
Introduction

Intensive economic activity in river basins leads to
significant pollution and deterioration of water quality.
According the Water Code of Ukraine (WC), updated in
2016 on the basis of the Water Framework Directive
(WFD, EC, 2000) the ecological water management
strategy aims at achieving the “Good” ecological
status/potential for all water bodies on biological,
hydromorphological, chemical, and physicochemical
quality elements. Towards the main goal of water
management is required to establish national standards for
all mentioned elements.

Formalization of the ecological state assessment is
presented through 5 classes, among which the first class
corresponds to reference conditions for biota which are
supported by background concentrations of water
chemistry components.

Our work aimed at the establishing background
concentrations of physicochemical and basin specific
indicators and the development of classes target limits for
each type of surface water bodies.

Method and Theory

Two commonly used approaches have been proposed to
derive physicochemical criteria:

– percentile analysis (CIS Guidance #10 “River and Lakes-
Typology, reference conditions and classification systems,
2003), which is insufficiently rigorous ;

– pressure-response relationships (Hillips G, Birk S,
Bohmer J et al. The use of pressure-response relationships
between nutrients and biological quality elements as a
method for establishing nutrient supporting element
boundary values for the Water Framework Directive, EUR,
Publications Office of the European Union, Luxembourg,
2018, which is requires a long field survey investigation.

We proposed two different methods to calculate natural
concentration of chemical parameters.

Target curve method

The chemical parameter concentrations are closely related
to the water flow. To determine the influence of this
important factor, the data series were reclassified on the
basis of the flow duration curve (FDC) (Fig. 1). The
following ranges of water conditions were distinguished:
very high water (<10%), high water (10–40%), mean water
(40–60%), low water – 60–90%, very low water – > 90 %.
Actual water chemistry concentrations were located
correspond to water flow range. The lowest concentration
for each flow range was taken for further calculations (Fig.
2).

Based on the water discharges and mean concentrations for
each flow range the daily target curve was developed (Fig.
3).

Fig. 3. The nitrate target curve for the Desna river near
Litky .

Background concentrations were calculated using three
approaches:1. 50% flow value; 2. Weighted average value;
3. Weibull percentile calculation.

Background concentrations of nutrients in some rivers of
the Dnipro basin are shown in Table 1.

Table 1. Background concentrations of nutrients in 

some rivers of the Dnipro basin

The method of deconvolution of actual concentration into

natural and man caused component

The methodology is focused on the dividing of actual

concentrations on natural and man caused components. The

theoretical basis of the method is based on the theory of

random processes and represented by the axiomatics of the

Kolmogorov theory.

The actual concentrations of water chemistry parameters

(Y) are represented as sum of two statistically independent

events:

- concentrations of the natural factors    (X1);

- concentrations due to human activity   (X2);

• Y=Х1+Х2 

The law of statistical distribution of actual concentrations  

pY(y)  is a convolution of the law of statistical distribution 

of concentrations natural origin pX1 (x1),  and the law of 

statistical distribution of men caused  pX2 (y-x1).

The parameters of the model of statistical distribution for

natural concentrations is described by Gauss's law that is

identified with 0.95 reliability. The parameters of the

model of man caused concentrations are based on the

convolution properties using the example of the

symmetrical exponential model.

A detailed algorithm of the proposed stochastic approach

was presented at the previous conference in 2021.

Calculation of the background concentration using the

method of deconvolution is shown at the Fig. 4, 5.

Fig. 4. Calculation of the limits of natural background and

actual background (including climate changes) of

ammonium nitrogen concentrations for the Desna river

near the Litky village

Fig. 5. Calculation of the limits of natural background and

actual background of sulphate ion concentrations for the

Golovesnya river near the Pokoshychi village

Calculation were based on the data providing by the

monitoring network of the State Emergency Service of

Ukraine. Dataset cover economic activities of varying

intensity. Anthropogenic activity was classified according

to impact on water quality: 1) until 1960 - a slight

anthropogenic impact; 2) from 1961 to 1991 - intensive

influence; 3) after 1992 - weakened anthropogenic impact.

Long-term monitoring dataset of the river water flow and

water chemistry composition were used for calculations.

Among the available data, only points located above

settlements were taking into consideration.

Results and Discussion

Natural background concentrations were calculated for the

Dniester River basin, the Danube River basin, the Vistula

River basin (the Western Bug River in Ukraine), and the

Don River basin (the Siverskyi Donets River in Ukraine).

The Don river basin

•The Siverskyi Donets River basin water resources serve

for drinking, agriculture and industrial water supply as well

as recreational needs. As a result of economic activity,

wastewater from industrial, municipal and agricultural

enterprises, mine water enter the river and disturb the

natural balance of processes in the natural ecosystem. The

location of the Siverskyi Donets river basin in two natural

zones, complex geomorphological and hydrogeological

conditions, the presence of karst formations and the

heterogeneity of climatic characteristics, significant

changes in the hydrological regime, anthropogenic load

require the development of complex management solutions

for the water management complex of the basin. The Don

River basin located in one ecoregion - the Eastern Plains.

Surface water bodies (SWB) of three categories are defined

– natural (rivers and lakes), artificial and significantly

altered SWB. Totally 10 types of SWB as "river" category

and 1 type as "lake" category have been identified. The 3

classes classification of ecological status should be

developed for all these types. The first “High” class reflects

natural value of physicochemical and chemical parameters

concentration. The first results of background calculations

for the Siversky Donets basin are presented in Table 2. The

Siverskyi Donets river basin natural water related to

brackish - the average mineralization exceeds 1000 mg/l.

Basin's rivers water mineralization is characterized by clear

natural zoning which was reflected during calculations of

background concentrations. The oxygen regime is

described as good. (Table 2).

Table 2. Background concentrations of chemical

parameters in the Siversky Donets basin
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Fig. 1. FDC for the Desna 

river, Litky village

Fig. 2. Reclassified water 

flow and mean N-NO3 

concentrations, mgL-1

Р (Y) = Р(X1+X2) = Р(X1) +Р(X2)

X1 = [Y * Р(X1)] / [Р(X1) +Р(X2)]

X2 = [Y * Р(X2)] / [Р(X1) +Р(X2)]

The obtained results 

were used to develop a 

classification table, 

which was subsequently 

used to assess the 

ecological status of the 

SWB in the Don basin.
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Table 3. Classification table 

for the SWB type 

UA_R_16_XL_1_Si

The assessment of ecological status by water chemical components 

could be seen in Fig. 5which indicates that the main pollution of 

SWB in the Don basin is caused by nutrients.

Fig 5. Ecological status of 

SWB in the Don basin, 2019


