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The spec tro met ric sys tems, es pe cially based on NaI(Tl) and HPGe de tec tors, are used for nu -
clide iden ti fi ca tion and cal cu la tion of their ac tiv i ties from the ground mea sure ments and air -
borne mon i tor ing. The de ter mi na tion of the air kerma (dose) rates is also very im por tant for
en vi ron men tal mea sure ments. In such cases, the de tec tors should be cal i brated for air kerma
(dose) rates in nGyh–1 or µGyh–1. A sim ple cal i bra tion of NaI(Tl), HPGe as well as plas tic de -
tec tors for the low-level air kerma rates is pre sented in this con tri bu tion. This cal i bra tion is
based on com par ing the rel a tive ab sorbed en ergy rate in de tec tors (MeVs–1) cal cu lated from
spec tra with the air kerma rates cal cu lated by the Monte Carlo sim u la tion and sup ple men tary
to the data from the RSS Reuter&Stokes high pres sure ion cham ber. This method also elim i -
nates the con ver sion from the non-air kerma rates in crys tals to the air kerma rates. Three dif -
fer ent types of small cy lin dri cal de tec tors were cal i brated for the air kerma rates from the
back ground of 26 nGyh–1 to some tens of µGyh–1 in the en ergy range to the max i mum of 3
MeV. The re sults of cal i bra tions of the 3" ́  3" NaI(Tl), HPGe de tec tor and a small plas tic de -
tec tor (made of poly sty rene) in clud ing some ex am ples of en vi ron men tal mea sure ments are
pre sented.
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IN TRO DUC TION

Many pa pers have been de voted to NaI(Tl) and
HPGe spec tro met ric de tec tor cal i bra tion, es pe cially
de ter mi na tion of their ef fi cien cies, for ex am ple in [1,
2]. The de ter mi na tion of the air kerma rates was also
de scribed for NaI(Tl) de tec tors in many pub li ca tions,
[3-6] and oth ers.

Beck et al. [3, 4] have shown, with their spec tro -
met ric meth ods us ing NaI(Tl) crys tals, that the to tal en -
ergy ab sorbed in the crys tal, rang ing from 0.15 MeV to
3.4 MeV, is closely pro por tional to the to tal dose rate
de ter mined with a high pres sure ion cham ber in var i ous
field lo ca tions. More over, for pur poses of de ter min ing
the con tri bu tions of nat u ral and man-made gamma-ray
emit ters to the to tal ter res trial ex po sure-dose-rate, they
in tro duced the con ver sion fac tors. The fac tors were de -
ter mined for each gamma peak in di vid u ally. 

The ex per i men tal method [5] con verted in for ma -
tion de pos ited in gamma spec tra from a 3" ´ 3" NaI(Tl)
crys tal with di men sions of 7.6 cm x 7.6 cm to the air
kerma rate. The cal i bra tion pro ce dure was based on the
mea sure ments of en ergy de pos ited in a de tec tor us ing 10

ra dio ac tive sources with well-known ac tiv ity in an en -
ergy range from 60 keV to 1836 keV. For dif fer ent kinds
of ra dio ac tive sources, the spec tra for dif fer ent an gu lar
po si tions were ac quired with re spect to the lon gi tu di nal
axis of the de tec tor. The spec tra were ac quired for dif fer -
ent types of ra dio ac tive sources and dif fer ent an gu lar po -
si tions with re spect to the lon gi tu di nal axis of the de tec -
tor.  The to tal en ergy which was de pos ited in the de tec tor
was also cal cu lated by the Monte Carlo cal cu la tions. The
cal i bra tion fac tors for each from 10 en ergy ar eas were
cal cu lated based on well-known air kerma rates from the
sources. The cal i bra tion pro ce dure was ver i fied by com -
par ing re sults us ing 137Cs and 60Co collimated beams and 
the cal i brated high pres sure ion cham bers.

The pa per [6] de scribes the method of air dose
rate de ter mi na tion in a 3" ´ 3" NaI(Tl) crys tal. Two
quan ti ties, i. e., ab sorbed en ergy rate and av er age ab -
sorbed en ergy in a 3" ́   3" NaI(Tl) crys tal were de ter -
mined. The crys tal re sponse was cor rected by the con -
ver sion fac tors which were de ter mined as a func tion of 
the av er age gamma en ergy rep re sented by gamma en -
ergy in a place to be mea sured and which can be ob -
tained by the mea sure ment of av er age ab sorbed en -
ergy.
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Other so phis ti cated meth ods of air kerma rate
cal cu la tion based on the con ver sion fac tors be tween
the non-air kerma rate in the de tec tor and the air kerma
rate were pre sented in [7-9]. These meth ods are ap pli -
ca ble to en vi ron men tal and air borne mea sure ments.

 The cal i bra tion pro ce dure de scribed in this con -
tri bu tion elim i nates both the en ergy de pend ence of
nuclides used for cal i bra tion and the non-air-kerma
rate to air kerma rate con ver sion in the de tec tors used.
On the other hand, the method is partly lim ited. It is not 
suit able for the nuclides with lower gamma en er gies
only such as 241Am, 57Co, 133Ba, etc. (en ergy be low
300 keV).

We pri mar ily mod i fied pre vi ously de scribed meth -
ods [5, 6] ac cord ing to our avail able means. The pro -
posed cal i bra tion method was suc cess fully ap plied for
cal i brat ing both small cy lin dri cal NaI(Tl) de tec tors,
HPGe de tec tors and even small cy lin dri cal plas tic de tec -
tors. All de tec tors had small vol umes (<1000 cm3) and
the ra tio of di am e ter/length was about 1.0. Some ex am -
ples of en vi ron men tal mea sure ments are also pre sented.

THEORY

The air kerma rates de ter mined from to tal cps are
en ergy de pend ent. Fig ure 1 shows the re la tion ship be -
tween cps (counts per sec ond) and the air kerma rates Ka

for three dif fer ent nuclides (137Cs, 152Eu, and 60Co) in a
3" ´ 3" NaI(Tl) de tec tor (AGRS Pico Envirotec, Inc.).
We de fined the rel a tive ab sorp tion en ergy rate Ema based
on the out put spec trum to elim i nate this ef fect.

The rel a tive ab sorp tion en ergy rate Ema in a crys -
tal was de ter mined as
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where Ema is the rel a tive ab sorp tion en ergy rate in the
crys tal in MeV per sec ond, the value of Ea is en ergy in
MeV in the in ter val dEa, and N(Ea) are the num ber of

counts cor re spond ing to Ea in the in ter val Ea, Ea + dEa

and t is the life (real) time in sec onds.
Be cause multi-chan nel analysers were al ways

used, then the aforementioned for mula can be mod i -
fied ac cord ingly
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where Ema [MeVs–1] is the rel a tive ab sorp tion en ergy
rate, t – the live (real) time, j – the ini tial chan nel num -
ber and n – the fi nal chan nel num ber and N(Ea) is the
num ber of counts with an en ergy Ea in the in ter val Ea,
Ea +  DEa in a chan nel over the mea sur ing time t. 

The Ema value can be cal cu lated from the en ergy
cal i brated spec tra. Based on the spec tra mea sured in
NaI(Tl) de tec tors, HPGe or plas tic de tec tors the air
kerma rates should be de ter mined in the place of the
de tec tor (on con di tion that kerma is equal to dose). 

We as sumed ac cord ing to [3] and [4] that the rel -
a tive ab sorbed en ergy, re spec tively the rel a tive ab -
sorbed en ergy rate Ema in MeVs–1 char ac ter ized by the
out put en ergy spec trum, is closely pro por tional to the
air kerma rate Ka in the place of the de tec tor.

When cal i brat ing a de tec tor, we needed a set of
pairs of rel a tive ab sorbed en ergy rates Ema and air
kerma rates Ka in the re quired range of air kerma rates
to de ter mine the re la tion ship be tween both quan ti ties
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In the Monte Carlo sim u la tion, the de tec tor vol -
ume in ques tion was re placed by the air and the air
kerma rates were cal cu lated for spe cific source-de tec -
tor dis tances. This ap proach is more ap pro pri ate be -
cause we could sim u late the de tec tor vol ume more
pre cisely. The ref er ence mea sure ment sys tem can also
be used if the Monte Carlo sim u la tion is not avail able.
In such case, for ex am ple, the RSS Reuter&Stokes
high pres sure ion cham ber can be used.

In case of the RSS high pres sure ion cham ber,
the ex po sure rate1 X was mea sured in the tra di tional
unit Rh–1. There fore, all data were con verted to SI
units, in our case to the air kerma rate Ka in µGyh–1.
The fol low ing con ver sion for mu lae were ap plied to
con vert the ex po sure rate X to the air kerma rate Ka.
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1 Ob so lete dosimetric quan tity de fined as the ex po sure dX/dt is 
..the quo tient of dX by dt, where dX is the in cre ment of ex po sure
..in the time in ter val dt

Fig ure 1. Ex am ple of the air kerma rate vs. to tal cps for
137Cs, 60Co, and 152Eu mea sured in the 3" ´ 3" NaI(Tl)
de tec tor
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Fi nally, the re gres sion curves were cal cu lated for
the pairs of air kerma rates Ka vs. the rel a tive ab sorbed
en ergy rates Ema for the ap pro pri ate en ergy range
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MA TE RI ALS AND METH ODS

Cal i bra tion rooms

The de tec tors were usu ally cal i brated from 0.026
µGyh–1 to some 0.15 µGyh–1 (in some cases up to 3
µGyh–1) in the low-back ground cham ber (here in af ter re -
ferred to as the LBC cham ber) at the Na tional Ra di a tion
Pro tec tion In sti tute in Prague (here in af ter re ferred to as
SURO). This cham ber is rou tinely used for the whole-body
count ing of the in ter nally con tam i nated per sons.

The cham ber is made from spe cial low-back -
ground ma te rial made of steel plates with a thick ness
of 3 × 6 cm plus 3 cm steel free of man-made nuclides,
in to tal 21 cm steel with an ex tremely low nat u ral nu -
clide con tents. The com plete in ner sur face is cov ered
with cop per with a thick ness of 1 mm. The in ner di -
men sions of the cham ber are 248 cm × 201 cm × 200
cm (D × W × H). The back ground in side the LBC
cham ber achieves 26 nGyh–1 [10].

All other mea sure ments and cal i bra tions for
higher air kerma rates were per formed at the cal i bra -
tion room of the NBC De fence In sti tute, Uni ver sity of
De fence in Vyškov, CZ which of fered the ex per i men -
tal area of ap prox i mately 4 m ´ 10 m.

This area al lowed ex pos ing the de tec tors from a
nat u ral back ground of 0.125 µGyh–1 to 65 µGyh–1 de -
pend ing on the source-de tec tor dis tances used from
2.0 up to 8.0 m and the sources used. 

Sources

The low-ac tiv ity 152Eu, 60Co, and 137Cs sources
pro duced by the Czech Metrological In sti tute (ac tiv i -
ties in a range of hun dreds kBq) were ap plied in the
low-back ground cham ber for cal i bra tion.

The sources of 152Eu (50.2 MBq), 60Co (100 MBq,
500 MBq  and 2 GBq), 226Ra (175 MBq) and 137Cs
(102.1 MBq, 455.1 MBq and 3.145 GBq) were used in
the NBC cal i bra tion room to achieve the air kerma rates
up to 65 µGyh–1. 

Reuter&Stokes high
pres sure ion cham ber

The RSS Reuter&Stokes high pres sure ion
cham bers were also used to com pare the re sults from

the sim u la tion. The Reuter&Stokes high pres sure ion
cham bers RSS-112 or RSS-131 were uti lized in our
ex per i ments while the RSS-112 cham ber was cer tif i -
cated by the Czech Metrological In sti tute, Cer tif i cate
No. 9051-PS-8541-12. These de vices use high pres -
sure cham bers with a vol ume of 7.9 litres. The mea sur -
ing range is from ap prox i mately 2 µRh–1 to 10 Rh–1. It
is nearly in de pend ent in an en ergy range from 0.07 to
10 MeV. The cham ber is not sen si tive to elec trons
(beta). Ex po sure rates X in Rh–1 com ing from the RSS
were trans formed into air kerma rates Ka in nGyh–1.

De tec tors and an a lyz ers

 The air-kerma rate cal i bra tion of the three dif fer -
ent types of de tec tors is pre sented: 3" ´ 3" NaI(Tl)
(Saint Gobain Crys tals), HPGe GEM100P4-95
(ORTEC) por ta ble semi con duc tor de tec tor with a
crys tal di men sion of 81.6 mm ́  76.7 mm (D ́  L), rel a -
tive ef fi ciency of 100 %, and SPD plas tic de tec tor
(NUVIA, CZ) 90 mm ́  90 mm (D ́  L) based on poly -
sty rene (C8H8)n, 92.2 % C and 7.8 % H, with a den sity
of 1.03 gcm–3. All de tec tors pre sented in this pa per had 
a ra tio of D/L near to 1.0.

The AGRS Spec trom e ter (Pico Envirotec, Inc.
Can ada) with a res o lu tion of 512 chan nels and en ergy
range ad justed from 35 keV up to 3.0 MeV was used in
con fig u ra tion with a 3" ´ 3" NaI(Tl). This spec trom e -
ter pro vides an au to mat i cally real time sta bi lized spec -
trum based on the peak of 40K (1.46 MeV) and 208Tl
(2.61 MeV).

The semi con duc tor de tec tor ORTEC GEM100P4
-95 (100 % ef fi ciency, res o lu tion of 2.0 keV at 1.33
MeV) was op er ated with digiDART ORTEC MCB.  The
HPGe  de tec tor was cal i brated in an en ergy range from
35 keV to 3.008 MeV.

Fi nally, a 90 mm ´ 90 mm SPD plas tic de tec tor
was also op er ated both with an AGRS spec trom e ter
(Pico Envirotec, Inc. Can ada) and ORTEC digiBASE.
The en ergy cal i bra tion of the SPD plas tic de tec tor was
based on de ter min ing the Compton max i mum and
Compton edges ac cord ing to [11]. 

Monte Carlo sim u la tion

The MCNP 6.1 code was ap plied, which is a gen -
eral pur pose Monte Carlo ra di a tion trans port code de -
vel oped at the Los Alamos Na tional Lab o ra tory, and
which was used to cal cu late the air kerma rates in the
dif fer ent source-de tec tor po si tions in both the NBC
cal i bra tion room and LBC cham ber and for the dif fer -
ent types of ion iz ing ra di a tion sources.

The Tal lies 6 (air kerma) and Tal lies 8 (spec -
tra) were cal cu lated in the Monte Carlo sim u la tion
[12].
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RE SULTS AND DIS CUS SION

The sets of pairs Ema and Ka were es tab lished
from the Monte Carlo sim u la tion and from com par a -
tive mea sure ments with a RSS high pres sure ion
cham ber for 137Cs, 60Co, 226Ra, and 152Eu for dif fer ent
de tec tor-source dis tances and ac tiv i ties.

The poly no mial func tions (3) de scrib ing the fit -
ted cor re la tion func tion be tween the rel a tive ab sorbed
en ergy rate Ema and air kerma rate Ka were cal cu lated
by the LinRegGUI soft ware (NUVIA, CZ).

Fig ure 2 shows the air kerma rates vs. dis tances
for 137Cs 102.1 MBq cal cu lated by the Monte Carlo
sim u la tion and mea sured by the RSS cham ber. Sim i lar
curves were mea sured and cal cu lated for other
nuclides 137Cs, 60Co, 226Ra, and 152Eu and their dif fer -
ent ac tiv i ties.

Com par i son of air kerma rates from the RSS high
pres sure ion cham ber and MCNP cal cu la tion for 137Cs
with 455 MBq ref er ence ac tiv ity is shown in tab. 1.

The re la tion ships of Ema vs. Ka for the three
above men tioned de tec tors, their set tings and other pa -
ram e ters are given in tab. 2 and their cal i bra tion curves 
are shown in fig. 3.

This ap proach worked quite well for avail able
wide-en ergy range nuclides (e. g., nat u ral nuclides,

152Eu) and high en ergy nuclides (e. g., 137Cs, 60Co,
etc.). Low en ergy nuclides were not avail able for cal i -
bra tions.

Ad di tion ally, for 137Cs, 60Co, 226Ra, and 152Eu,
the re la tion ship of the air kerma rates Ka and the rel a -
tive ab sorbed en ergy rates Ema was also cal cu lated for
other nuclides, e. g. 241Am, 57Co, 131I, etc.  The re sults
based on the Monte Carlo sim u la tion in the NBC cal i -
bra tion room for the 3" ´ 3" NaI(Tl) de tec tor com -
pared with mea sure ments are also pre sented in fig. 4. It 
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Fig ure 2. The RSS air dose rate mea sure ments and
MCNP air dose rate cal cu la tion for 137Cs with a ref er ence 
ac tiv ity of 102.1 MBq in the NBC cal i bra tion room

Ta ble 1. Ex po sure rates X, air kerma rates Ka and their un cer tain ties for 137Cs 455.1 MBq mea sured in the NBC cal i bra tion 
room and cal cu lated by the Monte Carlo sim u la tion for dif fer ent de tec tor-source dis tances

RSS high pres sure ion cham ber MCNP Dif fer ences be tween
RSS and MCNP air

kerma rates [%]
Dis tance

[m] X [Rh–1] DX [Rh–1] Ka [nGyh–1] DKa [%] Ka [nGyh–1] DKa [nGyh–1]

7.50 9.06×10–5 ±4.0×10–7 791 ±0.4 771 ±0.5 2.6

6.50 1.08×10–4 ±2.0×10–6 944 ±2.0 975 ±0.6 –3.2

6.00 1.23×10–4 ±7.0×10–7 1071 ±0.6 1100 ±0.5 –2.6

5.00 1.66×10–4 ±5.0×10–7 1453 ±0.3 1452 ±0.6 0.1

4.00 2.44×10–4 ±1.0×10–6 2128 ±0.4 2109 ±0.7 0.9

3.00 4.01×10–4 ±1.5×10–6 3504 ±0.4 3576 ±0.7 –2.0

2.50 5.54×10–4 ±1.4×10–6 4833 ±0.3 5029 ±0.8 –3.9

2.00 8.30×10–4 ±2.0×10–6 7246 ±0.3 7519 ±0.8 –3.6

Ta ble 2. Main cal i bra tion fea tures of NaI(Tl), HPGe, and SPD plas tic de tec tors

De tec tor type 3" ´ 3" NaI(Tl)
Ortec HPGe GEM100P4-95 S/N
50-TP50739A (ef fi ciency 100 %)

SPD 90 mm ´ 90 mm
plas tic de tec tor

Analyser/res o lu tion Pico Envirotec Inc. AGRS /512
chan nels ORTEC digiDART / 8192 chan nels ORTEC digiBASE / 1024

chan nels

Ra di a tion beam di rec tion
Along side the lon gi tu di nal

de tec tor axis, an gu lar de pend ence
is tested and is in sig nif i cant

Along side the lon gi tu di nal de tec tor
axis, an gu lar de pend ence is tested

and is in sig nif i cant

Along side the lon gi tu di nal
de tec tor axis, an gu lar

de pend ence is tested and is
in sig nif i cant

En ergy range 20 keV to 3 MeV 40 keV to 3.008 MeV 20 keV to 2.4 MeV

Air kerma rate Ka –
cal i bra tion range

0.026 µGyh–1 to 30µGyh–1

(DTmax ~ N/A)
0.026 µGyh–1 to 1.5 µGyh–1

(DTmax ~ 15 %)
0.026 µGyh–1 to 17 µGyh–1

(DTmax ~ 4.5 %)

Rel a tive ab sorbed en ergy
rate Ema

5 MeVs–1 to 56500 MeVs–1 2.0 MeVs–1 to 3200 MeVs–1 4 MeVs–1 to 21300 MeVs–1

To tal counts per sec ond 15 cps to 160000 cps Up to 7800 cps 13 cps to 42000 cps

Cal i bra tion equa tion
Ka [µGyh–1]

Ka = 2.095 ´ 10–2 + 4.7141 ´ 10–4

´ Ema + 4.1934 ´ 10–9 ´ (Ema )
2  –

6.4 ´ 10–14 ´ (Ema)
3

Ka = –6.465 ´ 10–2 + 5.729 ´ 10–4 ´
Ema – 3.247 ´ 10–8 ´ (Ema)

2

Ka = 2.2719 ´ 10–2 + 8.3965 ´
10–4 ´ Ema – 6.0469 ´ 10–9 ´

(Ema)
2 – 1.1 ´ 10–13 (Ema)

3

Un cer tainty of cal i bra tion –5.4 % to + 4.7 % –3.3 % to +3.7 % ±7.3 %



seemed that the ap proach de scribed above does not
work prop erly for the nuclides only with low gamma
en er gies.

In the next steps, we fo cused on the ver i fi ca tion
of the cal i bra tion ap proach with wide en ergy ranges
and high gamma en ergy. The spec tra cal cu lated in the
Monte Carlo sim u la tion in dif fer ent con di tions were
also used.

The sep a rate mod els of NaI(Tl) and HPGe de tec -
tors were also com piled in the Monte Carlo code. The
doc u men ta tion of the En gi neer ing Sales Draw ing de -
liv ered by the Saint Gobain pro ducer was used to con -
struct the model of scin til la tion of the 3" ´ 3" NaI(Tl)
de tec tor. Ad di tion ally, based on the ba sic data sheet in -
for ma tion, many X-ray pic tures were taken to spec ify
the in ner di men sion of the ORTEC HPGe GEM100P4
-95 de tec tor, see fig. 5. Both de tec tor mod els in the
MCNP6.1 code were ver i fied us ing dif fer ent point
sources. The sim u la tion mod els of the NBC cal i bra tion
room and the LBC cham ber at SÚRO were also com -
piled in the Monte Carlo code with all ac ces so ries.

Plas tic de tec tors were not sim u lated in the
Monte Carlo code due to poor spec tro scopic fea tures
and hence dif fi cult GEB cal cu la tion [12].

Ad di tion ally, for Tal lies 6 [12] used in the stan -
dard cal i bra tions, Tal lies 8 [12] in the Monte Carlo
sim u la tion giv ing spec tra de pos ited in the in di vid ual
tested de tec tors were cal cu lated. Fur ther more, the
con tri bu tion of nat u ral nuclides con tained in the sur -
round ing walls at the NBC cal i bra tion room was in -
volved into the cal cu la tion. Sim u lated spec tra were
trans formed to the rel a tive ab sorbed en ergy rate Ema in
the GAMWIN (NUVIA, CZ) spec tros copy soft ware
[13] and the re la tion ships of the air kerma rates ver sus
the rel a tive ab sorbed en ergy rates were cal cu lated for
com par i son based on the eq. (3). It was proved in many 
cases that the pro posed ap proach works well for the
spe cific high gamma radiation.  The 2" ´ 2" NaI(Tl)
de tec tor cal i bra tion is an ex am ple of such ver i fi ca tion,
see be low. 

This meth od ol ogy has been ap plied to the cal i -
bra tion of many other NaI(Tl) de tec tors with dif fer ent
small vol umes, HPGe de tec tors as well as some
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Fig ure 3. De tail on the cal i bra tion curves Ka in µGyh–1 vs.
Ema in MeVs–1 for NaI(Tl) 3” ´ 3”, ORTEC HPGe
GEM100P4-95 and plas tic 90 ́  90 mm de tec tor based on
mea sure ments in the LBC cham ber and NBC cal i bra tion 
room

Fig ure 4. Monte Carlo sim u la tion
and mea sure ments of the
cor re la tion be tween Ema and Ka

for 3” ´ 3” NaI(Tl) de tec tor in the 
NBC cal i bra tion room for
dif fer ent nuclides

Fig ure 5. The X-ray pic ture of the ORTEC GEM100P4
-95 HPGe de tec tor



small-vol ume plas tic de tec tors used in en vi ron men tal
mea sure ments. Two ex am ples fol low.

The first ex am ple gives the re sults from the cal i -
bra tion of 2" ´ 2" NaI(Tl) in the NBC cal i bra tion
room.  The de tec tor was cal i brated from 125 nGyh–1 to 
20 µGyh–1 with 137Cs (102.5 MBq and 3.145 GBq)
and 60Co (100 MBq and 500 MBq) sources. Ad di tion -
ally, for the stan dard method, the air kerma was cal cu -
lated from the sim u lated spec tra and com pared with
the air kerma rate cal cu lated from mea sured spec tra.
The mea sured and sim u lated spec trum for the de tec -
tor-source dis tance of 3.015 m in the NBC cal i bra tion
room with 137Cs 102.1 MBq is shown in fig. 6. 

Com par i son of rel a tive ab sorbed en ergy rates
and air kerma rates based on both the MCNP cal cu la -
tion and mea sure ments in three dif fer ent dis tances and
for 137Cs and 60Co are given in tab. 3. Sim i lar data has

been re ceived in all cases when sim u lated spec tra were 
cal cu lated and con verted to the air kerma rates for such 
types of spec tra.

The sec ond ex am ple is shown in fig. 7. The air
kerma rates in 32 points were mea sured at the NBC ref -
er ence area in Vyškov, Czech Re pub lic. This ref er ence
area is used for the air borne gamma-spec trom e ters ver i -
fi ca tion and cal i bra tion. The in di vid ual ground points
form a grid with a dis tance of 60 m from each other. The
air kerma rates were cal cu lated from the spec tra taken
by in-situ gamma-spec trom e try mea sure ments. The
ORTEC HPGe GEM100P4-95 S/N 50-TP50739A was
used and the cal i bra tion curve from fig. 3 was ap plied.
The data of air kerma rates was com pared with the air
kerma rates de ter mined from both nat u ral nu clide ac tiv -
i ties and the data mea sured by the RSS Reuter&Stokes
cham ber. The air kerma rate cal cu lated from the spec tra
of the ORTEC HPGe de tec tor was (89 ± 4) nGyh–1 on
av er age at the whole ref er ence area. The air kerma rate
cal cu lated from the nat u ral nu clide ac tiv i ties plus 137Cs
sur face ac tiv i ties in all 32 points was (82 ± 5) nGyh–1 on 
av er age. The RSS air kerma rates were mea sured in 12
se lected points by the RSS high pres sure ion cham ber.
The RSS data was com pen sated by the con tri bu tion of
cos mic ra di a tion [14]. The value of (99 ± 5) nGyh–1on
av er age was achieved.

CON CLU SION

The method of air kerma rate cal i bra tion de -
scribed in this con tri bu tion was ap plied to dif fer ent de -
tec tor types NaI(Tl), HPGe and plas tic scin til la tion
detectors.
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Ta ble 3. Com par i son of air kerma rates from spec tra mea sured by the 2" ´ 2" NaI(Tl) de tec tor with val ues cal cu lated in
Monte Carlo sim u lated spec tra (NBC cal i bra tion room)

Source Source-de tec tor
dis tance [m]

Ema (meas) [MeVs–1] Ema (MCNP) [MeVs–1] Ka(meas) [µGyh–1] Ka(MCNP) [µGyh–1] D [%]

137Cs 3.015 2588 2687 3.79 3.94 –3.8
137Cs 5.017 1083 1065 1.55 1.53 +1.3
60Co 6.014 863 827.6 1.23 1.18 +4.2

Fig ure 6. The  2” ́  2” NaI(Tl) spectra of 137Cs 102.1 MBq
mea sured and Monte Carlo sim u lated in the NBC
cal i bra tion room at the de tec tor – source dis tance
of 3.015 m

Fig ure 7. Air kerma rates Ka at
1 m above the ground (ter res trial
com po nent only) at the NBCref er -
ence area in Vyškov. Ka (spc) are the
air kerma rates from the spec tra
of ORTEC HPGe GEM100P4 -95
semi con duc tor de tec tor cal cu -
lated by the method de scribed in
this con tri bu tion; Ka (act) are the air 
kerma rates cal cu lated from nat -
u ral nu clide ac tiv i ties plus the
137Cs sur face ac tiv ity



All cal i bra tions were ver i fied by Monte Carlo
sim u la tions in dif fer ent cal i bra tion con di tions as well
as com pared with re sults of the Reuter&Stokes RSS
high pres sure ion cham bers.

The method of cal i bra tion de scribed in this con -
tri bu tion works well for a wide range of en er gies, i. e.
en vi ron men tal gamma-ray spec tra from some tens of
keV to 3 MeV over lapped with man-made nu clide
spec tra with en er gies higher than 300 keV. 

It was proved that this ap proach can be used for
cal i brat ing small sym met ri cal de tec tors for the mea -
sure ment of air kerma rates from low level back ground 
of 26 nGyh–1 up to 50 µGyh–1. 

This cal i bra tion method showed en ergy in de -
pend ence in the tested en ergy ranges in all cases.

Un cer tain ties of cal i bra tions were up to ±10 %,
which is ac cept able for the in tended de tec tors ap pli ca -
tion in por ta ble, mo bile and air borne sys tems. The
mea sure ment un cer tain ties of ob tained re sults were
about 7 % which agrees with the ex pec ta tions [15, 16]

The method was also tested to for standalone
241Am  (59.5  keV), 57Co (122  keV), 131I (364 keV)
and other spec tra only with en er gies in a range be low
400 keV, see fig. 4.

This area calls for de tailed in ves ti ga tion be cause
the re li able re sults have not been achieved for low en -
ergy nuclides. The con ver sion fac tors shall be needed
in case of low en ergy nuclides.  Also, the cal i bra tion of
non-sym met ri cal de tec tors should be in ves ti gated in
the fu ture.

Among oth ers, the method is char ac ter ized by a
cou ple of ad van tages. The con ver sion of the non-air
kerma rate to the air kerma rate in de tec tors was elim i -
nated, en ergy de pend ence was nearly elim i nated and
the dead time (DT) was in volved in the cal i bra tion
when it is not auto-cor rected by the spec trom e ter.
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Marcel OHERA, Danijel SAS, Petr` SLADEK

KALIBRACIJA  SPEKTROMETRIJSKIH  DETEKTORA  ZA  JA^INU
KERME  VAZDUHA  U  MONITORINGU  @IVOTNE  SREDINE

Spektrometrijski sistemi, posebno oni zasnovani na NaI(Tl) i HPGe detektorima,
koriste se za identifikaciju nuklida i prora~un wihovih aktivnosti pri merewu tla i moni-
toringu vazduha. Odre|ivawe ja~ine kerme vazduha tako|e je veoma va`no za merewa u `ivotnoj
sredini. U takvim slu~ajevima detektore treba kalibrisati za ja~inu kerme vazduha u nGyh–1 ili
mGyh–1. Jednostavna kalibracija NaI(Tl), HPGe kao i plasti~nih detektora za niske nivoe kermi u
vazduhu, predstavqeni su u ovom radu.
Kalibracija se zasniva na upore|ivawu ja~ine relativne apsorbovane energije u detektorima
(MeVs–1) izra~unate iz spektra, sa ja~inama vazdu{ne kerme izra~unatim Monte Karlo simu-
lacijom i dopunskim podacima iz jonske komore visokog pritiska RSS Reuter&Stokes. Ovom
metodom tako|e se elimini{e konverzija ja~ina nevazdu{nih kermi kristala u ja~ine vazdu{ne
kerme. Tri razli~ite vrste malih cilindri~nih detektora kalibrisane su za ja~ine vazdu{ne
kerme  od  pozadinskih 26 nGyh–1 do nekoliko desetina mGyh–1, u energetskom opsegu do maskimalne
energije od 3 MeV. Predstavqeni su rezultati kalibracija NaI(Tl) dimenzija 3" ´ 3", HPGe
detektora i malog plasti~nog detektora (napravqenog od polistirena), ukqu~uju}i neke primere
merewa u `ivotnoj sredini.

Kqu~ne re~i: kalibracija ja~ine kerme u vazduhu, NaI(Tl), HPGe i plasti~ni detektor,
.........................Monte Karlo simulacija


