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Introduction.

Among  numerous approaches to evaluation of the quality of surface waters the 
hydrological, hydrophysical,  hydrochemical, biological and others parameters are 
widely used.  

It is understandable that determination of a polluting substance concentration 
does not answer a question of the state of water ecosystems. That is why a biological 
approach is of a great importance in the determination of the quality of surface waters. 

An attempt for  development of the techniques of water quality estimation using 
indicator hydrobionts was undertaken before 19th century and was based on animal 
species composition. A compilation of lists of  “antagonistic hydrobionts”- species 
indicating “clear”, “polluted” and “transitional” waters was reflected in research of 
Mez [12] on  hydrobiological methods for sanitary estimation of surface waters. The 
works of Mez served as the basis for the development by Kolkwitz and Marsson [7,8] 
of the classic system of indicator organisms, saprobionts for inhabitants of sewage 
waters, katabionts – for inhabitants of clear waters. Authors have distinguished 3 zones 
of contamination and compiled lists of indicator species attributed to each zone. On 
a basis of these lists a great number of methods have been developed [5,6] allowing 
to estimate the mean of saprobility of a biocoenosis and facilitating understanding of 
the results on biological analysis by non-specialists. Zelinka and Marvan [20] have 
introduced a concept of the saprobic valency. An application of the method was extended 
by Liebman [9] and Sladecek [16]. Now it is applied for the biological indication 
and classification of organic contamination of waters. Such approach is built on a 
principle of a significant transformation of a biotope and is applicable in more extent at 
significant concentrations of external reagents (ecological catastrophes). However the 
use of invertebrate species composition is practically not applicable at chronically low 
level of polluting substance.

Therefore a biological monitoring on the basis of indicator species is not always 
applicable in practice. Under natural conditions an impact of contaminating reagents 
may not influence essentially, for instance, the density of populations of some species.

At present the indices of diversity applied in a population ecology [15] are 
used often in order to characterize the state of ecosystems. They are calculated taking 
into account the whole species composition of separate communities, for instance, a 
community of bottom hydrobionts for an assessment of a biota state in rivers. 

The approaches proved to be very effective in the case of variation of two and 
more parameters (for example, on species diversity and indicative values of indicator 
organisms) in the studied systems. Examples of such systems may be the biotic index of 
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the Trent River (TBI) [19], index Verneaux and Tuffery [17] , Chandler [3] and others. 
At present the use of TBI for above-mentioned purposes is actual in connection 

with recommendations of the European Framework Water Directive.
A possibility of the use of water invertebrates for the biomonitoring of freshwater 

ecosystems is conditioned by the fact that higher diversity of water-bodies, is an essential 
component of their self-purification and of the multi-lateral ecological relations [13]. In 
addition, a change of the state of the biotic component under the impact of the ecological 
system contamination is a direct indication of the ecological state of waters.

In spite of the general abundance of research and the large number of international 
agreements in the field of surface water protection (for instance, European Framework 
Water Directive),  an unified methodical approach for the monitoring of freshwater 
ecosystems on a basis of a biotic component till now are not developed in Belarus. 
It concerns especially an ecological risk assessment (ERA). Analysis and assessment 
of ecological risks is especially effective, in particular, in those cases, when there are 
significant uncertainties in initial data on anthropogenic pressures on ecosystems and 
about the state of ecosystems; when reactions of ecosystems are not clear and have 
a character of a probability; when a way of the possible use of ecosystems in future 
assumes several alternative scenarios. 

At such interpretation of the water quality assessment problem the application of 
the ERA methodology should be considered to be more efficient and organic than the 
use of traditional methodologies oriented to several established criteria (in particular, 
ambient water standart and others).

Methods

The “Methods of risk assessment arising at the impact of pollution sources on 
water objects” [2] was used for the ERA. These “Methods…” were developed and 
approved when performing the PROON-GEF program of the ecological improvement  
of the Dnieper River basin at the financial support of IDRC. The work was performed 
on the territories of Belarus, Russia and Ukraine by specialists of these countries.  These 
“Methods…” is the ERA instrument in river systems. It is a first step to a development 
of national ERA normative documents in countries of the Dnieper River basin on the 
unified methodological basis taking into account demands of the Directive 2000/60 
EC.

The ERA process in water ecosystems differs in principle from traditional 
methods of a determination of the water ecosystem quality on a basis of a chemical 
pollution, physical or other anthropogenic pressures. The “Methods…” [2] is a version 
of “A framework for ERA: General Guidance” of the Canadian Council of Ministers of 
the Environment [1] to a specifics of problems arising at an  assessment of the impact 
of pollution sources on water objects.                     

The most of successfully working ERA methodologies have a three-level structure: 
1- a test assessment; 2- a preliminary quantitative ERA; 3- a detailed quantitative ERA 
[1]. Usually a performance of the first two levels is enough.

Test assessment is performed preferentially on the basis of the analysis of literare, 
reports, statistical and other materials. Questioning of experts working in thea zone of 
a potential impact and data of a field protocol filled for each point are of a special 
importance. A main purpose of the test assessment is to establish or disapprove an 
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assumption that there is a risk of unfavourable changes for an ecosystem. It provides 
a basis for the conduction of the following stage – the preliminary quantitative 
assessment.

The preliminary quantitative assessment has an ultimate aim to obtain 
approximate assessments of unfavourable changes which may arise in ecosystems 
if these risks would happen. Methods of obtaining the preliminary quantitative risk 
assessments may include the expert assessment of a probability  and standard methods 
of the mathematical statistics. 

The calculation method proceeds from the following assumptions. If  the  risk 
indicator x exceeds the limits of some given range of values with a possibility of 
unfavourable changes for an ecosystem, then a probability of such event (i.e. a risk) 
would be the least the range is wider; the risk indicator value хi is farther of its limits 
(хmax  and xmin); the less is variation of these values during a given time interval ∆t or at a 
given area ∆S. Proceeding from this, the probability of of the risk indicator x values to 
be within the limits of a range of their permissible changes may be determined as: 

 
    1)

where  qx(∆t)  - probability of finding  of the risk indicator х values in limits of a 
given norm during the time interval ∆t; xmin and хmax  – upper and lower risk indicator x 
values limiting diapason of their ecologically permissible values; f(x)-  a density of x 
distribution.

When there are no another hypothesis, distribution of the хi indicator values 
could be assume as Gaussian (normal), than equation (1) may be determined as:

     

   (2)

where : F – a function of normal distribution, values of F are taken from a manual 
of a mathematical statistics, σх - a mean quadratic deviation of the x value. 

Therefore, the probability of the ecological risk x during a time interval ∆t is 
estimated as:

                                  px=1-qx.                                       (3)

This method of ERA is reliable when the x and σх values are assessed authentically 
enough. For ERA express-method is possible to use instead of statistical values x   and 
σх their expert evaluations.  

As a mean arithmetical value of x it is recommended to use its value measured 
in a site for which a risk is assessed. In order to substitute the σх  it is possible to use its 
value calculated from selected values of the variable x measured in all sampling sites 
(including the “hot” one) for a given river. In that case the σх value will prove to be 
over-estimated for all sites of sampling if compare to the “hot point” for which it will be 
under-estimated. Taking this into account, the σх values calculated for all sites of a given 
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river should be corrected for each specific site. Values of the correction coefficient (k) 
by which the “mean river” σх value should be divided, are given in Table 1. 

Table 1. The values of the correction coefficient (k) for ERA calculation.

Distance from 
from wastewater 

discharge, km

Above wastewater 
discharge 
(Control)

At wastewater 
discharge poit

Below discharge. Up to:

1 km  3 km 5 km 15 
km

k coefficient 3,0 3,0 1,5 2,0 2,5 3,0

In this paper, within the framework of preliminary quantitative assessment the 
description of the algorithm of assessment and calculation of increasing of the  risk 
probability in most significant “hot points” of Dnieper River basin is given. These 
assessments may be preliminary only. Nevertheless they are quite sufficient to analyze 
data on the source of contamination, to take a decision and to develop a general plan 
of actions on the  liquidation of dangerous alterations in zones exposed to its influence. 
Such a practice of ERA is used as a research standard is in most countries. 

Results and discussion.

Correlation between biotic indices. 
We have studied a correlation between biotic indices used most often [10] on an 

example of river and spring ecosystems. Shannon, Goodnight- Whitley values and TBI 
indices for the river system Svisloch-Berezina are given in the Figure 1. 

Figure 1. Relationship between Shannon, Goodnight - Whitley and TBI indices. Index 
values are calculated for the river system Svisloch-Berezina.

The correlation between the Shannon-TBI and Goodnight-Whitley indices is 
negative, between the Shannon and TBI ones is positive as it should be expected from a 
definition of these indices. Values of Shannon and TBI indices are increasing and those 
of Goodnight-Whitley are decreasing with an increase of a biological diversity. 

In the Figure 2  values of the Shannon, Simpson and Berger-Parker indices 
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calculated for 19 springs of the National Park “Braslav Lakes” are given. It is seen that 
the dynamics of changes of all three indices is identical.

Correlation between biotic indices and environmental factors.  

We have done such an analysis for 8 sites of the river system Svisloch-Berezina 
using data on the contamination of water and bottom sediments by 15 heavy metals and 
for 17 sites of  Dnieper, Berezina and Pripyat Rivers (Figures. 3, 4, 5).

Dynamics of hydrochemical parameters and TBI according to data from 17 
studied sampling stations of Dnieper, Berezina and Pripyat Rivers are given in the 
Figure 5. 

The tendency of the decrease in biotic index and an increase of a concentration of 
pollutants including heavy metals and hydrochemical parameters in water and bottom 
sediments is evident from available data.

Figure3. Correlation between biotic indices of sample stations and coefficients of 
water pollution by heavy metals (a result dividing the values at a single station by values 

at the cleanest station. Mean values for 15 heave metals ) of the Svisloch-Berezina 
river system.

Figure2. Shannon, Simpson 
values and Berger-Parker indices 
calculated for 19 (abscissas axis) 

springs of the National Park 
“Braslav Lakes”.
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Figure 4. Correlation between biotic indices of sampling stations and coefficients 
of a pollution of bottom sediments of heavy metals (a result of division of values at a 

single station by values at the cleanest station. Mean values for 15 heavy metals ) of  the 
Svisloch-Berezina river system.

 
Figure 5. The dynamics of hydrochemical parameters according to the data of 17 

studied sampling stations of Dnieper, Berezina and Pripyat Rivers. A logarithm of values 
is on the ordinates axis. Ranging of stations in relation to the TBI increase is on the 

abscissas axis.
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Ecological risk assessment.

Further the TBI index [19] was used for the ERA because it was adopted for 
the water quality assessment in Belarus and in accordance with the EFWD (Directive 
2000/60/EC). This research has been performed in rivers of Dnieper basin. The four 
“hot sites” has been analyzed. Samples were taken in different distances from sites of a 
sewage discharge from the big towns: Gomel at the Sozh River, Retchitsa at the Dnieper 
River, Mozyr at the Pripyat River and Minsk at the Svisloch-Berezina river system. 
Hydrobiological samples were taken and species composition was determined at each 
site. Values of the biotic index TBI were calculated on a basis of a species composition. 
These values have proved to be over 6 for “hot sites” of Mozyr and Retchitsa. The 
minimal critical value recommended by the method of a risk calculation is equal 4. 
Thus, it is possible to conclude that risks of the degradation of river ecosystems are 
absent and their condition is quite good in a case of these towns. However all this does 
not answer a question of a risk probability at these “hot sites” in the  case of negligible 
alterations in ecosystems. We have applied a principle of the percentile selection of 
the TBI critical values for a risk calculation on a 25 % basis. Such a value was 7.5 for 
Retchitsa and 6.5 for Mozyr. Respective values of a risk probability were obtained 
using calculated critical TBI values (Table 2).

Table 2. The TBI index (tbi) and risk probability (p) values for investigated 
stations at  different  critical  TBI  values  and  respective   values  of a correction 

coefficient k (Table 1).
Localization  of the sites

Above - below of sewage discharge
Gomel Retchitsa Mozyr Minsk

tbi p% tbi p% tbi p% tbi p%
Above 20 km - - - - - - 10 0
Above 2 km 9 0 8 0 8 0 8 0
Above 0,2 km 6 0 - - - - - -
Sewage discharge 3 80 7 96 6 82
Below 0,2 km 3 80 7 100 6 89 3 80
Below 3 km 8 13 6 72 3 100
Below 5 km 6 20 8 1 - - - -
Below 8 km 9 0 - - 7 18 - -
Below 9 km 8 0 - - - - - -
Below 10 km 9 0 8 0 7 11 - -
Below 11 km 8 0 - - - - - -
Below 15 km 8 0 8 0 8 0 - -
Below 23 km 9 0 - - - -
Below 100 km - - - - - - 8 0
critical TBI values 4 7,5 6,5 4

Conclusion

Therefore, the biotic index TBI may be used for the ecological risk assessment 
based on the probability approach. It is shown that the probability of ecosystem 
degradation depends firstly on the distance from wastewater discharge. At wastewater 
discharge point, depending on its volume the risk probability runs up to 80-90% and 
in some cases it equals 100% that shows that is the system has been degraded. Under 
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the conditions of Belarus the degree of the ecosystem quality restoration is quite high. 
In most cases along a 15 km distance with a stream of a river the risk probability 
decreases up to values corresponding to those above the site of wastewater discharge. 
The obtained data demonstrate the necessity of use of the of multi-level system of the 
ecological risk assessment. The international level is necessary for the comparison of 
the risk probability in different countries with different systems of use and protection of 
water resources. The national level is necessary for the  comparison of basin and regional 
levels. The basin level is applicable for the comparison of tributaries of different order. 
Regional level is best for the evaluation of concrete pollution sources “upstream and 
downstream the river”. For each level the corresponding minimal critical values of 
assessing factor may be used. Therefore, if generally accepted minimal value of the 
Woodiwiss index for risk calculations is equal to 4, then for most of rivers of Belarus 
the risk probability will be absent even if the river passes through the settlements. In 
order to inter-calibrate index values for the comparative analysis between international, 
national, regional and basin levels a percentile principle of establishment of critical 
values of the Woodiwiss index equal to 25% may be applied.

The given approach allowed us to monitor more precisely the  probability of 
alterations in ecosystems and reveal the possibility of further degradation of the system 
at its early stages. The use of risk probability values for river systems calculated for 
different places with different degree of anthropogenic impact allow to isolate reference 
sites. The use of them is recommended by the EU Water Frame Directive as one of 
general mechanisms of a comparative analysis of the water quality. The risk probability 
values gives a possibility of mapping the state of water ecosystems using GIS system.  

Thus the definition and use of risk probability values for river systems is an 
universal mechanism for the determination and monitoring of a water quality and may 
be an appropriate tool for decision making in the field of water resource management.
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