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228Th in nuclear medicine

Salerno, K.E. et al.  Int J Radiat Oncol Biol Phys 115(1), 48-59, (2023).
Singh, N. et al. Clin Nucl Med. 49(6), 546-548, (2024).
https://www.iaea.org/newscenter/news/what-are-radiopharmaceuticals

Figure 2:  Initial (A, B) and follow-up (C, 
D) 68Ga-DOTANOC PET/CT scan done at 
2 months after 212Pb VMT-α-NET 
therapy showed partial response in the 
metastatic liver lesions (arrows)as well 
as in primary lesion. Twenty-eight 
percent decrease in the total tumor 
burden was observed, along with an 
improvement in architecture of normal 
liver parenchyma
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228Th/224Ra/212Pb separations

Th/Ra 
separation

conducted 
biweekly

Ra/Pb separation
 (or generator)

conducted daily
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228Th at Equilibrium
• The 228Th series has complex alpha 

emissions
– Five alpha emissions per 228Th
– The alpha energies increase from 228Th  

224Ra  212Bi(212Pb)
– 224Ra and 212Pb will support the ingrowth of 

daughter isotopes with at least one alpha 
emission

• The 228Th series has unhelpful gamma 
emissions

– 228Th is basically a pure alpha emitter
– 224Ra has a low emission gamma line
– 224Ra/212Pb gamma emissions within 2 keV of 

each other and 212Pb in 10x excess

Gamma emission of a 228Th source in secular equilibrium



5www.eichrom.com

Impurities Quantification
• Radionuclidic purity has a significant 

impact on drug labeling efficiency
– These impurities are long-lived 

radioisotopes that would negatively 
impact the patient

– Long-lived impurities may cause 
regulatory challenges

• The impurities typically represent     
< 0.01% total sample activity

So… how do we quantify them?

We use Eichrom resins to isolate the 
impurities – then we use alpha 
spectrometry to quantify them!

Traditional Eichrom Separations:
Small amount of radioactivity
Large amount of stable (usually organic) matrix

Nuclear Medicine Separations:
Small amount of radioactive impurity
Large amount of other radioactive isotopes 
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Measuring 228Th in 224Ra
1. Stack 1ML TEVA cartridge on top of 

1ML TRU cartridge
2. Precondition cartridge stack with 10 mL 

4 M HCl
3. Place sample aliquot (~10 µCi 224Ra) in 

2mL of 4 M HCl. Add 100-1000 dpm 
230Th yield tracer.

4. Load solution onto cartridge stack and 
collect as waste (contains 224Ra and 
212Pb)

5. Rinse cartridge stack with 10 mL 4 M 
HCl, collect as waste

6. Discard TEVA cartridge (contains Bi-
212) and replace reservoir. 

7. Rinse TRU cartridge with 20 mL 2 M 
HNO3, collect as waste.

8. Strip TRU with 10 mL 0.1 M 
ammonium bioxalate to a collection 
vessel for alpha precipitation

4 M HCl
228/230Th 224Ra 
212Pb 212Bi

224Ra 212Pb

228/230Th
k’ = 1500

212Bi
k’ = 1102

228Th

224Ra 
212Pb
 212Bi

2 M HNO3

0.1 M 
ammonium 
bioxalate

228/230Th

4 M HCl

228/230Th
k’ > 10000
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Measuring 228Th and 224Ra in 212Pb
1. Stack 1ML TEVA on top of 1ML TRU on 

top of 2ML SR 
2. Precondition cartridge stack with 10 mL 

4 M HCl
3. Place sample aliquot (~10 µCi) in 2mL 

of 4 M HCl. Add 100-1000 dpm 230Th 
and 133Ba yield tracers.

4.  Load solution onto cartridge stack and 
collect as 224Ra/133Ba

5. Rinse cartridge stack with 10 mL 4 M 
HCl, collect with load as 224Ra/133Ba

6. Discard TEVA (contains 212Bi) and SR 
(contains 212Pb) and replace reservoir. 

7. Rinse TRU cartridge with 20 mL 2 M 
HNO3, collect as waste.

8. Strip TRU with 10 mL 0.1 M ammonium 
bioxalate and collect as 228Th
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228/230Th*
• In 10 mL 0.1 M ammonium bioxalate

– Add 1 mL conc HF
• OR 1.5 mL 8 M NH4HF

– Add 40 µg stable Ce carrier
– Cap samples and mix
– Wait 30 minutes
– Resolve® filter

* 230Th chosen over 229Th due to lower alpha 
energy, sharper peak, and no daughter 
ingrowth

Alpha Source Preparations
224Ra/133Ba*
• In 12 mL 4 M HCl

– Add 3 g (NH4)2SO4

– Cap samples and mix to dissolve
– Add 50 µg stable Ba carrier
– Add 5 mL isopropanol
– Cap samples and mix
– Place in ice bath
– Wait 30 minutes
– Resolve® filter

*Analyze 133Ba on HPGe and compare yield 
to same 133Ba source aliquat volume dried 
down onto a steel planchet
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228Th in 224Ra Measurements

1000 dpm
 228/230Th

After separation 
from daughters 
in equilibrium

1000 dpm 228Th
In equilibrium 
with daughters

70 dpm 228Th in 333 µCi 224Ra
Corresponds to 99.999% pure radium 
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• Usually, we are dealing with 
ultra pure Th samples

• Sometimes there is significant 
228Th present but typically we 
are dealing with < 100 dpm 
samples

• Sometimes the 224Ra may not 
get completely washed out 
before Th recovery

• If 224Ra contamination of the Th 
stream occurs the 5% emission 
at 5.45 keV will overwhelm the 
228Th window

228Th in 224Ra Measurements

730 dpm 228Th in 
333 µCi 224Ra

Corresponds to 
99.99% 

pure radium 

Did not rinse TRU 
cartridge with 20 mL 

2 M HNO3 before 
stripping Th
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228Th in 212Pb Measurements

1000 dpm
 228/230Th

After separation 
from daughters 
in equilibrium

1000 dpm 228Th
In equilibrium 
with daughters

1.6 dpm 228Th in 156 µCi 212Pb
Corresponds to 99.99993% pure lead

The biggest challenge with these 
measurements is the fact that the radium used 
to make the lead is already 99.99+% pure from 

228Th, so there is very little activity present 
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224Ra in 212Pb Measurements

1000 dpm 224Ra/133Ba 
After separation 
from 228Th and 
daughters in 
equilibrium

1000 dpm 228Th
In equilibrium 
with daughters

55 dpm 224Ra in 156 µCi 212Pb
Corresponds to 99.998% pure lead 

The biggest challenge with these 
measurements is the lack of a radium 

isotope for yield monitoring
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Conclusions:
• The Th in Ra method has routinely showed 

success in real ~ 1 mCi samples of 228Th
• The Th + Ra in Pb method builds off the 

success of Th in Ra
– The Th component of these 212Pb samples is 

well below LOD
– The Ra sample is yield monitored by recovery 

of 133Ba (average 95.6%)
– The TEVA and SR resins sufficiently remove 

212Pb/Bi from the Th/Ra streams
• The methods consistently overpredict the 

actual amount of 224Ra and/or 228Th present 
in the samples based on decay tracking of 
the samples by LSC

Conclusions and Future Work
Future Work:
• Optimize sample aliquot size for 

high-activity samples
• Improve method for Th/Ac 

separations used to quantify 
1. 229Th by 225Ac analysis
2. 227Ac by delayed 227Th analysis

• Test Ln tracers for yield monitoring 
during Th/Ac separation


	Slide Number 1
	228Th in nuclear medicine
	228Th/224Ra/212Pb separations
	228Th at Equilibrium
	Impurities Quantification
	Measuring 228Th in 224Ra
	Measuring 228Th and 224Ra in 212Pb
	Alpha Source Preparations
	228Th in 224Ra Measurements
	228Th in 224Ra Measurements
	228Th in 212Pb Measurements
	224Ra in 212Pb Measurements
	Conclusions and Future Work

