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Radon Concentration in Groundwater of Korea
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Abstract

Radon concentration was measured in a total of 5,453 groundwater samples from wells across Korea.
The radon concentrations showed the values ranging from 0.1 Bg/L to 7,218.7 Bq/L, with a median of
48.8 Bg/L which is lower than those of other countries having similar geological conditions. The
distribution of radon concentrations was lognormal. The median value is high in the granite areas
(63.5-105.1 Bg/L) while it is low in the sedimentary rocks and Cheju volcanic area (16.0-20.3 Bq/L).
When grouping the groundwater with well depth, the median radon value is high in weathering and/or
upper bedrock zone (61.4 Bq/L) while it is low in alluvium and/or weathering zone (28.5 Bq/L). About
17.7% of the total samples exceeded 148 Bq/L of USEPA guideline value. The exceeding radon ratio
more than 148 Bg/L in groundwater is highest in Jurassic granite area, however, the exceeding radon
rates more than 300 Bg/L and 500 Bg/L are highest in CGRA area.
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Fig. 1. Location map and simplified geological map of the area.
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Fig. 2. The percentage of wells falling into different water use class.
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Table 1. Statistical analysis of the radon concentrations in the groundwater with respect to each geology.

Geology Samples Min. Max. Ave. Med. Stdev.
CSED 44 1.2 520.0 29.9 16.3 77.2
MSED 713 0.1 624.6 284 20.3 37.2
PSED 213 0.4 439.0 28.0 16.7 42.1

PRMET 1,497 0.1 2,393.5 94.7 52.5 135.0
OMET 305 0.9 865.8 68.3 40.7 107.1
CGRA 501 0.1 7,218.7 1414 63.5 372.7
JGRA 1,539 0.1 1,635.9 143.0 105.1 140.0

PRGRA 104 0.4 499.1 95.6 65.3 94.8
PVOL 60 0.1 94.8 19.3 16.0 17.9
NVOL 477 0.3 1,081.2 46.9 26.1 73.4

Total 5,453 0.1 7,218.7 94.4 48.8 163.7

CSED: Cenozoic sedim. rocks, MSED: Masozoic sedim. rocks, PSED: Paleozoic sedim. rocks. PRMET: Precambrian metarm. rocks,
OMET: Ogcheon metarm. rocks, CGRA; Cretaceous gr, JGRA: Jurassic gr, PRGRA: Precambrian gr, PVOL: Porous volcanic rocks,
NVOL: Non porous volcanic rocks
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Fig. 3. Distribution diagrams of radon concentration in the groundwaters of the area.

=] Z|sko] BHERF 2314191 7,218.7 Bg/Lt B HH-2 94.4 Bg/L= HAIA A5t 2he g X149
77,500 Bq/L (Salonen, 1994)2} H3F=Fel 183 Bg/L (NCRP, 1984)0] HI5|A = Lo Holct, AX 9]= 2|5Hof A
AeH 2= g A= A 9912 57,000 Bg/L (Morland et al., 1997), l=2 901 2] 31,900 Bg/L (Banks et al., 1998),
0]=-2] 59,200 Bg/L (Grave, 1989) 52 2(Table 2) 2= dhaf H| 127} AEH A2 5 shketolct, T3t =ty
of| M Al ZAME 43851 7,218.7 B/LE T T =& eh=glabe AEE 4 Q& A0 2 oAETh oA 20168 &
A = Alobro] eh=otd A A 4= 5,45371= =19 AL A3 o] HloAf= ofF] FE3E Holt,

Table 2. The sample numbers for radon analysis and the maximum radon values of other countries

Country Sample Rn (ByL)
Max. Geo.
Korea 5,453 (2016) 7,218.7 Gr
Finland 25,000< (2001) 77,500" Gr
Norway 4,000< (2001) 31,900? Gr
Sweden 110,000< (2007) 57,0007 Gr
USA 200,000< (2007) 59,200 Gr

1) Salonen and Hukkanen (1997), 2) Banks et al. (1998), 3) Akerblom and Lindgren (1997), 4) Grave (1989)
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Table 3. Concentration ranges of radon in groundwater from various locations

Location No. of samples  Range (Bq/L) Mean (Bg/l) Lithology Reference
Brazil 205 <1.2-3,542 57.7 (geom.) No dominant Goddy and Goddy, 2006
Finland 6,600 - 590.0 Crystalline bedrock Voutilainen et al., 2000
Norway 1,326 10-19,900 700.0 Crystalline bedrock Banks et al., 1998b
Poland . . . oo
(Sudety Mountains) 1,000 0.2-1,645 240.0 Gneiss, schist, granite Przylibski et al., 2014
Romama' 1324 06-112.6 104 Metamorphic, sedimentary Cosma et al., 2008
(Transylvania) (med) rocks
Althoyai El Tah
Saudi Arabia 1,025 0.01-67.4 4.5 Sedimentary rocks t Oyalb;gi(; anet,
Taiwan 512 0.67-40.7 2.2 (med.) Sedimentary rocks Han et al., 2004
USA 3,877 2-8,139.1 15:9 No dominant USGS, 2011
(med.
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Fig. 4. Spatial distribution of groundwater radon levels on a simplified geological map of the area.
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7}%} W2 o= TR Ak 1] HalA *1301 A 2|sl4=9] o) Fo] giely] TfE o2 sfA Itk (Morland et
al., 1997). o]e} Z-2 Ak 2|oha=0] 2hE St = ST T B8 7S Al LJeh Avh 2]ok=2] 2h= e
2 Fgo] wgat A} Qo A2 Axrt 71—»1& = S5t fHARE AMA I AAI$HH(Cook, 1999). &
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Table 4. Statistical analysis of the radon concentrations in the groundwater with well depth

15 m> 15.1-30 m 30.1-50 m 50.1 m<
N 142 271 206 4,204
Min. 0.37 0.90 0.10 0.09
Max. 1,480.4 928.4 1,086.0 7,218.7
Mean 64.0 104.1 118.2 94.0
Med. 28.5 61.4 53.2 48.5
Stdev. 152.6 1343 170.13 170.4
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Q=7 of 2] Yol A= 2= Q1A flaiAd mihitoll 289 el=d = A (7122 E 7HA 1L Q= -7 H -2
Zhu2ke] AR (712 A= A2 11 et 2|59 ke ko] whebA AR = 3ol AATHNIER, 2016). 9IE
S0l A ETE ZAATo] Hl-g&o] =11 wEbA] 2|619] 2l TeFo] =2 k2 o] e PRE O] 3-89 eh=dtE
AeF2]= ZF2} 500 Bg/L, 300 Bq/LOILKSSI, 1999), Z|5}4=2] 2= ghaFo] L Mol 3= 100 Bg/LO] (NHMRC,
2015), B|=+9] 7-9+= tiA|o]-8-"5 = (Alternative maximum contaminant level)ZA] 148 Bq/LO|™(USEPA, 1999),
WHOX 2008 AISFX] 24 100 Bg/LE A 2 LH(WHO, 2008) 20110 =75} tH(Table 5). oF217kA] = &
|40 ghEof thet AltA] = §lout X USEPA Q] AIREA]Q1 148 Bq/L-& HAIFE 7|22 APt 7Hsdo] Ath.

Fig. 304 K= Hie} o] i) A|514-20] 2h= b MR 2= T F-2.9] A|5hp7} ehi= fefo] B2 £0 = 2|94
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et webd] S A|ghao] e e Hato] 94.4 B/Lo| AT 54 48.8 B/LE Wow AA| A|5l4=0] eh=
gHFo] 100 By/LE 'd& 82 28.5%0]7 USEPA L] A|2H2]2] 148 Bq/L% Y H82 17.7%E Zol =) e 1
= o] 491291 300 Bg/LE e HI-E-S 5.6%°] 1 k2 90]9] A¢H](actional level)$! 500 Bg/LE Hx Hl-&-S
2.0%9|t(Table 6).

Table 5. International radon guidance levels (Bg/L) for drinking water

Australial” EURATOM? USA? Finland” Norway” WHO
100 100-1,000 148" 300° 500 100

1) NHMRC (2015), 2) EURATOM (2013), 3) USEPA (1999), 4) SSI, 5) WHO (2008)
“alternative maximum contaminant level (AMCL)

Table 6. Distribution of the radon concentrations in the groundwater from each geology

Geology Samples ILIBgL> 112-500BgL 85 8' ]13'q i 14%:;?“ 3 00];(;/53 00 5001 Bg/L<
CSED 44 14 27 2 0 0 1
MSED 713 177 449 81 4 1 1
PSED 213 61 128 21 2 1 0

PRMET 1,497 118 603 515 188 46 27
OMET 305 37 142 100 16 5 5
CGRA 501 46 162 185 56 24 28
JGRA 1,539 70 311 639 365 111 43

PRGRA 104 11 30 43 14 6
PVOL 60 18 38 4 0 0
NVOL 477 108 229 118 18 2

Total 5,453 660 2,119 1,708 633 196 107

AA| Z|ot=2] 2R=gtaFo] 148 Bq/LE Z3ol= HE-2 17.7%C| A9t 2| A 2 JLE5HH 2fo]7} Ao}, Z|514=9] 2t
= gleFo] 148 Bg/LE 5= H|-80] 71 =2 A28 JGRAA| 9 9] 33.7%°] 1 th-3-© 2= CGRA2} PRGRA A<
Z|5Fr9] 21.6%, 19.2%°]t}. Al PRMETJJr OMETA|Y Z|5}=9] 2h= gFFo] 148 Bq/LE Z o= Hl&-2 ZF

7} 17.4%, 8.5%°]ct. NVOLA| 9] 27H&-2 4.6%0]1 37} ﬂﬂo?x]@u ZTH8-2 0.8-2.3%°]H AFEabatet
(PVOL)A|S A5l 5 2He &ego] 148 Bg/LE Zok= Alsk= §1Sith 2h M= 3-8 7]554]91 300 Bo/LE

ZI5H= H-8-S CGRAA Y A5l A 71 2201 10.4%0] 31 T2 2= JGRAZ 9 2] 10.0%, PRGRAA] 9 2] 5.8%
olc}, WAl PRMET2} OMETA|Y Z|512] 300 Bq/L Z1HE-2 ZH2F 4.9%, 3.3%°|tt 2 90]2] A|otX]
(actional level)?] 500 Bq/LE Z5H= H-&-S CGRAX Y A|517T 5.6%%2 JGRA 2] <(2.8%)2] 287} H=tt,
PRMET2} OMETZ| % 9] 500 Bg/L 2382 217} 1.8, 1.6%°]t}. $HH 1,000 Bg/LE H+ A5k= 147181d] 0|5 6
707t CGRAZ| G of| 912 2tet. 2| A 2]614=2] 2h=2] 2F-2 IGRA A A|sl=0)| A =01 o= YA 0 2 Z|s}
U ehE o] w2 A o= Argo] |9 gtk eh= A|5krhe B CGRAAY 2|57 H =28 o ¢ tis]
M 571 57 Qs

Q=9] 2§ Aoty 5 eh=l] wele T2 Fa g AAS Ve = okl §lom 7l A|sk4-of aeke eh=e] of



A= Afolo] A7 & AFLEE AUsEY Q) AR ZUol= A|FEE Y47 0] 85t AFRSEA o] oF
15,000717} Qlet. et AL HaAdoll A 2 718 O] HA|q= o] 5she Y Fofl Aol o] B2, 7] &
Ap wffiZell ©F 26.5%2] AFA 1 go] AR B Y QIek(Yun, 2017). BHA 26.5% 0] AFAATE-S AR A
ol -85k H2|5o| 4 0] 2= gl 148 Bo/LE o= HIE-2 17.7%C1A4 13.2%E Wolx]7] wlZe] 148
By/LE o330l At RSEA A= gl H7|AE A o2 eheg A7 7| Bk 2204
O] 2] Foll o5t Al 2hi= AP ATNE =S4 0% o] 8 A7 It 148 Bg/LE 7 2¥she At il
Aol HisliAle 2t Ak oF wa 1to]l whebs] £7), SdE 5O R o' A & o] gt kS Hsllob &
Ao g2 wehenh, dut 7R 2|5hro] i fFgo] w2 7-polle g ol whebA] Bl & -8, BT o8, A

2t A AR 7T 5 ol So] ele £y Bask gk

=

545370 Z|ot0] 2hE SRS EAloto] U 2|oto] fEF B3-S mhotot it AR A|ohao] 2l Sl Ha
EHSAFELE B o Badee 94.4 Bg/L, SUE-2 48.8 Bq/Lo 2 9} H]S5H 2| AR LS 7h= Lalo]
Hlafj A F2 Holoh ) AH-2 10702 W3l o] B2t AlF stttz oA wrom, a7kl E6] 7]t
AR Aol A =k, Tt e3P S Aok elE SR o= st A o A]514-9] 2hE kel vlslA

= Sk A e X Aot g-E 4] A AR 2 VRS o) BhE ko] TP =2 -2 S = ket
g ol 1 7P W A AT B B8 ke 2 e A A|st49] 2l feko] USEPAS] AQt
A1 148 Bq/LE A HlE2 17.7%°]1L 107]] A1 F ZH&0] 52 A2 s A] o] i T 2] o2 B X ¢fo]
o] A|F s 98 2 st 2514571 9IQITh 148 Bg/LS 2 Tsl= Hl8-2 Frebr|abdetA] o) 7- Eqtout
300 Bg/L, 500 Bg/L ©]/3?1 118 2]5149] H]-&-2 CGRAA| H A D55 %—50}*1 ole] thgt A7t H st At

R4EA % 2|s}4o] 2hE o] Al S W e 2 5o
50 2 gte sk e A 7R Aok st =t o] 2| o] EXFA ) HA ol L= J—lgq S ﬂ%oﬂ w8 4] o217} ehEr
4 A7t BE5] gRe] A ol X odut ekl S0 2 5 F7hxAl} Wasiet,

H A1 =20161E HeA e o Aok - AFAHAMI A T-R-AEff AL NIER-RP2016-324° 2} SH=-2] A2}
LA 20168 “E5t AT A7 HE 081t Aok 2 - E-871& 7HE: GP2015-014-2016(2) €] A ¢ ot
Y= JHFYT
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