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THE STUDY OF *"Tc PRODUCTION USING MEDICAL CYCLOTRONS IN UKRAINE

Background. Tracer production for nuclear medicine.

Objective. The aim of the paper is to consider the possibility of *Tc tracer production using low-energy medical cyclo-

trons installed in Ukraine applying enriched '"Mo targets.

Methods. The cross sections of '“Mo(p,2n)**"Tc nuclear reactions and reactions, leading to formation of impurities were
calculated. The technical aspects of irradiation process were considered. Necessary target thickness and *™Tc tracer
yield for the Eclipse RD (Siemens) and PETtrace (GE) cyclotrons were estimated.

Results. Within the framework of proposed concept, ®™Tc tracer yield equals 3.7 and 35.5 GBq after 2h of bombardment

for Eclipse RD and PETtrace cyclotrons, respectively.

Conclusions. The obtained results showed satisfied *"Tc tracer yields and feasibility of further development of this
method, which will significantly improve the efficiency of cyclotron installations.
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Introduction

Radioactive isotopes have found widespread
applications in medicine, including not only therapy
and diagnostics procedures but also calibration and
quality control of medical equipment. For diagnostics
performance, the commonly used tracers have a short
life-time, and therefore production of radiopharma-
ceuticals plays a crucial role in nuclear medicine. The
most frequently used isotope for SPECT diagnostics
in Ukraine is *"Tc (7}, = 6.0 h), however, there is no
any production center of this tracer in the country
and hospitals have to buy it abroad.

Nowadays the main way to produce *™Tc is the
parent nuclide *Mo (7, = 66 h) extraction from the
fission products of **U(n, f)*Mo reactions in nuc-
lear reactors. Because of the closure of the 2 main pro-
duction centers (NRU reactor, Canada, and HFR
reactor, Netherlands), that cover more than 70 % of
the world demand [1], the massive shortage of iso-
tope supply is expected with subsequent price esca-
lation. Thus, today one of the relevant questions in
this field is the searching for new suppliers and the
development of alternative ways of tracer production,
where the cyclotron’s technology is considered as a
priority method [2—S8]. Despite relatively low isotope
yield in comparison with reactors, cyclotron produc-
tion has its own advantages that are absence of con-
tamination, low cost, and decentralization.

Problem statement

This work considers the possibility of *™Tc
production using medical cyclotrons in Ukraine, in
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particular using 11-MeV Eclipse RD (Siemens) and
16-MeV PETtrace (GE) cyclotrons, installed in
Clinical Hospital “Feofaniya” and Kyiv City Clinical
Oncological Center, respectively. Nowadays these
cyclotrons are successfully exploited for '®F produc-
tion and the technical basis of which is described
in Ref. [9, 10].

The cross-section calculations

The ®™Tc¢ isotope can be produced through the
(p,x) reactions via protons irradiation of molybde-
num target, enriched with 'Mo isotope. Table 1
shows the available reaction channels resulting to
#¥mTe with corresponding Q-values and Fig. 1 shows
the cross sections of these reactions, taken from
TENDL-2014 database [11]. From Fig. 1 it is clear,
that cross section of (p,2n) reaction in the 7-16 MeV
energy range is higher than for (p,pn) and (p,2p)
by several orders, thus '"Mo(p,2n)”™¢Tc¢ is consi-
dered as the basic reaction during bombardment.
The contribution in this reaction from each possible
channel (with creation of ground and metastable
states) and formation of impurities, such as from
1Mo(p,3n)*Tc and '"Mo(p,n)'"Tc reactions were
estimated with the help of theoretical calculations
in Empire 3.2 code [12] with default set of input
parameters. The results of the calculations are pre-
sented in Fig. 2.

Making an analysis of cross section values from
Fig. 1, b it can be seen, that the sum cross section for
¥meTe production for the initial energy of 16 MeV
is about 4 times greater than for 11 MeV protons.
The cross-section of Tc production in the metast-
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able state starting from 11 MeV and higher is nearly
constant, while for ground state this value increases
with the protons energy (see Fig. 2, a). So, on the
one hand for 16 MeV the tracer yield will be higher
than for 11 MeV, but on the other hand, the re-
lative tracer yield in the metastable state is better
for 11 MeV, namely (c,,/6,)16.,7.7 mev = 36.4 % for

16 MeV and (c,,/0,)117.7 mev = 51.7 % for 11 MeV

protons.

Table 1. Proton induced reactions resulting to **Tc pro-

duction
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Concerning impurity formations (see Fig. 2, b),
the obtained results show the intensive yield of *Tc
starting from 17 MeV and higher and the maxi-
mum cross section for '“Tc creation corresponds to
the energy of 8 MeV (i.e. near the threshold of *“Tc
production). In this connection, the optimal energy
of protons should be in the range of

7.7 MeV < E, <16.7 MeV (1)

(where 16.7 MeV is the threshold of 'Mo(p,3n)*Tc
reaction).

Irradiation conditions and yield calculations

The maximum energy of protons in cyclotrons
Eclipse RD (11-MeV) and PETtrace (16-MeV) is
the energy at the end of the particles trajectory and
where they enter the vacuum window (25 pum, Al),
separating target module from the cyclotron tank.
The incident protons on a target have slightly lower
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Fig. 1. The cross sections of *Tc production via (p,2n) (—= —), (p,pn) (—e —) and (p,2p) (—a —) reactions from Mo, versus
protons energy £, expressed in logarithmic (@) and linear (b) scales (TENDL-2014)
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Fig. 2. The cross sections of *¢Tc, *™Tc (a) and '“Tc, *Tc, *Tc (b) production depending on an energy of protons E, calculated

using Empire 3.2 code: —--—-—-- — 10Mo(p,2n)*¢Tc;
WOMo(p,2n)*Tc; ————- — 1Mo(p,n)'"Tc

— 1%Mo(p,2n)*"Tc; -------- — 10Mo(p,3n)*Tc;
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energies due to the energy losses in a vacuum win-
dow and helium cooling system that withdraws heat
from vacuum and target windows.

Considering the geometry of irradiation in
11-MeV Eclipse RD cyclotron, the *™Tc production
can be realized by installation of molybdenum foil
instead of the target window. Fig. 3 represents the
technical aspects of irradiation in this case and cor-
responding energy distribution of the penetrating pro-
ton beam (the energy loss in a helium cooling sys-
tem is less than 0.001 MeV).
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; cooling
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Fig. 3. The irradiation conditions in the Eclipse RD (Siemens)
cyclotron

In order to meet the requirement (1), the thick-
ness of molybdenum foil was estimated with the
help of Bethe—Bloch formula for the energy losses
dE/dx of protons in molybdenum:

Epoul
Ay = j dE /(dE /dx)
EPin

7'7 2.n.z.z§.e4.p.NA.mp
m,-E-M

10.79

i 2om 2L | |12 E
l-m, et
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where F i E o incident and output proton energy;

z, M — atomic number and mass of '“Mo isotope;
Zp My — the charge and mass of proton; e, m, — ele-
mentary charge and electron mass; p = 10.22 g/cm’® —
the density of Mo foil; ¢ — the speed of light; Ny, —

Avogadro constant; / — the mean excitation poten-
tial, calculated using formula from Ref. [13]:

I=(9.76+58.8-z7"19). 7 = 448.45 eV.

The cross section of '"Mo(p,2n)*™Tc reaction
in the range 10.79—7.7 MeV equals

7.7
S(pomy = | S(E)IE =98 mb,
10.79

and taking into account the thickness of molybde-
num foil AXy;, =119.1 ym and current of protons

I, =40 pA the produced tracer activity 4 was cal-
culated using the following expression:

_ln2‘z
:P'AXMO‘Sp'NA T,

4 0 O (= V),

where Sp ~ (.53 cm? — the proton beam area on tar-
get, ¢, =4.72- 10" ¢cm™ - 57! — the proton flux den-
sity, Tj,, = 6.0 h — the half-life of *"Tc, ¢ — irra-

diation time. The same calculations were perfor-
med for PETtrace (GE) cyclotron, where the maxi-
mum energy of protons is 16 MeV and the current
of protons can reach the value of 130 pA. The ob-
tained results for tracer yield are shown in Fig. 4.
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Fig. 4. The calculated *™Tc tracer yield in Eclipse RD (—=—)
and PETtrace (—=—) cyclotrons

According to obtained results, the produced ac-
tivity of T after 2 h of irradiation will be relatively
equal to 3.7 GBq for the Eclipse RD cyclotron with
corresponding saturation yield of 0.44 GBq/uA. For
the PETtrace cyclotron, produced activity will be
significantly higher and during 2 h of bombardment,
it is possible to achieve almost 35.5 GBq (in this case
the saturation yield appeared to be 2.64 GBq/pA).
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In the assumption of 400 MBgqg/patient, the time
between injections 30 min, elution yield 50 % and
40 min for quality control of radiopharmaceutical,
the 3.7 GBq is enough only for 3 patients and can
cover own hospital needs. Obviously, that 35.5 GBq
is enough not only for own needs but also for other
hospitals.

Conclusions

The possibility of ®™Tc tracer production was
studied using low-energy medical cyclotrons. For
this analysis, the cross sections calculations of re-
quired reactions were performed and technical as-
pects of irradiation process were considered. The
target thickness was estimated with subsequent cal-
culations of tracers yield for Eclipse RD and PET-
trace cyclotrons that appeared to be 3.7 GBq and
35.5 GBq respectively for 2h of irradiation. Due to
the 6-hour ®™Tc¢ half-life, the time of irradiation can
be extended up to 3 or even 4 times almost without
loss of production efficiency, leading to higher amo-
unts of the tracer.
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of research can be considered as an alternative way
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tope productions for medical and commercial ob-
jectives.
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B.M. BoHgap, |.B. MixHuubkun, A.B. KmeTiok

KOHLIEMUIA BUPOBHUTLBA *MTc HA MEAMYHX LKIIOTPOHAX B YKPAIHI

Mpo6nemaTuka. BupobHMUTBO pagioakTUBHUX i30TONIB Anst SAEPHOT MEAULIMHN.
MeTa gocnigkeHHsA. Y poboTi AOCMiAKYETbCA MOXIUBICTb BUPOOHMLTBA " Te Ha 6asi HU3bKOEHEPreTUYHUX MEANYHUX LMKIOo-

TPOHIB, BCTAHOBMNEHNX B YKPaiHi, 3 BUKOPUCTaHHAM 36araqeHoi i3oTonom %Mo Moni6aeHOBOT MiLLieHi.

MeToamka peanisauii. BUKOHaHO TeopeTUdHi po3apaxyHku nepepisia '""Mo(p,2n)*"Tc peakwjiii Ta peakLili, WO NPU3BOASTL A0

YTBOPEHHS JOMILIKOBKX i30TONiB Y kodi Empire 3.2. Po3rnsHyTO TeXHiYHi acnekTn onpoMiHEHHS, OUiHEHO HEOOXiaHI TOBLUMHK 3pas3kiB i
BUXOAM pagioHykniga *"Tc Ha unknoTpoHax Eclipse RD (Siemens) i PETtrace (GE).

Pe3ynbTaTu gocnigxXeHHA. Y pamkax 3anpornoHOBaHOI koHuenuii Buxig isotony OmTe 6yB BM3Ha4eHui pisHum 3,7 Ta 35,5 Mbk

nicnsa 2-rogMHHOro onpomiHeHHs Ans umknoTtpoHis Eclipse RD ta PETtrace BignosigHo.

BucHoBku. OTpumaHi pesynbTaty noka3anu BUCOKUIA BUXIg pagioHykniga ¥MT¢ | QOUiNbHICTb NOAANBLIOMO PO3BUTKY 3anpornoHO-

BaHOi METOAMKM, L0 AaCTb MOXIMBICTb CyTTEBO nigBuLLMTH edr')eKTI/IBHiCTb BUKOPUCTAHHA LUKINOTPOHHUX YCTaHOBOK.

KnouoBi crnosa: BUPOGHULTBO i30TOMIB; LIMKMNOTPOH; AAepHa MeavLmHa.
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B.M. Bongap, U.b. MuxHuukui, A.B. KmeTiok

KOHLEMNUMA NMPOM3BOLACTBA **MTc HA MEAMLIMHCKMX LMKNOTPOHAX B YKPAVHE

Mpo6nemaTtuka. Npon3BoACTBO PAAMOAKTUBHBLIX M30TONOB AN AAePHON MeAULMHBI.

Llenb uccnepoBaHus. B paGoTe vccreayeTcsi BOAMOXHOCTb Mpon3eoacTBa " Tc Ha 6ase HU3KOIHEPreTUHECKUX MEAULIMHCKNX
LIVKMOTPOHOB, YCTaHOBMEHHBIX B YKpauHe, C UCMoMb3oBaHeM o6oralleHHO 130TornoM '"°Mo MonMGeHOBOM MULLIEHU.

MeToauka peanusauuun. [poBefeHbl TEOpeTUYECKME pacyeTbl Ce4YeHnn 100Mo(p,2n)99”“Tc SAEPHbIX peakumin n peakunn, npmueo-
Oawmx K 06pasoBaHNio NPUMECHbIX M30TOMNOB. PaccMoTpeHbl TexHNYeckme acnekTbl 0bnyyYeHus, oueHeHbl Heobxoaumble TONLWMHBI 00-
pasLOB 1 BbIXOAL! paavoHyknuaa " Tc Ha uMknoTpoHax Eclipse RD (Siemens) u PETtrace (GE).

Pe3ynbTaTbl uccnenoBaHus. B pamkax npeanoXeHHON KOHLEeNUmMn, BbIXOA nsotona #mTe paBseH 3,7 n 35,5 'bk nocne 2-4acosoro
06nyyeHus ans umknotpoHos Eclipse RD n PETtrace cooTBeTCTBEHHO.

BbiBoAbl. [TonyyeHHble pe3ynbTaThl NOKasanu BbICOKUIA BbIXO4 pagnoHyknuaa — 1¢ 1 uenecoobpasHoCcTb AanbHenwero passu-
TUS JaHHON METOOMKW, YTO NO3BOSNUT CYLLECTBEHHO MOBbLICUTL 3PEKTUBHOCTb UCTIONb30BaAHNS LIMKITOTPOHHbBIX YCTaHOBOK.

KnioueBble cnoBa: Npon3BoACTBO U30TOMOB; LMKIOTPOH; SAepHas MeavumHa.
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