
Environmental Pollution 26

Vladimir N. Bashkin
 Editor 

Biogeochemical 
Technologies 
for Managing 
Pollution in Polar 
Ecosystems



   Environmental Pollution    

Volume 26

 Series Editor

J. Trevors
School of Environmental Sciences, University of Guelph, Ontario, Canada 



       Vladimir N.   Bashkin     
 Editor 

 Biogeochemical 
Technologies for Managing 
Pollution in Polar 
Ecosystems                     



       ISSN 1566-0745       ISSN 2215-1702 (electronic) 
   Environmental Pollution  
 ISBN 978-3-319-41804-9      ISBN 978-3-319-41805-6 (eBook) 
 DOI 10.1007/978-3-319-41805-6 

 Library of Congress Control Number: 2016949381 

 © Springer International Publishing Switzerland   2017 
 This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of 
the material is concerned, specifi cally the rights of translation, reprinting, reuse of illustrations, recitation, 
broadcasting, reproduction on microfi lms or in any other physical way, and transmission or information 
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology 
now known or hereafter developed. 
 The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication 
does not imply, even in the absence of a specifi c statement, that such names are exempt from the relevant 
protective laws and regulations and therefore free for general use. 
 The publisher, the authors and the editors are safe to assume that the advice and information in this book 
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the 
editors give a warranty, express or implied, with respect to the material contained herein or for any errors 
or omissions that may have been made. 

 Printed on acid-free paper 

   This Springer imprint is published by Springer Nature  
 The registered company is Springer International Publishing AG Switzerland 
   The registered company address is:    Gewerbestrasse 11, 6330 Cham, Switzerland 

 Editor 
   Vladimir N.   Bashkin    
  Institute of Physicochemical and Biological 

Problems of Soil Science RAS   
    Pushchino, Moscow Region  
 Russian Federation   

  Institute of Natural Gases and Gas 
Technologies—Gazprom VNIIGAZ LLC

Razvilka, Moscow Region   
      Russian Federation   



v

   Introductory Paper: Biogeochemical Technologies 
for Managing Pollution in Polar Ecosystems ................................................  1   
    Vladimir   N.   Bashkin    

  Part I  Monitoring of Environmental Pollution in Gas 
Industry Impacted Ecosystems    

    Natural Biogeochemical Cycling in Polar Ecosystems ................................  7   
    Vladimir   N.   Bashkin    

    Gas Industry Impacts on Natural Ecosystems .............................................  19   
    Vladimir   N.   Bashkin    ,     Rauf   V.   Galiulin    ,     Pavel   A.   Barsukov    , 
and     Anatoly   K.   Arabsky    

    Modern Biogeochemical Cycling in Gas Industry Impacted Areas ...........  35   
    Vladimir   N.   Bashkin    ,     Pavel   A.   Barsukov    , and     Anatoly   K.   Arabsky    

    Emission of Carbon Dioxide and Methane in Gas 
Industry Impacted Ecosystems ......................................................................  65   
    Vladimir   N.   Bashkin     and     Pavel   A.   Barsukov    

    Specifi c Reaction of Biota to Environmental Pollution 
in Tundra Ecosystems .....................................................................................  73   
    Vladimir   N.   Bashkin    ,     Pavel   A.   Barsukov    , and     Anatoly   K.   Arabsky    

    Biota Monitoring in the Impacted Zones of Oil and Gas 
Industry in the Arctic Region ........................................................................  87   
    Olga   P.   Trubitsina    

    Climate Cycling and Modeling in Polar Areas .............................................  95   
    Vladimir   N.   Bashkin     and     Rauf   V.   Galiulin    

  Contents 



vi

    Part II Geo-environmental Risk Assessment    

    Evaluation of Geo-Environmental Risks in the Impacted 
Zones of Oil and Gas Industry in the Russian Arctic ..................................  109   
    Vladimir   N.   Bashkin    ,     Olga   P.   Trubitsina    , and     Irina   V.   Priputina    

    Biogeochemical Cycling and SMB Model to Assess Critical 
Loads of Nitrogen and Acidity for Terrestrial Ecosystems 
in the Russian Arctic .......................................................................................  117   
    Irina   V.   Priputina    ,     Vladimir   N.   Bashkin    , and     Arina   V.   Tankanag    

    Possible Indicators for Assessing Geo- Environmental 
Risk in Polar Ecosystems of the Yamal Peninsula in Relation 
to Pollutant Emission During Gas Production .............................................  131   
    Vladimir   N.   Bashkin    ,     Irina   V.   Priputina    , and     Arina   V.   Tankanag    

    Analysis of Geoecological Risks and Ratings as a Factor 
of Improving Investment Attractiveness of Enterprises ..............................  141   
    Olga   P.   Trubitsina     and     Vladimir   N.   Bashkin    

    Part III  New Environmentally Oriented Biogeochemical 
Technologies for Managing Risk of Environmental 
Pollution in Gas Production Areas    

    Biogeochemical Engineering and Development 
of Biogeochemical Technologies .....................................................................  151   
    Vladimir   N.   Bashkin    

    Biogeochemical Standards for Environmental Managing 
Polar Ecosystems .............................................................................................  155   
    Vladimir   N.   Bashkin     and     Irina   V.   Priputina    

    Biogeochemical Approaches for Managing Geoenvironmental 
Risk of Hydrocarbons Pollution in Disturbed Soils .....................................  185   
    Rauf   V.   Galiulin     and     Vladimir   N.   Bashkin    

    Biogeochemical Technology for Monitoring of Cleaning 
of Soil Polluted by Gas Condensate and Neutralization 
of Its Sludge by Means of Enzyme Activity Analysis ...................................  193   
    Rauf   V.   Galiulin    ,     Vladimir   N.   Bashkin    , and     Rosa   A.   Galiulina    

    Biogeochemical Control of Peat-Based Recultivation 
Process of Disturbed Tundra Soils Varying in Granulometric 
Composition and Full Moisture Capacity .....................................................  201   
    Rauf   V.   Galiulin    ,     Vladimir   N.   Bashkin    , and     Rosa   A.   Galiulina    

    Biogeochemical Technology for Disturbed Tundra Soils 
Recultivation by Peat and Potassium Humate Application ........................  211   
    Vladimir   N.   Bashkin    ,     Rauf   V.   Galiulin    ,     Andrey   O.   Alekseev    , 
    Rosa   A.   Galiulina    , and     Anastasia   N.   Maltseva       

Contents



1© Springer International Publishing Switzerland 2017 
V.N. Bashkin (ed.), Biogeochemical Technologies for Managing Pollution in Polar 
Ecosystems, Environmental Pollution 26, DOI 10.1007/978-3-319-41805-6_1

      Introductory Paper: Biogeochemical 
Technologies for Managing Pollution in Polar 
Ecosystems                     

      Vladimir     N.     Bashkin    

    Abstract     This paper presents the editor’s introductory words for the set of chapters 
devoted to gas industry impacts on polar ecosystems and environmental risk man-
agement. Special attention is provided to developing biogeochemical technologies 
for managing pollution in these ecosystems.  

  Keywords     Gas industry impact   •   Environmental pollution   •   Polar ecosystems   • 
  Biogeochemical technologies  

   Increasing anthropogenic impact on the environment at local, regional and global 
levels requires understanding the mechanisms that determine the stability of the 
biosphere and its major components. The ideas of the founder of biogeochemistry 
V.I. Vernadsky about the universal versatility of biogeochemical cycles that deter-
mine the exchange of chemical elements between organisms and their environment 
on the Earth’s surface have become very productive in this priority educational and 
scientifi c discipline. Biogeochemical cycling defi nes the role assigned to the biota 
in the global biological and geological activity, which gradually change the compo-
nents of the biosphere. However, the environment forces as well to evolve living 
organisms. The quantitative parameterization of multi-scale local, regional and 
global biogeochemical changes due to natural and anthropogenic impacts seems to 
be one of the fundamental branches of modern science. 

 The production of hydrocarbons in the Far North, as with other types of economic 
activity, is accompanied by changes in the natural environment. The scope and nature 
of these changes depend on the intensity and specifi cs of ongoing impacts, determin-
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ing the local and regional pollution levels, this or that industrial (or secondary) geo-
ecological situation and the relevant geo-ecological conditions in areas of development 
of deposits. For example, from the resilience of soils to thaw, as defi ned by species of 
vegetation, and in turn, by emissions of nitrogen species, which are both very impor-
tant nutrients and pollutants, depends on the successful exploitation of technological 
equipment and infrastructure of gas and oil industry. 

 These criteria are largely determined by the stability of the biogeochemical 
structure of the Arctic ecosystems in the impacted zones of the enterprises of the gas 
and oil industry. Specifi c emissions of different gaseous compounds during extrac-
tion, preparation, transportation and processing of natural gas and associated com-
ponents are the main reason of changes, which occur in biogeochemical cycles of 
carbon and nitrogen. This means, accordingly, that the anthropogenic load of these 
elements should be limited in the ranges of natural variations of different links of 
biogeochemical trophic chains of these cycles without irreversible changes. 

 It is shown that many of the changes in biogeochemical cycles of various ele-
ments occur in a narrow boundary zones between natural and anthropogenic eco-
systems. These areas can be regarded as a kind of biogeochemical barriers of 
changing migration fl ows and ultimately determine the overall biogeochemical 
structure of the adjacent landscape. As a generalized example of the border zone can 
be the area between gas industry impacted ecosystems and natural ecosystems. The 
known environmental idea of the ecotone or “angle fi lter” can be referred to for 
understanding the boundary conditions in the articulation of their biogeochemical 
structure. You can offer the concept of ecotone to the biogeochemical characteris-
tics of these territories. The huge variability of different boundary areas for the 
global biosphere requires the combined efforts of specialists in the fi eld of biogeo-
chemistry and systems ecology. 

 Modeling the dynamics of nitrogen and carbon in the impacted zones of the 
enterprises of the gas industry in Polar region allows for the analysis of the dynam-
ics and variability of parameters of biogeochemical cycles of nitrogen and carbon in 
polar ecosystems for the development of technologies of risk management. It will 
allow to regulate in these areas the vegetation cover and to maintain its protective 
properties to limit the process of thawing of soils in the areas of extraction of hydro-
carbons (natural gas, gas condensate and oil). 

 On the basis of quantitative parameterization of biogeochemical cycles of vari-
ous elements in the impacted arctic and tundra ecosystems may be offered various 
criteria for management and sustainable development of the environment. The cri-
teria of evaluation of the existing geoecological situation should include indicators 
refl ecting the likelihood of occurrence and the signifi cance of its potential adverse 
changes. These criteria include risk indicators, calculated using the international 
methodology of critical loads and the data on the volume of emissions, primarily 
nitrogen oxides, since these connections determine the probability of eutrophic and 
acidifying effects in the given impacted ecosystem. 

 For Polar region is also very important the development of biogeochemical 
norms and standards that is new, but is already actively used as a method of 
 environmental regulation. Among these standards are the critical loads of various 
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pollutants on terrestrial and aquatic ecosystems. Critical loads are used as offi cially 
accepted standards in a number of international conventions in Europe to limit 
emissions of acidifying and eutrophic sulfur and nitrogen compounds, heavy metals 
and persistent organic compounds. The development of new regional and national 
environmental standards is an important political, economic, medical and social 
direction of scientifi c research in biogeochemistry. Especially needed are studies of 
the impacted zones of the gas industry, both in terrestrial ecosystems, in particular 
in tundra and forest-tundra and marine ecosystems of the polar seas. 

 Thus, the study of biogeochemical indicators in gas industry impacted polar eco-
systems in the Northern regions, including the simulation of risk processes and 
calculation of critical loads of pollutants, allows us to simulate the behavior of key 
elements (nitrogen, carbon) in biogeochemical cycles. This, in turn, can be used in 
the development and use of biogeochemical technologies, for example, for reculti-
vation of disturbed areas, calculation of geo-ecological risk indicators and for devel-
oping techniques to manage this risk in different geo-ecological situations owing to 
environmental pollution. 

 Accordingly, this issue of Environmental Pollution Series (edited Volume) is 
devoted to one of the hottest topics of modern environmental science, i.e. to the 
environmental risk management in gas industry impacted polar ecosystems based 
on an alteration of biogeochemical structure of polar ecosystems where at present 
the most part of natural gas production is developing both in Russia and in many 
other countries. Being founded on the fi eld monitoring of various parameters of 
biogeochemical cycles of polar ecosystems the authors suggest new biogeochemi-
cal technologies for assessing and managing environmental risk including ecologi-
cal indicators of impacted ecosystems in severe climatic conditions. Some key 
papers focus on the biogeochemical monitoring of environmental pollution and 
assessing approaches to pollution risk managing at Gazprom Dobycha Yamburg 
LLC, the main Gazprom production subsidiary. 

 Accordingly, I would like to emphasize my main idea of writing this volume—this 
is to share our experience in estimating gas industry impacts on polar ecosystems and 
it seems to me that the Russian experience is quite unique due to the gas production 
development in this area for a long time. Of course, the authors of this volume, both 
experienced and young researchers, are from different companies and institutions of 
Russia, such as Gazprom Dobycha Yamburg, Gazprom R&D Institute of Natural 
Gases and Gas Technologies, Institute of Physicochemical and Biological Problems 
of Soil Sciences RAS, Institute of Basic Biological Problems RAS, Lomonosov 
Arctic Federal University, Institute of Soil Science and Agrochemistry Siberian 
branch of RAS, and I appreciate greatly their contributions to the given volume. 

 Finally, I think we are in position to present the comprehensive picture of sug-
gested topic. 

 Hopefully, this issue is meant for a wide range of scientists, specialists and prac-
titioners in ecological science, biogeochemistry and energy sector and may be quite 
useful to undergraduate and postgraduate students and masters, who study the fun-
damental principles of ecosystem sustainability at the anthropogenic impact.   

Introductory Paper: Biogeochemical Technologies for Managing Pollution in Polar…
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Natural Biogeochemical Cycling in Polar 
Ecosystems

Vladimir N. Bashkin

Abstract  Natural biogeochemical cycling in polar and tundra ecosystems is 
described. The review of literature and new data allow the author to show the 
approaches to biogeochemical cycling ranking in severe climate conditions based 
on active temperature coefficients.

Keywords  Biogeochemical cycling • Polar ecosystems and ecoregions • 
Biogeochemical ranking • Biogeochemical regionalization

1  �Introduction

In the Northern hemisphere, the area of arctic and tundra ecosystems is 
3,756,000 km2. In the southern hemisphere, these ecosystems are virtually absent. 
Most of the ecosystems are in Russia, Finland, Sweden, Norway, Greenland, Alaska 
(USA) and Canada.
These arctic and tundra zone is not really favorable for any human economic 

activities, especially for agriculture due to lack of heat (cumulative tempera-
tures > 5 °C are less than 1000 °C), low soil temperatures (no higher than 10–14 °C 
at a depth of 10 cm), high soil acidity and amorphy, poor agrophysical properties, 
meagerness of humus and nourishment, and low biological activity of soils. This is 
compounded by short vegetation season (60–70 days) and likely frosts in summer 
months. As for the warm season, there is no clearly defined period with mean daily 
temperature of >10 °C. The forest tundra climate is severe having short and cool 
summers, the active season for vegetation is no longer than 50 days with tempera-
tures of >10  °C and cumulative temperatures for the period amounting to 700–
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800 °C. The soils are undeveloped, tight, waterlogged and poorly aerated, have high 
acidity and low temperatures, which in total results in low biological activity, since 
the plant nutrients in the soil are scarce.

It is well known that the Russian Federation accumulates the major natural gas 
reserves and the largest part of these reserves is located in Polar region with severe 
natural conditions and vulnerable environment. Monetization of these reserves and 
gas supplies to both domestic and foreign consumers require using sustainable devel-
opment approaches based on unified environmental, social and economic principles. 
These principles should be the grounds for industrial activity of all gas companies.

Accordingly, on a basis of sustainable development principles no harmful influ-
ence should be given to natural ecosystems during gas and oil production. This means 
that the anthropogenic loads must be in the limits of natural deviations of biogeo-
chemical food chains (Bashkin 2002). Thus the aim of this paper is to describe the 
natural features of biological and biogeochemical cycling in polar ecosystems.

2  �Biological and Biogeochemical Cycling in the Arctic 
Regions

2.1  �Biological Cycling

In lowland tundra, the biological cycle occurs in conditions of long polar day: the 
long summer time is effective for photosynthesis due to the high energetic light and 
plants have adapted to this. “Long day plants” are poorly developed in low latitudes 
with short day. Thanks to the long day the amount of solar radiation in the lowland 
tundra is the same as in southern taiga, but the temperature in summer is much 
lower. Low air temperature and soils limit biological cycle, these are the cause of 
many features, in particular, development of xeromorphic plants. Deficiency of heat 
is related with so called “waves of life”: in years with warmer summers increasing 
the annual production of living matter. Some plants bloom only in favorable years, 
such as fireweed in the Arctic tundra.

Biomass in the Arctic tundra varies widely—from 0.40 to 3.00 t/ha, most of it 
concentrated in the roots (70–80 %). In shrub tundra these values can be much 
higher. Plants grow slowly: lichens for the year increase by 1–10 mm, the juniper on 
the Kola Peninsula with a trunk diameter of 83 mm has 544 annual rings. However, 
it affects not only the adverse influence of low temperatures, but also the poverty of 
the environmental nutrients. The annual increase is 1.0 t/ha for the Arctic tundra and 
25—for shrub one.

Due to the low temperature decomposition of remains of organisms in the tundra 
is slow, many groups of microorganisms do not function or work very poorly (bac-
teria that break down cellulose, etc.). This leads to the accumulation of organic 
matter on the surface and in the soil. In the litter accumulates 2.5—83.5 t/ha with an 
annual litter fall of n × 10−1–5.0 t/ha. The value of the ratio of the total mass of the 
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annual litter fall, which characterize the intensity of decomposition of plant residues 
(innerecosystem biological cycle, Cb) ranges from 100 to 17. This contributes to the 
accumulation of organic matter in the upper layers of the soil profile.

2.2  �Biogeochemical Cycling

2.2.1  �Arctic Ecosystems

Depending on the absorption of macro- and microelements by the plants the involve-
ment of these chemical elements in biogeochemical cycling is in different ways. 
The ratio of the concentration of elements in plants to their concentration in water 
extracts from soil-forming rocks (the value of the coefficient Bx by Kasimov 1995), 
shows that in the Arctic ecosystems iron and manganese to the greatest extent are 
absorbed by plants. The coefficient of biological absorption, Ax (Perelman and 
Kasimov 1999) can serve as an indicator of this absorption. The magnitude of Ax for 
Fe and Mn are in the range from n × 102–n × 103, whereas for Zn, Cu and Ni, these 
values equal approximately to n × 101. It should be emphasized that high concentra-
tions of iron and manganese are usually determined in dead organic matter (mort-
mass) of peat bogs (Perelman and Kasimov 1999).

The removal of elements from soil solution by plant uptake, leaching and remo-
bilization in the composition of soil organic matter is balanced by a new entry of 
chemicals that support the permanence of biological and biogeochemical cycle. The 
main inputs of chemical elements in Arctic ecosystems is due to the marine aerosols 
deposited on the surface of the soil and weathering of rocks. For example, on the 
island of Spitsbergen atmospheric inputs of various elements are characterized by 
the following values (Table 1).

You can compare these values with the flows of the considered metals in biogeo-
chemical cycles. Biological productivity of the Arctic ecosystem, developing on 
low terraces of the Spitsbergen Island, is shown in Table 2.

Table 1  Air intake elements in the ecosystem of the island of Spitsbergen, mg/year for 100 mm of 
precipitation (Dobrovolsky 1994)

Element Fe Mn Zn Cu Ni

Input 27,500 800 31,100 900 300

Table 2  Biological 
productivity of the Arctic 
ecosystems of the 
Spitsbergen island (Manakov 
1972)

Productivity ton/ha

Total biomass of living 
plants

2.9

Total mortmass 9.6

Net annual production 0.6

Natural Biogeochemical Cycling in Polar Ecosystems
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It can be noted for comparison that the annual increase in the biomass of polar 
willow (Salex arctica) on the Islands of the Canadian archipelago, located at 75°N, 
is about of 0.03 t/ha (Warren 1957).

Biogeochemical flows of chemical elements in Arctic ecosystems are given in 
Table 3. For iron and manganese they are much higher than their inflow with atmo-
spheric precipitation. At the same time, the supply of copper balances its annual 
consumption, and for zinc is even in excess. All these metals are essential elements 
and their flow from rainfall can be considered as a positive factor for the functioning 
of polar ecosystems. Excessive intake of lead, for which an unspecified physiologi-
cal and biochemical functions, can be considered as pollution. However, a signifi-
cant amount of lead can be quickly immobilized in the composition of dead organic 
matter and derived from the biogeochemical cycle.

For subordinate landscapes the input of the nutrient elements is due to the lateral 
inflows from surface and subsurface runoff. Ecosystems of marshy glacial valleys 
can get significant amounts of additional nutrients from overlying geochemically 
subordinate landscapes. This increases the productivity of the respective wetland 
ecosystems in 3–4 times in comparison with the eluvial landscape ecosystems, and 
the consequent biogeochemical fluxes of elements. For example, accumulation of 
elements in dead peat organic matter of waterlogged valleys was estimated as the 
follows: Fe, n × 101  kg/ha, Mn, 1–2  kg/ha, Zn, 0.1–0.3  kg/ha, Cu, Pb and Ni, 
n × 10−2 kg/ha.

2.2.2  �Biogeochemical Cycling in Tundra Ecosystems

Tundra landscapes and associated ecosystems occupy the northern strips of the 
Eurasian and North American continents bordering the Arctic seas. The climatic 
conditions of the tundra will allow ecosystems to achieve higher productivity. In 

Table 3  Biogeochemical flows of chemical elements in ecosystems of the Spitsbergen island 
(Dobrovolsky 2003)

Metals

Mean plant 
content, ppm on 
dry mass

Metal fluxes, g/ha/year

Precipitation inputa, 
g/ha/year

In living 
plants

In 
mortmass

In annual 
plant 
increase

Fe 2000.0 5800.0 19,200.0 1200.0 82.5–110.0

Mn 150.0 435.0 1440.0 90.0 2.4–3.2

Zn 60.0 174.0 576.0 36.0 93.3–124.4

Cu 6.3 18.3 60.5 3.8 5.1–6.8

Ni 4.3 12.5 41.5 2.6 0.9–1.2

Pb 3.7 10.7 35.5 2.2 2.7–3.6

Co 1.0 2.9 9.6 0.6 0.9–12
aNote: Admission with atmospheric deposition was calculated at 300 and 400  mm per year in 
accordance with annual precipitation on the island of Spitsbergen and the content of metals in 
sediments is shown in Table 1

V.N. Bashkin
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tundra ecosystems the higher activity of biogeochemical cycles of various elements 
is observed as compared with the Arctic ecosystems. The mosses, lichens and her-
baceous plant species are predominant in the northern part of the tundra, and 
shrubs—in the southern part.

The biomass of tundra ecosystems varies from 4–7 t/ha for moss-lichen tundra to 
28–29 t/ha of dry weight in shrub tundra. In the northern tundra, the ratio of live and 
dead biomass approximately equal to 1:1, and to the south, living biomass is smaller 
than dead plant remains mass. The average values of the organic matter distribution 
in tundra ecosystems are shown in Table 4.

Edaphic microflora is more diverse in tundra ecosystems, and the number of 
microbial cenosis is characterized by higher values than in the soils of arctic ecosys-
tems. The number of bacteria varies from 0.5 × 106 to 3.5 × 106 cells per gram in the 
upper soil layers.
The content of ash elements and nitrogen is characterized by similar values in the 

biomass of tundra ecosystems. The highest concentrations, >0.1 % of dry weight, are 
typical for Ca, K, Mg, P and Si. It is possible to note an increased content of iron, 
aluminum and silicon in the aboveground parts of plants (Vasilevskaya 1996, 1998).

Tundra ecosystems are formed on different soils. In conditions of well-drained 
slopes and watershed surfaces brown acidic tundra soils are formed. Characteristic 
features of these soils are the accumulation of undecomposed plant residues and the 
formation of the peat horizons. The underlying soil layers are poorly differentiated. 
The humus content in the thin humus horizon varies from 1 % to 2.5 % with a pre-
dominance of soluble fulvic acids. This determines the acidic reaction of soil, 
pH < 5.0. Acidic geochemical conditions favor the migration of many metals, phos-
phorus, nitrogen and several alkaline-earth elements. Migration of chemical ele-
ments mainly occurs in the form of the Me-organic or P-organic complexes.

In low relief with poor permeability of soil and grounds there is often a shortage 
of oxygen, which leads to the formation of tundra gley soils (Gelic Regosol). Gley 
horizon of these soils enriched (in order) by inclusions of precipitated gels of oxides 
of trivalent iron.

Biogeochemical cycle of nitrogen is about 50  kg/ha/year. Similar values are 
shown for the amounts of mineral elements, 47 kg/ha/year. The corresponding val-
ues of various macro- and micronutrients are given in Table 5. The fluxes of chemi-
cal elements per area unit in tundra ecosystems are not proportional to the uptake by 
plants. Some elements such as Zn and Cu, are selectively absorbed, other elements, 
Ti, Zr, V or Y, are adsorbed passively, depending on their concentration in soils.

Where soluble mineral compounds come to the landscapes from the outside, 
biogeochemical cycling increases, the vegetation becomes more luxuriant, the role 
of flowering plants increases and the role of mosses and lichens is reduced. Such 
conditions are created in the floodplains of some rivers, enriching in a flood period 

Table 4  The partition of biomass in tundra ecosystems, t/ha (Rodin and Bazilevich 1965)

Biomass type Living plant biomass Mortmass Net annual production Annual litter fall

Mass 28 83 20.4 20.3

Natural Biogeochemical Cycling in Polar Ecosystems
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by fertile silt, on the rookeries, at space camps, on the flat bottoms of lakes around 
the Arctic foxes’ holes, etc. In some tundra ecosystems the high thickets of flood-
plain grass create the impression of the more southern areas. Tundra wet meadows 
also have a high grass, they are characterized by an abundance of grasses, the pres-
ence of legumes that are missing in the offline landscape. Respectively meadow 
tundra ecosystems also develop along streams and rivers at the bottom of former 
lakes, pipelines, etc.

In Kamchatka peninsula the dense grass cover is characteristic for the tundra 
ecosystems, which periodically covered by volcanic ash. Therefore, climate is not 
the direct cause of the wide development of mosses and lichens in acidic gley south-
ern tundra—the main reason is owing to the low content of nutrients in the soil and 
low speeds of depressive biogeochemical cycle.

2.3  �Biogeochemical Regionalization of Polar Ecosystems

Depending on climate, geological bedrock, soil and vegetation cover, hydrology, 
and topography, the global ecosystem is divided into various ecoregions and 
ecozones (see for example, Bailey 1998). Within of these structural units of the 
biosphere, the spatial organization of the global ecosystem is manifested in the form 
of characteristic features of the biogeochemical cycles of different elements. This 
equally applies to the ecosystems.

Table 5  Annual biogeochemical fluxes of chemical elements in dwarf shrub-moss tundra 
ecosystem (Dobrovolsky 1994)

Element Symbol Plant uptake fluxes, kg/ha/year

Nitrogen N 50

Iron Fe 0.188

Manganese Mn 0.226

Titanium Ti 0.031

Zinc Zn 0.028

Copper Cu 0.0071

Zirconium Zr 0.0070

Nickel Ni 0.00188

Chromium Cr 0.00165

Vanadium V 0.00141

Lead Pb 0.00116

Yttrium Y 0.00070

Cobalt Co 0.00047

Molybdenum Mo 0.00043

Tin Sn 0.00024

Gallium Ga 0.00005

Cadmium Cd 0.00003

Mean plant ash content, % 2.0

Total ash elements uptake by plants, kg/ha/year 47

V.N. Bashkin
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2.3.1  �Parameterization of the Biogeochemical Cycle

Biogeochemical cycles in different ecosystems are largely determined by the biota, 
especially the processes of primary productivity and decomposition of dead organic 
matter. Biogeochemical cycles represent the cumulative display settings of the cir-
culation of substances between the various components of the biosphere—soils, 
surface and ground waters, sediments, biota and the atmosphere (Fig. 1).
Soil, geobotanical, geological, and overall ecosystem regionalization is the basis of 

biogeochemical zoning (Fortescue 1980; Glazovskaya 1997, 2002; Bazilevich 1993; 
Ermakov 1993; Bashkin and Bailey 1995; Bashkin and Kozlov 1999; Perelman and 
Kasimov 1999; Bashkin 2002, 2004, 2006, 2008, 2009; Kasimov and Klige 2006). The 
combination of these types of regionalization with quantitative indicators of biological, 
geochemical and hydrochemical cycle allows us to calculate the velocity of the biogeo-
chemical cycle. It is shown that in the most parts of the Earth’s surface the actual length 
of the various processes that determine the circulation of chemical elements (chemical, 
biological, microbiological, geochemical, and biogeochemical processes) depends on 
the duration of the winter period, when the intensity of these processes is significantly 
reduced or completely suspended within 6–10 months. It is also known that the effect 
of any pollutants on these processes occurs only during the spring and summer time. 
The duration of this impact can be characterized by the active temperature factor, Ct, 
which is the ratio of the sum of active temperatures >5 °C to the total amount of annual 
temperatures.

Soil
microbes
& animals

Terrestrial
plants

Terrestrial
animals

Food
& fodders

Animals
& humans

Food
& foddres

Aquatic
animals

Aquatic
plants

Aquatic
bottom
organisms

Water

Rocks Atmosphric
air

Soils

Fig. 1  The general scheme of biogeochemical food webs in terrestrial ecosystems
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For the influence of temperature on the processes of biological absorption of 
elements is proposed using the coefficient of biogeochemical cycles, Cx, which is calcu-
lated as the product of the coefficient of inner ecosystem biological cycle, Cb, which is 
equal to the ratio of litter mass to the mass of annual litter fall and the rate of active 
temperatures:

	 C C Cx b t= ´ . 	

Its use allows taking into account the influence of the period of active temperatures 
on the rate of biogeochemical cycles in different ecosystems. The coefficient of 
biogeochemical cycling can be used for correction of the values of inner ecosystem 
biological cycle, Cb.

Table 6 shows the combination of soil temperature and biogeochemical conditions 
in various polar and tundra geographic regions of the Earth. It is represented ecosys-
tem types, soil types according to the classification of FAO, the coefficients of inner 
ecosystem biological cycle, Cb, active temperature, Ct, and biogeochemical cycles, Cx.

To understand these approaches it is necessary to pay attention to the principles 
of the global regionalization of the parameters used.

The coefficients of active temperatures, ranked in accordance with the main climatic 
zones are shown in Table 7.

The coefficients of biogeochemical cycles, Cx, for all geographic regions 
were ranked to determine the type of biogeochemical cycle and these grades are 

Table 6  The coefficients of inner ecosystem biological cycle (Cb), active temperatures (Ct) and 
biogeochemical cycles (Cx) in different soil-ecosystem and geographical regions of the Earth

Ecosystems
FAO main soil 
types

Geographic regions 
(Glazovskaya 1978)

Index No

Cb Ct Cx

See 
Glazovskaya 
1984

Primitive Arctic 
desert and tundra

Litosols,
Regosols

North American 11 1 75.0 0.07 5.3

Eurasian 12 2 75.0 0.07 5.3

Tundra Cryic 
Gleysols,
Histosols,
Humic 
Podzols

North American 21 3 18.0 0.15 2.7

Eurasian 22 4 18.0 0.15 2.7

Table 7  Ranking of indicators of a temperature mode to assess the duration of biogeochemical 
reactions

Rank Temperature regime Coefficient of active temperature, Ct

1 Arctic <0.25

2 Boreal 0.26–0.50

3 Sub-Boreal 0.51–0.80

4 Mediterranean 0.81–0.99

5 Subtropical and Tropical 1.00

V.N. Bashkin
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Table 8  Ranking of indicators of the biogeochemical cycle to estimate rates of migration in 
different ecosystems (Bashkin 2002)

Rank Biogeochemical cycling

Coefficient of 
biogeochemical cycling, 
Cx

1 Very intensive <0.4

2 Intensive 0.5–1.4

3 Moderate 1.5–2.5

4 Depressive 2.6–4.9

5 Very depressive >5.0

shown in Table 8. Five types of biogeochemical cycle are selected: very intensive, 
intensive, moderate, depressed, and very depressed.

Intensive and very intensive type of biogeochemical cycle occurs in tropical and 
desert ecosystems where rapid biological turnover under conditions of high 
temperature of the growing season. The moderate type of circulation is typical for 
steppe, forest-steppe and sub-boreal forest ecosystems, whereas in the boreal taiga 
forests the depressive type of biogeochemical cycle is dominated. Very depressive 
type is in tundra and arctic ecosystems.

Using the above described approaches, let us to consider arctic and tundra eco-
systems on different continents.

2.3.2  �Regionalization of the Biogeochemical Cycle

Eurasia

On the vast territory of Eurasia in all climatic zones are all types of ecosystems, 
from Arctic deserts to tropical rain forests (Fig. 2).
Primitive Arctic desert and tundra ecosystems are found in the Eurasian geo-

graphical region, which occupies the most Northern part of the Asian Arctic and 
includes the northern large island of the North Land and a number of small neigh-
boring islands. Biogeochemical cycle in these ecosystems is characterized by Arctic 
hydrothermal regime, including very low temperatures, little annual rainfall (50–
150 mm) and primitive shrub, algae and lichen vegetation. Biogeochemical cycling 
can be defined as very depressed, which includes a long period of mineralization of 
organic residues (from 10 to 50 years or more), and a short relative period of annual 
active temperatures >5  °C (Ct is equal to 0.05–0.10). The predominant soils are 
Regosols and Litosols, in the crevices, Histosols.

Tundra ecosystems are widespread in the Eurasian geographical region on gley 
and podzolic soils (Podzols Distric, Cryic Gleysols, Histosols, Regosols and 
Litosols). Biogeochemical processes in these soils are characterized with low quan-
tity of heat, short but intense period of active temperatures (the average value Ct is 
equal to 0.15), wide distribution of permafrost and a small amount of precipitation, 
low biological and microbiological activity and low rate of chemical weathering. 

Natural Biogeochemical Cycling in Polar Ecosystems
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The average value of Cb is equal to 18 (15–50), in combination with low annual 
mean temperature it leads to a very depressive type of biogeochemical cycle. 
However, the prolonged winter period contributes to the accumulation of various 
pollutants in the snow cover with their explosive impact on the ecosystem during 
the spring-summer period.

North America

In the North, in the Arctic and the subarctic zones, the annual radiation balance is 
0–10 kcal/cm2 (Glazovskaya 1978; Bailey 1998; Bashkin 2002).

Tundra ecosystems (North American tundra geographic region) cover the north-
ern coast of the continent and adjacent islands of the American archipelago (Fig. 2). 

Fig. 2  Northern polar region of Earth (SWmaps.com)

V.N. Bashkin
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In the North this region is bordered by the Arctic deserts and in the South—boreal 
taiga forests ecosystems. As in Eurasia, the southern boundary of tundra ecosystems 
varies with the height above the sea level. On the Labrador peninsula, washed by 
cold currents, and on the coast of cold Hudson Bay, tundra ecosystems penetrate as 
far South as 54°N. To the West of Hudson Bay, with an increase in the continentality 
of climate, the boundary between tundra and boreal taiga forest ecosystem is shifted 
to the North. On the Meridian of the Great lakes it lies slightly North of the Arctic 
circle, near the estuary of the Mackenzie river, the boundary extends a maximum 
North—to 68.5°N. The Northern part of Alaska is occupied by tundra ecosystems, 
and along the coast of the Chukchi Sea the border of the tundra shifts back to the 
South. Biogeochemical cycling in these tundra ecosystems is similar to those 
described for the Eurasian continent (see Table 6).

3  �Conclusions

Thus, the natural biogeochemical cycling is described for understanding the natural 
parameters in polar and tundra ecosystems. The review of literature and new data 
allow us to show the approaches to biogeochemical cycling ranking in severe cli-
mate conditions based on active temperature coefficients. Finally, the given data 
base is a key for managing environmental pollution in gas industry impacted eco-
systems on a basis of their biogeochemical ranking and biogeochemical 
regionalization.
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