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This pa per pres ents a com par i son per formed be tween two cal i bra tion lab o ra to ries in sev eral
ra di a tion qual i ties, us ing do sim e ters of vary ing qual ity as trans fer in stru ments. The goal of
this work was to in ves ti gate the vi a bil ity of us ing field-class do sim e ters for of fi cial com par i -
sons and to de ter mine if the cal i bra tion fac tors for field-class do sim e ters are com pa ra ble be -
tween cal i bra tion lab o ra to ries within the stated mea sure ment un cer tain ties.
The re sults of the com par i son were ac cept able for high-qual ity elec tronic per sonal do sim e ters 
in all ra di a tion qual i ties, and such do sim e ters could be used as trans fer in stru ments. On the
other hand, com par i son re sults for low-qual ity do sim e ters were of ten not ac cept able, ei ther
due to pro nounced en ergy de pend ence, low sta bil ity, or both. Such in stru ments are un re li able 
even un der well-de fined lab o ra tory con di tions, and their use in rou tine mea sure ments may
cause doubt in of fi cial data or in flu ence pub lic opin ion. This prob lem is of ten hid den be cause
many do sim e ters are cal i brated or ver i fied only in 137Cs beams, where the de vi a tions are the
small est. The larg est dif fer ences are found for low-en ergy X-ray ra di a tion qual i ties, where
many do sim e ters have sig nif i cant overresponse.
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IN TRO DUC TION

Op er a tional do sim e try is of great im por tance for
man ag ing ex ter nal ex po sures to ion iz ing ra di a tion.
Three op er a tional quan ti ties that were de fined in In ter -
na tional Com mis sion on Ra di a tion Units and Mea -
sure ments (ICRU) re port 51 [1] are rec om mended by
In ter na tional Com mis sion on Ra dio log i cal Pro tec tion
(ICRP) [2] and are used in most coun tries: per sonal
dose equiv a lent, am bi ent dose equiv a lent, and di rec -
tional dose equiv a lent. The first two are com monly
used for pho ton ra di a tion, which is the fo cus of this pa -
per, while the lat ter is used for weakly pen e trat ing ra -
di a tion.

Ra di a tion pro tec tion do sim e ters can be clas si fied
as ac tive (pro vide di rect read out) or pas sive (do not pro -
vide di rect read out and can op er ate with out a power
source), and are based on many dif fer ent tech nol o gies,
pro duc ing do sim e try data of dif fer ent qual ity [3]. Do sim -
e ter char ac ter is tics, such as the en ergy de pend ence of the
re sponse, greatly in flu ence the un cer tainty of op er a tional 

mea sure ments. Even though sev eral In ter na tional
Electrotechnical Com mis sion (IEC) stan dards give re -
quire ments for dif fer ent types of do sim e ters [4-6], which
in prac tice limit the un cer tainty, there are many do sim e -
ters in use that have in fe rior metrological prop er ties. In
some cases, do sim e ter re sponse vari a tions can be much
greater than the lim its of vari a tion de fined in the stan -
dards [7, 8]. This is partly due to the fact that the type test -
ing is a long and ex pen sive pro cess, and that com plete
ex ten sive type test ing is avail able only in a very small
num ber of spe cial ized fa cil i ties, e. g. Physikalisch-
Technische Bundesanstalt, Ger many [9], as well as that
type ap proval is not man da tory in all coun tries where ra -
di a tion pro tec tion do sim e ters are reg u larly used (e. g.
Ser bia or Bosnia and Herzegovina) or not man da tory for
all end-us ers (e. g. non-gov ern men tal net works). Many
coun tries re quire reg u lar cal i bra tions or ver i fi ca tions of
do sim e ters, which is of par a mount im por tance for qual -
ity as sur ance in op er a tional do sim e try, but cal i bra tions
are of ten per formed for one ra di a tion en ergy or a lim ited
range of en er gies.

In this pa per, the re sults of a com par i son of cal i -
bra tion fac tors for field-class do sim e ters are pre -
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sented. The com par i son was or ga nized in this way to
investigate two ques tions. First, are cal i bra tion fac tors
for field-class do sim e ters in dif fer ent lab o ra to ries
com pa ra ble, con sid er ing mea sure ment un cer tainty
and ap pro pri ate sta tis ti cal tests? This ques tion is es pe -
cially im por tant for low-qual ity do sim e ters and low
pho ton en er gies. Pos si ble dif fer ences in cal i bra tion
fac tors can cause doubt in cal i bra tion data.

Sec ond, can field-class do sim e ters be used as
trans fer in stru ments for com par i sons be tween cal i bra -
tion lab o ra to ries, and if yes, un der which con di tions?
Such com par i sons typ i cally use high-qual ity ion iza tion
cham bers as trans fer in stru ments, both for com par i sons
in terms of air kerma and terms of op er a tional quan ti ties
[10-13]. These com par i sons are long, ex pen sive, and
com pli cated, due to the use of sen si tive, bulky, and costly 
equip ment (ion iza tion cham bers and electrometers). The 
use of field-class do sim e ters would make the com par i -
sons be tween cal i bra tion lab o ra to ries eas ier and could
in crease the avail abil ity of com par i sons. To the best
knowl edge of the au thors, this is the first time that the re -
sults of such an ex er cise are pub lished.

SE LEC TION OF FIELD-CLASS
DO SIM E TERS

The se lec tion of do sim e ters for com par i son was
per formed to sam ple both high-qual ity and low-qual -
ity field-class do sim e ters. Do sim e ter qual ity is most
ap par ent by ex am in ing the en ergy de pend ence of the
re sponse. In this pa per, it was con sid ered that a do sim -
e ter is of high qual ity if it meets the re quire ments of the 
rel e vant IEC stan dard for the ex am ined prop erty and
that it is of low qual ity in case it does not meet the re -
quire ments.

Con sid er ing elec tronic per sonal do sim e ters
(EPD), sev eral stud ies have shown that most of them
ful fill the re quire ments of the IEC 61526:2010 stan -
dard [5] within a wide range of pho ton en er gies
[14-18]. This cor re sponds with the lim its of vari a tion
of the do sim e ter re sponse with a pho ton en ergy be -
tween +67 % and –29 %, com pared to the ref er ence ra -
di a tion qual ity – usu ally 137Cs (ra di a tion qual ity code
S-Cs [19]). These lim its of vari a tions ap ply to the
changes in both an gle and en ergy [5], but an gu lar de -
pend ence of do sim e ter re sponse is not ex am ined here.

The sit u a tion with am bi ent do sim e ters is dif fer -
ent: while many pro fes sional do sim e ters show good
per for mance, in com pli ance with the rel e vant stan -
dards, some of them ex hibit poor en ergy de pend ence
or fail other tests [20]. Some de tec tors used by end-us -
ers as am bi ent do sim e ters are pur pose-built for con -
tam i na tion mea sure ments or search for lost sources,
and dose in di ca tion (if avail able) is only of sec ond ary
im por tance [21]. Low-cost do sim e ters, which in most
cases have in fe rior metrological prop er ties (e. g.,
overresponse at low en er gies of sev eral hun dred per -

cent due to poor en ergy com pen sa tion) and are rarely
cal i brated or tested, are of ten used by lay men or in
non-gov ern men tal net works [7, 22]. Such un re li able
and un checked mea sure ment data are of ten avail able
on line to the gen eral pub lic and can cause un sub stan ti -
ated fear, which is es pe cially im por tant in case of ra -
dio log i cal or nu clear emer gen cies when con fi dence in
of fi cial data and de ci sions can be crit i cal. Low-cost
do sim e ters are some times also used by pro fes sion als,
as ev i denced by the cal i bra tion re quests re ceived by
the au thors of this study.

Fi nally, pas sive do sim e ters are used for both am bi -
ent and in di vid ual mon i tor ing. Ex ten sive tests on dif fer -
ent types of do sim e ters used by spe cial ized pro fes sional
tech ni cal ser vices have shown a sim i lar sit u a tion as with
ac tive do sim e ters: some do sim e ter types have  prop er ties
cor re spond ing with the stan dard re quire ments, while
oth ers can have in fe rior metrological prop er ties. In the
most ex treme case, an overresponse of more than 800 %
was re corded at low en er gies for thermoluminescent do -
sim e ters used as am bi ent do sim e ters [8, 23-25].

Based on the pre vi ous dis cus sion and based on
the avail able field-class do sim e ters and their man u fac -
tur ers' spec i fi ca tions, four field-class do sim e ters were
se lected: one EPD and one am bi ent do sim e ter which
meet IEC re quire ments [4, 5] re gard ing en ergy de -
pend ence (marked EPD and AD1 in the fol low ing
text), and two am bi ent do sim e ters that do not meet the
IEC re quire ments. One of the lat ter is oc ca sion ally
used by pro fes sion als in Ser bia, as ev i denced by the
au thors (marked AD2) and one is used in non-gov ern -
men tal net works (marked AD3). Pas sive do sim e ters
were not used for this com par i son. Ba sic in for ma tion
about the se lected do sim e ters is pre sented in tab. 1.

In ad di tion, an ion iza tion cham ber of the qual ity
typ i cally used for com par i sons was in cluded in the
com par i son (marked IC). The ra tio nale for in clud ing
the ion iza tion cham ber was to check whether the dis -
crep an cies be tween cal i bra tion fac tors for field-class
do sim e ters (if any) are due to the do sim e ters them -
selves or pos si ble er rors of the cal i bra tion lab o ra to ries
for one or more ra di a tion qual i ties.
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Ta ble 1. Field-class do sim e ters se lected for com par i son

Do sim e ter
Ref er ence
ra di a tion
qual ity

En ergy de pend ence of the re sponse
(man u fac tur ers' spec i fi ca tions)

EPD S-Cs
17 keV to 1.5 MeV, re sponse

de vi a tion ±20 %

AD1 S-Cs 60 keV-1.3 MeV, re sponse de vi a tion
be tween +67 % and –29 %*

AD2 S-Cs
De tects gamma ra di a tion from

30 keV**

AD3 N/A De tect able en ergy range:
0.1-3.0 MeV**

*  en ergy de pend ence is pro vided graph i cally in tech ni cal
    spec i fi ca tions, **no state ment re gard ing de vi a tions



METH ODS

The com par i son was per formed in two cal i bra -
tion lab o ra to ries, Vin~a In sti tute of Nu clear Sci ences
(VINS) and the In sti tute of Me trol ogy of Bosnia and
Herzegovina (IMBIH).

All cal i bra tions and tests were per formed ac -
cord ing to In ter na tional Or ga ni za tion for Stan dard iza -
tion (ISO) stan dard ISO 4037 [19, 26, 27]. The ion iza -
tion cham ber was cal i brated in terms of air kerma,
free-in-air. The elec tronic per sonal do sim e ter was cal -
i brated in terms of per sonal dose equiv a lent, us ing a
stan dard ISO slab phan tom. Am bi ent do sim e ters were
cal i brated in terms of am bi ent dose equiv a lent,
free-in-air.

En ergy de pend ence of do sim e ter re sponse was
in ves ti gated be fore the com par i son in VINS, in
collimated fields of 60Co (S-Co), 137Cs, and X-ray ra -
di a tion qual i ties from the N-se ries. The prop er ties of
the used ra di a tion qual i ties are pre sented in tab. 2.

Ra di a tion qual ity S-Co was not used for the
com par i son, be cause it was not avail able in both cal i -
bra tion lab o ra to ries. The cal i bra tions were per formed
first in VINS, then in IMBIH, and fi nally again in
VINS to check do sim e ter sta bil ity. The re sults of the
last cal i bra tion are marked "VINS2".

Field-class do sim e ters were cal i brated us ing
meth ods that are rou tinely used for such equip ment in
re spec tive lab o ra to ries. In the case of 137Cs, both lab o -
ra to ries used a ref er ence radionuclide source unit
(known ra di a tion field cal i bra tion method) [28], i.e.,
sources are cal i brated us ing a sec ond ary stan dard and
ref er ence val ues are cal cu lated tak ing into ac count
source de cay and cal i bra tion dis tance. In the case of
X-ray ra di a tion qual i ties, IMBIH used the sub sti tu tion
method with out a mon i tor cham ber, and VINS used a
ref er ence mon i tor cham ber (i.e., the mon i tor cham ber
is cal i brated by us ing a sec ond ary stan dard for spec i -
fied source-de tec tor dis tance and field size) [28].

The ion iza tion cham ber was cal i brated us ing the
sub sti tu tion method [28], which is used in of fi cial
com par i sons and which pro vides the best mea sure -

ment un cer tainty. The third cal i bra tion of IC was per -
formed in VINS us ing the meth ods for field-class do -
sim e ters, to check if there is a sig nif i cant dif fer ence
be tween the sub sti tu tion method and meth ods used for
field-class do sim e ters (other than the in creased mea -
sure ment un cer tainty). Meth ods used for field-class
do sim e ters rely on sev eral ap prox i ma tions and pre -
sump tions (dose rate is as sumed to fol low in verse
square law, scat tered ra di a tion is ne glected, spec tral
changes with dis tance are ne glected, and good
reproducibility of the setup is as sumed…). A com par i -
son of the cal i bra tion re sults ob tained for IC in the first
and sec ond cal i bra tion in VINS checks the va lid ity of
these as sump tions and there fore checks if the cal i bra -
tion meth ods are im ple mented cor rectly.

One dose rate was cho sen for each field-class do -
sim e ter in the part of the mea sure ment range where good
mea sure ment sta tis tics can be achieved, but no sig nif i -
cant non-lin ear ity is no ticed. The dose rate was kept as
con stant as pos si ble for all ra di a tion qual i ties and in all
three cal i bra tions.  Small  de vi a tions from the se lected
dose rate  are  not ex pected to in flu ence the over all con -
clu sions of the com par i son ex er cise. The fol low ing dose
rates were se lected: 6 mSvh–1 for EPD, 500 mSvh–1 for
AD1, and 150 mSvh–1 for AD2 and AD3.

The com par i son re sults were eval u ated by cal cu -
lat ing Z-score ac cord ing to eq. 1

Z
N N

U U
=

-

+

H1 H2

0.5 1
2

2
2

(1)

where Z rep re sents the Z-score, NH1 and NH2 are cal i -
bra tion fac tors (IMBIH and VINS in the graphs in the
Re sults and dis cus sion sec tion, re spec tively), and U1

and U2 are the cor re spond ing mea sure ments un cer -
tain ties, with cov er age fac tor k = 2. The Z-scores be -
low 2 were con sid ered ac cept able and above 3 as not
ac cept able. The val ues be tween 2 and 3 were con sid -
ered warn ing val ues. Do sim e ter sta bil ity was eval u -
ated in the same way, based on two cal i bra tions in
VINS.

The mea sure ment un cer tainty was eval u ated ac -
cord ing to usual pro ce dures. Ex am ples can be found in 
the com par i son re port for VINS [13], which is cor re -
spond ing to the un cer tainty bud get for cal i bra tions in
terms of air kerma. Cal i bra tion meth ods for field-class
do sim e ters in clude ad di tional un cer tainty com po -
nents, most im por tantly un cer tainty of the con ver sion
co ef fi cient from air kerma to op er a tional quan ti ties,
the un cer tainty of us ing dif fer ent cal i bra tion dis tances
(in the case of radionuclide sources), the un cer tainty of 
field inhomogeneity, and un cer tainty com po nents
aris ing from the use of ref er ence mon i tor cham ber (en -
ergy de pend ence of the re sponse of the mon i tor cham -
ber, reproducibility of the mea sure ment setup, etc.).
Cor re la tions in mea sure ment un cer tainty be tween lab -
o ra to ries were not eval u ated but are ex pected to be
small. VINS and IMBIH have trace abil ity to the same
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Ta ble 2. Ra di a tion qual i ties used for com par i son. Data are
taken from ISO 4037-1 [19], ac tual val ues in cal i bra tion
lab o ra to ries dif fer within the lim its de fined by the stan dard

Ra di a tion
quality

X-ray tube
volt age [kV]

Mean
en ergy [keV]

1st HVL at
2.5 m [mm]

N-40 40 33,3 2.63 Al

N-60 60 47,9 0.235 Cu

N-80 80 65,2 0.580 Cu

N-100 100 83,3 1.09 Cu

N-120 120 100 1.67 Cu

N-150 150 118 2.30 Cu

N-200 200 165 3.92 Cu

S-Cs – 662 –

S-Co – 1250 –



pri mary lab o ra tory, but the con tri bu tion of the ref er -
ence cham bers' cal i bra tion fac tors' un cer tainty to the
over all un cer tainty is small. Prin ci pal un cer tainty
com po nents are not cor re lated.

RE SULTS

En ergy de pend ence of do sim e ter re sponse was
in ves ti gated be fore the com par i son and is shown in
fig. 1. The IC and EPD show ex cel lent per for mance,
with max i mum de vi a tions of the re sponse of 8 % and
20 % over the whole en ergy range, com pared to the
ref er ence ra di a tion qual ity. The AD1 does not per form 
ac cord ing to spec i fi ca tions within the rated en ergy
range, with a max i mum de vi a tion of –48 % (N-80 ra -
di a tion qual ity). There fore, this spe cific unit of the do -
sim e ter is not ac cord ing to IEC stan dard re quire ments
[4]. Fi nally, do sim e ters AD3 and AD4 show max i -
mum de vi a tions of +336 % and +422 %, re spec tively.

Com par i son re sults for the ion iza tion cham ber
are pre sented in fig. 2. Re sults of the com par i son are
sat is fac tory for all ra di a tion qual i ties, with Z-scores

be low 0.75. Such good agree ment is ex pected for
com par i sons be tween cal i bra tion lab o ra to ries and
VINS pre vi ously achieved sim i lar re sults par tic i pat -
ing in a key com par i son [13]. The third mea sure ment
was made us ing the cal i bra tion method for field do -
sim e ters. The agree ment be tween the third cal i bra tion
and the first two is ex cel lent, show ing that the method
for field-class do sim e ters is equiv a lent to the sub sti tu -
tion method, with an ex pected in crease in the mea sure -
ment un cer tainty. It should be noted that IC sta bil ity is
very good, com pared to other do sim e ters, and there -
fore it was not con sid ered.

Com par i son re sults for field-class do sim e ters
are shown in fig. 3. 

In the case of EPD, all Z-scores were ac cept able
and com pa ra ble to Z-scores for IC, with the max i mum
value be low one. Re sults of the sta bil ity test are also
good, and no sig nif i cant dif fer ences were found.

Do sim e ter AD1 has a rel a tively flat en ergy de -
pend ence of the re sponse in the rated en ergy range,
com pared to the other two am bi ent do sim e ters, but the
Z-score val ues are larger than two for al most all ra di a -
tion qual i ties. The only ac cept able re sult was for S-Cs
ra di a tion qual ity, with a Z-score value of 0.03, three re -
sults were in the warn ing cat e gory of the sta tis ti cal test,
and two were not ac cept able (N-80 and N-150). The
third mea sure ment showed that the do sim e ter has good
sta bil ity, so the dif fer ences be tween cal i bra tion fac tors
are most likely due to the dif fer ences in X-ray spec tra.
Ra di a tion qual i ties be low 60 keV (be low N-80) are not
in the mea sure ment range of this do sim e ter and were
not in cluded in the com par i son.

The larg est Z-scores were ob tained for AD2,
which is a do sim e ter based on a non-com pen sated
Gei ger-Müller tube. The only ac cept able re sult was re -
corded for S-Cs ra di a tion qual ity, with Z-score for
other ra di a tion qual i ties be ing as high as 5.6. The third
cal i bra tion was in sev eral cases sig nif i cantly dif fer ent
than the first cal i bra tion (even for S-Cs), sug gest ing
bad sta bil ity. Thus, the rea son for the poor re sults, in
this case, is a very pro nounced en ergy de pend ence of
the re sponse, as well as bad long-term sta bil ity.

Fi nally, re sults for AD3 are sur pris ingly good,
even though the do sim e ter has a very pro nounced en -
ergy de pend ence of the re sponse, sim i lar to AD2. The
only non-ac cept able Z-test re sult is for N-40 ra di a tion
qual ity. The third mea sure ment shows good sta bil ity
dur ing the com par i son.

DIS CUS SION

Com par i son re sults sug gest that at least some
high-qual ity ac tive field-class do sim e ters can be used
as trans fer in stru ments for com par i sons be tween cal i -
bra tion lab o ra to ries. It is im por tant to stress that com -
par i sons in terms of op er a tional quan ti ties do not au to -
mat i cally val i date the cal i bra tion ca pa bil i ties for air
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Fig ure 1. Rel a tive en ergy re sponse of do sim e ters used in
the com par i son (nor mal ized to S-Cs)

Fig ure 2. Com par i son re sults for ion iza tion cham ber
cal i bra tion in terms of air kerma free in the air



kerma, be cause of the large dif fer ences in mea sure -
ment un cer tainty. High-qual ity pas sive do sim e ters are
al ready used for cal i bra tion lab o ra tory au dits by the
In ter na tional Atomic En ergy Agency (in terms of air
kerma) [29].

The most sig nif i cant do sim e ter prop erty that
should be eval u ated be fore us ing field-class do sim e -
ters as trans fer in stru ments is long-term sta bil ity,
which can cause sig nif i cant dif fer ences be tween cal i -
bra tion fac tors. This ef fect can be ad dressed by per -
form ing sev eral cal i bra tions or tests be fore the com -
par i son, and es ti mat ing the un cer tainty due to
long-term sta bil ity, which can be con sid ered when cal -
cu lat ing Z-scores (e. g., by in creas ing mea sure ment
un cer tainty). In case of sig nif i cant in sta bil ity, do sim e -
ters can not be used for com par i sons. This prob lem can
arise even for do sim e ters that are type-ap proved be -
cause there is no re quire ment in the IEC stan dards to
test long-term sta bil ity, so it should al ways be checked
[4, 5].

Pro nounced en ergy de pend ence (or more pre -
cisely, rate of change of do sim e ter re sponse in the vi -
cin ity of the cho sen ra di a tion qual ity) can also af fect
com par i son re sults. Low-cost, low-qual ity or spe cial
pur pose do sim e ters are es pe cially prone to pro -

nounced en ergy de pend ence. As was seen in the case
of AD1, even in cases when the do sim e ter ful fills IEC
re quire ments ac cord ing to spec i fi ca tions, spe cific
units of do sim e ter type can be out side of spec i fi ca tions 
(e. g., due to dam age, ag ing, or other rea sons). The rea -
son for dis crep an cies in cal i bra tion fac tors is the fact
that ra di a tion qual i ties, al though nom i nally the same
(re gard ing the spec tra) dif fer be tween lab o ra to ries.
X-ray ra di a tion qual i ties are strongly de pend ent on
and de fined by X-ray tube volt age, fil tra tion thick ness, 
and ma te rial and other pa ram e ters, but the dif fer ences
are rel a tively small con sid er ing the ISO 4037 stan dard
re quire ments [19]. Dif fer ences in radionuclide ra di a -
tion qual i ties are even smaller. These small dif fer ences 
are not sig nif i cant when us ing high-qual ity in stru -
ments, but in the case of pro nounced en ergy de pend -
ence, even small dif fer ences in spec tra can cause large
changes in cal i bra tion fac tors. For ex am ple, for AD2,
the re sponse in creases around 250 % be tween sub se -
quent ra di a tion qual i ties, N-40, and N-60, see fig. 1.
The dif fer ences in cal i bra tion fac tors do not arise in all
cases, be cause there are sev eral ran dom ef fects in play. 
For ex am ple, the en ergy de pend ence of the re sponse
of a spe cific do sim e ter can be rel a tively flat in the vi -
cin ity of one ra di a tion qual ity, but still be very steep in
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Fig ure 3. Com par i son re sults for field-class do sim e ters cal i bra tion in terms of per sonal dose equiv a lent (EPD) and
am bi ent dose equiv a lent (AD1, AD2, and AD3)



the vi cin ity of an other ra di a tion qual ity, or be tween ra -
di a tion qual i ties. Also, the mag ni tude of spec tral dif -
fer ences be tween lab o ra to ries is ran domly dis trib uted, 
so it is dif fer ent for dif fer ent ra di a tion qual i ties and
dif fer ent pairs of lab o ra to ries. Fi nally, spec tral dif fer -
ences are also a func tion of time. For ex am ple, small
vari a tions in X-ray tube volt age on dif fer ent time
scales (even dur ing sin gle ex po sure) cause spec tral
changes, as well as tube ag ing, move ment or re place -
ment of fil ters, use of dif fer ent ra di a tion dis tances, etc.

From the point of view of the end us ers, good
com pa ra bil ity of cal i bra tion fac tors can be ex pected
for high-qual ity in stru ments, but the com pa ra bil ity is
not guar an teed for low-qual ity do sim e ters. Lack of
com pa ra bil ity can cause doubt in the re sults pro vided
by the cal i bra tion lab o ra to ries or cause other prob lems 
– e. g., a test ing lab o ra tory can fail in com par i son, even 
when mea sure ments are done in well-char ac ter ized ra -
di a tion fields. This fur ther means that low-qual ity in -
stru ments have a high prob a bil ity of pro duc ing er ro ne -
ous re sults, even when cal i brated in ra di a tion qual i ties
of sim i lar en ergy to the in tended use, which could in -
flu ence pub lic con fi dence in of fi cial data and de ci -
sions in case of ra dio log i cal or nu clear events. The im -
pact of poor en ergy de pend ence is even big ger when
per form ing mea sure ments in un known ra di a tion
fields.

Com pa ra bil ity is worse for low-en ergy X-rays
than for higher pho ton en er gies. In the case of S-Cs,
the re sults are ac cept able for all four do sim e ters. There 
are sev eral rea sons for that: first, the spec tra of 137Cs
sources do not de pend strongly on lab o ra tory setup,
sec ond, the en ergy de pend ence of con ver sion co ef fi -
cient from air kerma to the op er a tional do sim e try
quan tity is very small in this re gion [26], and third, the
en ergy de pend ence of do sim e ter re sponse is usu ally
small in the re gion around 662 keV, as can be seen
from fig. 1 and the re cent re search [3, 7, 14, 20, 21].
The com mon prac tice of cal i brat ing or ver i fy ing
field-class do sim e ters in only one ra di a tion qual ity
(S-Cs) can there fore con ceal the prob lem that is dis -
cussed in this pa per. If type test data are ab sent, or do -
sim e ter spec i fi ca tions are not de pend able, re ly ing only 
on 137Cs ra di a tion field for cal i bra tion or ver i fi ca tion
can cause ex cep tion ally high mea sure ment un cer tain -
ties (or mea sure ment er rors) in real un known poly-en -
er getic fields.

The ef fects of en ergy de pend ence (based on type 
tests or cal i bra tion re sults) and long-term sta bil ity
(based on sta bil ity checks per formed by the user)
should be in cluded in the un cer tainty bud gets for field
mea sure ments.

Fi nally, a ques tion arises what ac tion should be
taken by cal i bra tion lab o ra to ries when asked to cal i -
brate low-qual ity in stru ments. Cal i bra tions us ing reg -
u lar pro ce dures may pro duce du bi ous re sults, even for
sta ble in stru ments, as dem on strated by this re search.
One so lu tion can be to in crease the over all mea sure -

ment un cer tainty to re flect the changes in in stru ment
sen si tiv ity within the per mis si ble vari a tions of en ergy
spec tra for the ref er ence ra di a tion qual ity – be cause
there is an in her ent un cer tainty in the def i ni tion of the
ra di a tion qual i ties. An other so lu tion can be to re fuse to 
cal i brate low-qual ity in stru ments or in stru ments that
are non-com pli ant with rel e vant IEC stan dards.

The re search pre sented in this pa per has sev eral
lim i ta tions. The num ber of do sim e ters that were used
is rel a tively small, and only one field-class do sim e ter
was IEC-com pli ant. Only two lab o ra to ries par tic i -
pated in the com par i son. Sta bil ity checks of field-class 
do sim e ters were based on two mea sure ments. Fur ther
re search should in clude more high-qual ity do sim e ters, 
with more rig or ous test ing and ex tended long-term
sta bil ity checks. Such re search will help to pro duce
well-de fined re quire ments for field-class do sim e ters
to be used as trans fer in stru ments in com par i sons. At
this mo ment it is not clear if such re quire ments would
co in cide with rel e vant IEC stan dards, or if they would
be stricter, but at least the re quire ment for long-term
sta bil ity should be in cluded.

This com par i son was per formed only with ac -
tive do sim e ters but con sid er ing the pro nounced en -
ergy de pend ence of the re sponse of some types of pas -
sive do sim e ters [8, 23], the con clu sions can also be
ap plied to them. 

CON CLU SIONS

Field-class do sim e ters can be used as trans fer in -
stru ments for com par i sons be tween cal i bra tion lab o -
ra to ries, pro vid ing that their long-term sta bil ity and
en ergy de pend ence of the re sponse are sat is fac tory.
Low-qual ity do sim e ters can not be used for this pur -
pose, be cause the com pa ra bil ity be tween cal i bra tion
lab o ra to ries can not be guar an teed, even when the lab -
o ra to ries meet the re quire ments of the rel e vant stan -
dards and have good per for mance in of fi cial com par i -
sons. Ad di tional work is needed to de ter mine the ex act 
cri te ria for trans fer in stru ments, i. e., to draw the bor -
der be tween high-qual ity and low-qual ity do sim e ters.
Re quire ments that are given by ap pro pri ate IEC stan -
dards can be used as a start ing point.

Do sim e ters with pro nounced en ergy de pend -
ence of the re sponse or bad long-term sta bil ity, which
are used by nonprofessionals and even by pro fes sion -
als in some cases, can pro duce er ro ne ous re sults and
can cause doubt in the re sults pro vided by cal i bra tion
lab o ra to ries or by of fi cial au thor i ties. Cal i bra tion fac -
tors ob tained by dif fer ent cal i bra tion lab o ra to ries for
such do sim e ters are of ten not com pa ra ble. This prob -
lem rarely pres ents in S-Cs ra di a tion qual ity, which is
com monly used for com par i sons, cal i bra tion, and ver -
i fi ca tion, which stresses the im por tance of us ing ad di -
tional ra di a tion qual i ties. This is es pe cially im por tant
for do sim e ters that do not have type test ing data and
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which are used for mea sure ments in fields with low
pho ton en er gies.

Fu ture work is planned to ad dress some ques -
tions that arose dur ing the work pre sented in this pa -
per. There is not much data on the long-term sta bil ity
of field-class do sim e ters, and this ques tion is im por -
tant for op er a tional mea sure ments. An other ques tion
is the un cer tainty bud get for mea sure ments us ing
field-class do sim e ters in dif fer ent sce nar ios, in clud ing 
known and un known ra di a tion sources. Fi nally, a fur -
ther com par i son of field-class do sim e ters un der re al is -
tic field con di tions and lab o ra tory con di tions is
planned, to ex tend this study. 
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PORE\EWE  KALIBRACIONIH  FAKTORA  ZA  OPERATIVNE  DOZIMETRE

U ovom radu predstavqena je interkomparacija izme|u dve laboratorije za etalonirawe
u nekoliko kvaliteta zra~ewa, koriste}i dozimetre razli~itog kvaliteta kao trans fer
instrumente. Ciq ovog rada bio je da se istra`i opravdanost kori{}ewa operativnih dozimetara
u zvani~nim interkomparacijama, kao i da se ispita da li su kalibracioni faktori za operativne
dozimetre u razli~itim laboratorijama za etalonirawe uporedivi u okviru merne nesigurnosti.

Rezultati interkomparacije bili su prihvatqivi za li~ni dozimetar visokog kvaliteta
u svim kvalitetima zra~ewa i takvi dozimetri su pogodni za trans fer instrumente. S druge strane,
rezultati za dozimetre niskog kvaliteta ~esto su bili neprihvatqivi, zbog lo{e energetske
zavisnosti, lo{e stabilnosti ili zbog oba razloga. Ovakvi instrumenti nepouzdani su ~ak i u
dobro definisanim laboratorijskim uslovima i wihovo kori{}ewe u rutinskim merewima mo`e
izazvati sumwu u zvani~ne podatke ili uticati na javno mnewe. Ovaj prob lem ~esto je prikriven
zbog toga {to se mnogi dozimetri etaloniraju ili overavaju samo u poqima 137Cs, gde su odstupawa
najmawa. Najve}e razlike pronalaze se za niskoenergetske H-zrake, gde mnogi dozimetri imaju
zna~ajno pove}awe osetqivosti.

Kqu~ne re~i: dozimetrija, interkomparacija, energetska zavisnost, stabilnost,
..........................etalonirawe, ambijentalni dozni ekvivalent, li~ni dozni ekvivalent


