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ABSTRACT

Chemical properties and heavy metal concentrations of forest soils of four abandoned coal mine lands
affected by coal mining activities in the Mungyeong area were investigated to provide basic
information for revegetation of abandoned coal mine lands. Seil pH in abandoned coal mine lands
ranged from 5.30 to 6.76 it in the control site was 5.23. Contents of organic matter and total N in
abandoned coal mine lands were 4.46~7.19% and 0.07~0.15%, respectively. Available P contents were
6.54 for A (Samchang), 6.52 for B (Bongmyeong), 3.94 for C (Kabjung), 5.45 mg/kg for D (Danbong
coal mine land) and 5.25 mg/kg for the control site, which had a positive correlation with soil pH.
Contents of exchangeable Ca, Mg, K and Na in abandoned coal mile lands averaged 196.1, 88.7, 88.2
and 10.2 cmol'/kg, with a range of 132.1~242.1, 24.2~138. 64.9~120.8 and 8~12.2 cmol'/kg,
respectively. Those of the control site were 192.8, 95.8, 104 and 21.2 cmol'/kg, respectively. Heavy
metals such as Al, As, Cd, Cr, Cu, Fe, Mn, Ni, Pb and Zn of forest soil in abandoned coal mine lands
have a larger content than those of the control site. Al, Mn and Pb content was especially high in
abandoned coal mine lands. The Al content of forest soil in abandoned coal mine lands ranged from
397 to 917 ppm, which was considered to be high enough to inhibit tree growth. Therefore, it is
suggested that soils of abandoned coal mine lands contaminated by mining activities need to be
properly treated for remediation of environmental problems.

Key words : Abandoned coal mine, Forest soil, Heavy metal, Soil chemical properties
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A el 907 oVl w43, 38070 o
of Aegit 9 12007 o)) vigggks £}
o F 2,500 A7Re] A3 2R Fikso| glow, o]
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o] FAEe] F/AR o]F MG SARTAY
o] FXHA o} T AeiAl] WS X ol
A9 FHoE BRG] Ui M/t 7w 9)
o, B3] sl2saaoaE B2 Agoht 43 - A
}y T PHEo R QIEly wiEgd BHVIES
@4, B, FHBE, B F)ol Bl
2 WA Eo] o], 1 XYY MRHELS LA
W opet T At sl ofal bR EAlE o]
skt ksl w7 A0 BE Qo] AlgH R
AR T itk 11 AR 0 AE EeIA] A=A Q)
= A2 AR YRS A FSFoEE ofF
Ak 17 el A3t AlE o718t (Jung,
1996; Kim and Chon, 1993; Park et al, 1995).
SR AFEGS] 2@ tig olairt ¥Eskar
T4 A G Edvise] FiFo] 9lA] Egh A
o}, Kelly(1988)= BiHrwel WA|=o] gl #HA
2 BAFEo| B8 FEo) =2E Bf, elleE
S X3 B3lE Hol= YASo] ik & lom,
ol Yae AZA falgh A3k vE = 3
ol Bk v Qlok =g HA o] o} =
FEPIEEHEA 5)Y 38t F3E Folo] Fikevt
Fud daso] HEHo] TR et Ak,
EG s B 3545 0 59 SEEAIE o
% ATHCidu er al, 1997; Jung and Thormton,
1997). 87380 o3 4, 771, A5, A Ao
AL JE 3N HEERE R EYe
& AHE RARIEOU, F8 didEEo] A
A o] W= = AHE A9JE Ao, 2
FUoZNH APl e 1Y, EIEA =

Hoii, QA ol 2L T30 2} olFo]

A}, 40] oz WA gk AREA S A
HER] 5 tigh d7R s HEbgR| 3 4
of AR EE AgEel Bshde TR @7
7} o] Fo X1 YAUKKim er al, 2000; Kim et
al., 2000; Lee et al, 2002; Min et al., 2004), 3}
7 Aekiato] Busl ololAY Ao o e
AYEY] HH S} F3E T ol 4
Aqe 2uA] BA] ke AAoltHMin et al., 1997;
Kim et al., 1998).

HebgA = 7] A EYs) g i) Fol| o3
Eeodle) grog AuAge BN 2 o 53
&o] AFEZ EAY ¥k ot EYS] FU1E &
ol Uit a9} 2le] RS} Holdle 5 247
@ PAEAE AT Qens, AdauAe ahie)
TR AEge) BE sfetsts Ho] Hou
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2.1. =AX] JHg

2 dve AAEE TR vl HEsgR Gk
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A o UETE o H%ckFie. 1), T
Z Q) HFFAZHE] HA 3 km o[ HoiA]
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EFHNR, SFUE 5 RO E8550] e X
& At 1 9 SR, ARY € B9
AR SollA FrmEite] Edey, sEed B F
H A Al gk RERe] AL B4 9 ) A
o] AAIEJo] U B T FepEANIRe] 04
3 AL B 2ARR 9] AHRIEY] g ARe A5
gt AAolt). B A= &2 HibolA] A
Z:02 o] L2 Aullalo] Zoke] 9x]sal glo.
W ERE HE Ao R SEre ARl w
o) glom AHL B L ARPAPF holrk
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FHHESEE oA UR-(Robinia pseudoacacia), 7+ E)
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Fig. 1. Location map of the survey area in Mungyeong (A: Samchang, B: Bongmyeong, C: Kabjung, D: Danbong coal mine

and E: Control).

Table 1. Site description of the investigated site

Site Altitude(m) Aspect  Topography SI(%D © Soil depth Planted species Pl}?:;fd

Samchang(A) 210 SW piedmont 25 shallow Betula platyphylla var. 1994
Japonica

Bongmyeong(B) 250 SW piedmont 29  shallow j;’:;:;"ifsftzd“’“’”“ 1991
Kabjung(C) 320 WN piedmont 27 medium ﬁ}fﬁfi‘g;’zaﬁal‘( O/iaf’e’; ss ‘l‘S’“ 1992
Danbong(D) 280 WN piedmont 31 medium f;;f:f;‘fgj;‘;"‘;“kfr'ai’e’%s'”’ 1991
Control(E) 220 SwW piedmont 26 medium - -
5, A, 7T (Pinus rigida), S8A5-(P. A&3AT. 7F 2R AHE 77H«l ERs

koraiensis} BTFEC R 1991940 AR 2A|=
At} o]F FEL AN Y] mE AN A] F AF
Aol 2 o] 85 FFEoTh EAAY] gt
712 6.7°C, ﬁ?&fr%kc 1,401 mmZ Jehghon,
B ZARR9] 713 Table 13 2T}

2.2. EAF H B

E ZAEAR] AR F74A
3, 2R, A EREe] Heg|
A H99ES AAR F 0~10em
o= 7} ZARelA TR A]
20 mesh A= 3 F 98 A2 o]gslt E
%o sleh AR & ois) B pHE pH
meter, 7718 L Tyurin®, &< 4Havailable
P,0O5) Lancasterd, A&4E H,S0.2 $AESE &
Kjeldahl SFHo 2 EAM3tHT}. X|@HAdokeo]&(Ca™,
Mg*, K¥, Na*)2 IN ammonium acetate(pH 7.0)

sl £ %

E

=2
& o= g EY F F55 TS 0.IN HCI=
Z&sted 1078 DA(AL As, Cd, Cr, Cu, Fe, Mn,
Ni, Pb, Zn)s 523 Z2}=zn} B34 (Atomscan25,
USA)E 733159

I 22 ¥ n#

31 HEREXIY MElEol S8 43

BE LA Bt T e, e, ¢
B, e vl TEIAM AFHT AHEY
ol 3jshA Aol tigt 23E AHER(Fig. 2), W
A B pHel A, APEEEA) 6.76, 2EEE(B)
6.16, %E‘r*‘f(C) 5.30, BEEE(D) 5.63 283l o

ZT(E) 5.2305 ERAT]. Hl At A He) AEde]
2hdslE]o] QS Aojgke UHHAR] oldde

27 et Kim e al(1999) A2 02 Ak
k= 16709 - HPERE A9E e S AYEY
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P20s{molko)
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Fig. 2. Soil pH and contents of organic matter, total N and available P,Os from the abandoned coal mine lands in

Mungyeong,.

9] og}ela] EAolA pHYt T & oFTlEd
veplle o] wll xHoletal gk uh 3o,
Ok et al(2003)y2 7471% FHAlol| AAfElaL e A
2B gk 2ARlAM AHEYS pHE 7.5~839 ¥
A Yehlidtlar B33k vl 9ok B 2zApx¢] #H%
A 21 ARIERS] pHYF tiERT AG AHREEYRR] pH
Hod 2 302 YERhon, o3 ERMIEE <
3 AEAAS Al AT T 52 ofd oz
A=, ol 11 B9t FEE BEY Qe gk iy
o2 M3 g 1t 5o At olfolHr] wiEeR
Al 47189 A A9 7.19, B A9 6381, C
A9 452, D N9 446%, 183 D Aol 577%
9] f71EE sl e AR veht fEjve} 4
HYEL] J F71EI 4.49%(Jeong ef al, 2002)
B fFARIAY & AozZ ZAEATE Kim e
al.(1999y2 197} - #giix] e AREY 5 {715
T2 0.29~11.51%2 Aol W 2o} Asph, 1
oA 8% oPde] =& AVIEEHS JE A gL
MRS sfEer] 93 Aot e Bargt vt 9l
th. 53] A% B AGAE AHRHEY T A71ET ol
A Jehd e B 2ARYERE HA F2 A A
Zo] s o|FoFY ZoR Hol fr|EE &
A A gl o 2HE 9] BYgkir) WS HaAuo]
Jas vFE Aoz )

AREY T AT AegA|Ho] dlzte]
0.20%ETF P& 0.07-0.15%2] BAS VERAATH

o

ZAAR] #73A 9G] He gl ey AR
o] B A2 = 0.19%(Jeong et al., 2002)H-
o 7102 ZAEAL B3 ZUs el B
2l A, 83, R 0.18~0.27%(Min ef al.,
2004), Z3MEF 0.17%2F ALEH 0.27%(Min,
2004 H0E e Zlog vt EY F 24§
) PEsked Tilman(1987)S E F dAi 3hgke)
Z7Fe 1 A9 AE5F IS AAANA 5 £
o] 213} MY ISl Barslg e, Aber er
al (1989y2 B9 7 dighgo| B deir) =i 4=l
< AL e 5] Gzt FuA Akl
HEE 7Fs/do] il Bargk vl ok E Z2ARE
Z|GeA 0.20% olete] HALTHS viER]o]
B9k 3 A3 Az QI8 £E Iue §g
102 AT FEIL e C AH @ EEFe]
3.94mgkel E 7B WA JERLOY 1 9] AYe
5.25~6.54 mg/kgl 2 FAET} AHRIESR] FHQM
stake B pHeF L3 A7) o pHYt e
735 Qo] B8l o3l FAERIMe] Fafo] W
Ao AT YTHHAL F, 1994). ¥ Hek}x|
A= EoF pHe} FESLIE 2lels =0.83(p<0.01)]
ABEAZ Jehho] Fadqt gk EY pHot U
A3 WAL ks Qe Ade) dxjshs Aow
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Fig. 3. Contents of exchangeable cation of soil from the abandoned coal mine lands in Mungyeong.
Table 2. Heavy metal contents of forest soil in investigated sites
Al As Cd Cr Cu Fe Mn Ni Pb Zn
Site*
ppm
A 612.4 2.20 0.19 0.11 7.9 49.12 90.52 0.96 7.16 9.92
(45.2) (0.38) (0.05) (0.02) (0.59) (4.19) (4.51) (0.16) (1.53) (1.67)
B 397.3 228 0.19 0.14 18.4 43.16 97.66 2.01 7.84 4.69
(29.8) (0.45) (0.02) (0.02) (1.42) (3.46) (6.82) (0.24) (2.21) (1.14)
C 916.5 1.25 0.16 0.18 16.6 39.24 99.94 0.41 4.68 1.98
(56.7) (0.29) (0.06) (0.04) (1.29) 3.57) (5.94) (0.13) (1.30) (0.31)
D 546.1 1.83 0.14 0.25 19.6 43.13 29.07 0.39 6.84 293
(42.5) 0.61) (0.04) (0.03) (2.41) (3.59) (3.27) (0.08) (0.89) (0.59)
E 344.4 1.25 0.10 0.10 6.3 23.85 22.53 0.24 2.82 1.50
(31.9) (0.57) (0.02) (0.01) (1.31) (3.14) 259"  (0.04) (0.46) (0.48)

*Refer to Table 1 for A, B, C, D and E of locations

(1981)%] Y AFA G E Faite] ke ¥
o7} o}F= Arhe Haloh= YX] 0}11 o= Aoz g
ok, gk oo} FegAle] ARIEY ) faeit

ghako] ZFARA| 7] 2 Zlol7} ¢l AR Finkelman
(1981)2] Mg £oll= prl Bol Fh=lo] glo] dut
2he] w3 Hgkgx|e) Qi) £& Holgks B
S LABA] e AoE Ve

FrEQN = vl AR Bk pHet wARSH A
7F e Aer LA v XFAPdol(Ca*,
Mg, K¥, Na")y& X (Fig. 3), Ca*9 4% C

AHol 132.1 cmol'7/kgS 2 7Y ko, A x|o]
229 cmol/kgZ 71 =2 S VEhiILE B 24}
A9e] AHRIEY F Ca T U A Hg

B2 2] 370.6~388.7 cmol/kg(Min er al., 2004)°]
Bl WS RS Jepilch. B pHel Ca* e
FANME =0.76(p<0.01)2] FBBA7} AHshs A
o2 vepstth XEdedele 3R A9} B X0
Ca®>Mg">K" >Na'2 Vel A Ee] ]3]
2 TR Ca?'>Mg>K™>Na" 02 7HAasitis B
TEHEL, 1989)9 WYXEhe Aoz Jehdor) ¢,
D, E A% K'o] Mg FgHTh 2 302 ek}
AHRHERS] UukA]] Aaahs YAEA] e Aes
A=A

3.2, H|EREX|Y LEES| F
AH

o™

3= my
B 27 o) dgkg AgEDe) 5
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< Table 20 YERKSITE EA) Seluelolr] B
Ao 71Ee] He 842 Cd, Cu, As, Hg, Pb,
crog AgHo] et B FApIME Hy e
EX431A] kAl Al Fe, Mn, Ni, Zng F718o=
245100 AHRESY Ale] A4S HegAdAs
397.3~916.5 ppm= ZAAS] wlg} o7} & Aoz
Ueptor | tiz7olxie 344.4 ppmos 3%} v
2 ZAA0)] nlal B9 pHYF The whe cehiekye}
EMET) A9e] B 5 Al F8o] 2 AL 4=
E Ul &A= Ale] Salle=s EFHEsL K14
2 ) V13K B3l(Lindsay, 1979)9ks IX|3 =
Z3Fo] Tt llvesniemi(1992)$} Thornton er al.
(1989)2 218 T3k Ale] g0l thal] B W oF
o 57t 201 AlY] TEV BolE FE2 A
A4S 7H o, dRto] SRS K Al
SEt wols Al FAdo] vehdtial ®Bargh |t gl
o, EqRe] pyt GobAHA 718 Ale] ol
7Yt AEe Relge AAA AE EeEle]
T 9 GREFGTL AUR o] FolAA] gl HFH
oF AR Aol s =Y = Aok
(Hutchinson er al. 1986). 53] Al ApAl9] =4
ik opjel Ca¥t Mgoh 22 ol tigt A&
welo] TS ARYHLE AHatAFiH ol
FrE AN Aot P A AeR dEA
31 9lo](Stienen and Bauch, 1988), &3 B &
G wxet Al #AC disivE A7 2%
Aoz Algdnt. Cd e U] D AYolA
0.10 ppmo] ot HEF AN = o]BY F2
0.14~0.19 ppmoE FA=HITE £ AR Heg
2199 Cd RS AR-ESAY] cd e 035
ppm A5 Bowen(1979)2] R 19} vl edAH
Ee BF lppm ol3te] Cd& FF3= Ha
(Alloway, 1990)HT} Bre Ao 2 ER} £ ZARA|
ol HekgAY Cd 29L& Qv oz waEd. &
sk HEE F4Y od FF 08 ppm(AEH T,
1997)HTFE B Zlo @ BAEh

Cu ke A A7} 6.3~19.6 ppm HS ol
AE Aoz AL B 2ARAY Cu FFe
Min et al(1997)9] Z& AT ARG tig
EY T4 ARIA Cu Fo] 21 ppmolthE B
TR T B X5 JERTE T3 I HE
o¥e] Cu &% 30 ppm(Bowen, 1979y} T334k

0

3 B0l Cu ¥ 26.4 ppmJung, 1999) Erk=
oo m, Cus A7318HY SWHA ol F=r} vl
o Aio) 517 wio] B ZARZRES] 2
E ek 2999 = olF FHe Aow Igd
oh B FAAY Fe 3R E A9 23.9 ppm, HEH
BRI A~D X9 39.2~49.1 ppmOE HERE 2|9
2Tt o] AHRIESS F Fe T £ zlog
Uebgth B AR Fe TS Ok er al(2003)2])
Hold Fihs o R 3 FF& T Al Fe
sheke W 140 ppm, HA 30.6ppmeE HT
91.5 ppmo|Ath= EaRuE Tt e g ve}
WAtk Mn SRS diz72l E A9 22. 5ppm, #
EA= 29.1~99.9 ppmO.E e FekR|ge] -4
A (shalesyS 2o 3= AHHERS] Mn g
7.97'45 ppm(Lee et al, 2004) Bt} T& 73]
oy HolARake] Mn gHF 56.1~95.1 ppm(Ok et
al, 2003y AR Aoz JERGTE Mnd Mest
AAH o7 F4E7) il B Yol oz 48
73 AEA Bl Mg 55 AsiA171™ (Duncan
et al., 1991), ¥ol29| F5& A= A=t 2
sl Aoz dEXw 917] Wl (Alva and Edwards,
1990; Ohno er al., 1988) Mnoll &3 4EA|¢] Mg
7 Asligte] AR BsiAor & Aolth. Nish Pb
ek A ZARACIA 742 0.24(E)~2.01 ppm(B),
2.82(E)~7.84 ppm(B)& ZAFEIQITH Ni ke 4
ARG HeHX] 2] 44 ppm(Min ef al., 1997)7F
HopAZAl 1.80 ppm(Ok ef al., 2003) BLtE e
Ao FAEAY. Zn FFHE WETA E NG
1.50 ppm, T332 1.98-9.92 ppmO.E Aol wha}t
zpol7b & ALSE YERYT Kim et al(1999)3
Min et al(1997)°] HEtFA] JHREIES Z Zn §H0)
217} 4.50~344.4 ppm, 81 ppmO|rl= B} Hln
S B AR AREY § Zn §HE o B
Ao F 2=

AEA ) it FEse] JTe FEEe TRk
= Feo| o3k F3fe] vl Pk AR Aok
(Yoo et al, 1985; Lim et al., 1991). T3 de Malos
et al.(2000y2 ARHEY ) $54:0] o]FAlL EQ
Aol &3 Cdob Zn SRS B9k Wl Ca d3F
# 1383 Cust Pb S CEC ¥ #7I1ESHH
QA3 WA oAl Bk vf 9le™, Martinez
and Motto(2000y= = pHE ESF Wol EXlsk=

lo
{rrt
O
B
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FEE5Y Fas 2 AEEYS H9she P &
Alar Bk vt v}, 2ejRg B pH) o2 &
AR IS T B Alom ZAME ¢ AY9) At
HEY T 85 T T3¢ a0l g} 2l
ztolE Qo) thE AR HI| MA|IF o2 Tas
Fafo] w4] ke Aoz Yeh} ¢ Ao B F
0] A8 gt FEEr) ¥ FHE SAlE
28] G P 4 IS AoE F4E A
HEY 5 5559 g E¥e F2 535 A4
o] BA47 EPFA] ks whom, old gofsh=
Ee] 44RE pH, 788, Ak ds) 2 o
FEolE To& gEA SUtHLim er al, 1991).
A SRl A B H] 7iEe] He Fad T
A B AFeA] EA4E As, Cd, Cu, Pb T
detARAY Ao Eded $E7E As 6, Cd
5, Cu 50, Pb 100 mghkgs ZHsl= 2R ¢l
Aoz BAMEQon B Ao ENE BE 5
& Fhgel] sl AR FEke] zjole] Axe Q)
L iR AR AggRY] AHRIES F F55
2k
ik

-

;
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lo gy rr

ook

o] Be Ao Ve,
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AE) BE 8= 2] theA ehinz B a7
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