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� Akadémiai Kiadó, Budapest, Hungary 2015

Abstract A method for the determination of 226Ra in

drinking water samples by alpha spectrometry is described.

The method uses 225Ra as yield tracer. Radium was puri-

fied using Ln Resin� and cation exchange resin, and

electrodeposited onto a stainless steel disc from a solution

of ammonium oxalate in nitric acid. This method produced

high spectral resolutions and high recovery yields of 226Ra.

Furthermore, the method allowed significant reduction in

time required for the determination of 226Ra in drinking

water samples, around 3 days, in comparison with other

methods, which can reach 20 or 38 days to quantify this

radionuclide.

Keywords Determination of 226Ra � Alpha spectrometry �
Electrodeposition � Radiochemical separation � Removal of

interferences

Introduction

Radium is an alkaline earth metal, and all isotopes are

radioactive. Radium isotopes are present in the rocks and in

groundwater; in geographical regions where there are nat-

urally high concentrations of uranium and thorium in soil

and rocks, the risk of their ingestion may be higher, as a

result of consumption of water and agricultural products

and livestock, which may lead to the accumulation of these

nuclides, contributing to radiological dose. Radium iso-

topes can be easily incorporated into the bones due to its

chemical and biological behavior similar to calcium, and

the main recognized damage to the body is the production

of bone tumors. 226Ra is one of the most important

radioactive isotopes of the natural uranium series in terms

of radiation dose, due to its relative long half-life

(1600 years) and high radiotoxicity [1].

Many techniques can be employed for the determination

of 226Ra; these include liquid scintillation counting [2–5],
222Rn emanation technique [6], c-spectrometry [7–9], and

a-particle spectrometry following radiochemical separation

[10–12].

Routinely, the method for the determination of 226Ra,

developed by Godoy [13], is performed by the radio-

chemical separation process through Ra coprecipitation

with barium sulfate (BaSO4) followed by the filtration of

precipitates. After filtration, it is necessary to wait for it to

achieve the radioactive equilibrium condition with its

daughter 222Rn, which takes about 38 days, corresponding

to ten half-lives of daughter 222Rn. Expired this time, 222Rn

is measured in ultra-low background gas-flow proportional

counters.

Another method used, developed by Sill [14], is

microprecipitation with Ba, Na2SO4 and acetic acid in a

polypropylene filter, with determination of the chemical

yield by quantification of 133Ba by c-spectrometry, and

determination of 226Ra by a-spectrometry.

Maxwell and Culligan [15] developed a method for the

determination of 226Ra in environmental samples utilizing

a rapid sodium hydroxide fusion method for solid samples,

calcium carbonate precipitation to perform Ra preconcen-

tration, and column separation steps to remove
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interferences. 225Ra was utilized as yield tracer. The sep-

aration process used cation exchange resin to remove cal-

cium, Sr Resin� to remove barium and Ln Resin� to

remove 225Ac and potential interferences. After the 226Ra

purification, samples were prepared using barium sulfate

microprecipitation in the presence of isopropanol for

counting by a-spectrometry.

Crespo and Jiménez [16] developed a procedure for the

purification of radium by cation exchange chromatography

and source preparation by electrodeposition for a-spec-

trometry. Orlandini et al. [17] and Alvarado et al. [18]

described on previous papers procedures for the determi-

nation of 226Ra in aqueous samples.

Crespo [19] reviewed some of the main electrodeposi-

tion methods for the preparation of alpha-radiation sources,

and observed that there have been very few attempts to

electrodeposit radium for routine determinations. Jia and

Jia [20] reviewed the three most routinely used analytical

techniques for radium isotopes determination in environ-

mental samples, i.e., low-background gamma-spectrome-

try, liquid scintillation counting and alpha-spectrometry.

Alpha-spectrometry, due to the high and stable yields,

sensitivity, selectivity and traceability, as well as the high-

energy resolution (FWHM: *30 keV) of the alpha-spectra

for environmental sample analyses has presented itself as a

technique of wide applicability in the study fields of

environmental science, health physics and geochemistry.

The main aim was to develop a rapid radiochemical

method for radiological emergencies, which allows

counting to begin as soon as possible after receipt of the

sample.

The method described here allows that the radiochemi-

cal preparation and the electrodeposition of Ra to initiate

the counting can be completed in 1 day (8 h). With the use

of 225Ra as yield tracer, 226Ra is determined from a final

count after deposition, and from the calculated 225Ra

recovery determined after a suitable ingrowth period for
225Ac and daughters.

Experimental

Equipment and reagents

The radium sources were counted by a-spectrometry

(Model Alpha Analyst with 12 Passivated Implanted Planar

Silicon detectors and Genie 2000/Alpha Analyst spec-

troscopy systems, Canberra) with a counting efficiency of

18 %. The apparatus for electrodeposition was composed

of an adjustable power supply (2 Adc) and acrylic cells of

22.3 mm internal diameter mounted on a cylindrical brass

base; as cathode a stainless steel disc with 25 mm diame-

ter, and as anode a platinum wire with 1 mm diameter and

80 mm length, with the spiral-shaped end of 7 mm diam-

eter. The distance between cathode and anode was

*8 mm.

Composition of water samples of the Brazilian Inter-

comparison Program (PNI) were determined by inductively

coupled plasma-optical emission spectrometer (ICP-OES)

Model Liberty LR, Varian.

The platinum was added as a solution of dihydrogen

hexachloroplatinate (H2PtCl6) taking amounts corre-

sponding to *400 lg of Pt. A standard solution of 226Ra,

code 71L07 was supplied from Amersham and diluted to

activity concentration of 24.1(12) 9 10-2 Bq mL–1; a

standard solution of 229Th(225Ra) code 16L97 was supplied

from NBS and diluted to activity concentration of

75.8(11) 9 10-2 Bq mL–1. Water samples of PNI used:

sample 366, with activity concentration of 50(8) 9 10-2

Bq L–1, sample 345, with activity concentration of

67(10) 9 10-2 Bq L–1, sample 360, with activity concen-

tration of 147(22) 9 10-2 Bq L–1, sample 359, with

activity concentration of 99(15) 9 10-2 Bq L–1, and

sample 282, with activity concentration of 128(19) 9 10-2

Bq L–1. The following amounts of elements for these

samples, determined by ICP-OES: Ba 31(3) 9 10–6 g L-1;

Ca 220(20) 9 10–5 g L-1; Mg 147(17) 9 10-6 g L-1.

Procedures

A description of the radiochemical and electrodeposition

procedures is as follows:

1. Prepare a Ln Resin� column (60 mL syringe attached

to another 3 mL syringe; in this last syringe, 0.7 g of

Eichrom Ln Resin� LN-B50-A, washed 3 times with

deionized water, was packaged) by washing with

15 mL of 0.02 M HCl.

2. Prepare a cation exchange column (Sigma-Aldrich

DOWEX� 50WX8, 100–200 mesh, hydrogen form,

100 mm height, 8 mm i.d), by washing with 40 mL of

1 M HCl.

3. Collect 50 mL of water and add 0.31 mL of standard

solution of 229Th (225Ra). Evaporate to dryness and

dissolve the residue in 10 mL of 0.02 M HCl.

4. First purification step Pass the dissolved residue

through a Ln Resin� column to retain actinium, and

collect. Wash beaker with 5 mL of 0.02 M HCl,

transfer to column and collect. Wash the column 2

times with 5 mL of 0.02 M HCl and collect. Time of

separation Th and Ra from Ac is approximately

10 min. Join all the fractions and add 25 drops of

2 M HCl to reach pH *1.

5. Second purification step Pass the solution from step 4

through a cation exchange column to retain radium.

Wash beaker with 5 mL of 0.02 M HCl and transfer to
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column. Wash the column with 50 mL of 2.5 M HCl

and discard; time for this operation is approximately

2 h. Replace the beaker, elute Ra with 80 mL of 6 M

HCl, collect and add 10 lL of H2PtCl6. Time of

separation Th/Ra is approximately 2 h. The flow rate is

0.8–1.0 mL/min. Note this elution time.

6. Evaporate the eluted radium to dryness and add 4 mL

of HNO3, 2 drops of HClO4 and 2 mL of H2O2, to

destroy any existing organic matter. Evaporate one

more time.

7. Add 4 mL of HNO3 and 2 mL of H2O2, and evaporate.

Repeat this procedure 3 times.

8. Dissolve the residue from step 7 in 10 mL of 0.17 M

of ammonium oxalate adjusting the pH to 2.6 with

drops of nitric acid, and transfer it to a deposition cell.

Complete the transfer with the help of other 5 mL of

0.17 M of ammonium oxalate at pH 2.6. Perform the

electrodeposition onto a highly polished stainless steel

disc, at a constant current at 800 mA and 90 min

electrodeposition time.

9. Once the electrodeposition has finished, remove the

disc and place it on a hot plate for fast drying at 250 �C
for *10 s. Then insert it into the alpha spectrometer

for counting for a period of 150,000 s.

The methods developed by Hancock and Martin [21],

Crespo [22] and Jia et al. [23] are based on the use of 225Ra

as yield tracer and they all describe the calculation of

recovery of 225Ra.

The activity of 226Ra in the sample is calculated using

the net counts (background-correct), according to Eq. (1):

A226Ra
¼ Cs

eTQY
ð1Þ

where Cs is the net count of 226Ra in sample, e is the

efficiency of counter, T is the counting time, Q is the

sample quantity (volume or mass), and Y is the chemical

yield.

Results and discussion

The method for determination of 226Ra, developed by

Godoy [13], although widely used, has some disadvan-

tages: (a) a long time for analysis, which is inappropriate

when you need quick answers to take protective mea-

sures; (b) the counting of 226Ra is performed indirectly

through its daughter 222Rn, which can escape from the

crystalline network formed in precipitation; (c) Ba is the

chemical element used to monitor the chemical recovery

process; this element is not the most appropriate: even

though it is chemically similar, it has differences in

solubility and that can lead to errors on the determina-

tion of chemical recovery of Ra.

There are several advantages in using a-spectrometry

instead of other alternative methods, such as: higher sen-

sitivity due to high-yield a decay process, low detector

background and the elimination of interferences by a

chemical separation process; the use of radioactive tracers

to determine the chemical yield in each sample analyzed,

the ability to determine activity concentrations of 226Ra

without an ingrowth period of 222Rn and daughters, and the

ability to determine activity concentrations of all the a-

emitters Ra isotopes. However, problems in the chemical

separation process of Ra from other Group II elements by

alpha spectrometry may result in incorrect chemical yields,

a spectrum with poor resolution, and the application of

time-consuming analytical techniques. The method

described here was developed to minimize these problems

[21].

The experimental procedure of the method developed

includes a column separation process using Ln Resin� as a

first purification step to remove 225Ac and potential inter-

ferences from the sample, improving the separation step
225Ra/225Ac.

Since the 225Ac present in the sample was removed in

the first purification step, the second purification step

allowed the removal of calcium and barium, which were

scarce in these samples. It was observed that the cation

exchange column retains 229Th, once in the blank test (with

the tracer alone) there was no vestige of the 229Th in the

spectrum obtained in the energy of 4.84 MeV (58 %).

Analysis of the blank suggests that there is no need to pass

the sample by the anion exchange column for retention of

thorium. According to Korkisch [24], thorium exhibits an

extremely high affinity for strongly acidic cation exchange

resins. Separations of thorium in an hydrochloric acid

media of acidities ranging from 1 to 4 N allow this element

to be separated from all mono- and divalent, and also from

many higher-valent metal ions. The DOE method RP450

[25] describes the separation of 226Ra in aqueous samples

through ion exchange, electrodeposition, and analysis by

alpha spectrometry. In this procedure an AG 50 W-X8

cation-exchange resin in hydrochloric acid media of acidity

1.5 M, which retained thorium, was used.

For the blank test, 50 mL of deionized water was col-

lected and 0.31 mL of a standard solution of 229Th was

added. This solution was evaporated to dryness and dis-

solved the residue in 0.02 M HCl, and then all steps of the

procedures were performed.

This procedure ensures the complete separation
229Th/225Ra. There are two purification steps: in the first,

Ac is separated from Th and Ra and starts its growth. In the

second, Th is separated from Ra. At this point the Ra is

unsupported and starts to decay, however, if the time

between the Ln Resin separation that removes Ac and the

cation resin elution the correction is minimal (*1 % for
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approximately 4 h time difference). Therefore, the time to

be recorded is only the time of the second purification step,

although if both steps are made immediately one after the

other, the difference in time is very short.

To check the validity of both the radiochemical proce-

dure and the use of 225Ra as a tracer for the determination

of 226Ra, three standard samples were tested. Each sample

consisted of 1 mL of a standard solution of 226Ra and

0.31 mL of a standard solution of 229Th (225Ra). These

samples were evaporated to dryness and the residue was

dissolved in 10 mL of 0.02 M HCl. The radiochemical

procedure was applied to these samples.

Table 1 presents the results obtained for the determi-

nation of 226Ra in three tested samples using standard

solutions of 226Ra and 225Ra.

The activities of 226Ra found, as shown in Table 1,

indicate a high recovery yield, confirming the high effi-

ciency of electrodeposition of Ra and Ac.

The result obtained in sample 3 was slightly lower,

probably due to some imprecision in the radiochemical

procedure.

Figure 1 shows the spectrum obtained from a sample

with a certified standard solution; the stainless steel disc

was counted immediately after electrodeposition.

The spectra of 226Ra presented good resolutions, ranging

from 23 keV to 28 keV FWHM. The counts of 226Ra were

measured directly from peaks at 4.60 MeV and 4.78 MeV.

The chemical recovery of 225Ra was determined from 217At

peak (7.07 MeV).

Another test to check the validity of the radiochemical

procedure for the determination of 226Ra was performed

with PNI water samples; the complete radiochemical pro-

cedure was also applied to these samples.

The PNI water samples presented little volume, insuf-

ficient for performing at least three tests per sample;

however, the results were within the limits determined by

the certificates of these samples. The results obtained by

the developed method were then compared with the

methods currently used.

Table 2 compares the results obtained for the determi-

nation of the activity concentration of 226Ra in PNI water

samples by the methods currently used, and by the method

developed in this work.

Although the counts under the 217At peak were low, the

calculated uncertainties were relatively small. The

calculation of recovery of 225Ra was performed according

to what was described in Jia et al. [23] and Hancock and

Martin [21], the calculation of activity of 226Ra in the

samples was according to Eq. (1).

The calculation of the combined standard uncertainty

was defined from various sources of uncertainty, such as:

uncertainty of activity of the certified tracer solution;

uncertainty of volume, taken with certified pipettes,

uncertainty of mass taken with certified scales, and esti-

mated uncertainty of counting.

The methods employed for the determination of 226Ra in

PNI water samples can be compared by applying a paired

t test. This test shows with a statistical probability of

approximately 96 % that both methods lead to the same

results, once the Student’s t criterion 0.946 is considerably

smaller than the critical value 2.13. The scatterplot of the

data set concerning the activity concentration of 226Ra in

PNI water samples, shown in Fig. 2, displays a linear

regression with good correlation between the results

obtained by the methods currently used, and by the method

developed in this work.

Figure 3 shows the spectrum of PNI water sample; the

stainless steel disc was counted immediately after elec-

trodeposition. All spectra of activity concentration of 226Ra

in PNI water samples showed high resolutions, ranging

from 24 keV to 29 keV FWHM.

The results indicated that the purification of radium was

effective, with use of Ln Resin� for retention of actinium

present in the sample, and use of cation exchange resin for

retention and subsequent washing of interferences such as

magnesium, calcium, and low content of barium in the

sample, as can be observed by the high resolution of

spectrum obtained in Fig. 3.

Table 1 Results obtained for the determination of 226Ra, using

standard solution

Sample Added activity (Bq) Recovered activity (Bq)

1 23.4(9) 9 10-2 23.4(14) 9 10–2

2 23.9(6) 9 10–2 23.3(12) 9 10–2

3 23.8(7) 9 10–2 17.8(11) 9 10–2

Fig. 1 Spectrum obtained from sample no. 2, with resolution of

23 keV FWHM and recovery yield of 97 %
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Few steps of radiochemical procedures were performed

in this study, if compared to works of other authors, which

carried out a much larger sequence of procedures for

chemical separation of 226Ra, before radioactive source

preparation for counting by alpha spectrometry.

The necessary time for execution of this method was

around 3 days, which represents a significant reduction if

compared to other methods.

Conclusions

The method described in this paper was developed to

enable the preparation of high-resolution sources for the

determination of 226Ra in drinking water samples by alpha

spectrometry, and simultaneously to minimize the number

of chemical operations and the operator time. The method

allows the separation of 226Ra and effective removal of

Table 2 Results obtained for the determination of activity concentration of 226Ra in PNI water samples

Sample Certified values (Bq L-1) Methods currently used (Bq L-1) Method developed in this

work (Bq L-1)

PNI 366 50(8) 9 10-2 47.5(10) 9 10-2 49.5(21) 9 10-2

PNI 360 147(22) 9 10-2 146(3) 9 10-2 135(7) 9 10-2

PNI 359 99(15) 9 10-2 102(6) 9 10-2 109(9) 9 10-2

PNI 282 128(19) 9 10-2 127(7) 9 10-2 119(7) 9 10-2

PNI 345 67(10) 9 10-2 71.4(24) 9 10-2 82.5(24) 9 10-2

Fig. 2 Scatterplot of the data

set of the activity concentration

of PNI water samples,

comparing the results obtained

by the methods currently used,

and by the method developed

Fig. 3 Spectrum of activity concentration of 226Ra in PNI 360 water

sample, with resolution of 28 keV FWHM, and recovery yield of

92 %
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interferences, with high recovery yields and high spectral

resolutions. The use of 225Ra as a tracer enables an accurate

measure of chemical yield, via alpha counting of 217At.

This method allows a significant reduction in the time

required for determination of 226Ra in drinking water

samples, around 3 days, in comparison with other methods,

which can reach 20 or 38 days to quantify this

radionuclide.
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