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. ABSTRACT

Flpha particle assay by conventional plate-counting methods is difficult be-
cause cheaical separation, tracer techniques, and/or self-absorption losses in the
final sample may cause either non-reproducihle results or create unacceptable er-
rors. PEARLS (Photon-Electron Rejecting Alpha Liquid Scintillation) Spectrometry
is an attractive aiternative since radionuclides may be extracted into a scintil-
lator in which there would be no self-absorpgtion or gaometry problems and in which
up ta 100% chemical recovery and counting «fficiency is possible. Sample prepara-
tion may include extraciion of tlie alpha emitter of interest by a specific organic-
phase~soluble compound directly into the liquid scintillator. Detection electron-
ics use energy and pulse-shape discrimination to provide discrete alpha spectra
and virtual absence of beta and gawma backgrounds. Backgrounds on the order of 0.01
cpm are readily acnievable. Accuracy and reproducibility are typically in the 100
* 1% range. Specific procedures have been developed for gross alpha, uranium, plu-
tonium, thorium, and polonium assay. This paper will review liquid scintillation
alpha ccunting methods and reference some of the specific applirations.

LIQUID SCINTILLATION . .HA SCECTRCMITRY

Liquid scintillation has bezen recognized as an attractive method EOE1chntinq
alpha emitting radionuclides from the initicl development of the methcd. ' A
common approach has been to use the readily available commercial liquid scintilla-~
tion equiprent empleyed for low-energy particle counting. The techniqua is useful
and accurate for samples of known nuclide purity and known uniform matrix composi-
tion, and can provide backgrounds on the order of 1C to 20 cpm. Samples of unknown
composition frequently exhibit variable quenching and backgrounds. The presence of
beta and gamma radiation will increase backgrounds and may interfere with alpha
detection. Because alpha particles produce high specific ionization in the solvent,
they have only about 10% light production efiiciency per MeV when compared with beta
and gamma radiation. Consequently, alpha emitters in the 5MeV range create elec-
tronic signals similar to thoce generated by betas with energies on the order of
0.5Mev. Energy resolution is on the order of 20%.

A significant improvement in energy resolution may be obtained if the detec-
tion system is designed exclusively for alpha counting. W®When the nuclide of inter-
est is extracted into the liquid scintillator extractant solution and counted using
the detectinn arrangement ocutlined in the figure and standard electronics of the
type used for sodium iodide-gamma spectrometry, reproducible spectra with an energy
resolution on the order of 5% are possible. Beta and gamma decay events may be
segregated from the alpha emissions by electronically processing the differences
in pulse shapz, a beneficial aspect of the large differences in specific ionization.
To achieve effective pulse shape discrimination (PSD), samples must be deoxygenated.
This is easily accomplished by sparging the scintillator/sample for 1 or 2 minutes
with argon or nitrogen gas. Color or chemical gquenching will also degrade PSD.
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PEARLS (Photon-Electron Rejecting Alpha Liquid Scintillation) spectrometry —-
maximizes the advantages of liquid scintillation detection by coupling solvent
extraction methods with detectors and electronics having the ability for improved
energy resolution and for pulse shape disc.imination between alpha-produced and
beta/gamma-produced pulses. Electronic components are connected as shown in the
fiqure. The PSD information is used to gate the multichannel analyzer and remove
the beta/gamma background interference from the alpha spectra. Representative
spectrum for a radon experiment is included in the figure. Backgrounds are effec-
tively reduced to as low as 0.0l cpm while retaining 100% counting efficiency.

Complete details of alpha detection, chemical extraction p{gfesses and PEARLS
spectrometry are being prepared for publication in a monograph.

There appear to be many potential applications for high resolution liquid
scintillation techniques. To date the PEARLS detection concept has been coupled
with solvent extraction separatio?4t§?hniques.and applieq to.assay of.u:ﬂn%um aﬁd
thor%gm7}n phosphate fertilizers, ' analysis of polonium in a 9ran1um mill cir-
cuit’ ' and de?gfmination of plutonium and transplutonium actinides in a variety
of sample typ?a’ A portable PEARLS spectromater has been developed for field
measurements.

CONCLUSIONS

The z :clication of liguid scintillation detection may be readily extended to
assay alpha radionuclides in numerous sample types. The accuracy and reproduci-
bility of the method is almost always better than with plate-counting methods.
Commercially available beta liquid scintillation systems may be used, but the po-
tential proklems associated with interfarence from beta and gamma radiation must
be racognized. Cormercial systems may not be easily adapted to perform PSD. The
use of equipment designed for alpha liquid scintillation, along with aporopriate
PZT electronics and extractive scintillators, will permit the collection of useful
% gy spectra, the rejection of nearly all beta and gammabhackground, and in most
cases, improve the accuracy of the determination. Sample concentration by solvent
extraction, 100% efficiency, and low virtual background may result in detection
thresholds which are lower than in cther rethods. The opportunity to provide an
alpha detection technigue of improved accuracy coupled with increasing demands for
rapid, accurate low-level radiation monitoring in a variety of applications provide
an incentive to continue development of this method.

Research sponsored by the Division of Chemical Sciences, U. S. Department of Energy
under contract w-7405-eng-26 with the Union Carbide Corporation and by the College

of Engineering and Applied Sceinces of the Arizona State University in a cooperative
program.
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DISCLAIMER

This report was prepared as an account of work sponsored by a.. agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disciosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specilic commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thercof.



