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Evaluation of Terrestrial Gamma Radiation and
Dose Rate of the Ogcheon Group Area
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Abstract

We evaluated the distributions of primordial radionuclides and effective dose rate of the Ogcheon
Group, which includes rocks with high uranium content. Terrestrial gamma radiation was measured at
421 points using a portable gamma ray spectrometer. Dividing the study area into five geological units
(ogl, 0g2, og3, og4, and igneous rocks) revealed no significant difference in the concentration of
surface radioactivity among the types. The concentrations of */K, eU, and eTh for all samples ranged
from 0.7% to 10.3% (average 5.2%), 0.6 to 287.0 ppm (average 8.5 ppm), and 4.0 to 102.4 ppm
(average 31.3 ppm), respectively. The absorbed dose rate in the study area (calculated from the
activity concentrations of ’K, eU, and eTh) was in the range of 28.84 to 1,714.5 nGy/h (average 195.4
nGy/h). Among the five geological units, the lowest average was 166.3 nGy/h (for ogl) and the
highest average was 233.3 nGy/h (for og2; median 198.1 nGy/h). The outdoor effective dose rate for
the area obtained from the absorbed dose rate was in the range of 0.04 to 2.10 mSv/y (average 0.24
mSv/y). Except for the four sites located in the uranium-bearing coal bed of 0g2, none of the studied

sites exceeded 1 mSv/y.

Keywords: gamma ray spectrometry, gamma dose rate, terrestrial gamma radiation, Ogcheon group,
absorbed dose rate, effective dose rate
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A FAFO] AfERe GPAL AL THIALA o)) e ZE|o] Qirt, AFIHIAbA 0] Tl 0 =Tt A FHPARS 0 2 s = 9oL} ¢l
A leZ g7l Aol ATFAFsl oftt duiiddo] Sasieh Aol ofRt Q1A mFaE2 AlA| Ftol] 2.4
mSv/y 2 ot Qo] mj2l= flalldo] 2 A 02 Bk 9L OLHUNSCEAR, 1993) 787K leE =3 H|ot 5 ofe] A
o] i 71s/do] =ORITHUNSCEAR, 2008). 57U AHArIAR1 9] QA m 2 Bt A|A| Bat e} oFt 2 oF

3.08 mSv/y FE2 H1EN Ql=t o] FollA] A ImrgARsof| OJeh m]Zek2 oF 1,04 mSv/y 2 & A QITHKINS, 2006).
A FIAPS2 F2 A W AV EZ(MK, PPU, 2 Th) 2t 2h=]] olef EAsht 2l=o] 7| 4|o] 1 §E7 17} 3k %*é
=2 1]
— O

ool 59 A FARG] igh 2R=2] 7]of= 7 9] gl A o= delA QUrk(Kavasi et al., 2010). A FYARS9

2 IFFAZA (Thermoluminescene dosimetry, TLD) 50l 2J$t 24 =4 v} 71"3]'74#7_47](Gamma-ray
spectromentry) 50l 2J$F 7FEA Q1 SAHPH O 2 LhE <= QIth(Kim et al., 2013). ZAUPAEFEA 7| E o] 85t =] B4
2| 90] ABYARs Al7]el| thet A7 thAA 49219 467] AIF(NIER, 2008), S8 F5A1 7270 AIF(NIER,
2009), T4k 20071 A (NIER, 2012), 82141 45219 10071 ZIZ(NIER, 2013), T4 H2A]S 777 217(Yun and

o= = .
DA 2 FHFTO] EEShE A H 2 A5 W Lol E ¢2ha A 2312171294 ppm (Kim, 1989)°1H ==
Aor defA glom ek Ao] w2 A He TR I SobE B HAPE ol F oI v 3l & Ao 542
FHE HUHREERE A7 1S ol 85l SRS S5 TR 2171 A K, eU, eTh = S5l o5 ©
oo ARSI E Atoto] S5 Aoie] AEAHE Sd3at £0] fadse efetl] Al

_4

ApAHe 2= E Be A ZAL 9kE7e] e =T Batls ZA]0 2 o] 120 km, & 20~30 kme] 2|90
HZ0] 5,100 km® FIeof] o] BTH(Fig. 1). FhE-a-HEA Wz I FiEoh= £395721:250,000 SFs, T
A, 5 A A e AA Qlrk. 22 37| Hot Altu)/de] S5t S O] SRR FEo] =W (Fig. 2) A+
Z2 05 WA SHZT oP = 77153l Fskal itk S35 thA| sHERERE] H/AdAFE A (ogl), SHRZRAT
(0g2), FrEdvlit(og3), i A th(ogd) = il S48 SHdeto] S Ftol e) Em BESHT Tk ogl
A 2] A A 7] 0] R RS S22 AP et o 2 S E 7ok E A 3]eto] A=t AES, vl
4bS, s, |ae]go] olofl &3tet. shdulielth(og2)= 5= Zuliel, Huelo & o]Fojzm 52 0 2 ehalA|
o] FAetH 1S, AElSol ol sttt FAE i ehaM| o] LabE R =2 A 0 & i Ith(Kim,
1989; Shin and Kim, 2011). &2t (og3)= 732, o|delE o= HHE 2502 51ef, A3, apdel, Hule,
Aot 5o TRt i) 95 ARt Auehd 52 A3y} 1 A7) = o]FofA gl ol itk AEF
(debris flow)oll 2]t Z 02 L& x| 11 Qlct. Al th(ogd)= AT 291502 314 7] FsA 0] ufjotat

SR 2 S/ s vE-o] Wl A7 A A glefolut HEE-] gieto] @A o] 8L

el S R g B B A P e A S S g el A SU e S *J*;' AEF7H Y, BESI =t &
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Fig. 2. Geological map of the study area.
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AR Hof| A o] A BHAF 24 2782 ThELE Qb4 LeFFollA] o] ofF o m] o4 kvt @l 7-9oll= $ehedt E
FO| of%5o] A9] Yolutx] ghe F2lT = Fatiel A ol o). et 4 AL A7A 90 WA wefsle] 7t
53t gt 4 A3 km W) E -FAI51 3 217 Q] tHEAIS =0] 14 5199 tkFig. 1). @4 S0l ARSE Zupd i
FE7](GR-320A enviSPEC device, SAIC, Fugro Instruments, Australia)®] 4 @2 91+=0.1% LHQO]‘:]' b
B A71= 256 AE pulse =0]9] EA71 24 2 AE-L 10 x 7.5 cm Nal(TI) 222 A=, HE7]= 10 cm
A2l pb oz AH A v g x| AfulE R Sejite] Qltk. b4 o] AT Z74-2 A&7 probes A LFoll =
2o W2 & A% A4 (ESHARE AR 2 e ol 7Fd 8491 300571 o] Fof Rt

A FHARsO] S5 AR 42171 217 A2 YK, PPU, P Th T2 AZE719] 717] Ui B2 g5 o] 85l K
] %, U] ppm 5(eU), The] ppm 5= =(eTh) TAISIH:. eU= 7A12] 57HU F 24 Bi2145 217 S7dste] 71
A o2 U BEE STt eThis #7012 571 Th 524 Ti208E A4 Z451 M4 02 Th w55 743t

A EHAPs0] 24 42171 27 2] YK (%), eU (ppm), eTh (ppm) 2] ‘&= TS} -2 Conversion factoro]] 2]5H Bt
AP E2(Bg/kg) SHIEIAITHIAEA, 2003).

1% K = 313 Bg/kg
1 ppm **U = 12.35 Bg/kg
1 ppm **Th = 4.06 Bq/kg

K (%),eU (ppm), €Th (ppm) 2] ‘&= =78 2HAFE AN = tha o] A& o851 S--41 Absorbed dose rate)
© 2 HEISIFATHUNSCEAR, 2000). o] #*Ux} Ra Alo]ofl= G533 0|(secular equilibrium) O] FoF Tl 7t

D=0.0417 Cx+ 0.462 Cy+ 0.621 Cry,
D : 53K nGy/h)

Ck : Activity concentration of ’K

Cy: Activity concentration of B8y

Crn : Activity concentration of 2Th

Qa0 SRS o851 tha A& 0185101 FMISIATHUNSCEAR, 2000). LHH2 0 2 ARa2
20%E 22) 57, 80%= AW E Lo AAgeitta Hop AW A7 FaA1ER2 0.8, Aol A7t G aATE2 028 28

He=DxTxF
H : 75848 mSvly)

D : &% (nGy/h)

T : A7HAW/L2-9] AFAIZE0.2 32 0.8 x (24 x 365.25 = 8,760)
F : XHA140.7 x 10 Sv/Gy)
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721 4217) 2 QFE1] ATHARS-S ZHol=r] 57 A4 “K, U, eTh €] tiigt BARIZE Table 1
T} 0] AL 9K, eU, eTh Fpolis 2 7o)} gLzt o= S 1279 ogl, og2, og3, 0gd®] T4 FH4le] Aststo] v
2548 AR

Table 1. Statistics for potassium, uranium, and thorium concentrations in the five geological units measured by gamma
ray spectrometry

Elemental concentration

Lithology No. of samples Statistics
K (%) eU (ppm) eTh (ppm)

Min. 0.70 0.97 6.21

Max. 9.91 15.44 77.93

ogl 134 Mean 4.90 479 29.73
Med. 5.02 431 29.75

Min. 0.65 0.63 5.85

Max. 9.90 287.0 102.4

og2 144 Mean 5.0 14.86 32,01
Med. 521 5.98 31.73

Min. 1.88 1.43 9.82

os3 o Max. 9.12 43.89 76.47
Mean 490 5.18 30.00

Med. 4.40 4.12 24.80

Min. 1.00 2.49 17.50

gt . Max. 8.26 10.98 69.98
Mean 6.07 5.76 39.09

Med. 6.71 557 37.38

Min. 1.00 1.00 4.00

Lancous rocks s Max. 1029 19.82 7237
Mean 5.80 6.24 31.74

Med. 6.03 5.15 27.80

Min. 0.65 0.63 4.00

Max. 1029 287.0 102.4

Total 421 Mean 5.19 8.54 31.30
Med. 5.8 4.86 30.20

AR A A4 O] K T 91 0.65~10.29% (Bt 5.19%)°]ck. 4217 A 0] YK 0] Sk F2 FAY B2
St SR sleto &2 o]Rolz tHA] -GAI A 4671 4] 91 1.5~6.9% (Bt 4.18%)(NIER, 2008), ogl, 0g2,
g3t Bel7 et} Fabr oo 2 ol Fol FAl 20071 $H4] K 2] el 0.6~7.6% (B 3.63%)(NIER,
2012), F2 FEprlshleto s AH et FeA]e 7271 4 9] YK O] &Rl 1.1~7.2% (3Bt 4.70)(NIER, 2009),
|O1A] DA 1007] 441 9] “OK 0] 21 1.7~6.8% (B 4.42)(NIER, 2013)HTH =& 7 © 2 vehdth 4217] =4
2t=E o]t 2H/dH YK T B Fig. 33 220 FEgh o ITHE HoAFAl= ot A1 oMo YK Rk
og4ollAl 71 E014 1.0~8.26%2] BI91(Bwt 6.07%) O Ie}. W] 37 $3050] “K B vttt ogl 9] K o
0.70~9.91% (Bt 4.90%), 022 2] K T=FL0.65~9.90% (Hat 5.20%), 0g3 2] K HF2 1.88~9.12% (Hat, 4.90%) =

s



HlT}, G S50l T EE S5 F0] T SHAeke] K BT 1.00-10.29% (B 5.80%)] WSS
TR} OFHE 0P Table 1), T4 4219 Felr 1814t 467 2170 K Bt

Distribution of potassium concentration in the study area.

A72] ] 421 7] 24 2] eU T2 0.63~287.0 ppm (Hat 8.54 ppm, SU4k4.186 ppm)©]tt. 42170 4] eU T B
Fig. 49} 22 eU g0l =2 A8 A2 0 2 092 Fa= 0229} 3HJ9F0] 7 Aol A F-3obA Uehdtt. eU<]
12 0204 714 t=-2d] EaF 9= 0.63~287.0 ppm (Bt 14.86 ppm, A% 5.98 ppm). 02 LIERHTE T}
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O] Wt &= 3.65 ppm (NIER, 2008), T4k 5671 7271214 ] Ht eFdel 3.81 ppmE = =0, T4k 257
o7 5173ete] eU Wt 91l 7.46 ppmEtH= WTH(Cho, 2017). ogl T} og3, 0g42] eU T 242} 0.97~15.44 ppm
(B-4.79 ppm), 1.43~43.89 ppm (B 5.18 ppm), 2.49~10.98 ppm (Bt 5.76 ppm) 2] HHE Ko A2 0g22] eU T
FH U= W2 Holrh, S35 470 XA FollA eU X182 0g22] 287.0 ppm©[H ogl ¥t og3 0] X119t 217}
15.44 ppm, 43.89 ppm©[H} E|o4] 0g2 19 of2togl, 03 FOlA T =54 0 2 U o] 2 2| 7lo] vehdth. 4+t
21 42171 QA9 Sebg e thAA] 79214 467) 41€] 1.2~10.5 ppm (Bt 3.65 ppm)(NIER, 2008), T4kt
20070 ¥499] 1.1~14.9 ppm (Tt 4.31 ppm)(Cho, 2017), Bt F5AS 7270 &49] 2.4~12.0 ppm (Bt 5.0
ppm)(NIER, 2009) X0} 3.0t 814 A< 1007 49 &<l 2.0~12.7 ppm (B 5.6 ppm)(NIER, 2013)Ert
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eU (ppm)

Distribution of equivalent uranium concentration in the study area.

eTh (ppm)

Distribution of equivalent thorium concentration in the study area.

A2 2] 4217 9FA 9] eTh oo E3EA= Fig. 5F 22| eThe] 78-9= Wit A Aol FollA o E Helr.
A eTh T2 ogdoll A 7Fg =014 17.50~69.98 ppm (Bt 39.09 ppm)S H I} TF-0 2= 0g22] 5.85~102.4
ppm (B 32.01 ppm), 2] 4.00~72.37 ppm (Ht 31.74 ppm), 0g32] 9.82~76.47 ppm (HF 30.00 ppm), og1 2]
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6.21~77.93 ppm (B 29.73 ppm) 2] &4 2 TS HQITK Table 1). 721 24|9] eTh TS 4.00~102.4 ppm 02
(Bt 31.30 ppm), HHA] 4414 4671 94 2] eTh <1 6.2~47.2 ppm (B 16.7 ppm)(NIER, 2008), ZAHE 2007
oFA19] eTh §¢1 8.0~77.2 ppm (B 3F 21.8 ppm)(NIER, 2012), & F52]< 7271 €4412] 6.0~50.4 ppm (B
21.6 ppm)(NIER, 2009)HT5= =01}, -8-1A] 42 10071 ¢F419] 9}l 11.7~66.5 ppm (B+F 33.3 ppm) Hrh=

b ESEE A7) 2 A 57 A A 442 YK, eU, eTh T vEo 2 Z4d3S J1o7] $Jsto] WA S35
2| S-S SRS 74 2 HEISHATHIAEA, 2003). & 42171 9H412] 9K 9] 9F2-0.65~10.29%, eU 2] 3RS 0.63~
287.0 ppm, eTh2] T=ES 4.00~102.4 ppm 2] H2]o1H|(Table 1) 015 HARS A== H4I51H 9K of] ot s =
204.9~3,219.9 Bg/kg (Bt 1,623.4 Bg/kg), eU]l &Jet A7 1= 7.81~3,544.5 Bg/kg (B, 105.5 Bg/kg), eThell 9]
ARSI 16.24~415.9 Bg/kg (B 127.9 Bg/kg) S H o1tk Table 2). WahA] A2 o] WA 7 of] 7]of5k=
AV EEL 0g20]l ok P4 Il eU AHES AlQlotal=(Fig. 4) A1 4ol #AIGlo] YK7t 87.4%= AjH o=z &
! ct.

ol
OE ;

il

o]

)

Table 2. Statistics for calculated activity concentrations of five geological units in the study area

Activity concentration (Bg/kg)

Lithology No. of samples Statistics

g eU eTh

Min, 21831 11.93 2522

el 3 Max. 3.1023 190.7 3164
Mean 1,5342 59.12 120.7

Med. 1.570.9 5328 120.8

Min, 204.9 781 23.74

Max. 3,098.7 35445 4159

og2 144 Mean 1.626.6 183.5 130.0
Med. 1,631.8 73.90 128.8

Min, 5873 17.69 39.87

o3 o Max. 2.855.0 542.1 3105
Mean 1,533.0 63.93 1218

Med. 13772 50.89 100.7

Min, 313.0 30.70 71.05

et ) Max. 2,586.7 135.6 284.1
Mean 1.901.2 71.18 158.7

Med. 2.101.1 68.75 1518

Min, 313.0 1235 16.24

Lancous ocks © Max. 32199 2448 2038
Mean 1.816.4 77.05 128.9

Med. 1,887.2 63.56 112.9

Min, 204.9 781 1624

Max. 3219.9 3.544.5 415.9

Total 421 Mean 1.623.4 105.5 127.9

Med. 1,653.8 59.99 122.6
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A 9K 0] Hat ARs A of| = 2 ZJo]7} gl=T] A A= 0g39] 1,533.0 Ba/kgol 2l H 1= 0g42] 1,901.2 Bq/kg©]
A eU Q] Bt ARSI = Z] A= 0g1 2] 59.12 Ba/kg©l Y, |1 022 2] 183.5 Bg/kg (F47k 73.85 B/kg)©|
. 5] 0g29] YK A 9] eU F|112]+=3,544.5 Ba/kgoll 23ttt A1 eThe] Bt Aol & 2fol7t gl
A= 0g12] 120.7 Bg/kg, #|11+= 0g42] 158.7 Bg/kgo|th.

2170 A3 oA o] HARs AT & 4412 Absorbed dose rate) 0. & HEHSH FJ(UNSCEAR, 2000) 571 2|2 ¢F4 9]
SERe A 251t Table 3). HA] S48k SollA YK, eU, eTh7} AFAISH= B15-2 ZV2) 34.7%, 24.9%, 40.4% 7
T2 8olA] YA 10071 Z)742] 33.0%, 18.9%, 48.1% (NIER, 2013), AlA| o2 427 32.9%, 15.6%, 51.5%
(UNSCEAR, 1982)2} H|ZRt Holu tidA] 5/d %] 4671 215(46.4%, 17.7%, 35.9%) 2 S8 A 7271 214
(41.5%, 19.4%, 39.0%)TF= °F7t oh2 A Urebsteh

oo

i)

ol

Table 3. Statistics of the calculated outdoor effective dose rates of five geological units in the study area

Lithology No. of samples Staistics Absorbed dose rate Qutdoor effective dose rate
’ (nGy/h) (mSv/y)

Min. 3231 0.04

Max. 389.9 0.48

ogl 134 Mean 166.3 0.20
Med. 166.6 0.20

Min. 40.82 0.05

Max. 1,714.5 2.10

og2 144 Mean 2333 0.29
Med. 198.1 0.24

Min. 60.94 0.07

Max. 468.0 0.57

og3 63 Mean 169.1 021
Med. 146.8 0.18

Min. 74.86 0.09

Max. 334.6 0.41

og# 21 Mean 210.7 0.26
Med. 222.4 027

Min. 28.84 0.04

Max. 3383 0.42

Igneous rock 59 Mean 191.4 024
Med. 186.4 0.23

Min. 28.84 0.04

Max. 1,714.5 2.10

Total 421 Mean 195.4 0.24
Med. 179.0 0.22

217 A3 2] FHAEES 28.84~1,714.5 nGy/he] HAZA(HH 195.4 nGy/h)(Table 3) AlA] Bto g2 daj7l 59
nGy/h (Alomari et al., 2019) Xt} =T} AFA|H O] SA7ES ogl, 0g2, og3, B2 7]e}71eto 2 o]Foix Fakat A
219 7770 A7 2] Z4-A3<1 68~1,394 nGy/h (Bt 230 nGy/h) Bt 27 2O U(Yun and Cho, 2019), tIAA] G421
4671 91412] 57.8~203.7 nGy/h (B 116.6 nGy/h)(NIER, 2008), ¥ E- F=2] 7271 9141 €] 58.7~221.3 nGy/h (B
132.6 nGy/h)(NIER, 2009), -8-1A] A9 1007 ¢F419] 86.5~299.7 nGy/h (Bt 174.6 nGy/h)H+= =
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21748 B ST 09204 71 2=2-233.3 nGy/h (4% 198.1 nGy/h)©] 1 the-© 2= 042] 210.7 nGy/h
o]3ick. 39, og3, ogl 9] Bt 4132 Z127F 191.4 nGy/h, 169.1 nGy/h, 166.3 nGy/ho]{THFig. 6). 74192l &
T F| 112 0229 1,714.5 nGy/h&1E] o= AW Yie] o eEA Gol =72 0 2 35 $2hg o3 t(Kim,
1989; Shin and Kim, 2011) Tj&0 & wehec},

2000

1600 —

1200 — .

800 —f b4

Gamma dose rate (nGyly)

.
400 —

. i
% % ; 3
I I I I I
og1 0g2 og3 og4 Igneous

Lithology

Fig. 6. Box plots showing gamma dose rate (nGy/y) for five geological units.

A UCHE 29| faME

42171 274 2] A AV S 2 RE] S SRS A7 20] F-a/d5k0 2 0] SIS AI(UNSCEAR, 2000), &
570 A A tHE R A 2]gt A2 Table 304 K= Hiet At A2 42170 213 24 £2] f84452 0g1 2] 0.04 mSv/y
o|al, 31 29| FaAT 0222] 2.10 mSv/y©| 2™ H-2 0.24 mSv/yelct A9 9] 22 5452 ogl, og2,
og3, Me7|epteto 2 ol folxl Mikit A 777 A3 o] Bt <] 84151 0.28 mSv/y (Yun and Cho, 2019)
R} ozt vtk v AlA Bio 2 &4 0.07 mSv/y (UNSCEAR, 1982), THAA] 643719 4671 94412] 0.06~0.20
mSv/y (F+t0.11 mSv/y)(NIER, 2008), Y8 &A1 727 44121 0.06~0.22 mSv/y (Bt 0.13 mSviy) H= =
(NIER, 2009). T3+ Q729 9] £9] G2 tid 787 SEH G5 AHolA 578 £9] 845 0.11 mSvly
(Jun et al., 1990) T}z =7] LRt

AR 02 B A L0 fassgell= 2 2|7t gls HolWFig. 7) og29] £:8] faidego] 7P 52 0.05~2.10
mSv/y (Bt 0.29 mSvly, 47 0.24 mSv/y) 2] SIS HQIt) tha-0 2 042 0.09~0.41 mSv/y (Bt 0.26 mSv/y)
o|11, MY, ogl, 0g32] 2¢] GaAlERS 717} 0.04~0.42 mSv/y (Bt 0.24 mSv/y), 0.04~0.48 mSv/y (B4t 0.20
mSv/y), 0.07~0.57 mSv/y (Bt 0.21 mSv/y)©]thTable 3). F7-A1% 42171 A S04 Lutelo] L0 G a ek gheel
1 mSv/y (ICRP, 1991) & Z5l= A2 47 A 3olet. o] 52 34F2] 1.78 mSv/y, T4F2] 1.24 mSvly, 1.45 mSvly, B
2901 1.36 mSv/y= BT 9 fekEgo] FASHE og2ell HIXIeITh
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Fig. 7. Box plots showing outdoor effective dose rate (mSv/y) for five geological units.
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