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A Preliminary Study on Soil-Gas “’Rn Concentrations
Depending on Different Bedrock Geology

Hyun-Kuk Je*, Chigu Kang* and Hyo-Taek Chon**

ABSTRACT : In order to investigate soil-gas **Rn concentrations, Kwanak Campus (Seoul National University), Boeun
(Choong-buk) and Gapyung (Kyonggi) areas were selected and classified depending on their base rock types. Radon
risk indices of these study areas decrease in the order of Gapyung>Kwanak Campus>Boeun areas, and in the order of
tock type as banded gneiss>granite gneiss>granite>black slate-shale>mica schist>shale-limestone>phyllite-schist. Radon
emanating trends with water content and grain size of soils were assessed by modified Morse 3 min. method. Radon e-
manation increases with the increase of water content in soils which is lower than 6~16 wt.%, and decreases in the
range of higher than 6~16 wt.%. It shows that Rn emanation increases with the decrease of soil grain size. Ra-
dioactivity analysis of radionuclides of 2*U series in some soil samples shows that radioactive disequilibrium state
between ***Ra and **U exists owing to different geochemical behavior of each radionuclide, and, it is necessary to carry
out radioactive isotope geochemical approach for soil-gas *’Rn study.
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7] (photomultiplier tube)<l 43384 (scintillation cell)
oAlA &4 == 4ot} (Durrance, 1986). E7}49]
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Fig. 1. Geologic map and sampling location of Boeun area (modified from Kim et al., 1977).
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Fig. 2. Geologic map and sampling location of Gapyung area (modified from Kim er al., 1974).
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Table 1. Average and range of *Rn concentrations and surface radioactivity in Kwanak Campus, Seoul National University.

Mean Median

No. of samples

Geo.mean Range

(>1,350 pCilL)
*’Rn (pCi/L) 822 669 110~1,426 1
Surface radioactivity (cpm) 79 71 30~120
No. of samples : 10
N 222~ N surface
A Rn™(pCilL) A radioactivity (cpm)
& 0-270 ® 050
ad »7. @ 270-540 s @ ® 50-100
“ @ 540-810 - @ 100-150
. o @ 8101080 . Y @ 150-200
@ 10s0-1350 @ 200250
@ 1350 @ =
. s ®
] o,
#4 #4
#10 #10
31. GI' ‘1. Gr
@ @
] . w@
s 50m o Bo0m

(a) Soil-gas “’Rn

(b) Surface radioactivity

Fig. 3. Soil-gas **Rn concentration and surface radioactivity map in Kwanak campus.
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EYIA E #RnsE &

Mgt Aes 2| de] Boylx & PRoFs 2
AFHAPES &3 43, PRnol ERWUYE 110~1,426
pCI/L, B s=e 822 pCi/LE Uiz ATl sghe
30~120 cpme} Bl B 79 cpme VERE o1 107] A]
8 F Vhe Alggo] 1,350 pCi/LE 23381t} (Table
D. EFE 5 “RosEs AR 232 Ay
Bl AgR|ge] F2HA Al o8] Tl 3ol
BURE 2 Zo2 fadEt) (Fig 3). €8 EQ7laA]
Fojal vlwE e "Rn¥Ert 2H=HYEY ol8d 13}
A AL Hew 2x 99 7]uigte] B7detol) wiEe]
2 ) s70eke] 739 ko) YAEAAS dulEo g
U9 sxr} Eon, SEdikeo] 15%, eFEwalsol &
ARFE 4x107° pCi/g A== 71eF 349 2 BA <o) 1)
3 7Pt =2 gE ga deA o, s3] e
EFZAAY] WAL oF 1.6 pCi/gE B WAzl 3

Table 2. Average and range of soil-gas **Rn concentra-
tions, surface radioactivity and U in soils from the Boeun
area.

Mean  Median Geo.mean Range

“Rn(pCi/L) 606 499 532 180~1,293
Surface radioacti- 98 80 79 20~260
vity (cpm)

U (ppm) 6.1 6.4 6.1 3.1~9.6

No. of samples : 23

o] 7o A=R dHA gk (Barretto, 1972).

Boxldel Eoyta & R R 9D X TS
423, AA 2309 ELAAE F PRosEs}
1,350 pCi/LE =33 Alg2E gilew Eoka =
“Rne] HHWHE 180~1,293 pCi/L, HAEEE 606
pCi/LE& Vet om, 2] F b ghe 20~260 cpme] 8
Aol B 98 cpme VeI (Table 2). o] & 7]uket
dz BRe, SLAUCE *Roe) 3557} 464
pCi/Lelm, BSAIthel| A= & 793 pCi/L, PSX djell A
© B 328 pCi/Lol 1, A FHALE 7S] 22 SLA o
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Table 3. Mean of soil-gas **Rn concentrations, surface radioactivity and U in soils derived from different base rocks from the

Boeun area.
Bed rock - ] Surface No. of samples
Ra(pCi/L) radioactivity(cpm) U(ppm) (>1,350 pCi/L)
SL* (N**=6) 464 83 6.4 0
BS (N=120) 793 113 7.0 0
PS (N=5) 328 78 38 0

* SL : Shale-Limestone, BS : Black slate-Shale, PS : Phyllite-Schist
** N : No. of samples

N 38°31' 45" Rn?%2 (PCinL)
A sL % # ® 0270
#4 @ 270-540
]
1 '{#z # @ 540810
#3 @ s10-1080
#18 1080-1350
¢zl (e
23 >1350
#8 2} }19 .
#0® @ [*Zg Pio
#1 1
BS
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#16
#
‘3 #15
14
36° 27'30"
127° 34 10° 127° 37 30"

—— )
0 1 2km

(a) Soil-gas *Rn

N 36°31' 45" surface
radioactivity (cpm)
#5
A SL % #6 ® 050
#4 Y o ® 50100
4 w2 @ 100150
i/ @ 150200
PS * @ 200250
o# N
70 ) i %19 . >250
#0® @ |*2g Vo
LA Y]
BS
#12
@
s : #16
o %45
0,
36° 27" 30"
127°34' 10 127°37' 30"
o, S
0 1 2km
(b) Surface radioactivity

Fig. 4. Soil-gas **Rn concentration and surface radioactivity map in the Boeun area.

A= 1t 83 cpm, BSA UGN E H7 113 cpm, PSA
ol X B 78 cpm 2 BS>SL>PS 4242 Eoks}
2 F RosE @ AFAEsgto] BE¥EYes o &
i} (Table 3, Fig. 4). 249 EF7bs 3 Ruses
EF] Usze vlmabr] 913 o175 (1997)¢] 93]
ATE B2 BEY & USEE o] galgn =9k
7k AAAE T A48 A7) X7} e A o
2 ol 8stg ot 917} ©HE A9 krigging W<
T3 W FAste] LA 23709 A2AA AF
o Hg BEFF UsEe BT 6.1 ppmoln] 7)uteha s
TR A, SLANNAE 6.4 ppm, BSA ol A1= 7.0
ppm, PSAtHOlNE 38 ppmoe® EY F Usrrx
BS>SL>PS &4 2 2250 Jelytt} (Table 3). 2370
o NEAHAH qF EFe] Usre BEopla
“Rng=9te] AAE ARAS R 0522 ko] 4w
A (0=0.01) Lo] Yehie}, o] Uo|a] #Ra0 &
oloiAle WARS AlGol ¥lmA closed systemol] 77}
+ B ExIde AL olm|sle =3}, SL, BS,

1500 —
11 € Shale, Limestone
1| M Black slate, Shale | = -
|| O Phyllite, Schist u
1000 -
S' A
g
é |
ﬁ 500
] -
0 H———
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5
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Fig. 5. Relationship between soil-gas “Rn concentration

and U content in soils from various bed rock types in the
Boeun area.

PSAIE 2 R39S o] B4 ARw, SL, PS
Aie] #Rn/U wld| Hla] BSXde] #Rn/Us)7} 22
& 4 A=t (Fig. 5), o] BSAIGlol ] 25Ra0] uia}
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Table 4. Average and range of soil-gas “Rn concentrations
and surface radioactivity from the Gapyung area.

Mean  Median Geo.mean Range

Rn(pCi/L) 1,082 702 809  255~4,943
Surface radioacti- 141 125 134 70~240
vity (cpm)

No. of sampele : 20

Table 5. Mean of soil-gas “’Rn concentrations and surface
radioactivity with different base rocks from the Gapyung
area.

Surface No. of
Bed rock ™Rn (pCi/L) radioactivity samples
(cpm) (>1,350 pCi/L)
MS* (N**=5) 443 108 0
BG (N=7) 1,179 139 1
GG (N=8) 1,396 164 3
ol AU *Rn9] Eibso] AUiFor o A

o N8 &S AR ouidi,

VBRG] Bt T FTE 2 AxAFewte
=347, 2009 EFFAAIE F PRos =71 1,350 pCi/
LE 23¢ Al5& wiger BGRIHIA 171, GGAI ol
A AT Bt F PRno SHWUAE 255~4,943
pCi/L, BHEEE 1,082 pCi/LS UEion 2 3dils

2 70~240 cpm®] Mol Fi 141 cpmS vehic}
(Table 4). °l& 7]¥lehdz BFaH MSAA =
Rne] FR#EE7} 443 pCi/Lelm, BGAYAA = 1,179
pCi/L, GGAIHlME 1,396 pCi/Lelm, AFWARS7kS]
739 MSAItll = Hat 108 cpm, BGIHl| A= B
139 cpm, GGAHM = HTE 164 cpm°= GG>BG>
MS €42 Bt F TE 9 A sG] B
EHALE & 4 ok (Table 5, Fig. 6). 719 d9] Bk
7t F PRosE) I 1,350 pCi/LE 2781 &
o 479l EGrta AlZelA 1,350 pGi/LE 238l &
FERAA ZAA GEPAVs A der B5E 5+ 4
oo AtEnh £ 2 J7x9e) BSAY 2 GGAtl
A BEFtA F PRos%rF 9 1,000 pCi/L 01 3S BG
o £35] GGAHAA & 819 EYrtA Alg% 3719 Al
27} 1,350 pCi/L ©14& Yee 5 HEEEE 1,350
pCi/L ©]’3& JeliDh ol #nlet 9 g73gtorle] =
2 HEIE 9 B sl 71918 Aoz JAaks] =)
Hupeke] - gEdabgo] 15%, FEwalEse] 3 Azt
B 1X107 pCi/g A= Y oz 22 soz o
#2 Uch (Barretto, 1972). =&+ AR Y] & 347
HrtdRdo] ¥t A4S o} oMM 9] mylonited}

37°51°00"

l Rn%2(pCilL)
| @ 0270

| @ 270-540
@ 540-810
@ 810-1080
@ 0801350

@30

37°49' 00"

127°32' 30"

37° 51 00"

surface
radioactivity (cpm)|
® 050
® 50100
@ 100-150
@ 150200
@ 200250

@ =

’”s.‘ﬂs

17 Fogia

#1&} GG
# .

#20

37°49° 00"

127°30' 30* 127°32' 30"

)
o 500 1000m

(b) Surface radioactivity

Fig. 6. Soil-gas **Rn concentration and surface radioacti-
vity map in the Gapyung area.

7t AFEH7] witolet Ad==d (FAR §, 1981)
mylonite= 250°C ©]”delA ductile shear® <18 Wharst
S0 2 mylonite?] Wdole dukdo g mAgTR, 2
=F, AL, getzy Sof wsb) dagsl U o
ot TR E Wyl dojdtin iR glon B9
g 71918k 9EtEREdA Ug) Wzl Yo
e mEg ko] A% Aol 23 oxidizing fluidh W
28 U] 2hgo] doju} Atglgdlo] 93 Ul Exv}
Higlsled F5EoRE Rngl ko] 23ddn geiA
24ct (Gun- dersen and Wanty, 1991).
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WAL EE )7 EYrtad 238 PRasEs 5Y
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AR Yelgton, Sz 7Y A Egta
% "Rnd) YRFEE Wud A7, GG (EHDARND>
BG (34%okeh)>Gr (3149D>BS (547 e-42l) >
MS (£8)>SL (MQ-42)eH>PS (Avhet-Aeh) =
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%, BeX9# 7197 E 49 2tol2 vehiix]
Pt (P>0.01). 229 7ok s 2838 49
SLAIthet BSAItizke] Bl & PRnewo] HEFS
o]k Aol & el o} (P<0.01) THE A= g2

g Zto)& YERNA] gttt (P>0.01). 7EA1QS 7)uket
A2 7o ¢ MSA U BGRIY], MSA U9 GGA
Wizte] Eorta 3 PRuswe] HFFE 403 o)
e oy (P<0.01) BGAIthst GGRIITEe] B

FF 2ol UEIR] Z9iTt (P>0.01). EYvtad] &
Aghs #Rne *Uabs Algelolx 7luketa} g}
of wg URZ x73leta zlolrt EAjsle] 7]ukehd
ZRnsRe] Apol7t BT = gout Ul A 7aeta
EXE EWA 5 PRoo 23344 124 2919 9
gk @ W EUdleg, EgTR, PRao] BY Z3) ge
S8 224 2 SME PRnsErt JHS e
Aoz dgdch 9 A Qo Y vkt 1oy &
Fhe F PRoshe) M7 e 23, 9o AR 7
Hozs Eta 3 sl 984S X9y, 7
RHhE 2 4% v wahzt o ojg)gol gtka Bekeo gt
e A8AIE (radon risk index)E &3l o2
vzttt BlEAbs $19ASE Wilson (1987)°] A
At Erta  PRose] 873715207} 1,350 pCi/L
Zhe Aol 2Ajkele] o] e 6553l zlzhe) a9l
158 67449 A4g ojgd 3 239 BEgyls 2
“Rns =g Assteld & 29 (78)dx 244 A2
T UE HAEE T T ANE $ 9l Hugtes
TRCE FoEr Add el 9ERRE 29y
Ee 7EHE EWA £ PRkl e dEukps
o A =S 02 XY = 737 oz v ws}
=d Slo] golBitin wgdch gEd s 93A s
=58 A%, AGERE 719AY (0.61), BeH AR Y
(0.60), Z&AF (0.45) A E EFol|A] SHErizo] &
A gdo] e Aow Yehton] sukehiz 23
ek Bels SARAY (0.71), SPAERISRIH
(0.67), sPIIAY (0.60), SA4-Tt-ALAY (057),
TEAGAW (0.37), ML-MZ LA (0.33), Hvjor-
AR (0.30) M E EFA SFEuilse] ZAA 93
ol #& 2102 HAHIT) (Table 6). ©] AFHzEE] g
AYAY Bokes s7teto 2 s st B
Pt F 5 PRosxs) spdglo] WAL S uogre
A% g 5 PRo¥ES G 5 Jon wuEd).
I3 B AR F shiol Hakgel WAjekxge] 4
+ EEo Wdo] vjokele] we PRpewr)l Zy@a
SR o gErt
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Table 6. Radon risk index in soil derived from different bedrock types in three study areas.

Score

Radon risk index

Area (Rock) 1 2 3 4 5 6 Sum (max.) (sum/max.)

Kwank (Gr)* 1 1 3 2 2 1 36 (60) 0.60
Boeun 5 8 4 1 5 0 62 (138) 0.45

(SL) 3 2 0 0 1 0 12 (36) 0.33

(BS) 1 2 4 1 4 0 41 (72) 057

PS) 1 4 0 0 0 0 9 (30) 0.30
Gapyung 1 5 6 0 4 4 73 (120) 0.61

(MS) 0 4 1 0 0 0 11 (30) 0.37

(BG) 0 0 3 0 3 1 30 (42) 0.71

(GG) 1 1 2 0 1 3 32 (48) 0.67

* Gr; Granite, SL; Shale-Limestone, BS; Black Slate-Shale, PS; Phyllite-Schist, MS; Mica Schist, BG; Banded Gneiss, GG; Granite

Gneiss

ZWEe 4% Edta 2
Rn Z349l Morsed 38Z4WH (Morse, 1976)
4 FARI 24" RoxEd 99s 1830 =233
cpmOE, ol #Rp9 FEWT oha PRuEER ¥
3t Ftolth Rns=e] /Mo g 913 13] 249 o3}
£ £017] 93 438 248 PRAGS ol galged B
F7t2 AF <} L8 Morsed] 38 239 (Morse,
1976)2 3R] &2 AL A7HH A edo] g17] W&o|ut,
B Age 23, gAY %9 73, 2 mme]d
9] %9} 0.84~2 mm =2 A$ 10.3 wt. % g
A4 ) RnsEE BPon, 0.84 mm U9t %o
4% 6.4 wt.%S FglM F Rnsest Ve

A9 EYe] B9, 2 mmel e =S 0.84~2mm
B B 118 wt.%e F,gdA Hu RasEs B
o 0.84 mm v[re) Q%] AL 165 wt.%e] 3=
24 A Rosrt Jelyt) 7189 Eoke] 49
2 mme]’¢e] 9E9 0.84~2 mm Y= A< 16.1 wt.%
o] F5gelAl o) Ras=rt Jebtom, 0.84 mm o]
el fme] A9 14.6 wt.%] F5golA Hd Rass
7F vestth. =8 2% 4%7t >2.00 mm— 0.84~
2.00 mm — <0.84 mmE ZolA¢LE 2UG EF3g
A $3E Rnserl AX e Ade] dehigy), oje
Eqtad] % BEgYrol v uHA 2l og) 72
Aoz gEdhile] golafr] wiolet BaEn), et
A2, B2, 71EA 9] EF3487) RnxEote] B
AT RA, BN Rnsms EYerge] Zo)d) w
o] F7Vse A %S Holtirt dF ago)abol A
&) St e Badts Aee 1L
T Atk B Ao s AR 6~16 wt.%e] 3t

=2,

2 12

e orfr o ol
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Table 7. Radioactivity of **Ra, **U and **U is soil sam-
ples from three study areas (unit in pCi/g).

No. Area *Ra =y 2y
1 Kwanak 1.60 nd* nd
2 Kwanak 3.01 3.18 318
3 Kwanak 2.29 nd* nd
4 Kwanak 2.59 241 2.24
5 Boeun 142 1.52 1.45
6 Boeun 0.99 1.27 1.24
7 Gapyung 133 1.50 1.56
8 Gapyung 1.95 nd nd
9 Gapyung 120 1.34 123
10 Gapyung 272 429 4.38

* nd: not determined
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