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A Study on the Optimum Conditions of Liquid Scintillation

Counter for the Measurement of C-14 in Spent Nuclear Fuel
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Abstract

This paper describes the optimum condition of liquid scintillation counter for



measurement of C-14 in spent nuclear fuel. The volatile C-14(COs) during the
dissolution of a simulated spent fuel{SIMFUEL) was trapped by 1.5M NaOH in
collection apparatus. Aliquot of trapping solution was added to Hionic-Fluor cocktail
and then measured by liquid scintillation counter. In order to measure activity of
C-14 in disintegrations per minute(dpm), we used two standard quenching curves,
which were plotted with the set of quenched standards from Packard Co. and the set
of quenched standards made with Hionic-Fluor cocktail, respectively. The
activity(dpm) measured of C-14 from the standard quenching curve plotted by the
second method was 1390.26+0.6% close to the calculated value(1428.9) and that by
the first method was 1164.39£0.53%. The interferences by precipitation and
chemiluminescence were not shown when a few mL of 1.5M NaOH was added to

Hionic-Fluor cocktail, and counted at intervals of 3 hours for 72 hours.
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Curves AATtoz» 8 4 it} o] WIS oF7~107/lE o] Fo] % Quenching Setl.
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o AHRAARFH C-149 WAee TeeE Welvh. # AolAE Standard
Quenching CurveE Packard Quenching Set®} Hionic-Fluor Cocktail® TF= Quenching
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2.0, Alef g ]
2.1.1. HAA B A7) (Liquid Scintillation Counter)

: PACKARD 2500TR A/B (Alpha/Beta Discrimination)
2.1.2. 4 3&A (scintillator) : HIONIC FLUOR™(Packard.co.,)

of AL 9714 ARG AFT £ Yon HRA B
vgow AAE Wights) e WAl A 4% 2 A
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2.1.3. 1.oM NaOH

2.14. C-14 389 © 9 Amersham CFY64, 92-08-01 476.3 kBq/g(in NaxCOs
5mg/mL + Formaldehyde 1mg/mL + Water )

2.2, A9
221. C-14 T8 =)
1) &= v o 100 mL 839 &% Zkazol NaCOs; 50mL(5mg/mL)<}t

Formaldehyde 10mL$ 93 Zo| &7 C-14 589 AF(Bg)S 484 713 e
ZE4Z 100mL BAS wrEo)
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(1) Glass 20mL vial 971l A8 (Hionic-Fluor™) 15mL4-& 77} ¥ =1},

(2) AZA7F 590 15mLe) vialel 1.5M NaOHE¢ 0.5mL~4.5mLS 314 Ei=th
(3) NaOH2F A7 412 9719 vialdll * C-14 ZF8 HAES B3 g4 C-14 %
At EEE s violZ RIS o]&3te] 0.1mLA FH7beh

(4) gdgol Holx T8 & F go] oA &= Fhdl WA I
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NO. Name Cocktail Vial 1.5M NaOH 3 7}F(mL)
1 0.5 H 15mL Glass 0.5
2 1.0 H 15mL Glass 1.0
3 1.5 H 15mL Glass 1.5
4 2.0 H 15mL Glass 2.0
5} 2.5 H 15mL Glass 2.5
6 3.0 H 15mL Glass 3.0
7 3.5 H 15mL Glass 3.5
8 4.0 H 15mL Glass 4.0
9 4.5 H 15mL Glass 4.5

Chemiluminescence #& A|&Z7H 8 =%

(1) PEAF & 9] Vials 671(BKG’, 257, 3.0°, 357, 4.0)E =4] 3}

(2) Z¥7¥e] Vialdl Hionic-Fluor™ Scitillators  156mL% 23 A#d 3+ C-14%
BKG & Al9et A= 471 L43tA 0.1mLe ¥+&
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2.2.2. Quench curve A& 93 ANE £4 & A

Commercial Quenching Curve




Packard Quench Set : Unquenched Std.—argon purged Carbon-14 Toluene 20mL.(&F
d 1L% PPO 4g 3 Dimethyl-POPOP 0.25g¢ ©] ¥3%F Quench Agent : Nitromethane)

Hionic-Fluor Cocktail & ©]8$F Quenching$-2] Y]

(1) PEAIZE ] Vialg 87] &#vlstal 4] #@ig 7193 ch(0~7 74A)

(2) Z+z+e] Vialel 15mLA Hionic-Fluor™ ScitillatorE ¥ 3L o 7)ol £+C-14Y 2134 &
4 0.1mL A& FHdHA Hi & Ho|vx: T

(3) AAADBAFHLSCIE ol &allA WAls & S erh

(4) 8719 A&l Quenchor® HWEZHEHCHNO) S ‘08 ALg 77 Azl A=
#7138k} (0.01mL, 0.02mL, 0.03mL, 0.05mL, 0.08mL, 0.1mL, 0.2mL)

G) & XNe F AANDAF7] AR Rackel #HEZE 23 Quench curved ZHA] 317
(o]

3.1. A (Salts) A

A714(1.5M NaOH)-& 3} Hionic-Fluor™ Scitillators- 41915 W ZHdo] U9
gotop gt} AL AAYBAFVNZ AL o] AFEEY AT TS F
o x}e] olo] HArd A 7|2 A A= ABAZ Ultima-Gold A/BE AF-g3}o]

71733 EFdAed, old A=<l 1.5M NaOHE&H-& 0.2mLold IS o
st onz C-144 %= 0.0mLe AlEwS FHEA 3T Fyrel gldlvh ol
A AR 0lmLedls Aojx JALBAF7IZE F4 e WAbeS 23k 2o
ot R FAUGE N WAlso] Folop I WuE ojye} AR A wex AVt
& ougnt oAl AHstd, AddA et Egefolste 1.6M NaOH &4 9] A3
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¥ 3. 15M NaOH Z7}¢] w2 (SIE9} CPM

A |33 A% 2084) T, A 01448 41C-14
' CPM tSIE CPM tSIE | Scintillator| FF88
127157 410.24 HiomieoFlu
0.5 1263.56 40954 | 1264.11 | 410.21 0.1mL
or™ 15mL

1257.19 410.85
1363.73 380.79 Hionic—Flu
1.0 1362.65 379.94 1359.14 | 381.51 0.1mL

TM
1351.04 383.81 or™ 15mL
135897 | 363.06 R
15 | 136492 | 36415 | 136297 | 36417 | 0.1mL
1365.01 365.30 or™ 15mL
137218 | 34813 A
20 | 136756 | 34831 | 136024 | 34885 | 0.1mL
136799 | 350.11 or™ 15mL
138063 | 32961 R
30 | 137351 | 33121 | 137134 | 33096 | 0.1mL
135087 | 332.06 or™ 15mL
136075 | 325.39 T
40 | 139056 | 32538 | 137993 | 32600 | 0.1mL
137948 | 327.52 or™ 15mL
1337.09 | 304.04 R

45 1346.17 300.10 | 1341.06 | 301.37 | 0.1mL
1339.93 301.46 or * 15mL

3.2. Chemiluminescence
3.2.1. Chemiluminescence 3%k
ABA o b s 97)A8HN(NaOH, KOH, Solvable.) S &3S of 3jshuz-S b
AN = A-¢7F Ak olelsk A4S F= EAstaAskE WAt Ee] 23E AmT o
s Y §ooR, dAF HeA AFAY e W dojus sherRkgol o3
sk Hlights) 02 Qlste] SA4< o tlolE
Quenchor® 283t} Chemiluminescence X 4-8 93 )
W 22 23, QFARALY, DATAAFAE Tol dow o & A%y = Y
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g o] &3l 3A7F kAo = 7oA FAAHTE 1.56M NaOHE -8 #H71str] Ao
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I 4. Hionic-Fluor™ A4 15mL o] 23td C-14 CPM

Sample CPM(A) 25% CPM(B) 25% tSIE
2.5 1305.33 1.01 1205.03 1.05 902.25
3.0 1351.53 0.99 1251.80 1.03 o04.51
3.9° 1301.40 1.01 1210.03 1.05 505.20
4.0° 1372.63 0.99 1265.40 1.03 o07.37

STD? 1405.20 097 1305.30 1.01 503.87

* A0~156.0 keV, B: 4.0~156.0 keV

AE C-14=34 Hr g2 1347.21+1.3% = LERST o 7)o 9 AdS Fa] FHdo
A2371%1 & 05~40mLe AE % F 25mL~40mL9 1.5M NaOHE A #Ald E3hA
71 % Packard AtellAl Aste C- l4f7§m—ﬂo] 40~156keVe SAHAZ 3L 34

AOoZ T5M3HsRE C-149] CPM¥ tSIE #t& A Betvh tSIE= QIPE ekt |
1o Al VERG kel Zo] Fddh A RE TBAE vHE SFAAAHE W C-149 CPM#%
tSIE o] Wyt A9 ¢l A= vElsttl. Chemiluminescence 2] oy A7} 0~10 keV
Apolell A F= WA, A= FRAA ZAAE shFolA A uol B Y= AAE S
Shobd 75A17ke] S AZAE YERd 9 2918 F3 ©] A& A= Chemiluminescence
AEFE FAEE € Aoz fpud
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CPM

tSIE

1400 -
1200 -
i v
1000 A LS SR SRR R EEEERSSERERCRRES
800
600
400 —m— 2.5mL:1.5M NaOH
—@— 3.0mL:1.5M NaOH
1 —A-—3.5mL:1.5M NaOH
200 —vw— 4.0mL:1.5M NaOH
0 ' 1 1 ' 1 1 1 ' 1 1 1 1
-10 0 10 20 30 40 50 60 70 80
Time(h)
500 —
400 - .
~m-p-0-0-0-0-0=-0-0=-0-0-0-0-B-0-P-0-P-F=-0-B-B-B-
| B e
300 -
200
| —m—2.5mL:1.5M NaOH
—@— 3.0mL:1.5M NaOH
100 — —A—3.5mL:1.5M NaOH
—wv—4.0mL:1.5M NaOH
0 I I ' I ' I ' I ' I ' I ' I ' I
-10 0 10 20 30 40 50 60 70 80
Time(h)

a8 1. A zrel] wE C-14¢] CPM¥} tSIEZES] H &),



3.3. Standard Quench curve

Al A Az2kE A& 5715 Commercial Quenching Set ¢} Hionic-Fluor Cocktail® %t
£ Quenching Setg ©o]&3le] Z+7te] Quenching CurveE 2HAstal 57f A& ek
DPMZ T3tk olv] 4E A Sl 2 o] Wil QIPE YEhl= tSIES Standard
Quench Set& ©|&3l el Efficiencyete] gdaAl ofsr ZHANEe DPMe F
At WHelth a9 29F 19 32 7 74| Quenching Set o t3$F Quenching Curve
= e, 25 3 Datar= 712 3 5, 3 60914 B F Ak F 719 Quenching
Curve®} DatadlA ¢ 4= AvA]¥ Hionic-Fluor Cocktail® YHFE Quenching Set 77§ 9]
ANBE 7FA 3L =43 Quenching Curve Datay Packard AF¢] Quenching Curve Set 10
M9 A& 9] Quenching Curve Datak.th A A4 o2 tSIEZEe|L} Efficiency 7} Al e}
5S¢ ¢ Ay 3 o= w3t (SIEFLS UEWE Packard Quenching Curved)
388.840 A4 2] &&o] 9263%S YEIHE WA, Hionic-Fluor Cocktail® ¥HE Quenching
Curveell A= 388.2500 4 77.84%°] &&& UWetlial dso=, o|fdh AEE & 4 St
ym Al gl mj2dk AEFe weolal Ak o] FF¢ Quenching Curve® ©] 83
of I35 C-14°] & A&e DPM<E Tttt dAdoz g&o w7/ Yebd Packard
Quenching CurveZ ©]€3l-S ufo] C-149] DPM< 1164.39£0.53% = of 2 3k(1428.9dpm)
I} 185%9] HAE K<l ¥ Hionic-Fluor CocktailZ & Quenching Curveo] A=
DPMo] 1390.26+0.6%% ¢ Z3t(1428.9dpm) ¥ 2.7% HAE ML AlgEe] Wa 77

o) Awb= ¥ 73 F 8olA % gk
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¥ 5. Packard Quenching Setol] <]3F

Curve Data

N tSIE Efficiency(%6)
1 995.24 96.19
2 886.53 95.96
3 806.34 95.39
4 701.49 95.23
o 085.05 94.44
6 o02.54 93.90
7 388.84 92.63
8 280.55 90.19
9 161.38 83.68
10 06.79 06.68

¥ 6. Hionic-Cocktail®l

Curve Data

23 Quenching

N tSIE Efficiency (%)
1 388.25 77.84
2 322.73 77.20
3 263.55 75.17
4 204.37 73.14
) 138.14 66.86
6 111.12 61.80
7 66.82 39.33




¥ 7. Packard Quenching CurveE AF&&|A 73 C-14¢] DPM

N.A tSIE A FHCPM) M AL ZE(DPM)
370.27 1146.66
2.5 369.50 1163.82 1154.26£0.35% 14289
370.13 1152.30
362.48 1155.41
3.0° 363.91 1165.21 1163.13+0.28% 14289
363.85 1168.77
358.05 115750
35 358.58 1146.45 1152.26 0.22% 14289
359.65 1152.83
347.60 1183.02
4.0° 349.94 1188.15 1187.90+0.19% 14289
348.64 1192.54
Average 1164.39+0.53% 14289

# 8. Hionic-Cocktail Quenching CurveZ A}&3-S- W C-14

2] DPM
N.A tSIE A FHCPM) AAEZH(DPM)
2.5 366.51 1373.46 14289
3.0° 359.83 1407.00 14289
35 353.87 1373.43 14289
4.0° 346,51 1407.15 14289
Average 1390.26+£0.6%% 14289




ionic-Fluor™¢} &3}
ZAe] 71w sar.
Quenching Set® 2}

o
N,
4
n&
&
£
i‘l
(27
ol
e
=z
o
=
=
5
=
[¢]
107]
(@]
@]
=
(@]
e
2
o
g
L
oy
29
o
F1ﬂ JN s

233k Quenching CurveZ® ©]&3k= Zo] &332 oA}
3 B ATEB EaH o]z LSC A=z 4
C-149] Wrlsg a4 o=z 54

ZF 153

To

&

1. Liquid scintillation analysis ’'Science and Technology’. Packard Instrument Co.,
1987.

2. Handbook of Radioactivity Analysis. Academic Press, 1998.

3. Liquid scintillation Counting and Organic Scintillator. Lewis Publishers, 1991.

4. Micro Volume Counting with FExternal Standardization. Packard BioScience
Company, 1986.

5. Instrumental methods for detecting some common problems in liquid scintillation
counting. Lab, 1981.

6. FElimination of chemiluminescence in liguid scintillation spectrometer. Nucl.
Instum. Methods Phys. Res. 1984.

7. Analytical subtraction of chemiluminescence counts for dual-labeled samples in
liguid scintillation measurement. Int. J. Appl. Radiat. Isot. 1985.

8. Determination of Carbon-14 in Simulated Spent Fuel 3+=%213}3t3] 2002.



	분과별 논제 및 발표자

