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2
METHOD FOR DETERMINATION OF RADIUM-226

BY THE USE OF LIQUID SCINTILLATION COUNTING

1. Principle

The chemical procedure involves the isolation of radium from the sample solution by co-pre-
cipitation with lead sulphate. The precipitate is dissolved in alkaline DTPA. The radium iso-
topes are separated from other radionuclides by co-precipitation with barium sulphate.The
barium/radium precipitate is dissolved in alkaline EDTA, the solution is transfered to a liquid
scintillation vial and the organic scintillant is added.

After sealing, the sample is left until equilibrium between Ra-226 and Rn-222 is established
or until a suitable ingrowth time has elapsed.

The radon will dissolve preferentially in the immiscible organic scintillant during ingrowth.
The alpha activity of Rn-222 and its short-lived daughters, Po-218 and Po-214, are measured
by the use of a commercial liquid scintillation counter. By using the following procedure and
a low level LSC a lover limit of detection of 2 mBq/sample can be achieved.

2. Apparatus

Liquid scintillation counter
Hot plate
Centrifuge
Magnetic stirrer
Muffle furnace
Low potassium borosilicate glass liquid scintillation vials with a capacity of at least 20 ml.

The use of polyethylene scintillation vials is not recommended because of potential losses
of radon through the walls of the vials.

The use of teflon or viton seals in the caps of the vials is recommended to ensure that there is
no escape of radon from the vial.

3. Reagents

All chemicals are to be analytical reagent grade except where stated and distilled or high puri-
ty water is to be used for the preparation of solutions.

Barium chloride solution, 0.034M, 1.00 ml equivalent to 5.0 mg barium.
Dissolve 3.8 g barium chloride (BaCl2) in 500 ml distilled water.

Lead nitrate solution, 0.5M, 1.00 ml equivalent to 100 mg lead.
Dissolve 82.8 g lead nitrate(Pb(NO3)2) in 500 ml distilled water.

DTPA 3-aza-3-(caiboxymethyl) pentamethylene dinitrilotetraacetic acid (DTPA), 0.17M.
Dissolve 67 g DTPA and 32 g sodium hydroxide (NaOH) in 300 ml distilled water, dilute to
1000 ml and store in polyethylene bottle.



I£DTA Ethylenc diamine tetra acetic acid solution, 0.2 M.
Dissolve 74.4 g of the sodium salt of EDTA in 1000 ml of distilled water and adjust the pH
to 10.0 with ammonium hydroxide.

Acetic acid (CH3COOH), 6 M.
Sodium carbonate (Na2CC>3), analytical reagent powder
Sodium sulphate (Na2SC>4), 1.5 M.
Sulphuric acid (H2SO4),18 M.
Sulphuric acid (H2SO4), 0.1 M.

Nitric acid (HNO3), 14 M.
Ammonium hydroxide (NH3), 13 M
Potassium sulphate (K2SO4), analytical reagent powder.
Certified Ra-226 standard solution.
Ba-133 tracer solution, (about 3Bq ml'1)

Scintillation solution
Commercially available toluene based scintillation cocktails should be satisfactory but
should be tested for their suitability prior to routine use.

4. Sample treatment

Water
The following chemical procedure is applicable to surface or ground waters without pre-treat-
ment of the sample. If a sample of waste water is to be analysed, it is recommended that a
treatment of the sample is carried out, according to the next paragraph, in order to destroy any
organic material that might be present-A sample of approximately one litre would be appro-
priate in most cases. Particular attention should be given to the use of polyethylene bottles
which, prior to use, have been acid-washed with hydrochloric acid (1M) followed by dilute
nitric acid and thoroughly, rinsed with deionized or distilled water. Immediately after collec-
tion, the sample should be acidified to a pH of less than 2 with nitric acid. If soluble radium-
226 is to be determined, paniculate material must be removed prior to acidification.

Waste Water Samples
To a one litre sample of water add 10 ml of sulphuric acid (18 M) and 20 ml of nitric acid
(14 M) and evaporate to dryness. If the residue is not light grey or white in colour, add a fur-
ther 20 ml of metric acid (14 M) and 5 ml of sulphuric acid (18 M). Cover the beaker and
allow to simmer overnight on a sand bath. Evaporate to dryness. Repeat these steps until there
is no evidence of organic material in the residue. Add sodium carbonate, in five times the

amount of residue, and 200 ml of distilled water. Cover the beaker and stir overnight at 90 °C.
Filter by suction and wash the precipitate free of sulphate with hot distilled water. Discard the
filtrate. Transfer the precipitate together with the filter into a beaker and carefully add 10 ml
of nitric acid. Heat to boiling. If the solution is not clear, filter it once more. Wash any residue
on the filter with diluted nitric acid (0.S M), twice, and retain the washings. Combine the fil-
trate with the washings and make up to approximately 800 ml with distilled water. Stir the so-
lution well and heat to close to boiling. Proceed with radium-226 isolation as described in
procedure for sample.

Food and vegetation samples

Ash a weighed portion of a thoroughly homogenised sample at 310 °C for S hours and at
600 °C for at least 15 hours. Dissolve the ash in 50 ml nitric acid (6M) and filler with suction
through paper filter. Dilute the sample to one litre with distilled water.



5. Procedure

Sample
Transfer the one litre sample to a glass beaker and add 5.0 ml Ba-133 tracer solution. Add 1.0
g of potassium sulphate and 10 ml of sulphuric acid (18M), with caution, and heat to boiling.
Dropwise, add 2.0 ml of lead nitrate solution to the boiling solution and allow it to simmer for
a further 30 minutes in order to coagulate the lead sulphate precipitate. Cover the beaker and
put it aside to cool. Allow the precipitate to settle, preferably overnight. Decant and discard
the bulk of the clear supernate. Transfer the remaining 40 ml to 60 ml liquid with precipitate
to a 100 ml centrifuge tube. Centrifuge and discard the supernate.

Add 10 ml of DTPA solution (0.17M) to the tube and dissolve the lead sulphate precipitate
with the application of gentle heat. Transfer the solution to a liquid scintillation vial (22 ml)
and add 2.0 ml of barium chloride solution (equivalent to 10 mg of barium). Mix the solution
well. Add 1.0 ml of sodium sulphate solution (1.5M) and adjust the pH of the solution to 4.0
by the addition of 2.0 ml of acetic acid solution (6M).It is important that the pH of the solu-
tion for the precipitation of barium sulphate from the DTPA solution is no less than 4.0, other-
wise, thorium isotopes, namely Th-232 and Th-228, might coprecipitate with barium sulphate
under some circumstances. Centrifuge the via! and discard the solution. Wash the precipita-
tion with 1 ml of dilute sulphuric acid (0.1M), centrifuge and discard the washing solution.

Add 10 ml of alkaline ethylene diamine tetraacetic acid (EDTA) solution to the liquid scintil-
lation vial. If the precipitate does not dissolve readily,, apply gentle heat and/or one or two
drops of ammonium hydroxide solution. Difficulty in dissolving the precipitate might be en-
countered if it has been allowed to age, for example, overnight. Add 10 ml of the toluene
based scintillant solution to the vial.

Tightly cap the vial and record the time and date (t=ti) as the commencment of the radon in-
growth. Count the vial on a gamma counter to determine the activity of Ba-133. Store the
vials for thirty days until the equilibrium between Ra-226 and Rn-222 is established. The
vials should be stored in a dark place, to prevent light affecting the performance of the organic
scintillant or introducing extraneous luminiscence in the scintillant which will interfere with
the measurement.

Vials can be counted at any time following the start of radon ingrowth because the increase of
the count rate with time, follows the theoretical build-up of Rn-222 from Ra-226. However it
is recommended to allow thirty days (t=t2) from the commencement of ingrowth before
measurements are made.

Place the counting vials in the liquid scintillation counter and count each vial for a preset peri-
od of time, using a calibrated window for alpha counting. Ensure that, in transferring vials
from storage to the counter, the vials are no; shaken as this will greatly disturbc the state of
equilibrium between radcn-222 and its short-lived daughters in the organic scintillant and
which will take approximately 3 hours to restore.

Determination of chemical yield
Determine the chemical yield by adding 5.0 ml Ba-133 tracer solution, 5.0 ml uistilled water
and 10 ml scintillation solution to a counting vial. Measure the Ba-133 activity of the tracer
vial in the same way as the sample vials.

f = F(I)



f is the fractional chemical yeild

B s is the net count rate of the 356 keV peak from Ba-133. for the sample

Bf is the net count rate of the 356 keV peak from Ba-133. for the tracer vial

Determination of background

Determine the background of the LSC system by counting the Ba-133 tracer vial, which was
used for determination of the chemical yield by gamma counting.

The determination of Ra-226 by the use
of liquid scintillation counting
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<>. DctcrmiiKition of elficieno

By accurate dilution oi a Ra-22o standard solution, prepare a set 01 calibration solutions in
liquid scintillation vials to cover the anticipated activity range of the samples to be analysed.

Precipitate Ra-226 on barium sulphate by addition of 1 ml of sulphuric acid (ISM) and 1,0 ml
of barium chloride solution (0.034M) to each vial. Centrifuge each vial, discard the supemate
and redissolve the precipitate by adding 10 ml of EDTA solution (0.2M). Add 10 ml of the
toluene-based scintillant solution to each vial. Record the time and date. Put the vials aside for
ingrowth (see procedure for sample).

For a single calibration solution, the efficiency can be calculated using the expression:

R- - Ro

A s

where E is the counting efficiency for the system, in counts per second
per becquerel of activity.

R* is the gross count rate of the radium-226 calibration solution, in
counts per second;

Ro is the count rate of the Ba-133 tracer vial, in counts per second
in the alpha counting window in the LSC;

As is the activity of radium-226 in the calibration solution, in bec-

querel;

The efficiency can be determined after equilibrium between Ra-226 and Rn-222 has been
achieved (30 days), or at an earlier time by including an additional term for radon ingrowth in
the equation for the efficiency i.e.:

R* - Ro

As(l-exp(-XAt))
F (III)

where X is the decay constant for Rn-222, in days"1, i.e. 0.182 d"1;

At »s the period of time, in days, from the commencement of Rn-
222 ingrowth to the time of counting (t2~t|>;

R* Ro and As are defined in F (II)

An alternative approach is to plot the measured count rate, for a set of calibration solutions,
against the known radium-226 activity in each solution. The count rate varies linearly with ra-
dium-226 activity and, by linear regression of the data, determine the slope to yield the
overall efficiency for the extraction of radon-222 into the scintillant and the counting system.



7. Calculations

7.1 Determination of radium-226 in the sample

To determine the activity of Ra-226 in a sample, use the following equ^'ion:

R - Ro

Cs

(l-exp(-XAt))xExf

where R is the gross count rate for the sample, in counts per seconds;

f is the fractional chemical yield (<1 )F(I); and

Ro At, E and X are as defined in F (II) and F (III)

1.2 Lower limit of detection

The estimate of the lower limit of detection, C ^ p becquerel per sample, can be calculated ac-
cording to the following equation (see FIV):

t x to

F(V)

E x f

where k is the confidence coefficient for type 1 errors. It is recommend-
ed to set k = 1.64, which is equivalent to 95% confidence level
for detection of activity.

t is the counting time for the sample, in seconds;

to is the counting time for blank vials, in seconds; and

Ro E and f are as defined in F(I), F(II) and F(IV)

With k =1.64 and t = tg, this equation reduces to:

4.65l|R0/t

Ex f

F(VI)
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As an exempel:

With Ro

then

0.017 c

t

E =
f

4

:.sl.

10000s;
2.90 c.s"1 perBq;
0.957

65 II 0.017/10000

2.90x0.957

= 2 mBq per sample

7 3 Standard deviation in the activity concentration

Calculate the standard deviation in the activity of the sample due to the statistical nature of
radioactive decay and background radiation from the following equation.

Sc

(-exp(-XAt))E x f

where S c is the standard deviation of Cj in becquerel per sample

t, t0, Ro, X, At, E , R, and f are defined in the formulas F (I) to
F(V).

8. Interference by other radionuclides

The chemical separation described above will effectively remove radionuclides other than ia-
dium-isotopcs. Radiura-228 and radium-224 (members of the naturally-occurring thorium-
232 series) and radium-223 (a member of the naturally-occurring uranium-235 series) are po-
tential interfering radionuclides to radium-226. The quantities of radium-224 and radium-223
commonly found in water and environmental samples are considerably less than radium-226.
They will also undergo radioactive decay during the radon ingrowth period because of their
relatively short half-lives. Radon-220, the daughter product of radium-224, can conceivably
transfer to the organic scintillant but its short half life, 52s, makes this transfer less efficient
than for radon-222. If, however, the radium-224 content is high, relative to that of radium-
226, and a short ingrowth period is used before counting a sample, the contribution of radon-
220 to the count rate may be significant. In such cases, it is suggested that the ingrowth period
be greater than 20 days to allow for decay of any radium-224 that is present.

Radium-228 is known to occur at significant concentrations in water in association with radi-
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um-22ö. Although radium-228 and its short-lived daughter actinium-228 will remain in the
aqueous phase in the counting vial, it is possible for the beta panicle emissions front actini-
um-228 to produce luminescence in the organic scintillant. This is not a particularly efficient
process and it is likely to contribute significantly to the total count rate only if the radium-228
activity concentration exceeds that of radium-226 by a factor of 15 or more. This situation is
extremely unlikely in most types of water samples.
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