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Pas sive solid state do sim e ters, such as thermoluminescence do sim e ters, pro vide in te grated mea -
sure ment of the to tal dose and are widely used in en vi ron men tal mon i tor ing pro grams. The ob -
jec tive of this pa per is to pro vide a com pre hen sive re view on the use of thermoluminescent do sim -
e try meth ods for mon i tor ing ra di a tion dose in the en vi ron ment. The ar ti cle pres ents the part of
the re search re sults of the pro ject PRE PARED NESS (EMPIR 2016 call for Me trol ogy for
Environment joint re search pro ject) with a par tic u lar ob jec tive to har mo nize pro ce dures used by
do sim e try ser vices, rel e vant au thor i ties and In sti tutes across the Eu rope. To achieve this, dif fer ent 
mon i tor ing rou tines that are based on pas sive en vi ron men tal do sim e try meth ods are in ves ti -
gated. Dif fer ences in per form ing spe cific steps such as pre heat ing, read ing, an neal ing, min i miz -
ing fad ing, and oth ers, are an a lyzed. The in ves ti ga tion was per formed by means of qual i ta tive lit -
er a ture re view that showed the lack of in for ma tion about spe cific steps. The con clu sion of this
work is that thermoluminescent do sim e try mea sure ment sys tem has to be type-tested even
though the test ing pro ce dure is complicated. In ad di tion to this, con trol do sim e ters should be in -
tro duced, In ter na tional Or ga ni za tion for Stan dard iza tion pro to cols should be fol lowed dur ing
cal i bra tion, and fi nally, pa ram e ters in flu enc ing the mea sure ment un cer tainty have to be iden ti fied 
and well un der stood in or der to pro duce ac cu rate dose mea sure ment re sults.

Key words: thermoluminescent do sim e try, en vi ron men tal dose mon i tor ing, an neal ing, fad ing, read out,
cal i bra tion, tran sit dose

IN TRO DUC TION

The Pre pared ness pro ject started in Au gust 2017.
This is a pro ject within the Eu ro pean Me trol ogy
Programme for In no va tion and Re search (EMPIR) 2016
call for Me trol ogy for En vi ron ment joint re search [1].
The re sults of the pro ject are planned to ad dress the pro -
tec tion of the pub lic and the en vi ron ment in the case of a
nu clear or ra dio log i cal event by means of re li able mea -
sure ment in stru ments and meth ods. The role and the ex -
am ple of ra di a tion mea sure ments that need to be un der -
taken in case of ra dio log i cal emer gency event are
sum ma rized in [2]. En vi ron ment mon i tor ing is one of
those mea sure ments and can be done by dif fer ent meth -
ods [3]. The Pre pared ness pro ject has four work pack -
ages (WP) and the main aim of WP4 (Pas sive Do sim e -
try) is to har mo nize pas sive do sim e try for en vi ron men tal
ra di a tion mon i tor ing across Eu rope. In or der to achieve
this aim, WP4 has been di vided into four tasks, 4.1-4.4.

(In ves ti ga tion of the cur rent sta tus of pas sive en vi ron -
men tal do sim e try, Tech ni cal and meth od olog i cal investi- 
gations on pas sive area do sim e try, Mea sure ment of the
am bi ent dose equiv a lent us ing electret ion cham bers, and 
Har mo ni za tion of Eu ro pean dose rate mea sure ment pro -
ce dures us ing pas sive do sim e ters, re spec tively). The task 
4.4  an a lyzes the pub lished data, and the newly gath ered
data from tasks 4.1-4.3 that are sub se quently used to
make rec om men da tions about spe cific mon i tor ing steps
that will lead to har mo ni za tion of en vi ron men tal do sim e -
try. This pa per will pro vide in sights from that task.

Pas sive solid state do sim e ters pro vide an in te -
grated mea sure ment of the to tal dose. The to tal dose in -
cludes the dose from mon i tored man-made ra di a tion
sources, nat u ral back ground ra di a tion and un de sired
doses re ceived at dif fer ent steps (stages) of pas sive do -
sim e try method, such as prep a ra tion, trans port or read -
out. Even though this im plies that mea sured dose has to
be eval u ated and in ter preted, the ben e fits of us ing in ex -
pen sive, re-us able and rug ged do sim e ters in re mote lo ca -
tions per mits one to es tab lish ad e quate pro ce dures to per -
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form en vi ron men tal mon i tor ing over wide ar eas.
Now a days, a large num ber of world wide sta tions are be -
ing mon i tored with pas sive do sim e ters. These are mainly 
thermoluminescence do sim e ters (TLD). Other do sim e -
ters based on dif fer ent de tec tor types, such as op ti cally
stim u lated do sim e ters (OSLD), pho to graphic film,
radiophotoluminescent do sim e ters (RPLD) or electret
ion cham bers are also used [4-8].

The TLD are used in many sci en tific and ap plied
fields such as ra di a tion pro tec tion, med i cine or en vi -
ron men tal and space re search. The use of TLD in the
en vi ron men tal mon i tor ing programmes started in
1960 when highly sen si tive TLD had be come avail -
able. Ini tially, the ob jec tive of the en vi ron men tal mon -
i tor ing was to mea sure long-term ac cu mu lated dose
over the pe riod of 3-6 months at large num ber of
places dis trib uted across the en vi ron ment. How ever,
with the de vel op ment of nu clear programmes, the
need to mea sure a short-term dose from man-made
sources of ra di a tion has emerged. Be sides out door
mea sure ments, pas sive do sim e ters are also used for
mea sure ments in in door en vi ron ments [9-11]. Many
de vel op ments in TLD ma te ri als and in TL read ers
(e.g., au tom a ti za tion) [12] have led to in creased use of
this type of do sim e ters in en vi ron men tal do sim e try.

Ac cord ing to The Eu ro pean Ra di a tion Do sim e -
try Group (EURADOS) sur vey con ducted within do -
sim e try ser vices in Eu rope, 83 % of the do sim e try sys -
tems are based on TL de tec tors (the most widely used
TL ma te ri als are LiF:Mg, Ti and LiF:Mg,Cu,P). The
RPLD is used by 7 %, OSLD by 3 %, fol lowed by di -
rect ion stor age (DIS) do sim e ters, CR-39 and fis sion
track de tec tors by 3 %, 2 % and 2 %, re spec tively [5].
The ba sic de mands for a TLD are good
reproducibility, low hygroscopicity, and high sen si tiv -
ity for very low dose mea sure ments or good re sponse
at high doses and in mixed ra di a tion fields [5, 13, 14].

Many en vi ron men tal TLD are based on the LiF
with dif fer ent dop ants, and as afore men tioned, the two 
of which are most com monly used: LiF:Mg,Ti and
LiF:Mg,Cu,P. The dif fer ent TLD ma te ri als are an a -
lyzed else where [15]. Ini tially, a LiF:Mg,Ti, was used,
as prob a bly the most stud ied and ex ploited TL ma te rial 
in ra di a tion do sim e try. The prog ress in TLD en vi ron -
men tal sys tems is mainly re lated to the im ple men ta -
tion of the tis sue equiv a lent high sen si tiv ity ma te rial
LiF:Mg,Cu,P [4, 16-18].

Al though the choice of the TL ma te rial has a ma jor
in flu ence on the mea sure ment re sults, the de sign of the
whole TL do sim e ter has a sig nif i cant role. The TL de tec -
tor be comes a TLD af ter plac ing it in an ad e quate marked 
holder with ded i cated fil ters the pur pose of which is to
es tab lish the sec ond ary charged par ti cle equi lib rium dur -
ing ir ra di a tion. Fil ters usu ally ab sorb the low en ergy ra -
di a tion and pro vide the ap pro pri ate mea sure ment of the
op er a tional dosimetric quan tity. More over, fil ters should
min i mize mea sure ment re sult's de pend ency to the an gle
and en ergy of in ci dent ra di a tion. In en vi ron men tal mon i -

tor ing, where long-term field ir ra di a tion is some times
car ried out un der ex treme cli ma tic con di tions, the holder
serves also to pro tect the de tec tor against UV/sun light,
hu mid ity, dirt and me chan i cal dam age [15]. In many
cases, do sim e ters de signed for in di vid ual mon i tor ing are
used for en vi ron men tal mon i tor ing with out fur ther
method mod i fi ca tion ex cept for cal i bra tion.

The use of TLD for de ter min ing the dose from
the pen e trat ing com po nents of en vi ron men tal ra di a -
tion re quires ex traor di nary ef forts in TLD mea sure -
ment sys tem cal i bra tion, do sim e ters han dling, read out
and data in ter pre ta tion with out which the in ferred av -
er age dose rates for the par tic u lar ex po sure pe riod em -
ployed will be es sen tially mean ing less [4, 5, 16, 19]. It
is im por tant, there fore, to ob tain mean ing ful mea sure -
ments and to dis tin guish in crease in ra di a tion dose
(i.e., the con tri bu tion from a nu clear fa cil ity) from that
due to nat u ral en vi ron men tal ra di a tion (back ground
ra di a tion) fluc tu a tions. In many cases, the con tri bu -
tion from nat u ral back ground is 10 times higher com -
pared to dose from a nu clear in stal la tion that needs to
be as sessed, thus fluc tu a tions in back ground must be
de ter mined ac cu rately, in or der to as sess the con tri bu -
tion from man-made sources of ra di a tion [20].

Over the de cades, ex ten sive in ves ti ga tions have
been made of the dif fer ent TLD sys tems' prop er ties
with an aim to re duce the over all un cer tainty of dose
mea sure ment caused by en vi ron men tal fac tors like
tem per a ture, hu mid ity, dust con tam i na tion, etc. [17, 21]

The quan ti fied re quire ments for TLD or other
pas sive do sim e try mea sure ment sys tems are out lined
in the IEC stan dard 62387 [22] where the type test pro -
ce dure is de scribed to gether with guide line for the sta -
tis ti cal anal y sis of the test re sults.

Ap par ently, na tional prac tices may sig nif i cantly
dif fer with re spect to the pe riod of mon i tor ing and per -
for mance cri te ria for en vi ron men tal do sim e try sys -
tems [5]. More over, gen eral guid ance or tech ni cal rec -
om men da tions for the use of TLD method for
en vi ron men tal mon i tor ing do not ex ist, nor the guid -
ance on how to im prove and adapt the in di vid ual mon -
i tor ing method (ad ap ta tion of hold ers, fil ters, de tec -
tors and spe cific steps) to use as en vi ron men tal
mon i tor ing method. There fore, the pro ce dures in -
volved in se lect ing, test ing and us ing a TLD sys tem
for en vi ron men tal dose mea sure ments and the in ter -
pre ta tion of these mea sure ments, dis cussed in this pa -
per, are based on the ex ten sive re view of the avail able
sci en tific data.

METHOD

The data pre sented in this pa per are com piled
from sci en tific pa pers and stan dards pub lished over
five de cades, in the pe riod from 1974 to 2021. In to tal,
63 ref er ences re lated to the sub ject of this pa per were
col lected. The re view is pre sented in the form of the
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nar ra tive re view, in which the col lated sci en tific in for -
ma tion is pre sented in a qual i ta tive man ner.

The rel e vant lit er a ture sources were iden ti fied by
us ing avail able sci en tific and gen eral search en gines and
re search pa per da ta bases, in clud ing: ScienceDirect,
Google Scholar, Scopus, Google Search etc. The key
words that were used in the search in clude:
thermoluminescent do sim e try, en vi ron men tal dose mon -
i tor ing, an neal ing, fad ing, read out, cal i bra tion, tran sit
dose, pre heat ing, fad ing etc. The key words were used
alone and in dif fer ent com bi na tions and vari a tions of the
key words. Ad di tional sources were iden ti fied by check -
ing the lit er a ture sec tion of the al ready iden ti fied pa pers,
and also in other ac tiv i ties of the Pre pared ness pro ject.

The in for ma tion that is in cluded in the fol low ing
sec tions has been se lected to give an swers to the ques -
tion which steps and mea sur ing pro ce dures are per -
formed by mea sur ing bod ies and ser vices for en vi ron -
men tal mon i tor ing us ing pas sive area do sim e ters, in
the first place in Eu rope but also in other parts of the
world. Some of the spe cific top ics that are dis cussed in
the fol low ing sec tions are an neal ing, heat ing rate, cal i -
bra tion, fad ing cor rec tion, mea sure ment un cer tainty,
com par i sons etc. The find ings were used to give a list
of rec om men da tions with the goal to help the stan -
dard iza tion of mea sure ment pro ce dures.

SOLID STATE DO SIM E TRY
BASED ON LU MI NES CENCE

The most of ten used solid state do sim e ters for
en vi ron men tal mon i tor ing are those based on
thermoluminescence (TL), radiophotoluminescence
(RPL), and op ti cally stim u lated lu mi nes cence (OSL)
mech a nisms. These three types of do sim e ters are
based on the prin ci ple that en ergy ab sorbed from ion -
iz ing ra di a tion and stored in de tec tors' ma te rial is re -
leased in a form of light (lu mi nes cence) by ex pos ing
them to heat (TLD), ul tra vi o let or vis i ble light (RPLD
and OSLD) [23, 24]. This re view is pre dom i nantly
con cerned with the TLD, whereas the OSL and RPL
do sim e ters are briefly dis cussed.

There are ma te ri als that could be used both as
TLD and OSLD. Alu mi num ox ide Al2O3:C has been
pro posed as a high sen si tiv ity TL de tec tor, show ing a
higher sen si tiv ity than LiF:Mg,Cu,P, though it is not
tis sue-equiv a lent and pres ents some im por tant draw -
backs such as the no tice able light in duced fad ing and
sen si tiv ity changes with heat ing rate. How ever, the
greater po ten tial of alu mi num ox ide is in its use as
OSL do sim e ter. Fur ther more, con sid er ing that OSLD
ob vi ates the ne ces sity to heat the de tec tor, the in stru -
men ta tion and con trol pa ram e ters are dras ti cally sim -
pli fied. This en ables pro duc tion of por ta ble OSL read -
ers. The pub lished study [4] sug gests that the Al2O3:C
as an OSL en vi ron men tal do sim e ter can eas ily mea -
sure doses around 1 µGy and no mea sur able fad ing has 
been ob served af ter 80 days at room tem per a ture.

The prin ci ple of RPL is ap plied to the glass do -
sim e ter. The sil ver ac ti vated phos phate glass ir ra di -
ated with ion iz ing ra di a tion emits lu mi nes cence when
ex posed to UV light. The main ad van tage that RPL
and OSL do sim e ters hold over the TLD is that while
lu mi nes cence cen ters of TLD dis ap pear by read out
pro cess mak ing the rep e ti tion of mea sure ment im pos -
si ble, RPL and OSL do sim e ters can be re peat edly read
[7, 25, 26]. Ad di tion ally, RPL sys tems do not re quire
any fad ing cor rec tion.

In stru ments that are made to stim u late and col -
lect lu mi nes cence from TL, RPL or OSL do sim e ters,
con vert ing it to dose value are called read ers. The
whole pro cess of ac quir ing sig nal from these do sim e -
ters is called read ing or read out. It is im por tant to note
that dose value can only be ob tained if a sys tem of the
reader and do sim e ters are work ing cor rectly, and con -
se quently we re fer to it as a do sim e try sys tem [22].

PROP ER TIES OF TLD SYS TEMS

Ide ally, the se lec tion of TL ma te ri als and the de -
sign of TLD sys tems should be made with the ob jec -
tive of op ti miz ing spe cific prop er ties of the sys tem.
Prop er ties with de scrip tion and in flu enc ing pa ram e -
ters are listed in tab. 1.

De tec tion thresh old

The de tec tion thresh old is de ter mined as the
low est dose that can be de tected with an ac cept able
con fi dence level, which is de fined as three times the
stan dard de vi a tion of the read ing at zero dose [14].
This value mea sured in a re search lab o ra tory un der
con trolled con di tions may be dif fer ent from the
thresh old en coun tered un der field con di tions.

Sen si tiv ity

The most ob vi ous ad van tage of LiF:Mg,Cu,P
arises from its high sen si tiv ity (up to 40 times more
sen si tive than LiF:Mg,Ti), in ad di tion to the other par -
tic u larly use ful TL char ac ter is tics (e. g. good en ergy
re sponse, in sig nif i cant fad ing and lack of su pra-lin -
ear ity). Ma te ri als like this per mit de tect ing doses in the 
µSv range and re duc ing the en vi ron men tal ex po sure
pe riod to about one day. How ever, there is no ideal ma -
te rial, thus the draw backs for LiF:Mg,Cu,P and high
sen si tiv ity TL ma te ri als are mainly de rived from the
prac ti cal tem per a ture limit for heat ing or an neal ing
that leads to the rel a tively high re sid ual sig nal.

Dose res o lu tion

The ca pa bil ity to dis tin guish dose res o lu tion be -
tween two dose val ues, which are very close, is also an
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im por tant fea ture. Dose res o lu tion is ob vi ously
closely re lated to the to tal un cer tainty of the sys tem.
There fore, a good sys tem should be able to de tect en -
vi ron men tal dose vari a tions of ±10 % in a con sis tent
way. This prop erty de pends very much on ther mal
treat ments and mon i tor ing pe riod. In this sense a
fast-cool ing rate af ter high tem per a ture an neal ing
(240 °C) has been sug gested to re duce loss of sen si tiv -
ity with re peated short mon i tor ing pe ri ods (e. g., one
week) [18].

Zero dose read ing

Zero dose read ing is the read out of re sults of
unirradiated do sim e ters, fol low ing an neal ing. The zero
read ing is re lated to sig nal due to de tec tor it self and its
pre vi ous ir ra di a tion and read out his tory as well as to the
dark cur rent from the photomultiplier. The typ i cal val -
ues of zero read ing for a range of dif fer ent do sim e try
sys tems in di cate that zero dose read ing ranges from 2 to
200 µSv for LiF ma te ri als and from 0.3 to 5 µSv for
CaF2 and CaSO4 sys tems [20, 28]. The vari abil ity of
zero read ing com po nents is quan ti fied by cor re spond -
ing stan dard de vi a tion of read out for ten days, in which
do sim e ters are re used. It has been dem on strated that
high val ues of zero read ing are pre dom i nantly re lated to 

the qual ity of de tec tors [20, 28]. There fore, im proved
dose mea sure ment at low dose range can be achieved by 
se lec tion of good qual ity do sim e ters.

Mon i tor ing pe riod

The TLD sys tem is com posed of TLD ma te rial, a 
TLD reader, a do sim e ter holder, a cal i bra tion and dose
cal cu la tion method, and stor age and/or de ploy ment
meth ods. If dif fer ent TLD sys tems are used over the
dif fer ent mon i tor ing pe ri ods at par tic u lar lo ca tion, it is
not ap pro pri ate to com pare such sys tems with out ac -
count ing for the po ten tial dif fer ences in re sponse [27]. 

En vi ron men tal TLD mon i tor ing pe riod, how -
ever, ranges nor mally from one month to one year and
there fore other fea tures such as self-dose, ther mal sta -
bil ity or sen si tiv ity changes with re-use are more im -
por tant than thresh old [18]. In fact, all steps of the
mea sure ment cy cle, such as an neal ing, pack age and
stor age, trans por ta tion, ir ra di a tion, read out and math -
e mat i cal eval u a tion in flu ence prop er ties and un cer -
tain ties of the do sim e try sys tem [15].

An ex am ple of four dif fer ent sys tems used for
en vi ron men tal mon i tor ing over de cades is pre sented
in the tab. 2.

The anal y sis of vari a tions in am bi ent dose ob -
served dur ing the de cades re vealed that trend does not
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Ta ble 1. Ba sic prop er ties of TLD sys tem (adopted from [14, 22, 27])

Prop erty De scrip tion

Zero dose read ing
(back ground)

Back ground is the low est read ing ob tain able from the ma te rial and is based on read out shortly af ter
an neal ing (with the as sump tion that the con tri bu tion from am bi ent ra di a tion is neg li gi ble). In fra red
sig nal and reader's photomultiplier tube (PMT) dark cur rent may be sig nif i cant con tri bu tors. When
ex pressed in units of a dose, this value will be largely a func tion of the sen si tiv ity of the ma te rial.

Sen si tiv ity

The amount of light out put per unit mass per unit dose. The light out put is usu ally ex pressed in terms
of the charge col lected by the photomultiplier. Sen si tiv ity for a given ma te rial is in flu enced by the
heat ing rates and the area of the glow curve that is in te grated for dosimetric pur poses. When only
sta ble peaks are used for dose de ter mi na tion, and/or post-ir ra di a tion an neal treat ments are used to
re duce fad ing, the sen si tiv ity may be sig nif i cantly re duced.

Reproducibility

Ex pressed as the stan dard de vi a tion of re peated read out val ues ob tained from the same de tec tor, when 
given the same dose. Reproducibility de pends to a large ex tent on read out equip ment and meth ods,
but also on the dose level. It is gen er ally better with lin ear heat ing and with non-con tact heat ing, such
as hot gas or in fra red heat ing. Reproducibility at dose lev els more than 10 times the zero dose will be
sub stan tially better than at dose lev els at or near the zero dose. Mon i tor ing pe riod should be se lected
in such way to en sure that the sig nal is sig nif i cantly higher than the zero dose read ing.

De tec tion thresh old Dose level that is sig nif i cantly dif fer ent from the back ground and can be re li ably de tected with the
given sys tem.

Lin ear ity De gree to which the ref er ence and mea sured dose val ues agree over the range of a dose for which
sys tem will be used.

Fad ing

Post-ir ra di a tion fad ing is loss of a sig nal with time af ter ir ra di a tion and pre-ir ra di a tion fad ing is loss
of sen si tiv ity be fore ir ra di a tion. Fad ing can be caused by ex po sure to light or heat, op ti cal fad ing and
ther mal fad ing, re spec tively. With proper an neal treat ment and read out meth ods, fad ing can be
con trolled, as well as with in tro duc tion of con trol do sim e ters.

En ergy de pend ence The de gree to which the thermoluminescence sig nal is di rectly pro por tional to the ref er ence value
over the range of ra di a tion en er gies in tended to be mea sured.

Light sen si tiv ity
The de gree to which the light in flu ences the re sponse of the TLD to the ion iz ing ra di a tion. Light can
in flu ence the TLD re sponse by pro duc ing its own sig nal or by re duc ing the sig nal caused by ex po sure 
to ion iz ing ra di a tion.

Mois ture sen si tiv ity The de gree to which mois ture in flu ences the re sponse of the TLD to the ion iz ing ra di a tion or the
de gree to which the ma te rial re sponds di rectly to mois ture.

An gu lar de pend ence The de gree to which the do sim e ter re sponse is de pend ent on the an gle of in ci dence of the ra di a tion.
An gle of in ci dence for ref er ence do sim e ter ori en ta tion is by con ven tion 0°

Dose res o lu tion The ca pa bil ity to dis tin guish two dose val ues which are very close



re flect an ac tual change in dose rates in the en vi ron -
ment, but rather a change in TL ma te ri als, shield ing, or
lab o ra tory prac tices dur ing these years.

Type-test

As a re sult of dif fer ent TLD sys tems hav ing dif -
fer ent re sponse, all pas sive in te grated sys tems in -
tended to mea sure dose equiv a lents H*(10), H'(3) and
H'(0.07) for en vi ron men tal mon i tor ing should be type
tested, ac cord ing to [22]. Be sides ra di a tion per for -
mance and the de sign re quire ments, the stan dard also
de fines re quire ments for soft ware, data and in ter face
of the do sim e try sys tem, as well as en vi ron men tal,
elec tro mag netic and me chan i cal per for mance re quire -
ments. Test ing of 12 pas sive do sim e try sys tems, in -
clud ing the lin ear ity, en ergy de pend ence, an gu lar de -
pend ence, reproducibility, sta tis ti cal un cer tainty and
re sponse to nat u ral ra di a tion, was re cently also per -
formed within the Pre pared ness pro ject [29].

ROU TINE PRAC TICES IN TLD
EN VI RON MEN TAL MON I TOR ING 

The use of TLD sys tems in in di vid ual mon i tor -
ing is well es tab lished and can be fur ther mod i fied to
ad dress the needs of en vi ron men tal mon i tor ing. The
mod i fi ca tion is based on the better con trol of the mon i -
tor ing pro cess and in flu enc ing fac tors that con trib ute
to the over all un cer tainty of dose mea sure ments. The
fol low ing el e ments of the mon i tor ing pro cess are con -
sid ered: batch uni for mity, an neal ing, fad ing re duc -
tion, do sim e ter cal i bra tion, and sys tem cal i bra tion.
Fur ther more, in rou tine mon i tor ing pro ce dure the fol -
low ing pa ram e ters have to be op ti mized in a per for -
mance test: tem per a ture and time of pre heat, heat ing

rate dur ing read out, tem per a ture and time of read out.
Pre heat (some times called post-ir ra di a tion an neal ing)
is used to elim i nate the low tem per a ture peaks of the
glow curve i. e., to re duce fad ing [15].

A choice of an ad e quate tem per a ture-time pro -
file (TTP) dur ing pre- and post-ir ra di a tion an neal ing
as well as dur ing the read out is im por tant be cause
these pa ram e ters in flu ence the glow curve struc ture
and the sen si tiv ity of the TLD [30]. It has been ob -
served that the ki netic pa ram e ters, E, and s in eq. (1)
are strongly de pend ent on the cool ing rate of the
pre-ir ra di a tion high tem per a ture an neal ing and the
heat ing rate dur ing the read out

p E kT= -se / (1)

where p is the prob a bil ity of an elec tron re lease from
the for bid den band to a con duc tive band per unit time,
s – the so-called fre quency fac tor, E – the ac ti va tion
en ergy, k – the Boltzmann's con stant, and T – the ab so -
lute tem per a ture.

For ex am ple, glow peaks of the LiF:Mg,Ti un -
dergo an im por tant mod i fi ca tion fol low ing post-ir ra -
di a tion an neal ing at 165 °C, which de pends on the pre -
heat time [15, 31]. A sim i lar shift in glow peaks of
LiF:Mg,Cu,P with in creas ing heat ing rate to the tem -
per a ture range where ir rep a ra ble dam age takes place
has been dem on strated. Much the same ef fect was ob -
served in Al2O3:C, and, there fore, these ma te ri als have 
lim ited use with en vi ron men tal mon i tor ing read ers
with fast heat ing rate [15, 32, 33].

For ex am ple, Omanware et al. [34] in ves ti gated
the ef fect of heat ing rate by heat ing a sam ple made of
LiF:Mg,Cu,P and LiCaAlF6:Eu at dif fer ent heat ing
rates, from 2 °C per second to 20 °C per sec ond. Not
much loss in TL in ten sity was ob served at dif fer ent
heat ing rates. How ever, the main glow peak shifts
from 220 °C to 232 °C grad u ally, with the in crease in
the heat ing rate [34].
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Ta ble 2. Some pa ram e ters of en vi ron men tal do sim e try sys tems (adopted from [27])

De sign 1 De sign 2 De sign 3 De sign 4

TLD CaF2:Dy (TLD-200) CaF2:Mn (TLD-400) 7LiF:Mg,Ti (TLD-700) 7LiF:Mg,Ti (TLD-700)

An neal pro ce dure
(pre-ir ra di a tion)

Oven an neal:
1 h at 400 °C
2 h at 100 °C

Oven anneal:
1 h at 400 °C
2 h at 100 °C

Reader an neal:
2 read cy cles

20 s at 300 °C × 2
Oven an neal:
16 h at 80 °C

Reader an neal:
1 cy cle 39 s

(14 s at 300 °C)
Oven anneal:
16 h at 80 °C

An neal pro ce dure
(post-ir ra di a tion)

Oven an neal in cap sule:
15 min at 80 °C None Oven an neal:

30 min at 80 °C None

Read out pro ce dure
Pre heat pan to 90 °C

for 10 s
90-275 °C/15 s

Lin ear heat ing:
25-150 °C/2 s

150-325 °C/18 s
in te grate glow:

150-280 °C

Oven an neal:
30 min at 80 °C

Read out:
20 s at 300 °C

In te grate glow 20 s

Lin ear heat ing:
50-300 °C/25 s

300 °C/8 s
In te grate glow

15-30 s
(150-300 °C)

Ap prox i mate
de tec tion threshold 0.01 mSv 0.001 mSv 0.01 mSv 0.01 mSv

Field cy cle Monthly Monthly Quar terly Quar terly

Post ir ra di a tion fading est. at ~12% in 4 weeks 20 % in 4 weeks 20 % in 4 weeks 15 % per year

Fade cor rec tion ap plied NA 10 % monthly None 5 % quar terly



In prac tice, a heat ing rate of 10 °C per sec ond is
con sid ered to be ad e quate. In gen eral, prop er ties of the
read ing cy cle de pend on the type of de tec tor. An ex am ple 
of pa ram e ters used dur ing the read out pro cess is given in
tab. 3.

Batch uni for mity – de tec tor se lec tion

Sen si tiv ity of in di vid ual de tec tors within a batch
is vary ing due to non-uni for mity in TL crys tal. The pa -
ram e ter – rel a tive stan dard de vi a tion from ten rep re -
sen ta tive de tec tors ir ra di a tion to a se lected dose may
be used to char ac ter ize this ef fect. The re sults of as -
sess ment of this ef fect in di cate that vari a tion within a
same batch is typ i cally 10 %, but can reach even 18 %
[20, 28]. The care ful se lec tion of de tec tors or ap pli ca -
tion of in di vid ual sen si tiv ity cor rec tion fac tors to each
de tec tor may re duce this vari a tion to about 1 %. On the 
other hand, for RPL de tec tors (type FD-7) batch uni -
for mity ex pressed as co ef fi cient of vari a tion of the in -
di cated  dose  value  var ied  be tween 0.013 and 0.037
in  10  mea sure ment  cy cles [26]. The reproducibility
of do sim e ters in 10 mea sure ment cy cles was less than
2.7 % [26, 35]. Ac cord ing to [22] batch uni for mity is
ex pressed  by co ef fi cient of vari a tion (CoV) and the
ac cep tance val ues are max 15 % for doses lower than
0.1 mSv, and 5 % for doses higher or equal to 1.1 mSv.

An neal ing

An neal ing is an es sen tial pre-ir ra di a tion heat
treat ment pro ce dure uti lized to achieve re pro duc ible
re sults. High tem per a ture an neal ing is re quired in or -
der to main tain the char ac ter is tics of a TLD (shape of
the glow curve, sen si tiv ity, back ground sig nal) af ter
re peated ir ra di a tions. In par tic u lar, proper se lec tion of
an neal ing tem per a ture is im por tant in or der to get the
high est TL sen si tiv ity and to elim i nate the ef fects of
the pre vi ous ir ra di a tions. It is also very much use ful to
avoid high tem per a tures that may re sult in per ma nent
loss of TLD sen si tiv ity [34].

The an neal ing pro ce dure de vel ops in the fol low -
ing way: the de tec tor is heated and kept at a given tem -
per a ture for a cer tain time, af ter which it is cooled with
a con stant cool ing rate to am bi ent tem per a ture. Fac -

tors as heat ing and cool ing rate, as well as the an neal -
ing tem per a ture have sig nif i cant im pact on the shape
of the glow curve. There fore, it is im por tant that all de -
tec tors within a batch are an nealed un der the same
con di tions. There has been an ex ten sive re search of
the heat treat ment ef fect on the prop er ties of LiF:
Mg,Ti do sim e ters that shows the im por tance of an -
neal ing [15, 35-37]. For ex am ple, the in ves ti ga tion of
dif fer ent an neal ing re gimes of LiF:Mg,Ti de tec tor, in -
clud ing heat ing at 400 °C fol lowed by: slow cool ing,
fast cool ing or 20 second read out pro cess with out high 
tem per a ture an neal ing, re vealed that fast cooled re -
gime main tains the in teg rity in the best way, in terms of 
sen si tiv ity. The re gime with out an neal ing dem on -
strated sen si tiv ity change less than 10 % for 25 cy cles.
This in di cated that in sit u a tion when sen si tiv ity is the
only pa ram e ter of in ter est, sig nif i cant amount of time
can be saved, us ing this re gime [37]. In [34] it was
dem on strated that an neal ing at 240 °C in the TL reader
was suf fi cient to re store the orig i nal TL sen si tiv ity of
the LiF:Mg,Cu,P (MCP) and to re move the pre vi ous
dose. Heat ing in the oven at any higher tem per a tures
re duces the out put of this type of de tec tor.

Fad ing re duc tion

Fad ing, a spon ta ne ous loss of the sig nal or the
sta bil ity of do sim e ters out put sig nal un der var i ous cli -
ma tic con di tions as a func tion of time, is very im por -
tant in the en vi ron men tal mon i tor ing since in the en vi -
ron ment mostly long-term, out door ex po sures are the
sub ject of the in ves ti ga tions [15, 26, 38]. The am bi ent
tem per a ture can reach 60 °C, which may cause a loss
of sig nal within the TLD ma te rial. The fad ing of the
TLD var ies sig nif i cantly for dif fer ent TLD ma te ri als,
as a func tion of tem per a ture and ir ra di a tion time. It has 
been dem on strated that fad ing can be re duced through
op ti mized read out pro cess and by se lec tion of suit able
an neal ing and post-ir ra di a tion treat ment [15, 20, 28,
38]. 

The fad ing de pends on the chem i cal com po si tion
of the de tec tor and the dop ants, the crys tal struc ture, the
ther mal treat ment dur ing eval u a tion (pre-ir ra di a tion an -
neal ing, post-ir ra di a tion an neal ing/pre heat, heat ing
rate), and on the cli ma tic and light con di tions dur ing ex -
po sure. As tem per a ture is of ut most im por tance in
thermoluminescent do sim e try, the am bi ent tem per a ture 
of the en vi ron ment in which the TLD is de ployed has a
pro found ef fect on its re sponse, with higher tem per a -
tures re sult ing in higher pre- and post-ir ra di a tion fad ing 
rates. Ac cord ingly, it has been ob served that fad ing is
more pro nounced in sum mer months [39]. Ac cu rate
cor rec tion for tem per a ture ef fects is dif fi cult to make. In 
prac tice, high tem per a ture fad ing dur ing sum mer
months can be min i mized by proper de sign of do sim e -
ters, whereas knowl edge of fad ing de pend ence on the
an neal ing pro ce dures can fur ther re duce the un cer tainty 
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Ta ble 3. The ex am ple of pro ce dure's pa ram e ters
for dif fer ent TL ma te ri als (adopted from [14])

LiF:Mg,
Cu, P

LiF:Mg, Ti,
CaSO4:Dy

Pre heat ing tem per a ture [°C] 100 50

Pre heat ing time [s] 12 5

Pre heat ing speed [°Cs–1] 8 10

Max heat ing tem per a ture [°C] 240 350

Ac qui si tion time [s] 20 30

An neal ing tem per a ture [°C] 240 350



of mea sure ment [39]. It has been dem on strated that ac -
cu racy of mea sure ment can be im proved by cor rect ing
the ac tual field do sim e ters' re sponse due to fad ing, dur -
ing the mon i tor ing pe riod, by us ing con trol do sim e ters
at rep re sen ta tive point in the en vi ron ment. These do -
sim e ters should be ex posed to the same en vi ron men tal
con di tions and am bi ent tem per a ture pro file dur ing
mon i tor ing pe riod. 

The fad ing cor rec tion can be car ried out in dif fer -
ent ways. One pos si bil ity is a 24 hours stor age be fore
read ing of cal i bra tion and field do sim e ters, dur ing cal i -
bra tion pro ce dures. In most cases the fad ing curves de -
crease ex po nen tially in the first 24 (or 48) hours and
later be come lin ear. An other method is the ther mal
clean ing pro ce dure, i. e., pre heat to elim i nate the low
tem per a ture peaks [15]. An ab sence of fad ing is re -
ported for the LiF:Mg,Cu,P de tec tors over a pe riod of
15 days [34]. Ta ble 4 pres ents the fad ing of var i ous do -
sim e ters pre vi ously stored 24 hours af ter ir ra di a tion.

Fur ther more, the ef fect of read out and post ir ra -
di a tion treat ments are avail able in the lit er a ture [15,
20, 28, 40-42]. The post ir ra di a tion treat ment may
have an im pact on the fad ing prop er ties of the TLD. It
has been dem on strated that tem per a ture-de pend ent
fad ing, in par tic u lar for LiF, is in de pend ent of the time
of ir ra di a tion within the mon i tor ing pe riod of 100
days. The sim ple glow curve struc ture of LiF:Mg,
Cu,P, when read with pre-heat at 165 °C, of fers a neg li -
gi ble fad ing in an ex tended pe riod up to four months
and great re us abil ity of over 1000 uses [16]. There -
fore, spe cial at ten tion should be paid to the han dling of 
this type and do sim e ters alike [4, 16, 18].

Sev eral well-con ducted stud ies [43-46] have in -
ves ti gated the pre-ir ra di a tion and post-ir ra di a tion fad -
ing rates of LiF:Cu,Mg,P. These stud ies have re ported
the ex po nen tial de cay of third glow curve peak both
be fore and af ter an ir ra di a tion and an in crease in the to -
tal area of fourth peak dur ing pre- and post-ir ra di a tion
fad ing [43, 45]. The peak four has been shown to have
a high ther mal sta bil ity and fades in de pend ently of the
tem per a ture whereas the low tem per a ture peaks de cay
ex po nen tially and are strongly de pend ent on tem per a -
ture [43]. The to tal TL out put has been re ported to
post-ir ra di a tion fade up to 26 % [46]. The peak area ra -
tios in volv ing lower tem per a ture peaks were found to
de crease more quickly than those in volv ing higher
tem per a ture peaks. These re sults in di cate that pre-ir ra -

di a tion fad ing rep re sents a true TLD sen si tiv ity
change be fore ir ra di a tion, which oc curs as in de pend -
ent of any back ground ra di a tion dose that may be pres -
ent dur ing stor age be fore ir ra di a tion.

The in di vid ual peak fad ing of CaF2:Dy was es ti -
mated to be 25 % in one month with out any post-ir ra -
di a tion treat ments. Ap ply ing a post-ir ra di a tion an -
neal ing (pre heat ing) of 80 °C for 10 minutes re moved
the  lower  tem per a ture peaks, re duc ing the fad ing to
13 % in the first month. When the glow curve for
CaF2:Dy was  treated  as  be ing  com prised of two
main peaks, 45 % and 12 % fad ing in the peak ar eas in
35 days at room tem per a ture was re ported [47].

A sim ple method that avoids the need of a fad ing
cor rec tion for LiF:Mg,Ti was pro posed by Weinstein
et al. [40]. The method is based on lo cat ing the chan nel 
with the peak max i mum and in te grat ing the counts in a
de fined re gion around this chan nel (not the whole
peak area). Sachar and Horowitz [41] showed an ex -
qui sitely com plex time-de pend ent re sponse of the
peak 4 and 5 in TLD-100. Peak 4 grows at the be gin -
ning of stor age and be gins to de cay only af ter sev eral
months, while peak 5 de cays rap idly from the be gin -
ning. Peaks 4 and 5 have a yearly fad ing of about 8 %
when not mea sured sep a rately. This in di cates the very
com plex back ground of the fad ing, re quir ing a more
de tailed anal y sis in or der to se lect an ad e quate fad ing
cor rec tion among many pro posed. The dif fer ences in
the sta bil ity of the var i ous peaks could be use ful in es -
ti mat ing the time be tween ex po sure and read out [15].  

An other study [43] in ves ti gated the ther mal sta -
bil ity of LiF:Mg,Cu,P com pared to the more tra di -
tional LiF:Mg,Ti at 40 °C and 70 °C, to eval u ate the
rel a tive im por tance of the tem per a ture/stor age in -
duced ef fects on ei ther traps or trapped charges. The
ob tained re sults con firm that, for both va ri et ies of LiF
phos phor, the pro cess af fect ing their re spec tive main
dosimetric peaks is not fad ing. On the con trary, the ob -
served vari a tions in the TLD re sponse should be ad -
dressed to the mod i fi ca tions ex pe ri enced by the trap
sys tem dur ing stor age. In the case of LiF:Mg,Cu,P the
higher  ther mal sta bil ity ex hib ited by this ma te rial at
40 °C and 70 °C sug gest that the sen si tiv ity cor rec tion,
so im por tant for LiF:Mg,Ti, may not be needed. This
fact, along with the use of unannealed do sim e ters, is
fea si ble with this ma te rial. The long-term mea sure -
ments of fad ing showed that the fad ing ef fect for RPL
do sim e ters is less than 1 % for pe riod of 30 days. The
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Ta ble 4. Fad ing of var i ous do sim e ters pre vi ously stored 24 hours af ter ir ra di a tion (adopted from [15])

De tec tor type

LiF:Mg,Ti 
(TLD-100)

7LiF:Mg,Ti 
(TLD-700)

7LiF:Mg,Cu,P
(TLD-700H)

MgB4O7:Dy CaF2:Mn

Post-ir ra di a tion pe riod [d] Dose [mGy] Fad ing [%]

14 2 0* 1* 1* – –

21 200 – – – 10* 8

30 0.2 – – – 18 5

* in di cate post-ir ra di a tion an neal ing at 100 °C for 20 minutes



RPL do sim e ter sys tems are in sen si tive to am bi ent tem -
per a ture and hu mid ity and do not re quire any fad ing
cor rec tion [7, 25, 28, 35]. On the other hand, sim i larly
to TLD, OSLD also ex hib its fad ing that could be
nearly as much as 70 % af ter 30 days from the ir ra di a -
tion [48], ma te rial de pend ent. This can be cor rected by 
op ti cal pre-read ing treat ment and min i mized to a few
per cent.

Do sim e ter batch cal i bra tion

The cal i bra tion of do sim e ters is per formed us ing
ref er ence do sim e ters, for ex am ple af ter the field cy cle
and be fore read out [28]. Do sim e ters that were stored or
used can be an nealed be fore cal i bra tion. The trans fer of
trapped elec trons from deep to shal low traps re sults in
an in creased re sponse of an nealed do sim e ters, fol lowed 
by tem per a ture de pend ent fad ing. Nev er the less, the ap -
pli ca tion of an neal ing tech nique al lows re sponse rel a -
tively in de pend ent of the stor age time. For the cal i bra -
tion of do sim e ters with out an neal ing, one should use
the ref er ence do sim e ters with the same an neal ing and
ther mal treat ment as field do sim e ters. These ref er ence
do sim e ters should be also stored at mea sure ment lo ca -
tions, dur ing mon i tor ing pe riod un der same con di tions
as the field do sim e ters [20]. If field do sim e ters are an -
nealed, the ref er ence do sim e ters may be an nealed at any 
time be fore the read out, pro vided that an neal ing tech -
nique is well es tab lished. Both ap proaches en sure that
the ref er ence do sim e ters have same fad ing prop er ties as 
field do sim e ters. This elim i nates need for fad ing cor -
rec tion. Ap pro pri ate cal i bra tion tech nique should be es -
tab lished for each do sim e try sys tem used for en vi ron -
men tal mon i tor ing ow ing to the dif fer ences in de tec tor
types and read out pro ce dure [20]. Ac cord ing to [15], as
pre vi ously noted, the an neal ing is very im por tant and
should be ad justed to var i ous de tec tors. The pre-ir ra di a -
tion an neal ing pa ram e ters and ef fect on TLD re sponse
and long-term sta bil ity for LiF:Mg,Ti, CaF2:Tm,
CaSO4:Dy, Al2O3:C, LiF:Mg,Cu,P, LiF:Mg,Cu,Na,Si
are given else where [15, 49-55].

Sys tem cal i bra tion pro ce dure

A do sim e try sys tem can be gen er ally used for en -
vi ron men tal mon i tor ing only if com bi na tion of do sim -
e ter, reader and mon i tor ing pro ce dure has been op ti -
mized. In case of the long term ex po sure in the
en vi ron ment [28], it is sug gested that the re peated cal i -
bra tions of the sys tem and as sess ment of the re lated
un cer tainty bud get should be car ried out for each field
cy cle. A do sim e ters batch is di vided into sev eral dif -
fer ent sets for the cal i bra tion and con trol of the sys tem, 
as shown by the ex am ple in tab. 5. These sets are used
for as sess ment of reader's cal i bra tion fac tors, zero
dose read ing of the batch, the ac tual fad ing, tran sit ex -
po sure and field mea sure ment.

Both ref er ence (con trol) and field do sim e ters are 
pre pared or an nealed to gether be fore use and later,
eval u ated af ter mon i tor ing pe riod. 

Ir ra di a tions of cal i bra tion do sim e ters should be
per formed in ref er ence fields es tab lished ac cord ing to
ISO 4037:2019 stan dard [56]. The most fre quently
used ra di a tion qual i ties are S-Cs and S-Co. If the field
is known at the place of the mea sure ment, the cal i bra -
tion could be done with the qual ity that has sim i lar
mean spec trum en ergy. Thus, it is rec om mended in
[57, 58] that cal i bra tion should be done in pho ton
fields, pref er a bly in a sealed 226Ra source.

Al though [28] sug gests fre quent cal i bra tion pro -
ce dures, this is not fea si ble for many lab o ra to ries due to
high cost of do sim e ter ir ra di a tions in fa cil i ties that are
trace able to pri mary do sim e try stan dards. Be sides the
cost is sue, the lo gis tics of send ing/re ceiv ing the do sim -
e ter to/from ir ra di a tion fa cil i ties could be de mand ing,
and even could in tro duce new in flu enc ing fac tors for
dose es ti ma tion (i. e., trans port dose for con trol do sim e -
ter). The tech ni cal rec om men da tions pub lished for per -
sonal mon i tor ing [59] sug gest that reader cal i bra tion
should be done reg u larly, ev ery two years, and do sim e -
ter cal i bra tion should be done also in ev ery two years or
ev ery ten read outs (which ever co mes first). It is sug -
gested that if this cal i bra tion pe riod is ap plied, more fre -
quent pe ri odic per for mance test should be car ried out,
not nec es sar ily by uti liz ing ref er ence ir ra di a tion fields.

MEA SURE MENT MODEL

The math e mat i cal, mea sure ment, model is a
func tion be tween in put and in flu ence quan ti ties, and
the out put quan tity. The model can vary de pend ing on
the TLD sys tem and the dosimetrist's knowl edge
about its prop er ties and in flu enc ing quan ti ties. An ex -
am ple of a mea sure ment model is given be low.

The field dose, D1, is cal cu lated from the re sults
of read out of field do sim e ters A(F1) [28], as

{ }
D NC C C

A F A T C A F A T
1

1 1

= ×

× - - -
E b f

tu u u( ) ( ) ( ) ( )
(2)
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Ta ble 5. Sets of TLD and RPL do sim e ters of the same batch
for the cal i bra tion of do sim e try sys tem for the read out of
field do sim e ters (adopted from [28])

Num ber of
do sim e ters Purpose

TLD RPL

Ref er ence/con trol
do sim e ters (5 sets)

10 3 Cal i bra tion

10 3 Zero dose read ing

3 – Zero dose cor rec tion
for cal i bra tion fac tor

3 – Fad ing (ex posed
at field lo ca tion)

3 3 Tran sit dose

Field do sim e ters

3 2
Dose mea sure ment

at lo ca tions
(1, 2, 3,… n)

2 2

  M M

2 2



where D1 is ac cu mu lated dose from the set of field do -
sim e ters F1 at lo ca tion 1 af ter the mon i tor ing pe riod,
A(F1) and A(T) – the mean read ings of the field do sim e -
ters and tran sit do sim e ters af ter the mon i tor ing pe riod,
re spec tively. Au(F1) and Au(T) – the mean read ings be -
fore the mon i tor ing pe riod (zero dose read ings), and CE, 
Cb, Cf, and Ctu, cor rec tion fac tors for the pho ton en ergy
– E, an gu lar re sponse – b, fad ing – f, and time de pend -
ent cor rec tion of the cal i bra tion fac tor N for the read ing
of the unirradiated do sim e ter – tu. These cor rec tions ac -
count for any vari a tions com pared to ir ra di a tion pa ram -
e ters dur ing cal i bra tion. The cal i bra tion fac tor, N, is re -
lated to the mean read ings of the con trol sets for
cal i bra tion, s, and zero read ing, u, af ter ir ra di a tion with
ref er ence dose, Dr, ac cord ing to

N
D

A s A u
=

-
r

( ) ( )
(3)

The mea sure ment un cer tainty is de rived from
the mea sure ment model equa tion eval u a tion. 

Fac tors con trib ut ing to the
un cer tainty bud get

Over all fac tors contributing to the un cer tainty bud -
get are field dose read ing, sys tem cal i bra tion, in di vid ual
de tec tors sen si tiv ity, fad ing cor rec tion, reader sta bil ity,
trans port/tran sit dose, zero dose, en ergy de pend ence, an -
gu lar de pend ence, light and hu mid ity im pact, long-term
sta bil ity, etc. The ma jor ity of them, as in flu enc ing quan ti -
ties,  are  shown  in  eqs.  (2)  and  (3)  [28].  The  in flu ence 
of ap pro pri ate cal i bra tion qual ity is un der lined in [58]. In
the most re cent study [60], a de tailed anal y sis of mea sure -
ment un cer tainty for pas sive do sim e try sys tems was per -
formed and a few con clu sions were drawn:

– de tec tion lim its were cal cu lated to vary be tween
51 mSv per month and 86 mSv per month,

– the four par tic i pat ing lab o ra to ries had sub stan tial
dif fer ences and only a few conformances in their meth od -
ol o gies in clud ing that no one from par tic i pants used cor -
rec tion for non-lin ear ity, sig nal fad ing and en vi ron men tal
in flu ences, and

– the un cer tainty of mea sure ments in emer gency sit -
u a tions (short mea sure ment pe riod) is rel a tively high at
low dose rate lev els and the use of more de tec tors for each
do sim e ter would re duce the fi nal un cer tainty.

Fail ing to iden tify one or more sig nif i cant
sources of un cer tainty will cause the un der es ti ma tion
of the com bined un cer tainty of mea sure ment. There -
fore, a thor ough anal y sis of the mea sure ment sys tem
and pro ce dure needs to be per formed. For an ad e quate
un cer tainty anal y sis, data on metrological prop er ties
of the de tec tors are also needed, such as the data avail -
able in the re cent study on twelve pas sive do sim e try
sys tems [29]. Of course, only the data for the spe cific
pas sive do sim e try sys tem can be used for un cer tainty
eval u a tion.

Rel a tive em pir i cal stan dard de vi a tion
of a sin gle read out

The cal cu la tion of rel a tive em pir i cal stan dard
de vi a tion of a sin gle read out is ex plained else where
[20, 28]. With re spect to the pre ci sion of mea sure -
ments in the low dose range, one can use re la tion ship
be tween em pir i cal rel a tive stan dard de vi a tion and
dose curve to in di cate which pa ram e ters are sig nif i -
cant for the un cer tainty of the do sim e try sys tem. The
rel a tive em pir i cal stan dard de vi a tion de pends on dose
dif fer ently, de pend ing if in di vid ual de tec tor cal i bra -
tion or batch cal i bra tion was used, which TTP was
used for the read out or if zero dose cor rec tion was
used.

IN TER PRE TA TION OF THE
MEA SURE MENT RE SULTS

As men tioned in the In tro duc tion, the to tal dose
mea sured in the en vi ron ment de pends on many fac tors 
and has sev eral con tri bu tors. In ad di tion to nat u ral ra -
di a tion, the con tri bu tion from man-made ion iz ing ra -
di a tion sources should not be ne glected [15], or the
tran sit dose.

Nat u ral back ground

En vi ron men tal mon i tor ing aim is to es ti mate
vari a tion in nat u ral back ground and as sess any ad di -
tional dose from man-made sources of ra di a tion, dur -
ing a time pe riod and at dif fer ent lo ca tions. Hence, the
pre cise mea sure ment of nat u ral dose rate, &Dnat , is re -
quired to in ter pret the mea sure ment re sults. The min i -
mum and max i mum mon i tor ing pe riod should be
found in or der to pre cisely mea sure &Dnat .

A min i mum mon i tor ing pe riod, tmin, can be
found for each sys tem [28] from

D D tL nat= ×&
min (4)

where DL is min i mal dose mea sured with stan dard de vi a -
tion of 10 %, and &Dnat – the nat u ral back ground dose rate.

The max i mum mon i tor ing pe riod is lim ited by
find ing prop er ties of a do sim e ter. This pe riod can be
found by type-test pro ce dure given in [22]. The mon i -
tor ing pe riod should sat isfy the cri te ria tmin £  t £ tmax. If 
this is ful filled, zero dose read ing vari a tions are min i -
mized or more than two do sim e ters are used on site,
the &Dnat should be pre cisely mea sured with stan dard
de vi a tion of not more than 10 %.

Tran sit (trans port) dose

Tran sit dose con tri bu tions may vary in dif fer ent
ways, de pend ing on dis tance, trans por ta tion means and
po ten tial ad di tional ex po sures. The con tri bu tion from
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tran sit dose is more sig nif i cant in short mon i tor ing pe ri -
ods and can even ex ceed the con tri bu tion from nat u ral
back ground. Since high tran sit dose may re sult in
higher mea sure ment un cer tainty spe cial at ten tion
should be made to re duce any un nec es sary ex po sure by:
– shield ing dur ing trans port and stor age of do sim e -

ters,
– avoid ing long dis tances be tween a lab o ra tory and

the point of mea sure ment,
– avoid ing long stor age pe ri ods at the point of mea -

sure ment be fore use, or
– avoid ing long stor age pe ri ods be fore eval u a tion of 

do sim e ters.

Dose due to man-made sources

For the as sess ment of the dose con tri bu tion of
man-made sources, it is nec es sary to con sider sig nif i -
cant fluc tu a tions in the nat u ral back ground. These vari -
a tions are re lated to the time and space (dis tri bu tion of
nat u ral radionuclides) as well as to the cli ma tic and sea -
sonal ef fects. Nat u ral back ground is es ti mated us ing a
set of ref er ence do sim e ters, from sev eral cy cles in or der
to re duce un cer tainty. For sev eral short mon i tor ing pe ri -
ods, un cer tainty of mean value de creases with in creased 
num ber of mea sure ments, as 1/ m, where m is num ber
of mon i tor ing pe ri ods per year. For a dose of 0.01 mSv,
un cer tainty is 42 % for one month, but 12 % af ter 12
months, when ac cu mu lated dose is 0.12 mSv. In gen -
eral, the mon i tor ing pe riod may vary be tween 2 and 12
weeks for short term vari a tion mon i tor ing and from 3 to
12 months if long/term changes are to be mon i tored
[28].

The EURADOS WG 3 sur vey on use of pas sive
do sim e ters for en vi ron men tal mon i tor ing in 2013/14
[5] in ves ti gated the dose cal cu la tion meth ods in dif fer -
ent lab o ra to ries, tak ing into ac count that a dose can be
in flu enced by dif fer ent con tri bu tions, key el e ments of
the dose as sess ment meth od ol ogy are the con tri bu -
tions of the back ground dose and tran sit (trans port)
dose, e. g., the tran sit dose can ac count for up to 35 %
of the mea sured dose if the tran sit pe riod is long com -
pared to the mon i tor ing pe riod [5]. In ad di tion, de tec -
tor read ings are usu ally mul ti plied by many cor rec tion
fac tors. There fore, the sur vey was fo cused on the fol -
low ing el e ments: net dose cal cu la tion and ap plied
meth od ol ogy to mea sure/es ti mate the back ground
dose, tran sit dose cor rec tion and ap plied meth od ol ogy
to mea sure/es ti mate the dose con tri bu tions not re lated
to the ex po sure at the mea sur ing lo ca tion, fad ing or
cli mate cor rec tion meth ods, other ap plied cor rec tions
and over all mea sure ment un cer tainty. 

The par tic i pat ing lab o ra to ries re ported cal cu la -
tion of net doses (i. e., they sub tract the nat u ral back -
ground from the do sim e ter re sults) in about (30-50) %. 
Tran sit cor rec tions are ap plied in about 50 % of the
cases. About 40 % of do sim e try ser vices ap plied fad -
ing cor rec tions. Among ser vices which ap ply meth ods 

for fad ing cor rec tions, about half of them ap ply a fad -
ing or cli mate cor rec tion based on es ti mated val ues,
while ad di tional con trol do sim e ters are used in about
40 % of cases. Other cor rec tions are ap plied in 28 % of
the cases, spe cif i cally in di vid ual cor rec tion fac tors for
sin gle de tec tors and other cor rec tions tak ing into ac -
count lin ear ity and en ergy de pend ence [5].

PER FOR MANCE TESTS

The do sim e try sys tem re li abil ity and con sis tency
can be checked by reg u lar ex ter nal per for mance tests
[59]. There are sev eral types of per for mance tests:
blind, sur prise and an nounced as shown in tab. 6.

In a blind test, a do sim e try worker is un aware of
the test, and thus can not choose better do sim e ters or
take spe cial mea sures dur ing prep a ra tion and read out.
Dur ing a sur prise test a do sim e try worker is aware of
the test in terms that he can choose the do sim e ters but
can not take ex tra spe cial mea sures dur ing do sim e ters
read out, be cause he is su per vised.

Well pre pared per for mance tests are nec es sary to
en sure ac cu racy, to reach in ter na tional stan dards and to
im prove en vi ron men tal do sim e try meth ods. This can
also be achieved through in ter na tional intercomparisons
[57, 58, 61] as well through interlaboratory intercom par -
i sons [62, 63]. Intercomparisons pro vide unique op por -
tu ni ties to par tic i pants to check their cal i bra tion, the use
of dif fer ent cor rec tions and the meth ods of mea sure -
ments [15]. The es tab lish ment of these in ter na tional
intercomparisons al lows a broad ex change of ex pe ri ence 
and re view of avail able dosimetric sys tems. As a con se -
quence, the cal i bra tion and mea sur ing pro ce dures used
in par tic u lar lab o ra to ries, as well as the qual ity of the do -
sim e try sys tems em ployed could be im proved step by
step. In or der to achieve re al is tic re sults, it is im por tant
that these intercomparisons are or ga nized in the en vi ron -
men tal con di tions. An ex am ple of en vi ron men tal do sim -
e try intercomparison dur ing pro ject PRE PARED NESS
is given in [57], in which ref er ence sites for en vi ron men -
tal ra di a tion and sec ond ary cos mic ra di a tion are de -
scribed in de tail.

CON CLU SION AND
REC OM MEN DA TIONS

Var i ous pas sive do sim e ters, mainly TLD, are
used for en vi ron men tal mon i tor ing in Eu rope. There is
not much data about spe cific steps in the whole pro cess
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Ta ble 6. Per for mance tests

Test

Worker An nounced Not an nounced

Aware Intercomparison Sur prise

Un aware / Blind



of the en vi ron men tal mon i tor ing by us ing pas sive do -
sim e try sys tems. The pub lished sur veys and avail able
data rep re sent the main sources of in for ma tion about
dif fer ent mea sure ment sys tems that are in use, as well as 
the sta tis tics of the ap plied dose cor rec tion meth ods.
The mon i tor ing pro cess is very com plex due to many
in flu ence quan ti ties, some of which are the in trin sic
prop er ties of the sys tem, and the oth ers are con se -
quences of the cho sen mon i tor ing pro ce dures and steps.

In or der to over come the com plex ity of prob lem
re lated to en vi ron men tal mon i tor ing, sev eral ac tions
can be im ple mented, namely:

· se lect/use do sim e try sys tems with proven in trin -
sic prop er ties and with de tec tion limit ap pro pri ate
for the in tended use,

· con duct type tests for do sim e try sys tems that en -
sure that the re quire ments set by en vi ron men tal
mon i tor ing in ter na tional stan dards are met,

· ir ra di a tions of do sim e ters for sys tem cal i bra tion,
con trol or type-test should be done in ir ra di a tion
con di tions com pli ant with ISO 4037 stan dard se ries,

· min i mum and max i mum mon i tor ing pe riod
should be de fined and ap pro pri ate for the do sim e -
try sys tem that is cho sen,

· use a rep re sen ta tive set of con trol do sim e ters (to
cor rect for fad ing and ad di tional tran sit ex po -
sures),

· use more than two do sim e ters at each mea sure -
ment site,

· keep tran sit dose to a min i mum, by re duc ing tran -
sit time, stor age be fore use and stor age be fore
eval u a tion,

· iden tify all sig nif i cant con tri bu tions to mea sure -
ment un cer tainty, based on the spe cific mea sure -
ment pro ce dure that is used and based on the prop -
er ties of the TLD sys tem,

· es ti mate the mea sure ment un cer tainty as a func -
tion of dose, and con tin u ously im prove the knowl -
edge about the sys tem that is in use, and

· reg u larly par tic i pate in per for mance tests and
intercomparisons.

With ap pro pri ate choice of the do sim e try sys -
tem, in clud ing the de tec tor it self and read out pro cess a
wide dose range can be mea sured, in clud ing those rel -
e vant for en vi ron men tal ra di a tion do sim e try, where
low doses are of in ter est.

Fur ther work, based on the good un der stand ing
of the in flu ence fac tors on the ac cu racy of dose mea -
sure ments, is re quired to op ti mize and har mo nize TLD 
en vi ron men tal mon i tor ing pro ce dures.
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PREGLED  TERMOLUMINESCENTNOG  DOZIMETRIJSKOG  METODA
U  MONITORINGU  @IVOTNE  SREDINE

Pasivni dozimetri ~vrstog stawa, kao {to su termoluminescentni dozimetri, daju
integrisano merewe ukupne doze, i ~esto se koriste prilikom monitoringa ̀ ivotne sredine. Ciq
ovog rada je pru`awe sveobuhvatnog pregleda upotrebe metode termoluminiscentne dozimetrije u
monitoringu doze zra~ewa u ̀ ivotnoj sredini. U radu je predstavqen deo rezultata istra`ivawa u
okviru projekta PRE PARED NESS (EMPIR poziv 2016 za zajedni~ke istra`iva~ke projekte Metro-
logija za `ivotnu sredinu), sa specifi~nim ciqem harmonizacije procedura koje koriste dozi-
metrijski servisi, relevantna regulatorna tela i instituti {irom Evrope. Da bi se to postiglo
istra`ene su razli~ite mon i tor ing rutine zasnovane na pasivnim metodama dozimetrije. Anali-
zirane su razlike u izvo|ewu pojedinih koraka pri monitoringu kao {to su predgrevawe, o~i-
tavawe, brisawe, spontano gubqewe signala i drugi. Istra`ivawe je sprovedeno kvalitativnim
pregledom lit er a ture koji je pokazao nedostatak informacija o specifi~nim koracima. Zak-
qu~ak je da merni sistem baziran na termoluminescentnoj dozimetriji, koliko god bio slo`en,
mora imati ispitivawe tipa, kontrolni dozimetri treba da se redovno koriste, tokom kalibracije
treba da se prate standardi za ozra~ivawe Internacionalne organizacije za standardizaciju, i
pored ostalog, parametri koji uti~u na mernu nesigurnost moraju biti poznati i dobro razja{weni
kako bi se dobili ta~ni rezultati merewa doze.

Kqu~ne re~i: termoluminescentna dozimetrija, mon i tor ing u `ivotnoj sredini, brisawe,
.........................spontano gubqewe signala, o~itavawe, kalibracija, transportna doza


