XIEREXE, HM40H, M15, 29-45, 2007
Econ. Environ. Geol., 40(1), 29-45, 2007

b

0

HAEZ I X X|5kre| F Fe?t Mn 74S0)| ChSH s 2P n}
}

Y - 2SS - sHE - EH

FHA AR LAATE A A LA

Effect of Redox Processes and Solubility Equilibria on the Behavior of Dis-
solved Iron and Manganese in Groundwater from a Riverine Alluvial Aquifer

Beom-Kyu Choi, Dong-Chan Koh*, Kyoochul Ha and Su-Hyun Cheon

Korea Institute of Geoscience & Mineral Resources, 30 Gajeong-dong, Yuseong-gu, Daejeon 303-350, Republic
of Korea

Biogeochemical characteristics involving redox processes in groundwater from a riverine alluvial aquifer was
investigated using multi-level monitoring wells (up to 30m in depth). Anaerobic conditions were predominant and
high Fe (14~37 mg/L) and Mn (1~4 mg/L) concentrations were observed at 10 to 20 m in depth. Below 20 m depth,
dissolved sulfide was detected. Presumably, these high Fe and Mn concentrations were derived from the reduction
of Fe- and Mn-oxides because dissolved oxygen and nitrate were nearly absent and Fe and Mn contents were con-
siderable in the sediments. The depth range of high Mn concentration is wider than that of high Fe concentration.
Dissolved organics may be derived from the upper layers. Sulfate reduction is more active than Fe and Mn reduc-
tion below 20m in depth. Disparity of calculated redox potential from the various redox couples indicates that
redox states are in disequilibrium condition in groundwater. Carbonate minerals such as siderite and rhodochrosite
may control the dissolved concentrations of Fe(Il) and Mn(Il), and iron sulfide minerals control for Fe(Il) where
sulfide is detected because these minerals are near saturation from the calculation of solubility equilibria.

Key words : redox processes, riverine alluvial aquifer, iron, manganese, solubility equilibria
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A R AAE Aspe] AEX TS E4S FAREY. AR £ 400 1 mglelste] 714 84
of XuFo| e, 10-20m T E & LY Fe(14~37 mg/L)2F Mn(1~4 mg/Lye] YeElubal 1 sHteA =
SCID o]&o] HAEHUTE £ Fest Mno] ¥& F7ole 0, NOyF A9 §13, HHEHe] Fest Mno] FHee
Aro) watk F o) glo] BxI o AAGFEARA o] Fe(ll), Mn(V)2) 24 93] Aarule] <& Fe
o} Mn9| 57} Bold Aoz B 4 itk £ FXolM Mnol Fedll vig) dujider w&rt 24 v 72+
o] o] Wtk 9 oA HAxlgeld (electron donor)E ©18E F U #7] E2(DOC) wE=7F AsFH 2
A FA3] Zhdhe ZoR Hol X 47182 AR 495 AoR BT 20m sHPelM e SOt A
3L S(ID) o)l AEHE RAOE Bol AR pHDR= - ptelA SO, $HaFE-o] EUEhE AAJFITh ofz] A
Ao 2 e AskH el A%E Feg Tsh= AEE AYsiae 25 4XEA Yol AAHLE A
stgz oz uHy Aejd Aok B $ Qo sk RS Al9skale siderite, rhodochrosite 59 ©AFE
FEo) 2R 47L 2004 +19] WHE Ho ol FEd| s Ztzt Fe(l), Mndl) o294 w7t AalruldA =
HE F Q&S HAFH, 20m 3P AE F7lA S oj2o] AEHE A HMME FedDe A9 FeS F&el ¢
M= w7t 248 4 Yk

F20 @ k-8 g, skw F4 WS, 4, 97, 88 e

’

o,

K

*Corresponding author: chankoh@kigam.re.kr

29



30 At

gl

LM B

A EANA 45 Feot Mn2 durdol pH =74
(4~9)yllA 4k}t o] LIS thZoMe Al A
257 ghov}, 39 BAdME Fe(D) ol FHE
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Fig. 1. Sample location of groundwater in the alluvial aquifer near the Mangyeong River.
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Fig. 2. Lithologic profiles of the alluvial aquifer.
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A& AE AF= 20053 39 8YRE 11971A
4o ZA & thE A= B F 331 A-He
sl AAlEET T A #E4e 20-30m A%t
2 AR EY o Zzbe] #EF-L 25mm = 6 mm
739 o9 ts Ax FAoE FAHY grkHa
et al., 2006). 3Tt 7+ #Ze] FUE AF 59
#Z7)(diver, Van Essen Instrument)E o]&3}o] ¢F
2NE7 A1t} A% = (peristaltic pump)E ol&
slo] AP wNE RSrE Ao, Al AlE
9] 2%, pH, A7|AEE(EC, electrical conductivity),
£& A2R(DO, dissolved oxygen)E flow-through
cellg o83l eyt 2= Jeialr] AN &
Asldeh. @ 4 AEo02 B g 209 F
719 4 gk 24 wgkon tiHE s5Rolde] <t
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Public Health Association, 1999). &3 A &&= 0.2
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310005 ol&3te] 434l Fel ol &=
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753t 713l EES AASKITE DOCE S35t
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o <lolA 7iEsle] AUt (Wang ef al., 2004).
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Table 1. Hydrogeochemical data of groundwater collected from multilevel monitoring wells in the study area

Well  Depth . ¢C) pH DO HCO;Y SO, NO; Mn  Fe(ll) Fe(IID® S(-I) DOCY
No. (m) (mg/l) (mg/L) (mg/L) (mg/lL) (mg/lL) (mgl) (mg/L) (ug/L) (mg/L)
B1 6 155 518 3.6 397 517 36 029 ND. 003 11 22
9 161 568 0.9 627 674 50 191 051  0.02 2 0.8
12 155 634 08 1578 180 0.1 329 2962 228 5 35
18 154 607 28 1452 236 0.2 249 0.06 0.8 4 62
22 153 739 49 3268  9.73 01 023 0.10  0.01 3 5.1
27 156 738 1.1 3187 109 01 024 0.07 005 14 16
B2 7 143 6.08 24 1161 802 01 278 2563 198 5 14
9 142 612 0.5 1338 792 01 279 3138 173 14 0.7
13 142 6.6l 1.6 1940 465 02 459 1863  1.88 27 6.5
18 144 663 05 1679 356 02 329 1350 0.0 20 5.1
22 144 696 02 2028 240 01 072 6.63 ND. 21 43
B3 8 149 549 0.4 284 605 321 054 0.02 ND. ) 1.6
11 139 559 0.3 95 597 102 124 004 ND. ND. 0.4
14 145 71 02 1835 447 01 012 026 ND. 8 5.5
16 147 142 04 2106 452 02 011 006 N.D. 7 6.6
19 137 157 02 2108 485 0.1 008 037 ND. 34 24
B4 8 143 583 04 1530 217 ND. 099 763 ND. 16 24
9 156  5.83 0.3 1504 670 01 143 1888 ND. 11 1.1
14 152 6.02 0.3 1105 872 0.1 200 2013 ND. 13 0.9
19 140 613 02 1299 815 03 191 1475 ND. 5 5.5
24 152 667 08 1638 261 04  0.14 045 N.D. 78 1.6
B5 6 167 519 1.7 232 60.1 50 005 ND. ND. ND. 02
8 159 525 0.3 264 810 176 032 0.02 N.D. 2 0.9
10 168 594 03 767 822 04 312 2900 115 5 0.4
17 156 601 0.2 923 82 02 046 097  0.09 2 5.8
24 154 694 05 2032 8.8 0.0 016 0.02 0.0 1 4.7
30 164 667 02 2052 78 ND. 012 019  0.03 33 1.6
B6 55 142 583 6.1 86.4 53 02 056 275 132 12 1.0
8.5 141 645 04 2022 0.1 01 199 3698 543 4 29
11 146 652 0.5 158.6 02 01 239 3298 213 14 15
14 142 681 0.5 129.9 51 ND. 060 158 022 2 22
21 143 6.89 L1 1275 6.3 00 042 0.05 N.D. 1 2.9
27 147 645 02 114.4 65 ND. 004 0.17 ND. 31 0.4

YDetermined as total alkalinity.

DDetermined by subtraction of ferrous ion concentration from the total Fe concentration.

IDissolved Organic Carbon.
*N.D.: not detected.
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o} HCOq= Aoz Hxd we} 27186k 23S
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Fe(II) FEE Holy 10m F-2olA 7} lg—
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& L}EMD} SO& 10~20m 7704 £ ¥EE
Holu} slolME FA43] Paske wha Sy &
FoflA] %ﬁ 5] F7tste] #Y sHEelA SO, B &
=] ]??_FP(Chnstensen et al., 2000).
pg/LoPlZ o] ZhellA] A
E°ﬂ vs| 453 2

[

1 o 2

P

Ae S F=7}
Heo ofsl] % %% ] }LE}(Jakobsen and Postma
1999). NOs&= A% TR ol o) Aol
trzos ARd 7}4‘401 Art, e, A4
7he AlRlstarE Ao AEEHA gl gERgo] Y
A Aol 7FsdS AAIT, ey ol 33
2 ERlS fBiME NOsY Ase} Abhe] gt 59
d 24 °4:r‘7} Fa=|ojok g}
ARk o7 shdo] &4 Rl A W Ul
Rl %‘?%}01 A WAA Hu, Ase 2
shor ] AHzlel| we} FA WHEkA B (Jacobs
et al., 1988; Massmann ef al., 2004). T3} FAF
AQo] A% A% APE 54 5L Ma
Sl T E7ke] 427 BAdo] ol HHEA &
olZle S} Hskre] AT Aol YYH FHE
P 8 Aol BUROE Bk
cwREel A wal 520 Folr} WA e
A 7] gl Ao Bl

flo _—%

42 EHEL| |R7|8, Fe. Mn &
Table 2= OFA=dYE AFeHA A=d= A
3t A& §7]Z(organic matter)®} Fe, Mn]

Z Feol Mn A%l digh Alstsiel

A=t g2l HIel &7 35
TS el Zlolt. §71EL A3 E Ve
o] F435 AT olAL {718 FYel A
B Zokze)e AASIt) FUEE o8l AR 4
EHE /714 H]E‘/P g W we FEET
71 5] A EFE HAEAWL SR oF
8l= FAE S (infiltration water)oll & sk tZo
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Fig. 5. Depth profiles of 0.5M HCl-extractable Fe, Mn in the sediments.
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Fig. 6. Comparison of dissolved concentrations between redox sensitive species. (2) NO; versus Fe(Il), (b) Mn versus Fe(Il).
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FHE 7k $eiA deleiatEs WATEQ4F(Ball
and Nordstrom, 1991) dlojeujo] 25 o851y, 2d
&2 PHREEQC(Parkhurst and Appelo, 1999)Z o}
Soto Ael-Eh HEWE A8 RN 7Fs
& 4hslgke Hredox couples)dl] hafl Alxkstsict.
Feel dislA+ Ferrogenic zoned 715924 15
mg/Le] Fe(l) ©]2 =%(Christensen ef al., 2000)&
high Fe zones} low Fe zone®® FE3l] HA8ks]
thFg. 7). Mnol sl e MnOOHMn?*, MnOy
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Fe2
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where, Eh=redox potential(V)
Eq=standard electrode potential(V)
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Hol= AL 7} Atshghd A7l v Auist /4
3 AL 273t} Nicholson ef al.(1983)2 vi¢
7 HErE 29E AE d5SelM Pt dFeE &
A& Ehel Fe(OH),@)/Fe’ ™42 olg-3l A4E Eh
7} 7P fAbet el Rasigich of A AR A
(Grenthe et al., 19922} F718=2 298 A Ol
Z(Thornton et al., 20011 % Fewr) =& X8}
FollA] =AU 018 ZAZ FuhE, 10~20m A
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Aol e Al Fe(OH)yFe* kol os AAikel
A7 Pt AFoR S4EE Ehet 7R A1 Zle
& F4Hrh wer] O/H09 SO/S(Iygel o

Ehe A)3}¢] A (bulk) Ened vlwdy 7bd & 2
ol Hoj 7P WIEY et Aeittal & 4 vk
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8l el 39 Fert T3 Asl-sigaols o
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& e st vEE A Js-S ovst
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o oJa) 2H=A] ekol M As-Shd#o s A8
T A} BlEE el s BTk

4.5. Fe, Mn ZH20| 2§t S3 TH
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mackinawite(FeS)el et x| s}4=9] F8}%(Saturation
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FEEL /& 3R A U5S ket dE
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Hrle FEEE SR AAsiHen 47 #E
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A gchFig. 8).

Fe(lDe] v=2 x4 = Fe(OH)@= Wi
ol AmolA s} el k. ol# st s
g7t ehks 218 Fe(OH)@ 2450l wiet g2t
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Pl eyt 248 @ 5 Jok(Stefansson ef al,
2005).
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