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Abstract

To assess the distribution and temporal changes in radon concentration within a region in Yeonpung-
myeon, Goesan-gun, known for elevated groundwater radon levels, we conducted a series of analyses,
measuring radon concentration and DTW (Depth to water table) at 2-month intervals over 12 cycles.
The investigation covered 10 groundwater wells and one stream within the designated area. The
groundwater in the central part of the region exhibited high radon concentrations, ranging from 37.0 to
2,675.2 Bg/L. Conversely, the peripheral zones displayed comparatively lower radon concentrations,
ranging from 10.6 to 37.9 Bq/L. This variation is attributed to the presence of granite porphyry that
intruded into the Okcheon Formation, forming a fracture zone and contributing to elevated radon
levels in the central part. In contrast, the peripheral locations, located within the Okcheon Formation
and away from the granite porphyry intrusion, demonstrated lower radon concentrations. The observed
significant fluctuation in radon concentration in the central area is associated with its low-lying
topography. The pronounced seasonal changes in groundwater levels contribute to the migration of
a OPEN ACCESS shallow, low-radon groundwater into areas with higher radon concentrations, explaining the observed

variations in radon levels within the central part of the studied area.
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AP SE F oh] 2R=(Rn™)-2 Ao lu B 0] B iRl 2ha(Ra™) ] AMY B2 TAfoh= 74, 75,
a0 £ Z|Alole. gkE ggo] =2 A[olrE -8 AT, B2 o 3.83Y R A2 WY& 2710, B Sl
WYoh= dutiatz Qlsf] w1 7Fs/dol =THINRC, 1999).
A5lr0] eh= e dAFA 0 & mefo] febEit ek oteol AHiE HHARE 2|5k0] 2hE A5 Bafelal of ] 2
of| oI5l ZJHiE- T71ol(Scheib et al., 2013) 2= RS IX]@E A7 wh2bA TS 4= QU Z]sl9] 2h= ke ot
9] 2= ool the AlskpA|ete] £, A[skao] Al A7t o)s A, Aok FSE Foll b JkS 7
TH L2 H Th(Przylibski and Zebrowski, 1999). ool whet 2|5l 5 2h= 11 SRS P 0] £, o] o A
W} ATAA SR} A EE BEE QJth Andrews et al., 1989).
sl 5 2he goll titt A= 1960 o WHE AR A%=-2 FH O 4345 o] ITNIER, 2012). Sii=
1990 2 E 1']—:'11 2ol Tt o 2 S o }‘11312/\]'7]' Y AI(NIER, 1999), 2007 HHE = Z=-0] npSA =
S} ohE gafo] 58 A0 EEIE 2|9 FO R A5l F ehE B AUEAFBE v UCHNIER, 2008). 4
b} AR S ] A G IR Aok 9L 2 22 5 9 2l

el YA} Ak, Asl - HE W At e Theio] gk A0 WAL, Aol 2 e
Tt 1P AR HollA] 7 kAL, SPeh R ]%O] T BT AL, A, A, o AL, dak AAIA
SollA =8t 53] Akt Wiet7 SRR A Aol AR 7‘] Skr52] 715%= E’rl:r: & AlH](Alternative
Maximum Contamination Level, AMCL) 148 Bq/L (USEPA, 1999)& 213t 71 0 2 K 1 E|SJTtKCho, 2017a). &, A%
H k= = F 3 ol Rt Aokl A 7} ENLSHF ]5}—r°ﬂ A 7P 2 210 &2 A FTHCho, 2018). 1
31‘/}”7] HE2 26l 5 2he ool tisl & 128]9] 274 Autz, Aok 5 ehs @0 /Aeu S A8 H
o} 5ol et AH= gldck
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AFAIH | A= T8 Tkt AFH Fole] Adlolth. 20128 A[sk T AFAIAVI =L 2ANA 1 <
S ShellA e=kat 2k el =71 a0 EA
7,217.9 B/L2 @A77 o] R 2t 3kaF 5 2|71

AFAH | A2 Ao & oz et =4
250] A= o] et HAE FAFY] A= 9F 200 mol A BEE FAT e
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3] 2 e A F7] 9 2Er|r] 805 e] shelEog2), Mel] SR, 1)
o[ 5-2 PIst oo 2 Ik shHeEo] F AL sl S A Sl O R oS tle it
3 RG-S WSl SPHEkRS ek Ol TR0 FHSIsH HEWAALE L mrahg we

o8 BV Wop] SR T2 SN kep) 02, S AP Lol AR AguIgt B wtsete] &
E 1

=] T
3 A7 FH g o] 59 F g2 A GHIe, WreR el W] sFHtetolth(Lee and Kim, 1972).
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(Kad) ®
. w C
Cretaceous Basic dyke Ly
(Kbd) & z
Granite porphyry
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@®  Sampling sites of groundwater and streamwater

SFE A 918 7150 AR AR} oI Rol 107] Ak B 1R A8k 1o1E S1al AL 120 m7t
x| B2 AGAFBAS1N0 2 TAL 30lk el o7) A5 TEE A8t ATE0 T AgET glon] T
782 8", A= 50~104 moltt. Az A A7 1= 97 F Alslre] 2he skl vlAlE G 2Aaslstr| ffsto] A &
Zojie 3 o A\ F o] Fo|Frt. Z[5k A=A F] 71712 2018'A 3-9HH 20208 1-9712|0]H, AlmAHF] 722
7N @lolet. AlmfiF= F 128]0u, @78 AP 1071 Askr3 5 47h= 122815 921 23k &, 470 Zlslr& &
271h= 18], 270 242} 62191 33]7F A mA1FE =35ttt A[okr5-2] A9 Table 13 2t

Aol Az Aol Woll A 5 HILE o] 85l 2[ske3 A4S 3~58]] oV Frdto] tie5-o] ~do] vl
FELEE 25, $40] 255 (pH), A7 EE(EC), §54H44DO) 5 8% 42 9] eHd 2K Barcelona et al., 1985)E <+
1 & Aot At ARAIFE-2 AR Aol L& 2[ske-5 Hhe Aol Glal, ARESHA] o= 54 A7 1= A[ek ofef 3~5
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590 - 232 249 - 238 - 0¥

2|5tREE 5k 0 2 §uE 7] 4G-E (baseflow) A|519] 2H= QFke 5% —5} | o8l ApELA 0 e LA 5}
A Z213(S1)olA sEda-E Aestelt. A BAHF 1HE2 At A]ixﬂﬁ 717D 7 AT 2% 123]900 18](2019.1)
ofl eHgsiA s RUE R ZH(SDH- 225 H F 70 m BolRl 47(S2)%t °]"|T(S3 2Pl = Al mAHFE shch

2he 248 A5 452 mL 9] 4438-8-9(Optiphase HiSafe3)©] ZH$]%1 22 mL HFo|Y(vial)= AF8-0FAE}. @R tubu-
lent flow) = 13+ Q19121 Q1 Z7|(aeration)= 2h= A2 Fo 7|22 Afig- A| 7|27 IAY6HA] Ae = -8 S 24
Stod 22 mL Hio| ol 8 mLE A=ttt A= & Hio| -2 E50] A3-8-8} 25147} F-H55] Aol =5 513t Hio|
o] ghflofli= Al =g} BEo] A5 AlRRE 71AfIste] AF = E 24 Afo] o] AR AFutE QIR ehEo] AAE HAT
= T = s

2= SFR2 A=A F 48 AU S A H A A 9] Oﬂiﬂ/ﬂﬂﬂ]_ﬂ:ﬂ(Quantulus 1220TM, Perkin-Elmer Co.)&
T B4kt AFHE Al =52 PSA(Pulse shape analysis) <=9 1000]14] Al2-8<1 8
2= HE sibA=0.12 Bq/L PTHNIER, 2012).

Table 1. Information on groundwater wells and stream where water samples were periodically collected

Well no. X Y Depth Radius Use object Remarks
(m) (mm)
181 36.77997 127.97584 80 100 Domestic Groundwater
181-1 36.77978 127.97517 120 38 Observation Groundwater
201 36.77889 127.97639 100 100 Agriculture Groundwater
206 36.78457 127.98132 50 100 Agriculture Groundwater
212 36.77772 127.97596 104 100 Agriculture Groundwater
213 36.76717 127.97510 80 100 Domestic Groundwater
214 36.77538 127.97644 75 100 Agriculture Groundwater
215 36.78283 127.98045 80 100 Agriculture Groundwater
216 36.77388 127.97513 100 100 Agriculture Groundwater
217 36.77980 127.97796 100 100 Agriculture Groundwater
S1 36.78023 127.97505 - - - Stream water
DTW &3

Aol 5 ehE Wt xjsigiste] BAE Hetsh] Siste] A2 Al DTW(Depth to water table) = Z514c)
DTW+ 2} 2|5l 95 7lo|A] Aol 4] sl (water table)7FA]2] A 2]o]tt. DTW Z78-2 OTT Hydronet Contact
Gauge(KL 010)= o]-85to] S5k

107] ZJot-3- ol A 270 Z[skr-gollA= 1FE 2 0 = 2REo] Yojut DTWE S7451A] ottt 271 A= A5k
FolA e HIIF AR E] o] QIA] ghobA] A= S70] 7Rt AlSkr-5(181-1)0llAl= M2l = A= AlskE Hl
SR o A ZREAI7IR 9 AREe S7851] ARR S AP
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FHA|A A[5lee] 2HE
2012'A Y42 2ot F AATAMIEE S AURAL A 2hE F| 8RS 25k3 20121 7,217.9 Bg/Loth. ©]
Steke S 2)510] Wt ek= gkl 94.4 Bg/L (Cho et al., 2018)2] 76.580 ). Tt 2|5k 201} Q143 2|61
1819] 2= 9t 1,025.2 B/L=Z =7 A& Hf et 2= ool =7 AZH A5k~ 201, 181 55 Ao}=2] 2}
S R 0OlS 9J5lo] o] Askra-a S 0 & HA-E 5 kel f1AIRt 8719 A|st-gatt 171 213 2] shdgol]
sto] 270 A 0 2 F 123]0)) AR A 2= e BATSI It (Table 2).
107]) ZJ51=goll A 123] 9] el g B4 Axt 2] 10.6 Bg/LolA] ]11.2,675.2 Bg/L2] W& W12 Hect 2|argt
2¢12,675.2 By/L-2 =] A5} Wt 2= §1f(94.4 Bg/L) 2] 2F 28wl st 91 #5153 201014 4w |1
02018 992] 1,207.4 B/L=E 2012d AHUZAR|o]| 451 7.217.9 Bg/L2] °F 1/6 A& =2 Ut Autzlo g
Z|5l9] 2iE R AR H 0] FUYE FHOR B HA-E 502 445 dlefo] Wg-S HRItK(Table 2). 3, Z|5}
4=0] 2h= ek 2z] o Zotof| 25 X|51F 181, 181-1, 201, 212, 217 SollA =] Yeht=d] 2|#9} 2|11 o
2 181-1°14] 7155 37.0 Bq/L2}2,675.2 Bq/Lo[t}. HHol| A2 e]of QIx|3t Z|sk4=3 206, 213, 214, 215, 216
= 2 10.6 Bg/LollA] 37.9 Bq/L 2] H9lel Bafsirt. A12]9 Fdoll x|oh= Aloke5-2] ghe H| 1 g=2 =1
= AIQFx] 2} v]= EPA ] A|QF2]11 148 Bg/L (USEPA, 1999)°] 18.11]|o]] i ol= HHH A512] S efto]] $1x]7t 2|5t
0] 2= | TSRS 148 Bq/L 2] 02680l 235}t $HH A2 Sl 1At AJsl=3 181-10f] 17 opd4=2]
ZHE SRS 1.1 Bg/LollA] 18.3 Bq/L2] H$lo]ct.
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Table 2. Bi-monthly measured radon concentration (Bg/L) of 10 groundwaters and 1 stream water over 2 years

Date 181 181-1 201 206 212 213 214 215 216 217 S1 S2 S3

2018.3 223.8 1,508.1 7899 10.6 1542 213 15.0 - - - 3.1 - -
2018.5 337.5 2,6752 1,1128 17.6 3492  29.0 31.6 23.7 19.4 - 53 - -
2018.7 4014 22122 8385 18.1 623.7 217 21.3 23.7 21.2 - 35 - -
20189  459.7 1,537.5 12074 198 4639 272 31.8 24.8 16.8 - 2.0 - -
2018.11 3902 784.1 7324 139 3316 272 30.5 - 24.1 - 39 - -
2019.1 1764 2,141.6 9551 135 2998 278 36.8 - 24.0 - 7.4 3.8 5.0
2019.3 1673 1,933.1 643.6 - 2459 19.4 26.7 - 20.9 47.1 6.7 - -
2019.5 270.5 377.1 1,162.7 155 7249 289 312 - 379 2,127.7 8.4 - -
2019.7 842.3 37.0 1,0029 152  593.7 216 37.8 - 289 11,0888 183 - -
2019.9 175.6  1,402.1 97377 122 4430 212 29.4 - 25.3 1954 40 - -
2019.11  986.0 735 9597 113 267.0 202 25.8 - 15.2 128.4 1.1 - -
2020.1 189.9 2,020.1 7193 143  225.1 16.7 18.3 - 22.5 41.8 3.0 - -

Fig. 2= 123]9] 2= gHefo] BA 5 212 Zof|4(Table 2) thE A 0 2 2019 5Q0]| BAH 2]5}5-0] ef= SR TS
LeRH 7o}, dtA] e Zoko]l YIX|-t A5k 181, 181-1, 201, 2129] 2= g2kS- 717} 337.5 Bg/L, 2,675.2 Bg/L,
1,112.8 Bq/L, 349.2 Bq/LE =t}. o] 23t 2= o2 e 2g]lo] 3P3A Y Z[ol4=2] Ht 2= 3= 700 Bq/L (Banks et
al., 1998), A|=F Maine = 2P A< 2|61~ Bt 2= <] 814 Bg/L (Hess et al., 1985)2} HIZ=5}T. HiHo]| A+



A of2te]| IA[_F 2|5k 206, 213, 214, 215, 2162] 2h= o2 2121 17.6 Bg/L, 29.0 B/L, 31.6 Bg/L, 23.7 Bq/L,
19.4 Bg/Lell Exste] Fgoll fIx[_E A5k-3-9] el= eFdat= & 2fo] 5 H_Ith Table 1914 Hi= v} Zo] ZAF T
Aolr-5-50] 224 E7F 50~120 m O] /912 2 2ol 7} glgol e -6t A9 St 2R o Z[olpr-5-0] ei=
el Zol7t 2 A2 Aol AV AE-& g ohe vl Aotk f-5a0 T vl 2.9] Zfolof| A 71]l1ske 2}
75Tk

Rn (Ba/L)
<33
33.1-100
100.1 - 300
300.1 - 900
>900.1

e @ @ 00

Fig. 2. Distribution of groundwater radon levels of the area (May 2019).

AR, AREA D} ASle2] 2hE ot

HEA717F o9 B BRE(Rn™?)2 S2RE(U™) AN Ald 5 skl 2HE(Ra™) o] W Byang YAEs gt
B gelgoltt S AR ko] v 7ol A1He 2] YT R s A3 7P 587 84 5 ol
2 AHHH(Scheib et al., 2013). == LRFH 0 2 ool vidofM #[ske 5 2he 0%1 Fom, BFetolt ¥y
E4QFS mjd 2 5k Aol F 2hE e W2 710 2 HAE[QJTH(Cho et al., 2018).

AR H& H3ESh= Z[ok=0] mid-e A E AR 25 SFA ]S (0g2)  Wlol7] 2Pt (Kgr)olth 57H2h
A e(Uy sHde1 5004 Tt 4.87 me/kgol L, SF2ToNA Bt 7.46 mykg©]rh(Cho, 2017b). A21%] 107] Aol
30 YA 22 B e Fo| X9k Fig. 1), 107] Z[5lr-5-2] Bt 2= ot 14.9~1,335.6 Bg/L HI$1= & 2fo]
£ Hol=t(Table 3), 7492 7he-H| Y1213t Asl5-0] Bt 2h= otgo] 7FdA] AR €-55] Frh(Fig. 2).

A2 Ul 1070 25k FollAl 181-1 ARAAFF-2 Alefotile Uha 79, Alold Ak, 12ked A= Sk 22
Allo] BeokA] etk 5 -8 AAE-8- 0 = /i 97 AJshg-2 5 Aot 5747 50~104 m O] =2 HE(Table 1)=
ERCHA, 971 2[okE-0] Al LhEo] HIQIN thE Aol Al W ek R s v A0 R FAE 1
2B 2 o5 A5lp-5-0. 2 O] ARAIGHO] FYUFE -2 AR 2 0 = whehent, whebA ZF 2J5ka0] e fge] Alol=
Zletgo] At udout ujd L2 RE 7|15t A 02 553 4= Qlrt.



o 2 U Ao SPASIOVAL S Sl G e A i St 355 el
oA =2 7102 H 1 E|QJTK Skeppstrom and Olofsson, 2007; Cho, 2017b). B3}, uranium vein mineralization< Q&+
02 5719 52014 2 km W17 Lol A0 2 1591 Seheib et al, 2013), 107] A5 80] 15 5p
2% Yol RIS, A7A 7hed] YAt Aek3 181, 181-1, 201, 212, 217 5 5712 A7A1 9 7=t o] 917]
S AI5k8-206, 213, 214, 215, 216 5 57 Alokr-5-9] 2h= el 2 2ol7 uhs 212 s el ol Eelet sPdet|et
o] H2 T 2R oM 7]lg A0 = Pk

22801 SJ) ekl A5l 2 ehE Fago] skl nle oJake sk A2 uteh AR 4 9lck 20199 19 77)
o AFF(S2), ZR(S1) 2 SHR(S3)E L 970 m 7V i1 sFdol A Aat Az 237 17te] A7]0)71o] At
g 5Pdof| Fg %= 712 fE(baseflow)©] HIF-Eolt}. S1, S2 B S39] 2h= 9td=> 217} 7.4 Bg/L, 3.8 Bg/L % 5.0 Bg/L
om S9N AR AT 151151 R SF5194 2 0] TH e, S S, BT

oIk Table 2). o R3] 4514 a179] SHE FRe 3.2 2he flakg 2 AJalder) okl ZRA dslo]
”EJ e !
% 2HE Heo] 7RI 718 R Aelgol A B, ZFAele] 91AIet Asia-gold e 2at gAfsick

o]
b

i)

fU

Table 3. Statiscal analysis on radon concentrations (Bg/L) of 10 groundwaters and 1 stream water

Date 181 181-1 201 206 212 213 214 215 216 217 S
N 12 12 12 11 12 12 12 3 11 6 12
Min. 167.3 37.0 643.6 10.6 154.2 16.7 15.0 23.7 15.2 41.8 1.1

Max. 986.0  2,6752 1,2074 19.8 724.9 29.0 37.8 24.8 37.9 2,127.7 18.3
Mean 389.9 1,335.6 955.6 14.9 380.2 24.0 28.9 244 22.9 604.9 54

Med. 3375 15081 9737 146 3492 272 312 248 225 1954 40
Std.dev. 2689 8468 1971 31 1646 43 6.7 0.6 65 8457 47
agHd 2h= Aok 2| Hel A5k A

=

Y 2h= 2ol 219 9] Z|spR]E2 Al /\]—,JJ—(181 1)2] A|F=Fof Z}E(NIER 2012)Z o] g5}tk Aol 2}
EOﬂ Ol A of| A A 5.2 m7HA]= WiHS, AEA 2o, Sk, MAkd 5.0 & A%k Ak 5.2~50 m= 2FdE]
F(og2) o= RS, Aelatast 2 Aelds % etol= SRtk Ak 50~120 m= ERA} 240
Hﬂ°17]§]-71—0}(g]- 1{}%} ot} m7re & j@f}ou $-1.3~3.3m¢Ql 371 0] mpfith7 L, 373ete] 7-9-0.5~10.1 m
FOFeE(RQD)°] 9% Y =& A5HA| Foke whafei7F &
ZHOH’J(Klm etal., 2014). A2 0] FTYAHELS ?qEZP‘E(”E 5.2~50 m)°| 2Fd2]Fol AR, AR A E(HE 50 m ©]
/\1-)_ 2}7}15}0}0]1:}

AF0te] Sr1oalglak e(U)ys shialEat sl7utere] & 7711 A% 37.2m, 46.2 m, 59.0 m & 63.0 mof|A] 2¢
7} 2.86 mg/kg, 2.53 mg/kg, 1.73 mg/kg 3 1.24 mg/kgo]l, SFFRIY 71741 A= 70.0 m, 88.2 m B 102.8 m 5ol
7.43 mg/kg, 14.8 mg/kg & 12.3 mg/kgO|tHKim et al., 2014). A|F=Zoto|A] FR19t sPde]S5-0] 571 e-ehadare w4t
ol 35k 2P P50 3871 A ollA =Rl FHeER e 544k 3.90 mg/kg et @AY A=A }011*1 el
SF SpgHtero] S7HeehE et MAt: et 1eb et 2570 A1 ol A ERIgt S7HEhaRtEel SYRL 8. /kgE
TF =T Cho, 2017b). =2 %2hgo WA B3] 4k 5 shtel7]ofl, f-ehe ool =2 Wi doflA ehe e ot
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AAAIFE(181-1)2] A= 71.9~82.0 m 7HAH At TS 2= A3 oPdere] uha ot B o =i v}
23l ohzo] MAHS whe} 58k Asio] ofa) 447 o5 4 Y= 27k 4 YTk Akerblom and Lindgren,
1997; Skeppstrom and Olofsson, 2007).

Al AAIF3(181-1)9] A& 10 m, 25 m, 35 m, 45 m, 55 m, 65 m, 90 m E 110 m 5 7712] Z]Zf|A B& 57 (double
packer)E ©]-83t 2|5l F Bl 7éJJ(NIER 2012)%=903.1~1,428.0 Bg/L H$]o|th(Table 4). 13Hd] 5719-2ks
o] Lk BFdeE T 5.6-50 m)oll 55R 471 T2k A|5150] SR T 1,200 B/L oS Belck, o] F
L IR SFAEE 5170 ASkp-g-o] 2= ok 57ke] 30.1 Bg/L (Cho, 2017a)T A712] 9] 7FgR1E]of] 91x]5 571

2515) 2R 31 10.6-37.9 By/L oI} o] she A A )
L5 A5l % 2he feo] F710Re T 2HE fego] 2AIA) WERHS olulehd gheg HolEny ol
T diero] ePdutetol A9t s e} gt 1 shELO| spbtetoll ] e et 770 o] whafrhzt 2] - 7 A o 2 AdE o] gl
3L, 2FE Ee] 2 SPRRRS M R Sk Z[skert m¢tof] ol AREstr] o, sPdRtet -1te] ohd AR-o] ekl S:
T2k Asie] R Wago] e Ao s,

Table 4. Groundwater radon concentrations by depth in well 181-1

Depth (m) Rn (Bg/L)
10 1,428.0
25 1,311.1
35 1,231.2
45 1,247.1
55 1,308.5
65 1,278.6
90 899.0
110 903.1

AE'E Asire] 2k=glE et
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Fig. 3. Bi-monthly DTW variations in three wells located in the central part (181, 181-1, 201) and three wells located on
the peripheral parts of the area (206, 214, 216).
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Fig. 4. Bi-monthly groundwater radon level variations in nine wells in the study area.
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Fig. 5. Relationship between radon level and groundwater overflow rate in well 181-1.

Table 5. DTW of 9 wells measured at 2-month intervals for 2 years

Date 181 181-1 201 206 212 213 214 215 216 217
2018.3 3.98 Overflow 1 16.2 4.72 - - - - -
2018.5 Overflow Overflow 1.05 15.8 4.46 - 6.01 - 2.95 -
2018.7  Overflow Overflow 0.88 15.67 5.57 - 6.2 9.11 2.92 -
2018.9  Overflow Overflow 1 14.82 4.34 - 6.17 8.89 2.93 -
2018.11 0.99 0.7 1.86 16.33 5.04 - 6.66 - 3.5 -
2019.1  Overflow Overflow 1.86 16.77 3.49 - 8.09 - 4.36 -
2019.3  Overflow Overflow 1.01 16.82 5.17 - 8.39 - 4.55 4.79
2019.5 4.49 2.3 3.45 16.78 6.85 - 8.46 - 3.5 -
2019.7 3.64 Overflow 4.87 17.05 6.64 - 10.04 - 4.67 8.77
2019.9 0.44 Overflow 1.22 16.54 5.11 - 7.59 - 3.62 5.11
2019.11 2.58 2.07 3.69 16.39 5.27 - 7.51 - 3.47 7.15
2020.1 0 Overflow 0.92 16.36 5.09 - 7.1 - 3.65 4.52
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Fig. 6. Relationship between groundwater radon level and DTW in well 206.
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