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The uranium concentrations were determined in groundwater collected from 3,820 community groundwater
system (CGS) located in remote rural areas where access to the nationwide water work is not easy. The frequency
distribution of uranium concentrations shows a lognormal distribution which is common in most radionuclide
surveys. The measured maximum uranium concentration was 1,757.0 pg/L. with an average of 6.46 pg/L and a
median of 0.76 pg/L. When grouping the uranium concentration results of CGS into 10 geological units, the
median uranium concentration was high (0.99-2.05 pg/L) in three granite areas, and low in sedimentary rocks areas
and porous volcanic rocks areas (0.04-0.50 pg/L). Of the 3,820 samples, 3.8% are above the guideline value of 30
pg/L (WHO, 2011). On the other hand, the exceeding rates of JGRA and PGRA CGS are 8.5% and 7.5%,
respectively. Therefore, attention should be paid for the development of new CGS along with the management of
the existing CGS in JGRA and PGRA areas.
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A EE T shel e HlEo] F |
AR FEHoRA A7t BE 9l 14 mgkeel
wgko 2 ZEx)ech(Hess ef al, 1985). e 34
A3 22 A s, s 71el wmAgeh MY,
ghbdolx 2 o] o dARUd 742 d7A
AleA Ego] e Rloz d#A UrhBirke et
al, 2010). $21F2 F9 7 FES FERUolE,
REAE, FNZEf|ES} Q1435 (Phosphate), 2
g 53 BURolE, AojE, duuolE, =@} 72
2 ARpe] XEFEo| el S8Rl

9] shveltt. ¢4A o
1717F AFHAA QA f3lE =
71

ATHKurttio et al, 2002). Ao $EHES o2
AFABAPIEAS] e 9] AlA Hlgo] Bol &
w AA T FAEY] AP BAE oA Al 58
e ke el W A9 AFE gl
Hg st

olggt Sehre] FsiAd wWEel dF F7RIAM = A
sre] 2 TEEARE 19608 ERE AlFskAd
2 A3} Askee] ek e AA@ FEel A
Al PR S AslrolA] kg o] 2 ZleR
&4 9lth(Asikainen and Kahlos, 1979; Dillon et
al, 1997)). 2001'd @A AT=o} =2 gofolx] -2k
T el =AM Ask = 22 25,000, 4,0007H
ol’d, 2007d A 2} vl ek T X
AR o] Fexl A8l = 22 110,000, 200,00070
oo defA JUTHNIER, 2015). AE7kA] ZAbE
Astee fEE T HIXE 14870 pglE
(Asikainen and Kahlos, 1979) <=1 it} 34 %
HH RO Askre] b T A4S
olshA wl= HA| 35400 Aslre] S T Y
Zhe 052 pg/l (USGS, 2011), 2912 55487 =a}
FERE AEP) Sehy T T2 0.77 pgll
(Stalder et al, 2012), Z4H 950 A2 2kF
Stk okzke 16 pg/ll (Berisha and Goessler, 2013)
Solth. zev Ao F2 e o]Rl F
= thefel 16D A8kl ek §F FYRS
10.0 pgL Wu et al, 2014), 7Yt vl ERS 9
FHe s T HIEES 1153 g/l (Betcher,
et al, 1988) 52 A Y-S Btk
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HUlellA] Fze] A=Al Askre fEEdE =
ARE 1997 XX L A ekrellA] wl= EPAS]
AIAE P AAERC] AEEAvE 22t
U FQ1 19990 o] Folxth. 19999F-H 2002
A A= uPde® A 6367 Alskee]
S A A3 AiAE 4020 pgl, B S
2 Z}zb 450 pgl, 019 pg/lolx, ZAFE A|slre]
Sy 3 Ams AES AL e AeE dF
ZTHNIER, 2002). ©1% 200630l 37350l <)
AE ez 3 10d AeizAL Algo)] =
3L ool uwhEhx 2007d5E 2016W7kA] =] mRe
FEEE FAOE g Aol Sy T AP
FHEATE 199997 201537 $abg el %
A AsE 5,171 7ol 3HE 9= HEEA v
THEE 3,607 pgl, B S 7.07 pgl, SIS
0.70 pgL2 Ry¥ vl JYTHNIER, 2016). I
1999 7€l 2014 d71A19] 24 A3 A8 E o835
4,140 Al 2w TR 0-3,607 pgl B4
8.01 pg/L, =47t 0.70 pgL)e® ¥ 3% 2™ (Shin
et al, 2015), GA] 200051 5-E] 2011971 ZARE
L0 A3k ARE ol 2y e HES
Al PIRERE 2,297 pgl (B 275 pgl, T IR
1.1 pg/L)E B3¥ v} JAk(Yun et al, 2016).
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Fig. 1. A simplified geological map of the area (A brief
description of the units is given in Table 1).
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Table 1. Descriptions of the 10 geological units
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Semsres TAEH U
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FAFrEe] Fgol ol FEAY
& 9 ALEFE T3] S5k
slrolth. 20099 A AsrE AR 3t

= 9F 1500071012 Vi vReAd
Frd FTE 1074, Fa Ak A <F
61 m%d W2|o|tHMOE, 2010). »he 3ol 7}
Vo g AsrE FEehe A o ok W
A A= 100 m Hele] Fee] =t o Fgel
© HF 3-10 vl £3Ezrt AXEHY Uk 7
HZo) 7Hso 2 e XskE Wl 100-300 m¥/d
o] FrEE R A= rEh dE A8k il
AL AR FFAHED 2 3o AXE A5=15-
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Unit Age and lithology Examples

CSED Cenozoic sedimentary rocks Sandstone, shale, conglomerate, mudstone
MSED Mesozoic sedimentary rocks Sandstone, shale, conglomerate, mudstone
PSED Paleozoic sedimentary rocks Sandstone, quartzite, shale, limestone

PMET Pre Cambrian metamorphic rocks Granitic gneiss, gneiss, schist

OMET Ogcheon metamorphic rocks Phyllite, schist, limestone, sandstone, slate
CGRA Cretaceous granites Biotite granite, gabbro, granodiorite
JGRA Jurassic granites Biotite granite, hornblende granite
PGRA Pre Cambrian granites Granite gneiss, biotite granite, two-mica granite
PVOL Porous volcanic rocks Basalt with sedimentary rocks
NVOL Non-porous volcanic rocks Andesite, rhyolite, tuft with sedimentary rocks
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AATPES Eslo] FehjeE 7 7o R FFEL =

FE Azl A2rt. 7 vkl wpEbA zjelzt
RO} ST MFR Aol A= 112-114 m,
Az} 7t 7P7R1S] ARle 182-442 m ul€lel 7
27} WokNo et al, 2011). 3,820 AL 3
A=7F 47 1,976 AskrEe] 4= 10450 m
0]3L 95% o]l A% 50-200 mol HxF},

ZA 15,0004 7N PREFE FollA 3,820 At
I AE ANH odel Age AFe] uEA, H3A,
71E A} nReATRee] AR 58 aEsle] ARt
Atk vEAATEA Y AEHS T2 20069 FE
20151 Atolol] olfojom, MEHA= R|5lro
AG5d A3 Aslrae] #x F4 5ol olFAR
o} FEAolM ] ABlkr AR AFHE FEEEE
B 7VEAA R AR 3 o) AskE wiE
AA AFHEE AlE7E FFe] AT dieEe 2
g = AS o F, viEsEs Asee] P

o] oY & o] T AFH 3Ntk Barcelona et
W H g

A7staL pH 25 FAI57] st @3olx w2t
o=z At AFHE Ak A s d=AEAA
Ao AFALRAATAELE 2uh ICPMS
(DRC-II, Perkin Elmer)Z #413lith.
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al, 1985). A& AFHAel= 045 um =
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41, DIRMSE Xsttel Pats 83y 54
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M= 0.1-1 pg/leolthSmedley et al, 2005).

38207 PSR Askre] by TS BAe A
= Table 29 Ueht Qo AA skl ek
e AEeHA vvHRE HA 1,757.0 pg/lle] |
HAE RYom HFTEFS 646 ngl, Uk
0.76 pg/L, FFARR= 39.17 pg/Le = Jeldtt, o]
ko 1999-2002 Aleloll 2AME W= 63671 RAskE
o] $ahF ok Hagkel 45 pgl G4z 019 pg/l)
(NIER, 2002)2t} =2 Ho|t}. o]¢} 2 ey &
o] Aol H At o]gH mlSATE A|3lEe
i A= 116 m, FA2 95%7F A= 50 m ©1%%
ol HsiA 63671 Asae] Ha 4l 65 m, A
A2l 28%7F A= 20 m vkl =37 = 3
A|8lrol7] WEo g AGET, Z X skro <
7} 4842 Bt} Ca-HCO4(S0)3 e Lztajel| 7
THIA L 849 Sk AstEo] FAE] Wil
2 ¥ ck(Lahermo et al, 2001; Salonen, 1994).
A 382000 wEASFE RS ke gERe
1999d7E 201497k A=< o= ¢ dejz=At
o} AR AUxA} A} AES o|&3 4,140 ABkF
o HAa $2kg o 8.01 ugl, Y% 0.70 pgl
(Shin et al, 2015)¢} m|<=slth. 22U} 20006 5-E
201197141 9] HejzAt A2E<] 1,013 Askee] 3
o 2 &% 275 pgl, 9% 11 pgl (Yun
et al, 2016)H = Rt} o= L0137l R = A
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sieel hRe SRl XS] uEe]
vk A ek g9l w9 E

o2 FetEch

FU T Askre 2
1,757.0 pg/Lyt =A% vl Main 9] 10,299 pg/L
(Cothern and Rebers, 1990), E&=2] 12,400 ug/L
(Salonen and Hukkanen, 1997), :=2¢°]2] 2,000 pg/L

HAngFe

Table 2. Statistical analysis of the uranium concentrations (pg/L) in the CGS groundwaters from different geological units

Geology Samples Min. Max. Mean Med. Std. Dev.
CSED 37 0.01< 0.46 0.09 0.04 0.12
MSED 623 0.01< 78.4 1.36 0.50 437
PSED 136 0.01< 196.9 2.62 0.49 16.90
PMET 1,100 0.01< 563.6 6.46 0.73 31.83
OMET 113 0.01< 1452 3.05 0.75 13.85
CGRA 350 0.01< 187.0 3.87 0.99 12.40
JGRA 977 0.01< 1,757.0 13.6 2.05 67.38
PGRA 67 0.01< 216.3 11.2 1.20 32.08
PVOL 43 0.03 1.37 0.14 0.06 0.23
NVOL 374 0.01< 158.6 1.60 0.27 9.10
Total 3,820 0.01< 1,757.0 6.46 0.76 39.15
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Table 3. Uranium concentrations in groundwaters from various countries

No. of Range

Median

Country samples (ng/L) (ug/l) Lithology Reference
Brazil 210 <0.01-7.5 12D No dominant Goddy and Goddy, 2006
Canada (Manitoba) 287 <0.02-2,020 10 Granite, gneiss Betcher et al., 1988
Finland 6,600 - 3229 Granite, gneiss Voutilainen et al., 2000
Germany 908 <0.01-16.0 0.17 No dominant Birke et al., 2010
Kosovo 951 0.01-166.0 1.6 No dominant Berisha and Goessler, 2013
Swiss 5,548 0.05-92.02 0.77 Sedimentary rocks Stalder et al., 2012
USA 3,541 0.02-550.0 0.52 No dominant USGS, 2011
DMean

(Reimann et al, 1996)°l] H]EIAE Yt} 9=te] XY
W 5] Sy el o AT Bov o=
o] 7} vet A Aslre] ek ol o A
A & guiA A &3 YR Tl AF B
H]go] Zpo], Aol o8 X3l P st
Aup} o] EgElo] JEA T uie] 74 Yzt A
sre] ke S viasle A ¥tk 2Ey
U v E Askre] SEhr S =] o
7 BF9HRA Ak ek ¥ 2APAHeL Hlast
A Table 35+ 2t} AWk o® Hopr F=utt 5174
ot Helere] Hlgo] £2 FF= 6,6007] A &kre]
$2Hg B 322 pg/l (Voutilainen et al, 2000),
ANt v ERS 2870 At EE SR
10.0 ug/L (Betcher, et al, 1988) 5& = Wl
FE Askre] by dEEth b 28y deEn
sPdetat Hmjgke] vlgo] W Hapy 2107 X8k
$ehs W72 12 pg/L (Goddy and Goddy, 2006),
FaH 9BUN Aate] ke SRS 16 pgl
(Berisha and Goessler, 2013), =912~ 55487 A&}
FEF AR 2| FoHE TURS 077 pgl
(Stalder et al, 2012), v=+ 3,541 A8kl 25
T9F 052 pg/l (USGS, 2011)¢} vls8hy 5
9087 BTl e Y 017 pgliths =t
(Birke et al, 2010) (Table 3).

38207 Aslre] e s BE(Fig 2
AREHQl Aelre] Sk ZAPIN £3] Yehe T
o] dlo[E7} Bk = 3he] Mol XA U= AJE
(lognormal distribution) (Pinti et al, 2014)E H<l
o} Table 3] 7t vt Aekre] 92hw o w9l
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Fig. 2. Histograms showing the distribution of uranium
concentrations of the 3,820 CGS.

6.46 pg/Lolvt =AW kg ol
AA] 155%, 30 pgl oS 3.8%,
1.1%° =331cH(Table 4).
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50 pg/L ol

o) Mg BRI T XY vlSAFE X8}
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AR s AT 101 Al e F 24
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2 A gl Aol vsix el g wsht A
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Table 4. Uranium concentrations in groundwaters from various countries

Geology Samples 1.0< 1.0-5.0 5.01-30.0 30.01-100.0 100.0<
CSED 37 37 0 0 0 0
MSED 623 431 170 19 3 0
PSED 136 100 29 4 2 1
PMET 1,100 626 322 109 29 14
OMET 113 68 35 9 0 1
CGRA 350 176 116 53 4 1
JGRA 977 326 340 228 60 23
PGRA 67 31 18 13 3 2
PVOL 43 42 1 0 0 0
NVOL 374 287 72 13 1 1

Total 3,820 2,124 1,103 448 102 43

Uranium (Unit: pg/L)

*+ <10 3
* <1.1-3.0

© <3.1-100
© <10.1-30.0
* 301¢<

100

s 10 29

Fig. 3. Spatial distribution of uranium concentrations from
3,820 CGS groundwaters.

SH
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ofe

100 Ad FeA S
JGRA A 9ollX 205 pgLE 7F
Fig.4). JGRA t}eog Sy &% 5
A& PGRAY 120 ng/l, CGRA2] 099 pg/lLeltt.
T2 3PdEni, Avigt, Ao g 4¥ PMETS]
$2FE FURE 0.75 pgloltt. 3 Uy kA S
¥ o] 360 mgkgelyt =+=(Shin and Kim, 2011)
OMET A¥¢] a5 I U2 075 pglo=z
A iRl TR v Ao 2 YERT
ol SHUHEAAIU T SEhaTsel ditel Exsiy

TH(Table 2,

FHkol =

Uranium (ugiL)

O L & & & o
FEEESLE EE S
Lithology

Fig. 4. Box plot showing uranium concentration for each
geological unit.

3 SEresUlerz Al fEl
a2 F713HEY] e ol <Jsk
SEH gkl WA HEEe Ae=E F4YErk(Choo,
2002; Hwang, 2010). CSED X vl x]8l:
o] Sy T FUL0.04 pglye 2o HEUA Y
91 MSED, PSEDS] F%%k(0.50, 049 pg/L)Rch @
24| o] CSED A ¥dll= u|and HZete] 23 w0
U A B dhSAIZke] Ao R #7] wlio=
A€t PVOL A vl A|3ee] ek

F SRS 0.06 ngLez vred o= PVOLY
A1 HEro] A7 EAoln HEYS ] wdst
scoriaZ 59 2o He FLEATTT 202 mPd
Z (Choi, 1999) Z7] wiEo = s} o]9} &
A Aol Sk e zlole YRk o R 3}
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Table 5. International uranium guidance levels (ug/L) for drinking water

Australia? Canada® India®

Sweden? USAY WHO®

17 20 60

15 30 30

PNHMRC (2015), PHealth Canada (2014), YAERB (2004), “NFA (2005), USEPA (2009), “WHO (2011)

730 ARAUAG Aslre] kg el &AL E
o Ak e ol drie AR dA)§
t} (Cothern and Robers, 1990).

AR A ek ek TR SR YelA
=A% 53] JGRA A9 S2h 3hd S 2.05
pg/Lg 72+ 3h7erel PGRA, CGRA A91¢] 1.20,
0.99 pgLETh %t} ¥= CGRA, JGRA, PGEA A
o QhAe] Sehy Pl uigk TR AEE AT
JGRA A oe] 2k 3hde] CGEAS PGRA A¥¢]
SeHr FEET =2 dAERD 9212 JGRA A9
A e o] CGRA, PGRA X9 HAW) ¢
2y R T w7 fiEeg FHE 98 £ I
2kt CGRA A 9] Askre] Sy 3 T3S
4.74 pgLZ JGRA AY Aslre] S 3 5%
e 233 pglEt =&y olo Fa delo=
CGRA A9 s ek % SY74(8.2 mgke)
o] JGRA A9 si¢ke] FUE.65 mgkgrTh =
o Rog AFdE vl AtKCho, 2017). wEhbA] =
AHoZ B wj= JGRA AH Asle] kg =F
7V =R AGHoR2E st S T,
Fr 3 54 Sl o= CGRA, PGRA A%
sle] 2hF ] JGRA X9xHT © & &

. JGRA A e Askre] ey T
PR 2,05 pglE 1070 A& FollA 7P =
Jey F==E YIRS 308N Alske] ek T
7k 160 pg/L (Asikainen and Kahlos, 1979), 7yt
v ERE 2871 Askre] e F9% 10.0 pg/ll
(Betcher, et al, 1988)¢} Hlw3PH JGRA A nl&
ArE A SEbe e B Holth
529kl MSED, PSED A9} 3419121 NVOL A
TR AE 7 A e ek 3] 30 ugl
HETHTable 4). 22 FUA Jerba Island®] 7%
7 TEo] w2 AT dFeE siA HE
o Askre] b, g gl =4 JEhe
2% Ut} (Telahigue et al, 2018). &y} EZ,
SR ] rlEAdFE A BlrolA] ke dHEel =
He AL ol Ay AFAL] A=
shigko s FEERNE AA| Asr
M= SR AP FES Hk
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X,
ol
o
tlo

7Fs/de]l =AY (Skeppstrom and Olofsson, 2007),
Aol HEst A8t ol APl YE
W] gto 2 8 4 Jok(Cho, 2017).

4.3. Oi2&=eE X5kl fEhs MHXIPIER]) =
e

9] oy Ygore 580 feha A0 1=
AE 7HAL UE 77T w2 AR 15~60 g/l
o] yelolt}, &, 2¢ule] Aokx] (Proposed value)y=
15 pg/Lol Z(NFA, 2005), 7Huthe] 712X (MAC;
Maximum Acceptable Concentrationy= 20 ug/L. (Health
Canada, 2014), n]=+2] 7]E&X](MCL; Maximum Con-
taminant Level)= 30 pg/L (USEPA, 2009), WHO<]
A 9] (Provisional guideline value}= 30 pg/L (WHO,
2011), A=) A9HX](Threshold valuey= 60 pg/Lelth
(AERB, 2004) (Table 5). @A) =] S-82] s
71 AAGESEZA 30 pglel AAEH Ut
38207 PR Akre] Sk gHde] 30 pg/l
£ X35k vl 3.8%°1%, 100 pngLs Z3she
H&2 L1%=E SolRith AA| wedr= Askre]
Sy g Hagel 646 pg/Lyel vl 30 pgl,
100 pg/lLE Z33l= Hl&o| the vl vlaia A
Hog o Ao A4l HolErt e = {1

Joll X194 = Ae](lognormal distribution)e]”]
olt}, & EW FA4AH BN Aere $EbE
Hel= 0.01-166 ng/L, Hdat2 5.0 pg/LolA et
e 16 pgleldl 30 pgle de HE2 26%
TH(Table 3).
2y gl 30 pglE 233 vlE-S 3.8%°]
M3 ASrE A-ER FESH 2380
tol7t sitk. CSED A9 370 vSdFe A
e BT 2k @Fe] 1 pgll olek= Yt o=
o] A|ge] Ao mAE R Ee] A EHE ]
oAl QHA A ehE ko] WAl E-9H Wk
o] oFHEL Y Aok o|F HE7f wE7] HlEoR
A€tk PVOL A% kg ko] wobx 4374
WAL Ak 5 D] 1.01-5.0 pg/Lell &3t
3R] 270 BF 1 opg/l olsteltt of= o A
o] meto] 471y Phloln] tiF) Aslkre) o)
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SehE gl 30 pgls EAshks Wleel 71
=2 92 3] JGRASH PGRA A9 o 24]
t2t 85%, 75%\ k. 2y 722 g
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