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DETERMINING THE VALUES OF WATER QUALITY
INDICES OF SURFACE WATER BODIES FOR STUDYING
THEIR ENVIRONMENTAL STATUS
Svitlana Kovalenko, Roman Ponomarenko
National University of Civil Protection of Ukraine
Eleonora Darmofal
Kharkiv State Academy of Physical Culture

Water is one of the important components of the environment. Recently,
there has been an aggravation of problems in the field of environmental safety
of surface water bodies, which is caused by the unsatisfactory state of water
resources. The quality of surface and underground water bodies deteriorates
over the years due to natural and man-made factors [1]. Natural factors of
pollution include hydrological, atmospheric, climatic, topographic and
lithological factors, and man-made factors include mineral extraction, animal
husbandry, production and disposal of waste (industrial, communal and
agricultural), increased rainfall or soil erosion due to land use change. Water
quality management requires the collection and analysis of large sets of water
quality data that are difficult to evaluate and summarize. State monitoring is
carried out to analyze information about the state of water and forecast its
changes in the future, to develop scientifically based recommendations for
decision-making in the field of water resources use. The results of state water
monitoring are: primary information (observation data) provided by subjects of
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state water monitoring; generalized data relating to a certain period of time or a
certain territory; forecasts of the state of water and its changes; scientifically
based recommendations necessary for making management decisions;
assessment of the ecological and chemical state of surface waters and
identification of sources of negative impact on them; indices and complex
indicators obtained as a result of generalization by parameters. A number of
tools have been developed to evaluate water quality data, with the water quality
index (WQI) model being one such tool. The determination of WQI usually
consists of several steps. First, the water quality parameters of interest are
selected. Then the concentrations for each water quality parameter are
determined, which are converted into a single-valued dimensionless sub-index.
Next, the weighting factor for each water quality parameter is determined, and
at the end, the final single value of the water quality index is calculated. To
assess the quality of water in Ukraine, preference is given to determining water
pollution indices and the pollution coefficient of natural waters. however, the
Horton water quality index (WQI) model and its modifications are also
widespread in the world. It was developed in the 1960s and calculates ten
parameters that are considered important for most water bodies (dissolved
oxygen, pH, conductivity, alkalinity, chloride, etc.). The Horton Water Quality
Index is a method of assessing water quality in rivers, lakes and other aquatic
ecosystems. This index is based on a number of water parameters, such as
dissolved oxygen, pH, temperature and pollution level, and is determined by a
formula that includes these parameters. Horton's water quality index was
improved by the National Sanitation Fund, which is widely used to calculate
the water quality assessment of rivers, reservoirs, groundwater, lakes [2]. This
water quality index makes it possible to summarize the values of the parameters
into one, as well as to evaluate the changes that have occurred in water quality
in different areas. This water quality index makes it possible to summarize the
values of the parameters into one value, as well as to evaluate the changes that
have occurred with water quality in different areas [3].

Calculations of the water quality index (WQI) of surface water bodies,
namely the Psel, Desna, Samara, Vorskla, Sula rivers, which are part of the
Dnipro basin, were carried out according to formula (1) [4]:

n
WQl = ¥ Q W, (1)
=1

where Qi is the sub-index value for parameter i which is determined by
formula (2); Wi is the corresponding parameter weight value which is
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determined by formula (3); n is the total number of parameters.

V.
=L 1100, 2)
Q 3

where Vi is the actual concentration of the i indicator; Si is the maximum

permissible concentration of the parameter.

W. =1, (3)

=1

where a}I is the weight of the parameter is inversely proportional to the

recommended maximum permissible concentration.

The following ranges were defined for the WQI value of water quality
assessment: water quality is excellent (WQI = 0 — 25); water quality is good
(WQI =26 — 50); low quality water (WQI = 56 — 70); water of very low quality
(WQI = 71 — 100); water quality is worst (WQI more than 100).

The advantages of the method of calculating water quality indices are
the simplicity of the calculation, which allows you to quickly make the
calculation; can be used to monitor the state of surface water bodies over time,
regular calculation of WQI allows you to identify trends in water quality and
take measures to improve its quality or prevent exacerbation of problems in
time; the calculation of the WQI quality index makes it possible to compare the
quality of different water sources, for example, rivers, lakes or tap water. This
makes it possible to assess which source of water has the best quality and to
make decisions about the use of water for certain needs. Disadvantages include
that WQI is often based on static data measured at a specific time, and water
quality can change over time due to seasonality, climatic factors, man-made
influences, and other causes; failure to take into account local conditions, such
as geographical location, climate, landscape and other factors that may affect
water quality.

During the calculation of the water quality index (WQI), it was found
that the overall quality of the studied rivers that enter the Dnipro basin is low,
which indicates that the water can be used for drinking only after primary
treatment and subsequent disinfection. In the Vorskla and Samara rivers, the
WQI value ranges from 52 to 71 at all monitoring stations. In the Desna River,
the water quality is good, the WQI value ranges from 36 to 48, it can be used
for drinking after disinfection, only in the village of Murav'yi, Novgorod-
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Siversky district of the Chernihiv region (station 1) WQI = 50.6, the water
quality is low. In the Psel rivers, the WQI value varies from 79 to 81 at posts 4
(the village of Byshkin village, Lebedyn district, Sumy region) and 5 (the
village of Kaminne, the border of Sumy and Poltava regions) and Sula in the
city of Lubny, Poltava region, with WQI = 74.913 (post 4) very low water
quality, it can be used for drinking only after primary and secondary treatment.
In the Psel river in the village Chervone of the Sumy region (post 3) has the
worst water quality, WQI = 107.22, therefore, in the absence of another source,
the water can be used for drinking after primary, secondary, as well as tertiary
and advanced purification, respectively. It can be argued that the main source
of pollution of the studied water bodies is agriculture, since the observation
points are located at a considerable distance from industrial centers.
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