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Abstract

The purpose of this study was to accumulation of the heavy metals by riparian vegetation
throughout analysis of the heavy metal concentration in riparian vegetation, water, and
sediment near mine drainage. According to analyzing concentration of the heavy metals in
riparian vegetation, water, and sediment, the heavy metal was indicated at the leaf significantly.
Compared with the concentration of sediment soil, the maximum concentration of the As, Cd,
CN, Pb, Zn was higher 2.6, 2.6, 2.5, non-detect, and 1.5 times in leaf. Also those concentration
have 9.6, 16.6, 2.5, 1.6, and 2.5 times in root. As the results, the author can know the sediment
has a very relative to vegetation in mine drainage. because, the increasing of concentration of
heavy metal in sediment gives the more accumulative concentration of heavy metal in
vegetation. Compared with the concentration of conta minated site and non-contaminated site.
As, Cd, CN, Pb, Zn the maximum concentration in sediment soil was higher 5.7, 258.1, 10.9,
370.0, and 298.3 times respectively. In case of vegetation, the maximum concentration of the As,
Cd, CN, Pb, Zn was higher 5.6, 62.3, 5.0, non-detect, and 30.6 times in leaf. Also those
concentration have 8.5, 63.3, 2.6, 60.7, and 62.1 times in root. In this study, the author can

surmise that there indicated a lot of adsorption with the heavy metal concentration in
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contaminated mine drainage.

Keywords : Vegetation, Riparian vegetation, Heavy metal, Abandoned metal mine, Sediment
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Fig. 1. Sampling sites located downstream from mine tail dam
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FAARE 2 L g5l A5 5, @FolA SA
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FF = H(Atomic Absorption Spectrometry,
HITACH Z-600)2 &A3}31c},

3 A2 Ay

A53°4 = (Atomic Absorption Spectrometry,
HITACH Z-600)% &A1 3+3itt.

1. SIMEIXE BM ZHut

SHAEAE 24 A As 0.038~0.150 mg/kg,
Cd 1.950~33.550 mg/kg, CN 0.063~0.163 mg/kg,
Pb 80.850~610.500 mg/kg, Zn 812.500~
6,562.500 mg/kgl 2 EAEo] CddE9] 1, 57
A, PodE9 1, 2, 3, 5, 6AFNA EFLES
]zo Zapstgom, Cd3HEol 2, 3, 4, 644,
b?ﬂ'E.,I 47(] Zn*al—E.v,] A x]x—loﬂk] Eokgod
a2 2aate AoR BaHgon] hax

Table 1. Heavy metal concentration in sediment

9l 4% As 0.018~0.022 mg/kg, Cd 0.085~
0.130 mg/kg, CN 0.010~0.015 mg/kg, Pb
1.010~1.650 mg/kg, Zn 14.500~22.000 mg/kg
og H/H_I;]Oh:}

SHAE A E0 AsEA 23 22 (S-T7, S-8)
o] w0022 mg/kg, 0.018 mg/kgelt] B|3)
S-10.063 mg/kg, S—2 0.038 mg/kg, S—3 0.050
mg/kg, S—4 0.088 mg/kg, S—5 0.113 mg/kg,
S-6 0.125 mg/kgo.2 AFHAIAIHo] H2AH
of Haf 1.7~6.84 w2 AS& FAbE] H XA}
Ao N EkededrlE 9 dAr|eS Zatet
o5 ZAEGIY, SHHEAHES Cdi
AT h2AH(S-7, S-8)9 == 0.085
mg/kg, 0.130 mg/kgldl ®]3} S-1 3.300
mg/kg, S—-2 4.225 mg/kg, S-3 11.550 mg/kg,
S-4 33.550 mg/kg, S—5 1.950 mg/kg, S—6
5.100 mg/kgo & AtthAIF o] A H
3 15.0~258.08 =& Ao & xAlE|o] S—44]F
o] 49 EdedAdAr|EUAg)E 2515
o, -2, 3, 6XAA EFLAL-H7IEUAY),
S-1, 5ARNA B a7 ) 4
ZIohs AR A QI

SHHE 2 E0 CNEAZAT 2AH(S-7, S-8)
9] w0015 mg/kg, 0.010 mg/kgsle] B3}
S-10.150 mg/kg, S—2 0.100 mg/kg, S—3 0.125
mg/kg, S—4 0.063 mg/kg, S—-5 0.100 mg/kg,

Ae de A

(mg/kg dry matter)

+ £ As cd CN Pb 7n
S-1 0.063 3.300 0.150 203 819

S-2 0.038 4,925 0.100 17 1,450

S-3 0.050 11.550 0.125 176 6,563

S-4 0.088 33.550 0.063 611 5,250
S-5 0.113 1.950 0.100 81 813

S-6 0.125 5.100 0.163 158 1,094
S-7(H221%) 0.022 0.085 0.015 1.0 15
S-8(d =A%) 0.018 0.130 0.010 L7 22
27| =72 <) 15.0 4,000 5.000 300 700

R PR (B ) 50.0 30.00 300.0 1,000 2,000
SH7| 201 9) 6.0 1.500 2.000 100 300
S 7|&(UA 9) 20.0 12.00 120.0 400 800
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Fig. 2. Result of heavy metal concentration in sediment

S—6 0.163 mg/kgl 2 AFthAIAHo] thZ2A|H 22.000 mg/kg?ldl H]gl S-1 818.750 mg/kg,
of B3l 4.2~10.9%] w2 AoR AT A S-2 1,450.000 mg/kg, S—3 6,562.500 mg/kg,
ZAAM B A7 2 TS 2 S-4 5,250,000 mg/kg, S-5 812.500 mg/kg,
o= G AoZ ZAEQIL P EHES] S—6 1,093.500 mg/kg & AFthAaRHo| thz

PoREA AT} 22 H(S-7, S-8)9 %=+ 1.010 A Zol| H3) 36.9~298.3H] =& AoR Ao
mg/kg, 1.650 mg/kgdldl Hlsf S-1 202.600 S-3, 44149] Z¢ EF LA/ EUA DS =
mg/kg, S-2 116.775 mg/kg, S—-3 175.875 gl om, S-1, 2, 5, 6AF A EFL A7
mg/kg, S—4 610.500 mg/kg, S—5 80.850 ZUAY) 9 EFo AU 2N D) 213}

mg/kg, S—6 158,300 mg/kg2.2 A-LtjAA| 7 o] = AoE ZAE ST

22 o] v]3] 49.0~370.08 2 O Z RAF

Eof S-4x11 9] A9 EFL IR A7ETHA ) o 2. 73 2MzZn

EdegerlEUA S 2oetglon, S-1, SABAATE Table 20] YeR)lon 124
2, 3, 6ARNN EFLALA7IEOIAYE 27} o] A Cd, Pb, Zn o)A AR AZE|QT 7n &
Stz Aoz AT SPHE A= Znw A AT} =22 %jX]Xu%ﬂH AEEYOY W-1& A9et o
H2=AH(S-7, S-8)8 s== 14.500 mg/kg, £ Ao A& nwa o =rg eyttt o]¢]



214 SEIYI M18H M 4s

Table 2. Heavy metal concentration in water (g/))

TE | As Cd CN Pb 7n

W-1| E4% | 0.034 | 4% | 0.189 15.00
wW-2| EdE | EdE | EdE | BEdE | 0616
W-3| BHE | 3% | B4% | E4E | 0680
wW-4| BHE | & | B4 | A& | 0620
W-5| BHE | BHE | B4 | E4E | 0680
W-6| BHE | BHE | B4 | A& | 0620
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Table 3. Heavy metal concentration in vegetation (mg/kg)

T+ = As cd CN Pb Zn
p_g | ] 0100 | 3022]0.250 | 2HZ| 924
wal| 0,363 | 24.178 | 0.450 | 173 | 2,244
p_g1 | 0.075 | 5.741| 0.150 | 4% | 1,229
W3l 0,250 | 3.015| 0.400 | 276 | 5,643
P89 210025 | 0.076| 0.200 | 2= 26
W)l 0,450 |18.265 | 0.500 | 38 856
ps | 0.038 | EAZ]0200 | EA=| 248
wall 0,550 |32.277| 0.550 | 189 | 2,021
p_g | 30050 |13.090) 0.050 | 2.62 | 1673
W)l 0,375 [25.362 | 0.650 | 65 | 2,285
P-7 | %] 0.018| 0175| 0.05 | 4= 55
(=A%) |me)| 0,045 | 0.510| 0.20 | 4.56 91
p 9| 0015 | 0.210] 0.05 |E84= 24
(d2A4) | #e]| 0,065 | 0.390| 0.25 | 3.32 82

) P-2,3-1,6 A : 1nt2|, P-8-2,5 : &Y, A :
ufe]

mg/kg, ®elolA 0.400~0.650 mg/kg, Pb= &
oA 0~2.619 mg/kg, Malo|A 37 585~
275.958 mg/kg, Znt= oA 26.295~1,672.830
mg/kg, He]oA 855.550~5,643.091 mg/kg L.
2 AR g2AHY e Ase dellA
0.015~0.018 mg/kg, &4 0.045~0.065
mg/kg, Cde HolA 0.175~0.210 mg/kg, ¥
oA 0.390~0.510 mg/kg, CNE oA 0.050
mg/kg, o)A 0.200~0.250 mg/kg, Pbe= <
oA BHE, HeloflA 3.320~4.550 mg/kg, Zn
£ oA 24.050~54.625 mg/kg, oA
82.350~90.830 mg/kg o2 BEAEQIc}

AEA 9] AsEA AT 22 (P-7, P-8)9] &

+= 9 0.018 mg/kg, 0.015 mg/kg, 2] 0.045
mg/kg, 0.065 mg/kg?ld]l s P-2 ¢! 0.100
mg/kg, ¥2] 0,363 mg/kg, P-3-1 ¥ 0.075
mg/kg, ¥2] 0.250 mg/kg, P-3-2 < 0.025
mg/kg, 2] 0.450 mg/kg, P-5 ¥ 0.038
mg/kg, ®g 0.550 mg/kg, P-6 ¥ 0.050
mg/kg, 2] 0.375 mg/kgl 2 AFAIAH o]
220 v o 1.4~5.68], #a] 3.8~8 54 =
& 208 AR o] A AR B d
71E 9 EFLeAde|E2 2uelA] g AoR
ZAFE|SiTh

AEA 9] CdEA AT H2AH(P-7, P-8)9] &
L9 0,175 mg/kg, 0.210 mg/kg, ¥&] 0.510
mg/kg, 0.390 mg/kgldl vl3] P-2 ¢ 3.022
mg/kg, 2| 24.178 mg/kg, P-3-1 ¢ 5.741
mg/kg, ¥ 3.015 mg/kg, P-3-2 < 0.076
mg/kg, 2] 18,265 mg/kg, P-5 ¥ BH%, W
2] 32.277 mg/kg, P-6 % 13.090 mg/kg, &
25.362 mg/kg 08 At A o] tjxA] ol 1
3 o 1.4~62.38, #e] 5.9~63.38 w2 Ao
ZAMEQAL, P-5AA HrE| el EFe At
NEUAY)E 2Herglon, P-2x5 #e, P-
3-2714 2], P-6A o L oA oA EF
¥R ) 23} P22 o, P-3-14]
A" RN EFeALH7IE0IAG)E 2
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Fig. 3. Result of heavy metal concentration in vegetation

Wal= Ao R 2ARE T

AEAS] ONEA AT 2A-(P-7, P-8)9] &
= 9 0.050 mg/kg, 0.050 mg/kg, 2] 0.200
mg/kg, 0.250 mg/kgeld] v P-2 ¥ 0.250
®a] 0,450 mg/kg, P-3-1 ¥ 0.150
mg/kg, 2] 0.400 mg/kg, P-3-2 4 0.200
mg/kg, Be] 0,500 mg/kg, P-5 ¥ 0.200 mg/kg,
®a] 0,550 mg/kg, P-6 ¥ 0.050 mg/kg, ¥
0.650 mg/kg 22 AFtthdA o] tjxA|Ho| H]
3 & 1.0~5.00, 2] 1.6~2.6H] 2 AoE %
AbElo] A ZAR oA B At A7|E 2 BOF
S AL 2] Ghs A ORE ZAFE I

AEA 9] Pt ATt 221 (P17, P-8)2] &

mg/kg,

He ®o

=9 ERE, e 4,550 mg/kg, 3.320
mg/kgQldl g P-2 ¢ 4=, We] 172.985

mg/kg, P-3-1 & EHZ, He 275.958 mg/kg,
P-3-2 ¥ E7Z&, ¥y 37.585 mg/kg, P-5 ¥
4%, M 189.123 mg/kg, P-6 ¥ 2.619
mg/kg, H2] 64.975 mg/kg 2.2 AR Hf
Z2)7ol| lal] BejiEolA] 8.3~60.7TH = A2
2 A0 P-2, 3-1, SR W HEo A EYQ
71RO ) 2akehs A 0R 2ARESGIH,
AEAY ZnEA AT} J2A-P-7, P-8)2 &
L= o 54,625 mg/kg, 24.050 mg/kg, g
90.830 mg/kg, 82.350 mg/kg2ld| B|3] P-2 %
923.501 mg/kg, 2] 2,244.129 mg/kg, P-3-1
% 1,229.182 mg/kg, ¥ 5,643.091 mg/kg, P-
3-2 91 26.295 mg/kg, ¥] 855.550 mg/kg, P-
5 9 247.770 mg/kg, F2] 2,020.513 mg/kg, P
6 ¢ 1,672.830 mg/kg, 7] 2,284,844 mg/kg>
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Fig. 4. Result of heavy metal concentration in vegetation and soil

2 AtdidA o] dxA-el Bla] ¢ 0.5~30.6
v, 2] 9.4~62. 18 &2 FAORE XAME|O] P-2,
3-2, 5, 6XH Fe|REolA Bk 7|E
) zHslgon P-2AH o P-3-1A%
o, P-3-27417 ®e] P-6AH Yol EF2F$
H7|2UAY) E EFL AR ZIN DS =
Ik Ao 2 RAME QI

3}7‘%414“3% AEA Y] AsEA AT AEA] A
Wﬂ Aol vlaf 0.4~2.64H, Fe]Fe2 o

So] vl 3.0~157.9] =& Ao 2AlY]
o, sPHEAED AEAY CdEMET AEA
%4 2 A E|FEo| ]3| 0.0~2.64, HelRE
50| B3l 0.3~5, 7o & ZAFE QL) 8F
HE % %J% AEA Y] CNEA AT AEA YR
SHAE| A Eol| Hlaf 0.3~3.24, e Ee sk

HEof H]EH 2~8. T =2 AoRE ZAESIT
B EF AEAY] Pht A A} AlEA| Bl
=9 vl3l 0.2~1.681=2 A=t
AlEA9 ZneA 23t AlEA QRE
2 ﬂ?ﬂﬂ@%"ﬂ Hlaf 0.0~1.54), HelHae shd
Hlaf 0.1~2, 192 2A=| i},

4, SIHEXME 3 AEX| 534 2EsE Hlw 2
B 3 22450 12 Table 49 U
Ewi_tﬁ, HEAHT WA GO FEE vl
™ As 1.7~5.78), Cd 15.0~258.18], CN 4.2~ 10.9
i, Pb 49.0~370.08, Zn 36.9~298.3Hj & £ ¥
A k2 Aol vlaf Fu| 24 HRA S s E A
59 Fa& ol ulg- Agh Ao E RALEGIT)
AEAW S54Y deAda ddA9e 5%
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Table 4. Heavy metal concentration in sediment of contamination

area and non-contamination area (mg/kg d.w.)
= As Cd CN Pb Zn
AukR|Y | 0.022 | 0.130 | 0.015 | 1.650 | 22.00
LAAY | 0125 | 3355 | 0.163 | 610.5 | 6,563
s =& | 5.7 | 258140 | 1094 |370.00 | 298.3¢H

Table 5. Heavy metal concentration in vegetation of contamination

area and non-contamination area (mg/kg d.w.)
+ & As Cd CN Pb Zn
Aex|9| 0.018 | 0.210 | 0.050 - 54.63
o 2949|0100 | 13.09 | 0.250 | 2.619 | 1,673
& = 2h 5,64 | 62.38 | 5,04} - 30.6HH

AekAG | 0.065 | 0.510 | 0.250 | 4.550 | 90.83
]| L4x9 | 0.550 | 32.28 | 0.650 | 275.9 | 5,643
5 &= A 854 | 63.34 | 2.6 | 60.74H | 62.1¢H

Table 6. Heavy metal concentration in vegetation of contamination

area and non-contamination area (mg/g)
T+ B cd Pb 7n
YukA| 0.170 2.250 27.82
A | 2EAY | 5482 2.619 819.9
) 32.2 1.2 30.0
Aukxd | 0.360 4,440 117.9
2y | 2axY 20.62 148.1 2,609
T =& 57.3 33.4 22.1
£ v R As 9 1.4~5.68], ¥e] 3.8~8.54,
Cd § 0.4~62.34, H2] 59~63.34, CN %

1.0~5.08l], #g] 1.6~2.64l, Pb ¥2] 8 3~60.7H},
Zn ¢ 0.5~30.68, ®a] 9.4~62. 1812 Q¢
A2 Ao vl Fu|H2A stFA S A=A oA
T HHEREL iRV R S35 =4 &
AE gl

HEot 5(2002)0] ZARE A= 9} vl W A=

S HdEH wet Aol Qo AR A
1.2~32.28), A|HEofA 22.1~57 3Hi= FH4
o7 oHH AYoA Aok AEATE FEEHS
ko] E431= 712 o 2= 9}

Fhel A} sk,

L HS&534A Y 8179 e dE 2 AEA|
o] FH4 w8 B4 AT ABAY 534 5
w7t sHHEHERYG woH, AEAY F54
Tre AEA Y fEjiio] RE HE] w2
Ao BAEic}

2. SHHEAEo| Hste] AEA|S] o 9 Heo
o) ErE= As 9 0.3~2.6H], #2] 3.0~9.6Hl,

Cd % 0.0~2.6Hl, #2] 0.3~16.64], CN & 0.3~
2.54, Pb & B4 #e] 0.2~1.64, Zn % 0.0~
1.54), ¥2] 0,1~2, 5802 vhepge},

3. SHUEHEY FH4 TRgol =255 4
A W] F54 T2t S7ee A oR HjFol
o SPHEHES SHFEet WAV w2 AL
EA =9,

4. 299 A9 e A=A ¢ A 9g v
B SHEAEY A9 As 5.7H], Cd 258.14,
CN 10.94, Pb 370.0HH, 7n 298,312 ZALE
om AEA ] 49 As o 5.64, #el 858, Cd
2l 62.34), #2] 63,38, CN & 5.08), #2] 2 64},

el 60,74, Zn ¢ 30.6H, Wa] 62,1812 —.’f—
%* o5 9 AH AYfA] st AEATE 5

fUom o
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g vme Anie SEEol s % SHid
HEo @] YRR 710 ¥ 5 US AoR
ARRE|E v olo] o Hrk Eye 47U
A7t A48 Bask gk Ao waEn
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