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Abstract. The article contains studies to identify the law of distribution of 

availability for hydrochemical quality indicators such as dissolved oxygen, 

BOD5, COD, suspended solids, pH and mineralization. Time series 

analysis was carried out using data from the Mukhavets River. The 

revealed law of distribution allows considering the issues of design and 
1construction of water facilities more reasonably. 
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Introduction 

The intensification of anthropogenic impact on water resources requires changes in the 

regulation and methodological approach in determining quantitative characteristics. The 

authors in [7] propose a new approach for sustainable water resources management and 

achieving long-term water security for people and the environment. It consists in the 

perception of water resources not only as an integral object but also in understanding the 

functioning of separate components of the system. The hydrochemical regime of river 

waters is a complex system that cannot be considered without hydrological parameters as 

evidenced by the following studies [8]. The authors in the article [9] propose to consider the 

hydrochemical regime of the catchment through the prism of hydrological and climatic 

parameters. The results of studies [11, 21] testify to the correlation of hydrological and 

hydrochemical characteristics. When studying the dynamics of river water quality 

indicators such as total alkalinity, electrical conductivity, dissolved oxygen and others 

seasonal changes were revealed. This has been confirmed in studies [16]. In work [10], the 

main sources and factors of changes in the quality of surface waters were identified which 

include geological, climatic and anthropogenic. The influence of the latter factor on the 

ecological system of the Republic of Belarus is also discussed in [17]. As stated in article 

[19], the concentration of dissolved substances such as chlorides, sulfates, etc. also 

increases with an increase in the degree of urbanization. The mechanisms of interaction 

between surface and ground waters are described in [12]. The analysis was carried out for 

the main components of natural waters such as cation-anion composition and electrical 

conductivity. Another important factor in the formation of the hydrochemical regime of 

surface waters is the type of feeding as evidenced by the results of studies [18]. 
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In most cases, the study of the hydrochemical regime is carried out according to the 

average concentrations of quality indicators. The use of such hydrochemical parameters 

does not often make it possible to adequately assess the state of aquatic ecosystems. 

When designing water facilities, building and road structures, the criterion of the 

availability of hydrological quantities is widely used. This indicator reflects the probability 

of exceeding the characteristic among its possible values. Most often, it is required to 

determine the hydrological characteristics of a given supply which is easily solved if the 

distribution law of this quantity is known. However, in practice, the distribution law is often 

not known. As for the determination of the availability of hydrochemical values, then 

mention in the literature, does not occur. Therefore, the study of this issue is of practical 

interest for engineering calculations in water management design. 

Literature sources mention the distribution of errors in the data of hydrological and 

hydrochemical observations while the complexity and multicomponent nature of the error 

in observing water quality is noted [6]. The law of distribution of probabilities of various 

indicators of surface water quality is discussed in works [13, 14]. The derivation of the 

statistical distribution is carried out through the balance equation for impurity and water at 

the water intake. The fact of seasonal variations in surface water quality indicators was also 

established. The article [15] discusses a number of statistical methods that can be used to 

describe the dynamics of hydrochemical indicators which indicates the widespread use of 

statistical approaches in hydrochemistry. 

The purpose of this work is to establish the distribution law for the availability of 

hydrochemical indicators. 

Method 

Data of the State Water Cadastre (SWC) of the Republic of Belarus were used in the course 

of the research in the period from 2010 to 2019. The starting material used for the time 

series on the Mukhavets River in the alignment above the city of Brest according to the 

following hydrochemical parameters: BOD5, suspended solids, total mineralization, COD, 

dissolved oxygen. 

Empirical security was determined by the formula: 

                                                        р =
m

(n+1)
∙ 100% ;                                          (1) 

where m – is the ordinal number x in the ranked row; n – is the length of the row. 
 

Based on the above hydrochemical indicators, empirical supply curves were 

constructed, according to which the law of supply distribution was selected. The empirical 

law of distribution of the availability of hydrochemical parameters was carried out for a 

normal distribution according to the criterion of consent χ². 

The Mukhavets River is a typical Polesye river experiencing anthropogenic pressure 

from the urbanized territory. The hydrochemical regime of the river was investigated earlier 

in our work [1] and regularities were found between such parameters as total mineralization 

and specific conductivity from discharge. According to the results of the study [2, 3], it was 

revealed that the probability density distribution of some water quality indicators obey the 

two-parameter lognormal law. The synchronicity of the distribution of hydrochemical 

parameters on the Mukhavets River at sections 1.7 km below Kobrin and 0.8 km above 

Brest was studied in work [4]. 
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Results and their discussion 

A hypothesis is put forward in this paper that a random variable which is characterized by a 

certain distribution law can be a mathematical model for describing the dynamics of 

hydrochemical processes. This approach has found wide application in hydrology, 

climatology and other natural sciences. There is no information in the literature on the 

application of these methods for hydrochemical parameters. 

As mentioned above, the random variable (x) is characterized by a distribution law. 

Analytically, the law is expressed by the distribution function which is described as a 

parametric expression. With such a record for each value of the random variable, the 

corresponding value of the distribution function is uniquely determined by the parameters 

of the analytical expression [5]. 

When determining the law of distribution of hydrochemical quantities the choice of the 

type of distribution function should be made taking into account the range of variation of its 

argument. Changes in the value of hydrochemical parameters usually exceed zero and are 

theoretically not limited by the upper limit. 

When considering the distribution of some hydrochemical parameters (Fig. 1) a certain 

asymmetry is observed which justifies the assumption of a lognormal distribution. 

 

Fig. 1. Histogram of the distribution of suspended solids 

Lognormal distribution assumes that the logarithm of the random variable (z = lnx) is 

distributed according to the normal law. The cumulative distribution function in this case 

has the form: 

                                                        (2) 

 

                                                                                                 (3) 
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where s  – is an integrated variable; 

mz – mathematical expectation of a random variable Z; 

σz – is the standard deviation of the random variable Z; 
 

Differentiating expression (2), we obtain the probability density function of the 

lognormal distribution: 

                            (4) 

From expressions (2) and (3) it can be seen that the distribution law depends on two 

parameters: the mathematical expectation and the standard deviation of a random variable. 

The variance, standard deviation and mathematical expectation of a normal distribution 

of a random variable and a lognormal distribution are related by the following relations [5]: 

                                                       𝐷𝑧 = 𝜎𝑧
2 = ln(

𝜎𝑥
2

𝑚𝑥
2 + 1)                                   (5) 

                                                          𝑚𝑧 = ln(𝑚𝑥) −
𝜎𝑧
2

2
                                          (6) 

The series of observations of hydrochemical parameters are, as a rule, of limited length 

which does not allow determining the values of the maximum or higher supply. An 

analytical distribution curve was constructed to solve this problem, the curve logically 

determines the value of the parameter of any security. Distribution curves of security are 

constructed for such parameters as BOD5, suspended solids, dissolved oxygen, COD, total 

mineralization. As an example (Figs. 2 and 3), distribution curves for the parameters 

suspended matter and COD are shown. 

 

Fig. 2. Schedule of suspended solids supply 
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Fig. 3. Schedule of COD supply 

Table 1 shows the probability density equation for the distribution of hydrochemical 

parameters as well as the parameters of the lognormal distribution. 

Table 1. Parameters of the lognormal distribution 

Indicator Density equation of 

probabilities of a lognormal distribution 

Lognormal distribution 

parameters 

BOD5 
𝑓(𝑥) =

1

0,73
exp(−

(𝑙𝑛𝑥 − 0,29)2

0,87
) 

mz =0,29 

σz =0,66 

Suspended matters 
𝑓(𝑥) =

1

1,12
exp(−

(𝑙𝑛𝑥 − 2,10)2

0,41
) 

mz =2,10 

σz =0,45 

Mineralization 
𝑓(𝑥) =

1

0,28
exp(−

(𝑙𝑛𝑥 − 5,82)2

0,02
) 

mz =5,82 

σz =0,11 

Dissolved oxygen 
𝑓(𝑥) =

1

0,55
exp(−

(𝑙𝑛𝑥 − 2,14)2

0,10
) 

mz =2.14 

σz =0,22 

pH 
𝑓(𝑥) =

1

0,06
exp(−

(𝑙𝑛𝑥 − 2,04)2

0,01
) 

mz =2.04 

σz =0,03 

COD 
𝑓(𝑥) =

1

0,37
exp(−

(𝑙𝑛𝑥 − 3,75)2

0,06
) 

mz =3,75 

σz =0,18 

Conclusion 

As a result of studying the time series of quality indicators of the Mukhavets River, it was 

revealed that the distribution of the availability of hydrochemical quantities, such as BOD5, 

suspended solids, dissolved oxygen, COD, total mineralization and calcium-ion obey the 

lognormal distribution law. This makes it possible to determine these parameters with a 

given security. What can help in water facilities construction. The law of distribution of the 

availability of the hydrochemical indicator makes it possible to design water treatment 

facilities with the required degree of reliability and validity. 
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