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High Ferrihydrite Turbidity in Groundwater of Samdong-Myeon
(Ulsan) by Carbonate-Water Inflow of Deep Origin

A 7| 4(Gi Young Jeong)'™ - 21 A 3|(Seok-Hwi Kim)? - 2 Z Z(Kangjoo Kim)2* -
M A F(Seong-Chun Jun)3 = & 2(Jeong-Woung Ju)® -
% 0] H(Mi-Jung Choi)® - A 7“ 2(Jeong-Yong Cheon)?

'rzuleta A 787 vt
{Department of Earth and Environmental Sciences, Andong National University, Andong 760-749, Korea)
ST e PELE
(Department of Environmental Engineering, Kunsan National University, Kunsan 573-701, Korea)
Ao a9 21
(GeoGreen21 Co., Ltd., E&C Venture Dream Tower II, Seoul 152-719, Korea)

ek &4 "J%@Oﬂ AAG AR A AsksE F YFe w20t 45 7IEE 2A 2A%
o BESH E4AH, SuE 2494 AE 05 pm oo 74 Helstel= EME(ferrihydrite),
dejstoloetolER wfg WY Haksl wregloh A f, 1A ofEo JYART Hestls
oJEx A MAAEA 2719 A5 HHut 4’—&51‘31:11 Sisk p7h @450l Al‘}:if)r HAg d“ﬁ}
Brefejobe Adhare] 4 Fe'To) Ar3hEn 0}‘43} Azstel=dto| B JA AL2E AFAAL. F
o BE Asteel wimsted pHS Bl B3, Ca $F3 GBS} FobA %&5% Abef ) Uk
3 d 543 2 ‘“&Q‘% &40 ‘”& *‘ 719 & f]le] 2. wEbA w2 A
gsto] =2}l E B X pH, Eh, ¢Z YR F é" Aot FA AR Adks B ol AT 7
o gt e -Z}ZA ANAZ B84 ?}’”“01 A

201: A3, GE, A sl Setol 2, deol, Ba

It

ABSTRACT : The turbidity in several wells of Samdong-myeon, Ulsan, exceeded potable groundwater
standard (1 NTU). Mineralogical analysis showed that the fine suspended particles are ferrihydrite
spheres with a size of less than 0.5 pm and helical iron-oxidizing bacterial filaments, and their aggre-
gates. Ferrihydrite was almost amorphous only showing two electron diffraction rings, and contained Si
and P. Helical bacterial filaments were almost replaced by ferrihydrite. The helical bacteria have played
an important role in the ferrihydrite formation by becoming the loci for ferrihydrite precipitation as
well as oxidizing ferrous iron. The physicochemical conditions of low pH, low redox potential, high
Ca concentration, and high alkalinity are consistent with the hydrogeochemical characteristics of carbonate
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groundwater, implicating that the inflow of deep ferriferous carbonate groundwater and its oxidation
have caused the ferrihydrite turbidity in several wells of the study area.

Key words : Groundwater, turbidity, ferrihydrite, bacteria, carbonate water
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Fig. 1. Location of the study area and investigated wells.
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Table 1. Aqueous geochemistry of the groundwaters around Jakdongri, Ulsan

D Well pH EC DO ORP  Temp  Turb Alk Cca¥  Mg"¥ Na
depth (uSfem) (mgL) (mV) (C) (NTU) (mN) (mgLl) (mgll) (mgl)

ID-126-5 100 6.13 1763 1.4 46 19.1 243 175 2613 414 418
ID-164-1 110 6.94 1163 5.6 214 227 33 11.1 903 601 586
ID-781 100 7.39 168 5.0 246 212 23 1.31 17.8 3.6 6.1
JD-2142 No data  7.32 460 2.6 177 18.4 2.1 3.39 437 149 1438
ID-679 110 7.27 271 5.8 235 17.3 1.8 1.69 22.1 8.4 9.0
JD-54 120 6.64 239 52 231 16.5 1.6 1.33 20.4 53 2.6
ID-782-1 110 7.59 213 3.5 164 17.9 1.4 1.40 22.1 3.7 75
ID-70-2 120 6.77 351 39 80 21.9 1.3 2.02 35.7 6.7 124
ID-440-3 150 7.1 301 5.7 194 183 12 2.02 346 5.8 8.0
ID-749 120 7.52 287 4.0 212 17.1 0.9 1.95 315 5.9 7.6
ID-211 200 7.24 453 42 158 232 0.6 3.38 419 109 256
JD-643 200 7.53 244 43 212 19.4 0.3 1.39 14.7 07 295
D K" cr NO; SO~ Al Fe Mn Si  KMnO, pCOs  Slaie

(mgl) (mgl) (mgl) (mgll) (mg/L) (mgLl) (mgl) (mgL) (mgl)

ID-126-5 334 129 0.0 249 0025  4.04 227 19.5 - -0.19  -0.13
ID-164-1 337 95 0.0 329 nd nd 0.064 9.7 - -1.16  0.14
ID-781 0.52 3.2 0.4 2.7 nd nd nd 11.7 0.3 250 -0.87
ID-2142 075 9.6 0.7 19.0 nd nd nd 8.1 - 205 -026
ID-679 0.68 115 33 6.4 nd nd nd 11.5 - 230 -0.87
ID-54 1.64 8.6 2.8 141 0051 0236 nd 5.2 - -178  -l64
ID-782-1 055 79 1.1 4.9 0025  0.073 nd 145 - 270 -0.61
ID-70-2 0.64 8.2 1.6 293 0.021 nd nd 6.6 - 170 -1.04
JD-440-3 058 8.6 1.8 12.8 nd nd nd 6.4 - 205 -0.77
ID-749 0.68 7.1 1.6 10.8 nd nd nd 9.1 - 250 042
ID-211 0.93 92 0.6 23.0 nd nd nd 7.0 - -194 029
JD-643 0.38 6.8 02 24.1 nd nd nd 9.2 - 263 -0.84

Temp temperature, Alk alkalinity, turb turbidity, KMnO. consumption of KMnO,, pCO, =

log (ion activity product/solubility product)
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Fig. 3. TEM images of the bacterial filaments. (a) Double helics of the bacterial filaments encrusted with
ferrihydrite spheres. (b) Helical bacterial filament and aggregates of spherical ferrihydrite. Electron diffraction of
the spheres show two diffraction rings. EDS pattern shows a strong Fe peaks with weak Si, P, and Ca peaks. (c)
The bacterial filament consisting of globular ferrihydrites. (d) Ferrihydrite spheres with no internal structures.
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Fig. 4. BSE images of thin sections show fine arkosic sandstone which consists of quartz, plagioclase, and
calcite. Calcite is free of Fe as shown in the EDS pattern. XRD pattern of buk sample shows fine minerals such
as illite, chlorite, and hematite in addition to quartz, plagioclase, and calcite.
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Fig. 5. Plots of various chemical parameters as a function of alkalinity.
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