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Hydrogeochemical Evolution Related to High Fluoride Concentrations in
Deep Bedrock Groundwaters, Korea
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To understand the geologic and hydrogeochemical controls on the occurrence of high fluoride concentrations in
bedrock groundwaters of 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. 5.65 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 highest 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-HCO; type waters had remarkably higher F concentra-
tions than circum-neutral to slightly alkaline Ca-HCO; type waters. The prolonged water-rock interaction occurting
during the deep circulation of groundwater in the areas of granitoids and granitic gneiss is considered most impor-
tant 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 related to enriched fluorine.

Key words : fluoride, deep bedrock groundwater, hydrogechemical evolution, water-rock interaction
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Fig. 1. A) A simplified tectonic map of South Korea (after Chough er al., 2002). B) Locations of the studied deep

groundwaters in relation to geologic setting.



30 A% AN - A - W - 18

5.65 mg/L(EZHa} 556 mgL)2A ¢ =2 & HAYo] WA 33, olES
yehliglon, 3] dA 5 72%004 =) Hel + o719] sPitol EWiAl BYsi
A7)|F(1L5myL)e 23313tk 0|9} 7o) =) 4% 2002; Fig. 1).

Ao A FErt v 2 AL g@e A X G ARA B AEE T

AA a7dRet S Huelo] WA B¥ske R &, Sk, AAdEA, A,
I 33 Zloz dgar). Jdilee AA4EA 9 b

AECRE N ERS

L AGelA A
12
A,
10
-~ 8 r
=
2or L
B
| T i
5 b -
0 L L L L ) 1
GEOL: Gr. Gn. Int. Meta Vol. Sed.
-sed.
Geology Gr. - Granitoid (154)
(M)  Gn. - Gneiss (59)
- ¢« Int. -Ilntermixed (39)
M:[a Metasedimentary (17)
Sed. - Sedimentary (48)
Vol. - Volcanic (50)

s el Btk o A, =

FAY FeErieh o
AHChough et al.,

A EPIAT, sdnt
ofg] Aol EAE

EF29 o Al et BRSa, 24 FAd e

9]

10
B.
T b
g s
)
g
h 4 I I
, b
—1
0 ) i : L
TYPE: I I 11 v

Hydrogeochemical facies (n)

1 - Ca(Na)-HCO, Type (48)

11 - Na(Ca)-HCO, Type (196)
I1f - Na(Ca)-C1 Type (82)
1V - Acidic Ca-HCO, Type (41)

T 95% confidence Interval
about mean

Drinking water limit for F
(1.5mg/L)

" mean

Fig. 2. Concentrations of fluoride in deep groundwaters in relation to the geology (A) and hydrogeochemical facies (B). The
range of bars shows the 95% confidence interval with a mean concentration.

Table 1. Results of t-test on the statistical differences of fluoride concentrations, in terms of geology (in A) and hydrogeochemical

facies (in B).
A.
F (mg/L) p-value
Geology — - - - -
N Mean SD Range Granitoids Gneiss Intermixed Sedimentary Volcanic Metased.
Granitoids 154 6.08 4.94 0.0-23.0 - 0.592 1.000 0.007 0.000 1.000
Gneiss 59 831 845 0.0-40.8 0.592 - 0.623 0.003 0.001 0.678
Intermixed 39 573 525 0.0-21.0 1.000 0.623 - 0.376 0.123 1.000
Sedimentary 48 348 4.12 0.0-141  0.007 0.003 0.376 - 1.000 0.619
Volcanic 50 322 270 0.0-10.6  0.000 0.001 0.123 1.000 - 0.351
Metasedimentarys 17 565 4.09 03-163 1.000 0.678 1.000 0.619 0.351 -
Total 367 5.65 556 0.0-40.8
B.
F (mg/L) p-value
Hydrogeochemical facies N Mean SD  Range Ca(Na)-HCO; Na(Ca)-HCO; Na(Ca)-Cl Acidic Ca-HCO;
Ca(Na)-HCO; 48 1.79 3.07 0.0-184 - 0.000 0.002 0.034
Na(Ca)-HCO4 196 7.62 6.01 0.0-40.8 0.000 - 0.000 0.000
Na(Ca)-Cl 82 4.18 438 0.0-23.0 0.002 0.000 - 0.999
Acidic Ca-HCO, 41 3.74 336 0.0-15.7 0.034 0.000 0.990 -

SD=standard deviation
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Fig. 5. Box plots of the fluoride concentrations in four hydrogeochemical types of deep groundwaters occurring in granitoid

area.
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O=Ca(Na)-HCO; type water, ®=Na(Ca)-HCO; type water. Activities of the considered ions

were calculated using a computer program PHREEQC (Parkhurst and Appelo, [999).
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