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Se lec tive in ter nal ra di a tion ther apy us ing an 90Y la belled microsphere is in creas ingly used to
treat hepatocellular car ci noma. Based on its prop er ties, 90Y can pro duce brems strah lung ra di -
a tion which is es sen tial for post-treat ment lo cal isa tion and do sim e try. How ever, brems strah -
lung ra di a tion could lead to an in crease of ra di a tion ex po sure of ra di a tion work ers. The aim
of this work was to de ter mine the 90Y brems strah lung ra di a tion pro duced from the
polymethyl methacrylate ra di a tion shield ing ap pa ra tus us ing the Monte Carlo sim u la tion. A
scin til la tion de tec tor with a 137Cs stan dard source was used to val i date the Monte Carlo sim u -
la tion. Af ter val i da tion, the 90Y brems strah lung pho tons spec trum pro duced from the ra di a -
tion shield ing ap pa ra tus was sim u lated. The ra di a tion equiv a lent dose rates to the head, neck,
body, lower ex trem i ties at a dis tance of 30 cen ti me ters, and fin ger (con tact with the knob)
were es ti mated to be 4.9 ± 0.6, 6.2 ± 0.1, 18.9 ± 0.4, 13.1 ± 0.6, and 3900 ± 50 µSvh–1, re spec -
tively. The cor re spond ing an nual doses ex ceeded the limit when ra di a tion work ers per formed
2631, 1563, 769, and 515 cases per year with con tact the knob 3, 5, 10, and 15 min utes per
case, re spec tively. The sim u la tion re sult showed that ra di a tion ex po sure of ra di a tion work ers
and the num ber of se lec tive in ter nal ra di a tion ther apy pro ce dures per formed should be con -
sid ered.
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IN TRO DUC TION

Se lec tive in ter nal ra di a tion ther apy (SIRT) us ing the 
90Y la belled microsphere is in creas ingly used to treat
hepatocellular car ci noma (HCC) and met a static hepatic
tu mours. Now a days, two types of microspheres are avail -
able for clin i cal prac tices: 90Y la belled glass-microspheres
(TheraSphere; MDS Nordion, Ot tawa, Can ada) and 90Y
la belled resin microspheres (SIR-sphere; SIRTEX, Syd -
ney, Aus tra lia) [1-3].

Prac ti cally, 90Y is a high en ergy beta par ti cle
emit ter with the max i mum beta en ergy of 2.27 MeV
and av er age en ergy of 0.93 MeV. Based on its ra di at -
ing prop er ties, 90Y can gen er ate brems strah lung ra di a -
tion which is es sen tial for post- treat ment lo cal isa tion

and do sim e try [4, 5]. The 90Y brems strah lung ra di a -
tion is pro duced as a broad spec trum rang ing from zero 
to the max i mum beta en ergy it is emit ting. The ra di a -
tion yield of brems strah lung is de pend ent on the beta
en ergy and the atomic num ber of the in ter act ing ma te -
rial. Thus, the low atomic num ber ma te rial is typ i cally
cho sen for shield ing of 90Y to re duce the brems strah -
lung pho tons pro duc tion [6, 7].

For the 90Y SIRT pro ce dure, the treat ment re -
quires pro cess ing by an in ter ven tion ra di ol o gist, ra di -
a tion tech nol o gist and nurse. The 90Y microsphere
man u fac turer rec om mends in di rectly han dling the
radiotracer by us ing the ra di a tion shield ing ap pa ra tus
pro duced from polymethyl methacrylate (PMMA)
also known as acrylic. How ever, many stud ies have re -
ported that brems strah lung ra di a tion can still be pro -
duced from the low atomic num ber ma te ri als while
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per form ing the 90Y SIRT pro ce dure [6, 8-11]. This
might lead to an in crease of ra di a tion ex po sure of ra di -
a tion work ers to 90Y SIRT.

In sev eral stud ies, shield ing prop er ties and brems -
strah lung ra di a tion pro duced from shield ing ma te ri als
were in ves ti gated by us ing dif fer ent Monte Carlo sim u -
la tions such as GEANT4 and MCNP (Monte Carlo
N-Par ti cle) [6, 12]. Boukhris et al used the GEANT4
code to study the ra di a tion shield ing prop er ties of
tellurite-lead-tung sten glasses for gamma and beta ra di a -
tion [12]. Fur ther more, the MCNP were used by many
re search groups for de sign ing novel shield ing ma te ri als
for pho tons and neu trons [13, 14].

The pri mary aim of this work was to de ter mine
the ex tent of the 90Y brems strah lung ra di a tion pro -
duced from the PMMA ra di a tion shield ing ap pa ra tus.
In ad di tion, the ra di a tion safety as pect of 90Y SIRT
was in ves ti gated by the Monte Carlo sim u la tion.

MA TE RI ALS AND METH ODS

Monte Carlo sim u la tion with MCNP

The MCNP5, Monte Carlo N-Par ti cle 5, is a
three-di men sional com pu ta tional trans port code that
can be used prac ti cally for all par ti cles and all en er gies
[15]. Ap pli ca tions for the code are quite board, in clud -
ing de tec tor de sign, ra di a tion do sim e try and ra di a tion
safety. In this work, MCNP5 is re lied on to sim u late
90Y brems strah lung ra di a tion pro duced from the
shield ing ap pa ra tus through the user-de fined ge om e -
try and ma te rial com po si tions. The MCNP is set up in
the pho ton and elec tron mode with de fault phys ics pa -
ram e ters to en able MCNP to track down all source
elec trons and pho tons pro duced from sub se quent
brems strah lung ra di a tion. The dis crete en ergy spec -
trum of the elec trons source de fined in the MCNP sim -
u la tion was based on beta de cay of 90Y that is com -
posed of 92.4 keV (0.0000014 %), 518.0 keV (0.017
%) and 2278.7 keV (99.983 %) [16]. Both pho tons and 
elec trons were sim u lated and fol lowed when their en -
er gies were above 1 keV. The ENDF/B-IV li brary is
used for all atomic and cross sec tion data [17]. Sev eral
tally op tions are avail able in the MCNP5. The F8 tally
was used in this study be cause it pro vides the brems -
strah lung en ergy dis tri bu tion with the pulse unit [18].
Rel a tive er rors of MCNP5 re sults in this work were
lim ited within 10 % by suf fi ciently in creas ing the
num bers of sim u lat ing par ti cles.

The MCNP val i da tion with
ex per i men tal mea sure ment

The MCNP is so ver sa tile that it pro vides a the
user with an abil ity to cap ture ef fects from en ergy
broad en ing and to de scribe the full width at half max i -

mum (FWHM) of the de tec tor through spec i fy ing sev -
eral pa ram e ters in the Gaussi an en ergy broad en ing
(GEB) and spe cial treat ment for tal lies of FT in put
cards, re spec tively. The GEB op tion was used to sim u -
late a phys i cal ra di a tion de tec tor which is broad en ing
the tal lies en ergy into Gaussi an dis tri bu tion.
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where E, E0, C, and A are the broad ened en ergy,
unbroadened en ergy of the tally, nor mal iza tion con -
stant and Gaussi an width. The lat ter pa ram e ter is re -
lated to the full FWHM that the de sired FWHM is
spec i fied by the user-pro vided con stants, a, b, and c as
il lus trated in eq. (2) [19]

FWHM = + +a b E cE 2 (2)

where E is the pho ton en ergy in MeV. In this study,
three gamma sources (241Am, 137Cs, and 60Co) were
used to ob tain the FWHM data for de ter min ing a, b,
and c pa ram e ters [19]. For our work, the con stants a, b, 
and c used in equa tions were –9.978×10–3 MeV,
8.9944×10–2 MeV1/2, and –3.87858×10–1, re spec tively.

In or der to ob tain ap pro pri ate pa ram e ters for
MCNP to sub se quently pro vide re li able as sess ments
on the equiv a lent dose rates (EDR) on the med i cal
staff, MCNP must be val i dated against ex per i men tal
mea sure ments. The ex per i men tal setup had a 2-inch ×
2-inch thal lium-doped so dium io dide (NaI(Tl)) scin -
til la tion de tec tor (Mirion Tech nol o gies Inc., Cal i for -
nia, USA) placed in front of a 137Cs stan dard point
source fig. 1.

The de tec tor was pre vi ously cal i brated be fore
per form ing all mea sure ments. The MCNP5 in put for
the NaI(Tl) scin til la tion de tec tor in clud ing the crys tal,
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Fig ure 1. Ex per i men tal set-up of the scin til la tion
de tec tor with the 137Cs stan dard source



hous ing and photomultiplier tube (ob tained from the
man u fac turer spec i fi ca tion), 137Cs point source and
the re lated ge om e try were cre ated to re sem ble the ex -
per i ment fig. 2.

An ac cept able dif fer ence be tween the MCNP re -
sult and its as so ci ated ex per i men tal mea sure ment (i. e.
cor re spond ing sim u lated and ex per i men tal count
rates) is de fined to be 2 % or less, there fore, the pa ram -
e ters must be ad justed in a num ber of MCNP runs dur -
ing the val i da tion pro cess un til an ac cept able dif fer -
ence is ac quired [20].

Sim u la tion of the 90Y brems strah lung pho tons
spec trum and safety as pect in the treat ment
pro ce dure

Af ter a suc cess ful MCNP5 val i da tion, the
PMMA shield ing ap pa ra tus used in SIRT was sim u -
lated to gether with the PMMA vial sim i lar as in a clin i -
cal set ting. The 90Y brems strah lung pho tons spec trum
pro duced from the ra di a tion shield ing ap pa ra tus with
the NaI(Tl) de tec tor was sim u lated fig. 3.

To es ti mate the safety as pects for ra di a tion work ers 
dur ing SIRT, the 3 GBq ac tiv ity was sim u lated. This se -
lected ac tiv ity was based on the max i mum ac tiv ity ac -
cord ing to the em piric plan ning of the 90Y resin
microsphere [21]. The sim u la tion was based on the 90Y
source placed in the ra di a tion shield ing ap pa ra tus and
then po si tioned at a 30 cm dis tance from the sim pli fied
ge om e try phan tom model (from the in for ma tion given in
the ICRP (In ter na tional Com mis sion on Ra dio log i cal
Pro tec tion) pub li ca tion 89 on the ba sic an a tom i cal and

phys i o log i cal data for use in ra dio log i cal pro tec tion: ref -
er ence val ues) [22]. The sim u lated ref er ence phan tom
was a ho mo ge neous tis sue equiv a lent ma te rial (MS20)
with a den sity of 1.00 gcm–3. The fin ger equiv a lent dose
was sim u lated when the fin ger model (di am e ter of 1 cm.
and length of 5 cm) made con tact with the knob of the ap -
pa ra tus fig. 4.

The EDR to the head, neck, body, and lower ex -
trem ity from brems strah lung ra di a tion pro duced from
the PMMA ra di a tion shield ing ap pa ra tus with the sim -
pli fied ge om e try model were sim u lated in the Monte
Carlo sim u la tions. The EDR is cal cu lated by mul ti ply -
ing the tally par ti cle fluence with the pho tons flux to
the dose rate con ver sion fac tor from the ICRP pub li ca -
tion 21 and the source ac tiv ity [23].

RE SULTS AND DIS CUS SIONS

The NaI(Tl) scin til la tion de tec tor with the 137Cs
stan dard source was used to val i date the MCNP5 code. 
The GEB op tion was ap plied to better sim u late a phys -
i cal ra di a tion de tec tor in which the en ergy peak ex hib -
its GEB.

Fig ure 5 shows the count rates ob tained from the
ex per i men tal NaI(Tl) de tec tor and the MCNP sim u la -
tion with GEB treatment. The to tal count rates and
sim u lated count rates were aligned in good agree ment
with a dif fer ence of 0.14 %. The 137Cs stan dard source
has been cho sen to ver ify the Monte Carlo sim u la tions
com pared with the ra di a tion de tec tor mea sure ment in
a num ber of stud ies due to its wide used to cal i brate the 
NaI(Tl) scin til la tion de tec tor [24, 25].

In fig. 6 il lus trates the sim u lated spec trum of the
90Y brems strah lung ra di a tion with the PMMA ra di a tion
shield ing ap pa ra tus. The spec trum showed a con tin u ous 
and  broad  pho ton  spec trum  with  a  peak at 40 keV. Our
find ing was in line with the pre vi ous re sult which per -
formed the Monte Carlo sim u la tion (MCNP6) of the
90Sr/90Y source with Plexi glas (an other trade name of
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Fig ure 2. The MCNP5 ge om e try of 137Cs mea sured with
the NaI(Tl) de tec tor for code sim u la tion

Fig ure 3. The MCNP5 ge om e try (midplane of the side
view) of 90Y with the ra di a tion shield ing ap pa ra tus with
the NaI(Tl) de tec tor

Fig ure 4. Sim pli fied ge om e try model of the clin i cal SIRT
con di tion us ing data given in the ICRP pub li ca tion 89 fig. 
4(a), the ref er ence phan tom po si tioned at 30 cm from the
ra di a tion shield ing ap pa ra tus fig. 4(b), and the fin ger
model on the knob fig. 4(c)



PMMA) [20]. The re ported peak from the pre vi ous study 
was at 38 keV in the case of Plexi glas. This study also in -
di cated that the pro duc tion of brems strah lung ra di a tion
from Plexi glas shield ing of 90Sr/90Y was much greater
than brems strah lung ra di a tion that was pro duced by 32P
and 89Sr. Hence, the brems strah lung ra di a tion dose re -
sult ing from the us age of 90Y for SIRT should be con sid -
ered. Also, there is room for im prove ment on the ma te ri -
als for 90Y shield ing, for ex am ple bar ium bo rate glasses
shield ing [14, 26].

To ob tain fur ther in for ma tion on the ra di a tion
safety as pect, the EDR to head, neck, body, and lower
ex trem i ties to the ra di a tion worker us ing the sim pli fied
ge om e try model us ing data given in the ICRP pub li ca -
tion 89 was sim u lated with the 90Y ac tiv ity of 3 GBq, at
a dis tance of 30 cm. Con se quently, the fin ger dose was
sim u lated based on the as sump tion that the in ter ven tion
ra di ol o gist's fin ger is con nected to the knob of the ra di a -
tion shield ing ap pa ra tus. The EDR are tab u lated in tab.
1.

The max i mum EDR was at the fin ger (3900 ± 50
µSvh–1), which touched the knob. Ac cord ing to the 500
mSv ICRP fin ger dose limit of the ra di a tion worker, the
cal cu lated EDR lim ited the SIRT to 128 pa tients per
year as sum ing that the ra di a tion worker's pro ce dure
lasted 1 hour per formed 1 hour per pro ce dure [27].
How ever, the knob con tact time was much lower in the
clin i cal rou tine. The con tact times of 3, 5, 10, and 15
min utes re sulted in the equiv a lent fin ger doses of 0.19,
0.32, 0.65, and 0.97 mSv per pro ce dure, re spec tively.
These were cor re lated to 2631, 1563, 769, and 515
cases per year, re spec tively. The EDR ob tained from
MC sim u la tions can be re duced in prac tice by de creas -
ing the con tact time.

The study of Mrdja, D., et al. [10] eval u ated the
fin ger dose from 1-3 GBq of 90Y brems strah lung ra di -
a tion re ceived by the med i cal staff us ing Geant4 sim u -
la tion. The fin ger dose of 5 mSv (for 10 min utes per
pro ce dure) was given which was es ti mated to 100
cases per year to reach the an nual equiv a lent fin ger
dose limit. The sim u lated fin ger equiv a lent dose from
this study was higher than our re sults. Nev er the less,
this fur ther means that the an nual fin ger dose should
be taken into ac count for the SIRT pro ce dure even
when the 90Y is well placed in the ra di a tion shield ing
ap pa ra tus. Apart from the fin ger EDR es ti ma tion, our
sim u la tion was cal cu lated the body EDR of 18.9 ± 0.4
µSvh–1 for 3 GBq. Mrdja et al also re ported the dose
rate of 20 µSvh–1 for sim i lar ac tiv ity of 90Y placed
within shield ing. It is im por tant to note that the in con -
sis tency in the fin ger dose might come from the dis -
sim i lar ity of the fin ger model in the sim u la tion, shield -
ing ma te rial and sim u la tion code.

CON CLU SION

This work dem on strated that 90Y brems strah -
lung ra di a tion can be pro duced from the PMMA ra di a -
tion shield ing ap pa ra tus. Monte Carlo with MCNP5
can be used as a tool for eval u a tion of the ra di a tion
safety as pect from brems strah lung pho tons in the
SIRT pro ce dure. Prior to sim u la tion, the MCNP5 code
was val i dated with the 137Cs stan dard source and
NaI(Tl) scin til la tion de tec tor. The GEB was ap plied
by us ing pa ram e ters from three gamma sources. The
dif fer ence be tween sim u la tion and ex per i ment was
well ac cepted.
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Fig ure 5. The 137Cs count rates ob tained from the
ex per i men tal mea sure ment with the NaI(Tl) de tec tor and
MCNP sim u la tion with GEB; cps – counts per sec ond

Fig ure 6. Sim u lated spec trum of the 90Y brems strah lung
ra di a tion with the PMMA ra di a tion shield ing ap pa ra -
tus; cps – counts per sec ond

Ta ble 1. The EDR (Mean ± SD) to the ra di a tion worker
us ing the sim pli fied ge om e try model at a dis tance of 30 cm.
from the PMMA shield ing ap pa ra tus and fin ger EDR
(con nected) to the knob)

Or gan EDR [µSvh–1]

Head 4.9 ± 0.6

Neck 6.2 ± 0.1

Body 18.9 ± 0.4

Lower ex trem ity 13.1 ± 0.6

Fin ger 3900 ± 50



From the ra di a tion safety as pect, the sim u la tion re -
sult showed that the EDR to head, neck, body, and lower
ex trem i ties to the ra di a tion worker us ing a sim pli fied ge -
om e try model us ing data given in the ICRP pub li ca tion
89 was sim u lated with 90Y ac tiv ity of 3 GBq, at a dis tance 
of 30 cm. The body EDR for the ra di a tion worker was
much lower than the whole-body an nual dose limit.
How ever, the fin ger EDR can pos si bly reach the an nual
dose limit when the ra di a tion worker per formed 2631,
1563, 769, and 515 cases per year with con tact with the
knob 3, 5, 10, and 15 min utes per case, re spec tively.
Based on our find ings, the fin ger EDR can be re duced in
prac tice by de creas ing the con tact time. Fu ture work with 
re gard to the ad di tional pro tec tive equip ment for the
SIRT pro ce dure e. g., novel ma te rial for the shield ing ap -
pa ra tus should be ex am ined.
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ASPEKTI  BEZBEDNOSTI  OD  ZAKO^NOG  ZRA^EWA  90Y  PROIZVEDENOG
OD  APARATA  ZA  ZA[TITU  OD  ZRA^EWA,  PROCEWENI

MONTE  KARLO  SIMULACIJOM

Selektivna interna terapija zra~ewem kori{}em mikrosfere obele`ene 90Y sve vi{e
se koristi za le~ewe hepatocelularnog karcinoma. Na osnovu osobina 90Y mo`e se proizvesti
zako~no zra~ewe koje je neophodno za lokalizaciju i dozimetriju nakon tretmana. Me|utim,
zako~no zra~ewe mo`e dovesti do pove~awa izlo`enosti radijaciji profesionalnog osobqa. Ciq
ovog rada je da se pomo}u Monte Karlo simulacije utvrdi zako~no zra~ewe 90Y proizvedeno iz
polimetil metakrilata aparata za za{titu od zra~ewa. Za potvrdu Monte Karlo simulacije
kori{}en je scintilacioni detektor sa standardnim izvorom 137Cs. Nakon validacije, simuliran je 
spektrum fotona 90Y zako~nog zra~ewa proizveden iz aparata za za{titu od zra~ewa. Ekvivalentne 
doze zra~ewa za glavu, vrat, telo, dowe ekstremitete na udaqenosti od 30 centimetara i prst
(kontakt sa dugmetom) procewene su na 4,9 ± 0,6, 6,2 ± 0,1, 18,9 ± 0,4, 13,1 ± 0. i 3900 ± 50 µSvh–1,
respektivno. Odgovaraju}e godi{we doze prema{uju dozvoqenu granicu kada radijaciono osobqe
obavi 2631, 1563, 769 i 515 slu~ajeva godi{we sa kontaktom na dugme 3, 5, 10, i 15 minuta po slu~aju.
Rezultat simulacije pokazao je da treba uzeti u obzir izlo`enost radijacionih radnika i broj
izvedenih selektivnih internih terapijskih procedura.

Kqu~ne re~i: Monte Karlo, SIRT, 90Y, zako~no zra~ewe, radijaciona sigurnost, ja~ina
..........................ekvivalentne doze zra~ewa


