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The purpose of this study is to analyze the relationship of hydrochemistry, geology, fault with occurrence of uranium and radon-
222 from the groundwater in the Yeongdong area. In this study, 49 groundwater and 4 surface water samples collected in the
study area were collected on two separate occasions. The surface radioactivities were measured at 40 points to know the rela-
tionship between the occurrence of uranium in groundwater and surface geology. The chemical composition of groundwater
showed three types : Ca-HCO3, Na-HCO5; and Ca-HCO5(SO,, NOs). Two groundwater of 49 samples exceeded the maximum
contaminant levels of uranium, 30 pg/L, proposed by the Ministry of Environment of Korea and 11 groundwater of 40 samples
for Rn-222 concentrations exceeded the 148 Bq/L maximum contaminant level of US EPA. Most of unsuitable groundwater are
located in the geological boundary related with the biotite gneiss and the surface radioactivities of rock samples showed no rela-
tionship with groundwater geochemical constituents. The strike-slip fault, Youngdong fault, is N45°E direction and the high con-
centrations of uranium in upper part of fault, consisted of granite and granitic gneiss are detected but in lower part, consisted of
metamorphic sedimentary rock are not detected. It suggests that the natural radioactive concentrations are related with the geo-
logic characteristics and the migration and diffusion of natural radioactive materials are affected by the fault.
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U &5 AREE Ak A EE 5 F
253 Rn-2229] A& Han and Park (1996)° 2|3}
As Gl T =g o= Askrd] arss AFAHAL
Qe Lz tig 2APL S FHoE TR A
7HA] R = o] STHNIER, 1999, 2000, 2001, 2002; Jeong
et al, 2011, 2012, 2013, 2015, 2016; Ju et al, 2013;
Kim et al, 2014). L& AF2AL A3 vpSAdTE, 7o)
FAIA, SEREPEETAIA 5 Tl X skrollA] m
= EPA A< $2bF 30 pg/Le} 2= 148 BglL 52
ZIshe Ao BIEJTHCho et al., 2006, 2008, 2009;
Sung et al., 1999, 2000, 2001, 2002).

=2 7% 19609t o] %FH A -2HF Rn-
2229] ZAME AFBIG T, B TR AR ELS
SR GoA 2kEEE AeE A th(Lowry et al,
1987, Wathern, 1987; Betcher et al., 1988; Cothern, 1990;
Banks et al., 1998). W]=¢2] A% $2H5, Rn-222 247} 30
pg/l, 148 BgLoZ, 559 749 7+t 17 pg/l, 100 Bg/L
2 585 7E7ES Atk WHOSF AHute] 739
Rn-222¢] F271Ee lon, e ZH2F 30 pgl,
20 pg/Leltt. g Zhemitt 254 Zjolzt glom A
=9 A% %2, Rn222 ZH2} 100 pg/L, 300 Bg/Le] <
L5 FAVES TR Ik 299, =29o)s $-2hE
3k FAIES glom, Rn-2229 A% ZFZE 100~1000
Bg/L, 500 BLe] +271ES 7tk FWe] A5 w=
EPA 71%AE AM&-3laL Qlth.

AAAPIER ] FEY] e FEES FETE 3t
SHA o] Belal, ARRE =EFH 7F AARRIAIR
A A} Aqtitorlx] de] E-8-F 1% Yrh(Langmuir
et al., 1997; Finch and Murakami, 1999). =221} =}dHk
AMIERL T2 Y FAReE EXE] wiwe] &
Tt A %o FEEA] o] §HA] e o= RIHS
), FEE T %] 25R0E A Ede] §
32 e AeE UHA gtiPark and Kim, 1998;
Mandarino, 1999). $-2h5< st FEE2 QA oF 218
FolH, o] F 2165 Tte] =AFEE 3] (International Mine-
ralogical Association, IMA)IA 3218 TH Gaines et al,
1997).

AAPAMI B A ES taE A8k 58202 QIsle] 1A
o ==, g2 7% HEWAMY (ionizing radiation)
o ofsf W, Edweld H @AY TS Yo
I AT B JTHCEPA, 2001; Shin et al., 2002). 2+
2269 B32HEQl Rn-222¢ 7FAHEE A8y 25
o= Qa QA =&E A4S Ad I TS A F
T e Ao RuERn) ghE ke ti7|e B

TR RS DR L

HH 11

(o3
‘rjf
2!

o} Aslrujor e g3t

oz dHA Aot FEES B olsAH 71 W=
Joix o2 Askrd thke R s lom, Askrd
kg A AAIAQ Ha FEE 0.1~10 pgLo = d#A
JtH(Cowart and Osmond, 1980). E&417]4191 Rn-2229]
739 3.849] RIS 7L o] AErd ke kT
o]E/do] WARIA T AH TRl Ao XHe] g
S = Ao R W EATHMichel, 1990). E3] GErjdl
1 a2FEe] = e 2y U455 B39 vgw A
Jollre] Al wbgw JFE X FeE &
A JtH(Loomis, 1987; Lantot et al, 1985). A3}
AMEE S AR 1A 2990 e FESH
Arel EAFEH = Aol A ED ] EEsist
A ATEARS detsl=t f8e RE AT F 2
(Choo, 2002)

B AFddM e deAY tket X@solA Xk
AAAI A $EFFF Rn-2229] AHEEA0] gk A
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Fig. 1. Geologic map including sampling points of groundwater in study area.
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Fig 2. Measurement points of the surface radioactivities in the
study area.

4300DV, ICP-AES), S+=243 Ze}=n}d 224 7)(Fison
model PQ III, ICP-MS) 5] A= EA33th 8 &
O] LAE(F, CIN, SO7, NO& ) d=17| 23181 91174
LAAE NN FE=As FEr2vt A4 7] (Inductively
Coupled Plasma System, ICP System) 52| AH|Z2 &4
Stk SERAE BAS] s ARE triske] A5
S HUlg F4sl sl 22mL el 8710l Ask AR 15



534 AzES - o]l - o]8d -

mL&} A

O L AL

£ (Optiphase Hisafe 3) 5mLE 3718l
A2 AR AT 2

Zol2# E 20 H(Model GR-320 envi spec,
SAIC detector)Z ©]&-3lo] A EXA] 4071 Aol gk |
FHAFsAIZIE SA ST SEUS THAMIAI
(Tot, ppm)} K (%), U (ppm), Th (ppm)e] JES=2 7t
7} gxkslo] 39} Fig. 20014 Follg 7wkl E 2 nE
£ o]&g A7 54 AFE HoFE

+3|X|3f8t

HESAEHAY
Aspre] A4 (pH, ORP, EC, DO)578 A= Table
19 stk A7 ZAANO;)e wEd e d%
T4 54 AR EAE RoFE FARER vha3| 2
= (Box-Whisker plotyS Al%=¢} x]&d] w2}l Fig. 33 Fig.
4ol|A Zz} Rejr)
F40] & F 5 (pHYE 6.28-8.69¢] MR A7 2 o]
7F glom, Atslekd X 91(ORP) -40~253 mVe] Wel= dF-

10

> 10mg/L NO3 i< 10mg/L NO3
3
8-
= -
= i
7- I E
6
5 T T T T T T
S M D S M D
G 800 > 10mg/L NO3 i< 10mg/L NO3y
= !
g i
Z
Z 600 i
z a
Z
Z 4004 I *
H i
= H
~ i
=
2 200 !
= i
o !
2 § T
i i
01— . —— r T
S M D

2(0.89~9.49
mg/L) Mo} & X5l 7Fre] Rl Aslre] o]
vy we Aoz Bt A/HAES(EC)=E 58.9~756
pS/em®] WHLAR, Ak F Ajolg BRI o= A&
o] A 53] Aol g AR 2H@EH] 7Y
o o3 A7HEE S ol Zo= FHHY Mg
W82 F=drt

Ase] pHeF M7 ERe] BT Ameke] Al S
Yol 7] 28l el LFEZ FAENO,)L 3
ge] A EEE 10mgLE 7Pk
£ ASEE e r B, Aest 7‘01 A= pH
AeEs F7iehe A4S Holm, Alslehdx el &4
A2TFE sl Ads Bt oldd AR Aekre] A

o= T
ZIAL

= A8 $48 ol 4% R Rex A, 20

o
N
~

L

$EE Btk Wehd 49 Fgurks Yo we
ALoGEAL §9 Fol 7Skt S o E Y2
nAE ZAog welt
S0 > 10mg/L NO3 < 10mg/L. NO3
200 I
~ _
E
a 100 4
=1 1
o H
0_
-100 r T T E T T T
S M D S M D
10 - r -
> 10mg/L NO3 i< 10mg/L NO3
S s
> 8 i
& i
=t ;
S 6 I bees
g0 i
- :
- i
S i
:
=
Z
5 ¥
0

S M D S M D

Fig. 3. Box-Whisker plots showing the statistical variations of pH, oxidation reduction potential (ORP)I, electrical conductivity, and
dissolved oxygen content of groundwater samples according to NO;5 concentration and depth.
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Fig 4. Box-Whisker plots showing the statistical variations of pH, oxidation reduction potential (ORP), electrical conductivity, and
dissolved oxygen content of groundwater samples according to NOs concentration and geology (Sed: Sedimentary rock, Gr: Granite
gneiss including 1 sample in volcanic rock, Bi: Biotite gneiss including 1 sample in schist.
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Fig 5. Box-Whisker plots showing the statistical variations of major ions in groundwater samples by NO; concentration and geology

(Sed: Sedimentary rock, Gr: Granite Gneiss, Bi: Biotite Granite)
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Fig. 9. Box-Whisker plots showing the statistical distribution of uranium and radon-222 contents of groundwater by depth. US EPA
MCL: Maximum Contaminant Level for drinking water suggested by US EPA.
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Table 3. Concentrations of uranium and radon-222 of groundwater and surface water samples

Sample ID Depth Sampling date (15/07/15~16) Sampling date (15/09/21~22)
(m) Rn-222 (Bg/L) U (ug/l) Rn-222 (Bg/L) U (ng/L)

GR-3 130 215 27.0 78.4 1.79
GR-40 110 289 15.9 443 10.6
GR-49 70 0.37 0.04 0.74 0.02
GR-57 20 5.55 0.11 0.21
GR-63 70 23.3 0.14 17.4 0.12
GR-9%4 150 27.7 0.02 31.1 0.15
GR-95 40 51.1 1.49 - -
GR-96 50 35.9 0.02 34.4 0.02
GR-109 40 34.0 3.31 - 1.30
GR-113 45 861 3.89 621 3.48
GR-132 100 279 1.67 186 1.55
JG-41 80 - 0.09 25.9 0.08
JG-79 25 28.9 0.02 - 0.02
JG-80 120 0.74 0.14 14.4 2.48
JG-81 120 8.14 2.74 481 0.14
LG-07 100 - 12.5 362 11.9
LG-20 30 - 2.65 479 4.49
LG-33 140 - 3.93 - -
LG-34 150 - 7.37 147 6.82
LG-136 100 31.8 0.07 30.0 0.07
SS-06 167 192 6.25 107 5.03
SS-27 70 127 62.6 91.8 70.8
SS-37 100 29.2 0.49 20.4 0.31
SS-47 42 26.6 0.17 22.9 0.19
SS-49 20 - 0.09 - -
SS-50 60 67.7 1.12 64.7 8.03
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o)==} 71 wktr] (44914 6,800‘{”3) wjFol] H|wA A3 Table 4. Surface radioactivity detected at soil and rock surface
W =A A&E Al 2l F8 A dEHe 47 Measurement Radioactivity
o} 6'olH, §3l¥ fEhEe Ul Fole Pt vt points | Total(ppm) | K(%) | U(ppm) | Th(ppm)
& e Fele $Ehdol&U0,)elth ‘U022++CO327 YD-1 19.7 3.50 4.00 12.1
(or HCO;) — (UO,CO5)’ or (UO,HCO;)" 0|9} 7h& et YD-2 345 4.50 6.90 278
2Rl et SEhgol A fdEe 7P £ FE YD-3 30.1 4.60 5.80 22.1
om, pHoll we} wf$- thket sjeles et 4 YD-4 409 >00 | 990 | 331
WM E Seidel e, SehdenidslsiEE PAEH, YD-5 33.0 400 | 820 | 278
AOINE Sefdel o] wWol AW wlebd Ask) YD-6 269 360 | 570 | 235
T3t S FERHHCO,) Fo] %7, 2887, YD 339 480 | 740 | 270
opalzla|le] pHe| 2L 7Bm, olu Sehwel Peje YD-8 179 280 | 340 | 159
SepdertgsliiEe] dejze] 82 /PsAS Halth ;‘)’190 izz ;‘fg ;‘jg fz;‘
Rn-222:= 2H5-226(1H7371 1,6000)2] AFAARE-2 25 ' ' ' '
N ’ - YD-11 18.0 4.40 2.70 4.80
Bl A=, A S (inert) ZIAOI. R stept YD-12 9.1 130 2.10 10.0
%—i o‘gfﬂxl w7 (_’Viﬂ s foﬁd SR YD-13 21.0 3.30 2.70 19.2
s B3l A o8 4 glom, vﬂ%ﬂ 2= A YDoia 7 5950 313 Ty
7P ARl Sl AER o2 WEHT, YD-15 31.0 4.90 7.10 183
AR Aer A2 Rn-2228F $Ebge] SHRE YDol6 90 370 130 63
£ Fig. 119} Fig. 129 =AJ8190E Rn-222& 7= EPA D17 11 310 =70 157
AR 148 BgLE 2k AHES T2 sHvet YD-18 363 430 8.40 30.2
I} AZAAAFANN 2L FES Helth Sebss SR A YD-19 1 370 6.50 315
FHQ 30 pgLE ZHsHe AL sPHEnlele] $1x]= o] YD-20 328 5.00 4.60 28.0
Ao, A7 FEig EAS HolAe et A s YD-21 34.1 5.40 770 21.0
Rn-222¢9} 925 722 AR ERES 543 914 YD-22 15.6 1.60 5.20 13.4
Jl ool gle AgdMe= S8 AU 29 Ao, YD-23 26.8 3.40 6.60 225
HARGolE F AgRgEE0] §3lol osl 7|dEe= AR YD-24 26.7 3.60 10.1 11.3
dHA Utk trFe] AEEA w2t Askrd] AFEAL YD-25 122 1.70 4.00 9.30
AEZL 2Ee s, ol AojE, BAUClE 5 A} YD-26 36.8 3.90 112 30.8
UMY AZ 3Ho5l BEo| A=z UHs| BHE7] YD-27 292 3.60 9.70 18.8
Eo|th(Jeong et al., 2011, 2012, 2013; Kim et al., 2014). YD-28 23.5 3.40 4.70 20.2
ATA Y A $Ehge BN 7EXE 23ERe YD-29 50.3 4.60 134 48.7
Al 2oz = A BT suniel A 9JXF YD-30 389 4.50 113 305
of St} spPFAnet, SeEHv, HaEes Al X Fe o YD-31 248 350 5.80 18.5
3lod pH, HCO;, ORPZFS H|w3| & 24 ;4_’ 37 vl A YD-32 28.1 3.60 9.70 16.4
Fuge, Fe TR, AR 20 Z HelFo] YD-33 137 270 | 240 | 890
e A 23 vlsle] vEE el AT dne YD-34 322 4.40 9.50 19.9
ey YD-35 26.7 4.10 3.80 223
A7AY Ak Rn222 FHES WIF EPA ALAE YD-36 74 | 290 | 260 | 6l
Z3she AsE 6Holv), Senunilel s i o N T N O
Aol F7HIE (2100 m)Sh AR (100167 mplH 5 YD-38 30.2 4.60 7.90 18.2
SRS HolFT), ot e Ams] Asegelinrks 2 Rt e W kT e
& Ae] AeEdlol] EEe] Rn-2227} AFEE : : : :
2 AFA M= N4SE BaFe] Faso] Al 3
= st 9 spPEvidel gk AAAYAMIEZS] Ra- 82° AR SRR 9l SR Hnlox] AFE -2t
2229} SEhgo] L FrE AEEH, sl sdE €3 ¥ 2 ek 95 71EAY ol B kA Xt
OFZoMe BRlEA] ethFig 11, 12). dE9=S oF 3L o] shte] AAlRAY] AEE 7td ¢ o
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Fig. 13. Bubble map showing the radioactivies on the rock and soil surface.

Table 5. The correlation coefficients among the chemical parameters of groundwater samples

U 12{;2_ pH |ORP| EC | DO | Ca | Mg | Na K Sr Fe Si |[HCO;| SO, | Cl [NO3| F
U |1.00
Rn-222 | 0.07 | 1.00
pH [0.09 [-0.17] 1.00
ORP [-0.01]0.00 [-0.47] 1.00
EC [026]020]022]-0.15] 1.00
DO [-0.11[-0.16[-0.26] 0.18 [-0.25] 1.00
Ca |049]0.12]-0.15[0.13[0.56 [-0.02] 1.00
Mg |037]0.59[-0.17[-0.04] 037 [-0.12] 0.59 | 1.00
Na [-0.07]0.08 [ 0.53 [-0.22] 0.48 [-0.28[-0.31[-0.32] 1.00
K [-0.14[-0.06[-0.61]0.17 | 0.22 [-0.02] 0.17 | 0.08 [-0.20 | 1.00
St [029]0.16]037][-0.18[025[-023]023]0.18[0.17 [-0.24] 1.00
Fe |0.440.00[-0.05]0.11 [ 0.14 [-0.01| 0.32 | 0.18 [-0.11 ] 0.04 | 0.09 | 1.00
Si [-0.03]0.06 [-0.03]0.19 ] 0.12 [ 0.08 | 0.45 | 0.26 [-0.23[-0.30{-0.05[-0.17] 1.00
HCO; | 0.38 [ 0.29 [ 0.56 [-0.25] 0.67 [-0.43| 022 | 0.14 [ 0.74 [-0.33] 0.51 | 0.15 [-0.03 | 1.00
SO, [0.24]0.11[-040]0.20[0.55|0.06 [ 0.70 | 0.41 [-0.21] 0.60 [-0.15] 0.18 | 0.06 [-0.05 | 1.00
cl [-0.10] 026 [-0.53]0.14 [ 029 [ 0.15 [ 037 | 0.57 [-0.31| 0.49 |-0.24 | 0.02 [ 0.24 [-0.30] 0.54 | 1.00
NO; [-024]-0.01[-048]0.30[0.17 [ 027 ] 033 [ 022 [-0.29] 0.56 [-0.31 [-0.16] 0.31 [-0.46] 0.53 | 0.67 | 1.00
F [-0.08[-0.07] 048 [-0.14] 0.30 [-0.28[-0.39[-0.43 | 0.88 [-0.20] 0.10 [-0.09 [ -0.28 | 0.57 [-0.20 [-0.36[-0.32] 1.00
953 A o 2o Aot rot gzl 3 2 2y AR 30 pglLs 233k A= Ca-HCO;
gk sfjAo] 7ksd Aotk Foll JF=™, Rn-2229] 7= EPA 7|FX]Q] 148 B/LE
ZIshe Askret s18hA fad kel A= e %tk
2 B AFA QY Ak DA HBAME 502 K, N0y &
e HojFh
FEA S AAIER F vteke] QebEd gHE222 (2) A A A, $2HEE Rn222 AR A

o] Ao thsted, elskerd gk, X E 2 wEr el
S e o,
FAY Aol Felsters 542 Ca-HCO;,

I A d7e 3

() &=

Na-HCO;, Ca-NOO3(SO4H §9< HolFt) 3

73

) &

o A9 BoFA] g=th AR O ZE Natt HCOs, F
m of MnA Ee HWPE BT, Bob wkge| o
g g AN

(3) ATAY A 9ehge] FEE 0.02-70.8 pg/Lo
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498 % 2709, 7 ANIA el EE5} U} Rn-222
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o] £x=o] glrh Eol FZHIE(30~100 myst 22

(100~167 mpellA] =2 2H=-2229] SEE HRlo
@) A3l $2FE Rn-2229) 2ke A7 Ao 1)
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AFsAIZ19h i AAEEe] AR FElEkA] ¢t
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