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INTRODUCTION

| Radiocarbon is naturally occurring radioisotope, often found in radioactive waste, since it is being continuously generated in LSC METHOD
nuclear reactor operations, spent fuel reprocessing and radioisotope production. Environmental studies and monitoring
program for radiocarbon ('“C) in the vicinity of nuclear facilities are important since its relatively long half-life (5730 y), high ISO 13162:2011(E) [1] assumes direct mixing of a scintillation cocktail and
potential for mobility in geological systems and presence in food chains. water sample the 20 ml polyethylene /glass vial.
Precise determination of '“C content in waters demands time-consuming chemical procedures and expensive analytical -l s — 7o
equipment since its natural levels are very low. The necessity to detect elevated '“C levels in water in case of nuclear A
emergency has triggered an investigation of a possibility to quantify '“C content without any chemical preparation of samples. ¢ - the detection efficiency , A [Bq] - the activity of the calibration source
We present a development of a direct method for the effective, simple, inexpensive and rapid estimation of '“C level in 1g /To /75 [s'] = sample /background /calibration standard count-rates
waters via Liquid Scintillation Counting (LSC) technique, defining its possibilities and limitations. ( ) 1
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CALIBRATION PROCEDURE Cq [Bqg I''] - sample activity concentration, V [1] — sample volume analysed

fq - quench factor (=1 for the unquenched sample)
Method’s optimization (sample:cocktail ratio, PAC adjustment) was carried out to
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obtain maximal Figure of Merit, FOM [s] = value AT .
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PermaFluor E+ cocktail (based on pseudocumene, Ultima Gold AB cail . N
tima Lo cocktall (general purpose, effective cy [Bq I''] - the decision threshold , Cj [Bqg I'] - the detection limit

widely used in conventional radiocarbon techniques, A Ut o . .
alpha/beta discrimination, excellent holding capacity)

k = 1.65, u,o;(w) - relative uncertainty of w

} ty[s] / to[s] - the sample/background counting times

) (e } b) 40;'

0.95F

_ a) 0.8;— % ‘ b) 30;_

0.90 - 35; } ; 06F :
o ™ ! TWHW W t ﬁﬁHﬁ\ o FREEN }Hi\ 1 | EQUIPMENT AND MATERIALS

FOM [s]
FOM [s]

04 - Ultra Low Level Liquid Scintillation Spectrometer Wallac 1220™ Quantulus:

5 5 : | g E :
0.75F . i ] : 3
: ] 20 . E E 10 .
ol _5 ; } ; i ; a) Two PMT’s are used for background event detection and two separate ones
[ ] L ] 0.2F 3 5- . . . . . . .
065} i I : ; _ for coincident sample counting. The sample detector operates in anticoincidence
. ] \ ] 01;_ ||||||||||||||||| _; I T S S W ] ™
00 =% & 0 12 14 16 18 %2 4 6 & 10 12 14 16 18 2 4 6 8 10 12 14 16 18 "2 4 6 8 0 12 14 16 18 with the guard detector
v [ml V [ml] V [ml] : A
o Sl S LI il O IR TR T T T (S | SO Yo ZTE D e e o b) PAC (Pulse Amplitude Comparator) circuit decreases the background
I i ] d) 36 L ] ) 840 F i ] d) 34 ]
R S 1 " ] C : h : B ] .
Sy 4 iIbs N WY _- i T2 : component produced by the optical crosstalk
920 Coo| . ] E E 30 |
[ . ] 0L | Permafluor E+ cocktail ] 800 ; ] 28l \ ]
Riliny : 0 e 1 — T80 i _ b UltimaGold AB cocktail |} c) Quench level was monitored via quench indicating parameter SQP(E),
=) _ R )3 LIS - S 760F 1 - - \ ] . A
5 . St S 740t = °r | . Spectral Quench Parameter of the External Standard. Samples with higher
g 2 4 y & 720} S )
2 | Pl 2 of w4 -_ quench level have lower SQP(E) values
S 860 S S E °3p . ] . . -
= 2 \\ _ TR of e T T d) The spectra were acquired by WinQ and analyzed by EasyView software
840 - ] 1 .\.Rri\-“.—l—fl‘l“.ﬁ h 660 _ ] 1 -_ - . . _
L . ] [ 1 640 F Q ] 3 1 . . . .
| PAC fixed to 100 | Lo '_ o LA RSLSNES 1 o : - Polyethylene vials — chosen for experiments since they are less expensive
820 IIIIIIIIIIIIIII _1 --------------- N NS (N SR NN SR [T T N SR R TR S R S— ] _1 ||||||||||||||||
2 4 6 SN \TORNN (20 ST4NT6NY " 18 2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18 ’rhan ’rhe g|055 ones cmd induce Iower background
V [ml] V [ml] V [ml] V [ml]

PF E+ optimal ratio 6:14 since maximal FOM /¢ and low quench
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energy part of spectra (350-450 channels) L= SCUImiE - °H content by the direct LSC method [4].
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