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Abstract

The seasonal variation of Mn contents and geochemistry for

groundwater in the Damyang area

By Kim, Young-In
Advisor : Prof. Park, Cheon-Young,
Department of Resource Engineering

Graduate School of Chosun University

The purpose of this study is to examine the level of manganese concentration by
season in groundwater in which manganese concentration exceeds the permitted
level in Damyang area.

Ground water was procured each month to document changes in ion content by
season, piper diagram was used to determine the type of water, and the changes in
Eh-pH diagram and saturation index were discovered to make the prediction of Mn
sedimentation. Also, by analyzing changes in manganese content by season, change
in water quality was documented and the reason for Mn incubation was identified.

To examine Mn concentration by month, Go-Seo Myeon area recorded 0.0lmg/l
in March and April showing increase to 0.08mg/1 in October. Mujeong Myeon area
recorded 5.12mg/1 in November indicating higher concentration level of manganese
than samples from other areas. Regarding correlation between manganese
concentration and precipitation in Goseo and Mujeong area, the lower the
precipitation was, the higher the manganese concentration level was. When

precipitation is high, it oxidize the groundwater environment leading to lower level

- VI -



of manganese and when precipitation 1s low, it sucks the air out of the
groundwater environment leading to higher level of manganese.

When precipitation is high creating lots of air in the environment, high NOs is
observed, whereas Mn existing in the form of Mn" or Mn" produces low Mn
concentration. When precipitation is low, however, NO's transforms into Na
through denitrification while consuming oxygen, leaving the environment short of
oxygen. To this end, Mn dissolves into Mn "™ causing high concentration of Mn in

the water.
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Z(A R4, 2003)5 0] Ak f=molA = ArIAola AAA R Fro] AFIHoRSE
H Atz 9 Hol Wik o] AdA o g Wstgdth= A5 (Thomas et al, 1994;
Moore, 1991, Mustoe, 1981; Von Gunten and Kull, 1986; Hoehn and Von Gunten,
1985; Jacobs et al., 1988; Von Gunten et al., 1991)7} Ut} A3} HAH U3 =
Aol tigh ATz, 200608 B HMn)e ol daRA A FEjell A +2,
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AT 2R g% AGo] Mnol W AR /FEAE 2AsE Adswol ol

R

v
k=)
k)
X
By
_O|L
—r
i
i)
&
fitl
=>|.1__1"
4

o] w7ke] AAA Fx WHI EALS dolH A N
FA skl AdY o] g7F W3l piper diagrame 53 23, Eh-pH diagram<

T A 49, ¥3A S (saturation index)o] WIS Fato] Mn¥ =9 FAE o3}



o] t}.

~ 35° 12" 137

18"

03”7 ¢ &9 35° 18"

SERCERE:

2-1.

127° 03

)l

4

SEEES

A A =

FCE i 729m) o]

=T

Q] X

=
e

FAE F7E A5 o]

]

1,187m) ¥ &4 -]
Ry~

o

o

ap!

[e)

136km =

9

~
o

~
o

T
e

o

ce

ol A
bol gt

o

1.

°
o]

s
R

2l

oo A

ar

L F A #eo) e

A

o
=

22.7km= FH A

vele}sle] 57 v}

ATFA G APANS
AFAG ADEe A

2-2.
t}(Fig. 1).

o}
H

Aol Aol M=

o] %

|

-

H
o
loR
B
el
)

Bl
m
o
)

B

SR

Bl



N40°E/80°SE

R
.

A & ol A

R
L

9 A

T

=5t

i

A

i

=

o

nmo
=
o

Eo
I

—_—

=]

A

2

=

]

il

Pl

0

&

)

1997).

7l &5,

K

<

i
JI

ol

0|

I 55° ~ 65°SE¢]

60]:

==
T

N10° ~ 40°E9

o)

o:
=]

ol v (3} 87 =, 1997).

q

T

3)

)

e

&
E

2)

nr

B
)

2)

<
=

e

N

)

2
=
el

4

ol
il

o
ﬁo

o)
il

o
.

FAHrIZ2 Rad

o

j

=z
el
zr
Y
®r
|

—_—

B
=)
o

el
=z
ol

ol

A WA

L
R

Hol

o

o] A3k,

e

0|

s
io

o

g
OO

X

ol

Hoe
aze)

il
1
]

of
ol

714, 1997).

K

o

Po
ol

=

o

H

o

A H*

of 2

=
I

SR

Z] o
hl

5]

o)

ar

N
JJo

=
R
<)
ey
<

ol
|

o

o



o

7K

o}
=

3]

S
°

[o)

o SIYE At em FAET, 3ol A

A A

9

ki3

3
-
Hlo

ol

A= 7] =

2|
Z]

o Fol

]F)ﬁ 2]

SR

=
=

°]

o|J
ZO
"
.Z_.O
o]

No

ol

s

Gl



126°55'56" 127°03'03"

Fig. 1. Geological map of the study area.
@® ; Goseo-myeon area groundwaters(GS)
A ; Bongsan-myeon area groundwaters(BS)

B ; Mujeong-myeon area groundwaters(M])
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Fig. 2. Location map of the groundwater sampling sites in the study area.

Data symbol are same in Fig. 1.



Fig. 3. Photograph showing of the groundwater sampling sites in the

Goseo—-myeon Dongun-ri(GS).



Fig. 4. Photograph showing of the groundwater sampling sites in the

Bongsan-myeon Samji-ri(BS).
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Fig. 5. Photograph showing of the groundwater sampling sites in the

Mujeong-myeon Oryong-ri(M]).
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[ Groundwater ]

v

Field measurement:
pH, Eh, Temp., EC, DO

J

N

re

Determination of
_— Alkalinity by

Titration

Filtering by 0.45um
membrane filter

Acidified with

1M HNO,

Cation analysis by
GFAAS, AAS,
ICP-AES and ICP-MS

Anion analysis by
lon chromatography

Fig. 6. Flow chart showing the procedure of preparation and analysis for

groundwater in the study area.
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Table 1. Rainfall status a one-year in the study area.

GS BS M] mean
months

mm mm mm mm

1 15 13 16 154

2 54 58 53 57.5

3 13 12 13 13.8

4 73 70 78 85.4

5 184 213 204 214

6 195 174 189 183

7 240 264 304 275

8 237 258 212 266

9 158 176 132 152

10 20 18 1 16.1

11 52 48 42 43.8

12 42 31 33 33.1
Rainfall 1,283 1,335 1,277 1,355
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Table 2. Rainfall status a recently five-year for in the study area.

2000 2001 2002 2003 2004 mean
months
mm mm mm mm mm mm
1 14.7 32.8 80.4 0.9 135 28.46
2 2.6 52.9 9.4 0.1 49.8 22.96
3 23.3 6.7 50 0.4 37.3 23.54
4 9.3 45.6 130.2 207 75.8 93.58
5 41.9 24.2 95.8 68.9 126 71.36
6 259.8 273.3 123.6 136 186 195.74
7 347.3 298.8 189.7 504 308 329.56
8 399.2 127.2 642 396 573 427.48
9 211 116.8 96.3 262 237 184.62
10 32.7 87.1 35.9 38.7 2 39.28
11 30.3 4.2 19.7 36.9 68.6 31.94
12 2.8 36.5 279 28.3 25.6 24.22
Rainfall 1,347 1,106 1,500 1,679 1,702 1,466.8
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4-1-1 pH-FEh Diagram

1) pH : pHE F&ol2sxEE 1 959 F8ds=2A dede gholth. pHe pH
metertt 54 pHgrel wep Mol gepx= AA|GHor ZAHT pH meters EH&
Tl d=3 vud=so2 ¥ pH meters AFESte] SAs = F A5 ol AAHE
718 e A5 o] goto] v F2 AHow Ao

pHx = pHs i%
pHx @ Al=°] pH SA 3k
pHs : ®+-8& 949 pH(-logio[H'1)
F @ o) & ¥ o] (Faraday) 442(9.649 x 10" coulomb/mole)
Ex : Algol e fFeld=3 vludS3ke] d9AHmV)
Es : Ao fFejd=3 nud=3re A 2(mV)
R : 7] A 44(8.314 joule/’K, mole)
T Ad2%=(K)

Ao pHE 59 Wikstel A dojube A4 gol WAaE AmstE A5

Aol ogel golM pHE FAF A Fol shtolth AWAL EAT F U
pHel W9lE dAdoz 6~9 ox, 584 Az =AY &
weh AR dwngow Ashse] pHE §alH wagoly gaztsel o] o

N A

ol
25

2

o] 4%

B

RS

Aedel Asa ol gAHo] Ae Wels FE BAAL Fou
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stoh, 22la A 57t eSS SAstHA AV SUEHAET HEA Ho] sekF
o7 gAdyH Ay o7 Ehgkd wolxu
A2 9ol Eh #S AHn™ IAGS)A G2 As47F 8ol HAAQ 24mVE

e 9 FHUgte®2 256mVE YEldTE BAHBS)A Y A= 108 FHA

rle

100mV= vepvhar 11do] Hof 193mVE debdv. 22 FAHA MDA S Adts< 6

o] H24 38mV, 19l Hd 20lmVE Yepdth 2AGS)A G I FAMDA G A
84 Eh @ol 9719 893t 6¥ol HAZ UEUI Eh ghol AU Ueus A7)
Z47h 993 1€ A7l vehdh ey BAHBS)A 99 A4 Eh #hel
2(100mV)= Yy A717F 47171 obd 10€ = yevar vk S&AHBS)A 99 A
7k 719 Eh #te]l Ha=2 Yehux @i 17 YedE olf v Astrt A4

of Axld =AM AHAHNY] oz Addr. 5 LA (GHA G} FAH MDA

rle

G Asee AsE EETFAA Ads A5E A9 AAFAOL BHBS)AYG
Ashgis Aol AAE 2Rl AFH AskrE AAs) WEA Aoz 47w

t}. A stol A S A st A Aol A9

3) pH-Eh : &2 F 7M#= SEAAZE 4 Utk pHE &
- 9 o]l 9low Ehe & £ 5o e A& 9 #Eo] e Aol
Nernst? & o] §3to] pHe Ehe] #AE AAT 4 At} 25T

& vhg ok
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Hk-3-of o) &+ Gibbs free energy 3}

o715 AGp : &4 A 3}
o] Abf-ol Y A (Gibbs free energy) @< 2 &34,

7] 2

se) Ao 7
AGS =2(56.69) —0 —4(0) = 113.38 Kcal
Nernst? & vt Zt},
. RT, [HOF
Eh = B’ —2.303- 25log
[02][H+]
A7 FEAaTER) GEE [Ode FEYG Py olth ZT4H 17149 =
o] &F % [HOl=10]t}.
., AGh o
o BN =—mn elth. o71A n=4, FOH e Hl o] 4 57)=23.06, AGy = 113.38 Kcal
< diYdstH E° = 1.2297F "tk R 7] A4 (0.00199Kcl/(mol - K))olaL TE Adl2
LK) olt}. o] 5L 9o Ao Agd) Fo] ww g g
-~ _ 0.00199 < (273 +25) x 4 N
Eh =1.229 — 2.303 X 9306 log [H]
=1.229 — 0.0592pH 7t A4
Ehe #d#o] 122908 7]%717F -0.0592¢1 Z Hojt}, = o] AL Eo th3l oA
AAN AEFAMNE B2 2Ete] o8 we #

ododol HAY AARAOZA o

=
oA R ool sha Abe] Sam BYYE
2H +2¢ —H,

Aty EE ge] AfoluA Ae T 2.
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AGp = AGy —2AG:
Ao Aol 7 A9 ZF 3229 ARl U A(Gibbs free energy) @< A -&3H4,

AGy = AGY, —2AGs. =0

AGO
wapa] EC = n}f =0 o] =}

Nernst?l o] 471 #ES a4,

0.00199 < 298 | Py,
2% 2306 ClH |

FEh = E°—2.303 <

olth. o371 FFEAEANAN Pu = 1 71tola, E° = 0 o2& Eh: o &y g

712717k -0.06920]™ Ay o] 091 Aoty =, o] AME =9 FHske HH A
BAROEA o] A P A= B2 Azgo] os e

ATFA G 371 AstFFolA AT pHO EhgtS Garrels and Christ(1965)7F Al
ot 2t Ao A pHS Ehe Yo Aol ®H(Fig. 7) Astrd gy doldA
(transitional environments) &3t = A] ¥t}

ATA A Akt Ak d el o]EE o] Ho]$7 (transitional environments)
Z7ko] Z=AEE 99E redox active elementd] @ HE O, NOs;, Mn', Fe®,
SO4% HCOs % Ny 59 #3135 So] g dsgvels 44 2384 S99
7] Wil dolve ¥ ZF2 WE d=3EWo] hydrogen sulfidett e 5@ ==
g Ewo] glo] o] 3eF So] v FYPor vripes A9l wjiEoltH(Kehew, 2001).

Ao A =A% EhgtsH redox active elementE 9 At3ta ¢ wk& o =2 A4S Ehgt

BA
= (0y/H:0, NO3/NHy, Fe*'/Fe”", SO/HS 2 COy/CHy) Abolell A#Ado] Aol =i g
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¢

T2 2502 TAETYE 9 (Lindberg and Runnells, 1984), & <o £3A1
4= g3ls 2 g H AR EA9E S 7A . oxic, suboxic ¥ reducing & 2
TR YFEFolA =H¥ Eh#at T redox coupleES Al4FE Eh #E Alojole EUF

2 st FAol o3 Eh #ES> AFHo=z AE357] of"dub= 7 (Barcelona et

ol

L

kol

of

Aetr Ydol= B pH-Eh 28 (Fig. 7)olA Hdol3k74 1 A
Ko g g

B A o] o] FojA A 3k

7 Wit or dddEn, st Als A3 A pHe Eh 4 A9 B FolA =

TAEE Y92 pHe Eh A0 7] Foll AAEA, &
dsttt. pHe Eh =4S @F oA A&57 719 AE=%A 2+ flow-through cell

o A o] Fojxof st A5 =o 3k o] 24 Eh # o= Zobell £9S 535}

B A Fo]oF 3t} (Kebew, 2001; Wood, 1976).
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Fig. 7. pH-Eh relationships of groundwater samples in the study area.

Data symbol are same in Fig. 1.
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hardness = carbonate hardness)%
ANAE o] EAE a5 ArE o 5o 9540 & 7haw waredo] Lo

CaCOstt MgCO3 FHl 2 HAHER A5 A58 A4 & v (3474, 1998).
o oo
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=2
o
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o
=
r
ol
o
o
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o
=
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o
2
dlo

BAHBS) A9 AsteE %ol

o] & Qoo M HCOs 7t +A% %S molm govt 3 2o ANRE A% ol
}_

o

ANE7F 98S Hola Auth(Fig. 9). Bk Ao A&7} Ca®'9F Mg* 7 Ao &

Aol Feakd Y AgE AEel YA E(temporary hardness = carbonate

h

hardness)d ol =A15 2 2709 A R7F %A o, ol AR7F (e Ao

e,

Mol AE7F M Fole] gles Hola gtk 2 Fol P oA = HCOs
b A A ol Arh(Fig. 10). ¥4 Ao A8 ®=d  Ca” 9 Mg™ 7b &
o Bk oly Fekgy AdH el U Al Z (temporary hardness = carbonate

hardness)®d 9 o] Z=A] H ),

(

Fol Lo A Ca’7h $AIGHT Lol Lol HCO, 7k AT ATAY A5 %

D)

o
9
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EspFEel el wel Hak AP Y] SavE FrRAor dojur] wWEde o

(o] F 5 5, 1997).

370 Ass Ade] AAA FA f& WE Ca - HCOz0l SAE 2L o f =
= AAFI SR Eol 95le] Cat'es WEEEd F2 /)9eE Aoz moth(zY
9 = 1998)
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Ca Ma+< HCO3 Cl

Bl
<,

Noncarbonate'
alkali type

Carbonate
alkali type,

Fig. 8. Trilinear plot of groundwater on Piper diagram showing typical water

types in Goseo - myeon.
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Ca Ma+k HCO3 Cl

Bl
<,

Noncarbonate'
alkali type

Carbonate
alkali type,

Fig. 9. Trilinear plot of groundwater on Piper diagram showing typical water

types in Bongsan-myeon.
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Ca MNa+k HCO3 cl

Bl
<,

Noncarbonate'
alkali type

Carbonate
alkali type,

Fig. 10. Trilinear plot of groundwater on Piper diagram showing typical water

types in Mujeong-myeon.
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4-1-3 &F&A 39 A

=

Hashimoto(1988)= dE H=eo] A9l HEF AYEFN 2 A9 E9 Na, K,
Mg, Ca2l aF 2 AEnH] Alolo AAAAI AN 4+ x93 ¢y
Na, K, Mg, Ca,9] &3 2L Aol fFoAde] A He= A 283 Ca, K, Si0, A &2

=9 %& FA sal Mg, SO4 A2 =9 Bh& vy st= AAdE o &kl A

o £ E9 AxY K index(Ca-087Na)®} == &2 XxA O
index[(Ca+K+Si02)/(Mg+SO)]E A A ekt o] F 7FA AR E ol &t Ao F
Aol BA %), A4 =& 2B 1%), ®AdE EC 185)% A= FiE &
4] = =(D L))ol ERFaE AT

ATAS 370 Astrol A AFHT 31708 ARE o m Ao 4 A3E K

il

index®t O indexo] A& 3} K index® O indexdtel & AFXx A As-E EF
ste Fig. 110 e AT
Fig. 11914 K index®} O indexgtel YEld 235 B A5 oF 90%<% 28719

i

AE7F A% & 59 B 2ol vebwtar, oF 3% 1788 A&7
AE B A aw°l vEETh 283 oF 6%9 2709 Alse o= &

JFol vebytt a2y B4 A8 T 9709 A87F Mn o] ¥
AME 7NEAE 29T AJEE°] o] Hashimoto(1988)7F Al Al vhola A7g &9
AxE Yedl= 22 i 587t dvta AzE.

Hashimoto(1988)7F #| A8+ A&+ Na, K, Mg, Ca, SiO2, Mg % SOA ES 714
A B AR 2o ARE UEHAAH. 294 He AE VIEAE 23%8= Mn
=2 O index[(Ca+tK+SiO2+Mn)/(Mg+SO04)] £} 3o Y3l O indexitg AAtslo]
Fig. 12°] YelW Y. Fig. 113 Fig. 128 ®W 2274 & Wsls ¢lo] ®elyg, g

W Fig. 1201 AAAS 2o B¥ 9= A= 7I€AE 23d= A 203mg/DHEo] T

B

o mof 9l= Ae &A@+ Jvk(Fig. 13).
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7bEel A Aol F2 Mnol He AlE 7I£2(03mg/DHE 23] UEdH. o=

ko] h ol A ALAlolo] Aehs w7k AA S oo Aok ¥ ol

|
|
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Eg 10 :
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| [ ) u r“ 1 A A
0 { D Group '*I a A B Group
20 0 2?2 20 40 60 80

K index

Fig. 11. K and O index distribution of groundwater in the study area.

Data symbol are same in Fig. 1.
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Fig. 12. Continued.
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Fig. 13. Continued.
1:MJ 89 A5 056mg/l, 2: MJ 11¥ A5 5.12mg/l
3 MJ 12¢ Als 057mg/l, 4 : M]J 108 A5 0.84mg/l
5:BS 549 A8 042mg/l, 6 @ BS 1¥ A= 0.54mg/1

7 1 BS 89 A% 052mg/l 8 : BS 11¥ A% 0.39mg/1
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}(Fig. 14).
AAM(GS)= Mn F=7F iAoz SAHBS), FAM]) Bus= A7 kA, A5
Fol AL 108 ol FAT At Addem A4 vkt 3¢, 499 0.0Img/l&

B o 1099 0.08mg/1S H Atk o] A Fe Aty
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of MAA e WFHSE Ho Z dYEs FAS FAT FH 8w zolo T WIS
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Months

Fig. 14. Scatter diagrams showing the Mn concentration content of groundwater
in the study area.
The drinking-water standard for manganese 1is indicated by the
horizontal dotted line.

Data symbol are same in Fig. 1.
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A5t Follv g o2 AdEEo] &0 o olFo] HHE oy FHe
27 Y (scale)ol Y ¥ ZHE A (incrustation) S ¥ A &t (Cowan¥ Weintritt 1976). A sl
ZFoll galEo] A vUs o] AEE FFUL AHEH HFo VdEHe A=

Azt o), Aty Fol ole Au 29 A9Fe WA EAG], A9E Aa4 of

IAH(GS) AstFFoAA A AerEFe] &%, pHe ERv dAH o= 74
A tH(Fig. 15). 124 Na, K, Ca, Mg % U o] g2 7§
o=, ol o] W ol e AEaH wite o
ghefol Hasta w7 AA s Ao F5e S o) F oA A go}
o] 5 o] & FFo] Frtstr] W o= wakE th(Fig. 16).

FAHAM]) A9 T3 &% pHS ERE tAldoz A=y e AFS Holy
(Fig. 19), Na, K, Ca, Mg % U o] &< Z¢=2 vtgjo] AFS HAth(Fig. 20).

YA(BS) A BN B9FR ARFT o] e FE Wy

—|~
o

FaolAr U daol 970 Zrhaa Az padtel $ede 49 545 2L
A%S molm grk Us Azt Fol B 3014 4 ppm WA= G450 2 3L(Jensen

and Bateman, 1981), =49 7]A4¢tolE= 0.014ppm, HreletolE= 0.84ppm, & F-otol| =
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0.43ppm, shale°l+ 3.2ppm, Al¢ol+ 14ppm, ©AFd doll= 1.9ppm, 28l 347+

tell = 4.8ppm, A GAAERel = 35ppm o2 FfE o] il (Faure, 1986), E el
I 4ppm, A= 0.6ppm, =ol+= 0.5ppbE(Rose et al, 1979) dH% 0o gl Us o
7178 kol =@ 7 el wlste] sF A Aol o Wol dfEo gtk ojef o] U
o] Y9AH Z 7} 920] 3 W] F o] 19.05 ol = B st AA oy 2F7A ol ¥ 3§l
g GAgA e nFor FHEE olfE dAwAgol (U'=1.05A) Th(Th™=1.14)

¥ A wj§- AA, 5 LIL(Large Ion Lithophile)oll &9 %o} wliw} A7 =28o] %

grl= T 27 FAEE 271G AT Eo7bA KEka wlavl 7]
of AAFEE AT EGAMo A g (felsic igneous rock)ol FHE7] uwFEoltt

(Faure, 1991). ¥ & toju} 3p7tebd kAol wuws @2 dFow EAst= Ue] A%

—

BB FaAEE Low 670 FAAA UL (U)o R Ho o F A el

g =A "ok AR > =

o AR FFo] VISR HSAEHI U o] +47t2 SFdHo] UO= A

o] B AP roll frontd uraninites @A erh. olwf Mo, Se, V. 2 Cu °]2% U

o AF

ATFA S AstFFol Uel selvtet 4% SAH FAsHA &2 wtdl= e s A2
2|

A A A

¥} o %] gt} (Levinson, 1974).

=]
Ho
N
=
_1

ol
o
fu

U ol Eh ®3te} fAbstAl WeEbA T 7] Fol Eh gho] SHA e i o
olo} o] %71 Fell Eh gho]l WAl Hox &= olfr= FAHe Asks FH = A
Tl AH AHT Aol oty WA AE AstES A "Wiold. =

Astrzt WA AdE S Eh gtol wirieh o= AR HEdS o] F7] wEel
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Fig. 16. Line and scatter diagrams showing the K, Ca, Mg, U,

concentration content and rainfall of groundwater in the

Goseo—myeon.
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Fig. 21. Line and scatter diagrams showing the Eh and U concentration content
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Data symbol are same in Fig. 1.
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The drinking-water standard for manganese 1is indicated by the
horizontal dotted line.
O ; Rainfall(mm)

Data symbol are same in Fig. 1.
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Ak A " oh(Korom, 1992). o]wl NOsz ¢ 43} (oxidation number)= (+5) — (+3)
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M]) A el A= NOzol w2 4tstgt Aol A= Mo W @Al A% =il NOzo| v

Gl M= Mo 2ol =4 A5 duh(Fig. 25).
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A WA, A4S FFets BANA Fe'™l nvEz 45 Hol dx AR FUA

42 5o Q& ARAFe] AF AsFst FEAoNA TH

o] Fe”(OH);S FAdte 99< 5 4 otk Fe (OH)sex W3 F521stE - A8l
5 RERY A5 % pipe Tl R A F o} (Appelo and Postma, 1993).

5o, wteelobe] o3k 2 Aotk Fesb Fe¥*F Atstd w abspeluiA g

s 2olrl ol St Aol xAde] AT oA v ol SHE o

, & o] 29 gkl o3 AExIIAE = F Utk AE 549, CaCOsze

2Z7F 40~45C=2 =olA &

Ao A s CaCOsze S FHZ HAAduo] SitddEs dActe] duskr)o o
3l ¥ (clogging)o] A gt} (Cowan and Weintritt, 1976).

vl HA Zuly A X (galvanic cell) @A 23 Aot} o3l Aol ©fE F5

of WHIEE olFa Y= dad Aol FA Qi o F 5L RFrEE o

A (tubercule)E 3 A 3t} (Snoeyink and Jenkins, 1980).
A2 o A5ty o s B4 AR} A o] FEE WATEQ4F =
2 Fste] X3 AFE AE A3 A A T 9 (Rhodochrosite) o] 1+

J_E[—‘___
A9 FAEM] 114 Azl tspo] 33} el = etk (Fig. 26).

B Y] A} o] E (Birnessite), 1Bl Z~~H] o} o] E(Bixbyite), 3}-$2~%1}o] E(Hausmannite), %
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ZF} o] E (Manganite), Mn2(SO4)3, MnCl2:4H-O, MnSO4, Nsutite(MnQ:), 3] & 3 &0} o]
E (Pyrochroite) % A7+ (Pyrolusite)s 2 A1A GollA BHF EX3Z el
(Fig. 25).

B] U] A} o] E (Birnessite), ¥] 2 #]o}o] E (Bixbyite), 8}-$2H1}o] E(Hausmannite), &3+
1} o] E (Manganite), Mn2(SOy4)3, MnCl:4H>0O, MnSQ,, Nsutite(MnO), ¥ Z A Zo}lo]E
(Pyrochroite), 91 %7+ (Pyrolusite) ¥ 5 %7+ (Rhodochrosite)s< Mn % TDS9 &
ool T s 22 G A HAA LadHor =AE(Fig. 27, 28, 29, 30).

5+ (Rhodochrosite)o] 749 FAHHM]) 11¥ AEAA Fxst JHZ e
e ddozes 97l Y8 fF71E0] EaEHo] COo.& FAsta && o dd

Mn'?et 2% 3ke] MnCOs2l % %3H4] (Rhodochrosite) S H A& Aoz werdn,
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Appendix 1. Physical and chemical constituents for groundwater in the study

area.
th Tem. o Eh ER EC DO | TDS | Sal. Na K Ca Mg Fe
oS e T PR Taw) [ (@) [ 069 | g [ g o) | 09 | g ) | g 0) | g ) | g £) | (ngl 2)

GS-1 || 163 | 6.67 | 213 | 29.6 | 33.7 | 9.18 | 153 | 0.02 |11.30 | 0.32 | 20.00 | 2.74 | 0.00
GS-2 || 159 | 673 | 130 | 283 | 35.3 | 11.83| 158 | 0.02 | 26.50 | 0.61 | 32.90 | 4.85 | 0.00
GS-3 || 159 | 663 | 164 | 37.0 | 27.0 | 10.76 | 124 | 0.01 |12.70 | 0.59 | 23.50 | 5.39 | 0.00
GS-4 || 161 | 674 | 162 | 36.7 | 27.1 | 1228 | 125 | 0.01 |10.60 | 1.06 | 19.70 | 4.64 | 0.00
GS-5
GS-6
GS-8

175 1 685 | 193 | 37.8 | 264 |10.84| 121 | 0.01 | 1470 | 0.80 | 26.20 | 6.28 | 0.00
214 | 760 | 78 | 31.7 | 315 ] 0.09 | 138 | 0.01 | 7.28 | 0.31 |11.20 | 2.09 | 0.16
196 | 672 | 24 | 304 | 329 | 2481 | 143 | 0.02 |11.00 | 0.33 | 18.40 | 2.86 | 0.00
GS-9 | 176 | 637 | 255 | 324 | 30.8 | 0.12 | 138 | 0.01 |10.00 | 0.33 | 1590 | 2.90 | 0.00
GS-10 || 149 | 630 | 84 | 288 | 346 | 275 | 146 | 0.02 |23.70 | 0.88 | 33.30 | 5.95 | 0.07
GS-11 | 164 | 658 | 201 | 30.1 | 33.1 |12.41| 150 | 0.02 | 13.80 | 0.98 | 20.80 | 3.33 | 0.00

Mn Si Sr Li Al Cr Cu Zn | Mo | Sb Ba Pb U

months | 70 (g 2) | g ©) | g )| @d )| g )| g )| a0 | e ©) | e 0) | g 0| g 0| @ ©)
GS-1 0.03 | 0.88 | 0.18 | 15.03| 1.65 | 0.00 | 6.00 | 830 | 0.83 | 0.01 | 052 | 0.12 | 0.36
GS-2 0.04 | 1.09 | 0.38 | 37.01 |10.35| 0.21 | 13.60|18.00| 2.00 | 0.01 | 1.77 | 0.61 | 0.96
GS-3 0.01 | 0.76 | 0.14 | 11.69| 3.00 | 0.00 | 5.10 |10.00| 0.31 | 0.00 | 1.22 | 0.28 | 1.00
GS-4 || 0.01 | 090 | 0.12 |1046| 1.12 | 0.00 | 7.70 | 12.00 | 0.27 | 0.04 | 1.08 | 043 | 0.73
GS-5 || 0.02 | 1.01 | 0.16 | 1471 | 1.85 | 0.00 |10.70|73.10| 0.37 | 0.00 | 1.43 | 0.18 | 0.95
GS-6 || 0.03 | 0.31 | 0.10 | 10.40 |131.10] 0.36 |12.10|18.60 | 0.17 | 0.02 | 2.31 | 054 | 0.64
GS-8 || 0.03 | 0.78 | 0.17 |12.37| 0.95 | 0.00 | 750 | 16.60 | 0.62 | 0.00 | 1.01 | 0.16 | 0.36

GS-9 || 0.03 | 057 | 0.14 |12.15| 3.24 | 0.26 {2040 | 7.20 | 0.60 | 0.00 | 0.69 | 0.19 | 0.77
GS-10 || 0.08 | 0.73 | 0.33 | 25.32|21.50| 0.22 | 33.30 | 24.10 | 1.23 | 0.03 | 1.91 | 0.42 | 1.02
GS-11 ] 0.04 | 0.63 | 0.20 |17.32] 2.47 | 0.00 |14.10|17.30 ] 091 | 0.05 | 0.93 | 0.53 | 0.58

months Ge As Cd F Cl Br NO, NO; SO; | HCO3 | POy
(g 0) | (g ) | (ugdl) | mg ) | (g l) | (mg'#) | (mg'2) | ng/4) | (mg#) | (mg'4) | (mg/#)
GS-1 0.00 0.00 0.00 0.86 | 27.86| 0.73 - 3.1 32.51 | 110.44 -
GS-2 0.04 0.51 0.00 1.00 |24.35] 0.69 - 227 | 3282 | 91.93 | 2.32
GS-3 0.00 0.00 0.00 - 1258 | 0.70 - 6.49 9.18 |110.24 -
GS-4 0.00 0.00 0.00 - 16.20 - - 7.35 | 10.24 | 106.78 -
GS-5 0.00 0.00 0.00 - 1259 | 0.73 - 6.04 9.36 | 100.88 -
GS-6 0.00 0.00 0.00 0.50 | 2058 0.72 - 446 | 23.00 |117.97| 2.22
GS-8 0.00 0.00 0.00 0.83 |26.69| 0.69 - 6.48 | 30.63 | 101.09 -
GS-9 0.00 0.00 0.00 057 |13.19 - - 2.83 | 16.64 |102.41 -
GS-10 0.02 0.00 0.00 0.70 | 1956 | 0.68 - 352 | 26.37 | 100.07 -
GS-11 0.00 0.00 0.00 0.89 | 2697 | 0.71 - 0.83 | 31.90 |101.29| 7.77

Tem.; temperature, Eh; redox potential, ER; electrical resistance, EC; electrical conductivity,

DO; dissolved oxygen, TDS; total dissolved solid, Sal.; salinity, —; not detected
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Appendix

1. Continued

months Tem. oH Eh ER EC DO | TDS | Sal. Na K Ca Mg Fe
(°C) (mV) | (Qm) | @s) | g’ ) | (mg £) | (%) | g &) | (ng 4) | (mg/ £) | (ng/ ) | (mg/ £)
BS-1 157 | 6.89 | 192 | 23.0 | 434 | 359 | 194 | 0.02 |[20.34 | 0.88 | 57.19| 9.18 | 0.00
BS-2 || 16.1 | 6.66 | 141 | 224 | 445 | 4.51 198 | 0.02 | 937 | 0.39 | 3257 | 4.01 | 0.00
BS-3 || 16.3 | 6.46 | 156 | 22.4 | 445 | 3.78 | 198 | 0.02 | 7.46 | 0.34 | 28.18 | 3.14 | 0.00
BS-4 167 | 638 | 126 | 225 | 444 | 2.03 | 199 | 0.02 | 660 | 0.29 | 27.34| 293 | 0.00
BS-5 166 | 649 | 176 | 22.8 | 43.7 | 1.30 | 196 | 0.02 | 1562 | 0.68 | 46.50 | 6.92 | 0.00
BS-6 19.2 | 690 | 110 | 23.6 | 424 | 3.31 182 | 0.02 | 1757 | 0.70 | 4866 | 6.58 | 0.004
BS-8 184 | 662 | 137 | 21.9 | 456 | 698 | 191 | 0.02 | 24.13 | 1.05 | 66.85|10.06 | 0.00
BS-9 167 | 6.23 | 135 | 209 | 478 | 0.12 | 206 | 0.02 | 7.16 | 0.30 | 22.30 | 2.82 | 0.00
BS-10 || 15.7 | 6.21 100 | 219 | 456 | 648 | 199 | 0.02 | 890 | 047 |34.11| 3.91 | 0.00
BS-11 | 153 | 6.17 | 193 | 21.0 | 47.3 | 2.21 | 202 | 0.02 | 1558 | 0.74 | 47.70 | 6.62 | 0.00
months Mn Si Sr Li Al Cr Cu Zn Mo Sh Ba Pb U
(g ) | (ng 0) | (mgf &) | (ug/ &) | (g 0) | (ugd &) | (ugd 0) | (g £) | (ugd £) | (ug 0) | (ug 0) | (ug £) | (ug/ £)
BS-1 054 | 0.35 | 051 [1950| 2.34 | 0.00 | 6.33 | 71.10| 059 | 0.00 | 2.96 | 0.34 | 2.52
BS-2 || 023 | 0.29 | 0.27 | 10.20| 1.02 | 0.00 | 2.24 | 2830 | 0.38 | 0.00 | 1.70 | 0.15 | 0.71
BS-3 || 0.18 | 0.36 | 0.22 | 830 | 802 | 0.00 | 1.35 | 23.60| 0.33 | 0.00 | 1.35 | 0.15 | 0.58
BS-4 || 0.18 | 0.29 | 0.21 | 7.40 | 0.00 | 0.00 | 1.87 |20.80| 0.29 | 0.00 | 1.18 | 0.10 | 0.47
BS-5 || 042 | 0.38 [ 0.410|16.20| 155 | 0.00 | 853 |64.40 | 0.54 | 0.00 | 2.71 | 0.41 | 1.63
BS-6 || 0.09 | 0.31 | 0.47 | 460 | 6.76 | 0.00 | 256 | 11.60 | 0.17 | 0.00 | 0.81 | 0.17 | 0.46
BS-8 || 052 | 0.40 | 0.64 |22.80| 3.11 | 0.00 | 7.67 | 7450 | 0.73 | 0.00 | 392 | 1.76 | 2.31
BS-9 || 018 | 0.18 | 0.21 | 9.00 | 1.57 | 0.00 | 3.12 | 2450 | 0.37 | 0.00 | 1.49 | 058 | 1.01
BS-10 | 0.24 | 0.31 | 0.27 | 9.70 | 3.34 | 0.00 | 9.01 |32.10| 0.27 | 0.00 | 1.77 | 0.16 | 0.56
BS-11 | 039 | 042 | 0.42 | 1630 | 1.03 | 0.57 | 9.98 [ 60.30 | 0.54 | 0.00 | 2.63 | 0.43 | 1.20
months Ge As Cd F Cl Br NO2 | NOs SO, | HCO3 | POy
(g 0) | (g t) | (g l) | (ngl) | (mg#) | mg/#) | (ng’ )| (mg/#) | (ng/#) | (mg’#) | (mg'#)
BS-1 0.00 0.00 0.00 - 2491 - - - 42.80 | 165.77 -
BS-2 0.00 0.00 0.00 - 31.87 - - - 60.15 | 145.43 -
BS-3 0.00 0.00 0.00 - 26.95 - - - 53.44 | 148.68 -
BS-4 0.00 0.00 0.00 - 38.89 - - - 63.64 | 138.71 -
BS-5 0.00 0.00 0.00 - 16.00 - - - 35.77 | 138.61 -
BS-6 0.00 0.00 0.00 - 23.41 - - - 54.52 | 147.46 -
BS-8 0.07 0.00 0.00 - 32.94 - - - 60.41 | 151.73 -
BS-9 0.00 0.00 0.00 - 24.24 - - - 68.64 | 143.29 -
BS-10 || 0.00 0.00 0.00 - 19.59 - - - 46.13 | 144.51 -
BS-11 0.00 0.00 0.00 - 43.29 - - - 67.24 | 148.27 -
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Appendix

1. Continued

months Tem. oH Eh ER EC DO | TDS | Sal. Na K Ca Mg Fe
(°C) (mV) | (Qm) | @s) | g’ ) | (mg £) | (%) | g &) | (ng 4) | (mg/ £) | (ng/ ) | (mg/ £)
MJ-1 || 710 | 643 | 201 | 22.7 | 44.1 | 1.58 | 191 | 0.02 | 10.50| 0.92 | 30.10| 5.68 | 0.01
MJ-2 || 9.00 | 653 | 119 | 23.3 | 42,7 | 418 | 186 | 0.02 | 21.40 | 897 | 41.70| 10.00 | 0.03
MJ-3 || 109 | 6.16 | 148 | 235 | 425 | 248 | 191 | 0.02 | 20.30 | 6.28 | 39.00 | 8.24 | 0.03
MJ-4 || 143 | 6.63 | 113 | 235 | 425 | 2.11 193 | 0.02 | 21.20 | 12.49| 35.20 | 7.90 | 0.04
MJ-5 || 19.2 | 652 | 154 | 24.1 | 414 | 2.19 | 188 | 0.02 | 19.00 | 13.08 | 27.40 | 6.13 | 0.05
MJ-6 | 26.7 | 6.90 38 304 | 328 | 487 | 142 | 0.02 | 271 | 0.18 | 499 | 0.75 | 0.01
MJ-8 || 25.8 | 6.77 | 150 | 29.4 | 33.9 | 7.44 | 146 | 0.02 | 20.80 | 1.10 | 39.90 | 5.65 | 0.02
MJ-9 || 23.7 | 672 | 132 | 27.1 | 36.8 | 0.09 | 162 | 0.02 | 13.10| 0.70 | 3250 | 4.46 | 0.01
MJ-10 || 17.3 | 652 | 100 | 24.1 | 41.4 | 963 | 180 | 0.02 | 23.30 | 1.65 | 53.40 | 885 | 0.02
MJ-11 || 12.1 | 633 | 143 | 21.9 | 454 | 235 | 190 | 0.02 | 16.70 | 1.01 | 40.10| 6.92 | 0.02
MJ-12 || 34 | 649 | 200 | 22.7 | 43.9 | 3.48 | 190 | 0.02 | 17.40 | 1.09 | 4650 | 8.67 | 0.02
months Mn Si Sr Li Al Cr Cu Zn Mo Sh Ba Pb U
(g £) | (ng/ £) | (ng/ ) | (ugd ) | (g ) | (g 0) | (g 0) | (g £) | (ug/ £) | (ug/ &) | (ug/ &) | (ug/ £) | (ug £)
MJ-1 || 0.20 | 063 | 0.24 | 0.58 | 0.68 | 0.00 | 5.10 | 830 | 0.10 | 0.02 | 0.54 | 0.05 | 0.70
MJ-2 || 0.22 | 0.33 | 0.45 | 0.46 | 1.20 | 0.00 | 6.10 [11.50 | 0.11 | 0.02 | 2.09 | 0.07 | 0.97
MJ-3 || 041 | 062 | 0.41 | 059 | 3.77 | 0.21 | 450 |[10.10| 0.18 | 0.02 | 1.43 | 0.08 | 0.68
MJ-4 || 0.28 | 0.60 | 0.40 | 0.38 | 0.98 | 0.00 | 5.20 | 9.00 | 0.16 | 0.03 | 2.12 | 0.07 | 0.53
MJ-5 || 025 | 1.22 | 0.32 | 0.29 | 1.63 | 0.00 | 7.80 | 1350 | 0.16 | 0.03 | 2.27 | 0.08 | 0.32
MJ-6 || 027 | 0.22 | 0.04 | 249 | 432 | 0.00 | 3.00 | 6.90 | 0.12 | 0.00 | 0.34 | 0.16 | 0.09
MJ-8 || 056 | 0.41 | 0.31 | 14.82| 2.00 | 0.22 | 9.20 |20.60| 060 | 0.01 | 1.24 | 0.28 | 0.49
MJ-9 || 0.12 | 059 | 0.25 | 424 | 0.86 | 0.00 | 7.20 | 880 | 0.23 | 0.00 | 0.80 | 0.08 | 0.41
MJ-10 || 0.84 | 043 | 044 | 293 | 278 | 0.29 | 176 | 1760 | 0.39 | 0.02 | 1.22 | 0.11 | 0.74
MJ-11 | 512 | 014 | 0.24 | 211 | 669 | 0.21 | 810 |22.20| 1.37 | 0.02 | 0.68 | 0.15 | 0.83
MJ-12 || 057 | 050 | 0.36 | 1.02 | 1.45 | 0.20 | 840 | 14.60 | 0.20 | 0.01 | 0.74 | 0.06 | 1.15
months Ge As Cd F Cl Br NO, NOs SO, | HCOs | POy
(pe/4) | (g t) | wg?) | (ng ) | (mg )| (mg'#) | (ng/#) | (wg'4) | (mg'#) | (mg/#) | (mg#)
MJ-1 0.00 0.00 0.00 - 23.60 - - 7.86 | 21.54 |170.85 -
MJ-2 0.00 0.60 0.00 - 21.11| 0.70 - 539 | 24.41 | 157.83 -
M]J-3 0.00 0.50 0.00 - 3521 | 0.71 - 3.89 | 22.65 | 161.09 -
MJ-4 0.00 0.60 0.00 - 37.61 - - 4.02 | 21.47 | 147.66 -
MJ-5 0.00 0.56 0.00 - 38.81 - - 4.64 | 21.44 [13658 | 2.37
MJ-6 0.00 0.00 0.00 - 28.37 - - 0.99 9.63 |140.14 -
M]J-8 0.00 0.66 0.00 - 29.44 - - - 13.12 [ 143.19| 2.50
MJ-9 0.00 0.76 0.00 - 25.45 - - 6.58 | 19.43 | 145.43| 2.31
MJ-10 0.00 0.67 0.00 - 30.29 - - 9.28 | 23.24 | 157.83 -
MJ-11 0.00 0.00 0.03 - 2154 - - 266 | 14.98 |192.21 -
MJ-12 0.00 0.55 0.00 - 28.19 - - 9.67 | 23.61 | 166.78 -
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Appendix 2. Saturation

Mujeon-myeon.

index of groundwater

in the Goseo,

Birnessite | Bixbyite | Hausmannite | Manganite | Mno(SO4)3 | MnCle:4H,0
GS-1 -15.38 -16.77 -21.26 =7.79 -63.05 -15.05
GS-2 -15.25 -16.52 -20.88 -7.66 -62.86 -15.05
GS-3 -15.84 -17.71 -22.66 -8.25 -65.65 -16.21
GS-4 -15.84 -17.70 -22.65 -8.25 -65.48 -15.98
GS-5 -15.54 -17.10 -21.74 -7.95 -65.04 -15.90
GS-6 -15.37 -16.76 -21.23 -7.78 -63.42 -15.30
GS-8 -15.37 -16.76 -21.24 -7.78 -63.10 -15.08
GS-9 -15.36 -16.73 -21.20 =7.77 -63.84 -15.67
GS-10| -14.95 -15.92 -19.98 -7.36 -62.56 -14.94
GS-11 -15.25 -16.51 -20.86 -7.66 -62.81 -14.95
BS-1 -13.31 -13.18 -16.08 -5.93 -60.66 -13.95
BS-2 -13.66 -13.88 -17.14 -6.29 -60.80 -14.08
BS-3 -13.76 -14.09 -17.45 -6.39 -61.12 -14.32
BS-4 -13.76 -14.09 -17.44 -6.39 -60.90 -14.00
BS-5 -13.39 -13.34 -16.33 -6.02 -61.00 -14.41
BS-6 -14.07 -14.71 -18.38 -6.70 -61.83 -14.76
BS-8 -13.32 -13.21 -16.14 -5.95 -60.29 -13.73
BS-9 -13.76 -14.09 -17.45 -6.39 -60.78 -14.41
BS-10| -13.63 -13.83 -17.06 -6.26 -61.08 -14.47
BS-11| -13.44 -13.45 -16.49 -6.07 -60.30 -13.60
MJ-1 -15.55 -18.29 -23.30 -7.71 -64.31 -13.98
MJ-2 -15.51 -18.21 -23.18 -7.68 -64.15 -14.04
MJ-3 -15.24 -17.67 -22.37 -7.41 -63.69 -13.33
MJ-4 -15.39 -17.99 -22.84 -7.56 -64.06 -13.43
MJ-5 -15.43 -18.06 -22.96 =-7.60 -64.09 -13.43
MJ-6 -15.37 -17.94 -22.77 -7.54 -64.82 -13.62
MJ-8 -15.08 -17.36 -21.91 -7.25 -64.07 -13.33
MJ-9 -15.75 -18.70 -23.92 -7.92 -64.86 -14.12
MJ-10| -14.93 -17.06 -21.45 =-7.10 -63.10 -13.16
MJ-11 -14.15 -15.50 -19.11 -6.32 -62.06 -12.67
MJ-12 -15.10 -17.40 -21.96 =7.27 -63.39 -13.39
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Appendix 2. Continued.

MnSOy4 Nsutite Pyrochroite Pyrolusite | Rhodochrosite
GS-1| -13.08 -14.34 -8.32 -14.59 -1.79
GS-2 | -12.97 -14.21 -8.19 -14.46 -1.75
GS-3 | -14.10 -14.81 -8.78 -15.06 -2.26
GS-4 | -14.04 -14.80 -8.78 -15.05 -2.27
GS-5 | -13.79 -14.50 -8.48 -14.75 -1.99
GS-6 | -13.20 -14.33 -8.31 -14.58 -1.75
GS-8 | -13.09 -14.33 -8.31 -14.58 -1.82
GS-9 | -13.33 -14.32 -8.30 -14.57 -1.80
GS-10| -12.77 -13.91 -7.89 -14.17 -1.41
GS-11| -12.95 -14.21 -8.19 -14.46 -1.69
BS-1| -11.86 -12.27 -6.68 -12.62 -0.22
BS-2 | -12.02 -12.62 -7.04 -12.97 -0.62
BS-3 | -12.17 -12.72 -7.14 -13.08 -0.72
BS-4 | -12.09 -12.72 -7.14 -13.08 -0.75
BS-5| -12.00 -12.35 -6.77 -12.70 -0.38
BS-6 | -12.51 -13.04 =7.45 -13.39 -1.04
BS-8 | -11.74 -12.29 -6.70 -12.64 -0.28
BS-9 | -12.05 -12.72 -7.14 -13.08 -0.73
BS-10| -12.11 -12.60 -7.01 -12.95 -0.60
BS-11| -11.79 -12.41 -6.82 -12.76 -0.41
MJ-1 | -12.87 -14.51 -8.00 -16.37 -1.20
MJ-2 | -12.80 -14.47 -7.97 -16.33 -1.20
MJ-3 | -12.56 -14.20 -7.70 -16.06 -0.92
MJ-4 | -12.73 -14.36 -7.85 -16.22 -1.11
MJ-5 | -12.76 -14.40 -7.89 -16.26 -1.18
MJ-6 | -12.98 -14.33 -7.83 -16.20 -1.10
MJ-8 | -12.63 -14.05 -7.54 -15.91 -0.81
MJ-9 | -13.12 -14.72 -8.21 -16.58 -1.47
MJ-10| -12.26 -13.89 -7.39 -15.76 -0.62
MJ-11| -11.65 -13.12 -6.61 -14.98 0.24
MJ-12| -12.41 -14.06 -7.56 -15.93 -0.77
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