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Abstract - The goal of this work was to optimize the liquid scintillation counting techniques for
the determination of C-14 in environmental samples such as biological and air samples. Carbon-14
activities in most environmental samples were measured with direct CO; absorpuon method. The
hlghest figure of merit was found through the variation of Carbosorb E™ and Permafluor V™™
ratio, in the measurement windows. The best condition was 1:1 volume ratio. Average 2.35 g of
CO; was reproducibly absorbed in the 20 ml mixture within 40 min. The counting efficiency
determined by repeated analysis of NIST oxalic acid standard and the background count rate
were measured to be 58.8%21.4 % and 1.88+0.06 cpm, respectively in case of saturated solution.
The correction curves of counting efficiency for partially saturated solutions and for saturated
solutions with quenching were prepared, respectively. The overall uncertainty of the sample
specific activity for near background levels was estimated to be about 7 % for 4 hours counting at
95 % confidence level. The long-term stability of samples has been checked for all the counting
techniques over a two week periods, and no apparent change in counting efficiency and
background level was found at that time.

Key Words: CO; direct absorption method, radiocarbon, liquid scintillation counting, environmental
samples, environmental radioactivity
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Fig. 1. Apparatus used for CO; release and re-
absorption.
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Fig. 2. Effect of Carbosorb E/Permaflour V ratio
on background, He counting efficiency and FOM

values,
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Table 1. Optimization of Carbosorb E/Permafiuor V mixing ratio.
mixing ratio saturated optimum background  efficiency q:?:g:;gr FOM

CSPF COy V (g) ROl (ch) B (cpm) E (%) PSP (VEY/B)
4 :16 1.013 179-435 2.09 69.1 786 2,440
6: 14 1.472 176-418 205 . 66.5 755 4,860
812 1.933 164-394 2.00 63.3 733 7,800
10 : 10 2.350 144-354 1.88 58.8 706 10,160
12 : 8 2.840 136-328 1.81 489 661 11,100
14 :6 3.360 120-279 1.39 31.1 612 8,210
16 : 4 3.608 122-248 0.99 12.7 546 2,260
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Fig. 3. Effect of CO; loading on counting effici~
ency and FOM values.
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Fig. 4. Counting efficiency with quenching para-
meter SQP(E).
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Table 2. Effect of CO; loading on counting efficiency and quenching parameters (Cocktail mixture: 10m!

Carbo-Sorb E + 10ml Permafluor V).

. . quenching
sbsorbed CO, V () PackEround efficiency parameter Ve
0.0 1.90 48.1 631 0
0.5 212 50.9 646 310
1.0 2.10 54.1 659 1,390
1.6 2.20 56.7 686 3,740
1.8 218 56.9 692 4,810
20 217 515 699 6,080
2.2 1.98 58.0 701 8,220
2.35 (sat) 1.88+0.06 58.8+2.0 706 10,160
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Fig. 5. Correlation curve of counting efficiency
and spectral quench parameter SQP(E).
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Table 3. Result of test run of absorption counting method with a C-14
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reference material,

IAEA-C3.
Spectral . ..
counting count rate activity

test acbgczrtzgi ngl::ec?er efficiency (cpm) dpm/gC ratio
SPQ(E) (%6) gross  net measured certified " (meas./cert.)
#1 2.355 661 523 8.05 6.08 18.11 .2: 17.55 1.031+£0.005
#2 2.350 663 52.7 796 5.99 17.7+£1.2 17.55 1.0090.005
#3 2.354 660 521 810 6.3 183x13 17.55 1.04310.005

avg. 18.0+0.3" avg. 10280017

¥ C-14 activity of IAEA-C3(cellulose): 129.41£0.06 pMC(percent Modern Carbon :
" the overall uncertainties at 95% confidence level.

** a standard deviation of four determinations.

8°C = -24.91+0.49)
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