents an extensive promising
area for applied research, due to high individual sensitiv-
ity and reliable results, which are the primary factors of
high-quality individual dosimetry.

This research was funded by the Ministry of Energy
of the Republic of Kazakhstan within the framework of
the scientific and technical program “Nuclear power en-
gineering development in the Republic of Kazakhstan”
(IRN — BR24792713).
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Crakop M. K.'?, Aiinapxanos A. O.3, Ken:xuna JI. B.3, Busixmerosa . B.3", Mambip6aesa A. H.2

D «Kazakcman Pecnyonuxacovinviyy ¥nmmotx, aoponvix opmanwizey PMK, Kypuamos, Kazaxcman
2 Capcen Amansiconos amvinoazut Ulvizvic Kazakcman ynusepcumemi, Ockemen, Kazaxcman
%) KP ¥510 PMK «Paduayuansik Kayincizoix scane skonozus uncmumymoly guiuanst, Kypuamos, Kazaxcman

* batinanvic ywin E-mail: biyakhmetova95@mail.ru

Onemuik anedu aepekrepaeH 0,5 I'p sxoHe oJaH KOFaphl Jo3anap MaijajaHblIaThlH anaTThIK J03UMETPHs MaKCcaThIHIA
OIIP omiciH malijanaHfaH Ke3/e 3KCICPUMEHTTIK J[03aHbI €CENTEY/IiH Camachl MCH AYPBICTHIFBI CICKTPIICPIl TipKey
napameTpIepine ((KHHAKTAy YaKbIThl, MUKPOTOJIKBIH/IbI KAJBIHIBIK) OaiIaHBICTHI CKeHI OCSNrisi.

byn makamaga >KeprilikTi panuauusulblK OKHMFa JKarnaiblHIa aJaMHBIH Tic sMmaibbiHAa OIIP cnektpnepiH Tipkey
mapaMeTpiH OHTAWIAHIBIPY ICIH 93ipIiey KoHE KOJNAAaHy HOTIKelepi cumartanrad. 3eprrey | ['p-men 5 I'p-re neitin
03a TWATa30HBIHAA COYJICNEHTeH aJaMHBIH TIC OSMalbbIHBIH Yirutepime kyprizinmi. Hotmxemep 5 MBt
MUKPOTOJIKBIH/IB KaJbIHIBIFBIHAA AMATTHIK CAyJIENCHY I03ajapbl AWANa30HBl YIIIH aJaMHBIH TiC 3ManbblHBIH OIIP
CHEKTPJICPiHIH CamachlH XKaKCapTyAblH €H THIMII mapamerpi ekeHiH kepcerrti. DIIP crexTprnepin Tipkey mapaMeTpiH
OHTaWIaHABIPY, aTall aNTKaHAAa MHUKPOTOJKBIHABI KaJIBIHIBIFBI, OJIICY >KYPTi3iUIeTiH CHEKTPOMETpIEpIiH opTypIi
TYPJIEpiH €CKEpE OTHIPHII, ANATTHIK COYJIEICHY J03aaphl INara30Hbl YIIiH aJbIHFaH CIICKTPJICPiH CallachlH apTThIPaIbl.

Tyitin ce30ep: DIIP-0o3umempus, mic IMAaibbl, MUKDOMOIKbIHObL Kyam, Qusukanviy 0ozumempus, IIIP-cnexmp.

NPUMEHEHUE METOJA OITUMUM3AIIMU ITAPAMETPOB U3MEPEHUS IIIP-CIIEKTPOB
JJISI ABAPUMHOU JO3UMETPHUU YEJIOBEKA

Ckako M. K.'2, Aiinapxanos A. O.3, Ken:xuna JI. B.3, Busxmerosa J. B.2", Mambip6aesa A. H .2

D PI'IT «Hayuonanvuwiii adepuwiii yenmp Pecnyonuxu Kazaxcmany, Kypuamos, Kazaxcman
2 Bocmouno-Kazaxcmanckuii ynusepcumem umenu Capcena Amansiconosa, Ycmo-Kamenozopck, Kazaxcman
%) @unuan «Mucmumym paduayuonnoii 6esonacnocmu u sxonozuu» Pl HAIL PK, Kypuamos, Kazaxcman

* E-mail ons konmaxmos: biyakhmetova95@mail.ru

W3 MUpOBBIX TUTEPATYPHBIX JaHHBIX U3BECTHO, YTO IIPH HCMONIb30BaHUK MeTona DIIP B niensax aBapuilHON JO3UMETpHUH,
rze ucnonb3yrorcs 1o3el oT 0,5 I'p 1 BbIIIE Ka4eCTBO M JOCTOBEPHOCTh pacdeTa 3KCIEPUMEHTAIbHON 1036l 3aBUCHT OT
IIapaMeTpOB PErHCTPalNy CIEKTPOB (BpeMs HAaKOIUICHHS, MUKPOBOJIHOBAsI MOIITHOCTB).

B nanHOI cTaThe ONMCHIBAIOTCS PE3YIIbTaThl Pa3padOTKH M MPUMEHEHMSI METO/1a ONITUMH3ALIMH TIapaMeTpa PErncTpalum
cnextpos DIIP Ha 3y0OHOIT SManu YenoBeKka, TAKOr0 Kak MHKPOBOJIHOBAs MOIIHOCTh, HO B JHAla30HE aBapUUHBIX 7103
obmyuenust (ot 1 I'p mo 5 T'p), B yCIOBUSX JOKAIBHOTO PaJUAIlMOHHOTO MHIMIEHTa Ha 0aze OMOJ03UMETPUYECKOM
naboparopun. Pe3ynbTaTsl Mokasaiu, 4TO MOTyYeHHOE dKCTIepUMEHTaIbHOE 3HaueHue MoHocTH CBY 5 MBT sBisiercst
HanOosnee 3(PQPEKTUBHBIM MapaMeTpoOM Ui TOBBIMIEHUS KadecTBa OIIP-criekTpoB 3yOHOH 3Manu dYenmoBeka IS
IUara3oHa aBapUHHBIX /103 OONyYeHHdA, JaKe C YYETOM pPas3HBIX THIIOB CIEKTPOMETPOB, Ha KOTOPBIX MPOBOAATCS
n3Mepenus. OnTUMu3anus napaMmerpa perucrpauuu cnekrpos OIIP, B vactHOCTH MomHOCTs CBY, nmoBbIIIIaeT KauyecTBO
MOJTYYEHHBIX CIIEKTPOB JUIS JIMalla30Ha aBapUUHBIX /103 00JIydeHHs, JasKe C Y4€TOM Pa3HBIX THUIIOB CIIEKTPOMETPOB, Ha
KOTOPBIX MPOBOJSATCA U3MEPEHUSL.

Knrouegvie cnoga: JDIIP-dozumempus, 3y0HaAsL dMANb, MUKPOBOIHOBAS MOWHOCHY, Qusuyeckas dozumempus, DIIP-
cnekmp.
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