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www.eichrom.com

“Pioneers of radionuclide separation methods and resins since 1990"

Our Products: Our Resources:
 Extraction Chromatography Resin (EXC) -« Separation methods
 Analytical lon Exchange Resin (IX)  Presentation archive (including this one!)

 Functionalized Silica (SPE)
* Type A shipping systems




224Ra and 212Pb QC

Protocols:

1.%28Th in 2**Ra

2.228Th and 424Ra in 2'2Pb

3.225A¢(229Th) in 22Ra

212p0
0.3 ps



212Pp for TAT

M - 2"°Pb is an emerging
Figure 2: Initial (A, ) and follow-up (C, therapeUtiC rad ionUCI ide

D) ¢8Ga-DOTANOC PET/CT scan done at
2 months after 222Pb VMT-a-NET

therapy showed partial response in the
metastatic liver lesions (arrows)as well

as in primary lesion. Twenty-eight °® The decay Chai n WO rkS With

percentdecrease in the total tumor

burden was observed, along with an . d t'

improvementin architecture of normal rO U tl n e p rO U C I O n
Baseline 5Ga- liver parenchyma Post therapy %Ga-

DOTANOC scan . DOTANOClscan Y 224Ra Separated from 228Th
biweekly

« 212Ph geparated from 22*Ra
daily

Scale tumors, tissues =10 cells

Range 0.1-10 mm < 100 ym

LET <1 keV/ipm 50 - 230 keV/um
Example nuclides MLy, %Y, ¥25m, ) 2Ra, PAL, 12Ph
Example agents ["Lu]Lu-dotatate (Lutathera®) [**Ra]RaCl,(Xofige®)

[LulLu-PSMA-E17 (Pluvicio™)

Salerno, K.E. et al. IntJ Radiat Oncol Biol Phys 115(1), 48-59, (2023). 4
www.eichrom.com Singh, N. et al. Clin Nucl Med. 49(6), 546-548, (2024).



The #28Th Decay Series

- T _- » 224Ra or 2'2Pb products are highly
160—: 228TH  ?**Ra — pure, 99-999+%
2] _ - Still need to quantify long-lived
° 50 { radionuclide impurities
60 ] 22053, 216pg | .
N - _- — Parent isotopes 228Th and 224Ra
20 Nk J A/\ A ] — Other Th isotopes and daughters
Eneray (MeV) * Difficult to find impurities of <0.001%
i'_-'r/ —Highly radioactive sample
o5 —Complex decay chain

—Peak overlap / tailing
* Worse for HPGe

www.eichrom.com



The 228Th Decay Series

Some additional steps are
required for proper QC

Chromatographic separation

 Isolate impurities from bulk of radioactivity

| Microprecipitation for source prep

« Rapid, adequate resolution, user-friendly

Alpha spectrometry analysis

- Low background, high efficiency, traceable*




225Th in 22Ra

Sample + 2*°Th

4 M HCI '
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224Rg 212pp
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225Th in 22Ra

Sample + #*°Th

4 M HCI '
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._l
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- z} 228/230Th
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228Th in 224Ra

Strip (?%%Th)

Sample + *°Th

4 M HCI l

0.1 M
ammonium

g ‘ bioxalate

Doy,

P k=110 T I_D_\

__| Se8=3:3:203e
g 228/230Th 5[

.....

~
A 228/230Th 224Ra
5 |k =1500 212ph

212
224Ra 212Pb j

228/230Th
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228Th and #?*Ra in #1°Pb

Load (%%“Ra)

Sample +
13SBa 230Th
4 M HCI

= [
B k=110

228/230Th
& | k=1500

| 2

224Ra/ 133Ba
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228Th and #?*Ra in #1°Pb

Load (%%*Ra)

Sample +
13SBa 230Th
4 M HCI

2MTs
» [ k'=1102

228/230Th

228/230 gl
= i i | K > 10000

224R5/133B,
il 222pp 212p}, 212
k=%

224Ra/ 133Ba
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228Th and #?*Ra in #1°Pb

Load (%%*Ra)

Sample +
133Ba 230Th
4 M HCI

Strip (?%%Th)

0.1 M
ammonium
bioxalate

g 2 M HNO,
B |l K =1102

228/230Th
21> 10000

228/230Th
& | K =1500

— 224Ra/133Ba
[l 212pb 212p}, 212
2

L, 228/230Th

224Ra/ 133Ba

12

www.eichrom.com



225AC(229Th ) N 224 Ra

Sample

2 M HNO, ]

i 2287 212
S 2254,

k’ >10000
:?g k' =199

1 k=27

© 2587
® K =233
i k= 59

224Ra 212pp
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225AC(229Th ) N 224 Ra

Sample
2 M HNO,

8 M HCl

EiiEE] 28T 212;
= 2254,
“il K >10000

=l k=199

I_fi;gﬁ*k':27
—

T |K=2330
?:EZ?:?: k’ =59

224R4 212p},

| 22Th
K > 10000

224Ra #?Pb
212B;j
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225AC(229Th ) N 224 Ra

__Rinse

Strip (*?°Ac)

Sample 8 M HClI 2 M HCI
2 M HNO, I

$a23 ::: : i
EEHE *25Th 212Bi 1 - 228Th

B8 e £ 225 "“ 228Th S

i o £ P B 7 it s I
?E k' >10000 =] k' > 10000 7’ ? k=100
G k=199 i Y iz

e &, B

g
2257 ¢ 212 S| 225ac¢ TS| 2B
B 2 2 o000

------

224R5 212p} 224Ra “17Ph 225AC

2128]
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Alpha Source Recipes

CeF, for 228Th and ?2°Ac
* 40-50 pg Ce carrier

* 1 mL conc. HF
— Substitute 1.5 mL 8 M NH,HF,

BaSO, for ??4Ra

* 50 ug Ba carrier
* 39 (NH,),SO,

* 5 mL isopropanol
* |ce bath

16
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Alpha Source Recipes

CeF, for 228Th and ?2°Ac « Wait 20-30 min
* 40-50 pg Ce carrier * Filter over Eichrom’s Resolve® Filter
* 1 mL conc. HF * Mount on adhesive planchet
— Substitute 1.5 mL8 M NH4HF2 ° Dry under heat |amp
* Analyze using a calibrated alpha
spectrometer
BaSO, for ??4Ra oo Eom o
» 50 ug Ba carrier | separaton e —
- 3 g (NH,),SO, conige f?
* 5 mL isopropanol

* Ilce bath
I
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224Ra product QC Results

% yield 230Th | dpm 228Th (1%) | uCi 224Ra | % Purity
93.2 69.79 333 99.9990
102.9 12.27 246 | 99.9998
91.2 22.64 233 99.9996
95.6 224.6 256 99.996
102.9 47.62 205 199.9990
91.2 45.9 226 [99.9991
99.3 1110 2260 | 99.998

1400 T T T T T T T T T T T
2307 70 dpm 2%8Th
1200 .
333 uCi ?**Ra
1000 - Corresponds to 1

o 801 99.9990%

8 600 4
400 .
200 2244 4

_ 225Th .
0 T J T T T )"A T T zziRn T A21i\Po
4.0 4.5 5.0 55 6.0 6.5 7.0

Energy (MeV) www.eichrom.com 18



224Ra product QC Results

% yield 230Th | dpm 228Th (1%) | uCi 224Ra | % Purity dpm 225Ac (10%) | pCi224Ra % Purity
93.2 69.79 333 |99.9990 8527 206 99.97
102.9 12.27 246 |99.9998 14130 226 99.96
91.2 22.64 233 |99.9996 wod 2'% ]
95.6 224.6 256 | 99.996 : 21,

102.9 47.62 205 99.9990 0 e ‘_
91.2 45.9 226 99.9991 1000 - P |
99.3 1110 2260 | 99.998 2 g0 ]
1400 T T T T T T T T T T T S
230 70 dpm 2%28Th ‘ S 600 - .
] 333 uCi22%Ra | o] _‘
1000 - Corresponds to 1 - -
500 99.9990% 0 ///J ud | R/} 1
§ 600 | 05.0 ' 575 ' 670 ' 675 ' 770 ‘ 7.5
Energy (MeV)
400 .
200 - 224Ra -
0 ] | | | | 'A;I'\hr i, 22(jRn | A21i\|30 ]
4.0 4.5 5.0 55 6.0 6.5 7.0

Energy (MeV) www.eichrom.com 19



224Ra product QC Results

% yield 230Th | dpm 228Th (1%) | uCi 224Ra | % Purity dpm 225Ac (10%) | pCi224Ra % Purity
93.2 69.79 333 |99.9990 8527 206 99.97
102.9 12.27 246 |99.9998 14130 226 99.96
91.2 22.64 233 |99.9996 ool 2'% ]
95.6 224.6 256 | 99.996 ! 21,

102.9 47.62 205 99.9990 o o ‘_
91.2 45.9 226 99.9991 1000 ] re ]
99.3 1110 2260 | 99.998 2 a0 ]
1400 T T T T T T T T T T T S

00 2307 70 dpm 2%8Th ‘ S 600 - .
333uCi2%Ra | . _‘

1000 - Corresponds to 1 - -

g o, 99.9990% ] 2 ///J L,/J | R/} _
§ 600_- _ 05.0 " 55 60 65 70 75

Energy (MeV)

400 . 225Ac in 228Th by alpha spec* “Assume

200 24, 1 % Purity | % Purity | %Purity Z?ﬁ:ﬁ:ield
- sz\h 220Rn  215pg | dpm 22°Ac (10%) | pCi22*Ra | today | Ref.date| CoA during 24Ra
' f - T T | I — N —
04.o 4.5 5.0 55 6.0 6.5 7.0 8527 206 99.97 99.995, | >99.9955 separation
Energy (MeV) 14130 226 99.96 99.97, 99.97, 20




212Pp Product QC Results

% yield 230Th | dpm 228Th (1%) | uCi 212Pb | % Purity
103.31.86 6.358 144 99.9998
96.3 2.369 96.5 99.9999
98.9 3.603 46.3 99.9997
97.9 4.509 31.8 99.9994
250 - 230Th |
4.509 dpm 228Th

31.8 uCi 212Pb
Corresponds to
99.9994%

200 ~

50 .

] 228Th ‘J\\
0 t T T T ""Ml“‘ f T T

4.0 4.5 5.0 55 6.0 6.5 7.0
Energy (MeV) www.eichrom.com 21




212Pp Product QC Results

228Th in 212Pb by Alpha Spec.

224Ra in 212Pb by Alpha Spec.

% yield 220Th | dpm 228Th (1%) | uCi 212Pb | % Purity % yield 133Ba | dpm 224Ra (1%) | uCi 212Pb | % Purity Combined % Purity
103.31.86 6.358 144 99.9998 101.3 153.1 144 99.995 99.995
96.3 2.369 96.5 99.9999 103.0 5.755 96.5 [99.9997 99.9996
98.9 3.603 46.3 99.9997 89.5 4.624 46.3 |99.9995 99.9991
97.9 4.509 31.8 99.9994 100.8 7.428 31.8 99.999 99.998
T T T T T 180 T T T T T T T
250 4 #°Th - 60 224Ra
4.509 dpm 228Th 1 153.1dpm***Ra ]
200 31.8 uCi 212Pb 1404 144 uCi**Pb 1
Corresponds to 0] Corresponds to ]
99.9994% > 99.995% 20Rn  2™%Pg .
2 150 - . S 100 A .
> "6’ J
S og 80 - i
100 4 T I
60 - .
40- i
50 - i _
20 - ﬂ I .
0 T T T et ‘J\\ T T O'- ‘“‘V‘EL
4.0 45 5.0 55 6.0 6.5 7.0 4.0 45 5.0 5.5 6.0 6.5 7.0

Energy (MeV)
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Conclusions and Future Work

Conclusions: Future Work:
« 228Th in %%Ra method works well « Optimize sample aliquot size for
— Routine use for 1 mCi samples high-activity samples
 The Th + Ra in Pb method builds off « Modify 22°Ac method for 228Th
the success of Th in Ra sources
— This pushing LOD = » Lanthanum for 225A¢ yield tracer?
~ Rais traced by ™*Ba via HPGe - 27/Ac by delayed 227Th analysis of Ac
* The 22Ac(?2°Th) in 22Ra shows alpha sources?
promise

_ * Test methods on different types of
* The methods agree well with later 228Th samples

measurements of decayed samples | 4 yi st methods for applications to

the 22°Th / 225Ac decay chain
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Thank you!

Madeleine Eddy, PhD
meddy@eichrom.com
+1 (630) 963-0320
www.eichrom.com
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