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Uncertainty evaluation of rapid measurement of radon exhalation rate
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Abstract Background: Rapid measurement of radon exhalation rate is influenced strongly by external
environmental factors. Purpose: This study aims to scientifically evaluate the accuracy of the measured result of
radon exhalation rate according to the concept of uncertainty. Methods: A theoretical analytical model was estimated
to study the measurement method of radon exhalation rate. The origin of the uncertainty was analyzed and employed
to evaluate the accuracy of the result. Results: The result of the relative synthesis standard uncertainty diverges
within 12% when the rapid measurement is applied on the standard device of the University of South China with a
radon exhalation rate of 0.39—2.62 Bq'm >'s ' in 105 min. Conclusion: This study provides a new method to evaluate
the rapid determination of radon exhalation standard device.
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Fig.1 Experimental setup of rapid determination for standard
device of radon exhalation rate.
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ST R I 2 R EARHE 20(2), ()
AT, SR AT H 280 5 45 S AN B SRR
a. by V. T. SHIn, Hea. b {HRAHE R
T IR EE Co LRI E R EL n.

HT&o®a. by T V. SEAMR, &t
B B A B A R Y
u’(3)=(ad/ca)’ v’ (a)+(aa/ab) v’ (b)+(83/aV) U’ (V) +

(aafaT) u'(m)+(afes) v’ (S)

=[(as/aa)u@] +[(a3/a0)u®)] +[(a3/av)uw)] +
[(aa/aT)um] +[(a3/as)us)I

=u () +u () +uw ) +u (J)+u(J)

)
H & B R AL
0J/6a=V Inb/[(1-b)TS|=1J/a (6)
20/db=aV[b(1-b)TS ] +avbinb/| (1-b)’ T |
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8J/oV =alnb/[(1-b)TS |= IV (®)
a3/oT =-aVinb/[T*(1-b)S|==3/T (9

03/2S = —aV 1nb/[sz(1—b)T] =-J/s  (10)

: MHEESTENENDT
21 HKMiESHa b HER

KA SE a. b FIAHE AR A A
SEF B ZEAE . Hor A 2852 I 51 ) Ak
Co BEATIGETH 07, 1T B 2 AN [E] -5 W00 51 4,
WREE Co MK RGN 2 FE AT IS HT
2.1.1 &MESHa. b A BKHEE

KB)s @F#EE a AR b 19 A FARHEAT
EETEN:

2.Co

U, (@) =s(a) =5, | <= (11)
C,C,
1

Uy (0)=s(b) =, = (12)
C.C

n=n

y
F

Scncn = Zin:] (Ci _a)z (13)
SCn+1Cn+1 = Zinzl (Ci+1 _Q)2 (14)

See. = (C,~C)(C.,~Cp)) (19

SR

S Scicmz
Ci+lci+l - S
S = GG
n-2 (16)

2.1.2 ZMilE 3% a. b B BAHEE

W EXAE Con M Cy BAMHF B AW ERE
Ug(Cn)~ Up(Cni1)s HI T Coiy Sz Cp I EHE T 21 %
W EAE 2 (B AFEM DM, FRORAEHAT A R, 7T
BHEFED KB BEAHERE:

Uy (b) = U (C)+Us3(C,.)  (17)

s up(Co)s up(Cor) A A AT E L, H
R IRAER A AN E E Up(Cri1)=2.9%, MIR}E
b 1) B ZLEAHH T us(b)=+2 Ug(Cps1)=0.041,

W T SR B 1 AR S 210 A, HAEE
A ERBREE S T 95K, ki a ) up(a) ~0.
R a AR b 15 AR HEAN 2 N :

uc(a)=u,(a) (18)

Uy(b) = Ju, (b)> +uy(b)>  (19)

22 WERAEVWRELRTAEE

220 FEEMENE SN BIFRAEAEE 25 ua(V)
KH A KTk e, SEEMWARIIE b ME
AHfE A . SRR SR T 5 IRER
PRI E, PS4SR~ 5712 mL. 5735 mL.
5731mL. 5720 mL. 5727 mL, “F3J{H 5725mL.
WAL Ao AR 4 A AR ) S IO AR AE 22

iN‘ _\7)2

nn-1)

=1.53 (20)

P
u,(V)=+/s=124mL Q1)

222 HURERARF S N IRRAEAH € BE 43 & u(V)

FR4E JIF1059.1-2012 (M EAHEE e 5R
JR) BIRLE, F 1000 mL F & 4 34T I B g B Ak
L, HERMERKRTFIRE 1 mL, L=Mfnmfh%E
S RAE SIS A 2 B . B RS HE AR
Z R u(V1)=1//6 =0.408 mL.

VOB HE S B E B U(V)=u (V) U (V) =
1.30 mL=1.30x10 " m>.

2.3 WEETHRETTAZE

2.3 FEE RN GINIRRAE A E 5 1 ua(T)

X NRE-I &4 H 28I &A%, Pl & &4
NI EE B T=15 min, =5 %0 & Bk
T=900 s #47 10 K&, Frigdih 900.41 s,
901.33 s+ 900.87 s, 901.80 s, 901.32 s\ 901.76 s.
901.35 s. 901.52 s\ 901.43 s, 901.32 s, HFIH
N 901.30 so W& & HH = I s 0 1 S B b v 22
N:

n

Z (Ti _-IT)Z

S =0.0555 22
n(n—1) 22
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U, (T)=/5=0236 s (23)

2.3.2 B [EAR 52 AP 2R 51N B bR HEAS 1 5 FE o &
ug(T)

FRHE 1IG601-2003 I ()RS 2 AX ARAE, FPRAG
EACI AT BETE 1x107 s, ug(T)=1x10"/+/3 =
6.671x10"%s, PEILAT 20 At .

T IFRAEATAE ud(T)=ua(T)=0.236 s.

24 SEESEKERE S WRETTHE

2.4.1 BN E 5 NIFRAEAT E B2 5 ua(S)

EREMNREER d FEEMWNEHT 5 Wl
&, FS%dE RN 291.5 mm. 291.0 mm. 292.0 mm.
292.0 mm. 291.5 mm, KMEFIIEN 291.6 mm, H
HA% S 1 SR bR i ZE N :

242 HEERMA S 5 NIFRAEARH € E 5 &
us(S)

S [T ER R 2 2% JIF1059.1-2012 (& A H &
FEVEE 5 HoR) MIME, KA S=n(d/2)’=0.25nd” it
HE, S BIAREATE FE u(S)=0.25ru(d).

HAd FRRNE, KK RyriRzE2 1 mm,
BY up(d)=1 mm.

JEEBEAE d bR HEA 2 5

u(d) = Ju, (d)* +u,(d)* =1.09 mm (26
R E R MR MRS EE uS)=
0.257u(d)= 0.855 mm’=8.55x10"" m’.
25 AHEEITELER

FAAE RS SLIR BN T — BT H AR
B, RETITERRENIEXN R, HENHRL
S FH DN R 2 1R e ey i v R0 52 11
1 S hHEXBENANMEERSEMEN
(1.48£0.05) Bgm s ', 2 ShrEdE E AN LR S

(24)
#AH J9(2.60+0.08) Bqm >s ™', 3 SAR/ERE B &
. 1% S H{E 9(0.3940.02) Bq'm s~ PRI &5
u,(d)= Js=0432 mm @5) B 13 ShREReE LRI E SRR 1 PR,
x1 13 SRERETHRETESER
Table 1 Evaluation of uncertainty in the 1-3# standard device.
B ESH AN RE FEAE HE R4 By AR AT E L AN FEVEE S5 2R
Each component Propagation coefficient ~ Standard uncertainty in Evaluation of uncertainty
of uncertainty each corresponding
15 a=1.17x10* 8J/0a=1.30x10"* Ue(@)=6.16x10? bR IEAN I E L
1# b=8.10x10"" 03/6b=—2.43 Ug(b)=3.77x10"2 Composite standard uncertain
’ ’ 2.1
V=5.73x10" m’ 0J/oV=2.67x107 U(V)=1.30x10° m™> U(2)=0.12 Bgm “s
o o B pd HERE A B A
' S 0J/0T="1.69x10 Ue(T)=0.236 s Relative composite standard uncertain
$=6.67x10 " m 0/05=-22.7 Ue(S)=8.55x10" m’ U= U(J)/I=8.00%
2% a=2.58x10" 8J/6a=1.04x107* uc(a)=1.28x10° B R AEAN E L
2# b=8.54x10"" 83/6b=—4.20 Ug(b)=3.81x 102 Composite standard uncertain
_ 6 J)=0.21 Bgm s’
V=5.73x10" m’ 8J/V=4.68x107 U(V)=1.30x10" m™> el o '

70 ) B M HIXT 2 bRl 2
T=9.00~10"s 6J/oT=-2.97=10 Ue(T)=0.236 s Relative composite standard uncertain
$=6.67x10"* m’ 0J/6S=—40.5 Ue(S)=8.55x10"" m’ U= U(J)/I=7.79%

3% a=3.52x10° dJ/6a=1.04x10"* Ue(2)=2.93x10? B bR AEAN E BE
3# b=7.60x10"" 83/b=—6.19x10"" Ug(b)=4.43x10"2 Composite standard uncertain
_ o J)=0.04 Bqg'm >s™'
V=5.73x10" m* 83/6V=66.7 u(V)=1.30x10"°m™ Ue( o .
MG o . o HE 25 R A 1
=9.00x10"s 8JjoT=-4.22x10 Ue(T)=0.236 s Relative composite standard uncertain
$=6.67x1072 m* 83/65=—5.76 U(S)=8.55x107" m?

Ue= u(d)/J=11.03%
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LSRR, 1SRN H RARHERE B 4
J=(1.52+0.12) Bq'm s, AR ANH 5 £ 8.00%:
2 5 A M B K b ol 3 OE M4 R
J=(2.67+0.21) Bq'm s, FAHXS ANH € FE N 7.79%:
305 A M b X o E Mg R
J=(0.38£0.04)Bq'm >s ', H A X A W E A
11.03%.
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3 45iE
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BRI T AR ST ST H A SR B — A
FHME, BTN T B S RTE L LA IR M
ZHa. b ME, ST &N RPOE T, WA
5E FE TR AL 43 B AN S8 BEIEAT 40 AT, fE R R
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