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Introduction
Activity standardization of 228Th solutions by means of alpha 
spectrometry is difficult when sources are prepared by drop 
deposition.

228Th is used as emanation source for the noble gas 220Rn (thoron). 

The 228Th decay chain comprises several alpha and high-energy 
beta transitions. Thus, the efficiency for liquid scintillation 
counting is expected to be high. 

An activity standardization could be easily adapted to 224Ra which 
is used for the treatment of ankylosing spondylitis.
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Experimental details

• Sample composition: 15 mL Ultima GoldTM AB + 1 mL water, glass 
vials, quenching agent: Nitromethane

• Preparation by difference weighing of a pycnometer with traceable 
balances

• Spectrometers:    TDCR system of PTB
Wallac 1414 (guard detector disconnected)
PerkinElmer Tricarb® 2800 TR (measurements failed)
PerkinElmer Tricarb® 2810 TR (measurements failed)
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Experimental details

TDCR:
- 3 Hamamatsu R331-05 PMTs with homemade base
- diffuse reflecting material OP.DI.MA(ODM98, Gigahertz Optik)
- Ortec 935 constant fraction discriminator for anode signals
- life-time based coincidence module with extendable deadtime: 

MAC3-module(provided by LNHB)

A B

C

A B

C

D=AB+BC+AC-2TT=ABC
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Experimental details

Additional measurements:

4pppp ionization chamber(IG12/A20, Centronic

20th Century Electronics Ltd).
Calibration factor was calculated from 
an energy-dependent efficiency curve 
and known emission probabilities

Gamma-ray spectrometryto exclude 
photon-emitting impurities
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Analysis
Determination of LS counting efficiency:

- The solution was prepared several months before the 
measurements. Thus, 228Th is in radioactive equilibrium 
with its progenies.

- The counting efficiency for alpha transitions is assumed to be 1.

- All beta transitions are of the first forbidden (non-unique) type; 
assumed shape-factor functions : C(W) = 1.

- Nuclear data were taken from the Decay Data Evaluation Project 
(DDEP at www.nucleide.org).
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Analysis

228Th� 224Ra:        pure alpha
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Analysis

224Ra� 220Rn:        pure alpha
228224

1/2
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Analysis

220Rn� 216Po:        pure alpha

No thoron losses due to high solubility of Rn isotopes in organic liquids

228220
1/2

2 1228 228 220
1/2 1/2

( Th)( Rn)
( Th) ( Th) ( Rn)

TA
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Analysis

216Po� 212Pb:        pure alpha
228216

1/2
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Analysis

212Pb� 212Bi:        

simplification: all 3 beta transitions but only 3 gamma 
transitions, eeee>97.5% for all beta branches

228212
1/2

4 3228 228 212
1/2 1/2

( Th)( Pb)
( Th) ( Th) ( Pb)
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k k

A T T
= =

-



K. Kossert and O. Nähle Activity determination of Th-228

Analysis

212Bi� 208Tl:         pure alpha
228212

1/2
5 4228 228 212
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Analysis

212Bi� 212Po and 212Po� 208Pb:

-If a 212Bi decay causes a coincidence 212Po will decay during dead time:
-If a 212Bi decay is not counted, 212Po will be counted
In both cases we have eeee= 1.

228212
1/2

5 4228 228 212
1/2 1/2

( Th)( Bi)
( Th) ( Th) ( Bi)

TA
k k
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Analysis

208Tl � 208Pb:

Simplification: 5 dominant beta transitions and 6 gamma transitions were 
taken into account

228208
1/2

6 5228 228 208
1/2 1/2

( Th)( Tl)
( Th) ( Th) ( Tl)

TA
k k

A T T
= =
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Analysis

6.388863Sum

b(1803 keV) / g(583.187 keV) / 
g(2614.511 keV)0.1771000.1760571.005922208Tl

b(1526 keV) / g(860.56 keV) / 
g(2614.511 keV)0.0802370.0797651.005922208Tl

b(1293 keV) / g(1093.9 keV) / 
g(2614.511 keV)0.0871040.0865911.005922208Tl

b(1081 keV) / g(722.0 keV) / 
g(583.187 keV) / g(2614.511 keV)0.0023130.0023001.005922208Tl

b(1040 keV) / g(763.2 keV) / 
g(583.187 keV) / g(2614.511 keV)0.0146740.0145881.005922208Tl

e=1a and b+a(212Po)1.0059191.0000001.005919212Bi
b(574 keV)0.1096390.1090001.005858212Pb

b(335 keV) / g(238.632 keV)0.8449210.8400001.005858212Pb

b(159 keV) / g(300.09 keV) / 
g(115.183 keV)0.0512990.0510001.005858212Pb

a1.0052201.0000001.005220216Po
a1.0052201.0000001.005220220Rn
a1.0052191.0000001.005219224Ra
a1.0000001.0000001.000000228Th

RemarkTransition(s)kx·PP
kx = A(nuclide)/

A(228Th)Nuclide

The beta branches with several coincident gamma transitions were calculated with 
the method described by Oropesa Verdecia & Kossert ARI 67 (2009) 1099.
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Analysis

Simplified method to derive the TDCR efficiency from the CIEMAT/NIST 
efficiency:

• The efficiencies of all branches with a beta transition were multiplied by the 
factor eD/e2

• The difference in efficiencies of counters (free parameter shift) was determined 
from measurements of 63Ni samples.

• A linear function eD vs. TDCR was established

• eT(TDCR)= eD(TDCR)·TDCR.
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Analysis

Efficiency variation yields consistent results.
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Results

0.310.32Square root of the sum of quadratic components 
0.010.01Decay correction
0.010.02PMT asymmetry
--0.01Quenching indicator (SQP(E), tSIE)
0.020.02Ionization quenching
0.100.10220Rn losses
0.150.15a counting efficiency

0.200.20
Decay data (e.g. endpoint energies, beta shape-factor functions 
and simplifications)

<0.01<0.013H activity/TDCR value and fit
0.050.05Radionuclide impurities
0.050.05Adsorption
0.010.01Time of measurements (starting time and duration (life time))
0.050.05Background
0.030.10Dead time (lifetime)
0.100.10Weighing

0.030.04
Standard deviation of the mean (6 samples, 12 or more repetitions 
per sample and counter

TDCRCIEMAT/NIST
u(a)/a in %

Component

Uncertainty budget (k=1)
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Results
Solution 1 (3 mol/L HCl)

CIEMAT/NIST method: 15.500(50) kBq/g
TDCR method: 15.491(48) kBq/g
Ionization chamber: 15.31(23)  kBq/g

Solution 2 (2 mol/L HNO3)

CIEMAT/NIST method: 15.082(50) kBq/g
TDCR method: 15.065(47) kBq/g
Ionization chamber: 15.07(23)   kBq/g

An ampoule with 228Th was submitted to the International Reference System 
at BIPM in Paris.
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Results
Result of the TriCarb detectors are too low:

TriCarb® 2800 TR: -1.3 %            !
TriCarb® 2810 TR: about -5 %. !!!

Potential explanation:

“delay before burst” counting

212Bi-bbbb
212Po-aaaa

main

pulse

afterpulses

a fewmmmms

2 ns
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Does ultrasound change the activity?
Cardone et al. (Phys. Lett. A 373, 2009) put a 228Th solution in an 
ultrasonic bath at a frequency of 20 kHz. From their results, they concluded 
that “cavitation of a solution of thorium-228 in water induces its 
transformation at a rate 104 times faster than the natural radioactive decay 
would do”.

We put some LS sources into an ultrasonic bath (320 W) at a frequency of 
35 kHz for about 130 minutes.

The deviation between the activities before and after the procedure (in 
average):    0.04 % (not significant) 

Thus, there is no evidence for an acceleration of the decay and/or a 
transformation of 228Th in our experiment.
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Results
Polynomial for CN-efficiency

228Th:

Counting efficiency for e(3H)=0.5: 6.370

The efficiency computation can easily be adapted for 224Ra.
224Ra:

Counting efficiency for e(3H)=0.5: 5.686

224 3 3 2

3 3 3 4

( Ra) 5.57630 0.726672 ( H) 2.21500 ( ( H))

3.42186 ( ( H)) 2.04477 ( ( H)) .

� � �

� �

= + × - ×

+ × - ×

228 3 3 2

3 3 3 4

( Th) 6.27355 0.640505 ( H) 1.95157 ( ( H))

3.01384 ( ( H)) 1.180040 ( ( H)) .

� � �

� �

= + × - ×

+ × - ×
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Summary

• Solutions with 228Th were successfully standardized by means of the 
CIEMAT/NIST method and TDCR counting.

• Both methods yield low uncertainties and agree well. The dependence on 
the acid concentration is low.

• The results are used for an international comparison.

• The method can also be used for 224Ra solutions. 

• TriCarb detectors cannot be used to standardize 228Th or 224Ra by this 
method.

• Ultrasound does not have an influence to the sample activities.
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Thank you for your attention


