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Abstract

The mining complex of the Murmansk region (Russia) has a negative impact on natural ecosystems
and worsens the quality of the environment, since the development of non-renewable mineral
resources is associated with a significant transformation and destruction of natural communities. In the
Murmansk region, where the mining industry forms the basis of the regional economy, the research
aimed at achieving sustainable development goals involves the search for 1) new integrated
approaches to ensure the development and implementation of environmentally friendly technologies
for the extraction and processing of minerals; 2) managerial decisions supporting the transition to
a circular economy; 3) the establishment and development of protected areas, including compensatory;
4) the restoration of disturbed landscapes; 5) the development of nature-like technologies for the
recovery of valuable components from minerals, and 6) the protection of the environment. Futhermore,
there is need for a constant search for some balance of interests of local communities and mining
corporations in the context of environmental protection and economic development in order to
maintain social sustainability. Without designing the foundations of the state policy for the transition
to a closed-loop economy, the implementation of even existing technologies will be too slow. There is
a survey of nature-like technologies developed in the Kola Science Center of the Russian Academy of
Sciences for processing minerals and protecting the environment, rehabilitation of disturbed areas
exposed to industrial air pollution, reclamation of the water and land areas polluted by oil and oil
products as well as examples of territorial nature conservation that do not block the development of
processing minerals.
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I'opHonpombliieHHbIH koMIuieke Mypmanckoit o6nactu (I'TIK) oka3bsiBaeT HeraTMBHOE BIIMSIHUE
Ha TPHUPOJHBIE SKOCUCTEMBI M YXYJIIAeT KayeCTBO OKpPYXKarolleil cpelbl, MOCKOJIbKY OCBOECHHE
HEBO30OHOBIISIEMbIX MHHEpAJbHBIX PECYpPCOB CBS3aHO CO 3HAYMTEILHBIM HpeoOpasoBaHUEM
U paspylLIeHUeM NpUpoJHbIX cooduiecTB. [t Mypmanckoit obnactu, rie I'TIK sBisiercs ocHOBO#
SKOHOMUKH, WICCIEI0BAHNS MO TOCTIDKEHHIO LEel yCTONYNBOrO pa3sBUTHS COMPSDKEHBL: 1) ¢ MOMCKOM
HOBBIX KOMIUIEKCHBIX TOJXOJO0B MO OOECIEUEeHNIO pPa3pabOTKM W BHEAPEHMS] B TIPOM3BOJICTBO
9KOJIOTHUECKY APy KECTBEHHBIX TEXHOJIOTHIT TOOBIMM 1 TIEPepabOTKH MHHEPATLHOTO CBHIPHS; 2) MOUCKOM
YHPaBICHIECKUX PEIICHNH, 00ESCTIEUMBAIOMINX MEPEX0/] K SKOHOMHUKE 3aMKHYTOrO IMKJIA; 3) CO3MaHIEM
Y pa3sBUTHEM 0CO00 OXPAHSEMBIX MPUPOTHBIX TEPPUTOPHIL, B TOM YHCIE KOMIICHCAIMOHHOTO THIIA;
4) BOCCTAQHOBJIEHMEM HApYIICHHBIX TEPPUTOPHH; 5) pasBUTHEM NPUPOJONOAOOHBIX TEXHOJIOTHH
U3BJICYEHUS LICHHBIX KOMIIOHEHTOB M3 MUHEPAIBHOIO CBHIPbsi U 6) OXPaHON OKpPYXKAIOIIEH Cpesbl.
Kpome Toro, He0OX0IMMO OCYIIECTBIISITh OCTOSIHHBIN MOMCK OaaHca MHTEPECOB MECTHBIX COOOIIECTB
Y TOPHOJI0OBIBAIOIIMX KOPIIOPALMii B KOHTEKCTE COXPAHEHHS! OKPYIKAIOLIEH Cpeltbl 1 IKOHOMUUYECKOTO
pazBUTHS JUIs TIOJUIEPKAHUS COUMANIBHOM yCTOHUMBOCTU. be3 co3nanust 0CHOB rocy1apCTBEHHON MOJIUTUKY
0 BHEJPEHMIO TTOJX0/I0B SKOHOMUKH 3aMKHYTOTO LUK, UCMIOJIB30BAHKE JAXKE Y'KE CYIIECTBYIOMIIX
TEXHOJIOTHiT OyJIeT MATH MEAJICHHBIME TeMIiaMi. B cTarhe mpuBeneH 0030p pa3padboTaHHbIX B Kombckom
Hay4qHOM LieHTpe PAH npykecTBEHHBIX K OKpY»KalOIIeit cpesie TEXHOJIOT i mepepaboTK MUHEPATLHOTO
CBIPbSl M 3aLLIMTBI OKPYKAIOLIEH CPeibl, peaOWIMTALMK HAPYIIIEHHBIX TEPPUTOPHIA B YCIIOBHSIX BO3IYIITHOIO
MPOMBIIUIEHHOTO 3arpsi3HEHHS], OYMCTKM BOJIbI M TTOYBBI OT 3arpsi3HEHMst HEITHIO 1 HeyTenporyKTam,
a TaKXkKe MPUMEPbI TEPPUTOPHUAIILHO OXpaHbl IIPUpO/bL, He Ookupyromue paspurue ['TIK.

Maxkapos JI. B. u ap. Oxpana okpy»aromei cpefpl 1 yCTOMINBOE pa3BUTHE TOPHOMPOMBIIIIICHHOTO
koMmIuiekca MypMmanckoit obnacru. Becrnuk MITTY. 2020. T. 23, Ne 1. C. 63-71. DOI:
10.21443/1560-9278-2020-23-1-63-71
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Introduction

The Murmansk region is an area with the largest enterprises of the mineral resource complex of the Arctic
zone of the Russian Federation and the country as a whole. The region supports a major share of the national
economy demand for phosphate ore, zirconium (baddeleyite), niobium, tantalum, rare-earth metals. Copper-
nickel and iron ores, nepheline and ceramic raw materials, facing stone and building materials are also extracted.
The region's mining industry sites and operations are the main employer in many cities and towns, where a third
of the region's population resides, and its output represents more than 60 % of the region's industrial production.
On the one hand, this makes the Murmansk region one of the nation's leaders in terms of socio-economic
performance, while on the other, the mining industry has a major negative impact on natural ecosystems and the
quality of the environment as a whole, since the development of non-renewable mineral resources brings major
changes in and disturbance of natural communities. For example, 210.5 million tons of mining waste
(concentration tailings, overburden and sinking rock, etc) was generated in 2017 alone (99.9 % of the combined
waste generated in the Murmansk region), an increase of 5.7 % compared to the previous year'.

The Sustainable Development Goals 2030 provide for the transition to sustainable models of production
and consumption (Goal 12)*. This goal calls for "doing more and better with limited resources". In the Murmansk
region, where the mining and metals industry forms the backbone of the regional economy, the efforts to achieve
this sustainable development goal should be coupled with the search for new integrated approaches to ensure the
development and implementation of environmentally friendly technologies for the extraction and processing of
minerals, the search for managerial decisions that support the transition to a circular economy, the search for and
implementation of technological and managerial innovations. In the Murmansk region, large number of natural
protected areas (PAs) have been established (hoposuues u op., 2018). Furthermore new PAs are planned
pursuant to the strategy’. So, further development of the mining industry is only possible under the condition of
it's significant "greening", reducing the area of the landscape disturbed by mining operations and by the
infrastructure being built, and under the condition of a major effort focused on the restoration of disturbed
landscapes and vegetation cover. Environmental protection in the Murmansk region takes two forms — dynamic
(reducing the negative impact of the mining, minerals, and metals industries on the residents, fauna and flora,
soil, subsoil, atmosphere, ground and surface water, including restoration of disturbed areas/water bodies/atmosphere)
and static (prevention of economic activity that disturbs ecosystems, creation of PAs).

To date, a number of nature-like technologies have been developed for processing minerals and protecting
the environment, rehabilitation of disturbed areas exposed to industrial air pollution, reclamation of the water
and land areas polluted by oil and oil products, etc (HMcaesa u op., 2018, Kopueiikosa u op., 2018; Maxapos
u op., 2018). Studies have been undertaken aimed at inventorying and protecting biodiversity, including the
development of scientific foundations for the conservation and monitoring of rare and endangered species,
biologically valuable and rare plant communities, the preparation of Red Data Books and the rationale for the
establishment of a system of PAs in the Murmansk region (Hcaesa u op., 2018; Koncmanmunosa u op., 2011a;
b). Since 2013, interdisciplinary research has been intensively growing in the region, aimed at finding ways to
improve the socio-economic sustainability of the extraction and processing of minerals in the Arctic in the
context of the nature preserving (Bunoepadosa u op., 2015; Koivurova et al., 2015; Nysten-Haarala et al., 2015,
Riabova et al., 2015; Suopajdrvi et al., 2016, Soderholma et al., 2015).

Results and discussion
Technology solutions

Presently, the total amount of the mining waste generated in the Murmansk region has reached about
8 billion tons. Keeping overburden and slag dumps, tailings and sludge storage facilities environmentally safe
requires significant investment. Large volumes of displaced rock mass disrupt the existing geological balance,
gas and dust emissions from mining operations, dusting of dumps and tailings, and the seepage of pollutants into
surface and ground water adversely affect ecosystems and human health. Integrated and environmentally
friendly development of mineral resources requires that the mining and processing waste is redeveloped as
anthropogenic deposits4 (Lottermoser, 2011; Nevskaya et al., 2016, Riabova et al., 2015).

For processing of low-grade natural and anthropogenic resources, the close-to-nature heap bioleaching
technology appears to be promising (Watling, 2015). In the implementation of closed-loop circuits for the

! Tokman o cocrostanm okpyskaromeii cpesl MypManckoit o6nacty B 2017 1. // TIpaputensctso MypMaHCKo# o6macTi.
URL: https://gov-murman.ru/upload/iblock/a35/Doklad za-2017-god ITOG 1.pdf.

2Ilennt ycroifumBoro passutus uenoseuectsa 2030 / OOH. URL: https:/www.un.org/sustainabledevelopment/
ru/sustainable-development-goals/.

3 Konuenwst pyHKIMOHNPOBAHAS M PA3BATHSI CETH 0COB0 OXPAHSEMBIX PUPOJIHBIX TEPPUTOPHIA MypMaHCKO# 061acTH
1o 2018 rona u Ha nepcrnektuBy 10 2038 rona yTBepxkaeHa nocraHosnenueM llpaBurenscTBa MypmaHckoit o6nactu ot 24
mapta 2011 r. Ne 128-I1I1.

4 Towards a circular economy: A zero waste programme for Europe / OECD. URL: https://www.oecd.org/env/
outreach/EC-Circular-econonomy.pdf.
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circulation of process solutions and the disposal of waste in the construction industry, the introduction of these
technologies will facilitate a phased transition to a circular economy (McDonough et al., 2003).

The created classification of substandard copper-nickel ores and technogenic formations of the Murmansk
region according to their potential environmental hazard and suitability for processing by the method of physical
and chemical geotechnology allows enterprises, potential waste processors, to minimize the cost of selecting
technologies and justify the economic efficiency of creating new industries. In addition, to assess the risk posed
by a number of natural and industry sites, studies of material composition were carried out, balances between the
ability of mineral associations to produce and neutralize acids were estimated (4brosimova et al., 2015; Karlsson
et al., 2018, Lébre et al., 2017). The results are summarized in the table. The value of the resulting net acid
potential (NAP) allows to predict the composition of the waste rock dump runoff. Comparing the estimates with
actual observations, studying newly formed mineral phases, modeling hypergenesis processes in a laboratory
setting made it possible to rank sites according to the potential environmental hazard level and from the
standpoint of suitability for processing by heap bioleaching (Ceemnos, 2018).

Table. Potential environmental hazard and suitability for bioleaching of low-grade copper-nickel ores
and technogenic mineral formation
Tabmmua. [ToreHumambHAS SKOIOrMIEcKast OMacHOCTb U MPUTOIHOCTD K MEpPepadoTKe METOIOM
OMOBBINIETAYMBaHUS HEKOHINIIMOHHBIX MEHO-HUKENIEBBIX Py H TEXHOTEHHBIX 00pa3oBaHMit

Site | NAP | Potential environmental hazard | Heap leachability
Low-grade Monchepluton Cu-Ni ores
Deposit Nyud II Elevated. AMD*,
(Monchegorsk District) 81.99 heavy metal migration Good
Deposit Nyud Terrace Average. AMD, .
J’_
(Monchegorsk District) 3631 heavy metal migration Satisfactory
g y g
Deposit Morozhkovoye Lake Average. AMD,
J’_
(Monchegorsk District) 63.57 heavy metal migration Good
g y g
Deposit Nittis-Kumuzja-
Travjanaja +91.87 hea]ile‘rzral‘:;jl' tﬁ?/[rlz{ion Good
(Monchegorsk District) Y &
Technogenic mineral formation
Allarechensk mine dumps High. AMD, intensive
+
(Pechenga District) 104.37 heavy metal migration Good
Concentration tailings of Moderate. A loﬁéiif?gltlorrz : uired
. £ of +5.35 AMD neutralization, heavy metal g8 quired.
Cu-Ni ores (Pechenga District) recipitation by hvdrosilicates Increased sulfuric
precip vy acid feed rate
Dump slags Moderate. Sulfides in the silicate Satls'fac't ory:
= +4.84 A Grinding
(Pechenga District) matrix limit AMD . .
and agglomeration required

Notes. *AMD — acid mine drainage.

All the necessary prerequisites are present in Russia for the widespread adoption of metal recovery by
heap bioleaching. Obstacles include, of course, the adverse climatic conditions in Russia's mining regions,
including the Murmansk region. At the same time, the experience of heap leaching of precious metals in Arctic
and Subarctic climatic conditions with negative average annual temperatures shows the possibility of using these
methods in the geotechnological processing of non-ferrous sulfide ores. Investigations of cryomineralogenesis in
natural and anthropogenic sulfide-containing rock masses, the development of methods for the passive leaching
of gold and silver-bearing rocks and mobilization of metals at below-zero temperatures using new oxidizing
agents deserve attention and comprehensive experimental testing as applied to sulfide copper-nickel ores.

The use of geochemical barriers is another example of nature-like technologies and one of the promising
methods for protecting natural water bodies and treating wastewater from mining and minerals operations. The
essence of the methods is to immobilize the pollutants. Geochemical barriers act as filters, making possible the
use of existing and establishment of engineered geochemical barriers.

Applications of artificial geochemical barriers, in addition to the purification of natural and waste water
from heavy metals, radioactive elements, and oil products, include (Marxcumosuy, 2010, Baltrénaite et al., 2018;
Chanturiya et al., 2014):

— further recovery of valuable components from natural and anthropogenic mineral feeds using methods
of physical and chemical geotechnology;
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— waterproofing of tailings and sludge storage facilities, storage tanks, sedimentation tanks, etc;

— soil stabilization in civil engineering.

Given the huge amounts of mining and metals waste, the construction industry may become the primary
consumer as a highly material-intensive one. Processing of waste into building materials is aimed at addressing
social and environmental problems, improving the living conditions of the local residents, creating jobs. In the
production of building materials from recycled waste, the economic efficiency can be measured as the
environmental damage avoided and the associated reduction in compensatory payments.

An urgent technological and economic challenge is producing composite building materials with improved
performance characteristics. In particular, modern materials are expected to possess a combination of structural
and operational properties, such as high strength at low density, stable thermal conductivity, durability, chemical
and biological stability, fire safety. The developed building materials should ensure high energy efficiency of
buildings and structures in the cold climate of the Russian Arctic. Especially important from an environmental
and economic point of view is the use of recycled materials in the production of building materials (Mufioz et al.,
2016; etc).

Some new methods have been developed for the production of glass, glass crystalline, ceramic, and
hyper-pressed building materials from the mining and minerals industry's waste in the Murmansk region
(Maxkapos u op., 2018; etc). 1t should be noted that the components of the new building material are exclusively
waste, with no primary materials consumed. These approaches are fully consistent with the principles of the
circular economy” and contribute to the achievement of the Sustainable Development Goal 12. However, the use
of existing technologies and proven approaches is hampered due to the poorly developed state policy governing
the transition to the closed-loop economy and, consequently, the lack of regulatory and economic tools that
would make existing technologies for the processing of anthropogenic resources relevant to the industry.

Also, effective technologies have been designed to restore the terrestrial and aquatic ecosystems disturbed
by the mining and metals industry. The experiments conducted since 1997 on the development of scientifically
based approaches to the restoration of the soil and vegetation cover in the areas affected by the copper and nickel
industry — more than 80 ha in the vicinity of the city of Monchegorsk, more than 15 ha in the vicinity of the
communities of Nickel and Zapolyarny — have demonstrated good results (Hcaesa u op., 2018). As a result of
the experiments, a technology was developed for the accelerated reclamation of these areas based on using the
carpet sod from perennial cereals in combination with vermiculite soil substitute, serpentinite and carbonatite
mining and minerals waste (Hsanosa u op., 2014).

To prevent pollution of aquatic ecosystems, a technology has been developed for the removal of mineral
nitrogen compounds from wastewater using the biotechnology potential of higher plants and microorganisms.
A floating bioplate and phytomat technology was developed for the sediment pond of the Kirovogorsk Open Pit
Mine operated by JSC OLKON in the vicinity of Olenegorsk. It was shown that the bioplate technology is
effective in the conditions of the Arctic. According to the experimental data, in 2013-2016 the content of
ammonium and nitrite forms of nitrogen in the water of the sediment pond decreased to the MPC level, the
concentration of nitrate nitrogen also began to decrease (Kopweiikosa u dp., 2018).

Biodiversity protection: Management approaches

The Murmansk region due to its geographical location, has a common border with European countries,
where special attention is paid to the quality of the environment, and should become the storefront of Russia as
anation that takes nature conservation seriously and adopts modern management practices in nature
conservation. For this, it is necessary to take into account and simultaneously develop two main components —
nature conservation and regional socio-economic development.

The mining industry is a source of livelihood for a large share of the population of the Murmansk region,
offering jobs and investing in the local development as part of the corporate social responsibility policies.
However, despite a significant contribution to the region's economic sustainability, the mining industry poses
significant risks to social sustainability. In our approach, social sustainability is interpreted as having two
dimensions — procedural and contextual. Procedural social sustainability concerns planning and decision-making
as part of mining operations. Contextual social sustainability encompasses specific local landscapes, including
the historical experience of extractive industries and the prevailing views of the local community. Our research
indicates that, from a procedural point of view, local communities need knowledge and understanding of
environmental changes caused by the extraction and processing of minerals and want to be heard when decisions
on mining are made. The contextual aspect of the social sustainability as applied to the Arctic communities is
a dilemma, which is, on the one hand, anxiety about the negative impact of mining on the environment, and on
the other hand, fears concerning the prospects of the Arctic communities, for example, in terms of employment
opportunities, wages, quality of social infrastructure (Suopajcrvi et al., 2016). Thus, there is a need for a constant

> Towards a circular economy: A zero waste programme for Europe / OECD. URL: https://www.oecd.org/env/
outreach/EC-Circular-econonomy.pdf.
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search for a balance of interests of local communities and mining corporations in the context of environmental
protection and economic development in order to maintain social sustainability.

The main regulatory tool designed to prohibit or restrict economic activity in certain areas of land (or
water) in order to protect rare habitats, natural, historical, and cultural heritage is the establishment of protected
natural areas (PAs).

As of November 2019, the total area of PAs in the Murmansk region is 1,947,799.4 hectares, or 13.4 % of
the region's PAs, and includes three State Nature Reserves, one National and two Nature parks, 12 State
Reserves (Zakazniks), 55 Nature Monuments, and the protected areas of the Polar-Alpine Botanical Garden of
Kola Science Centre of RAS.

Despite the impressive statistics, the PAs network is suboptimal and not very effective: only the State
Nature Reserves and one National park, one of the two Natural parks in the region, two Zakazniks, and seven
nature monuments can effectively perform their environmental protection functions (their combined area is only
4.2 % of the region's area), the protection regimes in the other NPAs fail to match the existing threats
(Suopajdrvi et al., 2016). In a "polarized landscape" (Podoman, 1974), an effectively functioning PAs system is
a guarantee of social and economic sustainability.

For several years now, the Ministry of Natural Resources and Ecology of the Murmansk region (MNR of
the Murmansk region) has been conducting focused work to assess the effectiveness of the regional network of
protected areas (in 2016, natural monuments in the Pechenga district were surveyed, in 2017 in the Apatity,
Kirov, and Monchegorsk districts, in 2018 in the Lovozero district) and to reorganize some of the largest
protected areas (Rybachy and Sredny Peninsulas Nature Park, Kolvitsa and Ponoy Ornithological Zakazniks).

In addition to the expensive PAs, a cheaper and faster method is available — issuing prescriptions limiting
economic activity in certain areas to prevent disturbance to identified protected species of plants, lichens, fungi,
and animals (Kpacnas knuea..., 2014). In 2018, the MNR of the Murmansk region issued its first after 2003
prescription for the protection of the rare species of vascular plants inhabiting the Luvenga Swamp in the
Kandalaksha district (Koorcun, 2015).

Ignoring statutory requirements in the field of protection of rare species and their habitats can lead to the
destruction of the habitat of Red Data Book listed species, which entails administrative and criminal liability and
increases social tension in the region. Another solution to the contradiction between the economic interests of the
mining industry and environmental protection needs is the establishment of compensatory PAs that would ensure
the conservation of the same protected species and their habitats, as a compensation for the territories to be
disturbed as part of the industry project and subsequent land reclamation after the decommissioning of the
project. The Concept of functioning and development of the network of PAs developed and adopted in 2011
secured the possibility of establishing compensatory protected areas in the vicinity of the community of
Teriberka® in order to support the implementation of the Shtokman oil and gas project, but the plan never
materialized as the project was suspended.

Conclusions

The Murmansk region can be considered an example of a "polarized landscape" according to the concept
proposed by Rodoman (/974), where the environmental effect of regulating and supporting ecosystem services
in PAs is greatly reduced in the areas accommodating major mining and metals projects, and the scope of
economic damage caused by the environmental impacts of the industry is not compensated by adequate
environmental protection efforts. On the contrary, significant in area and, most importantly, interconnected
undisturbed natural areas (both existing and contemplated) produce a tremendous scope of ecosystem services,
and therefore it is advisable to consider these as the core of further socio-economic development of the region.
Supporting of resilience and productive functioning of the intact territories of the Murmansk region must be
taken into account when developing strategies. Such strategies should exclude as much as possible the
development of new mineral deposits in cases where similar useful components can be recovered from industrial
and mining waste. To meet the needs of the economy in one or another useful component, it is advisable to
search for new technologies and approaches to the use of accumulated mining waste. This will exclude low-
grade ore occurrences from geological development plans. The development strategy of the mineral resource
base of the Russian Federation until 2030 (draft version dated September 12, 2016) lists among measures aimed
at protecting the environment reclamation of land areas disturbed as a result of the development of mineral
deposits, decommissioning of mine workings, underground structures, and boreholes, restoration of the original
landscapes and ecosystems. To do this, is possible to use the already created technologies for the restoration of
damaged lands.

6 N .

Konuenuus (yHKIMOHUPOBAHUS U PA3BUTHUSI CETM 0CO00 OXPAHSAEMbIX MPUPOAHBIX TeppUTOpUii MypMmaHCKOH
obmactu mo 2018 roma m Ha mepcrektuBy 10 2038 roma yTBepxkaeHa mocraHoBieHMeM llpaButenscTBa MypmaHckoit
oOnactu ot 24 mapta 2011 r. Ne 128-I1I1.
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To achieve the sustainable development goals in the mining industry of the Murmansk region, there is
aneed for a constant search for a balance of interests of local communities and mining corporations in the
context of environmental protection and economic development in order to maintain social sustainability. Without
designing the foundations of the state policy for the transition to a closed-loop economy, the implementation of
even existing technologies will be too slow.

Acknowledgments

This study was carried out as part of government contracts with INEP KSC RAS (no. AAAA-A18-
118021490070-5 and AAAA-A18-118021490072-9), as well as with the support of the Russian Foundation for
Fundamental Research (project no. 18-05-60142 Apkruka).

References

Abrosimova, N., Gaskova, O., Loshkareva, A., Edelev, A. et al. 2015. Assessment of the acid mine drainage
potential of waste rocks at the Ak-Sug porphyry Cu-Mo deposit. Journal of Geochemical Exploration, 157,
pp- 1-14. DOLI: https://doi.org/10.1016/j.gexplo.2015.05.009.

Baltrénaité, E., Lietuvninkas, A., Baltrénas, P. 2018. Biogeochemical and engineered barriers for preventing
spread of contaminants. Environmental Science and Pollution Research, 25, pp. 5254-5268. DOI:
https://doi.org/10.1007/s11356-017-9539-7.

Borovichev, E. A., Petrov, V. N., Petrova, O. V., Koroleva, N. E. 2018. The protected area network of
Murmansk Region: Past, present, future. Arctic and North, 32, pp. 107-120. DOI: https://doi.org/10.17238/
issn2221-2698.2018.32.107. (In Russ.)

Chanturiya, V., Masloboev, V., Makarov, D., Nesterov, D. et al. 2014. Geochemical barriers for environment
protection and recovery of nonferrous metals. Journal of Environmental Science and Health. Part A.
Toxic/Hazardous Substances & Environmental Engineering, 49(2), pp. 1409—1415. DOI: https://doi.org/
10.1080/10934529.2014.928543.

Isaeva, L. G., Sukhareva, T. A., Borovichev, E. A., Urbanavichus, G. P. et al. 2018. The study and protection of
the terrestrial ecosystems in the Murmansk Region. Trudy Kol'skogo nauchnogo tsentra RAN, 9(9), pp. 6-33.
DOI: 10.25702/KSC.2307-5252.2018.9.9.6-33. (In Russ.)

Ivanova, L. A., Gorbacheva, T. T., Slukovskaya, M. V., Kremenetskaya, 1. P. et al. 2014. Innovative land
reclamation technology. Ekologiya proizvodstva, 2(115), pp. 58—68. (In Russ.)

Karlsson, T., Réisédnen, M. L., Lehtonen, M., Alakangas, L. 2018. Comparison of static and mineralogical ARD
prediction methods in the Nordic environment. Environmental Monitoring and Assessment, 190, pp. 719.
DOI: https://doi.org/10.1007/s10661-018-7096-2.

Koivurova, T., Masloboev, V., Hossain, K., Nygaard, V. et al. 2015. Legal protection of Sami traditional
livelihoods from the adverse impacts of mining: A comparison of the level of protection enjoyed by Sami in
their four home states. Arctic Review on Law and Politics, 6(1), pp. 11-51. DOI: https://doi.org/10.17585/
arctic.v6.76.

Konstantinova, N. A., Belkina, O. A., Borovichev, E. A., Davydov, D. A. et al. 2011a. A review of the diversity
of plants, lichens, and cyanoprokaryotes in the protected natural areas of Murmansk Region. Vestnik
Kol'skogo nauchnogo tsentra RAN, 2(5), pp. 63—73. (In Russ.)

Konstantinova, N. A., Belkina, O. A., Borovichev, E. A., Davydov, D. A. et al. 2011b. The research results of
the Flora and Plant Laboratory (PABSI) in the first decade of the 21st century. Vestnik Kol'skogo nauchnogo
tsentra RAN, 2(5), pp. 21-33. (In Russ.)

Korneykova, M. V., Evdokimova, G. A., Myazin, V. A., Redkina, V. V. et al. 2018. Microbiological research in
the Murmansk Region. Trudy Kol'skogo nauchnogo tsentra RAN, 9(9), pp. 87-104. DOI: 10.25702/
KSC.2307-5252.2018.9.9.87-104. (In Russ.)

Kozhin, M. N. 2015. Rare vascular plant species and plant communities of the minerotrophic swamp between
Kandalaksha and Kolvitsa in Murmansk Region. Proceedings of the Karelian Research Centre of the Russian
Academy of Sciences. Biogeography Series, 4, pp. 48—64. DOI: https://doi.org/10.17076/bg9. (In Russ.)

Lebre, E., Corder, G. D., Golev, A. 2017. Sustainable practices in the management of mining waste: A focus on
the mineral resource. Minerals Engineering, 107, pp. 34—42. DOI: https://doi.org/10.1016/j.mineng.2016.12.004.

Lottermoser, B. G. 2011. Recycling, reuse and rehabilitation of mine wastes. Elements, 7(6), pp. 405—410. DOI:
https://doi.org/10.2113/gselements.7.6.405.

Makarov, D. V., Masloboev, V. A., Koshkina, L. B., Sulimenko, L. P. et al. 2018. Studies to substantiate the reduction
of the environmental hazard of mining waste: The main findings and research prospects. Trudy Kol'skogo
nauchnogo tsentra RAN, 9(9), pp. 104-160. DOI: 10.25702/KSC.2307-5252.2018.9.9.104-160. (In Russ.)

Maksimovich, N. G. 2010. The theoretical and applied aspects of the use of geochemical barriers for environmental
protection. Inzhenernaya geologiya, 3, pp. 20-28. (In Russ.)

McDonough, W., Braungart, M., Anastas, P. T., Zimmerman, J. B. 2003. Applying the principle of green engineering
to cradle-to-cradle design. Environmental Science & Technology, 37, pp. 434A—441A.

68



Bectauk MI'TVY. 2020. T. 23, Ne 1. C. 63-71.
DOI: 10.21443/1560-9278-2020-23-1-63-71

Muiioz, P. V., Morales, M. P. O., Letelier, V. G., Mendivil, M. A. G. 2016. Fired clay bricks made by adding
wastes: Assessment of the impact on physical, mechanical and thermal properties. Construction and Building
Materials, 125, pp. 241-252. DOI: https://doi.org/10.1016/j.conbuildmat.2016.08.024.

Nevskaya, M. A., Fedoseev, S. V., Marinina, O. A. 2016. The analysis of the problems of mining waste products
in the mineral resources sector of the Russian Federation. International Journal of Applied Engineering
Research, 11(16), pp. 9018-9025.

Nysten-Haarala, S., Klyuchnikova, E., Helenius, H. 2015. Law and self-regulation — Substitutes or complements
in gaining social acceptance? Resources Policy, 45, pp. 52-64. DOLI: https://doi.org/10.1016/j.resourpol.2015.02.008.

Ponomarenko, T. V., Nevskaya, M. A., Marinina, O. A. 2018. Complex use of mineral resources as a factor of
the competitiveness of mining companies under the conditions of the global economy. International Journal
of Mechanical Engineering and Technology, 9(12), pp. 1215-1223.

Red Data Book of the Murmansk region. 2014. Eds. N. A. Konstantinov et al. Kemerovo. (In Russ.)

Riabova, L., Didyk, V. 2015. Social license to operate for mining companies in the Russian Arctic: Two cases in
the Murmansk Region. ArcticYearbook-2015. URL: http://www.arcticyearbook.com/index.php/briefing-
notes2014/120-social-license-to-operate-for-mining-companies-in-the-russian-arctic-two-cases-in-the-
murmansk-region.

Rodoman, B. V. 1974. Landscape polarization as a means of preserving the biosphere and recreational resources.
In coll. articles Resources, Environment, Resettlement. Moscow, pp. 150—-162. (In Russ.)

Soderholma, K., Soderholma, P., Heleniusb, H., Pettersson, M. 2015. Environmental regulation and competitiveness
in the mining industry: Permitting processes with special focus on Finland, Sweden and Russia. Resources
Policy, 43, pp. 130-142. DOI: https://doi.org/10.1016/j.resourpol.2014.11.008.

Suopajérvi, L., Poelzer, G. A., Ejdemo, T., Klyuchnikova, E. et al. 2016. Social sustainability in northern mining
communities: A study of the European North and Northwest Russia. Resources Policy, 47, pp. 61-68. DOI:
https://doi.org/10.1016/j.resourpol.2015.11.004.

Svetlov, A. V. 2018. A theoretical and experimental substantiation of methods for increasing the recovery of
non-ferrous metals from low-grade copper-nickel ores and anthropogenic mineral resources. Abstract of
Ph.D. dissertation. Moscow. (In Russ.)

Vinogradova, S. N., Masloboev, V. A. 2015. Mining in the traditional territories of the indigenous peoples of the
North: Patterns, challenges, regulatory mechanisms. Arktika: ekonomika i ekologiva, 2(18), pp. 96—103. (In Russ.)

Watling, H. R. 2015. Review of biohydrometallurgical metals extraction from polymetallic mineral resources.
Minerals, 5(1), pp. 1-60. DOLI: https://doi.org/10.3390/min5010001.

Bubdnauorpapuueckuii cnucok

Abrosimova N., Gaskova O., Loshkareva A., Edelev A. [et al.]. Assessment of the acid mine drainage potential
of waste rocks at the Ak-Sug porphyry Cu-Mo deposit // Journal of Geochemical Exploration. 2015.
Vol. 157. P. 1-14. DOI: https://doi.org/10.1016/j.gexplo.2015.05.009.

Baltrénaité E., Lietuvninkas A., Baltrénas P. Biogeochemical and engineered barriers for preventing spread of
contaminants // Environmental Science and Pollution Research. 2018. Vol. 25. P. 5254-5268. DOI:
https://doi.org/10.1007/s11356-017-9539-7.

Boposuues E. A., Iletpos B. H., [letpora O. B., Koponera H. E. Cets OOIIT MypmaHckoii obnacTu: BUepa,
ceronns, 3aBTpa // Apkrtuka u Cesep. 2018. Ne 32. C. 107-120. DOI: https://doi.org/10.17238/issn2221-
2698.2018.32.107.

Chanturiya V., Masloboev V., Makarov D., Nesterov D. [et al.]. Geochemical barriers for environment
protection and recovery of nonferrous metals // Journal of Environmental Science and Health. Part A.
Toxic/Hazardous Substances & Environmental Engineering. 2014. Vol. 49, Iss. 12. P. 1409-1415. DOI:
https://doi.org/10.1080/10934529.2014.928543.

Hcaera JI. T'., CyxapeBa T. A., BopouueB E. A., Yp6anasuutoc I'. [1. [ mp.]. UsydeHne n oxpaHa Ha3eMHBIX
skocucteM Mypmanckoit obnmactu // Tpyasl Konbeckoro nayunoro nentpa PAH. 2018. Ne 9(9). C. 6-33.
(ITpuknanmHas sxonorust Cesepa ; Boim. 6). DOI: 10.25702/KSC.2307-5252.2018.9.9.6-33.

HBanosa JI. A., 'opbaueBa T. T., CiiykoBckas M. B., Kpemenenkas W. I1. [u np.]. MTHHOBaIOHHBIE TEXHOJIOTHA
PeKyJIbTUBALNN HApYIIEHHBIX 3eMellb // Jkonorus npousBoacTsa. 2014. Ne 2(115). C. 58-68.

Karlsson T., Réisinen M. L., Lehtonen M., Alakangas L. Comparison of static and mineralogical ARD
prediction methods in the Nordic environment // Environmental Monitoring and Assessment. 2018. Vol. 190.
P. 719. DOI: https://doi.org/10.1007/s10661-018-7096-2.

Koivurova T., Masloboev V., Hossain K., Nygaard V. [et al.]. Legal protection of Sami traditional livelihoods
from the adverse impacts of mining: A comparison of the level of protection enjoyed by Sami in their four
home states // Arctic Review on Law and Politics. 2015. Vol. 6, No 1. P. 11-51. DOI: https://doi.org/
10.17585/arctic.v6.76.

69



Makapos /I. B. u np. OxpaHna okpyskarolieii cpelibl 1 yCTOHYNBOE pa3BUTHE. ..

Koncrantunosa H. A., benkuna O. A., boposuues E. A., JlaBbiios [I. A. [u ap.]. O630p pazHooOpa3ust pacTeHuUH,
JHIIAAHAKOB ¥ LMAHONPOKAPUOT Ha 0COOO0 OXpaHAEMBIX MPUPOIHBIX TePPUTOPHAX MypMaHCKoOi obiacTH
// Bectank Kombckoro Hayanoro neatpa PAH. 2011a. Ne 2(5). C. 63-73.

Koncrantunosa H. A., benkuna O. A., boposuues E. A., JlabinoB [I. A. [u ap.]. UToru HayuHO-HCCIe10BaTENbCKIX
pabort maboparopuu ¢ops! i pactTutenbHBIX pecypcoB (ITABCH) 3a mepBoe mnecatmierne XXI Beka / BecTank
Konsckoro nayunoro nentpa PAH. 20116. Ne 2(5). C. 21-33.

KopneiikoBa M. B., EBnokumosa I'. A., MszuH B. A., Penpkuna B. B. [u ap.]. MukpoOuonornyeckie uccie10BaHus
B MypmaHckoii obsactu // Tpyast Konbckoro Hayunoro nentpa PAH. 2018. Ne 9 (9). C. 87-104. (ITpuknagnas
skosorust Cesepa ; Boim. 6). DOI: 10.25702/KSC.2307-5252.2018.9.9.87-104.

Koxun M. H. Pexkue Bumbl cocyaMCTBIX pacTeHMil W pacTHUTeNbHble coOOLIecTBA MUHEPOTpodHOro 6ojoTa
mexnay Kanpanakmieit u Konsuieii (Mypmanckast obnacts) // Tpyasl Kapenbsckoro HaydHoro ueHtpa PAH.
Cep. bruoreorpadus. 2015. Ne 4. C. 48—64. DOI: https://doi.org/10.17076/bg9.

Lebre E., Corder G. D., Golev A. Sustainable practices in the management of mining waste: A focus on the
mineral resource // Minerals Engineering. 2017. Vol. 107. P. 34-42. DOI: https://doi.org/10.1016/
j-mineng.2016.12.004.

Lottermoser B. G. Recycling, reuse and rehabilitation of mine wastes // Elements. 2011. Vol. 7, Iss. 6. P. 405—410.
DOI: https://doi.org/10.2113/gselements.7.6.405.

Maxkapos /1. B., Macno6oeB B. A., Komkuna JI. B., Cynumenko JI. I1. [u ap.]. MccnenoBanus mo 000CHOBaHHIO
CHIKEHUS IKOJIOTHYECKOM OMAaCHOCTH OTXOJOB TOPHOMPOMBIIUIEHHOTO KOMILIEKCA: OCHOBHBIE Pe3yJIbTaThl
Y MIepCHeKTHUBbI Hay4YHOTo Hanpasnenus // Tpyasl Kombekoro HayuHoro uentpa PAH. 2018. Ne 9 (9). C. 104-160.
(ITpuknanHas sxonorust Cesepa ; Boim. 6). DOI: 10.25702/KSC.2307-5252.2018.9.9.104-160.

Maxcumorma H. I'. Teopetnueckue n MpUKIIaTHbIEC ACTICKTHI HCTIONB30BAHMS TEOXIMUIECKIX 0aphepoB IS OXPaHbI
okpyxatomieii cpenpl / Umkenepras reonorus. 2010. Ne 3. C. 20-28.

McDonough W., Braungart M., Anastas P. T., Zimmerman J. B. Applying the principle of green engineering to
cradle-to-cradle design // Environmental Science & Technology. 2003. No 37. P. 434A—441A.

Mufioz P. V., Morales M. P. O., Letelier V. G., Mendivil M. A. G. Fired clay bricks made by adding wastes:
Assessment of the impact on physical, mechanical and thermal properties // Construction and Building
Materials. 2016. Vol. 125. P. 241-252. DOI: https://doi.org/10.1016/j.conbuildmat.2016.08.024.

Nevskaya M. A., Fedoseev S. V., Marinina O. A. The analysis of the problems of mining waste products in the
mineral resources sector of the Russian Federation // International Journal of Applied Engineering Research.
2016. Vol. 11, Iss. 16. P. 9018-9025.

Nysten-Haarala S., Klyuchnikova E., Helenius H. Law and self-regulation — Substitutes or complements in
gaining social acceptance? // Resources Policy. 2015. Vol. 45. P. 52-64. DOI: https://doi.org/10.1016/
j-resourpol.2015.02.008.

Ponomarenko T. V., Nevskaya M. A., Marinina O. A. Complex use of mineral resources as a factor of the
competitiveness of mining companies under the conditions of the global economy // International Journal of
Mechanical Engineering and Technology. 2018. Vol. 9, Iss. 12. P. 1215-1223.

Kpacnas kaura Mypmanckoit o6mactu / otB. pen. H. A. Koncranrunosa, A. C. Kopsikun, O. A. Maxkaposa,
B. B. buanku. KemepoBo : A3us-npuHT, 2014. 584 c.

Riabova L., Didyk V. Social license to operate for mining companies in the Russian Arctic: Two cases in the
Murmansk Region // ArcticYearbook-2015. URL: http://www.arcticyearbook.com/index.php/briefing-notes2014/
120-social-license-to-operate-for-mining-companies-in-the-russian-arctic-two-cases-in-the-murmansk-region.

Ponoman Bb. B. INongpuszanus nannmadgra kak cpeACTBO coxXpaHeHUs GMocdepsl U peKpealioHHbIX PecypcoB
// Pecypcel, cpena, paccernerue : ¢0. cT. / otB. pea. M. B. Komap. M. : Hayka, 1974. C. 150-162.

Soderholma K., Séderholma P., Heleniusb H., Pettersson M. Environmental regulation and competitiveness in
the mining industry: Permitting processes with special focus on Finland, Sweden and Russia // Resources
Policy. 2015. Vol. 43. P. 130-142. DOI: https://doi.org/10.1016/j.resourpol.2014.11.008.

Suopajérvi L., Poelzer G. A., Ejdemo T., Klyuchnikova E. [et al.]. Social sustainability in northern mining
communities: A study of the European North and Northwest Russia / Resources Policy. 2016. Vol. 47.
P. 61-68. DOI: https://doi.org/10.1016/j.resourpol.2015.11.004.

CgetnioB A. B. HaydHoe u sKkcriepiMeHTaTbHOE 000CHOBAaHHE METOIOB TIOBBIIICHNS M3BICUEHMS [IBETHBIX METAJIIOB
13 HEKOHIMLMOHHBIX MEJHO-HUKENIEBbIX Pyl U TEXHOT€HHOrO ChIpbS : aBToped. AuC. ... KaHI. TeXH. HayK :
25.00.13.M.,2018.22 c.

Bunorpanosa C. H., Macno6oes B. A. Jlo6bI4a Mosne3HbIX NCKOTIAEMBIX Ha TPaIULMOHHBIX TEPPUTOPHAX KOPEHHBIX
HaponoB CeBepa: 0COOEHHOCTH, NPOOJIEMbI, MEXaHU3MbI PErYJIMPOBaHUS / APKTHKA: S3KOHOMHKA M IKOJIOTHSL.
2015. Ne 2 (18). C. 96-103.

Watling H. R. Review of biohydrometallurgical metals extraction from polymetallic mineral resources // Minerals.
2015. Vol. 5, Iss. 1. P. 1-60. DOI: https://doi.org/10.3390/min5010001.

70



Bectauk MI'TVY. 2020. T. 23, Ne 1. C. 63-71.
DOI: 10.21443/1560-9278-2020-23-1-63-71

Information about the authors

Dmitry V. Makarov — 14a, Akademgorodok Str., Apatity, Murmansk Region, Russia, 184209; Institute
of North Industrial Ecology Problems KSC RAS, Dr of Sci. (Engineering); e-mail: mdv_2008@mail.ru,
ORCID: https://orcid.org/0000-0001-8930-1288

Maxkapos JImutpuii BuktopoBuy — yin. Axagemroponok, 14a, Amarutel, Mypmanckas o6i., Poccust, 184209;
HHuCcTHTyT ipobeM npomeitnieHHo skonmorun Cesepa KHL] PAH, n-p TexH. HayK, TUPEKTOP;
e-mail: mdv_2008@mail.ru, ORCID: https://orcid.org/0000-0001-8930-1288

Evgeny A. Borovichev — 14a, Akademgorodok Str., Apatity, Murmansk Region, Russia, 184209; Institute
of North Industrial Ecology Problems KSC RAS, Cand. of Sci. (Biology), Leading Reseacher;
e-mail: ea_borovichev@mail.ru, ORCID: https://orcid.org/0000-0002-7310-6872

BopoBuyeB EBrenumii AjiekcaHapoBu4 — yi. AKkaneMroponok, 14a, Anatutel, MypmaHnckas o611., Poccus,
184209; MucTuTyT NpobiaeM npomseiuuieHHOi skosniorun Cesepa KHL] PAH, kaHz. 61osn. Hayk, Bell. Hayy.
coTpyaHMK; e-mail: ea_borovichev@mail.ru, ORCID: https://orcid.org/0000-0002-7310-6872

Elena M. Klyuchnikova — 14a, Akademgorodok Str., Apatity, Murmansk Region, Russia, 184209; Institute
of North Industrial Ecology Problems KSC RAS, Cand. of Sci. (Economy), Senior Reseacher;
e-mail: e.klyuchnikova@gmail.com, ORCID: https://orcid.org/0000-0001-6406-495X

KimrounukoBa Esnena MuxaiisioBHa — yi. AkanemMroponok, 14a, Amatutser, MypMaHnckas o011., Poccws,
184209; MucTuTyT npobiem npomeiiuieHHoM 3konorun Cesepa KHL| PAH, kaHn. 5koH. Hayk, CT. Hayd.
cotpynauk; e-mail: e.klyuchnikova@gmail.com, ORCID: https://orcid.org/0000-0001-6406-495X

Vladimir A. Masloboev — 14a, Akademgorodok Str., Apatity, Murmansk Region, Russia, 184209;
Institute of North Industrial Ecology Problems KSC RAS, Dr of Sci. (Engineering), Main Reseacher;
e-mail: masloboev@mail.ru, ORCID: https:// orcid.org/0000-0002-1536-921X

Macno6oeB Bragumup AsiekceeBuY — yi. AkageMroponok, 14a, Anarutsl, MypmaHckas 00:1., Poccus,
184209; MucTutyT npobiem npomsiuuieHHoH sxonorun Cesepa KHL] PAH, n-p TexH. HayK, IJI. Hayy.
COTpyAHMK; e-mail: masloboev@mail.ru, ORCID: https:// orcid.org/0000-0002-1536-921X

71



