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Abstract: D exing copper mine, w hich lies in the northeastern Jiangxi Province, China, isoneof the largest
copper mine in A sia Na 1mine tailings pond w as abandoned in 1987, w hich resulted in a 210 hm? pond
requiring stabilization w ith w ater cover. M ine tailings pond isof envirormental concern for potential haz-
ards in surface and groundw ater, w hich may be uptake by vegetation and bioaccumulation in food chains
D iversity of landscape and stability of tailings is mportant to remain the manmade reservoir. The metal
toxicity and the poor nutrient conditions are the major constrains in ecological reconstruction The sedi-
ment isused to reduce the toxicity and mprove the nutrient conditions in tailings Speciation analyses,
toxicity and organisn exposure tests are frequently enployed to assess the biotoxicity and bioavailability of
heavy metals in the sediment The objectivesof the present study w ere to evaluate (1) the effect of heavy
metalson biotoxicity and bioavailability in themine tailingsand (2) the possibility of rehabilitating thew et
eological system of mine tailings

In this study, a threemonth organisn exposure test in themicro-ecosysten was enployed to deter-
m ine the effect of heavy metals in the tailings and their trangort to other envirormental mediun sfrom the
sediment M ine tailings collected from Dexing copper minew erem ixed w ith paddy il from Beijing at the
rate of 0%, 20%, 40%, 50%, 60% and 100% (W Av, M n, n= 1 6, the representative of aguarium) as
artificial sediments regpectively and were gread to a San-layer in six 60an x 30an x 45an aquariums
They were statically flooded w ith tap water. Chlorella, Oedogonium and lilaeopsis noveazelandiae w ere
trangplanted into them icro-systen twow eeks later. Then fifteen taned Cipanggpaludina cathayensisw ere
introduced to each aquarium after a second wo weeks Finally, six piecesof taned gold fish were intro-
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duced to every aquarium and raised for two weeks before the end of the experment M eanw hile, the
grow th and reproduction of organisnswere observed The eciation of heavy metals in artificial sedi-
mentsw as analyzed for Cu, Zn, M n, Ni, A's, and Co after T essier sequential extraction scheane The con-
tent of heavy metals in thew ater and organ of tested organisn w as decomposedw ith HNOs, HXOz2andHF
in theOBM microw ave oven and analyzed w ith ICP-A ES

In the artificial sedment, most of heavy metals contained in the bioavailable fraction (40% 60%).
Cu ooncentration in w ater increasedw ith Cu concentration in the sediments T he ratio of Cu concentration
in the phase of w ater and the total, carbonate, Fe andM n oxidesof in sedimentsw asdramatic(r> 0.95, n
= 5). These revealed that Cuwould release into thew ater from them ine tailings The Cu concentration in
w ater w as greater than theW ater Q uality Standard for fishery. O ther metalsw ith equivalent concentration
in thew ater w ere contributed little to w ater quality.

The grow th and reproduction of organisn reflect the biotoxicity of heavy metals The heavy metals in
mine tailing particles influenced the grow th and reproduction of organisn dranatically. The grow th of
Chlorella and Oedogonium were not observed during the experment in all aquariums The lilaeopsis
noveazelandiae inM 2w asmore progerous than in other ecosystans and its relative biomassw as 382%
(M 2M 1). The lilacopsis noveazelandiae in M 6 contained tailings fully died during experiment The
grow th of lilasop sis noveazelandiae took on a trend of a parabola This included that adequate concentra-
tion of heavy metal facilitated the grow th and reproduction of grass, but excessive concentration restrained
it The relationship betw een the total concentration (Cs) of Cu and biomass(Y) of lilaeop sis noveazelandiae
was expressed by the equation of logY= - 1 8979(logCs)*+ 8 1342(logCs)- Q 5299 (R°= Q 9247, n =
5). The grow th and production of Cipangopaludina cathayensisw ere smilar to that of grass and the fitting
equation was Y= - 4x 10 °C+ Q 0231C.+ 8Q 385 (Y ispercentage of survival, R°= Q 9303, n = 5).
Gold fishes could survive in the system w ithout food supply from outside during the experiment period

The uptake of heavy metals by organisn manifested their bioavailability in mine tailings The Cu up-
take by organisn increased w ith the concentration of Cu in the sedments, w hich, by contrast, isdifferent
from their grow th and reproduction The relationship betw een the concentration of Cu uptake by the or-
ganisn (C.) and that in the sediment were expressed by equations of (1) Co= AC<’ (muscle of fish and
Cipangopaludina cathayensis), (2) Co= ACZ+ BCs+ C (root and gill) and (3) Co= BCs(r= Q 95, n= 5).
Zn uptake by organisn w as higher because the grow th of organisn neededmore zinc Themutual effect of
heavy metals in organisn was not clear Cuw as themajor pollutant and the othersw ere neglected in the
tailings

The results showed that the heavy metals in the mine tailings had an effect on the biotoxicity and
bioavailability. Cares should be taken more attention in the process of eclogical reconstruction and reuse
of mine tailingspond Them ixture of adequate sediment on the floor of reservoir could accelerate the in-
habitation of plant and developed the aguatic ecosystem.
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Table 1 the concentration of heavy metal in the ssdments
Heavy metal As zZn Pb N i Cd Co Mn Cr Cu
Ground-mud il 364 75 4 30 2 18 3 Q24 95 41 3 29 5 28 6
M ine tailings 1097 113 0 99 12 7 Q24 23 3 115 5 13 2840 1
1.2
(Cipangopaludina cathayensis), (Chlorella), (Oedogonium),
(L ilaeopsis noveazelandiae) ( 2,
1.3
6 60x 30x 45qm° : : 5am,
0% 20% 40% 50% 60% 100%, 3,
20L , , N
2 P =1.0 0.IngA (KNOs, NaH2zPO4),
Table 2 The species number and size of the test ,
organisn in them icro-ecosystem
()
Bodylong 8
Bod ht N
Species (an) odywed °
4 5 8 10 6 6 ,
1.9 2.3 3.2 3.8 15
6
30m|
3am| 2
Gold fish;  Cipanggaludina cathayensis 3 ,
L ilaegpsis noveazelandiag Chlorella; Oedogo-
nium; Six segmentswas planted uniformly in sedi- ' ’ '
ment; 30 m| of sugpension was diluted in each sys

tem; 30m| of sugppensionwasdiluted in tach system. ' '



76 22

1.4
, 100 T essier
: : (60 )
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¢ ) ( GBW 08505,
GBW 07401)
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Table 3 The seciesanalysis of heavy metal in the ssdiment
Elements As Zn Pb Ni Cd Co Mn Cr Cu
M1 1 Q12 Q 42 3 36 Q 62 Q 029 Q 69 4 43 Q 36 Q 53
Q 40 6 75 294 Q 27 Q 13 Q 17 36 12 Q11 2 97
Paddy-field 3 Q 84 28 64 15 09 7 32 Q 05 312 54 40 7. 47 11 94
4 169 34 50 12 20 330 ND 2 42 65 88 110 2 80
5 Q37 4 92 ND 5 52 ND 307 18053 20 49 8 61
T 364 75 44 30 23 18 31 Q 24 952 341 36 29 54 28 61
M2 1 Q13 Q44 316 Q 59 Q 027 Q 66 6 02 Q35 Q81
2 Q 42 8 14 2 67 Q31 Q 16 Q 20 43 27 011 55 78
M ine tailings 3 117 40 26 22 06 10 53 Q 08 775 64 64 7. 87 151 46
(20%) 4 172 41 12 14 90 4 68 Q 18 380 94 18 2 16 16 96
5 Q 57 6 52 9 64 4 4 ND Q30 162 97 21 57 102 32
T 4 00 83 43 33 14 20 52 Q28 12 71 371 09 32 06 335 06
M3 1 Q13 Q22 310 Q 61 Q 024 Q 66 779 Q 36 105
2 Q 30 7 22 2 08 Q 18 Q 10 Q 14 26 80 Q 05 95 52
(40%) 3 140 32 41 15 40 14 60 Q 15 12 40 64 34 7. 98 214 20
4 194 30 35 8 58 5 60 Q 44 3 46 83 80 176 36 62
5 Q24 70 20 122 1 46 ND 292 149 08 18 81 192 60
T 353 73 62 29 47 19 53 Q 25 1374 33181 28 96 529 81
M 4 1 Q14 Q 52 312 Q 62 Q 025 Q 66 6 97 Q 36 165
2 Q 40 7 29 2 44 Q 28 Q 09 Q 23 35 06 a 09 129 92
(50%) 3 137 23 56 14 94 16 46 Q 12 8 26 55 26 6 06 329 60
4 141 21 10 5 44 Q 36 Q14 4 66 79 82 2 44 37 10
5 Q97 Q81 ND 162 ND 578 169 11 18 65 283 37
T 4 51 53 28 23 28 19 33 Q 18 16 28 275 22 24 72 793 30
M5 1 Q13 Q 25 295 Q 60 Q 022 Q 63 6 76 Q35 111
2 a 27 5 40 175 Q 20 Q 06 Q 17 2719 Q 06 194 48
(60%) 3 115 25 90 15 17 14 30 Q 10 19 72 59 60 6 75 368 00
4 175 30 40 7 26 4 54 Q 04 350 89 18 164 102 28
5 ND 2 57 ND Q 62 ND 294 121 13 19 55 337 46
T 2 99 64 52 25 52 20 26 Q 22 17 40 303 86 28 34 999 82
Exchangeable 2 Carbonate bound; 3 Bound to iron-manganese oxidos
Bound to organicmaterial; 5 Residual;, T Total M 6 100% ,

) , Systen M 6, only consisted of mine tailings, w as negleced for organisn

oould hardly survive in it and no dataw as obtained
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Table4 The concentration of heavy metals in the water
pH PE As Zn Pb Ni Cd Mn Cr Cu
1 8 15 -29 ND Q 025 Q 004 Q 002 ND Q 003 Q 003 Q 007
2 8 04 - 28 ND Q 016 Q 002 Q 001 ND Q 001 Q 003 Q 010
3 7 97 - 27 ND Q 013 Q 003 Q 001 ND Q 001 Q 003 Q 014
4 8 08 - 25 ND Q 011 Q 003 Q 001 ND Q 001 Q 003 Q 016
5 8 13 - 25 ND Q 012 Q 004 Q 001 ND Q 001 Q 003 Q 018
Standard of w ater quality Q1 a1l a1l a1l Q 005 10 a o1
5 Cu Cu
Table 5 The relative coeff icient of Cu between in the water and species in sedment
0 1 2 3 4 5 1+ 2 1+ 2+3 1+ 2+ 4 1+ 4 1+ 2+ 4
0978 0640 Q956 Q970 0 730 Q990 Q 960 Q 977 Q 972 Q 762 Q911
0 Total; 1 Exchangable; 2 Carbonate bound; 3 Bound to iron-man-
aganese oxides 4 - Bound to organic material; 5 Residual
23
2.3.1 , ,
Cu 6 : (M 6)
) M 2
M3 M6 ,
M 6 M2>M3>M 1=M 4> M 5, M 2
M 3 382.9 163.1g,M 4 M1 (Y 9)
Cu (cmgA)
logy = - 1. 8979(IogC)2 + 8.1342 (logC) - 0.5299 (R*= 0.9247, n= 5) (1)
' Cu )

2.3.2 , ) )
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) 6
, , Table 6 The growth of L ilaeopsis noveazelandiae in
M2 M4 , M1M5 M6 them icro ecological system's
sten @ ©
Na Stan @lor 0 stan  Sten dry Relative
P No weight biomass
1 22 19 71 100
2 , 31 75 47 382 9
M 6 ,
3 26 3214 1631
) 4 , 21 19 82 100 6
) ; 5 15 456 231
, , Verdure, Flourish, Slim, Segp green, Green,
W ithered
7
7, \
M2M 3 Table 7 The growth and reproduction of Cipangopaludina
cathayensis in them icro ecological systans
MA4MS5 Y ey
Cu :
Y= - 4x 10 °+ 0.0231C + 80.385
% Towof Life O @
(R?= 0.9303, n= 5) (2) No Death Survival e indh Sur-  The Average
Na rate . . vival W eighest weight
) vidual vidual
, Cu
c 1 3 80 54 32 60 Q32 Qo072
: u 2 2 8 91 58 64 Q24 Q064
3 3 80 86 54 63 016 Q 058
4 4 73 47 30 64 Q12 Q 038
, 5 5 66 33 16 50 Q 07 Q036
M3<M4<M 5<M 6
2.4
8 9 10
Cu Zn ,Cu
1 Cu Cu , 11 ,
pH , Cu
8 (mg/kg)
Table 8 The concentration of heavy metal in the plants
As Zn Pb N i Cd Co M n Cr Cu
1 Leaf Q 88 280 98 12 00 9 40 10 03 1 86 372 99 357 84 72
Root 1 23 404 36 8 07 19 37 10 96 322 894 72 491 287 51
2 Leaf Q 50 226 33 4 07 10 08 515 1 46 512 38 2 30 150 64
Root Q 39 351 97 3 65 20 28 8 82 126 283 41 188 411 41
3 Leaf Q 63 227 69 4 85 13 09 7. 80 173 176 91 285 339 93
Root Q 25 332 72 291 16 96 8 09 Q 96 231 63 197 447 61
4 Leaf Q 22 242 07 4 56 9 76 7 16 Q 58 81 92 524 387 00
Root Q 42 281 85 5 83 12 98 108 514 637 32 8 74 422 00
5 Leaf Q 47 138 86 320 14 54 9 46 122 194 57 2 42 492 47
Root 0 28 151 32 136 14 69 11 77 Q 61 121 92 2 54 401 95

* 3 The result ismeanvalue of 3 timesmeasurement
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Table 9 The concentration of heavy metal in the Cipangopaludina cathayensis
As Zn Pb Ni Cd Co Mn Cr Cu
1 3 83 26 85 2 34 7 03 ND Q11 513 1 09 9 28
2 431 36 75 4 83 17 15 ND Q 15 7. 26 188 23 07
3 279 25 33 1 63 532 ND Q 08 578 112 60 15
4 1 36 26 81 1 09 4 37 ND Q 01 3 90 1 39 99 45
5 180 28 06 152 4 51 ND Q 08 4 77 4 79 184 31
* 3 Same as table 8
10 mg/kg)
Table 10 The concentration of heavy metal in the golden fish
As Zn Pb Ni Cd Co Mn Cr Cu
1 M uscle 139 20 18 Q 43 2 30 ND Q 01 2 30 Q78 Q 68
Cheek 109 121 31 302 15 43 ND Q 05 9 44 277 4 85
2 M uscle 124 7Q 75 172 8 86 ND Q 03 5 87 178 277
Cheek 116 96 03 2 37 12 15 ND Q 04 7 65 227 381
3 M uscle Q 05 76 20 Q 86 Q 98 ND Q 03 225 115 7 30
Cheek Q81 71 33 Q 41 171 ND Q 03 7 79 2 07 34 04
4 M uscle Q 09 68 55 Q 99 115 ND Q 05 4 21 115 10 34
Cheek 319 22770 3 09 5 62 ND Q 15 15 92 2 28 86 61
5 M uscle Q 76 36 7 Q 40 120 ND Q 03 1 86 Q 86 23 01
Cheek 152 48 97 2 03 5 33 ND Q 07 7 38 4 22 104 96
, Cu Zn )
) Cu ;
Cu ) Cu
Cu , , Cu
4
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