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Heavy metals distribution in reclamation tailings and
assessment of ecological risk

DENG Hong-wei, HE Wei, ZHOU Ke-ping

(School of Resources and Safety Engineering, Central South University, Changsha 410083, China)

Abstract: In order to assess the ecological risk of tailings, protect ecological environment and achieve sustainable
development, the vertical distribution characters of the heavy metals Pb, Zn, Cu and As in a tailings were investigated,
and the pollution and potential ecological hazards degree were assessed. In addition to geoaccumulation index and
ecological hazards index, the geoaccumulation index and Nemerow index were combined to evaluate the comprehensive
pollution of heavy metals. The results show that the vertical distributions of heavy metals are different. The heavy metal
concentration in the reclamation soil is lower but it is still higher than the soil background value. The heavy metal
concentration in the interface between the soil and tailings is the highest, the pollution degree is the strongest. The
pollution degrees in the tailings layer and deep area are more severe. Among these heavy metals, the pollution degree of
Cu is the slightest, and the pollution degrees of Pb, Zn and As are different in different depth. The contribution orders of
the four heavy metals on the total ecological hazards index from big to small are As, Pb, Zn, Cu. The effect that simple
covering soil on tailings to reduce heavy metal hazards is not significant, other effective measures should be combined to
treat heavy metal pollution.
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Table 1 Concentration of heavy metal

Concentration/(mg-kg )

Sample  Depth/
No. cm Pb Zn Cu As
42.5 390 900 56 79
60 6460 15250 300 370
1 90 2470 6640 130 260
250 5130 9210 200 220
400 7630 13380 240 440
42.5 430 850 65 65
60 19060 27110 970 3940
2 90 10690 21260 490 1220
250 8180 17490 350 730
400 3710 9570 380 610
42.5 970 2260 83 370
60 1560 6580 260 1130
3 90 1230 3480 140 120
250 590 1190 66 91
400 400 1340 49 130
Background 250 200 50 40
value
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Table 2 Correlation between Iy, classification and pollution

degree
Lyeo Classification Pollution degree
Lo =<0 0 Without pollution
0<Ipeo=1 1 Mild-moderate
1<Iyeo=2 2 Moderate
2<Iyeo =<3 3 Moderate-strong
3<Upeo<4 4 Strong
4<Ipo<5 5 Stronger
5<ygeo 6 Strongest
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Table 4 Grade standard of C; s Er’ and R,
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Table 3  Classification of pollution levels of integrated
pollution indices
Integra.ted.pollution Classification Pollution degree
indices
P<0 0 Without pollution
0<P<0.5 1 Light
0.5<P<l1 2 Light-moderate
1<P=2 3 Moderate
2<P<3 4 Moderate-strong
3<pP<4 5 Strong
4<P<5 6 Stronger
5<P 7 Strongest
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T (As)=10, Ci. E}. REXNIK75 4R wivr
AR TR WE 4 o,

i Single pollution i Single ecological risk Total ecological risk
Ct - E R
grading r degree degree
ci<1 Light E'<40 Light Ri<150 Light
I1<(i <3 Moderate 40< E' <80 Moderate 150<<R;<<300 Moderate
3<Cl<6 Higher 80<< EF <160 Strong 300<<R,;<<600 Strong
6< C} Highest 160< Ef <320 Stronger 600<R, Stronger
320< E! Strongest
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Fig. 2 Distribution of heavy metal in different depths
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Table 5  Statistic values of /., of heavy metal concentration
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Integrate
cm Ioeo  Tve  Imix  Poeo leo e Tmax  Peeo Loeo Tave Inax  Peeo loeo  Tve  Imax  Peeo
425 0.670 0.542 1.371 1.042 2.156 2.000 2.913 2499 -0.141 -0.161 0.146 —0.154 1.514 1.046 2.024 1.998 13.641
60  4.589 3944 5668 4.882 5765 5.540 6.498 5.604 2766 2496 3.693 3.152 4918 4299 6.037 5241 16.102
90  3.677 3.089 4.833 4.056 5.124 4.717 6.147 5479 1.756 1467 2708 2.178 3.152 2487 4346 3.541 15.724
250  3.627 2.958 4.447 3.777 4.954 4265 5865 5.128 1453 1.151 2222 2770 2532 2.027 3.605 2.924 15.779
400 3.383 2.582 4.347 3.575 4754 4211 5479 4886 1.572 1.135 2341 1.840 2713 2.445 3.346 2930 15.865
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Table 6 Statistic values of R; of heavy metal concentration

Depth/ Pb Zn Cu As R
cm Ci E i E! i E! i E!
42.5 2.387 11.933 6.683 6.683 1.360 6.800 4.283 42.833 68.250
60 36.107 180.533 81.567 81.567 10.200 51.000 45.333 453.333 766.433
90 19.187 95.933 52.300 52.300 5.067 25.333 13.333 133.333 306.900
250 18.533 92.667 46.483 46.483 4.107 20.533 8.675 86.750 246.433
400 15.653 78.267 40.483 40.483 4.460 22.300 9.833 98.333 239.383
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Pb. As. Cu.
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Fig.3 Correlation between R; and different depths
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