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A description is given of a method to couple a liquid scintillation spectrometer to a multichannel
pulse-height analyzer to record beta spectra simultaneously with three different energy ranges.
Spectra of tritium, carbon-14 and phosphorus-32 recorded by this method are presented.
Analyses of the beta spectra are performed by a least-squares technique, and the results are
shown in tabular form.

L’ANALYSE DES SPECTRES BETA: UNE NOUVELLE METHODE POUR
ANALYSER LES MELANGES DE RADIONUCLEIDES EMETTEURS DE
BETA PAR LES METHODES DE SCINTILLATION DE LIQUIDE

On rend compte d’une méthode de relier un spectrométre a scintillation de liquide avec un
analyzateur de hauteur de pulsations & multicanaux, afin d’enregistrer simultanément les
spectres béta avec trois différentes gammes d’énergie. On présente les spectres de tritium, de
carbone-14 et de phosphore-32 enregistrés par cette méthode. Les analyses des spectres béta
s’achévent par une méthode de moindres carrés, et on présente les résultats en forme de
tableau.

AHAJIN3 CIIEKTPA BETA-YACTHI:

HOBBII METOJ IJA AHAJIU3A CMECEN BETA-U3JIVUAIOUIUX
PATUOU3OTONOB ITPU NOMONU TEXHUK HKUIKON CIHUHTUIJIALNNA
Jaerca onmcanue MeToga coefiMHeHHA FKMAKOCTHOTO CIUHTHIIAIMOHHOTO CIHEKTPOMETpa

¢ MHOTOKAHAJIBHBIM AaMIUIATYJHBIM aHAIU3ATOPOM HMMITYJIbCOB, 4YTOGB PErMCTPHPOBATH
CIEKTPH GeTa-u4acTHl] ONHOBPEMEHHO NPH TPeX PAasHHX AUanasoHax sHepruu. Ilpexcras-
JieHHl CHEKTDH TPHUTHA, yriepopa-14, d¢ocdopa-32, perucrpUpoBaHHHE DTUM METOLOM.
ITpuMeHUTCA MeTOX] HAMMEHBIUMX KBAaJPaTOB IS aHAJAM3a CIEKTPOB GeTa-4acTHll, HAHE
pesynTarsl B Bue TabiIuIl.

BETASPEKTRUMANALYSE: EIN NEUES VERFAHREN ZUR ANALYSE VON
MISCHUNGEN VON BETASTRAHLER-RADIONUKLIDEN DURCH
ARBEITSWEISEN DER FLUSSIGKEITS-SZINTILLATION

Es wird ein Verfahren beschrieben zur Kupplung eines Fliissigkeits-Szintillations-
Spektrometers mit einem Mehrkanal-Impulshéhenanalysator, um Betaspektren gleichzeitig
mit drei verschiedenen Energiegebieten zu registrieren, Mit diesem Verfahren aufgezeichnete
Spektren von Tritium, Koblenstoff-14 und Phosphor-32 werden vorgelegt. Die Betaspektren
werden durch ein Verfahren der kleinsten Quadrate analysiert und die Ergebnisse in
tabellarischer Form gezeigt.

INTRODUCTION nuclear power reactors. As maximum allowable
ConsiDERABLE effort has been spent and con- releases of radioactive wastes from nuclear re-
tinues to be spent on radiation monitoring in the actors to the environment are reduced, emphasis
environment around nuclear facilities, especially  will be placed on measurements made on reactor

481



482
effluents to predict concentrations in the
environment.

Quantitative analyses are made without
difficulty on mixtures of gamma-emiiting
radionuclides with sodium iodide or germanium
detectors provided that the concentration and
gamma-ray abundance of each radionuclide are
sufficiently large. However, standard procedures
to analyze a complex mixture of radionuclides
that emit beta particles as their primary or only
mode of decay involve chemical separations to
isolate all isotopes of a given element present in
a sample followed by an analysis for total beta
activity.®) These procedures are accurate in
most cases although they are usually time-
consuming and expensive. Quantitative results
are difficult to interpret for elements such as
strontium where strontium-89, strontium-90
and yttrium-90 are present in various propor-
tions. Table 1 contains a list of radionuclides

TasLE |. Pure beta-emitting radionuclides observed
by Kaun et ¢l.® in main coolant water and waste
tank of a pressurized water reactor

Maximum beta

Radionuclide  Half-life energy (keV)
H-3 12-3 yr 18-6
C-14 5730 yr 156
P-32 14-3 days 1710
S-35 88 days 167
Kr-85 10-8 yr 670
Sr-89 53 days 1460
Sr-90 28 yr 546
Y-90 64 hr 2270

that may be considered pure beta emitters and
are present in the liquid effluents of nuclear
power reactors.

A guantitative method to analyze samples that
contain mixtures of beta-emitting radionuclides
has been developed.* The method requires
two analytical instruments commonly found in
radiochemistry laboratories; a liquid scintilla-
tion spectrometer and a multichannel pulse-
height analyzer. A spectrum of beta energies
from a sample that contains a mixture of radio-
nuclides is detected by the liquid scintillation
spectrometer, recorded by the pulse-height

* This work was made possible by a research
grant from the American Electric Power Service
Corporation.
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analyzer, and resolved by a least-squares tech-
nique into component beta spectra.

Liquid effluent samples from nuclear power
reactors contain different radionuclides; some
emit only beta particles while others emit both
beta particles and gamma rays. A complete
isotopic analysis would require gamma spectrum
analysis, beta spectrum analysis and other
analytical procedures. This paper describes
the instrumemtation and the techniques used to
record beta spectra.

INSTRUMENTATION

A Packard 3380 liquid scintillation analyzer
(LSA) and a Packard 901 multichannel analyzer
(MCA) were used in this investigation. The
LSA has three independent single-channel
analyzers that permit one, two or three radio-
nuclides of known identities to be used simul-
taneously in tracer studies. Each single-channel

LOWER
Limit s
1 !
]
> '
.: |
Py t
z ‘
b TRITIUM 1
z |
0 BETA ENERGY (keV) 18:0
LOWER
CiMIT WV
i
]
e :
= t
<£ [}
1
“|1 CARBON-14 '
2
0 BETA ENERGY (keV) 156
LOWER UPPER
LIMIT LIMIT
i :
el :
n |, 1
Z |t f
Rk '
z | PHOSPHORUS~32 |
0 BETA ENERGY (keV) 1710

Fic. 1. Beta spectra of radionuclides with dif-

ferent maximum energies that are amplified to

the upper limit of each discriminator in the

three single-channel analyzers of the liquid
scintillation analyzer.
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Fic. 2. A block diagram that shows how the liquid scintillation analyzer (LSA) is coupled
to the multichannel analyzer (MCA) with the ancillary equipment.

analyzer has a linear amplifier with a lower and
an upper energy discriminator. The gain of each
amplifier is adjusted so that the upper discrimi-
nator limit of its single-channel analyzer corre-
sponds to the most energetic beta particle emitted
by a specific radionuclide. This provides better
counting statistics than if equal amplification
were used for radionuclides with different energ-
ies. However, if each single-channel analyzer
were coupled to an MCA to record beta spectra
and each radionuclide were amplified to the
upper discriminator limit, the spectra displayed
would appear similar to each other. The differ-
ent amplification of each single-channel analyzer
compensates for the energy differences among
the radionuclides used and causes their beta
spectra to appear similar. Figure 1 shows the
similarities among the spectra of tritium,
carbon-14 and phosphorus-32 that were amp-
lified to the upper discriminator limit, but
which have maximum beta energies of 186,
156 and 1710 keV, respectively.

Identification of unknown radionuclides re-
corded with a constant amplification would be
difficult if not impossible. For instance, if one
single-channel analyzer with amplification for
phosphorus-32 were used to record tritium, the
tritium spectrum would occupy only 1-1 per cent
of the phosphorus-32 spectrum which would
make a quantitative analysis for tritium inaccu-
rate. Therefore, a different method is required
to perform spectrum analysis on beta emitters
that have energy differences as large as tritium
and phosphorus-32.

Figure 2 shows a block diagram of the method
used in this investigation to couple the LSA to
the MCA. The ancillary equipment necessary
consists of three Packard 969 linear amplifiers
with modified linear “and *’ gates and a Packard
966 four-signal router/mixer.

Each single-channel analyzer of the LSA
receives an analog signal from the photomulti-
plier tubes that is proportional to the energy of
the beta particle detected. The analog signal
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F16. 3. The three energy ranges used to produce
each beta spectrum.

is amplified and routed to the lower and upper
discriminators. If the analog signal passes the
discriminators, a digital signal is generated and
used to drive a scaler and/or a ratemeter. The
analog signals from each LSA amplifier are
routed to the linear ‘‘and” gate of the corre-
sponding MCA linear amplifier. All three
linear gates of the MCA amplifiers receive an
analog signal, but a digital signal from an LSA
single-channel analyzer must be present simul-
taneously for a gate to pass the analog signal to
the MCA linear amplifier. The MCA linear
amplifier then amplifies the analog signal, gene-
rates a digital signal, and passes both signals
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Fic. 4. Beta spectra of radionuclides recorded
by the method developed in this investigation.
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simultaneously to the router/mixer. The digital
signal is used by the router/mixer to identify the
quarter of the MCA memory where the analog
signal is to be stored.

This configuration of the equipment produces
a single spectrum composed of three energy
ranges. Each energy range consists of 256
channels with energy scales of 0-1, 1 and 10 keV
per channel as shown in Fig. 3. The lower
discriminator for each energy range is set above
the maximum energy recorded in the previous
energy range. Beta spectra are recorded in
channels 15-768 which corresponds to energies
of 1-5-2560 keV. The three energy ranges that
the spectrum contains are used to describe the
beta emitter irrespective of its maximum energy.
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F16. 5. A composite beta spectrum of a single

sample that contains tritium, carbon-14 and

phosphorus-32 recorded by the method developed
in this investigation.

Interference from a radionuclide with a high
maximum beta energy in a spectrum produced
by a radionuclide with a low maximum beta
energy is minimized with this method. Figure 4
shows beta spectra recorded by this method for
tritium, carbon-14 and phosphorus-32. Figure
5 shows a beta spectrum recorded from a single
sample that contained tritium, carbon-14 and
phosphorus-32.

RESULTS

Initial investigations were performed with
tritium, carbon-14 and phosphorus-32 to deter-
mine the feasibility of beta spectrum analysis as
an analytical technique. Test samples were pre-
pared with various combinations of these three
radionuclides in known concentrations with a
constant quench, and a beta spectrum of each
sample was recorded and analyzed. A least
squares spectrum analysis computer program
was used to predict the activity of each radio-
nuclide in each sample. Table 2 shows data
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Tapre 2, Comparison of actual activities of tritium, carbon-14 and phosphorus-32 present in test
samples with activities predicted by beta spectrum analysis

Actual activity

Predicted activity

Error of the prediction

Sample number (nCi + 20) (nCi &£ 20) 100 (predicted-actual)/actual
1. H-3 0-495 + 0-011 0-503 + 0-016 +1-6%,
C-14 00 0:0 *
P-32 0-0 0-0 *

2. H-3 0-0 0.0
C-14 0-412 + 0-008 0-416 + 0-012 +1-09,
P-32 0-0 0.0 *

3. H-3 0.0 0-009 4+ 0-008 T
C-14 0-0 0-0 *
P-32 0-233 4 0-006 0-228 + 0-011 —2:29,

4. H-3 0-762 + 0-019 0-749 + 0-022 —1-79,
C-14 0-203 + 0-004 0-205 4+ 0-006 +1-0%,
P-32 0-0 0-0 *

5. H-3 0-0 0-018 + 0-015 T
C-14 0616 + 0-011 0-603 + 0-019 —2-19,
P-32 0-147 4 0-004 0-145 4 0-006 —1-49,

6. H-3 1-144 4+ 0-029 1-112 + 0-041 —2-89,
C-14 0-0 0-0 *
P-32 0-361 + 0-010 0-364 + 0-019 +0-8

7. H-3 1-382 + 0-038 1-346 + 0-055 —26%
C-14 0-741 + 0-017 0-755 4 0-028 +199,
P-32 0-288 + 0-008 0-293 4 0-015 +1-79,

* No activity was predicted when none was present in the sample.
1 Some activity was predicted when none was present in the sample.

that were obtained from these analyses. The
results are in good agreement with the known
concentrations present.

SUMMARY

A method to record and analyze quantitative-
ly beta spectra produced by samples that contain
beta-emitting radionuclides has been developed.
The method to record beta spectra developed in
this investigation produces a single spectrum
composed of three energy ranges which permits
analyses of samples that contain beta emitters
with widely differing energies. Tests have
shown this method of beta spectrum analysis to
be a rapid and an accurate method to analyze
samples that contain mixtures of tritium,
carbon-14 and phosphorus-32 in various propor-
tions. Further tests of the method are planned
to determine the usefulness of the procedure
for other beta emitters, minimum detectable
concentrations, effects of quench, and limitations
imposed by samples that contain radionuclides
that emit both beta particles and gamma rays.
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