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The pres ent work con cerns the de vel op ment of a tech nique for ac tiv ity de ter mi na tion of
68Ge/68Ga and 57Co dis used ra dio ac tive sources. This tech nique aims to de ter mine the ac tiv ity 
of these sources by mea sur ing and Monte Carlo sim u la tion us ing the MCNPX code. There -
fore, ef fi ciency cal i bra tions of the 3 ´ 3 NaI(Tl) de tec tor for spe cific source ge om e tries were
car ried out. Spec trums for two types of dis used ra dio ac tive sources were col lected for dif fer -
ent mea sure ment times. The char ac ter is tic gamma rays of a flood source con tain ing 57Co and
a line source con tain ing 68Ge/68Ga, were used. In case of 68Ge/68Ga, the an ni hi la tion peak of
511 keV was also used con sid er ing the dis used ra dio ac tive sources as a pos i tron emit ter.
Sources of the men tioned types with cer ti fied nom i nal ac tiv i ties were used to val i date
MCNPX mod els. For the 57Co source, 15 minutes mea sur ing time was ad e quate for ac tiv ity
de ter mi na tion, and 2 hours mea sur ing time pro vided ad e quate sen si tiv ity, at the level of gen -
eral clear ance. For 68Ge/68Ga line source, 15 minutes mea sure ment was ad e quate for ac tiv ity
de ter mi na tion by us ing the 511 keV from the an ni hi la tion of 1899.1 keV pos i trons.

Key words: gamma-ray spec trom e try, MCNPX, clear ance, sealed ra dio ac tive source char ac ter iza tion

IN TRO DUC TION

Now a days, var i ous dis used ra dio ac tive sources
(DRS), like 57Co and 68Ge/68Ga were orig i nally used to
pre cisely cal i brate the nu clear med i cine sys tems. Af ter
the end of their use at the hos pi tals, these sources must
be han dled and kept in stor age un til they meet the gen -
eral clear ance cri te ria. In many cases, their cur rent ac -
tiv ity can not be es ti mated due to the lack of source cer -
tif i cates which in clude their nom i nal ac tiv ity and the
ref er ence date. A tech nique was de vel oped for the ra -
dio log i cal char ac ter iza tion and re cord ing of 68Ge/ 68Ga
line and 57Co flood DRS. This tech nique is based on
non-de struc tive gamma spec trom e try mea sure ment
and Monte Carlo sim u la tion us ing the MCNPX code.
The de tec tor ef fi ciency for the spe cific source-de tec tor
ge om e try was eval u ated. In or der to val i date the tech -
nique, 57Co and 68Ge/68Ga sources of these ge om e tries
and cer ti fied ac tiv i ties were used. The 68Ge/68Ga cer ti -
fied source was mea sured in side its shield ing due to the
high dose rate.

In pre vi ous pa pers [1, 2], a pre lim i nary semi-em pir -
i cal method was de vel oped by us ing the char ac ter is tic
gamma rays from the de cay of 57Co and 68Ge/68Ga and

source-de tec tor Monte Carlo sim u la tions for clear ance of
DRS.

In this work, the line source of 68Ge/68Ga in side
its shield ing was sim u lated as a pos i tron source and the 
an ni hi la tion peak of 511 keV was used to de ter mine
the source ac tiv ity. 

Ac cord ing to a pub lished study [3], an im por tant
re quire ment in the spec trom e try of pos i tron emit ters,
based on the 511 keV full-en ergy peak, is com plete an ni -
hi la tion within the ma te ri als that con sti tute the source.
Pos i trons are gen er ally sta ble in a vac uum but rap idly
thermalize and an ni hi late with elec trons in ma te ri als.
Their mean life time is typ i cally only a few nano sec onds
[4]. Such spec trom e try is of ten per formed in cases where
a par tic u lar radionuclide has sig nif i cant b+ emis sions but 
lacks other char ac ter is tic gamma-lines suit able for quan -
ti ta tive ra dio ac tiv ity as sess ment.

MA TE RI ALS AND METH ODS

De tec tion sys tem and cal i bra tion sources

The gamma spec trom e try sys tem con sists of the
fol low ing main parts:
– De tec tor unit: A Bicron Monoline scin til la tion de -

tec tor NaI(Tl) (Model 3M3/3) with a 3' ́  3' crys tal
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in a thick Al hous ing, cov ered with a white re flec -
tor, in clud ing a 14-pin con nec tor, an in ter nal mag -
netic/light shield, and a  photomultiplier tube.

– Elec tron ics and the ac qui si tion unit con sist of a
dig i tal sig nal pro cess ing unit (Os prey Dig i tal
Tube Base MCA) and a high volt age sup ply sys -
tem (850 V)

– GenieTM 2000 spec tros copy soft ware for spec -
trum ac qui si tion [5]

Firstly, the ef fi ciency cal i bra tion of the de tec tor
was car ried out in side the shielded cham ber at the lab o -
ra tory, by us ing stan dard cal i bra tion sources. This prac -
tice is well known and has been used by oth ers [6, 7]

The ex per i men tal data for the ef fi ciency cal i bra tion
of the de tec tor at the lab o ra tory were ob tained from a mul -
ti ple gamma-ray stan dard vol ume source of 1.5 gcm–3 ep -
oxy ma te rial den sity and a 40K vol ume source with a sim i -
lar den sity and the same ge om e try. The main fea tures of
the sources are shown in, tab. 1. 

The ex per i men tal full-en ergy peak ef fi ciency
(Eexp) is the ra tio of the counts N de tected in a peak, to
the num ber of pho tons emit ted by the source [8]. The
for mula is Eexp = N/(A×t×Pg), where N is the num ber de -
tected counts, A – the source ac tiv ity, t – the ac qui si tion 
time, and Pg – the prob a bil ity of emis sion of the par tic -
u lar gamma-ray be ing mea sured (peak en ergy abun -
dance). The main fac tors that may af fect the ef fi ciency
cal i bra tion curve are the source-to-de tec tor dis tance,
the ge om e try of the source, the ab sorp tion within the
source, the ran dom sum ming at a high count ing rate,
and true co in ci dence sum ming at close ge om e try for
spe cific radionuclides [8]. 

Ex per i men tal ef fi ciency cal i bra tion was per -
formed for the char ac ter is tic gamma-rays of, 137Cs,
60Co, and 40K, tab. 1, with the vol ume sources adapted
on an acetyl holder which was po si tioned in a ver ti cal
di rec tion along the sym me try axis of the de tec tor. The
ac qui si tion time was 1 hour and 40 minute. The dead
time dur ing the mea sure ments was less than 2 %. 

The MCNPX sim u la tions were per formed for ef fi -
ciency cal i bra tion in an en ergy range of 45-1460 keV, in -
clud ing the char ac ter is tic gamma-ray en er gies of the vol -
ume sources, tab. 1. The de tec tor was sim u lated as a NaI
cyl in der of 7.62 cm in di am e ter and 7.62 cm in height. 

For the ef fi ciency eval u a tion, the F8 tally was
used, which de scribes the dis tri bu tion of en ergy for the 
pulses cre ated in a de tec tor by gamma ra di a tion. The
ex per i men tal ef fi cien cies for the char ac ter is tic
gamma-rays of 137Cs and 40K were used to eval u ate the 
ef fi ciency cal i bra tion curve, be cause of the pos si bil ity
of true co in ci dence sum ming for the 60Co peaks.

Monte carlo sim u la tions for the med i cal
ra dio ac tive sources mea sure ments

For the eval u a tion of the source-de tec tor ef fi cien -
cies, sim u la tions were per formed us ing the MCNPX
code. The 68Ge/68Ga line source was sim u lated as a ce -
ramic cyl in der of height 16.3 cm and ra dius 0.07 cm in -
side its cy lin dri cal Pb shield ing, fig. 1. The source
shield ing was of height 37 cm, ra dius 2.85 cm and
thick ness 1.52 cm. The shield ing of the source was
placed at a dis tance of 25 cm from a 3 ´ 3 NaI de tec tor
geo met ri cal cen ter. Lead cy lin dri cal shield ing of height
18 cm, ra dius 7.5 cm, and thick ness 3.3 cm, was placed
around the de tec tor to re duce the back ground ra di a tion.

The 57Co flood source was sim u lated as a rect an -
gu lar par al lel o gram of length 61 cm and height 41.9 cm
fig. 1. The flood source was placed at a dis tance of 47 cm
from a 3 ´ 3 NaI de tec tor geo met ri cal cen ter.

For the char ac ter is tic gamma-rays de tec tion, the
sources were sim u lated as gamma-ray emit ters. When
the an ni hi la tion peak 511 keV was used, the 68Ge/68Ga
line source was sim u lated as a pos i tron emit ter.

De ter mi na tion of the ac tiv ity for
the med i cal ra dio ac tive sources

Gamma-ray spec tra were taken for dif fer ent ac -
qui si tion times. A 3' ´ 3' NaI(Tl) de tec tor was used to
ac quire the spec tra.

Two types of DRS were mea sured:
– a line source con tain ing 68Ge/68Ga, fig. 1,
– a flood source con tain ing 57Co, fig. 2.

The un cer tainty of the cer ti fied ac tiv i ties for
these sources is 15 %.

For the 68Ge/68Ga line source, the ac qui si tion times 
were 7 hours, 1 hour, and 15 min utes. For the 57Co flood
source, the ac qui si tion times were 7 hours, 2 hours, and
15 min utes. The 68Ge de cays by elec tron cap ture to 68Ga.
The 68Ga is mainly a pos i tron emit ter (89.1 %), and leads
to 68Zn. Then, due to the de cay of the ex cited state of the
daugh ter nu cleus 68Zn a gamma-ray of 1077 keV en ergy
(2.93 %) is emit ted [9]. The 57Co de cays by elec tron cap -
ture to the ex cited state of 57Fe. Sub se quently, gamma
pho tons with en er gies 122 keV (85.6 %), 136 keV (10.68 
%), and 692.03 keV (0.157 %) are emit ted, lead ing to the
ground state of 57Fe [9]. The soft ware pack age
SPECTRW [10] was used to an a lyze the char ac ter is tic
gamma-ray peaks in the re sult ing spec tra. Also, the same
soft ware pack age was used in or der to an a lyze the two
over lap ping photopeaks, 122 keV and 136 keV, emit ted
from the 57Co source, fig. 3.

The de ter mi na tion of the ac tiv ity for the DRS
was car ried out by us ing the fol low ing en ergy peaks: 
– 1077 keV and 511 keV from the an ni hi la tion of

1899.1 keV pos i trons, for the 68Ge/68Ga line source
– 122 keV for the 57Co flood source.
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Ta ble 1. Fea tures of the gamma-ray cer ti fied vol ume sources

Source den sity
[gcm–3] Iso topes T1/2 [d] Ref er ence

ac tiv ity [kBq]
Ref er ence

date

1.5 ± 0.1
137Cs 11001 2.66 ± 2.9 % 1/3/2007
60Co 1923 3.32 ± 2.9 %

1.5 ± 0.1
40K 456×109 1.3 ± 2 %



The de tec tor main axis of sym me try and the flat
sur faces of the sources were placed per pen dic u lar to
each other. In or der to achieve an ac cept able dead time

(less than 5 %), the sources were placed at ap pro pri ate
dis tances from the de tec tor. It should be men tioned
that the 511 keV en ergy peak was not an a lyzed as a
Gaussi an dis tri bu tion. The Dopp ler ef fect dur ing the
an ni hi la tion of the pos i trons was taken into con sid er -
ation, fig. 4. There fore, the net counts were cal cu lated
by sub tract ing the back ground, con fig ured as a trap e -
zoid, fig. 4(b), from the to tal num ber of counts.

RE SULTS AND DIS CUS SION

The the o ret i cal ef fi ciency curve for the stan dard
vol ume cal i bra tion source mea sure ment in side the
shielded cham ber at the lab o ra tory is pre sented in fig. 5.
The en ergy range of the curve was cho sen in or der to in -
clude all the char ac ter is tic gamma rays of the DRS, as
well as the 511 keV an ni hi la tion peak.

This work aims to char ac ter ize and re cord DRS
with out cer tif i cates, used for the cal i bra tion of nu clear
med i cine sys tems. A semi-em pir i cal gamma spec -
trom e try tech nique was de vel oped by MCNPX sim u -
la tions for 68Ge/68Ga line sources and 57Co flood
sources ac tiv ity de ter mi na tion. For the eval u a tion,
cer ti fied DRS of the same types with cer tif i cates were
used.  The de ter mined ac tiv i ties are dis played com -
pared to the nom i nal ac tiv i ties in figs. 6 and 7. The ac -
tiv i ties for both sources are in agree ment with the
nom i nal ac tiv i ties.

The re sults of the study show that an ac qui si tion
time of 15 minutes pro vides ad e quate sta tis tics for the
57Co flood sources ac tiv ity de ter mi na tion, tab. 2. Nev -
er the less, a mea sure ment of 2 hours is needed to
achieve enough sen si tiv ity. The min i mum de tect able
ac tiv ity (MDA) is 0.85 Bqg–1 for 2 hours of mea sure -
ment, tab. 2, which is lower than the gen eral clear ance
cri te rion of 1 Bqg–1 for 57Co [11-13].

A 15 minutes mea sure ment is ad e quate for the
68Ge/68Ga line sources ac tiv ity de ter mi na tion re gard -
less of whether we used the 511 keV or the 1077.4 keV
en ergy peak. Nev er the less, by us ing the 511 keV an ni -
hi la tion peak, con sid er ing the DRS as a pos i tron emit -
ter, the MDA is about 10 times lower. Ac cord ing to the
re sults shown  in  tab. 3,  the MDA for mea sure ment of
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Fig ure 1. The 68Ge/68Ga line
source with (a) and with out (b)
shield ing

Fig ure 2. The 57Co flood source

Fig ure 3. The 57Co flood source spec trum for 2 hours
mea sure ment; the over lap ping of 122 keV and 136 keV
photopeaks is rep re sented by solid line; dash line
rep re sents these two peaks sep a rately



1 hour for the an ni hi la tion en ergy peak of 511 keV is
90.37 Bqg–1, which is higher than the clear ance cri te -
rion of 10 Bqg–1 [11-13]. It should be men tioned that
the 68Ge/68Ga source was lo cated in lead shield ing due
to the high dose rate. There fore, a much lower MDA
will be achieved by mea sur ing the line source with out
shield ing in the fu ture in case of clear ance mea sure -
ments.

CON CLU SIONS

Ef fi ciency cal i bra tion of the de tec tor was car ried 
out in side the shielded cham ber at the lab o ra tory by
us ing stan dard vol ume sources in or der to en sure that
the de tec tion sys tem works prop erly.

A semi-em pir i cal gamma spec trom e try tech nique
was de vel oped for the de ter mi na tion  of  the  ac tiv i ties of 2
types of DRS (57Co flood source and 68Ge/68Ga line
source) which are used for the cal i bra tion of nu clear med i -
cine sys tems. The tech nique is ef fec tive and ac cu rate for
the char ac ter iza tion and re cord ing of these types of
sources by 15 min utes mea sure ment. Fur ther more, clear -
ance mea sure ments can be car ried out for spent DRS. The
MDA for the 57Co flood source by us ing the 122 keV en -
ergy peak is 0.85 Bqg–1 in 2 hours mea sure ment. This is
lower than the gen eral clear ance cri te rion of 1 Bqg–1 .  Re -
gard ing the 68Ge/68Ga line source lo cated in a lead shield -
ing be cause of the high dose rate, the MDA for the char ac -
ter is tic en ergy peak 1077.4 keV is 309 Bqg–1 in 7 hours
measurnement, which is much higher than the gen eral
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Fig ure 4. (a) The 68Ge/68Ga line source spec trum for 1
hour mea sure ment, (b) an ni hi la tion peak with Dopp ler
broad en ing and back ground shaped as a trap e zoid, and
(c) 1077 keV en ergy peak

Fig ure 5. The o ret i cal ef fi ciency val ues from MCNPX
sim u la tions (1), the cor re spond ing cal i bra tion curve
ob tained by fit ting a hy per bolic func tion to the
the o ret i cal val ues (2) as well as the ex per i men tal
ef fi ciency val ues (3)

Fig ure 6. The 57Co flood source de ter mined ac tiv i ties for
dif fer ent ac qui si tion times in com par i son to the nom i nal
ac tiv ity; the dot ted lines in di cate the range of val ues
within one stan dard de vi a tion of the source-cer ti fied
ac tiv ity



clear ance cri te rion. Nev er the less, MDA for mea sure ment
of 1 hour by us ing the en ergy peak of 511 keV from the an -
ni hi la tion of 1899.1 keV pos i trons is 90.4  Bqg–1. Al -
though this MDA is higher than the gen eral clear ance cri -
te rion of 10 Bqg–1, a much lower MDA can be achieved by 
mea sur ing the line source with out shield ing in the fu ture
for di rect re lease.
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Ta ble 2. The 57Co flood DRS de ter mined ac tiv i ties and
MDA by us ing 122.06 keV en ergy peak for dif fer ent
ac qui si tion time

Mea sure ment time Ac tiv ity [MBq] MDA [Bqg–1]

7 hours 1.569 ± 0.004 0.45

2 hours 1.553 ± 0.004 0.85

15 minutes 1.508 ± 0.004 2.42

Ta ble 3. The 68Ge/68Ga lie DRS de ter mined ac tiv i ties and
MDA for dif fer ent ac qui si tion time

En ergy
[kev]

Mea sure ment
time Ac tiv ity [MBq] MDA [Bqg–1]

511 7 hours 1.18 ± 0.06 33.4

1077.4 7 hours 1.23 ± 0.02 309

511 1 hour 1.15 ± 0.06 90.4

1077.4 1 hour 1.31 ± 0.02 812

511 15 minutes 1.16 ± 0.06 174

1077.4 15 minutes 1.32 ± 0.02 1540

Fig ure 7. The 68Ge/ 68Ga line source de ter mined ac tiv i ties 
for dif fer ent ac qui si tion times in com par i son to the nom i -
nal ac tiv ity; the dot ted lines in di cate the range of val ues
within one stan dard de vi a tion of the sources-cer ti fied
ac tiv i ties
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TEHNIKA  MEREWA  ZA  KARAKTERIZACIJU  I  REGISTROVAWE
ISTRO[ENIH  57Co  I  68Ge/ 68Ga  ZATVORENIH  RADIOAKTIVNIH  IZVORA

Rad se bavi razvojem tehnike za odre|ivawe aktivnosti odlo`enih 68Ge/68Ga i 57Co
radioaktivnih izvora. Tehnika ima za ciq da odredi aktivnost ovih izvora merewem  i Monte
Karlo simulacijom kori{}ewem MCNPX programa. Zbog toga su izvr{ene kalibracije
efikasnosti 3´3 NaI(Tl) detektora za specifi~ne geometrije izvora. Spektri za dve vrste
utro{enih radioaktivnih izvora prikupqeni su za razli~ita vremena merewa. Kori{}eno je
karakteristi~no gama zra~ewe iz izvora koji sadr`i 57Co i linijskog izvora koji sadr`i 68Ge/68Ga. 
U slucaju 68Ge/68Ga, tako|e je kori{}en anihilacioni pik od 511 keV, s obzirom na islu`ene
radioaktivne izvore kao emitere pozitrona. Za validaciju MCNPX modela kori{}eni su izvori
pomenutih  tipova sa sertifikovanim nominalnim aktivnostima. Za izvor 57Co, vreme merewa od
15 minuta bilo je dovoqno za odre|ivawe aktivnosti, a dva sata merewa je obezbedilo adekvatnu
osetqivost, na nivou op{teg klirensa. Za linijski izvor 68Ge/68Ga, merewe od 15 minuta bilo je
adekvatno za odre|ivawe aktivnosti kori{}ewem 511 keV od anihilacije pozitrona od 1899.1 keV.

Kqu~ne re~i: spektrometrija gama zra~ewa, MCNPX pro gram, klirens, karakterizacija
..........................zatvorenog radioaktivnog izvora


