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For the Russian regions, on average, deposition is 
higher in spring (except, the Arkhangelsk and Nenets 
regions), and it is lower in summer and winter. 

The maximum total deposition is observed for the 

northern, central, and southern territories of Finland in 
spring, autumn and winter, respectively. For Sweden, it 
occurs in autumn. For the northernmost part of Norway 
it takes place in spring, and for other territories – in 
autumn. For Russia, the largest maxima are linked with 
spring and autumn for the territories southerly and 

easterly of the Severonikel smelters, respectively. 

 

Figure 2. Seasonal individual loadings for population (in kg/person) 

from deposited sulphates resulted from the Severonikel smelters 
continuous emissions (mild scenario; * - location of the Severonikel 

plant):  (a) spring, (b) summer, (c) autumn, and (d) winter. 
 

The yearly individual loading can be up to 120 
kg/person for the most populated urban areas of the 
Murmansk region. For bordering territories with this 

region such loadings are less than 5 kg/person for 
territories of the eastern Finland, Karelia Republic, and 
Arkhangelsk region; and not greater than 15 kg/person 
– for the Finnmark county of Norway. There exists 

seasonal variability (with lowest loadings in summer), 
which is less pronounced for the Scandinavian 
countries. The percentage contribution into such 
loading is higher in winter-spring for Russia (in sum 
85%), in spring for Norway (34%), in autumn for 
Finland and Sweden (32 and 41%, respectively). The 

yearly collective loading is the highest (2403 tonnes) 
for the Murmansk region. Both the Karelia Republic and 
Arkhangelsk region have the second largest loadings 
(83 and 77 t). For populated territories of the bordering 
countries with the Murmansk region such loadings are 
140.4, 13, and 10.7 t for Finland, Norway and Sweden, 

correspondingly. 

The results of this study are applicable for (i) 
evaluation of risks, vulnerability, and short- and long-
term consequences due to airborne pollution on 
population, environment, and ecosystems; (ii) complex 
human health impact assessments taking into account 
social, economical, and other factors; (iii) support of 
decision-makers, adjustment of legislation at regional 

levels, control pollution exceedances; planning 
preventive measures, mitigation scenarios, etc. 
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During the last decades the enterprises of various risks 

(nuclear, chemical, biological, etc.) are under permanent 
and critical view from the society. Large Russian 

industrial major enterprises such as the Norilsk Nickel, 
Pechenganikel and Severonikel are sources of continuous 
emissions (www.nornickel.com, www.kolagmk.ru). The 
investigation of impact on population of different regions 
(Figs 1-2) due to continuous emissions of sulphates from 
the Severonickel Cu-Ni smelters (city of Monchegorsk, 
Murmansk region, Russia) was performed employing the 

Lagrangian long-range transport model DERMA 
(Sorensen, 1998; Baklanov et al., 2008) in a long-term 
simulation mode and applying GIS tools for integrating 
and analysis of modeling results (Mahura et al., 2018). 
It was found that over the model domain (covering 
Northern Hemisphere starting at 10°N) on annual scale, 

daily dry deposition is about 6 t with the highest (10 t) - 
in September. The wet deposition is 23 t (maximum 50 t 
- in February), and it is dominating in the total 
deposition. On average, about 33% of the emissions 
could be deposited on the surface during 10 days of the 
atmospheric transport from the smelters with the highest 
(65%) and lowest (14%) deposited amounts observed in 

February and July, respectively. 

 

Figure 1. Geographical boundaries of administrative units (regions, 

provinces, counties, etc.) and population density (in persons per km2).  
 

The Murmansk region, where the smelters are located, is 
the most impacted, followed by the Karelia Republic and 
Arkhangelsk region (with the total deposition more than 
order of magnitude lower compared with the Murmansk 

region). Among administrative units of the Scandinavian 

countries, Lapland (Finland), Norrbotten (Sweden) and 
Finnmark (Norway) have the highest depositions. On 
average, it is higher in autumn for all three Scandinavian 
countries; and lower in summer (for Finland) and winter 
(for Norway). 
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