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Fig3 The relative variance of 2?Rn/***Rn daughters vs the first time interval of the alpha spectrum measurement
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Table 1 Relative variance of *’Rn daughters by a spectrum measurement of different minutes
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BWERTE Total time /min 10 20 30 40 50 60
RaA(*®*Po) 12.60 10.91 10.28 10.00 9.99 9.84
RaB(*“Pb) 69.64 23.59 13.88 10.00 8.02 6.85
RaC("Bi) 49.84 22.90 16.54 13.76 12.23 11.28
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Table2 Relative variance of ’Rn daughters by alpha spectrum measurement of different minutes

MW E A Total time /min 30 60 90 120 150 180 210 240 270 300
ThB('?Pb) 3623 1422 859 613 479 396 340 300 271 2.48
ThC(?Bi) 104.03 66.61 5521 49.66 4636 4420 4268 4156 4070 4033
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Table3 Comparison of different methods to measure *Rn/**’Rn daughters
I Thomas =EEE: A% ZHRY: FRkAiRER Ak 77 ¥ Optimal method
Methods Thomas method __ Five interval method  Li method  Zhang method  R#¥ 15min 4% 60min
RaA(™®Po)  60.80 103.07 - - 10.28 10.1
RaB(*“Pb)  31.33 17.10 — - 13.88 10.3
RaC(“Bi) 5042 4122 — — 16.54 21.9
ThB3?Pb) — 2.01 1.51 3.03 7.58 3.95
ThC*?Bi)  — 101.67 6.24 7.69 11.79 9.2

Thomas =Bt¥%: RAf 5Smin, RHE/E 2-5 min, 6-20 min, 21-30 min W
Thomas method: measurement begins 2—5 min, 6-20 min and 21-30 min after 5-min air sampling

Tt RA¥ 60 min, RAEJF 2-5 min, 6-20 min, 20-30 min, 200-300 min, 360-560 min Ji &

Five interval method: measurement begins 2-5 min, 620 min, 20-30 min, 200-300 min and 360-560 min after 60-min air sampling

Z40hyk . SRAE 60 min, SRAESS 545 min, 240-360 min WE Li method: measurement beging 5-45 min and 240-360 min after 60-min air sampling
Bolikirk. RHE 60 min, RHE/S 6-30 min, 360-390 min W& Zhang method: measurement begins 6-30min and 360-390min after 60-min air sampling

ALK REEJS 2-12 min, 12-30 min, 2-43 min, 43-120 min W&

Optimal method: measurement begins 2—12 min, 1230 min and 43-120 min after sampling
Y %44 Calculation conditions: Cipa=37 Bg/m’, Craa:Crap:Crac = 1:0.6:0.4, Crora=3.7 Bg/m®, Crip:Cric = 1:0.6

2 KIextEE

Y&l OTECT A o BEELHFT **Ro/*Rn
TR o BERHIE . ZA%{CRA 900 mm® B FHEA
R RIS PIPS), *f 'Am(5.5 MeV)/r3i%
H 29 keV o RAEEIEBE LA 0.8 pm MITAFLIERE,
REERLR 20 L/min, WEIFERBEERENEZIR
Y "Rn BRFEEFY 2.7 0’ B *°Rn

F 4, RSHUABT=ZBE:. ABREM®EFE
FIEALRE R B R PR ES R, K =Bk
FEBENESRE BRSNS
%

%t T4l “Rn FHAEEHMIEGER 5), Thomas
FEAME RIS EAERIRE TR BRI, &

RIRETHE—ERE; NUBMHEMRELE, ik
BEIE AN B 1R 2 /NVTF Thomas =Btpk, KM
WX —F B PR AL B IS B L,

£ Rn %R FAERAH R T R G 6),
% 22Rn, P°Rn FARKBERIKE, FBIEH *Ro.
20Rn TN R ¥ S HIARGHEMIE, 1l RaC
HIMREATME, RaC FMREE KT RaB HIREESR
ThC H¥EEE R AL AL REIE H: 8 P Ra, 2Rn Fi&
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Table 4 The experimental comparison of optimal spectrum method and Thomas method
W J5 ¥k Methods CraaBqm?®  Crp/Bqm®  Croo/Bqm®  Spaal/%  Spas /% Srac!%
1 Thomas =gt#k Thomas method 668 230 160 18.19 15.57 24.31
Hi4LBBIE Optimal 695 225 151 5.82 10.64 10.87
2  Thomas =E&¥: Thomas method 740 233 121 16.04 14.90 31.04
R4 B Optimat 738 226 123 5.65 10.19 1247
3  Thomas =E&¥: Thomas method 240 47 28 22.90 32.03 58.99
R4 ABI%E: Optimal 212 38 40 9.54 27.27 18.23
4  Thomas =p&¥: Thomas method 134 53 34 37.58 28.24 48.10
R4k BB Optimal 170 59 20 © 1066 16.39 30.46
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Table 5 The experimental comparison of optimal spectrum method and five intervals method
B 7 ¥ Methods Craa/Bq-m* Crap/Bq:m’ Crac/Bq-m™ ~ Crp/Bqm’ Crc/Bqm?
1 Bt Five interval 75.6 154 33.0 20.4 -344
Ak BBi%E: Optimal 65.1 48 4.0 179 3.6
2 T Bt Five interval 58.7 13.7 2.0 20.7 1.2
HiALBEI: Optimal ~ 33.6 119 4.2 19.9 9.7
3 FEt#: Five interval 1664 152 30 58 -16
AL REISE: Optimal 1651 145 17 52 6.8
4 T BEP: Five interval 1325 223 94 230 210
HEALRERES: Optimal 1276 212 112 232 187
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Optimization of alpha energy spectrum method for measuring radon

and thoron daughters in air

.1 .
KANGXi' XIAO Detao” LI Junli'
1 (Department of Engineering Physics, Tsinghua University, Beijing 100084)
2 (School of Nuclear Science and Technology, Nanhua University, Hengyang 421001)

Abstract Based on uncertainty analysis of the o spectroscopy program for measuring the 2?Rn/*°Rn daughters, the
relationships among the sampling time, measurement intervals, and total measurement time and measurement
uncertainty are studied in details, and an optimal measurement program was given for quick and accuracy
determination of the ?Rn/*Rn daughter concentrations in air. The optimal program was also proved by comparing
the results with several measurement programs by other researchers in theory and practice.
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