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 This article presents experimental material collected over the period of 2009 to 2013, 

which illustrates the content and distribution of mobile forms of lead in the “urban soil 

– the bottom sediments and surface waters of the city of Yakutsk’s lakes” system. 

Currently, there is taking place accumulation of mobile forms of lead in the strata of 
urban soils. The largest accumulation of lead has been recorded at a depth of 50-70 cm. 

In the “urbanozem – surface lake waters – bottom sediments” system, lead acts as a 

light and mobile migrant. 
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INTRODUCTION 
 

 The getting of large amounts of chemical elements into the environment and their increased concentration 

perturb the geo-chemical state of affairs habitual for the biosphere and lead to a decline in human living 

conditions [1]. In this aspect, it is not by accident that heavy metals have, by the danger index, firmly 

established themselves in first place and are arousing not only the interest of researchers but the concern of the 

population. 

 In the last decades, the anthropogenic activity of mankind has actively engaged in the processes of 

migration of heavy metals in the natural environment [2]. According to data from the Economic Commission for 

Europe (ECE/EB.AIR/WG.1/2006/12 June 16, 2006), cadmium (Cd), lead (Pb), and mercury (Hg) are general 

air pollutants, which get in the atmosphere as a result of various types of industrial activity. Note that over the 

period of 1990–2003 the levels of the concentration of lead in air reduced by 50–70%. There was the same kind 

of reduction in the levels of atmospheric deposition. 

 Annual volumes of lead getting into the upper layers of soil due to the use of mineral and organic fertilizers 

have virtually the same magnitude order and vary across countries, as well as depending on the volume of 

agricultural activity. These volumes are relatively low compared with already accumulated reserves of lead 

coming in from natural sources. Global precipitation of lead from natural sources is 12 thousand tons per 

annum, while anthropogenic emission is 332 thousand tons [3]. In general, the most serious source of lead 

pollution for the habitat of organisms, mostly residential areas, are automobile engine exhaust emissions. The 

tetramethyl anti-detonating additive – or tetraethyl lead – has been added to most types of gasoline since 1923 in 

the amount of 80 mg/l. When the car is moving, depending on the conditions of movement, 25 to 75% of this 

lead is released into the atmosphere [4]. Its major mass settles down on the ground, although a considerable 

amount of it remains in the air too. From the atmosphere lead gets into the soil most often in the form of oxides, 

where it gradually dissolves passing into hydroxides, carbonates, and a form of cations. 

 Currently, there is quite a lot of information available on the content of lead and its compounds in 

ecosystem components, including technogenically transformed ones [5,6,7,8]. The distribution and form of 

existence of lead in the biosphere was examined in depth by V.N. Makarov, whose works revealed that the most 

common lead compounds found in Yakutia’s nature are those where in it is in the +2 oxidation state.  

 The characteristics of the distribution of lead in the soil cover and the accumulation of it by plants in 

urbanized areas of the Far North, which are exposed to technogenic pressure, have not been examined 

thoroughly as of yet. At the same time, the issue of lead pollution is crucial to both apprehending processes 
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taking place in natural and artificial ecosystems and resolving practical objectives relating to environmental 

protection amid the solid distribution of permafrost. This article presents experimental material collected over 

the period of 2009 to 2013, which illustrates the content and distribution of mobile forms of lead in “the city of 

Yakutsk’s urban soil – lakes’ bottom sediments and surface waters” system. 

 

Methodology:  

 This work was prepared as part of the multi-year integrated monitoring activities in the territory of the city 

of Yakutsk, launched in 1998. In the course of field observations (over the period of 2009 to 2013), 35 cuttings 

were made within the pale of Yakutsk’s residential and suburban zone, with morphological description of the 

profile of urbanozems performed and sampling conducted for all layers and extant soil genetic horizons. 

Besides, for a poly-element characterization of the pollution of the surface layers of urban soils, about 460 

samples were taken from a depth of 0-10 cm, including 259 samples from regular monitoring points.  

 Concurrently, there were taken 32 samples of bottom sediments and 140 samples of surface lake waters 

from the largest urban lakes – Beloye, Sergelyakh, Saisary, and Khatyng-Yuryakh. 

 The determination of mobile forms of lead was conducted in the physical-chemical analysis methods lab at 

the M.K. Ammosov North-Eastern Federal University Scientific Research Institute of Applied Ecology of the 

North using a multichannel atomic absorption spectrometer “MGA-915 LUMEX”. 1n HNO3 served as the 

reagent, which was picked due to its ability to “draw out” about 90% of mobile forms of microelements. 

 For a characterization of the intensity of the water migration of elements, the water migration coefficient 

(Kx) was used:  

Kx = m*100/A*n, 

where m is the element’s content in the water, mg/l; A is the water’s mineral residue, mg/l; n is the element’s 

content in the rock, %. The greater the Kx is, the more strongly the element is leached out from the rocks and 

the more intense its water migration. The following four gradations were used to assess the intensity of water 

migration [9]: 

- highly-mobile migrants – n*10-n*100 

- lightly-mobile migrants – n-n*10 (n<2) 

- mobile migrants – 0,n-n(n<5) 

- poorly-mobile and inert migrants – 0,0n and less. 

 The diagrammatic map was put together in the ecological mapping lab at the M.K. Ammosov North-Eastern 

Federal University Scientific Research Institute of Applied Ecology of the North using the ARC-Gis 9.0 

software via the Inverse Distance Weighted Interpolation method. 

 

Main part:  

 The city of Yakutsk and its suburbs are situated in latitude 62° north of the equator within the boundaries of 

the Central Yakut Lowland on the left bank of the River Lena, within its middle reaches. The city’s territory 

covers 160 km
2
, stretching 20 km from north to south and up to 15 km in total from west to east, inclusive of the 

dacha house areas. 

 Yakutsk’s primary water main is the River Lena. In the area adjacent to the city, it is characterized by 

marked accumulative processes: sand-silt sediments form here a large number of islands and meanders. Apart 

from the primary water main, the River Lena, there are numerous lakes in the city’s territory, most of which are 

of oxbow-lake origins. The lake basins within the boundaries of the city have predominantly flat bottoms and 

slight slopes. The natural replenishment of the lakes occurs thanks to the melting of snow and, partially, 

summer-fall rains. In water-abundant years, the lakes are filled with the waters of small rivers – the left 

tributaries of the River Lena, while in regular years, the lakes have an inconsistent hydrological regimen. The 

largest of the lakes are Sergelyakh, Saisary, Khatyng-Yuryakh, and Beloye.  

 The city of Yakutsk has a radial-circular planning structure; the narrow mesh of streets forms a considerable 

number of blocks of a small square area (2 to 8 ha). The streets’ roadway area is mainly elevated; the 

construction pattern is level. Permanent construction erecting stone buildings (4-5 and 9 floors) constitutes up to 

45% of the city’s residential area – however, due to intense construction, this figure has been rising year on year. 

Blocks of 2-floor wooden construction are concentrated mainly in the North-East and North-West of the city, 

while industrial enterprises are chiefly located in its northern part. About 80% of the city’s streets and roads are 

hard-surfaced (asphalt) and are mainly represented by embankments. On most streets and roads, the space 

between the construction and the edge of the roadway is open ground with no vegetation, which is the major 

source of dust. Due to the flatness of the city’s terrain and absence of slopes and water divides, a considerable 

part of it is swamped and polluted by stagnant waters. 

 Due to the geographical and geo-chemical characteristics of the territory of Yakutsk’s whereabouts, the 

background parameters for the content of microelements in the soils of natural undisturbed landscapes have a 

specific nature to them: for instance, the background content of copper in soils is higher than the maximum 

allowable concentrations (hereinafter “MAC”) by sanitary-hygienic standards for this element’s mobile forms in 



225                                                           Yana Borisovna Legostaeva et al, 2014 

Advances in Environmental Biology, 8(10) June 2014, Pages: 223-229 

soils. Table 1 provides the estimated values of the concentration coefficients in terms of the regional background 

and the general sanitary indicator for the harmfulness of the mobile forms of the most significant microelements 

in the ground and urban soils of Yakutsk’s residential area. Based on our integral assessment of all the geo-

chemical indicators, we can assert with a degree of confidence that the major ecological danger is associated 

with the trends towards the accumulation of lead, zinc, and cadmium in Yakutsk’s ground. 

 
Table 1: The coefficients for exceeding the MAC and regional background norms. 

Year study was conducted 
 

Cbackground / CMAC 

Рb Ni Мn Со Сr Zn Сu 

2009 (n=32) 1.7/0.9 0.3/0.2 0.4/0.4 0.3/0.1 0.5/0.2 1.7/0.4 0.6/1.8 

2010 (n=33) 3.6/2.0 1.0/0.6 0.6/0.5 0.4/0.8 0.7/1.6 2.6/15.3 1.7/5.3 

2011 (n=59) 2.6/1.4 0.9/0.6 0.8/0.7 0.9/0.4 1.1/0.4 3.3/0.8 0.3/1.1 

2012 (n=73) 1.5/0.8 0.6/0.4 0.3/0.3 0.5/0.2 0.7/0.2 1.4/0.3 0.4/1.2 

2013 (n=62) 3.9/2.3 1.7/0.3 0.6/0.7 0.4/0.1 0.5/0.2 1.9/0.3 0.3/1.0 

 

The following are accumulative rows by observation years: 

2009 - Zn1.7→ Pb1.7→ Cd0.9→ Mn0.4→ Ni0.3→ Cu0.6→ Cr0.5 

2010 - Pb3.6→ Zn2.6→ Cu1.7→ Cr0.7→Mn0.6→ Cd0.4→ Ni0.3 

2011 - Zn3.3→ Pb2.6→ Cd1.7→ Cr1.1→ Mn0.8→ Co0.9→ Ni0.9 

2012 - Pb2.5→ Zn1.4→ Cd1.0→ Ni0.6→ Cu0.4→ Cr0.7→ Co0.5 

2013 - Pb2.8→Zn1.9 →Cd0.9→Mn0.6→Ni0.5→ Cr0.5 → Cu0.3 

 Lead, just like other heavy metals, is accumulated in the soil stratum – especially, in upper organogenic 

horizons and layers. The half-removal of lead from soil takes 740-5900 years depending on the type of soil [10]. 

Figure 1 provides a mono-element diagrammatic map for the distribution of lead’s mobile forms in the surface 

layer of urban soils based on 2011 data. 
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Fig. 1: A diagrammatic map for the distribution of lead’s mobile forms in the surface layer (0-10 cm) of soils in 

the territory of Yakutsk. 

 The specific conditions of the geo-chemical situation in the hyper-genesis zone and, above all, the alkaline 

environment of soil solutions (рН=7.6–9.7) facilitate fixing lead mainly in the form of hardly soluble 

compounds. Note that, the share of lead’s mobile forms constantly increases. According to data by V.N. 

Makarov, in 2002 the gross (total) content of lead in Yakutsk’s soils was 50.0 mg/kg on average. In this case, the 

content of lead’s mobile forms has varied within the last 5-year period from 2.8% to 5.1%. In urban soils, 

especially in the central part of the city at the intersection of Yakutsk’s major mains, studies recorded a 4-times 

increase in the average concentrations of the total content of lead over the period of 1982 to 2002. 

 The content of lead’s mobile forms in urban soils even as of the end of the last 5-year period is also 

characterized by a trend towards increase. The study established a link between the content of lead’s mobile 

forms and the quantity of atmospheric precipitation in the summer period. Besides, starting from 2011 they have 

been regularly adding new ground to front gardens and roadside lawns in the central part of the city. And despite 

the above facts, which result in the dispersion and migration of lead’s mobile forms down the soil profile and 

into adjoining environments, e.g. lakes, we can trace a general pattern in terms of increase in the concentration 

of lead’s mobile forms, which is indicated by average values and across specific sites with quite a high degree of 

credibility (Figure 2). And we can forecast that if the geo-chemical conditions persist, the content of lead’s 

mobile forms in Yakutsk’s grounds will on average equal 10-20 mg/kg, which is 2-5 times today’s values. 

 The solubility of compounds in soils is crucial to their biological mobility, accessibility of the absorption of 

microelements by plants, and their migration capacity. As a rule, in their natural state soils possess buffer 

properties and are capable of self-purification. In the case of urbanozems and urban soils, self-purification 

processes are slowed down or do operate due to the suppression of the soil biota.  

 A distinctive feature of Yakutia’s natural soils, especially within the boundaries of the formation of 

permafrost, is the presence of frozen earth in the soil profile at the level of the C or BC horizon. As a result, the 

intra-profile distribution of microelements is controlled not only by biogenic accumulation but cryogenic mixing 

with the formation of the supra-permafrost geo-chemical barrier, which acts as an accumulation screen or sensor 

in the path of the movement of mobile and water-soluble forms of elements.  

 In the profile of Yakutsk’s urbanozems, the distribution of microelements’ mobile forms (in particular, those 

of lead) is of an uneven, stick-slip nature, which depends on both the layering’ material and the formed 

conditions for the formation of the profile. The major accumulation of lead’s mobile forms occurs at a depth of 

50-70 cm (Figure 3). 

 

а)  

б)  
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Fig. 2: A forecast for the accumulation of lead’s mobile forms in the surface layer of soils of Yakutsk’s 

residential and suburban zone. 

a) b) c) 

   
a) Р-1-08- fillup urbanozem; sampled within 1 m north of Children’s Music School-2; 

b) Р-2-08- mixed urbanozem; sampled within 15 m east of the State Theater of Opera and Ballet; 

c) Р-1-10- ekranozem; sampled within 10 m north of the “Lena” movie house. 

 

Fig. 3: The intra-profile distribution of lead’s mobile forms in various types of urbanozems in the city of 

Yakutsk. 

 

 Yakutsk’s lakes under examination belong to the water-erosion (oxbow) type and are oblong and rotund in 

shape. Their waters are mostly characterized by medium mineralization and mild water with a weakly-alkaline 

environment. The chemical composition of the surface lake waters is complex – predominantly, hydrocarbonate-

sodium-magnesium. The content of dissolved oxygen is in line with the summer standard. The amount of 

suspended substances varies within the range of 15-23 dm
3
. The content of lead is lower than the one established 

by MACc/d standards. 

 In the “urban soils – surface lake waters” system, lead’s mobile forms are classified under “mobile and 

lightly-mobile migrants” by the water migration coefficient (Table 2).  

 
Table 2: A characterization of the migration of lead in the “urban soils - surface lake waters” system in the territory of the city of Yakutsk. 

Observation site Ecosystem component Content of lead by observation years 

2009 2010 2011 2012 2013 

Lake Beloye 
Water mineralization: 

339.0 mg/dm3 

Surface lake waters 0.002 0.002 0.002 0.002 0.002 

Urban soils 55.5 25.05 7.36 0.62 7.13 

C1 0.11 0.24 0.80 9.52 0.83 

Lake Saisary 
Water mineralization: 

258.1 mg/dm3 

Surface lake waters 0.0025 0.0015 0.0043 0.0013 0.0021 

Urban soils 12.71 2.3 4.55 20.62 6.20 

C2 0.76 2.53 3.66 0.24 1.31 

Lake Khatyng-Yuryakh 
Water mineralization: 

212.6 mg/dm3 

Surface lake waters 0.0018 0.0033 0.001 0.0022 0.002 

Urban soils 9.5 5.7 3.42 1.13 1.76 

C3 0.89 2.72 1.38 9.16 5.35 

Lake Sergelyakh Surface lake waters 0.0068 0.0065 0.005 0.0058 0.002 
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Water mineralization: 

129.1 mg/dm3 

Urban soils 7.35 3.2 2.40 2.47 38.09 

C4 7.17 15.73 16.14 18.19 0.41 

 Lake Sergelyakh, situated at the intersection of two large highways, stands out rather tangibly by the values 

for the water migration coefficients. Besides, during the winter period, car races are often staged on the lake’s 

ice canvas. It was established that the major income of lead into the lake was observed in 2011-2012. 

 The bottom sediments of urban water bodies are mostly represented by a sandy composition with remnants 

of detritus. The content of organic carbon varies from 0.2 to 5.9% by mass, which is characteristic of bottom 

sediments of a predominantly sandy composition. The рН index fluctuates from 6.5 to 8.7. The bottom 

sediments of Lake Sergelyakh are characterized by the neutral environment, Lake Khatyng-Yuryakh – weakly-

alkaline, and lakes Beloye and Saisary - alkaline. Based on our calculations for the concentration coefficients, 

only Lake Sergelyakh stands out in terms of the regional background, where in the micro-element composition 

of bottom sediments a broad spectrum of microelements’ mobile forms was recorded, including lead at the 1.6 

geo-chemical background. level: Ni2.3→Сd2.0→(Со-Сu) 1.7→(Pb-As) 1.6→Сr1.5. To illustrate the intensity of 

water migration in the “surface waters – bottom sediments” system, we have provided in Table 3 the results of 

calculating the lead water migration coefficient based on 2012 data.  

 
Table 3: A characterization of the migration of lead in the “surface lake waters - bottom sediments” system in the territory of Yakutsk. 

Observation site 

 

Ecosystem component 

 

Content of lead 

mg/kg, based on 2012 data 

Lake Beloye 
Water mineralization: 

504.1 mg/dm3 

Surface lake waters 0.004 

Bottom sediments 0.00014 

C1 5.7 

Lake Saisary 
Water mineralization: 

474.5 mg/dm3 

Surface lake waters 0.004 

Bottom sediments 0.00011 

C2 7.5 

Lake Khatyng-Yuryakh 
Water mineralization: 

385.8 mg/dm3 

Surface lake waters 0.003 

Bottom sediments 0.00021 

C3 3.7 

Lake Sergelyakh 
Water mineralization: 

153.9 mg/dm3 

Surface lake waters 0.005 

Bottom sediments 0.00044 

C4 7.5 

 

 In general, over the course of the study lead could be characterized in the “lake waters – bottom sediments” 

system as a mobile migrant. 

 

Inferences:  

 The territory of the city of Yakutsk is situated in the zone of the solid distribution of permafrost. Besides, 

the residential part of the city is located in the valley of the River Lena with level terrain and numerous oxbow 

lakes. The city’s territory is practically not greened and there are high levels of dust load. The primary runoff 

defining the principles of the substance’s mechanical migration in the city’s territory has been impeded as a 

result of the artificial elevation of roads and the central part of Yakutsk – therefore, conditions have been created 

for swamping and developing gleyization processes. Currently, there is taking place accumulation of mobile 

forms of lead in the strata of urban soils. The largest accumulation of lead has been recorded at a depth of 50-70 

cm. In the urbanozem – surface lake waters – bottom sediments system, lead acts as an easy and mobile migrant. 
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