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Abstract Asaresult of the risk that radiological and nuclear disasters and accidents will expose members
of the public to unsafe amounts of radiation, numerous emergency dosimetry approaches for triage have been
thoroughly explored. The current methods of retrospective dosimetry encompass a variety of biological, physical, and
chemical procedures related to the radiation exposure of the human body. Additional items that might be useful as
fortuitous dosimeters using luminescence techniques include banknotes, electronic components, table salt, quartz
recovered from bricks, and other burnt ceramic materials. In this study, we investigated the usability of the dietary salt
supplement for retrospective dosimetry in the dose range related to triage. We studied samples' limit of detection (LOD),
dose response, reproducibility, and fading, which are all important elements of the optically stimulated luminescence
(OSL) signal and sample’s luminescent properties. Measurements were conducted by Riso TL/OSL reader DA-20. The
study used potassium chloride tablets and electrolyte powder from different manufacturers that were packaged in
standard lightproof containers. The findings of this study demonstrate that these supplements after irradiation provide
measurable and satisfactorily reproducible OSL signal. The signal increases linearly with the dose in the triage-related
dose range and has low LOD values.
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JOJATOIN HA NCXPAHA KAKO NIOTEHIIUJAJIEH TO3UMETAP
BO PETPOCIIEKTUBHA JTO3UMETPUJA

A1ncTpaxT: ITopany pu3HUKOT 0OJ] H3JI0XKYBarbe Ha IIMPOKA MOMyJIalja Ha TOJIEMH 1031 jOHU3UPAYKO 3padyerhe
NP PAIHOJIONIKK U HYKJIEapHH KatacTpodu, ce McTpakyBaaT OpOjHM NMPUCTANM 3a MTHA TO3MMETpHja co Led Op30
CIpoBenyBame Ha Tprjaka. CeramrHuTe METOAM HA PETPOCHEKTHBHA NO3UMETpH]ja omdakaar pa3mHIHN OHOJIOMIKY,
(GU3MYKK U XEMHUCKH METOJH YHja KpajHa Lell € 1a TO YTBPAAT CTENCHOT Ha M3JI0)KEHOCTa Ha JOHU3MPAYKO 3payuce.
MarepujanuTe KoM MOXAT /ia Ce KOPUCTAT NMPH UCTIUTYBAaBETO CO PU3NYKU METOIM Ha JTyMUHHCIICHIIN]a ce OaHKHOTH-
Te, eNIEKTPOHCKUTE KOMIIOHEHTH, FOTBapcKaTa COJI, KBApLOT M3BJICYEH O TYJIM M JAPYTH TOIUIMHCKH 0OpaboTeHH
KepaMU4KU MaTepujaad. Bo oBoj Tpya ce uctpaxyBa MpUMEHIMBOCTA Ha JOAATOLM Ha HCXpaHaTa KOM COAPIKAT COJHU
3a ynorpeba BO PETPOCIEKTHBHA JO3UMETPHja BO ONCEr0OT Ha 103U MOBP3aHH co TpHjaxka. L{eara Ha HCTPaKKyBambETo
€ Jla ce yTBpAAT JUMHUTOT Ha JETEeKIHja, OArOBOPOT HA /1032, MOBTOPJINBOCTA U CTAPECHETO Ha CUTHANOT. Mepemara
ce m3BpmeHn co ynradoT Riso TL/OSL DA-20. Kopucrenu ce KalMyMOB XJIOPHA M €IEKTPOJUTH OJ Pa3IMIHH
MPOU3BOUTENH. Pe3ynraTuTe 01 0Ba HCTpaXkyBarbe MOKaXKyBaaT JeKa UCITUTYBaHHTE MaTEPHjalH 110 H3JI0KEHOCTa Ha
JOHHM3UpAUKO 3payere 00e30eayBaaT MEpIMB U 3aJOBOJUTEIHO ITOBTOPJIUB CUTHAI. VIHTEH3HTETOT Ha CUTHAIOT ce
3roJieMyBa JINHEapHO CO J03aTa BO JO3HUOT OIICET MOBP3aH CO TPUjaka U UMa HU30K JINMHT Ha JETeKLHja.

Kityunu 360poBH: 03UMETPH; PETPOCTICKTHBHA TO3UMETpPH]ja; ONITHYKU CTUMYJIMpana tymuHucuenipja (OSL)

1. INTRODUCTION of the concern that radiological and nuclear catas-
) . trophes and accidents will expose members of the
Numerous emergency dosimetry techniques public to dangerous levels of radiation. Various bi-

for triage have been thoroughly studied as a result ological, physical, and computational techniques
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related to the radiation exposure of the human body
are included in the current methods of retrospective
dosimetry [1].

Banknotes, chip cards, dust on coins, tobacco,
clothing, common table salt, salty foods like crack-
ers and snacks, quartz recovered from bricks, and
other fired ceramic materials are additional items
that might be useful for testing with luminescence
techniques [2, 3]. The category of personal items
might include medications and nutritional supple-
ments [4]. Numerous studies were done to deter-
mine their dosimetry potential.

In this study, we studied the dietary salt sup-
plement's applicability for retrospective dosimetry
in the dose range associated with triage. OSL was
chosen as a measurement method. Our attention was
drawn to crucial aspects of the OSL signal in the
samples, including sensitivity variations over the
course of multiple readings, dose response, LOD,
and fading.

MATERIALS AND METHODS

Materials used for this study, including potas-
sium chloride and electrolyte, were purchased at a
local pharmacy. Potassium chloride was in the form
of tablets of different shapes and sizes, while
electrolyte was in the form of a powder. They were
enclosed in common lightproof pharmaceutical
packaging. All the data were taken from the patient
information leaflets or packaging. Table 1 provides
a list of the materials used, with details on their
composition.

Table 1

The size and shape of most of the tablets in
their intact form were not suitable for OSL mea-
surements. The tablets of all used materials were
crushed using a mortar and a pestle. The powder
was not sieved and thus contained grains of different
size. Powder aliquots for measurements were crea-
ted by covering cups used within the OSL instru-
mentation with a thin layer of the powder. The cups
used are with an inner diameter of 8 mm. The weight
of the powder portions spread on the cups was 9.8 —
10.2 mg. The preparation was performed in dark-
room conditions.

Measurements are performed by Riso TL/OSL
reader DA-20. The optical stimulation was carried
out with blue LEDs with a peak emission at 470 nm.
Samples were stimulated and read using continu-
ous-wave OSL, in which the stimulation light inten-
sity is kept constant and the OSL signal is monitored
continuously throughout the stimulation period. The
light intensity was 50 mW/cm? at the sample posi-
tion. The stimulation lasting 60 s was performed at
room temperature. All results are obtained as the
mean value of the integral in the range from0to 1.5
seconds, on 5 samples. Preparation was performed
in dark room conditions, as well as the storage of
samples. This study was performed on Potassium
chloride tablets and powder Electrolyte from differ-
ent manufacturers, enclosed in common lightproof
packaging. The tablets were not acceptable for OSL
measurement due to their size and shape in their in-
tact condition. With the aid of a mortar and pestle,
the tablets were broken up. The powder had not
been sieved, thus it contained granules of all sizes.

List of the medications and food supplements with details on their composition

Dietary salt supplement

Ingredients

Brand name (manufacturer)

Potassium chloride

Potassium chloride 500 mg

Belupo Lactose monohydrate 19.75 mg

Potassium chloride
JADRAN galenski laboratorij - JGL

Potassium chloride 500 mg
Lactose hydrate 25 mg

Maltodextrin, Calcium citrate, Sodium bicarbonate, Fructose, Orange

Electrolyte (Electrolyte 1)
Erba Vita Nature in Science

aroma, Sodium chloride, Lemon acid, Magnesium carbonate, Silicon
dioxide, L-ascorbic acid (Vitamin C), Betacarbotene, Sucralose, Sodium
citrate, Riboflavin (Vitamin B6), Peroxide hydrochloride (Vitamin B1),

Cyanocobalmin (Vitamin B12)

Hidraton neo Bioecolians ® (gluco-oligosaccharide)
(Electrolyte 2)

DS natural

Bioecolians (gluco-oligosaccharide), Dextrose, Sodium, Chlorine and
Potassium
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RESULTS AND ANALYSIS
OSL signal

Figure 1 shows the OSL signal obtained after
irradiation with different doses. After illumination
and test irradiation with dose of 1 Gy, all materials
described in Table 1 displayed a clear OSL signal.
A similar response is observed in KCI preparations,
while in electrolyte mixtures there is a greater
difference due to their complex composition. In KCI
preparations, the intensity of OSL decreases more
slowly and a significant luminescent signal could be
observed even after 5 s of illumination.

The specific luminescence values Cspecific (CO-
unts-mg1-Gy ') and LOD are given in Table 2 for

OSL curves for the initial readout and subsequent post-irradiations readouts of
an aliquot of Electrolyte 1
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all used materials. LOD is calculated according to
the method reported by Geber-Bergstrand et al. [5,
6]. This method considers the uncertainty of the
calibration curves of the dose response.
S Og 2 o\ s

LOD =22 4 3( (S—) +(Z) -2 @
where Sp is the average number of counts of the
zero-dose samples, k is the slope of the calibration
curve, os is the standard deviation of So, and ok is the
standard deviation of k.

LOD was determined using data from OSL
measurements on non-irradiated samples. For
potassium chloride samples, values of 171 Gy and
593 Gy were obtained, while values of 4.3 mGy and
1.4 mGy were obtained for electrolyte samples.

OSL curves for the initial readout and subsequent post-irradiations readouts of
an aliquot of Electrolyte 2
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Fig. 1. OSL responses
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Table 2
Specific luminescence and LOD
Sample Specific luminescence, LOD
P Cspecic (counts / mg - Gy )
KCI — Belupo 416376+34342 171 pGy
KCI -JGL 44103250903 593 uGy
Electrolyte 1 1936545506 4.3 mGy
Electrolyte 2 19562+21884 1.4 mGy

Dose-response

The OSL response of samples exposed to do-
sesof 0,1, 2, 3.5, 5, 6.5, 8, and 10 Gy was studied,
measuring 5 samples of each material (Figure 2).
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Fig. 2. Dose-response and linearity

According to the results for potassium chloride
dose-response test, linearity is seen up to 5 Gy for
JGL sample and up to 8 Gy for Belupo sample. OSL
signal to dose linearity in the electrolyte was at-
tained up to 10 Gy.

Reproducibility

For the aim of measuring reproducibility, ali-
quots of each sample were exposed to radiation at a
dose of 5 Gy and read ten times in a row. The OSL
signals were normalized to the value found for the
first cycle. The dose response must be determined
using a Single-Aliquot Regenerative-dose method-
ology for materials with a high coefficient of repro-
ducibility (>1.1) [8]. In the examined potassium
chloride, the reproducibility was obtained from 1.1
to 1.3, while in the case of electrolytes it ranges up
to 2.9 (Figure 3).
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Fig. 3. Reproducibility of repeated measurements

However, additional illumination can reduce
this factor, which is most likely due to undischarged
loops. This can also be explained by the phenomen-
on named as the regeneration effect characteristic of
salt compounds [9]. However, by adding another
illumination step with 100% power for 60 s after the
reading, the coefficient drops below 10%.
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Fading

Over a seven-day period, we identified fading
of the OSL signal (Figure 4). After one week, the

Fading Electrolyte 1
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OSL signal decreased to about 80% of its initial
value obtained right after irradiation. The measure-
ments for dose reconstruction ought to be performed
as soon as possible after radiation exposure.
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Fig. 4. Fading of OSL signal
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In this study we performed measurements on
potassium chloride and electrolyte by OSL in order
to determine crucial aspects of the OSL signal in-
cluding sensitivity variations over the course of
multiple readings, dose response, LOD, and fading.
Using data obtained from OSL measurements on
non-irradiated samples, the LOD for potassium
chloride and for electrolyte samples was deter-
mined. Moreover, measurements were done on
samples exposed to doses of 0, 1, 2, 3.5, 5, 6.5, 8,
and 10 Gy, and their response to optical stimulation
was investigated. From the dose-response test, line-
arity for potassium chloride is observed in aliquots
irradiated with doses of up to 5 Gy for one and up
to 8 Gy for the other sample. In the electrolyte, lin-
earity of OSL signal vs. dose was obtained in ali-
quots irradiated with doses of up to 10 Gy. Regard-
ing the interpretation of the subsequent dosimetry

Ciiuc. Exexiupoitiext. Ung. Texnoa. 8 (1) 5-10 (2023)

experiments that were based on the repeated usage
of individual aliquots, it was crucial to examine the
reproducibility of the OSL signals. Because of high
coefficient of reproducibility the dose response
must be determined using a Single-Aliquot Regen-
erative-dose methodology [7]. In the examined po-
tassium chloride, the reproducibility was obtained
inthe range 1.1 -1.3, while in the case of electrolytes
it ranges up to 2.9. We observed fading over a pe-
riod of seven days. The OSL signal dropped to about
80% of its initial value after one week. Ideally, the
measurements for dose reconstruction should be
carried out within a few days of radiation exposure.
The investigated materials can be applied for dose
determination in nuclear incidents as retrospective
dosimeters in the first days after the accident. In
addition, the luminescent responses to combined
heat and light stimulation that can improve some of
the key luminescence parameters should be inves-
tigated.
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