ISSN 1070-3632, Russian Journal of General Chemistry, 2012, Vol. 82, No. 5, pp. 1031-1039. © Pleiades Publishing, Ltd., 2012.
Original Russian Text © N.S. Larionov, K.G. Bogolitsyn, 1. A. Kuznetsova, 2011, published in Rossiiskii Khimicheskii Zhurnal, 2011, Vol. 55, No. 1, pp. 93—

100.

Integrated Assessment of the Impact
on the Natural Environment Components
from the Solid Domestic Waste Landfill
of the City of Arkhangel’sk

N. S. Larionov, K. G. Bogolitsyn, and I. A. Kuznetsova

Institute of Ecological Problems of the North, Ural Branch, Russian Academy of Sciences,
ul. Naberezhnaya Severnoi Dviny 23, Arkhangel sk, Russia
e-mail: nikolay.larionov@iepn.ru

Received November 1, 2010

Abstract—The leachate generated by the solid domestic waste landfill in the city of Arkhangel’sk affects the
natural waters of the swamp in the landfill location site. Based on the results from laboratory studies, the main
pollutants brought by the landfill leachate were identified and quantitatively determined, and the environmental
condition of the area adjacent to the landfill was characterized. The pollutant migration routes were determined.
The contribution of the landfill leachate to the chemical composition of the natural environment components in
the adjacent swamplands was determined, and the impact it exerts on the environmental condition of the area

surveyed was assessed.
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INTRODUCTION

Waste disposal and utilization rank among the
major environmental problems faced by the European
part of the Russian North, including Arkhangel’sk
oblast and its administrative center, the city of Arkhan-
gel’sk [1]. Without a sanitary landfill meeting the
sanitary-hygienic requirements in place, solid domestic
waste (SDW) generated in Arkhangel’sk is landfilled.

Solid domestic waste landfills are powerful sources
of contamination for natural environment components.
Depending on the natural characteristics of the landfill
location site, as well as on the specific climatic
conditions and some other factors, wastes may undergo
unpredictable physicochemical and biochemical trans-
formations into harmful substances.

In our previous study [2] we described in detail the
approaches to ecoanalytical assessment of the
condition of the SDW landfill and adjacent areas in
Arkhangel’sk, which take into account the natural and
climatic characteristics of the region of interest. Here,
we will briefly characterize the climatic and natural
conditions, as well as some features of soils in Arkhan-
gel’sk oblast, essential for the input of pollutants to the
environment from the waste disposal sites.

The average annual temperature in Arkhangel’sk
oblast is close to +5°C; it tends to decrease when
moving  southwest-northeastwards. The annual
precipitation ranges from 400 mm at the White Sea
coast to >500 mm some distance southwestwards.

The Arkhangel’sk oblast is characterized by a well-
developed hydrologic network; it is crossed by one of
the biggest rivers in the European North, Northern
Dvina (with numerous tributaries of which Vychegda,
Vaga, and Pinega are big rivers) flowing in the
southeast to northwest direction. A lot of tributaries
running from the watersheds between the nearly parallel
big rivers constitute a very dense water network.

The soil conditions of Arkhangel’sk oblast exhibit a
clear zonal pattern, with north- and middle-taiga
subzones of the taiga zone characterized by podzolic
soils. In the former subzone, gley-podsol soils occupy
a large part of the watershed areas; there are swamp-
podzolic soil and peat massifs as well. High
swampiness (up to 25%) is typical for northern part of
Arkhangel’sk oblast because of flat terrain, poor
drainage conditions, and occurrence of waterproof
clays of glacial origin. As to the Northern Dvina river
basin, it is 8.5% swamped and more passable.
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Assessment of the Natural Water Contamination
by Landfill Leachate

Interaction of SDW with atmospheric precipitation
results in formation of leachate containing numerous
components arising from breakdown of substances.
The amount and composition of the leachate vary with
the plot area, amount of landfilled waste, and pre-
cipitation level. Especially vulnerable to contamination
by leachate are active water exchange areas confined
to the upper soil profile, above all groundwater [3].

The SDW landfill leachate has a complex chemical
composition represented by organic and inorganic sub-
stances, which varies in each stage of the lifecycle of
the landfill and significantly differs from that of
industrial and municipal wastewater. The leachate con-
tains toxic components, bioresistant impurities, and
various microorganisms, in particular pathogens.

Monitoring of the condition of natural waters in the
area affected by the Arkhangel’sk SDW landfill was
carried out as prescribed by relevant recommendations
and regulations [4-9]. To this end, a network of moni-
toring sites was established at which water samples
were collected with intent to be subsequently sub-
jected to the chemical and microbiological analyses.

With due regard to the geological and botanical
characteristics of the natural environment within the
area affected by the landfill, the monitoring sites were
arranged exactly along the groundwater flow route.
Specifically, monitoring sites were established around
the SDW landfill perimeter, with a background site
selected behind the embankment of the highway
passing near the landfill, and two monitoring sites, at
the landfill proper.

Also, additional monitoring sites were arranged
with a view to assessing the groundwater condition at
different distances from the landfill: within the ground-
water flow section at a distance of 1000 m from the
landfill, with the background monitoring site selected
behind the embankment of the highway, and within the
groundwater flow section originated from swamps near
the Yuras river at a 3000-3500-m distance from the
SDW landfill. For collection of natural waters samples,
observation wells (1.5- and 2.5-m deep piezometers)
and a pit at a depth of 0.5-0.7 m were specially
installed at the monitoring sites.

Along with groundwater analysis, the water
condition for Yuras river (the surface water source)
was monitored at the groundwater inflow location site,
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0.5 km downstream, as well as 0.5, 1 and 3 km up-
stream the river.

The surface water and groundwater samples were
collected as prescribed by relevant standards [10, 11].
Natural water samples were taken twice a year (in the
spring/summer and autumn seasons).

The following groups of indicators were used for
assessing the impact exerted by the SDW leachate on
the natural water.

(1) General chemical indicators of natural water
quality: pH (potentiometric analysis), COD (titrimetric
analysis), ionic composition (liquid ion chromato-
graphy/capillary electrophoresis), and dry residue
(gravimetric analysis).

(2) The content of organic and inorganic pollutants:
petroleum products (IR spectroscopy/fluorimetry),
phenols (fluorometric analysis), heavy metals (X-ray
fluorescence analysis/inversion voltammetry/atomic-
absorption spectroscopy).

(3) Microbiological indicators: total coliforms, thermo-
tolerant coliforms, coli fags, intestinal bacterial pathogens.

(4) Parasitological indicators: helminth eggs, cysts
of intestinal pathogenic protozoa.

(5) Virological indicators: hepatitis A virus antigen,
rotavirus antigen.

The samples of groundwater affected by the
leachate from the SDW landfill, which were taken
around its perimeter, are neutral (pH 6.5-7.5), and
those collected from plots separated by a 1-km
distance from the impact source, weakly acidic (pH
5.0-6.5). These are typical values for swamp waters,
considering the presence of humic acids therein.

The degree of mineralization of the groundwater
exhibits variability across the area surveyed. For ex-
ample, the total salt content of the groundwater flow-
ing west-eastwards (from the landfill to the surface
water source) progressively decreases. The ground-
water samples taken around the perimeter of the
landfill and below the landfill foundation level are
salty, with dry residue being up to 6.2 g I'". At the
background monitoring site behind the road embank-
ment, the underground water is characterized by a
decreased average content of dry residue, 0.7 g 1", and
is classed with natural waters having a relatively high
salinity.

At a 1-km distance from the eastern border of the
landfill (along the groundwater flow path), the salt
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concentration in the groundwater was reduced to 0.5—
1.8 g I'". Like in the case of the background moni-
toring site, this water can be classed with waters
having a relatively high salinity. The water samples
collected at the background monitoring site located out-
side the groundwater flow section, are characterized by
reduced average content of dry residue (up to 0.5 g I''
maximum salt concentration).

The dichromate oxidizability (COD) of the ground-
water samples taken around the landfill perimeter is
estimated at 685 (O, mg) 1" on the average, and this
level may reach 2700 (O, mg) 1.

The COD for the samples taken at a 1-km distance,
is 315 (O, mg) I'' on the average, and it may reach
1305 (O, mg) I'". Such oxidizability levels are not
typical for water available from natural sources [the 15
(0, mg) 1" level is characteristic for COD of the water
in heavily contaminated water bodies]. In the case of
interest, high COD levels are associated with the
specific composition of the peat-swamp soils in the
area surveyed.

In this study we took advantage of the natural water
classification scheme proposed by O. A. Alekin [12],
in which waters are categorized depending on the
dominating anion into carbonate (fresh and ultrafresh
river waters and significant quantities of underground
water), chloride (seawater and estuarine water, as well
as underground water of saline soil areas), and sulfate
(intermediate between the chloride and carbonate waters
in terms of distribution and mineralization) groups.

The groundwater samples collected around the
SDW landfill perimeter and at a 1-km distance from
the eastern border of the landfill along the groundwater
flow path and within the groundwater flow section
belong to the chloride class sodium group, water type
III (CI"> Na"), with CI and Na" dominating among the
major ions.

The dominating ions for the swamp water in the
area of interest can be arranged into the following series:

Cl">HCO3 > SO >NO35, NO; > PO; ", Br >F
Na'>K"'>NH," > Ca*", Mg*'

Based on the natural water characteristics, three
zones can be identified within the area surveyed.

Zone 1 is located directly around the perimeter and
in the vicinity of the landfill. The landfill leachate
exerts a direct impact on the swamp waters: It modifies
their chemical composition and acts as a source of
epidemiological risk.
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Zone 2 is separated by a 1-km distance from the
eastern border of the landfill along the groundwater
flow path. The chemical composition of water in his
zone differs from that of the water directly affected by
the landfill leachate (the underground water is filtered
through the mass of peat-swamp soils characterized by
high sorption and buffer capacities).

Zone 3 incorporates the surface water of the natural
water body, Yuras river.

Clear delineation of these zones is troublesome
because of a variable composition of the landfill
leachate and of the need to examine the “barrier” pro-
perties of high moor peat-swamp soils representative
of the area of interest.

Peat is know to have a large specific surface area
and high porosity (95%), and it was found [13] that, in
the ability to treat polluted water, it can compete with
other adsorbents provided low flow rates and small
quantity of wastewater to be treated. Also, it was
demonstrated [14] that peat can be wused for
pretreatment of heavily polluted landfill leachates.

Given below are the results from analysis of the
groundwater samples collected at the monitoring sites
arranged around the perimeter of the Arkhangel’sk
SDW landfill.

Inorganic pollutants include Hg (up to 10.8 MPCs),
Cd (up to 2.2 MPCs), Zn (up to 3.4 MPCs), Bi (up to
6.7 MPCs), Fe (up to 42 MPCs), and Mn (up to
118 MPCs). The Pb, Cu, Ni, Cr, and V levels do not
exceed their corresponding MPCs. The inorganic, in
particular, heavy metal pollutant speciation in the
examined natural water containing humic acids is
governed above all by complexing processes. However,
estimation of the proportion of metal complexed with
humus substances and of the stability constants for
these complexes is complicated due to some specific
features of humic acids [15]: variable composition,
polydispersity, heterogeneity, and polyelectrolyte nature.

As regards organic pollutants, these groundwater
samples contain petroleum products (up to 16 MPCs
on the total petroleum products basis) and phenols (up
to 624 MPCs on the volatile phenols basis).

The thermotolerant and total coliform levels in the
groundwater samples collected around the landfill
perimeter exhibited, respectively, 2400- and 240-fold
excesses over the standard value established for the
summer, most epidemiologically dangerous, season
[16]. Comparison with the results of the previous
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microbiological examinations revealed significant
deterioration of the groundwater quality in terms of
these bacteria levels.

The groundwater samples collected at the
monitoring sites located around the perimeter and at
the foundation of the landfill do not meet the relevant
hygienic requirements, which fact suggests that the
SDW landfill of the city of Arkhangel’sk poses certain
epidemiological risk. At the same time, in terms of the
parasitological indicators, all the groundwater samples
collected were compliant with the relevant sanitary
requirements [17]; they did not contain helminth eggs
and cysts of intestinal pathogenic protozoa, as well as
hepatitis A antigen and rotavirus.

The groundwater samples collected at a site separated
from the eastern border of the landfill by a 1-km dis-
tance along the groundwater flow path either did not
contain most of microelements or contain them in
amounts not exceeding the appropriate MPC levels due
to filtration through the peat-swamp soil mass and to
sorption processes.

The water of Yuras river, which receives the
groundwater contaminated with landfill leachate, is
fresh (average salinity 0.29 g 1"'1) and neutral (pH =
6.9-7.3) due to Ca(HCO;), and Mg(HCO;), hydrocar-
bonnates it contains. The dichromate oxidizability
(COD), 72 (O, mg) I'", on the average, reaches
122 (0, mg) 1" at the location site of the groundwater
inflow into the surface water source, which is limited
by a drainage ditch on the north. In terms of COD,
river Yuras is a heavily contaminated water body; in
accordance with Alekin’s classification [12], its water
belongs to the hydrocarbonate (calcium) type (HCO; >
Ca®" + Mg™).

A low heavy metal content revealed for river Yuras
water can be explained by distribution of the toxicant
metal between the components of this aquatic
ecosystem (metal species include those dissolved,
sorbed and accumulated by phytoplankton, retained by
bottom sediments, and adsorbed on the bottom
sediment surface from the aquatic environment in
soluble form or on suspended particles) [18].

The microelement concentrations and the major
indicators of water quality for the location at which the
groundwater and the drainage ditch water are
discharged differ substantially from those for the
downstream and upstream water at the background
monitoring site. Hence, the groundwater and the
drainage ditch water affect the water composition of
the surface water source.

LARIONOV et al.

Assessment of the Soil Cover and Swamp
and Forest Vegetation Contamination
in the Area Adjacent to the Landfill

The matter flows in soil are involved with surface
atmosphere, vegetation, and surface water, as well as
with soil and ground water. Soil is able of actively
transforming the incoming compounds whose
migration ability it can either increase or decrease [19].

In swamplands of the European part of the Russian
North, peat acts as a natural collector of pollutants
contained in groundwater, which efficiently captures
and immobilizes them [20]. Therefore, in assessment
of the extent of the environmental impact exerted by
the SDW landfill in the city of Arkhangel’sk,
particular focus was placed on peat as one of the main
components of the landscape in the region of interest.
A variety of biogeochemical and migration processes
proceed in peat, and it acts as a natural sorbent with
respect to various substances.

The vegetation condition was monitored as
prescribed by relevant methodical guidelines [21-23],
as well as with the use of field survey techniques
adopted in plant ecology, forest science, and soil science.
The monitoring employed the “key sites” method for
studying the soil and vegetation components on small
representative plots which are characterized by an
important parameter, the area of the association
definition (0.5-0.75 ha in forest zones) [24].

The vegetation and soil condition was monitored at
three key sites. One key monitoring site was
established in a young shrub-sphagnum pine forest
adjacent to the southeastern part of the landfill, which
may affect the condition of not only vegetation in the
landfill proper but also of the bird inhabitants of the
landfill site. The second site was established in the
middle part of the zone of landfill leachate flow
towards river Yuras, in which peat undergoes major
water saturation and subsequent transformation of
high- to low-moor peat under wastewater exposure.
The third site was established in the northeastern
section of the landfill, in the middle part of the area
enclosed by the border of the landfill leachate flow
zone and the drainage channel, where a middle-aged
shrub-sphagnum pine forest was formed.

Two background test plots, one at a 2-km distance
from the eastern border of the landfill, and the other, at
a 25-km distance from the city of Arkhangel’sk, were
established with a view to assessing the aerogenic
contamination of the soil and vegetation cover.
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After a soil contamination event has occurred, the
plants tissues accumulate toxic substances which
further enter human body via trophic chains. Hence,
chemical analysis is of critical importance for soils on
which those plants are grown whose fruit species are
used for food by the population.

Soil sample collection for the purpose of chemical
analysis was carried out after the morphological
characteristics of the soil were available for each of the
soil profiles, as prescribed by the relevant standards
[25, 26]. Soil samples were collected from different
soil layers (corresponding to 0-5, 5-20, 2040, and
40-80 cm in depth) in four soil profiles (up to 90-100
cm deep) at each of the key sites. Four soil samples
taken from each of the soil layer were thoroughly
mixed to form a composite sample.

For the groundwater monitoring sites being estab-
lished, soils samples were additionally taken at the
depths of 0.5, 1.5 and 2.5 m and subsequently sub-
jected to analysis for the content of micro- and macro-
elements.

Sampling aimed to assess the soil and vegetation
condition was undertaken once a year (in summer season,
when both the vegetation cover and the epide-
miological threat are at a maximum).

The impact of the SDW landfill on the soil cover of
the adjacent area was assessed on the basis of the
following groups of indicators.

(1) The pHgc; indicator (potentiometric analysis).

(2) The content of inorganic and organic pollutants:
heavy metals (X-ray fluorescence analysis/inversion
voltammetry/atomic-absorption spectroscopy), petroleum
products (IR spectroscopy/fluorimetry).

(3) Microbiological indicators: total microbial count.

(4) Parasitological indicators: helminth eggs and
larvae (viable), cysts of intestinal pathogenic protozoa.

Because no calculation of the clarkes of elements
for peat was undertaken, the generally accepted practice
was applied. Specifically, the accumulation levels of
elements in peats were assessed by comparison with
the corresponding clarkes in soils; the ratio of the
content of the element in the sample to its clarke in soil
was determined. If considered as a geological forma-
tion, peat could be more reasonably characterized by
comparison of the average abundances of elements in
peat with the clarkes of these elements in the
lithosphere. However, this approach is not quite
correct in the case of peat with its organogenic origin.
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The main criterion for hygienic assessment of the
soil contamination by chemicals is the maximum
permissible, or tentatively permissible, concentration
of a substance in soil.

The chemical contamination level for soils is
assessed using the indicators developed on the basis of
complementary geochemical and geohygienic studies
of environmental objects. These indicators include the
chemical substance concentration coefficient K., which
represents the ratio of the actual content of a substance
in soil C, mg (soil kg), to the regional background
content Cy;:

KC = C,'/Cb,‘. (1)

and the integrated pollution index Z., which represents
the sum of the concentration coefficients of cont-
aminating chemical elements:

Zo=X(Kpi+ ... + Kp,) — (n— 1), (2)

where n is the number of the analyzed substances
whose concentrations are to be summed.

The distribution pattern for the geochemical
indices, derived from analysis of the soil samples
collected at the soil monitoring sites, gives an insight
into the spatial structure of contamination over the area
surveyed and allows identification of zones that pose
health risks for the population [27].

The integrated pollution index characterizing the
severity of soil contamination with man-made
pollutants was legislatively formalized and enjoys now
widespread use as an integrated indicator [28].

With lacking information on the background
concentrations of heavy metals in soils and vegetation
for the Arkhangel’sk oblast, the present data on their
content were compared with the clarkes of the
elements, and the content of the total petroleum
products, with their maximum permissible concentra-
tion in soil.

Using the monitoring data obtained, the peat
samples collected at the groundwater monitoring sites
being established can be characterized on the basis of
the following pollution categories: “hazardous™ at the
landfill monitoring site; “extremely hazardous” (Z, >
128) at the site established on the eastern tip of the
landfill; “moderately hazardous” (16 < Z. <32) at the
sites located around the perimeter and at a 2.5-km
distance, respectively; and “permissible” (Z, < 16) at
the remaining monitoring sites [29].
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Table 1. Indices of accumulation of microelements in peats within the surveyed area®
Element n* F, %" CCy AC, %’

Hg 48 69 24.07 65
Cd 32 50 1.16 13
Pb 64 63 2.48 53
Zn 64 100 2.33 98
Cu 64 94 2.00 94
Ni 64 97 0.93 36
Co 64 84 1.62 84
A% 64 52 0.40 22
Sr 64 98 0.31 0
Mn 64 97 0.21 0
Fe 64 73 0.18 0
Petroleum products 48 100 - -

* n is number of the samples analyzed, °F, frequency of the element; ©CC,, ratio of the content of the element to its clarke; IAC,

occurrence of above-clarke concentrations.

The largest contribution to soil contamination
comes from hazard class 1 (containing Hg, As, Zn),
hazard class 2 (containing Cu, Co), and hazard class 3
(petroleum products) substances.

The contamination density was at a maximum in
the immediate vicinity of the eastern border and under
the foundation of the Ilandfill, which findings
correspond to the data on migration of leachate
pollutants along the groundwater flow path. In the
adjacent area, the peat soil contamination level tended
to decrease with increasing depth.

Correlation analysis of the soil samples collected at
the groundwater monitoring sites allowed the As—Zn—
Pb (r > 0.9074) and Cu—Ni—V (r > 0.6157) associa-
tions of elements to be identified within the surveyed
area affected by the Arkhangel’sk SDW landfill,
because the most significant positive correlations were
revealed specifically between their concentrations in
the peat-swamp soil.

It should be noted that the Cu, Ni, and V
concentrations exhibit moderately positive correlations
with Fe (r > 0.3223) irrespective of the soil depth at
which these elements occur. The content of these same
elements (Cu, Ni and V) in soil at different depths,
starting from 1.5 m, exhibits a moderately negative (»
> (.3184) correlation with the content of Co. For the
0.5-m depth, a positive correlation (» > 0.3640) was
identified, probably due to competitive sorption of
these elements by the peat-swamp soil mass.

It was found that the peat soil is characterized by a
highly nonuniform microcomponent distribution over
both the area and depth.

It was of interest to compare the concentrations of
the pollutants, revealed for the background monitoring
sites and the sites selected within the area affected by
the Arkhangel’sk SDW landfill. A comparable, and the
highest, concentration of microelements and petroleum
products was revealed for the soil in the test plots
established for the purpose of monitoring of the soil
cover and swamp and forest vegetation along the
groundwater flow path in the immediate vicinity of the
landfill. This fact was confirmed by the geological
survey data on the groundwater flow path and the
presumed influence of the landfill leachate on the
groundwater and soil cover of the adjacent area.

The microelement composition of the soil in the
background test plots differs from that in the areas
affected by the leachate-contaminated groundwater
and is characterized by reduced levels of all the
microelements determined.

The correlation analysis of the soil samples
collected at the soil and vegetation monitoring sites
revealed the following association of elements within
the surveyed area affected by the Arkhangel’sk
landfill: Zn-Cu-Ni-Fe-V (the most significant positive
correlations were identified between the content of
these microelements in the peat-swamp soils. These
data reflect those from analysis of the peat soil
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samples, collected at the groundwater monitoring sites,
for the microelements determined.

It was also expedient to compare the average
content of selected microelements (heavy metals) in
soil of the area surveyed with that for the soil in
Arkhangel’sk as estimated for 2007 [30]. It turned out
that, on the average, the Hg, Cd, Pb, Zn, Cu, Ni, Co,
and Mn levels in the peat soil of the test monitoring
plots exceed those for Arkhangel’sk on the whole by
factors of 48, 580, 35, 56, 160, 93, 86, and 71,
respectively.

The geochemical assessment of the elemental
composition of the peats was carried out using the
following indicators [31]:

frequency of the element (the ratio of the number of
samples in which the element was detected to the total
number of the samples analyzed, %);

clarke of the concentration of the element (the ratio
of the content of the element in the sample to the
clarke of the element in soil); and

frequency of above-clarke concentrations (the ratio
of the number of samples with above-clarke content to
the total number of samples, %).

Table 1 lists the calculated frequencies, clarkes, and
above-clarke concentrations which were used for
estimating the element content in high-moor peats of
the area surveyed (Table 2).

Using the calculated clarkes in the peat soils of the
area surveyed, the elements were arranged in
biogeochemical series based on individual test plots
(TPs) of soil cover monitoring, located at three key
sites: the site adjacent to the southeastern part of the
landfill, which may affect not only the condition of
vegetation of the landfill proper but also of the bird
inhabitants of the landfill site (TP1); the site
established in the middle part of the zone of landfill
leachate flow toward the surface water course (TP2);
and the site established in the northeastern section of
the landfill, in the middle part of the area enclosed by
the border of the landfill leachate flow zone and the
drainage channel (TP3). Also, background test plots
were established at a 2-km distance from the eastern
border of the landfill and at a 25-km distance from the
city of Arkhangel’sk (TP4k and TP5k, respectively):

TP1: Hg19.92 > Cds 20 > Pbs g6 > Zny g5 > Cuy 2 > Coj 86
> N1y g2 > V60 > Srgas > Mng 15 > Feg g6

TP2: Hgu325 > Zn3 23 > Pby .49 > Cuy 19 > Coy48 > Nig o7
> Sro.52 > Vous > Mng 30 > Cdy s > Feg 19
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Table 2. Classification of elements based on the degree of
concentration in the high-moor peat within the surveyed area

Accumulation of elements in peat with
Frequency (F) of indicated intensity
element in high-moor
peat vigorous | strong (0.3 > | slight (CC,,
(CCw>0.3) | CCy>0.1) <0.1)
F>75% Zn, Cu, Ni, Mn -
Common elements Co, Sr
75% > F > 50% Hg, Cd, Pb, Fe -
Medium-abundance A%
elements
F<50% - - -
Uncommon elements

TP3: Hgz7.42 > Pbsgg > Cuys7 > Zny 31 > Coy.94 > Nij o
> V.56 > Srg.32 > Cdoa7 > Fegz0 > Mng 19

TP4k: Hgs 0> > Cuy97 > Zny g1 > Pbj4s > Coy37> Nig g7
> V.35 > Srg23 > Feg 19 > Mng 17 > Cdg g9

TP5k: Hgj483 > Zn. Pb.Co 45 > Cuy 35 > Nig 57 > Srg22
> Mng 19 > Feg16 > Vo3 > Cdogo

Using the integrated pollution indices Z it is
possible to categorize the soil cover contamination
level as permissible for the background test plots TP4k
and TP5k (Z, < 16) [29], as moderately hazardous for
the TP1 test plot (32 > Z.>16), and as hazardous for
the TP2 and TP3 test plots (128 > Z. > 32).

Like in the case of the groundwater monitoring
sites, the soil cover contamination in the test soil
monitoring plots was contributed mostly by substances
belonging to hazard class 1 (Hg, Pb, Zn), 2 (Cu, Co),
and 3 (petroleum products).

The microbiological and parasitological examina-
tions of the peat-swamp soils of Arkhangel’sk oblast
were carried out jointly with the Center for Hygiene
and Epidemiology, Federal State Healthcare Institution.
Using the criteria provided in [29], the parasitological
indices revealed for the soil samples collected at the
groundwater monitoring sites allow them to be classed
as “clean”, and the samples collected at the landfill
periphery, as “moderately hazardous.”

Based on the content in the peat soils of the area ad-
jacent to the landfill, the microelements can be ar-
ranged as follows:

Fe>Mn > Zn > Sr> Cu, V, Ni > Pb > Co > Hg, Cd.

Vegetation is most actively involved in migration
and transformation of chemical compounds. The
nutrient migration intensity is determined by the
chemical composition of the plants. Examination of the

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 82 No. 5 2012



1038

elemental composition of the plants, which constitute a
substantial part of biological matter cycles, is essential
for more comprehensive characterization of the
distribution of the chemical elements in natural and
man-made landscapes.

Terrestrial plants have most of their mass (up to
90-95 on a percentage dry mass basis) constituted by
carbon, oxygen, and hydrogen which they take up from
air and water. The remaining 5-10% of the plant
substance is accounted for by other elements (in
particular, microelements) coming from the soil. The
chemical elements are unevenly distributed in plant
organisms. For example, the highest concentrations of
microelements were detected in leaves and needles,
and in grassy plants they are distributed more or less
evenly [32].

The selective absorption of chemical elements by
plants can be characterized by the biological
absorption coefficient Ky, which represents the ratio of
the content of an element in plant biomass to that in
soil, as introduced by B.B. Polynov [33].

Due to selective absorption power possessed by
plants, the content of elements in them is slightly
different from that in soil. For the soil cover, as well as
the swamp and forest vegetation monitoring sites, the
distribution of microelements in plant tissues can be
presented as follows:

Fe > Mn > Zn > Sr > Cu,Ni > Pb > Co.

The biological absorption coefficients are indicative
of strong differentiation of the elements involved in
biological migration. The intensity of the biological
absorption of an element depends only slightly on its
total content in soil because some microelements are
weakly involved in biological processes, and soils can
be dominated by species that are hardly accessible for
plants.

Also, chemical elements can be delivered to plants,
especially to their above-ground parts, by the aero-
genic path. It must be stressed that the microelement
composition of the swamp and forest vegetation
generally reflects that of the soil cover.

CONCLUSIONS

Field and laboratory studies revealed a high buffer
capacity of peat and demonstrated its environmental
function of a natural barrier preventing the spread of
pollutants contained in groundwater from the solid

LARIONOV et al.

domestic waste landfill in the city of Arkhangel’sk.
However, peat itself is becoming progressively more
contaminated as time goes on, which may lead at some
point to breakdown of the organic matter of peat and
release of pollutants into the soil solution.

The results of the studies performed suggest a need
for engineering and technical measures to be taken in
order to prevent a negative impact on the natural
environment components from the solid domestic
waste landfill in the city of Arkhangel’sk.
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