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Rapid determination of gross alpha and beta emitters in milk by liquid scintillation counter is
discussed. This method is based on direct addition of different types of milk into scintillation
cocktail and therefore it is very promising for fast determination of alpha/beta activity due to
direct alpha and beta separation, measurement in close 41 geometry and without sample
treatment. The selected group of radionuclides was chosen with the respect to military signifi-
cance, radio-toxicity, and possibility of potential misuse. As model radionuclides 241Am,
239Pu, and 2°Sr were selected. The Liquid Scintilation Counter Hidex 300 SL equipped with
triple-double-coincidence-ratio technique was used for sample measurement. The aim of the
work was focused on comparison of different cocktails produced by Hidex and Perkin Elmer,
choosing the best cocktail based on our measurement results and adjustment of its appropri-
ate volume. Furthermore, the optimization of ratio between the volume of scintillation cock-
tail and the volume of urine was investigated with the respect to the model radionuclides. Ac-
cording to the obtained results, the efficiency for alpha emitters was greater than 85 % and for
beta, greater than 95 %. The obtained results allowed this method to be used for rapid deter-
mination of gross alpha/beta activity in cases where time is an essence, such as first responders
or mass-scale samples, where ordinary means suffer from lack of capacity or simply collapse

under the onslaught.
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INTRODUCTION

Assessment of any major release of radioactivity
to the environment, such as NPP accidents or using
weapons of mass destruction (WMD), is important for
the protection of public health, especially if the re-
leased activity can enter the food chain. Such assess-
ment requires a rapid, reliable, and practical measure-
ment technique.

It is generally known that gamma spectrometry, es-
pecially low energy gamma spectrometry, is the major
technique used for the assay of gamma emitting
radionuclides in samples, if a sufficient quantity of a
sample is collected. The main disadvantages are prob-
lems with overlapping of gamma energy lines, low sensi-
tivity, as well as the self-absorption effect. Both qualita-
tive and quantitative information about gamma emitting
nuclides is considered to be the main advantage.

However, for the determination of alpha emitting
radionuclides in the environmental samples, the task is
much more complicated than for gamma emitting
radionuclides. Because of the self-absorption effect of al-
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pha particles by the matrix, complicated sample treat-
ment methods [1, 2], chemical separations and/or
extraction step followed by an electrodeposition or (co)
precipitation are usually involved [3]. In the event of ac-
cidental releases of radioactivity, it is essential for the ra-
diation protection authorities to assess possible contami-
nation in a short time [4]. This method, in comparison
with other ways of measurements, is simple, achieves
high efficiency and sample throughput and without sam-
ple treatment due to direct sample addition which makes
itideal for emergency technique. The main disadvantage
is approx. hundred times worse minimum detectable ac-
tivities (MDA) than using other method [5] based on
radiochemical procedures.

In spite of the fact that liquid scintilation counter
(LSC) is a laboratory technique, further improvement
promises its use as a field technique. From the military
point of view, the LSC technique is applicable in the
system of stationary and mobile NATO SIRA (sam-
pling and identification of radioactive agent) laborato-
ries [6], where demands on gross alpha and beta analy-
ses are required. The method, in comparison with
solid-state alpha spectrometry, is quite simple, effec-
tive and relatively without special needs for sample



D. Sas, et al.: Rapid Determination of Gross Alpha/Beta Activity in Milk using ...
180 Nuclear Technology & Radiation Protection: Year 2016, Vol. 31, No. 2, pp. 179-183

treatment. It has also good sensitivity and the measur-
ing time is much shorter than in the case of other meth-
ods [7, 8]. Furthermore, a flexibility of LSC is a posi-
tive factor as well, as the method is suitable for
water/organic solutions, swabs, filters, etc. [7-9].

Almost all previously published papers dealing
with determination of alpha and beta radionuclides
in urine had one thing in common — sample treatment,
e. g.,[10-14] Due to this fact, the purpose of this work
was to investigate the possibility of using LSC tech-
nique for measurement of simultaneous gross al-
pha/beta activity of different types of untreated milk
samples by direct addition to scintillation cocktail. As
model radionuclides 2*' Am, 23°Pu, and *°Sr were se-
lected due to their potential misuse, occurrence in in-
dustry and most of all, that they are stated to be military
significant radionuclides [6].

MEASUREMENT METHODOLOGY

The measurements were carried out using Auto-
matic TDCR (triple-double-coincidence-ratio) Liquid
Scintillation Counter Hidex 300 SL (Hidex, Finland)
with 20 ml glass vials with low concentration of “°K
and the upper lid with Teflon seal. Scintillation cock-
tails were obtained from Hidex — AquaLight and
MaxiLight and from Perkin Elmer — Ultima Gold, Ul-
tima Gold AB, Ultima Gold MV, Ultima Gold LLT,
InstaGel Plus, InstaGel 2 Plus.

The calibration standards of >*! Am — ER3 refer-
ence material type (5.258 MBq), *Sr — ER2 reference
material type (116.2 kBq) and *Pu — ER2 reference
material type in solution (45.83 kBq) were used for
calibration. The 2*’Pu reference material contained
impurities of 24°Pu and 2*!Pu (beta emitter with £,,, =
=20.8keV and half-life = 13.2 y decaying to 2*! Am).
The abundance of impurities in the reference material
at the time of measurement was 4.98 % for *'Pu and
0.56 % for 2*! Am. All the radionuclides were obtained
from CMI — IIZ Prague (CZ) and converted into 0.1
mol.I"" HNOj solution.

In order to investigate deviation, which could
have been caused by different milk matrix, three types
of milk were studied — a standard UHT treated
semi-skimmed milk, human breast-milk and fresh cow
milk.

The following technique of optimizing the vol-
ume and type of LSC cocktail was used: the 5 ml of dif-
ferent types of milk contaminated by the known activi-
ties of studied radionuclides were added into 20 ml
vials and filled with LSC cocktails of different vol-
umes (5, 10, and 15 ml ), well shaken in order to mix
LSC cocktail, and finally, measured in “Alpha/beta
separation mode”. The time of measurement was set to
300 s. The whole process was five times repeated.

The background was measured in the standard
geometry with inserted vials, with LSC cocktail and
blank samples. The conditions of measurements were
the same as with the previous measurement. The back-
ground was measured at the beginning, in the middle
and at the end of experiments.

RESULTS AND DISCUSSION

At the beginning, the attention was paid to find a
suitable cocktail and the criteria were: excellent effi-
ciency for alpha and beta radionuclides, absence of any
types of quenching, clogging and finally good alpha/beta
discrimination. The procedure was as follows: 5 ml of
milk, contaminated by listed radionuclides of known ac-
tivities, were added to 20 ml scintillation vial and filled
with 15 ml of each of the cocktails. Based on our results
(tab. 1), two cocktails were found to fulfil given criteria—
AquaLight and Ultima Gold AB. On the contrary, both
InstaGels and especially MaxiLight were found to be
completely insufficient due to clogging and creation of
thick white emulsion (fig. 1). The efficiency of
MaxiLight reached up to 10 % for alpha radionuclides
and up to 60 % (TDCR = 0,7) for beta particles, which
was the worst result from all the cocktails.

Subsequently, the influence of cocktails volume
was investigated in order to find proper ratio and some
deviation, if any. The volume of cocktails varied from
Smlto 15 ml, in steps of 5 ml. 5 ml of different types of
milk contaminated by listed radionuclides of known
activities were added to each volume of scintillation
cocktail. The results indicated that even 5 ml of cock-
tail were sufficient to obtain good efficiency. Further
volume enhancing brought only slight efficiency im-
provement (tab. 2). The optimal volume of scintilla-
tion cocktail was set to be 15 ml; thus, the ideal ratio
was 1:3 in favour of cocktail. The differences among

Table 1. Comparison of detection efficiencies of selected scintillation cocktails and types of milk

. Semi-skimmed milk Breast-milk Fresh cow milk
Efficiency [%]

a Jij a Jij a )i
AquaLight 89+3 95+4 86+ 5 99 +2 85+5 98 +£2
MaxiLight 8+5 57£5 59+6 7£5 55+6
Ultima Gold MV 57+8 57+8 56+8 577 57£7
Ultima Gold LLT 82+4 98+3 99 +2 81+6 99 +2
Ultima Gold AB 89+3 97+3 96+3 87+4 98+3
Ultima Gold 56+7 99+3 97+2 54+7 99 +4

InstaGel plus 3£3 99 +3 98 5+4 98 =

InstaGel 2 plus 242 99 +2 97 + 1+1 97 +




D. Sas, et al.: Rapid Determination of Gross Alpha/Beta Activity in Milk Using ...

Nuclear Technology & Radiation Protection: Year 2016, Vol. 31, No. 2, pp. 179-183

181

Figure 1. The appearance of scintillation cocktail
(4) blank (clean cocktail without turbidity), (B) milk
dissolved in AquaLight (a slightly turbid liquid, no
precipitate), (C) milk dissolved in MaxiLight (a highly turbid
liquid with precipitate)

different types of milk were negligible, therefore milk
origin and the method of production had no significant
effect on measurement efficiency.

After adjusting the volume and its influence to
efficiency, all the data were compared, including the
purchase price. The most suitable cocktail for direct
measurement was AquaLight (Hidex) which was used
for further measurements. This cocktail dissolved all
types of milk without any problems or distortion, cre-
ating a white solution. Surprisingly, this solution had
to be transparent for photons, because only a small
fraction of photons was quenched. The difference be-

900

tween alpha and beta efficiency was probably caused
by imperfect dissolution of milk where alpha
radionuclides were bound. Due to a very small mean
range of alpha particles in matter, there is no energy
transfer to solvent, leading to lower efficiency.
Results of the measurement efficiencies, MDA
as well as TDCR, in the selected samples and cock-
tails, are presented in tab. 3. The spectra of directly
measured milk samples using AquaLight cocktail are
shown in fig. 2. As TDCR technique deals with
quenching, no further calibration was needed. Fur-
thermore, the tray of the instrument greatly saved the

Table 2. The dependence of detection efficiencies for
scintillation cocktail volume

Volume of scintillation|a efficiency [%]| S efficiency [%]
cocktail [ml] AquaLight AquaLight
5 91 99
10 92 99
15 94 99

Table 3. Observed LSC parameters (efficiency, MDA,
TDCR, background counts) for selected radionuclides
with an optimal milk to cocktail ratio 1:3

Parameter (AquaLight) | **'Am py Sy
Efficiency [%] 94+3 88 +4 9+1
MDA [Bql ] 100 105 450
TDCR 1 1 0.985
Background [s '] 0.07 0.07 2.45
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measurement time of large sample series in compari-
son with Triathler counter. It is clearly seen that by this
method very high efficiencies of all radionuclides, ex-
ceeding 90 %, were achieved. The highest values of ef-
ficiencies were obtained for 2*!Am and ?°Sr, which
were 94 =3 % and even 99 + 1 %, respectively.

CONCLUSION

The obtained results show that described LSC
method is fast and effective for determination of gross
alpha and beta activity of milk samples, as no further
(pre)treatment of samples is needed. The main advan-
tage of this method is that it is: virtually freed from sam-
ple preparation, fast measurement technique, con-
nected with high efficiency and last but not the least,
relatively high sensitivity of measurement. Another ad-
vantage of this method and the technique used is: when
chemical or colour quenching appeared, at some de-
gree, the TDCR technique is capable of its correction,
especially when handling with beta radionuclides.
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Hannjen CAC, Jupxu JAHIA

BP30 OJPEGBUBAIE YKYIIHE AJI®A U BETA AKTUBHOCTU Y MJIEKY
NPUMEHOM TEYHOTI CHUHTUIAIIMOHOI BPOJAYA

Y oBoM pajiy pazMarpaHo je 6p30 onpebuBame ykymHe anda u 6eTa aKTUBHOCTH Yy MIEKY
yIoTpeOOM TEUHOT CIMHTHIIAIMOHOT Opojada. MeToyia je 3acHOBaHa Ha AUPEKTHOM JIOIaBahy PAa3THINTHX
BpcTa MIlleKa CIMHTUAIIAMOHOM KOKTeJy, Te UMa MoryhHocT Op3or oipebuBama andga u 6eta ak THUBHOCTH
yces IUPEKTHOT pa3fBajama anda u 6eTa yecTula, Meperma y reoMeTpuju 6Jauckoj 4t u 6e3 norpede 3a
TpeTHpameM y30pKa. PaiuoHyKIuaum cy OWMpaHW Ha OCHOBY BOjHE ymoTpeOe, paguoOTOKCHYHOCTH H
noTeHujane 3noynorpede. Kao mopenu ogabpanu cy paguonykmugu 2*!Am, 2*°Pu u “Sr, a 3a Mepema je
koputthen LSC Hidex 300 SL ca “Tpurui-gadsa” KOUHIUAECHTHOM TEXHUKOM.

v oBOT pajia je yeMepeH Ha nopebheme pa3nuuuTix KOKTesa npousBeieHux o crpane Hidex-a
u Perkin Elmer-a, 3a n360p HajOOIbET HAa OCHOBY PE3yJITaTa HAaIllUX MepeHha U Ha MOfIeIIaBakhe MPUKIaHE
3anpeMHuHe KoKTeja. [Jajbe, ONTUMHU30BAH j€ OfHOC U3Meby 3ampeMuHe CUMHTUIAUMOHOI KOKTejla U
3alpeMHHe ypuHa y 3aBUCHOCTHU Of] U3a0paHuX Mojieia pafiuoHyKauaa. Ha ocHOBYy foOujeHux pesynrara,
eukacHocT 3a anda emurtepe je Beha of 85 %, a 3a 6era emutepe Beha o 95 %. [lobujenu pesynraTtu
omoryhagajy npumeHy oBe MeTofie 3a Op30 oipehuBame yKynHe anga u 6eTa akTHBHOCTH y ClIydajeBuMa
Kajia je BpeMe Off 3Havaja, Ha MpuMep, KOJl BaHPEeIHNX orabaja, niaum Kaja cy y MATamky Y30pIH BEJTUKUX
pa3mepa — Kajja yoondajeHa cpeficTBa HeMajy OBOJbHO KalaluTeTa Wik OTKa3yjy.

Kwyune pequ: iieunu cyuniuuaainiop, LSC Koxiiiea, Maeko, amepuyujym, uayislORUjym, CllpOHUUjym




