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Abstract:

Detection of radiation in environmental samples is commonly conducted in liquid scintillation
counters. Both commercial-off-the-shelf detectors and custom-built ultralow background counters
are limited by the radiopurity of the liquid scintillation cocktails themselves, most specifically from
40K, an environmental radioisotope of potassium. Major radioactive contaminants are 40K, 232Th
and 238U (and their decay chain progeny). 40K is a naturally occurring radioisotope in the
environment and can interfere with the sensitivity of analytical instruments. The invention provides a
method for purification and removal of potassium (40K) from liquid scintillation cocktails. nonpolar
and surfactant solutions and mixtures, thereby reducing the abundance of 40K from the scintillating
cocktail and improving sensitivity of analytical instruments.

CA 03233361 2024- 3-27



10

15

20

30

WO 2023/055975 PCT/US2022/045290

METHOD FOR PURIFICATION AND REMOVAL OF POTASSIUM FROM
NONPOLAR AND SURFACTANT SOLUTIONS AND MIXTURES

Government Rights:
This invention was made with Government support under Contract DE-ACO0576RL01830

awarded by the U.S. Department of Energy. The Government has certain rights in the invention.

Related Applications:
This application claims the priority benefit of US Provisional Patent Application Ser. No.
63/249,900 filed 29 September 2022.

Introduction:

The invention relates to improvements in the detection of radioactivite isotopes via liquid
scintillation counting by removing background contributors intrinsic in the scintillation media. In
liquid scintillation, a sample is incorporated into a liquid scintillation cocktail and the cocktail is
placed in a liquid scintillation counter that is shielded from the environment. A schematic
illustration of a liquid scintillation cocktail is shown in Fig. 1 where beta and alpha particle
emissions 1 produced by a radioactive material impact a scintillator which emits photons 2.
Photons from the scintillation are detected by a photomultiplier and used to determine
concentrations of radioisotopces in the sample.

The sample to be tested can be in an aqueous or organic phase. In many cases, a
surfactant is used to increase acceptance of an aqueous phase in an organic solvent. The liquid
scintillation cocktail typically includes a solvent, a surfactant, and a scintillator that emits a

photon(s) when struck by a beta particle.

Summary of the Invention:
Both commercial-off-the-shelf detectors and custom-built ultralow background counters
can be limited in detection sensitivity by the radiopurity of the liquid scintillation cocktails

themselves, most specifically from “°K, a long-lived naturally occurringradioisotope of
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potassium. Otherradioactive contaminants common in the environment include **Th and 2*%U
and their decay chain progeny.

The invention provides a method for purification and removal of potassium (*°K) from
liquid scintillation cocktails, nonpolar and surfactant solutions and mixtures, thereby reducing
the abundance of *°K from the scintillating cocktail and improving sensitivity of analytical
measurcments.

In onc aspect, the invention provides a method of making a liquid scintillation cocktail,
comprising: treating one or more liquid components of a liquid scintillation cocktail with a solid
material; wherein the liquid components comprise a solvent and a surfactant; wherein the solid
material adsorbs potassium from the one or more liquid components; and separating the solid
material from the one or more liquid components.

In another aspect, the invention provides a method of measuring alpha particle or beta
particles emitted from a sample by liquid scintillation, comprising: providing a liquid
scintillation cocktail or component of a liquid scintillation cocktail; treating the liquid
scintillation cocktail or component of a liquid scintillation cocktail with a solid potassium
absorber to form a treated liquid scintillation cocktail or component of a liquid scintillation
cocktail; adding a radioactive sample to the treated liquid scintillation cocktail or component of a
liquid scintillation cocktail and forming a liquid scintillation cocktail with incorporated sample;
and counting particles emitted by the sample in the liquid scintillation cocktail with incorporated
sample in a scintillation counter. Preferably, the liquid scintillation cocktail or component of a
liquid scintillation cocktail in the providing step compriscs at lcast 2 mass% of a surfactant.

In a further aspect, the invention provides a method of measuring alpha particle or beta
particles emitted from a plurality of samples by liquid scintillation, comprising: counting
particles emitted by a first sample in a liquid scintillation cocktail with incorporated first sample
in a scintillation counter; subsequent to the step of counting, treating the liquid scintillation
cocktail with incorporated first sample with a solid potassium absorber to form a treated liquid
scintillation cocktail; separating the solid potassium absorber from the treated liquid scintillation
cocktail; combining a second sample (o the treated liquid scintillation cockltail, and counting
particles emitted by a second sample in the liquid scintillation cocktail with incorporated second

sample in a scintillation counter.

CA 03233361 2024- 3-27



10

15

20

25

30

WO 2023/055975 PCT/US2022/045290

In any of the inventive aspects, the invention may be further characterized by one or more
of the following: wherein the liquid components further comprise a scintillator; wherein the
cocktail further comprises a wavelength shifter; where the solid material comprises an ion
exchange resin or zeolite; where the solid material comprises a sodium or alkaline earth silicate;
where the step of removing potassium reduces the concentration of potassium by at least 10
times or in the range of 10 to 50 times or 10 to 40 times; whercin the liquid scintillation cocktail
or componcnt of a liquid scintillation cocktail in the providing stcp compriscs a surfactant. or at
least 2 mass% or at least 5 mass% of a surfactant.

The potassium removal method described herein is easy to implement and effective on
cocktails and the individual reagents that make up the cocktails. Moreover, the method
described herein can more effectively remove potassium than other methods to lower levels in a
more streamlined fashion that involves very few production steps. Conversely, more
conventional purification methods (e.g., distillation, liquid-liquid extraction, etc.) are much less
straightforward and/or not possible, particularly on the finished cocktail products. Other
methods usually include sourcing purer stock reagents to start from, which may be more
expensive and vary from lot-to-lot. The method described herein may enable manufacturers to
start with lower grade reagents and purify to sufficient levels later, and/or remove other
purification steps that arc more time and cnergy intensive, which may result in cost and time

benefits.

Bricf Description of the Drawings:

Fig. 1 schematically illustrates scintillation in a liquid.

Detailed Description of the Invention:

The invention is useful in the measurement of radioactivity by reducing pernicious
background sources of radiation from naturally-occurring radioisotopes in the environment (e.g.
40K). Typically, samples are taken from the environment and mixed into a liquid scintillation
cocktail. The material to be analyzed can be, [or example, groundwalter, river water, medical or
other biological samples, runoff, soil, concrete, etc. The material can be processed into a solution
and the resulting solution combined into a liquid scintillation cocktail. Alternatively, material can

be mixed with a liquid scintillation cocktail, optionally subjected to a step of solids separation or

3
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other treatment, and the resulting liquid scintillation cocktail placed into a liquid scintillation
counter to measure radioactivity in the sample.

Prior to combining the material to be analyzed into the liquid scintillation cocktail, the
liquid scintillation cocktail is treated with a solid potassium adsorber in order to remove the
pernicious “°K background. Typically, the treating step comprises stirring or mixing the cocktail
with the solid potassium absorber; howcevcer, in alternative or additional cmbodiments, the
solution or cocktail can be passcd through a column of the solid potassium absorber. To spced
the removal of potassium, it may be desirable to heat the cocktail-potassium adsorber mixture
during the treatment step; for example to at 110 °C or in the range of 105 to 120 °C, or below the
flash point of the cocktail or any reagents in the cocktail. The solid with adsorbed potassium (and
other metals) can be separated by filtration, decanting or centrifugation.

The treatment with a solid potassium adsorber may be conducted on a complete liquid
scintillation cocktail or on any neat liquid components of the cocktail, like surfactants, which are
typically the vector of contamination for the potassium. Since the treatment removes metals, the
sample is not treated; an exception would be where a cocktail, after obtaining a reading, is
treated and recycled. Thus, in some embodiments, the invention includes a method of measuring
radioactivity of a plurality of samples where the liquid scintillation cocktail is treated with the
potassium absorber in a recycling step.

A liquid scintillation cocktail comprises a solvent and a scintillator. In most cases, a
surfactant is required to emulsify the aqueous sample (analyte). Other components may include
any of the additional components found in liquid scintillation cocktails such as fluors and added
wavelength shifters for optimizing response of the photomultipliers in the scintillation detector.

The solvent is typically an organic aromatic solvent and is preferably present in at least
40 mass% of the cocktail, in other embodiments present in the range of 40 to 99 mass%, or 50 to
90% or 50 to 80 mass%. Desirably, the solvent is liquid at laboratory conditions, not excessively
volatile, and compatible with the scintillator. In some embodiments, the organic solvent
comprises toluene, xylene, phenylcyclohexane, triethylbenzene, pseudocumene, alkylbenzenes,
phenylxylxylethane, naphthelenes, decalin, or mixtures thereof. The organic solvent is typically
non-polar or low polarity such that the solvent is non-miscible with water. The invention is not
limited to particular classes of scintillators. Common scintillators include 2,5-diphenyloxazole

(PPO), 2-phenyl-5-biphenyl- 1,3,4-oxadiazole (PBP), and butyl-PBP.

4
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The surfactant is preferably present in an amount of 1 mass% or more, more preferably 2
to 40 mass% of the cocktail; or 10 to 40 mass%, or 20 to 40 mass% of the cocktail. The
surfactant can be any known surfactant. Typical surfactants may include Triton N35
((C2H40)nC14H220.xH304P)), dodecylbenzosulfonate, and benzethonium chloride. In one
preferred embodiment, the surfactants used include a combination of nonylphenol ethoxylates..

The solid potassium adsorber can be any solid matcrial suitable for removing potassium
from solution. Suitable materials include: polymcric amines, aluminosilicates cspecially zeolites,
zirconium phosphate, polyacrylic acid, polystyrenesulphonate, poly(sodium styrene sulfonate),
poly(Z-acrylamido-2-methyl-{-propanesualfonic acid), chelating resins, iron oxide hydroxide, In
some preferred embodiments, the solid potassium absorber comprises an ion exchange resin or
zeolite. In especially preferred embodiments, the solid material comprises a sodium or alkaline
earth silicate. An especially preferred adsorber comprises magnesium silicate such as sold under
the tradename Magnesol®. Preferably, the solid adsorber has a BET surface area of at least 50
m?/g, or at least 100 m?/g, or in the range of 50 to 500 m%/g.

The method preferably uses high surface area, inorganic particulates (e.g., magnesium
silicate) for the chemical adsorption and extraction of metal ions (such as potassium) from neat
nonpolar and surfactant liquids and mixtures. The purification method provides a solution for
crcating morc radiopurc nonpolar liquids, detergents, and/or cocktails that is casily employablc
by removing the problematic radioisotopes (e.g., “°K) in those liquid solutions. The method
creates an increased radiopure cocktail that allows for better signal-to-noise.

The purification method has been demonstrated to be cffective in removal of the
background-causing potassium contamination from the cocktail without detriment to the cocktail
performance (c.g., light output). The purification method was demonstrated on finished cocktails
(typically composed of a mixture of 10+ reagents). Tests were also conducted on neat reagents,
specifically the surfactants that are the vector for potassium (K) contamination which typically
make up 10-40% of the cocktail by mass. The method worked for the surfactants, as shown in

the table below:

CA 03233361 2024- 3-27



WO 2023/055975 PCT/US2022/045290

Reagent factor K removed
Surfactant-A 7.8
Surfactant-B 8.4
Surfactant-C 12.1
Surfactant-D 27.7
Surfactant-E 9.0
Surfactant-F 12.8

Examples:
We tested four commercial scintillation cocktails in a scintillation counter and found that
5 all exhibited higher decays from *’K than would be expected. Further study showed that the
surfactant component contained about five times higher potassium concentrations than the
finished cocktails. For example, we calculated 12,000 “°K decays/day/spl in the surfactant as
compared with 2400 “°K decays/day/spl in the finished cocktail (which typically contains 20-40
mass% surfactant) based on the amount of potassium measured by ICP-mass spectrometry.

10 To remove potassium from commercial scintillation cocktails we used a high surface area
insoluble inorganic compound, called the “adsorber”, (e.g., magnesium silicate) for the
chemisorption of trace levels of ionic species (e.g., potassium and hydroxide ions) in surfactant
and organic (nonpolar) liquids and/or mixtures. In clean containers, we added the adsorber at a
relative weight ratio of 3% to that of the liquid phase followed by vigorously shaking the liquid-

15  adsorber mixturc and placing in a 110°C oven for 30-60 minutes. If nceded, incubation
temperatures can be lowered. The mixture is removed from the oven and allow to cool. The
adsorber was separated from the liquid phase using centrifugation or clean filtration. The treated
liquids were stored in clean containers.

In one example, a commercial scintillation cocktail was determined to have 5.30 ppm K,

20 *K =160 mBq/kg, 138 decays/day/spl via inductively coupled plasma mass spectrometry.
Treatment of the commercial scintillation cocktail according to a method of the invention
resulted in 0.14 ppm K, “K = 4.3 mBq/kg, 3.7 decays/day/spl. This is roughly a 38x reduction

in potassium. Other commercial cocktails showed similar reductions with factors of 7-38x.

6
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What is claimed:

1. A method of making a liquid scintillation cocktail, comprising:

treating one or more liquid components of a liquid scintillation cocktail with a solid material;
wherein the liquid components comprise a solvent and a surfactant;

whcercin the solid material adsorbs potassium from the onc or morce liquid components; and

scparating the solid matcrial from thc onc or morc liquid components.

2. The method of claim 1 wherein the liquid components further comprise a scintillator.
3. The method of claim 1 or claim 2 wherein the cocktail further comprises a wavelength
shifter.

4. The method of any of the above claims where the solid material comprises an ion

exchange resin or zeolite.

5. The method of any of the above claims where the solid material comprises a sodium or

alkalinc carth silicatc.

6. The method of any of the above claims where the step of treating reduces the amount of
potassium in the liquid by at lcast ten times, or at least twenty times, or in the range of 10 to 40

times.

7. A method of measuring alpha particle or beta particles emitted from a sample by liquid
scintillation, comprising:

providing a liquid scintillation cocktail or component of a liquid scintillation cocktail;

treating the liquid scintillation cocktail or component of a liquid scintillation cocktail with a solid
potassium adsorber to form a treated liquid scintillation cocktail or component of a liquid
scintillation cocktail;

adding a radioactive sample to the treated liquid scintillation cocktail or component of a liquid

scintillation cocktail and forming a liquid scintillation cocktail with incorporated sample;

7
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and
counting particles emitted by the sample in the liquid scintillation cocktail with incorporated

sample in a scintillation counter.

5 8. The method of claim 7 wherein the liquid scintillation cocktail or component of a liquid

scintillation cocktail in the providing stcp compriscs a surfactant.

9. The method of claim 7 wherein the liquid scintillation cocktail or component of a liquid
scintillation cocktail in the providing step comprises at least 2 mass% of a surfactant.

10
10. A method of measuring alpha particle or beta particles emitted from a plurality of
samples by liquid scintillation, comprising:
counting particles emitted by a first sample in a liquid scintillation cocktail with incorporated
first sample in a scintillation counter;

15  subsequent to the step of counting, treating the liquid scintillation cocktail with incorporated first
sample with a solid potassium absorber to form a treated liquid scintillation cocktail;
separating the solid potassium absorber from the treated liquid scintillation cocktail;
combining a sccond sample to the treated liquid scintillation cocktail, and
counting particles emitted by a second sample in the liquid scintillation cocktail with

20  incorporated second sample in a scintillation counter.
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