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Abstract

Xenon radioisotopes are one of the products of uranium nuclear fission. These radioisotopes are released
in the form of gas in the process of dissolving the uranium target to extract 99Mo. This research aims to
measure the activity of released xenon radioisotopes. For this, radioxenon is separated from other fission
products using activated charcoal and purified after passing through a carbon molecular sieve. Pure
radioxenon is directed into the measurement chamber and determined by an HPGe detector. Calibration
of the detector efficiency has been performed via experimental and simulation (using MCNPX27e code)
and the difference was less than 22%. In this way, the average activity of 100 cc of radioxenon gas at the
moment after irradiation was equal to 54225 +2272 Bq.

Keywords: Uranium fission, Radioxenon, Gamma spectrometry, HPGe detector, Charcoal active,
Carbon molecular sieve

Journal of Nuclear Science, Engineering and Technology Slan (6 3ld 5 cwdige pole ale
Vol. 45 (4), Serial Number 109, 2024, P 136-142 VEV-AYE o VF Y 50l e ol oY o leds FO 0,90 (/




aélye (goli8 dezs  guds Cpuzmo (oo gy

\YY

— E‘:!EU! - EHU! . E‘?E'Ful_
HSUHE E:I-ﬂu'_E EHEIPHHE
10 T ] T ‘\ T T || L] T T
TN ) }H ':“-"\1
3 10° ,g-l |':. T . IIl!||I \‘i:
-'Il !l"\'I ; '.u- :-l
% 10-1 - aﬁk - ,:. . I!. Ill.lI
S II| :: i \__,__’,)-/ II',I;I J
10 ! F| e I"ll':
f N ! H [y 14 .':
2 1| A
L L S S S R S N S
L] 80 100 120 140 160

07 Sue
b St sl TPU 5 AU U gladn (ol SIS 0 g ) S5

I¥THE 6 65, b slags s s f 55, sboosyis

(0] U 5, colss 5l Jol> 055 slowsisnlpsl, Slasie ) Jgus

. 1Ly 655 . 55 o2
[GER V) [SER W) . . . . .
o Jras (g2l b o5 R osdend F595]
' keV) ) keV) B
FF ¥ Ya £y
#3 e ¥ 0 e AY TMXe
VA0 \FYAY.
5\ Ya £y "
7 VaAY BAE 39, YA Xe
AY YYY VY-
a9,y Y5 ¥ £ YA .
#NY 55, OYF "Xe
00, A YA A-Aqy
g Q. \n YoM
73 cels AN Xe
oV YAYA Qe YR VY-

—0) goieilys daslu ST ol o Slee ¥ &S S sl

) 095 sLogsplnsly ClldeS polie g pSoslal yo b
JE on s OFY 08 @sisnl ¥ mBg/m'™ sg0-
51T 0,905 mle olKislesl 5 Tealayl Lo olfisle;] 5,5 o
3 slin doi daugd 4,0l 4 wiwn laolKisle;] dgune
O“)l) 6‘1.1 L)LP J....J‘)....J 9 Oli.;.u‘i‘ A+ CTBT sonleo o

@ e ol oKl FooaS ol a8, S L o Iigi, ol)d
GrSolwl laghy, nl sleer Osiimel, xSl
92 3l (G,lopdiged Alwgn Hebay deelSiig] pl yo s
Lged oalive ©)90 )3 ()b 5l 5 0ud plxl e
b9 oply ilw s 5l solatuwl b o] JewS Lics o lxial

0y5 o0 )18 (o) )90

2. Quality Control (QC)

3. Idaho National Laboratory

4. Seibersdorf Laboratory

5. Atmospheric Transport Modeling

Journal of Nuclear Science, Engineering and Technology

doddo .
Nyl wlsi Glsl Y game TTOU )l cdlSs (b o
2P S oy b o3y sleesisnlnsl, (ol al o &S
35 09 sLegsplnsl, (1 JK2) Wyl 1,3 CAlSL o 0 48
TXe Cgigplaly cglae (S 0 bls cwlul 0,8
Slopneal 5 4, Sdnsd bbb g xSoslal sl
Sae Pl sl ) o5 sleesisnlssl, el e ool
Glole, G5 Syee a4 Mo Jlaxiul gly saslyl
sioslnsly (Sl Jol> o8 e Ggisnlnol, Wl
S S el o,ladly (npete el VMo
dga> lpl jo gilagal nl a5l el oo g glain
ol adgi Glp oy oo peses V] ol azin jo 695 VY-
551 00 Sl slepsys b TPU el Bua eogi
Iv] sibo slaan

el bl oss sbegsnlesl, K op)ls
gl gloptll mlr me ssales sae sleypas
Mz sz ol g sSelal @bl aS cwl saale
255 o0 el ) Jodx )3 gysie 095 Ceignlnsl,

035 ¥l sl Jlaly 655 51+ AY ppm (5l a9
5 X Gligin wrisnl 909l risnl V Jels xnb
gyl 5 ogdle bl o e SVsb (sloyecaas b \Xe
sl ) Gl i Glejesans b S Gl sisn! VT
posilygl COSE Jpame byl 5l cow Ly, a5 wload caas
i glacdled coss Jols lag] olasl coand 5 psiigish
s coll Sl olis bp] lolid ol ks
Sy Sl gl glaygsTy sl dSs e
L8 ] o )ls Glaan sla il 5 g 15530,

LE L D osss ) oz ,o g slogsisyl
Ol S e e o slageySUl L Ly boogyhen
Gy )l vsry gl epSelal gln (g, 90 el
Y S5 2,08 L L 6,k (b, 9 LE-Ly (599 50

Nal Lo sl oS 5l Wby gogien (3, o
a5 8 Smdly g Sl lSST (T )0 a5 oSl
sosinlnsl, 51 ol gog,hen slaslyg, <od sl
Bl 55 s @ ey caiy onl s ookl ()
Gl LY KeV (g5l oS o ggisnl plulid oed o
[7] e plonil LB s,

o IS8T 5 VU (S 5,08 b Ll (6, Kicaabs g, 4o
parls lald oy, opl 0 b e oolai.l HPGe

IVl s Slalis BB os5 4 095 sloogisnlsnsl,

1. Comprehensive Nuclear Test Ban Treaty (CTBT)
Sl (6 )9lid 5 (owikites pole Al

Vol. 45 (4), Serial Number 109, 2024, P 136-142

VEY-VTF o 0 Fe ¥ 0l o8 als o ol JFO o0

va
4’9‘[



VYA

LS o ,\Kcad b, 5l ool b célss 5l Jol> g0l (g S ol

)lf ST 98999 Sl s ol o @ 535900l L;).:fo)'l..xil albass Y JS-.'»

0998l GilwAl g silulas T.Y
Slanizs 3515 )0 (aglysl Bus (giinsly 9y pslate 4y
o 9 4855 )18 (Serg JLE (orme p0 4B B B 4 pl5
S Sl 5o Pl aul b g ilesis ley ol (6 e
ol 00y plosil T g9y

el 58 ¥gamme o0 5l ogiynsl; lulae sl n
355 NOX (ST sl iz 5 (cagailygl Saa il
OyFe o s alds (Pl anld bys ead
Sl e 00D Gyl yegilS 4 pywse
@ Oiadee s 9 SU lajlS (g3l it g gl
D5d 0 pll gl 55, 5 o

oS P g 3, 5l 3 hile talesl aalsl o
OF) e (o> 50 9 g 03ld jgue BUI slos yo Jlad
oo Sl g o 0sB e i O3 9, 2 i
5 o ooly J18 L3l ygiw (Soop ,0 GR-VY. Spec view
32 Sl Gyl dtugn sk 4 S A5 Qde anls e 0
G gt 50 ol i diged i @i ds & Jloy Jolsd
a4 ol b cads cud aigy el ool cld 4l Ve e
55 o delol S8l (e ey gL

gy o3 o Hinled ), YO U VY 5leds slaca b ¥ Ss
30 09y &S wes e Ll YO U VY bled el 5l Jaulial
@ Soop b cwl pad Sl J e Jld ) g
5 28bee WYY (585 oigil 4 slae a5 A A0 keV (5,
el o olaicS 5 USS ol

Journal of Nuclear Science, Engineering and Technology

i (5955920 JenS 09l @l g)l0g0], adgi ST,
ol 3l S gty B S el jekine a4 cnl b
ool 00 slgitiy cglaiad il 3 56 oygisee0l, b ST e
0xV -t Ba/day a1 055 ailis; (s5g0ly denS 55150
08593 S92 ey IS o pladl ol 8] wims als
Ble o pled g (e @i pasiis 50 S 5 0sd
leioe pdy oSl 1) Jlex>!

Ol 55555 5o osilysl Ban (pogiy &5 plrol
2oy el Ol (ST 0o axlye pla Mlr L o)lsen
)9S 3 SIS SV gaze Sl giimly ilulae jlaie @
Golis sl Vel Ghlen 5 cand ol aLslas 345
Loy wloo)s ooliitul Syw Sjge 4 pasilysl Baa Sl g
y oS5 eponilysl slme @ WYY (55 (ligin 55 0933
4 oddgin palygl Bas Pl I Jol> SleS 5 alie
Silod ol 8924

S del Gg533ly 9aS 50 0 sl sl BieS cnl e
Shssbebaz 51 c0la8 55T, 50 (sogeilygl Ban (205
b L o) Kicib bs, 5l ool b oojl§ E¥game Sy
Sl 00l (5 S0 5lasl YU Sy @08

OB 9y 9 Ol ¥

pgwiloyj Jlw, LT V.Y

HPGe 5Lo,5al jl 055 slasisnlnsl, xSeslul sy
S35 ) VA keV SIS @08 /Y s oL LD g
5 k8 el ond oolinul (Fr LS asia VYYY MeV
Sk FAD 5 OV plp i @ pasile)) Jlw S Jobo
el MAESTRO 5365 b anbs (sloosls cod sl oo
ae SilenaVe) f oaSco i 5l o \Kicads gly .l ool
Shdos g Jlesws 4 S9bT Jow 3 ORTEC f01 adss
ool 00 08lizs] ORTEC allls’ i

635 0315 Al ¥.¥
b bl iz ) labaions 5l gisgsly s pSoslail sl n
B 29 9 $09y9 b a3 4 Heme Voo OO >
sy cwiy gl Hhd g gl )l (Y JSS) ol oals ool
5 &S ogate dhhame ol cwl e Sl DA 5 £Y
I, Ve PSIG jLas Joos 508 g 00 1395 55 (6,503l
SblE (59, srmay Sl alhioe () Culbrs g uiz o)
mow b abaze opl alols V] o)las VYT 555 AY keV
s (Wges plsie ) oiisol; xSeslail gl Lo i
Vem plp (FY Lido S o lailinl deis olaie a) 90l

L] 009y

Vol. 45 (4), Serial Number 109, 2024, P 136-142

[EVone: Ls R ¢ EVEN "‘
et (g )9lid 5 (sl ple alz ‘&;V"

VEY-VTF o 0 FeF ol o8 ol oF ol JFO o0



aélye (goli8 dezs  guds Cpuzmo (oo gy

@) wges aile Lie o lubinl uiSTesol, daia a5 (6550
25ls sgmy (o3l 5 US  JE> « abiord S5 Ll
Osel S sl ojlilin] ania Sl Gl e (Sol)a asl
ale Bds o luilin] aeia Yaemo bl 0,8 oolitul oo3b
ol o)l 8929 (6 S5l Jglaste (slaolSinle;] jo aiges
Al oBiglesl jo b ogd (glay,s ojluibil datiz Wb L
g i sl oBilesl jo o bl detiz wly 0gd
e g i pledz g9 e sl g Sl S8
L @3k Olies ilwaed slagss) 5l oslanl Lol o3
oyl Cusony lo)al g etz Sl oSy WS Gl
5 o @ om Gl wie nl e ke Dlallas
Slosls lad 1y aoye Vo B0 o polie L (gjluacd

LIya-vy]

S F98se S gt

JW (S o3l g
(<)

D G () 9 Silepalls 5 silular plear () PSS
S Jge Sty Jud 08

Journal of Nuclear Science, Engineering and Technology

YA
120000 |- 120000
100000 -
100000 1 o000
3
x
4 60000
3 80000 i
~ 40000
3
:\ 60000 20000
3 R
40000 o 35 s0 75 v s 150 5 200 s 280
(KeV) g3
20000 ///////
0
1 " 1 1

1000 1250 1500 1750 2000
(keV) 554

e ol 5 Sl e b ok (530l (i i ¥ S
S0l adse O

0 250 500 750

Ol ) poede Jul> 51 5l g3l iluals ol
Vg SISl 38 DY game 1S3 onile B 5 (o> 5
e plSan &8ly jo sl ol esliiul J(CMS) DA (S
g odd 03 o3yl (U sles 3 (n)S (JsS9e SUI I
Ngdgo Cule (ro> e @ S oo Bl 5 psile
S5l syl ol 5 il am )0 Yoo b Los ial3al b e
3 as (V US8) s pojlal alaass a4 9 ouls il JoSge
HPGe Lo, Il b 5 ,leds gl 5 o0 colom ons S5 L3
YW oole!

Oy 3o i 1) Glalojl pleaez 5l ales TS
oualive JSB )0 ()8 (JoNge SU (gt 9 Jub () O3l
Mg s

B{N Y BV W T8 31 ¢
g e pll jslate 95 4y LK1 grnl IS
bogishl oluld jshaie a5 (655 (gl 5 -
Lol Codled (s jskaie 4y (2351 (gl S -V

5 TCs lakais sbhasiz 5l 65 OseliS sl
9 ded dwdid «yguml IS cpl o el o soliiwl 7' Co
S )‘K)':j‘b =l (9, sle, 5]

2boogy sbegsnlesl, bl Tl gl
Se @k il atie 5l cen sl 0T el
5 dged dwdir 4 o S Clasie 5 oode jlu Sl
B (SKs 5 Aged s yle bt 5 (S8 Slastin
5 09h plasl (a3il (gl IS L iged o sl alple

1. Carbon Molecular Sieve

Vol. 45 (4), Serial Number 109, 2024, P 136-142

s (5,5l o ol abne K
et (g )9lid 5 (sl ple alz ‘&;v‘p

VEY-VTF o 0 Fe ¥ 0l o8 als o ol JFO o0



VF-

LS o ,\Kcad b, 5l ool b célss 5l Jol> g0l (g S ol

28,5 8 hled Ced ge, Voae 4y alaiss ()
Sl 10 Goyleds (> 50 baiad (530 jesdes unal
GG ol 5 aee 90l cinb O JSS anl ons Ll
slagspl 2 @ Glo)lKal gz aojl e plis |
Al ol Vo doles jloslainl LY Jgao 0 70

e=N/fAt )

il oo 4l ey Loy 1B ey o

Obgy 3l odel Cawots a05b Como ow,p ekiie
275 Giolesl pledum i eoliiwl MCNPX oS 5l ¢ o y25
HPGe Lo, ISl (98], 55 ol (6 pSojlail alaime Jolis
Ao ad sileand gl 6558 Caadse 5 (o Ll
ol sl i ah U S st sl Al
5l g dmwle FA JU 5l solaad L] a3l g 5L, IKa1
ooliusl (g5 (g8 (Saboty §jlwdds sl GEB o5
5l peS s (5 ko] Combad pae Jgax jslate 4 el ol
S slaggigd shas Gl sjse slagspl slp )
b i8S a0 053 gekes Vet pl et

B35L ke .l sael ¥ Jgax 0 55 gjleand mls
A WY o5 essnlnsl, A4AY keV o g5yl e
20,5 oolazwl ] 445

L1y diges dwsin 5 mle Joloo (lgiee mizen
glabis daiz Jlo jsb 4 wszge slaasiz I eslai
55 S3lwdand 5l (225 S pSojll pogdle 5,5 (55l Jolae
hal cé 5 Sas

dodz 5l Slo)SST el S sl Gigly onl 5o
Pylon <S8 ,4 csle RN-V-YO ool, 555 o laibeal
4 a5 ooy "TRA Sis o5 gl dei ol o eolaiul
) /min ol #5561, VRN 51 jasie polie /) - sb
o] 51 S e ads VYFD - 0F B/l codleb il
s Ol 50 yesang g Jlo 1800 1 TVRE jecans oS
Jols jo 30 g yole cplply wwel 39, YAY ol YRn
3,00 148 any g.sS g0l

abaaso o laslinl deis lase 4 38 pl 5l eolazul gl
Ve it a5 5 5 L Ol S s s 5Tl
Jya> sl oley @an pl s S gyl o] o aids
abadse ;3 093l 5 (Seelinsge s Jolas v I Gl
ool 5 635 ol oyl (ol b ol 4o il
dloee B abaiome (55,0 45251 5 (193], laaiws ol 5
]

95999 S i b alaios (o (nl B35 51 (g
3 gl a3 ogal; Cudlad s )5 e 5l (295
plp a5 0gd 0 Jolb Vo Aolee 3l abaass pl o 50k
Jels yg0ly Glaarwe o iy cpl 4wl VYFO Bq
Joles xdleb 055 jole 5l las alisd o VBi  MYPh
VA2 5 YPA plp ey oyl jecass i)l VYFO Bq
¥ sz 5o gunie lagsi il b gl plelid 5 asl e aids

gg el 00 ploxl
1E+04
Net
Acer (Bq)=C (Bg/l) xVcen
1E+03 Acen (Bq=\Y ¥a(Bg/D)x\ - « (cc)
1 Aca=\Y¥0 Bq M
3 1E+02
900y sl lasspl yo sle,Kal o3l .Y Jeus
1E+01 Siloand aoil | o ik oAl il L ol
b o s SHP 2995
Vo) £ AY ANAE-ENA YAWVE £V 0 AR
B AR AR 1
1E+00 (/AT
0 1000 2000 3000 4000 YR |
OYY £ ¥y AR AR EL N Pb
Jus (ABAD)
. . ) YAOYYY
() LallB o lads g (30,8) aie (2D y90l, cands O JSC& FAY - FA OV o XF YEVY 2AYEE AT ""Pb
TOVAYY
FYY £ - F9 oY £ - XY FAALA £ 10A) N'ph
(ALY
FoArY- .
VEY £ A8 VOF £ Nf YYEVO £ 1YY n'BRj
(/¥0£)

Journal of Nuclear Science, Engineering and Technology

Sl (6 )9lid 5 (owikites pole Al

Vol. 45 (4), Serial Number 109, 2024, P 136-142

VEY-VTF o 0 FeF ol o8 ol oF ol JFO o0

va
4’9‘[



aélye (goli8 dezs  guds Cpuzmo (oo gy

VFY

oy g b ¥
olas ¥ Jsax> 0 HPGe lo,Sal ool mls awslie
Qo3 VY 5l eS 0)50 5 (glwdcd (o OS] aS 2o oo
Yoo U Vo) oo 5 mls opnd a4 Suop a5 ail oo
DAyl 35S oo LB (o)

g Sl (ge bawg oad olulid slacil 4 4z g L
O loj S 4o 4T Cewl Lasuin Fyoy 4 HPGe Lo K]
A8 el 0l WG ITY (53 Cgigilpal) (om3gip adids
O DaldS s ates @ bgype il )0 39250 slaald
3 om Gl slog, 0 WYY ey codled (6,505l s
RGNV VA ) g\ ISCOX SR XN 3

Js & ¥ keV (il amb s gl slaali b
S Ssl ol b oSS pae g S0y b Gligen

o “.ﬁ%ols.o|

& 5 azis ¥
oads &)l Slosezr 58S 50 b sl Gl GResh onl 5o
Sae pogy Sl Jel 09 sbosnlnsl, Uocwl
SO 55 SV game S0 5 olies 59557, 50 (sagill
sligin slogsnl Wl gpSoll 5 (giluals dax
3l sals (lyie 4 wigd go adgi glatus OIS Sl aS (35
S8 colaiwl 0,90 glaiue COKE 09>y o slocdled
Sl 3525 Logignl (nl lp lide JouS mle 2355 o
0559235 S rSoill Ul 4 bore (JouS e (plulid 5
albie 51 TC (555l050]) 9dgi SThe il 2 50 S92
2ol 5 oginsly e 5 wiis Ggismol, e osll
oiaily olmyl b o e £, soseilysl Ban Dol e
Ald b o 1 ol e ke s o0 (1552015 (5,505l

ged JyuS 1y o slols (e 5 s 55000005 cnl 0ddgs

Journal of Nuclear Science, Engineering and Technology

OFiesly @S oslwl 8.Y
4o B Sae 4 plaS e olKislojl aie) 5 o5isg0l; diged
505 65 3 o iy Wsa A b wad e
odds oole las £ SE jo bcads pl owl Cawods ai il
L

s A2 keV g5, 51 a5 le ouls odaline (5,1 sloald
YWY M g5 9 WYY 9 4 Blae coS 5 4 a5 VPYA keV
osplive (55, slaals 15 Ve keV 5550 sl o aes
b ol 5o 093 @oisnl kz 2 aSinl Jds 4 Lol wigd o
ool sl eslaul b oyl e (g 5lilas iz ald 6lyls (65,
ol 3 edlad a6l (nlpls o 8y Sl 5L 8T
el oauid ool loald

Ol dsel Sl S@Bs pwyp ok @
Coelld g ad plwl alie gy aw 0 ol il 5 S el
e oley Olse 4 (posin slenl alid o s ladiges
G WYY 055 esignlnsl, Gl @ el cwss
L ocwy ol o el sael ¥ Jgax 0 (A-A9 keV
SR ogimsly auesl cble daosls (6 S eSSke
Db oo Jol>= 0FY, YO Bg/ee Jolao (V¢ - cC

1E+08

Xe
1E+07 ——BG

Net
1E+06
1E+05

1E+04

o sleds

1E+03

1E+02

1E+01

1E+00

1E-01
0 500 1000 1500
(keV) 3,

(o) LalB i ylas g (o) e (21 o935 il $ SIS

VYV 085 eeignl oad (g ,Soslul codled Y Jgus

plosl alad )5 cdles SrSolail 555 5 colld O Sl alols
B 255 By GxSo3lail g 209
DFSFY  Ya5s 5035 135 1A
DOVEA £ F- -1 Yoo q0A 15, YT
AYAFY £ YAYA VEe e NY 19, Y%
AFYYD + YYVY eSilee

Sl (6 )9lid 5 (owikites pole Al

Vol. 45 (4), Serial Number 109, 2024, P 136-142

VEY-VTF o 0 FeF ol o8 ol oF ol JFO o0




VFY

LS o ,\Kcad b, 5l ool b célss 5l Jol> g0l (g S ol

1. Tabasi M, Bahrami Samani A, Shirvani Arani S,
Ghannadi Maragheh M, Mohammadi A. Assessment
of Mo-99 radioisotope supply chain using LEU in
Iran. Journal of Nuclear Science and Technology.
2021;97(4):104-110 [In Persian].

2. TAEA, Non-HEU Production Technologies for
Molybdenum-99 and Technetium-99m. Technical
Report No. NF-T-5.4, Vienna, 2013.

3. Paul R.J. Saey. The influence of radiopharmaceutical
isotope production on the global radioxenon
background. Journal of Environmental Radioactivity.
2009;100:396-406.

4. Paul R.J. Saey. Xenon:

10.1002/0470862106.1a725.

. ENSDF. Evaluated Nuclear Structure Data File. 2009.

6. Ringbom A, Larson T, Axelsson A, Elmgren K,
Johansson C. SAUNA—a system for automatic
sampling, processing, and analysis of radioactive
xenon. Nuclear Instruments and Methods in Physics
Research. A 2003;508:542-553.

7. Fontaine J.-P., Pointurier F, Blanchard X, Taffary T,
Atmospheric xenon radioactive isotope Monitoring.
Journal of Environmental Radioactivity.
2004;72:129-135.

8. Gohla H, Auer M, Cassette P, Hague R.K,
Lechermann M, Nadalut B. Radioxenon standards
used in laboratory inter-comparisons. Applied
Radiation and Isotopes. 2016 March; 109:24-29.

9. Bowyer T.W, Kephart R, Eslinger P.W, Friese J.I,
Miley H.S, Saey P.R. Maximum reasonable
radioxenon releases from medical isotope production
facilities and their effect on monitoring nuclear
explosions. J Environ Radioact. 2013 Jan;115:192-
200.

10. Separation of '33Xe from *Mo, '*'T and uranium, and
removal of impurities using gas chromatography.
Journal of Radioanalytical and Nuclear Chemistry.
2005;264(3):679-686.

radionuclides. DOI:

9]

&=y

11. http://www.ga-maassociates.com/products/gas-
beakers/3-radiogas-containers/.

12. Debertin K, Grosswendt B. Efficiency calibration of
semiconductor detectors by primary standard sources
and Monte Carlo calculations. Nucl. Inst. Methods.
1982;203:343.

13. Sanchez F, Navarro E, Ferrero J.L, Moreno A,
Roldan C, Baeza A, Paniagua J. A Monte Carlo
based method of including gamma self-absorption for
the analysis of environmental samples. Nucl. Inst.
Methods. B 1991;61:535.

14. Boson J, Agren G, Johansson L. A detailed
investigation of HPGe detector response for
improved, Monte Carlo efficiency calculations.
Nuclear Instruments and Methods in Physics
Research. A 2008;587:304-314.

15. Decombaz M, Gostely J.J, Laedermann J.P.
Coincidence-summing corrections for extended
sources in gamma-ray spectrometry using Monte
Carlo simulation. Nucl. Inst. Methods. A
1992;312:152.

16. Overwater M.W, Bode P, De Goeij J. Gamma-ray
spectroscopy of voluminous sources: corrections for
source geometry and self-attenuation. Nucl. Inst.
Methods. A 1993;324:2009.

17. Huy N.Q, Bihn D.Q, An V.X. Study on the increase
of inactive germanium layer in a high-purity
germanium detector after a long-time operation
applying MCNP code. Nucl. Instr. and Meth. A
2007;573:384.

18. Andreotti E, Hult M, Marissens G, Lutter G,
Garfagnini A, Hemmer S, VonSturm K.
Determination of dead-layer variation in HPGe
detectors. Appl Rad Isotop. 2014;87:331-335.

19. Tayyebi P, Davani F.A, Tabasi M, Afarideh H. A
novel technique for  detection  efficiency
determination of HPGe. Radiation Physics and
Chemistry. 2017;133:86-90.

COPYRIGHTS
©2021 The author(s). This is an open access article distributed under the terms of the Creative Commons
Attribution (CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium,

as long as the original authors and source are cited. No permission is required from the authors or the publishers.

Ao oyl a sbwl

Url: https://jonsat.nstri.it/article 1602.html .DOI: https://doi.org/10.24200/nst.2023.1403.1917 A FY-\Y# (¥)) -9

Journal of Nuclear Science, Engineering and Technology

Sl (6 )9lid 5 (owikites pole Al

Vol. 45 (4), Serial Number 109, 2024, P 136-142

VEYSIYE o ¥ 5ol )8 ol oF o Lot FO 090

va
4’9‘[



https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=1.+Tabasi+M%2C+Bahrami+Samani+A%2C+Shirvani+Arani+S%2C+Ghannadi+Maragheh+M%2C+Mohammadi+A.+Assessment+of+Mo-99+radioisotope+supply+chain+using+LEU+in+Iran.+Journal+of+Nuclear+Science+and+Technology.+2021%3B97%284%29%3A104-110+%5BIn+Persian%5D.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=2.%09IAEA%2C+Non-HEU+Production+Technologies+for+Molybdenum-99+and+Technetium-99m.+Technical+Report+No.+NF-T-5.4%2C+Vienna%2C+2013.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=2.%09IAEA%2C+Non-HEU+Production+Technologies+for+Molybdenum-99+and+Technetium-99m.+Technical+Report+No.+NF-T-5.4%2C+Vienna%2C+2013.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=3.+Paul+R.J.+Saey.+The+influence+of+radiopharmaceutical+isotope+production+on+the+global+radioxenon+background.+Journal+of+Environmental+Radioactivity.+2009%3B100%3A396-406.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=4.+Paul+R.J.+Saey.+Xenon%3A+radionuclides.+DOI%3A+10.1002%2F0470862106.ia725.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=5.+ENSDF.+Evaluated+Nuclear+Structure+Data+File.+2009.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=6.+Ringbom+A%2C+Larson+T%2C+Axelsson+A%2C+Elmgren+K%2C+Johansson+C.+SAUNA%E2%80%94a+system+for+automatic+sampling%2C+processing%2C+and+analysis+of+radioactive+xenon.+Nuclear+Instruments+and+Methods+in+Physics+Research.+A+2003%3B508%3A542%E2%80%93553.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=6.+Ringbom+A%2C+Larson+T%2C+Axelsson+A%2C+Elmgren+K%2C+Johansson+C.+SAUNA%E2%80%94a+system+for+automatic+sampling%2C+processing%2C+and+analysis+of+radioactive+xenon.+Nuclear+Instruments+and+Methods+in+Physics+Research.+A+2003%3B508%3A542%E2%80%93553.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=7.+Fontaine+J.-P.%2C+Pointurier+F%2C+Blanchard+X%2C+Taffary+T%2C+Atmospheric+xenon+radioactive+isotope+Monitoring.+Journal+of+Environmental+Radioactivity.+2004%3B72%3A129%E2%80%93135.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=8.+Gohla+H%2C+Auer+M%2C+Cassette+P%2C+Hague+R.K%2C+Lechermann+M%2C+Nadalut+B.+Radioxenon+standards+used+in+laboratory+inter-comparisons.+Applied+Radiation+and+Isotopes.+2016+March%3B+109%3A24-29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=8.+Gohla+H%2C+Auer+M%2C+Cassette+P%2C+Hague+R.K%2C+Lechermann+M%2C+Nadalut+B.+Radioxenon+standards+used+in+laboratory+inter-comparisons.+Applied+Radiation+and+Isotopes.+2016+March%3B+109%3A24-29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=9.+Bowyer+T.W%2C+Kephart+R%2C+Eslinger+P.W%2C+Friese+J.I%2C+Miley+H.S%2C+Saey+P.R.+Maximum+reasonable+radioxenon+releases+from+medical+isotope+production+facilities+and+their+effect+on+monitoring+nuclear+explosions.+J+Environ+Radioact.+2013+Jan%3B115%3A192-200.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=10.+Separation+of+133Xe+from+99Mo%2C+131I+and+uranium%2C+and+removal+of+impurities+using+gas+chromatography.+Journal+of+Radioanalytical+and+Nuclear+Chemistry.+2005%3B264%283%29%3A679-686.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=11.+http%3A%2F%2Fwww.ga-maassociates.com%2Fproducts%2Fgas-beakers%2F3-radiogas-containers%2F.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=12.+Debertin+K%2C+Grosswendt+B.+Efficiency+calibration+of+semiconductor+detectors+by+primary+standard+sources+and+Monte+Carlo+calculations.+Nucl.+Inst.+Methods.+1982%3B203%3A343.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=13.+S%C3%A1nchez+F%2C+Navarro+E%2C+Ferrero+J.L%2C+Moreno+A%2C+Rold%C3%A1n+C%2C+Baeza+A%2C+Paniagua+J.+A+Monte+Carlo+based+method+of+including+gamma+self-absorption+for+the+analysis+of+environmental+samples.+Nucl.+Inst.+Methods.+B+1991%3B61%3A535.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=13.+S%C3%A1nchez+F%2C+Navarro+E%2C+Ferrero+J.L%2C+Moreno+A%2C+Rold%C3%A1n+C%2C+Baeza+A%2C+Paniagua+J.+A+Monte+Carlo+based+method+of+including+gamma+self-absorption+for+the+analysis+of+environmental+samples.+Nucl.+Inst.+Methods.+B+1991%3B61%3A535.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=14.+Boson+J%2C+Agren+G%2C+Johansson+L.+A+detailed+investigation+of+HPGe+detector+response+for+improved%2C+Monte+Carlo+efficiency+calculations.+Nuclear+Instruments+and+Methods+in+Physics+Research.+A+2008%3B587%3A304%E2%80%93314.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=14.+Boson+J%2C+Agren+G%2C+Johansson+L.+A+detailed+investigation+of+HPGe+detector+response+for+improved%2C+Monte+Carlo+efficiency+calculations.+Nuclear+Instruments+and+Methods+in+Physics+Research.+A+2008%3B587%3A304%E2%80%93314.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=15.+Decombaz+M%2C+Gostely+J.J%2C+Laedermann+J.P.+Coincidence-summing+corrections+for+extended+sources+in+gamma-ray+spectrometry+using+Monte+Carlo+simulation+Nucl.+Inst.+Methods.+A+1992%3B312%3A152.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=16.+Overwater+M.W%2C+Bode+P%2C+De+Goeij+J.+Gamma-ray+spectroscopy+of+voluminous+sources%3A+corrections+for+source+geometry+and+self-attenuation.+Nucl.+Inst.+Methods.+A+1993%3B324%3A209.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=16.+Overwater+M.W%2C+Bode+P%2C+De+Goeij+J.+Gamma-ray+spectroscopy+of+voluminous+sources%3A+corrections+for+source+geometry+and+self-attenuation.+Nucl.+Inst.+Methods.+A+1993%3B324%3A209.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=17.+Huy+N.Q%2C+Bihn+D.Q%2C+An+V.X.+Study+on+the+increase+of+inactive+germanium+layer+in+a+high-purity+germanium+detector+after+a+long-time+operation+applying+MCNP+code+Nucl.+Instr.+and+Meth.+A+2007%3B573%3A384.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=18.+Andreotti+E%2C+Hult+M%2C+Marissens+G%2C+Lutter+G%2C+Garfagnini+A%2C+Hemmer+S%2C+VonSturm+K.+Determination+of+dead-layer+variation+in+HPGe+detectors.+Appl+Rad+Isotop.+2014%3B87%3A331-335.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=19.+Tayyebi+P%2C+Davani+F.A%2C+Tabasi+M%2C+Afarideh+H.+A+novel+technique+for+detection+efficiency+determination+of+HPGe.+Radiation+Physics+and+Chemistry.+2017%3B133%3A86-90.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=19.+Tayyebi+P%2C+Davani+F.A%2C+Tabasi+M%2C+Afarideh+H.+A+novel+technique+for+detection+efficiency+determination+of+HPGe.+Radiation+Physics+and+Chemistry.+2017%3B133%3A86-90.&btnG=
https://doi.org/10.24200/nst.2023.1403.1917
https://jonsat.nstri.ir/article_1602.html

	مجله علوم، مهندسی و فناوری هستهای، دوره 45، شماره 3، جلد 109، پاییز 1403
	1. Tabasi M, Bahrami Samani A, Shirvani Arani S, Ghannadi Maragheh M, Mohammadi A. Assessment of Mo-99 radioisotope supply chain using LEU in Iran. Journal of Nuclear Science and Technology. 2021;97(4):104-110 [In Persian].
	2. IAEA, Non-HEU Production Technologies for Molybdenum-99 and Technetium-99m. Technical Report No. NF-T-5.4, Vienna, 2013.
	3. Paul R.J. Saey. The influence of radiopharmaceutical isotope production on the global radioxenon background. Journal of Environmental Radioactivity. 2009;100:396-406.
	4. Paul R.J. Saey. Xenon: radionuclides. DOI: 10.1002/0470862106.ia725.
	5. ENSDF. Evaluated Nuclear Structure Data File. 2009.
	6. Ringbom A, Larson T, Axelsson A, Elmgren K, Johansson C. SAUNA—a system for automatic sampling, processing, and analysis of radioactive xenon. Nuclear Instruments and Methods in Physics Research. A 2003;508:542–553.
	7. Fontaine J.-P., Pointurier F, Blanchard X, Taffary T, Atmospheric xenon radioactive isotope Monitoring. Journal of Environmental Radioactivity. 2004;72:129–135.
	8. Gohla H, Auer M, Cassette P, Hague R.K, Lechermann M, Nadalut B. Radioxenon standards used in laboratory inter-comparisons. Applied Radiation and Isotopes. 2016 March; 109:24-29.
	9. Bowyer T.W, Kephart R, Eslinger P.W, Friese J.I, Miley H.S, Saey P.R. Maximum reasonable radioxenon releases from medical isotope production facilities and their effect on monitoring nuclear explosions. J Environ Radioact. 2013 Jan;115:192-200.
	10. Separation of 133Xe from 99Mo, 131I and uranium, and removal of impurities using gas chromatography. Journal of Radioanalytical and Nuclear Chemistry. 2005;264(3):679-686.
	11. http://www.ga-maassociates.com/products/gas-beakers/3-radiogas-containers/.
	12. Debertin K, Grosswendt B. Efficiency calibration of semiconductor detectors by primary standard sources and Monte Carlo calculations. Nucl. Inst. Methods. 1982;203:343.
	13. Sánchez F, Navarro E, Ferrero J.L, Moreno A, Roldán C, Baeza A, Paniagua J. A Monte Carlo based method of including gamma self-absorption for the analysis of environmental samples. Nucl. Inst. Methods. B 1991;61:535.
	14. Boson J, Agren G, Johansson L. A detailed investigation of HPGe detector response for improved, Monte Carlo efficiency calculations. Nuclear Instruments and Methods in Physics Research. A 2008;587:304–314.
	15. Decombaz M, Gostely J.J, Laedermann J.P. Coincidence-summing corrections for extended sources in gamma-ray spectrometry using Monte Carlo simulation. Nucl. Inst. Methods. A 1992;312:152.
	16. Overwater M.W, Bode P, De Goeij J. Gamma-ray spectroscopy of voluminous sources: corrections for source geometry and self-attenuation. Nucl. Inst. Methods. A 1993;324:209.
	17. Huy N.Q, Bihn D.Q, An V.X. Study on the increase of inactive germanium layer in a high-purity germanium detector after a long-time operation applying MCNP code. Nucl. Instr. and Meth. A 2007;573:384.
	18. Andreotti E, Hult M, Marissens G, Lutter G, Garfagnini A, Hemmer S, VonSturm K. Determination of dead-layer variation in HPGe detectors. Appl Rad Isotop. 2014;87:331-335.
	19. Tayyebi P, Davani F.A, Tabasi M, Afarideh H. A novel technique for detection efficiency determination of HPGe. Radiation Physics and Chemistry. 2017;133:86-90.


