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To an a lyze the bi o log i cal ef fects of ra di a tion, it is im por tant that the con di tions of in vi tro ex -
per i ments match closely with those of in vivo ex per i ments. In this study, we con structed an ir -
ra di a tion sys tem to con duct ir ra di a tion ex per i ments un der con di tions sim i lar to those of in
vivo ex per i ments. The Dongnam In sti tute of Ra dio log i cal and Me dial Sci ences has a gamma
irradiator in clud ing 60Co ra dio iso tope for re search pur poses and ac cred i ta tion for stan dard
cal i bra tion of the ion cham ber. The tem per a ture of the wa ter phan tom was main tained the
same as that of the nor mal hu man body, and the phys i cal do sim e try was car ried out ac cu rately
us ing the ion cham ber with trace abil ity. We re port the mea sure ment of lat eral pro files, depth
pro files, and ab sorbed dose rate in wa ter, Dw, at the ir ra di a tion lo ca tion of the blood sam ples
us ing a farmer-type ion cham ber. We sim u lated the source, collimator, irradiator, phan tom,
and ex tra struc ture of the gamma ir ra di a tion sys tem us ing the Monte Carlo code and com -
pared the sim u lated and the ex per i men tal re sults. The ex per i men tally and the o ret i cally eval u -
ated dose rates were 0.2975 ± 0.0055 Gymin–1 (at cov er age fac tor k = 2) and 0.2978 ± 0.0052 
Gymin–1 (at cov er age fac tor k = 2) at source-to-sur face dis tance of 100 cm and 5 gcm–2 depth
in the wa ter phan tom, re spec tively. Blood ir ra di a tion will be con ducted in vi tro, un der con di -
tions sim i lar to in vivo con di tions, to pro vide the dose-re sponse curve based on do sim e try
with trace abil ity.
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IN TRO DUC TION

The 60Co ra dio ac tive iso tope-based irradiator is
widely used in med i cal sci ence, ra di a tion mea sure -
ment, radionuclide anal y sis, in dus try ap pli ca tions, bi -
o log i cal ex per i ments, and stan dard ir ra di a tion [1-7].
Dongnam In sti tute of Ra dio log i cal and Med i cal Sci -
ences (DIRAMS) has a 60Co irradiator (Gammabeam
X-200, BEST Theratronics) for re search pur poses.

Ko rea Re search In sti tute of Stan dards and Sci -
ence (KRISS), as the pri mary stan dard do sim e try lab o -
ra tory [8] in Ko rea, has pri mary stan dards for de ter min -
ing the air kerma and ab sorbed dose to wa ter at 60Co
beam qual ity. The DIRAMS, an in ter na tion ally ac cred -
ited cal i bra tion, and test ing lab o ra tory be long to the Ko -
rea Lab o ra tory Ac cred i ta tion Scheme (KOLAS). 

Ion cham bers, cal i brated with 60Co gamma-rays,
are used at DIRAMS for ab so lute do sim e try of high en -
ergy elec tron (6, 10 MV) and pho ton (6, 10 MeV)
beams us ing ap pro pri ate beam qual ity cor rec tions fol -
low ing the In ter na tional Atomic En ergy Agency
(IAEA) Tech ni cal Re port Se ries (TRS) 398 [9, 10]. The
DIRAMS has pro vided stan dard cal i bra tion of ion
cham ber for air kerma and ab sorbed dose to wa ter, with
trace abil ity us ing 60Co beam qual ity, which was used in
var i ous re search fields with high re li abil ity us ing cal i -
brated ion cham bers fol low ing the IAEA TRS-398 and
Ko rean stan dard [11].

Chro mo some ab er ra tions in lym pho cytes are
used to as sess ab sorbed dose to over ex posed per sons.
The num ber of ab nor mal i ties in the lym pho cytes are
dem on strated in terms of ab sorbed dose by ref er ence
to a dose-re sponse cal i bra tion curve. The curve should 
be of fered by ex po sure of blood in vi tro to doses of the
proper ra di a tion qual ity. The doses given to the sam -
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ples should be eval u ated through phys i cal equip ment
such as an ion iza tion cham ber, to a pri mary or sec ond -
ary stan dard with trace abil ity [12-14]. We will pro vide 
dose-re sponse cal i bra tion curve of bi o log i cal ef fect
as sess ment based on phys i cal ir ra di a tion sys tem that
has stan dard dose rate us ing 60Co beam qual ity with
trace abil ity.

MA TE RI ALS AND METH ODS

Gamma-ray ir ra di a tion con di tions

A Gammabeam X-200 irradiator was loaded with
6197.3 Ci (ap prox i mately 6200 Ci) of 60Co radionuclide
which had a ref er ence date of June 1st, 2012. The source
as sem bly con sists of a set of sleeves, plugs, cases, etc. in
the drawer and it is lo cated at the cen ter of the irradiator
dur ing the ir ra di a tion by the pneu matic sys tem. The
square-shaped beam can be ad justed in the beam field us -
ing a tung sten collimator and it is sur rounded by a lead
shield on the out side, around the source.

The wa ter phan tom had the di men sions of 30 cm
(length), 50 cm (width), and 25 cm (height). It was
cov ered with tis sue-equiv a lent Poly Methyl
Methacrylate (PMMA) ma te ri als. To pre vent the
blood co ag u la tion, and plate lets, and to re pro duce the
in vivo con di tions, heat ers were in stalled in side the
phan tom to main tain the tem per a ture at 37. Lym pho -
cytes should be ir ra di ated in vi tro ap prox i mately as
closely as pos si ble to the in vivo sit u a tion, due to pro -
tect chro mo some ab er ra tions un re lated to ir ra di a tion.
When this is done, the equiv a lent dose-re sponse curve
will be ob tained [13, 14]. 

The  beam  field  size  was set to 10 cm (ver ti cal)
× 25 cm (lat eral) for ir ra di at ing the sam ple and the
mea sure ments were con ducted at a source-to-sur face
dis tance (SSD) of 100 cm with a 5 gcm–2 depth in wa -
ter phan tom, con sid er ing the to tal ir ra di a tion time per
sam ple to be less than 15 minutes [13]. The lat eral
beam pro files and depth pro files were also mea sured.

The lat eral beam pro files were mea sured at in ter vals of 
1.5 cm, and the depth pro files were mea sured at 1
gcm–2 in ter vals, from 2 gcm–2 to 15 gcm–2 in the beam
di rec tion, with the ion cham ber fixed at a
source-to-cham ber dis tance (SCD) of 105 cm, as
shown fig. 1. Fig ure 1 pres ents ex per i men tal set-up for 
the lat eral beam pro files and geo met ric struc ture of the 
ir ra di a tion sys tem [15]. Mea sure ments at one po si tion
were con ducted 10 times per min ute. The ir ra di a tion
dose rate is eval u ated by av er ag ing those 10 mea sure -
ments for each po si tion and a to tal of 10 back ground
mea sure ments. The po si tion of ab sorbed dose to wa -
ter, in sim u la tion, was lo cated at source-to-sam ple dis -
tance of 105 cm, same as with the ion cham ber mea -
sure ment.

The ion cham ber, which was cal i brated by the
stan dard method for cal i bra tion fac tor in wa ter, ND,w, to
main tain trace abil ity, was used as a farmer-type ion
cham ber (TM300013, PTW) with a wa ter proof coat ing
and no build-up cap. The ion cham ber, which was used
in the ex per i ment, was cal i brated us ing the farmer-type
ion cham ber (TM30011-1, PTW) that was cal i brated at
SCD 105 cm with cal i bra tion co ef fi cient of 0.05286
GynC–1. An electrometer (6517B, KEITHLEY), ther -
mom e ter (LABCAL PRO, LABFACILITY), ba rom e -
ter (CPG2500, MENSOR), and hu mid ity me ter
(RN300, DEKIST) with trace abil ity, were used for
stan dard cal i bra tion of the ion cham ber [9-11].

The cal i bra tion fac tor of farmer type TM300013 in 
wa ter, ND,w, by stan dard cal i bra tion was 0.05400 GynC–1

at SCD 105 cm. The un cer tainty con tained sys tem atic
un cer tain ties such as beam ho mo ge ne ity, po si tional
reproducibility, electrometer, tem per a ture, pres sure, and
hu mid ity, as well as sta tis ti cal un cer tainty [9-11]. 

Bi o log i cal ef fects of ra di a tion

The dose-re sponse curves are es sen tial for bi o -
log i cal dose as sess ment, as the num ber of chro mo -
some ab er ra tions is cor re lated with the ir ra di a tion
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Fig ure 1. Ir ra di a tion sys tem of 60Co iso tope for (a) ex per i men tal set-up for ab sorbed dose in wa ter and
(b) geo met ric struc ture of wa ter phan tom



dose [12]. Ac cu rate dose de liv ery should be ac com pa -
nied to ob tain an ac cu rate dose-re sponse curve and the
lym pho cytes should be ir ra di ated in vi tro to rep li cate
the in vivo ex per i men tal con di tions. Fur ther more, the
blood should be ex posed at least 1 m away from the
source, to re duce the dif fer ence in uni for mity of ir ra di -
a tion to less than 2 % [13]. Sink ing and co ag u la tion of
blood were also con sid ered. The blood sam ples were
ro tated dur ing the ir ra di a tion to pre vent sink ing, and a
wa ter phan tom, main tained at the nor mal hu man body
tem per a ture, was pro duced and used for the as sess -
ment of ab sorbed dose in this ex per i ment. In ad di tion,
the sam ple mount was ro tated at a con stant speed for
uni form ir ra di a tion. The mea sured ab sorbed dose rate
to wa ter was com pared with sim u lated dose rate to wa -
ter by us ing Monte Carlo sim u la tion. Blood is made up 
of more than 96 % wa ter and 4 % of other low atomic
sub stance, so the ab sorbed dose of blood can be es ti -
mated mea sur ing the ab sorbed dose to wa ter.

Monte Carlo cal cu la tion

The MCNPX 2.7.0 code was used to eval u ate the
dose rate for Monte Carlo cal cu la tions [16]. The geo met -
ric struc ture of the irradiator con sists of source drawer,
irradiator body, head, collimator of Gammabeam X-200,
and the cal i bra tion room. The ef fec tive size of the source, 
which con tains stack of 60Co pel lets of 1 mm di am e ter, is
2 cm in height and 2 cm in di am e ter, with a 1.1 mm stain -
less steel cover in the source drawer. There is a
square-shaped tung sten collimator in the beam di rec tion
from the cen ter of the source, sur rounded by a lead
shield, as shown in fig. 2. We used an en ergy de po si tion
tally in the MCNPX code with a di rectly ob tained rel a -
tive er ror from the code of less than 1 % [16]. The ma te -
rial in for ma tion of tung sten, PMMA, wa ter, stain less
steel, etc. was used by com pen dium of ma te rial com po si -
tion for the MCNPX code [17].

Fig ure 2 shows the ver ti cal and lat eral geo met ric
struc ture of Gammabeam X-200 for Monte Carlo sim -

u la tion. The val ues of the sim u lated ab sorbed dose rate 
to wa ter, Dw,s, are de noted by

D E cw,s d f= eg (1)

where Ed is the en ergy de po si tion value in Monte Carlo
sim u la tion with the unit of MeVg–1 per pho ton in the
MCNPX code [16], cf is the cor rec tion fac tor of
8.1034×1013 for ab sorbed en ergy to dose rate, eg are pho ton
emis sion rates of 0.9985 and 0.9999, cor re lated with the
60Co source based on the re sponse of 1.173 MeV and
1.333 MeV, re spec tively, on the date of the mea sure ment
[18].

RE SULTS

The mea sured dose rate of the ion cham ber was
0.2975 ± 0.0055 Gymin–1 (at cov er age fac tor k = 2) with
the gamma field (10 cm × 25 cm at SSD of 100 cm) at a
depth of 5 gcm–2 in the wa ter phan tom. Un der sim i lar con -
di tions as that of the ex per i men tal set-up, the cal cu lated
dose rate from the Monte Carlo sim u la tion was 0.2978 ±
0.0052 Gymin–1 (at cov er age fac tor k = 2). Re sults from
the mea sure ments agreed well with the sim u lated re sults.
Fig ure 3 shows dif fer en tial pho ton fluence at sam ple ir ra -
di a tion lo ca tion by MCNPX sim u la tion. The high pho ton
fluence was gen er ated by mod er at ing the gamma rays of
1.173 MeV and 1.333 MeV from 60Co to low en ergy re -
gion, at a depth of 5 gcm–2 in wa ter phan tom. 

Fig ure 4 shows that, over all, there is a good agree -
ment be tween dif fer ent mea sure ments and Monte Carlo
sim u la tions, for pro files of the lat eral axis. How ever,
there is a dis crep ancy in the dose rate val ues at the edge of 
the beam field due to in abil ity to ac cu rately re trace the
po si tion. But the dis crep ancy is neg li gi ble for ir ra di a tion
be cause it is con ducted at the cen ter of the beam field.

The rel a tive bias, BD, for eval u at ing of the dis -
par i ties be tween cal cu lated and mea sured re sults was
ex pressed as

B
D D

D
D

w, m w,s

w, m

=
-

(2)
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Fig ure 2. Geo met ric struc ture of 60Co irradiator
for Monte Carlo sim u la tion for (a) ver ti cal axis and
(b) lat eral axis

Fig ure 3. Dif fer en tial pho ton fluence of 60Co irradiator
by Monte Carlo sim u la tion with gamma field
(10 cm × 25 cm at SSD of 100 cm) at 5 gcm–2 depth in
the wa ter phan tom



where Dw,m is the mea sured ab sorbed dose rate in wa -
ter and Dw,s  – the sim u lated ab sorbed dose rate in wa ter 
[18, 19]. The mea sured and sim u lated depth pro files
for the ab sorbed dose rate in wa ter, Dw, are in good
agree ment, as shown in fig. 5, show ing a rel a tive bias
BD of less than –0.012. Ac cord ing to fig. 5, there is an
ap prox i mately 3.5 % dif fer ence be tween the front sur -
face (depth at 4.25 gcm–2) and the back sur face (depth
at 5.75 gcm–2) of the blood tube dur ing the ir ra di a tion
be cause the di am e ter of tube is 1.5 cm. Thus, the dis -
par ity of the to tal amount of dose rate was re duced by
ro tat ing the sam ple mount.

DIS CUS SION

It is es sen tial to ac cu rately eval u ate the amount
of ra di a tion dose de liv ered to the sam ple for as sess ing
the bi o log i cal ef fects of ra di a tion. Here, we mea sured
the dose rate of the lat eral pro file and the depth pro file
of the beam field in a wa ter phan tom. We com pared the 
mea sured val ues with the Monte Carlo sim u la tion, us -

ing a stan dard cal i brated ion cham ber with trace abil ity
fol low ing the IAEA TRS-398. The phan tom used in
this ex per i ment was de signed to main tain the tem per a -
ture to 37 °C, due in or der to pro tect chro mo some ab -
er ra tions in lym pho cytes by ther mal fluc tu a tion, and it
was ro tated for re pro duc ing the in vivo con di tion, uni -
form ir ra di a tion, and pre vent ing blood co ag u la tion
and sink ing dur ing ir ra di a tion. The geo met ric struc -
ture of 60Co source, collimator, lead shield, cal i bra tion
room, and cal i bra tion rail in volved with scat ter ing on
of pho tons, in the Monte Carlo code, was de signed to
closely match the real mea sure ment set-up. The o ret i -
cal and ex per i men tal re sults agreed well with each
other. 

CON CLU SION

 The ob jec tive of this study was to pro vide a stan -
dard method of ir ra di a tion to con struct a dose-re -
sponse curve of bi o log i cal ef fect by ir ra di a tion,
through pre cise mea sure ment of ab sorbed dose to wa -
ter in com par i son with Monte Carlo sim u la tion. Dose
re sponse curves, pro duced by pre cise ir ra di ated dose,
can im prove the ac cu racy of ret ro spec tive do sim e try
of ra di a tion work ers, or the pub lic, in ra di a tion emer -
gen cies. Based on our mea sured dose rate re sults and
ir ra di a tion sys tem, the blood sam ples will be ir ra di -
ated with a pre cise dose with phys i cal trace abil ity. Fi -
nally, the dose-re sponse cal i bra tion curve will be pro -
vided through fur ther stud ies that ad di tion ally
an a lyzes chro mo some ab er ra tions in lym pho cytes by
stan dard ir ra di a tion.

AC KNOWL EDGE MENT

This work was sup ported by the Dongnam In sti -
tute of Ra dio log i cal & Med i cal Sci ences (DIRAMS)
grant funded by the Ko rea gov ern ment (MSIT) un der
Grant No.50494-2021.

AU THORS' CON TRI BU TIONS

The idea for this study was ini ti ated by Y-R.
Kang, W-S. Jo, J-K. Kim, and Y-U. Kye. Data col lec -
tion and sta tis ti cal anal y sis were car ried out by Y-J.
Seo, Y-U. Kye, H-J. Kim, and J-E. Lee. Y-R. Kang su -
per vised pre sented re search and helped with its de vel -
op ment that re sulted in this pa per. All the au thors par -
tic i pated in the dis cus sion of the pre sented re sults.

REF ER ENCES

[1] Leal-Acevedo, B., et al., Dose Dis tri bu tion Cal cu la -
tion with MCNP Code in a Re search Irradiator, Ra di a -
tion Phys ics and Chem is try, 167 (2020), Feb., 108320

[2] Mar tin, P., et al., Ra di a tion Char ac ter iza tion for New
Tan ta lum Poly mer Ca pac i tors, 16th Eu ro pean Con fer -

Y.-U. Kye,, et al.: Mea sure ment of Ab sorbed Doe Rate in Wa ter Phan tom ...
292 Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2021, Vol. 36, No. 3, pp. 289-293

Fig ure 4. Com par i son of lat eral beam pro files for
ab sorbed dose be tween mea sure ments and Monte Carlo
sim u la tions with gamma field (10 cm × 25 cm field at SSD 
of 100 cm) at 5 gcm–2 depth in the wa ter phan tom

Fig ure 5. Com par i son of depth pro files for ab sorbed dose 
be tween the mea sure ments and Monte Carlo sim u la tions 
with gamma field (10 cm × 25 cm field at SCD of 105 cm)
in the wa ter phan tom



ence on Ra di a tion and Its Effecs on Com po nents and
Sys tems (RADECS), Bre men, 2016, pp. 1-5

[3] Najafim, M., et al., Anal y sis of Gafchromic EBT3
Film Cal i bra tion Ir ra di ated with Gamma Rays from
Dif fer ent Sys tems: Gamma Knife and Co balt-60
Unit, Med i cal Do sim e try, 42 (2017), 3, pp. 159-168

[4] Pradhan, B., et al., De lin ea tion of Gamma Ir ra di a tion
(60Co) In duced Ox i da tive Stress by de crypt ing An ti -
ox i dants and Bio chem i cal Re sponse of microalga,
Chlorella sp, Biocatalysis and Ag ri cul tural Bio tech -
nol ogy, 25 (2020), 101595

[5] Ajayi, O. S., et al., Zinc Ox ide Nanoparticle in Lith -
ium Triborate Microparticle Sys tem: Vis i bil ity for
Ap pli ca tion in Do sim e try, Ma te ri als To day, The 2020
In ter na tional Sym po sium on Nanostructured and Ad -
vanced Ma te ri als, Gold Reef City, Jo han nes burg,
South Af rica, Vir tual Con fer ence, Pro ceed ings, 2020

[6] Kim, T. H., et al., De vel op ment of an IAEA Phase-Space
Dataset for the Leksell Gamma Knife Perfexion Us ing
Multi-Threaded Geant4 Sim u la tions, Physica Medica, 64
(2019), pp. 222-229

[7] Jin-Soo, Lee., et al., Fil a ment Ma te rial Eval u a tion for
Breast Phan tom Fab ri ca tion Us ing Three-Di men -
sional Print ing, Nucl Technol Radiat, 35 (2020), 4, pp. 
372-379

[8] Kessler, C., et al., Com par i son of the Stan dards for
Air Kerma of the KRISS and the BIPM for 60Co
Gamma Ra di a tion, Metrologia, 47 (2010), Tech.
Suppl. 06021

[9] ***, In ter na tional Atomic En ergy Agency, Ab sorbed
Dose De ter mi na tion in Ex ter nal Beam Ra dio ther apy:
An In ter na tional Code of Par ti cle for Do sim e try Based
on Stan dards of Ab sorbed Dose to Wa ter, TRS-398, Vi -
enna, Aus tria, 2004

[10] Kim, Y. H., et al., Monte Carlo Stud ies on Dose Con -
ver sion Fac tors from Graph ite to Wa ter for High En -
ergy X-Ray Beams, Ra di a tion Phys ics and Chem is -
try, 171 (2020), 108760

[11] ***, Ko rea As so ci a tion of Stan dards & Test ing Or ga -
ni za tions, Stan dard Cal i bra tion Pro ce dure of Ion iza -
tion Cham ber Dose Me ter, KASTO 17-80105-042,
2017

[12] Liniecki, J., et al., Dose-Re sponse Re la tion ships for
Chro mo some Ab er ra tions in Pe riph eral Blood Lym -
pho cytes Af ter Whole- and Par tial-Body Ir ra di a tions:
1. Ef fects Im me di ately Af ter Ir ra di a tion, Mu ta tion
Re search/Fun da men tal and Mo lec u lar Mech a nisms
of Mu ta gen e sis, 110 (1983), 1, pp. 83-101

[13] ***, In ter na tional Atomic En ergy Agency, Cytogenetic
Do sim e try: Ap pli ca tions in Pre pared ness for and Re -
sponse to Ra di a tion Emer gen cies, Vi enna, Aus tria, 2011

[14] Fabry, L., Lemaire, M., Dose Re sponse Re la tion ships
for Ra di a tion In duced Chro mo some Ab er ra tions in Hu -
man Lym pho cytes In Vivo and In Vi tro, Strhlentherapie,
162 (1986), pp. 63-67

[15] Tedgren, A. C., et al., Char ac ter iza tion of a 60Co Unit
at a Sec ond ary Stan dard Do sim e try Lab o ra tory:
Monte Carlo Sim u la tions Com pared to Mea sure -
ments and Re sults from the Lit er a ture, Med. Phys., 37
(2010), pp. 2777-2786

[16] Pelowitz, D. P. ed., MCNPX User's Man ual, Ver sion
2.7.0, Los Alamos Na tional Lab o ra tory re port LA-
CP-11-00438, 2011

[17] McConn, R. J., et al., Com pen dium of Ma te rial Com -
po si tion Data for Ra di a tion Trans port Mod el ling,
PIET-43741-TM-963, PNNL-15870 Rev. 1, 2011

[18] Be, M. -M., et al., Ta ble of Radionuclides, Monographie
BIPM-5, 2010

[19] ***, In ter na tional Or ga ni za tion for Stan dard iza tion,
Ra di a tion Pro tec tion – Per for mance Cri te ria for
radiobioassay, ISO 28218, 2010

Re ceived on March 25, 2021
Ac cepted on No vem ber 26, 2021

Y.-U. Kye,, et al.: Mea sure ment of Ab sorbed Doe Rate in Wa ter Phan tom ...
Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2021, Vol. 36, No. 3, pp. 289-293 293

Jung-Uk KJE, Hjo-\in KIM, \i-Eun LI, Juen-\ae SEO, \ueng-Ki KIM,
Vol-Sun \o, Dung-Jeon LI, Jeong-@ouk KANG

MEREWE  JA^INE  APSORBOVANE  DOZE  U  VODENOM  FANTOMU  ODR@ANOM
NA  TELESNOJ  TEMPERATURI  POMO]U  60Co  OZRA^IVA^A ‡ PORE\EWE

EKSPERIMENTALNIH  REZULTATA  I  MONTE  KARLO  SIMULACIJE

Za analizu biolo{kih efekata zra~ewa, va`no je da se uslovi in vi tro eksperimenata blisko
poklapaju sa uslovima in vivo eksperimenata. U ovom radu konstruisali smo sistem ozra~ivawa za
sprovo|ewe eksperimenata zra~ewem pod uslovima sli~nim onima u eksperimentima in vivo. Dongnam
institut radiolo{kih i medicinskih nauka ima gama ozra~iva~ koji ukqu~uje 60Co radioizotop za
istra`iva~ke svrhe i akreditaciju standardne kalibracije jonske komore. Temperatura vodenog
fantoma odr`avana je na temperaturi normalnog qudskog tela, a fizi~ka dozimetrija sprovedena je
precizno kori{}ewem jonske komore sa pra}ewem procesa. Ovde izve{tavamo o merewu bo~nih
profila, profila po dubini i ja~ini apsorbovane doze u vodi, a na lokaciji zra~ewa, uzoraka krvi
pomo}u jonske komore farmer-tipa. Simulirali smo izvor, kolimator, ozra~iva~, fantom i posebnu
strukturu sistema gama zra~ewa koriste}i Monte Karlo kod i uporedili simulirane i eksperimentalne 
rezultate. Eksperimentalno i teorijski procewene ja~ine doze bile su 0,2975 ± 0,0055 Gy min‡1 (pri
faktoru pokrivenosti k = 2) i  0,2978  ±  0,0052  Gy min–1 (pri  faktoru  pokrivenosti k = 2), na udaqenosti
od izvora do povr{ine od 100 cm i 5 gcm‡2 dubine u vodenom fantomu, respektivno. Zra~ewe krvi bi}e
sprovedeno in vi tro, pod uslovima sli~nim uslovima in vivo, da bi se obezbedila kriva doza-odziv zasnovana
na dozimetriji sa pra}ewem procesa.

Kqu~ne re~i: apsorbovana doza, vodeni fantom, zra~ewe krvi, standardna kalibracija, MCNPX kod


