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Abstract. The paper considers the problem of the influence of man-made
load on the quality of water and bottom sediments of water bodies. The
relationship of the state of the water body, the quality of the water in it and
the level of contamination of bottom sediments is established. It has been
shown that the rates and volumes of formation of bottom sediments and the
level of contamination of their layers are different throughout the existence
of a water body, which allows the use of bottom sediments as the main
indicator of the ecological state of a water body, reflecting the level of
anthropogenic impact on water ecosystems over time.
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Introduction

The processes of urbanization of the territory of the Russian Federation lead to an
increasing effect of technogenic factors on water bodies, especially in cases where water
bodies are located directly in the centers of urbanization or in the zones of their influence.
The rates of the negative impact of urbanization on water bodies increase as the urban
population, industry and water transport grow [1-3]. A significant proportion of the river
flow is withdrawn for water supply of economic activity in cities, large volumes of
untreated or conditionally clean wastewater are discharged into the rivers, which leads to a
change in the hydrological regime and the course of intra-river processes. This also leads to
the accumulation of a significant amount of contaminated bottom sediments in the river
channels, which adversely affect the quality of water and the general ecological condition
of water streams.
Since the negative impact of urbanization on water bodies with varying degrees of
intensity lasts more than 100 years, the volume of contaminated sediments accumulated in
river channels reaches critical values. In some cases, channel sediments cannot be removed
by the river flow on its own, which necessitates the implementation of measures to clean
the channels and develop measures for the disposal of removed contaminated sediments.
The rates and volumes of formation of bottom sediments and the level of contamination
of their layers are different throughout the existence of a water body, which allows both
tracking the effect of a changing man-made load on river ecosystems in time and the
change in those natural processes that occur in it. Therefore, in a number of countries,
bottom sediments are used as the main indicator of the ecological state of a water body,
reflecting the level of technogenic impact on river ecosystems [4-6].
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The volume and significance of this problem can be illustrated by the following figures:
in Russia, there are about 3 million lakes, about 1,000 large reservoirs, a total area of a
water mirror of 11.9 million hectares, over 100 thousand artificial ponds, 3 million small
rivers. A significant part of these water bodies was subjected to technogenic and
anthropogenic impacts, silted up, contaminated, and requires cleaning.
When developing environmental measures aimed at solving the problems of sustainable
development of urbanized territories, protecting the natural environment and creating
favorable living conditions for the population, it is necessary to rely on the scientific criteria
of environmental safety of natural and economic geosystems.
The need to develop environmental safety criteria for contaminated bottom sediments
arises not only when assessing the ecological state of water systems as a whole, but also
when solving various engineering measures, for example, related to changing the channel
cross-sectional shape, while dredging or restoring natural parameters of the riverbed. The
solution to these problems is directly related to the choice of technology for the removal
and disposal of bottom sediments, which should be determined, on the one hand, by the
volume and distribution of contaminated sediments in the channel, and on the other hand,
by an assessment of their possible environmental impact [7].
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Materials and methods

The generally accepted approach of normative methods for determining the level of
environmental pollution by comparing the concentrations of certain pollutants with their
maximum permissible concentrations (MPC) is not possible, since MPC of pollutants and
clarks of bottom sediments have not yet been developed.
For a quantitative assessment of the degree of technogenic contamination of bottom
sediments,Yu.E. Saet et al. proposed [8-12] an indicative scale for characterizing the level
of technogenic contamination and the degree of potential sanitary and toxicological hazard
of bottom sediments (Tab. 1).
Table 1. Indicative scale for assessing the contamination of water systems by the rate of accumulation
of chemical deposits in bottom sediments.
Contamination factor
Zc
< 10
10 – 30
30 – 100
100 – 300
> 300

Level of technogenic
contamination
Weak
Average
High
Very high
Extremely high

Degree of sanitary toxicological
hazard
Permissible
Moderate
Dangerous
Very dangerous
Extremely dangerous

In this scale, the total contamination index (Zc) and chemical concentration factors (Kc)
are used to assess the state of water systems. They are also based on local background
concentrations of bottom sediment elements:
Zc=ΣKс-(n-1)

(1)

where Kc – the technogenic concentration coefficients are greater than 1 (or 1.5), n is
the number of elements with Kc> 1 (or 1.5):
Kс=С/Сb

2
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Figure 1 shows the concentration coefficients of chemicals in bottom sediments of the
YauzaRiver, calculated for elements with known background values [13].

Fig. 1. Impurity concentration coefficient in bottom sediments

When studying the composition of bottom sediments, specificallycontamination by
heavy metals, it is very important to take into account the differences in samples in terms of
mechanical composition. HM in soils are concentrated mainly in clay sediments [14-19].
Various physicochemical processes, such as adsorption, osmosis, and ion exchange,
proceed on the mineral - water interface. Their development depends on the dispersion of
the solid component and significantly increases with an increase in the total specific
surface.Therefore, they are most characteristic for clay and other finely dispersed minerals
[20]. This is the basis for the widely used in Germany methodology for assessing the manmade load on river ecosystems: in order to correlate samples of different mechanical
composition, the contamination of a fraction of less than 0.020 mm is used with clay
particles prevailing in it. In this way, samples taken in various sections of the river are
brought to a “common denominator”, and technogenic contamination of the river is
estimated by the degree of saturation of the clay fraction of bottom sediments with heavy
metals.
Igeo-classes or “geo-accumulation indices” proposed by G. Muller, which are
determined on the basis of the following equation, are used to determine the degree of
contamination[21,22]:
(3)
I geo  log 2 (C /1.5Cb )
where С–

measured (gross) element concentration in bottom sediments (fractions of less
than 0.02 mm are most often used as having the highest sorption capacity);
Cb – geochemical background concentration of the element n, is determined
according to specific studies considering regional specificities of the
dissipation of the element n;
1.5 – coefficient taking into account variations in the natural concentrations of the
element.
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This indicator is the basis for classifying bottom relations of water bodies by one of the
quality classes (Table 2).
Table 2. Characterization of contamination levels of bottom sediments by Igeo-classes and man-made
load on aquatic ecosystems
Igeo-class

Contamination level

Man-made load on
aquatic ecosystems

Background
values

Almostuncontaminated

Minor
(non-hazardous)

Natural background state

Almostuncontaminated
to moderately
contaminated

Weak
(low hazardous)

Normal zone; class of
satisfactory condition

Moderately
contaminated to
medium contaminated

Moderate
(moderately
hazardous)

Risk zone; class of adverse
condition

Medium contaminated
to highly contaminated
Highly contaminated to
excessively
contaminated

Strong
(hazardous)

Crisis zone; class of very
adverse condition

Excessive (extremely
hazardous)

Disaster zone; class of
catastrophic condition

0-1

2-3

4-5
6

Ecological zones of aquatic
ecosystems; bottom sediment
state classes

The assessment of the level of contamination of bottom sediments with heavy metals by
Mueller form a simple system of geo-accumulation classes (Table 2), which allows
mathematically determining the classification indicators for assessing the ecological state of
bottom sediments and “localizing” the places of formation of bottom sediments with
maximum concentrations of pollutants.
Figure 2 shows the values of the Igeo geo-accumulation indices reflecting an estimate of
the level of contamination of bottom sediments of German rivers with cadmium (Cd). The
background value of cadmium contamination Cd b = 0.3 μg/kg.
When assessing the level of contamination and environmental hazard of bottom
sediments to be removed, processed and disposed, as a rule, approaches based on the use of
background concentrations (or the values of maximum permissible concentrations of
substances in water) are used. The complexity of the application of such methods lies in the
fact that if in Europe sufficient attention is paid to the study of background values, then for
Russia, these studies are locally selective. Therefore, clarks of the lithosphere, soils, etc. are
often taken as background values. In this regard, it seems appropriate to use the hazard
coefficient of chemical elements K0as an additional criterion [23]:
Kс=Сi/MPCi

(4)

where, Сi – concentration of controlled substances in bottom sediments;
MPCi – the maximum permissible concentration of these substances in the soils
corresponding to them [24.25].
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Fig. 2. Assessment of the level of contamination of bottom sediments of the most important German
rivers with cadmium (Cd) for 1972 and 1985 [22]

Table 3 shows the values of the hazard coefficient K0 calculated for the bottom
sediments of the Yauza River.
Similarly to soils, the level of contamination of bottom sediments of a water body by
each element in accordance with its hazard class is established.
Table 3. Hazard coefficientsof chemical elements (K0)
Bottom sediments

MPC/TPC of
elements in the
soil

Gross content

К0

Hazard class

Cadmium (Cd)

0.5

3.04

6.08

1

Copepr (Cu)

33

160.5

4.86

2

Arsenic(As)

2

5.19

2.6

1

Nickel (Ni)

20

51.7

2.6

2

Mercury (Hg)

2.1

0.658

0.31

1

Lead (Pb)

32

74.7

2.33

1

Zinc (Zn)

55

57.3

1.04

1

Elements
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This allowed us to propose a scale for assessing the contamination of bottom sediments,
which differentially takes into account the contribution of the studied chemical elements
representing various environmental hazards (Tab. 4).
Table 4. Levels of contamination of bottom sediments with chemicals under the study

Level of
contamination

Hazard class 1
K

Cd

>2.5

X

0

Excessively
contaminated
Highly
contaminated
Medium
contamination
Low
contamination
Moderately
contaminated

3

from 2to
2.5
from 1.5
to 2
from 1to
1.5
less
than1

As

Hazard class 2

Hg

Pb

Z
n

K

0

C
u

Ni

>4
X

X

X
X

from
3to 4
from
2to 3
from
1to 2
less
than 1

Hazard
class 3
K0
>5.5

X
X

from 4 to
5.5
from 2.5
to 4
from 1 to
2.5
less than
1

Conclusion

In accordance with this methodology, the total hazard class of bottom sediments is
determined by the highest value of the heavy metal content from those found in bottom
sediments.
The proposed classification can be used to assess the man-made load on river
ecosystems and identify ecologically unfavorable sections of rivers, which, according to the
authors, will help in choosing effective technologies for the protection and purification of
water bodies.
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