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Preliminary data on the production of medical radionuclides *’Sc, '"“In, '’Ir and "*'Os, "*'™Os by the photonuclear
method are reported. The targets were irradiated in the bremsstrahlung beam of the NSC KIPT accelerator LU-20 at
an accelerated electron energy of 29 MeV and a beam current of 10 pA. The required isotopes were produced in the
following channels of nuclear reactions: >'V(y,a)*Sc; “*Ti(y,p)*'Sc; '*Ir(y,n)'*’Ir; "2Os(y,n)"'Os,"'™Os; "“In(y
,n)"*In. The useful product yields (specific activities) at the end of irradiation, normalized to 1 hour of target irradia-

tion at an average beam current of 1 pA, were obtained.
PACS: 29.17.4w

1. INTRODUCTION

An accumulated wide experience on isotope produc-
tion and separation has made it possible to substantially
extend a range of radionuclides that can be used for nu-
clear medicine purposes. More stringent requirements
on radiation load reduction for both the patients and the
clinic personnel play an important part in introduction
of new-generation radionuclides into medical practice.
At present, there is a world-wide search for new diag-
nostic and therapeutic isotopes that would have accept-
able characteristics, in particular, a high tropic property,
and would not involve high-level wastes in their produc-
tion. A great quantity of radioactive wastes during pro-
duction of Mo — *™T¢ generators [1-3], the problems
of their disposal, and the negative attitude of the com-
munity to the issues of nuclear reactor operation con-
tribute to a gradual decrease in technetium generator
production by the reactor method. A qualitatively differ-
ent situation appears when considering high-current
electron linear accelerators (ELA) as tools for producing
radionuclides by the photonuclear method. At present,
in Ukraine, there are a number of linear accelerators that
have wide ranges of electron energy and beam current
[4,5] and can be advantageously used for the purpose.
The adaptation of the output units of the accelerators to
the tasks of radionuclide production will require substan-
tially lesser expenses than building and putting into oper-
ation of 40...100 MeV cyclotrons. Besides, some issues in
production of isotopes, particularly, long-lived isotopes
and the ones used in medical isotope generators, can be
solved simultaneously with other irradiation programs.

2. MATERIALS AND METHODS

The table given below characterizes some promising
isotopes, the production of which seems expedient at the
ELA [4]. To determine experimentally the levels of ac-
tivity produced, Os, Ir, Ti, V, Ni, In targets were cho-
sen. Metal samples of In, Ir and Os, as well as Ni of nat-
ural composition were used, while Ti and V targets were
chosen to produce *’Sc isotopes. This choice of radionu-
clides was dictated by the possibility of radiochemical
separation of the required isotope from the target ma-
trix. Apart from the fact that ¥’Sc has the 159 keV y-line
that is acceptable for diagnostics, this isotope being the
B-radiator holds promise for radioimmunotherapy of tu-
mors [4].

To obtain the data on the radiation field at the loca-
tion site of each target, the targets were supplied with
“check test pieces”. The last ones presented thin copper
foils that were cut out to repeat the shape of the target;
each check test piece was packed together with its re-
spective target. The “total” check test piece had a size
knowingly greater than the cross section of the y-beam
in the target-disposed plane.

The Os, V, Ti, In, Ir targets were irradiated at the
electron linac LU-20 at accelerated electron energy of
29 MeV. The residual-activity y-spectra of the samples
were measured at the spectrometry bench with the use
of the 100 cm® Ge(Li) detector [6].

After irradiation, the activity of each check test piece at
the moment of irradiation end was measured. The ratio of
the activity of an individual check test piece to the activity
of the common check test piece is approximately equal to

Table 1. Characteristics of isotopes produced at the ELA

No Isotope Biii?g;): ene;_gr};,dl::ti\/on Half-life Application
1 “Sc 600 159 3.4 days Radioimmunotherapy
2 18pg 20.5 16.9 days Brachytherapy
3 ""In 171; 245 2.8 days Universal
4 H4mppn 1980 190 49 days Universal
5 180mTg 57 9.1 hours Brachytherapy
6 Bw 59 121 days Brachytherapy
7 'Re 1080 137 90.6 hours Osteotherapy
8 'BRe 2135 155 16.9 hours Osteotherapy
9 “10s 139 129 15 days Radiotherapy
10 r 670 316; 468 74 days Brachytherapy
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the y-beam utilization factor. The beam utilization factor
is quantitatively determined by the ratio of the y-quan-
tum flux passing through the target section to the total y-
quantum flux passing through the target-disposed plane.
According to preliminary estimates, the error of deter-
mining the beam utilization factor due to different pho-
tonuclear reaction thresholds does not exceed 15%.

3. RESULTS AND DISCUSSION

The gamma-radiation spectra from the Ir target ir-
radiated for 1 hour are presented in Fig.l. Fig.l,a
shows the 186 keV, 361 keV, 371 keV, 407 keV,
605 keV y-lines of 'Ir isotope. The next measure-
ment of the spectrum was performed after a lapse of
150 days (i.e., 2 half-lives of '"*Ir isotope). For this
period of time the 'Ir isotope decays practically
completely, and the radiation spectrum of the target
shows only the lines of the "Ir isotope, as can be
seen in Fig.1,b.
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Fig. 1. Gamma-radiation spectra of Ir target: 2 days
(a) and 150 days (b) after irradiation

The calculations of specific activity of the men-
tioned nuclides give the following values:
8.7-10° Bg/g-uA for "*’Ir and 4-10° Bq/g-pA for *Ir.

The isotope ¥Sc was produced by means of the
following two reactions: “Ti(y,p)¥’Sc and *'V(y,a)
41Sc. Fig.2 shows the spectra from irradiated titanium
and vanadium targets. The two spectra provide a reli-
able identification of the isotope “’Sc (T1,=3.4 days)
by the 159 keV y-line. The comparison between the
spectra from vanadium and tantalum targets suggests
the conclusion about a preferential use of the titanium
target, since its radiation spectrum has a better purity
as compared with the spectrum of irradiated vanadi-
um. Furthermore, the comparison between specific
activity values of 'S¢ has shown that with the use of
the titanium target the specific production of “’Sc is
higher than in the vanadium target case. The calculated
specific activity values of different radionuclides are
given in Table 2.
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Fig.2. Gamma-radiation spectra of irradiated titani-
um (a) and vanadium (b) targets

Table 2. Specific production values of some radionuclides

‘ Target [Initial isotope Average .Begm uti- Spegiﬁc ac- ‘Speciﬁc activit'y
No Reaction mass, g fraction beam cur- |lization fac- tivity without K taken into

’ rent, A tor K Bg/g'uA account, Bq/g-uA
2Qs(y,n)'"'0Os | 0.54 0.41 9 0.126 1.1900° 1.5100*
1] "V(y,0)*Sc 0.14 0.99 9 0.118 1.90000° 2.24000 ¢
"%In(y,n)""In 0.2 0.96 9 0.816 1.9100° 156000 3
"Bl (y,n)"%r | 0.07 0.615 57 0.155 8.68010 ° 1.3400 °
V(y,a)Sc | 0.14 0.99 57 0.18 1.27000 3 2.28010*
2 | *Ti(y,p)*"Sc | 0.045 0.74 57 0.75 4.21000° 3.160010 °
2Qs(y,n)'"'0Os | 0.54 0.41 57 0.126 1.4500° 1.82000 *
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4. CONCLUSIONS

From the analysis of publications it has been estab-
lished that nuclear medicine tends to turn to ra-
dionuclides of new generation, and a list of ra-
dionuclides that can be produced at electron linacs
has been drawn up (Table 1). Of most interest are
the isotopes ’Co, **Co, “'Sc, "*"In, "*Re, '"®Re,
¥10s, 20s, "*’Ir, which have intense y-lines in the
energy range used for medical purposes. A possible
use of unenriched targets of natural composition is
an additional factor in favor of isotope production
by the photonuclear method.

The value of specific activity produced in irradiated
targets is high enough to consider the photonuclear
method of isotope production as an alternative to
the cyclotron technique.
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OLIEHKA HAPABOTKH U30TOIOB Os, Ir, Sc, In HA JINHEMHBIX
YCKOPHUTEJISAX DJIEKTPOHOB

A.H. /loeona, I'Il. Koesmyn, A.B. Topzoeéxun, B.JI. Yeapos, b.U. IlIpamenko

[IpencraBieHbl IpeBapUTENbHBIC IKCTIEPUMEHTAIIBHBIE PE3YJIBTATHI 110 HAPAOOTKE MEANIIMHCKUX PaIHOHYKIH-
nos Y'Sc, "In, ¥Ir u *'Os, “'™Os porosuepubiM MeTog0oM. OBIIydeHHE MUILIEHEH TIPOBOMIOCH HA MTy4KE TOPMO3-
Horo u3nyuyeHus yckopurens JIY-20 HHI[ X®TU npu sHepruu ycKOpeHHBIX 31eKTpoHOB 29 MaB u Toke myuka
10 MmkA. HeobGxomuMble M30TOMNBI 0Opa3yrOTCS 10 CIEAYIONMM KaHaldaM suepHbix peakuumii *'V(y,0)”Sc; “Ti(y
.0)Sc; Ir(y,n)"*’Ir; '2Os(y,n)"*'0s,"'™Os; “In(y,n)'"“In. i3MepeHbI 3HaueHHs BHIX0a (YAEILHON aKTUBHOCTH) MO-
JIE3HOT'O TPOAYKTa Ha MOMEHT OKOHYaHHs OOJy4eHHs, HOPMHUPOBaHHBbIC Ha | 4yac oOJydeHHs MHUIIEHEW Ipu Be-
JUYUHE CPEeTHETO TOKa IMyyka 1 MKA.

OLIHKA HATIPAIIFOBAHHSA I30TOIIIB Os, Ir, Sc, In HA JIIHIMHUX
IMPUCKOPIOBAYAX EJIEKTPOHIB

A.M. /loeonsa, I'1l. Koesmyn, O.B. Topzoekin, B./I. Yeapos, b.1. IlIpamenxo

Hasiano nonepeiHi eKCriepMMERTAIBHI PE3yJITATH 110 HATIPAIIOBAHHIO MeAMYHUX pagionywiiais “’Sc, 'In, Ir
ta "'Os, ""'"™Os ¢orosgepuum Metogom. ONpOMiHEHHS MilleHeH NPOBOAMIOCH HA MydYKy TalbMiBHOTO
BunpoMiHioBanHs npuckoproBaua JI[1-20 HHI] X®TI npu eneprii npuckopenux enekrpoHiB 29 MeB Ta crpymi
nyuka 10 MxA. HeoOxijHi i30ToMM yTBOPIOIOTHCS 3a HACTYIIHMMM KaHalaMH suepHux peakiii *'V(y,a)"’Sc; *Ti(y
.0)Sc; PIr(y,n)*’Ir; '2Os(y,n)"*'0s,"”'™Os; '“In(y,n)'"“In. Bumipsui Buxomu (IMTOMOi AKTUBHOCTi) KOPHCHOIO
NPOJAYKTY Ha MOMEHT 3aKiHUEHHS OIIPOMIHEHHs, 1[0 HOPMOBaHO Ha | TOIUHY OIPOMIHEHHS MillleHeH INpH
CepeHbOMY CTPYMi ImydKa 1 MKA.
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