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Abstract

BACKGROUND: Mine drainage from metal mining
districts is a well-recognized source of environmental
contamination. Oxidation of metal sulfides in mines, mine
dumps and tailing impoundments produces acidic, metal-rich
waters that can contaminate the local surface water and soil.
METHODS AND RESULTS: This experiment was carried
out to investigate the pollution assessment of heavy metal
on the water quality of mine drainage, paddy soils and
sediment in lower watershed affected by mine drainage of
the Sambo mine. The average concentrations of dissolved
Cd (0.018 ~0.035 mg/L) in mine drainage discharged from
the main waste rock dumps(WRD) was higher than the
water quality standards (0.01 mg/L) for agricultural water
in Korea. Also, the average concentrations of dissolved Zn,
Fe and Mn were higher than those of recommended
maximum concentrations (Zn 2.0, Fe 5.0, Mn 0.2 mg/L) of
trace metal in irrigation water proposed by FAO (1994).
The average contents of Pb and Zn in paddy soils was higher
than those of standard level for soil contamination(Pb 200,
Zn 300 mg/kg) in agricultural soil by Soil Environmental
Conservation Act in Korea. Also, the concentrations of Cd,
Pb and Zn in sediment were higher than those of standard
level for soil contamination (Cd 10, Pb 400, Zn 600 mg/L)
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in waterway soil by Soil Environmental Conservation Act
in Korea. The enrichment factor (EFc) of heavy metals in
stream sediments were in the order as Cd>Pb>Zn>
As>Cu>Cr>Ni. Also, the geoaccumulation index (Igeo) of
heavy metals in stream sediments were in the order as
Zn>Cd>Pb>Cu>As>Cr>Ni, specially, the geoaccumulation
index (Igeo) of Zn (Igeo 3.1 ~6.2) were relatively higher
than that of other metals in sediment.

CONCLUSION(s): The results indicate that stream water
and sediment were affected by mine drainage discharged
from the Sambo mine at least to a distance of 1 km
downstream (SN-1, SN-2) of the mine water discharge point.
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A3, ARGl A= H4(Mine waste) 2} 37(Tailing)
SOo% JREETE #HEhke] Adir W FEeN frefele 24
bl TG ARl oo w dHA Oldr(]ung
et al, 2008; Lee et al, 2004). T334 TS| AL =2
FHHAMD : Acid Mine Drainage, ARD : Acid Rock
Dramage)«] ALARD frelA vl3tE =], ol2ish Al
T AdT 2 A0 el #HA 9 el
FebdEae] AbsRkgel fjste] WA THLin et al, 2007;
Moncur et al, 2006; Olias et al, 2004). 3] 79 5=
F=8 Pl g a5 2 ﬂﬂ% T S
B2 ab A7 AL ol FEHA T 5734 9 A
= NZ5H 2 9A1Z244 AtHDinelli ef a] 2001; Jeon et
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2 44 tHJung et al, 2004; Jung et al, 2008). ™t
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Fig. 1. Study area and sampling locations of the Sambo
mine creek.
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S-4, S-5) A, vele AEF(N-1)8 Al=r(N-3), 18
8HF SHI(N-2, N-4, N-5) A49] HAES Astoirt.
3t Aok uig] skdol dRE NS Bkl flsk]
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= 299 (Pollution Index, PI), F3A4(Enrichment
Factor, EFc) ¥ #5184 55A(Index of geoaccumulation,
Igeo)E AHEsITHJung et al, 2005; Loska et al, 2004;
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Table 1. Class of index of geoaccumulation

Class Igeo value Designation of soil quality

0 Class Igeo < 0 practically uncontaminated

1 (lass 0<lgeo<l uncontaminated to moderately contaminated
2 (lass 1<Igeo<2 moderately contaminated

3 (Class 2<Igeo<3 moderately to heavily contaminated
4 Class 3<Igeo<4 heavily contaminated

5 Class 4<Igeo<5heavily to extremely contaminated

6 Class 5 <Igeo extremely contaminated

o
AEAE S AESF W A ) SRS SEE U s
SR et S-S Table 29} 2tk Ak AE9%(S-1, N-1)
9 Fw B B 92 delelM Cd, Pb 3 Fe
dio] = veba, ohe A dlglel fAs 3w
A= T o

71221 0.01 mg/LS ZFsp3leh BEgk AdgfolA AF s
Z5(S-1) W 3F9S-2) 9 Pb vEE wYEs FAVF
1 0.1 mg/Le 333tk
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Table 2. Mean concentration and water pollution
index(WPI) of main pollutants in the lower reaches
stream affected by mine drainage discharged from the
closed Sambo mine

ine Cd Pb Zn Al Fe Mn SO
Sarr}phng 4 WPT*

sites (Mg /L)-nmmmmmmmmmmmneev
S-1  0.0350.232 29.7 481 167 72 238 8.86

S-2  0.036 0.194 37.8 647 31.0 103 298 12.13

S-3 0.001 0030 05 108 21 02 78 0.39
S-4 0.007 0.036 64 144 24 29 167 294
S-5 0.004 0021 29 144 25 16 126 1.67

N-1  0.018 0.067 69.8 773 9.6 40.6 1073 35.58
N-2 0.019 0.032 66.1 417 6.4 272 1289 25.69
N-3 0.001 0.020 01 041 07 01 22 0.15
N-4 0007 0.014 179 444 11 149 681 12.66
N-5 0.001 0020 36 094 17 79 330 6.26
SN-1 0.001 0.017 23 126 20 12 103 121
SN-2  0.001 0.013 1.8 146 20 10 165 1.10

B FAOOIA AAIgE I8 & i) Ao A
Z(Cd 0.01, Pb 5.0, Zn 2.0, Al 5.0, Fe 5.0, Mn 0.2,
SO40.2 mg/L)(An et al, 2006)¢} H]wdlo] Cd, Zn, Al,
Fe, Mn, SO,/ A%0] Aases 2ysloich 53] F A9
o AEF F Zn, Mn 2 SO0 H & FAO &<
A el wwsle] 2z} oF 15~354), 36~203, 1,190~
53654 o] E=2 AE o o ASITh oY Bil(Lin et al,
2007; Moncur et al, 2006; Olias et al, 2004)E°] 254
P 1EEe Zn, Al Fe ¥ Mng sk 354
Q1 5ol itk whdel] U f3l TS5 i FhEE
FTE A7t Qe A0E B Hed, o) uPgA e
FEA, TEAA 9 A3t BEA 59 Ajol 71QlEt 4
UK Jung et al, 2008; Jung et al, 2004; Kang et al,
2006). T3 v]FAE FEE A dlelx] g4 9 A S
ARAAMTO R ol 4= gl Wb, A ] HAES] 1%
5 FRo|E AJH Y FREAE AR olsd Tk
Jo] ItiDinelli ef al, 2001; Jeon et al, 2001).

Table 22| 7t A5 2] +4 29 e otsh]
Qste] 297+ (Water Pollution Index, WPI)E %7}5131
o AR sk A9 A QAAFHWPDE B, A
wo}y F Fupgo] YAE Y] Aol A or edErt
ke, 5 A9 skl FFARSN-1, SN-2)7H4] 294
T7F 150 ol FatellA 1 km ode] a7k ke v
A e Ae & F Aok ARFoz Pahlgrt s
FAll frlEEA Al Agrt Holdes 2 85
o]250] A gl ol Aol FFFo] e
TR Y783, N-3)ell &gt 34128, pH gk 5ol <Jgt
Ad 9 FF 5 dEA8e) A3 B 5 3t jung et al,
2008; Jeon et al, 2001). B3t 3} 219 AAA7 o]

L AUE 9 ZRolE A 55E vl pH 4t 5
o] FAgo] Mshd A5 thA] g3fEo] 290l gk
A= A8l lrtkBhattacharya et al, 2006; Cherry et
al, 2001; Jung et al, 2008; Lee et al, 2001).
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Table 32 AR FAF 15 w=EkS A9k WgolA Az
W2 71084 AFste] S 55 AT 2 294
= yehd Zlojtt =gk 4% gt
Ho} Aol gl A o2 gk, o] Uil R} A ellA
= A AEF TR ¥R Al =ES
TS5 FdES B R A (20109 Bk $-27)
F(Cd 4, Cu 150, Pb 200, As 25, Zn 300, Ni 100
mg/kg)¥} Bl EFISw Pb, Zn AJHo] 23bd Zow vEl
wioh mEek #H1ux)e] A9 Aol Cd, Pb, Zn Aol 71
25 2Hek3la, 53] Zno] A dElsh dElelx] 2 B
%29 719 6.0, 3.69 =2 AoE YERTh =EY
o] g4 kS Kloke(1979)7} AQFsr 549] &85
2)(Cd 3,Cu 100, Pb 100, As 20, Zn 300, Ni 50, Cr 100
mg/kg)E AR 3t LAATE BRIt B Fu
o] RAAFE FuE LAHE AUEL AFE Eds
Ao FAEo B 52 3 milAled veRd & Sl
B3R 255 LIS Fgslely] g HAHo® &9
solom, 1 gko] 1 ool FF% 29o] EAlsh: 29
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o,
4
)
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=
I

o

Table 3. Total concentration and pollution index of heavy
metals in paddy soils near the closed Sambo mine

Basic Cd Cu Pb As Zn Ni Cr pollution

Sites statistics (mg/kg) index
Mean 2.7241.2259 9.2 1,05224.4414 1.19
Sang-Ri Min. 1.3523.2120 55 590 18.929.6 0.76

(n=10)" Max. 4.6969.9 498 17.51,78927.9653 2.03
SD? 097136115 33 336 28 114 037
Mean 167151 63 62 299 252337 045
Nae-Ri Min. 12795 49 51 74 194292 0.9
(n=10) Max. 2.11188 84 7.0 1,06830.5433 0.88
SD. 02729 12 07 286 31 45 0.16

1)Sample number, IStandard diviation.
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F F T 2948 Cd, Cu, Pb, Zn A2 Ulg ) 4]

] Jo7 e, ol =By vRyAE 34t
AEF] w57 delr Ael A9o] w24 7IQld Ao
2 ek A ES] a5 e ST B R
AR(2010)7%d F-8A412A4) vl E4ed $-8715(Cd 10,
Cu 500, Pb 400, As 50, Zn 600, Ni 200 mg/kg)i]- H] 3
g FJE5 A HAENA Cd, Pb 9 Zn Aol =
W Zow vtk 53], A9 Pb ¥ Zn >
7122 tib] 5~10W) FEe] & F5E B3, ofde 4
S 4 9 odlE] FFAEJ] 1 km oA VIEAE =
Wk Zlo® et o]l #ste] oY ®al(Choi et al,
2004; Jung et al, 2008; Lee et al, 2004)°l1A4] & ZA}A| <]
¥} o] SAslES wo| st g&Aate] B F us E
St dASHA wa, FJETel st AMdnire] £ 7
o w9 =l ik

i

Table 4. Total concentration and pollution index of heavy
metals in the sediments of downstream affected by mine
drainage in the Sambo mine creek

Zn Ni Cr Pollution

index

Sampling Cd Cu Pb As
sites (mg/kg)
S-1 13.0 234.72,178 18.4 6,305 214 379 7.32
S-2 8.2 138.01,081 11.2 3,708 19.2 40.7 4.09
S-3 45 264 131 104 757 181 358 0.98
S5-4 63 67.6 337 65 3,394 193 380 2.65
S-5 8.0 1186 569 9.4 2442 21.3 400 271
N-1 81 629 541 6.8 5342 10.0 49.7 394
N-2 147 482 829 149 6,351 272 792 527
N-3 24 155 37 35 75 150 288 0.34
N-4 43 269 143 70 1,234 174 345 1.18
N-5 50 255 49 52 747 283 503 0.89
SN-1 55 723 354 64 1,533 21.3 40.7 1.76
SN-2 45 336 98 123 1,051 241 446 1.12

Control
soil

04 121 29 48 59 171 307 0.23

HAEY Add T34 S Kloke(1979)7) Aqtst
ZH40] 3484 %(Cd 3, Cu 100, Pb 100, As 20, Zn
300, Ni 50, Cr 100 mg/kg)E AR dto] QHAFE
718ISlel. QAP FAE FAEFel JES BA] o2 A
(S-3, N-3) A28l 1km a7 A7 L34
7F1 oo Mt HE4o] JFgo T odH AL & F 9l
ATE 2 AL AgelA UERE FAke] o3 SE45 5
2954 Filo| tiate] Lin er al(2007)S &5 44 3.5
km7HA] A& FAdo] Wl =3k, o5 w|FEES A
of FEE ZAEHY A Ul HAE F w57t 37 =olA
v 545 Hval a3ltkCherry et al, 2001; Choi et
al, 2004).

o

s SAR sl aEE IS HiE 9 W
ANFHA S W ST A G7EA 9] FEAFE HER
SAGE A8t Duce et al(1975)2 FaA15 gko] 1~10

o B 9 A7te] Ay AoloA] ulEEle] P}
ofI¥, 10~100& A2k9] A4l FSEA R 29 T AR
>

2go] A om Hapsh gz b, 100 oPFe 17
o o3 9l o ow FHEA] WS B AT A

SJssick

1,000
= i Average + S.D.
< 100 | I
w
S
S
=~
£ 10 T
'
=
2 *
z L L
5

0 1
Cd Pb Zn As Cu Cr Ni

Fig. 2. Enrichment factors for heavy metals in the
sediments of downstream affected by mine drainage
discharged from the closed Sambo mine.

=
T OO (Fig. 2), AHE WA & AR Yy,
| S 7] 92 A H(S-3, N-3)°] At

ol Wi FEFel dFE
Aoz vre goldf| QltiFig. 3). 53] Cd, Pb A& #At
= 3]

=
435 9% AR BF 100140 ekt AEos
LAw/h %94, Cd, Pb % Zn 439 A9 Tkm FHAY
A

dHA AHJung et al, 2005; Jung et al, 2008).

Fig. 4= A3 57 BIAES] F54 0UEE 995
A oo HAES) nluahy] flafe] iR vlaste] 4
Al Tus LAYEE ARES A3EHE] 551 (Index
of geoaccumulation, Igeo)°©|THEspinosa et al, 2009;
Jung et al, 2005; Kim et al, 2005; Loska et al, 2004;
Muller, 1979; Varol, 2011). 57 E4E9] Igeo # o
& AT 2 AFER o Aole glov F el
Zn, Pb 4 Cdo] A Vekgth ®3 o)5 A it 3
Z70 QIS A ok FHE(S3, N-3)E Al9Jst Igeo #tel
2~60% 7K 9% (moderately to heavily contaminated)
ool lal, T 1 km A37HA] Igeo #ke] 301 C & 1.
2 o YeRth 53] Znd] Y HEF Y A2
EAE(S-1, 52, N-1, N-2)o4 25
6.2) HEIZ st 29H A & 5 QS




ARG A 9 2 BAEY 99 97}

127

‘+Qj 0-Qi -&Po +7Zn T-N ©-Q +As‘

o SHgR — bl NaoRi — >« SN

8

Enrichment factor (EF)
]

1
|
1
|
1
|
|
1
|
1
|
1
L
1
|
1
|
1
|
!
|
1
|
1
|

S1 S2 S3 S4 S5 N1 N2 N3 N4 NS S\ S\2
Sanpling sites
Fig. 3. Enrichment factors for heavy metals at sampling

site in the sediments of downstream affected by mine
drainage discharged from the closed Sambo mine.
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Sanpling sites

Fig. 4. Index of geoaccumulation(Igeo) of heavy metal in
the sediments of downstream affected by mine drainage
discharged from the closed Sambo mine.

QellA abEste] AAgE s EAESF 9 AIESS]
TEE L84S} FEASFE B o $AZYE #9499 T
wis o et AE57 7 ARl FE L9
7FEw 7 QAT e KEE e o
Utk 71 Hil(Espinosa et al, 2009; Jung et al,
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44, ARG 9 oF =gk 3t T4 09xE I

9 HE42 Cd B F5(0.018~
0.035 mg/L)= Syt $98F 747150.01 mg/L)=
3819, PR = Zn, Fe W Mn 3% FAOS #
g5 #dl BIA|(Zn 2.0, Fe 5.0, Mn 0.2 mg/L)E =7}
st} Bt B =8 Pb, Zn B Ut
732 EFe s $-87]%(Pb 200, Zn 300 mg/kg)< =}
3, TEE L9AF FAAE AR 122 UEAY
0455t} =A Yepgth 34 sk A U EHES] Cd,
Pb 9 Zn S vt e B HvIE
(Cd 10, Pb 400, Zn 600 mg/kg)= Z7a3irt. ot H4
B Tu% L9AFPDE A 0.98~7.32, WA
0.34~5.27% A5 AapL oM, a7 1km A3 74
Z(SN-1, SN-2)7H4] @3 7 o2 epytt §4Ee] F-35)
Al9EFc) H 1A= Cd>Pb>Zn>As>Cu>Cr>Ni 2.2 #|
Azre AApE & AR yepth HYES Fa5E A5
S 55715 (Igeo) = AFER oFgEe] ol glo) Zn>
Cd>Pb>Cu>As>Cr>Ni 0% =9kon, 53] Zn2 3%
i JET TS e HYENA AR P eA
(Igeo 3.1~6.2) FHZ 45 299 2oz Yepyich 2
WO F ARG o ST 9 HHES] ed% Ht
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