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To re al ize the ret ro spec tive mea sure ment of pub lic dose lev els af ter a nu clear emer gency, the
op ti cally stim u lated lu mi nes cence ra di a tion dose-re sponse char ac ter is tics of salt were stud -
ied, and the re la tion ship be tween the salt op ti cally stim u lated lu mi nes cence sig nal and ion iz -
ing ra di a tion dose was de ter mined. The ef fects of nat u ral light, stor age time, and pre heat ing
tem per a ture on the salt op ti cally stim u lated lu mi nes cence sig nal were ex am ined. The re sults
show that salt as a photoluminescence dose mea sure ment ma te rial has the ad van tages of con -
ve nient sam pling, high through put, short de tec tion time, wide dose range, and low de tec tion
limit. The study lays the tech ni cal foun da tion for achiev ing the pub lic dose as sess ment of salt
pulse photoluminescence.
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IN TRO DUC TION

With the de vel op ment of sci ence and tech nol ogy,
ra dio ac tive sources and ra di a tion tech nol o gies have
been widely used in the fields of in dus try, ag ri cul ture,
med i cine, and mil i tary. These de vel op ments in ev i ta bly
put hu mans at risk of ion iz ing ra di a tion [1] Par tic u larly
in the case of nu clear (ra di a tion) emer gen cies and nu -
clear ter ror ist at tacks, the per son nel en gaged in nu clear
work can mon i tor the re ceived ra di a tion dose with a
per sonal por ta ble do sim e ter. Simmilary to other al ter -
na tive meth ods, us ing salt as a de tec tor ma te rial, pub lic
dose as sess ment can be per formed with out a per sonal
do sim e ter [2, 3].

Be cause salt is glob ally dis trib uted, salt can eas -
ily be col lected in ev ery house hold, work place, and
res tau rant, and the main com po nent of salt, NaCl, has a 
crys tal struc ture, thus mak ing salt a suit able op ti cally
stim u lated lu mi nes cence (OSL) ma te rial re search ob -
ject [4, 5]. Stud ies have shown that salt has a good lin -
ear dose-re sponse, time sta bil ity, low min i mum de -
tect able dose (MDD), and small sam ple dif fer ence,
which meets the re quire ments of ac ci dent dose de tec -
tion; there fore, the study of salt photoluminescence
prop er ties and its mea sure ment meth ods have be come
very pop u lar re search top ics in re cent years [6].

In 1960, Stoddard first ob served[7] that the use of
light to stim u late the ion ized ra di a tion of NaCl caused lu -

mi nes cence, but Stoddard did not call the phe nom e non
OSL; in 2000, based on OSL tech nol ogy, Bailey first
pro posed [8] so dium chlo ride is most likely a ret ro spec -
tive do sim e ter ma te rial, and blue, green and in fra red light 
can be used for ex ci ta tion pur poses, but the sig nal ex cited 
by in fra red light is not sta ble; in 2001, Buur used a con -
stant-en ergy ex ci ta tion source (con tin u ous wave OSL,
CW-OSL) and a lin early en hanced light source, and the
photoluminescence sig nals of salt were ob served in the
lin early mod u lated OSL (LM-OSL) mode.

How ever, in the CW-OSL and LM-OSL ex ci ta -
tion modes, the lin ear re sponse up per limit of salt dose
is 1 Gy and 0.1 Gy, re spec tively, and the re sponse is
sublinear in the high-dose range [9, 10]; in 2009,
Bernhardsson et al. in ves ti gated many types of salt [11]
and in di cated that most salts have very high spe cific
photoluminescence counts, while the MDD is lower
than 1 mGy (0.2-1 mGy); in 2015, Ekendahl et al. in di -
cated that the use of photoluminescent salts in dose as -
says is a pro spec tive do sim e try method that can be im -
ple mented in a NaCl do sim e ter, such as com mer cial
LiF: Mg and Al2O3:C do sim e ters [12]. In 2017, Janet
stud ied the photoluminescence prop er ties of salt com -
monly used in Ni ge ria based on the photoluminescence
Risø TL/OSL-DA-15system; how ever, it was noted
that the use of salt in nu clear ra di a tion ac ci dent do sim e -
ters is as so ci ated with a cer tain mea sure ment er ror [13].
Al though salt photoluminescence sig nals can be de -
tected in the CW-OSL and LM-OSL ex ci ta tion modes,
there is a lack of good lin ear ity in the high-dose range,
which is not de sir able in ac ci dent dose de tec tion.
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In this pa per, salt was used as the de tec tor ma te -
rial, and the ra di a tion dose mea sure ment char ac ter is -
tics of salt were ex plored through the pulsed
photoluminescence method to meet the needs of pub -
lic dose as sess ment af ter nu clear ac ci dents, which lays 
the tech ni cal foun da tion for re al iz ing the pub lic dose
as sess ment via salt pulse photoluminescence.

IN TRO DUC TION OF THE
KEY PRIN CI PLES

Va lence band the ory

The va lence band the ory ex plains the lu mi nes -
cence mech a nism of OSL ma te ri als, shown in fig. 1. In
the fig ure, 1 is the ion iz ing ra di a tion, 2 – the ion iza tion; 3
– the elec tron-hole trap ping; 4 – the photoexcitation; 5 –
the elec tron-hole re com bi na tion; 6 – the lu mi nes cence,
and a, b, and c are shal low traps, dose traps, and deep
traps, re spec tively. The en ergy lev els of OSL crys tals
mainly in clude con duc tion bands, va lence bands and for -
bid den bands.

When an OSL ma te rial is sub jected to ion iz ing
ra di a tion (such as X-rays, gamma rays, and beta rays),
the stored elec trons in side the crys tal are ex cited to
tran si tion, and as the va lence band tran si tions into the
con duc tion band, holes are left in the va lence band.
The elec trons in the con duc tion band and the holes in
the va lence band are free to move in side the crys tal.
When the elec trons and holes are re com bined, flu o res -
cence oc curs. The un bound elec trons and holes are
trapped in the elec tron traps and hole traps, re spec -
tively. When ex cited by heat (thermoluminescence do -
sim e ter, TLD), all trapped elec trons and holes will es -
cape; if a light source is used to ex cite the crys tal, only
some of the elec trons and holes will es cape from the
traps af ter ex ci ta tion, which re sults in flu o res cence.
Phos pho res cence is the sig nal that con tin ues to be
emit ted when light-source ex ci ta tion has ceased. The
in ten sity of the light sig nal is a char ac ter is tic of the
elec tron con cen tra tion in the trap. The num ber of elec -

trons trapped is pro por tional to the ion iz ing ra di a tion
dose re ceived by the crys tal.

OTOR model

The one trap-one re com bi na tion(OTOR) model
[16] as sumes that there is only one type of trap and one
type of bind ing cen ter in the OSL ma te rial, and there is
no sec ond ary cap ture phe nom e non, which is the sim -
plest math e mat i cal de scrip tion of the OSL pro cess.
The re la tion ship be tween the cap tured elec tron con -
cen tra tion in the trap as a func tion of time is shown in
the equa tion

d

d

n

t
np= - (1)

where p is the rate at which elec trons are ex cited by
light per unit of time and p = sj; in the lat ter, s – the
photoionization in ter face of the OSL ma te rial and j  –
the la ser flux.

The so lu tion of eq. (1) is

n t n pt( ) = -
0e (2)

where n0 = n,(0) is the ini tial con cen tra tion of the
trapped elec trons. Equa tion (2) in di cates that the
trapped elec tron con cen tra tion changes ex po nen tially
with the ex ci ta tion time.

As sum ing that all ex cited elec trons are im me di -
ately com bined with holes to emit light, the lu mi nes -
cence in ten sity is pro por tional to the es cape ve loc ity of 
the trapped elec trons, dn/dt, and com bin ing eq. (1) and 
(2) ob tain the fol low ing

I t
n

t
n pt
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d

d
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The de cay rate of the OSL in ten sity curve is de -
ter mined only by s and j, and the de cay rate is in de -
pend ent of the value of n0, that is, the shape of the OSL 
curve does not change with the dose. The to tal lu mi -
nes cence amount can be ob tained by in te grat ing the
OSL in ten sity curve, that is, the in te gral of eq. (3) can
be ob tained as
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Fig ure 1. OSL sche matic
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There fore, it can be seen from eq. (4) that the to -
tal amount of lu mi nes cence of the flu o res cent ma te rial
is pro por tional to the ini tial elec tron con cen tra tion in
the crys tals of the ma te rial, that is, the to tal amount of
lu mi nes cence is pro por tional to the stored dose value.

Pulsed OSL (POSL) prin ci ple

The pro gram tim ing di a gram used to mea sure
the pulsed photoluminescence sig nal [14] is shown in
fig. 2. The ex ci ta tion source is syn chro nized with the
count ing sys tem. Dur ing the op er a tion of the ex ci ta -
tion source, the sys tem only ex cites the sam ple and
does not de tect the ex cited op ti cal sig nal. When the ex -
ci ta tion light source is turned off, the count ing sys tem
starts de tect ing op ti cal sig nals, wherein the pulse
width, the pulse in ter val, and the num ber of ex ci ta tion
pulses per mea sure ment are con trol la ble; the pulse
width ad just ment range is equal to the pulse in ter val
ad just ment range di vided by the en tire range of the
num ber of sig nals. More over, due to the in flu ence of
the phos pho res cence life time, if the ex ci ta tion fre -
quency is high, the pho tons ex cited dur ing the pre vi -
ous ex ci ta tion pe riod will af fect the de tec tion of pho -
tons in the next cy cle, which re sults in the ini tial
de tec tion of an op ti cal sig nal at the start of each cy cle
un til the pho ton ex ci ta tion rate be comes equal to the
pho ton de cay rate; then, the num ber of de tected pho -
tons grad u ally sta bi lizes. As ex ci ta tion con tin ues, the
crys tal pho ton ex ci ta tion dif fi culty in creases. When
the pho ton ex ci ta tion rate is lower than the pho ton de -
cay rate, the num ber of de tected pho tons de creases un -
til the next trap in the crys tal is ex cited.

The phos pho res cence at ten u a tion fol lows an ex -
po nen tial func tion, and the spe cific func tion is shown
as eq. (5).

I t I t( ) /= -
0e t (5)

As sum ing that t is the pulse width, the in te gral
value of the func tion I0 e

–t/t in time from t0 to t4 is the to tal
num ber of pho tons de tected by the count ing sys tem
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The num ber of op ti cal sig nals lost dur ing the ex -
ci ta tion time is
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The ra tio of the num ber of mea sured op ti cal sig -
nals in the pulsed photoluminescence ex ci ta tion mode
to the to tal num ber of pho tons emit ted by the sam ple is

I I

I

I I e

I

t
tsum loss

sum

( )
e

-
=

- -
=

-
-0 0

0

1
0

t t

t

t
t

/
/ (8)

From the va lence band the ory, it is known that
the ion iz ing ra di a tion dose value of the OSL ma te rial is 
pro por tional to the to tal op ti cal sig nal emit ted by the
ma te rial. Since e- t0 /t is con stant in eq. (4), the mea -
sured op ti cal sig nal ob tained by the method in the
pulse photoluminescence mode is pro por tional to the
to tal op ti cal sig nal emit ted by the ma te rial. There fore,
the sum of the op ti cal sig nals de tected dur ing mea sure -
ment in the pulsed photoluminescence mode is pro -
por tional to the ion iz ing ra di a tion dose.

EX PER I MEN TAL EQUIP ME
AND METH ODS

Ex per i men tal in stru ments

The equip ment re quired for this ex per i ment was a 
dosed ir ra di a tion sys tem, a light sig nal de tec tion sys -
tem, and a home made salt con tainer. The dosed ir ra di a -
tion sys tem is an HXFS-IA type bi o log i cal irradiator, as
shown in fig. 3. The source is 137Cs, and the av er age en -
ergy is 0.661 MeV; the light sig nal de tec tion sys tem is
an InLight200A photoluminescence per sonal dose
mon i tor ing sys tem (Amer i can Landauer Com pany). As 
shown in fig. 4, the sys tem uses green light (~532 nm)
as the ex ci ta tion source and the pulsed light ex ci ta tion
mode, and the sys tem has a spe cific mea sure ment chan -
nel. Only ob jects that are sim i lar to the four-el e ment
Al2O3:C do sim e ter can be placed in the mea sure ment
chan nel, and the sam ple was ex cited by green light. In
this study, 3-D print ing was used to fab ri cate the sam ple
con tainer, and the four holes in the con tainer were filled
with equal amounts of salt, while both sides were sealed 
with trans par ent tape. The four-el e ment salt do sim e ter
was pre pared and is shown in fig. 5.
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Fig ure 2. POSL sig nal mea sure ment pro gram tim ing
di a gram



Ex per i men tal meth ods

Com plete ex ci ta tion

Un der com plete ex ci ta tion, the dose in for ma tion 
in the salt crys tals is com pletely ex cited by the ex ci ta -
tion light source. Ac cord ing to the va lence band prin -
ci ple and the pulsed photoluminescence the ory, the
sum of the op ti cal sig nals ob tained by the mea sure -
ment method in the pulsed photoluminescence mode is 
pro por tional to the ion iz ing ra di a tion dose. It is at -
tempted to en able the sys tem to re cord the max i mum
num ber of OSL sig nals and min i mize the num ber of
sys tem de tec tions. The pro posed ex ci ta tion time is 20

ms. To re cord all phos pho res cence sig nals be fore the
start of the next cy cle, the pulse in ter val is set to 1000
ms, and the num ber of pulses is 50.

In the InLight200A mea sure ment sys tem, the
pulse width, pulse in ter val, and num ber of ex ci ta tion
pulses per cy cle are con trol la ble. In one test, the to tal
ex ci ta tion time of the sys tem is equal to the prod uct of
the pulse width and the num ber of pulses.

Par tial ex ci ta tion

Un der par tial ex ci ta tion, only part of the dose in -
for ma tion in the salt crys tals is ex cited by the ex ci ta -
tion source. By ad just ing the ex ci ta tion fre quency of
the ex ci ta tion source, the in ten sity of the ac quired OSL 
sig nal can be con trolled such that not all of the ions in
the traps are ex cited to gen er ate a better dose re sponse
of the OSL ma te rial.

Com pared with the CW-OSL and LM-OSL
meth ods, one of the ad van tages of the POSL method is
that when mea sur ing the dose of the com po nent, only
part of the dose in for ma tion needs to be ex cited, the
ex ci ta tion time is short, and the back ground OSL sig -
nal in ten sity is low, thereby re sult ing in a lower min i -
mum de tect able lower limit. By chang ing the ex ci ta -
tion fre quency, the photomultiplier tube (PMT)-
re corded op ti cal sig nal can be ad justed so that the salt
do sim e ter has a better lin ear re sponse with the ir ra di a -
tion dose and the ir ra di a tion dose has a wider range.

EX PER I MEN TAL RE SULTS
AND DIS CUS SION 

Com plete ex ci ta tion

Sin gle-dose salt photoluminescence

To in ves ti gate whether salt has photoluminescence 
prop er ties a cer tain dose of salt from a ra dio ac tive source
137Cs was used and com pared to unirradiated salt.  The
ex per i men tal steps are as fol lows:
(1) Turn on the InLight200A sys tem for 30 min utes;
(2) Ob tain a batch of salt and an neal the salt us ing a

light-an neal ing ap pa ra tus;
(3) To pre vent the in flu ence of nat u ral light on the

salt, place the light-an nealed salt in a bot tle cap
and seal the cap with an opaque black rub ber
cloth;

(4) Put the caps con tain ing salt into the ir ra di a tion
con tainer and turn on the bi o log i cal irradiator to
ir ra di ate the salt;

(5) Weigh the dose caps that are not filled with salt;
(6) Place the light-an nealed salt in a salt con tainer to

pre pare the salt do sim e ter and weigh the to tal
mass of the salt do sim e ter;

(7) Place the salt do sim e ter in the InLight200A and
mea sure the salt OSL sig nal.
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Figure 3. HXFS-IA bi o log i cal ir ra di a tion in stru ment

Figure 4. InLight200A photoluminescence per sonal dose
mon i tor ing sys tem

Figure 5. Four-el e ment salt do sim e ter



The OSL sig nal curve of salt (1 mGy and 0 mGy)
with the num ber of ex ci ta tions is shown in fig. 6. Each
point in the fig ure in di cates the num ber of OSL sig nals
col lected within 1000 ms af ter the salt source is ex -
cited for 20 ms. The 1 mGy salt was com pared with the
0 mGy salt. The OSL sig nal emit ted by the for mer in -
creased sig nif i cantly, and the photoluminescence sig -
nal grad u ally de creased with in creas ing num ber of ex -
ci ta tions (ex ci ta tion time). The ex per i men tal re sults
show that the OSL sig nal emit ted by salt is re lated to
the ion iz ing ra di a tion of the salt, and the salt OSL sig -
nal can be fully ex cited with an in creas ing num ber of
ex ci ta tions (ex ci ta tion time).

Photoluminescence of dif fer ent doses of salt

To ver ify that the pulsed photoluminescence
mea sure ment method can achieve a wider lin ear dose
range than the CW-OSL and LM-OSL meth ods, the
lin ear re sponse range of the salt dose is mea sured
based on pulsed photoluminescence. The ex per i men -
tal steps are as fol lows:
(1) Turn on the InLight200A sys tem for 30 min utes;
(2) Obtain a batch of salt and an neal the salt us ing a

light-an neal ing ap pa ra tus;
(3) To pre vent nat u ral light from af fect ing the salt,

place the light-an nealed salt in a bot tle cap and
seal the cap with an opaque black rub ber cloth;

(4) Ap ply an ir ra di a tion dose of 1 mGy;
(5) Weigh the dose cap with out salt;
(6) Place the light-an nealed salt in a salt con tainer to

pre pare the salt do sim e ter and weigh the to tal
mass of the salt do sim e ter;

(7) Set the mea sure ment sys tem's pulse ex ci ta tion
time t1 = 1 ms, count time t2 = 50 ms, and pulse
num ber n = 50 and re cord the OSL sig nal;

(8) Pre pare dif fer ent salt do sim e ters (10, 100, 200, 400,
800, 1000, 2000, 4000, 8000, and 10000 mGy) and
re peat steps 5-7.

The ex per i men tal re sults are shown in fig. 8. The 
re sults show that the salt photoluminescence sig nal
has a good lin ear re la tion ship with the ir ra di a tion dose
in the dose range of 0.01 ~1 Gy but tends to re main sta -
ble in the dose range of 1~10 Gy, re sult ing in a con -
stant curve. The rea son is that in the high-dose range
when the ex ci ta tion time is short, the num ber of emit -
ted OSL sig nals in the same ex ci ta tion time is the
same. The ex per i men tal re sults show that the pulse ex -
ci ta tion time t1 needs to be in creased to achieve a dose
range of 10 Gy.

To ob tain a lin ear re la tion ship be tween the salt
photoluminescence sig nal and the ir ra di a tion dose, it is
nec es sary to mea sure the salt OSL sig nal for dif fer ent ir -
ra di a tion doses. The light-an nealed salt was poured into
10 caps, which were sealed with black trans par ent tape,
and then placed in the bi o log i cal irradiator to be sub -
jected to ir ra di a tion doses of 1, 2, 4, 6, 8, 10, 20, 40, 60,
80, and 100 mGy. The four-el e ment salt do sim e ter was
then pre pared and placed in the InLight200A mea sure -
ment sys tem to de tect the salt OSL sig nals, and the num -
ber of OSL sig nals was re corded.

Since the InLight200A sys tem is in the POSL
mode, when the OSL sig nal is un der full ex ci ta tion, the 
light-an neal ing ef fect can not be achieved in one test,
and mul ti ple tests need to be per formed. There fore, the 
num ber of de tec tions is de ter mined to en sure that the
salt can be ir ra di ated from 1~100 mGy. The sig nal
must be un der full ex ci ta tion.

When the salt dose of the do sim e ter is 100 mGy,
the re la tion ship be tween the emit ted OSL sig nal per mg
of salt and the num ber of de tec tions is shown in fig. 7. In 
ad di tion to the sys tem shut down and re start times, 20
de tec tion tests con sume nearly one hour. When the
num ber of ex ci ta tions is 1~6, the OSL sig nal of salt
grad u ally de creased with in creas ing num ber of ex ci ta -
tions un til the 7th de tec tion, and from the 7th to the 20th

de tec tion, the num ber of salt OSL sig nals that were
emit ted each time grad u ally de creased to the back -
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Fig ure 6. Curve of the photoluminescence sig nal of salt
(0 and 1 mGy) with the ex ci ta tion time

Fig ure 7. Re la tion ship be tween the photoluminescence
sig nal of the 100 mGy salt and the num ber of de tec tions



ground level with in creas ing num ber of ex ci ta tions.
The re la tion ship be tween the num ber of OSL sig nals
emit ted by salt with ir ra di a tion doses of 1, 2, 4, 6, 8, 10,
20, 40, 60, 80, and 100 mGy and the num ber of de tec -
tions is shown in fig. 6. The salt OSL sig nal in the dose
range of 1~10 mGy var ies with the num ber of de tec -
tions. The change im age has only one peak, and the im -
age of the salt OSL sig nal above the 20 mGy dose has
two peaks as a func tion of the num ber of de tec tions.

The ex per i men tal re sults are in good agree ment
with the OSL prin ci ple. The salt crys tals in clude three
kinds of traps, namely, shal low traps, dose traps, and
deep traps. The elec trons in the shal low traps and dose
traps are eas ier to ex cite than the elec trons in the deep
traps. The elec trons in shal low traps most eas ily es -
cape un der ex ci ta tion. How ever, the elec trons in deep
traps are dif fi cult to ex cite. There fore, the OSL sig nal
emit ted when the crys tal is ex cited by an ex ter nal light
source is mainly formed by the com bined elec trons in
the shal low and dose traps and the holes in the crys tals. 
From these con sid er ations, it can be judged that of the
two peaks shown in fig. 8, the first and sec ond peaks
are caused by the shal low and dose traps, re spec tively.

The re la tion ship be tween the OSL sig nal per mg of 
salt and the ir ra di a tion dose is shown in fig. 9. The re sults
showed that the salt photoluminescence sig nal per unit
mass was in the range of 1~100 mGy and had a good lin -
ear re sponse with the ir ra di a tion dose, and R2 = 0.950.

To in ves ti gate the sta bil ity of the OSL sig nal of the
salt do sim e ter, 10 photoluminescence mea sure ments
were per formed on 10 salt do sim e ters with an ir ra di a tion
dose of 11.42 mGy. The ex per i men tal re sults are shown
in tab. 1. The av er age num ber of emit ted OSL sig nals per
mg of salt was 1456.5. The vari ance was 110.2, the rel a -
tive de vi a tion was 7.57 %, which is <10 % (the in stru -
ment mea sure ment er ror), and the de vi a tion be tween the
dose value ob tained from the fit ted curve and the salt-ab -
sorbed dose value of 11.42 mGy is also shown in tab. 1.

Ta ble 1 shows that the mea sured dose range of
the salt OSL sig nal is (11.28 mGy, and 12.42 mGy),
and the ab so lute value range of the dose de vi a tion is
(1.23 % ~ 8.76 %), which is less than 10 %. The ex per -
i men tal re sults show that the re sponse of the salt OSL
sig nal to the ir ra di a tion dose is sta ble.

The ex ci ta tion time t1 is in creased, while the
other pa ram e ters re main un changed, and the ex ci ta -
tion time is set to 5, 10, 20, 30, 40, and 50 ms. Then, the 
salt OSL sig nal dose-re sponse curve is de ter mined for
a pulse width of 50 ms, as shown in fig. 10. The
dose-re sponse curve is shown in fig. 11. The lin ear re -
sponse range and cor re la tion co ef fi cient of the lin ear
fit of the ta ble salt re sults for dif fer ent ex ci ta tion times
are shown in tab. 2.

The ex per i men tal re sults in di cate that, un der con -
stant con di tions with a count time of t2 = 50 ms and a
pulse count of n = 50, salt gen er ally ex hib its a fa vor able
dose-lin ear re sponse within the ir ra di a tion dose range
of 0.1~1 Gy, and tends to sta bi lize within the dose range
of 1~10 Gy when the ex ci ta tion time ranges from 1 ms
to 40 ms. Par tic u larly note wor thy is the lin ear re sponse
range of the dose-re sponse when the ex ci ta tion time is
set at 10 ms, span ning from 1~1000 mGy, with the lin -
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Fig ure 8. Re la tion ship be tween the 1-100 mGy salt
photoluminescence sig nal and the num ber of de tec tions

Fig ure 9. Dose-re sponse curve of the salt
photoluminescence sig nal

Ta ble 1. OSL sig nal of  the 10 salt sam ples un der an 11.42 mGy 
ir ra di a tion dose

Sam ple OSL sig nal
per mg

Dose per
mGy

Rel a tive
de vi a tion [%]

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



ear re sponse curve shown in the lower right cor ner of
fig. 12 (R2 = 0.995). Ad di tion ally, at an ex ci ta tion time
of 50 ms, the op ti cally stim u lated lu mi nes cence (OSL)
sig nal of salt (100 mg) dem on strates a ro bust lin ear re la -
tion ship with the salt's ir ra di a tion dose within the dose

range of 0.1 Gy to 10 Gy, as il lus trated by the fit ting
curve in fig. 13 (R2 = 0.990). From the ex per i men tal
data, it is ev i dent that within the ex ci ta tion time range of
1~50 ms, it is chal leng ing to find pa ram e ters that ex hibit 
a good lin ear re sponse within the range of 1~10000
mGy. Com bin ing ex ci ta tion times of 10 ms and 50 ms,
how ever, achieves this ob jec tive.

Dose response sta bil ity

To ver ify the sta bil ity of the salt photoluminescence
sig nal  and the dose-re sponse curve  in  the  case  of  the  op ti -
mal  pa ram e ters  of  t1 = 10 ms, t1 = 50 ms, and t2 = 50 ms for
n = 50, the  salt  was  dosed with10 ir ra di a tion doses of 2 Gy
and 100  mGy,  and photoluminescence mea sure ments
were con ducted. The re sults are shown in tab. 3. In or der to
ver ify the sta bil ity of dose re sponse of salt pulsed
photoluminescence  mea sure ments  were  per formed  on 10
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Fig ure 10. Re la tion ship be tween the salt
photoluminescence sig nal and ir ra di a tion dose

Fig ure 11. Dose-re sponse curves with the pulse width

Ta ble 2. Lin ear re sponse range of salt for dif fer ent
ex ci ta tion times and cor re la tion co ef fi cient of the lin ear
fit of the re sponse re sults

Stim u la tion
time [ms]

Lin ear re sponse
range [mGy]

Cor re la tion
co ef fi cient

1 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

 Fig ure 12. Dose-re sponse curve with a pulse width of 50 ms

 Fig ure 13. Dose-re sponse curve with a pulse width of 10 ms



salt  do sim e ters  with  ir ra di a tion  dose  of  100  mGy  at t1 =
=.10 ms, t2 = 50 ms, and n = 50 and with ir ra di a tion dose of
2 Gy at t1 = 50 ms, t2 = 50 ms, n = 50. The re sults are shown
in tab. 3. The mean OSL sig nals of 10 salt do sim e ters with
ir ra di a tion dose of 100 mGy and 2 Gy were 563505 and
1843887.3 with stan dard de vi a tions of 24218.61 and
114018 and rel a tive de vi a tions of 4.3 % and 6.18 % re spec -
tively. The re sults showed that the salt dose re sponse had
good  sta bil ity  un der  the pa ram e ters t1 = 10 ms, t2 = 50 ms,
n = 50 (100 mGy), and t1 = 50 ms, t2 = 50 ms, n = 50 (2 Gy).

Min i mum de tect able dose

The sam ple back ground is im por tant for the de ter -
mi na tion of the MDD[18]. There fore, 10 light-an nealed
salt sam ples are mea sured at an ex ci ta tion time, count
time, and pulse num ber of 10 ms, 50 ms, and 50, re spec -
tively. The salt OSL counts are shown in tab. 4. The
MDD is de ter mined ac cord ing to the tar get to be tested.
In this study, to en sure that the rel a tive er ror of the mea -
sure ment is less than 10 % and the con fi dence level is
99.7 %, the MDD can be cal cu lated ac cord ing to eq. (9)

MDD [mGy]
counts)

d counts per mGyOSL

=
+

ò

3d (

( ) ( )I t t
t

t tD
(9)

where d is the stan dard de vi a tion of the back ground
count dur ing in te gra tion time Dt and 3d is the eval u a -
tion value of the MDD at a con fi dence level of 99.7 %.
Ac cord ing to eq. (9), the MDD at an ex ci ta tion time of
10 ms is 10.56 mGy.

 

 

 

Fac tors af fect ing the salt OSL sig nal

In some cases, salt is eas ily stim u lated by ex ter -
nal fac tors to re lease OSL sig nals, which will re sult in
a de crease in the mea sured OSL sig nals, lead ing to a
lower dose that will af fect the ac cu racy of the dose
mea sure ments.

Nat u ral light ing

This study is based on the OSL prin ci ple to mea -
sure the salt OSL sig nal. Nat u ral and am bi ent light
sources may have an im pact on the in ten sity of the OSL
sig nal re leased by salt. There fore, ex plor ing the ex tent to
which nat u ral light af fects the salt OSL sig nal has a guid -
ing role in our ex per i men tal mea sure ment pro cess.

For a batch of salt that was light an nealed for 1000s 
and ir ra di ated at 6 mGy, a salt do sim e ter with an ir ra di a -
tion dose of 6 mGy was ir ra di ated for 0~180 s by sun light 
(sunny day), and salt OSL sig nal strength mea sure ments
were con ducted once ev ery 10 s un der nat u ral light.

The ex per i men tal re sults are shown in fig. 15. Af -
ter 120 s of nat u ral light ir ra di a tion, the OSL sig nal de -
cays to the back ground level. The ex per i ments show
that nat u ral light also can stim u late the OSL sig nal of
salt, which will af fect our ex per i men tal re search. To
avoid or re duce the ef fect of nat u ral light, salt sam ples
should be col lected in a dark room, and the ex per i ments
should also be con ducted in a dark room.

Ef fect of the tem per a ture
on the salt OSL sig nal

To in ves ti gate the ef fect of tem per a ture on the
salt OSL sig nal, a salt dose was pre heated be fore be ing 
placed in the salt con tainer, and then the OSL sig nal
was mea sured. Salt with an ir ra di a tion dose of 4 mGy
was placed in an an neal ing fur nace for heat treat ment.
The heat ing pro cess started at room tem per a ture and
con tin ued to the tar get tem per a ture at a heat ing rate of
0.5 °Cs–1. The salt sam ple is re moved af ter re main ing
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Ta ble 3. Photoluminescence sig nals when the dose of the salt do sim e ter is 2 Gy and 100 mGy

Sam ple 1 2 3 4 5 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

Ta ble 4. Salt sam ple count

Sam ple 1 2 3 4 5 6 7 8 9 10

Sig nal 441 449 398 429 434 419 391 476 428 416

Fig ure 14. Dose re sponse curve in the dose range
of 10~1000 mGy

 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 �Gy. 
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 �Gy~1 mGy.



at the tar get tem per a ture for 10 s. The pre heat ing tem -
per a tures were 20 (room tem per a ture), 40 °C, 60 °C,
100 °C, 120 °C, 140 °C, 180 °C, and 230 °C. The
change in the num ber of OSL sig nals per mg of salt
with the pre heat ing tem per a ture is shown in fig. 16.

The ex per i men tal re sults show that in creas ing
the pre heat ing tem per a ture will at ten u ate the salt OSL
sig nal, and the higher the tem per a ture is, the more the
OSL sig nal will de cay.

Ef fect of the stor age time
on the salt OSL sig nal

Nu clear ac ci dents oc cur sud denly, but the re in -
force ment of tech ni cal mea sures takes time. When a
nu clear ac ci dent oc curs, salt sam ples can not be col -
lected quickly enough. There fore, it is nec es sary to ex -
plore what hap pens to the OSL sig nal in ten sity of salt
af ter stor ing the salt for some time.

As such, a salt sam ple was first an nealed for
1000 s and then ir ra di ated with the HXFS-I irradiator
at 10 mGy. Fi nally, the salt was placed in a salt con -

tainer to pre pare the salt do sim e ter. The pre pared salt
do sim e ter was placed in a lead cham ber for 5, 10, 15,
20, 25, and 30 days, and then the OSL sig nal in ten sity
of the salt was mea sured. The four-el e ment salt do sim -
e ter was stored in a dark en vi ron ment through out the
ex per i ment.

The ex per i men tal re sults are shown in fig. 17.
The ab scissa is the stor age time, and the or di nate is the
OSL sig nal in ten sity ra tio mea sured af ter dif fer ent
stor age times. The ex per i men tal re sults show that the
stor age time has lit tle ef fect on the OSL sig nal of the
salt do sim e ter. Within 30 days of place ment, the max i -
mum value of the sig nal re duc tion is 5 %, which is
within the in stru ment er ror, and the de gree of re duc -
tion is neg li gi ble.

CON CLU SIONS

This pa per re ports the use of salt as a de tec tor
ma te rial and finds that the ap pli ca tion of the pulsed
photoluminescence mea sure ment tech nique has the
ad van tage of a con trol la ble ex ci ta tion fre quency.
Through ex plor atory ex per i ments, the fol low ing con -
clu sions can be drawn:
– Salt has OSL ma te rial char ac ter is tics and good ra -

di a tion dose mea sure ment char ac ter is tics. Salt is a
good nu clear ra di a tion ac ci dent do sim e ter. The
mea sure ment of the salt OSL sig nal by the pulsed
photoluminescence method in volves a short mea -
sure ment time, a low mea sure ment limit, and a wide 
mea sure ment range.

– The method of com plete ex ci ta tion of the salt dose
in for ma tion with a long mea sure ment time re sults
in a rel a tively nar row lin ear dose-re sponse range,
and the par tial ex ci ta tion of the dose in for ma tion in
the salt crys tals can re duce the lower limit of the
MDD and in crease the mea sure ment time and the
lin ear re sponse range of the salt dose.

– The salt photoluminescence sig nal has good sta bil ity
dur ing the 30-day stor age pe riod, but the sig nal is eas -
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Fig ure 15. Ef fect of nat u ral light on the salt
photoluminescence sig nal

Fig ure 16. Re la tion ship be tween the salt OSL sig nal and
the pre heat ing tem per a ture

Fig ure 17. Re la tion ship be tween the salt sig nal ra tio and
stor age time



ily af fected by nat u ral light and high tem per a tures.
There fore, ex per i men tal mea sure ments should be
car ried out at room tem per a ture, and the ex per i men tal
pro cess should be pro tected from light. Salt sam ples
should be col lected in the dark at the ac ci dent site.
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San|uen HE, Bin ^EN, Jensi JE, Sjuqang XAO

MEREWA  PULSNE  FOTOLUMINISCENCIJE  KORI[]EWEM  SOLI  KAO
MATERIJALA  ZA  DETEKTOR  DOZE  U  RADIJACIONOM  AKCIDENTU

Da bi se realizovalo retrospektivno merewe nivoa doza u populaciji nakon nuklearne
opasnosti, prou~avane su doza-odgovor karakteristike zra~ewa opti~ki stimulisane luminiscencije
soli i odre|en je odnos izme|u signala opti~ki stimulisane  luminescencije i doze jonizuju}eg
zra~ewa. Ispitani su efekti prirodnog svetla, vremena skladi{tewa i tem per a ture predgrevawa na
sig nal opti~ki stimulisane luminescencije soli. Rezultati pokazuju da so kao materijal za merewe
doze fotoluminiscencijom ima prednosti pogodnog uzorkovawa, velike propusnosti, kratkog vremena
detekcije, {irokog opsega doze i niske granice detekcije. Rad predstavqa tehni~ku osnovu za
postizawe procene doze u populaciji pulsnom fotoluminiscencijom soli.

Kqu~ne re~i: pulsna fotoluminiscencija, so, radijacioni akcident, doza


