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Fig. 1. Activity ratio of the potential chronometers 210Po/226Ra and 210Pb/226Ra. The red, vertical line indicates the 
model activity ratio of the oldest radium paint sample first patented in 1904 [6]. The orange, vertical line 
indiacates the model activity ratios of youngest samples (assumed to be 1940 [7]). Theoretically, every 226Ra 
containing pigment and paint should fall within these lines (pink region). 
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Radium pigments and paints were used in the early 1900s for household and military applications 

due to their attractive, self-luminescent properties [1-3]. Today, radium pigment and paints are no longer 
used because of the known biological and environmental hazards they pose [1, 3, 4]. The International 
Atomic Energy Agency (IAEA) has identified 226Ra, the main component of activity in these samples, as 
a potential danger in the event of a nuclear terrorism attack [4, 5]. While no such events have been 
reported [5], the detonation of a radiological dispersive device (RDD) is concerning for national security. 
Preparatory work has been completed for a radium pigment sample to be analyzed using a nuclear 
forensic approach to establish a signature database for 226Ra-containing samples. This will help to 
improve national security, as there are no such studies in the literature today. 

Age determination procedures using radiochronometric techniques has been developed for this 
project thus far; the major goals for the radiochronometric analysis are to measure relevant chronometers 
using gamma spectrometry, alpha spectrometry, and ICP-MS. For this work, the 210Pb/226Ra and 
210Po/226Ra chronometers were chosen, and the activity ratios were modelled over time using the Bateman 
equation (see Fig. 1). This preliminary model will be used in determining that age of the sample from the 
measured activity ratios. 
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A gamma spectrum will be collected using a high-resolution, high-purity germanium (HPGe) γ-
ray spectrometer. Relevant gamma lines for this analysis correspond to the chronometer measured, 
210Pb/226Ra (46.5 keV/186.2 keV). Similarly, alpha spectrometry can be utilized to measure the 210Po/226Ra 
chronometer. This analysis requires dissolution of the sample followed by dilution and evaporation on an 
aluminum planchette. Using a Canberra PIPS detector in a model 7401 single-channel alpha spectrometer, 
the alpha spectrum will be collected; alpha peaks of interest fall at 4.784 MeV and 5.304 MeV (226Ra and 
210Po respectively). The measured activity ratios will be used with the model to determine the time since 
purification. 

The number of atoms of the 210Pb/226Ra chronometer can be measured directly using ICP-MS. 
This analysis requires a separation procedure to isolate fractions of 210Pb and 226Ra using liquid 
chromatographic techniques. Dissolution of the sample has been challenging because of the contradicting 
chemical properties of the composition of the radium pigment [<1% RaX2 (X=Cl or Br) and >99% ZnS]. 
In addition, there is no literature on the separation of RaX2 from ZnS; however, phosphonium salts have 
shown promise in the dissolution of Zn and Pb sulfides under moderate conditions [8]. A mixture of 
tetrakis(hydroxymethyl)-phosphonium sulfate and ammonium chloride with stirring and heat (85 °C) 
should successfully dissolve the sample in preparation for liquid chromatography. The retention factors 
(k′) for Ra, Ba, Pb, Po, Bi, and Zn in the mentioned liquid phase have not been published for any resin 
type, and thus these values will be measured and applied for separation. The measured atom ratio of 
210Pb/226Ra can be used to determine activty and then applied to the model to determine the time since 
purification.  

The procedure has been developed and will be tested beginning with the dissolution and 
determination of k′ values for elements mentioned above in various resins. Once the basic foundations are 
developed for this project, the work will proceed with radiochronometric analysis of the radium pigment 
sample. 

 
[1] D.I. Harvie, Endeavour 23, 100 (1999).  doi:10.1016/S0160-9327(99)01201-6 
[2] H.A. Taylor, Sci. Am. 137, 430 (1927). 
[3] R.G.M. Crockett and G.K. Gillmore, Geol. Soc. Spec. Publ. 451, 49 (2018).  doi:10.1144/sp451.4 
[4] D.G. Kelly and T. Mumby, Health Phys. 117, 278 (2019).  doi:10.1097/hp.0000000000001099 
[5] S. Friedrich, R. Stan, and Z. Lyudmila, AIP Conf. Proc. 1034, 3 (2008).  doi:10.1063/1.2991254 
[6] G.F. Kunz,  (1905).  U.S. patent number:789811 
[7] M. Vobecký, Czechoslov. J. Phys. 49, 35 (1999).  doi:10.1007/s10582-999-0004-9 
[8] A. Hussein and H. Mohamed, Int. J. Corros. Scale Inhib. 6, 349 (2017).  doi:10.17675/2305-6894-
2017-6-3-9 
 


