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SUMMARY 

Intensive economic activity in river basins leads to significant pollution and deterioration of 

water quality. Ecological water management strategy aims at achieving the Water Framework 

Directive (WFD, EC, 2000) “Good” ecological status/potential of all water bodies based on 

biological, hydromorphological, chemical, and physicochemical quality elements.  

Each country towards the main goal of water management is required to establish national 

standards for chemical, and physicochemical quality elements that would be support a 

“Good” ecological status.  

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

– percentile analysis; 

– pressure-response relationships. 

The first is insufficiently rigorous and the second requires a long field survey investigation. 

Surface water monitoring correspond to the requirements of the WFD has begun in Ukraine 2 

years ago. It was necessary to establish national target limits for the first assessing the water 

bodies ecological status. Our work aimed at the establishing background concentrations of 

physicochemical and basin specific indicators and the development of classification tables for 

each type of surface water bodies. Two different methods were proposed. The first used the 

target curve of water flow availability and the second concerned the deconvolution of actual 

concentration into natural and anthropogenic component based on the theory of random 

processes. 
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Introduction 

 

Intensive economic activity in river basins leads to significant pollution of water bodies. It is reflected 

in high concentrations of individual indicators of chemical composition. Increasing in the content of 

nutrients (nitrogen and phosphorus compounds), organic substances, specific and hazardous 

substances were fixed in Ukraine surface waters since 1960s.  

 

According the Water Code of Ukraine (WC) 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 according to requirements of 

the Water Framework Directive (WFD, EC, 2000).  

 

The WC-WFD provides for the classification of ecological status into one of 5 classes. The first 

“High” class reflects reference conditions for biological indicators which are supported by natural 

variability of concentration of physicochemical and chemical parameters, in other words “background 

concentration”. What does “background concentration” mean? According to the description of the 

"excellent condition" in terms of physicochemical parameters in the WFD, the value (concentration) 

of the physicochemical components correspond completely or almost completely to conditions in 

which there are no external influences. 

 

Each country towards the main goal of water management is required to establish national standards 

for chemical, and physicochemical quality elements that would be support a “Good” ecological status. 

The approach based on relations between the stressor and the response variables (Stevenson, 2008; 

Chambers, 2012; Poikane, 2021) allowed to find concentrations of chemical indicators favorable to good 

state of ecosystem. It provides much more reasonable results but takes a long field survey investigation.  

 

Surface water monitoring correspond to the requirements of the WFD has begun in Ukraine 2 years ago. It 

was necessary to establish national target limits for the first assessing the water bodies ecological status. 

Our work aimed at the establishing background concentrations of physicochemical and basin specific 

indicators and the development of classification tables for each type of surface water bodies. Two 

different methods were proposed. The first used the target curve of water flow availability (Tallaksen, 

Van Lanen, 2004; Klebanov, Osadcha, 2016) and the second concerned the deconvolution of actual 

concentration on natural and anthropogenic component based on the theory of random processes 

(Kovalchuk et al., 2021). 

 

Method and Theory 

 

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 water flow 

availability curve. 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 %. 

The Flow Duration Curve (FDC) 2.1 software tool (Slovakia, Bratislava) was used to construct a 

water flow supply curve for each river (www.hydrooffice.com).  

 

Actual water chemistry concentrations were located correspond to water flow range. The lowest 

concentration was taken for further calculations. Background concentrations were calculated using 

three approaches:1. 50% flow value;2.  weighted average value;3. Weibull percentile calculation. 

 

The method of deconvolution of actual concentration into natural and anthropogenic component 

http://www.hydrooffice.com/
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The proposed methodology for dividing actual concentrations on natural and anthropogenic 

components is based on the theory of random processes. The theoretical basis for separating the 

concentrations of water chemistry components is represented by the axiomatics of the Kolmogorov 

theory (Kolmogorov, 1974). The actual concentrations of water chemistry parameters (Y) are 

represented as sum of two statistically independent events, the first of which is caused by the natural 

background (Х1), and the second - by human activity (Х2): Y=Х1+Х2. In this connection, the law of 

statistical distribution of actual concentrations of index (Y) is a convolution of two laws: the law of 

statistical distribution of concentrations of natural background (X1) and the law of statistical 

distribution of concentrations of anthropogenic origin (X2). 

 

Based on Kolmogorov's substantiation of validity for random variables, it was possible to calculate 

instantaneous probabilities based on a random variable, when instantaneous concentrations, which are 

represented by a time series of observations, are considered as the concentration of a water chemistry 

component at the point of observation. The parameters of the statistical distribution model of natural 

origin concentrations are calculated on that part of the ranked series of actual concentrations, the 

distribution of which is determined by the Gauss law. The parameters of the model of man caused 

concentrations are based on the convolution properties using the example of the symmetrical 

exponential model. The test of the hypothesis about the validity of the method was carried out using 

mathematical statistics and the logic method. 

 

For calculations daily water consumption data (1989-2019) and data of observations of the chemical 

composition of water (1989-2019) were used. Among the existing observation points on the 

monitoring network of the State Emergency Service of Ukraine, calculations were made for rivers 

with post located.  

 

Long-term monitoring dataset on river water flow and water chemistry composition were used. 

Among the available data, only points located above settlements were used. 

Dataset cover economic activities of varying intensity. Anthropogenic activity, it classified according 

to its impact on water quality: 1) until 1960 - a slight anthropogenic impact; 2) from 1961 to 1991 - 

intensive anthropogenic influence; 3) after 1992 - weakened anthropogenic impact.  

 

Results and Discussion  

 

Based on the above-mentioned approaches, 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 last one was taken as 

an example to represent the obtained results. 

 

The water supply of the eastern part of Ukraine occurs mainly at the expense of surface and 

underground water of the Siverskyi Donets river basin. It belongs to complex water bodies with 

various natural conditions. The Siverskyi Donets River basin water resources serve to ensure drinking, 

recreational value, agriculture and industrial water supply. 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 (Osadcha et al., 2018). 

 

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 
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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 using the described above two methods are presented in 

Fig. 1 and Table 1. 

 

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. (Fig. 1, A).  

 

A)  

B)  

Figure 1 Results of background concentrations calculation using the target curve method:  

A) for dissolved oxygen, organic substances and water mineralization; B) for nutrients 

 

The Siverskyi Donets river basin are characterized by a high content of inorganic nitrogen 

compounds. Background concentrations for nitrate nitrogen are high as a result of its natural flow to 

the rivers of the steppe zone (Fig.1, B). 

 

It was established that the method of separating the actual concentrations of physicochemical 

components reproduces the peculiarities of water bodies and reveals the main hydrochemical 

regularities (Tab. 1). The obtained calculation results will serve as a certain basis for determining 

background concentrations for each type of SWB represented in the Don River basin. 
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Table 1 Average values of parameters of natural origin and anthropogenic origin (mean value with 

95% confidence intervals of concentrations of natural origin) for the Oskil River (as an example) 
Component Natural Anthropogenic 

Т, °С 7,7 ± 1,3 0,0 ± 0,0 

O2, mg/l 10,7 ± 0,38 0,0 ± 0,0 

Мінераліз., mg/l 666,5 ± 13,9 0,0 ± 0,0 

рН 8,0 ± 0,04 0,0 ± 0,0 

BOD5, mg О2/l 1,83 ± 0,14 0,31 ± 0,14 

Ntotal, mgN/l 0,48 ± 0,04 0,20 ± 0,07 

N-NH4, mg/l
 

0,22 ± 0,02 0,03 ± 0,02 

N-NO2, mg/l 0,013 ± 0,001 0,006 ± 0,002 

N-NO3, mg/l 0,23 ± 0,03 0,23 ± 0,07 

Ptotal, mgР/l 0,40 ± 0,03 0,20 ± 0,13 

H3PO4
3-

, mgР/l 0,25 ± 0,02 0,02 ± 0,02 

 

Conclusions 

 

Two methods for calculating background concentrations are considered - reclassification of data 

according to the water flow availability curve and separation into natural and anthropogenic 

components based on the theory of random processes. 

 

Natural concentrations of physicochemical components were calculated for the Don River basin. It 

will be used to develop type-specific classifications for SWB and assessment of their ecological state 

and ecological potential. At the final stage class boundaries of designed ecological assessment 

systems will be compared, bring to a common scale and harmonized through the intercalibration 

exercise.   
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