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ABSTRACT : Ecological risk assessment(ERA) to 5 abandoned mine drainage was investigated by using chemical measurement and bio-
assay experiment. From the results of chemical analysis, the high concentration of heavy metals are detected in most area. The Arsenite were
mostly detected in Songcheon, Nakdong, and Dukum abandoned mine area, and various heavy metals were highly dispersed in Nakdong
area. The study area have also high biological toxicity, resulted from the bioassay based on WET(Whole Effluent Toxicity) test by using
Vibrio fisheri, Selenastrum capricornutum, and Daphnia magna. The maximum toxicity was shown in the point where the mine waters start
to flow. The sensitivity of toxicity by S capricornutum was relatively high considering the values of toxicity in all samples, from 1.3 to
32.0 TU. The different sensitivities of toxicity recommends the use of battery system, resulted from at least two test species for bioassay
or ecological risk assessment of mine drainage. Besides, the results showed high hazard quotient(i.e., greater than 1 HQ value indicating
potentially significant toxic risks) with regard to abandoned mine drainage area in this study. On the other hand, the biological toxicity
results were sharply decreased by attenuation along further distance from discharging of mine waters. Therefore, environmental parameters
including the dilution factor, dissolved organic matter, and hardness should be considered when the remediation and ERA of abandoned
mine drainage is planned.
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Table 1. The relationship between hardness(as CaCOs mg/L)
and LCso(ug/L) values to D. magna from ECOTOX
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Heavy Equations Corre.lation .
metals coefficient, r
cd LCse = 0.27 % hardness + 1.25 =087
Cu LCse=0.62 x hardness - 13.15 =053
Pb LCso = 12.86 x hardness - 196.29 =088
Ni LCsp = 24.30 = hardness - 344.47 =088
Zn LCso = 3.97 x hardness + 42.71 £ =0.70
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Table 2. The environmental measured concentrations of 9 heavy metals of abandoned mine drainage in the study area

Sample pH Hardness As Cd Co Cr Cu Mn Ni Pb Zn
N 273 373 0.2 0.3 0.4 2.0 0.9 0.3 ND* 64.7
SC(0%) 7.1 154.7 590.6 0.7 4.2 0.5 13.2 107.5 42 0.4 259.7
SC(+1.0) 7.3 154.7 603.6 0.4 6.5 0.3 33 70.8 6.5 ND 67.7
ND(0) 6.8 160.2 91.3 04 0.7 0.9 12 7.3 0.7 0.1 92.6
ND(+0.1) 7.8 158.3 255.2 0.2 1.0 0.4 46.6 4.0 1.0 0.5 304
ND(+0.3) 7.6 80.1 620.1 188.6 22,6 6.6 190.1 29 22.6 387.0 26.9
ND(+0.6) 79 180.2 870.1 167.9 19.8 59 175.1 1.7 19.8 2.0 352
ND(+1.0)° 8.1 154.7 1.4 1.0 0.6 0.3 3.9 323 0.6 0.5 309
DU(-0.1) 6.7 360.4 2.8 04 0.2 0.3 4.9 2.8 12 ND 382
DU(0) 7.8 3349 229.1 0.3 0.3 0.7 0.5 3.9 0.6 ND 9.8
DU(+0.5) 8.2 382 2.3 95.6 13.6 34 98.9 5148.0 11.3 ND 6326.0
DU(+1.2) - 7.5 58.2 23 87.1 12.3 32 90.4 4643.0 10.6 ND 5817.0
ID(-0.1) 7.4 49.1 0.7 1.1 0.2 0.3 1.5 119.0 1.2 ND 163.6
ID(0) 7.6 58.2 3.0 0.3 1.0 0.3 1.6 255 0.6 ND 22.0
ID(+0.2) 72 52.8 0.6 0.2 0.1 0.3 1.5. 5.7 11.3 ND 45.0
ID(+0.4) 7.8 43.7 0.6 0.3 1.5 0.3 1.0 35.8 10.6 ND 15.5

Unit : pg/L{ppb)

The names of the initial sample sites are indicated as follows: N, Naeri river(Gangwon province); SC, Songcheon(Gangneung city, Gangwon
province), ND, Nakdong(Jeongseon country, Gangwon province); DU, Dukum(Naju city, South Cholla province); JD, Jumdong(Gwangyang city,

SC province).

*Indicates the distance(km). The 'minus’ means the upstream of site where the mine water is start to flow.

bSampled in big stream to which the mine water is discharged.
“Not detection.
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Table 3. The results of bioassay expressed by TU(Toxic
Unit) calculated as 100 divided by ECsp, I1Czs, LCso
for V. fisheri, S. capricornutum, and D. magna, res-

pectively
Sample V. fisheri §. capricornutum D. magna
N 2.6 3.2 ND”
SC(0) ND* 2.8 ND
SC(+1.0) ND 28 ND
ND(0) 1.5 1.6 152
ND(+0.1) 14 20 0.4
ND(+0.3) ND 32 0.5
ND(+0.6) ND 3.1 ND
ND(+1.0) ND 15 ND
DU(-0.1) 1.1 13 ND
DU(0) 12.8 315 32
DU(+0.5) ND 1.5 ND
DU(+1.2) ND 3.7 ND
ID(-0.1) ND 13 ND
ID(0) ND 32 41.7
ID(+0.2) ND 1.4 ND
ID(+0.4) ND 14 ND

*Not Detection. The effect shows below 50% even in 100% test solution.
®Not Detection. The motality do not show even in 100% test solution.
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Table 4. The results of Ecological Risk Assessment(ERA) on
D. magna based on HQ(hazard quotient) value. The
corresponding HQ less than 1 indicates a negligi-
ble toxicity, and HQ greater than 1 indicates a
significant risk

Sample As Cd Cr Cu Ni Pb Zn
N <1 23 <1 53.0 <1 <1 42.8
SC(0) 10 1.6 <1 159 <1 <1 39.5
SC(+1.0) 10.2 <1 <1 4.0 <1 <1 10.3
ND() - 135 <1 <1 1.4 <1 <1 13.6
ND(+0.1) 4.3 <1 <1 54.8 <1 <1 4.5
ND(+0.3) 105 8244 356 5207 14 464 7.5
ND(+0.6) 147 3364 50 1775 <1 <1 4.6
ND(+1.0) <l 23 <1 4.7 <1 <] 4.7
DU(-0.1) <l <i <1 23 <1 <1 2.6
DU(0) 3.9 <1 <1 <1 <1 <1 <1
DU(+0.5) <1 8263 29 9368 19 <1 32534
DU(+1.2) <1 5131 27 3937 1.0 <1 21236
ID(-0.1) <1 7.6 <1 8.7 <1 <1 68.8
ID(0) <1 1.8 <1 7.0 <1 <1 8.0
ID(+0.2)y <1 13 <1 N <1 <1 17.8
ID(+0.4) <1 23 <1 7.2 <1 <1 72
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