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Development of an exclusive column method for **Sr/*?’Rb
generator using a 100 MeV proton linear accelerator of KOMAC
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ABSTRACT 825y for “Rb generator was produced through the irradiation of the proton beam on the ™*RbCl target at the target
irradiation facility installed at the end of the RI-dedicated beamline of the 100 MeV proton linear accelerator of
KOMAC (Korea Multi-purpose Accelerator Complex). The average current of the proton beam was 1.2 pA for
irradiation time of 150 min. For the separation and purification of the ®Sr from "RbCl irradiated, Chelex-100

nat.

resin was used. The activities of *Sr in the irradiated "™*RbCl target solution and after purification were 45.29
uCi and 43.4 pCi, respectively. The separation and purification yield was 95.8%. As an adsorbent to be filled in
the generator for #Sr adsorption hydrous tin oxide was selected. The adsorption yield of *Sr into the generator
adsorbent was > 99 %, and the total amount of ®*Sr adsorbed to the generator was 21.6 uCi as of the day of the
82Rb elution experiment. When the elution amount was 22 mL, the maximum *Rb elution yield was 93.3%, and the
elution yield increased as the flow rate increased. After the eluted ¥Rb was filled in the correction phantom of the
small PET for animals, a PET image was taken. The image scan time was set to 5 min, and the phantom PET image
was successfully obtained. As results of impurity analysis on eluted ®Rb using ICP-MS, ™*Rb stable isotopes that

compete in vivo of Rb were identified as undetected levels and were determined to be No-Carrier-Added (NCA).
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Materials and Methods
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Table 1. Nuclear reactions for *Sr production (1)

Nuclear Taroet Projectile Comment
Reaction g Energy [MeV]
®Y(p, Yittrium 60240 Low radiopurity &
spallation) Oxide yield
nat, . .
MO(P’ Mo metal  [500~700 L.O w radiopurity,
spallation) [4] high cost
nat, RbCl or Rb
Rb(p,xn) Metal 40~90 Preferred
Low radiopurity,
"Kr(a,pxn) |Krgas 20~120 low yield, little
availability
Low radiopurity,
"Kr(Hexn) |Kr gas 20~90 low yield, very little
availability
T oy O | wea ]« This work
. (® — [ Eyeguide
10°F -~ Levkovskii, 1991 |
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Figure 1. *Rb(p,xn) *™&**# gt nuclear reaction cross-sectional area.
(A) suitable energy range to produce *Sr,(B) suitable energy
range to produce *Sr (2).

Figure 2. (a) target holder, (b) RbCl pellet, (c) RbCl pellet after beam irradiation,
and (d) target cladding with helicoflex seal for *?Sr production.

3. "tRbCl EXYO 2L 25r 2a| M|
§ ZAF “RbCl BHOZRE w5 HelHA 39

ZA}+= v]=9] BNL (Brookhaven National Laboratory)

Journal of Radiopharmaceuticals and Molecular Probes

I} LANL (Los Alamos National Laboratory), 2]A]o}2]
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]
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|
|
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Figure 3. Separation and purification procedure diagram for *Sr
production.
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4. ®2Sr[¢2Rb Wili7|et 2Rb &
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Aol A ALE &8 “RbE &Y o
upet o 2 ~ 3 7]949] o] T & 3l
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Frit (25 pm)

Column Tube (STS316L, 3/8")

Zero Volumn Adapter
(1/16"-3/8")

Figure 4. Photograph of the generator column.

procedure (9) Hydrous Tin(IV) Oxide
(alpha-form)4 g

Add PH 10 0.1 M NH,OH/NH,CI

Buffer Solution 50 mL

Add 2 M NaCl 20 mL
Overnight (> 12 hrs)
Fill the column with Tin Oxide

L 2 1
[ risBuffer + HCIsoultion | [ Wash column with2 M NaCl | [ Wash column with pHa H,0 |

! |

| Add the Tris buffer to Sr-82 Solution | | Wash column with Saline | [ Measure the pH of the solution |
[}

I
Load Sr-82 Solution
Elute RbCl with Saline

Figure 5. Adsorption procedure diagram for *Rb generator.

Scheme 1. Retreatment for Na* form of hydrous tin oxide and ionization
procedure (9).

1) SnO,-H,0 +2M NaCl — SnO, — Na* CI
2) SnO, — Na* + H" (0.9% NaCl pH 4.5-5.5) —
SnO, - H" +Na" (pH 6.5-7)
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Figure 6. HPGe gamma energy spectra for the samples during *Sr
separation and purification.
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2 . ; . . . . ; . Table 2. . Rb isotope concentration measured by ICP-MS

(92.12 %)
19.885 Standard
B Sample ID | n=1 n=2 n=3 n=4 n=5 | mean L
(93}3\7/0/) deviation
. 0, 1

20 (86.18 %)

18.59

5 18
S sl - 10rpm | 1494 | 1573 | 1617 | 1643 | 1688 | 1630 | 0.048
> (83.73 %)
s 0 - 1
B 1l 7687 %) i 20pm | 1671 | 1725 | 1750 | 1.746 | 1.751 | 1.743 | 0012
B
2l | 30rpm | 2033 | 1993 | 2014 | 2075 | 2094 | 2044 | 0048
8
2 40 rpm | 2087 | 2151 | 2282 | 2169 | 2210 | 2203 | 0.058
121 B
11.88
(55.08 %) 48 rpm | 2479 | 2418 | 2456 | 2503 | 2.527 | 2476 | 0.049
10 1 1 Il 1
0 5 10 15 20 25

Flow Rate [mL/min]
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Figure 8. *Rb radioactivity and elution yield versus flow rate.

=2

NEMA NU-4 i) &-83t0] “Rb PET B/ &
SFAT. WEE7]7F 75200 E331aL, 5 &< PET G4 A3} ICP-MS B4 52 53 7
53IHZolE E7olal wdstH, 271 == YA “Rb V]9 F= A 7He S et on “Rbe}
= Fo= A 7MeR A0 PET Y/ &S0l 7hsst A HiollA B4 Wheoke Rb s AdTH =3=
At sHARE FHESE B7ME W (A1 1,2,3,4,5  F]o] FEA|(no-carrier-added) & S}RI5IFI o2t
AdATR= AEE 2Sr YA E Y49t “Rb 7]
o] 9f5HA &gl LAt 5442 THISZ Hol
=

} 2= 9t}

o rt
g
o5
—
of
o3
o
By

d
d

o,

iih3

1
N
)
b
sk
‘{
%

Acknowledgments

Figure 9. PET Phantom Imaging Using “Rb Eluate. B A7 7181 & A HE AR O] HIALA L8l | & v
AR oA A] FERTRE 7] oG s A F A

71& 709 IHA] (NRF-2017M2A2A2A05016601)2] L3t

02 P EFU T

=

N,

4. 82Rb =0 CHet ICP-MS 24
“Rb -§ZHo] tht ICP-MS H&F 42475 HH, Rb

M5 LA = 5709] sample & 1.63 ppb, 1.743 ppb,

2.044 ppb, 2.203 ppb, 2.476 ppb2] =2 HEF Ut Zt

MET 5349 A4S AARE A9E BEERE

Tttt BE Avh= B &0 gsk=3ppb ©13F  References

O]EE Rb ?_}_‘78]%—?4%_/3\_% %@%ﬂ 9&1\-]]_4‘ éﬂ} 7&} o= 1. Mausner LF. Production of Sr-82 for Rb-82 Generators. EFCOG

2% AHE 9l "RbT AYAOIH B WHSSR=Rb7L Al MigBNL.2010

%i‘:]'ﬂ -(:)—_:—1_ _/'\_ %IE}(Tabl e 2). 2. Kastleinera S, Qaim SM, Nortier FM, Blessing G, van der Walt TN,
Coenen HH. Excitation functions of **Rb(p,xn) $™&$38281Sr reactions up
to 100 MeV: integral tests of cross section data, comparison of produc-

tion routes of *Sr and thick target yield of *Sr. Appl Radiat Isot
Conclusion 2002;56:685-695.

124 ) Radiopharm Mol Probes Vol. 7, No. 2, 2021



. Mausner LF, Prach T, Srivastava SC. Production of *Sr by proton
irradiation of RbCl. Appl Radiat Isot 1987;38:181-184.

. Phillips DR, Peterson EJ, Taylor WA, Jamriska DJ, Hamilton VT,
Kitten JJ, Valdez FO, Salazar LL, Pitt LR, Heaton RC, Kolsky KL,
Mausner LF, Kurezak S, Zhuikov BL, Kokhanyuk VM, Konyakhin
NA, Nortier FM, van del Walt TN, Hanekom J, Sosnowski KM, Carty
JS. Production of strontium-82 for the Cardiogen PET generator: a
project of the Department of Energy Virtual Isotope Center. Radiochim
Acta 2000;88:149-155.

. International Atomic Energy Agency, Production of long lived parent
radionuclides for generator: %Ge, *Sr, *°Sr and "**W. IAEA radioiso-
topes and radiopharmaceuticals series No.2, Vienna:IAEA;2010.

. Alliot C, Audouin N, Bonraisin AC, Bosse V, Laiz J, Bourdeau C,
Mokili BM, Michel N, Haddad F. #Sr purification procedure using
Chelex-100 resin. Appl Radiat Isot 2013;74:56-60.

. Teresa M, Alvarez-Diez, Robert K, Robert B, John V. Manufacture of

strontium-82/rubidium-82 generator and quality control of rubidium-82

chloride for myocardial perfusion imaging in patients using positron
emission tomography. Appl Radiat Isot 1999;50:1015-10230.

. Chudakov VM, Zhuikov BL, Ermolaev SV, Kokhanyuk VM, Mostova

M1, Zaitsev VV, Shatik SV, Kostenikov NA, Ryzhkova DV, Tyutin IA.

Characterization of a #*Rb generator for positron emission tomography.

Radiochemistry 2014;56:535-543.

. Brihaye CL, Guillaume M, O’Brien Jr. A, Raets D, Landsheere CD,

Rigo P. Preparation and evaluation of hydrous tin(IV) oxide **Sr/*’Rb

medical generator system for continuous elution. Appl Radiat Isot

1987;38:213-217.

Journal of Radiopharmaceuticals and Molecular Probes

www.ksramp.orkr 125





