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Abstract : Continuing environmental damage arising from the disposal of contaminated solid wastes, such as
mine tailings, is a feature of old mines all over the world. Physical and chemical methods of stabilization
have been developed to meet the need for prevention of dust and pollution from mine tailings. Both
physical and chemical stabilizations have been successful in the short-term. However., long — term
solutions and visually acceptable methods for preventing pollution can only be achieved by establishment of
plants in difficult situations.

Five lead/zinc (Pb/Zn) mine tailings in southern China were studied for revegetation purpose. They
included Fankou and Lechang in Guangdong Province, Huangshaping, Shuikoushan and Taolin in Hunan
Province. There were great variations of physico —chemical properties both between and within tailings
ponds. In general, the five tailings ponds had high concentrations of heavy metals (Pb, Zn, Cu and Cd)
and low concentrations of N, P and organic matter. Ecological survey, and pot and field experiments
demonstrated that toxic levels of heavy metals and deficiency of major nutrients were the major constraints

on revegetation of the tailings ponds, while the extreme acidity and salinity were the most important
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factors restricting plant growth on Lechang tailings which contained a high level of pyrite FeS,.

Pyrite could be oxidized quickly when it was exposed to H,O and O,, resulted in acidification of
tailings and enhanced the mobility of heavy metals in tailings. The acid-forming potential of the five
tailings ponds was studied using both net acid generation (NAG) and acid-base accounting (ABA) or net
acid production potential (NAPP) methods, it was found that NAG test was more accurate than the NAPP
test. The final NAG-pH gave a well defined demarcation between acid forming and non-acid forming
material, and the cut-off values of NAG-pH in Pb/Zn mine tailings were: tailings with NAG-pH=5, non-
acid forming; 2. 5<<NAG-pH<(5, low to moderate acid forming; NAG-pH<(2. 5, high acid forming.

The natural colonization of plants on the five tailings ponds was limited, with some small patches
distributed mainly on the edge, and few patches occurred on the center of tailings. Toxicities of heavy
metals in tailings had no effect on seed germination but resulted in failure of seedling establishment. There
were totally 54 species among 51 genera and 24 families recorded on the five tailings ponds, of which 13
species belonged to Gramineae, and were the dominant components of the tailings flora. Three ecological
strategies for plant establishment on tailings were defined: (1) microsite (avoidance strategy). (2)
tolerance strategy, and (3) rhizome strategy. The dominant species growing on the tailings generally
possessed high tolerance to the associated heavy metals in their growth substrate and could be potentially
used for restoration of soils contaminated by heavy metals. Root elongation test indicated that the
populations of Paspalum distichum and Cynodon dactylon naturally colonizing Lechang and Fankou tailings
had evolved metal tolerant ecotypes, and possessed high co-tolerance to Pb, Zn and Cu. However, there
were no significant differences between the tailings and normal populations of Typha latifolia and
Phragmites australis, which were the dominant components of Fankou mine tailings, suggested that their
tolerance to heavy metals were constitutional tolerance. Iron plaque on the root surface of T'. latifolia and
P. australis growing on wetland conditions played an important role on their metal tolerance. However.
iron plaque did not affect metal accumulation by plants.

Organic wastes including domestic refuse, river sediment, sewage sludge and pig manure were proved
to be very beneficial for plant growth on Pb/Zn mine tailings. Using organic wastes to improve physico-
chemical properties also provided an alternative way for disposal of these wastes. For tailings containing a
high level of pyrite. limestone was necessary for buffering the acidity released from oxidation of pyrite.
Legume species were very useful for the long-term amelioration of edaphic conditions, especially in
accumulation of N and organic matter. Effects of heavy metals (Zn and Cu) on the growth of Rhizobia,
host plant (Acacia auriculiforimis) and rhizobia-host plant symbiotic association were assessed, the results
indicated host plant was more sensitive to heavy metals and selection of tolerant legume species (ecotype)
was important for revegetation. Sesbania rostrata was a fast-growing legume species, with both stem and
root nodules, therefore. it had a higher N-fixing capability. Pot and field experiments demonstrated that
S. rostrata could perform well on Pb/Zn mine tailings amended with domestic refuse or sewage sludge.,
which might play an important role in accumulation of N during the restoration of mine tailings.

The slow colonization of plants on mine tailings was not only due to the extreme edaphic conditions,
but also the deficiency of plant propagates. Therefore, soil seed bank as an input seed source for
revegetation of Pb/Zn mine tailings was also assessed. It was found that top 2-cm layer of topsoil
(abandoned farmland) was sufficient to serve the purpose of provision of seeds for revegetation of mine
tailings, and it was also contributed greatly to species richness and plant diversity.

The long-term effectiveness and stability of constructed wetlands in treating heavy metal wastewater

released from a Pb/Zn mine at Fankou mine were investigated. The results indicated that the Pb/Zn mine
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wastewater could be effectively treated by the constructed wetland planted with T'ypha latifolia. Based on
the ten-years monitoring results, it was revealed that the removal rates for Pb, Zn, Cu and Cd were
93.98% ., 97.02%. 96. 87% and 96.39% . respectively. It was also found that the effectiveness of
wastewater purification was significantly improved with the wetland become mature.

The overall results indicated that the use of tolerant plant species, together with organic wastes
amendment, provided a cost effective method for revegetation of Pb/Zn mine tailings. However, the
stability, dynamics, and safety of the restored ecosystem; the succession and assembly rule, biological and
soil thresholds in restoration processing should be further investigated, and the cost effectiveness should
be assessed. in order to develop an integrated approach for restoratin of mine wastes.

Key words :Pb/Zn mine tailings; restoration; South China
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Table 1 Physico-chemical properties of five lead and zinc mine tailings in South China

Research site

Parameter Fankou Lechang Huangshaping Shuikousshan  Taolin
(n=15) (n=18) (n=17) (n=17) (n=17)
Sand (%) 57 39 52 56 63
Silt (%) 15 43 31 30 23
Clay (90) 28 18 17 14 14
pH 6. 88 5.47 7.71 7.59 8. 24
EC (dS/m) 2.09 4. 09 1.16 1.10 0.50
N Total N (mg/kg) 399 129 228 414 324
P Total P (mg/kg) 695 552 804 1463 249
K Total K (mg/kg) 7125 1562 2001 1287 2605
Organic matter (%) 0. 54 0. 69 0.45 0.43 0.27
Pb* Total Pb (mg/kg) 18423 3051 11558 2462 1120
Pb* Extractable Pb (mg/kg) 385 196 419 257 113
Zn Total Zn (mg/kg) 16745 3655 10011 1794 833
Zn Extractable Zn (mg/kg) 336 79.29 375 181 24.40
Cu Total Cu (mg/kg) 710 160 204 106 197
Cu Extractable Cu (mg/kg) 31.53 5.04 5.77 10. 37 2.94
Cd Total Cd (mg/kg) 76. 53 21. 96 134 21.27 5.09
Cd Extractable Cd (mg/kg) 2.54 0. 83 5.49 1.22 0.16
Mn Total Mn (mg/kg) 764 325 23528 5956 257
Mn Extractable Mn (mg/kg) 4.54 34.17 11.42 14.43 9.71
* (HNO;+HCI+HCIO, ) (DTPA )Total metal (digested by HNO3;+HCI

+HCIO,), extractable metal (extracted by DTPA)
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