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Abstract

To understand. the geologic and hydrogeochemical controls on the occurrence of high
fluoride concentrations in bedrock groundwaters in South Korea, we examined a total of 367
hydrochemistry data obtained from deep groundwater wells (avg. depth = 600 m) that were
drilled for exploitation of hot springs. The fluoride concentrations were generally very high
(avg. 565 mg/L) and exceeded the Drinking Water Standard (1.5 mg/L) in 72% of the
samples. A significant geologic control of fluoride concentrations was observed: the highesft
concentrations occur in the areas of granitoids and granitic gneiss, while the lowest
concentrations in the areas of volcanic and sedimentary rocks. In relation to the
hydrochemical facies, alkaline Na-HCQOs type waters had remarkably higher F concentrations
than circum-neutral to slightly alkaline Ca-HCO3; type waters. The prolonged water-rock
interaction occurring during the deep circulation of groundwater in the areas of granitoids
and granitic gneiss is considered most important for the generation of high F concentrations.
Under such condition, fluoride-rich groundwaters are likely formed through hydrogeochemical
processes consisting of the removal of Ca from groundwater via calcite precipitation and/or
cation exchange and the successive dissolution of plagioclase and F-bearing hydroxyl
minerals (esp. biotite). Thus, groundwaters with high pH and very high Na/Ca ratio within
granitoids and granitic gneiss are likely most vulnerable to the water supply problem in

relation to the enriched fluorine.
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ol 8lo] Ha o 53, L35y ARAGTAN A AEHE %S vt 23A%, =
W & Aoty WolAe £29 71gd g A7 $E8 FRHA Raich #4200 FA4%
B F2 Aol Me nFe B4 AbEol Wby GRS £X9 A d¥de RustAth
Yun et al. (2005)2 A 3744 AEE ol &3t A F FE B2l HF WA (batch) &3
PPHES AANeE FHsq ‘FEL TR 37 aFE Ba AEY dAHY 4] 'S
xa]“ﬂ?it’r JFAE, AA AgFAE ZA B P B-FY HE st Ba 9 719% A
€ AEsA X A7e AFE Ao

ol & =FdAE 2% Ful 24 ML AAAM HEH F 3674 A £Y AzE
FTHHor AYFOBA, I AF AT WM 4 e BA4E dwsstz, Ak
A TEEA A5, & #-F HSH dHsd nFE BLo A4E AdUE HH2ZA Y

3‘—"} AR A8k 3670 AlRY i BEA FEE 5650 mg/LEA w$ 52 gg vehlglon,
A F 92%AM FU Hed $27E(015 mg/L)E 2H33HT ol¢t Zo] IFuU AR E4]
FE7t S w2 A Fd A AYe HA AL FS S #oigdo]l YA EXde AR
I’_?l Ao wAt ARASS ANRE U5 NFo wel sFeF, sAunkel skl WA 5]—1
by Aol EAlE EFFY 670 I 2 EFslm, 4 e g FFE B4 §F
sl i;&‘:} 3 A B4 FEgd A JEE gude AolE RAFAH. 53, 5}78*34“]'
o AY(HT 831 mg/L)TH FALF BIXAF(HT 6.08 mg/L)dA 7+ L& EA FFE vehl
Row, Hi Bih FFo] ol A Y, YR, A wrtge £33, wAEY
&, HHY, 5}"}%‘4 TolAHFig. 1A). o8& ZAge U AF st He B4 §go] 72
Hoz gFFe Nd EAd o3 2HEE 117\13}4- At E3), sAew 2 AuUegRI E¥st
T AN “H—?- L 49 TR Uehta &S BAED EF AT U ARASTY +3
< AA 47tA F8 A 78 3 (hydrogeochemical fac1es) & Ca(Na)-HCOs3 3, Na(Ca)-HCO3
3, Na(Ca)-Cl 7% % 2Hd(acidic)®) Ca-HCO3; H#H L2 EFHIY. 34, o] ()L EE U
2 AZdA Yetded, ole U AR dwAstse] A TEHTA AJFR(F, A £2
#F3e FaF E-4A w7t 2A B8 AFAEAC FBfe] FAEE ANSED AFA S
9] A FEE FYo WE Bhe BT FEY EXE RU(Fig. 1B), #3FH wet £49 JA
Tl F8E 2ol& VeEd g & 4 glth 53], Na(Ca)-HCOs F+33 Ca(Na)-HCO: #3379 #
o7} 7H4 FEidtdedl, F 367/ F 19670 Al8oA X" Na(Ca)-HCOs; F3NA Bhe He
FE7F 762 mg/LEM 7P w3kem, 487) A8 £3 Ca(Na)-HCOs #r8AA= 71 ¥e 38
FEZH1.79 mg/L)S& JeEISIY. 3 §380) uet B4 HF TR/ F3 AolE HAEAE 3‘3
7Fet7] sl AR (t-test) & AAIE 2, Na(Ca)-Cl %3 439 Ca-HCO3 3 e &
FE(p-value)ol 0.05 ©]Fo.2A %"\«] FAFeY ot FAHLE FY5tA Fou UHA {3
g ole 3T %E«] Zpol 7t vl - R (pa<0.09)& & F AUNTh
ol AHAEL T AR %‘I‘WSFT"“’*]«] AT BEAe AEo] A 8o wE dap¥ez
ARHAR, FYF F EF YME X35 AR &8 futEe E-94 w39 Ax, & g
o) FHPAFSLE 23 F2e oS FLEE AN 2, $4EHF L SAUvite] Exe
X]~| FoMNE Na(Ca)-HCO; #39 AtrE BT & A& E-¢4 3ol YA AF dF
2 874N M & R Bavt ANES FET 4 Atk AAE, B AFNA $3€ SAUF
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Fig. 2. Concentrations of fluoride in deep groundwaters in

3. d& .
2 =AM 2345 AE 5319 A FAET AE o 600 m)olA 58 I AR oyt
Asta F 3670 A Ut FEATEHY ATE FPFOEA, AR it sk BAHAM B
29 719 2 AE(ES, A2 2 AF3sry 2d Q9 et naAsAnt. Q7 dA AR EE
F9 B4 HEFEE 565 mg/LE ¢ Fon, 53 HA AR 72%AH HEE FANFAS
mg/L)& 27T WA TEE B4 A& U ARAEEY UutHonE g S0
o, =3 HEdoz A o8 o s

flo |

0 W g - . N -
W . ot A7 B $20] FAHAL ALE
) . g g . AEE B2 FE W8 Folg dury,
e % |1e] 67 iy B
s . £ 5 BAAF, spunte, a2lm olge &%
v = w - F A9 F3lo] wgo] FAHAT W
W w e w w Y w4 Y R OEHAY EX AYdME o
. e A Fpol We FE £EE Ushin =
¢ | ks ¥, ARASEY $YAT7HHED) 78

oy °. - L o _ -
: Ry % s WA & 2A S FYo2 BRI F)
" V. | B 30 %0 AR AssoHE Na(Ca)-HCOs 30|
e 0 e o0 A% $ABGon, o £& 1 pgoz
e we v 5 % oo CalNa)-HCOs %8 Al H

Na Guot) w e Bk oa moh WsE A

O Cs(NO-HCO, type . . -
o NaCO-HCO, gpe 32 AT or)A, FERTF3EE
o &3 B 3dlaro -
Fig. 2. Relationships among F concentrations and some dol ek £+ ¥#e Ca(Na)-HCOs
. } o = N
related parameters such as pH, Ca, and Na concentrations oA Na(Ca)- HCO; frdez 3}

_IQ'_
in deep groundwaters in granitoid area. g o FHo]l FUISIATE wWeElM ARFY
9 &3 g3 FrHE IANHA B~
WA Wl HE FAATRRRY Wt Bae $YO A FE Fhs vasle] BA 4R

=103 -



4. FnEgd

AR, 28, A, w4y, 4Rd (2000) FAEAE A3k A8 B4 AT A8
3], 74, p. 32-46.

Ad, HEF (1998) F&e] 2HAGY do Astre] A7ty A7 d=A7HE], 199,

A7, A% “7‘—, A4, gAY, o=, wed (2003) XF-AFAY FAdFd FHY nEL A3
F e B4 AA%3)A), 399, p. 371-334.

A (2001) FF-¢F AY IR M3 2 S AF At EL FEEAH L AW
oh AA#7AA 4, 344, p. 105-117.

Kim, K. and Jeong, G. Y. (2005) Factors influencing natural occurrence of fluoride-rich
groundwaters: a case study in the southeastern part of the Korean Peninsula.
Chemosphere, in press.

Yun, S. T., Chae, G. T., Kwon, M. J., Kim, Y. S. and Bernhard, M. (2005) Batch dissolution
of granite and biotite in water: implication for fluorine geochemistry in groundwater.

Geochem. Jour., in press.

- 104 -



