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Effect of Contamination by the Abandoned Coal Mine
Drainage on the Stream Water in Keumsan, Chungnam'
Myung Hee Kim’, Ell Sik Min’ and Suckhwan Song’
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BE SBILES AEEE KRR BRG] Rkl od e e Wike BRKEE =
Abstddck, wIkS] BREBEES o] st mlike] pH, DO, #Ekole, mEko]L, Hlgo)2°]
B W OEMTES WE S s, BRST B oY EXE Bkt fd9E @ike pH
B 3.46-4.299 HZ mumAks PAsigon, B AZE#MMS KRN )ik pHe #His
SO, Mn, Cu, Zn, Fe ¥ Mg Mgl wxo fe WS Jehidct. Bkt 449 @ikel
HEpo)< MEE 236.73-310.50mg/12 FA5e wiwg o oF 100 o wgtow, & )ik
Mn# Feo] g 72t 0.56 - 0.83mg/1, 5.89 - 10.58mg/1= Mn MEE A5 viag o oF 2
Wit =itk R kel Mg ek Ca¥t MELE F@mssh vzl B4 vebdoh, Mkl
ke BRIGE(AMDDE HRBHANA 42 - 5101511, FFHRBHAAE 70 - 7622 HRBHNA 2
gkt

ABSTRACT

The research was carried out to investigate the contamination of stream water by the acid mine
drainage originated from the abandoned coal mines and coal waste rock in Keumsan, Chungnam. The
pH, sulfate and chemical compositions in the stream water were analyzed. At the polluted sites, the
pH of stream water was the strong acid, ranging from 3.46 to 4.29. The pH shows negative corre-
lations with sulfate, manganese, copper, zinc, iron and magnesium concentrations. Sulfate concentra-
tions of the polluted stream water, 236.73 - 310.53mg/1, had 10 times more than those of the non-
polluted stream water. The concentrations of heavy metals, Mn and Fe, in the polluted water were
0.56 - 0.83mg/1 and 5.89 - 10.58mg/1, respectively. The Mn concentrations were 20 times higher than
those of the non-polluted stream water. Compared with those in the non-polluted stream water, the
Mg and Ca concentrations in the polluted stream water were high because of leaching from rock and
soil to water by the acidifications. Calculated AMDI(Acid Mine Drainage Index) values are low in the
polluted stream water, relative to those of the non-polluted water.
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1k - BRIl BREEHY SAS b e A
< BHo 2 sLEEp 55 Bkl
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BITH) RETelA S 717 HelHel HAE
KALKRILAEWE HEEKS dslr ok, AF
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1995), @A ket A3A8(T2 B
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7+ Fauer, 1970 ; Gibbs, 1970), ¥iRke] &7
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Fig. 1. Sample localities of stream water from
Daeseong coal mine area, Keumsan
Chungnam. Symbol([Z]) means area ac-
tively exploited as coal mine.
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A RMERS] THEE 2 FESE AEN B
® AKREC) gAE] gk, o] BREE AX,
BA, BERE T2 33ty ARG, &8O,
WA, HER, REY, F8Aa, BEa, &%
A, BA 52 e xsstn ). o] £B
B Aidulel mE-e A or JhEme]
§ Holvl Ao upel Wb H v} A s
et £m Y e 2 e (Ee e
293, 1978).

o] Mol KFRE BAE v Fitolr] #HE
o8 Me xAegi FHEEKor wWe &
Fo1x 9l &) et BEREEe] o)
4 Al g glow EF HAARA G &
KHEEe) fiol olaf Musl o= e B
oz HEE F owkArlgo] glu, o] £F9 B
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el BRE 2 #EVT A3AdoR Bl
ghow Baglon 53 Y& ofgb Ay,
wefvl - el ol AEF R T 1] v
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WA B S A" A delglet.

2, K KB ¥ 4R

ke 25 &8 LRaYy wH)is &
AR B’HEE Wt ARHY e E S
HRASW 2, 3, 4, 5, 6, Do} EHRASW
1, 8, 9= o] 1996 104 sheol A3 shsd
th olF SW 4 HE AG S e LR
2] A& Higolxn, SW T2 Hipel eHiu
o] Bf7t MA = Tie 2ok & Bi#Heloh
SW 12 Rém ot $1%52 He] v #F
figo]™ SW 82 vkl FulEe] Hislo
SRR AME3ET gl &kelal, SW 9+ vhe

1.
Ly

& Ak WFENFH AkE e A"l (Fig. D).
ke sEA 2Ade 4l Astd BE

(Orion pH meter)$} DO(DO meter : DO-14P)+
AA oA FAstH o A4 Bl tHElo] ol
SHE(Mg®", Ca® ; Atomic Absorption Spectro-
photometer), o] 23S0 PO& . CI', NOy ;
HPIC, Dionex SP 4400), E4BM(Fe, Cu,
Mn, Zn; Atomic Absorption Spectrophotome-
ter) ¥& ¥Astadct.

R A Eg

Ao Wi E KEHR] s el wet

ANke] FoAe) FEs WA we odFatSol
Ak (bEMKS 24509 o ud(Livingston,

1963 ; Meybeck, 1979 ; Bemners2} Bemer, 1987 :

A9 F, 1994 Bl = wike] ot
A7t ol el grh(ulAA 5, 1995 ; 5l A,

L=

1996 5 2745 5, 1996). BEREES] KEE RH

Table 1. Desolved oxygen, pH and anion content in stream water.

. - L cr NOy SO PO DO
Site Characteristics pH (ppm) (ppm) (ppm) (ppm) (ppm)
SW 1 spring 5.90 3.205 0.224 29.105 N/D 8.71
SW 2 spring 3.46 3.461 (0.347 306.463 0.224 5.25
SW 3 stream 3.81 3.012 0.357 276.535 N/D 3.83
SW 4 1st lake 3.78 3.170 0.370 310.496 N/D 5.63
SW 5 spring 3.72 2.771 0.716 294.999 N/D 5.09
SW 6 stream 3.74 2.644 0.478 281.631 N/D 6.91
SW 7 2nd lake 4.29 2.472 1.178 236.732 N/D 6.29
SW 8 edible 7.01 3.051 5.567 7.949 N/D 6.85
SW 9 stream 8.38 9.611 2.067 31.891 N/D 9.40

* N/D means not-detected.
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o HUEERY el ER, BHEER Sl os)
Heigpy o 2 chEo),

AN Fmike] mEe BHEE 2 Bl
M2 Table 133 22t}

Table 1A 2= wvlel zbel kel o3t
pH3t-E dubel \IHERSW 1ol A% pH
5.900.2 AA Rl EEEEel vy SFold
(Freed-man, 1986). -z=iv} dek ojv) & #Es5)

o Fkshs ZOW D& pH 3.46°2 743 o
& %% molw glvh. oluch ol A
Bk BGW 3 pH 3.81% veliz sl

W, AWA FiEWSW 4)+= pH 3.78% ¥l
wofowl, SW 59} SW 6 g pHrl 27t
3 720 3.74% BEibvl ol AgsEgoen, &

A AHAHSW 83 vk Aot )N 3
FE = AW 99 DH-.—_— zhzb 7,019 8.38%
Bl oldlg oA 4 sk, olde] A §-
z2ivtalell A kel W}v: R BRIEUE o
W|EEOUA A S, 1995) M % v g ARAE
A A sk al+ vl Bl 23 BEKEEMEL(Acidic
drainage water)2| <33¥o| AlZ}gh& AAbE For
lvh., ARE¥ AW LEXEC oF Raude
BEKFH ] cdskg w2 KFR+= pH7E 2.34]
8.85 # W& Bol} chofit(Eok, -
), AATCE), d9ErEha)Ade A o
pHi= 4.0 olsle} S48 EEkrt Eehves
v shsdch,

ol Z A B Bt bE ol HREF BT
o] 7% mEEBR{te] R edE WA HLER
B A (Acid mine drainage)E #A3HA =
H), #&{bikipo] 715 BFEe) Aodd s #
{LEe) EEo 2 s, & £ #g dvix
Reg ol4g 4 9lE
Sferroxidants 4 T

T ERYERIL

thiooxidans)

Table 2. Element abundance in the rock.

utell 2} oL ( Thiobacillus

BEKE A AF17] W Eolck(Alexander, 1977 ;
Beverridges} Doyle, 1989).

ol MKk Role ¥4 Aierx A e}
vhan gk, 53] EEpEol-2-2 JEEuigial SW
1, SW 8 % SW 9 #higs Alestes = &
HiZk HEEME] 200mg/W(F7 A, 1996) B} =
o 236 - 310mg/18 FEFHGwke}l vlws) 2
o oF 10w} Hweo EREE Jehiz gioh, =
BEgEHhIg Sl 3 %2 915mg/l1, 47} 306me/l,
7 736mg/l, A7} 258mg/l, W ”1]‘1’0]
293meg/legka Bus ul okl A 5, 1995).
SOf = dAbH e #E{tine ﬁitf'ﬁﬁﬁ" 2o
Ao @ dFE HHE S EALE e
wHEpE o = A A3k (Dixon %, 1977) #1{tskih
o] W-E AikEkMiol s E3 Bawia ok
ML 1996). el & SO sES A
R EAIEE EEaY &R A fAA
AdrHEHA 3 %, 1997). o= Table 2604 2+
ule} o] R FEHUES S R)IERS] B
i MHCES S RS 2.32%(FHE%, 1989 %
S gebE ol HetEEe diEEg-e
0.32%0l wlsted A Wehda glisd o)k n|
Fol Mol M mabx ool 9] BEAKK SO &#
ol &7 Yeht= iy oo,

NOy &= #HifeHugel ) KEHEHEMHEL 10mg/1 R
o AAAde R & FEES Ve dA Ak
2oAkgsl gy SW 8 e B xogwurl
TP ks molw gled ol Bl TR &
el HEBBEWS sk g g9l el
o7 2lgwm, A1# A AfRel FRES 23
= FAR 4 gle] Fo4v) aubEv Fu] 2
A}/} &) &GL o Azhxlc)

= th-R-2] uMJr*’JW R B S =
Ll v“i Tﬂpg‘?“l S A9l Flale HYutie)l FEHER

Pyungan Daedong Okchon Formation
Formation" Formation® Black slate'” Black shate®
S (%) 0.32 0.32 2.32 -
MnO (%) 0.07 0.12 0.11 0.12
Fex05 (%) 13.13 3.40 7.92 5.70
MgO (% 1.01 0.81 2.75 2.97
Ca0 (%) 1.93 1.81 5.18 0.41

(1) and (2) are taken from Geong-Sik Min{1995).
(3) is taken from Jong-Hwan Kim(1989).
(4) is our data(1997).
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Mol Fag ER7L Jebda] edstot, Sl &
HAR H¥fE] 150mg/1(F39 A, 1996) Rt
vhg- ket “]‘4’4 F(1995)2 4E, <34, A
O F5, 4% 5 5 BRsusel Fhkel
CI" &&e°] 2.78 - 18,75mg/1£ wamE kel Cl&
B AKEEEERCH oS dUsghchy Bawgh e
et

BHEBREDO)E Kp£ER A& o F
831, f#iolvt W7k Soll diste] EakERE o
i 8ol Hu F56 DO7F Yv HEMRE
o e HKEo T EREMY o) S FM
Be) MuS E3 fukdpel BHE: HsiA °1
#HEHo g wAste= HS, CHy, CO:, Ny 52
2w el BEAE S sc( A,
1995). DO+ HHuioN A 3.83 - 6.29mg/l& &
AL ol EEERES] BERAK HHEHEY
2.0mg/l Bebe Eghov SW 3 sl 3 8K
(TEmAK) LT ##@a 5.0mg/l BUTY &
FRERS rebidel (@A, 1996). ol9t
Bl el fREKE AMSET 9le SW 13 SW
8 M2 BHEREC] Eua WFEIdMe g

el vl FA3 i BustgEd,
£ P Ak BBl = IRERERKN
ot FRoIV Hefipe] Mno) Bk BHE
Hesik )1 Kke] Mn g8e] ] Feolzl Aoz
AlgEch, B FiEis Bedde] MnO 58S
0.12%¢°]tH{Table 2).

Fed $RilmMmKly £33 Uxpld, &
gemifiol A+ 5.89 - 10.58mg /1ol 2 FEiH g ol
A= 4.78 - 4.9Tmg/12 BN SRAEKENE
0.3mg/l R} =% FA vebdo (@A,
1996). BEKE2] Fet 2Re ME Aoz &3}
At UREL KFREEN A vl BebAdsle] Kk
K HEBshd EZ g}, WokEd el
M= FezO37} 13.1%3A WEFr9 3.4% 8ot
=, ¥ el BeAddds FF 5.70%
A+dl(Table 2), ¥ #EMIES] Fe @ &2
- BERe BEE SRy U3 AR o
o, #ie T3 U BTARS Br)Sd =
EFA719 A MESS JESE BT ok
B{kdns A Ak @l BBRaA 4=
WAt Fe(OH) ] sKiLgEke] Fibgkel Yel-

o] A% Eol FHYuksl HEE
Zo BHBREES
AoAA iEFEREe] we A
R} o),

ol glck, 4
CTERE L P
Akl ] el

milke] B4R B Bele 8BS Table

39} 7},

HE¢MF Mn 28BS Higtelss

KIEHEME 0.3meg/l 2o} &&
& Holw 9,
hubar glob(EA A, 1996).
Bl 99

il G
0.56-0.83mg/1¢] 3k
JeERoke FEAS] ZRVL
z7 % §(1996)°]
LS Mn 2Ee] HiEFm

low Boy &A% A REKFTlE o
WoRREdl oldl BE R

olo Ale] &%
ARG Ry e /A
= Aot} Fe
& sl E%;{ISEM slol BERIK Hie) ¢
gk o} THEE

w5

Astel A% BEL

A 9l

% Mn &2 An 7K%?:°1| 1]

alslct.

Y—I‘_j

‘:q

% ol% oou Wse vEn Bl 9RE 1o

lx:r%ol

Fo #i¥E KRE 2

# 2 KK

Aut o EEHARY Abgo FA gl 1

9 Cu®t Zn &B2

FEFH R M = A EE A

St HRtEel = B ETe] AEE A,

Table 3. Heavy metal and cation content of stream water in sampling sites,

. .y . Fe Cu Mn Zn Mg* Ca’’
Site Characteristics mg/) g/ g/ mg/) (gD (mg/D
SW1 spring 4.79 N/D 0.029 N/D 3.32 0.081
Sw2 spring 10.58 0.133 0.832 0.668 71.10 1.275
SW3 stream 6.23 0.137 0.619 (0.246 49.00 0.745
SW4 1st lake 7.92 0.218 0.737 0.670 62.60 1.171
SW5 spring 8.08 0.235 0.796 0.673 59.30 1,184
SW6 stream 7.19 0.249 0.793 0.689 58.30 1.125
SW7 2nd lake 5.89 0.140 0.561 0.333 35.70 0.897
SW8 edible 4.78 N/D 0.040 N/D 2.00 0.914
SW9 stream 4.97 N/D 0.036 N/D 5.30 1.952

* N/D means not-detected.
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ol 43 o] B4R MECl FiFEel v)sle
HREFANAH =2 A 2o SW 33 SW 79 &
&M WMES B BREISAM dAHoR
% 72 Holy gled ol kBpAKS ¥
e Ados Bl M=y oo
2 Azrgich, w3k 2 BiRiel 23 &E4Ee
BREBEES WadshA wstou 2wiAY 2 B
e B4R B cha gasded oleig
MR BB ¥ HRUA BB
AWE AT MEENRE =l gF s
o & FARE Alg¥},

B SUBKRN FF E4B
BEEw A REREE, BEBA
o5 Wik, TR ¥ TIMER, By whele
ob 4{b& A T FHibme kR Fol
o}gheh(Beveridgeet Doyle, 1989 ; 71&b#, 1995 ;
2.7 %, 1996). WEol4 R B B
Bl EEE deled, R mEede Eb
YeH, KAER 2 hifEEe] A e(Fd =,
1996). olaidt ssbd 9 Euld A& FalA
LAl EAsl £2BA Sl Tt 4
Bib&t= kst g}, oeld olwdl A
+ M @, dFvE Fe ubt Hol Ayl
Rl AL, 1996).

R R mimEio R 2 BiBmvtA)
o Bl Hee] HEAge) /‘1 > w]3fed,
= km "ol vhg @l HipEe M
b Zlon Mol ul¥i-of HithEEe] m
N3 B hAERCA 98 TEtmE= A
AE ng FmiEs Byl Ao #@risy Hig
Hume] AERER B WS Alzhe Adelsdc) o

L Eol

Fe g o

SRl BURSKS FHike] WK VA= R

A B AT = el mlke) s
M Zachd EeMol T mile) Bs
23 4 gleelgt Aud),
muw BEmpEpol 3 Mg®™ e emikr}
2-5.3mg/1eldl wsked FHRuRFME 35.7 -
71.lmg/1§. Bkl A e A ehda 9l
ol BRG] BRO T QT Bk 2
z}o}. HHE IR EAshs Mg o) &2
Bafemc) dolidy] W¥od AlmEr, B A
o B MgO ZES 2.97%2 Herai
7} HEEF 2t Eghek(Table 2).

Ca'el A% Hiwel FEFHipmTdl 2 %
& vheblA egskeh. B g Bedde] 3¢

CaO &2 0.41% % HAEdLH W53 B
o) dekow MgORoh 94 2 @ v
WaltHTable 2). z2jv ol & HEiEMe|2E%
HRBEKH SW 3 SW 72 BBl M vl
@3 3 vehle 74.‘1& ‘#01 °I-“ ol &5 i

slrt, &3 )?éﬁﬁﬁbk 9—] Fe, Ca Mg ?&E*
F OEEe AdA Z27E A5 € 4 oy A
o]71% 3K Scottish  Development Dept.
1976).

Table 4+
vepd Aol

Table 4e4 ®HiE wie} o] @iike] pH+
DO}t Cl = iEel #IM-S veboo SO,
Mn, Cu, Zn, Fe ¥ Mgt X9 A2 1AM
& viebdiglol. 53] aniiske] pHel HERE M
Eel= Wi HA HERREE oy ow
pH {€Te] gle] #EEH) 7isisty 2SS °4

MK (LHmme) A

Table 4. The matrix of correlation among the chemical composition of stream water samples collected

from Keumsan area.

pH 805 Mn Zn Fe Cu Mg Cl DO

pH 1.000

SO 0,930 1.000

Mn -(0.925 (0.988 1.000

Zn -(.841 0.910 0.950 1.000

Fe -0.733 0.799 0.841 0.868 1.000

Cu -0.952 0.919 0.933 0.929 0.655 1.000

Mg -0.904 0.978 (.987 0.950 0.893 0.896 1.000

Cl 0.740 -().481 ~().498 -0.439 -0.292 -0.497 -0.440 1.000

DO 0.798  -0.786 -0.757 -0.584 -0.590 -0.632 -0.750  0.619 1.000
n=9
significance (p=0.05) == +/— (.666
significance {p=0.01) = +/— (.798
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slgeh (A, 1996). =3 SO 7+ Mn, Zn,
Fe, Cu ¥ Mg*'s} mxe] el S vhebul
= Heg BHol ¥KEgH ~]eld pHY KT
e LR B BXeldE KA
FIKA o BEBT Mgol< MES £ A2
2 Atg®ch, DOE SO47, Mn ¥ Mg s} &
o M-S v sl A A(1995)0] F5
Az} GFix o o] gEgkel uhE @l 330
A el BtERkel feiEE iy R
pH, SO, Fe, Al, Mn 5o} gl & #
o 9] pHe} ol ol-&zte] HWMEE o2t Adx
s 9lrt,

Bebedk Lol o) BiE kel #TEK
o] FREE AgHdom Hrg 5 de A
R HEERES Aabsl Hgloh, # ad-tel
A ALY EBREERK HRE BE(Acid Mine
Drainage Index : AMDI)+= Scottish Develop-
ment Departmentl] 41 A A3 WQI(Water Qual-
ity Index)=[Ywater quality scores]’/100 A& &
Abgsigdet. of7loll A Al8-# water quality %}
2 FHipel vl AHe FREE Fhats)
#-e21(1997)°] AAE 7oA ws <l&skslis
o Al8% @ pH, %o, Fe, Mn,
Cu, Zn ZEelv olF pH ¥ #Higleld o8&
of 71A Ee sbEaE Hostlct. Fig., 2004
B ulel ol HipigE gk kel 42
Sle el i FEHEGwkE 70-76 W abg vhebd
of F vl zhel FHE ERE Holi Ue
uh gioll A AFE 7t THRES] HRMEY HEHE
Bel dlg =83 ERENY FREEE AT
ol B IEE o] Qold SAe] spAb op

100 100

]

E 2

2
AMDI value

‘Water Quality Score

SW 1 SW2 SW3 SW3 SWS SW6 SW7 SW8 Swy

Fig. 2. Water Quality Score(symbol) and AMDI
(line) value of the stream water in-
flunced by the Acid Mine Drainages in
Daeseong coal mine, Chungnam(Descent
order of the symbol is Zn, Cu, Mn,
Fe, Sulfate and pH).

Aela, 10001W de] 7B 2 A$E o
ehdict, #$-21(1997)2 = F8 swkg Py
FrErd A HRES HrHE 23 AMDI @
o]l ¥l A2AEta gle HE=bge] 27.5, Al
Aol Mg - g whgo] 60.92 HEHge]
Aol b vty 3¢t

o] 3 o] MRHEMEKS T Al 7lel A EF
of 2)&t wr1Hel KRHERSGE 28 UM
Za% o] Fol gRIIRAKe T KEHR] H
71 eg A&k AollA et Fof £ A
ot =A Aok, S B Fol= 2 s &
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