Econ. Environ. Geol.
Vol. 30, No. 2, p. 105-116, 1997.

Hl KRR B BBkl )7 Y

*ﬁﬂ* . &_.ﬁ** . éuﬂﬁ*** . ¥ﬁﬁ-****

Pollution by Acid Mine Drainages from the
Daeseong Coal Mine in Keumsan

Suckhwan Song*, Ell Sik Min**, Myung Hee Kim*** and Hyun Koo Lee****

ABSTRACT : This study is for extent of polluted area by acid mine drainage from the Daeseong coal mine, Keumsan.
Black shales of the Changri Formation containing the Daeseong coal mine are geochemically similar to those from the
North America as well as Europe. Comparing with geochemical compositions and relative ratios, coal bearing and non-
coal bearing soils are similar to the stream sediments influenced and not influnced by the acid mine drainage, respec-
tively. These characteristics suggest that acidification of the soils and of the stream sediments are related to the the coal
bearing black shale. Soil waters beneath the coal bearing soil have low pH and high cation contents than those beneath
non-coal bearing soil, suggestive of extractions of cations with increasing oxidizations within the soils. Surface waters
show that those influenced by the acid mine drainage are low pH, and have high SO, Mg*, Fe™*, Mn and slightly low-
er DO, suggesting that heavy pollutions have been progressed in these area. Geochemical comparisons between the pol-
luted surface water and adjacent black shales suggest that pollutions of the surface water are related to the black shales.
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Fig. 1. Sample locliaties of the top soil (SO), soil water (SW), stream sediment (SE) and stream water (ST) samples from the
Daeseong coal mine area, Keumsan. Symbols; (plain, filled square) for the top soil, (bold, open circle) for the stream water,
(italic and undetline, triangle) for the stream sediment, and (open square and circle) for the top soil and soil water (outline)

samples.
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Table 1. Major (wt %) and trace element (ppm) compositions of the top soil, stream sediment and rock from the Daeseong
coal mine area, Keumsan.

Soil Soil Stream Sediment Stream Sediment
NCRS CBS NPSS PSS

SO 10 SO 13 SO 23 SO 1.1 SO 12 SO 14 SE 2-1 SE 22 SE 1-1  SE 12

SiO, 55.21 55.91 66.35 49.86 60.62 55.19 66.49 321 56.14 54.60
AlO, 15.87 13.7 11.86 13.56 14.98 15.67 11.77 13.01 14.23 15.77
FeOs* 6.68 5.89 9.89 9.56 6.25 5.69 8.72 6.3 8.99 6.28
MnO 0.08 0.08 0.08 0.02 0.09 0.06 0.08 023 0.04 0.05
MgO 2.32 1.85 1.56 228 1.48 121 1.52 1.12 2.79 1.93
Ca0 0.25 0.25 0.26 0.20 0.24 0.14 0.23 0.22 0.16 0.17
Na,O 0.68 0.44 0.26 1.02 0.73 0.46 0.24 0.53 0.19 0.73
K.0 2.30 1.83 2.88 2.61 1.76 317 295 2.16 2.59 211
TiO, 0.90 0.76 0.61 0.77 0.82 0.69 0.61 0.83 0.67 0.69
P,0s 0.09 0.12 0.10 0.20 0.12 0.10 0.09 0.12 0.17 0.12
LOI 15.23 17.17 6.26 18.57 13.86 15.81 6.01 11.85 11.35 159

Total 99.6 98.0 100.1 98.6 100.9 98.2 98.7 98.5 98.3 98.4
Ni 44 42 81 92 49 25 69 58 91 76
v 153 98 120 163 104 280 127 108 1321 265
Sc 15.3 11.2 9.9 15.0 121 15.6 10.3 10.3 159 14.5
Co 19 19 33 10 23 10 29 23 17 19
Cr 109 99 94 239 89 99 93 78 202 108
Rb 124 116 118 126 99 181 119 126 157 140
Sr 67 49 38 78 61 47 38 47 78 60
Ba 595 356 653 1072 704 696 577 433 1074 523
Y 30 32 21 55 29 25 23 50 53 35
Zr 213 178 126 163 211 144 132 213 152 186
La 4 51 46 5 46 41 48 68 59 49
Ce 94 111 93 97 108 82 101 169 118 115
Nd 38 40 36 40 39 34 37 71 51 54
sm 5.6 6.3 53 6.7 5.9 5.1 5.6 9.9 8.0 7.7
Eu 12 1.5 1.0 14 12 1.1 12 22 1.8 1.8
Tb 0.9 - - 12 0.9 - 0.8 1.7 1.6 1.1
Yb 3.0 3.0 22 44 3.0 25 23 4.6 45 35
Lu 0.4 0.4 0.4 0.6 0.5 04 03 0.6 0.7 0.5
Hf 6.3 5.8 3.9 5.6 6.4 4.5 38 6.3 4.6 5.7
Cs 6.4 7.0 35 6.8 5.4 8.2 39 6.3 5.5 53
Th 16 18 16 19 7 15 17 21 20 29
U 43 35 33 281 4.4 55 37 41 359 143.0
Pb 28 39 61 61 38 30 47 40 41 45
Zn 94 67 83 70 87 66 78 153 88 116
Cu 21 41 53 50 32 36 46 57 55 157
As 21 15 70 255 132 33 60 29 234 63
Br 12 14 5 2 14 11 4 4 3 5
Ag 10 1.0 0.9 0.5 0.5 1.0 04 0.6 0.5 0.7
Au - 9 5 17 10 - - 8 12 8
Be 2 2 3 7 2 3 3 3 6 3
Se - - - 6 - - - 3 - -

w 4 - 5 9 5 - - - 10 7
Mo 7 7 7 160 1 9 - - 76 76
Sb 14 8.2 82 33 21 1.0 7.0 2.7 33 19
Tb 1.0 1.0 - 1.0 - 1.0 3.0 1.0 1.0

* Fe,0; is total iron.

— indicate elements not detected.
Abbreviations : NCBS; Non-Coal Bearing Soil, CBS; Coal bearing Soil, NPSS; Non-Polluted Stream Sediment and PSS; Polluted
Stream Sediment.
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Table 1. Continued.

Majeonri F. Changri F. Daedeokri F.
Ls. Phyllite  Pyl. Schist Cry. Silicate Back Shale Green Phyllite Green Phyllite
KS8 KS10B KS23 KS91 KS92 KS95 KS2-1 KS7A KS 5 KS 4
SiO, 19.52 63.96 93.28 64.39 66.99 57.49 65.88 59.66 65.24 49.12

ALO; 368 17.19 234 1750 1449 14789 1291 1805 18.25 20.62
Fe0,* 1.40 5.12 123 429 412 5.03 7.86 722 6.36 458
MnO 0.45 0.09 1.61 0.03 0.05 0.02 0.33 0.15 012 0.07
MgO 1.68 214 0.54 2.99 4.23 210 2.16 339 2.36 1.78
Ca0 39.28 027 0.25 0.39 0.57 0.43 0.25 3.07 0.81 0.11
Na:0 0.28 024 0.05 0.16 1.67 439 2.61 0.67 1.44 0.96
K:0 0.90 475 0.50 4.45 277 2.03 1.85 467 430 511
TiO, 0.19 0.80 0.11 0.73 0.51 0.63 0.37 0.87 0.81 0.69
P.0s 017 0.12 0.03 0.08 0.10 0.20 0.08 0.13 0.13 0.06
LOI 3184 463 0.71 4.09 3.57 1.103 4.25 3.92 2.80 5.11
Total 994 994 1007 99.1 99.1 98.1 98.6 99.7 99.6 98.2
NI 9 57 18 42 23 161 36 49 37 6
\'% 94 165 100 136 76 2444 31 151 118 183
Sc 42 167 21 16.6 127 14.4 6.2 182 159 209
Co 5 25 5 31 11 7 2 16 14 3
Cr 37 104 69 9% 2 91 40 115 101 114
Rb 52 241 25 145 148 184 95 181 199 219
St 465 61 14 45 64 211 64 79 79 56
Ba 283 2231 261 475 251 635 323 1713 656 1898
Y 17 26 3 17 20 23 29 29 36 20
Zr 34 175 16 106 207 114 230 48 146 113
La 15 43 10 52 32 60 39 99 60 333
Ce 36 89 16 106 67 112 83 44 120 62
Nd 15 35 7 39 27 50 34 59 50 28
sm 28 59 11 5.5 47 7.0 53 12 7.7 39
Eu 0.6 14 03 14 0.9 0.8 0.9 1.0 18 0.9
o - 10 - 0.7 11 - 11 29 13 0.6
Yb 15 25 03 16 25 1.9 28 0.4 36 2
Lu 02 0.4 0.1 0.2 0.4 0.2 0.4 5.1 0.4 03
Hf 1.1 5.0 0.7 33 6.2 3.1 59 6.2 43 36
Cs 16 10.9 0.6 21 47 6.9 17 0.4 58 6.9
Th 7 17 3 2 2 8 18 5.1 2 10
U 25 35 24 35 5.0 32 42 6.2 35 12
Pb 7 131 25 14 38 18 37 19 34 24
Zn 17 44 8 42 42 41 26 42 83 93
Cu 13 62 27 19 4 17 35 39 23 15
As - 4 2 10 - 29 48 116 3 -
Br - - - - - - - 21 - -
Ag - 0.9 - - 0.4 - - - 0.4 04
Au - - - - - - - - - -
Be 1 3 3 2 4
Se - - - - - - - - - -
w - 3 - - 5 13 3 3 - 5
Mo - 16 - - 6 20 - - - 6
Sb 0.4 03 0.5 05 0.4 25 20 - 05 05
o - 1.0 - 1 20 - - 8 - 1.0

* Fe,0; is total iron.
- indicate elements not detected.
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Fig. 2. Major and trace element comparisons of the black
shales of Changri Formation, top soil and stream sediment
from the Daeseong coal mine area, Keumsan. Abbreviations
: KSB; Keumsan Black Shale (Avg.), NCBS; Non-Coal
Bearing Soil (Avg.), CBS; Coal Bearing Soil (Avg.), NPSS;
Non-Polluted Stream Sediment (Avg.), PSS; Polluted
Stream Sediment (Avg.) for this study. In this element order,
wt % from Al to Ti and ppm for the other elements. Scale
is Logarism.
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Fig. 3. NASC (North America Shale Composites) normalized
major and trace element ratios of the top soil, soil water,
stream sediment and stream water samples from the Daeseong
coal mine area, Keumsan. NASC (North American Shale
Composites) from Gromet et al. (1984) and Taylor, McLen-
nan (1985). Abbreviations are in the Fig. 2.
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Fig. 4. Major and trace element comparisons of the black
shales of Changri Formation (KSB) with available data.
Data of AS (Average Shale) from Govett et al. (1983),
ABS (Average Black Shale) from Vine, Tourtelot (1970),
NASC (North American Shale Composites) from Gromet et
al. (1984) and Taylor, McLennan (1985). In this element
order, wt % from Al to Ti and ppm for the other elements.
Scale is Logarism.
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1o} PO; Biffe KR 2 RUxlo|Ed o3t S
Rkdete Aoz 428t (Condie, 1991).

B et ol AFT B ER THRES B
A D ARHEE U ) RESH, 2ER, 29z IA7L
%2 ¢ =0 (Carr, Turekian, 1961; Matzat, Shiraki,
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1970) WgEHus MRS BEEQ BEALTe] B
o mEHERE ] St BEY BEN 9 A &
23 AdE Ao2 AlgdEt

3% 2 kRS AEES Bi A vg) W
Na &< Hole ol o] THe =& BFHE W&o
2 A7t} (Anderson, Hawkes, 1958; Short, 1961).
it 33 E<2t Ba RS ZEN, MR R, HE
o| &&, Bl &3 #Es9 (Butler, 1953) %
fRMEe] A7) wFoll AR Sl e A kS
=9 (Cullers, 1988) Bizcitis EMe] B +ifiolA
2 Ba RS SRE 509 52 Ba 387 4X 3t
gz £ ZERc 8 5 2 Rb, Cs, Ba 8%
748 4 92w (Heier, Adams, 1964) EER= <4+
EFol ¥ Rb, Cs&Eol ¥t (Cullers, 1988). 74

o FHEllA Cs 8L Wby dsh ik s
uo Mg RS 134 22 Afe vE &
Rb FES Holadl ole BiiE MR oA BER
ol & A 4X 3t

K

Hugkol thR (L84 T $ERE kel o3 B Eg
#=RE BoF0 (Table 2, Fig. 7). Sslgike] wEs
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fo] ¥}, 99 DOE Firl dAdee Y Cu 2
In GRS FHRS We Mo 23 AT,
B2 NOy, CI' % Ca™e) & Hiesh Emyunt
o) Wae ZRE ehRA i,

K F FHiSH (ST 1) pH 59014 th¥-89| 5
Yo AntAQ E’"’l‘%ﬁﬁ«] i pH 5.65 (Free-
dman, 1986) 2t} @& pH 3.72~4.2901% 2™ 53] BEik
ol 2 #ESY zs__e_t 7% (ST 2)& pH 352 A )
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Fig. 6. Average cation propositions (ppm) of the black
shale, stream sediment and top soil from the Daeseong coal
mine, Keumsan. Abbreviations are in Fig. 2. Scale is Lo-
garism.
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Fig. 5. Bi-variant plots of geochmical compositions for the black shale, top soil and stream sediment from the Daeseong coal
mine, Keumsan. Filled square; NCBS, Open square; CBS, Filled diamond; NPSS, Open diamond; PSS and Filled triangle;

KSB, Abbreviations are in Fig. 2.
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Table 2. Chemical analyses of the stream water (ST) samples from the Daeseong coal mine area, Keumsan (Except pH, all

clements are in mg/l)

Number Type Pollution pH CI' NO; SO> PO DO Mg? Ca? Fe Cu Mn Zn
ST 1 spring non-polluted 590 3205 0.224 29.105 - 871 332 0.081 479 - 0029 -
ST 2 stream polluted  3.46 3.461 0.347 206463 0224 525 71.10 1275 1058 0.133 0.832 0.668
ST 3 stream polluted  3.81 3.012 0.357 276.535 - 3.83 49.00 0.745 623 0137 0619 0246
ST 4  1st resevoir polluted  3.78 3.170 0370 310496 - 5.63 6260 1.171 7.92 0218 0.737 0.670
ST S stream polluted  3.72 2771 0.716 294999 - 5.09 5930 1.184 8.08 0235 0.796 0.673
ST 6 stream polluted 374 2.644 0478 281.631 - 691 5830 1.125 7.19 0249 0.793 0.689
ST 7 2nd resevoir polluted 429 2472 1178 236.732 - 6.29 3570 0897 5.89 0.140 0561 0.333
ST 8 edible non-polluted 7.01 3.051 5567 7940 - 685 200 0914 478 - 0.040 -
ST 9 Anyangcheon non-polluted 838 9.611 2.067 31891 ~ 940 530 1952 497 N 0.036 =

—means elements not detected.

Poliuted

(A)

ST7
ST6 STS§

ST9

ST2 ST4

Fig. 7. Chemical analyses of the stream water samples
from the Daeseong coal mine area, Keumsan. All elements
are in mg/l.

Bol 22 236~310 mg/IZ 32 mg/l LITE Bol= JEiBg
Kobe o 108 F=e) el ZRE vehlu o)k &
FMERRol & 5 Mg e BHRvklA 35.7~71.1 mg/IE 3k
guke] 5.3 mg/I%h 313 FEEUT. Fe RS Hiftth

A 5.9~10.6 mg/l B2 JEFHYH 4.8~5.0 mg/lETh =
gkom S gRAZK HiEES 0.3 mg/l (B33, 1996) &
o} ol % E=A AEEAT. Mn S8 HtelM 056~
0.83mg/l & =W BRAIK 2L 0.3 mg/! (8%, 1996)
Brp ok o) Dik 2 3t Holxw 93 0.03mg/l TS
Hol|e kEgne HE ZRE Bl

Bole F CIZEL MMz I NERIEES
150 mg/l (87%, 1996) Btk gtor} M)A
9.6 mg/I2 AU EITh NO,& Hyutgiol s W g
(A 10 mg/l (F7%, 1996) Bt AHHo= vf$
HE FRES JERIAT kM E TE HudEch
B2 e 2ok o9 mYuwEol AHEERY RS
3.83mg/lA 6.29 mg/l M E T BREHIES] M
K HHEER] 2.0 mg/l (3733, 1995) Brhs Egtont i
| (ST 9)ellA 9.40 mg/IZ 7F E=UTh.

ol A BEAs BHLE & BRE HREE T 2%
TERR o] =R s UM SILBEMERE Tt
o E o] R L HIRAK Bkl o8 sEflEEst
BFEO R EHLE 3w Elolol] o3 fEMENQ (EH
o} Fo|t} (Alexander, 1977). SO & —RAYCZ EEML
el BLiEH R Bkelol A 2 9Ru|y BEME 5o
BALE 2 REY 2 HEE SoE B
(Dixon et al, 1977) #{tsol B AREHEAN &
3] HiE 2 A (AREEAE(LELE, 1995).

ole1 gk Bt I TN e L2 RE] Biflkol 29
&igol 2AEH, EHECl LT HEME e
(Freedman, 1986), 13%<] pH #t2} +i%o] TF S El
2% o472 gsA dok (B, 1996). Hieiu
9 #& Mg”, Fe B2 Mg™e 2% BHRitRe) 5%
o 719 EiEbz Eaolv Lol ZAstn e
Mg™* o] &o| E#efERIcl <8l #uFkE wAd Uztr] o
Foln] Fe 82 138 2 AWl #in 2 Bsn &
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Table 3. Chemical analyses of the soil waters (SW) from
15 to 20 cm-depth at the Daeseong coal mine area, Keum-
san (Except pH, all elements are in ppm).

Number Na' K Mg* pH
SW 11 8.2 13.2 7.9 42
SW 1-3 32 0.9 - 6.2
SW 14 2.3 15 0.5 6.0

- not detected.

B3 44§ @AVt slvka AlgE

ol 2 Ho} YK S T KUK T 7
PRl M = B L7} oo Bol AYPHAZTE ¢ + 3
o S BRES AR SRt EGE B #
H&E (HREXLFE(LEEE, 1995)% o] Hudol X BEek
o of g BRIk Hg 832 A A

L % 8

BEizol WA B0 Q& Hidtude] TS (SW 1)
£ EEINS BT Itk (SW 3) <1 JEmytudel
THPKRT Fol &o] w2 pHrF Wokth (Table
3). olo] wkal FEBOIAT AN £R3lD Qe
EHEMO o8l LUl RIS T e SW -4 B
Hoge] 13K (SW DECH ol &me 2% pHe
E=3th,

UukA o 2 BAFZE W2l H T ALl & HEko} o) F
oA HA kTl EEo EAshe W ERBU
oA ZHE kel &5 Bl ATt (Foth,
1990). ey} t3go| FHiolut 71el FHO 2 Bkt
YA HEF AR Kol 2ol sl Frol o] H=
A EesH gekel o8l fEpe] delrt Ik 4 e
FELU T kR ERElol MAc)h ®=3 B bt oS A
el t3ge] EERE Tl ERlste dRrlEely A
Ao EFE Kol 23} Eiksle] (S =o] 2= T
U9 frol 2E A o] Yol oF Bl FYAl
o) #Egefol RolRlAl "t (Ulrich, 1980; Olson,
1982; Ulrich, 1983; 124), o]4%, 1990).

upeby FRFegol A HYshe] tikel JEiEGuhe
+ikel zlole g Mool Btk(brl AeiA as
o} ZtF Bol &80l olu] iFRRE 2 e WlEol REE
o x|t FE¥eprol 98 £L7F HEFH T gl SW 1-4Hus
2 EE Bl o3 AEpe] TECR ol BRS
3z gL Aoz Algdn
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Fig. 8. Average cation propositions (ppm) of the black

shale, polluted stream water, stream sediment and top soil
from the Daeseong coal mine, Keumsan. Scale is Logarism.
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