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ABSTRACT: Radon (an) exists in the atmosphere and water in the natural world, and this element inflows into
the lung to carry the risk of cancer. Radon concentration in the air is generally measured by the energy of alpha
emission, but the method of beta particle counting, which is applicable in groundwater, is introduced in this study
and PIN photodiode is used as a detector. As a result of field test, amount of beta particle counts is maintained
constantly if a continuous measurement of 30 minutes is kept and also the relationship ( R> = 0.736) exists between
automatic measurement data and laboratory analysis result of radon concentration. In the future, more field tests
will be conducted in order to increase the reliability and applicability of this equipment and it will be a contribution
to diverse researches.
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Table 1. Characteristics of major radiations.
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Content Alpha particle Beta particle Gamma ray
Rest mass 6.6x 107 g 1.085x 107* g electromagnetic radiation
Charge +2e -e or +e 0
Energy 5~8 MeV 0.2~2.26 MeV 3 MeV
Penetration effect small intermediate big
Ionization effect big intermediate small
Photographic effect big small intermediate
Photo luminescence effect big intermediate small
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Fig. 1. Composition of silicon detector, PIN-photodiode and radon-beta emission monitoring system.



800 217

interface)ol| A= A&7 9] A TS PASH= A
Lz A Qo] FAS Tt AYH = dZAE o b
o|El& $&3H| "rh o|F Alo|EHolE F5te] A
A0 A= FA1E Hlo|EE AREARY PCojlA &

Well radius: R

Chamber
radius: r

-~

AsHA Fh( L™ 3b)
3. 81z HIAE ¥ XHEY FI}

o4 e BHE(Rn) S (HERIAF FHEE

2272 AR @A) Ax|sle] A= An] o] A=A
I} glo] el o] Z-8/d o tiste] A=ttt @A
A& SR E tlolE Y AREe R 4 e F
&3] 24 713t 5ol tiste] Brbsteh @4 A
= 230 7] 243 A7) o8 FLEsk A

>
> S
o &
PLt
=
A e

7] 2742 Slste] SR EE ] B2}
7 3670l A 28 THH o2 oF 307
Os_é ZAstaeH, A7 24E

Ashs BEANA oF 37 A

oo

o

of
- =
£ 3
i o
I AN
g

mlm

1B

7 BE ] A5k E}E( ) e} =} v
oF 308710] =4 dlo|E|2EE dA A7F 7
A9 o|F BFL AXLEL T o]E HF A|7ko] 2

i
o &

d

Limit
circuit

Count
circuit

External
connector

Communi
-cation
interface |°

(b)

(D) N

>

PIN diode
Array

’—> - stage

Server s,
PC (Remote
wireless)
—
Bias
circuit
Low noise
ARl Comparator
| zx {+ m | UL
1

Output [——»

EMI shield

Threshold
reference

Fig. 3. (a) Block diagram of radon monitoring instrument and (b) circuit block diagram of RD-2014.
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Tabe 2. Lists of groundwater monitoring wells for short-term automatic radon measurements.

Average counts Average counts

Wells Period (count/30 min) Wells Period (count/30 min)
W1 7/4.11:32~11:58 12.17 w19 7/12. 08:54~09:30 14.67
W2 7/4.14:28~15:02 13.10 W20 7/12. 10:00~10:32 14.70
W3 7/4.15:50~16:18 11.52 w21 7/12.11:08~11:38 26.25
W4 7/4.17:06~17:34 11.68 W22 7/12.12:14~12:46 8.57
W5 7/10. 09:08~09:42 9.90 W23 7/12. 14:06~14:40 29.04
W6 7/10. 10:38~11:14 10.08 W24 7/12. 15:06~15:38 19.85
w7 7/10. 12:12~12:42 34.62 W25 7/12.16:14~16:50 8.76
W8 7/10. 13:54~14:22 9.57 W26 7/12. 17:24~17:56 11.10
W9 7/10. 14:52~15:22 29.13 W27 7/12.18:38~19:12 22.12
w10 7/10. 16:14~16:44 6.94 W28 7/13. 09:26~09:56 10.59
W11 7/10. 17:26~17:56 9.01 W29 7/13.10:42~11:12 7.18
W12 7/10. 19:32~20:04 13.34 W30 7/13. 12:24~12:54 13.51
W13 7/10. 11:58~12:26 8.60 W31 7/13. 15:30~16:04 11.11
w14 7/11 13:10~13:48 26.83 W32 7/13. 16:44~17:14 15.58
W15 7/11.15:34~16:06 27.23 W33 7/13. 17:44~18:14 6.57
W16 7/11. 16:46~17:18 18.69 W34 7/13. 18:44~19:14 9.74
W17 7/11.18:10~18:40 11.93 W35 7/14.09:38~10:12 9.82
W18 7/11.19:24~20:04 31.41 W36 7/14. 11:52~12:28 15.44

Table 3. Lists of groundwater monitoring wells for long-term automatic radon measurements.

Inner diameter Monitoring
Wells Depth (m) of casing (mm) periods
BWI1 90 150 2017.1.17.12:00 ~ 2017.1.20.11:00
BwW2 74 150 2017.1.20.15:12 ~2017.1.23.11:00
BW3 70 150 2017.1.23.11:27 ~2017.1.26.11:00
3.0
25
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g
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00 50 100 15.0 200 250
Moving average time (2 x min)
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— W10 - wil wi2 wi3 wi4 wi1s Wwi6 w17 wis
= W19 — W20 w21 w22 wz3 w24 wW2s W26 w27
W28 w29 W30 W3l w32 W33 W34 W35 W36

Fig. 4. Changes in standard deviation of moving average values for beta emissions



802 217

S dlol8 Y] BAE EASSHATHE 4). ©] A=
off 2J3hd, olF Fxt 2| AlZto] AojAHA Hlo|E
EET ZP— 79 AT Poz SEAS & 5 %

th IS S0, 1l 28] &4 Y o5 Hel 423t
]% Iﬂ—"n’- T A AR 22 EAE AY BE

=R oA 2 ZH0.2 ~ 2.5) Hof B 7|7t Eet

o o
_l[)l

TEX

o, e, o) Wake] 4bg Alzke] Zoj X wAl (el
2x108=208 A1) EEARHE QA7) A2fsie]
o} B A12to] 5 B Aol (o]} 212804
A=) QS AS 0o 2SR e Gow AT

24 ok oloh e BAL B ASYE 283t
of HERIA} B 4E zw 92001 % o}go] 7

o ZPE HERIA HESE WAL FS TS B e S WA R AR e
om, o]z #EA 9 25T FHAA HENA e U 1 o]Foll= SHEY WA AY floidS 9
91905~ 39 HE 1T off v 2 gholl aidet gt} ol= £ #S A Y gE HE A HE 50
9
2
5 =
S
Z
g
4
£ s
!
@
m g } } f :
17-1-17 12:00 17-1-18 0:00 17-1-18 12:00 17-1-19 0:00 17-1-19 12:00 17-1-20 0:00 17-1-20 12:00
Time
(a) BW1
25
m
T
= 20
)
:,—; 15
o
0
8 10
E
@
o 5
i
[
o
0 } } f }
17-1-20 14:00 17-1-21 2:00 17-1-21 14:00 17-1-22 2:00 17-1-22 14:00 17-1-23 2:00 17-1-23 14:00
Time
(b) BW2
—_ 14
wi
T 12
3
0
L 10
Z
o °
2 s
£
(TR
i
o
0 f 1 f f f
17-1-23 10:00 17-1-23 22:00 17-1-24 10:00 17-1-24 22:00 17-1-25 10:00 17-1-25 22:00 17-1-26 10:00
Time
(c) BW3

Fig. 5. Time series of radon beta emissions at three groundwater monitoring wells.
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Table 4. Average beta emissions per 30 minutes according to measuring time steps at three groundwater monitoring wells.

Measuring time step BWI1 BW2 BW3
30 min 7.14 14.00 7.71
1 hour 7.15 13.99 7.71
2 hour 7.13 13.96 7.72
3 hour 7.15 13.96 7.70
4 hour 7.13 13.98 7.76
5 hour 7.13 13.98 7.72
6 hour 7.14 13.96 7.76
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Fig. 6. Comparisons of automatic measurements to 2017’s lab data.
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