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Abstract organic scintillator, there is no risk of sample self-ab-
sorption and the counting efficiency for alpha radiation
A rapid method for alpha counting with liquid scintilla- is nearly 100%. The sample preparation for liquid scin-
tion is presented. The interference of beta and gamm@lation counting is also much simpler and more rapid
radiation with the determination of alpha emitting nu-than other methods. During the last twenty years, liquid
clides by liquid scintillation counting was examined. An scintillation counting has gained more and more interest
extractive scintillator cocktail, TOPO-PPO-naphthalene-for the determination of beta emitting nuclides in vari-
toluene, has been developed for transferring actinide ebus samples. However, the liquid scintillation technique
ements into the organic scintillator and separating théor alpha counting has not been widely used for several
undesirable materials as well as most beta emitterseasons. One of them is the interference of beta and
Pulse Decay Analysis (PDA) was applied for the dis-gamma radiation with the determination of alpha radia-
crimination of beta radiation. The influence of cocktail tion in liquid scintillation counting. Some work has been
composition on PDA has been studied and compareceported on the improvement of equipment and the de-
with that of a commercial cocktail. An analytical proce- velopment of analytical method%: Solvent extraction
dure was suggested for the rapid determination of actechniques have been demonstrated’*to be rapid,
tinide elements U, Pu, Am, and Cm in the nuclear fuesimple, and convenient preliminary methods for

cycle or in environmental samples. preconcentratiomnd separation of alpha emitting nu-
clides from other undesirable materials, such as acids or
Introduction salts, as well as some beta and gamma emitting nuclides.

Development has been made in the application of Pulse
It is well known that there are always some difficultiesDecay Analysis (PDA) in a liquid scintillation sys-
along with alpha counting because of sample self-abtem%:519
sorption. Long procedures of chemical separation and
sample preparation are often needed. They are quite this experiment, the interference of beta and gamma
complicated, time consuming, and not suitable for rapicemitting nuclides with the determination of alpha emit-
determination of alpha emitters. ting nuclides by liquid scintillation counting was exam-

ined. Extractive scintillators have been developed for
Liquid scintillation techniques allow counting (detection transferring actinide elements into organic scintillator
and quantification) of alpha and beta radiation in waysand separating most of the beta emitters. The applica-
that are usually more accurate and reproducible and at®n of PDA is discussed. The influence of cocktail com-
often easier than other methods. Because the radionposition on PDA has been studied and compared with
clides are in a homogeneous solution of an appropriathat of the commercial cocktail Insta-Gel (Packard In-

u Packard Instrument Company 800 Research Parkway Meriden, CT 06450 1SO 9001
Pac A () Tet:203-639-2508 1-800-323-1891 Fax: 203-639-2172 %

“ A Packard BioScience Company Web site: http:/imww.packardinstrument.com E-mail: webmaster@packardinstrument.com



strument Company). An analytical procedure is sug- tivity will be from %Zr/**Nb, *°Ru/°Rh, and*Cer*Pr.
gested for the rapid determination of actinide elementsBut for long-cooling samples, the main activity will be
U, Pu, Am, and Cm in the nuclear fuel cycle or in envi- from 2°Srf% and ¥'CsM"™Ba. Some of the beta emit-

ronmental samples.

Experimental
Equipment

A Packard Tri-Carb 2200CA Time-Resolved Liquid
Scintillation Analyzer with Pulse Decay Analysis (PDA)
and Multichannel Analyzer (MCA) was used for this

study.

ters have low energye.g, **Pm (0.233 MeV),*Nb
(0.160 MeV),*Ru (0.036 MeV), and*Ce (0.347
MeV), which can be discriminated by PHA. However,
1%Rh, the daughter df*Ru, has high energy, 2.0-3.55
MeV; and*Pr, the daughter df“Ce, also has a high
energy, 2.99 MeV*Rh and*Pr cannot be discrimi-
nated by PHA and will interfere with alpha counting.
Chemical separation and/or pulse decay analysis have to
be introduced for the determination of alpha emitters in
the samples with such energetic beta emitters.

Reagents
The scintillators used: Insta-Gel produced by Packard
Instrument Company; 2-(4-t-butylphenyl)- 5-(4-

biphenylyl)-1,3,4,-oxadiazole (B-PBD); 2,5-

diphenyloxazole (PPO); 2,5-bis-(5-tert-butyl-
benzoxazolyl) thiophene (BBOT); naphthalene. The
extractants used:Tributylphosphate(TBP);
trioctylphosphine oxide (TOPO); octyl-(phenyl)-N,N-
diisobutylcarbamoylmethylphosphine oxide (CMPO);
di-(2-ethylhexyl)-phosphate (HDEHP);
triisotrioctylamine (TiOA); tricapryl methylammonium
chloride (Aliquot 336); 2-thenoyltrifluoroacetone
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(TTA). The nuclides used wetéAm, 21%0,%"Cs,#Ce/ !
144pyr 905rpOY | 106RUARN, and®®Zr/*Nb, and were pro-

vided by the Amersham Company, England, or the m—S——S———

Nuclear Research Centre, Karlsruhe, FRG.

Results and Discussion

Interference of beta and gamma radiation with

alpha counting.

The liquid scintillation counter is a universal instrument
and can be used for measuring beta and gamma radiz
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tion as well as alpha radiation. Because beta and gamm;
radiation produce about ten times more light for the
same amount of energy absorbed in a liquid scintillator
than alpha radiation doese., beta radiation with a
maximum energy of 0.5 MeV produces the same
amount of light as does alpha radiation with an energy
of about 5 MeV, it results in a serious overlap of alpha
and some energetic beta spectra. The identification anc
analysis of beta and alpha spectra by Pulse Height
Analysis (PHA) can only be used for beta radiation with
low energy, such &8l (0.0186 MeV)C (0.156 MeV),

and?Pu (0.021 MeV). For beta radiation with higher
energye.g, Y (2.27 MeV),**Rh (3.55 MeV), an&“Pr
(2.99 MeV), there will be serious overlaps of the spectra
of beta and alpha radiation and they cannot be separated
by PHA.

Some important radioactive nuclides that are present in
the nuclear fuel cycle are summarized in Table 1. Some
of the spectra of the nuclides measured by liquid scintil-
lation analyzer are demonstrated in Figure 1. If the
short-cooling samples are dealt with, the main beta ac-
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Figure 1.

Spectra of Some Alpha and Beta Emitting
NUCIideS: a) 241Am; b) 14409/144Pr; C) 106RU/106Rh.




BEelative Aetivity, %
Muclide Half-life Energy ! j-'ea:iI::oling ’ Tea{;ﬁfdﬁ%
Sr- 59 .74 1483 [ 1009 2
Sr-50 ®Iy 0. 5465 § 100% 1.7 16
T-H0 M1h 2,074 (1009 1.7 15
T8l se6d 1545 150,75 15
Zr-ps &40 d 0,336 [ S50 6.3
0. 360 (435
LB | 28
b2 3514 0. 10 24080 i) 1.8
0,934 { 0.089%)
Eu-103% wad 0.101 (5. 3 z -
01,214 £ 59 00
0,711 (44550
Bl 10%n 5.1 m (IT) 2
Eu-106 wsd 0036 {1009 8.5 1.7
R 106 s .55 (BEY) L] 1.7
2401205
31011%)
2.0 30
05134 08y 0.0 25 a6 7
0415 [ 300
0658 (700
05137 WLy 0,512 {54, 7% 2.4 22
1,173 (5. 305
Ea-1%Tm 2,554 1 (IT) 2.3 22
Cie-144 1gad 0. 347 (1005 17.3 1
Fr-144 17.3m rom 17.3 1
Prev 147 BTy 0. 233 { 1005 2.3 g
Eu-1534 16y 0,28 | 285 0.2 1.4
0,58 | 355)
OLET (2o
1.5 (100
Table 1.

Some Beta Emitting Nuclides in Nuclear Fuel Cycle.??

Introduction of PDA ure 2). This means that the pulse length (decay lifetime)
of alpha particles is different from that of beta or gamma
It is knowrt* that fluorescent decay of a scintillation radiation. Therefore, pulse decay analysis (PDA) pro-
pulse is composed of prompt and delayed componentsyides a useful means for the identification and separa-
the amount of light in the delayed component is depen-+ion of the light pulse produced by alpha and beta radia-
dent on the particle or decay type. Alpha particles andtion. With the help of PDA, it is possible that the deter-
neutrons produce more delayed component than elecmination of alpha emitting nuclides can be made sepa-
trons originating from beta and gamma radiation (Fig- rately, ignoring the presence of beta and gamma emit-
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ting nuclides. For PDA to identify alpha and beta radia-decay (the prompt and delayed fluorescent component).
tion, a pulse decay discriminator (PDD) can be set by
the user. The pulse decay analyzer compares the pulsgeven widely used extractants have been examined.
input with the PDD and decides whether it is an alpha-Their quench effects on alpha counting in liquid scintil-
like or a beta-like pulse. The alpha-like pulses are senlation are shown in Figure 3. The neutral phosphorus-
to the alpha MCA (Multichannel Analyzer) and beta- based extractants TBP and TOPO have little quench ef-
like pulses to the beta MCA . In this way, the spectra offect. The other phosphorus-based extractants CMPO and
alpha and beta can be separated. For a good PDD s¢#DEHP have a little more quench effect than TBP and
ting there should be few counts in the beta MCA if aTOPO, but not serious. The nitrogen-based extractants
“pure” alpha emitter is measured, and vice versa. TiOA and Aliguot 336 have some quench effect, but can
be used with low concentration and some care. TTA has
The influence of the PDD on the efficiency of alpha a very serious quench effect and cannot be used in a
counting and the discrimination of beta radiation hasliquid scintillation system. The mechanism and the dif-
been studied. The results are given in Table 2. With derence of the quench effects of these extractants seem
low PDD setting, a higher efficiency of alpha counting to depend on the structure of the extractants, especially
is achieved, but a poor discrimination of beta radiationon the position of the oxygen atom in the molecules.
is obtained. In contrast, with a high PDD setting, a very
good discrimination of beta radiation can be expectedThe distribution coefficients of some actinide elements
but some of the alpha counting will be lost. By optimiz- and beta and gamma emitting nuclides are shown in
ing the PDD setting between 130 and 150, a high effi-Table 3. U and Pu (V) can be extracted from nitric acid
ciency > 99% of alpha counting and a satisfactory dis-solution into Toluene containing 0.3 mol/L TOPO with

crimination of beta emitter > 99.95% is possible. high distribution coefficients. Trivalent Am and Cm can
be extracted from 0.1-0.6mol/l nitric acid solution, but
Extractive Scintillator distribution coefficients are very low in 4mol/l nitric

acid solution. Most beta and gamma emitting nuclides,
An extractive scintillator cocktail is composed of ex- e.g, Sr. and Cs, cannot be extracted by TOPO, so they
tractant, scintillators (first scintillator and second scin- can be easily separated from the actinide elements. But

tillator), and solvent. some of the beta emitting nuclides, such as Ru, Zr, and
Nb, can also be extracted partly by TOPO. The lan-
Extractant thanides and yttrium, which show quite similar extrac-

An appropriate extractant for an extractive scintillator tion behavior to trivalent actinide elements, can hardly
system must show good behavior in pulse height analybe separated from Am and Cm by TOPO. So TOPO is
sis (PHA) and pulse decay analysis (PDA), as well as asuitable to separate Cs, Sr, and other elements from ac-
ability of selective extraction for the nuclides of inter- tinides, in the case of long-cooled samples. It should be
est. Good PHA behavior means that the extractant hasoted, however, that some beta emitting nuclides, espe-
little quench effect on the light yield produced in the cially trivalent lanthanides and yttrium may be co-ex-
liquid scintillation system and good PDA behavior tracted with alpha emitters (Am and Cm) and interfere
means that the extractant has little influence on the pulswith the alpha counting.

Light Intensity

Time. ns

Figure 2.
Scintillation Pulse Shape in Stilbene When Excited by Different Types of Radiation.
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Pulse Decay Am-241, CFPM Ce-144/Pr-144, CPM
Disc.rimmamr —
Seting (FDD)| 3507000 kev | 250600 kev | 230-600 ke | 02000 ey

100 1329 3 274 25909
110 1330 3 25 27054
120 1348 3 4 27 399
130 1330 5 6 27302
140 1320 13 3 27 386
1350 1231 102 3 27615
160 1111 217 2 27 347

5 g/l PPO, 0.3 mol/l TOPO, 10% Naphthalene, glass vials.

Table 2.

Influence of Discriminator Setting on PDA.

The influence of TOPO concentration on PDA is stud-Commercial Cocktail
ied. The results are summarized in Table 4. There is nThe commercial cocktail, Insta-Gel, has been tested and
obvious interference of TOPO with pulse decay analy-compared with extractive scintillator, TOPO-PPO-naph-

sis. thalene-toluene. Insta-Gel is an original universal LSC
cocktail. It excels in the incorporation of water and wa-
First Scintillator ter soluble samples into the scintillator system, and is

Three scintillators have been studied. The concentratioequally useful for organic soluble samples. The aqueous
dependence of the scintillation yield is shown in Figureor organic sample can be mixed with the cocktail di-
4. Because PPO has a high scintillation yield and igectly. But at the same time, the undesirable materials,
cheaper than B-PBD, it was chosen as the scintillatoincluding all beta emitters, will also be incorporated into
used in this work. the cocktail and might interfere with alpha counting. In
order to obtain optimum performance with pulse decay
The influence of PPO concentration on PDA is given inanalysis, it is recommended to add 20% naphthalene into
Table 5. The low concentration of PPO seems to bringhe cocktail. The influence of the PDD setting on the
about better results for identification and separation ofefficiency of alpha counting and the discrimination of
alpha and beta radiation than high PPO concentrationsheta radiation are given in Table 7. By optimizing the
PDD setting between 140 and 150, a high efficiency 98%
Second Scintillator for alpha counting and a satisfactory discrimination of
Naphthalene was used to improve counting efficiencybeta emitters of 99.9% are achieved. Comparing the
for low energy beta emitters in dioxane based cocktailcocktail with the extractive scintillator cocktail, its
It plays an important part in pulse decay analysis. Thesample preparation is simpler than that of the latter, but
influence of the concentration of naphthalene on PDA isit cannot pre-concentrate or pre-separate the alpha emit-
given in Table 6. The good identification and separa+ting nuclides. For this reason, the use of an extractive
tion is not possible without naphthalene in the cocktail.scintillation in conjunction with PDA shows an increase
One of the explanations for this function might be thein alpha/beta discrimination performance (see Table 2).
long decay time of naphthalene (96.0 ns), relative to that

of PPO (1.4 ns). Analytical Procedure for Alpha Counting
A rapid analytical procedure has been suggested for al-
Vials pha counting and the schedule is shown in Figure 5. The

Glass vials and polyethylene vials have been comparedey point of the procedure is the combination of extrac-
With polyethylene vials, the energy resolution for alphative scintillator and the pulse decay analysis technique.
emitting nuclides is better than with glass vials, but theThe extractive scintillator cocktail is composed of 1-3

separation of alpha and beta pulses is worse. g/l PPO, 0.1-0.3 mol/l TOPO, 5-10% naphthalene and

Application Note — Page 5



Caneent @ bizn of nitoe 2eid
Ekrment
100 0.5mokl draall
. TTBCI:PO TV 10T 10T
bl CHWPO Fu [TV >l T
é’ HOE HP ATn (TIT) =10 aod
T Cri (IO =1 oot
z TIOA o= (T 10w E “10wE
T 50 Aliquot 336 e e e
_g & (I <13 <10
G
T ¥ (IO >l ]
. TA =Y ] =10 oot
Fr (IO =10 0.
0 | | | Fro (IOD) =10 ]
0 05 10 . 15 o Eu (D) 0 al
Exfractant Concantration. h e o -
Figure 3. Table 3.
Quench Effect of Various Extractants. Distribution of Some Elements in Nuclear
Nuclide Used Was 24Am. Fuel Cycle-Extraction into TOPO-Toluene
Am-241, Bg Ce-144Pr-144, Byg
[TOPO], mol
Beta-MCA | Alpha-MCA | Beta-MCA | Alpha-MCA
a1 1% 2179 a0ng 0.8
03 2.0 270 a04d 1o
05 0.3 269 813 1.3
5 g/l PPO, 10% naphthalene, toluene, PDD setting 140, glass vials.
Table 4.
Influence of TOPO Concentration on PDA.
Am-241, Bq Ce-144/Pr-144, By
[PPO], g1
: Beta-MCA | Alpha-MCA | Reta-MCA | Alpha-MCA
1 la 2680 T 12
2 1T 30 T1E nE
3 1T 2335 Tl1 0o
4 15 24.4 T30 0%
5 20 24.4 T3 1E
1-5 g/l PPO, 10% naphthalene, 0.3 mol/l TOPO, toluene, PDD setting 140, glass vials.
Table 5.
Influence of PPO Concentration on PDA.
[Naph] Am-241, CPM Ce-144/Fr-144, CTM
Beta-MCA | Alpha-MCA | Beta-MCA | Alpha-MCA
0 nl B0 BES 0z
S 2E Z1E 615 0.
1004 23 215 vl 07
155 24 A G533 0.5
20 20 Z1E B4 0.7
0-20% naphthalene, 5 g/l PPO, 0.3 mol/l TOPO, toluene, PDD setting 140, glass vials.
Table 6.

Influence of Naphthalene Concentration on PDA.
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Pulse Height Counts

B-PED

PPO

BBOT

4 & 8 10
Scintilator Concantration. g/l

] Fo, CFIM CaiFr, P
Drevay TiTne
Dz Alpta A | Bem WA |AlphaMCA  Beta MCA
200500 CH | 200-300 CH | 200500 CH 200500 CH
120 43873 a 172 15 230
130 4314 110 0 13 843
140 43150 - 10 19037
150 43 330 1101 & 190492
1a0 41 Sed 2852 3 19 102
1m0 35472 1971 4 19 022
15 ml Insta-Gel, 20% naphthalene, glass vials.
Table 7.

Influence of Pulse Decay Discrimination Setting on PDA.

toluene. With the help of the extractant in the cocktalil,
the alpha emitting nuclides, especially actinide ele-
ments, are transferred into the solution of the organig;
scintillator and most of the beta emitting nuclides and
other undesirable materials are removed. With PDA, th
light pulses from the beta emitters can be discriminated,
which are co-extracted with alpha emitters in the organic
scintillator. In order to determine U/Pu and Am/Cm
separately, the concentration of nitric acid is first ad-’-
justed to 4 mol/l. Under this condition, U and Pu get into
the organic scintillator cocktail, but Am and Cm remain

in aqueous phase and are separated from U and Pu. U
and Pu in the organic scintillator cocktail are measured:
in the LSC directly. Then, by adding NBH to adjust

to pH 1, Am and Cm can be extracted by TOPO and.
transferred into the organic scintillator cocktail. This
prepared sample is measured in the LSC separately.

The background for alpha is about 0.9 CPM in the whole
alpha MCA and 0.1 CPM in the energy region of 5 MeV 11.
alpha emitters. The detection limit f8%Pu (5.155 MeV)
is 0.5 mBg/sample (1,000 minute counting time, 3 s of
background). This procedure can be used as a rapid
method for alpha counting in nuclear fuel cycle or envi—12
ronmental samples. '
13.
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Aqueous solution
U, Pu (IV), Am,
Cm, Cs, Sr, Y, RE*
4 mol/l HNO,

Organic cocktail
U, Pu

LSC (PDA)

Organic cocktail
0.1 mol/l TOPO
1-3 g PPO
5% naphthalene
toluene

+NH,OH

Aqueous solution

s, Sr, Y, RE*
pH=1

Organic cocktail
0.3 moll TOPO
1-3 g/l PPO
5% naphthalene
toluene

Organic cocktail
Am, Cm (Y, RE)

!

LSC (PDA)

Aqueous solution
Cs, Sr
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Figure 5.
Analytical Scheme.




