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The depth of the soil's horizons profile has an effect on the human health impact score
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The chemical composition of soils reflects the degree of industrial exposure. Cu and Ni concentrations in soils of the «Severonickel» plant vicinity are higher than remote ones. In the impact area, the mean concentration of the heavy metals in the subsoils is 55 [ppm] for Ni and 33 [ppm] for Cu. Soils' chemical composition varies over different mineral horizons. The subsoil layer is the main accumulator of chemical elements, including pollutants. Erosion of the surface layer and technogenic disturbance of the soil profile can lead to subsoil spreading and a significant increase in the human health Impact Score. At the same time, the default IS calculation is focused on the 0.1 [m] depth for all zones. In the paper two factors are considered in the impact modeling modification. The human health Impact Score is calculated specifically for each genetic soil layer with the respective depth of the profile (from 0.05 [m] to 0.2 [m]) and for soils from background and impact areas. The discrepancies between default and modified Impact Scores are observed. In the Impact area, the highest IShum for Ni is 60, for Cu is 5.6 [DALY]; in the Background area, it is 11 and 3.1 [DALY] respectively. The importance of using the regionally modified values in population health impact monitoring is highlighted.

Introduction

The Arctic zone is characterized by extreme natural and climatic conditions, the focal nature of industrial and economic exploration of the territory, low population density, and the vulnerability of nature and public health from industrial activity. The Kola Peninsula is Russian Arctic territory where the wealth of mineral resources has become the basis for the growth of mining and metallurgical industries. At the same time, northern ecosystems are highly sensitive to the intake of technogenic origin chemical elements. Many metal ions are potentially toxic, so it is important to understand their transport and distribution in the environment and the routes through which they may be transferred to humans [START_REF] Spurgeon | Outdoor and indoor cadmium distributions near an abandoned smelting works and their relations to human exposure[END_REF]. Nickel (Ni) and copper (Cu). Ni and Cu are chosen for the research because they are the main pollutants in the North-West of Russia [START_REF] Barsova | Current state and dynamics of heavy metal soil pollution in Russian Federation-A review[END_REF][START_REF] Kyllönen | Trends and source apportionment of atmospheric heavy metals at a subarctic site during 1996-2018[END_REF][START_REF] Moiseenko | Ecosystem and human health assessment to define environmental management strategies: The case of long-term human impacts on an Arctic lake[END_REF][START_REF] Sandimirov | Influence of the service water system at the Kola Nuclear Power Plant on the heavy metals content in Lake Imandra[END_REF]. Exposure to heavy metals can cause a lot of health problems in humans. Long-term exposure is linked to several neurological disorders [START_REF] Alquezar | Heavy metals contaminating the environment of a progressive supranuclear palsy cluster induce tau accumulation and cell death in cultured neurons[END_REF][START_REF] Chin-Chan | Environmental pollutants as risk factors for neurodegenerative disorders: Alzheimer and Parkinson diseases[END_REF]. Therefore, the question of assessing the impact of pollutants on individual elements of ecosystems arises, air, water, soil, including on humans and their health.

Current article is focused on the soil pollution. Soil is a biogeochemical barrier for chemical elements input to ecosystems from the polluted atmosphere. Soil is a depositing medium that accumulates chemical elements. This property becomes especially important under conditions of long-term anthropogenic load [START_REF] Barsova | Current state and dynamics of heavy metal soil pollution in Russian Federation-A review[END_REF]. Soil is a critical repository for numerous deleterious pollutants, thereby serving as a good matrix for assessing the status quo of environmental pollution [START_REF] Doyi | Spatial distribution, accumulation and human health risk assessment of heavy metals in soil and groundwater of the Tano Basin, Ghana[END_REF]. Soils degradation leads to a decrease in their sorption capacity and, consequently, to groundwater contamination with heavy metals [START_REF] Shumilova | The study of sorption processes arsenite-ion by some types of Udmurt republic soil[END_REF]. Heavy metal pollution affects the soil's ecological function [START_REF] Li | Responses of ammonia-oxidizing microorganisms to biochar and compost amendments of heavy metalspolluted soil[END_REF][START_REF] Yuan | A meta-analysis of heavy metals pollution in farmland and urban soils in China over the past 20 years[END_REF]. Heavy metals emanate from a myriad of sources in the environment, including industrial wastes, and particularly in areas of the intersection of enterprises [START_REF] Wuana | Heavy Metals in Contaminated Soils: A Review of Sources, Chemistry, Risks and Best Available Strategies for Remediation[END_REF][START_REF] Zhang | Health risk assessment of heavy metals in agricultural soils and identification of main influencing factors in a typical industrial park in northwest China[END_REF]. Recently a lot of research has been devoted to human health impact assessment of heavy metals in mediums such J o u r n a l P r e -p r o o f as soils, sediment, or dust. Because of their persistence and non-biodegradability, heavy metals can easily accumulate in the environment and could be transferred to plants, living organisms, and groundwaters [START_REF] Alloway | Heavy Metals in Soils[END_REF].

When assessing the pollution of natural environments, the gross value of chemical elements in the components of the natural environment is the most frequently determined indicator (F. [START_REF] Bratec | Spatial Variability of Human Health Impacts: Application to a Biorefinery Process Implementation[END_REF][START_REF] Perminova | Bromine in natural environments of the Tomsk region and its toxicity assessment[END_REF][START_REF] Sharma | Heavy metal pollution: Insights into chromium eco-toxicity and recent advancement in its remediation[END_REF]. Nevertheless, it does not allow a comparative impact assessment between different chemical elements or components of the natural environment. For this reason, many authors now use modern methods and models of the impact and environment geoecological state assessment based on the calculation of the various indexes [START_REF] Liang | Atmospheric mercury footprints of nations[END_REF][START_REF] Makarova | Estimating Chemical Footprint on High-resolution Geospatial Grid[END_REF][START_REF] Zhang | Health risk assessment of heavy metals in agricultural soils and identification of main influencing factors in a typical industrial park in northwest China[END_REF].

In this study, we consider assessing of the human toxicity with calculation of the life cycle impact assessment Impact Score (IS) calculation as the approach to quantify the human health impact (European Commission --Joint Research Centre --Institute for Environment and Sustainability, 2010). The Impact score is calculated using the total mass of the pollutant and the substance specific characterization factor. The characterization factors calculation is taken from the USEtox model.

USEtox is a scientific consensus model for comparative assessment of toxics of goods and services [START_REF] Wu | Review of Life Cycle Impact Assessment (LCIA) Methods and Inventory Databases[END_REF]. USEtox is model endorsed by UNEP's Life Cycle Initiative for characterizing human and ecotoxicological impacts of chemicals [START_REF] Hauschild | Building a Model Based on Scientific Consensus for Life Cycle Impact Assessment of Chemicals: The Search for Harmony and Parsimony[END_REF][START_REF] Rosenbaum | USEtox-the UNEP-SETAC toxicity model: recommended characterisation factors for human toxicity and freshwater ecotoxicity in life cycle impact assessment[END_REF].

The USEtox is specifically focused on the human health and the ecosystems impact assessment (Nordborg et al., 2017).

However, there are a lot of uncertainties connected with the LCIA models, and the USEtox in particular:

1.

The inventory of metals in the model dataset needed to be developed. In the USEtox inorganics are all specified as 'indicative', reflecting the relatively high uncertainty associated with estimates of fate, exposure and effects for this substance group [START_REF] Fantke | USEtox® 2.0[END_REF]. The CFs for metals in the USEtox are classified as interim [START_REF] Pizzol | Impacts of "metals" on human health: A comparison between nine different methodologies for Life Cycle Impact Assessment (LCIA)[END_REF]. Variations in transport properties J o u r n a l P r e -p r o o f for inorganic substances depend in complex ways on a range of media properties. However, there are not local geological information in the model. In the article we propose to reduce this limitation with the analytical results of Ni and Cu concentration in soils of Kola peninsula.

2.

In the USEtox model only the concentration of the pollutant in the surface layer is considered for the Impact Score calculation [START_REF] Fantke | USEtox® 2.0[END_REF]. However, the surface soil layer can be disturbed, or the natural genetic layer can be changed [START_REF] Elsukova | Technogenic transformation of heavy metal streams in soils in regions under influence of copper-nickel production[END_REF][START_REF] Kashulina | Snow and rainchemistry around the "Severonikel" industrial com-plex, NW Russia: Current status and retrospective anal-ysis[END_REF][START_REF] Kashulina | Transformation of the soil organic matter under the extreme pollution by emissions of the Severonikel smelter[END_REF]. The default IS calculation is focused on the 0. Considering all limitations, we can propose following hypothesis, it is necessary to consider local features of the landscape: natural differentiation and technogenic transformation of the soil profile. It allows adjusting the result of the impact assessment on the living organism and adapting it for regional conditions [START_REF] Belyanovskaya | Influence of local geological data and geographical parameters to assess regional health impact in LCA. Tomsk oblast[END_REF][START_REF] Belyanovskaya | A regional approach for the calculation of characteristic toxicity factors using the USEtox model[END_REF][START_REF] Belyanovskaya | The Innovation of the characterisation factor estimation for LCA in the USETOX model[END_REF].

To investigate this hypothesis, we compare soil layers' potential toxicity for human health by calculation of the Impact score. The Impact score is calculated both in the area of influence and in the background area. It emphasizes the combined influence of natural and anthropogenic factors, which demonstrates how in small, contiguous territories there can be a sharp change in IS as a result of the variability of lithogeochemical conditions and the presence of industrial facilities. This approach allows the IS values to be taken as another factor for identifying the zone of impact of industrial enterprises from the perspective of human health impact assessment. To compare the level of impact the background area was chosen as well.

The background zone is remoted from the emission source. Studies of soil chemistry in this area revealed minimal concentrations of nickel and copper [START_REF] Guseva | Features of interaction in the water-rock system: a case study of the Imandra lake catchment (the Kola peninsula)[END_REF][START_REF] Vorobeva | Geochemical characteristics of soils: a case study of territory with a high aerotechnogenic load[END_REF]. It was difficult to locate the background zone farther because of the variable lithogeochemical background and the presence of other large industrial facilities. This approach is in accordance with studies by other authors [START_REF] Opekunova | Environmental condition monitoring in the districts of industrial complex «Severonikel». I. Migration and accumulation of chemical elements in soils in Monchegorsk-city[END_REF].
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Modification of the Impact score calculation allows us to characterize the degree of impact on human health (IShum), combining different methods of assessing the ecological condition of urban areas:

geological approach and impact assessment, which reflect the novelty of the research. On the one hand, studies of the geological characteristics of areas exposed to industrial impact reflect the changes occurring in the natural environment due to technogenesis. On the other hand, the application of a wealth of geological data allows for the expansion of the database of impact assessment models and a more complete assessment of the quality of the natural environment. The application of an interdisciplinary approach is based on the principles of ecogeochemistry, human health, and ecosystem impact assessment.

Study area 1.1 Natural conditions

The Lake Imandra catchment is the central part of the Murmansk region (Figure 1-2). Murmansk region is a constituent entity of the Russian Federation with a total area of 144.900 thousand km 2 , located in the north-west of Russia. Sampling points refer to three administrative units of the Murmansk region: the Apatity, Kirovsk, Mochegorsk catchment areas.

Almost the entire territory lies north of the Polar Circle and is located on the Kola Peninsula. The climate is a temperate cold climate, with average annual precipitation and an annual temperature of 553 mm and -0.8•C, respectively. The prevailing wind direction is from north to south in summer and from south to north in winter.

The eastern part area is occupied by the alkaline Khibiny Massif, and the western part of the territory is a hilly plain with a section of industry-disturbed landscape. The geological structure here is represented by basic and ultrabasic rocks, overlapped by moraine lake-glacial and fluvioglacial J o u r n a l P r e -p r o o f

deposits. The study area as a zone of ores extraction is investigated; the mineralographic map is following (Figure 1). 

Industrial influence

Landscapes of the Kola Peninsula have been already investigated due to the high level of anthropogenic tension [START_REF] Kashulina | Extreme pollution of soils by emissions of the copper-nickel industrial complex in the Kola Peninsula[END_REF][START_REF] Revich | Health risks in "hot spots" from chemical contamination of the Arctic macroregion [Riski zdorov'yu naseleniya v «goryachih tochkah» ot himicheskogo zagryazneniya Arkticheskogo makroregiona[END_REF]. This impact leads to massive air, soil, and water pollution [START_REF] Bazova | Metals and Metalloids in Natural Waters of the Kola North and Their Environmental Hazard [Metally i metalloidy v prirodnyh vodah Kol'skogo severa i ih ekologicheskaya opasnost[END_REF][START_REF] Dauval'ter | Influence of mining and metallurgical enterprises on chemical composition of bottom sediments of Imandra Lake, Murmansk Region [Vliyanie deyatel'nosti gorno-metallurgicheskih predpriyatij na himicheskij sostav donnyh otlozhenij ozera Imandra[END_REF].

The presented results allow us to evaluate the impact of the copper-nickel plant on the chemical composition of the components of the natural environment through the polluted atmosphere.

Emissions in 2016 were Ni 245 t/yr Cu 462 t/yr [START_REF] Barkan | Change of contamination level of organogenic horizon of al-fe-humus podzols with reduction of aerotechnogenic load (Kola Peninsula) [Izmenenie urovnya zagryazneniya organogennogo gorizonta al-fe-gumusovyh podzolov pri umen'shenii aerotekhnogennoj nagruzki[END_REF]. In the zone of impact of copper-nickel factory emissions, atmospheric precipitation contains significant amounts of J o u r n a l P r e -p r o o f pollutants: Ni 262 µg/l, Cu 540 µg/l [START_REF] Evtyugina | Osobennosti formirovaniya sostava infil'tracionnyh vod v usloviyah aerotekhnogennogo zagryazneniya[END_REF]. In surface waters (Ni 46 µg/l, Cu 17 µg/l) concentrations of these elements are significantly higher than in groundwater (Ni 4.9 µg/l, Cu 0.56 µg/l) [START_REF] Evtyugina | Chemical composition of natural waters of contaminated area: The case for the Imandra Lake catchment (the Kola Peninsula)[END_REF]. When atmospheric precipitation infiltrates through the soil, most of the heavy metals are bound in the soil horizons, where they accumulate (Ni 54.99 ppm, Cu 33.26 ppm) (Table 7, Annex). The soil is thus a natural buffer that protects groundwater from aerotechnogenic nickel and copper intrusion. Therefore, the stage of infiltration of atmospheric precipitation through the soil plays a significant role in the chemical composition of groundwater, and soils themselves.

There are extremely high concentrations of Ni and Cu in the organogenic soil horizons and the medium peat layers [START_REF] Kashulina | Extreme pollution of soils by emissions of the copper-nickel industrial complex in the Kola Peninsula[END_REF]. According to the investigation of [START_REF] Koptsik | Efficiency of remediation of technogenic barrens around the "Severonikel" works in the Kola peninsula[END_REF] soils of technogenic wastelands formed under the influence of long-term emissions of Severonickel Combine are acidic, depleted in nutrients, polluted with heavy metals, and badly eroded Natural illuvial humic podzols have lost their upper organogenic and podzolic horizons as a result of erosion and removal of protective vegetation cover. Atmospheric air pollution with SO4, disruption of vegetation cover and changes in the morphological composition of soils increases their ability to accumulate heavy metals [START_REF] Kashulina | Snow and rainchemistry around the "Severonikel" industrial com-plex, NW Russia: Current status and retrospective anal-ysis[END_REF][START_REF] Kashulina | Transformation of the soil organic matter under the extreme pollution by emissions of the Severonikel smelter[END_REF]. Accumulation of Ni and Cu in soils correlates with winter fallouts [START_REF] Kashulina | Extreme pollution of soils by emissions of the copper-nickel industrial complex in the Kola Peninsula[END_REF].

The concentration and the composition of the pollutants in soils correlate with the emission from local industry [START_REF] Barkan | Change of contamination level of organogenic horizon of al-fe-humus podzols with reduction of aerotechnogenic load (Kola Peninsula) [Izmenenie urovnya zagryazneniya organogennogo gorizonta al-fe-gumusovyh podzolov pri umen'shenii aerotekhnogennoj nagruzki[END_REF]. Smelters are one of the largest sources of environmental pollution [START_REF] Opekunova | Bioindication of contamination [Bioindikaciya zagryaznenij[END_REF][START_REF] Opekunova | Bioindikacija zagrjaznenij[END_REF][START_REF] Opekunova | Environmental condition monitoring in the districts of industrial complex «Severonikel». I. Migration and accumulation of chemical elements in soils in Monchegorsk-city[END_REF]. The study is restricted to one of the major industrial enterprises of the Murmansk region. The copper-nickel smelting plant «Severonickel» (The Kola Mining and Metallurgical Company) built in the 1930s is located in Monchegorsk at an altitude of about 123 m. Currently, copper-nickel matte is processed at this site.

The reconstruction of the production in Monchegorsk resulted in a 56.6% reduction in nickel emissions from 2013 [START_REF] Revich | Health risks in "hot spots" from chemical contamination of the Arctic macroregion [Riski zdorov'yu naseleniya v «goryachih tochkah» ot himicheskogo zagryazneniya Arkticheskogo makroregiona[END_REF]. Emissions from The Kola Mining and Metallurgical Company («Severonickel» in Monchegorsk and «Pechenganickel» Nickel-Zapolayrniy) decreased from 1627.1

J o u r n a l P r e -p r o o f tons in 1998 to 348.9 in 2017 for Ni, and from 1062.2 to 486.9 tons for Cu over the same period. A certain indicator of atmospheric air pollution by metals is their content in the surface soil layer (Ettler, 2015a;[START_REF] Evdokimova | Contents and toxicity of heavy metals in soils of the zone affected by aerial emissions from the Severonikel enterprise[END_REF][START_REF] J O U R N A L P R E -P R O O F Evseev | Toxic metals in soils of the Russian North[END_REF]. The content of copper and nickel in Monchegorsk soil exceeds MAC up to 5 times [START_REF] Opekunova | Environmental condition monitoring in the districts of industrial complex «Severonikel». I. Migration and accumulation of chemical elements in soils in Monchegorsk-city[END_REF].

Mixed environmental conditions (natural anomalies and anthropogenic impact) generate the need to assess the impact of the environment on public health.

Materials and methods

Methods of soil sampling

This research paper is focused on Ni and Cu distribution and the impact assessment in soils of the Kola Peninsula, taking into account their concentration in impact and background areas (Figure 2).

Impact areas are normally more polluted than remote areas [START_REF] Ettler | Soil contamination near non-ferrous metal smelters: A review[END_REF]. The background zone was taken 30-50 km from the emission source while observing a decrease in the concentration of the main pollutants (Ni and Cu).

According to the prevailing wind direction, 13 soil sections (0-60 cm) were sampled by layer during the expedition in July 2016 (total number of samples 28). The sampling locations are shown in Figure 2 and Table 2 in the Annex. All the samples we studied were taken at points belonging to the podzol soil type formed in cold areas with a good leaching regime. On the Kola Peninsula, podzols with a low thickness of 15-50 cm are typical. Podzols with higher thicknesses (layer of more than 50 cm) are not widespread (Elkshina and Kupriyanova, 1970).

Podzols are characterized by a differentiated profile (Figure 3) consisting of litter 3-8 cm thick; whitish, lightened due to the removal of coloring iron compounds, and humus of the podzolic or eluvial horizon (topsoil) with a thickness of 2 to 20-30 cm; illuvial horizon (subsoil) of brown or ocher tones, formed as a result of the illuvial accumulation of aluminum-ferruginous-humus complex compounds, gradually turning into the parent rock (substratum) (National Atlas of Soils of the Russian Federation [Nacional'nyj atlas pochv Rossijskoj Federacii], 2011).

Figure 3. Genetic horizon of podzol

Each soil layer plays a particular role in the accumulation processes of pollutants. In the current research, we turn attention in particular to the subsoil. The smaller number of topsoil samples is due to the eroded upper horizons at some sites, and the smaller number of substratum samples is due to the highly cluttered area and the inability to deepen the soil section (Table 1). Thus, the majority of samples are taken from the depth of 0.06-0.2 mthe subsoil. This depth corresponds to the illuvial horizon according to the Russian classification of soils (National Atlas of Soils of the Russian Federation [Nacional'nyj atlas pochv Rossijskoj Federacii], 2011). The subsoil is the main mineral horizon that accumulates inorganic components, coming from the overlying layers [START_REF] Adams | Chemical Factors Affecting Root Growth in Subsoil Horizons of Coastal Plain Soils[END_REF].
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Soils intended for the determination of heavy metals are sampled with tools that do not contain metals.

Soil samples are packed in containers ensuring the preservation of small soil particles (bags made of synthetic film, dense fabric, or water-resistant paper).

Sample preparation and analysis

Chemical analysis and sample preparation was conducted in the Research Laboratory for Hydrogeochemistry (Tomsk Polytechnic University, Tomsk, Russia).

Sample preparation. Soil samples were naturally air-dried in the room prevented chemical pollution.

Debris was removed, and they were then sieved through a sieve (mesh size 1 mm) for later use.

To determine the total metal concentration, a soil sample of 2-3 g was weighed, placed into a PP digestion vessel, and then concentrated HNO3 of high purity at a ratio of 1:10. Sample decomposition is carried out in a microwave oven with a blank sample at 110-115℃ in 5-7 steps for 2 minutes. Then the solution is diluted with 20% HNO3.

Then chemical elements were measured by an inductively coupled plasma mass spectrometer (ICP-MS method) NexION 300D (PerkinElmer, USA).
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Two heavy metals (Ni and Cu) were chosen for the research. These chemicals have similar toxic properties, and they are the main pollutants of the area (Motuzova et al., 2004).

Nickel and its compounds s are toxic and carcinogenic [START_REF] Rabinovitch | To the question about carcinogenic properties of nickel and some of its derivatives[END_REF]. The most common types of health impairment caused by Ni are respiratory, skin and cardiovascular diseases [START_REF] Chashschin | Congenital defects, abortion and other health effects in nickel refinery workers[END_REF]. The increased nickel content in soils leads to endemic diseases: ugly forms appear in plants and in animals; eye diseases are associated with the accumulation of nickel in the cornea [START_REF] Mcilveen | Nickel in the terrestrial environment[END_REF]. The clark of nickel in World soils by Vinogradov is 40 mg/kg [START_REF] Dobrovol | Basics of Biogeochemistry[END_REF]. More recent clark estimates coincide with this value [START_REF] Butovsky | Heavy metals as technogenic chemical pollutants and their toxicity for soil invertebrates[END_REF]. In U.S. soils, Ni clark is much lower than world clark -17 mg/kg [START_REF] Dobrovol | Basics of Biogeochemistry[END_REF].

Nickel enters the soil as a result of fuel combustion and industrial emissions. In soils Ni accumulates strongly in agrodern-podzolic gley soil [START_REF] Vodyanitsky | Heavy metals and metalloids in soils[END_REF].

Copper is the third most used metal in the world ("VCI, Copper history/Future, Van Commodities Inc.," 2011). This metal has dual nature: essential at an optimum level, while toxic at high levels [START_REF] Ameh | The potential exposure and hazards of copper nanoparticles: A review[END_REF]. Cu expresses organophilic properties [START_REF] Mcbride | Reactions Controlling Heavy Metal Solubility in Soils[END_REF]. Сu clark in U.S.

soils coincides with world clark and is equal to 20 mg/kg [START_REF] Dobrovol | Basics of Biogeochemistry[END_REF]. The main source of copper in the soil is copper-nickel smelters [START_REF] Ilyin | Heavy metals in the soil -plant system [Tyazhelye metally v sisteme pochvarastenie[END_REF].

Data processing technique

Descriptive statistics

Descriptive data analysis, including mean, standard deviation (SD), minimum and maximum concentrations, variation coefficient, etc., was carried out. Together with SD, variation coefficient (VC), which is SD/mean, was used to reflect the degree of discrete distribution of different metal element concentrations, and to indicate indirectly the activeness of the selected element in the examined environment. Histograms were also utilized to show the distributions of the metals (Annex, Figure 1).
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The accumulation of Ni and Cu has a similar nature in the research areas, thus for the rank correlation analysis, the whole sampling was used. To calculate the correlation between Ni, Cu, and other heavy metals, the whole sampling variety was taken.

The Impact assessment and Characteristic factors calculation with the USEtox model

General framework

The basics of the USEtox model developed on the Microsoft Excel platform (Figure 1, Annex).

According to the USEtox model, Impact score (IS, Formula 2) -the LCIA impact score for human toxicity is expressed at midpoint level as cancer or non-cancer disease cases and endpoint level as several of disability-adjusted life years [DALY] [START_REF] Fantke | USEtox® 2.0[END_REF]. The LCIA impact score for potential impacts of the chosen elements (Cu, Ni) is calculated using a weighted summation of the released pollutants -Ni and Cu in soils (the mass -M, [kg], Formula 2) and substance specific characterization factors (CF) obtained with the USEtox model (Formula 1).

IS = CF × M x,i

Formula 1. The Impact Score calculation [START_REF] Fantke | USEtox® 2.0[END_REF] Note: CFcharacterization factor, M -the total mass of the element Characterization factors for the potential human health damage [DALY/kg] of Ni (II) and Cu (II) for the geo-zone «Central Asia» is taken from the USEtox model [START_REF] Fantke | USEtox® 2.0[END_REF]) (Annex, Table 1).

The total mass of the element in soils (M) (Formula 2) is calculated according to the formula developed by T. Bratec (F. [START_REF] Bratec | Spatial Variability of Human Health Impacts: Application to a Biorefinery Process Implementation[END_REF]T. Bratec et al., 2019;Perminovaet al., 2017). The total mass of the pollutant is derived from the concentration of the chemical element in soils (Cx,i) in each studied area. This data is obtained analytically with the ICP-MS-geological data.
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M = C x,i × V s × p x 10 6 [kg]
Formula 2. M -total mass of the element calculation (F. [START_REF] Bratec | Spatial Variability of Human Health Impacts: Application to a Biorefinery Process Implementation[END_REF]T. Bratec et al., 2019;[START_REF] Perminova | Bromine in the soils of Tomsk region[END_REF] Note: Cx,imetals concentration in soils; Vs -soils volume; 4) ps -bulk density of soils [kgi/mi 3 ].

Impact score calculation modifications

In the current paper, we present the approach to modify the Impact score calculation. The modification leads to reduce the lack of geological data limitation of the USEtox method. In the USEtox only the topsoils (0.1 [m]) are considered in the CF calculation. In the research paper, we modify the total soils volume calculation with different heights of the soil layer (Formula 3).

V i = h i × S i
Formula 3. The volume of soils calculation

Note: hithe height of soils, [m]; Sithe square footage of the research area, [m 2 ]

Physical parameters of the soils are taken into account. For each studied area, the total volume of soils is considered (Formula 3, Vs [m 3 ]). The volume of soils here represents square footage (Si) of the studied region and the height of the soil's horizon (hi). The bulk density of soils (pi), which is the table value taken from the USEtox documentation [kgsoil/m 3 soil], and Vs is the volume of soils of each considered region [m 3 ].

The areas under research (background and impact areas) belong to 3 administrative units of the Murmansk region: Kirovsk, Apatity, Monchegorsk catchment areas. Different sizes of the regions are taken into account with the square footage parameter (Si) (Annex, Table 2).
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Results and discussions

Statistical analysis results

Analysis of the chemical composition of the mineral horizons of the Kola Peninsula soils shows that the subsoil horizon accumulates the majority of the estimated pollutants (heavy metals, radioactive, and REEs) (Annex, Table 4) in all sampling points. A large number of these pollutants have high concentration coefficients (CC <2;3;5). Maximum CC is also noted in subsoils. The main components of emissions to the environment (Ni, Cu) [START_REF] Opekunova | Environmental condition monitoring in the districts of industrial complex «Severonikel». I. Migration and accumulation of chemical elements in soils in Monchegorsk-city[END_REF] are characterized by a high concentration in all the considered mineral horizons of soils, both in the control and in the zone of influence. On the leeward side 5 km from the mill, there is a decrease in Ni and Cu concentrations (Figure 4-5), these elements accumulate the most. Minimal concentrations of Ni and Cu (CC<1) are noted in soils of the background area, while other heavy metals, radioactive and rare-earth elements in these samples have CC>1. The wide spectrum of element accumulation in soils of the Kola Peninsula in points distant directly from the production site is explained by its mixed geoecological situation. Data analysis demonstrates the difficult ecological and geochemical situation in the study area. Opekunova et al. [START_REF] Opekunova | Environmental condition monitoring in the districts of industrial complex «Severonikel». I. Migration and accumulation of chemical elements in soils in Monchegorsk-city[END_REF] also revealed the content of a group of heavy metals in soils in the vicinity of Monchegorsk. Since this work is devoted to the accumulation of heavy metals, further attention in the work is focused on this group of chemical elements.

The wide range of accumulation of heavy metals in the soils of the Kola Peninsula is also characterized by the presence of significant correlations between them. Heavy metals in general and

Ni and Cu as the main industrial pollutants of the research area have close chemical properties and correlate in the soil (Figure 6). There is the strongest positive correlation between Cu and Ni (Spearman rank correlation coefficient p0.05=0.9), (Annex, Figure 2). Heavy metals (Cr, Cd, Co) have significant positive correlations with Cu and Ni. These elements according to factor loading analysis are under the influence of one factor (Annex, Figure 3). Due to the absence of the other deposition, but Cu and Ni in the area, the main factor affecting the whole group of the heavy metals is probably industrial.

In the following diagram (Figure 6), we observe the graphical expression of the Ni-Cu correlation.

The strong positive correlation of these metals can be explained by the same source of accumulation as well as their chemical mechanisms. There is probably a mix of the industrial specificities of the area supports and the natural sources.

J o u r n a l P r e -p r o o f According to the Mann-Whitney U test (Annex, Table 5); the averages of the compared sampling varieties (Ni and Cu in soil background and impact zones) have a significant difference (Table 2).

The values of Ni and Cu in two investigated areas were compared, therefore.

Descriptive statistics of Ni and Cu concentrations in soils are presented for impact and background areas in Table 2. The average concentration of Ni varies from 24.24 -88.17 [ppm] in the Impact area, and from 3.34 to 12.62 [ppm] in the background; Cu concentrations are in the gap from 14.17 to 60.66

[ppm] in the Impact and 6. 76 -24.60 [ppm] in the background. For further comparison, the arithmetical means were taken to avoid the underestimation of the results and to show the local anomalies of the metal accumulation. [START_REF] Taylor | The continental crust: its composition and evolution[END_REF] The leading role of the anthropogenic nature of the heavy metal accumulations in the soils of the impact area is supported in the Table 2. First, the mean concentrations of Ni -Cu by soil profile for impact areas significantly over their concentration in soils of the background area. Ni arithmetic mean concentration in soil impact areas is nearly 6 times higher than the background value. Whereas Cu is approximately 3 times. The composition of the industrial pollution of the ecosystem from the «Severonickel» vicinity includes Cu2S, CuFeS2, (Ni, Fe)9S8, metallic Ni, and Cu [START_REF] Barkan | Soil Pollution with Nickel and Cu-prum Caused by the Industrial Source (Metallurgical Dust) [Zagryaznenie pochvy nikelem i medyu ot promyshlennogo istochnika metallur-gicheskikh pyley[END_REF]. Thus, pollutant composition is reflected in the high concentration of heavy metals in soils. The mean values of Ni-Cu in the plant vicinity increase the continental crust as well [START_REF] Taylor | The continental crust: its composition and evolution[END_REF], at the same time values of the conditionally clean area is lower than literature data.

The anthropogenic origin of the pollution is supported by the fact that one of the largest industrial enterprises in the Murmansk region is located in the study area [START_REF] Sandimirov | Influence of the service water system at the Kola Nuclear Power Plant on the heavy metals content in Lake Imandra[END_REF].

J o u r n a l P r e -p r o o f

The background soils exceeding the maximum permitted concentration of the heavy metals in soils are probably polluted too. Unlike the impact area, where the depositions of Ni and Cu are reported (Figure 1) soils of the conditionally clean area have no natural occurrence of these metals. At the same time wind destination is the main factor in the pollutants spread.

The intensive pollution of the area with heavy metals reported by many [START_REF] J O U R N A L P R E -P R O O F Evseev | Toxic metals in soils of the Russian North[END_REF][START_REF] Kashulina | Extreme pollution of soils by emissions of the copper-nickel industrial complex in the Kola Peninsula[END_REF][START_REF] Kyllönen | Trends and source apportionment of atmospheric heavy metals at a subarctic site during 1996-2018[END_REF][START_REF] Liisa | Mobility and retention of heavy metals, arsenic and sulphur in podzols at eight locations in northern Finland and Norway and the western half of the Russian Kola Peninsula[END_REF] and significant level of the pollution leads us to propose the anthropogenic nature of their accumulation and distribution.

We assume that the industrial intake of Cu and Ni corresponds to the general trend of their concentration. In this case, the spatial distribution from the source of pollution should be investigated.

Therefore, the variation of the heavy metals accumulation in different sampling points is observed.

As we can see the distance from the source of pollution is a critical parameter of any environmental monitoring. Data represented in the table was also compared according to the sampling point (background: clean area). The graphical interpretation of the obtained results demonstrates the main trends of the distribution of heavy metals in the vicinity of the industrial plants (Figure 45).

We observe that Ni and Cu follow the same distribution trend. We see that the majority of the soils taken in the zones far from the source of the industrial pollution contain lower concentrations of both metals.

As we can see from the wind direction vector, the climate of the research area determines the equal influence of wind transfer. At the same time, zones of landscape degradation reflect the main wind destination (Figure 2) and the pollution flow too. Thus, the sampling point 5 km (point N 12, Annex,

Table 3) away from the source of the contamination is placed in the Impact area but from the leeward.

Consequently, we observe the reduction of Ni and Cu concentrations at this point.

Massive intake of the pollutants is usually characterized by the heterogeneity of their accumulation, with the consequent augmentation of the concentration coefficient. Here, we see that the concentration of Ni and Cu calculated for soils from the background vary less than for the impact J o u r n a l P r e -p r o o f area. This can be explained by the multiple inputs (pollution and natural deposition) of those chemicals in the anthropogenic loaded area.

Accumulation of heavy metals is also changed by the genetic characteristics of the soil's horizons.

Investigated in the current paper «B» horizon of soils or «subsoil» are normally covered with the litter and top-soils and less contaminated [START_REF] Elsukova | Technogenic transformation of heavy metal streams in soils in regions under influence of copper-nickel production[END_REF]. However, leaning on the obtained results subsoil horizons of the Imandra lake vicinity are also polluted. Pollutants migrate from the surface layer to the deeper horizons. Similar processes are noted in zones of industrial vicinity by other authors [START_REF] Kim | Distribution and extent of heavy metal(loid) contamination in agricultural soils as affected by industrial activity[END_REF].

The accumulation capability of the deeper soil layers highlights the necessity of their investigation as a possible source of pollution. The results of our studies show that soils of the Kola Peninsula accumulate a significant value of Cu and Ni, in the impact and background areas, which poses a potential threat to human health. In this regard, it is necessary to assess the toxicity of individual elements for the human body.

Human health impact assessment

Site-specific characteristics of the researched areas (as maternal rock composition) and massive environmental pollution of the area with Ni and Cu determine negative conditions for the population health in the area.

To simplify the reading of the resulting charts, we repeat the sampling map below (Figure 10).

We observe 2 trends in the obtained results:

1)

The trend of Ni and Cu gross values (concentrations) distribution correlates with the IS values.

The first mineral horizon (topsoils) shows the lowest element's concentrations (Annex, Table 3). It is logical to assume that IS of the surface layer will be the lowest one. We conclude, that scoping the "active" layer only (0.1 [m]) [START_REF] De Souza | Assessment of risk to human health from simultaneous exposure to multiple contaminants in an artisanal gold mine in Serra Pelada, Pará, Brazil[END_REF], when heavy metals vary greatly depending on the local properties of the soil considered [START_REF] Hellweg | Site-dependent fate assessment in LCA: transport of heavy metals in soil[END_REF][START_REF] Stoessel | Assessing the environmental impacts of soil compaction in Life Cycle Assessment[END_REF], can lead to an J o u r n a l P r e -p r o o f underestimation of the negative influence on the population health. Local data propose an approach to counteract over-and underestimation of metal toxicity in the default USEtox assessment [START_REF] Hedberg | Improving the Life Cycle Impact Assessment of Metal Ecotoxicity: Importance of Chromium Speciation, Water Chemistry, and Metal Release[END_REF]. Despite the fact that USEtox model succeeds in mimicking the results of the spatially differentiated model [START_REF] Kounina | Spatial analysis of toxic emissions in LCA: A sub-continental nested USEtox model with freshwater archetypes[END_REF], soil parameters as thickness of the topsoil layer, or linking soils with subsoil [START_REF] Karim | Regionalized aquatic ecotoxicity characterization factor for zinc emitted to soil accounting for speciation and the transfer through groundwater[END_REF]) should be considered.

2)

When heavy metals concentrations depend on the soil profile properties, consequent variation between default and modified IS values is observed. That supports the hypothesis that consideration of specific features of the soil profile-such as erosion of the upper horizons significantly changes the results of the human health impact assessment. Obtained results show that the distribution of elements in soil profiles is characterized by an increase in Cu, Ni content with depth. Thus, dusting of the topsoil horizons can be considered as specific geographic conditions of the studied area. Models should be adapted and parameterized for different local conditions [START_REF] Gentil | Challenges and ways forward in pesticide emission and toxicity characterization modeling for tropical conditions[END_REF].

J o u r n a l P r e -p r o o f Specific geographic conditions of the studied area do not allow the calculation of the standard height of the soil horizon to be done. Due to the geographical conditions in the vicinity of Lake Imandra low power podzols with poorly developed humus layer and litter are formed. These soils due to their depth of ~0. 1 [m] may correspond to the B horizon, which accumulates the main mass of chemical elements.

Also, the topsoils can be disturbed by industrial activity and intensive environmental pollution, that leads to subsoils scalping (Wu et al., 2020;[START_REF] Yu | Analysis of the spatial relationship between heavy metals in soil and human activities based on landscape geochemical interpretation[END_REF]. Soils from the deeper horizons can be spread with the wind flow and consequently affect the local population. Environmental fate of the pollutants as their distribution through the soil horizon should be connected with the human toxicity assessment [START_REF] Núñez | A Regionalised Life Cycle Assessment Model to Globally Assess the Environmental Implications of Soil Salinization in Irrigated Agriculture[END_REF]. It is important to admit the geological and ecological characteristics of the region in the impact assessment process. For example, for further impact assessment research such site-specific characterization as landscape conditions or their technogenic disruption.

J o u r n a l P r e -p r o o f

Conclusion

Studies of heavy metal pollution in the Kola Peninsula are relevant, in terms of assessing the state of the environment and in terms of the impact on public health. Pollution of the surroundings of Severonickel Plant by heavy metals is undeniable and is emphasized both by this work and by other authors [START_REF] Bazova | Metals and Metalloids in Natural Waters of the Kola North and Their Environmental Hazard [Metally i metalloidy v prirodnyh vodah Kol'skogo severa i ih ekologicheskaya opasnost[END_REF][START_REF] J O U R N A L P R E -P R O O F Evseev | Toxic metals in soils of the Russian North[END_REF][START_REF] Kashulina | Monitoring of soil contamination with heavy metals in the vicinity of a copper-nickel plant on the Kola Peninsula [Monitoring zagryazneniya pochv tyazhelymi J o u r n a l P r e -p r o o f metallami v okrestnostyah medno-nikelevogo predpriyatiya na Kol'skom poluostrove[END_REF][START_REF] Kyllönen | Trends and source apportionment of atmospheric heavy metals at a subarctic site during 1996-2018[END_REF][START_REF] Liisa | Mobility and retention of heavy metals, arsenic and sulphur in podzols at eight locations in northern Finland and Norway and the western half of the Russian Kola Peninsula[END_REF].

The results of our work demonstrate a wide range of accumulation of chemical elements in the subsoil horizon, both in the area adjacent to the plant and in the conditional background area. J o u r n a l P r e -p r o o f 
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  1 [m] depth for all zones. We extend the model dataset leaning on media properties as different soils profile horizons (from 0.05 [m] to 0.2 [m]).

Table 1 .

 1 Soil horizons collected for the investigation Sampling was carried out taking into account the local features of the structure of the soil profile: by in accordance with the genetic horizons, but not evenly spaced in depth. Some samples taken at the same depth belong to different genetic horizons (Annex, Table

	N	Soil layer	Depth [m]	Quantity of samples
	1	Topsoil	0.06-0.08	6
	2	Subsoil	0.06-0.2	16
	3	Substratum	0.2-0.3	5

Table 2 .

 2 Descriptive statistics

	J o u r n a l P r e -p r o o f

Note: meanarithmetical mean [ppm], SE -Standard error, SDstandard deviation, CVvariation coefficient [%], * S.R. Taylor, S.M. McLennan, 1985average concentration of Ni and Cu in the upper continental crust

Table 1 .

 1 Characterization factors for the potential human health damages, CF [DALY/kg]

	CF hum		Ni (II)	Cu (II)
	Nat.soilC	9.0E-07	1.2E-07
	Table 2. Square of sampling areas	
	N	Sampling area		S [km 2 ]	Sampling points
	1	Apatity catchment area		2500	1, 13
	2	Monchegorsk catchment area	3400	5, 6, 7, 12, 8, 9, 10, 2
	3	Kirovsk catchment area	3600	4, 3

Table 3 .

 3 Ni and Cu gross values and calculation results of IS

Table 4 .

 4 The concentration coefficient (normalized to the mean of the sampling variety) of chemical 23 elements in soils of the Impact area (a), and the Background area (b)

	24	
		Concentration coefficient
	N	В
	А2	С
	В1	В2
		The Impact area

Table 7 .

 7 Ni and Cu emissions in the studied area
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	32			
	Area Element	Impact area Ni Cu	Background Ni Cu	References
	Emission, ton/year 245	462		(Barkan and Lyanguzova,
					2018)
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• The genetic soil profile of the Severonickel» plant vicinity is characterized with eroded upper horizons;

• The subsoil horizon accumulates the majority of the estimated pollutants;

• Human health Impact Scores for arctic soils increase in the subsoil horizon;

• The depth of the soil's horizons profile is a critical parameter for the human health impact score calculation.
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