DI MILANO

ORI UN IVERSITA WORLD COUNCIL ON ISOTOPES

E 2 R

W | DEGLISTUDI INFN WC /|
< : Istituto Nazionale di Fisica Nucleare

Design and Construction of Ga-68

Generator with Microbead-Based
Absorbent

JUN YOUNG LEE

Lg\el'g)"?esa
/) SN
F <~ Korea Atomic Energy &L‘\ g
. /KAERI" Research Institute N

% o
Sa X 2?

. FLorence 15-19 FEB 2026

Fod
[T7] [T i i f',- éTrg ._)
. sl |21 INTERNATIONAL
CONFERENCE oN ISOTOPES

ISOTOPIC TIME MACHINE

FROM CULTURAL HERIRAGE
TO SUSTAINABLE FUTURE




® \ o 15-19 FEB 2026

<_/<7\ 1271 INTERNATIONAL
CONFERENCE on |SOTOPES

Radioisotope Production

Big Facility vs. Small Unit
For Radioisotope Production

Reactor & Accelerator

Raw material

-+ %

Quality control
~
Radiation
- M,
gubrrenrn
Chemical Separation

Target manufacture

Hospital

YR
I_Il

Patient

J

i
Radioisotope generator

Packing & Supply
RI Elution ;

T

On-site

v Reduced Scale

A .

S

v Low cost

Quality control Patient

vSmall workforce v Higher quality v~ Safer
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Radioisotope Production
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Radionuclide generator

In - Eluting solvent ~ Out — Eluted Daughter
Activity

b

Y and B*emitters for diagnosis

e ab

Shortened separation time
Reduced operator exposure
Increased RI production (>2/day)
Long-term usability

—p Lead shield

AR NRANIN
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Radioisotope Production

Radiation
Unstable Stable .
=
Ga-68 Decay 2 g
*¥Zn(p,n)*Ga Parent Nuclide Daughter Nuclide ! > Time
Half—"fe(Tﬂz) : 67 mln 0 67 min 3hr- 8hr 28 hours
Chemical separation Quality control Delivery
2-3 hours >30 min 0.5-4 hours
Radiati Radiati 1 :
adiation adiation >90% |X .
1
Unstable Unstable Stable = E
s :
. E 1
1
® Ge-68 Decay~ 3 CDecay 2 |
Equilibrium : 14 hr B
®Ga(p,2n)%eGe a L » Time
Parent Nuclide Daughter Nuclide Granddaughter Nuclide 0 270 days 7.4years
Half-life(T,;,) : 270 days Half-life(T,;) : 67 min

Chemical separation Quality control Manufacture Delivery
2 days 6 hours 24 hours few days

JUN YOUNG LEE - ljyO1@kaeri.re.kr 4
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Germanium-68 Production

70Ge
STABLE
20.57%

Cyclotron

Dees

GgGa Magnetic field
STAB LE Vacuum chamber Radioisplope of interest .
60. 1 08% contaminants @ @ ®
lon source
69Ga(p,2n)%8Ge '
Target
Beam _)
662" 67zn 682" Electric field region

STABLE STABLE STABLE
27.73% 4.04% 18.45%

68Ge automatic
separation device

Schematic of 58Ge production through
p,2n nuclear reactions
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Germanium-68 Production

1007

1008

= roes

1082
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150

(Annihilation, 51148 keV)
(%Zn, 1116.51 keV)

(*Ga, 1078.38 keV)
| -

(°Ga, 126228 keV)
4
(%Ga, 806.49 keV)
+

L/~\—\ \

1
1
1
1
1
1
1
1
1
| | (K, 1461.94 keV)
1

1

1050 2600 3000 doe ) e oo s 1o tidee 2000
Channen.

Separation

&
v Purification

| (%Ga, 1884.45 keV)

(o, a ' Accel and Radioisotoy h Section
Crude target solution (/7: “'m :eo;::r':mr:;:igggy 29, Geumgu-gil, Jeongeup-si, Jeollabuk-do, Republic of Korea
! Tel: +82-63-570-3571  Fax: +82-63-570-3579
Certificate of Analysis
Nuclide Specifications
t Radioisotope Germanium-68 (Ge-68)
‘.‘ﬂ LOT No. 2300102
w"l Half-life/Daughter 270.93 days/Gallium-68
Chemical Form Germanium (IV) in HCI
Acid Concentration 1.0 MHCI
Activity = 370 MBq (10 mCi)
\eeo  tamen  tsas  iseen Calibration Date 15", September 2023
Purity of Radioisotope = 99.9%
Volume = 250 pL

Impurities (Metal species)

Fe <01 pg/mCi[0.14 pe/GBal
Ga <0.1 pg/mCi[0.01 pg/GBal
Cr <01 pg/mCi[0.01 pg/GBal
Co  <0.1 pg/mCi [0.01 pg/GBal
Mn, Ni and Cu [not detected]

1007

1008

100

1002

1002

1on

(Annihilation, 511.43 keV)

(%%Ga, 1078.32 keV)

\

Impurities (Organic species)

Organic species such as chelator or complexing ions are not detected

Purified Ge-68
Packing Details

Crimp-seal glass vial (maximum volume; 4 mL}
Radiation Dose: 0.1 mSv/h (1 meter from package)

Notes:

half-life.

- The daughter (gallium-68; Ga-68) is also radioactive and decays to zinc-68 (Zn-68) with 67.71 min of

L/H\—/\ (%Ga, 806.54 keV) \
+

(*Ga, 1262.17 keV)

[

[

| (K, 1462.01 keV)
.

\
\

(*Gia, 1884.38 keV)

4
| (%5Ga, 1745 62 keV) /

/

) 2000 2000 oo so00 ‘*0o0 7000 3 (=TI " T

cnannen.

oo 1000 14000 1000 16000

- Germanium (IV) in hydrochloric acid (HCI) is volatile. It needs special precautions on the heating or
packaging.

- Intended use of this product should be limited for research purpose only, not for use in humans.

Complied and Released by:

Name of the Authorized Person: Jeong Hoon Park

IR'I'I

Signature: Adbeamcd Kration Tehmtoay mnn
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Development of ®3Ge/*8Ga Generator

15.0kV 8.2mm x90 LM(UL)

Components Wt%
C 55.86

(0] 30.30

Ti 13.84

Total 100.00

K, for ®*Ge (mL*'g™)

4000

3500-
3000-
2500-
2000-
1500-
1000-

500

JUN YOUNG LEE - ljy0O1@kaeri.re.kr

HC concentration, M

B 0.05-0.1 M HcCI
Separation Factor >10,000 |
\. |
i\ \.
" ] m
T T R
0.01 0.1 1

H~ (@) Qo
(I-g'jm) 12f)gg 10§ p>I
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Development of °3Ge/*¢Ga Generator

9
8 z
7 : : .
Germanium Loading Capacity: 1.3
6 .
= mCi/mg
S 5
o
-g.- 4 ®
w g, = Adsorption capacity(mg - g~1) 638G
73 ¢ [(Co— €] €
o qe = UTE x IV
2 L Cy=Initial cone in ppm
C=conc at equilibrimm
1 @ M=mass(g)
@ V=Volume(L)
0 '@ Adsorbent
0 5 10 15 20 25 30 35

Concentration of germanium (g/L)

JUN YOUNG LEE - ljyO1@kaeri.re.kr
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Prototype Model Column Adsorbent
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Development of ®3Ge/*8Ga Generator

Ga-68 elution yield: >70% Ge-68 breakthrough: <103%
0 50 100 150 200 250 300 350
100 r | L u | L | L | L | L | L | L |
] ] . -
4 N
90 - ] g
80 -T;.f ; _.0.001 - -
= T -\. I " X ] n
£ 704 :M""‘ Wﬁmﬂrﬂugwumﬂrm S ] =
= 1 o
E 60 - 3 .. "y "
| e —4 -
.E 50 — % 1E-4 .
= . o -
5 40 4 5
S 30- 38 -
g 20 T 58Ga elution yield(%) 8 1E=S 5
- Initial 70.3
10 -
. After 4 hr 66.6
0 T T T T T T T T T T T T T T 1E-6
0 50 100 150 200 250 300 350 Time of Elution (Days)
Time (day)
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Development of ®3Ge/*8Ga Generator

88Ge/%8Ga equilibrium (9.75 hr)

] T
100 — 100 : :

——_—— ' _':7/.7
90 e
. 1 1= |
804 U !
3 E S 1
70 - I I
9 S ' :

3 |
z “ | ¥Ga (Ty,: 67.93 min) B {: I !
= ' z 0 : |
5 b3 1. 1 1
< 404 < 40 ! !
| 1 1
30 4 1 1
J | |
20 S
- E 1 |
10 4 I !
. | I |
) | |
0 —T 1 - T T T T T~ T T T * T 0 T i T ! ) j T i T '
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 0 2 4 6 8 10 12 14
Time (seconds) Time (hours)
I Half-lfe m— E——
Theoretical T, , 67.71 min 2 hours 46%
Experimental T/, 67.93 min 4 hours 62%
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RCY, %

RCY, %

100-

75=

50+

25+

0.01 0.1 1 10 100 1000

Metal concentration, uM

100+

75+

50+

25+

0.01 0.1 1 10 100 1000

Metal concentration, pM

RSC Adv., 2019, 9, 37214

A\
\\

200

150 -

100 -

Metal concentration (ppb; pg/L)

N
(=}
1

Metal concentration
1~1.5uM

[ ]Initial
[ ]6 month
[ ]10 month

A\

A}

0 i

o A < Cf@*@“ ¢S \&‘O’(\?G" G“«z?«z?ﬁb v%ob NS »
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Development of ®3Ge/*8Ga Generator

" i STEP 1 STEP 2
isotopia * y y
- R N 1 vial- 2 simple
7 !:‘;:_-;»’::x"""«“—‘ preparationpsteps ':-:::_ - @ - - i
-— Si}l‘j‘gﬂiu‘m isoPROtrace-11Kit 5mins Prnd_uctre.ady
A A B
[stvg’ —— 20230602 68Ga_PSMA - Channel1 ﬂjd “
RCY: >98% — 0230602 68Ga _PSMA- CH1 8 @)
—‘2‘0230602 68Ga_PSMA - CH2 Z
200-| | |‘ reo =S - (kDa)
I
150 I o o — 260
g “\ \ = L
2 100 ( 2
\ \"I‘ " 140
= R S PSMA §
5 2 i_g;gg & oo (~100 kDa) 68G3]Ga-PSMA-11
| I EELEEL S
o 5 10 15 Zb 25 30 0 B 100
Time [min]
B-actin
10000 R R T N B | | Lo (42 kDa) 40
i RCP: >99% L
8000 i B
" 6000 ] -
§ ] r Western blot analysis of extracts from PC3 (PSMA
4000 N negative) and LNCaP (PSMA positive) cell lines;
] B b[68Ga]PSMA-11 (3.7 MBq) PET/CT images showed uptakes
2000 B in tumor (white dashed circle) at 60 min post-injection
0 . \—\‘ T T T ‘\ T ‘ 7 T T T \_
0 50 100 150 200 JUN YOUNG LEE - ljy01@kaeri.re.kr 13
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Development of ®3Ge/*8Ga Generator

<®8Ge/fGa Generator Performance Comparison>

Company ,\Cﬂgltl;:?{; HE(IZUIe(RIt) 68Ga Elution Yield (%) 68Ge Breakthrough (%)
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Conclusion

Long-term study

Ge-68 Breakthrough (%)

80

-
S
1

N
S
L

%Ga Elution Yield (%)
2
.

40
30
20 4
10
0 T T T T T T
0 50 100 150 200 250 300 350
Time (day)
<Ga-68 elution yield>
0 50 100 150 200 250 300
L ! L ! L !
0.001 -
- n
" = I. faom
n - "
n
1E—4 - . "
n u .
L}
n
L} L}
1E-5
L]
1E—6
1E-7
Time of Elution (Days)

<Ge-68 breakthrough>

1000

800 -

600

Concentration (ppb)
&
5
T

200
{._.L_u.-‘_‘—n___n_
@\‘,(—0 L C.Qc.('oclo,\/\‘@a?;—,-Qvf\‘\&q{z

<Metallic impurities; Long-term>

Eckert&Ziegler (0.1 M HCI) [l Lc-Ti0, (0.05 M HCl

[$1]
(=]
1

0oL N | I
[SXNENS @“‘c‘&‘cﬁé‘o%“o’o PERY v"ﬂ&o" x&Q\Vy
<Metal Impurities Comparison>
JUN YOUNG LEE - ljy0O1@kaeri.re.kr

Radionuclidic purity

& PET images

i, 1076.14 keV)

(YK, 146191 keV)

WWWMWWWMMM

<Radionuclidic purity>

““Ga-chloride "Ga-DOTA
»
RCP(%): 99.98% RCY(%): 99.62%

“Ga-NOTA
RCY(%): 99.28%

.....

K:kiduey.Brbladder

<PET images> 15
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Additional materials

Medical Radioisotope Generators

Parent radionuclide Daughter radionuclide
No. Generator system
T Main decay mode Tin Main decay mode Application

1 LAPK 3290y B 1236 h B Chemistry
2 S2Fe/S2m\in 828h B 21.1 min B PET
3 29e/As 84d EC 1.08d B~ PET
4 SRb/ASKr 86.2 d EC 1.86 h v Chemistry/RPC
5 081/ 285y i3 267d B ERT
6 105pd/1%3mRh 16.97 d EC 56.12 min 7. Ae Chemistry
7 1090 q/108mA o 1.267y EC 39.6 s ¥ FPRNA
8 1380/ mIn 115.1d EC 1.66 h v Chemistry/RPC
9 1sTe/1185p 6.00d EC 3.6 min B~ PET

10 132Te/1321 3.26d B 228N v, B Therapy

11 137Cg/137mBa 300y B 2.55 min v In vivo diagnosis
12 140Ba/*La 12.75d B 1.68d v B Chemistry/RPC
13 #Ce/La 3.16d EC 6.4 min B PET

14 HCe/ 1Py 284.9d B 17.3 min v Chemistry/RPC
15 0N (l/140py 3374d EC 3.39 min B*. Ae PET

16 166Dy/166Ho 3.40d B 1.12d B ERT

17 167 Tm/ 16"y 9.24d EC 228s T Chemistry/RPC
18 2HE Ly 187y EC 6.70d T Chemistry/RPC
19 U8y /78T 21.5d EC 9.31 min T FPRNA

20 158y /183R e 69.4 d B 16.98 h B ERT

21 19105191y 1544 i3 4.94 5 ¥ FPRNA

22 19405/1%41r 6.0y i3 19.15h v, B ERT

23 226Ra22Rn 1.6x10°y a 3.83d A ERT

24 2ACLIBI 10.0d a 45.6 min B.o ERT

Abbreviations are as follows:

Ae: atomic electrons

EC: electron capture

IT: isomeric transition

. if EC < 50%

ERT: endoradiotherapy

FPRNA: first pass radionuclide angiography

PET: positron emission tomography

RPC: radiopharmaceutical chemistry

SPECT: single photon emission computerized tomography

JUN YOUNG LEE - ljy0O1 @kaeri.re.kr 17
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Metal oxide Metal oxide Metal oxide
: 0 N\ .

! T

Coating surface

Mechanical stirring

i Hydroxylated -
Metal Oxide

Nanocomposite

surface

”. Ti —OH SUB000 3.0kV 8.0mm x220 LM(UL)
Ti\ ..
Column Efficiency
o : : :
i 1.  Particle size of the inert phase
2.  Column dimensions (HETP)
... - 3.  Flow rate (Kinetics)
000 -

JUN YOUNG LEE - ljy0O1@kaeri.re.kr 18
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Additional materials

(Unit: ppm)
Element Product A Product B KAERI
Scandium n.d 0.0039 0.0001
Titanium 0.0028 0.8483 0.1742
Vanadium 0.0689 0.0028 0.0007
Chromium 17.725 0.0310 0.0040
Manganese 1.4484 0.1180 n.d
Iron 15.5615 0.0329 n.d
Cobalt 0.1128 0.1129 n.d
Nickel 7.0233 0.0025 0.0010
Copper 0.0691 0.0030 0.0004
Zinc 5.4923 5.1150 0.0786
Gallium 0.0062 0.0425 0.0007
Germanium 0.0391 0.0005 n.d
Arsenic 0.0023 n.d n.d
Selenium 0.0005 n.d n.d
Ruthenium n.d 0.0002 n.d
Rhodium n.d n.d n.d
Palladium n.d 0.0004 0.0002
Silver n.d 0.0080 n.d
Cadmium 0.0005 0.0071 n.d
Tin 0.0160 n.d n.d
% n.d: Not detected Metal concentration Metal concentration
10 ~ 200 pM 1~1.5puM

JUN YOUNG LEE - ljy0O1 @kaeri.re.kr
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