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To realize the retrospective measurement of public dose levels after a nuclear emergency, the
optically stimulated luminescence radiation dose-response characteristics of salt were stud-
ied, and the relationship between the salt optically stimulated luminescence signal and ioniz-
ing radiation dose was determined. The effects of natural light, storage time, and preheating
temperature on the salt optically stimulated luminescence signal were examined. The results
show that salt as a photoluminescence dose measurement material has the advantages of con-
venient sampling, high throughput, short detection time, wide dose range, and low detection
limit. The study lays the technical foundation for achieving the public dose assessment of salt

pulse photoluminescence.
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INTRODUCTION

With the development of science and technology,
radioactive sources and radiation technologies have
been widely used in the fields of industry, agriculture,
medicine, and military. These developments inevitably
put humans at risk of ionizing radiation [ 1] Particularly
in the case of nuclear (radiation) emergencies and nu-
clear terrorist attacks, the personnel engaged in nuclear
work can monitor the received radiation dose with a
personal portable dosimeter. Simmilary to other alter-
native methods, using salt as a detector material, public
dose assessment can be performed without a personal
dosimeter [2, 3].

Because salt is globally distributed, salt can eas-
ily be collected in every household, workplace, and
restaurant, and the main component of salt, NaCl, has a
crystal structure, thus making salt a suitable optically
stimulated luminescence (OSL) material research ob-
ject[4, 5]. Studies have shown that salt has a good lin-
ear dose-response, time stability, low minimum de-
tectable dose (MDD), and small sample difference,
which meets the requirements of accident dose detec-
tion; therefore, the study of salt photoluminescence
properties and its measurement methods have become
very popular research topics in recent years [6].

In 1960, Stoddard first observed[7] that the use of
light to stimulate the ionized radiation of NaCl caused lu-
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minescence, but Stoddard did not call the phenomenon
OSL; in 2000, based on OSL technology, Bailey first
proposed [8] sodium chloride is most likely a retrospec-
tive dosimeter material, and blue, green and infrared light
can be used for excitation purposes, but the signal excited
by infrared light is not stable; in 2001, Buur used a con-
stant-energy excitation source (continuous wave OSL,
CW-OSL) and a linearly enhanced light source, and the
photoluminescence signals of salt were observed in the
linearly modulated OSL (LM-OSL) mode.

However, in the CW-OSL and LM-OSL excita-
tion modes, the linear response upper limit of salt dose
is 1 Gy and 0.1 Gy, respectively, and the response is
sublinear in the high-dose range [9, 10]; in 2009,
Bernhardsson et al. investigated many types of salt[11]
and indicated that most salts have very high specific
photoluminescence counts, while the MDD is lower
than 1 mGy (0.2-1 mGy); in 2015, Ekendahl et al. indi-
cated that the use of photoluminescent salts in dose as-
says is a prospective dosimetry method that can be im-
plemented in a NaCl dosimeter, such as commercial
LiF: Mg and AL,O5:C dosimeters [12]. In 2017, Janet
studied the photoluminescence properties of salt com-
monly used in Nigeria based on the photoluminescence
Risg TL/OSL-DA-15system; however, it was noted
that the use of salt in nuclear radiation accident dosime-
ters is associated with a certain measurement error [13].
Although salt photoluminescence signals can be de-
tected in the CW-OSL and LM-OSL excitation modes,
there is a lack of good linearity in the high-dose range,
which is not desirable in accident dose detection.
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In this paper, salt was used as the detector mate-
rial, and the radiation dose measurement characteris-
tics of salt were explored through the pulsed
photoluminescence method to meet the needs of pub-
lic dose assessment after nuclear accidents, which lays
the technical foundation for realizing the public dose
assessment via salt pulse photoluminescence.

INTRODUCTION OF THE
KEY PRINCIPLES

Valence band theory

The valence band theory explains the lumines-
cence mechanism of OSL materials, shown in fig. 1. In
the figure, 1 is the ionizing radiation, 2 — the ionization; 3
— the electron-hole trapping; 4 — the photoexcitation; 5 —
the electron-hole recombination; 6 — the luminescence,
and a, b, and ¢ are shallow traps, dose traps, and deep
traps, respectively. The energy levels of OSL crystals
mainly include conduction bands, valence bands and for-
bidden bands.

When an OSL material is subjected to ionizing
radiation (such as X-rays, gamma rays, and beta rays),
the stored electrons inside the crystal are excited to
transition, and as the valence band transitions into the
conduction band, holes are left in the valence band.
The electrons in the conduction band and the holes in
the valence band are free to move inside the crystal.
When the electrons and holes are recombined, fluores-
cence occurs. The unbound electrons and holes are
trapped in the electron traps and hole traps, respec-
tively. When excited by heat (thermoluminescence do-
simeter, TLD), all trapped electrons and holes will es-
cape; if a light source is used to excite the crystal, only
some of the electrons and holes will escape from the
traps after excitation, which results in fluorescence.
Phosphorescence is the signal that continues to be
emitted when light-source excitation has ceased. The
intensity of the light signal is a characteristic of the
electron concentration in the trap. The number of elec-

trons trapped is proportional to the ionizing radiation
dose received by the crystal.

OTOR model

The one trap-one recombination(OTOR) model
[16] assumes that there is only one type of trap and one
type of binding center in the OSL material, and there is
no secondary capture phenomenon, which is the sim-
plest mathematical description of the OSL process.
The relationship between the captured electron con-
centration in the trap as a function of time is shown in
the equation dn

dr
where p is the rate at which electrons are excited by
light per unit of time and p = o@; in the latter, o — the
photoionization interface of the OSL material and ¢ —

the laser flux.
The solution of eq. (1) is

n(t)y=nge (2)

—np (M

where ny = n(0) is the initial concentration of the
trapped electrons. Equation (2) indicates that the
trapped electron concentration changes exponentially
with the excitation time.

Assuming that all excited electrons are immedi-
ately combined with holes to emit light, the lumines-
cence intensity is proportional to the escape velocity of
the trapped electrons, dn/d¢, and combining eq. (1) and
(2) obtain the following
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The decay rate of the OSL intensity curve is de-
termined only by o and ¢, and the decay rate is inde-
pendent of the value ofn0, that is, the shape of the OSL
curve does not change with the dose. The total lumi-
nescence amount can be obtained by integrating the
OSL intensity curve, that is, the integral of eq. (3) can
be obtained as
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Figure 1. OSL schematic
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[ Zosi.(1)dt o [ nope™ " dt =n, ) ponential function, and the specific function is shown
0 0

Therefore, it can be seen from eq. (4) that the to-
tal amount of luminescence of the fluorescent material
is proportional to the initial electron concentration in
the crystals of the material, that is, the total amount of
luminescence is proportional to the stored dose value.

Pulsed OSL (POSL) principle

The program timing diagram used to measure
the pulsed photoluminescence signal [14] is shown in
fig. 2. The excitation source is synchronized with the
counting system. During the operation of the excita-
tion source, the system only excites the sample and
does not detect the excited optical signal. When the ex-
citation light source is turned off, the counting system
starts detecting optical signals, wherein the pulse
width, the pulse interval, and the number of excitation
pulses per measurement are controllable; the pulse
width adjustment range is equal to the pulse interval
adjustment range divided by the entire range of the
number of signals. Moreover, due to the influence of
the phosphorescence lifetime, if the excitation fre-
quency is high, the photons excited during the previ-
ous excitation period will affect the detection of pho-
tons in the next cycle, which results in the initial
detection of an optical signal at the start of each cycle
until the photon excitation rate becomes equal to the
photon decay rate; then, the number of detected pho-
tons gradually stabilizes. As excitation continues, the
crystal photon excitation difficulty increases. When
the photon excitation rate is lower than the photon de-
cay rate, the number of detected photons decreases un-
til the next trap in the crystal is excited.

LED

PMT

Figure 2. POSL signal measurement program timing
diagram

as eq. (5).
I(t)=Ie " (5)

Assuming that 7 is the pulse width, the integral
value of the function /,e™" in time from 7, to Z, is the total

number of photons detected by the counting system

Igm =[Toe™"dt =147 (6)
0
The number of optical signals lost during the ex-
citation time is

Iy
Lo = | Toe ™"t =Iyz(1-e7""") (7)
0
The ratio of the number of measured optical sig-
nals in the pulsed photoluminescence excitation mode
to the total number of photons emitted by the sample is

[sum _Iloss :IOT_IOT(l_eit/T) :efto/r (8)
I Iyt

From the valence band theory, it is known that
the ionizing radiation dose value of the OSL material is
proportional to the total optical signal emitted by the
material. Since e " is constant in eq. (4), the mea-
sured optical signal obtained by the method in the
pulse photoluminescence mode is proportional to the
total optical signal emitted by the material. Therefore,
the sum of the optical signals detected during measure-
ment in the pulsed photoluminescence mode is pro-
portional to the ionizing radiation dose.

EXPERIMENTAL EQUIPME
AND METHODS

Experimental instruments

The equipment required for this experiment was a
dosed irradiation system, a light signal detection sys-
tem, and a homemade salt container. The dosed irradia-
tion system is an HXFS-IA type biological irradiator, as
shown in fig. 3. The source is '*’Cs, and the average en-
ergy is 0.661 MeV; the light signal detection system is
an InLight200A photoluminescence personal dose
monitoring system (American Landauer Company). As
shown in fig. 4, the system uses green light (~532 nm)
as the excitation source and the pulsed light excitation
mode, and the system has a specific measurement chan-
nel. Only objects that are similar to the four-element
Al,O;:C dosimeter can be placed in the measurement
channel, and the sample was excited by green light. In
this study, 3-D printing was used to fabricate the sample
container, and the four holes in the container were filled
with equal amounts of salt, while both sides were sealed
with transparent tape. The four-element salt dosimeter
was prepared and is shown in fig. 5.
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Figure 3. HXFS-IA biological irradiation instrument

Figure 4. InLight200A photoluminescence personal dose
monitoring system

Figure 5. Four-element salt dosimeter

Experimental methods
Complete excitation

Under complete excitation, the dose information
in the salt crystals is completely excited by the excita-
tion light source. According to the valence band prin-
ciple and the pulsed photoluminescence theory, the
sum of the optical signals obtained by the measure-
ment method in the pulsed photoluminescence mode is
proportional to the ionizing radiation dose. It is at-
tempted to enable the system to record the maximum
number of OSL signals and minimize the number of
system detections. The proposed excitation time is 20

ms. To record all phosphorescence signals before the
start of the next cycle, the pulse interval is set to 1000
ms, and the number of pulses is 50.

In the InLight200A measurement system, the
pulse width, pulse interval, and number of excitation
pulses per cycle are controllable. In one test, the total
excitation time of the system is equal to the product of
the pulse width and the number of pulses.

Partial excitation

Under partial excitation, only part of the dose in-
formation in the salt crystals is excited by the excita-
tion source. By adjusting the excitation frequency of
the excitation source, the intensity of the acquired OSL
signal can be controlled such that not all of the ions in
the traps are excited to generate a better dose response
of the OSL material.

Compared with the CW-OSL and LM-OSL
methods, one of the advantages of the POSL method is
that when measuring the dose of the component, only
part of the dose information needs to be excited, the
excitation time is short, and the background OSL sig-
nal intensity is low, thereby resulting in a lower mini-
mum detectable lower limit. By changing the excita-
tion frequency, the photomultiplier tube (PMT)-
recorded optical signal can be adjusted so that the salt
dosimeter has a better linear response with the irradia-
tion dose and the irradiation dose has a wider range.

EXPERIMENTAL RESULTS
AND DISCUSSION

Complete excitation

Single-dose salt photoluminescence

To investigate whether salt has photoluminescence
properties a certain dose of salt from a radioactive source
137Cs was used and compared to unirradiated salt. The
experimental steps are as follows:

(1) Turn on the InLight200A system for 30 minutes;

(2) Obtain a batch of salt and anneal the salt using a
light-annealing apparatus;

(3) To prevent the influence of natural light on the
salt, place the light-annealed salt in a bottle cap
and seal the cap with an opaque black rubber
cloth;

(4) Put the caps containing salt into the irradiation
container and turn on the biological irradiator to
irradiate the salt;

(5) Weigh the dose caps that are not filled with salt;

(6) Place the light-annealed salt in a salt container to
prepare the salt dosimeter and weigh the total
mass of the salt dosimeter;

(7) Place the salt dosimeter in the InLight200A and
measure the salt OSL signal.
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Figure 6. Curve of the photoluminescence signal of salt
(0 and 1 mGy) with the excitation time

The OSL signal curve of salt (1 mGy and 0 mGy)
with the number of excitations is shown in fig. 6. Each
point in the figure indicates the number of OSL signals
collected within 1000 ms after the salt source is ex-
cited for 20 ms. The 1 mGy salt was compared with the
0 mGy salt. The OSL signal emitted by the former in-
creased significantly, and the photoluminescence sig-
nal gradually decreased with increasing number of ex-
citations (excitation time). The experimental results
show that the OSL signal emitted by salt is related to
the ionizing radiation of the salt, and the salt OSL sig-
nal can be fully excited with an increasing number of
excitations (excitation time).

Photoluminescence of different doses of salt

To verify that the pulsed photoluminescence
measurement method can achieve a wider linear dose
range than the CW-OSL and LM-OSL methods, the
linear response range of the salt dose is measured
based on pulsed photoluminescence. The experimen-
tal steps are as follows:

(1) Turn on the InLight200A system for 30 minutes;

(2) Obtain a batch of salt and anneal the salt using a
light-annealing apparatus;

(3) To prevent natural light from affecting the salt,
place the light-annealed salt in a bottle cap and
seal the cap with an opaque black rubber cloth;

(4) Apply an irradiation dose of 1 mGy;

(5) Weigh the dose cap without salt;

(6) Place the light-annealed salt in a salt container to
prepare the salt dosimeter and weigh the total
mass of the salt dosimeter;

(7) Set the measurement system's pulse excitation
time #; = 1 ms, count time £, = 50 ms, and pulse
number 7 = 50 and record the OSL signal;

(8) Prepare different salt dosimeters (10, 100, 200, 400,
800, 1000, 2000, 4000, 8000, and 10000 mGy) and
repeat steps 5-7.

The experimental results are shown in fig. 8. The
results show that the salt photoluminescence signal
has a good linear relationship with the irradiation dose
inthe dose range 0f 0.01 ~1 Gy but tends to remain sta-
ble in the dose range of 1~10 Gy, resulting in a con-
stant curve. The reason is that in the high-dose range
when the excitation time is short, the number of emit-
ted OSL signals in the same excitation time is the
same. The experimental results show that the pulse ex-
citation time t1 needs to be increased to achieve a dose
range of 10 Gy.

To obtain a linear relationship between the salt
photoluminescence signal and the irradiation dose, it is
necessary to measure the salt OSL signal for different ir-
radiation doses. The light-annealed salt was poured into
10 caps, which were sealed with black transparent tape,
and then placed in the biological irradiator to be sub-
jected to irradiation doses of 1, 2, 4, 6, 8, 10, 20, 40, 60,
80, and 100 mGy. The four-element salt dosimeter was
then prepared and placed in the InLight200A measure-
ment system to detect the salt OSL signals, and the num-
ber of OSL signals was recorded.

Since the InLight200A system is in the POSL
mode, when the OSL signal is under full excitation, the
light-annealing effect cannot be achieved in one test,
and multiple tests need to be performed. Therefore, the
number of detections is determined to ensure that the
salt can be irradiated from 1~100 mGy. The signal
must be under full excitation.

When the salt dose of the dosimeter is 100 mGy,
the relationship between the emitted OSL signal per mg
of salt and the number of detections is shown in fig. 7. In
addition to the system shutdown and restart times, 20
detection tests consume nearly one hour. When the
number of excitations is 1~6, the OSL signal of salt
gradually decreased with increasing number of excita-
tions until the 7™ detection, and from the 7™ to the 20t
detection, the number of salt OSL signals that were
emitted each time gradually decreased to the back-
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Figure 7. Relationship between the photoluminescence
signal of the 100 mGy salt and the number of detections
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ground level with increasing number of excitations.
The relationship between the number of OSL signals
emitted by salt with irradiation doses of 1,2, 4, 6, 8, 10,
20, 40, 60, 80, and 100 mGy and the number of detec-
tions is shown in fig. 6. The salt OSL signal in the dose
range of 1~10 mGy varies with the number of detec-
tions. The change image has only one peak, and the im-
age of the salt OSL signal above the 20 mGy dose has
two peaks as a function of the number of detections.
The experimental results are in good agreement
with the OSL principle. The salt crystals include three
kinds of traps, namely, shallow traps, dose traps, and
deep traps. The electrons in the shallow traps and dose
traps are easier to excite than the electrons in the deep
traps. The electrons in shallow traps most easily es-
cape under excitation. However, the electrons in deep
traps are difficult to excite. Therefore, the OSL signal
emitted when the crystal is excited by an external light
source is mainly formed by the combined electrons in
the shallow and dose traps and the holes in the crystals.
From these considerations, it can be judged that of the
two peaks shown in fig. 8, the first and second peaks
are caused by the shallow and dose traps, respectively.
The relationship between the OSL signal per mg of
salt and the irradiation dose is shown in fig. 9. The results
showed that the salt photoluminescence signal per unit
mass was in the range of 1~100 mGy and had a good lin-
ear response with the irradiation dose, and R* = 0.950.
To investigate the stability of the OSL signal of the
salt dosimeter, 10 photoluminescence measurements
were performed on 10 salt dosimeters with an irradiation
dose of 11.42 mGy. The experimental results are shown
intab. 1. The average number of emitted OSL signals per
mg of salt was 1456.5. The variance was 110.2, the rela-
tive deviation was 7.57 %, which is <10 % (the instru-
ment measurement error), and the deviation between the
dose value obtained from the fitted curve and the salt-ab-
sorbed dose value of 11.42 mGy is also shown in tab. 1.
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Figure 8. Relationship between the 1-100 mGy salt
photoluminescence signal and the number of detections
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Figure 9. Dose-response curve of the salt
photoluminescence signal

Table 1. OSL signal of the 10 salt samples under an 11.42 mGy
irradiation dose

Sample OSL signal | Dose per Relative
per mg mGy deviation [%]
1 1424 11.65 +2.01
2 1566 12.36 +8.23
3 1334 11.19 -2.01
4 1351 11.28 -1.23
5 1452 11.78 +3.15
6 1577 12.42 +8.76
7 1455 11.80 +3.33
8 1544 12.25 —7.27
9 1450 11.78 +3.15
10 1530 12.19 +6.74

Table 1 shows that the measured dose range of
the salt OSL signal is (11.28 mGy, and 12.42 mGy),
and the absolute value range of the dose deviation is
(1.23 % ~8.76 %), which is less than 10 %. The exper-
imental results show that the response of the salt OSL
signal to the irradiation dose is stable.

The excitation time ¢, is increased, while the
other parameters remain unchanged, and the excita-
tion time is setto 5, 10, 20, 30, 40, and 50 ms. Then, the
salt OSL signal dose-response curve is determined for
a pulse width of 50 ms, as shown in fig. 10. The
dose-response curve is shown in fig. 11. The linear re-
sponse range and correlation coefficient of the linear
fit of the table salt results for different excitation times
are shown in tab. 2.

The experimental results indicate that, under con-
stant conditions with a count time of z, = 50 ms and a
pulse count of n = 50, salt generally exhibits a favorable
dose-linear response within the irradiation dose range
of 0.1~1 Gy, and tends to stabilize within the dose range
of 1~10 Gy when the excitation time ranges from 1 ms
to 40 ms. Particularly noteworthy is the linear response
range of the dose-response when the excitation time is
set at 10 ms, spanning from 1~1000 mGy, with the lin-
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Figure 11. Dose-response curves with the pulse width

Table 2. Linear response range of salt for different
excitation times and correlation coefficient of the linear
fit of the response results

Stimulation Linear response Correlation
time [ms] range [mGy] coefficient

10-1000 0.981

5 100-800 0.995

10 1-1000 0.983

20 1-1000 0.978

30 100-800 0.982

40 100-1000 0.890

50 100-10000 0.990

ear response curve shown in the lower right corner of
fig. 12 (R? = 0.995). Additionally, at an excitation time
of 50 ms, the optically stimulated luminescence (OSL)
signal of'salt (100 mg) demonstrates a robust linear rela-
tionship with the salt's irradiation dose within the dose
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Figure 12. Dose-response curve with a pulse width of S0 ms
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Figure 13. Dose-response curve with a pulse width of 10 ms

range of 0.1 Gy to 10 Gy, as illustrated by the fitting
curve in fig. 13 (R* = 0.990). From the experimental
data, it is evident that within the excitation time range of
1~50 ms, it is challenging to find parameters that exhibit
a good linear response within the range of 1~10000
mGy. Combining excitation times of 10 ms and 50 ms,
however, achieves this objective.

Dose response stability

To verify the stability of the salt photoluminescence
signal and the dose-response curve in the case of the opti-
mal parameters of £ =10ms, , =50 ms, and ¢, =50 ms for
n=>50, the salt was dosed with10 irradiation doses of 2 Gy
and 100 mQGy, and photoluminescence measurements
were conducted. The results are shown in tab. 3. In order to
verify the stability of dose response of salt pulsed
photoluminescence measurements were performed on 10
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Table 3. Photoluminescence signals when the dose of the salt dosimeter is 2 Gy and 100 mGy

Sample 1 2 3 4

6 7 8 9 10

2 Gy 2009765 | 1929278 | 1725043 | 1715791 | 1895583

1853477 | 1981957 | 1749602 | 1907426 | 1670952

100 mGy | 587120 543146 600123 554654 561234

531564 574546 546164 594656 541846

salt dosimeters with irradiation dose of 100 mGy at#, =
=10 ms, , = 50 ms, and n = 50 and with irradiation dose of
2 Gyatt;=50ms, , =50 ms, n=>50. The results are shown
in tab. 3. The mean OSL signals of 10 salt dosimeters with
irradiation dose of 100 mGy and 2 Gy were 563505 and
1843887.3 with standard deviations of 24218.61 and
114018 and relative deviations of 4.3 % and 6.18 % respec-
tively. The results showed that the salt dose response had
good stability under the parameters ¢, = 10 ms, £, = 50 ms,
n=>50(100mGy), andz, =50 ms, £, =50 ms, n="50 (2 Gy).

Minimum detectable dose

The sample background is important for the deter-
mination of the MDD[18]. Therefore, 10 light-annealed
salt samples are measured at an excitation time, count
time, and pulse number of 10 ms, 50 ms, and 50, respec-
tively. The salt OSL counts are shown in tab. 4. The
MDD is determined according to the target to be tested.
In this study, to ensure that the relative error of the mea-
surement is less than 10 % and the confidence level is
99.7 %, the MDD can be calculated according to eq. (9)

36 (counts)

MDD [mGy] = ©)

t+At

J Iogp (¢)dt(counts per mGy )
t

where O is the standard deviation of the background
count during integration time A¢ and 36 is the evalua-
tion value of the MDD at a confidence level 0of 99.7 %.
According to eq. (9), the MDD at an excitation time of
10 ms is 10.56 puGy.

To investigate whether there is a good dose lin-
ear response between the minimum detectable lower
limit and the lowest irradiation value, the OSL signal is
measured for salt dosed with 10, 100, and 1000 pGy.
The experimental results are shown in fig. 14, indicat-
ing that this method has good dose response relation-
ship in the dose range of 10 uGy~1 mGy.

Factors affecting the salt OSL signal

In some cases, salt is easily stimulated by exter-
nal factors to release OSL signals, which will result in
a decrease in the measured OSL signals, leading to a
lower dose that will affect the accuracy of the dose
measurements.

Table 4. Salt sample count

Sample | 1 | 2 |3 | 4|56 7|89 ]|10
Signal |441449 |398]429|434 (419|391 |476/428 416
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Figure 14. Dose response curve in the dose range
of 10~1000 nGy

Natural lighting

This study is based on the OSL principle to mea-
sure the salt OSL signal. Natural and ambient light
sources may have an impact on the intensity of the OSL
signal released by salt. Therefore, exploring the extent to
which natural light affects the salt OSL signal has a guid-
ing role in our experimental measurement process.

For abatch of'salt that was light annealed for 1000s
and irradiated at 6 mGy, a salt dosimeter with an irradia-
tion dose of 6 mGy was irradiated for 0~180 s by sunlight
(sunny day), and salt OSL signal strength measurements
were conducted once every 10 s under natural light.

The experimental results are shown in fig. 15. Af-
ter 120 s of natural light irradiation, the OSL signal de-
cays to the background level. The experiments show
that natural light also can stimulate the OSL signal of
salt, which will affect our experimental research. To
avoid or reduce the effect of natural light, salt samples
should be collected in a dark room, and the experiments
should also be conducted in a dark room.

Effect of the temperature
on the salt OSL signal

To investigate the effect of temperature on the
salt OSL signal, a salt dose was preheated before being
placed in the salt container, and then the OSL signal
was measured. Salt with an irradiation dose of 4 mGy
was placed in an annealing furnace for heat treatment.
The heating process started at room temperature and
continued to the target temperature at a heating rate of
0.5 °Cs™". The salt sample is removed after remaining
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Figure 15. Effect of natural light on the salt
photoluminescence signal
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Figure 16. Relationship between the salt OSL signal and
the preheating temperature

at the target temperature for 10 s. The preheating tem-
peratures were 20 (room temperature), 40 °C, 60 °C,
100 °C, 120 °C, 140 °C, 180 °C, and 230 °C. The
change in the number of OSL signals per mg of salt
with the preheating temperature is shown in fig. 16.

The experimental results show that increasing
the preheating temperature will attenuate the salt OSL
signal, and the higher the temperature is, the more the
OSL signal will decay.

Effect of the storage time
on the salt OSL signal

Nuclear accidents occur suddenly, but the rein-
forcement of technical measures takes time. When a
nuclear accident occurs, salt samples cannot be col-
lected quickly enough. Therefore, it is necessary to ex-
plore what happens to the OSL signal intensity of salt
after storing the salt for some time.

As such, a salt sample was first annealed for
1000 s and then irradiated with the HXFS-I irradiator
at 10 mGy. Finally, the salt was placed in a salt con-

Stored time [d]

Figure 17. Relationship between the salt signal ratio and
storage time

tainer to prepare the salt dosimeter. The prepared salt
dosimeter was placed in a lead chamber for 5, 10, 15,
20, 25, and 30 days, and then the OSL signal intensity
of the salt was measured. The four-element salt dosim-
eter was stored in a dark environment throughout the
experiment.

The experimental results are shown in fig. 17.
The abscissa is the storage time, and the ordinate is the
OSL signal intensity ratio measured after different
storage times. The experimental results show that the
storage time has little effect on the OSL signal of the
salt dosimeter. Within 30 days of placement, the maxi-
mum value of the signal reduction is 5 %, which is
within the instrument error, and the degree of reduc-
tion is negligible.

CONCLUSIONS

This paper reports the use of salt as a detector
material and finds that the application of the pulsed
photoluminescence measurement technique has the
advantage of a controllable excitation frequency.
Through exploratory experiments, the following con-
clusions can be drawn:

— Salt has OSL material characteristics and good ra-
diation dose measurement characteristics. Salt is a
good nuclear radiation accident dosimeter. The
measurement of the salt OSL signal by the pulsed
photoluminescence method involves a short mea-
surement time, a low measurement limit, and a wide
measurement range.

— The method of complete excitation of the salt dose
information with a long measurement time results
in a relatively narrow linear dose-response range,
and the partial excitation of the dose information in
the salt crystals can reduce the lower limit of the
MDD and increase the measurement time and the
linear response range of the salt dose.

— The salt photoluminescence signal has good stability
during the 30-day storage period, but the signal is eas-
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ily affected by natural light and high temperatures.
Therefore, experimental measurements should be
carried out at room temperature, and the experimental
process should be protected from light. Salt samples
should be collected in the dark at the accident site.
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Canbyen XE, bun YEH, Jencu JE, Cjypanr ITAO

MEPEBHA IIYJICHE ®OTONYMUHUCHEHIMIJE KOPUINRELEM COJIM KAO
MATEPUJAJIA 3A JETEKTOP JO3E Y PAIMJAIIMOHOM AKHUIEHTY

Jla 6u ce peanm3oBaji0 PETPOCIHEKTHBHO MEpPEHhe HUBOA /1032 Y MOMYIALMji HAKOH HyKJIeapHe
OITACHOCTH, MPOyUYaBaHe Cy 103a-0ITOBOP KAPAKTEPUCTUKE 3pauckha ONTHUKH CTUMYJIICAHE JIyMUHUCLCHIIN]E
conmu u ofipebeH je ogHOC M3Mehy curHama ONTHYKU CTUMYJIHCAaHE JIYMHUHECICHIMje U Jjo3¢e joHu3yjyher
3pavema. Mcnmranu cy eheKTH IPAPOIHOT CBETIIA, BpeMEeHa CKIIAJWIITEHha U TEMITEpaType IperpeBama Ha
CHTHAJI ONITHYKY CTUMYJIUCAHE JIYMUAHECIEHIMje CONU. Pe3ynTaTu mokasyjy aa co Kao MaTepHjall 3a Mepermhe
no3e (POTOTYMHUHUCIICHIIMjOM UMa IPETHOCTH MMOTOHOT Y30PKOBaHa, BEJIMKE IPOMYCHOCTH, KpaTKOT BpeMeHa
[eTeKIyje, MIPOKOr OICera fo3¢ M HUCKE TpaHWIE AeTeKimje. Pam mpeacraBba TEXHMYKY OCHOBY 3a
MIOCTH3aHe MPOIIEHE 03¢ Y TOMYJIAHjH MyJICHOM (DOTOIYMUHUCICHIIA]OM COJIH.

Kwyune peuu: tiyacha ¢oitioay muHucuyeHyuja, co, paoujayios akyyuoenit, 003a



