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The article discusses the innovative solution of the issues of reclamation of dusting surfaces of the tailing dump man-made surface formations (MSF) containing toxic waste from the processing of polymetallic ore raw materials of a closed mining enterprise in the Primorsky Territory of the Far Eastern Federal District (FEFD). It is shown that the large amounts of enrichment waste accumulated in the last century during the intensive development of tin mineral deposits led to the destruction and degradation of forest ecosystems, which create a real threat to the health of the population of the mining village. Dangerous disturbances of ecological equilibrium, pollution of the atmosphere, lithosphere, hydrosphere and biosphere by a wide range of compounds of toxic heavy metals and arsenic are revealed. The enrichment wastes stored in tailings, the conservation and reclamation of which were not carried out contrary to Russian legislation, contributed to the large-scale transformation of the basic component of ecosystems - soil, as well as vegetation. In the vicinity of a closed mining enterprise, the migration of pollutants and erosion processes (water and wind) led to a crisis ecological situation. A negative factor for the soil and vegetation cover is atmospheric precipitation, dissolving a large amount of toxic substances. The relevance of research of the above issue is related to the need to preserve and restore an environmentally friendly environment within the influence of the man-made system. In this regard, the purpose of the study was to recreate the productivity of man-made surface formations (disturbed by the tailing of land) using bioremediation to ensure the environmental and social safety of toxic waste from the processing of polymetallic ores in the Primorye Territory. Based on experimental studies, an assessment was made of waste as a potential source of technogenic pollution of the ecosphere and an innovative technological solution was developed to rehabilitate the dusting surface of the tailings pond is developed. Experimentally proved the possibility of using to recreate the productivity of technologically polluted substrate tailings of the following composition: 1) biochar – 30%; 2) zeolites – 5%; 3) humic acids – 5%; 4) waste of ore-enrichment of tin-containing raw materials – 60%. The novelty of the proposed composition is confirmed by the Patent of the Russian Federation (2018).
Acknowledgements. The investigation is fulfilled at the expense of the grant of the Russian scientific fund (Project № 15-17-10016), Pacific National University and Russian Foundation for Basic Research (RFBR) according to the research project №18-35-00260.
References

1.
Keovilignavong Oulavanh 2019 Mining governance dilemma and impacts: A case of gold mining in Phu-Hae, Lao PDR Resources policy 61 pp 141–150.

2.
Medas Daniela, De Giudici Giovanni, Pusceddu Claudia 2019 Impact of Zn excess on biomineralization processes in Juncus acutus grown in mine polluted sites Journal of hazardous materials SI 370 pp 98–107.
3.
Wahsha Mohammad, Maleci Laura, Bini Claudio 2019 The impact of former mining activity on soils and plants in the vicinity of an old mercury mine (Vallalta, Belluno, NE Italy) Geochemistry-exploration environment analysis 19(2) pp 171–175
4.
Zou Lingfeng, Liu Yide 2018. CN Patent No 107597840. Strengthened hyperaccumulation phytoremediation technology for arsenic and cadmium heavy metal polluted soil.
5.
Jin L I, Tong T Z, Wen Y, Yu Z 2016 The environmental impact of mining and its countermeasures MATEC Web of Conferences 63 04010. DOI: 10.1051/matecconf/20166304010
6.
An-Soo Jang 2014 Impact of particulate matter on health Journal of the Korean Medical Association 57(9) 763. DOI: 10.5124/jkma.2014.57.9.763
7.
Duruibe J O, Ogwuegbu M O C and Egwurugwu J N 2007 Heavy metal pollution and human biotoxic effects International Journal of Physical Sciences 2(5) pp 112–118.
8.
Monisha Jaishankar, Tenzin Tseten, Naresh Anbalagan, Blessy B M, Krishnamurthy N B 2014 Toxicity, mechanism and health effects of some heavy metals Interdiscip Toxicol 7(2) pp 60–72. DOI: 10.2478/intox-2014-0009
9.
Catherine Driussi, Janis Jansz 2006 Technological options for waste minimisation in the mining industry Journal of Cleaner Production 14(8) pp 682–688. https://doi.org/10.1016/j.jclepro.2004.01.013
10.
Arun J B, Dirk J, Avan Zyl 2006 Industrial ecology framework for achieving cleaner production in the mining and minerals industry Journal of Cleaner Production. 14(3-4) pp 299–304. https://doi.org/10.1016/j.jclepro.2004.10.008
11.
Krupskaya L T, Cherentsova A A, Mayorova L P, Golubev D A 2016 Assessment of the environmental hazard class to waste accumulated over the past century by a former mining enterprise at the Far East Federal district Russian Journal of General Chemistry 86(13) pp 2983–2986. DOI https://doi.org/10.1134/S1070363216130090
12.
Vernadsky V I 1989 Biosphere and noosphere Moscow: Nauka, 265 p.

13.
Kolesnikov B P, Motorina L V 1978 Methods for studying biogeocenoses in technogenic landscapes Program and methodology for the study of man-made biogeocenoses [Programma i metodika izucheniya tekhnogennykh biogeotsenozov - in Russian] Moscow, pp 5-12.

14.
Chen M, Xu P, Zeng G, Yang C, Huang D, Zhang J 2015 Bioremediation of soils contaminated with polycyclic aromatic hydrocarbons, petroleum, pesticides, chlorophenols and heavy metals by composting: Applications, microbes and future research needs Biotechnology Advances 33 pp 745–755. DOI: 10.1016/j.biotechadv.2015.05.003

15.
Kushwaha A, Rani R, Kumar S, Gautam A 2015 Heavy metal detoxification and tolerance mechanisms in plants: Implications for phytoremediation Environmental Reviews 24 pp 39–51. DOI: 10.1139/er-2015-0010

16.
Galchenko Yu P, Yakusheva E D 2018 On the issue of quantitative assessment of the environmental consequences of man-made changes in the subsoil. In the book: Problems and prospects for the integrated development and preservation of the earth's interior pp 20–22.

17.
Galchenko Yu P, Yakusheva E D 2017 Monitoring and assessment of the state of the human environment in the mining region of the Kursk Magnetic Anomaly Ecological systems and devices. [Ekologicheskiye sistemy i pribory – in Russian] 7 pp 16–22.

18.
Kaplunov D R, Voronkova Yu A, Borodkina N N 2018 Methodical principles of integrated assessment of atmospheric pollution in a mining region News of Tula State University. Earth Sciences [Izvestiya Tul'skogo gosudarstvennogo universiteta. Nauki o Zemle – in Russian] 2 pp 3–14.

19.
Trubetskoy K N, Rylnikova M V, Ainbinder I I, Esina E N 2017 Initiatives of IPKON RAS for the development of regulatory documents in the field of environmental and industrial safety of mining operations. In the collection: 50 years of the Russian scientific school of integrated development of bowels of the earth Materials of the International scientific-practical conference [Materialy Mezhdunarodnoy nauchno-prakticheskoy konferentsii – in Russian] pp 20–24.

20.
Trubetskoy K N, Galchenko Yu P 2017 Natural-like mining technologies – the prospect of resolving global contradictions in the development of mineral resources of the lithosphere Bulletin of the Russian Academy of Sciences [Vestnik Rossiyskoy akademii nauk – in Russian] 87(7) pp 655–662.

21.
Trubetskoy K N 2018 The solution of problems of environmentally balanced development of deposits open geotechnologies Mountain Journal [Gornyy zhurnal – in Russian] 6 pp 71–76.

22.
Trubetskoy K N, Zakharov V N, Kaplunov D R, Rylnikova M V 2016 Efficient technologies of using technogenic georesources are the basis of the ecological safety of the development of mineral resources Mountain Journal [Gornyy zhurnal – in Russian] 5 pp 34–40.

23.
Krupskaya L T, Mayorova L P, Orlov A M, Zvereva V P, Izotov D V, Morin V A, Leonenko A V, Golubev D A 2013. RU Patent No 2486733. Method of land reclamation disturbed by toxic waste stored in the tailing dump in a monsoon climate.

24.
Krupskaya L T, Leonenko N A, Golubev D A, Leonenko A V 2017. RU Patent No 2625469. Composition for dust suppression and recultivation of the surface of the tailing dump.

25.
Krupskaya L T, Rastanina N K, Golubev D A, Filatova M Yu 2018. RU Patent No 26724536. Composition for dust suppression for the reclamation of the surface of the tailings.
