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ABSTRACT

Study on radon concentration measurement and risk

assessment : focused on Gwangju

Ju, Yong - jin
Advisor : Prof. Chung, Woon—-kwan, Ph.D.
Department of Nuclear Engineering,

Graduate School of Chosun University

Due to urbanization, industrialization modern citizens live most of the day
indoors. As time for activities indoors gets longer, the importance regarding
the pollution of indoor environment can be recognized and pollution of indoor
environment can be said to be an important factor which has a harmful effect on
human health. Contained in floors, ceilings or surrounding soil or walls of
buildings, radon of indoor air pollution sources seeps into the building gap and
comes into the body when breathing, increasing exposure dose and also causes
various cancers. For this radon, we were to investigate the distribution
characteristics of the radon concentration in soil and groundwater in Gwangju
and carry out a radon investigation for Gwangju through the feature analysis of
indoor radon concentration and building materials.

Radon contained in groundwater through 25 tubular wells was measured and as a
result, radon of 1 tubular well is 121.76 Ba/L, exceeding the WHO criterion (100
Ba / L) and that of 20 tubular wells exceeded U.S. EPA drinking water standard
concentration(11.1 Ba/L) and higher radon concentrations were shown in tubular

wel Is whose basement rock is granite.
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In the case of radon among soil pores, the measurement was performed targeting
28 points and average 25,000 Ba/m’ level was shown and some points showed
maximum 125,365Ba/m®> and generally, higher radon concentrations were shown in
granites.

For building materials, three kinds of cement and three kinds of plaster tex
were analyzed and plaster tex and cement showed the radon radiation of 47.07 ~
232.78 Ba/kg - h and the radiation of 7.25 ~ 10.15 Ba/kg - h, respectively. Radium
equivalent activity, external exposure hazard index and absorbed gamma dose rate
through HPGe analysis also showed less than the standard value.

For indoor radon, 10 households out of 74 households exceeded 74 Bag/m’, a US
recommended home repair figure and even if one of them exceeded indoor air limit
148 Bq/m®, the average is 42.5 + 29.8 Ba/m®, showing a figure lower than the
national average.

These radon distribution characteristics of Gwangju were examined and as a
result, risk seems to be insignificant except for groundwater but given that
most water intake points of groundwater exceed the US drinking water standard,
drinking limit, reduction and measures seem to be urgent when approving and

permitting groundwater tubular wells in granite bedrock areas.

- Vi -
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Table 1. Decay characteristics of the short—lived daughter nuclides with Rn222[13]

Main radiation energy and release rate(y)

Radio Al
nuclid S a-ray B-ray Yy —ray
es Energy Max—Ener Energy
y (%) y (%) (%)
(MeV) ay(MeV) (MeV)
Rn  3.824d  5.49 100 - - 0.51 0.07
ot 3.05
Po _ 6.00 100 0.33 0.1 - -
min
» 6.8 1.02 6 0.35 37
Pb _ - 0.70 42 0.30 19
min 0.65 48 0.24 8
19.9 3.27 18 0.61 46
2140 :
Bi _ - 1.54 18 1.77 16
min 1.51 18 1.12 15
2Upo 164 s 7.69 100 - - -
ZRps BIAD| 3.82 Y2 MRAKNE UMHA 2160 Z25-218(°"%P0)2 =0,
ZUpo= BEAD| 23.3W 01 H-214(*MPp)2 21I6t1D, MPos oHAE PppniXl 21I6H U
2L OIS = #R/ndt =& DEA02 =E5IH Po-210 NHX E21dt= S0 1.0 Bg
S 34,620 MeVY ZMA LMOILHAE USSECOID LHAM UCM, YBtEoz 2=
0.03 Bg/g Ol E&E E242 1000 ~ 2000 Bg/m® 2 2t=2 Y )| S22 =6}
[14]. 0l245t 2t=0 MHEZS2 SE Al HOl & ARG HEX &2 I
SHCH. 019 20l HI=Z=0| X o2 &ATMH HA0 SLE £ Y= 2AH0IC
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Figure 1. Uranium (U 238) decay map[15].
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Thorium (Th 232) decay map[15].
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Table 2. Radon Risk if youl[17]

If 1,000 people who

The risk of cancer from ;
Radon smoked were exposed to WHAT TO DO:Stop
Level this level over a radon exp?gure comparss Smoking and ...
lifetime... e
. About 260 people could 4250 times the risk of .
20 pCi/L get lung cancer drowning Fix your home
: About 150 people could 4200 times the risk of :
10 pCI/L get lung cancer dying in a home fire Fix your home
5 About 120 people could 430 times the risk of
8 pCi/L get lung cancer dying in a fall Fix your home
’ About 62 people could 45 times the risk of :
4 pCi/L get lung cancer dying in a car crash Fix your home
. ; Consider
: About 32 people could 46 times the risk of T
2 pCi/L get lung cancer dying from poison flgégggeég??E 2
1.3 pCi/L About 20 people could (Average indoor radon (Reducing radon
= i get lung cancer level) levels below 2
: (Average outdoor pGi/L is
0.4 pGi/L radon level) difficult)
Table 3. Radon Risk if you' ve never smoke[17]
If 1,000 people who T HiEE &F
Radon smoked were exposed to i Baol vmisicel '
Level this level over a frognomr;adroens etzposure WHAT TO DO:
lifetime... i
: About 36 people could 435 times the risk of :
20 pCi/L get lung cancer drowning Fix your home
; About 18 people could 420 times the risk of ;
10 pCi/L get lung cancer dying in a home fire Fix your home
; About 15 people could 44 times the risk of 2
8 pCi/L get lung cancer dying in a fall Fix your home
; About 7 people could get <dthe risk of dying in ;
4 pCi/L lung cancer a car crash Fix your home
. y Consider
! About 4 people could get dthe risk of dying :
2 peifl : fixingbetween 2
lung cancer from poison and 4 pCi/L
1.3 pCi/L About 2 people could get (Average indoor radon (Reducing radon
<= lung cancer level ) levels below 2
; (Average outdoor pCi/L is
0.4 pCi/L radon level) difficult)
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Figure 12. Radon Vision Program.
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e
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Figure 13. Correction calculation program.
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Table 5. Hour ly measurements radon concentrations samples

Natural
After sampling Attenuation in
Measurement )
the elapsed accordance with Measurement error
. (Ba/L)
time(hr) the actual survey
(Bg/L)
1.4 26.42 - -
7.2 24 .47 25.29 3%
24.9 20.13 22.12 9%
31.3 18.87 21.07 10%
48.4 17.72 18.52 4%
77.8 13.94 14.82 6%
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Figure 16. Gwangju underground water intake point.
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CHOSUN UNIVERSITY

Figure 17. Analysis schematic estimate underground water radon levels[48].
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Table 6. Radon concentrations in underground water sources

Theoretical
Water Measurements Elapsed time initial radon
sources (Ba/L) (min) concentration

(Ba/L)
W-01 48.65 130 49.46
W-02 32.46 54 32.73
W-03 42.38 54 42 .67
W-04 11.79 62 11.88
W-05 26.32 60 26.52
W-06 37.78 75 38.60
W-07 119.16 170 121.76
W-08 3.93 622 4.25
W-09 82.11 97 83.12
W-10 39.01 1133 45.03
W-11 11.46 390 12.04
W-12 12.55 335 13.10
W-13 11.23 350 11.73
W-14 4.17 260 4.308
W-15 47 .64 59 48.00
W-16 16.37 115 16.61
W-17 20.17 94 20.41
W-18 8.86 103 8.98
W-19 26.09 520 27.87
W-20 26.42 82 26.70
W-21 57.16 640 62.23
W-22 11.45 390 12.02
W-23 3.53 69 3.55
W-24 27.24 150 27.76
W-25 3.51 197 3.61

_29_

Collection @ chosun



1

W we

Figure 18. Underground water intake point and geologic maps[28].
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Table 7. Gwangju geological data
time
Quarternary
Period
Precambrian
age
Jurassic
period
period

14.5%
Cretaceous

Geological

0l

%
27.8
16.5
35.6

LIthofaci
es
Qa
PCEsgragn
Jar
Kiv

(Table 7).

Collection @ chosun
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Table 8. Underground water radon concentrations

GM + GSD(Ba/L)

stratum

LIthofacies

7.80 £ 4.88

al luvium

Qa

17.40

36.14 =+

Sobaegsan granite gneiss
complex

PCEsgrgn

39.37 + 33.42

13

Dabo intrusives granites

Jar

16.95 = 8.02

Yucheon group Intermediate to

basic volcanics

Kiv
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Table 9. Gwangju underground water radon concentrations

Theoretical initial
Water

Stratum radonconcentration

sour ces (Ba/L)
W-01 Dabo intrusives granites 49.46
W-02 Dabo intrusives granites 32.73
W-03 Dabo intrusives granites 42 .67
W-04 Yucheon groupvéTénggg|ate to basic 11.88
W-05 Yucheon groupvéTénggg|ate to basic 0652
W-06 Dabo intrusives granites 38.60
W-07 Dabo intrusives granites 121.76
W-08 Dabo intrusives granites 4.25
W-09 Dabo intrusives granites 83.12
W-10 Dabo intrusives granites 45.03
W-11 alluvium 12.04
W-12 Dabo intrusives granites 13.10
W-13 Dabo intrusives granites 11.73
W-14 Dabo intrusives granites 4.308
W-15 Dabo intrusives granites 48.00
W-16 Dabo intrusives granites 16.61
W-17 Yucheon groupvéTég;ng|ate to basic 20 41
W-18 Yucheon groupvéTégngg|ate to basic 8 98
W-19 Sobaegsan granite gneiss complex 27.87
W-20 Sobaegsan granite gneiss complex 26.70
W-21 Sobaegsan granite gneiss complex 62.23
W-22 alluvium 12.02
W-23 alluvium 3.55
W-24 Sobaegsan granite gneiss complex 27.76
W-25 alluvium 3.61
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70~100 em

Figure 19. Soil radon measurement Scene.
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Table 11. Soil radon measurement points

No. Samp|e Llthofacies No. Samp|e Llthofacies
point point

1 S-01 Jar 15 S-15 Qa

2 S-02 Kiv 16 S-16 Jar

3 S-03 Kiv 17 S-17 Jar

4 S-04 Kiv 18 S-18 Jar

5 S-05 Kiv 19 S-19 PCEsgran
6 S-06 Jor 20 S5-20 jar

7 S-07 Jor 21 S-21 Jar

8 S-08 Qa 22 S-22 Qa

9 S-09 Jor 23 S-23 Jar

10 S-10 Jar 24 S-24 PCEsgrgn
11 S-11 Qa 25 S-25 PCEsgrgn
12 S-12 Jor 26 S-26 Jar

13 S-13 Jor 27 S-27 Jar
14 S-14 Jar 28 S-28 PCEsgrgn
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CHOSUN UNIVERSITY

Figure 20. Soil radon measurement location.
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Figure 21. Soil radon measurement location and geologic maps.
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Table 12. Radon concentrations measured by the point

Collection @ chosun

No. Measur ing Llthofacies Rado? Thor??
point (Ba/m’) (Ba/m")

1 S-01 Jor 14666 + 967 17451 + 959
2 S-02 Kiv 23275 + 223 10642 + 319
3 S-03 Kiv 12384 + 1081 16820 + 566
4 S-04 Kiv 6540 + 830 7573 + 312
5 S-05 Kiv 5160 + 840 279 £ 19

6 S-06 Jor 49833 + 764 11215 + 458
7 S-07 Jor 56552 + 1548 31447 + 1065
8 S-08 Qa 7676 £+ 946 17295 + 808
9 S-09 Jor 8223 + 970 33657 + 1022
10 S-10 Jor 8608 + 1367 63247 + 866
11 S-11 Qa 38385 + 1371 60704 + 1048
12 S-12 Jor 32772 + 2000 44829 + 1049
13 S-13 Jor 14679 + 1368 12234 + 968
14 S-14 Jor 15799 + 940 15178 + 797
15 S-15 Qa 4602 + 720 12624 + 375
16 S-16 Jar 48125 + 1677 44812 + 1612
17 S-17 Jar 10528 + 1572 17982 + 725
18 S-18 Jor 6752 + 919 26620 + 2155
19 S-19 PCEsgrgn 37400 + 1679 18443 + 919
20 S-20 jar 4347 + 528 16978 + 539
21 S-21 Jor 16786 + 1011 27600 + 1064
22 S-22 Qa 31426 + 978 24120 + 1953
23 S-23 Jor 8215 + 1207 14652 + 919
24 S-24 PCEsgrgn 15212 + 1357 41370 £+ 1096
25 S-25 PCEsgrgn 12832 + 1497 39956 + 1508
26 S-26 Jar 125365 + 3213 25866 + 785
27 S-27 Jar 29103 + 2429 40558 + 2031
28 S-28 PCEsgrgn 57478 + 1761 64716 + 1516
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Table 13. Geological soil radon concentration

Radon Thoron
Llthofac
o8 Stratum N M £ GSD M + GSD
(Ba/m°®) (Ba/m°®)
Qa al luvium 4  20522.5 + 16896.1 28686.3 + 21861.2
Sobaegsan granite gneiss
PCEsgrgn 4 30731.0 £ 20984.6 41121.6 £+ 18907.3
complex
Jar Dabo intrusives granites 16 28147.4 £ 30881.6 27770.9 £ 14655.2

. Yucheon group Intermediate
Kiv to basic volcanics 4 11840.2 £ 8241.2

8828.8 + 68/5.8
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CHOSUN UNIVERSITY

Figure 22. Analysis schematic estimate soil radon radon levels.
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N 4 & AT testSH
1. S8 &H| ¢ gy
Jl. t=2LIH
Not & EX 2IESHN AFEst #H|I2!I RTM1688-2 HHIE 0|EotA L.
L. & &
QRO HEM HEAIIID SHIF JiscotEs 2= < ZHIF Jlsst HICIotY
(500 m¢) L OF3E BtA(216 £)E 0|20t LEAIZ2 =EXHE =SHOIULEH.
Ct. AIE
ANEE ZFAW 2 A4S AJNA PoI 20 *"i@?[%](}ilkl THEAE alE
= clestll =4 U2 AIEE oz AIHEQ BIAE MEGITRCH, ANEE
HEALE Zelotd 2SI LCE.
Table 14. List of construction material samples
No. Sample Mass(g) No. Sample Mass(g)
1 Cement A 184 4 Tex Gypsum A 1287
2 Cement B 194 5 Tex Gypsum B 1276
3 Cement C 269 6 Tex Gypsum C 1272
ct. &E
HIY 2t=JtA2 XU SHXE Fot)| RotH 2 AIEE 2tEIALS LAE2 AlZE
of et HESICHY JIEES ot] G 201 g 2= QACH46].
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O SEEZ=™
L2 SARAD Radon Vision 403 [RTM185.3.20 2011 1841 _ 3 31,2011 12-4103] | =]

o (e R 1~ [ SR P B - |

Timea: 2011-05-27 P I 64 Radon BEIHGH M amooihad) 22l 5L 1000 mbar

kit FTM1ERE-2 SH- 143 fomage 624 BalmTFE [Fadon =
Daia Ancarde 10 Erpomus 6245 Bghim

Sarpl Pwicd 20524 2 E 11241 - 20010524 28 St Taxt PNI-05-24 2 11:41 Soroieg

Expims Torme 100} becss Erd Tazt 2010524 2% S41 [FEETE <]

Figure 25. RTM1688-2 instrument program Radon Vision4.

SHOIZ)HOZ= RADON VISIONAE AtEotH =
Mode= Continuous, Radon Mode= Fast ModeE AtEZGHA
2SS 95%=2 AFO6P91'EP[24].

ool e A&:J19 dA&Es =
C=N/T(xS) =3 cts / (60 min * 8 cts/minxkBa/m’))

= 0.00625 kBq/m® = 6.25 Ba/m’

Aot D HEIl HME2SZ= Pump
°on, 602 HESH WE AlZ
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ct=2UEH 2AZ0 HDEA9 A KA HIS0l 340.55 Ba/kg - h& JtE =2 ot
ELAMES 20l UK, AHES HS DAF MSB0l 10.15 Ba/kg - h2 Jt&E =2 et
=2AES 20110 UCH. 0l2fs 2he L=0A ZAE ASHE2 LES 4HE
M, 802CE 591 ~ 6.15 Ba/kg AIBIE 2.44 ~ 2.72 Ba/kg[44]%t HIL Al &Z35| =
2 g2 20l UL

Table 15. Tex Gypsum radon release rate measurements

A B C
Radon Radon Radon
Radon emission Radon emission Radon emission
(Bq/m’) rate (Ba/m) rate (Bq/m) rate
(Ba/kg - h) (Ba/kg - h) (Ba/kg - h)

Radon 18.45 £ 10.08 47.07 .47 £ 18.88 23278 4452 + 16.62 11491

Thoron 13.78 = 3.80 35.15 19.75 £ 4.40 50.82 17.09 £ 5.4 44.11

Table 16. Cement radon release rate measurements

A B C
Radon Radon Radon
Radon emission Radon emission Radon emission
(Ba/n) rate (Ba/r) rate (Bq/m) rate
(Ba/kg - h) (Ba/kg - h) (Ba/kg - h)
Radon 204.7 £ 24.0 10.15 195.9 £ 25.2 7.33 213.9 £ 6.5 7.25
Thoron 28 +57 1.39 34 £ 8.5 1.60 108.2 £ 2.9 3.67
— 49 —
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3. HPGe =421t

Table 17. Construction materials HPGe results

Cement (Ba /kg) Tex Gypsum(Bg /kg)

A B C A B C
K-40 290.56 262.09 852.03 93.57 88.24 91.97
T1-208 9.09 8.74 11.12 - 3.29 2.41
Bi—212 33.46 28.66 39.49 - - -
Pb-212 23.27 24.15 27.01 2.1 9.68 8.95
Bi—214 37.25 27.85 29.45 20.48 154.15 117.91
Pb-214 40.60 28.22 32.10 23.58 153.36 123.35
Ra—226 67.76 49.92 45.37 2.13 156.15 146.45
Ac—228 27.60 25.63 34.75 - 10.38 -
Th—234 29.43 17.22 - - - -
U-235 - - 9.14 1.29 16.05 8.90

A

SASEHIIE <ol HPGe EAZUE Sl 22 HESTE JIFEL=z cssitsk
(radium equivalent activity, Rae),2lSREAMS HoHClXt(external exposure hazard
index, Hex) 2t Z0tZAS E4-&2FZ (absorbed gamma dose rate, D)= ?otRACHA43].

c
-

ct&

rr

Ct

0l0

AlS 0I2otACH34] .

on

It

O

Ra ,,= A g+ (A ;,x1.43) + (A <0.0077)

ODIA, Ama, Am, Ac = AlZ2 #Ra, ®Th,“K sSZ(Ba/kg)OICH. Ra2 2t=D 1
GEHEQ OE QAEL0IESTI RSN SN UOH, Rall OHMEH AIES 9
ol =0 370 Ba/kgS Y Xl 2LO0FOF 8CH34][35]
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QEUAIS EGHOIRIE OIS AlS 0|E56I%CH.
_ CRa CTh
H..="370 T 959 " 4810 =1
OIIA, Cra, Cr, Gk = Al29 2%Ra, *Th, *K SE(Bq/kg)OIE He= Raeq 240l
Raee@ ZEICHtDt LXIBICID MEM Rag AOE LA 2122 Hy 22 1 0I8H0ICH
[34][35].
LOISAIS O Q8 SAMUES T YAlS & BIZE HUER, JHSAILSE
0l EMots A Tm DA H2lo 2AO2 UNSCEAR EDAME EW2 OS2 Al
20| HAZIACH. OIIIA *Ra, #2Th,“KZ MIQE KIHEAIN HES 2AIGHACH
%Ra, “°Th, ‘KOl YAISSZO| st sHAHOIXI2 “Ra @ 0.462 nGy/h(Bg/kg)
Z2Th LM 0.621 nGy/h(Ba/kg)™ ,K LM 0.0417 nGy/h(Ba/kg)”' =H=ZotACH36].
UNSCEAR.20000]l 2OI3t8 X ZLDILAINOR gt= 2| BI| = Q8 SL:MAE9)
212 18 ~ 200 nGy/h (HZ 79 nGy/h)2 RIAIGtD QUCH.
20tEALE BE2H

D(nGy/h)=0.462C 5, +0.621C ,,+0.0417C ,
== (Ba/kg)

0IIIM, Cra Cr. Cc = AlE2 #Ra, *Th,*K
=59 &= nGy/h OICH43].
AHIEQ A7) EIAN ot #HE=SE =& 20 IIES 2SS IHsE (Ras)
HOEt 21 AIMES H<S 89.70 Ba/kg ~ 110.56 Ba/kgll HRIZ2 LIEItSM A1 &
Aol 42 5.85Bq/kg ~ 170.67 Ba/kgl HI2 LIEFGCH
QIEYUAM FHO K (He) = AIHES] AL 0.28 ~ 0.432 HIZ LIEHR0 A1
BlAOl AR 0.03 ~ 0.482 HAR LIEIGSH,
20tLAIS ELXHZE(D)2 AIMES FL 50.39 nGy/h ~ 77.14 nGy/h2l HAZ Lt
EttO0 A1 &A9 A 6.19 nGy/h ~ 81.83 nGy/h2 HAR LIEGCE.
5y -
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Table 18. Construction materials risk assessment

Sample Raeq(Ba/ka) Hex D(nGy/h)

A 110.56 0.35 61.04

Cement B 89.70 0.29 50.39

C 99.48 0.43 77.14

A 5.85 0.03 6.19

Tex Gypsum B 170.67 0.48 81.83
C 159.96 0.45 77.05
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2 dH30 AlEE 2EE2 (F)LAHIANN AssteE HEez DHMHIEHED|9
=0l Cellulose nitrate(C6HB0IN2) H &2 LR-115 EIY ZE WEHQ! filters &
&8t Close type Ct=ZS 0|20l CH. WEYHIQ filters 2t=XsE L E20| =24
LHE2 &AatC= 218 X0t 2t=0 SEXNOZ HEZ 84 EEL T2 HH37]
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AXIIZ2E D] S0 =&A2! 2= LR-1155 AEAINWA 10% NaOH EHS 0|2
ol 60T, 15022t StstMOoZ & 2 HXEX = CCD-cameraZ 0|2 HIE S 20084 &t
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4
Figure 27. Indoor radon cup attached example.
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2. Al ct=sk AEZEN

BB 5 95 MEE F S 8MES, AP BHES, 27 7S, =7 9
S, BUT GHE 5 380 BIS 74 0| 50 IHR U etEsE NS 288
27 425 + 208 Bo/r’Y HREEES UEIIASO, 74912 = 1004 J120F 74

o ES
Ba/m’S EUSYCN, 1 = 1R SEFEHiME AW 2EHDSE(148 Ba/m’)

NW

Table 19. Administrative districts by indoor radon concentrations

ii?ﬁjf Bq /1 ii?ﬁjf Bq /1 ii?ﬁjf Bq/m3 ii?ﬁjf Bq/m3
H-01 33 H-20 34 H-39 17 H-58 48
H-02 20 H-21 37 H-40 79 H-59 55
H-03 25 H-22 36 H-41 22 H-60 38
H-04 45 H-23 18 H-42 6 H-61 19
H-05 19 H-24 45 H-43 18 H-62 19
H-06 19 H-25 33 H-44 34 H-63 23
H-07 80 H-26 18 H-45 19 H-64 50
H-08 113 H-27 83 H-46 33 H-65 8
H-09 4 H-28 53 H-47 42 H-66 19
H-10 66 H-29 35 H-48 40 H-67 74
H-11 64 H-30 29 H-49 38 H-68 184
H-12 82 H-31 15 H-50 61 H-69 48
H-13 19 H-32 30 H-51 85 H-70 26
H-14 37 H-33 32 H-52 54 H-71 58
H-15 69 H-34 11 H-53 70 H-72 16
H-16 69 H-35 96 H-54 31 H-73 105
H-17 69 H-36 25 H-55 11 H-74 17
H-18 50 H-37 39 H-56 20

H-19 59 H-38 21 H-57 23
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Figure 28. Indoor radon concentration distribution.

HFEHEZ &4H = 2

b CHAICH €49 A2 40 + 27.4 Bg/m® OIIIESl &AL

39 + 22.6 Bg/m’ StSFEO HL 39 + 22.6 Bg/m’ 2 HAZS LIEFGLCH. (Table 20)
Olader 2lte JIE U= 220t 201 S=F8e I UE FHEE M H
ot =2 =&2 cdt=stE 20l= As =#2g = ULt

Table 20. Radon Concentration in Living

. Radon (Ba/m’)
Dwel ling pattern N
M £+ GSD Med
Multiplex house 11 40 + 27.4 31
Apar tment 51 39 + 22.6 34
Detached house 14 58 + 47.1 52
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CHOSUN UNIVERSITY
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