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Heavy Metal Concentrations in Soils and Stream around the
Abandoned Mine Land
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Byeong-Sam Park, and Duck-Gu Shin’
Dept. of Environ. Eng., Yeungnam Univ., Kyongsan 712-749, Korea
‘Dept of Environ., Andong Inst. of Information Tech., Andong 760-830, Korea
(Manuscript received 12 September, 1998)

The extent of heavy metal pollution in agricultural soils near the abandoned mine land site was investigated
using their concentrations from the 47 sampling sites in B mine. Samples were prepared using 0.1IN HCl -Korean
Standard Methods- and then analysed for Cd, Cu, Pb, As and Cr by Inductively Coupled Plasma Spectrometer. In
addition, soil and mine tailing samples were sequentially extracted to investigate the chemical speciation of heavy
metals in them. The soils in the vicinity of mining area are highly contaminated by heavy metals ranging up to
596 mg Cd/kg, 2533 mg Cu/kg, 76.7 mg Pb/ke, and 1545 mg As/kg, according to the analysis of Korean Standard
Methods. The heavy metal levels by the sequential extraction are much higher than its level by Korean Standard
Methods, and little correlated with each other. Based on the results, it is suggested that the As pollution in
agricultural soils near the AMLS should be dealt as of prior significance in establishing reclamation strategies for

the area.
Key words :
1.4 &
Seuete 19004 ol F YAel elste] B F&3

Aol A" ot s olF 1 £ HA A
dol 1995dolE 29 223 172270 F Uy B
FE 300 nnez ZA}EA%&@,“ {Hf%ie.é ¥-d%
gof ZAstn de FE£EFA F= HA 2000407
d4e Aoz FHHD ‘RIE}Z’ o] & *“‘“4 B Eo]
HAF Bada 2HYe] WAH o1 glen, oF
Qg FWaA uXE: Fs) e Hobza 2FF A

240]1:]-

AP 2dozRE F3 B vAE waze
2 23% 29 n¥HD 9en, 2gdL FUNEE
ozRE WAHE AdFAHSY F AMM Aol
=7) wm o) gste] MAs T e 34 A4 2 B
5¢ 5 & g 2u #$ m=E 3ude) 4y 2
502 e FANGe] EAE B FEEY §o
Eho] A2H3 Jdon, drjed T Ag= AF A
Q7S dgoz HAA Y] F24 P2 6L d
st e AAolt?

197

Heavy metal, Abandoned mine, Contaminated soil, Tailings, Sequential extraction

HPAe] oz 3 EFe gy A, EFL 2n
2o oz 40IUE HAYY F Ae 7%
°l Atk ey, E¢Y fﬂ%ﬂﬁﬂ o] 9 &‘E"Z‘ 3

& EQY 75g QAN E%Y 7F2E A
%’1, AR EYY 29L 5FERY %‘—%¢ 9 9
BEFo) T& okrEd, 12 A# ALEY HAA AA
Al d3g 714 F= Y.

2 ?ﬂﬁlou*i% A A 4o F&5FE T 2A
9 A7 AEE BR4ArS ooz s oA
L iﬁXl 59 I2 EYH HAF AET 4 F4
FH 5o FE4 09 EXE gostn FUESY oF
e 2 A 712R8E A AT

2. A8 9

21 AlgAH A9 A

A gl BJ:MC’ AAET B3Fo A3 9o
H(Fig. 1), $8 ¥Z& 7, & 2 5ot &2 BHA2 3
AZEYRA FEEo PRI E &3] A +
o AN 27| RE AfFo] AR MBf A



Ae5-038-9%2- 408 4y 4-093

& 2 o 700me FAoZ guyes sus YRE F 2999l A 18 A 28XFU EY
of HFT MPo] o]FojHa, 193B3KE Ay F A A28 (BS1~BS5 BS 20), 2 ¢ EFAEE
AAEE JAohzt 19849 F 3= Ao} A4 2 st FEEE AR BEGAR AFHA
Fak Fos 7ty 2A A 3 oeigd FAe v BEY FU)eS nEdte dold wEk FE0~10 cm),
7} ARG W 24 AR AxHe] Qo 2 F A1 FIEQBO~60 cm), HEBOI~100 cm)Z AP o,
HAFE AR PJud 350m’ Eol 8m R FAY 299 S 9 VY APY AY eR2AA g
oo} AR HWA 1500m” ¥ol 8m WRe HAdul7t  F A& 6/4(BSC 1~6)F At
AZgol ok Z+ze AXdule o$ F§ AlEE o] Foj= A 142FH FA9 HAGeBT-1, BT-2)9
23 glon B Hiuv Alde FANEF 94Xty AR FA AXNHUBT-3I2HE 42 AFsHa, A
93 ZZFAE AN E-o] 91, FEEule AlEe 23X AWBT4, BT-9ME 22 A8t Qqch BolA
oF 60° AEZ, AR A slidingel FAF 1z wxgdo] g+ Z AXA =x gouid AFgHe] g Aol
ool At B9 ¥o] Ax|= Yoy HIATAL & wIde = 4583 Z 14X F w0t 3 AHE HA 5o

wo ofy

Az ek A 19N Fo2RE F5 AF 3% B0mA  EE Im Foldd FAY ¥ 349 NEE FF W&
Aol Aoy Jud 7500m’, ¥l 55m FEY A 28 2 R F AP dEAL AUEEF HYch
Aol st o ANE AHA gHe Faxyg g4 f718 59 o8

A 1A FFERE 2t AFEH, A 23xF FAe AAY F 234 A4S ol&std MHsor,
&5 150m7HA Bt ¥ 08m, ol 10cm, °1F 600m7HA A Y Age 4 ELLd BA0 U F HYLE
Z 15m, Zol 0cm, o1F 3500m7AA & 25m, @ol 3Bem  olF3IAh Fig. 12 AANFH 1 FAANMY EF AFH
AR Yol AT 2sdd gRstn Fae 428 AL HAFH ¢l
& AR FEF ARE FRE A dEEE AYET

B#A Ao AL B89 2% F4Yg G & 222 A&F ¢ FHF
AN seter R0 ATY Fo|RAFozRE HAALEE AEFTEF AFHA
ZAdAR Gl BaEAtel Axg vl #A T HrlE
22. NEAH A=A £ 3y & FARAE g & 2x oY 7 HAHF F AT 2o A
221 EYS 2 31 = =

A TAAFE A2 A4 BeRQ wug $4
How &

AZ 2ol AR Q= A 1809 N3
of we EEY AZH Hue uheh LG
}

za%  WAFz & o uer] Wl AANAT 27}
2 dkm  BHUL A 2AAFAAE ANT HH B0
o, o AE4BL DE ARsAch 29, A 18

ﬁ{g\%@ﬂ\\ O
N N

\\S\Y& = ))l)2981 ‘ j

Fig. 1. Soil sampling points in the B Mine area.
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Table 1. Sampling points, distances and depths for AMLS soil samplesft = top-soil(0~10 cm), m = mid-soil(30~
60 cm), s = sub-s0il(60~100 cm)]
Sampling point Distance®(m) Depth Sampling Distance”(m) Depth
X, ¥y t m S point X, ¥ t m s
BSC 1 -500. e o o BS20 0. 0 L
BSC 2 -560, e o o BS21 150, 20 [ ] L L
BSC 3 -600. e o o BS22 200, 20 o [ ] o
BSC 4 -650, e o o BS23 300, 20 o
BSC 5 =700, ] o () BS24 300, 70 o [ [
BSC 6 =750, L ® o BS25 400, 20 [ o {
BS26 600, 20 ®
< From the lst tailing dump > BS27 700, 20 o ®
BS 1 -10, 0 e o o BS28 800, 50 o
BS 2 -10, 0 o BS29 900, 30 L
BS 3 -10, 0 o [ o BS30 1000, 100 ] o [
BS 4 0, 0 e o o BS31 1000, 100 L o o
BS 5 0, 0 L L o BS32 1100, 20 L
BS 6 30, 20 [ ] BS33 1200, 20 o
BS 7 30, 5 o BS34 1300, 20 o
BS 8 70, 20 o L ® BS35 1400, 20 o
BS 9 70. 100 o BS36 1300, 20 ® o @
BS10 100, 20 o o o BS37 1600, 20 [
BS11 150, 25 L] BS38 1700, 20 {
BS12 170, 30 ] o o BS39 1800, 20 o
BS13 200, 100 o o BS40 1900, 20 o
BS14 200, 100 L ] L o BS41 2000, 20 [ ] L ] [ ]
BS15 250, 20 o BS42 2200, 20 e
BS16 250, 150 [ BS43 2300, 20 L
BS17 250, 200 [ BS44 2500, 20 [ ]
BS18 2710, 20 o BS45 2100, 20 o
BS19 300, 20 [ [ ® BS46 3000, 20 o
< From the 2nd tailing dump > BS47 3400, 20 o

¥ Distance from the 1st tailing dump,

*X .,y

Down stream direction , Transverse direction.

. Distance from the 2nd tailing dump.

* BS1~BS5 points are located in the Ist tailing dump and BS20 point is located in the 2nd tailing dump.

* 1st dump < 2nd dump : 350m.
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Table 2. Heavy metal concentration in soils exceeding
the Korean critical criteria

Extracted concentrations (mg/kg)
I

Pb Cu cd As  * Hg

BS1 s 56 9833 3772 074 6950 ND. ND.
BS3 m 538 220 572 ND 2416 ND. ND.
s 56 4755 1878 059 5710 ND. ND.

BS4 t 49 312 137 092 850 ND. ND.
m 35 1633 5784 057 12640 ND. ND.

s 38 145627 18050 024 172000 ND. ND.

BS5 t 38 114 338 006 12105 ND. ND.
m 35 119 410 011 1824 ND. ND.

s 41 246 12152 028 14700 ND. ND.

BS6 t 42 5373 10512 158 111 ND. ND
BS7 t 47 997 8132 184 1545 ND. ND.
BS8 s 56 997 227 596 148 ND. ND
BSI2 t 47 1007 25332 155 695 ND. ND
m 46 1045 15587 144 642 ND. ND.

s 45 997 15952 143 515 ND. ND

BS15 t 55 58368 3267 4.19 690 ND. ND
BS16 t 53 6245 1270 126 732 XD XND.
BS17 t 50 7668 850 04l 855 ND ND
BSI9 s 45 3184 5243 147 376 ND. ND.
BS20 3 27 679 28425 637 419 001 ND.
BS23 t 53 723 1263 198 197 ND. ND.
BS42 t 60 571 453 173 605 002 ND.

%t = top-soil, m = mid-soil, s - sub-soil.

* BS1~BSH & BS20 : applied criteria of factory - industrial site.
* Concentrations exceeding the Korean criteria are written in bold.
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Table 3. Concentrations of heavy metal in mine
tailings by Korean Standard Methods
(unit : mg/kg)

Location Dump [ Dump 11

Sample ID. BT1 BT 2 BT3 BT4 BTS
pH 35 41 49 25 34
Cd 016 028 092 718 005
Cu 1472 12152 137 31889 855
As 325 14710 740 5650 3260
Hg ND. ND. ND. ND ND
Pb 872 246 312 863 15U
Cr ND. ND. ND 001 ND.
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Fig. 3. The distribution of heavy metal concentration
in the top-soils as distance from the first
tailing dump at the B Mine(in the region of
agriculture).
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Fig. 4. Heavy metal concentrations in soils by sequential extraction method in the B mine area(Concentrations of
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Fig. 5. Heavy metal concentrations in mime tailings by sequential extraction method(Exchangeable metal concentrations are

given in mg/kg on top of each column).

Table 4. Results of Leachate and Stream water analysis

(BL : leachate, BW : stream water)
Sample LD BL 1 BL 2 BL 3
pH 43 6.4 69
Cd(ng/ ¢) 0.062 ND. ND.
Hg(me/ ¢) N.D. ND. ND.
As(ng/ ) N.D. 0.097 0.040
Pb(ng/ 2) ND. N.D. ND.
Cr'(mg/ 1) N.D. ND. ND.
Culmg/ £) 0674 0031 0018
Zn(ng/ L) 1762 0731 1536
Mn(ng/ ) 1043 0.119 0.866
Sample ID. BW1 BW2 BW3 BW4 BW5 BW6
pH 34 45 54 61 69 67
Cd(ng/ ) 0309 0065 0015 ND. ND. ND.
Hg(ng/ {) ND. ND. ND. ND. ND. ND.
As(ng/ {) ND. ND. ND. ND. ND ND.
Pb(mg/ ¢) 005 0076 ND. ND. ND. ND.
Cr'¥(me/ ¢) ND. ND. ND. ND. ND ND.
Culng/ £) 2794 0349 0042 ND. ND. ND.
o ¥2 v¥XE vgden A 23AFY FAFGU
XE As7t ¥ 419 ng/kg, Cd7t 6.4 mg/ke, Cuzt 284 mekg
o2 z2AEAY A 1AXNFR A 24 X7 Ajolg) f?é
Ao M% As, Cd 2 Cu 3ol $87%L 2oshe
FEE 2oen, A 23X 3R AR %ﬁxloﬂ*i.‘e

g0 HHARNE! ZAEUT A ol A #
o) - 3A So ARAVIEY FeE A 1HAFAA As

o
v #3275 mg/kg, Cu 12152 mg/kg®) S22 AN
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