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Determination of Rn-222 in Water Using Ultra-Low Level Liquid Scintillation Counter

Dusadee Thuntawewadthananon, Sombuun Jerachanchai, Pisit Suntarapai, Pheerasak Soonthornnondha
and Poonsuk Pongpat

Health Physics Division, Office of Atomic Energy for Peace (OAEP) Tel. 562-0089 Fax. 561-3013
ABSTRACT

The technical advantages of the 1220 Quantulus liquid scintillation spectrometer
allowed us to measure radon-222 in water by using alpha/beta pulse-shape analyser(PSA) and
the integral counting method are easy, convenient and rapid to analyse precisely. It is suitable
for the field work and large samples size. The lower detection level of radon is 0.011 Bq Liter'l.
Radon is extracted from water in a toluene-base liquid scintillator. The radon analyses were
done with ground water, tap water, surface water and reservoir water. Most of radon content in
ground water were found to be in the range of 3 to 11 Bq 1i{er‘l. Very low radon activities
found in surface water and tap watsr. The high level of radon activities found in reservoir

-1
water, up to” 65 Bq liter .
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f = fractional counting efTiciency

Er = extraction rate
De =  deccay correct
YW = water volume (ml)
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Table 1  Radon Concentration in Water
Location Number of Rn Activity (Bq /1)
samples
QAEP Ground Wm 24 0.185 + 0.018 - 10.853 + 0.085
Storage Tank 12 0.085 4 0.009 - 5.429 + 0.073
Tap Water - 1 21 0.084 + 0.008 - 0.228 1 0.016
Tap Water - 2 7 0.117 £ 0.009 - 0.233 + 0.018
TIC Ground Waler 1 5.957 + 0.077
Storage Tank 1 5.046 + 0.076
Surface Water 1 0.202 £ 0.019
REC Ground Water 1 3.945 + 0.068
Dept. of Mineral Resources Ground water
PD 17 1 4.196 £ 0.042
NB 27 1 6.825 + 0.057
NL 34 1 6.649 + 0.055
NN OAEP : Office of Atomic Energy for Peace
TIC : Thai Irradiation Center
REC : Rare Barth Research and Development Center

Table 2 Radon Concentration Surveyed at Lam-Prai-Mat and Kasico Dam (1992)

Location

Rn Actvity (Bg/)

Location Rn Activity (Bg/l)
Lam-Prai-Mat Dam  LM-01 11.332 + 0.087
LM-02 23.565 + 0.138
LM-04 25.980 1+ 0.131
LM-05 37.710 £ 0.158
LM-06 0.251 £ 0.014
Kasieo Dam KS-1 24.235 + 0.126
KS-2 2.025 + 0.037
KS-3 ( 13.883 + 0.096
KS-4 ';04263 +0.014

Kasieo Dam  KS.5

KS-6
KS-7
KS-8
Ks-9
KS-10
KS-11
KS-12

KS-13

64.798 1 0.208
14.407 4 0.098
33.002 1 0.149
26.590 1 0.134
9.267 + 0.080
14.398 + 0.099
55561 + 0.196
0.190 + 0.011

0.079 + 0.007
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major radon
decay products

() (b)
Fig. 2 Transferring devised without loss of Rn.

Determination
of Ra-226

Fig. 3 Analytical Procedure of Rn-222 and
Ra-226 in Water
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[C1  16.213 CPH/ch  49.34 min  A:\RNZ2ZALAMP\QB1B481N.891 SP#22
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| o M l
| | "‘#“ !
M,_f i
: g lxl "|) 1| )
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BUNCH=16 = 3S =  14.752 ( 1.2 %) 18.386 ( 1.8 %) 17.995 ¢ 1.8 %)

Fig. 5 Spectra of Rn-222 and Progeny in Water by Extraction in Glass

Vial , PSA 90.
[A] Alpha-spectrum
(B]

Beta-spectrum

[C] Sprectrum without PSA (sum spectrum)
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IRTEGR( &B- 9m4) = 243 CPH 14 786 CPH iC! 7.829 CPH
BUHCH=18 + 38 = §.211 ( 86 62y 1412 (164 ) 1,132 ( 16.1 ¥}

Fig. 8  Background Spectra of Liquid Scintillator in Glass Vial ,
PSA 90.
[A] Alpha-spectrum
[B] Beta-spectrum

[C] Sprectrum without PSA (sum spectrum)
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MAFNUIN 1
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1 20- 900
2 40- 900
3 60- 900
4 20- 900
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6 60- 900
7 1- 1024
8 1- 1024

0

CTIME COUNTS CUCNTS MCW REP STD STMS STIME

50:00 NG LIM NO LIM 1 1
50:00 NO LIM NO LIM 1 1

Selected printout for terminal 1 (A)

4,
cYc

1. 2.
DATE TIME
5. 6.
2QS REP
15.
1D
23.
1.
39.

L
INHIBIT HMEMORY SPLIT
G+EG PSA
G+EG L*R
90
MCA HALF
1 2
1 2
1 2
1 1
1 1
1 1
2 1
2 2
3.
4
7. 8. 9. 10, 11.
CTIME DTIMEL DTIMEZ CUCNTS 5QP
16. 17. 18. 19.
CPM1 COUNTS1 CPM1% cprM2
24. 25. 26. 217.
CPM3 COUNTS3 CcPM3% cPrM4
32. 33. 34. 35,
CPMS COUNTSS CPM5% CPMG
40, 41. 42. 43.
cPM? COUNTS? cPMTX cPM8

I--39

N
N

12.

SQP%
20.
COUNTS2
28.
COUNTS4
36.
COUNTS6
14.
COUNTSS

13.14.
STIME <
21.22,
CPM2X <
29.30,
CPM4X <
37.38,
CPM6% <
15.
cPM8%



MANUIN 2

Calculation ( by weight )

Vw . Water volume
Vi . Toluene volume
Vv : Toluene in vial
Va : Volume of air
T . Tempt. of water
De : Decay correct
Er . Extraction rate

Dw,Dt : The solubility coefficients of
Rn In aqueous ,toiuene.

[ow = 312 j Er = Dt. Vv
17.0+ T ( Dw.Vw + Dt.Vt + Va )

(Dt = 0.8 +18.2 exp(-T/46.5))
(De = exp{-0.0075589 t (h.)g

CRn _ Net count * 1,000 B/l
3*60* Er* De *Vw

Action level Is 20,000 pCiil { 740 Bg/l )
The action - guidelines set by the State
of Maine.




